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Abstract 
The aim of this study was to investigate the structural composition of lignin (LIPE®) 
extracted from Eucalyptus grandis, before and after exposure to the gastrointestinal 
tract of ruminants. For this study lignin was isolated, purified and characterized us-
ing 1H and 13C Nuclear Magnetic Resonance Spectroscopy, nitrobenzene oxidation, 
functional groups analysis and gas chromatography with mass spectroscopy. To have 
a better understanding of lignin morphology and of its ultra structure, electron mi-
croscopy in wood cell wall was utilized. The lignin fecal samples showed similar 1H 
NMR spectrums and nitrobenzene oxidation products compared with LIPE®. The 
result of the microanalysis of LIPE® was similar to data shown in the literature. The 
ultra structure of lignin was similar to that of Bamboo (hard wood). The lignin iso-
lated from feces of sheep was identical to the original LIPE®, which means that this 
product can be used as an external marker in protein digestibility in sheep. 
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1. Introduction 

Use of the term “fiber” was in vogue as early as in the 1800’s, but confirmed largely to 
refer to forage. The concept of “crude fiber” determined routinely in food and feed as a 
part of proximate analysis was evolved later to refer to the residue left over after treat-
ment with acid and alkali. The term “dietary fiber” was coined in 1953 to refer to the 
non-digestible residue in foods [1], but it is mainly applied in human nutrition and it is 
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mainly composed of cellulose, hemicelluloses, pectin, lignin, silica and cutin.  
Over 500 species of microorganisms are present in the cecum and in the rumen. 

These fermentors’ anaerobic microbes, mainly fiber, produce energy in the form of fat-
ty acids as acetate, propionate and butyrate. However, non-digestible portion of the fi-
ber does not produce energy, and prevents the digestibility of the cell wall by various 
mechanisms. 

Besides the structural polysaccharides, lignin is a main component of cell wall of fo-
rages, crop residues and wood and it is indigestible. 

The formation of lignin molecule begins with a dimerization of the radical to give di-
lignols. The dilignols are formed by β-o-4, β-5, β-β bonds, and others. These are types 
of bonds interconnecting aryl propane units in lignins [2]. The continued growth of the 
molecule takes place primarily by what has been called “end-wise” polymerization [3]. 
In the lignifying cell there will be a low stationary concentration of the monomer, for 
instance, coniferyl alcohol. Therefore, dimerization of the monomer radicals will be less 
favored than their cross coupling with phenotype radicals formed by dehydrogenation 
of the phenolic end groups of dilignols or larger polymers [2]. The end product is the 
polymer called lignin. 

Studies on the chemical structure of lignin require isolation, characterization by 
analysis of functional groups; by a series of degradation techniques such as nitroben-
zene oxidation, oxidation with permanganate thioacidolysis, GC-MS, and other tech-
niques 1H and 13C NMR spectroscopy. 

The nitrobenzene oxidation is a classical method to get an estimate of pattern of the 
aromatic residues in different lignins, in which p-hydroxyphenyl (H), guaiacyl (G) and 
syringyl (S) are oxidized to p-hydroxy-benzaldehyde, vanillin and syringaldehyde re-
spectively [3]. The mechanism proceeds through two steps, of which the first is the al-
kaline hydrolysis of the alkyl aryl ether linkages combined with side chain modification. 
The second step is the oxidation of the side chain with the generation of aromatic alde-
hydes of various types which reflect structural features of the parent lignin [4]. 

In the more recent years Nuclear Magnetic Resonance spectroscopy (NMR) has be-
come a very valuable tool for structural lignin studies and have very interesting results 
from carbon-13 (13C) on grass lignin and wood lignin. This study confirms that all three 
(H, G, and S) residues are important constituents of these lignins. Their study also re-
veals that p-coumaric acid and ferulic acid residues also are present. These acids are 
linked by their phenolic groups via ether bonds to lignin [5]. 

Advanced 1H-13C correlation 2D NMR spectroscopic techniques include HMQC 
(Hetheronuclear Multiple Quantum Coherence) and HMBC.  

(Hetheronuclear Multiple Quantum Bond Coherence) sequences provide resolution 
of overlapping signals with higher probability in correct assignment of the signals, giv-
ing a very powerful method to observe qualitative changes in the lignin structure. The 
HMQC sequence gives information about the correlation between 1H and 13C atoms via 
one bond coupling 1J (C, H), while the HMBC sequence provides information about 
long range correlation between 1H and 13C atoms via two bond coupling, 2J (C, H), and 
three bond coupling, 3J (C, H). Thus, chemical shifts for carbon and hydrogen in CH, 



E. O. S. Saliba et al. 
 

750 

CH2, and CH3 groups in a compound can be accurately assigned when the HMQC 
spectrum of the compound is correlated with the corresponding HMBC spectrum [6].  

Many staining techniques have been used in combination with light microscopy to 
study the distribution of lignin in wood [7]. However, since the advent of electron mi-
croscopy, considerable efforts have been made to obtain a better understanding of lig-
nin morphology in wood cell walls. One of the limitations of electron microscopy is 
that it allows only a visual characterization of the cell structure. Once electron micro-
scopy is combined with energy dispersive X-ray analysis (EDX-A), the system becomes 
a powerful analytical tool for elucidating the fine details of lignin morphology in wood 
[8]. In an electron microscope, the incident electron beam impinges upon the specimen 
and excites the emission of electrons. The emitted electrons are utilized in scanning 
electron microscopy (SEM) to create a surface image of the specimen on a cathode-ray 
tube, in contrast to transmission electron microscopy (TEM), which uses transmitted 
electrons in visualizing the image. 

A plant cell consists of core (cell content) and cell wall, which allows the plant to 
grow thick when age [9]. The supporting tissue has thick walls, lignified or not. The es-
clerénquima is a lignified tissue, and its function is mechanical [10]. 

The aim of this study was to characterize the structure of lignin isolated from Euca-
lyptus grandis before and after exposure to the gastrointestinal tract of sheep to see if it 
can be used as an external marker in digestibility studies. 

2. Materials and Methods 

1) Wood, isolation, purification of lignin:  
The wood utilized was Eucalyptus grandis, six year old. LIPE® preparation is index 

patent n PI0304736-9. 
2) Feces collection:  
Five sheep were distributed in individual metabolic cages, where separate feces and 

urine, and feces were collected for analysis. The animals were fed 100% Tifton 85 hay 
allowing 20% of remainders and mineral salt ad libtum. The composition of feed is 
shown in Table 1. 

 
Table 1. Chemical composition the hay. 

PARAMETERS % 
Dry matter (DM) 89.02 

Crude Protein (DP) 10.38 
Ash 9.19 

Neutral detergent fiber (NDF) 76.88 
Acid detergent fiber (ADF) 55.05 

Hemicelluloses 21.83 
Celluloses 51.32 

Ether extract 2.93 
Carbohydrates 9.80 

Crude energy (Kcal/g) 4.33 
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The experimental period comprised two days of adaptation with LIPE® and seven 
days for samples of feces collection. The animals were given 0.1 g of LIPE® once a day 
during nine consecutive days. 

3) Chemical analyses: 
The samples were analyzed by NMR techniques (1H and 13C NMR, HMQC) equip-

ment BRUKER AVANCE 500MHZ spectrometer. 
Microanalysis was performed at CALI LABORATORIES, North Caroline USA. 
Nitrobenzene oxidation products analysis in the GC MS. 
4) Electron Microscopy was used for determination of lignin (LIPE®) ultra structure 

by a scanning electron microscopy (SEM) using equipment Carl Zeiss MEVDSM 950. 
The SEM analysis were made after drying LIPE® in a stove at 39˚C and made metallic 
with gold in an equipment CV 052 Balzer. 

3. Results and Discussion 

To check if LIPE® was altered during the digestive processes, it was analyzed in the 
original form and isolated from the fecal samples by NMR techniques (1H and 13C 
NMR, HMQC), nitrobenzene oxidation, microanalysis and electron microscopy.  

The fecal samples showed similar 1H NMR spectrums than LIPE®, with characteristic 
signals between: δH 11.00 and 9.00 due to formyl hydrogens, δH 7.00 to 9.00 due to 
phenolic and aromatic hydrogens, δH 6.00 and 7.00 due to aromatic and Hα in β-O-4 
units hydrogens and δH at 3.77 due to methoxyl hydrogens and also big signals charac-
teristics of carbohydrates between δH 4.50 and 5.50.   

The result of the microanalysis was 57.27% C, 4.36% H for LIPE® before and after 
exposure tract digestive. Values for milled wood lignins Eucalyptus grandis are 56.50% 
C, 6.40% H values are for bamboo 61.66% C, 5.53% H [11]. Saliba (1998) studied maize 
and soybeans lignins found values C = 61.49% and 65.49%, respectively. Hydrogen 
concentration was 6.06% and 8.44% for corn and soybeans lignins respectively [12]. 

The data of nitrobenzene oxidation was vanillin (V) = 49.8 mg%, Syrigaldheide (S) = 
50.2 mg% from LIPE® and V = 50.0 mg% and S = 49.18 mg% from feces lignin. 

Considering the similar levels of V and S in LIPE® and in the feces of the animals that 
received LIPE® it is observed that in the fecal lignin was recovered all the V and S given 
to the animals. Thus, LIPE was totally recovered in the feces, showing that passed 
through the gastrointestinal tract of sheep without being digested or absorbed which 
means that it may be used as an effective external marker in digestibility trials with 
sheep.  

The Figure 1 shows the LIPE® SEM. When compared this LIPE® with the corn lignin 
showed by Saliba [13] and that showed by Fengel & Wegerner [11], the ultra structure 
of LIPE® was similar of the Bamboo (hard wood). 

Lignin degradation is an oxidative process and needs the presence of oxygen. In fact, 
lignin is degraded much faster in the presence of pure oxygen than in the presence of 
air, and ligninolytic activity is not observed under low oxygen partial pressures (5.07 
Pa). Therefore, lignin degradation is affected by oxygen at two stages, firstly stimulating  
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Figure 1. LIPE® SEM (20000 higher).  

 
the transcription of the ligninolytic enzyme system and secondly at the time of oxida-
tion of lignin [14]. Based on these concepts, pure lignin should not be degraded in the 
rumen of ruminants, and since non-ruminant are not able to metabolize lignin, purified 
lignin may also be able to be used as an external marker of fecal output in those ani-
mals. 

4. Conclusion 

The lignin isolated from feces of sheep was identical to the original LIPE®, which means 
that this product can be used as an external marker in protein digestibility in sheep. 
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