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The limited availability of adequate analytical methodologies for investigating complex 

biopolymers represents an important drawback for the study of lignin structure. The use of 

complementary spectroscopic and degradative analyses constitutes an adequate approach to 

monitorize chemical changes produced during pulping processes. The cereal straws·represent an 

alternative raw-material for the production of certain types of paper pulps. However, structural 

informations concerning the complex lignins produced by grasses, which included p-hydroxy

phenyl (H), guaiacyl (G) and syringyl (S) units, and linked cinnamic acids, are relatively scarce. 

In the present study, several fractions from soda-treatment of wheat straw, under industrial and 

laboratory conditions, were studied by spectroscopic and degradative methods. They included 

industrial effluent alkalilignin (AL-E), laboratory hemicellulose (He), and two laboratory 

alkalilignins, sequentially extracted with 1M NaOH at 40°C (AL-1) and with O.25M NaOH at 

100°C (AL-2). Straw fractions were analyzed by CPMAS 13C_NMR, under the conditions 

described by Fründ & Lüdemann (1989). Pyrolysis and CuO degradations, followed by GC-MS, 

were performed as described respectively by Chiavari el al (1989) and Martínez el al (1991). 

The CPMAS 13C_NMR spectra of hemicellulose and alkalilignin extracted at low-temperature 

showed, respectively, almost pure polysaccharide and lignin patterns. The AL-E (Fig. 1) presents 

an intense signal at 172 ppm and a broad band around 31 ppm. This could suggests the presence 

of lipidic material, solubilized from straw or derived from bacterial metabolism during the 

biological treatment of the industrial effluent. Some differences in substituted and non-substituted 

aromatic-C signals were observed when compared with laboratory AL-1 or wheat Bjorkman 
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Fig. 1. CPMAS 13C_NMR of straw 
alkalilignin from industrial effluent 

I 

lignin. On the other hand, the spectrum of 

the laboratory alkalilignin-2 evidenced a 

mixed polysaccharide-lignin pattern, in 

agreement with the pyrogram obtained. The 

pyrolysis of the straw fractions showed a 

majority of compounds derived from 

phenylpropanoid lignin units (including 

phenol, guaiacol, syringol and their para 

methyl, ethyl, vinyl, and propenyl deriva

tives). Taking into account the origin of 

these compounds, the molar H:G:S lignin 

ratios in the different samples were calcu

lated. When the ab'undances of lignin de

rived products are compared with the 
amounts of aromatic C in CPMAS 13C_ 

NMR spectra or with data from chemical 

analyses, it becomes evident that an ove res

timation of lignin is produced by pyrolysis. 
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H G S 
S/G 

Straw 0.69 

0.47 

He eu 1.09 

0.23 

AL-1 1.29 

0.68 

AL-2 eu 1.33 

0.71 

AL-E 1.34 

0.68 
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Fig. 2. H:G:S molar ratios after CuO and 
pyrolysis degradation (cinnamic inc1uded) 

Cinnamic acids and lignin - degradation 

products can be identified after CuO oxida

tion. The former were nearly absent from 

the hemicellulose, but their tfans isomers 

were among the most abundant com pounds 

in the alkalilignin sam pIes. This suggests 

that they are linked to hemicellulose by 

ester linkages, saponifiable by cold soda. 

Their presence in the alkalilignin fractions 

indicates that an important amount of soda

resistent ether bonds exists between 

cinnamic acids and lignin. The predomi

nance of p-coumaric acid in the whole 

straw, compared with the relatively low 

content in the alkalilignin fractions, sug

gests that a considerable amount of this acid 

is esterified with lignin. 

On the other hand, an increase of the 

S/G lignin ratio was observed during soda 

extraction (1,2 in straw lignin and 1.8 in the 

first alkalilignin fraction), showing easier 

remo val of S-lignin by alkaline treatment. 

For comparison with pyrolysis, that generates similar degradation products from cinnamic 

acids and lignin, the H:G:S molar ratios after CuO degradation were recalculated inc1uding 

cinnamic acids linked to lignin (Fig. 2). As a rule, higher relative amounts of G-units were 

obtained by pyrolysis, and very low SI G lignin ratio was found in the hemicellulose. CuO alkaline 

degradation only breaks ether linkages in lignin, but the highest G yield after pyrolysis could 

indicate a more complete degradation, affecting also the more condensed G-lignin (inc1uding C-C 

bonds at the non-substituted C-5). 

The three analytical techniques provided complementary information on the chemical changes 

in straw polymers produced during pulping processes. The CPMAS 13C-NMR of the straw frac

tions gave general but unequivocal information on the nature and generic composition of the 

samples. The chromatograms obtained after CuO degradation appear less complicate than those 

obtained after pyrolysis, and permit the differentiation between lignin and cinnamic acids (very 

abundant in cereal grasses). This distinction cannot be achieved by pyrolysis, but this technique 

pro vides a more extensive degradation of the lignin polymer, and gives additional information on 

the presence and composition of other plant polymers. 
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