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Introduction 

Lignin is the main polyphenolic compound in wood, whose contents, as dependent of the wood 
species varies between 20-40 % [1-3], and is linked to cellulose fibers to form a solid extracellular 
structure. Various methods have been developed in the industry to quantify the amounts of 
lignin in wood, as this is very important data, especially for cellulose and paper industries. Some 
of those methods were used in this paper, to determine the lignin contents in abonos (bog oak 
wood) and oak (Quercus robur L.). Lignin contents are commonly determined as Klason lignin in 
a method based on acid hydrolysis and the dissolution of wood carbohydrates. Using this method 
both acid soluble and acid insoluble lignin contents can be determined [3]. The acetyl bromide 
(AcBr) method, due to its simplicity is also one of the common methods for lignin determination. 
This method is based on the formation of acetyl derivatives in unsubstituted OH groups and 
bromide substitution of α-carbon OH groups to achieve complete solubilization of lignin under 
acidic conditions [4]. These two methods, although common, have one specific drawback in 
terms of further analysis of obtained product, and that is the fact that in both of these methods 
the lignin is either completely dissolved or its structure is extremely changed by chemicals used 
for its isolation. Therefore, if one wishes to analyze the obtained lignin in detail, milder isolation 
conditions must be used, like the ones for Brauns lignin determination in which the lignin is 
dissolved using the solvents (water) that do not react with it but remove only a small part of the 
total lignin [5]. In order to determine the lignin contents, and to analyze the final products, in 
this paper all three methods were used and the final products were analyzed by means of UV/Vis 
and FT-IR spectroscopy.  

Material and methods 

Abonos (14C age (BP) 1530±50 years) and oak (Quercus robur L.) were used as starting materials 
for lignin isolation and analysis. Prior to analysis wood was milled on a Retsch SM 300 mill 
equipped with a rectangular sieve with 10 mm wide openings. Afterwards, in order to obtain 
finer particles secondary milling was performed on a Retsch ZM 200 mill equipped with a sieve 
with 1 mm wide openings. Two step milling was done in order not to heat the wood samples too 
much, as extensive exposure to heat generated during milling can interfere on the native lignin 
determination. Afterwards, obtained wood meal was sieved in order to remove the coarser 
particles, as only those passing through 0.5 mm sieve was used in further experiment. Wood 
meal sieving was performed on a vibratory sieve shaker CISA RP.08. Thus obtained wood meal 
was used without any additional pre-treatment. Water contents of milled abonos and oak were 
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determined gravimetrically (drying at 103±2 °C to constant mass; using Memmert UF 110 plus 
drying oven).  

 

 

Wood meal extraction 

The previously milled and sieved sample was extracted using a Soxhlet apparatus to remove 
extractives, to avoid the formation of condensation products and to prepare the samples for 
further analysis. The extractions were performed in accordance with TAPPI T204 cm-97 standard. 
Samples determined for Klason lignin determination and the acetyl bromide method were 
subsequently extracted with ethanol, chloroform and acetone during a course of 8 hours, to 
remove specific part of the extractives. Samples used for Brauns lignin isolation were extracted 
for 48 hours with water and 8 hours with diethyl ether. 

Determination of Klason lignin 

Klason lignin determination was performed in accordance with slightly modified TAPPI T222 om-
11 (acid insoluble part) and TAPPI UM250 (acid soluble part) standards. Briefly, for acid insoluble 
part, 10-100 mg of extracted wood in 30 mL glass scintillation vial was treated for 120 minutes 
at room temperature with 1.5 mL of 72 % sulfuric acid. After the specified time had elapsed, the 
contents were quantitatively transferred to a 100 mL serum bottle, and scintillation vials were 
washed with with exactly 56 mL of deionized water that was also transferred to serum bottles. 
The serum bottles were then closed and the sample was autoclaved for 90 minutes at 121 °C. 
Autoclaved samples were then filtered using a Gooch ceramic crucible equipped with glass fiber 
filter paper. The part remaining on the filter paper is considered to be the lignin insoluble in 
acids, and the remaining filtrate was used for the determination of acid soluble part of Klason 
lignin. Filter papers with samples were additionally ignited (at 525 °C for 4 hours) to correct the 
Klason lignin contents for ash as stated in TAPPI T211 om-02 standard. The participation of the 
soluble part was determined by recording the filtrate on a Perkin Elmer Lambda XLS+ UV/Vis 
spectrometer at 205 nm. The filtrate and blank were diluted 20 times with deionized water. 

Determination of lignin by acetyl bromide (AcBr) method 

For determination of lignin by acetyl bromide method 100 mg of absolutely dry pre-extracted 
sample in a 30 mL glass scintillation vial was treated with 5 mL of 25% acetyl bromide in acetic 
acid and heated for 30 minutes at 70 °C. After the specified reaction time, the contents of the 
vials were quantitatively transferred to a volumetric flask and mixed with 10 mL of sodium 
hydroxide (2 mol/L) and 1 mL of hydroxylamine (7.5 mol/L) with flasks toped to the marking with 
acetic acid. Thus prepared solutions ware recorded on a Perkin Elmer Lambda XLS+ UV / Vis 
spectrometer at 280 nm. 

Determination of native i.e. Brauns lignin  

After extraction, the abonos and oak wood samples were air-dried and separately weighed into 
two 500 mL flat bottomed laboratory glass flasks equipped with stoppers, and to each flask 200 
mL of ethanol was added. Samples in flasks were left for 48 hours with occasional stirring. After 
the specified time, the contents of the flasks were decanted into a dry and clean bottle, in such 
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a way that only the liquid phase was decanted and the solid part of the sample remained in the 
flask. After decantation into the flask, ethanol was again added in a volume of 100 mL and left 
for 48 hours. The 100 mL ethanol addition procedure was repeated for 30 days, until the lignin 
was extracted in ethanol. The filtrates collected in the bottles were then evaporated using a 
rotary evaporator (IKA RV 8), and an orange precipitate in the flask was prepared as a final 
product. The precipitate was further dried in a laboratory drying oven at 30 °C until constant 
weight was achieved, with dried precipitate being considered as native or Brauns lignin. Dried 
precipitate was then used to prepare spectrophotometric solutions, by dissolving the precipitate 
in ethanol until a satisfactory spectral shape was obtained. The solution was recorded on a Perkin 
Elmer Lambda XLS+ UV/Vis spectrometer at 280 nm and the lignin concentration was calculated 
from the obtained data. Also, the obtained precipitate was used to prepare potassium bromide 
pastille for FT-IR spectrophotometric analysis.  

FT-IR analysis 

The Fourier transform infrared spectroscopic (FT-IR) analysis of Brauns lignin was performed on 
Shimadzu FTIR 8400S spectrophotometer, by KBr method, in a spectral range from 400 to 4000 
cm-1, with a resolution of 4 cm-1. Post processing of obtained data was performed using the 
IRsolution ver. 1.3 software.  

Results and discussion 

The results of lignin contents determination using various methods are shown in Table 1. If 
quantities of Klason and AcBr lignin are observed, clear difference is noticeable between two 
examined samples, with abonos having higher percentages of both cases. However, these 
percentages are comparable with the literature stated results obtained for various oak types 
[1,2,6]. As for the Brauns lignin, the contents are exactly the same in both samples, indicating 
two possible conclusions. More precisely, the one that despite abonos being subjected to action 
of water and pressure for few hundred years, Brauns lignin remained intact, and the one that 
imply that the method used for determination of such lignin is somewhat sensible to contents 
of other chemical substances extracted using ethanol.  

Table 1. Results of lignin contents determination using various methods of isolation 

Sample 
Moisture content  

(%) 

Klason lignin  
(%) AcBr lignin  

(%) 
Brauns lignin  

(%) 
AISL ASL 

Oak  2.26 22.31 3.76 18.63 1.13 
Abonos 3.39 24.4 4.38 20.55 1.13 

FT-IR analysis 

As it can be seen on Figure 1, FT-IR spectra of abonos and oak are quite similar. However, there 
are few differences, indicating the structural changes between examined samples. The 
characteristic bands and their assignations are given in Table 2.  
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Figure 1. FT-IR spectra of abonos and oak 

The results of FT-IR analysis clearly show that in most of the observed bands, intensity increases 
in case of abonos, and that only minor peak shifts were recorded, indicating the slight change of 
the molecular bond in Brauns lignin constituents. However, if area under the 1506 cm-1 band is 
observed, clear difference in lignin contents are noticeable. The area under the specified band 
for oak is 4.321 and the one for abonos is 16.498, indicating that the lignin content in abonos is 
much higher, thus confirming the results of Klason and AcBr lignin determinations (Table 1). Such 
conclusion can be made as linear relationship is found to exist between the area of the band and 
lignin content [7]. Obtained results, also show that the method (UV/Vis analysis) used for Brauns 
lignin determination is somewhat sensitive to the purity of obtained extracts. This is due to the 
fact that by using the ethanol not only lignin was dissolved but also small quantities of water-
soluble extractives, that have influenced the results of UV/Vis analysis in such way that in both 
cases the Brauns lignin content is the same 1.13 % (Table 1).   

Table 2. Summary of IR bands observed in Brauns lignin isolated from abonos and oak 

No. 

Oak Abonos 

Assignment Band 
position 

(cm-1) 
Intensity 

Band 
position  

(cm-1) 
Intensity 

1 3340 0.216 3350 0.392 O-H stretch (hydrogen bonded) 
2 2937 0.015 2937 0.059 C-H stretching 
3 2904 0.044 2902 0.223 C-H stretching 
4 1737 0.398 1734 0.153 C=O stretch (unconjugated) 
5 1629 0.036 1629 0.109 aromatic skeletal vibration 
6 1506 0.199 1506 0.723 aromatic skeletal vibration 
7 1462 0.187 1462 0.706 C-H deformation (methyl and methylene) 
8 1425 0.172 1425 0.533 C-H in plane deformation with aromatic ring stretching 
9 1375 0.122 1371 0.323 C-O of syringyl ring 

10 1330 0.128 1332 0.427 C-O of syringyl ring 
11 1248 0.100 1234 0.405 C-O of guaiacyl ring 
12 1161 0.236 1163 0.815 guaiacyl C-H and syringyl C-H 
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13 1045 0.458 1037 0.367 C-O of primary alcohol 
14 896 0.099 896 0.412 C-H out-of-plane 

 

Conclusion 

Based on the obtained results, the following conclusions can be made: 

 contents of Klason and AcBr lignin of abonos are visibly higher compared to oak,  

 native i.e. Brauns lignin contents in both species have the same values. The reason for 
this may be the sensitivity of the used UV-Vis analysis-based method for such lignin 
determination, interference of ethanol extracted extractives present in lignin sample 
and, and the fact that the lignin in abonos clearly remained intact despite years of 
standing in water, 

 FT-IR analysis clearly showed that there are some structural changes between the two 
observed samples, and confirmed the results of Klason and AcBr lignin determinations in 
terms of their quantities, with abonos having more lignin still present in its structure.  
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