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Fermentation 

 Fermentation is the generation of energy by the catabolism of organic compounds.

 The catabolism of sugar is an oxidative process, which results in the production of reduced pyridine 

nucleotides, which must be reoxidized for the process to continue.

 Under aerobic conditions, reoxidation of reduced pyridine nucleotide occurs by electron transfer, via the 

cytochrome system, with oxygen acting as the terminal electron acceptor. 

 Under anaerobic condition, reduced pyridine nucleotide oxidation is coupled with the reduction of an 

organic compound, which is often a subsequent product of the catabolic pathway. In the case of the 

action of yeast on fruit or grain extracts, NADH is regenerated by the reduction of pyruvic acid to 

ethanol.
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Pyruvate formed by the catabolism of glucose 

is further metabolized by pathways which

are characteristic of particular organisms and 

which serve as a biochemical aid to

identification. End products of fermentations 

are italicized (Dawes & Large, 1982).

A, Lactic acid bacteria (Streptococcus, 

Lactobacillus); 

B, Clostridium propionicum;

C, Yeast, Acetobacter, Zymomonas, Sarcina

ventriculi, Erwinia amylovora; 

D, Enterobacteriaceae (coli-aerogenes); 

E, Clostridia; 

F, Klebsiella; 

G, Yeast;

H, Clostridia (butyric, butylic organisms); 

I, Propionic acid bacteria.

Bacterial Fermentation Products of Pyruvate
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THE RANGE OF FERMENTATION PROCESSES

There are five major groups of commercially important fermentations:

1. Those that produce microbial cells (or biomass) as the product.

2. Those that produce microbial enzymes.

3. Those that produce microbial metabolites.

4. Those that produce recombinant products.

5. Those that modify a compound that is added to the fermentation—the transformation process.

1. MICROBIAL BIOMASS

The commercial production of microbial biomass may be divided into two major processes: 

the production of yeast to be used in the baking industry and the production of microbial cells 

to be used as human food or animal feed (single-cell protein).

2. MICROBIAL ENZYMES

Enzymes have been produced commercially from plant, animal, and microbial sources. However, microbial 

enzymes have the enormous advantage of being able to be produced in large quantities by established 

fermentation techniques. Also, it is infinitely easier to improve the productivity of a microbial system 

compared with a plant or an animal one. Furthermore, the advent of recombinant DNA technology has 

enabled enzymes of animal origin to be synthesized by microorganisms.



Chhatrapati Shahu Ji Maharaj University, Kanpur
Uttar Pradesh State University (Formerly Kanpur University, Kanpur)

Applied Biotechnology : Dr. Annika Singh Department of Biotechnology



Chhatrapati Shahu Ji Maharaj University, Kanpur
Uttar Pradesh State University (Formerly Kanpur University, Kanpur)

Applied Biotechnology : Dr. Annika Singh Department of Biotechnology



Chhatrapati Shahu Ji Maharaj University, Kanpur
Uttar Pradesh State University (Formerly Kanpur University, Kanpur)

Applied Biotechnology : Dr. Annika Singh Department of Biotechnology

3. MICROBIAL METABOLITES

The growth of a microbial culture can be divided into a number of stages, the behavior of a

culture may also be described according to the products that it produces during the various

stages of the growth curve. During the log phase of growth, the products produced are either

anabolites (products of biosynthesis) essential to the growth of the organism and include

amino acids, nucleotides, proteins, nucleic acids, lipids, carbohydrates, etc. or are catabolites

(products of catabolism) such as ethanol and lactic acid. These products are referred as the

primary products of metabolism and the phase in which they are produced (equivalent to the

log, or exponential phase) as the trophophase (Bu’Lock et al., 1965).

Many products of primary metabolism are of considerable economic importance and are being

produced by fermentation.

The productivity of anabolic primary metabolites can be improve by the selection of induced

mutants, the use of recombinant DNA technology, and the control of the process environment

of the producing organism.

This is exemplified by the production of amino acids where productivity has been increased by

several orders of magnitude.
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The advances in metabolic engineering arising from genomics, proteomics, and metabolomics 

have provided new powerful techniques to further understand the physiology of “over

production” and to reengineer microorganisms to “over-produce” end products and

intermediates of primary metabolism.

During the deceleration and stationary phases, some microbial cultures synthesize compounds 

which are not produced during the trophophase and which do not appear to have any obvious 

function in cell metabolism. These compounds are referred to as the secondary compounds of 

metabolism and the phase in which they are produced (equivalent to the stationary phase) as 

the idiophase (Bu’Lock et al., 1965).

Secondary metabolism may occur in continuous cultures at low growth rates and is a property 

of slow-growing, as well as non growing cells.

It is the idiophase state that prevails in nature rather than the trophophase.
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The Interrelationships 

Between Primary and 

Secondary Metabolism

Some Secondary 

Products of Microbial 

Metabolism and Their

Commercial Significance
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4. RECOMBINANT PRODUCTS

The advent of recombinant DNA technology has extended the range of potential fermentation

products. Genes from higher organisms may be introduced into microbial cells such that the

recipients are capable of synthesizing “foreign” proteins.

These proteins are described as “heterologous” meaning “derived from a different organism.” A

wide range of microbial cells has been used as hosts for such systems including Escherichia

coli, Saccharomyces cerevisiae, and filamentous fungi. Animal cells cultured in fermentation

systems are also widely used for the production of heterologous proteins. Although the animal

cell processes were based on microbial fermentation technology, a number of novel problems

had to be solved—animal cells were considered extremely fragile compared with microbial

cells, the achievable cell density is very much less than in a microbial process and the media

are very complex.
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TRANSFORMATION PROCESSES

Microbial cells may be used to convert a compound into a structurally related, financially more valuable, 

compound. Because microorganisms can behave as chiral catalysts with high positional specificity and stereo 

specificity, microbial processes are more specific than purely chemical ones and enable the addition, 

removal, or modification of functional groups at specific sites on a complex molecule without the use of

chemical protection. The reactions, which may be catalyzed include dehydrogenation, oxidation, 

hydroxylation, dehydration and condensation, decarboxylation, animation, deamination, and isomerization. 

Microbial processes have the additional advantage over chemical reagents of operating at relatively low 

temperatures and pressures without the requirement for potentially polluting heavy-metal catalysts. Although

the production of vinegar is the oldest established microbial transformation process (conversion of ethanol to 

acetic acid), the majority of these processes involve the production of high-value compounds including 

steroids, antibiotics, and prostaglandins.
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THE COMPONENT PARTS OF A FERMENTATION PROCESS

Regardless of the type of fermentation (with the possible exception of some transformation processes) an 

established process may be divided into six basic component parts:

1. The formulation of media to be used in culturing the process organism during the development of the 

inoculum and in the production fermenter.

2. The sterilization of the medium, fermenters, and ancillary equipment.

3. The production of an active, pure culture in sufficient quantity to inoculate the production vessel.

4. The growth of the organism in the production fermenter under optimum conditions for product formation.

5. The extraction of the product and its purification.

6. The disposal of effluents produced by the process.
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A Generalized Schematic Representation of a Typical Fermentation Process
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BASIC FUNCTIONS OF A FERMENTER

The main function of a fermenter is to provide a controlled environment for the growth of microorganisms or 

animal cells, to obtain a desired product. In designing and constructing a fermenter, a number of points 

must be considered:

1. The vessel should be capable of being operated aseptically for a number of days and should be reliable 

in long-term operation and meet the requirements of containment regulations.

2. Adequate aeration and agitation should be provided to meet the metabolic requirements of the 

microorganism. However, mixing should not cause damage to the organism nor cause excessive foam 

generation.

3. Power consumption should be as low as possible.

4. A system of temperature control, both during sterilization and fermentation, should be provided.

5. A system of pH monitoring and control should be provided together with the monitoring and control of 

other parameters (eg, dissolved oxygen, redox, etc.) as appropriate.

6. Sampling facilities should be provided.

7. Evaporation losses from the fermenter should not be excessive.

8. The vessel should be designed to require the minimal use of labor in operation, harvesting, cleaning, and 

maintenance.

9. Ideally the vessel should be suitable for a range of processes, but this may be restricted because of 

containment regulations.

10. The vessel should be constructed to ensure smooth internal surfaces, using welds instead of flange 

joints whenever possible.

11. The vessel should be of similar geometry to both smaller and larger vessels in the pilot plant or plant to 

facilitate scale-up .

12. The cheapest materials, which enable satisfactory results to be achieved should be used.

13. There should be adequate service provisions for individual plants
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