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Approaches to control microbial
growth

Physical methods: include heat, irradiation, filtration and
mechanical removal (washing).

Chemical methods: use antimicrobial chemicals

Some processes may use a combination of both physical
and chemical methods.

These methods are of varying levels of effectiveness
against different organisms.

The term sterile does not encompass prions.

Note: It is very difficult to destroy prions using standard
sterilization procedures. Combustion is the basic sure
method used to destroy prions.

Table 5.1 Terms Commonly Used to Describe Antimicrobial Agents and Processes
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History of microbial control

« Joseph Lister revolutionized surgery. He developed effective
methods that prevent surgical wound becoming infected.

« Initially he used carbolic acid to control wound infections
and later developed the methods of sterilizing instruments.

* We know now that various microorganisms are responsible
for many health problems and food spoilage; thus, effective
control of microorganisms is needed on priority basis.

» We will discuss various methods of controlling microbial
growth on inanimate objects and some body surfaces.

* Most of the methods discussed in this chapter are non-
selective in that they adversely effect all forms of life.
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Situational considerations

Methods used for microbial control depend on the situations and degree
of control required.

Control measures required on routine basis in daily life may not be
sufficient for situations such as hospitals, microbiology laboratories, foods
and food production laboratories.

Daily life: washing and scrubbing with soaps and detergents, cooking
foods, cleaning surfaces and refrigeration.

Hospitals: Danger of nosocomial infections (infections that are hospital
acquired). In hospitals, opportunistic infections are a major concern. Thus
strict and rigorous microbes control measures are required.

Microbiology labs: routinely work with microbes so rigorous microbes
control methods and aseptic techniques are needed.

Food and food production facilities: Heat treatment, irradiation, use of
chemicals which can prevent microbial growth, are some of the methods
used routinely in food industry. Surfaces should be kept free of
microorganisms to avoid contamination.




Selection of an antimicrobial procedure

* No single procedure fulfill all the desired parameters
therefore, no single, multipurpose, non-toxic method exists.

*  Choice of a antimicrobial method depends on :

1. Type of Microorganism: Products contaminated with microorganisms
more resistance to killing require a more rigorous heat or chemical
treatment. Some of more resistant microbes include

— Bacterial endospores: Bacillus and Clostridium. They require
extreme heat or chemical treatment.

—  Mycobacterium species: The waxy wall of these organisms make
them resistant to many chemical treatments so stronger and more
toxic disinfectants are required.

— Pseudomonas species: Resistant to common disinfectants and can
sometime even grow in them.

— Naked viruses: viruses such as polio which lack a lipid envelope are
more resistant to disinfectants.

Selection of an antimicrobial procedure
2. Numbers of Microorganisms present:

— The time taken by a heating or
chemical procedure to kill a .
population of microbes is dictated in
part by the number of organisms
initially present

— More time is required to kill a larger
population than it does to kill a small
population.
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— Removing organisms by washing or
scrubbing can minjmize the time
necessary to sterilize and disinfect a
product.

— ‘Decimal reduction time’ or ‘D value’ is the time required for
killing 90% of a population of bacteria under specific
conditions.

Selection of an antimicrobial procedure
3. Environmental conditions:

— Factors such as temperature, pH and presence of fats and
ot?er organic materials strongly influence microbial death
rates.

— Presence of dirt, %rease and other organic material can
interfere with the heat penetration and action of disinfectants.

4. Potential Risk of Infection:

— Selection of germicidal procedure is decided based up on
their potential risk of transmitting infectious agents.

— Critical, semicritical, and noncritical items are defined based
on their varied invasiveness in the health setting.

— Items which pose greatest threat of transmitting disease
should be treated with more rigorous sterilization procedures.

Using heat to kill microbes

* Moist heat
— Boiling water and pressurized streams destroy microbes by
coagulating their proteins irreversibly.

— Boiling (100°C) for 10 minutes kills most of the microbes and viruses
except endospores (Claustridium perfringens and C. botulinum)

— Pressurized stream that reaches 121°C and sustained for 15 minutes
(autoclave) can reliably kill endospores.

« Pasteurization: method developed by Louis Pasteur

— It does not sterilize substances rather significantly reduces the
number of heat sensitive organisms including food spoilage bacteria
and pathogens except sporeformers.

— Used to pasteurize milk, juices, wine etc.

— Three methods of pasteurization
+ Low temperature (62°C) for long time (30 minutes)
+ High-temperature-short-time (HTST) method (72°C for 15
seconds)
+ Ultra-high-temperature (UHT) method (140-150°C for few
seconds

Autoclaving (Moist heat)

* Autoclaving procedure is used as
the first line of defense against
microbial infections in the
hospitals.

+ Autoclave heats water in an
enclosed vessel. The steam is
produced at 15psi pressure which
raises temperature to 121°C.
Pressure itself does not play any
direct role in killing. [!'I]

. Ttypical conditions used for —
sferilization/autoclaving are 15 psi . For effective
pressure and 121°C for 15 autoclaving, stream

minutes. should enter the
. items and should
» This destroys endospores and all displace air.

bacteria. Longer time periods are
required to sterilize large volumes.

Moist and dry heat
« Flash autoclaving: When rapid sterilization is required. By
increasing the temperature to 135°C, sterilization can be
achieved only in three minutes.

« Some heat sensitive indicators are used to ensure proper
autoclaving e.g. tapes (change in color-black), biological
indicators (Bacillus stearothermophilus).

» A temperature of 132°C applied for 4.5 hours are thought to
kill prions.

* The commercial canning procedure: uses pressurized
stream. The process is designed to ensure that endospores
of Clostridium botulinum are destroyed.

¢ Dry heat:
— Process essentially burn the cell constituents or
irreversibly denature proteins.
- Erytheat takes much longer to kill organisms than moist
eat.




Chemical destruction of
microorganisms

« Germicidal chemicals can be used to disinfect and in
some cases to sterilize.

« Unlike antibiotics, chemical disinfectants normally cause
irreversible chemical reactions within the bacterial cell
(e.lg. coagulation and denaturation of proteins
solubilization of membranes, denaturation of DNA, etc.).

» Chemical disinfectants are generally less reliable than
heat but are suitable to disinfect large surfaces and heat
sensitive items.

» Some are non-toxic to the extent that they can be used
as antiseptics.

« Some chemicals which are weakly germicidal but have a
bacteriostatic action, can be used as preservatives.

Table 5.2 Using Heat to Control Microorganisms

Method Characteristics and Typical Uses

Boiling Fast, reliable, and inexpensive method to
destroy most microbes. Unreliable for killing
endospores. Can be used to treat drinking

water.

Pasteurization Significantly decreases the numbers of heat-
sensitive microorganisms, including spoilage
mic isms and path (except
sporeformers). Milk and juices are routinely
pasteurized.

Pressurized steam Achieves temperatures above 100°C, which

is necessary to destroy endospores. Used to
sterilize surgical instruments and other items
that can be penetrated by steam. Also used
to produce canned foods.

Dry heat High P for long lengths of time can
be used to sterilize items. Flame is used to
sterilize bacteriological loops. Ovens are used
to sterilize glassware and items that are not
readily penetrated by steam.

Potency of germicidal chemicals

Disinfectants are grouped according to their potency
Table 5.3 Usual Pattern of Antimicroblal Actvty of Germicides

Bacteria M Viruses
Categoryof Germicide Edospores ~~ Mycobacteria ~~ Others Al Nonpid ~~ Lipid

et 18§ I3 Jis s I3 I3

High Lee e ] s 5 ] s

termediae Level U] Vaes 185 I s I

s n Vares

Low Levl n n Vares o

Intermediate-level and low-level disinfectants are also called
general purpose disinfectants.

Factors that regulate chemical
germicides selection

Toxicity: by nature, germicides are somewhat toxic to humans and the
environment.

+ Activity in the presence of organic matter (active or inactive): .
Hypochlorite is readily inactivated by organic matter, however, phenolics
can tolerate the presence of some organic matter.

» Compatibility with material to be sterilized: some items can not tolerate
liquia disinfectants so use gaseous alternatives.

* Residue: Some leave a residue which is toxic or corrosive. Sterilized
items must be rinsed with sterile water.

+ Cost/Availability: Some are less expensive and readily available e.g.
Eypochlonte. Some are expensive and are not readily available e.g.
thylene oxide.

» Storage and stability: Phenolics and lodophores are available as
concentrated stock solutions. But some have limited shelf life.

Environmental risk: some retain their antimicrobial activity after use and
can interfere with sewage treatment system. They should be neutralized
before disposal.

Chemical disinfectants

+ Alcohols:

— Agueous solutions of 60-80% ethanol/isopropanol rapidly
kill vegetative bacteria and fungi.

— They do not reliably destroy endospores and naked
viruses.

— Alcohols probably coagulate enzymes and proteins and
damage lipid membranes.

— Proteins are more soluble and denature more easily in
alcohol mixed with water and that is why aqueous
s?luﬂo?s (70% ethanol) are more effective than pure
alcohols.

» Aldehydes: include both Glutaraldehyde and Formaldehyde

* Glutaraldehyde:

— A 2% solution of alkaline glutaraldehyde is one of the most
widely used liquid sterilants for treating heat sensitive
medical items.

— It destroys all forms of microbial life including endospores
and viruses.

Chemical disinfectants cont’d

* Formaldehyde: It is used as a gas or an aqueous 37%
solution called formalin.
— It is an extremely effective germicide which kill all forms of
life within minutes.
— Itis used to kill bacteria and inactivates viruses for use as
a vaccines.
— ltis also used to preserve biological specimens.

» Chlorhexidine:
— extensively used in antiseptic products (skin creams,
disinfectants and mouth washf
— It has low toxicity and can kill a wide range of microbes
including vegetative bacteria, fungi and some enveloped
viruses by reacting with proteins.

» Ethylene oxide:
— is an extremely useful gaseous sterilizing agent and
destroy all microbes including endospores and viruses.
— A special chamber is used to sterilize items with ethylene
oxide. It is carcinogenic in nature.




Chemical disinfectants cont’d

* Halogens: include chlorine and iodine and are thought to work
by oxidizing proteins and other cell components.

* Chlorine: ) ) )
— destroy all types of microorganisms and viruses.

— Chlorine releasing compounds such as sodium hypochlorite
are used to disinfect waste I|gU|ds, swimming pool water,
instruments and surfaces and, at much lower
concentration, to disinfect drinking water.

— Properly chlorinated drinking water contains ~ 0.5ppm
chlorine. Household bleach is 5.25% sodium hypochlorite.

* lodine:
— unlike chlorine, does not reliably kill endospores.

— Tincture of iodine or iodophores are used as disinfectants
or antiseptics.

— Some Pseudomonas species survive in the concentrated

solutions of iodophores.

Table 5.4 Chemicals Used in Sterilization and Disinfection, and Preservation of Non-food Substances
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Removal of microbes by filtration

Filtration of fluids

+ Filtration is commonly used
to sterilize heat-sensitive
fluids (e.g. culture media,
human blood products, etc.) P

» Two types of filters are in
general use:

— Depth filters, which have an
ill-defined pore size, but trap
bacteria based on flowing
through a complex matrix (e.g.
Nylon wool). They can not ; ; 3
reliably remove viruses. Filtration of air:
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special filters called high-efficiency
particulate air (HEPA) filters remove
from air almost all microorganisms.

— Membrane filters are created
out of polymers, and contain
pores of a defined size.
Depending on size, may clear . .
bacteria only or bacteriaand * They are used in specialized
viruses. hospital rooms, biological safety

cabinets and laminar flow hoods.

Using Irradiation to destroy
microbes and viruses

 Short wavelength electromagnetic radiation such as microwaves, gamma
rays and ultraviolet light are valuable tools for microbial control.

+ Gamma irradiation is used extensively to sterilize heat sensitive materials
including medical equipments, disposable items and drugs.

» Food, fruits and vegetables can also be either sterilized or pasteurized
with gamma irradiation depending on the doses used.

» Endospores are resistant to both gamma and ultraviolet irradiation.
» Radiation kills by
— A) Generating heat (microwaves)

— B) Generation of reactive free radicals (like superoxide and hydroxyl)
by gamma rays. This results in direct damage to DNA and proteins.

— C) Direct damage to DNA (UV radiation). Used to limit bacterial
growth in culture hoods and rooms etc.

Preservation of perishable products
Preventing or slowing the growth of microbes extends the shelf
life and can be achieved using various methods

1. Use of preservative chemicals
— Non-food items use germicides i.e. formaldehyde in shampoo.
- Fo%d i)tems use weak acids (i.e. benzoic, sorbic and propionic
acids.
— Nitrates/nitrites are typically used to preserve meats (inhibit the
germination of endospores and growth of Clostridium botulinum).

2. Low-temperature
— Slows enzymatic reactions
— Freezing forms ice crystals that damage microbial cells

3. Reducing water availability
— Adding salt or sugar: high solute environment causes plasmolysis
and prevent growth of microbes). However, Staphylococcus aureus
(food poisoning organism) can grow under very high salt
concentrations.

— Drying food (dessication, lyophilization): however, drying does not
kill microbes. Number of salmonellosis cases are sometime

reported when dried eggs or their products are used.

Next Lecture
* Read chapter 21




