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Microbial control means inhibit or prevent growth of microorganisms. This control is affected in
two basic ways: 1.by killing microorganisms or 2.by inhibiting growth of microorganisms

Control of microbial growth involves use of chemical and physical agents which either kill or
prevent growth of microorganisms. 

The effective control of microorganisms is required.
1. To prevent transmission of disease and infection, 
2. To prevent spoilage of food, 
3. To prevent interference of contaminating microorganisms in industrial processes and 
4. To prevent contamination of materials used in pure culture work in laboratories.

Many terms are associated with the control of microorganisms.

Definition of terms  

Sterilization:
It is a process of destroying all forms of life by physical and chemical agents. 
Objects that are sterile are free from all living cells, spores and viruses. 
Disinfection: 
Disinfectant kills vegetative cells of organisms capable of causing infection but not spores. 
Disinfection is done by chemical agents called disinfectants.
Disinfectant is normal applied to inanimate objects such as floors, utensils and equipments etc.  
Antiseptic: 
Any substances which prevent sepsis either by killing microorganisms or inhibiting their growth
and activity is designated as antiseptic. 
The antiseptic can be applied to body tissues without causing injury to tissue.
Sanitizer:
It is an agent that reduces the microbial population to safe level. Sanitizers are applied to inanimate
objects such as equipments and utensils used in dairy and food industry. 
Germicide: 
It is an agent that kills vegetative cells but not spores. 
Bacteriocide is identical term that kills bacterial cells but not spores. Likewise terms fungicide,
viricide are used that kills fungi and viruses respectively. 



Microbiostatic: 
It is a condition in which growth of microorganisms is prevented by using micro biostatic agent.
Bacteriostatic and fungistatic agents are those agents which stops the growth of bacteria or fungi
respectively. 

Antimicrobial agent: 
It is an agent that interferes with growth and activity of microbes. When its action is directed
against bacteria, agent is designated as antibacterial and when its action is directed against fungi,
agent is designated as antifungal.
Preservative:
It prevents growth of microorganisms.

Physical agents that control microbial growth 
Temperature  (both  high  and  low),  desiccation,  osmotic  pressure,  radiation  and  filtration  are
commonly used physical agents for the control of microorganisms. 

                                               High Temperature (Heat)

Heat kills organisms by denaturation of their proteins and oxidation of their cell constituents.  
Temperature  above  maximum  growth  temperature  has  a  killing  effect  on  microorganisms.
Vegetative cells of bacteria are killed by exposure to temperature between 600C to 700C for 5 to 10
mins. 
Temperature above 1000C is required to kill bacterial spores. 
Following terms are most frequently used in food industry. 
Thermal Death point: It is the lowest temperature required to kill a particular type of suspension
of microorganism under standard growth conditions in 10 minutes. Thermal death point is different
for different organisms.
Thermal death time (TDT) : 
It is the shortest period of time required to kill a microbial suspension at prescribed temperature
under defined conditions. 
Decimal Reduction Time (DRT) 
It is time in minutes required to kill 90% of a population at a given temperature.
Thermal death time and Decimal reduction time depends on,

1. Composition of medium 
2. pH of medium 
3. Number and age of cells etc. 
4. Whether spores are present and nature of spores.
5. Moisture content of the medium.



Moist heat  &  Dry heat  are the two categories of heat which are commonly employed for the
control of microorganisms. 
A) Moist Heat 
Sterilization using moist heat is called moist heat sterilization. 
Moist Heat kills organisms by denaturation or coagulation of cellular proteins. 
In following methods moist heat is used for sterilization:
1) Boiling 
In boiling, objects (Glass-wares instruments) are exposed to boiling water (at temperature 1000C)
for 10 minutes. 
Boiling kills vegetative forms of bacteria & many viruses within about 10 minutes. Endospores
and  some viruses  are  not  destroyed  so  quickly  (Within  10  minutes)  e.g.  Hepatitis  virus can
survive up to 30 minutes of boiling and some bacterial spores can survive for more than 20 hours.
Boiling is therefore not a reliable sterilization procedure. 
This method is not recommended for the sterilization of instruments used for surgical procedures
and should be regarded only as a mean of disinfection.
2) Fractional sterilization (Tyndallization) 
In tyndallization,  objects,  media which decompose at high temperature are exposed to  free
flowing steam at a temperature of  1000C for 20 minutes for three consecutive days with an
incubation period of 24 hours at Room Temperature. 
John Tyndall has first proposed this method of sterilization. 
This method is also called Fractional sterilization. 
Arnold steamer is used for this type of sterilization.
Arnold  steamer consists  of  tinned  copper  cabinet.  The  lid  is  conical,  enabling  drainage  of
condensed steam and a perforated tray filled above the water level ensures that the material placed
on it is surrounded by steam. 

First  exposure of  media  to  steam,  kills  all  vegetative  bacteria  and  but  not  spores.  After  1st

exposure  of  media  to  steam,  medium is  incubated  at  room temperature  for  24  hours.  During
incubation, spores will germinate which are not killed after 1st exposure. 
Again after 1st incubation period, medium is exposed to steam to kill vegetative cells derived from
germination of spores. 
After second exposure, again medium is incubated to germinate remaining spores. This process is
repeated one more time to sterilize the medium completely. 



This method fails to sterilize the media if:  
1) The medium is unsuitable for the germination of spores. 
2) Spores of anaerobic bacteria will not germinate if the material is in contact with air and

spores of aerobic bacteria will not germinate, if the material is not freely exposed to air.
3) It is a time consuming method for sterilization. 

3) Pasteurization
Pasteurization is developed by Louis Pasteur to prevent the spoilage of beverages, milk, juices,
etc.
In pasteurization,  the product is  subjected to controlled heat treatment where specific types of
microorganisms are killed but does not kill all organisms. 
Temperature used for the pasteurization depends upon the product to be pasteurized and method of
pasteurization. 
In the case of pasteurization of milk, it  is heated to 71.60C for at least 15 seconds in the high
temperature short time method or 62.90C for 30 minutes in the low temperature holding method.
In  ultra-pasteurization, also known as ultra high temperature (UHT) pasteurization, the milk is
brought into contact with steam at 140°C for one or two seconds. 
Pasteurization reduces the number of microorganisms in a product or food. It kills pathogens that
are transmitted in milk, i.e.,  Staphylococci, Streptococci, Mycobacterium tuberculosis and many
spoilage  organisms,  therefore  increases  the  shelf  life  of  milk  especially  at  refrigeration
temperatures (below 100C).
4) Autoclaving (Steam under pressure) 

 In this method of sterilization, moist heat (steam under pressure) having temperature above

boiling water is used for sterilization.
 Saturated steam under pressure has more penetration power and higher temperature than

boiling water. 
 Autoclave is most commonly used instrument for autoclaving. 

 Water boils at 1000C when placed in open vessel but in autoclave water does not boil even

at 1000C because it is a closed vessel. In autoclave, sterilization by steam under pressure is
carried  out  at  temperature  between  1080C & 1470C.  By  increasing  steam pressure  (or
vapour pressure of steam), steam temperature can be increased. 

 There is direct relationship between steam pressure and temperature as shown in following table. 

Steam
pressure
(PSI) 

Temp 
(0C)

0 PSI 100
5 PSI 110
10 PSI 116
15 PSI 121
20 PSI 126



 In autoclave, steam comes into contact with cooler surface and condenses into water on it,

thus  causes  the  release  of  latent  heat  from water  to  that  surface  of  item and increase
temperature of item. The condensed water provides moist condition for killing cells. 

 Steam at a pressure of about 15 Psi (1210C) will kill all organisms and their endospores in

about 15 minutes, when the organisms either contact the steam directly or are contained in
small volume of aqueous medium. 

 Sterilization of medium in large containers also requires extra time. 

Container Size Liquid
volume  

Sterilization
Time (mins) 

Test tube of 6 inch in length & 
¾ inch in diameters  

10ml 15 min

Flask 125 ml 95 ml 15 min.
Flask 2000 ml 1500 ml 30 min.

 The laboratory autoclave consists of a vertical or horizontal cylinder of gun or stainless

steel metal. The lid is fastened by screw clamps and made air tight by an asbestos washer.
The autoclave has on its lid, a discharge tap for air and steam, pressure gauge and safely
valve  that  can  be  set  to  blow off  at  any  desired  pressure.  Heating  is  done  by gas  or
electricity.

For autoclaving of materials, at first sufficient water is put in the cylinder then the material to
be sterilized is  place on the tray and heating is  started.  The lid  is  screwed tight with the
discharge tap open. The safety valve is adjusted to required pressure (but in most of the cases
it is self-adjusted by manufacturer). The steam and air mixture is allowed to escape freely till
all air has been replaced. This can be tested by observing accumulation of water droplets at the
outlet of discharge tap and then the discharge tap is closed. The steam pressure rises inside and
when it reaches the desired set level, the safely valve opens and the excess steam escapes.
From this point, the heating period is calculated. When holding period is over the heater is
turned off and autoclave is allowed to cool till the pressure gauge indicates that the inside
pressure is at atmospheric pressure. The discharge tap is opened slowly and air is allowed to
enter the autoclave. If the tap is opened when pressure inside has fallen below atmospheric
pressure, an excessive amount of water will be evaporated and lost from the media. If air is not
completely removed, the desired temperature will not be attained at specified pressure. 
 To sterilize glassware’s, bandages, care must be taken to ensure that steam contacts all

surfaces. 
 Aluminum foil is impervious to steam and should not be used to wrap materials that are to

be sterilized, paper should be used instead. 
 There is no facility for drying the load after sterilization before taking it out. The collection

of water upon cooler surfaces during autoclaving causes metal rust. Corrosion inhibitor like
sodium benzoate is applied to metallic items before autoclaving to prevent rusting.



 Autoclaving is used to sterilize culture media, instruments, dressings, solutions, syringes

and other items that can withstand high temp and pressure. 
 It is also used to sterilize bacteriological media and destroy pathogenic cultures. 

 The autoclave is equally valuable for sterilization of glassware and metal ware, and is most

basic instrument of every microbiology laboratory.
 Today’s autoclaves are equipped with the devices to maintain proper pressure and record

internal temperature during operations. Irrespective of these developments, it is necessary
to keep watch on pressure and maintain it appropriately. 

 Some plastic wares cannot be sterilized as they melt in the high heat, and sharp instruments

often become blunt. 
 Many substances breakdown during the sterilization process and oily substances cannot be

sterilized in autoclave because they do not mix with water.
 Commercially  available  tapes  are  used  as  sterility  indicators  where  color  of  the  tape

changes  due  to  chemical  reaction  when  the  proper  times  and  temperatures  have  been
reached.  Normally  such  sterilization  indicators  are  kept  near  the  center  of  autoclave
surrounding materials to be sterilized to ensure proper penetration of heat.

 Another  widely used method for sterility testing is  preparations  of specified species  of

bacterial endospores such as Bacillus stearothermophilus, impregnated into paper strips or
present in an ampule of medium enclosed in a soft plastic vial. The vial is placed in the
center of the material to be autoclaved. These spores are then aseptically inoculated into
culture  media  after  autoclaving  and  incubated.  Sterilization  is  ensured  by  absence  of
growth in the culture media (indicates survival of the endospores).

B) Dry heat 
It is less effective as killing agent than moist heat. 
Dry heat acts mostly by oxidizing or burning the cell constituents. 



Dry  heat  dehydrates  cells,  resulting  in  lack  of  water  thus  reduces  the  probability  of  protein
coagulation. Penetration power of dry heat is low.   
Different types of dry heat sterilization are. 
1) Hot air sterilization

 The apparatus used for this type of sterilization is electric or gas hot air oven. 
 The oven is usually heated by electricity with heating elements in the wall of chamber and

it must be fitted with fan to ensure even distribution of air. It should not be overloaded. The
material should be arranged in the manner which allows free circulation of air in between.
Glass wares should be dry before being placed in oven. Test tubes, flasks etc should be
plugged with cotton wool other glass wares such as petri- dishes and pipettes should be
wrapped in Kraft paper. The oven must be allowed to cool slowly for about two hours
before the door is opened since, the glass wares may get cracked by sudden or uneven
cooling. Oven is operated at 1600C for one hour. In oven to sterilize items, longer period
and higher temperature than autoclave because in autoclave heat in water is transferred to
cool  body and  in  oven  the  heat  in  air  is  transferred  to  cooler  body.  Heat  in  water  is
transferred to cool body more readily 

 It is used to sterilize glass wares, forceps, scissors, swabs, fats, greases etc.
 Oven is used for sterilization of instruments used in ophthalmic surgery but  a sterilization

time of 2 hrs at 1500C is recommended.
 Rubber materials will not stand the temperature normally used for sterilization in oven. 

2) Incineration (Direct Flaming) 
 Incineration is the method where material to be sterilized is directly burnt in the flame. 
 During  the  laboratory  experiments,  inoculating  needles,  forceps,  etc  are  sterilized  by

incineration in which inoculating needle and forceps are directly introduced into a flame of
burner  till  they  become red  hot.  However,  care  should  be  taken  to  prevent  spattering,
because the droplets which fly off are likely to carry viable organisms. This problem can be
reduced by inserting needle inside the tube.

 The method is 100% effective for sterilization. No known living organisms can withstand

treatment given in incineration. 



 This method is used for disposal of infected materials, carcasses etc. In hospitals, soiled

dressings, bedding and pathological material are sterilized by incineration. 
 This  method is  not  used for  sterilization of flammable materials  such as  cloth,  rubber,

plastic etc. 

                                                          Low Temperature

 When organisms are subjected to temperature below the optimum then generation time of

organisms increases i.e. at low temperature, the ice crystals are formed in cells. These ice
crystals  cut  the  cell  membrane  or  coagulate  cell  proteins  and  either  reduces  rate  of
metabolism of organisms and stops there growth. Thus, low temperature is microbiostatic
and not microbiocidal.

 Microorganisms show no detectable metabolic activity at low temperature and hence this

property is used for successful preservation of food items.

 A  few  microbes  can  grow  in  super  cooled  solutions  (below–20OC)  are called

psychrotrophs (Psychrophiles). Psychrophiles cause food spoilage in refrigerated foods. 

 Refrigeration  and  freezing  are  the  methods  in  which  low  temperature  is  used  for

preservation of food.

 In refrigeration, temperatures in between 0 to 7oc reduces metabolic rate of most microbes

so they cannot reproduce or produce toxins. 

 In freezing,  temperatures below 0oc stops microbial  growth, but generally does not kill

microorganisms, and keep food fresh for several months. 

                                                               Filtration: 

 Filtration is most commonly used for the removal of microorganisms from heat sensitive

materials and sometimes it is used for the sterilization of liquid material and gas. 
 Filtration simply removes the microorganisms instead of killing them. Some filtration aids

are used for this purpose. 
 Filtration involves passage of liquid or gas through a screen that has pores small enough to

retain microorganisms of certain size. The screen or filter medium becomes contaminated;
while liquid or gas that passes through it is sterilized. Certain filters also utilize materials
that absorb microorganisms. 

A) Liquid Filtration:  



Filtration  is  used  for  sterilizing  substances  that  are  sensitive  to  heat  like  enzyme  solutions,
antibiotic solutions, some sugar solutions, etc. 
Although most commonly used filters do not remove viruses. 
There are two types of filters, Depth filter and Membrane filter.
Depth filter
Depth  filter  remove  the  microorganisms  by  physical  screening  or  entrapment  and  also  by
absorption to the surface of the filtration material because electric charges on particulate matter
and filter are opposite. Different types of bacteriological depth filters are, 
Berkefield filters Chamberlain filters Asbestos filters Fritted  or  sintered

glass filters 
Made from 

mixture of
diatomaceous earth
(siliceous powder

composed of remains
of diatoms),

Made up of 
unglazed porcelain

(mixture of sand and
hydrous alumina

silicate)

Made of 
compacted layers of
asbestos and paper in

form of pads

Made of 
fine uniformly ground
glass particles fused

together at a high
temperature in the

form of disc.

Membrane filters: 
Depth  filters  have  been  replaced  by  paper-thin  membrane  filters  made  from cellulose  acetate.
Membrane filters or cellulose acetate filters are in disk form. Membrane filters are 0.1 mm thick,
membrane. 
Filters are disposable & autoclavable. 
Membrane filters are available in different pore sizes with pore size about 0.2 micrometer diameter
are used for the removal of vegetative cell but not viruses. 
In a particular membrane filter, membrane pores are usually uniform in size. 
It should be noted that membrane filter remove only materials larger than the pore size of the filter
used. 
The membrane filter works by sieve action alone. In addition, the rate of flow is superior to that of
depth filters because of number of pores. Some membranes may retain most bacteria as well as
larger protein molecules. 
Membrane filters are used to sterilize fluid materials in laboratory and industry.
In membrane filter assembly, the membrane filter is placed on supporting screen by suitable holder.
In membrane filtration,  the fluid (e.g. water)  is pulled through the membrane filter by negative
pressure (vacuum). Bacteria unable to pass through the membrane pores remain on its surface. For
the isolation of bacteria, the membrane can be ascetically placed directly on a layer of medium in a
plate after filtration. During incubation, bacteria present in fluid develop colonies on filter surface.
Bacterial colonies formed on filter can be identified and counted. 



B) Air Filtration:  
Filtration of air, reduce microbial contaminants of air. 
Cotton plugs and surgical masks, which are made of cloth, paper or fiber glass, are used for air
filtration. 
When a sterile non-absorptive cotton plug is inserted in to the mouth of a test tube or flask of
sterile medium, the sterilized medium remains sterile because cotton plug trap the dust particles
along with microorganisms and allow sterile air to leave the cotton plug and enter in test tube.
Such air filtration has been practiced to prevent contamination of culture media.
Microorganisms and dust from air are removed by passing through High efficiency particulate air
filters  (HEPA).  HEPA filters  have  efficiency  to  remove  99.97  %  of  particles  that  are  0.3
micrometer or more in diameter. These filters are constructed of cellulose acetate pleated around
aluminum coil. High efficiency particulate air filters (HEPA) form laminar air flow (LAF).Laminar
air flow (LAF) is an air flow moving in one direction with uniform velocity. Laminar air flow units
with HEPA filters are used in aerospace and electronic industries to produce air with low particle
levels which was necessary to prevent electron circuitry and instrument malfunction. 
In hospitals, LAF units are installed in operating room where patients undergoing bone marrow
transplants and in room where leukemia patients’ during treatment are kept. . 
LAF units are also used in pharmaceutical industries, cosmetic industries and in assembly rooms
for space vehicles. In these industries, LAF units are installed on wall of room.  Through LAF unit,
air enters in room and through exists in opposite wall air escape from room. 
LAF  bench  units  are  used  as  an  aseptic  chamber  in  the  laboratories  to  keep  air  borne
microorganisms away from work area and to prevent contamination of sterile media during culture
transfer. 



                                                            Radiation 

Energy transmitted  through space  or  through a material  medium is  generally  called  radiation.
Major types of radiations are electromagnetic, acoustic and particle radiation. 
Electromagnetic radiations are ionizing and non ionizing radiations. 
Sterilization  using  radiations  is  practiced  when  heat  sterilization  methods  cause  damage  to
products. 
Ionizing radiations: 
They have wavelength shorter (10-5 to 1 nm). 
Ionizing Radiations are gamma rays and x-rays.
They have more energy and great penetrating power. 
Ionizing radiations are non-specific in their effects.
Gamma rays are emitted by radioactive cobalt. X-rays are produced by special machines.
Ionizing radiations pull electrons away from molecules and ionize them .When they pass through
the cell they form free hydrogen and hydroxyl radicals and some peroxides in cell which in turn
react with cellular constituents and bring about damage to cell by oxidizing vital materials of cell
especially DNA. Bacterial spores are more resistant to radiations than vegetative form. 

Ionizing radiations are used for sterilization of syringes. These radiations are used to reduce the
microbial load of many food items such as fruits, meat, sea foods, grains etc. even after packaging
thus increasing self-life of food items.
Ionizing radiations do not cause significant changes in appearance, taste, texture or nutritive value
of food and food products. 
These radiations are impractical for the purpose of sterilization because. 

1. Their large scale production is expensive. 
2. Their efficient utilization is difficult, since radiations are given off in all directions from

their point of origin.
3. Their constant use may cause hazard to operator.

Non - ionizing radiations. 

They have longer wavelength. UV rays, microwaves are non-ionizing radiations. 



Non-ionizing radiations ranges in wave length from 1nm to 1 m. UV radiations of wavelength 260
nm are most effective for killing microorganisms.
UV light is less energetic and less penetration power. UV rays are emitted by special UV lamp.
Non-lionizing radiation (UV light) is absorbed by nucleic acids of target cells .The UV light form
bonds between adjacent thymines of DNA strands of double stranded DNA molecule. The thymine
dimers inhibit correct replication of DNA during reproduction of target cells. 

UV radiation kills bacterial cells, bacterial spores, viruses & coliforms
UV radiation is used to treat drinking water, seawater for fish culture and to treat waste water. 
UV  radiations  are  used  to  control  microbes  in  air  of  operating  rooms  of  hospitals,  aseptic
packaging  rooms  of  pharmaceutical  industries  where  sterile  products  are  filled  in  vials  and
ampules.
UV radiations  are  used  to  control  microbes  on  the  contaminated  surfaces  in  food  and  dairy
industry. 
A major disadvantage of UV light as sterilizer is that the radiation is not very penetrating, so the
organisms  to  be  killed  must  be  directly  exposed  to  rays.  Organisms  protected  by  solids  and
coverings as paper, glass and textiles are not affected. 
Any person working at or near a UV source must always wear glasses to protect the retina from
severe irritation or permanent damage. Prolonged exposure to UV source can cause burns and skin
cancer in humans. 

When a microbial suspension is exposed to UV light, only a few cells of suspension remains viable
and many remaining cells are killed. When this suspension is exposed to visible light then it is
observed that organisms killed by exposure to UV light restore their viability. 
On exposure to UV light cells loose the viability due to formation of thymine dimers in DNA of
cells,  but  when these  cells  are  exposed visible  light  then  cells  restore  their  viability  as  cross
linkages formed bet thymine & thymine breaks. Thus visible light repair UV induced effect. This
repair of UV induced effect is called photo reactivation. Photo reactivation is due to formation of
enzyme which break thymine- thymine cross linkages in presence of light.
Dark reactivation also repairs UV-induced effect. In dark reactivation treated bacterial suspension
is placed in dark incubators. This process is not light dependent. In dark- reactivation, not simply
thymine – thymine linkage is broken but thymine dimer is removed by an enzyme hydrolase and
an enzyme polymerase replaces the thymines using complementary DNA strand. 



Osmotic Pressure 

Environment that contains dissolved substances exerts osmotic pressure. 
The use of high concentrations of salts and sugars to preserve food is based on the effects of
osmotic pressure.
Water tends to flow through semi permeable membranes, such as the cytoplasmic membrane of
microorganisms  from higher  water  (lower solute)  concentration  to  lesser  water  (higher  solute)
concentration. 
When the concentration of dissolved materials or solute is higher inside the cell than it is outside,
the cell is said to be in a hypotonic environment and water will flow into the cell. In this case cell
will  swell  and  process  is  known as  plasmoptysis.  The  rigid  cell  walls  of  bacteria  and  fungi,
however, prevent bursting or plasmotysis.
If the concentration of solute is the same both inside and outside the cell, the cell is said to be in an
isotonic environment. Water flows equally in and out of the cell. 
Hypotonic and isotonic environments are not usually harmful to microorganisms.
However, if the concentration of solute is higher outside of the cell than inside, then the cell is in a
hypertonic environment. Under this condition, water flows out of the cell, resulting in plasmolysis
of cell (shrinkage of the cytoplasmic membrane and cell is dehydrated). Loss of water severely
interferes with cell function and eventually leads to cell death. 
Placing foods (meat, pickles, etc) in salt brine or sugar solution inhibits bacterial growth through
hypertonicity  and  preserve  food  from  spoilage.  However  some  microorganisms  like
Staphylococcus aureus can grow at concentration up to about 3M and is termed as halotolerant.
Halophiles require high concentration of sodium chloride and can grow usually above 0.2 M salt
concentration.

Chemical agents that control microbial growth 

Chemical agents are used to reduce the growth of microorganisms of inanimate objects and on
living tissue. 



1) Phenol and Phenolic compounds

Lister first introduced phenol in aseptic surgery in 1867. 
Phenols are derivatives of benzene and have a hydroxyl group (-OH) attached to the benzene ring.
Phenol kills microorganisms by denaturing proteins and destabilizing cell membranes. 
It  is  bacteriocidal,  fungicidal,  and virucidal at  high concentrations,  but is  not  effective against
bacterial endospores, and is effective against many potential pathogens. 
It is used to disinfect garbage cans, surgical operating facilities, laboratory equipment, feces, urine,
and sputum. 
Phenol is now no more used as a disinfectant because phenol is very expensive, fumes are lethal
and derivatives of phenol are less expensive and more effective than phenol.
An antimicrobial action of phenolic compounds is directed to inactivation of cellular enzymes.
Phenolic compounds are antimicrobial because they increase membrane permeability, precipitate
of cell proteins, and inactivate of enzymes and cause cell death. 
The most commonly used phenolic derivatives are cresols and bisphenols.   
Cresols are formed by adding methyl groups to phenol. 

1.

Para-cresol is used for the preservation of wood products. 
Bisphenols are produced by combining two phenol molecules.  
Lysol  is  a  combination of  cresol  and soap,  which has about  the same spectrum of  activity  as
phenol, but is much less toxic to skin.  Lysol is used for the disinfection of inanimate objects.
Other cresols include resorcinol, hexylresorcinol, and hexachlorophene.  
Hexachlorophene soaps were once widely utilized as antiseptic soaps by health-care personnel for
hand washing and the bathing of newborn infants, but have been now discarded, since it was found
that this phenolic could be absorbed through the skin and potentially cause birth defects. 
The mixture of hexylresorcinol, glycerin and water is widely used as general antiseptics in mouth
wash, gargles and cough drops. It is also used in the body care products such as soaps, oils and
creams to control the skin microflora.



Resorcinol

2) Halogens 

Halogen elements, iodine (I2), chlorine (CI2), bromine and fluorine in the Free State as well as their
compounds are effective antimicrobial agents. 
Most commonly used halogens for the control of organisms are iodine and chlorine.  
Bromine and fluorine are strong irritants and very difficult to handle.
 Iodine: 

Iodine one of the oldest and most effective antiseptic. 
Iodine is effective against all kinds of bacteria, many endospores, various fungi and some viruses.
It is usually applied to skin surface before surgical procedure & also used for wound treatment. 
Iodine kills bacteria as it combines with amino acid tyrosine of enzymes & inhibits their function.
Iodine kills  bacteria as it  oxidizes– SH (sulfa hydryl)  groups of certain amino acids those are
important for maintaining structure of proteins. 
Following iodine preparations are available in market:
Tincture: It is a solution of iodine in aqueous alcohol. 
Tincture, stains tissues and may causes local skin irritation and allergic reactions occasionally.
It is topical antiseptic used prior to surgery, sometimes for burned and injured skin.

Betadine: It is a combination of iodine and surface active agents. 
It release iodine slowly, non-stain forming and less irritating (Ex :) but it is effective like tincture
as antimicrobial agent. 
It is used to disinfect equipments and to prevent sepsis in burn wounds.  
 Chlorine: 

The several forms of chorine 
E.g. chlorine gas, sodium hypochlorite (NaOCl) and calcium Hypochlorite (Ca (OCl)2) are used for
the purification drinking water. 
Chlorine gas is greenish yellow in colour and very toxic. 
It is heavier than air and will therefore sink to the ground when released. 
It a very good disinfectant, but it is also toxic to humans. 
Chlorine gas is available as a compressed liquid, which is amber in color.



Chlorine gas is the very cheaper form of chlorine.
It causes respiratory irritation and it also irritates skin and mucus membranes.
Exposure to high volumes of chlorine gas fumes can cause serious health problems leading to
death. However, it is important that when chlorine gas enter the water, changes into hypochlorous
acid and hypochlorite ions which are nontoxic forms to human. 
The typical dose of chlorine gas required for water treatment is 1-16 mg/L . 
Dose depends upon the quality of water to be treated however higher dose of chlorine is required.
A compressed chlorine gas is used for disinfecting municipal drinking water, water in swimming
polls and sewage.
Calcium hypochlorite (CaOCl) is made up of the calcium salts of hypochlorous acid. 
It is produced by dissolving chlorine gas (Cl2) into a solution of calcium oxide (CaO) and sodium
hydroxide (NaOH). 
Calcium hypochlorite is a white powder that comes either in tablet form as well as in a granular
powder and is very stable. 
The chemical is very corrosive and requires proper handling. 
Calcium hypochlorite must also be kept away from moisture because the tablets/granular powder
readily absorb moisture and will form (toxic) chlorine gas. 
Only 0.5-5 mg/L of calcium hypochlorite is required in the treatment of water. 
When calcium hypochlorite is added to water, hypochlorite and calcium ions are produced. 

Ca(OCl)2 --- Ca+2 + 2 OCl-

Unlike  chlorine  gas  which  decreases  pH,  calcium hypochlorite  increases  the  pH of  the  water
(making the water less acidic). 
Calcium hypochlorite solution is used to disinfect equipments used in dairy and restaurant.

Sodium hypochlorite (NaOCl) is made up of the sodium salts of hypochlorous acid that can be
used as a disinfectant. 
It is produced when chlorine gas is dissolved into a sodium hydroxide solution. 
It is in liquid form, clear with a light yellow color, and has a strong chlorine smell. 
Sodium hypochlorite is extremely corrosive and must be stored in a cool, dark, and dry place.
Sodium hypochlorite will naturally decompose; therefore it has less storage time i.e. not more than
one month. 
It is very easier to handle as compare to other forms of chlorine. 
The amount of sodium hypochlorite required for water treatment is much less than the other two
forms of chlorine, with 0.2-2 mg of NaOCl/L of water. 
NaOCl will also increase the pH of the water through the formation of hypochlorite ions. 
NaOCl = Na+ + OCl-
House hold bleach contains 5.25% sodium hypochlorite.  This bleach is effective against AIDS
viruses. 
Sodium hypochlorite (NaOCI) is  house hold disinfectant.  In houses for treatment of water for
drinking, two drops of bleach are added to a liter of water (Four drops if water is cloudy) and the
mixture is allowed to stand for 30 minutes. Thus, such treated water is considered safe for drinking
under emergency conditions. 



The chloramines are chlorine compounds used as disinfectants, sanitizers and antiseptics. 
The commonly used chloramine compounds are chloramine T and azochloramine. Chloramines are
very stable and remain active in water for longer time slowly releasing chlorine giving prolonged
action. 

Chloramine T               Azochloramine
Chloramine reacts with organic matter present in water. When large amounts of organic matter are
present in the water, organic nitrogen reacts with chloramine forming organic chloramines. These
compounds do not possess the disinfection property. Thus making it ineffective. Advantages of
Chloramines as disinfectant are: it do not produce any off taste or smell and are relatively safe.
The germicidal action of chlorine and its compounds is due to the formation of hypochlorous
acid when free chlorine reacts with water. 

CI2 + H2O  HCI + HOCI (Hypochlorous acid)
NaOCl + H2O        NaOH + HOCI (Hypochlorous acid)

The hypochlorous acid formed is unstable molecule and further decomposed. 
HOCI HCI + [O] (Nascent oxygen)

The nascent oxygen released in this reaction brings about microbial destruction by oxidation of
cellular enzymes. Hypochlorous acid is most effective form of chlorine because it is neutral in
electrical charge and diffuses as rapidly as water through the cell wall.

3) Alcohols 

Three aliphatic alcohols used as germicide includes methanol, ethanol & isopropanol. 
The  germicidal  action  of  alcohol  is  dependent  on  the  molecular  weight  of  the  alcohol  i.e.
germicidal action increases with increase in molecular weight. 
Methanol is less germicidal than ethanol and ethanol is less germicidal than isopropyl alcohol and
so on. 
But alcohols with molecular weight more than propyl alcohol are immiscible in water hence they
are not used as disinfectant .
The germicidal power of isopropanol is maximum because the rule is germicidal value increases
with increase in molecular weight and is miscible in water.
In practice solutions of 70 to 80 % alcohol in water is employed as germicide & percentage above
90% & below 50% is less effective. 
High concentration of alcohol (above 80%) removes so much of water from cell so that the alcohol
is unable to penetrate the cell. As the alcohol cannot penetrate in cell due to severe dehydration,

http://www.lenntech.com/Periodic-chart-elements/N-en.htm


high concentration of alcohol cannot kill the bacterial cells but can stop the multiplication. Thus
high concentration of alcohol is microbiostatic. 
Whereas low concentration of alcohol partially dehydrates the cell wall  and the penetration of
alcohol in cell becomes easier. As a result cellular proteins precipitate and kill the bacterial cells. 
Spores are not destroyed by alcohol because water content of spores is less. 
Aliphatic alcohols are effective antimicrobial agents they are used for disinfection and also used as
antiseptic. Alcohols are protein denaturant and solvents for lipids. 
Protein denaturation in cell is because alcohol is dehydrating agent and it remove water from cell.
Removal of water from cell causes, protein denaturation & enzyme inactivation in cell. 
Due to denaturation of proteins of bacterial cell membrane and inactivation of enzymes, cells are
killed. 
Lipids of membrane dissolve in alcohol which alters permeability of membranes and kills bacterial
cells. 
Alcohols are unsatisfactory antiseptics because when applied to wounds they cause a coagulation
of a layer of protein under which bacteria continues grow.
Alcohol is used to reduce microbial flora of skin (to degerm skin) before hypodermic injections
and, for disinfection of clinical thermometer.

4) Detergents (Surface active agents)

Compounds  which  are  primarily  used  for  cleaning  surface  are  called  surface  active  agents
(surfactants)  .Surfactants reduce surface tension of water,  For ex: common soaps & detergents
(Synthetic detergents). Now – a- days synthetic detergents were developed in order to replace soap
for cleaning . Soap has inability to form lather in hard or acidic water. 
Soaps Detergents
They are metal (sodium or potassium) salts of long
chain fatty acids.
Their general formula is RCOONa for sodium soap 
( e.g. Sodium laurate )
RCOOK  for  potassium  soap  (e.g.  Potassium
oleoate).
R stands for alkyl group of 12 to 18 carbon atoms.

These  are  sodium  salts  of  long  chain
hydrocarbons like alkyl sulphates or alkyl
benzene sulphonate 
(  i. e. Sod. Salt of sulphonic acid).
Formed  by  reaction  between  alkali  and
sulphonic acid .

These are prepared from vegetable oils and animal
fats.

They  are  prepared  from  hydrocarbons  of
petroleum or coal.

They cannot  be used effectively in hard water  as
they produce scum i.e. insoluble precipitate of Ca
2+ , Mg 2+ .

These do not produce insoluble precipitate
in hard water. They are effective in soft and
hard water.

Soaps are prepared by boiling vegetable oil and fat with NaOH or KOH. The process of making
soap is called saponification.



Detergent or soap molecule has hydrophilic tail and hydrophobic head . During washing , tail go
into grease and head go into water . When water is shaken, all tail molecules will go into grease
and head dissolve in water .When water is shaken, all detergent molecules will remove the grease
(dirt ) away.
Detergents  are  widely  used  in  laundry,  dish  washing  powder,  shampoos,  and  many  other
preparations which are used for washing purpose. Now synthetic detergents consisting of cationic
and anionic compounds have replaced soaps for many cleansing jobs. 
Soaps are lethal to spirochetes e.g. Treponema palladium.

Detergents  have  strong  surface  tension  reducing  action;  therefore  they  are  microbicidal  and
microbiostatic. They are classified by their ionic (electrical charge) properties in water: anionic
(negative charge), cationic (positive charge) and nonionic (no charge) detergent.

a. Anionic detergent – They ionize and their detergent property resident in anion. e.g.
Formula:     [RSO3]-  Na +   (Sodium lauryl sulphate) 

b. Cationic detergent
They  ionize  and  their  detergent  property  resident  in  cation.  Most  of  cationic  detergents  are
quaternary ammonium compounds. 

A  group  of  cationic  detergents  which  are  Quaternary  ammonium  compounds  is  called
quaternaries or quats. 
Zephiran, Cepacol are trade names of preparations of Quaternary ammonium compounds found in
laboratory spray bottles.
Quaternaries are more germicidal than anionic and non-ionic detergent. 
They are highly bactericidal against gram +ve bacteria and only less effective against gram –ve
bacteria. 
These compounds are also active against fungi and protozoa but inactive against bacterial spores
and viruses. 
Quaternaries have  little  toxicity  for  skin;  they  are  extensively  used  as  skin  antiseptics  and
sanitizing agents in food industry. 
They  are  used  for  sterilization  of  surgical  instruments  since  they  are  harmless  to  tissues.
Quaternaries  have some disadvantages i.e. they form foam, organic matter interferes with their
effectiveness and they are neutralized by soaps and anionic detergents
Quaternaries react  with  lipid  of  microbial  cell  membrane  altering  the  permeability  of  cell
membrane  and  causing  leakage  of  essential  cellular  compounds.  In  addition  denaturation  of
proteins and inactivation of enzymes by quaternaries plays role in its antimicrobial activity.
They are used in the preparations of agents applied on skin for disinfection. They are also added as
preservative in the ophthalmic and cosmetic preparations. 



They are used for the disinfection of floor, walls and other surfaces in hospitals and public utility
places. 
They are also used in dairy, food and allied industries for effective sanitization.

c. Non-  ionic  detergent – Those  which  do  not  ionize  and  does  not  possess  significant
antimicrobial property.

5) Heavy Metals-

Mercury, silver and copper is the most commonly used heavy metals. 
The  ability  of  very  small  amounts  of  heavy  metals  to  exert  antimicrobial  activity  is  called
oligodyanmic action (oligo means few).
This  action  can  be  demonstration  in  laboratory  by  placing  a  clean  piece  of  metal  or  a  coin
containing copper, silver or copper on a plate inoculate with microorganisms. After incubation, a
zone of inhibition (no growth) surround the metal is seen. In a zone of inhibition heavy metal ions
diffused from coin combine with –SH groups of enzymes of microbial cells and denature enzymes
this kills the growth of microorganism.

Most heavy metals either alone or in chemical compound are germicidal because they denature
enzyme and other essential proteins of cell. 
Similarly, silver inactivates enzymes by binding with sulfhydryl groups ,  disrupts cell membranes,
and inhibits disables proteins causing cell damage and death. 
Similarly, copper ion distorts the cell wall by bonding to negatively charged groups. 
Similarly mercury binds with sulfhydryl group of enzyme thus inactivating enzyme. 
Both gram positive and negative bacteria are affected by the oligodyanmic action of heavy metals.
Silver-
Silver in a 1% concentration silver nitrite can be used to prevent possible gonococcal and certain
bacterial infection of newborns. The chemical is placed in the eyes of infant immediately after
birth,  because  if  pathogens  are  present  birth  canal,  resulting  infection  can  cause  blindness  of
newborn (Ophthalmia neonatorum).
Since  silver  nitrate  has  been  found  not  to  be  effective  against  number  of  potential  bacterial
pathogen, it is now replaced by antibiotic erythromycin.
Mercury-
Mercuric chloride an inorganic mercury compound has broad spectrum activity. 
It is used as antifungal in paints.
Copper-
Copper sulphate is used to destroy algae that grow in water reservoirs. 
Copper compound (ß-hydroxyquinoline) is used as antifungal in paints.

6) Gaseous Chemosterilizers-

Material that is adversely affected by heat and liquid are sterilized by gases. 



Sterilization by gases is called fumigation. 
Commonly used gases were SO2, Chlorine and formaldehyde which were widely employed for
disinfection of rooms occupied by sick people. 
SO2 and chlorine are poisonous and damage the materials; they are now replaced by formaldehyde,
ethylene oxide and ß-propiolactone.
Formaldehyde (HCHO):
This gas is generated by heating a concentrated solution of formaldehyde. 
Formaldehyde in aqueous solution is formalin. 
Vaporization of formaldehyde from formalin is used to sterilize an enclosed area. 
The fumes of formaldehyde are harmful and cause irritation of tissues and eyes. 
Since it penetrates only slightly it acts as surface disinfectant. It kills both vegetative cells and
spores. It is a strong reducing agent and inactivates enzymes and cell constituents.
It  is  used for  the sterilization of certain instruments.  Important  use of formaldehyde is  in  the
disinfection or sterilization of enclosed area such as operation theatre, working area in pharma and
food industry.

Ethylene oxide

It is a liquid at a temperature below 10.80C, its boiling point.  
Above this temperature it vaporizes rapidly. 
In pure state, it is very toxic if inhaled and cause blisters, if its vapours remain in contact with skin.
It is highly flammable even at low concentration. This problem is overcome by mixing it with CO2

or  Freon;  commercially  a  mixture  of  10% ethylene  oxide  and 90% CO2 is  sold  as  carboxide.
Ethylene oxide acts by alkylation with many organic compounds including enzymes and many
other proteins by replacing active H- atom of organic compound by an alkyl group. Alkylation of
enzymes leads to inactivation of enzymes.

+ Enz-SH Enz-SH-CH2 CH2OH

Active Inactive

Ethylene oxide is very effective against microorganisms and their spores. The important property
of Ethylene oxide is its penetration power; it can sterilize the material even after packaging without
causing any damage to the material. 
Ethylene oxide is preferred over formaldehyde because of following reasons,

1. Although it is an expensive but readily available 
2. It exhibit deep penetration.
3. It does not polymerise or condense on surfaces. 
4. It is quickly removed by simple airing of treated materials.

It has slow action upon microorganisms thus treatment is time consuming and is expensive.



Ethylene Oxide (EtO) sterilization is mainly used to sterilize medical and pharmaceutical products
that  cannot  support  conventional  high  temperature  steam  sterilization  -  such  as  devices  that
incorporate  electronic  components,  plastic  packaging  or  plastic  containers,  disposable  medical
devices.  Spices,  herbs,  condiments  and some biological  preparations  can  be  sterilized  by  EtO
within the purview local federal law.
ß--Propiolactone- 

It is colorless, pungent liquid at ambient temperature. Its boiling point is 167.3 0C& it is atomized
into air. It is not flammable but causes blisters on the skin and irritation of eyes.
It is an alkylating agent and acts through alkylation of carboxyl- and hydroxyl- groups causing
inactivation of enzymes as like ethylene oxide. 
It kills microorganisms including spores. It is not explosive, non-corrosive and does not condense
on surfaces.
It has low penetration power and is a carcinogen.

It  has  broad-spectrum activity  as  well  as  effective  sporicidal  agent.  0.2% is  used  to  sterilize
biological products. It is more effective in fumigation than formaldehyde. It is used to sterilize
surgical instruments, vaccines and enzymes.

7) Chlorhexidine:

Chlorhexidine is  a  cationic  polybiguanide  (bisbiguanide).Chlorhexidine  belongs  to  a  group  of
medicines called antiseptic antibacterial agents. It is broad-spectrum antimicrobial drug (effective
bactericidal agent against all categories of microbes, including bacteria, yeast, and viruses). It is an
important antimicrobial in oral hygiene. 
Chlorhexidine molecules are positively charged (cations) and most bacteria and surface structures
in the oral cavity including the surfaces of teeth and mucous membranes are negatively charged
(anions). Thus chlorhexidine binds strongly to all these surface structures. When chlorhexidine
binds to microbial cell  walls it  induces changes, damaging the surface structure, leading to an
osmotic imbalance with consequent precipitation of cytoplasm causing cell death. It destroys all
categories  of  microbes,  not  just  bacteria,  and  there  is  little  risk  for  the  development  of
opportunistic infections.
It is used to clean the skin after an injury, before surgery, or before an injection. Chlorhexidine is
also used to clean the hands before any medical procedure. It works by killing or preventing the
growth of bacteria on the skin. It is used as preservative in eye drops, active substance in wound
dressings  and  antiseptic  mouthwashes.  It  is  also  added  as  additive  to  creams,  toothpaste,
deodorants, and antiperspirants.

8) Aldehydes

http://en.wikipedia.org/wiki/Bisbiguanide


Formaldehyde and glutaraldehydes are commonly used aldehydes for disinfection. 
Glutaraldehydes (CH2 (CH2CHO)2):It is used to disinfect medical and dental equipment. It is also
used for industrial water treatment and as a preservative.
It inhibit bacterial growth by combining with nucleic acids and proteins .
It is used to disinfect hospital and laboratory equipments. 
Disinfection is achieved within 10 minutes but about 12 hours are required to kill spores.

9) Chemotherapeutic agents:

Chemical substances that inhibit proliferation of infective organisms are called chemotherapeutic
agents. 
Chemotherapeutic agents may be microbiocidal or microstatic.
Chemotherapeutic agents include sulphonamides and antibiotics. 

Sulphonamides

Antibacterial sulphonamides are first effective chemotherapeutic agents used for the treatment of
bacterial infection in humans. The term sulphonamide is a group of the derivatives of para amino
benzene sulphonamides. 
Sulphonamides are bacteriostatic. They are useful for treating Staphylococcal infections and UTI
due to gram –ve bacteria. 
Some derivatives of sulphonamides are sulphanilamide, sulphacetamide, sulphaquanidine, etc.
Sulphonamide  inhibits  bacterial  growth  by  interfering  with  action  of  Paraaminobenzoic  acid
(PABA) as follows: 
PABA is substrate for the folic acid which is essential for the DNA and RNA synthesis. Synthesis
of folic acid from PABA (Substrate) is catalyzed by folic acid synthetase. In this example, PABA is
a metabolite & sulfonamide is an antimetabolite. When PABA binds to folic acid synthetase there
is  synthesis  of  folic  acid  (co-enzyme)  which  is  essential  for  growth  of  microbial  cells  but  if
sulfonamide binds to folic acid synthetase there is no synthesis of folic acid resulting into the arrest
of bacterial growth and cell synthesis.
Sulphonamides inhibit the growth of both Gram-positive and Gram-negative bacteria,  Nocardia,
Chlamydia  trachomatis and  some Protozoa.  Some enteric  bacteria  such  as  E.coli,  Kelbsiella,
Salmonella,  Shigella and  Enterobacter are  inhibited.  Sulphonamides  are  very  effective  in  the
treatment of tonsillitis, septicemia, meningococcal meningitis, bacillary dysentery and number of
infections of urinary tract.
Sulphonamides are today replaced by antibiotics because antibiotics have greater potency.
Antibiotics 
A substance,  such  as  penicillin  or  streptomycin,  produced  by  or  derived  from certain  fungi,
bacteria,  and other organisms, that can destroy or inhibit  the growth of other microorganisms.
While  some  antibiotics  are produced by  microorganisms,  most  are  now  manufactured
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synthetically.
Antibiotics  are  widely  used  in  the prevention  and  treatment of  infectious  diseases.
Antibiotics are narrow-spectrum and broad spectrum antibiotics. 
Narrow  spectrum  antibiotics  inhibit  particular  pathogen  (Gram  +cocci)  or  particular  bacterial
species. In contrast, a broad spectrum antibiotic inhibits wide range of bacterial species including
Gram + ve and Gram – ve bacteria.

A few Classes of antibiotics and their properties
Chemical class Examples Biological

source
Spectrum 
(effective against)

Mode of action

Beta-lactams
(penicillins  and
cephalosporins)

Penicillin G, 
Penicillium
notatum

Gram-positive bacteria
Inhibits steps in 
cell wall synthesis

Semisynthetic
penicillin

Ampicillin,
Amoxycillin

Gram-positive and Gram-
negative bacteria

Inhibits  steps  in  cell
wall synthesis 

Amino
glycosides

Streptomycin
Streptomyces
griseus

Gram-positive and Gram-
negative bacteria

Inhibit 
protein synthesis

Glycopeptides Vancomycin
Streptomyces
orientales

Gram-positive  bacteria
esp.  Staphylococcus
aureus

Inhibits steps 
in 
peptidoglycan
biosynthesis 

Macrolides
Erythromyci
n

Streptomyces
erythreus

Gram-positive  bacteria,
Gram-negative  bacteria
not  enterics,  Neisseria,
Mycoplasma

Inhibits 
protein synthesis

Polypeptides Polymyxin
Bacillus
polymyxa

Gram-negative bacteria

Damages 
cytoplasmic
membranes

Bacitracin
Bacillus
subtilis

Gram-positive bacteria
Inhibits 
peptidoglycan
biosynthesis 

Rifamycins Rifampicin
Streptomyces
mediterranei

Gram-positive and Gram-
negative  bacteria,
Mycobacterium
tuberculosis

Inhibits 
transcription 

Tetracyclines Tetracycline
Streptomyces
species

Gram-positive and Gram-
negative  bacteria,
Rickettsias

Inhibit 
protein synthesis



Chloramphenicol
Chloramphen
icol

Streptomyces
venezuelae

Gram-positive and Gram-
negative bacteria

Inhibits  
protein synthesis

Mechanism of cell injury 

There  are  numbers  of  mechanisms  involved  in  the  killing  of  microorganisms.  Killing  of
microorganisms by antimicrobial  agents  is  due  to  damage  or  injury  to  some of  the  vital  cell
constituents. 

Damage to any one of these cell constituents may lead to the death of cell.  

All bacteria have thick, rigid cell walls that give them their shape. Cell walls provide support and
help cells resist mechanical pressures, but they are not solid, so materials are able to pass through
rather easily. Cell walls are not selective devices like plasma membranes. 

The cytoplasmic membrane (also known as the cell membrane) is the outermost cell surface, which
separates  the  cell  from the  external  environment.  The cytoplasmic  membrane is  composed of
proteins and lipids (especially phospholipids). It permits the inflow and outflow of nutrients. It is
also a site for many enzyme reactions which are metabolically important. 

A) Damage to the cell wall 

Soap, bile salts and detergents are the surfactants. 
When surfactants are added to medium reduce surface tension of medium and dissolve lipids of the
cell wall in medium. Thus surfactants damage cell wall which protect cell. 
Hydrolytic  enzymes present  in  some natural  sources  e.g.  lysozyme present  in  tears,  chitinase,
cellulose,  proteolytic  enzymes  obtained  from  microorganisms  hydrolyze  microbial  cell  wall.
Antibiotics e.g. penicillin and cycloserine in growth medium prevents formation of cell wall in
microorganisms resulting in the formation of protoplasts (cell without cell wall). Protoplasts are
sensitive to osmotic shock resulting in their lysis.

B) Damage to cytoplasmic membrane 

Any  agents  which  alter  the  permeability  of  cell  membrane  bring  about  the  death  of
microorganisms.



Surfactants,  which  dissolve  lipids,  disrupt  the  cytoplasmic  membrane.  This  destroys  selective
permeability of nutrients. This results in the disruption of normal metabolic processes leading to
death of the cell. 
Several  polypeptide  antibiotics  (polymyxins,  gramicidins,  and  tyrocidins)    affect  the  normal
permeability characteristics of cytoplasmic membrane thereby kills microorganisms. 
Similarly phenolic compounds, synthetic detergents, soaps and quaternary ammonium compounds
act on cell membrane to bring about the death of microorganisms.

C) Denaturation of protein: 

Native structure of protein is essential for normal metabolic activity of the cell. A substance which
alters the native state of protein affects the normal metabolism of cell and may kill the cell. 
High temperature, alcohol, formaldehyde etc are important denaturants.  

D) Inhibition of Metabolic Reactions 

Metabolic activity of cell is determined by enzyme catalyzed reactions occurring cell. Any agent
which  inhibits  enzyme  catalyzed  reactions  alters  the  metabolic  activity  of  cell.  Alteration  of
metabolic pattern of cell leads to death of cell. 
Enzyme Cytochromes oxidase of ETC is inhibited by cyanide. 
Fluoride inhibits enzymes of glycolysis. 
Metallic ions such as mercury alter the –SH group of enzyme and thereby inactivate enzyme which
leads to death of cell. 

E) Inhibition of Protein and Nucleic Acid Synthesis

Proteins and nucleic acids (DNA & RNA) are vital cell constituents. 
Inhibition of synthesis of protein and nucleic acids directly leads to death of the cell. 
Streptomycin and other aminoglycoside antibiotics combine irreversibly with 30S subunit RNA
and thus inhibiting protein synthesis. 
Tetracyclines interfere with binding of aminoacyl-tRNA to the 30S subunit of ribosome leading to
inhibition of protein synthesis. 
Chloramphenicol and erythromycin are also inhibit protein synthesis. 
Quinolones inhibit  DNA gyrases  or  topoisomerases  required for supercoiling of  DNA; bind to
alpha subunit. 
Rifampin binds to DNA-dependent RNA polymerase inhibiting initiation. 
Bacitracin (topical) inhibits RNA transcription. 



FACTORS INFLUENCING ANTIMICROBAL ACTIVITY. 

The activity of antimicrobial agents against microorganisms depends on a number of factors, some
of which are intrinsic qualities of the organism; others are  the chemical and external physical
environment. 
Knowledge of these factors is important for better use of disinfection and sterilization processes.
Any one agent is not effective against all microorganisms under any circumstances. 
Biological characters and environmental conditions affect the efficacy of antimicrobial agent either
physical or chemical.

1.  Intensity or concentration:

The term intensity is applied to physical factors influencing antimicrobial activity. 
For ex: In general more the temperature , the greater its efficacy and the shorter the time necessary
to achieve microbial death. 
Clostridium botulinum spores are killed in 6o minutes at 1130C and at 1190C in 10 minutes. Thus
high temperature is more effective physical factor for killing microorganisms. 
The term concentration is applied to the chemical factor. 
In general more concentrated the disinfectant,  the greater  its  efficacy and the shorter the time
necessary to achieve microbial death. 

2. The time: 

No  antimicrobial  agent  act  instantly,  sufficient  time  of  contact  of  antimicrobial  agent  with
microorganisms is essential. 
Time required for killing microorganisms is inversely proportional to concentration (intensity) of
antimicrobial agent in antimicrobial solution i.e. lesser the concentration of antimicrobial agent in
antimicrobial solution longer will be the time required for killing microorganisms. 

3. Temperature: 



Increase in temperature accelerates the antimicrobial activity of antimicrobial agent. 
Higher the temperature of environment in which microorganisms are placed with the antimicrobial
agent, the shorter will be the time required to kill microorganisms. 
Increase in temperature increase effectiveness of antimicrobial agent by reducing surface tension &
viscosity of microbial suspension.  

4. Number of organisms: 

Greater the number of organisms in microbial suspension, the longer will be the timer required for
antimicrobial agent to kill all of them. 

5. Physiological state of organisms: 

Young actively metabolizing cells of microbial culture are more easily destroyed. 
Old  cells  are  not  easily  destroyed  by  antimicrobial  agent  because  in  old  cells,  nature  of  cell
membrane  get  changed  due  to  aging  and  therefore  inward  passage  of  antimicrobial  agents
decreases in old cells as well as in old cells there is thickening of cell wall and due to which
antimicrobial agent cannot enter in cells. 

6. Nature of environment: 

The rate of microbial destruction is influenced by:
 The nature of environment in which killing of organisms takes place. 

Radiation kills  microorganisms but  if  organisms are protected by dust they will  not  be
killed. 

 The chemical composition of the medium carrying organisms. 

In acidic medium (condition) the penetration of antimicrobial agents in microbial cells is
more. 

 Presence  of  extraneous  organic  matter  (such as  blood,  serum) in  the  medium carrying

organisms can reduce the efficacy of antimicrobial agent because accumulation of organic
matter  on  microbial  cell  surface  may  provide  a  coating  which  will  prevent  interaction
between antimicrobial agent and microbial cell. 



Phenol coefficient:

A phenol (carbolic acid) is oldest disinfectant. 
It was first used by Lister in 1876 as germicide in operating room. 
Its germicidal effect is because it precipitates proteins also they disrupt cell membrane by lowing
surface tension of medium in which they live. 
Rideal Walker method is the method used for the determination of Phenol coefficient of test
disinfectant (test disinfectant is having structure similar to phenol).
Phenol  coefficient  of  test  disinfectant  suggests  the  disinfecting power of  a  test  disinfectant  in
comparison to phenol. 
Phenol  coefficient  of  test  disinfectant  is  calculated  by  dividing  the  highest  dilution  of  test
disinfectant killing the test organism in 10 minutes but not in 7.5 minutes by the highest dilution of
phenol producing same results under standard conditions.

To determine the phenol coefficient of the test disinfectant Rideal Walker method is used. In this
method 
The bactericidal activity of test disinfectant is determined against test organism. Salmonella typhi
or Staphylococcus aureus are used as test organisms. 

 1:400 to 1:800  dilutions  of  test  disinfectant  and 1:95 to  1:115 dilutions  of  Phenol  are

prepared in distilled water. 
 Dilutions of  test disinfectant and dilutions of Phenol are inoculated with culture of test

organism.
 Subcultures on nutrient agar plates are performed from the dilution tubes of both the test

disinfectant and phenol at intervals of 2.5, 5, 7.5 and 10 minutes. 
 All the inoculated nutrient plates are incubated for 48-72 hours at 37°C. 
 The dilution of test disinfectant which kills test organism in 10 minutes but not in 7.5 

minutes is divided by the dilution of phenol which kills test organism under same 
conditions is recorded and the phenol coefficient of test disinfect is determined. 

 A disadvantage of the Rideal-Walker test is that; this method evaluates disinfecting power 

of phenolic type disinfectants only.



Problem: 
Find-out phenol coefficient of test disinfectant using following table?
Disinfectant Dilution & Growth of test organism in subculture after exposure 

Disinfectan
t

Dilutio
n

Exposure of test 
organisms in mins
2.5 5 7.5 10

Test 
Disinfectan
t

1:400 NG NG NG N
G

1:500 G NG NG N
G

1:600 G G NG N
G

1:700 G G G N
G

1:800 G G G G
Phenol 1:95 G NG NG N

G
1:100 G G NG N

G
1:105 G G G N

G
1:110 G G G N

G
1:115 G G G G

Answer:
From the table
1; 600 is the highest dilution of test disinfectant killing test organism in 10 minutes and 1:100 is
the highest dilution of phenol killing test organism in 10 minutes. 

Then phenol coefficient of test disinfectant will be:
                                          600
Phenol coefficient =      --------- = 6
                                          100              
Phenol coefficient of test disinfectant is 6, means the test disinfectant is six times more efficient
than phenol in killing the test organism.


