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NITROGEN CYCLE 

The nitrogen cycle is a biogeochemical process that describes the movement and transformation 

of nitrogen through the atmosphere, lithosphere, hydrosphere, and biosphere. Nitrogen is a 

crucial element for all living organisms as it is a fundamental component of amino acids, 

proteins, and nucleic acids. Here is an overview of the nitrogen cycle and its key processes: 

1. Nitrogen Fixation 

 Biological Nitrogen Fixation: Certain bacteria and archaea (such as Rhizobium, 

found in legume root nodules) convert atmospheric nitrogen (N₂) into ammonia (NH₃), 

which can be used by plants. This process is catalyzed by the enzyme nitrogenase.  

N2+8H++8e−→2NH3+H2 

2. Nitrification 

 Ammonia to Nitrite: Soil bacteria (e.g., Nitrosomonas) convert ammonia (NH₃) into 

nitrite (NO₂⁻).  

NH3+O2→NO2−+3H++2e− 

 Nitrite to Nitrate: Another group of bacteria (e.g., Nitrobacter) convert nitrite (NO₂⁻) 

into nitrate (NO₃⁻).  

NO2−+H2O→NO3−+2H++2e− 

3. Assimilation: Plants absorb nitrates (NO₃⁻) and ammonium (NH₄⁺) from the soil through 

their roots and use them to synthesize amino acids, proteins, and other nitrogen-containing 

compounds. Animals obtain nitrogen by consuming plants or other animals. 
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4. Ammonification (Decomposition): When plants, animals, and microorganisms die or 

excrete waste, organic nitrogen (in the form of proteins, nucleic acids, etc.) is decomposed by 

bacteria and fungi, converting it back into ammonia (NH₃) or ammonium ions (NH₄⁺).  

N→NH3→NH4+ 

5. Denitrification: Denitrifying bacteria (e.g., Pseudomonas and Clostridium) convert nitrates 

(NO₃⁻) back into nitrogen gas (N₂) or nitrous oxide (N₂O), which are released into the 

atmosphere. This process occurs under anaerobic conditions (e.g., waterlogged soils).  

NO3− →NO2− →NO→N2O→N2 
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MICROBE – MICROBE INTERACTIONS 

 Biological interactions are the effects that the organisms in a community have on one another. 

 There are completely different kinds of microbial interactions which incorporates interaction 

with different microbes, Plant-Germ interactions promoting plant growth, interaction with 

animals, interaction with humans, and interaction with water, etc. 

 Microbial interactions are ubiquitous, diverse, critically important in the function of any 

biological community, and are crucial in global biogeochemistry. 

 The most common cooperative interactions seen in microbial systems are mutually beneficial. 

The interactions between the two populations are classified according to whether both 

populations and one of them benefit from the associations, or one or both populations are 

negatively affected. 

 There are many sorts of symbiotic relationships such as mutualism, parasitism, amensalism, 

commensalism and competition, predation, protocooperation between the organisms. 

 

Types of Microbial Interaction 

Positive interaction: Mutualism, Syntrophism, Commensalism 

Negative interaction: Ammensalism (antagonism), parasitism, predation, competition. 

POSITIVE INTERACTIONS: 

1. MUTUALISM: 

 It is defined as the relationship in which each organism in interaction gets benefits from 

the association. 

 It is an obligatory relationship in which mutualist and host are metabolically dependent 

on each other. 

 A mutualistic relationship is very specific where one member of the association cannot be 

replaced by another species. 

 Mutualism requires close physical contact between interacting organisms. 

 The relationship of mutualism allows organisms to exist in a habitat that could not be 

occupied by either species alone. 

 The mutualistic relationship between organisms allows them to act as a single organism. 
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2. SYNTROPHISM: 

 It is an association in which the growth of one organism either depends on or improved 

by the substrate provided by another organism. 

 In syntrophism, both organisms in association get to benefit from each other. 

Compound A 

Utilized by population 1 

Compound B 

Utilized by population 2 

Compound C 

utilized by both Population 1+2 

Products 

In this theoretical example of syntrophism, population 1 is able to utilize and metabolize 

compound A, forming compound B but cannot metabolize beyond compound B without co-

operation of population 2. Population 2is unable to utilize compound A but it can metabolize 

compound B forming compound C. Then both populations 1 and 2 are able to carry out a 

metabolic reaction which leads to the formation of the end product that neither population could 

produce alone. 

3. COMMENSALISM: 

 It is a relationship in which one organism (commensal) in the association is benefited 

while another organism (host) of the association is neither benefited nor harmed. 

 It is a unidirectional association and if the commensal is separated from the host, it can 

survive. 

NEGATIVE INTERACTIONS: 

1. AMENSALISM (ANTAGONISM): 

 When one microbial population produces substances that are inhibitory to other microbial 

population then this interpopulation relationship is known as Ammensalism or 

Antagonism. 

 It is a negative relationship. 
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 The first population which produces inhibitory substances are unaffected or may gain 

competition and survive in the habitat while other populations get inhibited. This 

chemical inhibition is known as antibiosis. 

 2. COMPETITION: 

 The competition represents a negative relationship between two microbial populations in 

which both the population are adversely affected with respect to their survival and 

growth. 

 Competition occurs when both populations use the same resources such as the same 

space or same nutrition, so, the microbial population achieves lower maximum density or 

growth rate. 

 Microbial population competes for any growth-limiting resources such as carbon source, 

nitrogen source, phosphorus, vitamins, growth factors etc. 

 Competition inhibits both populations from occupying exactly the same ecological niche 

because one will win the competition and the other one is eliminated. 

3. PARASITISM: 

 It is a relationship in which one population (parasite) get benefited and derive its nutrition 

from other population (host) in the association which is harmed. 

 The host-parasite relationship is characterized by a relatively long period of contact 

which may be physical or metabolic. 

 Some parasite lives outside the host cell, known as ectoparasite while other parasite lives 

inside the host cell, known as endoparasite. 

4. PREDATION: 

 It is a widespread phenomenon when one organism (predator) engulf or attack other 

organisms (prey). 

 The prey can be larger or smaller than the predator and this normally results in the death 

of the prey. 

 Normally predator-prey interaction is of short duration. 
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SOLID WASTE DISPOSAL 

Solid waste disposal refers to the process of managing and disposing of solid waste materials 

generated by human activities. It is a critical aspect of environmental management to prevent 

pollution, minimize health risks, and promote sustainability. Here's an overview of solid waste 

disposal methods, their challenges, and sustainable alternatives: 

Solid Waste Disposal Methods 

1. Landfilling 

o Description: Landfills are designated areas where solid waste is deposited and 

buried under layers of soil. They are the most common method of waste disposal 

globally. 

o Process: Waste is collected, transported, and compacted in cells within the 

landfill. Layers of soil or other cover materials are added periodically to minimize 

odors, prevent littering, and manage gas emissions (e.g., methane). 

2. Incineration 

o Description: Incineration involves combusting solid waste at high temperatures 

in specially designed facilities called incinerators. 

o Process: Solid waste is burned, reducing its volume and converting it into ash, 

flue gas, and heat. Energy recovery through heat generation or electricity 

production is often integrated (waste-to-energy). 

3. Recycling 

o Description: Recycling involves collecting and processing materials that would 

otherwise be considered waste into new products or materials. 

o Process: Solid waste materials like paper, glass, plastics, and metals are sorted, 

cleaned, and processed to produce raw materials for manufacturing new products. 

4. Composting 
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o Description: Composting is a biological process that decomposes organic waste 

materials (e.g., food scraps, yard waste) into nutrient-rich compost. 

o Process: Organic waste is piled, aerated, and moistened to encourage microbial 

activity and decomposition. The resulting compost can be used as soil amendment 

in agriculture and landscaping. 

5. Bioremediation 

o Description: Bioremediation involves using microorganisms to degrade or 

detoxify hazardous substances in solid waste, such as petroleum hydrocarbons or 

heavy metals. 

o Process: Microbes are introduced to contaminated waste sites or materials, 

where they break down pollutants into less harmful substances. 
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SEWAGE WATER TREATMENT 

Sewage treatment is the process of removing contaminants/ pollutants from wastewater, mainly 

from household sewage. Sewage is the wastewater discharged from residences, workplaces, 

and industries that contains human waste, domestic trash, and other impurities. This 

wastewater treatment process helps to prevent water pollution and protect public health and the 

environment. 

Sewage treatment aims at the elimination of contaminants from sewage, to produce an effluent 

that is suitable to be discharged into waterbody, thereby preventing water pollution. 

1. Preliminary Treatment: 

Screening, grinding and separating large solids and debris from wastewater is the first and 

foremost stage in wastewater treatment. Upon arrival to the sewer system, the wastewater is 

sent through a bar screen, which removes large solid objects such as sticks, large food 

particles, sand, rags, gravel etc. All the gathered debris from the bar screen and grit tank is 

usually disposed of at a sanitary landfill. 

2. Primary Treatment: 

It is the second step in wastewater treatment. It allows for the physical separation of solids and 

greases from the wastewater. The screened wastewater flows into sedimentation tanks where 

gravity pushes solids to the bottom and oils and greases to float to the top of the tank. Solids 

are drawn off the bottom, and grease is skimmed off the top and sent on to be treated as 

sludge/slurry. The clarified wastewater flows on to the next stage of wastewater treatment. 

Clarifiers and septic tanks are generally used for the purpose of primary treatment. 

Secondary Treatment (Biological Treatment): 

It is the biological treatment stage where microorganisms are mixed with wastewater that 

breaks down organic pollutants present in wastewater. Naturally occurring microorganisms are 

cultivated and feed on the pollutants in the wastewater. Organic matter is consumed and 

ammonia is converted to nitrate. Three methods are used for Secondary treatment, Suspended 

film, Fixed film and Lagoon systems. 

https://www.geeksforgeeks.org/what-is-water-pollution-sources-causes-prevention/
https://www.geeksforgeeks.org/useful-and-harmful-microorganisms/
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A. Activated Sludge/Suspended Film Systems 

Here, wastewater is mixed and aerated with microorganisms. The clarified wastewater 

becomes hazy as microorganisms are poured into the sewage. For several hours, mixers and 

aerators stir the wastewater-microbe mixture as the organic matter and ammonia is consumed. 

Then, the microorganisms are removed from the wastewater by allowing the mixture to flow to 

a settling tank. The microbes sink to the tank bottom, are collected and are returned to the 

mixing tank. The clear, treated wastewater flows out of the tank to the tertiary stage of 

treatment. 

B. Trickling filters/ Fixed Film Systems 

Wastewater is sprayed over rocks, sand or even small bits of plastic that are covered with a 

thin, microscopic film of microorganisms. As the wastewater flows over the microbial film, 

organic matter and ammonia are consumed. 

C. Lagoon Systems 

Large, shallow ponds collect and hold wastewater for months where naturally occurring 

microorganisms consume the organic matter and stabilize the wastewater. Lagoon systems may 

be naturally aerated or be equipped with a mechanical aerator to gently stir the wastewater in 

order to promote good interaction between the microorganisms and the pollutants. 

 

4. Tertiary Treatment: 

 Filtration: Wastewater may pass through sand, gravel, or anthracite filters to further 

remove residual suspended particles and colloidal matter. 
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 Disinfection: To kill pathogens (bacteria, viruses, parasites) and reduce the risk of 

waterborne diseases, disinfectants like chlorine, ozone, or ultraviolet (UV) light are used. 

Chlorination is the most common method. 

Importance of Sewage Water Treatment: 

 Public Health: Protects communities from waterborne diseases and pathogens. 

 Environmental Protection: Prevents water pollution and protects aquatic 

ecosystems. 

 Resource Conservation: Recycles water for irrigation, industrial processes, or 

groundwater recharge. 

Sewage water treatment is a critical component of sustainable water management, supporting 

public health, environmental quality, and efficient use of water resources. Continuous 

advancements in technology and management practices are key to addressing current challenges 

and improving the effectiveness and efficiency of sewage water treatment systems. 
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INDUSTRIAL IMPORTANCE OF MICROORGANISMS 

Microorganisms such as bacteria, yeast, molds, and fungi play pivotal roles in various industrial 

applications due to their diverse metabolic capabilities and biochemical properties. Here's a 

detailed exploration of their industrial importance: 

Bacteria: 

1. Food Production and Processing 

o Fermentation: Bacteria like Lactobacillus and Streptococcus are used in the 

fermentation of dairy products (e.g., yogurt, cheese) and fermented vegetables 

(e.g., sauerkraut). 

o Food Additives: Bacterial enzymes (e.g., proteases, lipases) are used in food 

processing for flavor enhancement, texture modification, and preservation. 

2. Biotechnology and Pharmaceuticals 

o Antibiotics: Bacteria such as Streptomyces produce antibiotics (e.g., 

streptomycin, tetracycline) used in medicine to treat bacterial infections. 

o Recombinant DNA Technology: Escherichia coli (E. coli) and Bacillus 

subtilis are engineered to produce therapeutic proteins, vaccines, and insulin. 

3. Environmental Applications 

o Bioremediation: Certain bacteria (e.g., Pseudomonas, Bacillus) degrade 

pollutants in soil and water, including hydrocarbons, pesticides, and heavy metals. 

o Wastewater Treatment: Activated sludge processes use bacteria to break 

down organic matter and purify wastewater in treatment plants. 

4. Industrial Enzymes and Biochemical Production 

o Enzyme Production: Bacteria produce enzymes used in industrial processes, 

such as amylases for starch hydrolysis and proteases for detergent formulations. 

o Biochemicals: Bacterial fermentation produces organic acids (e.g., citric acid, 

lactic acid) used in food, pharmaceuticals, and chemical industries. 
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Yeast: 

1. Brewing and Fermentation Industries 

o Beer and Wine Production: Saccharomyces cerevisiae (brewer's yeast) 

ferments sugars into alcohol and carbon dioxide, essential for brewing beer and 

making wine. 

o Baking: Yeast leavens bread by fermenting sugars and producing carbon 

dioxide gas, which causes dough to rise. 

2. Biofuel Production 

o Bioethanol: Yeast fermentation converts sugars (from crops like corn or 

sugarcane) into ethanol, a renewable fuel used in transportation. 

3. Pharmaceuticals and Biotechnology 

o Recombinant Protein Production: Yeast cells (e.g., Saccharomyces, 

Pichia pastoris) are used as hosts for producing therapeutic proteins, vaccines, and 

insulin. 

o Genetic Research: Yeast serves as a model organism for studying eukaryotic 

cell biology and genetics. 

Molds and Fungi: 

1. Food and Beverage Production 

o Cheese Making: Molds such as Penicillium camemberti and Penicillium 

roqueforti are used in cheese ripening and flavor development. 

o Soy Sauce and Tempeh: Aspergillus molds are used in fermenting soybeans 

to produce soy sauce and tempeh. 

2. Biotechnology and Enzyme Production 

o Enzymes: Fungi produce a wide range of industrial enzymes, including 

cellulases for biofuel production, amylases for starch processing, and proteases 

for detergent formulations. 
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o Organic Acids: Fungi like Aspergillus niger produce citric acid used as a food 

additive and industrial chemical. 

3. Pharmaceuticals and Medicinal Uses 

o Antibiotics: Penicillium molds (e.g., Penicillium chrysogenum) produce 

penicillin antibiotics used to treat bacterial infections. 

o Medicinal Compounds: Fungi are sources of bioactive compounds with 

potential pharmaceutical applications, such as immunosuppressants and 

cholesterol-lowering drugs. 
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SCREENING TECHNIQUES 

Microbial primary and secondary screening are essential steps in discovering and evaluating 

microbial strains or products with desired characteristics or activities. These screening processes 

are fundamental in fields such as pharmaceuticals, biotechnology, agriculture, and environmental 

sciences. Here’s an overview of microbial primary and secondary screening and their 

significance: 

Microbial Primary Screening 

1. Definition and Purpose: 

 Primary Screening: Initial screening to identify microbial strains or products 

showing a specific activity or phenotype of interest. 

2. Techniques and Methods: 

 High-Throughput Screening (HTS): 

o Description: Automated assays that allow testing of large numbers of microbial 

samples or extracts against a target of interest. 

o Applications: Identifying strains producing antibiotics, enzymes, bioactive 

compounds, or exhibiting specific metabolic activities. 

 Plate-based Assays: 

o Description: Microbial cultures or extracts are grown on agar plates or in 

microtiter plates, and assays are performed to detect desired activities (e.g., 

antimicrobial, enzyme activity). 

o Applications: Screening for enzyme producers, antibiotic-producing strains, or 

other bioactive compounds. 

 Biochemical Assays: 
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o Description: Assays to detect specific enzymatic activities or biochemical 

properties of microbial extracts or culture supernatants. 

o Applications: Screening for enzyme activities (e.g., proteases, lipases) or 

metabolites (e.g., organic acids, antibiotics). 

 Genetic Screening: 

o Description: Screening microbial libraries or genetically modified strains using 

molecular techniques (e.g., PCR, DNA sequencing) to identify genes associated 

with desired traits. 

o Applications: Identifying gene clusters responsible for antibiotic production, 

secondary metabolite biosynthesis, or other metabolic pathways. 

Microbial Secondary Screening 

1. Definition and Purpose: 

 Secondary Screening: Further characterization and evaluation of promising 

microbial strains or products identified in primary screening. 

2. Techniques and Methods: 

 Bioactivity Assays: 

o Description: Detailed assays to assess the potency, specificity, and mechanism 

of action of microbial products or extracts. 

o Applications: Determining minimum inhibitory concentrations (MICs) of 

antibiotics, enzyme kinetics, or bioactivity against specific targets. 

 Fermentation Studies: 

o Description: Scale-up of microbial cultures to assess production yields, 

optimize growth conditions, and evaluate stability of product formation. 
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o Applications: Evaluating industrial feasibility and scalability of microbial 

processes for enzyme production, antibiotic fermentation, or biopolymer 

synthesis. 

 Metabolic Profiling: 

o Description: Analytical techniques (e.g., mass spectrometry, chromatography) 

to identify and quantify metabolites produced by microbial strains. 

o Applications: Characterizing secondary metabolites, bioactive compounds, or 

biomarkers relevant to industrial or therapeutic applications. 

 Biophysical and Structural Studies: 

o Description: Using techniques such as X-ray crystallography, nuclear magnetic 

resonance (NMR), or electron microscopy to study protein structures or microbial 

morphology. 

o Applications: Understanding enzyme-substrate interactions, protein folding, or 

microbial biofilm formation. 
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DESIGN OF FERMENTER 

Fermenter or bioreactor refers to a device that provides all the basic necessities important for 

biological product extraction. A fermenter contains different devices that help to maintain the 

environmental factor inside it which in turn leads to the production of biological products. 

Therefore the main objective of a fermenter is to maintain a controlled environment that supports 

the growth of the bacteria or any other organism. There are several important factors that need to 

be accurate to design a fermenter. Those factors are following 

 The vessel should be well equipped to maintain aseptic conditions inside it for a number of 

days. 

 Aeration and agitation are important for the production of biological metabolites. However, 

controlled agitation is required to prevent any damage to the cells. 

 It should be less expensive in terms of power consumption. 

 Temperature is an important environmental factor required for microbial growth. Therefore, a 

temperature control system is required. 

 Optimum pH is important for the growth of the organism; therefore, the fermenter must be 

equipped with a pH controller. 

 The fermentation of a huge culture is a time-consuming process. It needs to be contamination-

free until the process is complete. Apart from that, it is also important to monitor the growth 

rate of the organism. Therefore, an aseptic sampling system is needed to design a fermenter. 

 The fermenter vessel should be designed properly to minimize the labor involved in cleaning, 

harvesting, etc. 

 It should be designed in such a way that it reduces evaporation. 

 The vessel needs to be equipped with a smooth internal surface to support adequate mixing. 
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Construction Material: 

As fermentation required adequate aseptic conditions, for better yield of biomass or product, it is 

important to select a material for the body of the fermenter, which restricts the chances of 

contamination. Moreover, it needs to be non-toxic and corrosion free. Glass is a material that 

provides a smooth surface inside the vessel and also non-toxic in nature. Apart from that, it is 

corrosion-proof and due to the transparency, it is easy to examine the inside of the vessel. There 

are mainly two types of glass fermenters 

A glass vessel with a flat bottom and a top plate with a diameter of 60 cm (approximately). 

Sterilization of this type of vessel is performed by general autoclaving. Borosilicate battery jars 

were used as large glass vessels. 

The second glass vessel contains stainless steel plates at the top and bottom of the glass vessel. In 

situ sterilization is possible for this type of glass vessel. However, it is more expensive than the 

glass top vessels due to the use of stainless steel plates. 

The main disadvantage of glass vessels is that it is difficult to top to design a pilot-scale 

fermenter with glass. It is difficult to handle glass as a pilot-scale fermenter. Therefore, another 

non-toxic, corrosion-proof material, stainless steel, was used for pilot scale fermenter. According 

to Americal Iron and Steel Institute, steel contains more than 4% chromium is standardized as 

stainless steel. However, the minimum amount of chromium required to protect the steel from 

corrosion depends on the corroding agent present in a specific environment. In a pilot-scale 

fermenter normally the steel contains around 10-13% of chromium. In many cases nickel is also 

mixed in high concentration with the chromium to make the steel more corrosion resistant and it 

also provides engineering advantages. In this modern-day, stainless steel fermenters are mostly 

used for industrial production. However, small scale production requires glass vessels. 

 

Temperature Control: 

During the fermentation process heat can be produced mainly in two ways, firstly microbial 

biochemical reactions and secondly mechanical agitation. In case of fermentation, a temperature 

control helps to control the temperature at the optimum level by removing or providing heat. In 

small scale production vessel the amount of produced heat is negligible. Therefore, extra heat is 

provided by hot bath or internal heat coil or heating jacket with a water circulation system or 
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silicon heating jacket. The silicon heating jacket consists of silicon rubber mats with heating 

wires and it is wrapped around the fermenter. In the case of pilot-scale fermenters, it is not 

possible to use silicon jackets due to large size. In such cases, an internal heating coil is used for 

providing extra heat while cold water circulation helps to remove excess heat. 

 

Agitator (Impeller): 

The objectives of the impeller used in fermenters are bulk fluid and gas mixing, air dispersion, 

heat transfer, oxygen transfer, suspension of solid particles, maintain the uniform environment 

inside the vessel, etc. Air bubbles often cause problems inside the fermenter. Impellers involved 

in breaking the air bubbles produced in a liquid medium. 

 

Stirrer glands and bearings: 

The most important factor of designing a fermenter is to maintain aseptic conditions inside the 

vessel. It is highly challenging in the case of pilot-scale fermenters. Therefore stirrer shafts are 

required. These stirrer shafts play an important role to seal the openings of a bioreactor. As a 

result, it restricts the entry of air from outside. 

Baffles 

There are four baffles that are present inside of an agitated vessel to prevent a vortex and 

improve aeration efficiency. Baffles are made up of metal strips roughly one-tenth of the vessel 

diameter and attached to the wall. The agitation effect is slightly increased with wider baffles but 

drops sharply with narrower baffles. After installation of the baffle there a gap between them and 

the vessel wall which facilitates scouring action around the baffles and minimizes microbial 

growth on the baffles and the fermenter wall. Baffles are often attached to cooling coils to 

increase the cooling capacity of the fermenter. 

The Aeration System (Sparger): 

A sparger is a device that introduces air into the liquid medium in a fermenter. There are three 

main types of fermenter used in industrial-scale bioreactors such as 

 Porous Sparger: It is made up of sintered glass, ceramics or metals’ and are mostly used in 

laboratory-scale bioreactors. As it introduces air inside a liquid medium, bubbles are formed. 

These bubbles are always 10 to 100 times larger than the pore size of the aerator. The air 
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pressure is generally low in these devices and a major disadvantage of using porous sparger is 

that microbial growth may occur on the pores which hamper the airflow. 

 Orifice Sparger: These are used in small stirred fermenters where perforated pipes are used 

and attached below the impeller in the form of a ring. The air holes are mostly drilled under the 

surface of the tubes. Orifice spargers were used to a limited extent in yeast manufacture, 

effluent treatment and production of single-cell proteins. 

 Nozzle Sparger: This is used in industrial-scale fermenters. The main characteristic of this 

kind of sparger is that it contains a single open or partially closed pipe as an air outlet. The 

pipe needs to be positioned below the impeller. The design helps to overcome troubles related 

to sparger blockage. 

 

pH control sensors: 

All types of fermenters are attached with a pH control sensor which consists of a pH sensor and a 

port to maintain the pH inside of the fermenter. pH alteration can lead to death of the organism 

which leads to product loss. Therefore, it is a crucial instrument for a fermenter and needs to be 

checked regularly. 
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TYPES OF FERMENTATION PROCESS 

Fermentation processes can be classified into different operational modes based on how 

substrates, nutrients, and products are managed and controlled. The main types of fermentation 

processes include batch fermentation, fed-batch fermentation, and continuous fermentation. 

Here’s an overview of each: 

1. Batch Fermentation 

 Description: In batch fermentation, all ingredients (substrates, nutrients, 

microorganisms) are added to the bioreactor at the beginning of the process. The 

fermentation proceeds without any further addition of nutrients or removal of products 

until the end of the fermentation. 

 Characteristics: 

o Simplest and most straightforward operation. 

o Used for small-scale production and initial process development. 

o Limited control over fermentation conditions such as substrate concentration, pH, 

and oxygen levels. 

o Productivity may be lower compared to other modes due to substrate depletion 

and accumulation of inhibitory products. 

 Applications: 

o Production of pharmaceuticals, enzymes, and organic acids. 

o Research and development in biotechnology and microbiology. 

2. Fed-Batch Fermentation 

 Description: Fed-batch fermentation involves the continuous addition of one or more 

nutrients (usually the limiting nutrient) to the bioreactor during the fermentation process. 

This allows for better control over fermentation conditions and extends the fermentation 

time compared to batch fermentation. 
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 Characteristics: 

o Maintains higher cell densities and longer fermentation durations compared to 

batch mode. 

o Allows for control of substrate concentration, which can enhance product yield 

and productivity. 

o Requires monitoring and control of feeding rates based on process parameters 

(e.g., cell growth, substrate utilization). 

 Applications: 

o Production of high-value products like recombinant proteins, antibiotics, and 

biofuels. 

o Optimization of fermentation conditions for improved yield and efficiency. 

3. Continuous Fermentation 

 Description: Continuous fermentation involves a steady inflow of fresh growth 

medium into the bioreactor while an equal volume of spent medium containing 

microorganisms and products is continuously removed. This creates a steady-state 

condition where the culture remains in exponential growth phase. 

 Characteristics: 

o Provides steady-state conditions with constant cell density and product 

concentration. 

o Allows for continuous production without the need for frequent start-up and 

shutdown. 

o Requires precise control of flow rates and nutrient concentrations to maintain 

optimal conditions. 

 Applications: 

o Large-scale production of commodities such as ethanol, organic acids, and 

enzymes. 

o Industrial applications requiring continuous operation and high productivity. 
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MICROBIAL PRODUCTION OF CITRIC ACID 

Microbial production of citric acid is a well-established industrial process that primarily utilizes 

fungi, particularly strains of Aspergillus niger. Here’s an overview of how citric acid is produced 

through microbial fermentation: 

1. Microbial Strains Used 

 Aspergillus niger: This filamentous fungus is the most widely used microorganism 

for citric acid production due to its high yield and efficiency in converting sugars into 

citric acid. 

2. Fermentation Process 

 Substrates: The fermentation process typically starts with inexpensive carbohydrates 

such as glucose, sucrose, molasses, or starch hydrolysates. These substrates serve as the 

carbon source for microbial growth and citric acid production. 

 Inoculation and Growth: Aspergillus niger spores are inoculated into a sterile 

fermentation medium containing the chosen substrate. The culture conditions are 

optimized for fungal growth and citric acid production. 

 Fermentation Conditions: The fermentation is carried out under controlled 

conditions of temperature, pH, oxygenation, and nutrient availability to maximize citric 

acid production. 

 Metabolic Pathway: Aspergillus niger metabolizes glucose through the glycolytic 

pathway, producing pyruvate. Pyruvate is then converted to citric acid via the 

tricarboxylic acid (TCA) cycle, also known as the citric acid cycle. Citric acid 

accumulates in the fermentation broth as the primary product. 

3. Process Optimization 
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 pH Control: Citric acid production is optimized at a slightly acidic pH (around 2.0 to 

3.0) to favor fungal growth and citric acid accumulation. 

 Oxygenation: Adequate oxygen supply is crucial for fungal metabolism and citric acid 

production. Stirring or agitation is employed to ensure sufficient oxygenation throughout 

the fermentation process. 

 Nutrient Management: Nitrogen, phosphorus, and other essential nutrients are 

carefully managed to support fungal growth and maximize citric acid yield. 

4. Harvesting and Recovery 

 Fermentation Duration: The fermentation process typically lasts from several days 

to a couple of weeks, depending on the strain of Aspergillus niger and the fermentation 

conditions. 

 Recovery: After fermentation, the broth containing citric acid is separated from the 

fungal biomass using filtration or centrifugation. Citric acid can then be recovered from 

the broth through methods such as precipitation, crystallization, or ion exchange 

chromatography. 

5. Applications of Citric Acid 

 Food and Beverage Industry: Citric acid is widely used as a food additive and 

flavoring agent in soft drinks, candies, jams, and sauces due to its sour taste and 

preservative properties. 

 Pharmaceutical Industry: Citric acid is used in pharmaceutical formulations as a 

pH adjuster, buffering agent, and as an excipient in tablet formulations. 

 Industrial Applications: Citric acid finds applications in detergents, cosmetics, 

cleaning products, and in the production of various chemicals. 
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MICROBIAL PRODUCTION OF ETHANOL 

Microbial production of ethanol, often referred to as ethanol fermentation, is a widely practiced 

industrial process that harnesses the metabolic abilities of certain microorganisms, primarily 

yeasts and bacteria. Here’s an overview of how ethanol is produced through microbial 

fermentation: 

Microorganisms Used 

 Saccharomyces cerevisiae: This yeast species is the most commonly used 

microorganism for ethanol production due to its robust fermentation capabilities, 

tolerance to high ethanol concentrations, and ability to ferment various sugars. 

Fermentation Process 

1. Substrates: Ethanol fermentation typically starts with carbohydrates derived from 

plant-based sources such as: 

o Sugar Crops: Sugarcane, sugar beet, and sweet sorghum. 

o Starch Crops: Corn, wheat, and cassava. 

o Cellulosic Biomass: Agricultural residues, forestry residues, and dedicated 

energy crops. 

2. Pre-treatment: For cellulosic biomass, pre-treatment processes such as enzymatic 

hydrolysis or thermochemical processes are used to convert cellulose and hemicellulose 

into fermentable sugars (glucose and xylose). 

3. Fermentation Conditions: 

o Inoculation: Yeast cells are inoculated into a fermentation medium containing 

the substrate and other essential nutrients (nitrogen sources, vitamins, minerals). 

o Fermentation: The fermentation is carried out under controlled conditions of 

temperature, pH, and oxygenation to optimize yeast growth and ethanol 

production. 
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4. Metabolic Pathway: Saccharomyces cerevisiae metabolizes glucose through 

glycolysis, producing pyruvate, which is further converted to ethanol and carbon dioxide 

through alcoholic fermentation. 

Glucose → 2 Ethanol + 2 CO2 

5. Optimization: 

o Temperature: Typically around 30-35°C for optimal yeast activity. 

o pH: Maintained around pH 4-5 for yeast growth and fermentation efficiency. 

o Oxygenation: Initial oxygenation followed by anaerobic conditions to 

maximize ethanol production. 

6. Fermentation Duration: The fermentation process usually lasts from a few days to 

several weeks, depending on the substrate and fermentation conditions. 

Harvesting and Recovery 

 Separation: After fermentation, the broth containing ethanol is separated from the 

yeast biomass using techniques such as centrifugation or filtration. 

 Distillation: Ethanol is then concentrated and purified through distillation, typically 

using fractional distillation to achieve high purity (95-99.5%). 
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