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Background and Theoretical Consideration

lignocellulose substrate is critical to the degradation process. Furthermore, it should be
recognized that not all of the organic components of the lignocellulose are hydrolyzed to
simple compounds that can be assimilated by bacteria because of the structure,
inaccessibility and complex non-hydrolyzable linkages, among other factors, or

humification reactions.

Acidogenic fermentation process: the hydrolyzed reducing sugars, phenolic aldehydes and
acids, polyphenols, peptides and amino acids, fatty acids and glycerol are eventually
fermented to smaller organic acids (volatile fatty acids) such as propionic, butyric, and
valeric acid. At this stage, most of the organic material of the lignocellulose is simply
changed in form and a relatively small fraction is actually consumed as energy source (i.e.
stabilized). The population of bacteria responsible for acid production includes facultative
anaerobes, strict or obligate anaerobes or a combination of both. Acetic acid, hydrogen,
and carbon dioxide are also formed during the production of organic acids. Hydrogen is
inhibitory for many of the acid-forming bacteria and must be removed from the system if
acid production is to continue. At the same time, hydrogen is an energy source for some
methanogenic bacteria and is rapidly consumed in the reduction of carbon dioxide to

methane.

Hydrogen and acetic acid formation: at this stage, acetogenic bacteria convert propionic,
butyric, and valeric acid to acetate, hydrogen and carbon dioxide. Hydrogen has been
recently shown to play a key role in regulating organic acid production and consumption.

If the partial pressure of hydrogen exceeds about 107 atm % )

, methane production is
inhibited and the concentration of organic acids (e.g. propionic and butyric) will increase.
A syntrophic association with a large, stable population of CO,-reducing methanogens

will ensure a low concentration of hydrogen.

Methane formation: Waste stabilization occurs during the methanogenic phase by
conversion of the acetic acid into methane, which is separated from the system in gas
form. Carbon dioxide is also produced and either escapes as gas or is converted to
bicarbonate alkalinity. One of the most important characteristics of the methanogenic
phase is that very few substrates can act as an energy source for the methane bacteria.

Presently, it is believed that only formic acid, acetic acid, methanol, and hydrogen can be
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