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Content of Module: 
 

A Identification of bacteria using staining techniques (simple, Gram’s andacid fast staining) 

and biochemical tests (IMViC). 

B Study of principle, procedure, merits, demerits and applications of physical, chemical 

gaseous, radiation and mechanical method of sterilization. 

C Evaluation of the efficiency of sterilization methods. Equipments employed in large-scale 

sterilization. 

D Sterility indicators. 
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IDENTIFICATION OF BACTERIA USING STAINING 

TECHNIQUES: 

Because microbial cytoplasm is usually transparent, it is necessary to stain microorganisms before 

they can be viewed with the light microscope. In some cases, staining is unnecessary, for example 

when microorganisms are very large or when motility is to be studied, and a drop of the 

microorganisms can be placed directly on the slide and observed. A preparation such as this is called 

a wet mount. A wet mount can also be prepared by placing a drop of culture on a cover‐slip (a glass 

cover for a slide) and then inverting it over a hollowed‐out slide. This procedure is called the 

hanging drop. 

In preparation for staining, a small sample of microorganisms is placed on a slide and permitted to 

air dry. The smear is heat fixed by quickly passing it over a flame. Heat fixing kills the organisms, 

makes them adhere to the slide, and permits them to accept the stain. 

(1) Simple stains techniques. Staining can be performed with basic dyes such as crystal violet or 

methylene blue, positively charged dyes that are attracted to the negatively charged materials of the 

microbial cytoplasm. Such a procedure is the simple stain procedure. An alternative is to use a dye 

such as nigrosin or Congo red, acidic, negatively charged dyes. They are repelled by the negatively 

charged cytoplasm and gather around the cells, leaving the cells clear and unstained. This technique 

is called the negative stain technique. 

(2) Differential stain techniques. The differential stain technique distinguishes two kinds of 

organisms. An example is the Gram stain technique. This differential technique separates bacteria 

into two groups, Gram‐positive bacteria and Gram‐negative bacteria. Crystal violet is first applied, 

followed by the mordant iodine, which fixes the stain. Then the slide is washed with alcohol, and the 

Gram‐positive bacteria retain the crystal‐violet iodine stain; however, the Gram‐negative bacteria 

lose the stain. The Gram‐negative bacteria subsequently stain with the safranin dye, the counterstain, 

used next. These bacteria appear red under the oil‐immersion lens, while Gram‐positive bacteria 

appear blue or purple, reflecting the crystal violet retained during the washing step. 

(3) Acid‐fast technique. This technique differentiates species of Mycobacterium from other 

bacteria. Heat or a lipid solvent is used to carry the first stain, carbolfuchsin, into the cells. Then the 

cells are washed with a dilute acid‐alcohol solution. Mycobacterium species resist the effect of the 

acid‐alcohol and retain the carbolfuchsin stain (bright red). Other bacteria lose the stain and take on 
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the subsequent methylene blue stain (blue). Thus, the acid‐fast bacteria appear bright red, while the  

 

nonacid‐fast bacteria appear blue when observed under oil‐immersion microscopy. 

Other stain techniques seek to identify various bacterial structures of importance. For instance, a 

special stain technique highlights the flagella of bacteria by coating the flagella with dyes or metals 

to increase their width. Flagella so stained can then be observed. 

A special stain technique is used to examine bacterial spores. Malachite green is used with heat to 

force the stain into the cells and give them color. A counterstain, safranin, is then used to give color 

to the nonsporeforming bacteria. At the end of the procedure, spores stain green and other cells stain 

red. 
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The Gram stains procedure used for differentiating bacteria into two groups. 
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Summary of Acid-Fast Stain 

Application of Reagent 

Cell colour 

Acid fast Non-acid fast 

Primary dye Carbolfuchsin Red Red 

Decolorizer Acid alcohol Red Colorless 

Counter stain Methylene blue Red Blue 

Bio chemical Test ( IMViC) 

The IMViC tests are a group of individual tests used in microbiology lab testing to identify an 

organism in the coliform group(Coliform bacteria are defined as rod-shaped Gram-negative 

nonspore forming and motile or nonmotile bacteria that can ferment lactose with the production of 

acid and gas when incubated at 35–37°C. They are a commonly used indicator of sanitary quality of 

foods and water). The term "IMViC" is an acronym for each of these tests. "I" is for indole test; "M" 

is for methyl red test; "V" is for Voges-Proskauer test, and "C" is for citrate test. 

Indole Test 

In this test, the organism under consideration is grown in peptone water broth. It 

contains tryptophan, which under the action of enzyme tryptophanase is converted to 

an Indole molecule, pyruvate and ammonium. The indole is then extracted from the broth by means 

of xylene. To test the broth for indole production, Kovac's reagent . Kovac's reagent consist of amyl 

alcohol and para-dimethylaminobenzaldehyde and concentrated hydrochloric acid. Kovac's reagent 

is actually used to determine ability of an organism to separate indole from amino acid tryptophan 

and it is added after incubation. A positive result is indicated by a pink/red layer forming on top of 

the liquid. 

Methyl red and Voges–Proskauer test 

These tests both use the same broth for bacterial growth. The broth is called MRVP broth. After 

growth, the broth is separated into two different tubes, one for the methyl red (MR) test and one for  

 

https://en.wikipedia.org/wiki/Tryptophan
https://en.wikipedia.org/wiki/Indole
https://en.wikipedia.org/wiki/Kovac%27s_reagent
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the Voges-Proskauer (VP) test. 

The methyl red test detects production of acids formed during metabolism using mixed acid 

fermentation pathway using pyruvate as a substrate. The pH indicator Methyl Red is added to one 

tube and a red color appears at pH's lower than 4.2, indicating a positive test (mixed acid 

fermentation is used). The solution remaining yellow (pH = 6.2 or above) indicates a negative test, 

meaning the butanediol fermentation is used. 

The VP test uses alpha-naphthol and potassium hydroxide to test for the presence 

of acetylmethylcarbinol (acetoin), an intermediate of the 2,3-butanediol fermentation pathway. After 

adding both reagents, the tube is shaken vigorously then allowed to sit for 5-10 minutes. A pinkish-

red color indicates a positive test, meaning the 2,3-butanediol fermentation pathway is used. 

Citrate Test 

This test uses Simmon's citrate agar to determine the ability of a microorganism to use citrate as its 

sole carbon source. The agar contains citrate and ammonium ions (nitrogen source) 

and bromothymol blue as an indicator. The citrate agar is green before inoculation, and turns blue as 

a positive test indicator, meaning citrate is utilized. 

IMViC Test results of Some Genera of Enterobacteriaceae:        

IMViC tests of Escherichia coli 

1. Indole: Positive 

2. Methyl-Red: Positive 

3. Voges-Proskauer test: Negative 

4. Citrate test: Negative 

IMViC tests of Klebsiella (formerly Enterobacter) aerogenes 

1. Indole: Negative 

2. Methyl-Red: Negative 

3. Voges-Proskauer test: Positive 

4. Citrate test: Positive 

STERILIZATION 

Sterilization can be defined as any process that effectively kills or eliminates transmissible agents 

(such as fungi, bacteria, viruses and prions) from a surface, equipment, foods, medications, or 

biological culture medium. 

https://en.wikipedia.org/wiki/Mixed_acid_fermentation
https://en.wikipedia.org/wiki/Mixed_acid_fermentation
https://en.wikipedia.org/wiki/Pyruvate
https://en.wikipedia.org/wiki/Butanediol_fermentation
https://en.wikipedia.org/wiki/Alpha-naphthol
https://en.wikipedia.org/wiki/Potassium_hydroxide
https://en.wikipedia.org/wiki/Acetylmethylcarbinol
https://en.wikipedia.org/wiki/Simmon%27s_citrate_agar
https://en.wikipedia.org/wiki/Bromothymol_blue
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METHODS OF STERILIZATION 

The various methods of sterilization are: 

1. Physical Method 

a. Thermal (Heat) methods 

b. Radiation method 

c. Filtration method 

2. Chemical Method 

Gaseous method 

PHYSICAL METHODS: 

1. HEAT STERILIZATION: 

Heat sterilization is the most widely used and reliable method of sterilization, involving destruction 

of enzymes and other essential cell constituents. 

This method of sterilization can be applied only to the THERMO STABLE PRODUCTSand 

MOISTURE-SENSITIVE MATERIALS. 

i) Dry Heat (160-1800˚C) Sterilization for thermo stable products 

ii) Moist heat (121-1340 ˚C) sterilization is used for moisture-resistant materials. 

The efficiency with which heat is able to inactivate microorganisms is dependent upon 

i)the degree of heat,theexposuretimeand 

ii) Thepresenceofwater. 

The action of heat will be due to induction of lethal chemical events mediated through the action of 

water and oxygen. 

In the presence of water much lower temperature time exposures are required to kill microbe than in 

the absence of water. 

Dry Heat Sterilization 

 It employs higher temperatures in the range of 160-180˚Cand requires exposures time up to 2 

hours, depending upon the temperature employed. 

 The benefit of dry heat includes good penetrability and non-corrosive nature which makes it 

applicable for sterilizing glass wares and metal surgical instruments. It is also used for 

sterilizing non-aqueous thermo stable liquids and thermo stable powders. 

 Dry heat destroys bacterial endotoxins (or pyrogens) which are difficult to eliminate by other 

means and this property makes it applicable for sterilizing glass bottles which are to be filled 

aseptically 
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Physical methods for Sterilization 

Sunlight: 

 The microbicidalactivity of sunlight is mainly due to the presence of ultra violet rays in it. 

 It is responsible for spontaneous sterilization in natural conditions. 

 In tropical countries, the sunlight is more effective in killing germs due to combination of 

ultraviolet rays and heat. 

 By killing bacteria suspended in water, sunlight provides natural method of disinfection of 

water bodies such as tanks and lakes. 

Heat: 

 Heat is considered to be most reliable method of sterilization of articles that can withstand 

heat. 

 Heat acts by oxidative effects as well as denaturation and coagulation of proteins. 

 Those articles that cannot withstand high temperatures can still be sterilized at lower 

temperature by prolonging the duration of exposure. 

Factors affecting sterilization by heat: 

 Nature of heat: Moist heat is more effective than dry heat 

 Temperature and time: temperature and time are inversely proportional. As temperature 

increases the time taken decreases. 

 Number of microorganisms: More the number of microorganisms, higher the temperature or 

longer the duration required. 

 Nature of microorganism: Depends on species and strain of microorganism, sensitivity to 

heat may vary. Spores are highly resistant to heat. 

 Type of material: Articles that are heavily contaminated require higher temperature or 

prolonged exposure. Certain heat sensitive articles must be sterilized at lower temperature. 

 Presence of organic material: Organic materials such as protein, sugars, oils and fats increase 

the time required. 

Action of heat: 

 Dry heat acts by protein denaturation, oxidative damage and toxic effects of elevated levels 

of electrolytes. 

 Themoist heat acts by coagulation and denaturation of proteins. 

 Moist heat is superior to dry heat in action. 
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 Temperature required to kill microbe by dry heat is more than the moist heat. 

 Thermal death time is the minimum time required to kill a suspension of organisms at a 

predetermined temperature in a specified environment. 

Hot air oven: 

 This method was introduced by Louis Pasteur. 

 Articles to be sterilized are exposed to high temperature (160°C) for duration of one hour in 

an electrically heated oven. 

 Since air is poor conductor of heat, even distribution of heat throughout the chamber is 

achieved by a fan. 

 The heat is transferred to the article by radiation, conduction and convection. 

 The oven should be fitted with a thermostat control, temperature indicator, meshed shelves 

and must have adequate insulation. 

Articles sterilized: 

Metallic instruments (like forceps, scalpels, scissors), glass wares (such as petri-dishes, pipettes, 

flasks, all-glass syringes), swabs, oils, grease, petroleum jelly and some pharmaceutical products. 

Sterilization process: 

 Articles to be sterilized must be perfectly dry before placing them inside to avoid breakage. 

 Articles must be placed at sufficient distance so as to allow free circulation of air in between. 

 Mouths of flasks, test tubes and both ends of pipettes must be plugged with cotton wool. 

 Articles such as petri dishes and pipettes may be arranged inside metal canisters and then 

placed. 

 Individual glass articles must be wrapped in Kraft paper or aluminumfoils. 

Sterilization cycle: 

 This takes into consideration the time taken for the articles to reach the sterilizing 

temperature, maintenance of the sterilizing temperature for a defined period (holding time) 

and the time taken for the articles to cool down. 

 Different temperature-time relations for holding time are 

 60 minutes at 160°C, 

 40 minutes at 170°C and 

 20 minutes at 180°C. 

 Increasing temperature by 10 degrees shortens the sterilizing time by 50%. 
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 The hot air oven must not be opened until the temperature inside has fallen below 60°C to 

prevent breakage of glassware. 

Sterilization control: 

 Three methods exist to check the efficacy of sterilization process, namely physical, chemical 

and biological. 

 Physical: Temperature chart recorder and thermocouple. 

 Chemical: Browne’s tube No.3 (green spot, colorchanges from red to green) 

 Biological: 106 spores of Bacillus subtilisvarnigeror Clostridium tetanion paper strips are 

placed inside envelopes and then placed inside the hot air oven. 

 Upon completion of sterilization cycle, the strips are removed and inoculated into 

thioglycollatebroth or cooked meat medium and incubated at 37°C for 3-5 days. 

 Proper sterilization should kill the spores and there should not be any growth. 

Advantages: 

 It is an effective method of sterilization of heat stable articles. 

 The articles remain dry after sterilization. 

 This is the only method of sterilizing oils and powders. 

Disadvantages: 

 Since air is poor conductor of heat, hot air has poor penetration. 

 Cotton wool and paper may get slightly charred. 

 Glasses may become smoky. 

 Takes longer time compared to autoclave. 

Moist Heat Sterilization 

Moist heat sterilization involves the use of steam in the range of 121-134˚C. Steam under pressure is 

used to generate high temperature needed for sterilization. Saturated steam acts as an effective 

sterilizing agent. 

Autoclave 

 Autoclaves use pressurized steam to destroy microorganisms, and are the most dependable 

systems available for the decontamination of laboratory waste and the sterilization of 

laboratory glassware, media, and reagents. For efficient heat transfer, steam must flush the 

air out of the autoclave chamber. 

 Generally the conditions employed are Temperature upto121-134˚C for 15-20 min under 15 
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lbspressure,based on type of metiral used. 

 Sterilization can be effectively achieved at a temperature above 100°C using an autoclave. 

 Water boils at 100°C at atmospheric pressure, but if pressure is raised, the temperature at 

which the water boils also increases. 

 In an autoclave the water is boiled in a closed chamber. As the pressure rises, the boiling 

point of water also raises. 

 At a pressure of 15 lbsinside the autoclave, the temperature is said to be 121°C. 

 Exposure of articles to this temperature for 15 minutes sterilizes them. 

 To destroy the infective agents associated with spongiform encephalopathies(prions), higher 

temperatures or longer times are used; 135°C or 121°C for at least one hour are 

recommended. 

Advantages of steam: 

It has more penetrative power than dry air, it moistens the spores (moisture is essential for 

coagulation of proteins), condensation of steam on cooler surface releases latent heat, condensation 

of steam draws in fresh steam. 

Different types of autoclave: 

 Simple “pressure-cooker type” laboratory autoclave, 

 Steam jacketed downward displacement laboratory autoclave 

 High pressure pre-vacuum autoclave 

Construction and Operation of Autoclave: 

 A simple autoclave has vertical or horizontal cylindrical body with a heating element, a 

perforated try to keep the articles, a lid that can be fastened by screw clamps, a pressure 

gauge, a safety valve and a discharge tap. 

 The articles to be sterilized must not be tightly packed. 

 The screw caps and cotton plugs must be loosely fitted. 

 The lid is closed but the discharge tap is kept open and the water is heated. 

 As the water starts boiling, the steam drives air out of the discharge tap. 

 When all the air is displaced and steam start appearing through the discharge tap, the tap is 

closed. 

 The pressure inside is allowed to rise up to 15 lbs per square inch. 

 At this pressure the articles are held for 15 minutes, after which the heating is stopped and 
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the autoclave is allowed to cool. 

 Once the pressure gauge shows the pressure equal to atmospheric pressure, the discharge tap 

is opened to let the air in. 

 The lid is then opened and articles removed. 

 Articles sterilized: 

 Culture media, dressings, certain equipment, linen etc. 

 Precautions: 

 Articles should not be tightly packed; the autoclave must not be overloaded. 

 Air discharge must be complete and there should not be any residual air trapped inside 

 Caps of bottles and flasks should not be tight. 

 Autoclave must not be opened until the pressure has fallen or else the contents will boil over. 

 Articles must be wrapped in paper to prevent drenching, bottles must not be overfilled. 

Advantage: 

 Very effective way of sterilization, quicker than hot air oven. 

 Disadvantages: 

 Drenching and wetting or articles may occur, 

 trapped air may reduce the efficacy, 

 takes long time to cool 

Radiation Sterilization 

 Many types of radiation are used for sterilization like electromagnetic radiation (e.g. gamma 

rays and UV light), particulate radiation (e.g. accelerated electrons).The major target for 

these radiation is microbial DNA. 

 Radiation sterilization with high energy gamma rays or accelerated electrons has proven to 

be a useful method for the industrial sterilization of heat sensitive products. 

 Two types of radiation are used, ionizing and non-ionizing. 

 Non-ionizing rays are low energy rays with poor penetrative power while ionizing rays are 

high-energy rays with good penetrative power. Since radiation does not generate heat, it is 

termed "cold sterilization". 

 In some parts of Europe, fruits and vegetables are irradiated to increase their shelf life up to 

500 percent. 

Non-ionizing rays: 
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 Rays of wavelength longer than the visible light are non-ionizing. Microbicidalwavelength of 

UV rays lie in the range of 200-280 nm, with 260 nm being most effective. 

 UV rays are generated using a high-pressure mercury vapor lamp. It is at this wavelength that 

the absorption by the microorganisms is at its maximum, which results in the germicidal 

effect. 

 UV rays induce formation of thymine-thymine dimers, which ultimately inhibits DNA 

replication. 

 UV readily induces mutations in cells irradiated with a non-lethal dose. 

 Microorganisms such as bacteria, viruses, yeast, etc. that are exposed to the effective UV 

radiation are inactivated within seconds. 

 Since UV rays don’t kill spores, they are considered to be of use in surface disinfection.  

 UV rays are employed to disinfect hospital wards, operation theatres, virus laboratories, 

corridors, etc. 

 Disadvantages of using uvrays include low penetrative power, limited life of the uvbulb, 

some bacteria have DNA repair enzymes that can overcome damage caused by uvrays, 

organic matter and dust prevents its reach, rays are harmful to skin and eyes. 

 It doesn't penetrate glass, paper or plastic. 

Ionizing rays: 

 Ionizing rays are of two types, particulate and electromagnetic rays. 

 Electron beams are particulate in nature while gamma rays are electromagnetic in nature. 

 High speed electrons are produced by a linear accelerator from a heated cathode. 

 Electron beams are employed to sterilize articles like syringes, gloves, dressing packs, foods 

and pharmaceuticals. 

 Sterilization is accomplished in few seconds. Unlike electromagnetic rays, the instruments 

can be switched off. 

 Disadvantage includes poor penetrative power and requirement of sophisticated equipment. 

 Electromagnetic rays such as gamma rays emanate from nuclear disintegration of certain 

radioactive isotopes (Co60, Cs137). 

 They have more penetrative power than electron beam but require longer time of exposure. 

These high-energy radiations damage the nucleic acid of the microorganism. 

 A dosage of 2.5 megaradskills all bacteria, fungi, viruses and spores. It is used commercially 
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to sterilize disposable petri dishes, plastic syringes, antibiotics, vitamins, hormones, 

glasswaresand fabrics. 

 Disadvantages include; unlike electron beams, they can’t be switched off, glasswarestend to 

become brownish, loss of tensile strength in fabric. 

 Gamma irradiation impairs the flavourof certain foods. Bacillus pumilusE601 is used to  

 Evaluate sterilization process. 

Filtration sterilization 

 

Filtration does not kill microbes, it separates them out. 

 Membrane filters with pore sizes between 0.2-0.45 μmare commonly used to remove 

particles from solutions that can't be autoclaved. 

 It is used to remove microbes from heat labile liquids such as serum, antibiotic solutions, 

sugar solutions, urea solution. 

 Various applications of filtration include removing bacteria from ingredients of culture 

media, preparing suspensions of viruses and phages free of bacteria, measuring sizes of 

viruses, separating toxins from culture filtrates, counting bacteria, clarifying fluids and 

purifying hydrated fluid. 

 Filtration is aided by using either positive or negative pressure using vacuum pumps. 

 The older filters made of earthenware or asbestos are called depth filters.  

 Filtration does not kill microbes, it separates them out. 

 Membrane filters with pore sizes between 0.2-0.45 μmare commonly used to remove 

particles from solutions that can't be autoclaved. 

 It is used to remove microbes from heat labile liquids such as serum, antibiotic solutions, 

sugar solutions, urea solution. 

 Various applications of filtration include removing bacteria from ingredients of culture 

media, preparing suspensions of viruses and phages free of bacteria, measuring sizes of 

viruses, separating toxins from culture filtrates, counting bacteria, clarifying fluids and 

purifying hydrated fluid. 

 Filtration is aided by using either positive or negative pressure using vacuum pumps. 

 The older filters made of earthenware or asbestos are called depth filters. 

Types 
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Asbestos filters: 

 These filters are made from chrysotiletype of asbestos, chemically composed of magnesium 

silicate. 

 They are pressed to form disc, which are to be used only once. 

 The disc is held inside a metal mount, which is sterilized by autoclaving. 

 They are available in following grades; HP/PYR (for removal of pyrogens), HP/EKS (for 

absolute sterility) and HP/EK (for clarifying). 

 

 

Membrane filters: 

 These filters are made from a variety of polymeric materials such as cellulose nitrate, 

cellulose diacetate, polycarbonate and polyester. 

 The older type of membrane, called gradocol(graded colloidion) membrane was composed of 

cellulose nitrate. 

 Gradocolmembranes have average pore diameter of 3-10 μm. 

 The newer ones are composed of cellulose diacetate. These membranes have a pore diameter 

ranging from 0.015 μmto 12 μm. 

 These filters are sterilized by autoclaving. 

 Membrane filters are made in two ways, the capillary pore membranes have pores produced 

by radiation while the labyrinthine pore membranes are produced by forced evaporation of 

solvents from cellulose esters. 

 The disadvantages of depth filters are migration of filter material into the filtrate, absorption 

or retention of certain volume of liquid by the filters, pore sizes are not definite and viruses 

and mycoplasma could pass through. 

 The advantages of membrane filters are known porosity, no retention of fluids, reusable after 

autoclaving and compatible with many chemicals. However, membrane filters have little 

loading capacity and are fragile. 

Air Filters: 

 Air can be filtered using HEPA (High Efficiency Particle Air) filters. 

 They are usually used in biological safety cabinets. 

 HEPA filters are at least 99.97% efficient for removing particles >0.3 μmin diameter. 
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 Examples of areas where HEPA filters are used include rooms housing severely 

neutropenicpatients and those operating rooms designated for orthopedic implant procedures. 

 HEPA filter efficiency is monitored with the dioctylphthalate(DOP) particle test using 

particles that are 0.3 μmin diameter. 

 

SONIC AND ULTRASONIC VIBRATIONS: 

 Sound waves of frequency >20,000 cycle/second kills bacteria and some viruses on exposing 

for one hour. 

 Microwaves are not particularly antimicrobial in themselves, rather the killing effect of 

microwaves are largely due to the heat that they generate. 

 High frequency sound waves disrupt cells. 

 They are used to clean and disinfect instruments as well as to reduce microbial load. 

 This method is not reliable since many viruses and phages are not affected by these waves. 

 

CHEMICAL STERILIZATION METHOD 

GASEOUS METHOD 

 The chemically reactive gases such as formaldehyde, (methanol, H.CHO) and ethylene oxide 

(CH2)2O possess biocidal activity. Ethylene oxide is a colorless, odorless, and flammable 

gas. 

 The mechanism of antimicrobial action of the two gases is assumed to be through alkylations 

of sulphydryl, amino, hydroxyl and carboxyl groups on proteins and amino groups of nucleic 

acids. 

 The concentration ranges (weight of gas per unit chamber volume) are usually in range of 

800-1200 mg/L for ethylene oxide and 15-100 mg/L for formaldehyde with operating 

temperatures of 45-63°C and 70-75°Crespectively. 

 Both of these gases being alkylating agents are potentially mutagenic and carcinogenic. They 

also produce acute toxicity including irritation of the skin, conjunctiva and nasal mucosa 

MERITS, DEMERITS AND APPLICATIONS OF DIFFERENT METHODS OF 

STERILIZATION
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Evaluation of the efficiency of Sterilization menthods 

Biological indicators (BIs),are test systems containing viable microorganisms providing a defined 

resistance to a specific sterilization process. A biological indicator provides information on whether 

necessary conditions were met to kill a specified number of microorganisms for a given sterilization 

process, providing a level of confidence in the process. Endospores, or bacterial spores, are the 

microorganisms primarily used in BIs. They are considered some of the toughest ones to kill. 

Additionally, bacterial spores are chosen for a specific sterilization process based on their known 

resistance to that process. For example, Geobacillusstearothermophilus spores demonstrate a high 

resistance towards steam and vaporized hydrogen peroxide and are therefore used in BIs that 

monitor these sterilization processes. 

BIOLOGICAL INDICATOR TESTING PROCEDURE 

A biological indicator is made up of a carrier material, on which bacterial spores with a defined 

resistance to the sterilization process have been applied. The carrier material is enclosed within a 

glassine envelope or a vial. The BI is exposed to the sterilization process and then incubated under 

defined growth conditions to determine whether any spores survived the process. If no spores 

survive, none grow and the test is a pass. If growth is detected, the test is a fail. 

Regardless of the type of process or application, Sterile Processing staff should always follow the 

https://www.steris.com/healthcare/products/sterility-assurance-and-monitoring/biological-indicators
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manufacturer's instructions for use (IFUs) when using a biological indicator to monitor sterilization 

processes. 

BIOLOGICAL INDICATORS FOR STEAM STERILIZATION (AUTOCLAVES) 

Biological indicators (within a PCD) are often used for routine monitoring, qualification and load 

monitoring of a steam sterilizer. Biological indicators are designed to demonstrate whether the 

conditions during a steam (autoclave) cycle were adequate to achieve a defined level of microbial 

inactivation. For steam sterilization, BIs are typically used within PCDs and AAMI ST79:2017 

recommends using PCDs weekly, preferably daily, for monitoring sterilizers and in every load 

containing implants. 

The PCD containing the BI and/or a chemical indicator should be placed in the most challenging 

location in the chamber. In a steam sterilizer, this is typically on the bottom shelf near the drain. 

Upon completion of the cycle, the PCD is taken out and the BI is incubated. After incubation the BI 

result is read. Incubators or readers will provide a final pass or fail result within a specified amount 

of time. 

BIOLOGICAL INDICATORS FOR VAPORIZED HYDROGEN PEROXIDE 

STERILIZATION 

Biological indicators are also used in monitoring vaporized hydrogen peroxide (VHP) sterilization 

processes. Vaporized hydrogen peroxide sterilizers often include multiple cycles designed to 

efficiently sterilize a wide range of surgical instruments and devices, and a biological indicator for 

VHP sterilization must be validated for use within each cycle. Biological indicators for hydrogen 

peroxide sterilization monitoring include self-contained biological indicators, test packs or challenge 

packs. AAMI ST58:2013 recommends using a PCD with a BI daily, preferably every cycle, for 

monitoring sterilizers and in every load containing implants.  

TYPES OF BIOLOGICAL INDICATORS FOR STERILIZATION PROCESSES 

There are various types of biological indicators depending on the need and sterilization process. The 

most common type is self-contained biological indicators (SCBI). These indicators combine the 

carrier material with spore and growth medium into a single vial, eliminating the need for aseptic 

transfer. Following sterilization, the vial is activated allowing the spores to mix with the growth 

medium and incubated to allow spore growth. Some SCBI designs use an enzyme-based detection 

system that can detect enzyme activity faster, with shorter incubation times.    

Irrespective of the design, biological indicators are used during a steam sterilization process, 

https://www.steris.com/healthcare/products/steam-sterilizers
https://www.steris.com/healthcare/products/sterility-assurance-and-monitoring/chemical-indicators
https://www.steris.com/healthcare/products/sterility-assurance-and-monitoring/biological-indicators/verify-assert-self-contained-biological-indicator
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hydrogen peroxide sterilization process or ethylene oxide process, to ensure the efficacy and lethality 

of the process. 

EQUIPMENTS EMPLOYED IN LARGE SCALE STERILIZATION 

There are several kinds of sterilization equipment using different technology and processes, 

according to the application. 

 Steam Sterilizer 

 Dry Heat Sterilizer 

 ETO Sterilizer 

 Sterilizing Tunnel 

 CIP System 

 SIP System 

Steam Sterilizer 

Steam sterilizers provide a cost-effective solution to sterilize medical waste, infectious waste and 

other material. Steam Sterilizer Equipment not only helps to eliminate the problem of environmental 

pollution by doing away with methods like incineration but also helps to minimize and eliminate the 

expense of disposing off untreated medical waste. This sterilizing equipment sterilizes the waste by 

exposing it to steam under high pressure, thereby making it free of any contaminants. Manufacturers 

can design customized sterilizers to suit the needs of individual clients and the waste treating 

capacity varies depending on the size of the plant. 

Steam sterilizer is mainly used in Pharmaceutical, Chemical, Food & Beverages and Medical and 

other Waste Processing Centers. Steam Sterilization is a widely-used method for heat sterilization is 

the autoclave. Autoclaves commonly use steam heated to 121°C (250°F), at 103 kPa (15 psi) above 

atmospheric pressure. Proper autoclave treatment will inactivate all fungi, bacteria, viruses and also 

bacterial spores, which can be quite resistant. It will not necessarily eliminate all proteinaceous 

infectious particles (prions). 

Dry Heat Sterilizer 

Dry heat can be used to sterilize items, but as the heat takes much longer to be transferred to the 

organism, both theDry Heat Sterilizer time and the temperature must usually be increased, unless 

forced ventilation of the hot air is used. 

The standard setting for a hot air oven is at least two hours at 160°C (320°F). A rapid method heats 

air to 190°C (374°F) for 6 minutes for unwrapped objects and 12 minutes for wrapped objects . 
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Dry heat has the advantage that it can be used on powders and other heat-stable items that are 

adversely affected by steam. 

ETO Sterilizer   

Chemical Sterilization: Ethylene oxide, ETO sterilizers are widely used in the pharmaceutical 

industry and health care ETO Sterilizerinstitutions to sterilize products sensitive to moisture or heat. 

These high technology sterilizers are potent in killing pathogens and consist of electrical heating 

jackets and provide excellent steam and temperature distribution in the heating chamber. The heating 

chamber is generally made of stainless steel and enclosed with aluminum or stainless steel panels. 

The machines are also equipped with automatic temperature control mechanism. In ETO sterilization 

bacteria die from the coagulation or de-naturation of the protein constituents. 

An effective EtO process can be properly designed for almost every type of medical device and 

permeable packaging configuration, provided that all variables are assessed through thorough 

process design and development. Typically, the EtO process can be broken down into four basic 

phases, each of which needs careful planning to ensure a safe and efficacious process. The four 

phases are: (1) air removal, (2) steam injection and conditioning dwell, (3) EtO injection and gas 

dwell, and (4) gas purge and air in-bleed. 

Sterilizing Tunnel 

Sterilizing Tunnel is mainly used in Pharmaceuticals, Chemical, Petrochemical and food 

industry.Sterilizing Tunnel 

Sterilizing tunnel is a tunnel like region, responsible for dry heat sterilization and depyrogenation of 

containers, vials, bottles, ampoules etc. 

The containers are sent to the sterilizing tunnel through a conveyor belt and sterilized with the help 

of heated air flow, which is generated by means of a fan and a heater. 

These highly efficient sterilizers make use of laminar air flow to sterilize glass vials/ampoules and 

bottles. 

The air flow can be controlled by adapting the rpm of the fan during the heating phase. 

CIP System  

In pharmaceutical processes, proper CIP integration is critical to the overall success of the operation. 

Cleaning in Place or CIP systems are widely used in the pharmaceutical and biotechnology industry 

to clean and decontaminate tanks, reactors, decanting pumps, and transfer lines etc. 

CIP integration starts with the proper selection of the CIP System Skid to deliver the required 

cleaning parameters to the intended targets. 
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The variables of temperature, velocity/pressure, chemical concentration, and exposure time are 

precisely controlled by the CIP System Skid, which can be configured with many options not only to 

deliver the specified CIP parameters in a reliable, repeatable and verifiable manner. 

CIP system ensures improved hygiene and sanitize more effectively than manual cleaning. 

SIP System  

Pharmaceutical products are produced under strict aseptic conditions, in compliance with existing 

regulations. Safety is an essential part in pharmaceutical production. Production requires controlled 

cleaning and/or sterilizing of the production line. The SIP system meets these requirements. This 

focus on safety ensures that security is maintained for the people and the product. SIP System 

facilitates a reproducible cleaning process for the dosing system. 

STERILITY INDICATORS 

The efficacy of a Sterilization procedure is monitored by various methods with the help of Chemical 

Indicators and Biological Indicators. Biological Indicators or Spore Tests are the most accepted 

means of monitoring Sterilization because they assess the Sterilization process directly by killing 

highly resistant microorganisms (e.g. Geobacillus or Bacillus species). Spore Test is recommended 

to do weekly. Thus, to check Sterility on daily basis chemical monitoring should also be done. 

Chemical Indicators only ensure that instruments have been exposed to sterilization cycle by change 

in their colour, but it cannot be verified that complete Sterilization has been achieved, and all 

vegetative spores have been destroyed. They help to detect procedural errors (e.g. overloaded 

sterilizer, incorrect packaging) and equipment malfunctions. Chemical monitoring if possible should 

be done for every sterilizer batch. 

Earlier and even today Sterilization validation is often neglected during medical/ hospital and 

laboratory sterilization. Instruments, Packs, Media and Glassware are autoclaved and the cycle is 

begun and it is assumed that the sterilization load is sterile. This can be extremely dangerous and 

even fatal in some surgical applications. 

To ensure an actual sterility, TM Media has come up with Biological Indicators and Chemical 

Indicators with which the precise sterility results are possible. Products complies with USP, ISO 

guidelines and US Food and Drug Administration’s quality system regulations. In conventional 

microbiological culture, the effectiveness of sterilization process is studied by spore growth or 

colour change. 

Biological Indicators and Chemical Indicators have been in use for several decades and are used 

widely especially in hospitals, food processing, dentist offices, pharmaceutical, medical device 
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manufacturing, ambulatory surgical centres, even in tattoo parlours in some part of the counties and 

anywhere else where validation and verification of an adequate sterilization cycle is required. 

Indicators come in different shapes, sizes and configuration as following: 

 

 

BIOLOGICAL INDICATORS 

The need of effective Sterilization method and its monitoring is necessary. Biological Indicators are 

a set of specific microorganisms with high resistance towards particular Sterilization methods. Their 

processes include Steam Autoclave, Dry Heat Sterilizer, Ethylene Oxide Sterilizer. 

Generally, the following spores are used for the Sterilization methods listed below in Table 1. 

  

Table 1: Spores used in sterilization process 

STERILIZATION 

PROCESS 

SPORE (INDICATOR 

ORGANISMS) 

VIABLE SPORE 

POPULATION 

Steam GeobacillusSterothermophilus 105 and 106 

Gas and Dry Heat Bacillus atrophaeus 

(formerly Bacillus subtilis) 

105 
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Table 1: Spores used in sterilization process 

STERILIZATION 

PROCESS 

SPORE (INDICATOR 

ORGANISMS) 

VIABLE SPORE 

POPULATION 

Radiation Bacillus pumilus 105 

 

We offer following types of Biological Indicators: 

 

  A) SPORE STRIPS: Spore strips consist of spores impregnated on chromatography paper strips, 

individually placed in envelopes. Number of spores present per strip is 105 or 106. These are widely 

used for a variety of sterilization processes since many years. 

B) SPORE AMPOULES: These are self-contained Biological Indicators used to validate or monitor 

Steam Sterilization. It consists of a sealed ampule containing Geobacillusstearothermophilus spores, 

suspended in a modified Soybean Casein Digest Broth. A pH indicator of Bromo Cresol Purple has 

been added to assist in detecting spore growth.  These indicators have become much more popular as 

they are more users friendly and offer reduced incubation period. 

CHEMICAL INDICATORS 

Chemical Indicators use sensitive chemicals to assess critical variables (e.g., time, temperature, or 

steam saturation) during a Sterilization cycle. They are applied either to the outside or placed on the 

inside of each instrument unit (e.g., packs, peel pouches, containers, etc.). We offer following range 

of Chemical Indicator as following: 

1. SELF ADHESIVE STERILIZATION INDICATORS: These tapes have good adhesion to 

woven and non-woven fabrics. It offers the complete colour changing line of Chemical Indicators to 

meet industry standards.  Strips change colour with certain Sterilization process. These are easy-to-

use and are used for sealing packages before Steam or Ethylene Oxide (EO) Sterilization. 

 

Table 2: List of Self Adhesive Sterilization Indicators 

STERILIZATION PROCESS PRODUCT DESCRIPTION 

Radiation Circular Indicator with Text (12.7 mm) 
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Table 2: List of Self Adhesive Sterilization Indicators 

STERILIZATION PROCESS PRODUCT DESCRIPTION 

Ethylene Oxide Circular Indicator with Text (12.7 mm) 

Dry Heat Plain Indicator Circular (12.7mm) (Temp.: ≤250˚C) 

Dry Heat Plain Indicator Circular (12.7mm) (Temp.: ≤180˚C) 

 

2. STERILIZATION INDICATORS FOR STEAM: During processing, the cycle must remove or 

displace the air from the barrier material and replace it with steam through the pack. A uniform 

colour change indicates adequate steam penetration. The colour transition allows end users to easily 

identify goods which have been exposed in a steam autoclave. The indicators are designed for use in 

pre-vacuum Steam Sterilizers operating at 121°C and up to 135°C. 

The test itself provides repeatable, reliable, accurate results. The test is non-reversible which ensures 

documentation of the verification safe and easy. 

Table 3: List of Sterilization Indicators for Steam 

STERILIZATION PROCESS PRODUCT DISCRIPTION 

Steam sterilization Bowie and Dick Test pack 

Steam sterilization Plain Indicator Circular (12.7mm) 

 

3. CHEMICAL INDICATOR TAPE: The Chemical Indicators are used to distinguish between 

processed and unprocessed items placed within sterilization wraps, containers, trays or pouches. 

They indicate through a visible colour change, when the item has been exposed to a Sterilization 

process. 
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Table 4: List of chemical Indicator Tape 

STERILIZATION PROCESS PRODUCT DISCRIPTION 

Steam sterilization 18mm x 55mm 

Ethylene Oxide 18mm x 55mm 

 

4 CHEMICAL INDICATOR TEST STRIP: Indicator strips must be placed in each pack of each 

sterilizer load: Strips changes the colour on correct integration of temperature, time and humidity 

and concentration of sterilizing agent. 

Table 5: List of chemical Indicator Test Strip 

STERILIZATION PROCESS PRODUCT DISCRIPTION 

Steam sterilization 112mm x 20mm 

Dry Heat 112mm x 20mm 

 

For accurate and good results, precautions are mandatory such as all Sterility tests should be 

performed in a clean dust free transfer area, preferably under positive air pressure using rigid aseptic 

technique throughout the Test procedure. Using Sterile scissors, cut open one end of the envelope. 

Also storage conditions should be maintained. 
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IMPORTANT QUESTIONS 

10 Marks 

1. Explain the principle, procedure, applications and demerits of sterilization using autoclave 

2. Explain the principle, procedure, applications and demerits of sterilization using hot air oven 

3. Explain the mechanism of action, procedure, applications and factors affecting sterilization 

using ethylene oxide. 

4. Explain the source, mechanism of sterilisation, merit, demerits and applications of 

sterilization using radiations. 

5. Explain principles involved in sterilisation by filtration. Add a note on its merits and demerits 

 

5 Marks 

1. Explain the mechanism of sterilization and heat transfer by hot air oven. 

2. Explain the principle involved in autoclaving. 

3. Write the procedure, merits and demerits of membrane filtration 

4. Write the procedure, merits and demerits of ethylene oxide sterilization 

5. Explain the factors affecting gaseous sterilization 

6. Mention indicators used for various sterilization methods 

7. Write the production, mechanism of action, demerits and applications of UV radiations. 

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

9. Write the significance of various reagents used in Gram staining and Acid fast staining 

10. Write principle and procedure of Gram staining. 

11. Write principle and procedure of acid-fast staining. 

12. Explain IMVIC tests used for identification of bacteria. 

13. Describe any two methods of viability counting. 

14. Describe any two methods of total counting. 

 

2 marks 

1. Mention the demerits of ethylene oxide sterilization 

2. Write bio-indicators for thermal sterilization. 

3. Write applications of uv radiations. 
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4. What is Pasteurization? Mention methods 

5. Define sterilization 

6. Classify physical method of sterilization 

7. Explain the advantages of autoclaving over hot air sterilization. 

8. List out any four applications of Gamma irradiation. 

9. Mention any four applications of autoclave. 

10. Mention any four applications of dry heat sterilization. 

11. Mention any four applications of gaseous sterilization. 

12. Mention any four applications of ethylene oxide sterilization 

13. Mention any four applications of filtration sterilization. 
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