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Physical factors influencing growth

» Temperature influences rate of chemical reactions and protein structure
integrity ----- rate of enzyme activity

» At low temperature, every 10°C rise in temp. metabolic activity rises
--growth occurs

» At high temp. bacteria killed by denaturing enzymes, inhibiting
transport carrier molecules or change in membrane integrity

» Each bacteria shows a characteristic temperature dependence

Effect of temperature

£
" Minimum growth §
temperature - microbe is

able to conduct metabolism

= Maximum growth .
temperature — microbe

: . = Growth rate plotted against temperature
continues to metabolize
= Optimum growth
temperature — highest
growth rate

= Growth of Escherichia mfr ém nutrient agar at three different temperature
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Factors that Affect Microbial Growth
A
Temperature —
— Affects proteins and lipid membranes
— If too low, membranes become rigid and fragile
If too high, membranes become too fluid

- Categories based on Optimum Temperature
— Psychrophile — optimum below 15°C
— Mesophile — optimum between 20°C — 40°C
— Thermophile — optimum higher than 45°C
— Hyperthermophiles — optimum above 80°C

Copyright © 2011 Pearson Education Inc.

: : Minimum Optimum Maximum
Classification
temp. temp. temp.
Extreme psychrophile -10 10~15 20
Psychrophile -10 20~30 42
Mesophile 5 28~43 52
Thermophile 30 50~65 70
Extreme thermophile 65 80~90 100
0 Examples :

'g thermophiles Psychrophile :
§ hyperthermophiles Flavobacterium sp.
E , Mesophile : Escherichia
E psychrophiles / coli
E Thermophile : Bacillus
© / stearothermophilus

| ] \| I e | I —T ] — Hyperthermophile :

-10 0 10 20 30 40 50 60 70 80 90 100 110 Thermococcus celer
Temperature (°C)
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The activity of microbial enzymes depends on the charge present on the

surface of amino acids
Any change in environmental pH alters enzyme activity ---- affect the

growth
0.8 1
0.6 ]

0.4 A

Growth rate (hr?)

0.2 -

pH

— Acidophiles grow best between
pH 0 and 5.5

—Neutrophiles grow best between
pH 5.5 and 8.0

—Alkalophiles grow best between
pH 8.5 and 11.5
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' Examples

Acidophile :
acidophile neutrophile alkaliphile Lactobacillus

acidophilus

Growth rate

Neutrophile : E. coli

Alkaliphile : Vibrio
cholera

Growing microorganisms produce acidic and basic metabolic waste
products.

These wastes become inhibitory agents ------ alter the pH of environment

Thus, citrate or phosphate buffers are added to maintain constant pH of
the medium

Pressure exerted on bacteria by their environment
One of the major agents exerting such pressure is solute concentration

Microorganism obtain almost all their nutrients in solution from the
surrounding water

They require water for growth and are made up of 80 — 90% water

Availability of water depends on two factors: # water content at the
surrounding environment # Conc. of solutes (salt, sugars etc.) dissolved
in the water

Water activity inversely proportional to osmotic pressure

Most microorganisms grow well only near pure water activity (around 1)
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Conditions Effecting Bacterial
Growth

Moisture
The amount of water available in food for
chemical reactions and microbial growth is called
water activity (Aw).
Water activity i1s measured from O (totally dry) to
1.0 (pure water).
Disease-causing bacteria can only grow in foods
that have a water activity higher than 0.91.

The water activity available in foods can be 4
reduced by freezing, dehydration or adding salt or
sugar. 34

Osmotic pressure

« Microbes obtain their nutrients in solution from the
surrounding water

- Higher osmotic pressures remove water from a
cell

- Hypertonic, cellular water passes out through
causing shrinkage

- Plasmolysis

 in food preservation, addition of salts helps to
prevent microbial growth

« extreme halophiles have good adaptation at high
salt concentrations
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Cytoplasm
Cellwall | Solute Plasma membrane
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(c) Isotonic (isosmotic) (d) Hypotonic (hypoosmotic) (e) Hypertonic (hyperosmotic)
solution— solution—water moves into the solution—
no net movement of water cell and may cause the cell to burst water moves out of the cell,
if the wall is weak or damaged causing its cytoplasm to shrink
(osmotic lysis) (plasmolysis)
Osmotic Pressure
Isotonicsolutions: =
solutions where the concentration of the solute is o e e
egual to that of normal cells found in it; thus no @
osmotic pressure is exerted. Most organisms L
prefer isotonic solutions. - al
l )| =

Solutions where solute concentration outside the

I :
Hypotonicsolutions: = S a

cell is less than that inside the cell. This cause
microbial cells to swell then burst (die).

Hypertonicsolutions: -»
Solutions where solute concentration outside the Q
cell is more than that inside the cell. This cause W

microbial cells to shrink (inhibiting growth).

» A specific concentration of NaCl is required for microbial growth in vitro
» It is equal to normal saline salts concentration (0.9% NaCl)

» Halophilic bacteria resist high salt concentration
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Bacterial growth
Physical requirements — Salt

= Halophiles: specific requirement for the
sodium ion (microorganisms found in the sea)

» Mild halophile = 1-6% NacCl
e Moderate halophile =2 6-15% NacCl

e Extreme halophile = 15-30% NacCl
(archaebacteria)

* Halotolerant: grow best in the absence of
NaCl, but can tolerate some NaCl

Halophiles

Salt-loving organisms which require moderate to large
quantities of salt (sodium chloride)

Membrane transport systems actively transport sodium
ions out of cells and concentrate potassium ions inside

Why do halophiles require sodinm?
Cells need sodium to maintain a high intracellular
potassium concentration for enzymatic function

Cells need sodium to maintain the integrity of their cell
walls
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= The eftect to which salt concentration causes
changes in bacterial growth depends on the osmotic

balance required for such growth.
= Some bacteria require a high level of salt to grow,

whereas other bacteria would be killed in high levels

of salt.

Optimal salt concentration for different species

Halotolerant | L!ln[lh”l' Extreme
example: example:  halophile
Staphylococcus  Vibrio example:
avreus tischeri Halobacterium
salinarium
=
o
Nonhalophile
example: \ \\
Escherichia coli
0 Sodium ion concentration

35

= Halophilic organisms (grow optimally at > 0.2 M NaCl) can be divided
nto:

e Facultative or tolerant : can grow either with or without elevated salt

levels
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Colony of (bacteria):
A cluster of cells (or clones) which

" arise from a single bacterium by
asexual reproduction
Sample to
1Tmil be counted
Dilution =——=
1 mil 1 mi 1 mil 1 ml 1 mi
1 M M MM M 3
-mil
broth —
1/10 1/100 1/10% 1710 1/10% 1/10°
(10" (1079 (109 (10 (10°% (1079

FPlate 1-mil samples

| } }

When a sample is
plated, each colony
that grows represents a
single cell (or spore) in

| !
OO

the original sample

o 159 17
Ll
Too many colonies colonies colonies colonies colonies
to count
159 x 10° = 1.89 x 10%
Plate Dilution Cells (colony- Colony count multiplied
count factor forming units) per by the dilution factor

milliliter of original
sample

Calculation of Bacterial Count

= The aim is to calculate how many colony forming units
(C.F.U.) of organism which present in the original sample.

= Colony forming units (CFU) = number of bacteria that
welre able to replicate many times and give one single, visible
colony.

(Colony: is a group of bacteria that grew from one original
bacterium).

«.B =N/VxD
B = number of bacteria
N = number of colonies counted on a plate
V= volume
D = dilution factor
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* A physical or chemical process that completely destroys or removes all
living microbial cells, viable spores, viruses etc. from an object or habitat.

Uses of sterilisation:

1. Sterilisation of materials, instruments
used in surgical and diagnostic
procedures.

2. Sterilisation of Media and reagents
used in the microbiology laboratory.

3. Food and drug manufacturing to
ensure safety from contaminating
organisms.

* When sterilization is achieved by a chemical agent ----called sterilant
---such as Hydrogen peroxide, Nitrogen dioxide, Formaldehyde solutions.

e A process of destruction or removal of all living pathogenic

microorganisms or organism capable of giving rise to infection.
e [t does not destroy bacterial spores.

* In hospital environment, for cleaning of bedpans, surfaces, also for

skin disinfection before surgical operation.
* In microbiology laboratory, for skin disinfection, instrument

disinfection, laboratory surfaces cleaning and others.
e water purification and domestic disinfection in food preservation area
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An agent (chemical or physical) used to carry out disinfection called
disinfectant (which is used only on inanimate objects) such as Alcohol,
Formaldehyde solution, Phenol, Sodium hypochlorite (household bleach).

An agent that causes destruction or inhibition of growth of microorganisms
(bacteria, viruses, fungi) on living surfaces such as skin and mucous
membranes.

4
‘ ’
The treatment of skin infections
Prevention of infections in cuts and wounds

Cleaning the skin area of surgery from
microorganisms

Proflaxy and treatment of infections in mucosal
areas such as mouth, nose and vagina that are
open to environment

As a scrub for surgeans and the medical
personnel

Hydrogen peroxide, Tincture of Iodine, Chlorhexidine gluconate, Alcohol.
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* Food contact sanitizers are commonly used in the food industry to treat
surfaces such as those of mixing and cooking equipment, dishes and

utensils.
e Non-food contact sanitizers are used to treat surfaces such as those of

counters, floors, walls, carpets, air and laundry.
e Hand sanitizer used to decrease infectious agents on the hands

* Germicides can be used to inactivate microorganisms in or on living

tissue (i.e. antiseptics) or on environmental surfaces (i.e. disinfectants).
e Used in dentistry
¢ Used in hand wash

A natural or synthetic substance that kills microorganisms (bacteria, viruses,
fungi, protozoa) or inhibits their growth.
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Antimicrobial Agents

'« Disinfectant:
-antimicrobial agent used only on
inanimate objects

« Chemotherapeutic agent:
-antimicrobial agent that can be used
internally

e Bacteri;:idal: :
-agent that kills bacteria

- Bacteriostatic:
-agent that inhibits the growth of bacteria

ANTIMICROBIALS ———

ANTIBIOTICS/ ANTIVIRALS ANTIPARASITIC ANTIFUNGALS
ANTIBACTERIALS AGENTS B

against bactena, .9 against virusas, e.g. aAgainst parosibes against fungl. g
ir f terial drugs for herpes e.0.d 5 far druos et

arid HIV

Antibiotics (like Penicillin, Tetracycline), Sulfonamides, Quinolones, Benzoic
acid, Phenol, Phenyl mercuric acetate, Formaldehyde solution.
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- Physical methods

]
I !
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Heat Radiation
| |
\}’ L

| W
L L |L ‘_ « Depth filter
Drz_heat | | Moi:ﬂ heat | | Non ionizing | | Ionizing | : i[if‘nf:ii:-ne filter
“\,\7 V ‘LL ‘1"
« Red heat « Temperature ° Infrared » X-rays
« Flaming below 100°C ~ * Ultraviolet » (Gamma rays
+ Incineration . Temperature
« Hot air oven at 100°C

« Temperature
above 100°C

Flowchart 4.1: Physical Methods of Sterilization

Heat sterilization is the most widely used and reliable method of sterilization,
involving destruction of enzymes and other essential cell constituents.

Principle

= Sterilizing by dry heat is accomplished by conduction. The
heat is absorbed by the outside surface of the item, then
passes towards the Centre of the item, layer by layer. The
entire item will eventually reach the temperature
required for sterilization to take place.

* Dry heat does most of the damage by oxidizing
molecules., The essential cell constituents are destroyed
and the organism dies. The temperature is maintained for
almost an hour to kill the most difficult of the resistant
spores.
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» It employs higher temperatures in the range of 160-180°C and requires

exposures time up to 2 hours, depending upon the temperature employed.
» The vital constituents of cells such as proteins (enzymes) and nucleic

acids are denatured by oxidation.
» The benefit of dry heat includes good penetrability and non-corrosive

nature.

Dry heat sterilization:
Dry heat is believed to kill microorganisms by causing a

destructive oxidation of essential cellular components.
Types of dry heat sterilization:

1- Hot air Oven sterilization:

Oven is a double walled steel chamber ( with a door) that is
electrically heated and thermostatically controlled.
The optimum conditions for sterilization by hot air oven will be:
For 2 hours at 160°C, one hour at 170°C and 30 minutes at 180°C.

2- Red heat sterilization and flaming: In the laboratory.
Inoculating wires, loops and points of forceps are sterilized by
holding them in the flame of Bunsen burner until they are red
hot.

| Dry heat sterilization

Applications

¥ Dry heat is used to sterilize Glass ware [ e.g. test tubes, Pasteur-
pippettes, petridishes, flasks, glass syringes etc )

¥ The glass wares should be prewashed with apyrogenic water.

v'Porcelain and metal equipment such as forceps, scalpels, scissors
etc.

v'Fats, oils and greasy materials (like petroleum jelly) those are
impermeable to moisture.
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» Moist heat is more effective than dry heat because water is good
conductor of heat than air

» 1t kills microorganisms by coagulating and denaturing their enzymes and
structural proteins.

* Denaturation of proteins
e Destruction of membranes
e Destruction of DNA

* Boiling
e Steam under pressure (autoclaving)

Temperatures at 100°C (boiling)

» Vegetative bacteria are killed almost immediately at 90-100°C,
but sporing bacteria require prolonged periods of boiling.

» Boiling water is not considered as a sterilizing agent because
destruction of bacterial spores and inactivation of viruses
cannot always be assured. It is considered as a method for
disinfection

» A minimum exposure period of 30min. is recommended to kill
vegetative bacteria.

» Sodium bicarbonate 2% conc. is added to increase the
efficiency of process.
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» Controlled heating at temperatures well below boiling (<100°C)
----reduces total microbial population and thereby increases shelf life of
treated material

Pasteurization

* Purpose: Inactivation of bacterial pathogens (target
organisms Coxiella burnettii)

- assurance of longer shelf life (1nactivation of
most spoilage organisms and of many enzymes)
* Pasteurization
— Heat treatment of 72°C (161°F) for 15 sec (HTST) or
63°C (145°F) for 30 min (or equivalent)

— does not kill all vegetative bacterial cells or spores
(Bacillus spp. and Clostridium spp.)

— Pasteurization temperature is continuously recorded

2. Pasteurization

* Pasteurization is a relatively mild heat treatment, in which
food is heated to below 100°C.

* In low acid foods (pH>4.5, for example milk) it is used to
minimise possible health hazards from pathogenic micro-
organisms and to extend the shelf life of foods for several
days.

* In acidic foods (pH<4.5, for example bottled fruit) it is
used to extend the shelf life for several months by
destruction of spoilage micro-organisms (yeasts or moulds)
and/or enzyme inactivation.

* In both types of food, minimal changes are caused to the
sensory characteristics or nutritive value.
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Stevilization
process in an
Autoclave

pure steam when air is T
exhausted.
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| Applications of autoclave

v’ It is used to sterilize anything, which is not injured by
steam and high temperature of sterilization. These
includes, Aqueous parenteral solutions e.g. distilled
water, saline solutions.

v" Aqueous liquid media e.g. liquid media with or
without carbohydrate and gelatin.

v’ Surgical dressings and fabrics.
v’ Plastic and rubber closures.

v' Metal instruments.

v’ Glass apparatus and containers.

Filtration Sterilization

L e S SN S
o Filtration process does not destroy but
removes the microorganisms. It is used for
both the clarification and sterilization of liquids
and gases as it is capable of preventing the
passage of both viable and non viable
particles.
o The major mechanisms of filtration are
sieving, adsorption and trapping within the
matrix of the filter material.

o Ex:HEPA FILTERS

Membrane Filters

The membrane filter is the most
common tyvpe of filtration system used
inmn modern microbiology laboratories.
These are made from high ftensile
strength polymers of cellulose acetate.
cellulose Nnitrate. polycarbonate.
polyester. polyvpropyviene or
Ppolysulfone.
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I MEMBRANE FILTERS

Membrane filters are made of cellulose-derivative (acetate or
nitrate). They are very fine. They are fixed in some suitable
holders.

Nominal pore size is 0. 22 + 0. 02 mm or less is required.

The membranes are brittle when dry. In this condition they
can be stored for years together. They become very tough
when dipped in water.

They are sterilized by autoclaving or by ethylene oxide gas.
They cannot be sterilized by dry heat as they decompose above
120 C.

They are suitable for sterilizing aqueous and oily sohations but
not for organic solvents such as alcohol, chloroform etc.

Filtration

- Bacteria can be removed from liquids by passing
them through filters

= Useful for sterilizing heat labile fluids like vitamins,
antibiotics, sera, urea, protein solution etc

= Types of filters

— Earthernware candle filters - eg. Berkefeld filter,
Chamberland filter

— Asbestos pad filters - eg. Seitz filters
— Sintered glass filter

— Membrane filters
« made from cellulose acetate or cellulose nitrate
« membranesof 0. 45 umor 0.22 gy m are used
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Bacteria are "-_
captured by '-f’_ VA
the filter. HIARE

To make air free from unwanted microbes, a device called Laminar air flow is
used at appropriate times in laboratories.

Definition

¢ Laminar flow cabinets are a carefully enclosed bench designed to:

* Prevent contamination of biological samples, or any particle sensitive

device.

» Protect the product, operator, and/or environment.

* Laminar flow: An airflow moving in a single direction and in parallel
layers at constant velocity from the beginning to the end of a straight line

vector.

» HEPA filters: High Efficiency Particulate Air: remove at least

99.97% of airborne particles 0.3 pm in diameter.



© Kakali Roy ,Vivekananda College , Thakurpukur

" "HEPA in Laminar air flow systems
® Laminar air flow systems are used for cleaning air in

aseptic rooms.

®In laminar air flow systems,clean air is obtained
through HEPA filters

® This air flows at a speed of 100 ft/min & sweeps dust
particles making entire room free of particulate
matter

join us on PHARMASTUFF UPDATES group on FACEBOOK

Applications of filtration

1. Production of sterile products:- (HEPA) filters (or) laminar air
bench provide sterile environment during manufacture of sterile
products.

2.  Bacteria proof filters are used for filtration of thermo labile
substances where heat sterilization is not applicable.

3.  Production of bulk drugs:- Filtration is an essential step in the
removal of impurities from the products.

4. Production of liquid orals:- Filtration is very important in the
production of liquid orals and other for obtaining clear solutions.
Eg. In aromatic water preparations. syrups. elixirs, and eve drops.
where removal of foreign impurities is very important.

Effluent and waste water treatment

h
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'l STERILIZATION BY RADIATION

Radiation can be divided into two groups:

1. Electromagnetic waves: (i) infra-red radiation (IR)
(ii) ultraviolet radiation (UV)
(iii)X-rays
(iv)Jgamma rays

2. Streams of particulate matter (ij alpha radiation
(ii) beta radiation

For sterilization infrared, ultraviolet, gamma radiation and high
velocity electrons (a type of beta radiation) are used for
sterilization.

» Radiation refers to transmission of energy in a variety of forms through
space or a medium, the most effective type of radiation to sterilize or
reduce microbial growth is through electromagnetic radiation.

» Streams of minute particles of matter are a and  radiation
» Radiation sterilization causes damage to DNA and results in cell death

-

~ Types of Radiation
* 1. lonizing Radiation
* X-rays and gamma rays
* Disrupts DNA and RNA
e Used for Sterilization Procedures

» 2. Non-Ionizing Radiation
= UV light

¢ Does not penetrate plastic, glass and proteinaceous
matter (very well)

= Not used for sterilization procedures, but is used to
reduce microbial populations

lethal mutations — Thymine Dimers
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Non-lonising radiation:

1. Infra red rays
2. Ultraviolet (UV) rays

— Infra red is used for rapid mass sterilisation of
syringes and catheters.

— Ultraviolet radiation is used for disinfecting
enclosed areas such as bacterial laboratory,
inoculation hood, laminar flow and operation
theatres.

1222012 D TV, Rac MD

When exposing microorganisms to UVC
light, the light penetrates through their
cell wall and disrupts the structure of
their DNA molecules, prohibiting
reproduction.

Radiation Sterilisation

= Sterilisation by U.V light:
UV rays for sterilisation is produced by passing a low current
at high voltage through mercury vapour in an evacuated glass
tube.

- The antimicrobial activity of U.V. light depends on its wave
length.

Applications:

- It is used for sterilisation of air to prevent cross infection in
hospitals.
It is used in maintain the aseptic area in the pharmaceutical
industry & also used for sterilisation.
It is used for sterilisation of thermolabile substances before
packing.
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it

IONIZING RADIATION

» It is effective for heat labile items .

« It is commonly used by industry to sterilize disposable
materials such as needles, syringes, swabs, catheters,
suture material, cannulas.

¢ High energy gamma rays from cobalt 60 are used to
sterilize such article.

USE OF IONIZING RADIATION

Mode of action:
= Affects on bacteria, yeasts and moulds.
* Main sites of damages: nucleic acid and the lipids
of the cell membrane
* Membrane lipid degradation
* Change the permeability of the cell membrane
* Leach out of cell components and
* Inhibition of the DNA replication
* Indirect effect: inhibitory effects of free radicals
produced by the radiolysis of water.
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o Radiation sterilization is generally applied to
articles in the dry state; including surgical
instruments, sutures, prostheses, unit dose
ointments, plastic syringes and dry
pharmaceutical products.

o UV light, with its much lower energy, and poor
penetrability finds uses in the sterilization of
air, for surface sterilization of aseptic work
areas, for treatment of manufacturing grade

water, but is Not suitable for sterilization of
pharmaceutical dosage forms.
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