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Introduction
• Methods for inhibiting rapid microbial growth include
decontamination and disinfection.
• Decontaminationis the treatment of an object or surface to
make it safe to handle.
• Disinfection, in contrast, directly targets pathogens, although
it may not eliminate all microorganisms.
• Specialized chemical or physical agents called disinfectants
can kill microorganisms or inhibit microbial growth
• Physical methods are used in industry, medicine, and in the
home to achieve microbial decontamination, disinfection, and
sterilization.
• Heat, radiation, and filtration are commonly used to destroy
or remove microorganisms.

Heat Sterilization
 Measuring Heat Sterilization
• Microorganisms lose viability at very high temperatures because most
macromolecules lose structure and function, a process called denaturation
• The effectiveness of heat as a sterilant is measured by the time required for a 10fold reduction in the viability of a microbial population at a given temperature.
• This is the decimal reduction time or D.
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Heat Sterilization
• The time and temperature, therefore, must be adjusted to
achieve sterilization for each specific set of conditions.
• The type of heat is also important: Moist heat has better
penetrating power than dry heat and, at a given temperature,
produces a faster reduction in the number of living organisms
• An easier way to characterize the heat sensitivity of an
organism is to measure the thermal death time, the time it
takes to kill all cells at a given temperature.

Heat Sterilization
 The Autoclave
• The autoclaveis a sealed heating device that
uses steam under pressure to kill
microorganisms
• The autoclave uses a temperature of 121°C.
• At 121°C, the time to achieve sterilization of
endospore-containing material is generally
10–15 minutes
• Extended times are also required when large
volumes of liquids are being autoclaved
because large volumes take longer to reach
sterilization temperatures.
• Note that it is not the pressure inside the
autoclave that kills the microorganisms but
the high temperature that can be achieved
when steam is applied under pressure.

Heat Sterilization
 The Autoclave
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Heat Sterilization
 Pasteurization

• Pasteurization uses precisely controlled heat to reduce the number of
microorganisms found in milk and other heat-sensitive liquids.
• At temperatures and times used for pasteurization of food products such as
milk
• Pasteurization also controls commonly encountered pathogens such as
Listeria monocytogenes, Campylobacter species, Salmonella, and Escherichia
coli
• These pathogenic bacteria can be found in foods such as dairy products and
juices
• Pasteurization of milk = 71°C for 15 seconds. This process is aptly called flash
pasteurization.

Radiation Sterilization
 Ultraviolet Radiation
• Ultraviolet radiation between 220 and 300 nm in wavelength has enough energy to
cause modifications or actual breaks in DNA, sometimes leading to disruption of
DNA and death of the exposed organism
• This “near-visible” UV light is useful for disinfecting surfaces, air, and materials such
as water that do not absorb the UV waves.
• For example, laboratory laminar flow hoods, designed to maintain clean work areas,
are equipped with a “germicidal” UV light to decontaminate the work surface after
use

Radiation Sterilization
 Ionizing Radiation

• Ionizing radiation is electromagnetic radiation of sufficient
energy to produce ions and other reactive molecular species
from molecules with which the radiation particles collide
• Ionizing radiation generates higher-energy electrons,
hydroxyl radicals (OH) and hydride radicals (H) and each of
these can damage macromolecules and kill irradiated cells
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Radiation Sterilization

• Table shows the dose of
radiation necessary for a 10fold (D10) in number of
selected microorgan-isms.
• The D10 value is analogous to
the decimal reduction time for
heat sterilization

Radiation Sterilization
 Radiation Practices

Filter Sterilization
• Filtration accomplishes decontamination and even sterilization without exposure to
denaturing heat.
• The liquid or gas is passed through a filter, a device with pores too small for the
passage of microorganisms, but large enough to allow the passage of the liquid or
gas.
• The selection of filters for sterilization must account for the size range of the
contaminants to be excluded.

 Depth Filters
• A depth filter is a fibrous sheet or mat made from a random array of overlapping
paper or borosilicate (glass) fibers
• The depth filter traps particles in the network of fibers in the structure
• Depth filters are also used for the filter sterilization of air in industrial processes.

Scanning electron micrograph showing the structure of a depth filter
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Filter Sterilization
 Membrane Filters
• Membrane filters are the most common type of filters used for liquid sterilization
in the microbiology laboratory
• Membrane filters are composed of high tensile strength polymers such as
cellulose acetate, cellulose nitrate, or polysulfone, manufactured to contain a
large number of tiny holes, or pores.

Scanning electron micrograph showing
the structure of a membrane filter

Disposable, presterilized, and assembled
membrane filter units.
Left: a filter system designed for small volumes.
Right: a filter system designed for larger volumes.

Chemical Growth Control
• An antimicrobial agentis a natural or synthetic chemical that kills or inhibits the
growth of microorganisms.
• Agents that kill organisms are called –cidal agents, with a prefix indicating the type
of microorganism killed. Thus, they are called bacteriocidal, fungicidal, and viricida
• Agents that do not kill but only inhibit growth are called –static agents. These
include bacteriostatic, fungistatic, and viristatic compounds

 Effect of Antimicrobial Agents on Growth
• Viable cells are measured by plate counts
• The number of viable cells for a given organism is proportional to culture
turbidity during the log phase of growth

Chemical Growth Control
 Measuring Antimicrobial Activity
• Antimicrobial activity is measured by determining the smallest amount of agent
needed to inhibit the growth of a test organism, a value called the Minimum
Inhibitory Concentration (MIC)
• The MIC is not a constant for a given agent; it varies with the test organism, the
inoculum size, the composition of the culture medium, the incubation time, and the
conditions of incubation, such as temperature, pH, and aeration
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Chemical Growth Control
 Measuring Antimicrobial Activity
• Another common assay for antimicrobial activity is the disc diffusion technique
• A Petri plate containing an agar medium is inoculated with a culture of the test
organism

Antiseptic, Disinfectans, Antibiotics
 Antiseptic
• Antiseptics and germicidesare chemical agents that kill or inhibit growth of
microorganisms and that are nontoxic enough to be applied to living tissues.

Antiseptic, Disinfectans, Antibiotics
 Disinfectans

• Disinfectants are chemicals that kill microorganisms, but not
necessarily endospores, and are used on inanimate objects.
• For example, disinfectants such as ethanol and cationic detergents
are used to disinfect floors, tables, bench tops, walls, and so on.
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Antiseptic, Disinfectans, Antibiotics
 Disinfectans

Antiseptic, Disinfectans, Antibiotics
 Antibiotics

• Antibiotics are antimicrobial agents produced by
microorganisms.
• Antibiotics are produced by a variety of bacteria and fungi
and apparently have the sole function of inhibiting or killing
other microorganisms.
• Gram-positive Bacteria and Gram-negative Bacteria differ in
their susceptibility to an individual antibiotic such as
penicillin;
• Gram-positive Bacteria are generally affected, whereas most
Gram-negative Bacteria are naturally resistant.
• Certain broad-spectrum antibiotics such as tetracycline,
however, are effective against both groups.

Antiseptic, Disinfectans, Antibiotics
 Antibiotics
• Antibiotics are antimicrobial agents produced by microorganisms.
• Antibiotics are produced by a variety of bacteria and fungi and apparently have the
sole function of inhibiting or killing other microorganisms.
• One of the most important groups of antibiotics, both historically and medically, is
the β-lactam group.
• β-lactam antibiotics include the medically important penicillins and
cephalosporins
• Penicillins
• In 1929, the British scientist Alexander Fleming characterized the first antibiotic,
an antibacterial compound called penicillin because it was isolated from the
fungus Penicillium chrysogenum
• Cephalosporins
• Cephalosporins, produced by the fungus Cephalosporium sp., differ structurally
from the penicillins.
• The cephalosporins have the same mode of action as the penicillins
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Antiseptic, Disinfectans, Antibiotics
 Antibiotics
• Penicillins

Thank you ! 
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