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LECTURE-7 

GENERAL TESTS 

3.  STERILIZATION 

 Sterility is the total absence of viable microorganisms. 

 The sterility of an entire lot of finished article cannot be guaranteed by testing; it has to be assured 

by the application of a suitably validated production process.  

 Such a process would involve the use of adequate sterilisation cycles and subsequent aseptic 

processing.  

 The design of the process should include the use of:  

 Qualified personnel with appropriate training, 

 Adequate premises, 

 Suitable production equipment, designed for easy cleaning and sterilisation, 

 Adequate precautions to minimize the bioburden prior to sterilisation, 

 Validated procedures for all critical production steps, 

 Environmental monitoring and in-process testing procedures. 

 The basic steps of validation of a sterilizing process consist of: 

1) Qualifying the process equipment in order to demonstrate that it has the capability of operating 

within the required parameters. 

2) Demonstrating that the critical control equipment and instrumentation are capable of operating 

within the prescribed parameters for the process equipment. 

3) Performing replicate cycles representing the required operational range of the equipment and 

employing actual or simulated product and demonstrating that the processes have been carried 

out within the prescribed protocol limits and that the probability of microbial survival in the 

replicate processes completed is not greater than the prescribed limits. 

4) Monitoring the validated process during routine operation. 

5) Requalifying and rectifying the equipment periodically, as needed. 

6) Completing the protocols, and documenting the above stated steps. 

 Proper validation of the sterilisation process or the aseptic process requires a high level of 

knowledge of the field of sterilisation and clean room technology.  
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1.  Sterility Assurance Level (SAL) 

 The achievement of sterility within anyone item in a population of items submitted to a sterilisation 

process cannot be guaranteed and thus, there is always a finite statistical probability that a 

microorganism may survive the sterilizing process.  

 For a given process, the probability of survival is determined by the number, types and resistance of 

the microorganisms present and by the environment in which the organisms exist during treatment.  

 The sterility assurance level (SAL) of a sterilizing process is the degree of assurance with which the 

process in question renders a population of items sterile.  

 The SAL for a given process is expressed as the probability of a non-sterile item in that population.  

 An SAL of 10-6, for example, denotes a probability of not more than one microorganism in 1xl0-6 

sterilized items of the final product. 

 The SAL of a process for a given product is determined by appropriate validation studies. 

2.  Sterilization 

 Wherever possible, a process in which the product is sterilized in its final container (terminal 

sterilisation) is chosen. 

 If terminal sterilisation is not possible, filtration through a bacteria retentive filter and aseptic 

processing should be used, 

 Wherever possible, appropriate additional treatment of the product (e.g. heating of the product) in 

its final container may be applied.  

 In all cases, the container and closure are required  to maintain the sterility of the product 

throughout its shelf-life. 

 lt is generally accepted that terminally sterilized injectable articles attain an SAL level of 10-6.  

 With heat-stable articles, the approach often is to considerably exceed the critical time necessary to 

achieve the 10-6 microbial survival probability (overkill).  

 With heat sensitive product, it may not be feasible to employ this overkill approach. In such cases, 

the development of the sterilisation cycle depends heavily on knowledge of microbial burden of the 

product. 

3.  Method of Sterilization 

 The choice of the appropriate method of sterilization for an article required a high level of 

knowledge of sterilization technique and information regarding any effect of the process on the 

material being sterilized. 
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 One of the following method may be used for sterilization: 

3.1 Steam sterilisation (Heating in an autoclave) 

 This process of thermal sterilisation using saturated steam under pressure should be used whenever 

possible for aqueous preparations and for surgical materials.  

 The process is based on the principle of displacing the air in the sterilizing chamber (autoclave) by 

saturated steam and continuing the exposure to saturated steam for a period of time sufficient to 

ensure that the entire articles being sterilized are maintained for an effective combination of time 

and temperature to ensure sterility.  

 In order to displace air more effectively from the chamber and from within the articles, the 

sterilisation cycle may include air and steam evacuation stages.  

 The choice of a cycle for any article depends on a number of factors, including the heat lability of 

the material, knowledge of heat penetration into the articles, and other factors.  

 The reference conditions for aqueous preparations are heating at a minimum of 121° for 15 minutes. 

Other combinations of time and temperature may be used provided that it has been satisfactorily 

demonstrated that the process chosen delivers an adequate and reproducible level of lethality when 

operating routinely within the established tolerances.  

 The procedures and precautions employed should be such as to give an SAL of 10-6 or better. 

 When surgical materials are sterilized the steam used should neither be superheated nor contain 

more than 5 per cent of entrained moisture. 

 Appropriate steps should be taken to ensure adequate removal of air.  

 Most dressings are conveniently sterilized by maintaining at a temperature of 134° to 138° for 3 

minutes but other suitable combinations of temperature and time may be used. 

3.2 Dry heat sterilization 

 This process of thermal sterilisation is suitable for heat-stable, non-aqueous products and powders.  

 The reference conditions are a minimum of 160° for at least 2 hours. 

 Other combinations of time and temperature may be used provided that it has been satisfactorily 

demonstrated that the process chosen delivers an adequate level of lethality when operated routinely 

within the established tolerances.  

 The procedures and precautions employed should be such as to give an SAL of 10-6 or better. 
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 The process of sterilisation is carried out by a batch process in an oven specially designed for that 

purpose.  

 The oven is supplied with heated, filtered air, distributed uniformly throughout the chamber by 

convection or radiation employing a blower system with devices for sensing, monitoring, and 

controlling the critical parameters.  

 The sterilizer is loaded in such a way that a uniform temperature is achieved throughout the load.  

 Where the unit is employed for sterilizing components such as containers intended for intravenous 

solutions, care should be taken to avoid accumulation of particulate matter in the chamber. 

 An SAL of 10-12 is considered achievable for heat-stable articles or components. 

 

3.3 Gas sterilisation  

 This method of sterilisation is only to be used when the material to be sterilized cannot withstand 

the high temperatures obtained in the steam sterilisation or dry heat sterilisation processes. 

 The active agent generally used is ethylene oxide of acceptable sterilizing quality.  

 The sterilisation process is generally carried out in a pressurized chamber designed similarly to a 

steam autoclave but with additional features, particularly for ensuring the reduction of gas or its 

transformation products in the sterilized product to below the concentration that could give rise to 

toxic effects during the use of the product. 

 The programme for the validation of the sterilizing process is more comprehensive than for the 

other sterilization procedures, since in addition to temperature, the humidity, vacuum/positive 

pressure, and ethylene oxide concentration also require rigid control.  

 It is important to demonstrate that all critical process parameters in the chamber are adequate during 

the entire cycle.  

 Since the sterilization parameters applied to the articles to be sterilized are critical variables, it is 

advisable to precondition the load to achieve the required moisture content, to minimize the time of 

holding at the required temperature, prior to placement of the load in the ethylene oxide chamber.  

 The validation is generally done using the product inoculated with appropriate biological indicators. 

 Wherever possible, the gas concentration, relative humidity, temperature and duration of the 

process are measured and recorded.  

 The effectiveness of the process applied to each sterilisation load is checked using a suitable 

biological indicator.  



Pharmacopoeial Standards    Unit III  

 

2 April 2020 Page 5 B. Pharma VIII Sem. 
 

 One of the principal limitations of the gas sterilisation process is the limited ability of the gas to 

diffuse to the inner most product area that requires sterilisation.  

 Package design and chamber loading patterns rnust therefore be determined so the there is 

minimum resistance to gas diffusion. 

3.4 Ionizing radiation sterilisation  

 Sterilisation by this method is achieved by exposure of the product to ionizing radiation in the form 

of gamma radiation from a suitable radioisotopic source (such as cobalt 60 or cesium 137) or of a 

beam of electrons energized by a suitable electron accelerator. 

 The advantages of the method include low chemical reactivity, low measurable residues, and the 

fact that there are fewer variables to control.  

 The unique feature of the method is that the basis of control is essentially that of the absorbed 

radiation dose, which can be precisely measured.  

 Irradiation causes only a minimal rise of temperature, but can affect certain grades of plastics and 

glass. The two types of ionizing radiation in use are radioisotope decay (gamma radiation) and 

electron-beam radiation.  

 In either case, the radiation dose to yield the required degree of sterility assurance should be 

established such that within the range of minimum and maximum doses set, the properties of the 

article being sterilized are acceptable. 

 For gamma radiation, the validation of a procedure should include  

 The establishment of article materials compatibility 

 Establishment of product loading pattern 

 Completion of dose mapping in the sterilisation container 

 Establishment of timer setting 

 Demonstration of the delivery of the required sterilisation dose 

 For electron-beam radiation, in addition, the on-line control of voltage, conveyor speed, and 

electron beam scan dimension must be validated. 

 For gamma radiation the reference absorbed dose is 25 kGy (2.5 megarads). 

3.5 Filtration 

 Certain active ingredients and products that cannot be terminally sterilized maybe subjected to 

filtration through microbial retentive materials.  
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 The suitability of filters of such materials should have been demonstrated by means of a microbial 

challenge test using a suitable test microorganism.. A suspension of Pseudomonas diminuta may be 

suitable.  

 Some of the factors in validation of the filtration process include product compatibility, absorption 

of drug, preservative and/or other additives, release of contaminants from the filter and initial 

effluent endotoxin content.  

 Since the effectiveness of the filtration process is also influenced by the microbial burden of the 

solution to be filtered, the determination of the microbiological quality of solutions prior to 

filtration is also an important aspect of validation 

 Other parameters of validation process are pressures; flow rates, and filter unit characteristics.  

 The production process and environment should be designed to minimize microbial contamination 

and should be regularly subjected to appropriate monitoring procedures.  

 The equipment, containers, and closures and, where possible, the ingredients should be subjected to 

an appropriate sterilisation process.  

 Attention should be given to the filter capacity, batch size and duration of filtration.  
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