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Description: This course is intended to give the students a thorough knowledge of the nature of 
Industrial Microbiology and to know the microorganisms of industrial importance, including 
biology of molds, actinomycetes, bacteria, yeast and viruses of importance of in various 
fermentations. Also to train them on maintenance of selected cultures, media formulation and 
economics and optimization of fermentation media at laboratory scale. To help them understand 
implementation and process control and have a basic knowledge on equipment used in the 
fermentation industries. To help them understand aspects of chemical engineering, as it relates to 
industrial microbiology. This course will also give students a thorough knowledge of fermenter 
design and operation, antifoams, biological, chemical and physical aspects of fermentation  

Prerequisites: Students should be able to know the microorganisms of industrial importance, 
including biology of molds, actinomycetes, bacteria, yeast and viruses of importance of in 
various fermentations, know maintenance of selected cultures, media formulation and economics 
and optimization of fermentation media at laboratory scale. 

Assignments: It is expected to have 4 individual homework assignments throughout the course, 
group assignment, a term paper, in addition to a Mid-Term Test and a Final Exam. Home works 
are due at the beginning of the class on the due date. Home works are organized and structured 
as preparation for the midterm and final exam, and are meant to be a studying material for both 
exams.  

Grading: We will assign 10% of this class grade to mid-term test, 5% for seminar presentation, 
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exam is comprehensive. 
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Lectures: Below is a description of the contents.  



 

NATURE OF INDUSTRIAL MICROBIOLOGY 
 
Introduction and Definition 
Industrial microbiology is a branch of applied microbiology in which microorganisms are used in 
industrial processes. For example, in the production of high- value products such as drugs, 
chemicals, fuels and electricity. They also assist in maintaining and improving the environment. 
Most work of industrial microbiology has been carried out using microorganisms isolated from 
nature or modified through mutation. From the standpoint of industrial microbiology, 
microorganisms can be considered chemical factories in miniature. They have the capacity to 
convert a raw material (nutrient of substrate) into end products. If the end products have value 
for human use, then it becomes attractive to exploit the microbiological process, that is, to 
produce the end products on a commercial scale. 
Industrial microbiology has experienced two dramatic explosions during the last few decades. In 
the 1940s, the discovery of penicillin, and more recently, it is now possible to manipulate 
microorganisms genetically to produce new products. This process is called recombinant DNA 
technology to produce needed valuable chemical substances, and this is likely to revolutionize 
the field of Industrial Microbiology. 
 
History of industrial microorganisms 
Microbes have been employed for product generation thousands of years, but these activities 
were purely art. The science of industrial microbiology is only about 150 years old. The first 
observations of microorganisms by Anthony Leeuwenhoek were published in 1677. The 
experiments of Spallanzani in 1799 and of Schwan in 1837 not only disproved the idea of 
spontaneous generation of microorganisms, but also provided a means of sterilization of liquids 
(by heat) and air (by heat), respectively. Schwan's findings also suggested that alcoholic 
fermentation was due to a fungus or mold, i.e., yeast, and inoculation resulted in quicker 
fermentation.  
But microbiology is widely considered to have begun in 1857 when Luis Pasteur reported his 
studies on lactic acid fermentation, including the microscopic features of the microorganisms and 
a suitable medium for the process; the scientific basis of industrial microbiology began with this 
paper. - In 1860, Pasteur reported the first synthetic medium for microorganisms, and used it to 
study alcohol fermentation. In 1861, Luis Pasteur showed that growth and physiology of yeast 
(and hence the accumulation of fermentation product, alcohol) differs depending on the presence 
or absence of CO2. This phenomenon is known as Pasteur effect and is applicable to other 
microorganisms as well. In 1878, Lister described the dilution technique for obtaining the first 
pure microbial culture of lactic acid bacterium. A simpler and more effective technique for 
obtaining pure cultures from isolated separate colonies developed on solidified medium was 
described by Robert Koch in 1881; this technique is widely followed even today. In 1876, Cohn 
showed that bacterial spores have a high level of heat resistance and developed the technique of 
'intermittent sterilization' for their inactivation. In 1897, Buchner demonstrated alcohol 
fermentation by cell-free yeast juice; he suggested that a proteinaceous enzyme was responsible 
for fermentation. - Wildiers demonstrated in 1901 that yeast required growth factors (vitamins) 
for growth, especially at low inoculum levels; vitamins are used in fermentation even today. In 
1929, Alexander Fleming accidentally discovered penicillin produced by Penicillium growing as 
contaminant in a Petri plate of Staphylococcus. Fleming developed the technique for assay of 



antibacterial activity of penicillin using bacteria and showed its low toxicity to man and animals. 
This was followed by an intensive search for antibiotics during the Second World War leading to 
the discovery of streptomycin, chloramphenicol, tetracyclines, etc. Later developments have 
resulted in the use of metabolically blocked mutants of microorganisms, which accumulate large 
amounts of metabolic intermediates.. 

Microorganisms used in industrial processes 

The major organisms used in industrial microbiology are fungi (yeasts and molds) and certain 
prokaryotes, in particular species of the genus Streptomyces. Industrial microorganisms can be 
thought of as metabolic specialists, capable of synthesizing one or more products in high yield. 
The terms industrial microbiology and fermentation are virtually synonymous in their scope, 
objectives and activities. The microbial product may be: 

1. microbial cells (living or dead), microbial biomass, and components of microbial cells,  
2. microbial metabolites,  
3. intracellular or extracellular enzymes or  
4. chemicals produced by the microbes utilizing the medium constituents or the provided 
substrate  
5. and/or modified compound that has been microbiologically transformed  
6.recombinant products through the DNA recombinant technology.  
Once a species has been found to have industrial application, a research program is undertaken to 
increase the capacity of the microorganism to produce the desirable change, that is, to give a 
higher yield of the end product or a greater rate of change in the substrate being decomposed. 
The customary approach toactivate these have been through improvements in culture media and 
cultural conditions, selection of new strains and development of mutants. 
 The services generated by microorganisms range from the  
i. degradation of organic wastes,  
ii. detoxification of industrial wastes and toxic compounds,  
iii. the degradation of petroleum to manage oil spills, etc.  
iv. industrial microbiology also encompasses activities like production of biocontrol agents, 
inoculants used as biofertilizers, biofuel: etc.  
The activities in industrial microbiology begin with the isolation of microorganisms from nature, 
their screening for product formation, improvement of product yields, maintenance of cultures, 
mass culture using bioreactors, and usually end with the recovery of products and their 
purification. The overall reaction characterizing the industrial application of microorganisms can 
be summarizes as follows: 
Substrate (raw material) + microorganisms -------→ new products 
 

Properties/Prerequisites of a Useful Industrial Microorganism  
A microorganism used in an industrial process must have other features besides just being able to 
produce the substance of interest in high yield.  

1. The organism must be capable of growth and product formation in large-scale culture.  
2. It should produce spores (if fungi or yeast) or some other reproductive cell form so that it 

can be easily inoculated into the large vessels used to grow the producing organism on an 
industrial scale.  



3. It must also grow rapidly and produce the desired product in a relatively short period of 
time.  

4. It must also be able to grow in a liquid culture medium obtainable in bulk quantities at a 
low price. Many industrial microbiological processes use waste carbon from other 
industries as major or supplemental ingredients for large-scale culture media. These  
include corn steep liquor (a product of the corn wet-milling industry that is rich in 
nitrogen and growth factors) and whey (a waste liquid of the dairy industry containing 
lactose and minerals).  

5. An industrial microorganism should not be pathogenic, especially to humans or 
economically important animals or plants. Because of the high cell densities in industrial 
microbial processes and the virtual impossibility of avoiding contamination of the 
environment outside the growth vessel, a pathogen would present potentially disastrous 
problems.  

6. Finally, an industrial microorganism should be amenable to genetic manipulation because 
increased yields are often obtained by means of mutation and classical genetic selection 
techniques. A genetically stable and easily engineered microorganism is thus a clear 
advantage for an industrial process. 

 

Problems often associated with Industrial Microbial Processes  
 1. Finding the least expensive medium in which to grow the microbe so as to maximize 
yield and profits: Often this is a waste product from another industrial process, such as corn 
steep liquor, sugar processing wastes or whey.  

2. Maintaining strain purity and developing better strains for improving the yield: A single 
mutation may decrease the yield by a significant percentage or result in undesirable substances 
being produced. The industrial research laboratories constantly seek better strains for the 
production of their product.  
3. Preventing contamination by other microbes and by viruses (phage) that live on the 
microbe involved: The media must be sterilized prior to being inoculated with the desired 
organism and purity must be maintained throughout the production process. 
     A small quantity of a contaminant may produce an enzyme that can destroy the product in 
thousands of gallons of medium. For many microbes, viruses present a constant danger as a 
single virus can infect and destroy the desired microbe in an entire tank. The sterilization of large 
containers and huge quantities of media represent both an engineering and microbial challenge.  
4. Developing rapid and efficient methods for purification of the desired produce in a stable 
form that is safe to use: The products of many fermentations are often unstable in the impure 
form or subject to unwanted modifications if they are not purified quickly. The final growth 
mixture may contain dangerous substances from which the desired product must be separated. As 
every step in the purification results in a loss of the product, the search for more efficient 
purification procedures is never ending.  
5. Always striving to improve yield by modifying the strain, nutrients or environmental 
conditions: As product yields are sensitive to subtle modifications in the nutrient and the 
environmental conditions, these are constantly monitored. For example, the pH, oxygen content, 
nitrogen/phosphorous ratio etc. may be adjusted during the production process.  



6. Safe and inexpensive disposal of the massive quantities of waste products remaining 
after the product is formed: The waste products of these large fermentations present major 
waste disposal problems as they are rich in organic matter that are highly polluting if released 
untreated into the environment. However, the cost of treatment cuts into the profit margin and 
increases the cost of the product.  
Major classes of products and processes 
Industries can be grouped on the basis of the type of microbial products they market. Examples 
include: 
1. Food supplements  
2. Alcoholic beverages  
3. Vaccines (immunizing agents) 
4. Deterioration of materials by microorganisms 
5. Analytical microbiology 
6. Pharmaceutical microbiology 
7. Commercially valuable chemicals. 
 
Application of Industrial Microbiology 
There are multiple ways to manipulate a microorganism in order to increase maximum product 
yields. This could be achieved by the introduction of mutations into an organism which may be 
accomplished by introducing them to mutagens. Another way to increase production is by gene 
amplification, this is done by the use of plasmids, and vectors. The plasmids and/ or vectors are 
used to incorporate multiple copies of a specific gene that would allow more enzymes to be 
produced that eventually cause more product yield. The manipulation of organisms in order to 
yield a specific product has many applications to the real world like the production of some 
antibiotics, vitamins, enzymes, amino acids, solvents, alcohol and daily products. They can also 
be used in an agricultural application and use them as a biopesticede instead of using dangerous 
chemicals or as inoculants and help plant proliferation.  
 
Medical application 
The medical application to industrial microbiology is the production of new drugs synthesized in 
a specific organism for medical purposes. Production of antibiotics is necessary for the treatment 
of many bacterial infections. Some natural occurring antibiotics and precursors, are produced 
through a process called fermentation. The microorganisms grow in a liquid media where the 
population size is controlled in order to yield the greatest amount of product. In this environment 
nutrient, pH, temperature, and oxygen are controlled also in order to maximize the amount of 
cells and cause them not to die before the production of the antibiotic of interest. Once the 
antibiotic is produced it must be extracted in order to yield an income.  
Vitamins also get produced in massive quantities either by fermentation or biotransformation. 
Vitamin B 2 (riboflavin) for example is produced both ways. Biotransformation is mostly used 
for the production of riboflavin, and the carbon source starting material for this reaction is 
glucose. There are a few strains of microorganisms that were engineered to increase the yield of 
riboflavin produced. The most common organism used for this reaction is Ashbya gossypii. The 
fermentation process is another common way to produce riboflavin. The most common organism 
used for production of riboflavin through fermentation is Eremothecium ashbyii. Once riboflavin 
is produced it must be extracted from the broth, this is done by heating the cells for a certain 



amount of time, and then the cells can be filtered out of solution. Riboflavin is later purified and 
released as final product.  
Enzymes can be produced through fermentation either by submerged fermentation and/ or by 
solid state fermentation. Submerged fermentation is referred to when the microorganisms are in 
contact with media. In this process the contact with oxygen is essential. The 
bioreactors/fermentors that are used to do these mass production of product can store up to 500 
cubic meters in volume.  
Solid state fermentation is less common than submerged fermentation, but has many benefits. 
There is less need for the environment to be sterile since there is less water, there is a higher 
stability and concentration for the end product. Insulin synthesis is done through the fermentation 
process and the use of recombinant E.coli or yeast in order to make human insulin also called 
Humulin.  
 

Food industry application 

Fermentation: Fermentation is a reaction where sugar can be converted into a gas, alcohols or 
acids. Microorganisms like yeast and bacteria are used to massively produce the many things. 
Drinking alcohol also known as ethanol is produced by yeast and bacteria. Ethanol can also be 
used as a fuel source. The drinking alcohol is produced from natural sugars like glucose. Carbon 
dioxide is produced as a side product in this reaction and can be used to make bread, and can also 
be used to carbonate beverages. 

Fermentation Wine: Alcoholic beverages like beer and wine are fermented by microorganisms 
when there is no oxygen present. In this process, once there is enough alcohol and carbon 
dioxide around in the media the yeast start to die due to the environment becoming toxic to them. 
There are many strains of yeast and bacteria that can tolerate different amounts of alcohol around 
in their environment before it becoming toxic, thus one can obtain different alcohol levels in beer 
and wine, just by selecting a different microbial strain. 

Agriculture application 

Biopesticide is a pesticide derived from a living organism or natural occurring substances. 
Biochemical pesticides can also be produced from naturally occurring substances that can control 
pest populations in a non-toxic matter. An example of a biochemical pesticide is garlic and 
pepper based insecticides, these work by repelling insects from the desired location. Microbial 
pesticides, usually a virus, bacterium, or fungus are used to control pest populations in a more 
specific manner. The most commonly used microbe for the production of microbial bio-
pesticides is Bacillus thuringiensis also known as Bt. This spore forming bacterium produces a 
delta-endotoxins in which it causes the insect or pest to stop feeding on the crop or plant because  
the endotoxin destroys the lining of the digestive system.  

Another mechanism that is used to reduce plant pathogens is by introducing other microbes that 
are non-pathogenic but compete for the rhizosphere, and succeed by producing antifungal 
chemicals yielding plant growth. Microbial inoculants are addition of microbes into a plant that 
would essentially help the plant grow by introducing nutrients, and stimulating plant growth. The 
preparation in mass quantities of any inoculum is performed by a process called fermentation. 
The first step to making it is by selecting a microbial strain, and letting it grow and increase in 



bacterial concentration. The greater the bacterial concentration the greater the fermentation yield 
would be (fermentation yield is ratio of bacterial concentration to mass of substrate). The 
bacterial concentration can be measured by monitoring the turbidity, wet or dry weight, or 
residual nutrient concentration. After the inoculant is ready then it gets transferred in a fermentor 
where oxygen and temperature most be highly monitored for the survival of the microbes and it 
can vary depending on the microbe that is being used. After enough time has passed for the 
microbes to be properly incubated the product is ready to be extracted purified and packaged.  

Chemical application 
Synthesis of amino acids and organic solvents can also be made using microbes. The synthesis of 
essential amino acids such as are L-Methionine, L-Lysine, L-Tryptophan and the non-essential 
amino acid L-Glutamic acid are used today mainly for feed, food, and pharmaceutical industries. 
The production of these amino acids is due to Corynebacterium glutamicum and fermentation. 
C.glutamicum was engineered to be able to produce L-lysine and L-Glutamic acid is large 
quantities. L-Glutamic acid had a high demand for production because this amino acid is used to 
produce Monosodium glutamate (MSG) a food flavoring agent.  
L-Lysine is used for the feeding of pigs and chicken, as well as to treat nutrient deficiency, 
increase energy in a patient, and sometimes used to treat viral infections. The production of 
organic solvents like acetone, butanol, and isopropanol through fermentation was one of the very 
first things to be produced by using bacteria, since achieving the necessary chirality of the 
products is easily achieved by using living systems. Solvent fermentation uses a series of 
Clostridia bacterial species. Solvent fermentation at first was not as productive as it is used 
today. The amount of bacteria required to yield a product was high, and the actual yield of 
product was low. Later technological advances were discovered that allowed scientist to 
genetically alter these strains to achieve a higher yield for these solvents. These Clostridial 
strains were transformed to have extra gene copies of enzymes necessary for solvent production, 
as well as being more tolerant to higher concentrations of the solvent being produced, since these 
bacteria have a range of product in which they can survive in before the environment becomes 
toxic. Yielding more strains that can use other substrates was also another way to increase the 
productivity of these bacteria.  



MICROORGANISMS OF INDUSTRIAL IMPORTANCE 
Industrial microbiological processes have been developed using specific strains of algae, fungi 
(yeast and molds), bacteria, protozoa and viruses. Microbial species which have potentials for 
industrial application are continually being sought. The attractiveness of a microorganism may 
reside in its ability to produce a new product. For example, an antibiotic; or the industrial 
application might involve the use of a microorganism in a process such as cleaning up oil spills. 
The microorganisms degrade the oil to non-objectionable compounds. 
Industrial microbiology includes the use of microorganisms to manufacture food or industrial 
products in large quantities. Numerous microorganisms are used within industrial microbiology; 
these include naturally occurring organisms, laboratory selected mutants, or even genetically 
modified organisms (GMOs). There are various types of microorganisms that are used for large-
scale production of industrial items. The following is a brief overview of the various 
microorganisms that have industrial uses, and of the roles they play. 
 
Archaea: These are specific types of prokaryotic microbes that exhibit the ability to sustain 
populations in unusual and typically harsh environments. Those surviving in the most hostile and 
extreme settings are known as extremophile archaea. The isolation and identification of various 
types of Archaea, particularly the extremophile archaea, have allowed for analysis of their 
metabolic processes, which have then been manipulated and utilized for industrial purposes. 
Extremophile archaea species are of particular interest due to the enzymes and molecules they 
produce that allow them to sustain life in extreme climates, including very high or low 
temperatures, extremely acid or base solutions, or when exposed to other harmful factors, 
including radiation. Specific enzymes which have been isolated and used for industrial purposes 
include thermostable DNA polymerases from the Pyrococcus furiosus. 
 
Corynebacterium: Corynebacterium species are often used to mass produce amino acids utilized 
in food processing. Corynebacteria are characterized by their diverse origins. They most often 
used in industry for the mass production of amino acids and nutritional factors. In particular, the 
amino acids produced by Corynebacterium glutamicum include the amino acid glutamic acid. 
Glutamic acid is used as a common additive in food production, where it is known as 
monosodium glutamate (MSG). Corynebacterium can also be used in steroid conversion and in 
the degradation of hydrocarbons. Steroid conversion is an important process in the development 
of pharmaceuticals. Degradation of hydrocarbons is key in the breakdown and elimination of 
environmental toxins. Items such as plastics and oils are hydrocarbons; the use of 
microorganisms which exhibit the ability to breakdown these compounds is critical for 
environmental protection. 
 
Xanthomonas: This is a type of Proteobacteria, is known for its ability to cause disease in plants. 
The bacterial species which are classified under Xanthomonas exhibit the ability to produce the 
acidic exopolysaccharide commonly marketed as xanthan gum, used as a thickening and 
stabilizing agent in foods and in cosmetic ingredients to prevent separation. 
Aspergillus: Another type of microorganism utilized by industry includes various species of 
Aspergillus. This genus includes several hundred types of mold. Aspergillus has become a key 
component in industrial microbiology, where it is used in the production of alcoholic beverages 
and pharmaceutical development. Aspergillus niger is most commonly used to produce citric 
acid, which is used in numerous products ranging from household cleaners, pharmaceuticals, 



foods, cosmetics, photography and construction. Aspergillus is also commonly used in large-
scale fermentation in the production of alcoholic beverages such as Japanese sake. 
 
Primary and Secondary Metabolites 
Several microorganisms have a major role in the production of primary and secondary 
metabolites. These primary and secondary metabolites are often used in industrial microbiology 
for the production of food, amino acids  and antibiotics. Antibiotics such as erythromcyin and 
bacitracin are also considered to be secondary metabolites. Erythromycin, derived from 
Saccharopolyspora erythraea, is a commonly used antibiotic with a wide antimicrobial 
spectrum. It is mass produced and commonly administered orally. Lastly, another example of an 
antibiotic which is classified as a secondary metabolite is bacitracin. Bacitracin, derived from 
organisms classified under Bacillus subtilis, is an antibiotic commonly used a topical drug. 
Bacitracin is synthesized in nature as a nonribosomal peptide synthetase that can synthesize 
peptides; however, it is used in the clinic as an antibiotic. Erythromycin is an example of a 
secondary metabolite used as an antibiotic and mass produced within industrial microbiology. 
 
Microorganisms also perform a critical role in large-scale fermentation 
 Fermentation includes the processes by which energy is extracted from the oxidation of organic 
compounds. The oxidation of organic compounds occurs by utilizing an endogenous electron 
acceptor to transfer electrons released from nutrients to molecules obtained from the breakdown 
of these same nutrients. There are various types of fermentation which occur at the industrial 
level such as ethanol fermentation and fermentation processes used to produce food and wine. 
The ability to utilize the fermentation process in anaerobic conditions is critical to organisms 
which demand ATP production by glycolysis. Fermentation can be carried out in aerobic 
conditions as well, as in the case of yeast cells which prefer fermentation to oxidative 
phosphorylation. The following is a brief overview of a few types of the large-scale 
fermentations utilized by industries in production creation. 
 
Ethanol Fermentation 
Ethanol fermentation is used to produce ethanol for use in food, alcoholic beverages, and both 
fuel and industry. The process of ethanol fermentation occurs when sugars are converted into 
cellular energy. The sugars which are most often used include glucose, fructose, and sucrose. 
These sugars are converted into cellular energy and produce both ethanol and carbon dioxide as 
waste products. Yeast is the most commonly used organism to produce ethanol via the 
fermentation process for beer, wine, and alcoholic drink production. Despite abundant amounts 
of oxygen which may be present, yeast prefer to utilize fermentation. Hence, the use of yeast on 
a large-scale to produce ethanol and carbon dioxide occurs in an anaerobic environment. The 
ethanol which is produced can then be used in bread production. Yeast will convert the sugars 
present in the dough to cellular energy and produce both ethanol and carbon dioxide in the 
process. The ethanol will evaporate and the carbon dioxide will expand the dough. In regards to 
alcohol production, yeast will induce fermentation and produce ethanol. Specifically, in wine-
making, the yeast will convert the sugars present in the grapes. In beer and additional alcohol 
such as vodka or whiskey, the yeast will convert the sugars produced as a result of the 
conversion of grain starches to sugar by amylase. Additionally, yeast fermentation is utilized to 
mass produce ethanol which is added to gasoline 
 



Recombinant Products 
Fermentation is also utilized in the mass production of various recombinant products. These 
recombinant products include numerous pharmaceuticals such as insulin and hepatitis B vaccine. 
Insulin, produced by the pancreas, serves as a central regulator of carbohydrate and fat 
metabolism and is responsible for the regulation of glucose levels in the blood. Insulin is used 
medically to treat individuals diagnosed with diabetes mellitus. Specifically, individuals with 
type 1diabetes are unable to produce insulin and those with type 2 diabetes often develop insulin 
resistance where the hormone is no longer effective. 
The increase in individuals diagnosed with diabetes mellitus has resulted in an increase in 
demand for external insulin. The mass production of insulin is performed by utilizing both 
recombinant DNA technology and fermentation processes. E. coli, which has been genetically 
altered to produce proinsulin, is grown to a large amount to produce sufficient amounts in a 
fermentation broth. The proinsulin is then isolated via disruption of the cell and purified. There is 
further enzymatic reactions that occur to then convert the proinsulin to crude insulin which can 
be further altered for use as a medicinal compound. 
An additional recombinant product that utilizes the fermentation process to be produced is the 
hepatitis B vaccine. The hepatitis B vaccine is developed to specifically target the hepatitis B 
virus infection. The creation of this vaccine utilizes both recombinant DNA technology and 
fermentation. A gene, HBV, which is specific for hepatitis B virus, is inserted into the genome of 
the organism yeast. The yeast is used to grow the HBV gene in large amounts and then harvested 
and purified. The process of fermentation is utilized to grow the yeast, thus promoting the 
production of large amounts of the HBV protein which was genetically added to the genome. 



CULTURE TECHNIQUES AND MAINTENANCE OF SELECTED CULTURES 
A microbiological culture, or microbial culture, is a method of multiplying microbial organisms 
by letting them reproduce in predetermined culture medium under controlled laboratory 
conditions. Microbial cultures are foundational and basic diagnostic methods used extensively as 
a research tool in molecular biology. Microbial cultures are used to determine the type of 
organism, its abundance in the sample being tested, or both. It is one of the primary diagnostic 
methods of microbiology and used as a tool to determine the cause of infectious disease by 
letting the agent multiply in a predetermined medium. For example, a throat culture is taken by 
scraping the lining of tissue in the back of the throat and blotting the sample into a medium to be 
able to screen for harmful microorganisms, such as Streptococcus pyogenes, the causative agent 
of strep throat. Furthermore, the term culture is more generally used informally to refer to 
"selectively growing" a specific kind of microorganism in the lab. To study and identify micro-
organisms, they have to be cultivated and selected in pure cultures.  A pure (or axenic) culture is 
a population of cells or multicellular organisms growing in the absence of other species or types. 
There are several types of bacterial culture methods /techniques that are selected based on the 
agent being cultured.  
 
Broth or Liquid cultures 
One method of bacterial culture is liquid culture, in which the desired bacteria are suspended in a 
liquid nutrient medium, such as Luria Broth, in an upright flask. In liquid media, bacteria can 
freely move about. Growth in liquid media is shown by turbidity, though some organisms show 
surface growth. Liquid media are used mainly for biochemical testing, blood culture, testing for 
motility and as enrichment media. The major disadvantage is that purity of the growth cannot be 
guaranteed. 
 
Solid Media 
A solid medium allows micro-organisms to grow and multiply at the site of inoculation and form 
visible colonies. Colonial appearance and any changes in the surrounding medium help in the 
identification of bacteria species. A liquid medium is made solid by the incorporation of a 
solidifying agent which does not alter the nutritional content of  the medium. The most widely 
used solidifying agent is the agar (formerly called agar-agar). Agar is an inert carbohydrate 
extract obtained from a type of seaweed found in Japan, New Zealand, and California. It is 
available in powder form. A good brand of agar must possess the following qualities: 
1. gel at a concentration of 1% 
2. melt at 98% 
3. set on cooling at 420C 
4. be easily soluble and maintain clarity in solution. 
Another solidifying agent that can be used is gelatin. This is a protein derived from collagen of 
skin and bone. It gels at a concentration of 12-15% in nutrient broth; melts at 220C and is 
denatured by prolonged exposure to 1000C.  Some bacteria are able to liquefy gelatin at 370C, 
and this property is used to identify such bacteria. Agar has the following advantages over 
gelatin: 
  1. It is solid at 370C. 
  2. Once solidified, it can be melted again 
  3. It is bacteriologically inert and so is not attacked by most bacteria. 
 



Semi solid media 
They are prepared with agar at concentrations of 0.5% or less. They have soft custard like 
consistency and are useful for the cultivation of microaerophilic bacteria or for determination of 
bacterial motility. 
 
Stab Cultures 
Stab cultures are similar to agar plates, but are formed by solid agar in a test tube. Bacteria are 
introduced via an inoculation needle or a pipette tip being stabbed into the center of the agar. 
Bacteria grow in the punctured area. Stab cultures are most commonly used for short-term 
storage or shipment of cultures. 
 
Types of Culture media 
There several types of culture media: 
 
Basal Media 
Basal media are simple media that will support the growth of most microorganisms that do not 
need special nutritional requirements. They contain the basic nutrients: peptone, mineral salts 
and water. They are generally referred to as nutrient broths. 
 
Enriched Media 
Enriched media are culture media that are enriched with whole or lysed blood, serum, special 
extracts or nutrients to support the growth of those bacteria that cannot grow on the basal media. 
Examples are blood agar and chocolate agar. 
Nutrient broth + agar =Nutrient agar 
Nutrient agar + blood = Blood agar 
Blood agar + heat = Chocolate agar 
 
Selective media 
Selective media are solid media which contains substances that prevent, slow down or inhibit the 
growth of micro-organisms other than those for which the media are devised. Examples of 
selective media are: 
1. Tellurite medium for diphtheria organism 
2. Deoxycholate citrate agar (DCA) for Salmonella and Shigella groups. 
 
Enrichment media 
These are liquid media that are similar in function to the selective media. The only difference is 
that selective media are solid. Example of enrichment medium is selenite F broth which is used 
for the isolation of Salmonella group of bacteria. 
 
Differential media 
These media contain substances or indicators that will differentiate one organism from another. 
Examples are: 
1. MacConkey agar will differentiate lactose fermenting bacteria from non-lactose fermenting 
ones. 
2. Blood agar will differentiate haemolytic bacteria from non-haemolytic ones. 
 



Maintenance of culture media 
Once a microorganism has been isolated and grown in pure culture, it becomes necessary to 
maintain the viability and purity of the microorganism by keeping the pure culture free from 
contamination. Normally in laboratories, the pure cultures are transferred periodically onto or 
into a fresh medium (sub-culturing) to allow continuous growth and viability of microorganisms. 
The transfer is always subject to aseptic conditions to avoid contamination. 
Since repeated sub-culturing is time consuming, it becomes difficult to maintain a large number 
of pure cultures successfully for a long time. In addition, there is a risk of genetic changes as 
well as contamination. Therefore, it is now being replaced by some modern methods that do not 
need frequent sub-culturing. These methods include refrigeration, paraffin method, 
cryopreservation, and lyophilization (freeze drying). 
 
Refrigeration 
Pure cultures can be successfully stored at 0-4°C either in refrigerators or in cold-rooms. This 
method is applied for short duration (2-3 weeks for bacteria and 3-4 months for fungi) because 
the metabolic activities of the microorganisms are greatly slowed down but not stopped. Thus 
their growth continue slowly, nutrients are utilized and waste products released in medium. This 
results in, finally, the death of the microbes after sometime. 
 
 Paraffin Method/preservation by overlaying cultures with mineral oil 
This is a simple and most economical method of maintaining pure cultures of bacteria and fungi. 
In this method, sterile liquid paraffin is poured over the slant (slope) of culture and stored upright 
at room temperature. The layer of paraffin ensures anaerobic conditions and prevents 
dehydration of the medium. This condition helps microorganisms or pure culture to remain in a 
dormant state and, therefore, the culture can be preserved form months to years (varies with 
species). The advantage of this method is that we can remove some of the growth under the oil 
with a transfer needle, inoculate a fresh medium, and still preserve the original culture. The 
simplicity of the method makes it attractive, but changes in the characteristics of a strain can still 
occur. 
 
Cryopreservation 
Cryopreservation (i.e., freezing in liquid nitrogen at -196°C or in the gas phase above the liquid 
nitrogen at -150°C) helps survival of pure cultures for long storage times. In this method, the 
microorganisms of culture are rapidly frozen in liquid nitrogen at -196°C in the presence of 
stabilizing agents such as glycerol or Dimethyl Sulfoxide (DMSO) that prevent the cell damage 
due to formation of ice crystals and promote cell survival. This liquid nitrogen method has been 
successful with many species that cannot be preserved by lyophilization and most species can 
remain viable under these conditions for 10 to 30 years without undergoing change in their 
characteristics, however this method is expensive. 
 
Lyophilization (Freeze-Drying) 
Freeze-drying is a process where water and other solvents are removed from a frozen product 
via sublimation. Sublimation occurs when a frozen liquid goes directly to a gaseous state without 
entering a liquid phase. It is recommended using slow rates of cooling, as this will result in the 
formation of vertical ice crystal structures, thus allowing for more efficient water sublimation 
from the frozen product. Freeze-dried products are hygroscopic and must be protected from 



moisture during storage. Under these conditions, the microbial cells are dehydrated and their 
metabolic activities are stopped; as a result, the microbes go into dormant state and retain 
viability for years. Lyophilized or freeze-dried pure cultures and then sealed and stored in the 
dark at 4°C in refrigerators. Freeze-drying method is the most frequently used technique by 
culture collection centers. Many species of bacteria preserved by this method have remained 
viable and unchanged in their characteristics for more than 30 years. 
 
Advantage of Lyophilization 

1. Only minimal storage space is required; hundreds    of lyophilized cultures can be stored 
in a small area. 

2. Small vials can be sent conveniently through the   mail to other microbiology laboratories 
when packaged in a special sealed mailing container. 

3. Lyophilized cultures can be revived by opening the vials, adding liquid medium, and 
transferring the rehydrated culture to a suitable growth medium. 



MEDIA FORMULATION AND ECONOMICS 

Culture Media 

Inoculum preparation media are quite different from production media. These media are 
designed for rapid microbial growth, and little or no product accumulation will normally occur. 
Many production processes depend on inducible enzymes. In all such cases, the appropriate 
inducers must be included either in all the stages or at least in the final stages of inoculum 
development. This will ensure the presence of the concerned inducible enzymes at high levels for 
the production to start immediately after inoculation.  

Contamination 

The inoculum used for production tanks must be contamination free. But the risk of 
contamination is always present during inoculum development. Therefore, every effort must be 
made to detect as well as prevent contamination.  

Sterilization  

Sterilization is the process of inactivating or removing all living organisms from a substance or 
surface. In concept, it is regarded as absolute in all living cells must be inactivated / removed, 
usually in a single step at the given time. But in practice, the success of sterilization procedures 
is only a probability. Therefore, the probability of a cell escaping inactivation/filtration does 
exist although it is usually very small. When a closed system is sterilized once, it remains so 
indefinitely since it has no openings for the entry of microorganisms. But most fermentation 
vessels are open systems; such systems are initially sterilized and must be kept sterilized by 
ensuring the removal of living cells at their entry points, e.g., the cotton plug of a culture flask.  

Common Contaminants  

 The most common contaminants of different industrial processes are considerably different. 
Some examples are given below  

1. In canning industry, Clostridium butylicum is the chief concern. This obligate anaerobe can 
grow in sealed cans, and produce heat resistant spores and a deadly toxin. However, it is not a 
problem for catsup (too acidic), jam and jellies (too high sugar concentration) and milk (stored at 
low temperature).  

2. Organisms like lactobacillus are a problem in production of wine. 

3. In antibiotic industry, potential contaminants are many, e.g., molds, yeast, and many bacteria, 
including Bacillus. 

4. The most dreaded contaminants of fermentation industry are phages. The only effective 
protection against phages is to develop resistant strains.  

Sterilization Procedures  

 Sterilization involves either inactivation or removal of living organisms. This may be achieved 
by (i) heating, (ii) irradiation. (iii) Chemicals or (iv) filtration; these are briefly discussed below.  



Heating.  

It is the most commonly used and the least expensive sterilizing agent. - Dry heat is used in 
ovens and is suitable for sterilization of solids, which can withstand the high temperatures 
needed for sterilization, e.g., laboratory glassware, talc, etc. Steam, i.e., moist or wet heat, is used 
for sterilization of media and fermenter vessels. An autoclave uses steam for sterilization (at 
121°C and 15p.s.i.). the period of time at this temperature pressure depending on medium 
volume, e.g., 12-15 min for 200 ml. 17-22 min for 500 ml, 20-25 min for 1 L and 30-35 min for 
2 L. - But sterilization of oils will require a few hours, and concentrated media (10-20% solid) 
must be agitated for effective sterilization. Autoclaves can also be used to sterilize laboratory 
vessels, small volumes of media and even small fermenters. Large fermenters are sterilized by 
either a direct injection of steam or by indirect heating by passing steam through heat exchange 
coils or a jacket. The steam should always be saturated. Media sterilization may be achieved in a 
continuous flow sterilization system either by direct steam injection or by indirect steam heating, 
and then filled in a sterile fermenter. Alternatively, the medium may be filled in the fermenter 
and steamsterilized with the latter. Heat killing in most part is due to protein inactivation. In 
general, moist heat is far superior to dry heat. - Bacterial spores are the most heat resistant, e.g., 
spores of thermophilic bacteria can survive steam at 30p.s.i. at 134°C for 1-10 min and dry heat 
at 180°C for up to 15 min.  

Radiation 

 High energy X-rays are used for sterilization of a variety of lab ware and of food. In general, 
vegetative cells are much more susceptible than bacterial spores (Clostridium spores can resist 
nearly 0.5 M rad). But Deinococcus radiodurans vegetative cells can survive 6 M rad. Viruses 
are usually similar to bacterial spores but some viruses, e.g., encephalitis virus require up to 4.5 
M rad. In practice, 2.5 M rad is used for sterilizing pharmaceutical and medical products. X-rays 
cause inactivation by inducing single and double strand DNA breaks, and by producing free 
radicals and peroxides, to which -SH enzymes are particularly susceptible.  

Chemicals  

 The chemicals used for sterilization cause inactivation by oxidation or alkylation; these are 
formaldehyde, H2O2, ethylene oxide, propylene oxide etc. H2O2 (10-25% w/v) is being 
increasingly used in the sterilization of milk and of containers for food products. It is a powerful 
oxidizing agent, kills both vegetative cells and spores and is very safe. Ethylene oxide is used for 
sterilizing equipment, which are likely to be damaged by heat, and is very effective, but highly 
toxic and violently explosive if mixed with air.  

Filtration 

 Aerobic fermentation requires a very high rate of air supply often amounting to 1 vol of air 
(equal to medium volume) every minute. Air contains both fungal spores and bacteria, which are 
ordinarily removed by filtration using either a depth filter or a screen filter. Depth filters are 
made from fibrous or powdered materials pressed or bonded together in a relatively thick layer; 
the materials used are fiberglass, cotton, mineral wool, cellulose fibers, etc. in form of mats, 
wads or cylinders. Modern depth filters are cylinders of bonded borosilicate microfibers. Depth 
filters allow higher filtration rates and efficiencies than screen filters, but are not suitable for 



filtration of moist air. Screen filters are membranes of cellulose esters or other polymers with 
pores of 0.45 µm or smaller (bacterial contaminants are 0.5 µm or larger). Usually, a microfibers 
profiler is used with such filters to remove gross contamination. All filters themselves must be 
sterilized before they can be used to sterilize the air. Filters are also used to sterilize the effluent 
gases from fermenters, especially in case of pathogenic microorganisms. 



OPTIMIZATION OF FERMENTATION PROCESS AT LABORATORY SCALE 

Bioreactors  

 A bioreactor is a device in which a substrate of low value is utilized by living cells or enzymes 
to generate a product of higher value. Bioreactors are extensively used for food processing, 
fermentation, waste treatment, etc. On the basis of the agent used, bioreactors are grouped into 
two broad classes:  

1. Those based on living cells and,  
2. Those employing enzymes.  

But in terms of process requirements, they are of the following types:  

1. aerobic,  
2. anaerobic,  
3. solid state, and 
4. immobilized cell bioreactors.  

All bioreactors deal with heterogeneous systems having two or more phases, e.g., liquid, gas, 
solid. Therefore, optimal conditions for fermentation necessitate efficient transfer of mass, heat 
and momentum from one phase to the other. A bioreactor should provide for the following:  

1. agitation (for mixing of cells and medium),  
2. aeration (aerobic fermenters; for O2 supply), 
3. regulation of factors like temperature, pH, pressure, aeration, nutrient feeding, liquid level,  
4. sterilization and maintenance of sterility, and  
5. withdrawal of cells/medium (for continuous fermenters).  

Modem fermenters are usually integrated with computers for efficient process monitoring, data 
acquisition, etc. The size of fermenters ranges from 1-2 Litres laboratory fermenters to 500,000 
litres or, occasionally, even more; fermenters of up to 1.2 million litres have been used. 
Generally, 20-25% of fermenter volume is left unfilled with medium as "head space" to allow for 
splashing, foaming and aeration. The fermenter design varies greatly depending on the type of 
fermentation for which it is used.  

Immobilized Cell Bioreactors  

Bioreactors of this type are based on immobilized cells. Cell immobilization is advantageous 
when  

1. the enzymes of interest are intracellular,  
2 .extracted enzymes are unstable,  
3. the cells do not have interfering enzymes or such enzymes are easily inactivated/removed, and  
4. the products are low molecular weight compounds released into the medium. 

Under these conditions, immobilized cells offer the following advantages over enzyme 
immobilization:  

1. enzyme purification is not needed,  



2. high activity of even unstable enzymes,  
3. high operational stability,  
4. lower cost and  
5. Possibility of application in multistep enzyme reactions.  
6. In addition, immobilization permits continuous operation of bioreactor, which reduces the 
reactor volume and, consequently, pollution problems.  

Obviously, immobilized cells are used for such biotransformation of compounds, which require 
action of a single enzyme. Cell immobilization may be achieved in one of the following ways: 

1.Cells may be directly bound to water insoluble carriers, e.g., cellulose, dextran, ion exchange 
resins, porous glass, brick, sand, etc., by adsorption, ionic bonds or covalent bonds. 

2. They can be cross linked to bi- or multi-functional reagents, e.g., glutaraldehyde, etc.  

3. Polymer matrices may be used for entrapping cells; such matrices are polyacrylamide cell, ҝ-
carrageenan (a polysaccharide isolated from a seaweed), calcium alginate (alginate is extracted 
from seaweed), poly glycol oligomers, etc.  

Out of these approaches, calcium alginate immobilization is the most commonly used since it 
can be used for even very sensitive cells. Cell immobilization has been used for commercial 
production of amino acids, organic acids, etc.  

Bioreactor Media  

The medium composition is as critical to product yields as high producing strains of 
microorganisms. The medium not only provides the nutrients needed for microbial growth but 
also for the metabolite production. The organisms vary greatly in their nutrient requirements 
from autotrophs, which produce all the biochemical required from simple inorganic nutrients 
deriving their energy from oxidation of some inorganic component of the medium to the difficult 
organisms like lactic acid bacteria, which require many organic compounds for their growth. The 
various media for bioreactors may be grouped into two broad categories:  

1. Synthetic and 
2. Complex.  

A synthetic or chemically defined medium is desirable for various studies, but product yields 
from such media are generally low. Foaming is not a problem with such media. The complex 
media contain undefined constituents like soybean meal, molasses, corn steep liquor, etc., and 
give much higher yields of metabolites. Carbon source can be simple, e.g., sugar, alcohol, etc., or 
complex carbohydrates, proteins, molasses, potatoes, sweet potatoes, etc. In many processes, 
precursors need to be provided, e.g., phenylacetic acid for penicillin G, inorganic cobalt for vit. 
B12. Buffers are also added to prevent drastic changes in pH, and anti-foam would often be 
needed when complex media are used. For much fermentation, e.g., antibiotic production, 
medium suited for rapid cell growth is unsuitable for product formation. In such cases, 
specialized media for production have to be devised.  

Downstream Processing - The various processes used for the actual recovery of useful products 
from fermentation or any other industrial process is called downstream processing. The cost of 



downstream processing (DSP) is often more than 50% of the manufacturing cost, and there is 
product loss at each step of DSP. Therefore, the DSP should be efficient, involve as few steps as 
possible (to avoid product loss), and be cost-effective. The various steps in DSP are as follows:  

(i) separation of particles,  
(ii) disintegration of cells,  
(iii)extraction,  
(iv) concentration,  
(v) purification and  
(vi)  drying. 



FERMENTATION DESIGN AND OPERATIONS  

What is Fermentation? 
Fermentation can be defined as a metabolic process in which cheap raw materials such as sugar 
or carbohydrates are converted into economically important products like acids, gases and 
alcohols by micro-organism. This process is carried out in a equipment called as fermenter. 

What is a Fermenter? 
A Fermenter can be defined as a vessel in which sterile nutrient media and pure culture of micro-
organism are mixed and fermentation process is carried out under aseptic and optimum 
condition. Fermenter provides a sterile environment and optimum condition that are important 
for growth of micro-organisms and synthesis of desired product. 

 

 

 

 

Figure 1: A fermenter 

Design and Operation of a fermenter 
These are designed to provide support to the best possible growth and biosynthesis for 
industrially important cultures, and to allow ease of manipulation for all operations associated 
with the use of the fermenters. A fermenter should be constructed in such a way that it can make 
provisions for the activities listed below: 
Sterilization 
Temperature control 
pH control 



Foam control 
Aeration and agitation 
Sampling point 
Inoculation points for micro-organisms, media and supplements 
Drainage point for drainage of fermented media 
Harvesting of product 
Cleaning 
Facility of providing hot, cold water and sterile compressed air. 
 
Major parts of fermenter and their function. 

1. Material used for fermenter 
2. Impellers 
3. Baffles 
4. Inoculation port 
5. Sparger 
6. Sampling point 
7. pH control device 
8. Temperature control system 
9. Foam control device 
10. Bottom drainage system 

 
Flow chart of the major parts of fermenter. 
 

 



Material used for fermenter 

The material used for designing a fermenter should have some important functions. 

1. It should not be corrosive. 
2. It should not add any toxic substances to the fermentation media. 
3. It should tolerate steam sterilization process. 
4. It should be able to tolerate high pressure and resist pH changes. 

The fermenter material used is also decided on type of fermentation process. For example, in 
case of Beer, Wine, Lactic acid fermentation, the fermenter tanks are made up of wooden 
material. Whereas material such as iron, copper, glass and stainless steel are used in some cases. 
Most of the time, 304 and 316 stainless steel are used for designing of a fermenter and these 
fermenters are mostly coated with epoxy or glass lining. A fermenter should provide the facility 
to control and monitor various parameters for a successful fermentation process. 

Impellers 

Impellers are an agitation device. They are mounted on the shaft and introduced in the fermenter 
through its lid. They are made up of impeller blades and the position may vary according to its 
need. These impellers or blades are attached to a motor on lid. The important function of an 
impeller is to mix micro-organisms, media and oxygen uniformly. Impeller blades reduce the 
size of air bubbles and distributes these air bubbles uniformly into the fermentation media. 
Impellers also helps in breaking foam bubbles in the head space of fermenter. This foam formed 
during fermentation process can cause contamination problem and this problem is avoided by the 
use of impellers. 
 
Baffles 
Baffles are mounted on the walls of a fermenter. The important function of baffles is to break the 
vortex formed during agitation process by the impellers. If this vortex is not broken, the 
fermentation media may spill out of fermenter and this may result in contamination as well as 
can lead to different problems. So it is important to break the vortex formed by using a barrier. 
Baffles acts as a barrier which break the vortex. 
 
Inoculation Port 
Inoculation port is a device from which fermentation media, inoculum and substrate are added in 
the fermentation tank. Care should be taken that the port provides aseptic transfer. The 
inoculation port should be easy to sterilize. 
 
Spargers 
A Sparger is an aeration system through which sterile air is introduced in the fermentation tank. 
Spargers are located at the bottom of the fermentation tank. Glass wool filters are used in a 
sparger for sterilization of air and other gases. The sparger pipes contain small holes of about 5-
10 mm. Through these small holes pressurized air is released in the aqueous fermentation media. 
The air released is in the form of tiny air bubbles. These air bubbles helps in mixing of media. 



Sampling point 
Sampling point is used for time to time withdrawal of samples to monitor fermentation process 
and quality control. This sampling point should provide aseptic withdrawal of sample. 
 
 pH Control device 
The pH controlling device checks the pH of media at specific intervals of time and adjusts the 
pH to its optimum level by addition of acids or alkalis. Maintaining pH to its optimum level is 
very important for growth of micro-organism to obtain a desired product. 
 
Temperature control 
Temperature control device generally contains a thermometer and cooling coils or jackets around 
fermenter. During the fermentation process, various reactions take place in the fermenter. Heat is 
generated and released in the fermentation media. This increase in temperature is detrimental to 
the growth of micro-organisms, which may slow down the fermentation process. So, it is 
necessary to control this rise in temperature. This is done by passing cool water through the coils 
or jackets present around fermenter. 
 
Foam controlling device 
A Foam controlling device is placed on the top of fermenter with an inlet into fermenter. This 
device contains a small tank containing anti-foaming agent. Foams are generated during 
fermentation. It is necessary to remove or neutralize this foam with the help of anti-foaming 
agents, lest the media may spill out of fermenter and lead into contamination and a mess. 
 
Bottom drainage system 
It is an aseptic outlet present at the bottom of fermenter for removal of fermented media and 
products formed. 

 
Types of Fermentation Process  

The fermentation unit in industrial microbiology is similar to a chemical plant in the chemical 
industries. A fermentation process is a biological process and, therefore, has requirements of 
sterility and use of cellular enzymatic reactions instead of chemical reactions aided by inanimate 
catalysts, sometimes operating at elevated temperature and pressure. Industrial fermentation 
processes may be divided into two main types, with various combinations and modifications. 
Some of the most important types of fermentation are as follows:  

1. Submerged Fermentation 
2. Solid State Fermentation 
3. Anaerobic Fermentation 
4. Aerobic Fermentation 
5. Immobilized Cell Bioreactors 
6. Immobilized Enzyme Bioreactors. 
 
1. Sub-merged Fermentation (SLF) (Submerged Liquid Fermentation)  

(a) Batch Fermentation Process  



Fermentation is derived from the latin word "fervere" which means to boil, a process typically 
manifested by the action of yeasts on malted grain during the production of alcoholic beverages. 
Fermentation could be regarded as a metabolic process involved in the conversion of sugar to 
acids, gases and/or alcohol. The growth of microorganisms generally results in metabolite 
production but specific metabolite requires optimal cultural conditions at a particular growth rate 
for save delivery. A closed loop system where yeasts or bacteria grow in a culture media and an 
additional material is not added such is called BATCH CULTURE. Growth in a batch culture 
undergoes some series of steps. There is the initial phase that seems to record no growth, the lag 
phase, followed by the gradual increase that builds up into constant, maximum rate often referred 
to as the logarithmic phase or exponential phase. A tank of fermenter is filled with the prepared 
mash of raw materials to be fermented. The temperature and pH for microbial fermentation is 
properly adjusted, and occasionally nutritive supplements are added to the prepared mash. The 
mash is steam sterilized in a pure culture process. The inoculum of a pure culture is added to the 
fermenter, from a separate pure culture vessel. Fermentation proceeds, and after the proper time 
the contents of the fermenter, are taken out for further processing. The fermenter is cleaned and 
the process is repeated. Thus each fermentation is a discontinuous process divided into batches  

(b) Continuous Fermentation Process  

During continuous fermentation, some part of the components (include media and inoculum) of 
upstream process are withdrawn intermittently and replacement or withdrawn substances are 
made by adding the fresh medium or nutrients. 

The withdrawn part from the fermenter is used for recovery of the products. During continuous 
fermentation, the equipment is always in use and secondly inoculum is not required in 
subsequent addition of the nutrients. It is carried out in three different processes as given below: 

(i) Single Stage: 
In which a single fermenter is inoculated then kept in continuous fermentation. “Recycle” 
fermentation in which, a portion of the withdrawn culture or the residual unused substrate 
including withdrawn culture, is recycled in fermenter. During this process, the substrate is further 
utilized for product formation and inoculum can also be recycled. 

(ii) Multiple-Stage Fermentation: 
It involves two or more stages with the use of two or more fermenters in sequence. In such 
instances, the microbial growth occurs in first stage fermenter followed by a synthetic stage in 
the next fermenter. This happens in case those metabolites that are not related with growth. The 
microbial activity in continuous fermentation can be controlled either of the following. 

(iii) Turbidostat: 
In this the total cell population is held constant by employing a device that measures the culture 
turbidity so that it regulates both the nutrient feed rate and the culture withdrawn rate from the 
fermenter. Sometimes, the inoculum added is multiplied so quickly that its level increased too 
much; hence medium is added further so as to dilute the inoculum. However, by adding the 
nutrient, the microbial growth should be maintained in the log phase. During this process unused 
nutrient is lost from the withdrawal/harvested culture. On the other hand, in the chemostat the 
nutrient and harvest culture withdrawal rate at constant values. This growth rate can be 



controlled by toxic product formation during the fermentation, pH and even the change of 
temperature. 

Actually, it is necessary to maintain a constant cell population in the fermenter. The flow rate 
also related to the growth of organism. If it is low than it can allow the culture to go into 
maximum stationary phase. Too high a flow rate can adversely affect a number of 
microorganisms namely, Streptomyces, Chlorella, Aerobacter, Azotobacter, Bacillus, Brucella, 
Clostridium, Salmonella, Penicillium, Saccharomyces, Torula etc. which are being used in 
continuous process of fermentation. Some of the products such as beer, has been 
commercialized. The sewage treatment by activated sludge system has been considered as 
commercialized continuous fermentation, a process in which mixed microbial population acts on 
a heterogeneous substrate. 

There are certain requirements for continuous fermentation. To know the microbial growth, its 
behaviour is requisite. To evaluate the contamination and mutation, prolonged incubation may 
cause contamination except Torula yeast on sulphate waste liquor. To check the contamination 
problems, antibiotics or other chemicals are added to continuous fermentation to hold the level of 
contaminant growth. 

 Multiple continuous fermentation is advantageous for checking mutation. It is therefore, 
necessary to reduce their rate of occurrence so that these cells do not multiply. Since fresh 
medium is being added almost regularly, hence it is observed quite often that some parts of it 
remain utilized. In certain cases, it is possible to separate the residual nutrient substrate from the 
harvested culture so that it is recycled through the fermenter. 

 (c) Fed-Batch Culture: When a batch culture is subsequently led with fresh nutrient medium 
without removing the growing microbial culture, it is called fed-batch culture. Fed-batch culture 
allows one to supplement the medium with such nutrients that are depleted or that may be needed 
for the terminal stages of the culture, e.g., production of secondary metabolites. Therefore, the 
volume of a fed- batch culture increases with time. Fed-batch cultures achieve higher cell 
densities than batch cultures. It is used when high substrate concentration causes growth 
inhibition. It allows the substrate to be used at lower nontoxic levels, followed by subsequent 
feeding. It allows the maximum production of cellular metabolites by the culture.  

2. Solid State Fermentation (SSF)  

Solid-state fermentation (SSF) processes can be defined as “the growth of microorganisms 
(mainly fungi) on moist solid materials in the absence of free-flowing water”. Semi Solid OR 
Solid State Methods - In this, the culture medium is impregnated in a carrier such as bagasse, 
wheat bran, potato pulp, etc. and the organism is allowed to grow on this. This method allows 
greater surface area for growth. The production of the desirable substance and the recovery is 
generally easier and satisfactory. In the development of a fermentation process, the composition 
of the culture medium plays a major role and will determine to a very great extent the level of 
end product. For example, a culture medium containing sucrose enables better production of 
citric acid by A. niger than any other carbohydrate.  



The pH, temperature of incubation, aeration etc., are all important factors in fermentations and 
these have to be optimized for each type of fermentation. Emphasis is generally placed on the 
use of cheap raw materials so that the cost of production is low. In such fermentations, microbial 
growth and product formation occur at the surface of solid substrates. Examples of such 
fermentations are mushroom cultivation, mold ripened cheeses, starter cultures, etc. More 
recently, this approach has been used for the production of extracellular enzymes, certain 
valuable chemicals, fungal toxins, and fungal spores (used for biotransformation).Traditional 
substrates are several agricultural products, rice, wheat, maize, soybean, etc. The substrate 
provides a rich and complex source of nutrients, which may or may not need to be supplemented. 
Such substrates selectively support mycelial organisms, which can grow at high nutrient 
concentrations and produce a variety of extracellular enzymes, e.g., a large number of 
filamentous fungi, and a few bacteria (Actinomycetes and one strain of Bacillus). According to 
the physical state, solid state fermentations are divided into two groups: (i) low moisture solids 
fermented without or with occasional/continuous agitation, and (ii) suspended solids fermented 
in packed columns, through which liquid is circulated. The fungi used for solid state 
fermentations are usually obligate aerobes. Solid state fermentations on large scale use stationary 
or rotary trays. Temperature and humidity controlled air is circulated through the stacked solids. 
Less frequently, rotary drum type fermenters have been used. Solid state fermentations offer 
certain unique advantages, but suffer from some important disadvantages. However, commercial 
application of this process for biochemical production is chiefly confined to Japan. Solid State 
Fermentation, SSF. The following are some the advantages of SSF over submerge liquid 
fermentation (SLF):  

1. Comparative studies between submerged liquid fermentation (SLF) and SSF claim higher 
yields than those obtained in the corresponding submerged cultures  

2. The low availability of water reduces the possibilities of contamination by bacteria and yeast. 
This allows working in aseptic conditions in some cases.  

3. Similar environment conditions to those of the natural habitats for fungi, which constitute the 
main group of microorganisms used in SSF.  

4. Higher levels of aeration, especially adequate in those processes demanding an intensive 
oxidative metabolism.  

5. The inoculation with spores (in those processes that involve fungi) facilitates its uniform 
dispersion through the medium.  

6. Culture media are often quite simple. The substrate usually provides all the nutrients necessary 
for growth.  

7. Simple design reactors, with few spatial requirements can be used due to the concentrated 
nature of the substrates.  

8. Low energetic requirements (in some cases autoclaving or vapour treatment, mechanical 
agitation and aeration are not necessary).  

9. Small volumes of polluting effluents. Fewer requirements of dissolvents are necessary for 
product extraction due to their high concentration.  



10. The low moisture availability may favour the production of specific compounds that may not 
be produced or may be poorly produced in SLF.  

11. In some cases, the products obtained have slightly different properties (e.g. more Thermo-
tolerance) when produced in SSF in comparison to SLF.  

12. Due to the concentrated nature of the substrate, smaller reactors in SSF with respect to SLF 
can be used to hold the same amounts of substrate. In the same way, SSF has some 
disadvantages when compared with the submerged-liquid cultures:  

1. Only microorganisms that can grow at low moisture levels can be used.  

2. Usually the substrates require pre-treatment (size reduction by grinding, rasping or chopping, 
homogenisation, physical, chemical or enzymatic hydrolysis, cooking or vapour treatment).  

3. Biomass determination is very difficult.  

4. The solid nature of the substrate causes problems in the monitoring of the process parameters 
(pH, moisture content, and substrate, oxygen and biomass concentration).  

5. Agitation may be very difficult. For this reason static conditions are preferred. 6. Frequently 
needs high inoculum volumes.  

7. Many important basic scientific and engineering aspects are poorly characterized. Information 
about the design and operation of reactors on a large scale is scarce.  

8. Possibility of contamination by undesirable fungi.  

9. The removal of metabolic heat generated during growth may be very difficult.  

10. Extracts containing products obtained by leaching of fermented solids are often viscous of 
nature.  

11. Mass transfer limited to diffusion.  

12. In some SSF, aeration can be difficult due to the high solids concentration.  

13. Spores have longer lag times due to the need for germination.  

14. Cultivation times are longer than in SLF  

3. Anaerobic Fermentation  

Basically a fermenter designed to operate under microacrophilic or anaerobic conditions will be 
the same as that designed to operate under aerobic conditions, except that arrangements for 
intense agitation and aeration are unnecessary. Anaerobic fermentations do, however, require 
mild aeration for the initial growth phase, and sufficient agitation for mixing and maintenance of 
temperature. In anaerobic fermentation, a provision for aeration is usually not needed. But in 
some cases, aeration may be needed initially for inoculum build up. In most cases, a mixing 
device is also unnecessary; while in some cases initial mixing of the inoculum is necessary. Once 
the fermentation begins, the gas produced in the process generates sufficient mixing. The air 



present in the headspace of the fermenter should be replaced by CO2, H2, N2 or a suitable 
mixture of these; this is particularly important for obligate anaerobes like Clostridium. The 
fermentation usually liberates CO2 and H2, which are collected and used, e.g., CO2 for making 
dry ice and methanol, and for bubbling into freshly inoculated fermenters. In case of acetogens 
and other gas utilizing bacteria, O2 free sterile CO2 or other gases are bubbled through the 
medium. Acetogens have been cultured in 400 Litre-fermenters by bubbling sterile CO2 and 3kg 
cells could be harvested in each run. Recovery of products from anaerobic fermenters does not 
require anaerobic conditions. But many enzymes of such organisms are highly O2, sensitive. 
Therefore, when recovery of such enzymes is the objective, cells must be harvested under strictly 
anaerobic conditions.  

4. Aerobic Fermentation 

 A number of industrial processes, although called 'fermentations', are carried on by 
microorganisms under aerobic conditions. In older aerobic processes, it was necessary to furnish 
a large surface area by exposing fermentation media to air. In modern fermentation processes 
aerobic conditions are maintained in a closed fermenter with submerged cultures. The contents of 
the fermenter are agitated with an impeller and aerated by forcing sterilized air. The main feature 
of aerobic fermentation is the provision for adequate aeration; in some cases, the amount of air 
needed per hour is about 60-times the medium volume. Therefore, bioreactors used for aerobic 
fermentation have a provision for adequate supply of sterile air, which is generally sparged into 
the medium. In addition, these fermenters may have a mechanism for stirring and mixing of the 
medium and cells. Aerobic fermenters may be either of the (i) stirred tank type in which 
mechanical motor driven stirrers are provided or (ii) of air lift type in which no mechanical 
stirrers are used and the agitation is achieved by the air bubbles generated by the air supply. 
Generally, these bioreactors are of closed or batch type, but continuous flow reactors are also 
used, such reactors provide a continuous source of cells and are also suitable for product 
generation when the product is released into the medium. 

5. Surface Culture Method  

In this method the organism is allowed to grow on the surface of a liquid medium without 
agitation. After an appropriate incubation period the culture filtrate is separated from the cell 
mass and is processed to recover the desirable product. Sometimes the biomass may be reused. 
Examples of such fermentations are the alcohol production, the beer production and citric acid 
production. This method is generally time consuming and needs large, area or space.  

6. Submerged Culture Method  

In this process, the organism is grown in a liquid medium which is vigorously aerated and 
agitated in large tanks called fermenters. The fermenter could be either an open tank or a closed 
tank and may be a batch type or a continuous type and are generally made of non-corrosive type 
of metal or glasslined or of wood. In batch fermentation, the organism is grown in a known 
amount of culture medium for a defined period of time and then the cell mass is separated from 
the liquid before further processing while in the continuous culture, the culture medium is 
withdrawn depending on the rate of product formation and the inflow of fresh medium. Most 
fermentation industries today use the submerged process for the production.  



ANTIFOAMS; BIOLOGICAL CHEMICALS 

What are foams?  

Foams are comprised of thousands of tiny bubbles of mechanical or chemical origin and are 
generated within a liquid. If these bubbles rise and accumulate at the liquid surface faster than 
they decay, foaming occurs. Foams are defined as a dispersion of gas in liquid (>95% gas) when 
the distance between individual bubbles is extremely small and the volume fraction of gas is 
quite large. The presence of foams in products or processes may or may not be desirable. 
Foaming occurs during fermentations, which is considered undesirable and is a problem common 
to many of microbial fermentations, especially where surface active microbial products (bio-
surfactants) are involved. Foaming reduces the productive volume, i.e. increasing process costs, 
and can lead to blockage of the outlets and threat the sterility of a fermenter 

An Antifoam or a defoamer or an anti-foaming agent is a chemical additive that reduces and 
hinders the formation of foam in industrial process liquids. The terms anti-foam agent and 
defoamer are often used interchangeably. Commonly used agents are insoluble oils, 
polydimethylsiloxanes and other silicones, certain alcohols, stearates and glycols. The additive is 
used to prevent formation of foam or is added to break foams already formed. 

Properties of a an Antifoam 

Antifoam or a defoamer is generally insoluble in the foaming medium and has surface active 
properties. An essential feature of a defoamer product is a low viscosity and a facility to spread 
rapidly on foamy surfaces. It has affinity to the air-liquid surface where it destabilizes the 
foam lamellas. This causes rupture of the air bubbles and breakdown of surface foam. Entrained 
air bubbles are agglomerated, and the larger bubbles rise to the surface of the bulk liquid more 
quickly.  

Antifoams are classified into three groups.  

They are:  

1. Oil based antifoams 

2. Powder antifoams and 

3. Water based antifoams 

Silicon based antifoams 
EO/PO based antifoams  
Alkyl polyacrylates 

Oil based antifoams 

Oil based antifoams have an oil carrier. The oil might be mineral oil, vegetable oil, white oil or 
any other oil that is insoluble in the foaming medium, except silicone oil. Oil based antifoams 
also contains a wax and/or hydrophobic silica to boost the performance. Typical waxes 
are ethylene bis-stearamide (EBS), paraffin waxes, ester waxes and fatty alcohol waxes. These 
products might also have surfactants to improve emulsification and spreading in the foaming 
medium. 

These are heavy duty antifoams and are normally best at knocking down surface foam. 



Powder antifoams: Powder antifoams are in principle oil based antifoams on a particulate 
carrier like silica. These are added to powdered products like cement, plaster and detergents. 

Water based antifoams: Water based antifoams are different types of oils and waxes dispersed 
in a water base. The oils are often mineral oil or vegetable oils and the waxes are long chain fatty 
alcohol, fatty acid soaps or esters. These are normally best as deaerators, which means they are 
best at releasing entrained air. 

Silicone based antifoams: Silicone-based antifoams are polymers with silicon backbones. These 
might be delivered as oil or a water based emulsion. The silicone compound consists of 
hydrophobic silica dispersed in a silicone oil. Emulsifiers are added to ensure that the silicone 
spreads fast and well in the foaming medium. The silicone compound might also contain silicone 
glycols and other modified silicone fluids. These are also heavy duty defoamers and are good at 
both knocking down surface foam and releasing entrained air. 

 
Polydimethylsiloxane is a widely used antifoaming agent. 

Silicone based defoamers are also suitable in non-aqueous foaming systems like crude oil and oil 
refining. For very demanding applications fluorosilicones may be suitable. 

EO/PO based defoamers 

EO/PO based defoamers contain polyethylene glycol and polypropylene glycol copolymers. 
They are delivered as oils, water solutions, or water based emulsions. EO/PO copolymers 
normally have good dispersing properties and are often well suited when deposit problems are an 
issue. 

Alkyl polyacrylates 

Alkyl polyacrylates are suitable for use as antifoams in non-aqueous systems where air release is 
more important than the breakdown of surface foam. These defoamers are often delivered in 
a solvent carrier like petroleum distillates. 

Industrial problems 

The most noticeable form of foam is foam floating on the stock surface. It is easy to monitor and 
relatively easy to handle and is more a cosmetic issue. Surface foam may cause problems with 
liquid levels and give overflow leading to pools of oils around the equipment which is a safety 
concern. Additionally, this might reduce the process speed and availability of process equipment. 
The main mechanical problem tends to be when foam enters the system as air is a poor lubricant, 
meaning metal to metal contact can occur.  

Mechanical problem factors 
1. Mechanical factors that may generate foam and entrapped air: 
2. Leaky seals on pumps 
3. High pressure pumps 
4. Poor system design (tank, pump inlet, outlet and manifold design) 
5. Pressure release 



The main classes of air that are of concern to the mechanical systems are: 
1. Dissolved air behaves as part of the fluid phase, except that it can come out of solution as 

small bubbles (entrained air) 
2. Entrained air consists of bubbles that are small enough to collect on top of a fluid. 
3. Bubbles that have sufficient buoyancy to rise to the surface and are described as foam 

Foam in process and coolant liquids 

Foam, entrained and dissolved air that are present in coolants and processing liquids, may cause 
various kinds of problems, including: 

1. Reduction of pump efficiency (cavitation) 
2. Reduced capacity of pumps and storage tanks 
3. Bacterial growth 
4. Dirt flotation / deposit formation 
5. Reduced effectiveness of the fluid solution(s) 
6. Eventual downtime to clean tanks 
7. Drainage problems in sieves and filters 
8. Formation problems (i.e. in a paper mill it may cause the fibers to form 

an inhomogeneous sheet) 
9. Cost of replenishing the liquid 
10. Cost of entire material rejection due to imperfections 

Applications 

Detergents 

Anti-foams are added in certain types of detergents to reduce foaming that might decrease the 
action of the detergent. For example, dishwasher detergents have to be low foaming for the 
dishwasher to work properly. 

Food 

When used as an ingredient in food, antifoaming agents are intended to 
curb effusion or effervescence in preparation or serving. The agents are included in a variety of 
foods such as chicken nuggets in the form of polydimethylsiloxane (a type of silicone).  

Silicone oil is also added to cooking oil to prevent foaming in deep-frying 

Industrial use 

Defoamers are used in many industrial processes and products: wood 
pulp, paper, paint, industrial wastewater treatment, food processing, oil drilling, machine 
tool industry, oils cutting tools, hydraulics, etc. 

Pharmaceuticals 

Antifoaming agents are also sold commercially to relieve bloating. A familiar example is the 
drug Simethicone, which is the active ingredient in drugs such as Maalox, Mylanta, and Gas-X.  

 

     


