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List of Experiments 

S.No. Experiments 

1 Aseptic techniques and Media preparation (Both liquid and solid) 

2 Purification techniques of microorganisms (Streak plate) and preservation methods of 

bacterial cultures 

3 Staining Techniques (Simple, Gram staining, and spore staining) 

4 Motility test by Hanging drop method 

5 Biochemical Characterization of Bacteria–  IMViC test 

6 Enzyme based biochemical characterizations-Catalase test 

7 Enzyme based biochemical characterizations-oxidase test 

8 Enzyme based biochemical characterizations-Urease test 

9 Triple sugar Iron agar test-H2S production 

10 Casein and Starch Hydrolysis 

11 Antibiotic sensitivity test-Kirby-Bauer assay 

12 Identification of Bacterial morphology by phase contrast Microscopy/Live and dead 

bacterial cells by Fluorescence Microscopy 

13 Identification of bacteria using 16s-rRNA sequencing (Demonstration) 

 

 

 

 

 

 

 

 

 

 

 



3 

 

Experiment No.1:                  Aseptic techniques and Media preparation 

Aim:  
To acquire the knowledge on aseptic techniques and develop the skill of media 
preparation for culturing the microbes 

 

Principle: 
 
Aseptic techniques are a fundamental and important laboratory skill in the field of microbiology. 
Microbiologists use aseptic techniques for a variety of procedures such as transferring cultures, 

inoculating media, isolation of pure cultures, and for performing microbiological tests. Proper 
aseptic technique prevents contamination of cultures from foreign microbes inherent in the 

environment. For example, airborne microorganisms (including fungal spores), microbes picked 
up from the researcher’s body, the lab bench-top or other surfaces, microbes found in dust, as 

well as microbes found on unsterilized glassware and equipment, etc. may potentially 
contaminate cultures, thus interfering with the lab results. Using proper aseptic technique can 

greatly minimize or even eliminate the risk of microbial contamination. In addition, aseptic 

technique is of utmost importance to maintain pure stock cultures while transferring cultures to 
new media. Aseptic technique is also essential for isolation of a single species of microorganism 

from a mixed culture to obtain a pure culture. Furthermore, proper aseptic technique prevents 
microbes used in the laboratory from accidentally being released into the environment and/ or 

infecting people working in the laboratory. This is especially relevant when pathogens are being 
handled. 

 

As microorganisms are ubiquitous, it is always safe to assume that any environment we are in is 
filled with them. Before starting today’s exercise let us acquaint ourselves with certain important 
aspects of asepsis. 

 
a) Work Area Disinfection: Before starting the experiment, the work bench surface must 

be sprayed with 70% ethanol to disinfect the place. It must be rubbed down into all 
regions. The mistake of wiping the work bench with towels or tissues to spread the 
ethanol will only introduce new microbes. Therefore, the best thing to do is to let the 
volatile ethanol evaporate on its own. 

 
b) Transfer Instruments - Loops and Needles: Wire loops and needles are made out of 

inert materials such as platinum. They are extremely durable and can be sterilized by 
incineration. To do this, place the loop in the blue part of the Bunsen burner flame as it is 
the hottest and allow the loop to get red hot and then remove. Cool the transfer 
instrument down before inserting into culture. This procedure has to be carried out prior 
to any inoculation and after any inoculation.  

c) Culture Tube Flaming: Prior to inserting the loop into the culture tube, remove the lid 

of the tube and flame the tip of the tube so as to avoid entry of any air contaminants. This 

has to be carried out before and after insertion of loop into tube culture. 

d) General Sterilization:  
Sterilization is the process of destroying all forms of microbial life-vegetative and 
sporulation. It is important that all equipment used in a microbiological experiment is 
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sterilized in order that a particular organism of interest is grown, without contamination 
from the surrounding environment. 

 
Several methods are employed in the process of sterilization to sterilize the various 
equipments used in an experiment. These methods are broadly classified as PHYSICAL 
and CHEMICAL methods: 

I) PHYSICAL AGENTS: 

The major physical agents used for the control of microorganisms are TEMPERATURE, 
RADIATION, and FILTRATION. 

 

1. TEMPERATURE: Microorganisms can grow over a range of temperatures, from very low 
temperatures characteristics of psychrophiles, to very high temperatures characteristics of 
thermophiles. Temperatures above a maximum generally kill microbes; sterilization can be 
achieved by high temperatures as DRY HEAT or MOIST HEAT. 
 
 DRY HEAT STERILIZATION: Dry heat sterilization is achieved in hot air oven. 

Laboratory items like petriplates, Erlyn Meyer flasks, pipettes, test tubes, dry powders, 
glycerol and other oils etc. are sterilized in hot air oven. Such material can be sterilized by 
placing in hot air, at a temperature of 160°C for 120 mins. 

 
      Alternatively, equipment like forceps, inoculation needle etc. can be sterilized by direct     

heating on a flame till red hot. Thus it brings about destruction of unwanted organisms 
without changing the nature (flavor) of the material. This process involves heating at that 
temperature for 15 mins and then cooling it quickly to 0-5°C.  

       PRINCIPLE INVOLVED IN DRY HEAT STERILIZATION: Dry heat oxidizes        
      chemical components of organisms and thus destroying them. 

  
 MOIST HEAT STERILIZATION: High temperatures combined with high moisture are 

one of the most effective ways of sterilization.  
      PRINCIPLES INVOLVED IN MOIST HEAT STERILIZATION: Moist heat coagulates    
      the microbial proteins, and is hence more rapid in killing microbes. 
 

       Moist heat can be applied in the following ways in order to bring about sterility: 
 
      STEAM UNDER PRESSURE: Provides temperatures higher than those obtainable by any    
      coagulation of proteins. Autoclave is a device used in the laboratory to sterilize                        
      media solution and to kill discarded cultures. 
 
      It is operated at 151lbs/sq. inch pressure, which yields a temperature of 121°C  
     effective in bringing about sterility in 15 min. 
 
 FRACTIONAL STERILIZATION OR TYNDALLISATION: Some microbial solutions 

cannot be heated over 100°C without being damaged. Such materials are sterilized by 
tyndallisation, which involves heating at 100°C on three successive days with incubation 
periods in between. Resistant spores germinate during the period of incubation that is killed 
on heating the subsequent day.  

 PASTEURISATION: Milk, cream and other alcohol beverages are subjected to controlled 
heat treatment which kills microbes of a certain type alone. 

 

2. RADIATION: When ionizing radiation pass through cells, they create free hydrogen 
radicals,, hydroxyl radicals and peroxides that cause intracellular damage, resulting in 
destruction of microbes. This method of sterilization is effective for sterilizing heat liable 
materials. Thus, it is also called COLD STERILIZATION. 
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UV light is the most effective region of the electromagnetic spectrum, and is employed in 
disinfecting of inoculation chamber and hospital operating rooms. UV light alters nucleic acids 
and results in a pyrimidine dimer, thus inhibiting DNA replication. 

 

3. FILTRATION: This technique is used when the material to be used is heat liable and cannot 
be sterilized by heating for e.g. Solutions of proteins, vitamins etc. Filters of pore size 0.03µ-
0.08µ are used to filter off microbes, thus rendering the filtrate sterile. Pore size, electric charge 
of filter, charge carried by the organisms and nature of fluid being filtered affect efficiency of 
filtration. E.g. Acity filters, Berkefeld filter, membrane filter are all microbial filters. 
 

II.CHEMICAL AGENTS: 

 

Ethyl Alcohol (70%) finds indispensable use for disinfecting hands before and after a 
microbiological experiment, and also to disinfect the inoculation chamber or area where the 
experiment is conducted. 

 

Several groups of chemicals can be used as antimicrobial agents: 
 

S.No. Group Action Example 

  Denature proteins and solubilize Ethanol, 

1. Alcohol lipids Glutaraldehyde 

2. Aldehyde Alkylate, reacts with-NH2,SH- I2 

3. Halogens COOH Cl2 

4 Heavy Metals I2 inactivates proteins oxidize cells. HgCl2 

  Precipitates and inactivates proteins  

5 Gases (used for surface sterilization) Ethylene Dioxide 

  Alkylates organic compounds;  

6 Detergents Disrupt cell membrane  

  Denature protein & disrupt cell  

7 Phenols membrane  
 
 

Media Preparation  

 

To prepare the different culture media for growing microorganisms and to learn 
method for maintaining bacteria in laboratory for long time 

 

GENERAL PURPOSE OF MEDIA PREPARATION 

 

1. Compare the different types of media.  
2. Describe the different formats of media, plate, tube, etc.  
3. Explain how to sterilize it, and how to distribute it in different formats.  
4. Produce Nutrient agar (NA) plates, NA slants, and Nutrient broths (NB) which will be   
       used in subsequent lab periods.  
5. Know the laboratory equipment and culture media needed to develop and maintain pure    
       cultures. 
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6. Carry out aseptic technique for the removal and transfer of microorganisms for culturing.  
7. Correctly sterilize and flame transfer instruments and tubes.  
8. Properly incubate culture media at the appropriate temperature for the organism and the  
       length of incubation. 
 

PROCEDURE 

A clean Erlenmeyer flask was taken with 200 ml of distilled water. Appropriate 
quantities of chemicals are weighed accurately and dissolved one by one taking care to add the 
next chemical only after the dissolution of the first one, except agar. The total volume of the 
medium was made up to 1 litre. The medium is then distributed into 250 ml. Erlenmeyer flasks 
of 100 ml each and were plugged tightly with non-absorbent cotton and wrapped with a paper 
and tied with thread. Then the flasks were sterilized at 121°C for 15 minutes with 15 lbs/in in an 
autoclave. 

 

ENRICHED MEDIA 

Enriched media are media which allow fastidious organism to grow because of the 
presence of specific nutrient additives such as blood, serum, hemin, etc. An example of 
this category is the blood agar and chocolate agar. 
  
Blood agar was prepared by adding 5% of sheep blood or blood from other sources to 
precooled nutrient agar. It is also a differential medium to differentiate hemolytic and 
non-hemolytic colonies. It is widely used to isolate Streptococcus spp. from clinical 
specimens. 
 
Chocolate agar is prepared by slightly heating the media in a water bath to about 65-
70°C. 
  
Bright red color of blood agar will change to chocolate color due to the oxidation of 
haem to hemin. It is generally used to isolate fastidious pathogens like Neisseria and 
Haemophilus. 
 

DIFFERENTIAL MEDIA 

Differential media are media that aid in the presumptive identification of bacteria based 
on the organisms appearance in the medium. Common example of differential media is 
MacConkey agar. MacConkey agar is used to differentiate lactose fermenting gram 
negative bacteria from lactose non-fermenting bacteria. 

MacConkey is a differential and selective medium. The nutritive base included the 
peptone. The medium is made differential by incorporating lactose and a pH indicator 
neutral red to detect the acid formation by fermentation of lactose. It is made selective for 
Gram negative bacteria by incorporating sodium taurocholate. Lactose fermenting 
colonies appear pink color with a pink halo, against the light pinkish medium. Non-
lactose fermenting colonies are colorless or with the color of the medium. 
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SELECTIVE MEDIA 

Selective media are media that contain additives that enhance the presence of the desired 
bacteria by inhibiting the other bacteria. Example is again MacConkey agar whose 
preparation is explained in previous section. MacConkey is selective for Gram positive as 
it contains selective inhibitor of Gram positive bacteria, Sodium taurocholate. 

Eosin methylene blue (EMB) agar is another selective medium for isolating E.coli. 
Pancreatic digest is the nutrient component and Eosin and methylene blue are the 
selective agents inhibiting the Gram positive bacteria. Bacteria that ferment lactose bind 
to the dye under acidic condition and appear as blue-black colonies with metallic sheen. 
Under less acidic conditions, other colonies appear pinkish without metallic sheen. 

MYCOLOGICAL MEDIA 
Sabouraud’s Dextrose agar (SDA) is a general purpose media to isolate and cultivate 

fungi. It has 4% dextrose and a pH of 5.6. This low pH reduces the bacterial 

contamination. The original composition is now modified by adding antibiotics to prevent 

bacterial contamination. 

PLATES: 

The sterilized medium is cooled to 45-50°C and poured into sterile petriplates. About 20 
ml of the medium poured into each of the sterile petriplates and allowed to solidify. 
Incubate in an incubator overnight before use. 

SLANTS: 

The molten medium after adjusting the pH is poured into test tubes, 5 ml each and the 

test tubes are placed in a slanted position so that they with solidify with maximum 

surface area on the slant region and butt region. 

DEEPS: 
Deeps are prepared by pouring the molten medium in sterile glass test tubes and then 

placed in a vertical position. The tubes are then cooled in cold water and are used to 

maintain cultures for long periods of incubation. 

 

1.Composition of Nutrient of nutrient agar (g/L): 

pH (7.2) 

Beef extract 3.0g 

Peptone 5.0g 

NaCl 5.0g 

Distilled water 1 litre 

Agar 20g 

2. Composition of MacConkey agar (g/100 ml) 

Peptone 2.0g 

Lactose 1.0g 

Sodium taurocholate 0.2g 
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Sodium chloride 0.5g 

Agar 1.5g 

Neutral red 0.03g 

Distilled water 100 ml 

pH 7.2 ±0.2  

Weighed the ingredients, dissolved by boiling in a water bath and then autoclaved at 15lb 
pressure for 15 minutes. 

3. Composition of EMB agar (g/L) 

Peptone 10.0g  

Lactose 10.0g  

Di-pottassium hydrogen phosphate 2g  

Eosin-Y 0.4g  

Methylene blue 0.065g 

Agar 15g 

Distilled water 1 litre 

pH 7.1  

Weighed these chemicals and dissolved in one litre of distilled water and autoclaved. 

4. Composition of PDA (g/L): 

Potato 200 g 

Dextrose 20 g 

Agar 18 g 

Distilled water 1000 ml 

pH 5.6. Mixed the ingredients and autoclaved. 

5. Composition of Martins Rose Bengal agar (g/L) 

KH2PO4 20.0g  

MgSO4.7H2O 1.0g  

Peptone 5.0g  

Dextrose 10.0g  

Distilled water 1 litre  

Agar 20.0g  

Rose Bengal 3.3 ml  

Streptomycin 

30.3mg  

(added after 

autoclaving)  

 

RESULT AND INTERPRETATION: 
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Expt. No: 2 

Isolation and enumeration of bacteria from soil sample 

AIM: 

To isolate and enumerate bacteria from the given soil sample by the serial dilution 
technique using aseptic techniques. 

PRINCIPLE: 

Microorganisms are persisting everywhere including soil, water, and air. The isolation of 

microorganisms is very much required for various purposes such as the production of industrially 

important products like enzymes, antibiotics, vitamins, proteins, etc. 

Addition of samples directly to the medium will lead to dense colonies, from which we 

could not able to differentiate the colonies and their morphology and also the purification of 

colonies become very difficult. Serial dilution of the samples is a viable technique to isolate the 

microorganisms as individual colonies and differentiate the morphology of isolated bacterial 

strains. Two types of plating methods are used for the isolation and cultivation of 

microorganisms: 1) Pour plate and 2) Spread plate. 

REQUIREMENTS: 

Sterile blanks (9 ml), 1 sterile blank (10ml), soil samples, 18-20 sterile petriplate, 

nutrient agar plates, 10 sterile pipettes (1ml), melted nutrient agar, inoculation loop, bunsen 

burners, marker pen and sterile chamber. 

I. Isolation 

 

Procedure: 

1. SERIAL DILUTION: 

Exactly 1 ml of the given soil sample is dissolved well in the 10 ml blank and large 

particles are dissolved to settle. This solution is labelled as 10
-1

. From this test tube, 1 ml of 

solution is taken and added to a 9 ml blank, mixed evenly and labelled as dilution 10
- 2

. In the 

same manner, the dilutions are prepared up to 10
- 8

 using sterile pipettes for each transfer. For 

the given soil sample, aliquots from the 10
-5

, 10
-6

 and 10
-7

 were taken for the plating. 

2. ISOLATION OF MICROORGANISM BY POUR PLATE METHOD 

Pour plating is a technique useful for isolation and enumeration of microbes. 1 ml of 

the above selected dilutions was pipetted into sterile petriplates in the close proximity of a 

Bunsen burner flame. Melted nutrient agar in appropriate warmth (about 50ºC) was poured over 

the inoculum and the plates were swirled to evenly distribute the inoculum. Plates of a particular 



10 

 

dilution were prepared in duplicates. The agar was allowed to solidify and the plates were 

inoculated at a temperature of 35ºC in an inverted manner for a period of 24-72 hours. The 

colonies formed were counted using a colony counter and plates having colonies between 30 and 

300 are selected for determining colony forming units. 

3. ISOLATION OF MICROORGANISM BY SPREAD PLATE METHOD 

From the above selected dilution, 0.5 ml is transferred to the surface of a solid agar 

medium. The inoculum is spreaded over the agar evenly by using an L- shaped bent glass rod by 

rotating the petri plates. The bent glass rod is sterilized by showing to the flame after dipping in 

alcohol. Plates can also be spin for spreading on a turn table. While the turn table is spinning, 

lightly touch the sterile bent rod to the surface of the agar and move it back and forth. This will 

spread the culture over the agar surface. 

II. Enumeration 

 

The number of colony forming units (CFU) was calculated using the formula: 

No. of colonies x Dilutions factor = CFU/gram of sample 

(Dilution factor is the reciprocal of the dilution taken for the plating)        

A. Pour plate method 

DILUTION No. of colonies 
  

  

  

Total No. of bacteria present in the soil sample = CFU/g of soil 

B. Spread plate method  

   

 
DILUTION No. of colonies 

 

  

 
  

 
  

Total No. of bacteria present in the soil sample = CFU/g of soil 

Growing microorganisms directly from any source is not viable method. Serial dilution is 
the best method. 
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In order to execute a reliable colony count, the suspension containing 
the desired microorganism must be diluted first to an appropriate concentration. 

III. Purification: 

 

The selected bacterial colonies were further sub cultured several times (3-5 days) on the same 
medium until the purity. 

 

RESULT: 
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Expt. No.:11 

Date: 

DETERMINATION OF ANTIBIOTIC SENSITIVITY BY KIRBY-BAUER ASSAY 

 

AIM: 

To determine the sensitivity of bacterial isolates to antibiotics using Kirby-Bauer method 
by agar disc diffusion technique. 

 

PRINCIPLE: 

 
An antibiotic is an antimicrobial chemical compound produced by microorganisms 

against other microorganisms. These antimicrobial compounds can be used for the treatment 
of microbial infections in human beings. The purpose of the Kirby-Bauer disk diffusion 
susceptibility test is to determine the sensitivity or resistance of pathogenic aerobic and 
facultative anaerobic bacteria to various antimicrobial compounds. The pathogenic organism is 
grown on Mueller-Hinton agar in the presence of various antimicrobial impregnated filter 
paper disks. The presence or absence of growth around the disks is an indirect measure of the 
ability of that compound to inhibit that organism. During incubation, the antibiotic diffuses 
from the disc into the agar in decreasing amounts the further it is away from the disc. If the 
organism is killed or inhibited by the concentration of the antibiotic, there will be no growth in 
the immediate area around the disc which is called as the zone of inhibition. In this test, results 
are usually reported as sensitive, intermediate, or resistant, based on the size of the zone of 
inhibition. If the observed zone of inhibition is greater than or equal to the size of the standard 
zone, the microorganism is considered to be sensitive to the antibiotic. Conversely, if the 
observed zone of inhibition is smaller than the standard size, the microorganism is considered 
to be resistant. The antibiotic sensitivity test is also used to identify the organisms based on its 
sensitivity to various antibiotics. 

MATERIALS REQUIRED: 

Muller Hinton agar plates, Bacterial strains, Antibiotics Discs, Sterile swabs for lawn 

cultures 

 

PROCEDURE: 

1. The surface of Muller-Hinton agar plates were inoculated with the well grown 

culture broth using a sterile cotton swab.  

2. To ensure the uniform and confluent growth, the swab was passed over the 

entire surface of the plate for at least three times.  

3. Each antibiotic disc was made adhere perfectly to the surface of the agar by 

gentle pressing. Disc should be at least 2cm apart to prevent the merging of 

zones of inhibitions.  

4. The plates were incubated at 37℃ for 24 hours. The zone of inhibition around 

individual disc was observed and the diameters were noted down in mm. 

 

RESULTS & INTERPRETATION: 
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Expt. No.: 12   

Date: 

 

DIFFERENTIATION OF LIVE AND DEAD CELLS BY FLUORESCENCE 

MICROSCOPY-DEMONSTRATION 

 

AIM:  

To differentiate the live and dead bacterial cells upon exposure to antibiotics using fluorescence 

microscopy. 

 

PRINCIPLE: 

Fluorescence microscope has enormous applications in various research fields. In 

bacteriology, the fluourescence microscope is used to differentiate the live and dead bacterial 

cells from the bacterial cultures of before and after antibiotic treatment by subjecting the 

bacterial cells to dual staining method using 4,6-diamidine-2-phenylindole dihydrochloride (for 

live cells) and Propidium Iodide (PI) (for dead cells). DAPI (4', 6-diamidino-2-phenylindole) is a 

fluorescent dye which can bind DNA strands robustly and it can dye both live and fixed cells as 

it can cross intact membrane, with higher efficiency in fixed cells. DAPI could pass through the 

cell and nucleic membranes and bind the double-strand DNA in the nucleus, producing 20 times 

stronger fluorescence than itself. The efficiency detected by fluorescence microscope is very 

high (almost 100%), having no side effects for the live cells. Propidium iodide (PI) is a 

membrane impermeant dye that is generally excluded from viable cells. It can only pass through 

disordered areas of membrane of dead cells and intercalates with the DNA of the nuclei, emitting 

red fluorescence light. 

 

MATERIALS REQUIRED:   

 

Preparation of DAPI (4, 6-diamidine-2-phenylindole dihydrochloride) stock solution:  

Dissolved 1mg /ml of powder in PBS (pH 7.2) and make appropriate aliquots that can be stored 

at -20°C.  

 

Phosphate buffered saline (PBS) solution (1L):  

1. Dissolved 0.69 g NaH2PO4.H2O, 1.34 g NaH2PO4.7H2O and 7.6 g NaCl 

in 800 ml of distilled water.  

2. Adjust pH to 7.5 with 1N HCl or 1N NaOH 

3. Made to 1L with distilled water.  

4. Autoclaved at 121°C for 15 minutes.  
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CAUTION: Use caution when using DAPI; it can potentially bind with your own DNA if you 

spill it on yourself. Wear a pair of latex gloves for the adequate protection while using DAPI.  

 

Preparation of Propidium Iodide (PI) stock solution:  

Propidium Iodide Stock solution: 1 mg/ml in PBS (pH 7.5).  

PROCEDURE: 

 

1. The mid log culture was inoculated in the Muller Hinton broth and the optical density of 

the initial cell concentrations were noted.  

2. One mg/ml of antibiotic was added to the above culture tube and incubated at 37°C for 

24 hours.  

3. The inhibition of growth of the microorganisms by the antibiotics was determined by 

measuring the optical density (turbidity) of the microorganisms.  

4. One ml of bacterial culture before or after the treatment with antibiotics is collected in 

clean, sterile test tube.  

5. Added 25μl DAPI and PI stains from stock solution and allowed standing incubation for 

20 minutes.  

6. After 20 minutes, 1 drop of sample was placed on top of the glass slide and then the 

cover slip was kept above the sample without any air bubbles.  

7. Removed the excess of liquid and observed under fluorescence microscope.  

 

** [DAPI (excitation 358 nm, emission 461 nm).Propidium iodide (excitation 536 nm, emission 

617 nm)]. 

 

RESULTS & INTERPRETATION: 
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