
  

 

Bacteria assisted bio-gasification through 

biodegradation is presently an important area in 

the aim to develop bio-based energy production. In 

the process is produced in addition to carbon 

dioxide a pure gasified fuel, i.e. methane – an 

important fuel in the future. 

 

Due to above it is very important to understand and 

be able to control the phenomena connected to 

anaerobic biodegradation when you develop and 

optimize the different bio-gasification methods for 

different  biomasses. In this info is given basic 

information about anaerobic biodegradation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
BOD OxiTop – equipment for anaerobic measurements. 

 

Growth and measurement conditions 
 

The anaerobic bacteria exist in three different 

temperature intervals. The psychrophilic bacteria 

exist in the temperature interval 0 – 15 °C, the 

mesophilic in the 30 – 35 °C and the thermophilic 

in the temperature of 55 °C. The two higher 

temperature intervals are the most suitable for 

biodegradation measurements, that is 30- 40  °C 

and 50-60 °C. Normal tap water can be used as 

dilution water. The water should be boiled and 

bubbling started either with nitrogen or argon 

immediately after the boiling, so that oxygen can 

be removed as much as possible from the solution. 
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Anaerobic biodegradation 

The efficiency of the removal of the oxygen can be 

controlled with Resazurin or blue methylene named 

indicators. The second  indicator makes the water 

solution blue in oxidizing conditions. 

 

Anaerobic degradation happens in nature in areas 

where there is no oxygen. Aerobic reactions 

happen as long as oxygen is available, and only 

when oxygen has been depleted, the anaerobic 

bacteria start to work. 

 

Respiration 
 

Respiration or cell respiration, can be either aerobic 

or anaerobic, and the difference lies in which of the 

groups receive electrons. If this group is oxygen, 

the case is aerobic respiration. If the electrons 

receiving group is for example NO3-, SO43-, Fe3+. 

Cu2+ or S0, the case is anaerobic respiration 

(reference is made to the previous HighBio project 

info sheets 40 and 62). 

 

When the aerobic bacteria reacts with oxygen, 

products are formed which difficult the activity of 

anaerobic bacteria. These oxygen containing 

products are hydrogen peroxide (H2O2), and super 

oxide (O2
-
) and hydroxyl radical (OH*). Aerobic 

bacteria have enzymes, which degrade these 

products, but anaerobic bacteria lack these.  

 

The main reactions of anaerobic biodegradation is 

hydrolysis, acid fermentation, acetogenesis and 

methanogenesis. The degradation reactions start 

mainly from the most common organic matters out 

of which plants and animals are made. These are 

carbohydrates, proteins and lipids. These produce 

through hydrolysis sugars, amino acids and long 

chained fatty acids. Of the amino acids ammonia is 

formed, and of the other starting materials small 

molecule organic acids are formed through acid 

fermentation as intermediate products. 

 

Also sugars and fatty acids degrade further through 

acid fermentation, and as intermediate products are 

also small molecule organic acids formed. 

 

   



This reaction proceeds and produces through 

acetogenesis about 70% acetate and through 

fermentation about 30% hydrogen. The final 

product methane is formed either from hydrogen 

and carbon dioxide or from acetate. 

 

Anaerobic biodegradation is a much slower 

process than aerobic. In nature anaerobic 

biodegradation happens in particular in swamp 

areas, but also rice fields and the increasing 

number of manure producing domestic animals are 

big producers of methane.  

 

It would be good to recover the methane out of two 

reasons: it is a 30 times worse greenhouse gas 

compared to carbon dioxide and on the other hand, 

it can be burned, and the amount of carbon dioxide 

that is formed is the same as if it would have been 

formed through an aerobic reaction. When 

methane is burned, the same amount of moles of 

carbon dioxide is formed as the number of 

methane that is used. 

 

CH4 + 2O2 → CO2 + 2H2O + energy 

 

The formation of carbon dioxide 
 

Also carbon dioxide is formed as the degeneration 

product of an anaerobic system. A certain 

percentage amount for the formation rate between 

carbon dioxide and methane can not be given, 

since many reactions that partly overlap each other 

are happening in the anaerobic biodegradation 

process. It is therefore difficult to follow which 

reaction is dominant at each point of time. 

Information about the reaction can be obtained 

either through the analysis of gases or of the 

solution. 

 

The acetogenesis is the first step in the two step 

methanogenesis. This step is, as can be deducted 

from its name, the acid producing step. Acid 

producing bacteria are not so sensitive to oxygen 

as methane producing bacteria. The methane 

producing bacteria are called methanogens. These 

bacteria can not resist molecular oxygen. Most 

methanogens use carbon dioxide as the electron 

receiving molecule reducing it to methane. The 

electron submitting group is usually the hydrogen 

molecule. 

 

Other starting materials which can be transformed 

into methane are formiate, methylmerkaptan, 

acetate and methylamines. Methanogens are very 

dependent on the end products produced by 

the activity of other bacteria. There are two 

anaerobic bacteria types, that is the ones which 

can grow in acid conditions but which can not use 

oxygen and the ones which can not live if oxygen is 

present. 

 

Occurrence and importance 
 

Since methane producing bacteria are absolute 

with regards to the presence of oxygen, these can 

be found only in places where there is no oxygen, 

for example in swamps and in the intestines. The 

production of methane is the last process of 

anaerobic degradation reactions, in which the 

organic compounds  degrade principally into their 

primary compounds, since the production of 

methane takes place from small organic 

compounds. The methane producing bacteria are 

very important in the conditions where aerobic 

degradation is impossible.  

 

With regards to their metabolism, the methanogens 

form a heterogeneous group. At least 10 starting 

materials which the methanogens can use are 

known. However, a specific type is able to use at  

the most two or three different raw materials. These 

compounds can be divided into three different 

groups: CO2-  the methyl and acetate substrates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Fermentation: bigger organic materials are  

hydrolysed into smaller soluble molecules. 

Scientifically fermentation implies  a reaction where 

the cells produce energy without an outside oxidant 

(in practice in oxygen free environments). 
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Familiar fermentation reactions are e.g. the 

fermentation of alcohol and milk. 

 

2. Fermentation 

 

C6H12O6 → 2C2H5OH + 2CO2 

                        

 3. Acetogenesis 

 

CH3COOH → CH4 + CO2 

 

4.  Methanogenesis 

  

CO2 + 4H2 → CH4 + 2H2O  

 

All biodegradation reactions of bacteria are 

catalysed by enzymes. Since the intermediate 

products of the anaerobic biodegradation such as 

acetic acid are constantly used for the production of 

methane, the final concentrations of the long 

reaction chain are kept low and they do not disturb 

the previous reactions. 

 

Why does biodegradation not always 

happen? 
 

In general the reason why some compound does 

not biodegrade in nature, and in particular in water 

environments, is that the microbe strain which 

would be able to do the degradation does not exist. 

Another reason can be that the compound is toxic, 

and the bacteria consequently die.  

 

Compounds which do not biodegrade can 

accumulate in organisms and cause  different 

physiological changes, such as cancer, or can even 

kill some organism or locally some colony of 

organisms. The slowing down of the biodegradation 

process can also depend on the inability of the 

bacteria to use some compounds as their nutrients. 

Many of the compounds developed by humans are 

of this nature, as are additionally some natural 

compounds such as lignin. The bacteria have not 

yet been genetically converted in order to do the 

biodegradation. The degradation of the cellulose 

and the lignin of the trees is carried out by the fungi 

existing in the ground. They are specialized on the 

degradation of these compounds. 

 

The effect of inhibition on biodegradation 
 

Toxic compounds in the water slow down the 

activity of the bacteria and sometimes destroy it 

totally, so that no oxidation of any compounds can 

take place. 

 

 

Inhibition, on the other hand, can happen at many 

different stages. It is possible that the degradation 

activity only slows down, or that some compound 

gradually ceases its degradation activity or that the 

degradation activity can  totally terminate. The 

inhibiting agent is not necessarily toxic. 

 

Because of inhibition the result can be a much 

lower biodegradation level than what could be 

achieved with different treatments of the sample. 

The biggest inhibitor of an anaerobic reaction is 

ammonia. Hydrogen can also function as an 

inhibiting agent. In this way, the anaerobic reaction 

produces itself inhibiting agents. Hydrogen, 

however, is transformed to methane in the reaction, 

and thereby its concentration stays on such a level 

that it does not have a great impact on the methane 

production reaction. 

 

Biodegradation rate 
 

In order to calculate the level of biodegradation, 

you need the amount of organic carbon of the 

compound to be degraded. From the pressure 

value given by the BOD OxiTop equipment, it can 

be calculated how much organic carbon has been 

used in the formation of methane and carbon 

dioxide. This value is divided by the carbon 

concentration of the sample and in this way you get 

the biodegradation rate of the anaerobic reaction: 

 

Dbiol = (nCO2+CH4 / nC teor) * 100 %. 

 

The potential for production of methane is a bit 

different terminology than the biodegradation rate, 

since only the amount of formed methane is 

considered, whereas in the biodegradation rate is 

considered both the amounts of methane and 

carbon dioxide formed. 
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