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INTRODUCTION: 

One of Making a sterilized material is one of among the most crucial steps in the manufacturing of 

health-care goods. Makers of health care products spend a great deal for time and resources in 

confirming and overseeing their procedures to guarantee the clean and secure nature of their products. 

To accomplish validation, a diversified workforce is required.
 [1] 

Experts Science, pharmaceuticals, 

physics, life sciences, and microbial typically collaborate in architecture to show that a procedure 

proceeds as intended. Need anything to exist effective, each discipline needs For comprehension 

purposes language theoretical foundations of several technical fields and relate those foundations to 

their unique experience with technology.
[2]

 Thus, there will be a synergistic effect on prob-problem-

solving and a good outcome filter in addition to biological indicators This review paper will mostly 

discuss sterilizing techniques in general and highlight any implications it may have on microbiology.
[3]

 

This article should begin with defining sterility and outlining the steps involved in achieving it. This 

article was written using information from many ISO papers and book descriptions. Seymour S. 

Block, Gerald E. Rathore and Gail Sofer, Akikazu Sakudo and Hideharu Shintani, Adam P. Fraise et 

al., and others are the editors, writers, and translators of the books. and A "biological indicator system" 
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ABSTRACT: 

Objective: The components, characteristics, and problems of bis are thoroughly examined in the 

first section of this article. Bis are trustworthy measuring instruments when used properly, 

however it has been shown that they are not ideal for use as standards. Since the goal of 

sterilization procedures is to eradicate germs, they must be validated in a way that highlights the 

role Bis plays in microbial mortality.  

Method: The second section discusses the use of Bis in the specific sterilizing methods of 

radiation, ethylene oxide, wet heat or steam, and dry heat. There are suggestions given on how to 

use Bis in different procedures. Medical equipment producers invest a lot of time and resources 

in verifying and monitoring their processes to ensure that their goods are clean and safe. The 

confirmation study is the product of a multidisciplinary team effort.  

Result: For this mission to be successful, every discipline needs To fully comprehend the 

foundations of every scientific field Then put those into practice principles Based on their 

individual technological knowledge. In order to assess the various technical sterilization 

approaches and biological indicators (Bis), this study attempts to convey the basic concepts of 

sterilization methodology.  

Conclusion: These will primarily go over general sterilizing methods with a focus on their 

microbiological elements. The best place to start is by defining sterility and figuring out how to 

achieve it through BL validation trials. 

Key Words: Sterilization, biological indicator, validation, and healthcare products. 
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is made up of microorganisms, typically bacterial spores, as well as the tools and processes needed to 

produce the biological indicator and carry out the test"as used in the pharmaceutical and medical 

device companies' sterilizing division.
4
 This allows one to ascertain the degree of sterilization applied 

to a particular product area. There are situations when the word "biological indicator" (abbreviated 

"BI") is used interchangeably with a measuring device, such as a thermometer that contains mercury. 

But our everyday language conceals the BI measurement system's intricacy.
[5]

 This study aims to 

provide background information on biological indicators (Bis) and a summary of their fundamental 

concepts for use in the design, implementation, and/or oversight of sterilization procedures.
[6] 

MATERIAL AND METHOD: 

The choice of an appropriate disinfection techniques depends on a number of issues, such as the 

approach's effect on the integrity or shape of the product, norms in the industry, legal requirements, 

sterilization economics, and the logistics of sterilization in connection to the production method 

overall. "State and effective" ought to be the governing concept for the controlled production of 

pharmaceuticals. This forms the basis of a complex network of laws and regulations that define 

various practices and procedures employed in the medical production sector. It is not advisable to 

employ any sterilization method that compromises the safety or effectiveness of the product.
[7]

 

Nevertheless, there are occasions wherein a specific sterilizing approach modifies a property of a good 

that has everything dealing with safety nor efficacy. One example of this is the use of plastic polymers, 

which are commonly used in the production of medical equipment. On these equipment, EOG other 

ionization methods for sterilization are frequently applied. When subjected to ionizing radiation 

sterilizing levels of 15 or 25 kGy, some plastic polymers experience discolouration and breakdown 

that results in the creation of hazardous compounds such 4,4'-dimethylaniline from polyurethane or 

bisphenol A from polycarbonate or polysulfone.
[8]

 This may impact how well a gadget works and 

result in goods that medical facilities and patients don't find suitable. Despite ongoing discussions over 

residual toxicity, in this particular case, EOG may end up replacing ISO Cc 194 (ISO 10993-7) as the 

alternative sterilizing procedure. Without a doubt, it is crucial to take into account how much each step 

of the production process will ultimately cost the finished product.
[9]

 Process development staff 

therefore makes an effort to select operational stages or units that are financially feasible. In most 

cases, a process engineer will select the fewer costly choice with respect to of expenses, duration, or 

testing specifications when presented with a choice between numerous sterilizing procedures. 

Moreover, optimizing the sterilizing technology's economics can be achieved by a meticulously 

planned sterilization process.
[10] 

Mechanisms Of Elimination And Destruction: 

Combining several methods of sterilization results in identically sterile products. A close look at the 

different approaches shows that they all function differently from one another. The biological 

underpinnings of microbial elimination or destruction in each of the five main sterilizing techniques—

filtration, ionizing radiation, sterilant gas or vapor, moisturizing heat, and dry heat—are covered in 

this section.
[11] 

1. Wet Heat: 

The sterilizing technique that has been researched the most is steam under pressure, sometimes known 

as moist heat. Reproduction is a cell's primary purpose, which also holds true for all sterilization 

techniques. Growth is dependent on reproduction. Enzymes, also known as protein biocatalysts, aid in 

the reproduction of microorganisms, while nucleic acids (DNA and RNA) govern the procedure. 
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Despite numerous other functions, enzymes regulate the production of amino acids along with various 

cellular constituents. Function is overall dictated by the three-dimensional (tertiary) structure of 

proteins, particularly enzymes. The fundamental The framework is created by the linear arrangement 

of amino acids, each of which has unique chemical properties. The molecular structure of proteins is 

determined by the arrangement of amino acids throughout the manufacturing process. This is so that 

the chemical reactions involving individual amino acid groups that their solution may generate the 

most stable form. If a protein undergoes shape changes after it is created, with the value as protein 

denaturation, the way it works is going to alter. That change is irreversible and usually results in 

nonfunctioning. Moisture-induced heat sterilization causes the essential enzymes to persistently 

denaturate, ultimately leading to cellular death. Water vapor and high temperatures are necessary for 

the efficient denatureing of proteins and cellular demise Heat sterilization needs to happen at 

significantly lower temperatures if there is water vapor present. In moist-heat sterilization, water-

saturated steam is normally forced at 121.1°C. The amount of heat that is available at any temperature 

is increased by water vapor. Saturated steam, for example, provides at least seven times the heat 

capacity of air at 121.1°C. These still fails to take into consideration how well moist heat kills 

organisms. Furthermore, direct interactions between the protein and water vapor at the high 

temperature lead to the denaturation of both plus and enzymes. Because Thermal breakdown is 

random, the particular It is commonly recognized that wet heat processing may turn enzymes inactive. 

phenomena has little influence on academics or the economy. When certain conditions are satisfied, 

the process of cell destruction is predictable and reproducible.
[12] 

 

2. Dry Heat: 

Anything things are heat-resistant, including dry powdered materials, containers, metal parts, and 

various other materials, can be sterilized using dry heat. This sterilizing method requires higher 

temperatures (about 160–170 degrees Celsius) and longer times because it uses less moisture than 

moist-heat sterilization. In actuality, the burning process that occurs during the dry heat sterilization 

process kills the cells. At high temperatures, the biological components are destroyed by what is 

generally understood to be an oxidative process. between 160 and 170 degrees Celsius, and for 

extended periods of time. In reality, burning occurs during the dry heat sterilizing process, which kils 

the cells. In what is usually thought to be an oxidative process, high temperatures damage the 

biological components. Other parameters that might be important are the amount of water, its location 

beneath the microorganism or tissue, and whatever impact it can have on Genetic.
[13]

 The action's 

exact location is unclear, but the process is accurate and foreseeable. For instance, drying at 250 °C to 

between 30 and 60 minutes typically renders toxins on gram-positive bacteria harmless. This decreases 

FDA penalties by reducing toxins. by three decimal units. There are three main categories of 

microorganisms that can be killed by dry heat, and there are three methods for sterilizing goods.: 

(a) description of a closed it's dry, obscured, or linked zones; 

(b) Dry-heat sterilization; and  

(c) High-temperature sterilization, which combines depyrogenation and sterilization in a single 

operation.  

 

(a) The latter technique uses wet heat to sterilize the product inside the container while it is heated in 

a moist atmosphere. Glassware Sterilization at High Temperatures Hot-air sterilizing tunnels and 

other similar devices are used to sterilize vials and ampoules intended for small-volume 

parenterals. These machines sterilize and depyrogenate the containers simultaneously, reaching 

temperatures of up to 300–360 degrees Celsius. Dry-heat bacteria, especially those employed in 
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Bls, can only endure as long as possible under conditions that are harsh enough in terms of time 

and temperature to remove any pyrogenic material from the containers' surfaces. 

 

(b) Sterilization of systems for closure. Sterilizing with dry heat is a topic that was previously 

discussed beneath "wet heat cleaning." The components of the majority of crate closing 

mechanisms Volume 40, Issue. 5/September–October 1986 weren't at least partially permeable by 

the autoclave's saturated steam environment or the saturated vapor inside the container. This 

condition can also arise when hot water or steam is used to sterilize the fluid inside a flexible 

container that has a fluid route or other enclosure. Bls can decide whether the sterilization is 

sufficient when placed in dry areas by combining the sterilization value applied to these low-

temperature heated locations.
[14]

 

3. Sterilant Vapor or Gas: 

Sterilant fumes and gases such as the substance, VHP, peracetic acid (PAC), and chlorine dioxide, for 

example, are used in an aseptic manner for a range of purposes. The production of healthcare supplies, 

lyophilizers, isolation systems, heat-sensitive or radiation-incompatible plastic packaging, layoffs, and 

systems to deliver drugs constitute the industries that most frequently utilize volatile and vaporous 

sterilizing agents. The most common gaseous or vaporous sterilants in aseptic processing, EOG and 

VHP, are discussed in this article along with their microbiocidal properties. The gaseous sterilant that 

is most frequently used is EOG. It works by an organic interaction with cell components including the 

DNA and structures include enzymes and kinases. It is thought that the chemical action of the 

substance as an alkylating agent is how it kills cells. EOG substitutes hydroxy ethyl (-CH₂CH₂ OH) 

groups for unstable hydrogen atoms. Macromoles such as enzymes include functional compounds 

such as carboxyl (-COOH), hydroxyl (-OH), sulfhydryl (-SH), amino (-NH2), and imino (-NH), all of 

which are inflexible to alkylation occurring. Protein activity will be decreased or eliminated if these 

groups are altered by EOG since a number of them are essential to the makeup and functioning of 

enzymes. In addition to being frequently used for surface disinfection of isolators, the VHP can also be 

used to sterilize specific types of packing materials when combined with pulsed vacuum cycles. It is 

not possible to utilize VHP as a liquid sterilant due to condensation. VHP's bactericidal, virucidal, and 

fungicidal effects are a result of its oxidation of double bonds and sulfhydryl groups (-SH) present in 

proteins, lipids, and surface membranes. This reaction results in the production of hydroxyl radicals: 

O2 + OH + H2O2OH + 

The OH radical is the key component in VHP sterilization. When used in small amounts, a VHP is 

effective proven to be substantially more sporadic than peroxide of hydrogen in a fluid state. Proteins 

from the spore covering appear to be extracted as part of the mechanism by which VHP affects spores. 

It is currently widely a recognized use for G. stearothermophilus ATCC 7953 in confirm that VHP 

sterilization is being performed to ensure that rooms are sterilized for isolators and cleanliness. 

4. Radiation: 

A product that has to be sterilized can be exposed to lonizing radiation using either accelerated 

electrons (electron beam, or E-beam) or gamma rays (cobalt-60 or cesium-137, though mostly Co60 is 

utilized). Despite the varied mode of radiation energy deposition, the deadly effects are believed to be 

the same: free electrons in the product are affected by gamma photons or E-beam electrons, which 

subsequently attack other electrons, resulting in ionization and the production of extremists without 

charge. DNA and other massive organic molecules seem to be especially susceptible to radiation that 

causes ionization. All of life's systems rely on DNA as their basic plan, therefore any major changes to 

this template result in incorrect creation of structures and, in the situation of an algae cell, the 

nonviability of the tiny organism. 
[15] 
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5. Ethylene Oxide: 

There are four interconnected reasons for the microbial mortality that takes place during the ethylene 

oxide (EO) sterilization procedure. These include temperature, time, relative humidity, and gas 

concentration. The precise combination of these four elements related to the ability of an EO 

procedure to physically destroy germs has not yet been achieved. A BI system can be used to quantify 

the effects of each of the several EO sterilization chemicals separately as well as together. With respect 

to EO sterilization, we assume that the sterilization resistance of the entire bioburden is on par with or 

lower than that of the bacteria present in the BI system. As such, we are not able to measure at the 10-

6 probability level. Usually, BLs are employed to keep an eye on every load of goods that have been 

EO sterilized. The four process parameters that can only be successfully integrated into a BI single-

measure survivability or lethal by a biological system are time, temperature, EO concentration, and 

RH.
[16] 

6. Filtration: 

The removal of germs by filtration, which is sometimes mistakenly called sterilization despite the fact 

that filtration does not kill microorganisms, is a unique circumstance in terms of its mode of action. 

Filtration relies on physically removing germs rather than destroying them, in contrast to the other 

strategies that have been covered thus far. It would be inaccurate to categorize this treatment as 

sterilization because no SAL is acquired during the procedure. Microorganisms are restricted in their 

capacity to pass through the filter by fluid-specific filtration. The removal mechanism is dependent on 

the type of filter. By encasing germs within their internal structures and utilizing a combination of 

adsorption and random fiber pressing, depth filters eradicate microorganism.
[17] 

Sterilization Validation Using Biological Indicators: 

Regular checks are conducted using a consistent procedure for each sterilizing method. First, a 

performance standard that is unaffected by the sterilizing process is selected. A second thing to think 

about is how various factors, like indication propagation and interactions with the sterilized target 

product, affect the BI's resistance to the sterilization cycle. Third, the degree to which indications are 

eliminated during the sterilizing process is measured. In the end, the idea of giving materials 

undergoing sterilization a sterility probability is developed for a certain procedure. Put another way, a 

compilation of research confirming the procedure's accuracy and predictability is required for the 

validation of sterilizing methods. 

❖ Attributes Of The Indicators: 

Any sterilizing method's main goal is to eliminate or destroy germs. Usually, studies that employ a 

specific microorganism as the BI of performance validate this function. While the Bl microorganism 

utilized in each sterilizing process varies, all indications share certain similar traits, such as those listed 

below. 

(a) An Inherent Resistance to the Sterilization Method: 

It is clear that the most important factor to take into account when selecting an indication is an inbuilt 

resistance to the sterilizing process. If the sterilizing process is readily eliminated or destroys the 

indicator, then it makes no sense to explain it in terms of other pathogens.
[18] 

(b) A Stable and Reproducible Resistance to the Sterilization Method under Defined 

Conditions Usage: 

The ability of a sterilizing technique to remove a bacteria (Bi) from the most awkward place—the 

chilly area in the case of moist heating—is a good indicator of its effectiveness. For a Bl to be useful 

in evaluating novel sterilizing methods or tracking existing ones, it must consistently show resistance 

over time. Its usefulness will be limited if its resistance varies significantly. This is defined by ISO 
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11138 1-5. As a result, the validation process's results will precisely predict how effective the 

sterilizing method will be in day-to-day operations. 

(c) Efficient Recovery After Exposure to the Sterilization Method: 

An indicator is typically exposed to a range of sterilizing settings in sterilization research, and the 

indicator survival rate is used to assess how effective the treatments are. The significance of the 

sterilizing conditions will be inflated if they are the only means by which a test microorganism can 

proliferate. Stated differently, any signal that endures sterilization ought to be suitable for culture 

following exposure. 

 

(d) Characteristic of the Microorganisms Commonly Occurring in the Product to be Sterilized 

Although the bioburden of products to be sterilized: 

 

exterminated. The sorts of Bl that must be removed during the actual sterilizing process should match 

and be more resistant than the types used to validate sterilization. Historically, a microorganism with 

the aforementioned traits has been used to certify every sterilizing process. With the exception of a 

few uncommon filtering techniques, the most popular sterilizing technique has been the employment 

of dormant spores, particularly those of gram-positive bacteria like Bacillus and Geobacillus sp. (ISO 

11138 1-5). This makes sense because the spore's high resistance allows the bacteria to flourish in a 

range of unfavorable environments.
[19] 

RESULT : 

BIs for ease of use and less likelihood of cross-contamination, as well as BIs that are designed for 

particular sterilizing activities. These patterns show how BI capabilities are always evolving, 

improving their accuracy and usefulness for evaluating and verifying sterilization processes. 

DISCUSSION: 

Sterilization: 

Manufacturers of sterile items have access to five main sterilization techniques. They consist of 

filtration, dry heat, steam, ionizing radiation, and gas. The operating parameters, germ-elimination 

tactics, and product appropriateness of various techniques vary. All sterility-providing strategies, 

however, require confirmation and observation to prove their efficacy. This essay will examine the 

selection of sterilization techniques, how the treatments eliminate or destroy germs, and how to 

provide microbiological evidence that the procedures are effective. 

Sterilization And Sterility: 

One definition of sterility is the total absence of microorganisms. It is an objective term; anything 

might be almost sterile due to the lack of the biological burden formation. According to The usual 

technique, sterility is the absence of germs as shown by their inability to proliferate and thrive. It 

cannot ensure a sterility assurance level (SAL) from a sterility test and is technically antiquated. As a 

result, the most recent method for proving sterility entails utilizing a biological inducer (BI) to raise 

the relevant SAL, like 10. When Bl testing on a substance reveal no development It is regarded as 

sterile if it is inside or outside it. An absence of Bl development suggests sterility since it suggests the 

absence of life material, even in cases when no particular SAL is recognized. This theory is reasonable 

until one takes into account the range of live creatures that can change anything that isn't sterility or 

the range of natural circumstances that can promote development. A state of sterility can be attained by 

a variety of techniques. Actually, the main area of study in microbiology has been bacterial control. 

While the proliferation of microorganisms can have positive effects, it can also lead to financial 

damages and illnesses that mostly impact humans. As a result, a lot of research has been done on the 

Page 470

International Journal of Pharmacy and Herbal Technology,Jan-Mar 2024,Vol 2(1) 465-474

varies substantially, yet certain commonly occurring microbial species must be eradicated or



 

 

 

[IJPHT 2024] 
 
 

 

many strategies for stopping the growth and getting rid of microorganisms. Many techniques exist for 

preventing, destroying, or damaging microbiological development; these techniques are primarily 

classified into two groups: chemical along with manual. Examples of physical approaches include 

filtration and dry or moist heat. Some of those that are utilized in chemical procedures consist of the 

vaporous state of liquid water with hydrogen peroxide (the technique), sanitizer a type of ethylene 

oxide gas (EOG), peracetic acid, formaldehyde, chlorine dioxide, and other chemicals. Sterilization 

using irradiation employs a combination of physical as well as chemical methods. These broad 

instances are not meant to be all-inclusive; rather, they are meant to show the range of approaches that 

can be utilized to regulate a product's microbiological composition. Additionally, there is a wide range 

in the application of microbial control, from stopping bacterial growth to attaining sterility. In many 

situations, stopping microbial growth alone is sufficient. One application of this tactic is in food 

preservation. Sometimes it is necessary to remove or eradicate dangerous bacteria selectively while 

sparing other microbes, especially in formulation. Although disinfectants like phenolics are meant to 

destroy infections, they frequently fail to eradicate other germs. The most effective control technique 

now in use is sterilization, which is the total eradication or removal of microorganisms. There are 

various methods for achieving sterilization. These include procedures that make use of heat, radiation, 

filtration, and deadly gasses. Heat-based techniques are the most popular and well-researched. 

Thermal sterilizing treatments are widely acknowledged as the most effective means of achieving total 

elimination of germs due to their well-defined methods. The primary components of a sterilizing 

procedure are as follows: Initially, an operation level that isn't suitable for your disinfection method of 

choice is chosen. Spores of Geobacillus stearothermophilus ATCC 7953 perform this function 

throughout the steam sterilization process (ISO 11138-1,3, ISO 11134). A second consideration is the 

effect of unrelated events on the removal or destruction of the indicator. Spore growth, relationships 

among Bls plus the sterilizing media, and the physical characteristics of the sterilized medium in 

reaction to increased temperature are several instances for such factors in heat research. Third, the 

efficiency of the cleaning procedure in getting rid of microbes in particular situations is assessed. For 

example, the length of exposure at a specific temperature predicts the rate of spores after thermal 

sterilization.Lastly, and perhaps most importantly, the idea of marking items undergoing sterilization 

with a probability of sterility is a sensible step  toward the systematic and progressive elimination of 

Bl in particular circumstances. Put another way, defining sterilization is the process of compiling data 

from research to bolster The precision is dependability of the procedure that was used. A more detailed 

description of Bl and bleaching is provided above.
[20] 

 

Combining Conditions for The Sterilization Process: 

The evolution of irradiation methods depends on establishing and demonstrating the correctness and 

relationship between biologically and physically determined sterilizing parameters. The more 

sophisticated the sterilizing system, the less accurate physical sterilization values are in predicting 

microbiological kill. 
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TABLE I. Bacterial Spores Used as Biological Indicators for Different Sterilization Conditions 

Sterilizing Agent An The organism as a Strata sources 

Wet heat Bacillus stearothermophilus Bacillus 

subtilis, 5230  

Bacillus coagu/ans  

Clostridium sporogenes 

Dry heat Bacillus subtilis, 5230  

Bacillus subti/is var. niger  

Bacil/us stearothermophi/us 

Ethylene oxide Radiation Bacillus subti/is var. niger 

Bacillus pumilus 

 

Spores are employed as Bls because they have the ability to combine the sterilizing effects of a deadly 

agent, such as ionizing radiation, ethylene oxide (EO), dry heat, or moist heat. For all the EO plus 

drying abortions processes, the spore's moisture content —which is governed Through the humidity's 

relative (RH) surrounding environment—has a significant impact on the mechanism of germ 

eradication. Therefore, if the relative humidity changes between verify circumstances, An absence of 

heat or EO situation will affect the spores individually. Furthermore, the integration of the entire 

microbial kill will be performed in the matter of dry heat using climate, RH, and time, alongside the 

case involving EO air level, RH, and age. The microbial death of the process is brought about by the 

bacterial spores' integration and measurement activities. The physical components of these processes 

are quantifiable, but we still don't fully understand how to integrate the many effects for both dry heat 

and EO. The advantage of sterilizing derived from physical factors show a strong correlation with the 

basic sterilisation variables within certain sterilization steps, such as radiation from gamma 

sterilization, saturated steam sterilization of appears, and water-based sterilization of containers in 

saturated steam or an aquatic atmosphere. Because of this, it is possible to depend with great 

confidence on the sterilization values in these systems that are dependent on physical parameters. A BI 

system's microorganisms are chosen to meet the particular test requirements. As a result, we discover 

that various microorganism strains and species are employed for various objectives, as Table I 

demonstrates. The spores can be injected directly onto or within the product, or they can be supported 

on paper or metal carriers. It will have been established whether the assay or recovery method is 

appropriate for the particular measurement requirement or test system. Testing for calibration will be 

done on the system. We compare the findings obtained under the known or calibration circumstances 

with the results obtained under the unknown or test settings since all measurements of sterilizing 

conditions utilizing microorganisms are comparative in nature.
[21] 

CONCLUSIONS : 
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Although a BI has inherent variability, it can assess a sterilization 247 effect with good precision and 

repeatability if used appropriately. The biological indicator should be employed in the process's initial 

validation, in routine qualification and validation, or in routine monitoring and qualification and 

validation, depending on the type of sterilization procedure. Before using them, one must comprehend 

the BI's capabilities and the sterilizing procedure itself. When Bls is used improperly, it's typical to 

think implies a cleansing approach is insufficient, but in reality, It might be greater than sufficient to 

provide the required level of guarantee of virginity. Since a BI systems make advantage of live 

organism These spores as the unit of measurement, it not qualified to be a main normative and must be 

accredited using an analog measuring apparatus that may be linked to certified fundamental standards. 

With a focus on sterilization microbiology, this text functions as a microbiology primer. The ultimate 

goal of sterilization processes is to remove all live things from a product; the process's efficacy is 

measured by achieving a suitable SAL. The vast diversity of the world's microorganisms is 

demonstrated by the fact that very few places are completely devoid of bacteria. Certain bacteria that 

are commonly present in products as bioburden must be rendered inactive. Knowing these bacteria 

makes it easier to determine the sterilizing processes. Each sterilization technique has a different 

mechanism of action, but they are all distinguished by their capacity to reliably and consistently 

generate sterile goods.
[22] 
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