
 

 

 

 

                                  ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

  

 
 

 

 

 

Name of Unit Introduction to Microbiology 

Course/Subject Name Pharmaceutical Microbiology 

Course/Subject Code      BP303T 

     Module No.      1 

Class: B. Pharm.  Semester 3rd  

Faculty: Gurminder Kaur 

Email id gurminderbanwait91@gmail.com  

Mobile No. 6283849096 

 

 

 

Learning Outcome of Unit-1 
 

LO Learning Outcome(LO) Course 
Outcome 
Code 

LO1 Students will learn about the history and scope of microbiology. 

 

BP303.1 

LO2 
Studentswilllearnaboutthedetail of classification and culturing of 

bacteria in laboratory. 

 

BP303.1 

LO3 
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Content of Module: 

 
A Introduction, history of microbiology, its branches, scope and its importance 

B Introduction to Prokaryotes and Eukaryotes. 

C Study of ultra-structure and morphological classification of bacteria, nutritional 

requirements, raw materials used for culture media and physical parameters for growth, 

growth curve, isolation and preservation methods for pure cultures, cultivation of 

anaerobes, quantitative measurement of bacterial growth (total and viable count). 

D Study of different types of phase contrast microscopy, dark field microscopy and electron 

microscopy. 
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INTRODUCTION 

Microbiology is the study of all living organisms that are too small to be visible with the naked eye. 

This includes bacteria, archaea, viruses, fungi, prions, protozoa and algae, collectively known as 

'microbes'. These microbes play key roles in nutrient cycling, biodegradation/biodeterioration, 

climate change, food spoilage, the cause and control of disease, and biotechnology. 

History of Microbiology 

Antonie van Leeuwenhoek (1632–1723) was one of the first people to observe microorganisms, 

using a microscope of his own design, and made one of the most important contributions to biology. 

Robert Hooke was the first to use a microscope to observe living things. Hooke’s 1665 book, 

Micrographia, contained descriptions of plant cells. Before Van Leeuwenhoek’s discovery of 

microorganisms in 1675, it had been a mystery why grapes could be turned into wine, milk into 

cheese, or why food would spoil. Van Leeuwenhoek did not make the connection between these 

processes and microorganisms, but using a microscope, he did establish that there were forms of life 

that were not visible to the naked eye. Van Leeuwenhoek’s discovery, along with subsequent 

observations by Spallanzani and Pasteur, ended the long-held belief that life spontaneously appeared 

from non-living substances during the process of spoilage. 

Lazzaro Spallanzani (1729–1799) found that boiling broth would sterilize it and kill any 

microorganisms in it. He also found that new microorganisms could settle only in a broth if the 

broth was exposed to the air. 

Louis Pasteur (1822–1895) expanded upon Spallanzani’s findings by exposing boiled broths to the 

air in vessels that contained a filter to prevent all particles from passing through to the growth 

medium. He also did this in vessels with no filter at all, with air being admitted via a curved tube 

that prevented dust particles from coming in contact with the broth. By boiling the broth beforehand, 

Pasteur ensured that no microorganisms survived within the broths at the beginning of his 

experiment. Nothing grew in the broths in the course of Pasteur’s experiment. This meant that the 

living organisms that grew in such broths came from outside, as spores on dust, rather than 

spontaneously generated within the broth. Thus, Pasteur dealt the death blow to the theory of 

spontaneous generation and supported germ theory instead. 

Ferdinand Julius Cohn (January 24,1828–June 25,1898) was a German biologist. His 

classification of bacteria into four groups based on shape (sphericals, short rods, threads, and spirals) 

is still in use today. Among other things Cohn is remembered for being the first to show that 
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Bacillus can change from a vegetative state to an endospore state when subjected to an environment 

deleterious to the vegetative state. His studies would lay the foundation for the classification of 

microbes and gave some of the first insights into the incredible complexity and diversity of 

microbial life. 

Robert Koch (1843–1910) established that microbes can cause disease. He found that the blood of 

cattle who were infected with anthrax always had large numbers of Bacillus anthracis. Koch found 

that he could transmit anthrax from one animal to another by taking a small sample of blood from 

the infected animal and injecting it into a healthy one, and this caused the healthy animal to become 

sick. He also found that he could grow the bacteria in a nutrient broth, then inject it into a healthy 

animal, and cause illness. Based on these experiments, he devised criteria for establishing a causal 

link between a microbe and a disease and these are now known as Koch’s postulates. Although these 

postulates cannot be applied in all cases, they do retain historical importance to the development of 

scientific thought and are still being used today. 

The development of microbiology: In the late 1800s and for the first decade of the 1900s, scientists 

seized the opportunity to further develop the germ theory of disease as enunciated by Pasteur and 

proved by Koch. There emerged a Golden Age of Microbiology during which many agents of 

different infectious diseases were identified. Many of the etiologic agents of microbial disease were 

discovered during that period, leading to the ability to halt epidemics by interrupting the spread of 

microorganisms.Despite the advances in microbiology, it was rarely possible to render life‐saving 

therapy to an infected patient. Then, after World War II, the antibiotics were introduced to medicine. 

The incidence of pneumonia, tuberculosis, meningitis, syphilis, and many other diseases declined 

with the use of antibiotics. 

Work with viruses could not be effectively performed until instruments were developed to help 

scientists see these disease agents. In the 1940s, the electron microscope was developed and 

perfected. In that decade, cultivation methods for viruses were also introduced, and the knowledge 

of viruses developed rapidly. With the development of vaccines in the 1950s and 1960s, such viral 

diseases as polio, measles, mumps, and rubella came under control. 

Branches of Microbiology: 

Bacteriology: the study of bacteria. 

Immunology: the study of the immune system.  

Mycology: the study of fungi, such as yeasts and molds. 
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Nematology: the study of nematodes (roundworms). 

Parasitology: the study of parasites.  

Phycology: the study of algae. 

Scope and Importance of Microbiology: 

 Microorganisms are present everywhere on earth which includes humans, animals, plants 

and other living creatures, soil, water and atmosphere. 

 Microbes can multiply in all three habitats except in the atmosphere. Together their numbers 

far exceed all other living cells on this planet. 

 Microorganisms are relevant to all of us in a multitude of ways. The influence of 

microorganism in human life is both beneficial as well as detrimental also. 

 For example microorganisms are required for the production of bread, cheese, yogurt, 

alcohol, wine, beer, antibiotics (e.g. penicillin, streptomycin, chloromycetin), vaccines, 

vitamins, enzymes and many more important products. 

 

 Microorganisms are indispensable components of our ecosystem. Microorganisms play an 

important role in the recycling of organic and inorganic material through their roles in the C, 

N and S cycles, thus playing an important part in the maintenance of the stability of the 

biosphere. 

 They are also the source of nutrients at the base of all ectotropical food chains and webs. In 

many ways all other forms of life depend on the microorganisms. 

 Microorganisms also have harmed humans and disrupted societies over the millennia. 

Microbial diseases undoubtedly played a major role in historical events such as decline of 

the Roman empire and conquest of the new world. 

 In addition to health threat from some microorganisms many microbes spoil food and 

deteriorate materials like iron pipes, glass lenses, computer chips, jet fuel, paints, concrete, 

metal, plastic, paper and wood pilings. 

 There is vast scope in the field of microbiology due to the advancement in the field of 

science and technology. 

 The scope in this field is immense due to the involvement of microbiology in many fields 

like medicine, pharmacy, diary, industry, clinical research, water industry, agriculture, 

chemical technology and nanotechnology. 

 Genetics: Mainly involves engineered microbes to make hormones, vaccine, antibiotics and 
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many other useful products for human being. 

 Agriculture: The influence of microbes on agriculture; the prevention of the diseases that 

mainly damage the useful crops. 

 Food science: It involves the prevention of spoilage of food and food borne diseases and the 

uses of microbes to produce cheese, yoghurt, pickles and beer. 

 Immunology: The study of immune system which protect the body from pathogens. 

 Medicine: deals with the identification of plans and measures to cure diseases of human and 

animals which are infectious to them. 

 Industry: it involves use of microbes to produce antibiotics, steroids, alcohol, vitamins and 

amino acids etc. 

Agricultural microbiology – try to combat plant diseases that attack important food crops, work on 

methods to increase soil fertility and crop yields etc. Currently there is a great interest in using 

bacterial or viral insect pathogens as substitute for chemical pesticides. 

Microbial ecology – biogeochemical cycles – bioremediation to reduce pollution effects 

Food and dairy microbiology – try to prevent microbial spoilage of food and transmission of food 

borne diseases such as botulism and salmonellolis. Use microorganisms to make foods such as 

cheese, yogurt, pickles and beers. 

Industrial microbiology – used to make products such as antibiotics, vaccines, steroids, alcohols 

and other solvents, vitamins, amino acids and enzymes. 

Introduction of Prokryotes and Eukaryotes: 

Microorganisms and all other living organisms are classified 

as prokaryotes or eukaryotes. Prokaryotes and eukaryotes are distinguished on the basis of their 

cellular characteristics. For example, prokaryotic cells lack a nucleus and other membrane‐bound 

structures known as organelles, while eukaryotic cells have both a nucleus and organelles (Figure ). 
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Prokaryotic and eukaryotic cells are similar in several ways. Both types of cells are enclosed by cell 

membranes (plasma membranes), and both use DNA for their genetic information. 

Prokaryotes include several kinds of microorganisms, such as bacteria and cyanobacteria. 

Eukaryotes include such microorganisms as fungi, protozoa, and simple algae. Viruses are 
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considered neither prokaryotes nor eukaryotes because they lack the characteristics of living things, 

except the ability to replicate (which they accomplish only in living cells). 

 

Morphology of bacteria: 

The Most Common Morphologies are:  

Coccus (Pleural – Cocci): Spherical bacteria; may occur in pairs (diplococci), in groups of four 

(tetracocci), in grape-like clusters (Staphylococci), in chains (Streptococci) or in cubical 

arrangements of eight or more (sarcinae). For example – Staphylococcus aureus, Streptococcus 

pyogenes. 

Bacillus (Pleural – Bacilli): Rod-shaped bacteria; generally occur singly, but may occasionally be 

found in pairs (diplo-bacilli) or chains (streptobacilli). For example – Bacillus cereus, Clostridium 
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tetani. 

Spirillum (Pleural – Spirilla): Spiral-shaped bacteria. For example – Spirillum, Vibrio, Spirochete 

species.  

Ultra Structure Of Bacteria: 

Examination of bacterial cells with electron microscope reveals various component structures. Some 

of these are outside the cell membrane; others are internal to cell membrane. 

 

• Bacteria are unicellular prokaryotic organism where the organisms lack a few organelles and a true 

nucleus. 

• Bacterial cell have simpler internal structure, which lacks all membrane bound cell organelles such 

as mitochondria, lysosome, golgi, endoplasmic reticulum, chloroplast and true vacuole etc. 

• All the action takes place in the cytosol or cytoplasmic membrane 

• Bacteria also lacks true membrane bound nucleus and nucleolus. The bacterial nucleus is known as 

nucleoid. 

• Most bacteria possess peptidoglycan; a unique polymer that makes its synthesis peptidoglycan is a 

good target for antibiotics. 

• Protein synthesis takes place in the cytosol with structurally different ribosomes. 

Structures outside the Cell Wall 

• Capsule 

• Flagella 

• Pili 



 

 

 

 

                                  ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

• Sheath 

• Prostheca 

• Stalks 

Structures inside the Cell Wall 

• Cell wall 

• Cytoplasmic membrane 

• Nucleoid 

• Mesosome 

• Ribosome 

• Cytoplasm 

Structures outside the Cell Membrane: 

Capsule: 

Some prokaryotic organisms secrete slimy or gumy materials (exopolymers) on their surface. A 

variety of these structures consist of polysaccharides and a few consist proteins. The more general 

term glycocalyx is also used. 

The glycocalyx is defined as the polysaccharide containing material lined outside the cell. 

Composition of these layers varies in different organisms but can contain glycoprotein and different 

polysaccharides including polyalcohol and amino sugars. 

These layers may be thick, or thin, and rigid or flexible, depending on their chemical nature in 

specific organism. The rigid layers are organized in a tight matrix that excludes Indian ink, this form 

is referred to Capsule. 

Most bacterial capsules are composed of polysaccharides. Capsules composed of single kind of 

sugar are termed homopolysaccharides; are usually synthesized outside the cell from disaccharides 

by exocellular enzyme. The synthesis of glucan from sucrose by S. mutans. other capsules are 

composed of several types of sugar and are termed as heteropolysaccharides, for example, capsule of 

Klebsiellapneumoniae. 

A few capsules are polypeptides. For example B. anthracis, is composed entirely of a polymer of 

glutamic acids. 

Functions of Capsule: 

Capsule is not essential for survival of organism under favourable growth conditions. It, however, 

provides protection in unfavourable environments. Presence of capsules is of importance in disease 

causing ability of some bacteria. The non-capsulated strains of Pneumococcus are destroyed by host 
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phagocytes and are therefore not effective. 

The incapsulated strains of the bacterium are protected from phagocytosis and take part in virulence 

in addition because outer polysaccharide layer bounds a significant amount of water so it is resistant 

to desiccation. 

Flagella: 

Most motile procaryotes move by use of flagella thread like locomotor appendages, extending 

outwards from the cell membrane and cell wall. 

Bacterial flagella are slender, rigid structures, about 20 nm across and up-to 15 to 20 µ m long. 

Flagella are so thin that they cannot be observed directly with bright field microscope. But must be 

stained with special techniques designed to increase their thickness. 

Bacteria species often differ distinctively in their patterns of flagella distribution and these patterns 

are useful in identifying bacteria. Monotrichous bacteria have one polar flagellum; (fig. 12.3a). 

Amphitrichous bacteria have either singe or duster of flagellum at both (fig. 12.3b) pole. 

In contrast, Lophotrichous bacteria, have a cluster of flageila at one ends (fig. 12.3c). Bacteria 

surrounded by lateral flageila are Peritrichou (fig. 12.3d). 

 

Flagellar Ultra-Structure: 

Transmission electron microscope studies have shown that flagellar apparatus is made up of 

three distinct regions: 

(1) The outermost region is filament which is extended from the cell surface to tips. 

(2) Basal bodies consist of small central rods inserted into cells 

(3) A short curved segment, the flagellar hook fig. 12.4 , links the filament to basal bodies and acts 

as flexible coupling. 

https://www.biologydiscussion.com/wp-content/uploads/2016/01/clip_image006-11.jpg
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The filament is a hollow, rigid cylinder made up of protein subunits flagellin which ranges in 

molecular weight from 30,000 Dalton to 6,000 dalton, depending on the bacterial species. 

Hook and basal bodies are quite different from filaments. Basal body is more complex part of 

flagellum. In E. coli and most Gram-negative bacteria, basal bodies bear 2 pairs of ring, outer pair 

(L and P ring) is situated at the level of outer membrane and inner pair (S and M ring) is located 

near the level of cell membrane. 

The outer L and P ring associates with lipopolysaccharides and peptidoglycan layer respectively. 

Inner M ring contacts the plasma membrane while S ring lies just above attached to inner surface of 

peptidoglycon,.Flageila of Gram-positive bacteria have only lower S and M ring. 

Fimbriae or Pili: 

Some bacteria mostly (Gram negative bacilli) contain, non-flagellar, extremely fine appendages 

called fimbrial or pile. The filament of pilus is straight and diameter is 7 n m. It is made up of pilin 

protein. Molecular weight is 17,000. 

Pili are nonmotile but adhesive structure. They enable the bacteria to stick firmly to other bacteria, 

to a surface or to some eucaryotic such as mould plants, plants and animal cells including R.B.C and 

epithelial cells of elementary, respiratory and urinary tracts. 

Pilli help in conjugation (e.q. F. pili or sex pili) of male bacteria, in the attachment of pathogenic 

bacteria to their host cell. Pile are known to be coded by the genes of plasmid that determine cell 

capacity to carry out conjugative genetic exchange with other cells. 

https://www.biologydiscussion.com/wp-content/uploads/2016/01/clip_image008-8.jpg
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Spinae: 

Some Gram-positive bacteria have tubular unicellular and rigid appendage of singe protein moity 

called spinae. They are known to help the bacterial ceil to tolerate some environmental conditions 

such as salinity, pH and temperature etc. 

Cell Walls: 

• Beneath the external structures is the cell wall. 

• Animal cells do not have a cell wall outside the cell membrane. 

• Plant cells and fungal cells do have a cell wall. 

• Most prokaryotic cells like bacteria (almost all) have a cell wall. 

• They are essential structures in bacteria. 

• A bacterium is referred as a protoplast when it is without cell wall. 

• Cell wall may be lost due to the action of lysozyme enzyme, which destroys peptidoglycan. 

This cell is easily lysed and it is metabolically active but unable to reproduce. 

• A bacterium with a damaged cell wall is referred as spheroplasts. 

• It is caused by the action of toxic chemical or an antibiotic, they show a variety of forms and they 

are able to change into their normal form when the toxic agent is removed, i.e. when grown on a 

culture media. 

• They are made of chemical components, which are found nowhere else in nature. 

• Gram stain invented by Hans Christian Gram 

• Divides Eubacteria into two main groups based on stain. 

• Gram-positive cell wall is thick homogeneous monolayer 

• Gram-negative cell wall is thin heterogeneous multilayer 

• Correlates with two types of cell wall architecture. 

Gram Positive Cell wall 

• Composed of peptidoglycan. 

• Mucopeptide (peptidoglycan or murien) formed by N acetyl glucosamine and N acetyl 

muramic acid alternating in chains, cross linked by peptide chains. 

• Embedded in it are polyalcohol called Teichoic acids. 

• Some are linked to Lipids and called Lipoteichoic acid. 

• Lipotechoic acid link peptidoglycan to cytoplasmic membrane and the peptidoglycan gives 

rigidity. 

Structure and Function of Peptidoglycan 
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• Single bag-like, seamless molecule 

• Composed of polysaccharide chains cross linked with short chains of amino acids: “peptido” and 

“glycan”. 

• Peptidoglycan provides support and limits expansion of cell membrane 

• Provides shape and structural support to cell 

Structure of Cell Membrane: 

Cell membrane is a thin structure that completely surrounds the cell only about 8 nm thick. This 

structure is critical barrier separating the inside of cell from environment. The cell membrane is also 

highly selective barrier enabling the cell to concentrate a specific metabolite and excrete waste 

material. 

Mostly biological membrane is composed primarily of Phospholipids (about 20 to 30 percent) and 

proteins (about 60 to 70 percent). The phospholipids form a bilayer in which most of the proteins are 

strongly held (integral proteins) and these proteins can be removed only by destruction of the 

membranes, as with treatment by detergents. 

Other proteins are only loosely attached (Peripheral proteins) can be removed by mild treatment 

such as osmotic shock. The lipidmatrix of membrane has fluidity, allowing the components to move 

around laterally. Fluidity is essential for various membrane functions and is dependent on factors 

such as temperature and on proportion of unsaturated fatty acids to saturated fatty acids present in 

phospholipids. (Fig.) 

 

 

 

One major difference in chemical composition of membrane between eukaryotic cells and 

prokaryotic cells is that eukaryotes have sterol in their membrane depending on cell type, sterol can 
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make up from 5-25% of total lipid of eukaryotic membrane. Sterols are absent from membranes of 

all prokaryotic cells (methanotropns are major exception). Sterol are rigid, planner molecules, 

whereas fatty acids are flexible. 

The association of sterol with membrane serves to stabilize its structure and make it less flexible. 

Membrane rigidity may be necessary in eucaryotes because many of them lack a rigid cell wall. 

Rigid structure provides stability to the cell. 

Molecules similar to sterol called Hopanoid, are present in several bacteria and may play role similar 

to that of sterol in eukaryotic cell. 

Structure Inside the Cell wall: Cytoplasm and Cytoplasmic Constituents of Bacterial Cells 

Cytoplasm: 

(a)This is a Colloidal system containing a variety of organic and inorganic solutes containing 

80% Water and 20% Salts, Proteins. 

(b)They are rich in ribosomes, DNA and fluid. 

Cytoplasmic Constituents of Bacterial Cells 

1. Genetic materials: 

(a)Chromosome (DNA) 

(b)Plasmids 

2. Ribosomes 

3. Inclusions 

1. Genetic Materials: In prokaryotes nucleus is not distinct. 

• Nuclear membrane and nucleolus are absent. 

• The genetic materials consist of DNA. 

• DNA (deoxyribonucleic acid): This is the genetic material of the cell. 

• It contains a single chromosome consisting of a circular DNA filament and haploid. 

• They are highly coiled with intermixed polyamines and support proteins. 

• The genetic material DNA is present in the cytoplasm without histon proteins. 

• It can be replicated in a semi-conservative fashion and passed on to progeny cells. 

• Plasmids are extra circular DNA. 

• The cytoplasmic carriers of genetic information are termed plasmids or episomes.  

2. Ribosome 

• The procaryotic ribosome (L) is 70S in size, being composed of a 50S (large) subunit and and30S 

(small) subunit. The eucaryotic ribosome (R) is 80S in size and is composed of a 60S and a 40S 
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subunit. 

• Ribosomes are made of two subunits, a large subunit and a small subunit. Each subunit is made up 

of RNA and various proteins. 

Function of Ribosome: 

• Ribosomes function in protein synthesis. 

• Amino acids are assembled into proteins according to the genetic code on the surfaces of 

ribosomes during the process of translation. 

Cell Envelope of Prokaryote: 

Bacteria can be divided into two major groups called gram positive bacteria and Gram negative 

bacteria, based on Gram stain. Gram positive bacteria and Gram negative bacteria differ in the 

appearance of cell wall. The cell wall of Gram negative bacteria is multilayered structure and quite 

complex whereas Gram positive bacteria contain primarily single type of molecule and is often 

much thicker (Fig.).  

 

 

https://www.biologydiscussion.com/wp-content/uploads/2016/01/clip_image014-5.jpg
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Nutritional requirements, raw materials used for culture media: 

Major elements, their sources and functions in bacterial cells: 

Element % of dry 

weight 

Source Function 

Carbon 50 organic compounds or 

CO2 

Main constituent of cellular 

material 

Oxygen 20 H2O, organic 

compounds, CO2, and 

O2 

Constituent of cell material and 

cell water; O2 is electron acceptor 

in aerobic respiration 

Nitrogen 14 NH3, NO3, organic 

compounds, N2 

Constituent of amino acids, 

nucleic acids nucleotides, and 

coenzymes 

Hydrogen 8 H2O, organic 

compounds, H2 

Main constituent of organic 

compounds and cell water 

Phosphorus 3 inorganic phosphates 

(PO4) 

Constituent of nucleic acids, 

nucleotides, phospholipids, LPS, 

teichoic acids 

Sulfur 1 SO4, H2S, So, organic 

sulfur compounds 

Constituent of cysteine, 

methionine, glutathione, several 

coenzymes 

Potassium 1 Potassium salts Main cellular inorganic cation 

and cofactor for certain enzymes 

Magnesium 0.5 Magnesium salts Inorganic cellular cation, cofactor 

for certain enzymatic reactions 

Calcium 0.5 Calcium salts Inorganic cellular cation, cofactor 

for certain enzymes and a 

component of endospores 
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Trace Elements 

Trace elements are metal ions required by certain cells in such small amounts that it is difficult to 

detect (measure) them, and it is not necessary to add them to culture media as nutrients. Trace 

elements are required in such small amounts that they are present as "contaminants" of the water or 

other media components. As metal ions, the trace elements usually act as cofactors for essential 

enzymatic reactions in the cell. One organism's trace element may be another's required element and 

vice-versa, but the usual cations that qualify as trace elements in bacterial nutrition are Mn, Co, Zn, 

Cu, and Mo. 

Oxygen: Organisms that use molecular oxygen (O2), produce more energy from nutrients than 

anaerobes. 

Microorganism can be classified on the basis of their oxygen requirements: 

A. Obligate Aerobes: Require oxygen to live. Example: Pseudomonas, common nosocomial 

pathogen. 

B. Facultative Anaerobes: Can use oxygen, but can grow in its absence. Have complex set of 

enzymes. Examples: E. coli, Staphylococcus, yeasts, and many intestinal bacteria. 

C. Obligate Anaerobes: Cannot use oxygen and are harmed by the presence of toxic forms of 

oxygen. Examples: Clostridium bacteria that cause tetanus and botulism. 

D. Aerotolerant Anaerobes: Can’t use oxygen, but tolerate its presence. Can break down toxic 

forms of oxygen. Example: Lactobacillus carries out fermentation regardless of oxygen presence. 

E. Microaerophiles: Require oxygen, but at low concentrations. Sensitive to toxic forms of oxygen. 

Example: Campylobacter. 

Microbial Growth Media/ Microbial Culture Media) 

Culture: Microbes that grow and multiply in or on a culture medium. 

Culture Media: Nutrient material prepared for microbial growth in the laboratory. 

Requirements of a Microbial Culture Media: 

• Must be sterile 

• Contain appropriate nutrients 

• Must be incubated at appropriate temperature 
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Types of Microbial Culture Media: 

(A) Culture Media Based on Consistency: 

1. Solid Media 

2. Semisolid media 

3. Liquid Media 

(B)Culture Media Based on Composition: 

1. Synthetic (chemically defined) media: Known chemical composition 

2. Non-synthetic/ Complex (chemically not defined) media: Unknown chemical composition 

(C)Culture Media Based on Application: 

1. Basic Media: nutrient broth, nutrient agar 

2. Anaerobic media 

3. Enriched Media 

4. Enrichment Media 

5. Differential Media 

6. Transport Media 

7. Assay Media 

8. Selective Media: 

i. Thayer-Martin Media 

ii. Manittol- Salt Agar Media 

iii. Mac-Conkey’s Agar Media 

iv. Wilson and blair Agar Media 

v. Crystal violet Blood Agar Media 

vi. Pseudosel Agar Media 

(A) Culture Media Based on Consistency: 

1. Liquid Media or nutrient broth: Liquid consistency, Fast growth 

2. Solid Media or nutrient agar: 

• Nutrient material that contains a solidifying agent (1.5-2% agar): plates, slants, deeps 

• The most common solidifier is agar, first used by Robert Koch. 

3. Semisolid Media: To study the motility; Agar: 0.5-0.7% 

Unique Properties of Agar: 

• Melts above 95℃. 



 

 

 

 

                                  ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

• Once melted, does not solidify until it reaches 40℃. 

• Cannot be degraded by most bacteria. 

• Polysaccharide made by red algae. 

• Originally used as food thickener 

(B)Culture Media Based on Composition: 

Nutrient material whose exact chemical composition is known (Defined Media): 

• For chemoheterotrophs, must contain organic source of carbon and energy (e.g.: glucose, starch, 

etc.). 

• May also contain amino acids, vitamins, and other important building blocks required by microbe. 

• Expensive and not widely used. 

Nutrient material whose exact chemical composition is known (Complex Media): 

• Widely used for heterotrophic bacteria and fungi. 

• Made of extracts from yeast, meat, plants, protein digests etc. 

• Composition may vary slightly from batch to batch. 

• Vitamins and organic growth factors provided by meat and yeast extracts. 

Example: Solid media (Nutrient agar), Liquid media (Nutrient broth) 

(C)Culture Media Based on Application: 

Anaerobic Growth Media: 

• Used to grow anaerobes that might be killed by oxygen. 

• Reducing media 

• Contain ingredients that chemically combine with oxygen and remove it from the medium.  

• Example: Sodium thioglycolate 

• Tubes are heated shortly before use to drive off oxygen. 

• Plates must be grown in oxygen free containers (anaerobic chambers). 

Selective Media: Used to suppress the growth of unwanted bacteria and encourage the growth of 

desired microbes. 

• Saboraud’s Dextrose Agar: pH of 5.6 discourages bacterial growth. Used to isolate fungi. 
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• Brilliant Green Agar: Green dye selectively inhibits gram-positive bacteria. Used to isolate gram-

gram negative Salmonella. 

• Bismuth Sulfite Agar: Used to isolate Salmonella typhi. Inhibits growth of most other bacteria. 

Differential/ Indicator Media: Used to distinguish colonies of a desired organism. 

• Blood Agar: Used to distinguish bacteria which destroy red blood cells (hemolysis). Hemolysis 

appears as an area of clearing around colony. Example: Streptococcus pyogenes. 

• Mannitol Salt Agar: 

• Used to distinguish and select for Staphylococcus aureus. 

• High salt (7.5% NaCl) discourages growth of other organisms. 

• pH indicator changes color when mannitol is fermented to acid. 

• MacConkey Agar: 

• Used to distinguish and select for Salmonella 

• Bile salts and crystal violet discourage growth of grampositive bacteria. 

• Lactose plus pH indicator: Lactose fermenters produce pink or red colonies, nonfermenters are 

colorless. 

• Enriched Media 

• Enriched media contain the nutrients required to support the growth of a wide variety of 

organisms, including some fastidious ones. 

• They are commonly used to grow as many different types of microbes as are present in the 

specimen. 

• Examples are: 

• Blood agar is an enriched medium in which nutritionally-rich whole blood supplements the basic 

nutrients. 

• Chocolate agar is enriched with heat-treated blood (40-45°C), which turns brown and gives the 

medium that chocolate color. 

• Enrichment media: 

• These media promotes the growth of a particular organism by providing it with the essential  

nutrients and rarely contains certain inhibitory substance to prevent the growth of normal 

competitors. 

• Used to favor the growth of a microbe that may be found in very small numbers. 

• Unlike selective medium, does not necessarily suppress the growth of other microbes. 



 

 

 

 

                                  ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

• Used mainly for fecal and soil samples. 

• After incubation in enrichment medium, greater numbers of the organisms, increase the likelihood 

of positive identification. 

an example is: Selenite F broth favors the growth of Salmonella also prevents the growth of normal 

competitors like E. coli. E. coli does not die in the medium but they do not flourish like Salmonella 

does. 

PHYSICAL PARAMETERS FOR GROWTH 

Growth and Multiplication of Bacteria 

• Refers to an increase in cell number, not in cell size. 

• Bacteria divide by binary fission and cell divides to form two daughter cells. 

• Nuclear division precedes cell division and therefore, in a growing population, many cells having 

two nuclear bodies can be seen. Bacterial growth may be considered as two levels, increase in the 

size of individual cells and increase in number of cells. 

• Growth in numbers can be studied by bacterial counts that of total and viable counts. 

• The total count gives the number of cells either living or not and the viable count measures the 

number of living cells that are capable of multiplication. 

Many factors affect the generation time and growth of the organism, which are: 

1. Nutrition 

2. Temperature 

3. Oxygen 

4. Carbon dioxide 

5. Light 

6. pH 

7. Moisture 

8. Salt concentration 

Nutrition 

The principal constituents of the cells are water, proteins, polysaccharides, lipids, nucleic acid and 

mucopeptides. 

• For growth and multiplication of bacteria, the minimum nutritional requirement is water, a source 

of carbon, nitrogen and some inorganic salts. 

Bacteria can be classified nutritionally, based on their energy requirement and on their ability to 

synthesise essential metabolites. 
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• Bacteria which derive their energy from sunlight-phototrophs. 

• Bacteria which obtain energy from chemical reactions-chemotrophs. 

• Bacteria which can synthesise all their organic compounds-autotrophs 

• Bacteria which are unable to synthesise their own metabolites-heterotrophs. 

• Bacteria require certain organic compounds in minute quantities. These compounds are known as 

growth factors or bacterial vitamins. Growth factors are called essential when growth does not occur 

in their absence, or they are necessary for it. 

Oxygen 

 Depending on the influence of oxygen on growth and viability, bacteria are divided into aerobes 

and anaerobes. 

• Aerobic bacteria require oxygen for growth. 

• Obligate aerobes like cholera, vibrio, which will grow only in the presence of oxygen. These may 

even die on exposure to oxygen. 

• Facultative anaerobes are ordinarily aerobic but can grow in the absence of oxygen. Most bacterial 

of medical importance are facultative anaerobes. 

• Microaerophilic bacteria are those that grow best in the presence of low oxygen tension. 

Carbon Dioxide 

• All bacteria require small amounts of carbon dioxide for growth. 

• This requirement is usually met by the carbon dioxide present in the atmosphere. 

• Some bacteria like Brucellaabortus require much higher levels of CO2. 

Temperature 

• Bacteria vary in their requirement of temperature for growth. 

• The temperature at which growth occurs best is known as the optimum temperature. 

• Mesophilic bacteria - grow best at temperatures of 25-40°C. 

• Psychrophilic bacteria - grow best at temperatures below 20°C. 

• Thermophiles - grow best at high temperatures, 55-80°C. 

• The lowest temperature that kills a bacterium under standard conditions in a given time is known 

as thermal death point. 

Moisture and Drying 

• Water is an essential ingredient of bacterial protoplasm and hence drying is lethal to cells.  

• Water stress, either from the concentration of solutes in the microbe’s surroundings or from drying. 

As more solutes such as salts or sugar are dissolved in water, the concentration of water to solutes 
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goes down. 

Light 

• Bacteria except phototrophic species grow well in the dark. 

• They are sensitive to ultraviolet light and other radiations. 

• Cultures die if exposed to light. 

pH (H-ion concentration): 

• Bacteria are sensitive to variations in pH. 

• Each species has a pH range, above or below which it cannot survive and an optimum pH at which 

it grows best. 

• Majority of pathogenic bacteria grow best at neutral or slightly alkaline pH. 

•Acidophiles: “Acid loving” - Grow at very low pH (0.1 to 5.4). 

•Neutrophiles: u Grow at pH 5.4 to 8.5. 

• Alkaliphiles: “Alkali loving”- Grow at alkaline or high pH (7 to 12 or higher), for Vibrio 

cholerae optimal pH 9. 

Salt concentration/ Osmotic Effect 

• Bacteria are more tolerant to osmotic variation than most other cells due to the mechanical strength 

of their cell wall. Sudden exposure to hypertonic solutions may cause osmotic withdrawal of water 

and shrinkage of protoplasm called plasmolysis. 

• Halophiles: Require moderate to large salt concentrations. Ocean water contains 3.5% salt.  Most 

bacteria in oceans. 

• Extreme or Obligate Halophiles: Require very high salt concentrations (20 to 30%). 

• Facultative Halophiles: Do not require high salt concentrations for growth, but tolerate 2% salt or 

more. 

Hypertonic Solutions: High osmotic pressure removes water from cell, causing shrinkage of cell 

membrane (plasmolysis). Used to control spoilage and microbial growth (Sugar in jelly and Salt on 

meat) 

Hypotonic Solutions: Low osmotic pressure causes water to enter the cell. In most cases cell wall 

prevents excessive entry of water. Microbe may lyse or burst if cell wall is weak. 

Bacterial Growth Curve  

• Bacterial Growth Curve: When bacteria are inoculated into a liquid growth medium, and 
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incubated, its growth follows a definite process, if bacterial counts are carried out at intervals 

After innoculation and plotted in relation to time, a growth curve is obtained. 

• Generation Time: Time required for a cell to divide and its population to double. 

Generation time varies considerably for example E. coli divides every 20 minutes whereas some 

bacteria require over 24 hours to divide. 

• We can express the number of cells in a bacterial generation as 2n , where n is the number of 

doublings that have occurred. 

• The various stages of bacterial growth curve are associated with morphological and physiological 

alterations of the cells. 

The Curve Shows the Following Four Phases in Bacterial Growth Curve 

1. Lag phase: 

• Immediately following inoculation there is no appreciable increase in number, though there may be 

an increase in the size of the cells. This initial period is the time required for adaptation to the new 

environment and this lag phase varies with species, nature of culture medium and temperature. 

• Period of adjustment to new conditions. 

• Little or no cell division occurs, population size doesn’t increase. 

• Phase of intense metabolic activity. 

• The maximum cell size is obtained towards the end of the lag phase. 

• May last from one hour to several days. 

2. Log or exponential phase: 

• Following the lag phase, the cell starts dividing and their numbers increase exponentially with 

time. 

• Cells begin to divide and generation time reaches a constant minimum. 

• Period of most rapid growth. 

• Number of cells produced > Number of cells dying 

• Cells are at highest metabolic activity. 

• In the log phase, cells are smaller and stained uniformly. 
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• Cells are most susceptible to adverse environmental factors at this stage. 

3. Stationary Phase: 

• After a period of exponential growth, cell division stops. 

• Overall cell number does not increase. 

• Cell division begins to slow down and population size begins to stabilize. 

• The viable count remains stationary as an equilibrium exists between the dying cells and the newly 

formed cells. 

• In the stationary phase, cells are frequently gram variable and show irregular staining due to the 

presence of intracellular storage granules. 

• Sporulation occurs at this stage. 

• Many bacteria produce secondary metabolic products such as exotoxins and antibiotics. 

• Number of cells produced = Number of cells dying 

• Factors that slow down microbial growth: 

(i) Accumulation of toxic waste materials 

(ii)Acidic pH of media 

(iii)Limited nutrients 

(iv)Insufficient oxygen supply 

4. Death or Decline Phase: 

• This is the phase when the population decreased due to cell death. 

• Number of cells dying > Number of cells produced 

• Cell number decreases at a logarithmic rate. 

• Cells lose their ability to divide. 

• A few cells may remain alive for a long period of time. 

• Involution forms are common in the phase of decline. 
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                                Fig: Different phases of growth of bacteria 

ISOLATION METHODS FOR PURE CULTURES 

Microbial Culture: Act of cultivating microorganisms or the microorganisms that are cultivated. 

1. Mixed culture: Contains more than one type of microorganism in a culture. 

2. Pure culture: Contains a single species of organism in a culture. 

• A pure culture is usually derived from a mixed culture (one containing many species) by 

transferring a small sample into new, sterile growth medium in such a manner as to disperse the 

individual cells across the medium surface or by thinning the sample many times before inoculating 

the new medium. 

Pure cultures are important in microbiology for the following reasons: 

• Once purified, the isolated species can then be cultivated with the knowledge that only the desired 

microorganism is being grown. 

• A pure culture can be correctly identified for accurate studying and testing, and diagnosis in a  

clinical environment. 

• Testing/experimenting with a pure culture ensures that the same results can be achieved regardless 

of how many times the test is repeated. 

 Pure culture spontaneous mutation rate is low 

 Pure culture clone is 99.999%identical 

ISOLATION TECHNIQUE OF PURE CULTURE 

• Cultures composed of cells arising from a single progenitor 

• Progenitor is termed a CFU(Colony Forming Unit) 

• Aseptic technique prevents contamination of sterile substances or objects 

Common isolation techniques: 

1. Streak plate method 
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2. Pour plate method 

A.Loop dilution method 

B. Serial dilution method 

3. Spread plate method 

4. Roll tube method 

5. Special methods: 

A. Single cell isolation method 

i. Capillary pipette method 

ii. Micromanipulator method 

B. Enrichment culture method 

1. Streak plate method 

• Streaking is the process of spreading the microbial culture with an inoculating needle on the 

surface of the media. 

• Sterilize the inoculating needle/ loop by flame to make red hot and allow it to cool for 30 seconds. 

• The sample is streaked in such a way to provide series of dilution. 

• Purpose - to thin out innoculum to get separate colonies. 

• Sub-culturing can be done by streaking well isolated colonies from streak plate to new plate. 

• Hold the broth culture containing tube in left hand and shake it. 

• Sterilize the wire loop of the inoculation needle on burner flame. 

• Remove the cotton plug of the broth culture tube by little finger of right hand. 

• Flame the mouth of the test tube immediately. 

• Insert the wire loop to form a thin film and replace the cotton plug. 

• The thin film in the loop is streaked in both a zig-zag manner by removing the loop backwards and 

forwards firmly. 

• Care should be taken that loop should not be firmly pressed against the agar surface.  

• Incubate the petri dish in incubator at a required temperature. 

• Growth of the bacteria will be visible (after an overnight incubation)on the streaked marks. 
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2. Pour Plate Method: 

• The bacterial culture and liquid agar medium are mixed together. 

• The medium containing the culture poured into sterilized petri dishes, allowed solidifying and then 

incubated. After incubation colonies appear on the surface. 

Disadvantages: 

• Microorganism trapped beneath the surface of medium hence surface as well as subsurface 

colonies are developed which makes the difficulties in counting the bacterial colony. 

• Tedious and time consuming method 

• Microbes are subjected to heat shock because liquid medium maintained at 45℃. 

• Unsuitable for Psychrophile 
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3. Spread plate method 

• This is the best method to isolate the pure colonies. 

• In this technique, the culture is not mixed with the agar medium. Instead it is mixed with normal 

saline and serially diluted. 

Advantages 

• It is a simple method. 

• In this method only surface colonies are formed. 

• Micro-organisms are not exposed to higher temperature. 

 

Micromanipulator Method: 

• Micromanipulators have been built, which permit one to pick out a single cell from a mixed 

culture. 

• This instrument is used in conjunction with a microscope to pick a single cell (particularly 

bacterial cell) from a hanging drop preparation. 

• The single cell of microbe sucked into micropipette and transferred to large amount of sterile 

medium. 
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Advantages 

• The advantages of this method are that one can be reasonably sure that the cultures come from a 

single cell and one can obtain strains within the species. 

Disadvantages 

• The disadvantages are that the equipment is expensive, its manipulation is very tedious, and it 

requires a skilled person. 

 

Fig. Micromanipulator Method 

 

Roll Tube Method 

• Agar medium is distributed as a thin layer over the internal surface of test tubes charged with an 

anaerobic atmosphere for the isolation of obligately anaerobic bacteria of the rumen. 

• In this method, exposure of bacteria and culture medium to air is avoided by displacing the air in 

the culture vessel with an oxygen-free gas, such as carbon dioxide, hydrogen, nitrogen, or mixtures 

of these gases. 

• Carbon dioxide is the gas of choice because it is heavier than air, relatively cheap, and valuable in 

buffering. 

• Vessels are stoppered under conditions preventing access of air. 

• The cultures require no special incubators and can be removed and examined with no anaerobic 

precautions if kept stoppered. 

• If opened, anaerobiosis can be continuously maintained during necessary manipulations, and the 

culture again closed without exposure to oxygen. 

• Media have an oxidation-reduction potential of –150 mv and are prepared, stored, and inoculated 

under oxygen-free gas. 
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• Specimens may be streaked on the surface of an agar layer on the wall of the tube. 

• For quantitative work, molten agar is inoculated with dilutions of the specimen before the agar is 

spun and hardened on the tube wall (pour tube). 

• The method is simple and is recommended for isolation of anaerobic bacteria in clinical or 

research laboratories. 

 

 

 

PRESERVATION OF PURE CULTURE 

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 cultures free from 

contamination. 

Objectives of Preservation 

• To maintain isolated pure cultures for extended periods (future use) in a viable conditions. 

• To avoid the contamination 

• To restrict genetic change(Mutation) 

Application of Preservation 

1. Academic Use 

2. Research Purpose 

3. Fermentation Industry 

4. Biotechnological Field 

Methods of Preservation: 

1. Continuous Metabolism (slow rate, simple and less costly) 
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• Periodic transfer to fresh media (Sub- culturing) 

• Preservation by overlaying cultures with mineral oil 

• Storage in sterile soil 

2. Suspended (Stoppage) Metabolism (Drying and preservation at low temperature) Costly 

and modern: 

• Storage at low temperature 

• Freeze dying/Lyophilization 

• Storage in silica gel 

• Vacume drying 

Periodic Transfer to Fresh Media 

• Normally in laboratories, the pure cultures are transferred periodically onto or into a fresh medium 

(subculturing) to allow continuous growth and viability of microorganisms. 

• Strains can be maintained by periodically preparing a fresh culture from the previous stock culture. 

• The culture medium, the storage temperature, and the time interval at which the transfers are made 

vary with the species and must be ascertained beforehand. 

• The temperature and the type of medium chosen should support a slow rather than a rapid rate of 

growth so that the time interval between transfers can be as long as possible. 

• Many of the more common heterotrophs remain viable for several weeks or months on a medium 

like Nutrient Agar. 

• The transfer method has the disadvantage of failing to prevent changes in the characteristics of a 

strain due to the development of variants and mutants. 

Advantages: 

 It is a simple method; any special apparatus are not required. 

 Easy to recover the culture 

Disadvantages: 

 The transfer is always subject to aseptic conditions to avoid contamination. 

 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; therefore, it is now being replaced by some 

 modern methods that do not need frequent sub-culturing. 

Preservation by Oil Overlaying: 
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• Culture with mineral oil or liquid paraffin storage 

• In this method sterile liquid paraffin is poured over the slant culture of microbes and stored upright 

at room temperature. 

• Cultures can also be maintained by covering agar slants by sterile mineral oil which is stored at 

room temperature or preferably at 0-5°C. 

• It limits the oxygen access that reduces the microorganism’s metabolism and growth, as well as to 

cell drying during preservation. 

• The preservation period for bacteria from the genera Azotobacter and Mycobacterium is from 

7-10 years, for Bacillus it is 8-12 years. 

Advantages: 

i) Simple and cost effective 

ii) can preserve for 10-15 years 

iii) mainly used for anaerobic microorganisms 

Storage in Sterile Soil 

• It is mainly applied for the preservation of sporulating microorganisms (a single spore(endospore) 

within the cell). 

• Fusarium, Penicillium, Alternaria, Rhizopus, Bacillus, Aspergillus, Penicillium, etc. proved 

successful for store in sterile soil. 

• Viability of organisms found around 70- 80 years. 

• Soil storage involves inoculation of 1ml of spore suspension into soil (autoclaved twice) and 

incubating at room temperature for 5-10 days. 

• The initial growth period allows the fungus to use the available moisture and gradually to become 

dormant. 

• The bottles are then stored at refrigerator. 

Storage at Low Temperature 

• Culture medium can be successfully stored in refrigerators or cold rooms, when the temperature is 

maintained at 4˚C. 

• Liquid nitrogen can provide long term preservation of culture. In this method, dense suspension of 

microbes is prepared in a medium containing a protective agent(Glycerol or dimethyl sulfoxide) 

which prevent cell damage due to ice crystal formation. Suspension is sealed into small ampoules or 

vials and then frozen at - 150°c. 

• At this temperature range the metabolic activities of microbes slows down greatly and only small 
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quantity of nutrients will be utilized. 

• This method cannot be used for a very long time because toxic products get accumulated which 

can kill the microbes. 

• 10-30 Years without changing the characteristics. 

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. 

Procedure: 

• In this process, a dense cell suspension is placed in small vials and frozen at -60 to -70°C. 

• The vials are immediately connected to a high vacuum line. 

• The ice present in the frozen suspension evaporates (sublime) under the vacuum.  

• This result in dehydration of bacterial cell and their metabolic activities are stopped; as a result, the 

microbes go into dormant state and retain viability for years. 

• The vials are then sealed off under a vacuum and stored in the dark at 4°C in refrigerators. 

Advantage: 

a) Minimal storage space is required for process 

b) Remained viable for more than 30 years. 

c) Frequent sub-culturing is not required. 

d) Maintained without contamination 

e) Lyophilized strains remain genetically stable. 

f) Small vials can be sent conveniently through the mail to other microbiology laboratorieswhen 

packaged in special sealed mailingcontainers. 

g) Employed for the preservation of sera, toxin, 

h) Enzymes and other biologicals 

Disadvantage: 

Costly equipment 

Cultivation of anaerobes: 

Main Principle: 
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 Reduce the O2 content of culture medium and remove any oxygen already present inside the system 

or in the medium. 

Oxygen is ubiquitous in the air so special methods are needed to culture anaerobic microorganisms. 

A number of procedure are available for reducing the O2 content of cultures;  some simple 

but suitable mainly for less sensitive organisms, others more complex but necessary for growth of 

strict anaerobes. 

 Bottles or tubes filled completely to the top with culture medium and provided with tightly 

fitting stopper. Suitable for organisms not too sensitive to small amounts of oxygen. 

 Addition of a reducing agent that reacts with oxygen and reduces it to water e.g., 

Thioglycolate in thioglycolate broth. After thioglycolate reacts with oxygen throughout the 

tube, oxygen can penetrate only near the top of the tube where the medium contacts air. 

 Obligate aerobes grow only at the top of such tubes. 

 Facultative organisms grow throughout the tube but best near the top. 

 Microaerophiles grow near the top but not right at the top. 

 Anaerobes grow only near the bottom of the tube, where oxygen cannot penetrate. 

A redox indicator dye called resazurin is added to the medium because the dye changes color in the 

presence of oxygen and thereby indicates the degree of penetration of oxygen into the medium. 

Strict anaerobes, such as methanogenic bacteria can be killed by even a brief exposure to O2. In 

these cases, a culture medium is first boiled to render it oxygen free, and then a reducing agent such 

as H2S is added and the mixture is sealed under an oxygen- free gas. All manipulations are carried 

out under a tiny jet of oxygen free hydrogen or nitrogen gas that is directed into the culture vessel 

when it is open, thus driving out any O2 that might enter. For extensive research on anaerobes, 

special boxes fitted with gloves, called anaerobic glove boxes, permit work with open cultures in 

completely anoxic atmospheres. 

Stringent anaerobes can be grown only by taking special precautions to exclude all atmospheric 

oxygen from the medium. Such an environment can be established by using one of the following 

methods: 

1. Pre-reduced media: 

During preparation, the culture medium is boiled for several minutes to drive off most of the 

dissolved oxygen.  A reducing agent e.g., cysteine, is added to further lower the oxygen content. 

Oxygen free N2 is bubbled through the medium to keep it anaerobic. The medium is then dispensed 
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into tubes which are being flushed with oxygen – free nitrogen, stoppered tightly, and sterilized by 

autoclaving. Such tubes are continuously flushed with oxygen free CO2 by means of a cannula, 

restoppered, and incubated. 

2. Anaerobic Chambers 

This refers to a plastic anaerobic glove box that contains an atmosphere of H2, CO2, and N2. Culture 

media are placed within the chamber by means of an air lock which can be evacuated and refilled 

with N2. Any oxygen in the media is slowly removed by reaction with hydrogren, forming water; this 

reaction is aided by a palladium catalyst. After being rendered oxygen free, the media are inoculated 

within the chamber (by means of the glove ports) and incubated (also within the chamber). 

3. Anaerobic Jar 

Anaerobic jar is a heavy- walled jar with a gas tight seal within which tubes, plates, or other 

containers to be incubated are placed along with H2 and CO2 generating system . After the jar is 

sealed oxygen present in the atmosphere inside jar and dissolved in the culture medium, is gradually 

used up through reaction with the hydrogen in the presence of catalyst. The air in the jar is replaced 

with a mixture of H2 and CO2, thus leading to anoxic conditions. 

 

QUANTITATIVE MEASUREMENT OF BACTERIAL GROWTH (TOTAL AND 

VIABLECOUNT) 

 Determination of growth (number of bacteria) 

 Total counts: Which include counting of both living cells and dead cells 

 Viable counts: Which count living cells only 

METHODS FOR TOTAL AND VIABLE COUNT 

1. DETERMINATION OF CELL MASS 

A. Direct Methods 

i. Dry weight of cell 

ii. Wet weight of cell 

iii. Measurement of cell nitrogen 

iv. Volume of cells after centrifugation 

B. Indirect Methods 

i. Turbidometric or optical density Method 

2. DETERMINATION OF CELL ACTIVITY/ METABOLISM (INDIRECT METHODS): 

 Amount of metabolites formed are proportional to the population: 

https://microbeonline.com/moist-heat-sterilization-definition-principle-advantages-disadvantages/
https://microbeonline.com/moist-heat-sterilization-definition-principle-advantages-disadvantages/
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A. Determination of Glucose metabolism 

B. Determination of O2 Uptake 

C. Determination of Lactic acid production 

D. Determination of CO2 production 

E. Determination of Total protein and Total DNA content 

3. DETERMINATION OF CELL NUMBER: 

A. Direct Methods 

i. Breed method or direct microscopic count 

ii. Counting chamber method 

iii. Coulter-Counter method 

B. Indirect Methods 

i. Plate count technique  

ii. Membrane filters technique. 

Wet Weight Measurement: 

• Measurement of cell mass is an easy step of cell growth measurement. 

• A known volume of culture sample from the ferment or is withdrawn and centrifuged. 

• Wet weight of pellets is measured by using pre-weighed filter paper. 

• A pre-weighed filter paper of similar size is used to subtract the weight of wet filter paper. 

• Thus wet-weight of cells is calculated. 

Dry Weight Measurement: 

• This is one of the simplest indirect methods in situations where determining the number of 

microorganisms is difficult or undesirable for other reasons. 

• These methods measure some quantifiable cell property that increases as a direct result of 

microbial growth. 

• Dry weight measurement of cell material is similar to that of wet weight. 

• Portions of a culture can be taken at particular intervals and centrifuged at high speed to sediment 

bacterial cells to the bottom of a vessel. 

• The sediment cells (called a cell pellet) are then washed to remove contaminating salt, and dried in 

an oven at 100-105°C to remove all water, leaving only the mass of components that make up the 

population of cells. 

• An increase in the dry weight of the cells correlates closely with cell growth. 

• However, this method will count dead as well as living cells. 
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• There might also be conditions where the dry weight per cell changes over time or under different 

conditions. For example, some bacteria that excrete polysaccharides will have a much higher dry 

weight per cell when growing on high sugar levels (when polysaccharides are produced) than on 

low. 

• If the species under study forms large clumps of cells such as those that grow filamentous, dry 

weight is a better measurement of the cell population than is a viable plate count. 

• Dry weight of about one million cells of E. coli is equal to 150 mg. 

• Dry weight of bacterial cells is usually 10-20% of then- wet weight. 

Determination of nitrogen content 

• The major constituent of cell material is protein, and since nitrogen is a characteristic part of 

proteins, one can measure a bacterial population or cell crop in terms of bacterial nitrogen. 

• Bacteria average approximately 14% nitrogen on a dry weight basis, although this figure is subject 

to some variation introduced by changes in culture conditions or differences between species. 

• To measure growth by this technique, first harvest the cells and wash them free of medium and 

then perform a quantitative chemical analysis for nitrogen. 

• Furthermore, the method is applicable only for concentrated populations. 

For these and other reasons, this procedure is used primarily in research. 

Spectrophotometry - Turbidometric Analysis: 

• The turbidity or optical density of a suspension of cells is directly related to cell mass or cell 

number. 

• The method is simple but the sensitivity is limited to about 107 cells per ml for most bacteria.  

Principle: 

• Incident light (passed through bacterial cell suspension) = Light absorbed by 

microorganisms + Light scattered by microorganisms + Light transmitted through 

microorganism suspension. 

• Absorbance is the intensity of light absorbed by the particles/ microorganisms, which is measured 

by using a spectrophotometer. 

• Microbial cells scatter light that strikes them so when light is passed through bacterial cell 

suspension, light is scattered by the cells. 

• Scattering of light increases with increase in cell number. 

• As culture density increases (due to increase in cell number) the scattering (transmission) of light 

becomes less and can be measured by spectrophotometer. 
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• Thus cell growth of any bacterial suspension at a particular wavelength at different intervals can be 

measured in terms of absorbance and a standard graph (between absorbance and cell concentration) 

can be prepared. 

• Determination of number of microorganism can be determined by extrapolating the test absorbance 

in the graph. 

Detecting Acid and Gas Production 

• The bacterial growth can be indirectly estimated by detecting specific changes caused in growth 

medium as a result of activity and multiplication of bacterial cells. 

• It includes detecting activity cell products such as acid and gas production. 

• Differential culture media can be used to differentiate between different kinds of bacteria by 

detecting acid or gas production. 

• Differential media uses the biochemical characteristics of a microorganism growing in the 

presence of specific nutrients or indicators. 

• Amount of acid/ gas produced can be measured to detect the number of bacteria in the media.  

• To measure acid production one can use a pH indicator in the media. 

• The dye reduction tests such as methylene blue and resazurin reduction tests is based on the fact 

that the color imparted to milk by the addition of a dye such as methylene blue will disappear more 

or less quickly. 

• Removal of the oxygen from milk and the formation of reducing substances during bacterial 

metabolism cause the color to disappear. 

• The agencies responsible for the oxygen consumption are the bacteria. 

• Though certain species of bacteria have considerably more influence than others, it is generally 

assumed that the greater the number of bacteria in milk, the quicker will the oxygen be consumed, 

and in turn the sooner will the color disappear. 

• Thus, the time of reduction is taken as a measure of the number of organisms in milk although 

actually it is likely that it is more truly a measure of the total metabolic reactions proceeding at the 

cell surface of the bacteria. 

• Gas production by bacteria is another major activity which can be taken up as an index of bacterial 

growth. 

• Detection of gas production using Durham tube and change in color of the growth medium due to 

reduction of pH sensitive ingredients present in medium are commonly used for detection of acid 

and gas producing coliforms and yeasts. 
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STUDY OF DIFFERENT TYPES OF MICROSCOPE 

• Phase contrast microscopy  

• Dark field microscopy  

• Electron microscopy 

Microscope is an instrument which provides a magnified image of an object, which is not visible 

with the naked eye. 

TYPES OF MICROSCOPE 

1. Optical microscope 

A. Compound Microscope: Compound microscope achieves higher levels of magnification and 

isused to view smaller specimens such as cell structures which cannot be seen at lower levels of 

magnification. 

B. Phase contrast microscope: A microscope that visualizes minute surface irregularities by using 

light interference. It is commonly used to observe living cells without staining them. 

C. Polarizing microscope: A microscope that uses different light transmission characteristics of 

materials (crystalline structures), to produce an image. 

D. Fluorescence microscope: A microscope that observes fluorescence emitted by samples by 

using special light sources such as mercury lamps and specimen stained with fluorescence materials. 

2. Electron microscope: These microscopes emit electron beams, not light beams, toward targets to 

magnify them. 

Phase-Contrast Microscope 

• Phase contrast can be employed to distinguish between structures of similar transparency. 

• Contrast is defined as the difference in light intensity between the specimen and the adjacent 

background relative to the overall background intensity. 

• This is used to study the behavior of living cells, observe the nuclear and cytoplasmic changes 

taking place during mitosis and the effect of different chemicals inside the living cells. 

• The phase contrast technique employs an optical mechanism to translate minute variations in phase 

into corresponding changes, which can be visualized as differences in image contrast. 

• One of the major advantages of phase contrast microscopy is that living cells can be examined in 

their natural state without previously being killed, fixed, and stained. As a result, the dynamics of 

ongoing biological processes can be observed and recorded in high contrast with sharp clarity of 

minute specimen details. 
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The Dark Field Microscope 

 Dark-field microscopy (also called dark-ground microscopy) describes microscopy methods, 

in both light and electron microscopy, which exclude the unscattered beam from the image. 

As a result, the field around the specimen (i.e., where there is no specimen to scatter the 

beam) is generally dark. 

 In optical microscopy, dark-field describes an illumination technique used to enhance the 

contrast in unstained samples. It works by illuminating the sample with light that will not be 

collected by the objective lens and thus will not form part of the image. This produces the 

classic appearance of a dark, almost black, background with bright objects on it. 

 Dark-field studies in transmission electron microscopy play a powerful role in the study of 

 crystals and crystal defects, as well as in the imaging of individual atoms. 

 Dark-field microscopy is a very simple yet effective technique and well suited for uses 

involving live and unstained biological samples, such as a smear from a tissue culture or 

individual, water-borne, single-celled organisms. Considering the simplicity of the setup, the 

quality of images obtained from this technique is impressive. 
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 The main limitation of dark-field microscopy is the low light levels seen in the final image. 

This means that the sample must be very strongly illuminated, which can cause damage to 

the sample. 

The Electron Microscope 

• The organelles of the cell became known after the electron microscope was invented. 

• The electron microscope was developed in 1932 by M. Knoll and Ruska in Germany. 

• This microscope utilizes a stream of high speed electrons which are deflected by an 

electromagnetic field. 

It consists of: 

i. A source of supplying, a beam of electron of uniform velocity 

ii. A condenser lens for concentrating the electron on the specimen 

iii. A specimen stage for displacing 

iv. The specimen which transmits the electron beam 

v. An objective lens 

vi. A projector lens 

vii. Fluorescent screen on which final image is observed. 

There are two types of electron microscopes: 

1. Transmission electron microscope (TEM) 

2. Scanning electron microscope (SEM) 

 The original form of electron microscope, the transmission electron microscope (TEM) uses 

a high voltage electron beam to illuminate the specimen and create an image. 

 The electron beam is produced by an electron gun, commonly fitted with a tungsten filament 

cathode as the electron source. 

 The electron beam is accelerated and focused by electrostatic and electromagnetic lenses. 

 Electrons transmitted through the transparent part of the specimen scatters them out of the 

beam. 

 When it emerges from the specimen, the electron beam carries information about the 

structure of the specimen that is magnified by the objective lens system of the microscope. 

 The spatial variation in this information (the "image") may be viewed by projecting the 

magnified electron image onto a fluorescent viewing screen. 

 Alternatively, the image can be photographically recorded by exposing a photographicfilm or 

plate directly to the electron beam. 
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IMPORTANT QUESTIONS: 

10 Marks 

1. Classify bacteria on the basis of nutritional requirements and add a note on raw materials 

used  

2. and classify culture media. Mention salient feature of each media along with an example. 

3. Draw an ultra structure of typical bacteria. Write composition and functions of its organelles. 

4. Classify bacteria on the basis of morphological features. Add a note on composition and 

functions of Cell wall. 

5. Differentiate between gram positive and Gram negative cell wall. Add a note on principle 

and Procedure of Gram’s staining technique. 

6. Describe bacterial growth curve. Add a note on physical factors affecting growth of bacteria. 

7. Mention methods used for identification of bacteria. Explain any four biochemical tests used 

for Identification of bacteria. 

8. What is pure culture? Enlist methods for isolation of pure culture? Describe any two 

https://en.wikipedia.org/wiki/Growth_medium
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industrially techniques of preserving bacteria. 

9. Write about importance of microbial preservation technique. Write procedure, merit and 

demerit of any Four preservation techniques. 

10. What is pure culture? Write in detail about isolation of pure culture. 

 

5 marks 

1. Write a note on raw materials used for preparation of culture media. 

2. Define and classify culture media with examples. 

3. Classify bacteria on the basis of morphological features. 

4. Differentiate between gram positive and Gram negative cell wall. 

5. Write principle and procedure of Gram’s staining technique. 

6. Write principle and procedure of Acid-fast staining. 

7. Describe bacterial growth curve. 

8. Explain IMVIC tests used for identification of bacteria. 

9. Explain MR-VP tests used for identification of bacteria. 

10. Write a note on cultivation of anaerobic bacteria. 

11. Write about methods for maintenance of pure culture. 

12. Write about importance of microbial preservation technique. 

13. Differentiate between prokaryotes and Eukaryotes 

14. Outline working of TEM and SEM 

15. Give the principle and main characteristic of phase contrast microscopy 

16. Explain the principle of Electron microscope. 

 

2 marks 

1. Differentiate between flagella and fimbrae. 

2. Differentiate between enrichment and selective media. 

3. Differentiate between log phase and decline phase. 

4. Differentiate between acid fast and non acid fast bacteria. 

5. Differentiate between bacteria and virus. 

6. Differentiate between fungi and bacteria. 

7. Mention reagents used for acid fast staining. 
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8. Mention role of each chemical used in gram’s staining. 

9. What is basal media? Give example. 

10. What is enriched media? Give example. 

11. What is differential media? Give example. 

12. What is the role of agar in culture media. 

13. What is selective media? Give example. 

14. What is pour plate method, write its uses. 

15. Mention arrangement based classification of cocci. 

16. What is lag phase of growth. 

17. What is log phase of growth. 

18. What is stationary phase of growth. 

19. What is decline phase of growth. 

20. List out the different phases of growth of bacteria 
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