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Introduction to Sterilization Techniques
Aim

The aim of sterilization techniques is to achieve a state of sterility, ensuring that all viable
microorganisms are destroyed or removed from an object, surface, or medium.

Principles

The principle of sterilization is based on either physical or chemical means to achieve the
destruction of all microbial life. The effectiveness of sterilization depends on factors such as
the nature and level of microbial contamination, the physical and chemical properties of the
material to be sterilized, and the method used.

Materials

1. Sterilization Equipment:
o Autoclave
o Hot air oven
o Incinerator
o Filtration unit
o Chemical sterilants (e.g., ethylene oxide, formaldehyde)
2. Indicators:
o Biological indicators (spore strips)
o Chemical indicators (tape, integrators)
3. Culture Media:
o Nutrient agar
o Broth media
4. Microbial Cultures:
o Test microorganisms (e.g., Bacillus stearothermophilus for steam sterilization)

Methodology and Procedure

1. Autoclaving (Steam Sterilization):
o Preparation: Load items to be sterilized in the autoclave.
o Procedure:
= Set the autoclave to 121°C at 15 psi pressure for 15-20 minutes.
= Use biological indicators to validate the sterilization process.
o Post-Sterilization: Allow the autoclave to cool before opening. Check
indicators for sterility.
2. Dry Heat Sterilization:
o Preparation: Place items in a hot air oven.
o Procedure:
= Set the oven to 160-170°C for 2-3 hours.
= Use chemical indicators to verify the process.
o Post-Sterilization: Allow to cool gradually. Check indicators for sterility.
3. Chemical Sterilization:
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o Preparation: Prepare chemical sterilant solution.
o Procedure:
= Submerge items in the chemical solution (e.g., ethylene oxide,
glutaraldehyde) for the recommended time.
= Ensure adequate ventilation and safety measures are in place.
o Post-Sterilization: Rinse items with sterile water if necessary. Use
appropriate indicators.

4. Filtration:
o Preparation: Assemble the filtration unit with a suitable membrane filter
(e.g., 0.22 pm).

o Procedure:
= Pass the liquid to be sterilized through the filter.
= Collect the sterile filtrate in a sterile container.
o Post-Sterilization: Verify sterility by culturing filtrate on nutrient agar.

Results of Experiment

After performing the sterilization procedures, the effectiveness of each method is validated
using appropriate indicators.

1. Autoclaving:
o Biological indicator (spore strip) shows no growth after incubation, indicating
successful sterilization.
2. Dry Heat Sterilization:
o Chemical indicators change color, indicating the correct temperature was
maintained.
3. Chemical Sterilization:
o No microbial growth observed on culture media after exposure to the chemical

sterilant.
4. Filtration:
o Sterile filtrate shows no microbial growth when cultured, confirming effective
filtration.
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Preparation of liquid and solid media for growth of microorganisms

Aim: The aim of preparing liquid and solid media for the growth of microorganisms is to
cultivate and maintain microbial cultures under laboratory conditions to study their
characteristics, behaviors, and biochemical properties.

Principle: The principle behind microbial culture media is to provide essential nutrients and
appropriate environmental conditions that support the growth and proliferation of
microorganisms. Liquid media (broth) allow for the growth of microbes in a uniform
suspension, while solid media (agar plates) provide a surface for colony isolation and
observation of morphological characteristics.

Materials:

1. Media Components:
o Liquid Media (Broth): Nutrient broth, Luria-Bertani (LB) broth, or other
specific liquid media.
o Solid Media (Agar): Nutrient agar, LB agar, or other specific solid media.
o Distilled Water
2. Equipment:
Autoclave
Erlenmeyer flasks
Petri dishes
Measuring cylinders
pH meter
Bunsen burner or a sterilized workspace
o Sterile inoculating loops or pipettes
3. Other:
o Weighing balance
o Sterile containers
o Labeling materials

o O O O O O

Methodology and Procedure:
Preparation of Liquid Media (Broth):

1. Weighing Ingredients:

o Measure the required amounts of ingredients as per the specific media
formulation. For example, for LB broth, weigh out tryptone, yeast extract, and
sodium chloride.

2. Dissolving Ingredients:

o Dissolve the ingredients in an appropriate volume of distilled water. Stir until

completely dissolved.
3. Adjusting pH:
o Adjust the pH of the solution to the desired level (typically around pH 7.0)
using dilute HCI or NaOH.
4. Sterilization:
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o Dispense the media into suitable containers (e.g., Erlenmeyer flasks) and
loosely cap them.
o Sterilize the media by autoclaving at 121°C for 15-20 minutes.
5. Cooling and Storage:
o Allow the media to cool to room temperature before use or store it at 4°C for
future use.

Preparation of Solid Media (Agar):

1. Weighing Ingredients:
o Measure the required amounts of ingredients including agar powder and other
specific media components.
2. Dissolving Ingredients:
o Add the ingredients to an appropriate volume of distilled water. Heat the
mixture while stirring to dissolve the agar completely.
3. Adjusting pH:
o Adjust the pH of the solution to the desired level.
4. Sterilization:
o Dispense the media into suitable containers, such as flasks or bottles.
o Sterilize by autoclaving at 121°C for 15-20 minutes.
5. Pouring Plates:
o After autoclaving, allow the agar to cool to around 50-55°C.
o Pour the molten agar into sterile Petri dishes and allow them to solidify.
6. Storage:
o Store the solidified agar plates in sealed plastic bags or containers at 4°C until
needed.

Experimental Procedure:

1. Inoculation:
o For liquid media, use a sterile loop or pipette to inoculate the media with the
microorganism.
o For solid media, streak the microorganism on the surface of the agar plate
using a sterile loop.
2. Incubation:
o Incubate the inoculated media at an appropriate temperature for the specific
microorganism (e.g., 37°C for many bacteria).
3. Observation:
o Observe the growth of microorganisms in the liquid media as turbidity or
cloudiness.
o Observe the colonies on solid media for size, shape, color, and other
morphological characteristics.
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Results:
Liquid Media:

e The presence of turbidity indicates microbial growth. The degree of turbidity can be
compared to a control to assess the growth rate.

Solid Media:

e Colonies will form on the surface of the agar. Each colony represents a clonal
population derived from a single cell. The appearance of colonies (size, color, shape,
edge, and surface characteristics) can help identify and differentiate microorganisms.
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Isolation of Bacteria from soil —serial dilution technique
Aim:
To isolate and characterize bacteria present in a soil sample.
Principle:

The serial dilution technique is used to dilute the soil sample to a point where individual
bacteria are separated sufficiently to form discrete colonies on an agar plate. This allows for
the isolation and study of different bacterial species present in the soil.

Materials and Methodology:
Materials:

e Soil sample

o Sterile distilled water

o Sterile test tubes

o Graduated pipettes

e Agar plates (nutrient agar or other suitable medium)

e Incubator set at appropriate temperature (e.g., 25-37°C)
o Sterile spreader or glass rod

Methodology:

1. Preparation:
o Label the agar plates accordingly.
o Prepare serial dilutions of the soil sample using sterile distilled water and
sterile test tubes. Typically, dilutions like 10"-1, 10"-2, 10"-3, etc., are used.
2. Procedure:
o Weigh out a suitable amount of soil and place it in a sterile test tube.
o Add a known volume of sterile distilled water (e.g., 10 mL) to the test tube
and mix thoroughly to create the initial dilution (10"-1).
o Transfer 1 mL of the 10"-1 dilution to another sterile test tube containing 9
mL of sterile distilled water, and mix thoroughly (this creates the 10"-2
dilution).
Repeat this process for subsequent dilutions (10"-3, 10"-4, etc.).
Plate each dilution onto separate agar plates using a sterile spreader or glass
rod.
3. Incubation:
o Incubate the agar plates at an appropriate temperature for the growth of
bacteria (usually 25-37°C) for 24-48 hours.
4. Result:
o After incubation, observe the agar plates for bacterial growth.
o Count and record the number of discrete colonies on each plate.
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o Select plates with well-isolated colonies (those with 30-300 colonies are
usually preferred for further analysis).

Example Result for Experiment:

o Plate 107-3: 150 colonies observed
e Plate 10M™-4: 25 colonies observed
o Plate 10”-5: 2 colonies observed
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Simple Staining, acid fast staining, spore staining, Grams staining
1. Simple Staining
Aim
To observe the morphology (shape and arrangement) of bacteria.
Principle

Simple staining involves using a single stain to color bacterial cells. Basic dyes (positively
charged) such as methylene blue, crystal violet, or safranin are commonly used as they bind
to the negatively charged bacterial cell wall.

Materials

o Bacterial culture

e Clean glass slides

e Inoculating loop

e Bunsen burner

e Staining dyes (methylene blue, crystal violet, or safranin)
e Distilled water

o Blotting paper

Methodology and Procedure

1. Prepare a smear: Place a small drop of water on a clean glass slide. Using a sterile
inoculating loop, transfer a small amount of bacterial culture to the water drop and
spread it to create a thin smear.

2. Air dry and heat fix: Allow the smear to air dry. Once dry, pass the slide through a
flame to heat-fix the bacteria.

3. Stain: Flood the smear with a staining dye (e.g., methylene blue) and let it sit for 1
minute.

4. Rinse: Gently rinse the slide with distilled water to remove excess stain.

5. Blot dry: Gently blot the slide dry with blotting paper.

6. Observe: Examine the slide under a microscope using oil immersion.

Result

Bacterial cells appear colored (blue, purple, or red depending on the dye used) against a clear
background, making it easy to observe their shape and arrangement.
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2. Acid-Fast Staining

Aim

To identify acid-fast bacteria, particularly Mycobacterium species, which cause diseases like
tuberculosis.

Principle

Acid-fast bacteria have a waxy cell wall component (mycolic acid) that retains the primary
stain even after decolorization with acid-alcohol. Non-acid-fast bacteria do not retain the
stain and are counterstained with a different color.

Materials

Bacterial culture (including Mycobacterium)
Clean glass slides

Inoculating loop

Bunsen burner

Carbol fuchsin (primary stain)

Acid-alcohol (decolorizer)

Methylene blue or malachite green (counterstain)
Blotting paper

Methodology and Procedure
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Result

Prepare a smear: Prepare and heat-fix a bacterial smear on a glass slide.

Stain with carbol fuchsin: Flood the smear with carbol fuchsin and heat the slide
gently until steam rises, but do not boil. Let it sit for 5 minutes.

Rinse: Cool and rinse the slide with water.

Decolorize: Decolorize with acid-alcohol until no more red color washes off (about 1-
2 minutes).

Rinse: Rinse with water.

Counterstain: Flood the smear with methylene blue or malachite green for 1 minute.
Rinse and blot dry: Rinse the slide with water and blot dry.

Observe: Examine under a microscope.

Acid-fast bacteria appear red, while non-acid-fast bacteria appear blue or green.

Name of the Faculty: M.S.SUMANJALI Lab manual for MSc

Lecturer in Biotechnology




D.N.R College (A), Bhimavaram Department of Biotechnology

3. Spore Staining

Aim

To detect and differentiate bacterial spores from vegetative cells.

Principle

Spores are resistant to staining due to their tough outer covering. Special techniques are
required to stain spores, which retain the primary stain even after decolorization, while
vegetative cells do not.

Materials

Bacterial culture (spore-forming)
Clean glass slides

Inoculating loop

Bunsen burner

Malachite green (primary stain)
Safranin (counterstain)

Blotting paper

Methodology and Procedure

N

ok w

Result

Prepare a smear: Prepare and heat-fix a bacterial smear on a glass slide.

Stain with malachite green: Flood the smear with malachite green and heat the slide
gently until steam rises. Let it sit for 5 minutes.

Rinse: Cool and rinse the slide with water.

Counterstain: Flood the smear with safranin for 1 minute.

Rinse and blot dry: Rinse with water and blot dry.

Observe: Examine under a microscope.

Spores appear green, while vegetative cells appear red.
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4. Gram Staining
Aim

To classify bacteria into Gram-positive and Gram-negative groups based on cell wall
composition.

Principle

Gram-positive bacteria have thick peptidoglycan layers that retain the crystal violet stain
during decolorization, while Gram-negative bacteria have thin peptidoglycan layers and do
not retain the crystal violet stain, taking up the counterstain instead.

Materials

o Bacterial culture

e Clean glass slides

e Inoculating loop

e Bunsen burner

e Crystal violet (primary stain)

e lodine solution (mordant)

e Alcohol or acetone (decolorizer)
« Safranin (counterstain)

o Blotting paper

Methodology and Procedure

1. Prepare a smear: Prepare and heat-fix a bacterial smear on a glass slide.

2. Stain with crystal violet: Flood the smear with crystal violet for 1 minute.

3. Rinse: Rinse the slide with water.

4. Apply iodine: Flood the smear with iodine solution for 1 minute.

5. Rinse: Rinse with water.

6. Decolorize: Decolorize with alcohol or acetone until the runoff is clear (about 10-20
seconds).

7. Rinse: Rinse with water.

8. Counterstain: Flood the smear with safranin for 1 minute.

9. Rinse and blot dry: Rinse with water and blot dry.

10. Observe: Examine under a microscope.

Result

Gram-positive bacteria appear purple, while Gram-negative bacteria appear pink or red.

Summary of Results

o Simple Staining: Bacterial cells are uniformly stained and visible in their shape and
arrangement.
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o Acid-Fast Staining: Acid-fast bacteria appear red, and non-acid-fast bacteria appear
blue or green.

e Spore Staining: Spores appear green, and vegetative cells appear red.

o Gram Staining: Gram-positive bacteria appear purple, and Gram-negative bacteria
appear pink or red.
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Biochemical tests for bacteria

1. Catalase Test

Aim

To determine the ability of bacteria to produce the enzyme catalase, which breaks down
hydrogen peroxide into water and oxygen.

Principle

Catalase-positive bacteria produce bubbles of oxygen when exposed to hydrogen peroxide.

Materials

e Hydrogen peroxide (3%)

e Glass slide or petri dish

« Sterile inoculating loop or needle
o Bacterial culture

Methodology and Procedure

Place a small drop of hydrogen peroxide on a glass slide.
Using a sterile loop, pick a small amount of bacterial colony.
Mix the bacteria with the hydrogen peroxide on the slide.
Observe for the production of bubbles.

el e =

Results

o Positive result: Immediate bubbling (oxygen release).
o Negative result: No bubbling.

Name of the Faculty: M.S.SUMANJALI Lab manual for MSc
Lecturer in Biotechnology




D.N.R College (A), Bhimavaram Department of Biotechnology

2. Oxidase Test
Aim

To identify bacteria that produce cytochrome oxidase, an enzyme involved in the electron
transport chain.

Principle

Oxidase-positive bacteria will turn a specific reagent (usually tetramethyl-p-
phenylenediamine) dark blue or purple.

Materials

o Oxidase reagent

o Filter paper

e Sterile swab or loop
o Bacterial culture

Methodology and Procedure

Place a drop of oxidase reagent on a piece of filter paper.
Using a sterile swab, pick a small amount of bacterial colony.
Smear the bacteria on the reagent-soaked filter paper.
Observe for a color change within 30 seconds.

el e =

Results

o Positive result: Dark blue or purple color within 30 seconds.
o Negative result: No color change.

Name of the Faculty: M.S.SUMANJALI Lab manual for MSc
Lecturer in Biotechnology




D.N.R College (A), Bhimavaram Department of Biotechnology

3. Indole Test
Aim
To determine the ability of bacteria to decompose tryptophan to indole.

Principle

Indole is detected by adding Kovac’s reagent, which reacts with indole to produce a red
color.

Materials

e Tryptone broth
o Kovac’s reagent
e Inoculating loop
o Bacterial culture
e Incubator

Methodology and Procedure

1. Inoculate a tryptone broth with the bacterial culture.
2. Incubate at 37°C for 24-48 hours.

3. Add a few drops of Kovac’s reagent to the broth.

4. Observe for a color change.

Results

o Positive result: Red layer on the surface of the broth.
o Negative result: No red layer (remains yellow or no change).
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4. Urease Test
Aim
To determine the ability of bacteria to hydrolyze urea using the enzyme urease.

Principle

Urease hydrolyzes urea to produce ammonia and carbon dioxide, increasing the pH and
changing the color of the phenol red indicator in the medium.

Materials

Urea agar slant or broth
Inoculating loop
Bacterial culture
Incubator

Methodology and Procedure

1. Streak the urea agar slant with the bacterial culture.
2. Incubate at 37°C for 24-48 hours.
3. Observe for a color change in the medium.

Results

o Positive result: Bright pink color in the medium.
e Negative result: No color change or yellow color.
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5. Citrate Utilization Test

Aim

To determine the ability of bacteria to use citrate as a sole carbon source.
Principle

Bacteria that can utilize citrate will alkalinize the medium, changing the bromothymol blue
indicator from green to blue.

Materials

Simmons citrate agar slant
Inoculating loop

Bacterial culture
Incubator

Methodology and Procedure

1. Streak the citrate agar slant with the bacterial culture.
2. Incubate at 37°C for 24-48 hours.
3. Observe for a color change.

Results

o Positive result: Blue color in the medium.
o Negative result: No color change (medium remains green).
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Pure culture techniques-streak plate, spread plate and pour plate.

Streak Plate Method
Aim:

To isolate pure colonies of microorganisms from a mixed culture using the streaking
technique.

Principle:

The streak plate method dilutes the microbial population across the surface of an agar plate.
By systematically streaking the inoculum over the surface, individual cells are separated
sufficiently to form distinct colonies.

Materials:

e Nutrient agar plates

¢ Inoculating loop

e Bunsen burner

e Mixed bacterial culture

e Sterile saline or broth (if dilutions are required)
e Marker pen for labeling

Methodology and Procedure:

1. Labeling: Label the bottom of the agar plate with relevant information (e.g., date, type of
culture).
2. Sterilizing: Sterilize the inoculating loop by heating it in the Bunsen burner flame until red-
hot and allow it to cool.
3. Inoculation:
o Dip the cooled loop into the mixed culture.
o Streak the loop over a small area on one side of the agar plate (first quadrant).
o Sterilize the loop again, cool it, and streak from the first quadrant into the second
guadrant with parallel lines.
o Repeat sterilization and streaking for the third and fourth quadrants, ensuring the
loop is cooled before use each time.
4. Incubation: Incubate the plate at an appropriate temperature (typically 37°C for bacteria)
for 24-48 hours.

Result:

Isolated colonies appear on the agar surface, each derived from a single microbial cell.
Different colonies can be distinguished based on morphology, size, and color.
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Spread Plate Method
Aim:

To isolate and enumerate microorganisms in a mixed culture by spreading a diluted sample
over the surface of an agar plate.

Principle:

The spread plate method evenly distributes a diluted microbial sample across the surface of
an agar plate, allowing individual cells to grow into distinct colonies.

Materials:

e Nutrient agar plates

e Sterile spreading rod (hockey stick)
e Bunsen burner

e Diluted microbial culture

e Sterile saline or broth

e Pipette and tips

e Alcohol for sterilizing the spreader

Methodology and Procedure:

1. Labeling: Label the bottom of the agar plate.
2. Sample Preparation: Prepare serial dilutions of the mixed culture in sterile saline or broth.
3. Inoculation:
o Pipette a small volume (usually 0.1 mL) of the diluted culture onto the center of the
agar plate.
o Sterilize the spreading rod by dipping it in alcohol and flaming it.
o Spread the inoculum evenly across the surface of the agar using the sterile rod.
4. Incubation: Incubate the plates at an appropriate temperature for 24-48 hours.

Result:

Distinct, isolated colonies form on the agar surface. Colony-forming units (CFUSs) can be
counted to estimate the number of viable organisms in the original sample.
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Pour Plate Method
Aim:

To isolate and enumerate microorganisms by mixing a diluted sample with molten agar and
pouring it into a Petri dish.

Principle:

The pour plate method involves diluting a microbial sample and mixing it with molten agar.
As the agar solidifies, microbial cells are trapped within and on the agar surface, forming
colonies.

Materials:

e Nutrient agar

e Petridishes

e Sterile saline or broth

e Pipette and tips

e Diluted microbial culture

¢ Water bath (to maintain agar at appropriate temperature)

Methodology and Procedure:

1. Labeling: Label the bottom of the Petri dish.

2. Sample Preparation: Prepare serial dilutions of the mixed culture.

3. Inoculation:
o Pipette a small volume (usually 1 mL) of the diluted culture into an empty Petri dish.
o Pour molten agar (cooled to around 45-50°C) into the dish.
o Gently swirl the dish to mix the sample with the agar evenly.

4. Solidification and Incubation: Allow the agar to solidify and then incubate the plates at an

appropriate temperature for 24-48 hours.

Result:

Colonies develop within the agar and on its surface. Surface colonies can be easily observed,
while subsurface colonies appear smaller and embedded in the agar. This method can be used
to count viable organisms in the original sample.

Each method has its own advantages and applications, making them fundamental tools in
microbiological studies.
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Bacterial growth curve
Aim:

To study the growth pattern of a bacterial culture over time and to construct a bacterial
growth curve.

Principle:

Bacterial growth follows a characteristic pattern when cultured in a suitable medium. This
pattern can be observed and quantified by measuring optical density (OD) or colony forming
units (CFU) over time. The growth curve typically consists of four phases: lag phase,
exponential (log) phase, stationary phase, and death phase.

Materials:

e Nutrient broth or agar plates

o Bacterial culture

e Spectrophotometer or colony counter
e Petri dishes

e Incubator

e Pipettes

o Sterile loops or spreaders

Methodology:

1. Inoculation and Preparation:
o Prepare the nutrient broth or agar plates according to standard protocols.
o Inoculate a small amount of bacterial culture into the nutrient broth or spread
onto agar plates using sterile techniques.
2. Incubation:
o Place the inoculated broth or plates into an incubator set at the appropriate
temperature for the bacterial species being studied.
o Incubate for a suitable period (e.g., 24 hours) to allow growth to occur.
3. Sampling:
o Atregular intervals (e.g., every hour or every few hours), remove a sample
from the culture.
o For broth cultures, measure the optical density (OD) at a specific wavelength
using a spectrophotometer.
o For agar plates, count the number of colonies formed (colony forming units,
CFU).
4. Data Collection:
o Record the OD readings or CFU counts over time.
o Plot the data to construct a growth curve.

5.Analysis:

Name of the Faculty: M.S.SUMANJALI Lab manual for MSc
Lecturer in Biotechnology




D.N.R College (A), Bhimavaram Department of Biotechnology

o ldentify and describe the different phases of the growth curve (lag phase,
exponential phase, stationary phase, and death phase, if observed).

Procedure (Step-by-Step):

1. Inoculation:
o Inoculate the bacterial culture into nutrient broth or spread onto agar plates.
o Ensure sterility and appropriate handling to avoid contamination.
2. Incubation:
o Place the inoculated cultures into an incubator set to the optimal temperature
for the bacterial strain.
3. Sampling:
o Take samples at regular intervals (e.g., every hour).
o For broth cultures, measure OD using a spectrophotometer; for agar plates,
count colonies.
4. Data Recording:
o Record OD values or CFU counts in a data table.
o Include time points and corresponding measurements.
5. Plotting the Growth Curve:
o Plot OD or CFU on the y-axis and time (hours) on the x-axis.
o Connect the data points to visualize the growth curve.

Expected Results:

e Lag Phase: Initial period of adjustment where bacterial growth is slow as they adapt
to the new environment.

o Exponential Phase: Rapid growth phase where bacteria reproduce at their maximum
rate.

o Stationary Phase: Growth rate slows and the number of viable bacteria remains
constant due to nutrient depletion or waste accumulation.

o Death Phase: Decline in bacterial population due to depletion of nutrients or
accumulation of toxic products.
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