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The control or prevention of microbial growth is necessary in
health care, food processing and preparation, and in the
preservation of materials.

Methods of Control
• Control may be achieved using physical or chemical agents

that either kill microorganisms or inhibit their further
growth.

• Agents, which kill cells, are called’ -cidal’ agents, whereas ‘-
static’ agents inhibit the growth of cells without killing
them.

• Some agents affect groups of organisms; the term
bactericidal, for example, refers to killing bacteria and
bacteriostatic refers to inhibiting the growth of bacterial
cells.

• Sterilization procedures completely destroy or eliminate all
viable organisms, including spores, and may be performed
using heat, radiation and chemicals, or by the physical
removal of cells.

• Microorganisms are not killed instantly on exposure to a
lethal agent. The population decreases exponential-y by
a_constant fraction at constant intervals and factors
influence the effectiveness of any antimi-crobial treatment.

These include:
1. population size: the larger the microbial population, the

longer the time required to kill all the microorganisms
present

2. population composition: different microorganisms vary in
their sensitivity to a specific lethal agent, and its effectiveness
may be influenced by their age, morpholo-gy and
physiological condition;

3. concentration of the antimicrobial agent or intensity of
the treatment: higher concentrations or greater inten-sities
are generally more efficient, but the relationship is rarely
linear;

4. period of exposure to the lethal agent: the longer the
exposure, the greater the number of organisms killed;

5. temperature: normally a higher temperature in-creases the
effectiveness of the agent

6. environmental conditions, such as pH, medium viscosity
and the concentration of organic matter, can have major
influences on the effectiveness of most antimicrobial
agents.

Control of Microbial Growth by Physical
Agents

Heat
• Whenever heat is used to control microbial growth both

temperature and exposure time must be con-sidered.

• The temperature required to kill a specific microorganism
(the lethal temperature) varies quite widely.

• Also, the time needed to kill depends on several factors (see
above). Heat is the most important and widely used means
of sterilization  and may be achieved through: .
a.  Incineration, where burning at 500°C physically destroys

the organisms and is particularly useful for some solid
wastes

b.  Moist heat, which is suitable for sterilizing most items,
except heat-labile substances that would be dena-tured or
destroyed. It is carried out using steam under pressure to
achieve 121°C for 15 min, and is extensively used in
fermentation processes for the sterilization of vessels,
connecting pipe work and culture media

c. Dry heat is less efficient than moist heat, requiring higher
temperatures and much longer exposure times. It is
performed in hot air ovens at 160°C for 2 h, and can be
used for glassware, metal objects and moisture - sensitive
materials such as powders and oils.

Boiling of aqueous solutions or immersion of solid objects in
boiling water at 1000C for 30 min does not guarantee sterility. It
kills most vegetative cells, but not all endospores. To kill
endospores,”intermittent boiling or tyndallization is required.
This involves exposure of the material to elevated tem-
peratures “to kill the vegetative cells, followed by in-cubation ‘at
37°C to allow any spores to germinate and form new vegetative
cells. A second exposure to elevated temperatures kills the newly
germinated vegetative cells.
Heat sterilization is commonly employed in
• canning and bottling
• and ultra-high temperature treatments (UHT) are used in

some sterile packaging prpcedures.
• Pasteurization is a milder heat treatment, used to reduce the

number of microorganisms in products or foods that are
heat-sensitive and unable to withstand prolonged exposure
to high temperatures.

• Batch pasteurization at 63°C for 30min can be used for
filled bottles

• Flash pasteurization at 72°C for 15 s may be preferred, for
certain foods and beverages. Eg. it is performed on milk
and  beer  as it has fewer undesirable effects on quality or
flavour.

• In the case of pasteurization of milk, the time and
tempera-ture used are targeted at killing milk-transmitted
pathogens, notably staphylococci, streptococci, Brucel-la
abortus, Mycobacterium bovis and Mycobacterium
tuberculosis.
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Low Temperature
• These treatments involve refrigeration or freezing. Or-

ganisms are nq,t usually killed, but the majority do not
grow or grow very slowly at temperatures below s°c.
Perishable foods are stored at low temperatures to slow the
rate of microbial growth and consequent spoilage. Often, it
is psychrotrophs, rather than true psy-chrophiles, that are
the cause of food spoilage in refrig-erated foods.

Low Water Activity
• This is used extensively to preserve foods, espe-cially fruits,

grains and some meat products.
• Methods involve removal of water from the product by

heating or freeze-drying; alternatively, water activity may be
reduced by the addition of solutes, usually salt or sugar.

Irradiation
• Microwave, UV, X and ã radiation can be used to destroy

microorganisms.
• UV radiation is effective, but its use is limited to surface

sterilization because it does not penetrate glass, dirt films,
water and other substances.

• Ionizing radiation treatment mostly involves X-rays or ã -
rays. This is particularly effective due to its ability to
penetrate materials.

• In some countries, spices, fruits and vegetables are irradiated
to increase their storage life by destroying spoilage
microorganisms.

• The process is relatively expensive, and due to the nature of
food materials and doses given, not all organisms are killed.

• Irradiation may also destroy some vitamins. In some foods
the levels of vitamin C and E may be reduced by 5-10% and
up to 25%, respectively.

• Such treatments are not suitable for all products; for
example, when beer and some shampoos are irradiated,
hydrogen sulphide may be generated.

Irradiation of food has not been accepted worldwide.
Currently,about 40 countries have passed legislation al-lowing
its use for specified materials. However, it is now gaining greater
acceptance, particularly with the increased incidence of food-
borne diseases such as E. coli 0157:H7. In the USA, use of
these techniques has been extended to the treatment of beef,
lamb and pork products following approval by the US Food
and Drug Administration (FDA).

High-intensity Pulsed Electric Field Treatment
• This is a non-thermal treatment and involves ex-posing the

material to an electric field of 15-20kV/cm for just a few
milliseconds or less.

• The underlying mech-anism of cell inactivation has not
been fully elucidated, ,but is thought to involve the
breakdown of membranes through electroporation (i.e. the
formation of pores within the membranes).

Sterile Filtration
• Sterile filtration involves the physical removal of all cells

from a liquid or gas.

• It is especially useful for sterilizing heat labile solutions of
antibiotics and other drugs, amino acids, sugars,vitamins,
animal cell culture media and some beverages. However the
resultant products  may not be virus free and ultrafiltration
is necessary to remove viruses.

There are three main types of sterile filters
• Depth filters are thick fibrous or granular fi1ters that

remove microorganisms by physical screening, entrap-ment
and adsorption

• membrane filters are thin filters with defined pore sizes,
usually of 0.2 or 0.45µm, through which  the
microorganisms cannot pass

• high-efficiency particulate air (HEPA) filters are used ( in
laminar flow biological safety cabinets and containment
rooms to sterilize the air “circulating in the enclosure.

Control of Microbial Growth by Chemical
Agents
Chemical antimicrobial agents can be used to kill microorgan-
isms or inhibit their growth and may be of natural or synthetic
origin.
They include chemical preservatives, disinfectants, antiseptics,
and drugs used in antimicrobial chemotherapy.
Some are also used as liquid and gaseous sterilants. These are
highly toxic and kill all forms of  life, e.g. formaldehyde,
glutaraldehyde, ethylene oxide and diethylpyrocarbonate.

Disinfectants
• Agents that kill microorganisms but not spores.
• Widely used disinfectant agents are: Chlorine, hypochlorites,

chlorine com-pounds and phenols

Antimicrobial Preservatives for Food and
Related Products
• These compounds are mostly static agents used to in-hibit

the growth of microorganisms in food and those
pharmaceutical or cosmetic products that may be in-gested

• There are relatively few compounds approved for these
purposes. Most coun-tries use three categories of
classification for ‘added food preservatives’, based on that
issued by the FDA.
A.   Group 1 are natural organic acids (lactic, citric, etc.)
B.  Group 2 has substances classified as generally regarded

as safe (GRAS), which includes other organic acids (ben-
zoic, propionic, sorbic, etc.), the parabens (esters of para-
hydroxybenzoic acid) and S02

C. Other compounds proved safe for man or animals that
cannot be placed within group 1 or 2 are assigned to
group 3.

• Common salt, sugars, vinegars, spices and oils have some
preser-vative action, but are not classified as added preser-
vatives. Obviously, any preservative used in food, apart
from being safe, should ideally be free from flavour and
aroma. The minimum concentration should be added and
preservatives must not be used to disguise poor
manufacturing practice.
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• In the case of the organic acids and the parabens, it is their
undissociated form that exhibits the antimicrobial
properties. Their pKa values (the pH at which there is 50%
dissociation of the molecules) lie in the range pH 3-5. As
the pH falls the concentration of the undissoci-ated form
increases, thus elevating the antimicrobial activity. However,
above pH 5.5-5.8 most are ineffective, apart from sorbic acid
and the parabens. They re-tain antimicrobial activity to pH
6.5 and pH 7.0-8.0 respectively.Hence parabens have
widesperead use in food, pharmaceuticals and cosmetics.
The only problem with parabens are
• low grade sensitisation exhibited by some individuals.
• Their tendency to undergo partition into oil
• Reduced efficacy in the presence of glycerol and ethylene

glycol
• Parabens inhibit many bacteria, yeasts and fungi, but are

much less effective against gram negative bacteria
• They act on microbial membranes and affect nucleic acid

metabolism.
• Other possible biological preservatives include the iron-

binding lactoferrin; avidin, a chelator of biotin;
ovoinhibitor, a protease inhibitor; and lactoperoxidase, an
oxidizer of SH groups.

• Lysozyme, which causes bac-terial cell lysis, can be used as a
preservative, but has a limited bacteriolytic spectrum. Similar
bacteriolytic en-zymes, such as those from the cellular slime
mould, Poly-sphondylium species, may be ultimately more
useful.

Table 29.1: Common food preservatives and their uses

Notes


