
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is an Education Platform 

We Provide PDF Notes for Pharmacy Students 

Web Site   http://www.fdspharmacy.in/ 

You tube   https://www.youtube.com/c/FDSpharmacy 

Telegram   https://t.me/Fdspharmacy 

App   https://play.google.com/store/apps/details?id=com.FDSPharmacyMedia.FDSPharmacy  

E-mail   fdspharmacyinfo@gmail.com                      

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

  

Pharmaceutical microbiology 

uNit 2 

toPic :  

 Identification of bacteria using staining techniques (simple, 
Gram’s &Acid 
fast staining) and biochemical tests (IMViC). 
Study of principle, procedure, merits, demerits and applications 
of physical, chemical gaseous, radiation and mechanical method 
of sterilization. 
Evaluation of the efficiency of sterilization methods. 
Equipments employed in large scale sterilization. 
Sterility indicators. 
 



Staining 

 Bacteria are microscopic organisms, and most are transparent and 
colorless, making them difficult to observe under a microscope. 

 Staining is a technique used in microbiology to color bacterial cells or 
other microorganisms using specific dyes, which allows them to be 
seen clearly and differentiated under a microscope. 

 Staining enhances contrast, allowing observation of morphology 
(shape, size, and arrangement) and cellular structures. 

Objectives of Staining 

1. To make microorganisms visible under the microscope. 
2. To determine the shape, size, and arrangement of bacterial cells. 
3. To observe specific cellular components like: 

o Flagella 
o Capsules 
o Endospores 

4. To differentiate between various types of microorganisms. 
5. To detect specific molecules in microorganisms (e.g., proteins, 

antigens). 

Principle of Staining 

 Staining relies on the chemical interaction between the dye and 
components of the bacterial cell wall or cytoplasm. 

 Most stains are cationic (positively charged) and bind to negatively 
charged components of bacterial cells (like nucleic acids and cell wall). 

Types of Staining Techniques 

1 Simple Staining 

2 Differential Staining 



1. Simple Staining 
 Simple staining is a microscopic technique used to study the 

morphological characteristics (shape, size, and arrangement) of 
bacteria by using a single basic dye. This method gives all cells the 
same color, allowing for easy visualization under a microscope. 

Purpose 

 To observe the shape (cocci, bacilli, spirilla). 
 To determine the arrangement (single, pairs, chains, clusters). 
 To study the relative size of bacterial cells. 

Common Basic Dyes Used 

 Crystal violet 
 Safranin 
 Methylene blue 

These dyes are positively charged (cationic) and readily bind to the 
negatively charged bacterial components (like nucleic acids and cell 
walls). 

Principle 

Simple staining is based on the principle of electrostatic attraction: 

 Cationic dyes (positively charged) are attracted to anionic bacterial 
components (negatively charged), such as the cell membrane and 
DNA. 

 This results in uniform coloring of the cells, making them visible under 
the microscope. 

 

  



Procedure 

1. Prepare a smear: 
o Place a drop of water on a clean glass slide. 
o Add a small amount of bacterial culture and spread evenly. 

2. Air dry the smear completely. 
3. Heat-fix the slide by quickly passing it through a flame 2–3 times. 
4. Staining: 

o Cover the smear with a basic dye (e.g., methylene blue). 
o Let it sit for 1–2 minutes. 

5. Rinse gently with water to remove excess dye. 
6. Blot dry using blotting paper. 
7. Examine under a microscope using oil immersion (100x objective lens). 

Applications 

Simple staining is used in various fields of microbiology and clinical 
practice: 

Field Application 
Microbiology Detects and visualizes bacteria in clinical samples (urine, 

stool, sputum). 
Mycology Used for identifying fungi in skin, nail, or hair samples. 
Parasitology Helps visualize parasites in blood or fecal samples. 
Histology Observes cell structure and tissue organization in 

histological sections. 
Advantages 

 Quick and easy to perform. 
 Requires only one stain. 
 Useful for observing general morphology. 

Limitations 
 Cannot differentiate between Gram-positive and Gram-negative 

bacteria. 
 Does not reveal internal structures like spores or capsules. 



2. Differential Staining 

Differential staining is a microscopic staining technique used to: 

 Differentiate between types of microorganisms, or 
 Identify distinct structural features within a single microorganism 

using two or more contrasting dyes. 

This method relies on the chemical and physical differences in bacterial 
cell walls or other structures, which cause different types of cells or 
structures to stain differently. 

Types of Differential Staining Techniques 
a. Gram’s Staining 

b.  Acid-Fast Staining 

a. Gram’s Staining 

 Gram’s staining is a differential staining technique used to classify 
bacteria into Gram-positive and Gram-negative groups based on the 
composition of their cell wall. 

 This technique was developed by Hans Christian Gram in 1884. 

Objective 
 To differentiate between Gram-positive and Gram-negative bacteria. 
 To identify bacterial infections in clinical samples. 
 To guide the selection of antibiotic treatment, since Gram classification 

affects drug susceptibility. 

  



Principle 

Gram staining is based on the difference in cell wall structure: 

Type Cell Wall Feature Reaction 
Gram-
positive 

Thick peptidoglycan layer (retains crystal violet) Purple 

Gram-
negative 

Thin peptidoglycan + outer lipid membrane (loses 
crystal violet, takes counterstain) 

Pink/Red 

 Crystal violet forms a CV-I complex (crystal violet-iodine), which is 
retained in Gram-positive due to their thick wall. 

 In Gram-negative, alcohol dissolves the outer membrane and washes 
away the CV-I complex. 

Reagents Used 

1. Primary Stain: Crystal Violet 
2. Mordant: Iodine (forms CV-I complex) 
3. Decolorizer: 95% Ethanol or Acetone (removes stain from Gram-

negative) 
4. Counterstain: Safranin or Fuchsine (stains Gram-negative pink) 

Step-by-Step Procedure 
 Prepare and fix bacterial smear on a clean glass slide. 
 Apply Crystal Violet for 1 minute → rinse with water. 
 Add Iodine solution for 1 minute → rinse. 
 Decolorize with alcohol/acetone for 10–15 seconds → rinse. 
 Counterstain with Safranin for 1 minute → rinse and blot dry. 
 Examine under microscope (oil immersion lens). 

  



Results 
Bacteria 

Type 
Color After 

Staining 
Reason 

Gram-
positive 

Purple/Violet Thick peptidoglycan retains CV-I 
complex 

Gram-
negative 

Pink/Red Thin wall loses CV-I complex, absorbs 
safranin 

Examples of Bacteria 

 Gram-positive: Staphylococcus aureus, Streptococcus pneumoniae, 
Bacillus subtilis 

 Gram-negative: Escherichia coli, Salmonella typhi, Pseudomonas 
aeruginosa 

Applications 
 Used in clinical diagnostics to identify bacterial infections. 
 Helps select suitable antibiotics (many antibiotics target Gram-positive 

or Gram-negative specifically). 
 Essential in microbial classification and taxonomy. 

Advantages 

 Rapid and cost-effective. 
 Provides initial classification of bacteria. 
 Widely used in laboratories and hospitals. 

Limitations 
 Not all bacteria respond well (e.g., Mycobacterium and Mycoplasma). 
 Old cultures may give false results (Gram-variable). 
 Over-decolorization or under-decolorization can cause 

misidentification. 

  



b. Acid-Fast Staining (Ziehl-Neelsen Method) 

 Acid-fast staining is a differential staining technique used to identify 
acid-fast organisms, particularly species of Mycobacterium, which do 
not stain well with Gram stain due to their waxy cell wall. 

Objective 
 To detect acid-fast bacteria (AFB), especially Mycobacterium 

tuberculosis (causes TB). 
 To distinguish between acid-fast and non-acid-fast organisms. 
 Used in clinical diagnosis of tuberculosis, leprosy, and other 

mycobacterial diseases. 

Principle 

Acid-fast bacteria have a high lipid content (mycolic acid) in their cell 
wall, making them: 

 Resistant to decolorization by acid-alcohol. 
 Able to retain primary stain (carbol fuchsin) even after acid wash. 

Non-acid-fast organisms do not retain the primary stain after 
decolorization and are stained with a counterstain. 

Reagents Used 
Step Reagent Function 
1 Carbol Fuchsin (primary stain) Stains all cells red 
2 Heat or Tergitol (optional) Helps stain penetrate waxy wall 
3 Acid-Alcohol (decolorizer) Removes stain from non-acid-fast 

cells 
4 Methylene Blue or Malachite 

Green 
Counterstains non-acid-fast cells 

 



Procedure (Ziehl-Neelsen Method) 

1. Prepare and heat-fix a smear on a clean slide. 
2. Flood slide with carbol fuchsin, heat gently for 3–5 minutes (do not 

boil). 
3. Cool the slide and rinse with water. 
4. Decolorize with acid-alcohol (20–30 seconds) → rinse. 
5. Counterstain with methylene blue for 1 minute → rinse and blot dry. 
6. Observe under oil immersion microscope. 

Results 
Organism Type Appearance 

Acid-fast (e.g., Mycobacterium tuberculosis) Red/pink rods 
Non-acid-fast (e.g., E. coli) Blue (due to methylene blue) 

Examples of Acid-Fast Bacteria 

 Mycobacterium tuberculosis – causes TB 
 Mycobacterium leprae – causes leprosy 
 Nocardia species (partially acid-fast) 

Applications 

 Diagnosis of tuberculosis and leprosy. 
 Detection of acid-fast parasites like Cryptosporidium in stool. 
 Differentiation of mycobacteria from other bacteria. 

Advantages 
 Highly specific for detecting mycobacteria. 
 Can be used directly on sputum, tissue, or body fluids. 

Limitations 
 Time-consuming and requires heating. 
 Less sensitive in low bacterial load conditions. 
 Cannot differentiate between live and dead organisms. 



Biochemical Tests – IMViC 

→ Biochemical tests are used in microbiology to identify bacterial species 
based on their enzymatic activities and metabolic capabilities. 
Among these, the IMViC tests are a series of four specific biochemical 
tests used to differentiate Enterobacteriaceae family members (e.g., 
Escherichia coli, Enterobacter, Klebsiella, etc.). 

IMViC Stands for: 

 I → Indole Test 
 M → Methyl Red Test 
 V → Voges–Proskauer Test 
 C → Citrate Utilization Test 

 

1 Indole Test 
Purpose: 
To detect the ability of bacteria to produce indole from the amino acid 
tryptophan using the enzyme tryptophanase. 

Principle: 
Tryptophan → (Tryptophanase) → Indole + Pyruvate + Ammonia 
Indole reacts with Kovac’s reagent to produce a red/pink ring. 

Procedure: 
 Inoculate bacteria in tryptone broth. 
 Incubate at 37°C for 24-48 hours. 
 Add Kovac’s reagent. 

Observation: 
 Positive: Red/pink ring at the top → E. coli 
 Negative: No color change → Enterobacter 



2 Methyl Red (MR) Test 
Purpose: 
To detect the production of stable acids from glucose fermentation. 

Principle: 
Some bacteria ferment glucose and produce acidic end products 
(lowers pH). 
Methyl Red is a pH indicator that turns red in acidic conditions (pH < 
4.4). 

Procedure: 
 Inoculate bacteria in MR-VP broth. 
 Incubate at 37°C for 48 hours. 
 Add 5 drops of Methyl Red. 

Observation: 
 Positive: Red color → stable acid production → E. coli 
 Negative: Yellow/orange → less acid → Enterobacter 

3 Voges–Proskauer (VP) Test 
Purpose: 
To detect the production of neutral end product (acetoin) from glucose 
fermentation. 

Principle: 
Some bacteria convert glucose to acetoin and 2,3-butanediol. 
VP reagents react with acetoin to produce a pink/red color. 

Procedure: 
 Use the same MR-VP broth (new tube). 
 Add VP reagent A (α-naphthol) and VP reagent B (KOH). 
 Shake and leave for 15–30 minutes. 

Observation: 
 Positive: Red/pink color → Enterobacter 



 Negative: No change → E. coli 

4 Citrate Utilization Test 
Purpose: 
To detect the ability of bacteria to use citrate as the sole carbon source. 

Principle: 
Bacteria that possess the enzyme citrate permease can utilize citrate. 
This increases pH, turning bromothymol blue indicator from green to 
blue. 

Procedure: 
 Inoculate bacteria on Simmons citrate agar slant. 
 Incubate at 37°C for 24–48 hours. 

Observation: 
 Positive: Growth + Blue color → Enterobacter 
 Negative: No growth + Green → E. coli 

 

Applications of IMViC Tests 
 Used to identify coliform bacteria in water and food samples. 
 Helps in differentiating pathogenic and non-pathogenic strains. 
 Aids in clinical diagnosis and selection of appropriate treatment. 
 Essential in research and microbial taxonomy. 

  



Sterilization 

 Sterilization is defined as the process of complete elimination or 
destruction of all forms of microorganisms, including bacteria, viruses, 
fungi, and their spores, from any surface, food, equipment, 
medications, or culture media. 

 It is a critical procedure in microbiology, pharmaceuticals, surgery, and 
food industries to ensure products and instruments are microbe-free, 
thereby preventing contamination and infection. 

Importance of Sterilization 

1. Prevents Infections: 
o Ensures that surgical instruments, medical devices, and surfaces 

are free of harmful microorganisms, reducing the risk of 
infections during medical procedures. 

2. Maintains Pure Cultures: 
o In microbiological experiments, sterilization is vital to avoid 

contamination that could alter experimental results or cause false 
data. 

3. Ensures Safe Pharmaceutical Products: 
o Sterilization ensures that drugs, vaccines, and medical devices are 

produced in sterile conditions, preventing the introduction of 
harmful microbes into the human body. 

4. Extends Shelf Life: 
o By eliminating microbes that cause spoilage or degradation, 

sterilization helps in preserving food, pharmaceuticals, and 
biological products for longer durations. 

5. Essential in Research and Diagnostics: 
o Prevents cross-contamination between samples, ensuring 

accurate and reliable laboratory results. 
6. Compliance with Safety Standards: 

o Critical for meeting regulatory requirements in healthcare, 
pharmaceuticals, and biotechnology sectors. 



Types of Sterilization 

1. Physical Method 
2. Chemical Method 
3. Radiation Method 
4. Mechanical Method 

Heat Sterilization 

 Heat is the most widely used method of sterilization and is divided into 
two main types: 

1 Dry Heat Sterilization 

 Principle: Kills microorganisms by oxidation and denaturation of 
cellular proteins. 

 Temperature/Time: Usually done at 160–170°C for 2 hours. 
 Examples: Hot Air Oven, direct flaming, incineration. 

Hot Air Oven 

Principle 

Dry heat oxidizes bacterial proteins and kills them by destroying essential 
cellular components. 

Construction 

 Cabinet: Made of stainless steel, double-walled, and insulated to 
retain heat. 

 Shelves: Hold items to be sterilized. 
 Door: Airtight with asbestos gasket to prevent heat loss. 
 Thermostat: Maintains the desired internal temperature. 
 Control Panel: Includes switches and indicators to set and monitor 

parameters. 



Applications 

 Sterilization of glassware (test tubes, Petri dishes) 
 Metal instruments (forceps, scalpels) 
 Powders and oils 
 Items that can withstand high temperatures and no moisture 

Advantages 

1. Eco-friendly (no toxic chemicals) 
2. Effective against microbial endotoxins 
3. Safer than autoclaving for some materials 
4. Suitable for sterilizing powders, oils, and glassware 

Disadvantages 

1. Time-consuming due to slow heat penetration 
2. Not effective against prions 
3. Cannot be used for heat-sensitive (labile) materials 
4. Requires electricity for operation 

  



2 Moist Heat Sterilization 
→ Moist heat sterilization uses steam or water to kill microorganisms by 

denaturing their proteins and enzymes. It is more efficient than dry 
heat sterilization due to better heat penetration and shorter exposure 
times. 

Types of Moist Heat Sterilization 
Temperature 

Range 
Methods Examples 

Below 100°C Used for heat-sensitive 
materials 

Pasteurization, Serum bath, 
Vaccine bath 

At 100°C Kills vegetative forms, 
not all spores 

Boiling, Tyndallization 
(Intermittent boiling) 

Above 100°C Complete sterilization, 
kills all spores 

Autoclave (121°C, 15 psi) 

Autoclave 

Principle 

Autoclave works on the principle of steam under pressure. Increasing 
pressure increases the temperature at which water boils, producing high-
temperature saturated steam, which effectively kills all microorganisms 
including spores. 

Construction 
Autoclave consists of a vertical or horizontal cylindrical chamber made of 
stainless steel, designed to withstand high pressure and temperature. 

Key Parts 
1. Pressure Chamber/Vessel: 

o Made of stainless steel. 
o Inner chamber holds materials to be sterilized. 
o Enclosed in an outer jacket to maintain temperature. 

2. Lid/Door: 



o Airtight, fitted with asbestos gasket. 
o Ensures steam pressure is maintained inside. 

3. Pressure Gauge: 
o Displays the internal pressure. 
o Ensures safe operation by indicating pressure build-up. 

4. Pressure Releasing Unit (Whistle): 
o Functions like a cooker whistle. 
o Releases excess pressure to avoid accidents. 

5. Safety Valve: 
o Prevents over-pressurization. 
o Automatically opens when pressure exceeds the safe limit. 

6. Electric Heater: 
o Located below the chamber. 
o Heats water to generate steam. 
o Water level must be maintained appropriately to avoid 

overheating or flooding. 

Procedure of Autoclaving 

1. Add a sufficient amount of water to the base of the autoclave. 
2. Place the packed materials (wrapped glassware, media, etc.) inside. 
3. Keep the steam outlet open to allow air to escape completely. 
4. Once air is expelled, close the outlet and let pressure build. 
5. Maintain 121°C temperature at 15 psi for 15–30 minutes. 
6. Switch off the power and let the autoclave cool naturally. 
7. Open the lid only after pressure returns to zero. 
8. Remove the sterilized material. 

Applications 

 Sterilization of: 
o Microbiological media 
o Glassware (test tubes, Petri dishes) 
o Surgical instruments (metal) 
o Contaminated waste before disposal 



 Decontamination of used laboratory items. 

Advantages 

1. Highly effective — kills all microorganisms including spores. 
2. Economical and time-efficient. 
3. Safe and widely applicable in laboratories and hospitals. 
4. Sterilizes a wide range of materials. 

Disadvantages 

1. Not suitable for heat-sensitive (thermolabile) materials (e.g., plastics, 
enzymes). 

2. Requires electricity and water. 
3. May cause corrosion of metal items if not dried properly. 
4. Items must be packed carefully to allow steam penetration. 

  



Chemical Method of Sterilization 

 Chemical sterilization involves the use of chemical agents to kill or 
inhibit all forms of microorganisms, including bacteria, fungi, viruses, 
and spores, from surfaces, instruments, or biological materials. 

 These agents act by denaturing proteins, disrupting cell membranes, or 
oxidizing cell components. 

Principle 

Sterilization by chemicals is based on: 

 Penetration of chemical agents into the cells. 
 Interaction with cellular components (proteins, enzymes, nucleic 

acids). 
 Resulting in cell death or inactivation. 

This method is especially useful for heat-sensitive materials (like plastics, 
fiber optics, lenses, catheters, etc.). 

Common Chemical Sterilizing Agents 
Chemical Agent Mechanism of Action Example of Use 

Ethylene oxide (EtO) Alkylates DNA & proteins Sterilization of 
plastics, electronics 

Formaldehyde Protein denaturation & 
DNA alkylation 

Room fumigation, 
vaccine production 

Glutaraldehyde Crosslinks proteins Endoscopes, dental 
equipment 

Hydrogen peroxide 
(H₂O₂) 

Produces free radicals → 
oxidizes cell components 

Surface sterilization, 
packaging 

Peracetic acid Strong oxidizer, disrupts 
proteins & membranes 

Medical instruments, 
dialysis machines 

Alcohols (ethanol, 
isopropanol) 

Denature proteins, disrupt 
membranes 

Skin antiseptic, 
surface cleaning 

 



Procedure (Example: Ethylene Oxide Sterilization) 
1. Cleaning: Items are cleaned and dried. 
2. Loading: Items are placed in a sterilizer chamber. 
3. Preconditioning: Humidity is adjusted (typically 30–60%) for 1–2 hours. 
4. Gas Introduction: Ethylene oxide gas is introduced. 
5. Exposure: Items are exposed to gas at 37–63°C for 3–6 hours. 
6. Aeration: After exposure, items are aerated to remove residual gas (8–

12 hours or more). 

Advantages 
1. Suitable for heat-sensitive materials. 
2. Can sterilize complex instruments and delicate equipment. 
3. Chemicals can penetrate hard-to-reach surfaces. 
4. Effective against all microorganisms and spores (if used properly). 

Disadvantages 
1. Toxicity – Some agents like EtO and formaldehyde are carcinogenic or 

irritating. 
2. Requires proper ventilation and aeration time. 
3. May leave residues on instruments. 
4. Longer sterilization time compared to heat methods. 
5. May corrode metal or damage rubber/plastic if not compatible. 

Applications 
 Sterilization of: 

o Plastic and rubber materials 
o Catheters, endoscopes, syringes 
o Surgical and diagnostic equipment 
o Biological specimens 
o Fumigation of labs and operation theaters 

 Disinfection of: 
o Hospital surfaces 
o Water supply 
o Vaccines and sera 



Radiation Methods of Sterilization 

 Radiation sterilization involves the use of high-energy electromagnetic 
waves or particles to destroy or inactivate microorganisms including 
bacteria, viruses, and spores. 
It is especially useful for heat-sensitive materials. 

Principle 

Radiation kills microorganisms by: 

 Damaging DNA/RNA and inhibiting replication. 
 Disrupting cellular structures like proteins and membranes. 
 Causing cell death or mutation that prevents reproduction. 

Types of Radiation Sterilization 
Type Examp

le 
Nature Ionizing/N

on-ionizing 
Penetrati

on 
Used For 

Ionizing 
Radiati
on 

Gamma 
rays 

Electromagne
tic 

Ionizing High Medical 
equipment, 
drugs 

 X-rays Electromagne
tic 

Ionizing High Food & 
pharmaceuti
cal items 

 Electro
n beam 

Particle beam Ionizing Medium Syringes, 
surgical 
instruments 

Non-
ionizing 
Radiati
on 

UV 
light 

Electromagne
tic 

Non-
ionizing 

Low Surface 
sterilization 

 



1. Ionizing Radiation 

a) Gamma Rays: 

 Source: Cobalt-60 
 High energy, deep penetration. 
 Sterilizes pre-packed disposable medical items, food, 

pharmaceuticals. 

b) X-rays: 

 Artificially produced using X-ray machines. 
 Lower penetration than gamma but safer in handling. 

c) Electron Beam: 

 Beam of high-speed electrons. 
 Shallow penetration; sterilizes only surfaces or thin items. 

2. Non-Ionizing Radiation 

a) Ultraviolet (UV) Rays: 
 Wavelength: 200–280 nm (germicidal range). 
 Causes formation of thymine dimers in DNA → inhibits 

replication. 
 Limited to surface sterilization only (e.g., laminar air flow 

hoods, lab benches). 

Procedure (Gamma Radiation Example) 

1. Items are packed in radiation-permeable materials (e.g., plastic, glass). 
2. Placed in a chamber with a Cobalt-60 source. 
3. Exposed to 25 kGy (kilogray) radiation dose for complete sterilization. 
4. No heat or pressure is applied. 
5. Items are then sealed and stored for use. 



Advantages 

 Can sterilize pre-packed materials. 
 Ideal for heat- and moisture-sensitive items. 
 No residual chemicals left. 
 Effective against all microbes and spores. 
 High penetration power (esp. gamma/X-rays). 

Disadvantages 

 Expensive setup and maintenance. 
 Radiation hazard to workers (needs shielding & safety). 
 Requires specialized storage and handling of radioactive materials. 
 Cannot sterilize liquids easily. 
 Electron beam has limited penetration. 

  



Mechanical Method of Sterilization 

(Also known as Filtration Sterilization) 
 Mechanical sterilization is a method where microorganisms are 

physically removed from solutions or air using filters without killing 
them. 
It is most suitable for heat-sensitive liquids and gases, such as 
antibiotics, enzymes, and vaccines. 

Principle 
Filtration sterilization works by passing fluids or gases through a filter 
membrane having pores small enough (typically 0.2 μm) to trap 
microorganisms like bacteria, fungi, and spores while allowing the fluid 
to pass through. 

Note: Viruses may not be completely removed by normal filters unless 
ultra-filters (nanopore filters) are used. 

Types of Filters Used 
Type of Filter Description 

Membrane Filter Made of cellulose acetate or nitrate, commonly used for 
heat-sensitive solutions. 

Seitz Filter Composed of asbestos or quartz pad, used in earlier 
times for water & serum. 

Berkefeld Filter Made of diatomaceous earth; cylindrical, used for 
sterilizing water. 

Chamberland 
Filter 

Made of unglazed porcelain; used for aqueous 
solutions. 

HEPA Filter (High-Efficiency Particulate Air) Used to sterilize air in 
clean rooms, laminar hoods. 

Sintered Glass 
Filter 

Made by fusing glass particles; used for corrosive fluids. 



Procedure (Using Membrane Filter) 

1. Assemble the filter unit under sterile conditions. 
2. Pass the liquid through the membrane filter (pore size: 0.2–0.45 µm). 
3. Collect the filtrate in a sterile container. 
4. Test the filtrate for sterility before use (especially in pharmaceutical 

industries). 

Advantages 

 Suitable for heat-sensitive materials like proteins, vitamins, serum, 
antibiotics. 

 No change in chemical composition of the solution. 
 Fast and easy to perform. 
 Can sterilize large volumes using vacuum or pressure. 
 Used for air purification (e.g., laminar flow hoods, operation theatres). 

Disadvantages 

 Cannot remove viruses or endotoxins unless ultrafilters are used. 
 Filters may get clogged during filtration. 
 Fragile and expensive (especially membrane filters). 
 Requires pre-filtration if the solution has particles. 
 Not suitable for viscous liquids. 

Applications 
Area Examples 

Pharmaceutical 
Industry 

Sterilizing injectable solutions, heat-labile drugs 

Biotech/Research Labs Enzyme solutions, antibiotics, cell culture media 
Food Industry Sterilizing beverages like wine, beer, fruit juices 
Medical Sterile ophthalmic & parenteral preparations 
Clean Rooms Air sterilization using HEPA filters in laminar air 

flow 
 



Evaluation of Efficiency of Sterilization 
Evaluation of sterilization efficiency involves determining how effectively 
a sterilization process eliminates all forms of microbial life, including: 

 Bacteria 
 Viruses 
 Fungi 
 Bacterial spores 

This evaluation ensures that sterilized materials are safe for use, 
especially in critical fields like: 

 Healthcare (e.g., surgical instruments) 
 Pharmaceutical industries 
 Food processing 
 Microbiology laboratories 

Parameters for Evaluation 
The following parameters are commonly used to evaluate the effectiveness 
of sterilization: 

1. Death Rate / Survivor Curve 
 Definition: A graphical representation of the number of surviving 

microorganisms versus time or temperature. 
 Use: Shows how fast microbes die during sterilization. 
 Application: Helps determine the required sterilization time and 

temperature. 

2. D-Value (Decimal Reduction Time) 
 Definition: Time required at a specific temperature to reduce 

microbial population by 90% (1 log reduction). 
 Formula: 

 

 Use: Indicates heat resistance of a microorganism. 
 Application: Designing thermal sterilization processes for 

pharmaceuticals and foods. 



3. Z-Value 

 Definition: Temperature change required to change the D-value by 1 
log (10 times). 

 Formula: 
 

Use: Measures temperature sensitivity of microbes. 

Application: Helps set sterilization temperature profiles. 

4. F-Value (Lethal Rate / Lethality Value) 

 Definition: Time (in minutes) required to kill a specific number of 
organisms at a specific temperature. 

 Formula: 
 

Common form: 
F0-Time at 121.1°C to achieve complete   

Use: Total effectiveness of sterilization. 
Application: Standard measure in autoclaving, canning, and sterilization 
validation. 

5. Q₁₀ Value 

 Definition: Factor by which microbial death rate increases for every 
10°C rise in temperature. 

 Formula: 
 

Use: Evaluates how sensitive sterilization rate is to temperature changes. 

Application: Useful in predicting changes in sterilization efficacy under 
varying temperatures. 

  



Equipment for Large-Scale Sterilization 
→ Sterilization at an industrial or hospital scale requires specialized 

equipment to ensure the complete destruction of microorganisms on 
instruments, equipment, pharmaceuticals, or materials. These 
sterilizers are designed to handle large volumes, maintain consistency, 
and comply with safety regulations. 

→ Equipments employed in large scale sterilization. 
 Autoclave 
 Hot Air Oven 
 Microwave 
 Air Filter 

Autoclave (Steam Sterilizer) 
 An autoclave is a device that uses steam under pressure to sterilize 

equipment, instruments, culture media, and pharmaceutical products. 
It is the most reliable, effective, and widely used method for moist heat 
sterilization. 

 

 

 

Principle of Autoclave 
The autoclave works on the principle of: 

“Moist heat kills microorganisms by denaturation and coagulation of 
proteins.” 

When water is heated under pressure, it boils at a higher temperature, 
producing saturated steam, which penetrates into porous materials and 
effectively kills microbes including bacteria, spores, and fungi. 



Standard Operating Conditions 
Parameter Standard Value 

Temperature 121°C 
Pressure 15 psi (pounds/in²) 
Holding Time 15–20 minutes (depends on load) 

Other common conditions 

 134°C for 3 minutes (for surgical instruments) 
 115°C for 30 minutes (for heat-sensitive items) 

Construction of Autoclave 

Basic parts of an autoclave 

1. Chamber – Stainless steel vessel to hold items to be sterilized 
2. Lid – Heavy lid with pressure-tight locking 
3. Pressure Gauge – Indicates internal pressure 
4. Safety Valve – Prevents excessive pressure buildup 
5. Steam Generator or Boiler – Produces steam 
6. Exhaust Valve – Releases air before sterilization 
7. Thermometer – Monitors temperature 
8. Trays or Baskets – Hold materials inside chamber 

 

 

 

 

 
  



Working Procedure 
1. Loading: Materials to be sterilized are placed loosely in the autoclave. 
2. Air Removal: Air is removed by displacement or vacuum. 
3. Heating: Water is boiled to produce steam under pressure. 
4. Sterilization: Temperature is maintained (e.g., 121°C at 15 psi) for the 

required holding time. 
5. Exhaust: Steam is released slowly after sterilization. 
6. Drying and Cooling: Items are dried and allowed to cool before 

removal. 

Types of Autoclaves 
1. Gravity Displacement Autoclave – Air is displaced by steam 

naturally. 
2. Pre-vacuum Autoclave – Air is removed using vacuum pump before 

steam is introduced. 
3. Positive Pressure Displacement Autoclave – Steam under pressure 

forces air out. 

Uses of Autoclave 
 Sterilization of culture media, glassware, surgical tools 
 Sterilizing waste materials before disposal 
 Used in pharmaceutical industries, hospitals, laboratories 
 Preparation of parenteral products, dressings, and rubber goods 

Advantages 
 Effective against all types of microorganisms, including spores 
 Economical and non-toxic 
 Short cycle time 
 Penetrates porous surfaces 

Disadvantages 
 Not suitable for heat-sensitive materials (e.g., oils, powders, plastics) 
 May cause corrosion of surgical tools without proper drying 
 Requires proper training and safety precautions 



Microwave Sterilization 
A microwave is a form of non-ionizing electromagnetic radiation with 
frequencies ranging from 300 MHz to 300 GHz, commonly using 2450 
MHz for sterilization. 
It causes dielectric heating by rapidly rotating water molecules in the 
material, which generates heat and destroys microbes. 

 

 

 

 

Principle 

 Microwaves heat materials by dielectric heating, where the 
electromagnetic field causes polar molecules (mainly water) to 
oscillate rapidly, generating internal heat through molecular 
friction. 

 This internal heating leads to protein denaturation, disruption of 
cell membranes, and ultimately destruction of microorganisms. 

Working Mechanism 

1. Microwave Generator (Magnetron) produces high-frequency 
microwaves. 

2. Waves are directed into a chamber containing the material to be 
sterilized. 

3. Polar molecules (especially water) absorb the energy and begin to 
oscillate. 

4. Heat is generated internally due to molecular friction. 
5. The temperature rises rapidly, leading to microbial death. 



Conditions for Sterilization 

 Frequency: 2450 MHz 
 Temperature: Reaches 100–120°C 
 Time: 2–10 minutes, depending on material load and water content 
 Moisture content: Presence of water is essential for effective heating 

Applications in Pharmacy & Microbiology 

 Sterilization of disposable items, glassware, and small instruments 
 Rapid sterilization in emergency medical settings 
 Food and pharmaceutical industries to reduce microbial load 
 Decontamination of waste materials 
 Drying of heat-sensitive drugs (in controlled environments) 

Advantages 

 Fast and energy-efficient process 
 Uniform heating of moist materials 
 No need for direct contact with heat 
 Suitable for certain heat-sensitive materials 
 Can be used for in-package sterilization 

Disadvantages 

 Non-uniform heating in dry or dense materials 
 Not effective for spore-forming organisms without moist heat 
 Limited penetration depth 
 Unsuitable for metallic instruments 
 Expensive equipment for industrial use 

  



Sterility Indicators 
→ Sterility indicators are tools or systems used to verify whether a 

sterilization process (e.g., autoclaving, dry heat, filtration, gas 
sterilization) has effectively killed all viable microorganisms, including 
bacterial spores. 

→ They are essential in the validation and monitoring of sterilization 
procedures in pharmaceutical, medical, and microbiological 
laboratories. 

Types of Sterility Indicators 

Sterility indicators are generally divided into three main types: 

1. Physical Indicators 
These involve monitoring sterilization parameters like: 

 Time 
 Temperature 
 Pressure 
 Humidity (for ethylene oxide sterilization) 

Instruments like thermometers, pressure gauges, and data loggers record 
these parameters. 

2. Chemical Indicators 
These are chemically treated strips, tapes, or labels that change color 
or appearance when exposed to specific sterilization conditions. 

Characteristics 
 Do not confirm sterility, only indicate conditions were met. 
 Provide quick visual confirmation. 
 Different classes (I to VI) as per ISO 11140-1. 

Examples 
 Autoclave tape (black stripes after steam exposure) 



 Color-changing strips (from pink to brown or yellow to black) 

Class Indicator Type Purpose 
Class 1 Process indicators (e.g., 

tapes) 
Indicate exposure to the process 

Class 2 Specific test indicators For equipment testing (e.g., Bowie-
Dick test) 

Class 3-
6 

Multi-variable indicators React to multiple sterilization 
parameters 

3. Biological Indicators (BIs)  
These contain viable bacterial spores (most resistant to sterilization) 
and confirm the actual microbial kill. 

Common Spore Species: 
Sterilization Method Microorganism Used 
Steam (Autoclave) Geobacillus stearothermophilus 
Dry Heat / Gas Bacillus atrophaeus 
Radiation Bacillus pumilus 

 Procedure 

 The BI (strip or vial) is placed inside the sterilizer. 
 After sterilization, the BI is incubated. 
 No growth = Sterilization successful 
 Turbidity or color change = Sterilization failed 

Importance of Sterility Indicators 
 Ensure patient and product safety 
 Validate efficacy of sterilization cycles 
 Required for regulatory compliance (e.g., GMP, FDA) 
 Help detect sterilizer malfunctions early 
 Assure quality control in pharma and healthcare settings 

 


