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INTRODUCTION - MSc in Microbiology

Education  has  witnessed  a  rapid  and  tremendous  transformation  globally 
boosting  a  worldwide  demand  for  online  and  distance  education.  Globalization, 
modern technologies, knowledge explosion, and increased international competition 
have only fuelled the growing demand for distance mode of education delivery. 

Science is defined as the pursuit and application of knowledge and understanding of 
the natural and social world following a systematic methodology based on evidence. 
It is a vast field  concerning almost everything that our eyes can see or cannot see. 
Biology is a natural science concerned with the study of life and living organisms. 
Biology has many sub-categories of which one important subject is Microbiology. 

Microbiology is the — ‘scientific study of the microorganisms’. It essentially deals 
with the elaborated investigation of ‘microscopic organisms’ termed as microbes 
that  are  composed  of  single  cell.  Microbiology  has  grown  leaps  and  bounds 
widening its horizons and opening new frontiers of knowledge.

There  are  many learners,  both  young  and old,  who could  not  afford to  join the 
conventional  microbiology  degree  course  due  to  personal  and  professional 
responsibilities.  This  distance  education  mode  of  the  M.Sc.  in  Microbiology  is 
specially tailored to cater to those category of students who may not afford to attend 
full  time  classes  like  the  employed  persons,  those  who  may  not  have  secured 
admission in regular University/college, those who may have discontinued studied 
but interested to improve career opportunities and most importantly for those who 
want to gain knowledge in Microbiology. 

Successful students rely on their proficiency to learn and monitor their own learning. 
In  this  context,  this  course  has  a  well-structured  set  of  self  learning  material 
customized to learner's capacity and aptitude. This essentially is a self-study course 
along  with  required  coaching  through  contact  classes.  However,  the  course  is 
modulated to assess the pupils progress through checks involving direct  dialogue 
between  the  instructors  and  learners.  Laboratory  and  field  work  component  are 
designed at regular stages which will add to the experience of the learner. 

The scope of microbiology is immense and multifaceted with applications in various 
fields like agriculture, industry, diary, medicine, forensics, pharmaceutical, clinical, 
environment, nanotechnology etc. A career in Microbiology holds tremendous scope 
and a bright future. Most lucrative and best job opportunities await microbiologists. 
After  completion  of  the  course  these  postgraduates  have  huge  opportunities  in 
various research and development laboratories of hospitals, research organisations, 
pharmaceutical,  food,  beverage  and  chemical  industries  labs,  research  institutes, 
industries, teaching filed etc., 

Come and join us in this comprehensive course and explore what microbiology 
holds for you in future!
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Course – MB 1.4

Microbial Techniques
Course Introduction

This is a complete, easy-to-use, and highly illustrated study material which 

provides  functional  and  effective  experiences  that  enable  readers  to  learn, 

understand, and appreciate microbiology. 

This block presents 16 units each of which have been chosen, designed, and 

arranged  to  help  readers  study  and  familiarize  with  fundamental  aspects  of  the 

subject. Each unit provides up to date information stressing the basic principles and 

complete  descriptions  of  fundamentals.  Emphasis  is  laid  on self  study exercises, 

illustrations and diagrams, a valuable reference sources which help learners. 

Block  MB 1.4 A -  This block gives an account on layout of microbiology lab – 

Tools  and  equipments,  applications  and  usage  of  common  instruments  and 

apparatus.  It  acquaints  the  reader  with  bio-safety  precautions  and  National  and 

International  Regulations  and Guidelines.  There  is  also  a  detailed  description  of 

microscopy:  Specimen  preparation  and  basic  principles,  simple  and  Gram’s, 

Staining, and Micrometry. The basic principles for the examination of microbes by 

light, dark field, phase contrast, confocal, fluorescent microscopy are also discussed. 

Block   MB  1.4  B  -  In  this  block  you  will  study  biological  stains  and  their 

importance  in  Microbiology,  steps  involved  in  staining  and  different  staining 

methods,  specimen  preparation,  fixation  of  specimen  for  staining,  Staining and 

mounting, types of dyes and their applications  and methods of staining like Simple 

staining,  Positive staining,  Negative staining,  Differential staining,  Gram staining, 

Acid-fast staining, Capsule staining, Spore staining, Flagella staining, Carmine and 

haemotoxyline stains,  Fluorochrome staining, and Giemsa staining. The block also 

introduces  the  reader  to  electron  (transmission  and  scanning)  microscopy, 

development  of  electron  microscopes,  types  of  electron  microscopes  and  their 

applications,  specimen  preparation  and  handling  of  electron  microscopes  and 

advantages and disadvantages of electron microscopes. In this block you will also 

vii



study the methods of sterilization,  different physical  methods of sterilization like 

sunlight,  thermal  (heat)  methods,  filtration  methods,  radiation  methods  and 

vibrations. An account of chemical methods of sterilization and various chemicals 

like phenolics, alcohols, halogens, heavy metals, quaternary ammonium compounds, 

aldehydes and sterilizing gases used in sterilization is also presented. 

Block  MB 1.4 C -  This block presents an elaborate description of evaluation of 

antimicrobial  agent effectiveness,  principle  and functioning  of Laminar  air  flows 

(LAF). It also familiarizes the reader with methods of media preparation: types of 

culture  media:  simple  media,  complex  media,  synthetic  media,  enriched  media, 

selective  media,  differential  media  and anaerobic  media  etc.  A separate  unit  on 

measurement  of  Biological  oxygen  demand  and  chemical  oxygen  demand, 

preparation  of  standard  solutions,  buffers,  molar  solutions  is  also  included.  A 

detailed account on pure culture techniques: Streak plate, pour plate and spread plate 

method; maintenance of pure culture; methods of preservation of various microbes 

is also presented.

Block  MB 1.4 D - This block presents highlights of cultivation of microorganisms 

and  growth  measurement,  techniques  of  cultivating  microorganisms,  factors  that 

affect the  growth of  microorganisms,  cultural  characteristics  of  microorganisms, 

different types of culture media and their preparation and measurement of growth of 

microorganisms.  This  block  helps  you  to  know  about  the  identification  of 

microorganisms  based  on  their  cultural  and  morphological  characters, 

morphological  diversity  of  microorganisms,  colony  appearance,  forms  and 

characteristics  of  microorganisms  on  solid  media  and  also  morphological 

identification of fungi and viruses. Biochemical identification of microorganisms, 

different biochemical tests for distinguishing bacteria, biochemical identification of 

fungi is also separately dealt. You will also learn about various techniques employed 

for maintenance and preservation of different microorganisms, different preservation 

techniques  like  refrigeration,  mineral  oil  overlay,  freezing,  cryopreservation  and 

lyophilization (freeze-drying).

viii
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1.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 The general layout of a microbiology laboratory 

 The general rules to be followed in a microbiology laboratory 

 Basic techniques in a microbiology laboratory 

 The common equipment and tools used in microbiology laboratory 

 

 

1.2. INTRODUCTION 

Microbiology laboratory is the primary working place of a microbiologist 

where many different kinds of experiments are conducted. Routine microbiology 

experiments include isolation, culturing, staining, identification, characterization of 

microorganisms and many more. Microbiology also includes several biochemistry 

and biotechnology experiments. All these aspects necessitate many rules to be 

followed concerning the layout and operation of the laboratory. The foremost and 

important aspect of microbiology laboratory is the cleanliness and extreme clean and 

sterile conditions have to be maintained in the laboratory. Microbiology experiments 

require a wide range of equipments. The most common and basic equipments 

include the microscope, centrifuge, laminar air flow, autoclave, incubator, hot air 

oven, colony counter, spectrophotometer, pH meter, balances, stirrers, shakers, glass 

equipments. 

 

1.3. GENERAL RULES FOLLOWED IN MICROBIOLOGY 

LABORATORY 

Some of the general rules to be followed in a microbiology laboratory are as 

follows: 

 Laboratory should be clean and completely sterile. All equipments should be 

sterilized properly before use.  
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 The workers/researchers in the laboratory also should maintain cleanliness. They 

have to be clean and always pass through sterile chamber, should clean hands 

with sterilants before experiments. Should wear aprons, gloves and masks. Shoes 

worn inside the lab must not be used outside the lab.                                              

 The working area must be cleaned and sterilized before an experiment. 

Miscellaneous items should not be kept in working space. 

 Contaminated cultures must be discarded/killed and burnt. Such contaminated 

equipments must be properly sterilized for further use. 

 Eating or smoking inside laboratory should be avoided. Talking during 

experiment should also be avoided. 

 Aseptic condition must be always maintained while dealing with microbial 

cultures. 

 

1.4. BASIC TECHNIQUES IN THE MICROBIOLOGY LABORATORY 

Some of the common techniques employed in a microbiology laboratory are: 

1. Sterilization-most repeatedly used technique in microbiology lab to obtain lab 

materials free from any living organism. 

2. Staining- is done to increase contrast to highlight any living cell in the 

microscopic image. 

3. Observation under microscope- microscopy is used to observe unicellular 

organisms or cell clusters for their identification, characterization and to know their 

various properties. 

4. Incubation- is done to maintain microbial culture especially bacterial culture at a 

particular temperature for a specific time length to obtain growth. 

5. Centrifugation- is used in microbial lab mainly to disperse cells and also to obtain 

a specific substance (for example- plasmid, specific protein etc). 

6. Preparation of microbiological culture- main purpose of preparing microbial 

cultures include their study for various reasons like determining the type of 

microorganism, abundance of a particular organism, identification of pathogen etc. 
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7. Biochemical tests- are done mainly for identification of a microorganism and to 

know about its characteristic features. 

8. Quantitative and qualitative analysis- this technique is generally used to determine 

amount of various biochemical constituents in a specific sample. For example 

number of rhizobium cells present in a specific soil sample. 

There are many more basic techniques done in microbiology laboratory during 

various experiments. These techniques include electrophoresis, blotting, 

hybridization, fermentation etc. 

 

 

1.5. GENERAL LAYOUT OF MICROBIOLOGY LABORATORY 

General layout of microbiology laboratory is as follows: 

1. Laboratory should be located in a in a clean and quiet place. A microbiological 

laboratory should have optimal space for conducting all the experiments and to 

house all the required equipment.  

2. A separate room for public access should be made available near the laboratory 

for receiving/dispatching and storing samples.  Different areas to carryout 

functions preventing contamination should be identified.  

3. Separate areas for media preparation, glassware washing and decontamination, 

culture maintenance, staff / office should be provided.  

4. Wherever necessary suitable aluminium and glass panelling partitions should be 

made to maintain sterility and avoid contamination, air leaks that may lead to 

contaminations should be prevented by appropriately sealing.  

5. Doors should be of aluminium /glass which open outwards. Doors should be of 

appropriate sizes which should allow passage of large equipments. Glass doors 

and windows should be tinted to prevent direct sunlight.   

6. All bench and table tops should be of non-porous material. Workbenches should 

be of suitable dimensions and must have cupboards and drawers under the 

benches. Workbenches must be constructed along the wall in the washing room, 

culture maintenance room, media preparation rooms and in the main laboratory.  
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7. The testing laboratory, the media preparation room and the culture maintenance 

room need to be air-conditioned to maintain a continuous temperature of 25
o
C and 

RH (55 + 5) %. Exhaust fans and fume hoods should be set up wherever required.  

8. Backup generator should be provided wherever an uninterrupted power supply is 

not available.  

9. The floor of the testing laboratory, the media preparation room and culture 

maintenance room should be done with epoxy resin.  

10. Adequate lighting and ventilations should be provided. There should be 

continuous clean water supply to teh laboratory. Stainless steel sinks should be 

installed in sufficient numbers with appropriate taps.  

11. There should be well maintained and strategically laid gas lines. The gas supply 

tank should be located outside the laboratory with suitable safety valves and 

protection from mishandling.  

12. All water and gas pipelines should be laid on the surface of the floor or along the 

surface of walls and should be embedded.  

13. Storage cupboards for glassware and chemicals should be put up at appropriate 

places on the walls in the testing laboratory, washing room, sampling room and 

media preparation room.  

 

1.6. EQUIPMENT / APPARATUS USED IN MICROBIOLOGY 

LABORATORY 

The common equipment/apparatus used in a microbiology laboratory are 

autoclave, incubator, hot air oven, inoculating loop, vortex mixer / shaker, water 

bath, heating mantle, hot plate with magnetic stirrer, UV chamber, inoculation 

chamber, pH meter, colony counter, microscope, refrigerator, Bunsen burner, spirit 

lamp, micrometer (stage and ocular), balance, thermometer, membrane filter set, 

distilled water unit, clean benches and pipettes.  
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1. Autoclave 

It is a robust, electrically heated 

steam vessel meant for sterilizing 

‗thermostable‘ culture media, glassware, 

and other materials that are not spoiled by 

moist heat. Autoclave runs on the principle 

of pressure cooker. The moist heat (steam) 

has a very good penetrating power. 

Microorganisms / cells are killed as a result 

of denaturation of cellular constituents 

(protein and nucleic acids). In routine 

process, sterilization can be achieved by 

operating the autoclave at 121°C (15 psig) 

for 15 min. In its simplest form, the 

equipment has a removable lid for the delivery of materials to be sterilized. It is 

necessarily equipped with a gasket, pressure-cum-temperature gauge, a vent for 

letting out air or excess pressure, a safety valve, and a drain (Fig. 1). 

 

 

2. Incubator 

This an insulated, electrically heated 

cabinet meant for providing microorganisms 

with optimum temperature for growth. The 

cabinet is insulated and thermostatically 

controlled. For routine purposes, the 

temperature is maintained at 28-30°C for 

bacteria, about 25°C for molds, and 35-37°C 

for mesophilic bacteria. A temperature as 2 

high as 100°C can also be maintained for 

extremely thermophilic organisms 

(stereothermophiles) (Fig. 2). 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    9 

 

 

3. Hot air oven 

This is similar to incubator in 

make except that it can operate at 

temperatures up to 300°C and has a fan 

for circulating hot air. Hot air oven is 

used for sterilization of glassware and 

materials that are spoiled by moist heat. 

The death of cells occurs due to the 

oxidation of cellular constituents by the 

dry heat. For routine purpose, 

sterilization can be achieved by running 

the equipment at 180°C for 1.5 hours. 

Hot air oven is less effective than 

autoclave. Fig. 3 shows a typical hot air 

oven popular in microbiology laboratories. 

 

4. Inoculating loop 

This is a tool for transferring and 

streaking cultures. It consists of a thin 

nichrome wire whose one end is twisted into a 

small loop while the other end is fixed to a 

thermoset plastic handle. Sometimes, the 

looped end is straightened out to form what is 

called inoculating needle. Inoculating needles 

are used for preparing ‗stab‘cultures (Fig. 4) 

 

 

5. Vortex mixer/homogenizer 

This equipment is used for mixing liquids 

kept in a test tube. It has one or more cup-like 

depressions at the top to receive the bottom of the 
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test tube. The machine is electrically powered. When actuated, the machine moves 

the bottom of the test tube in a gyratory motion, thereby affecting a thorough mixing 

of the solution. The speed of the mixer can be varied (Fig. 5). 

 

6. Water bath / Boiling water bath 

Water bath is used for heating and melting of 

media, solutions, samples etc. at temperatures 

below 100°C. It can also be used to maintain 

constant temperature that is required in 

microbiology lab work. Several models and 

types of water bath are available. Fig. 6 shows 

a typical water bath commonly used in 

laboratories. It is electrically heated and 

thermostatically controlled. 

 

7. Heating mantle 

It is an electrically heated and thermostatically 

controlled unit used to heat or melt samples and 

reagents. The inner lining is made of asbestos and 

therefore gives an indirect heat to the materials to be 

heated. Fig. 7 shows a typical heating mantle being 

used for heating water in a beaker. 

 

 

 

8. Hot plate with magnetic stirrer 

This is an electrically powered 

equipment performs the dual function of 

heating and agitation. The agitation occurs 

by magnetic arrangement. Any type of 

glassware can be used for the heating. 

Magnetic beads are used for the agitation. 
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9. UV chamber / UV viewing cabinet 

This equipment is used for analyzing 

fluorescent materials, spots in thin layer 

chromatography, etc. The equipment has two 

lamps for long- and short wavelength UV 

radiation. Since UV radiation is genotoxic 

(mutagenic) its exposure to skins and eyes 

must be avoided. A viewport with colored 

glass is provided for safety. Fig. 9 shows a 

typical UV cabinet. 

 

10. Inoculation chamber / Sterile chamber 

This is an enclosed box in which culture 

transfers; plating, etc. can be carried out 

aseptically. The chamber is equipped with 

UV lamp for periodic disinfection of the 

chamber. While working, the UV light must 

be turned off and day-light bulb is turned on 

(Fig. 10). 

 

11 pH meter 

pH meter is an electrical instrument used 

for measuring hydrogen ion concentration of 

solutions and mixtures (Fig. 11). In microbiology 

lab, it is used for maintaining pH of the medium 

and diluents. The pH meter must be standardized 

with buffer solutions before operation. Since the 

instrument is very sensitive, it must not be used for 

stirring and it must not be dipped in hot or very 

cold solutions. The electrodes must always be kept 

immersed in suitable solutions.  
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12. Colony counter 

It is used for counting microbial colony 

(bacterial and yeast). The instrument is equipped 

with a backlight source, gridlines and a magnifying 

lens. It also has a sensor for digitally registering the 

number of colonies counted (Fig. 12). 

 

13. Microscope 

It is an instrument for observing 

microscopic items such as cells, crystals and 

cell organelles. It has the dual function of 

magnification and resolution. For routine 

microbiological works, bright field compound 

microscope with oil immersion objective is 

adequate. A compound microscope is shown in 

Fig. 13. 

 

 

14. Refrigerator 

This is common household equipment for 

keeping foods and beverages cool. This equipment is 

used in microbiology laboratory for storing / preserving 

cultures, media, and many sensitive materials (Fig. 14). 

The equipment is electrically powered and uses ammonia 

as the refrigerant. 

 

 

 

15. Bunsen burner  

Bunsen burner is a common tool used in science 

lab (Fig. 15). In microbiology lab, it is used for 

sterilizing inoculating loop, plating out cultures, 
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transferring cultures, heat-fixing of smears and creating a sterile zone for aseptic 

operation. 

 

16. Spirit lamp 

The function of spirit lamp is the same as the 

Bunsen burner but is portable. It uses rectified spirit 

as the fuel (produces smoke-free flame). The lamp 

must be covered with a lid when not in use to prevent 

loss of spirit (Fig. 16). 

 

17. Micrometers (stage and ocular) 

These are graduated glass pieces (Fig. 

17) used for the measurement of size of the 

cells. Stage micrometer is a slide on which 

etching is done with 0.001 mm spacing. The 

ocular micrometer, which is place on the 

eyepiece, has an arbitrary scale and must be 

calibrated against the stage micrometer. During 

measurements, the ocular micrometer is retained 

while the stage micrometer is replaced with the 

specimen slide. 

 

18. Balance 

Balance is needed in microbiology lab 

for weighing chemicals, samples, media, etc. 

Digital balances are fast to work with but needs 

frequent calibration (Fig. 18). The triple-beam 

and 4-beam balances are robust equipment that 

need little care and maintenance. Beam balances 

run on mechanical principles while the 

principles on which electronic balances run are 

quite complicated. 
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19. Thermometer 

Thermometers are required to ensure the heating 

equipment is running at the correct temperature. The 

temperature of the medium, incubator, etc., need to be 

frequently checked. Mercury in glass thermometers are 

standard thermometers, the temperature measurement is 

based on the expansion of mercury present in the bulb 

(Fig. 19). Digital thermometers use probes for 

measurement of temperatures. 

 

20. Coliform membrane filter 

This glass equipment is used for the 

testing of coliforms in water (Fig. 20). 100 ml of 

test water is poured in the funnel and filtered 

through a special Millipore filter through 

external application of suction. The filter retains 

the microorganisms. The filter is then 

aseptically transferred to a selective-cum-differential semisolid medium kept in a 

Petri dish. If there are coliforms, they will appear as pink dots after incubation at 

35°C for 22 hrs. 

 

21. Distilled water unit 

It is used to provide distilled 

water for laboratory experiments. It is a 

glass instrument which produces 

distilled water by compressing the 

steam produced by boiling water. 

Modern distilled water used flash-type 

evaporators, heating the water to 

between 70-80°C and evaporating the 

water in a vacuum - this is then collected as condensation before being stored. 
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22. Clean Benches 

Laminar flow cabinet for sterile room instead of 

a device, easy to use for the experiment carried 

out to provide a relatively sterile console. 

Laminar Air Flow means that the flow of air is 

continuous, steady and uni-directional, with the 

entire body of air in the room moving with a low 

uniform velocity in parallel planes. Laminar air 

flows provide a steady, turbulence-free flow of 

absolutely clean air to sterilize the equipment. Any contaminated particles will not 

be picked up from one spot and deposited in another. Rather, it will be carried away 

from the working area to the Exhaust Point. High Efficiency Particulate Air 

(HEPA), filters are utilized in the supply stream to create the highest degree of 

particulate removal. The air stream makes only a single pass through the space 

before being exhausted. Consequently, the deposition and re-suspension of light 

particulate matter is eliminated. 

 

23. Pipette 

Pipette is a type of 

calibrated apparatus 

that is used to 

measure and transfer 

small volumes. It is 

a chemical dropper 

used in laboratory 

experiments to 

measure and transport fixed volumes of chemicals. The pipette is inserted into a 

liquid-filled container, where it creates a vacuum. The vacuum suction draws up a 

designated amount of liquid and dispenses it into another. There are numerous types 

of pipettes, including manual, disposable, autoclavable and re-usable. Micropipettes 

are made to measure and dispense small quantities of liquid. Micropipettes dispense 

between 1 and 1,000 microliters. 
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1.7. SUMMARY 

The foremost and important aspect of microbiology laboratory is the 

cleanliness and extreme clean and sterile conditions have to be maintained in the 

laboratory. Microbiology experiments require a wide range of equipments.  

The most common and basic equipments include the microscope, centrifuge, 

laminar air flow, autoclave, incubator, hot air oven, colony counter, 

spectrophotometer, pH meter, balances, stirrers, shakers, glass equipments. 

Microbiology laboratory should be clean and completely sterile. The 

workers/researchers in the laboratory also should maintain cleanliness. Aprons, 

gloves and masks should always be worn inside the laboratory.  Aseptic condition 

must be always maintained while dealing with microbial cultures. 

Basic techniques in the microbiology laboratory include sterilization, 

staining, microscopy, incubation, centrifugation, culturing of microbes, biochemical 

tests, qualitative and quantitative analysis, electrophoresis, blotting, hybridization, 

fermentation etc. 

Microbiology laboratory should be located in a in a clean and quiet place. 

Different areas to carryout functions preventing contamination should be identified. 

Panelling partitions should be made to maintain sterility and avoid contamination, 

air leaks that may lead to contaminations should be prevented by appropriately 

sealing. All bench and table tops should be of non-porous material. Workbenches 

should be of suitable dimensions and must have cupboards and drawers under the 

benches. The media preparation room and the culture maintenance room need to be 

air-conditioned to maintain a continuous temperature of 2
5o

C and RH (55 + 5) %. 

Exhaust fans and fume hoods should be set up wherever required.  

The common equipment/apparatus used in a microbiology laboratory are 

autoclave, incubator, hot air oven, inoculating loop, vortex mixer / shaker, water 

bath, heating mantle, hot plate with magnetic stirrer, UV chamber, inoculation 

chamber, pH meter, colony counter, microscope, refrigerator, Bunsen burner, spirit 

lamp, micrometer (stage and ocular), balance, thermometer, membrane filter set, 

distilled water unit, clean benches and pipettes.  
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1.8. KEY WORDS 

Layout of microbiology laboratory, cleanliness, aseptic conditions, 

autoclave, incubator, hot air oven, inoculating loop, vortex mixer / shaker, water 

bath, heating mantle, hot plate with magnetic stirrer, UV chamber, inoculation 

chamber, pH meter, colony counter, microscope, refrigerator, Bunsen burner, spirit 
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clean benches and pipettes. 

 

1.10. CHECK YOUR PROGRESS 

1. Give a brief account of general layout of a microbiology laboratory. 

2. Explain the basic rules to be followed in a microbiology laboratory. 

3. What are the basic techniques conducted in a microbiology laboratory 

4. Name the common equipments that are used in microbiology laboratory 

5. Write a short note on the following: 

a) Autoclave 

b) Incubator 

c) Hot air oven 

d) Water bath  

e) Inoculation chamber  

f) pH meter 

g) Microscope 

h) Micrometer 

i) Laminar flow cabinet  
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Microbiology. Elsevier Publishers.  
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2.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 Bio-safety precautions and National and International regulations and 

guidelines 

 General biosafety precautions to be followed in a microbiology laboratory 

 Guidelines for prevention of exposure to microorganisms 

 Categorization of microorganisms based on biosafety levels 

 aseptic techniques to be adopted in a laboratory 

 Biological safety cabinets and clean benches 

 

 

2.2. INTRODUCTION 

Working in a microbiology laboratory essentially includes contact with 

living organisms and there is a risk of exposure to these organisms. Such risks have 

to be minimized and therefore there are general safety rules and some additional 

rules must be implemented in the microbiology laboratory. Personnel working in 

microbiology laboratory are generally exposed to microorganism through (1) contact 

with skin and mucous membranes, (2) ingestion, (3) inhalation, and (4) inoculation. 

To deal with such circumstances and to avoid accidents there are certain laboratory 

safety guidelines laid out which are to be followed in microbiology laboratories. 

These are together termed as Bio-safety precautions which have national and 

international regulations and guidelines.   

 

 

2.3. GUIDELINES FOR PREVENTION OF EXPOSURE TO 

MICROORGANISMS: 

There are specific guidelines which minimize teh risks of exposure to 

microorganism while working in the microbiology laboratories. These include: 

 

1. Wearing appropriate personal protective equipment/clothing such as lab 

coats or aprons, gloves goggles, respirators, and face shields/masks 

significantly reduces the risks of microbial contact with skin and mucous 
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membranes. Wearing contact lenses inside the laboratory should be 

prohibited. 

 

2. Routine tasks such as eating, drinking, dressing and applying cosmetics 

should be prohibited inside the laboratory to avoid ingestion of 

microorganisms. 

 

3. Adopting measures which decrease the likelihood of generating aerosols help 

in preventing inhalation of microorganisms.  

 

4. Formulation and implementation of strict procedures for the use and disposal 

of sharps (needles, slides, broken glass, etc.) minimizes exposure to 

microorganisms by inoculation.  

 

 

2.4. BIOSAFETY LEVELS (BSL) OF MICROORGANISMS 

 

Internationally microorganisms are categorized into four Biosafety Levels 

(BSL) based on their potential to cause diseases in healthy humans. 

 

Biosafety Level 1: the microorganisms belonging to category or level are well 

characterized and are not known to cause disease in healthy human adults. 

Laboratories dealing with BSL-1 microorganisms should practice general lab safety 

rules such as no eating or drinking, prohibition of mouth pipetting, practicing aseptic 

technique, and proper disposal of sharps and microbiological waste. Examples of 

BSL-1 organisms include non-pathogenic laboratory strains of Escherichia coli, 

Staphylococcus xylosus, and Bacillus megaterium. 

 

Biosafety Level 2: the microorganisms belonging to this category are those which 

cause moderate-risk.  These microorganisms cause less serious human diseases 

which can be cured easily. They have limited transmission potential. Generally 

BSL-2 microbes are opportunistic which do not cause disease in adults, but may 
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cause disease in children. General precautions to be followed for this category of 

microbes include using personal protective equipment (PPE) such as disposable 

gloves and lab coats and limiting lab access to trained individuals. Examples of 

BSL-2 organisms include Staphylococcus aureus, Pseudomonas aeruginosa, and 

Salmonella. 

 

Biosafety Level 3: these microorganisms are termed as high-risk microorganisms 

that have a high potential for infection causing serious or fatal consequences. People 

working in laboratories exposed to such microorganisms should generally wear 

double gloves, respirators, and disposable surgical scrubs and gowns, and work in 

biological safety cabinets in isolated, negative-pressure containment rooms. 

Examples of BSL-3 organisms include Mycobacterium tuberculosis and Bacillus 

anthracis. 

 

Biosafety Level 4: these include microorganism that are readily transmitted, very-

high risk microorganisms which cause life-threatening diseases which have no 

treatment. General precaution in such laboratories include using impermeable 

positive pressure ―space suits‖ with an external oxygen supply, and precautions such 

as chemical showers must be taken before exiting the lab. Examples of BSL-4 

organisms include Ebola virus, Marburg virus, and Lassa fever virus. 

 

 

2.5. GENERAL BIOSAFETY RULES FOLLOWED IN NATIONAL AND 

INTERNATIONAL LABORATORIES 

There are some basic and general rules and regulations which are followed in 

microbiology laboratories both at national and international levels which are as 

follows: 

 

1. Eating or drinking inside the laboratory should not be allowed. Chewing 

gum or keeping any object on or near your mouth is also prohibited. 

Miscellaneous items like books, bags, clothes etc., should not be kept on the 
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working benches during lab work. Laboratory manuals and other reference 

books/items should be kept at sufficient distance from the work area.  

2. Before beginning laboratory work sterile and aseptic conditions have to be 

maintained which include: tying back the hair, wearing closed footwear, 

wearing lab coats/aprons, masks etc., cleaning the work place with 

appropriate sterilants, cleaning hands and equipment with proper sterilants, 

wearing disposal clothing wherever necessary.  

3. All the microorganisms handled should be appropriately marked and labelled 

with full details like name, date etc., All test tubes should be placed in a rack 

before transporting them from one area of the lab to another. All lids on all 

test tubes must be secure. All Petri plates should be taped on both sides 

before carrying to the incubators. 

4. Equipment used for inoculation like needles, loops, spreaders etc., should be 

completely sterilized before and after use. Liquid cultures should be 

transferred using a sterile pipette and mechanical pipetting apparatus. 

Pipetting through mouth is strictly prohibited.  

5. All microbiological waste should be disposed of in the biohazard designated 

bag. Used test tubes should be placed in the designated pan to be autoclaved 

and cleaned. Used pipettes should be placed immediately into the provided 

waste container. Do not place any hazardous or infectious materials in the 

regular trash. Do not place any hazardous or infectious materials in the sink.  

6. All used glass slides and coverslips should be placed in separate bins meant 

for them. Do not discard slides in the biohazard bags. 

 

 

2.6. ASEPTIC TECHNIQUES TO BE FOLLOWED IN MICROBIOLOGY 

LABORATORIES 

Some of the general aseptic techniques to be followed in microbiology 

laboratories are as follows: 

 

a) Gloves, lab coats/aprons must be removed inside out and placed in appropriate 

racks/drawers. 
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b) Remove goggles and masks should be cleaned with appropriate sterilants before 

and after use and kept in the designated places. 

 

d) Before start of an experiment strictly sterilize and decontaminate teh work bench 

and also sterilize the hands before and after experiment 

 

e) Writing in books or manuals while wearing the gloves and aprons is not allowed.  

 

f) In the event of an accident like breaking of glassware or spilling of chemicals 

inform the concerned personnel immediately. Disinfect the entire area, clean 

thoroughly and dispose the contaminants appropriately.  

 

g) If accidents involve microorganisms, avoid contact with eyes, mucous 

membranes or an open wound, flush eyes with clean water, wounds cleaned with 

sterile water and sterilants, summon physician if necessary. 

 

h) Accident reports must be filed with the Biosafety committee no more than 48 

hours following the accident. 

 

i) Students who are pregnant or have a medical condition which could compromise 

their immune system must have written permission from their attending physician 

in order to participate in microbiology lab. 

 

 

2.7. COMMON SAFETY RULES TO BE PRACTICED DURING 

INOCULATING MICROORGANISMS 

Common safety rules to be practiced during inoculating microorganisms 

include: 

1. Working tables and benches should be disinfected with sterilants. 

2. Lab coats/aprons, gloves and masks should be worn. 

3. Petri plates should be labelled by writing on the bottom of the plate. 
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4. Incinerators should be warmed sufficiently before sterilizing loops or needles. 

Loops or needles should not be left unattended in the incinerators.  

5. Loops and needles must be sterilized before and after inoculating a culture. 

Needles and loops must be sterilized even if the same culture is inoculated more 

than once.  

6. Heated loops and needles must be cooled before inoculating the microbial culture. 

7. The mouths of the test tubes, flasks, Petri plates should be flamed for a while 

before and after inserting the inoculating apparatus. 

8. Loops, needles, pipettes, test tube lids, etc., should not be kept on the table to 

maintain sterility. 

9. Loops/needles can be placed temporarily in slots on the sides of incinerators. 

10. Test tube lids can be held with little finger. 

11. Pipettes should remain in canister until just before use. 

12. Media should not be left open in the air to avoid contamination  

13. Inoculate using a small amount of the inoculum. Inoculate gently ensuring 

sufficient distribution of the microorganism. 

15. After completion of work, properly disinfect the working area and dispose the 

waste appropriately. Sterilize and wash hands. 

 

 

2.8. BIOLOGICAL SAFETY CABINETS 

Harmful microbes pose threats to worker safety have stimulated the 

development and refinement of workstations in which infectious microorganisms 

could be safely handled. An important piece of safety equipment is the biological 

safety cabinet in which manipulations of infectious microorganisms are performed. 

Biological safety cabinets (BSC) are designed to provide personnel, environmental 

and product protection when appropriate practices and procedures are followed. 

Most BSCs use high efficiency particulate air (HEPA) filters in the exhaust and 

supply systems.  
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2.8.1. High Efficiency Particulate Air (HEPA) Filter 

Control of airborne particulate materials became possible with the 

development of filters, which efficiently removed microscopic contaminants from 

the air. The HEPA filter was developed to create dust-free work environments (e.g., 

―clean rooms‖ and ―clean benches‖) in the 1940s. HEPA filters remove the most 

penetrating particle size (MPPS) of 0.3 μm with an efficiency of at least 99.97%. 

Particles both larger and smaller than the MPPS are removed with greater efficiency. 

Bacteria, spores and viruses are removed from the air by these filters.  

 

2.8.2. Clean Benches 

2.8.2.1. Horizontal Laminar Flow  

Horizontal laminar flow ―clean benches‖  are not BSCs. These pieces of 

equipment discharge HEPA-filtered air from the back of the cabinet across the work 

surface and toward the user. These devices only provide product protection. They 

can be used for certain clean activities, such as the dust-free assembly of sterile 

equipment or electronic devices. Clean benches should never be used when handling 

infectious materials. The worker will be exposed to the materials being manipulated 

on the clean bench potentially resulting in hypersensitivity, toxicity or infection 

depending on the materials being handled.  

2.8.2.2. Vertical Flow  

Vertical flow clean benches also are not BSCs. They may be useful, for 

example, in hospital pharmacies when a clean area is needed for preparation of 

solutions. While these units generally have a sash, the air is usually discharged into 

the room under the sash, resulting in the same potential problems presented by the 

horizontal laminar flow clean benches. These benches should never be used for the 

manipulation of potentially infectious or toxic materials. 
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2.9. SUMMARY 

General safety rules and some additional rules must be implemented in the 

microbiology laboratory since the personnel working in microbiology laboratory are 

generally exposed to microorganism through contact, ingestion, inhalation, and 

inoculation.   

 

Guidelines for prevention of exposure to microorganisms: 

5. While handling microorganisms appropriate lab coats or aprons, gloves 

goggles, respirators, and face shields/masks must be worn.  

6. Eating, drinking, dressing etc., are prohibited inside laboratory. 

7. Avoiding aerosol generation prevents inhalation of microorganisms.  

8. Disposal of waste should be properly formulated to avoid exposure to 

microorganisms.  

 

Biosafety Levels (BSL) of microorganisms 

Internationally microorganisms are categorized into four Biosafety Levels 

(BSL) based on their potential to cause diseases in healthy humans. 

Biosafety Level 1: the microorganisms belonging to category or level are well 

characterized and are not known to cause disease in healthy human adults. E.g., 

Escherichia coli and Bacillus megaterium. 

Biosafety Level 2: the microorganisms belonging to this category are those which 

cause moderate-risk.  E.g., Staphylococcus aureus  and Salmonella. 

Biosafety Level 3: these microorganisms are termed as high-risk microorganisms 

that have a high potential for infection causing serious or fatal consequences. E.g., 

Mycobacterium tuberculosis and Bacillus anthracis. 

Biosafety Level 4: these include microorganism that are readily transmitted, very-

high risk microorganisms which cause life-threatening diseases which have no 

treatment. E.g., Ebola virus and Lassa fever virus. 

 

 

 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    28 

 

General biosafety rules followed in national and international laboratories 

There are some basic and general rules and regulations which are followed in 

microbiology laboratories both at national and international levels which are as 

follows: 

1. Eating or drinking inside the laboratory is prohibited.  

2. Sterile and aseptic conditions have to be maintained by wearing lab 

coats/aprons, masks etc.,  

3. All the microorganisms handled should be appropriately marked and 

labelled.  

4. Equipment used for inoculation like needles, loops, spreaders etc., should be 

completely sterilized before and after use.  

5. All microbiological waste should be disposed of in the biohazard designated 

bag.  

 

Biological Safety Cabinets: Biological safety cabinets (BSC) are designed to 

provide personnel, environmental and product protection when appropriate practices 

and procedures are followed. Most BSCs use high efficiency particulate air (HEPA) 

filters in the exhaust and supply systems.  

High Efficiency Particulate Air (HEPA) Filter: HEPA filters efficiently remove 

microscopic contaminants from the air. HEPA filters remove the most penetrating 

particle size (MPPS) of 0.3 μm with an efficiency of at least 99.97%. Particles both 

larger and smaller than the MPPS are removed with greater efficiency. Bacteria, 

spores and viruses are removed from the air by these filters.  

 

2.10. KEY WORDS 

Laboratory biosafety guidelines, aseptic conditions, handling 

microorganisms, biological safety cabinets, HEPA filters. 
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2.11. CHECK YOUR PROGRESS 

1. Give an account of the general biosafety precautions to be followed in a 

microbiology laboratory 

2. What are the guidelines for prevention of exposure to microorganisms? 

3. Briefly explain the biosafety levels of microorganisms. 

4. Give an account of aseptic techniques to be adopted in a laboratory 

5. Write short notes on the following 

a) Biological safety cabinets 

b) HEPA filters 

c) Clean benches 

 

2.12. FURTHER SUGGESTED READING 

 

1. Aneja K.R., Jain P. and Aneja R. ―A Text Book of Basic and Applied 

Microbiology‖ New Age International Pub. New Delhi (2008). 

 

2. Ankit Gupta and Prafulla Songara. 2012. Smart Study Series in 

Microbiology. Elsevier Publishers.  

 

3. Arora, D.R., and Arora B.B. 2012. Textbook of microbiology. Fourth 
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2.13. SOURCES 

 

1. Alcamo. 2001. Fundamentals of Microbiology Sixth Edition. By, Edward 

Alcamo. Jones and Bartlett Publishers, London.  

2. Baily N.T.J ―Statistical Methods in Biology‖ English Univ. Press U.K. 

(2000) 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    30 

 

3. Jennings, D., Susan Isaac, S. Isaac. 1995. Microbial Culture. Garland 

Publishing.  

 

4. Lunne McLandsborough. 2004. Food Microbiology Laboratory. CRC Press. 

 

5. Pelczar M.J., Chan E.C.S. and Kreig N.R. ―Microbiology – 5
th

 edn., Tata 

McGraw-Hill Pub. Co. New Delhi (1986) 

 

6. Purohit, S.S. 2008.  Microbiology – Fundamentals and Application. Sixth 

Edition. Student Edition Publishers, Jodhpur.  

7. Stanier, R.Y., Ingraham, J.L., Wheelis, M.L., and Painter, P.R. 2007. 

General Microbiology Fifth Edition. McMillan Publishers, London.  

8. Trivedi, P.C. 2006. Applied Microbiology. Agrobios (India) Publishers, 

Jodhpur.  

9. Wedum, A.G. History of Microbiological Safety. 1975. 18
th

 Biological 

Safety Conference. Lexington, Kentucky. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    31 

 

UNIT 3 
 

 

MICROSCOPY: SPECIMEN PREPARATION AND BASIC 

PRINCIPLES, SIMPLE AND GRAM’S STAINING, 

MICROMETRY 
 

 

 

STRUCTURE 

3.1. Objectives  

3.2. Introduction 

3.3. The microscope  

3.4. Preparation of microscopic slides 

3.5. Preparation of specimens 

3.5.1. Smear 

3.5.2. Wet mount 

3.6. Staining a specimen 

3.7. Gram staining 

3.8. Micrometry 

3.8.1. Procedure 

3.8.2. Calibration of the ocular micrometer 

3.8.3. Using the ocular micrometer 

3.9. Summary 

3.10. Key words 

3.11. Check your progress 

3.12. Further suggested reading 

3.13. Sources  

 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    32 

 

3.1. OBJECTIVES  

After reading this unit we will be able to learn: 

 Microscopes, their principle and application 

 Methods of slide and specimen preparation for microscopes 

 Staining of microscopic slides, simple stain and gram staining  

 Micrometry and its applications 

 

3.2. INTRODUCTION 

Microorganisms are studies by observing them under a microscope. 

A microscope is a device that enlarges objects using a process called magnification. 

The simplest form of a microscope is a magnifying glass consisting of a single lens. 

Present day microscopes have two sets of lenses (objective and ocular), which is 

called a compound light microscope. Light compound microscopes are used for 

observing many kinds of microorganisms. Electron microscopes are used to view 

internal structures of viruses and microorganisms. In this unit we will also 

understand the methods of preparation of microscopic slides and specimen. 

Different staining procedures like simple staining and gram staining is also 

explained in this section. Measurement of microorganism by the method of 

micrometry is also discussed here.  

 

3.3. THE MICROSCOPE  

Compound microscope is the most common microscope used in 

microbiology laboratory. It has two lens system which magnify the specimen hence 

called as compound microscope. The lens used for viewing (near to the eye) is 

called the ocular, while the lens located near the specimen (object) is called 

the objective. The condenser located near the base of the microscope condenses light 

rays to a strong beam. The amount of light passing through the condenser is 
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regulated by the diaphragm located on the condenser. Compound microscopes have 

coarse and fine adjustments knobs (Fig. 1). 

When light passes through the aperture on the stage, it falls on the specimen 

and enters the objective resulting in magnification of the specimen. These image 

further acts as an object to teh ocular lens which further remagnifies the image. 

Therefore, the total magnification possible with the microscope is the magnification 

achieved by the objective multiplied by the magnification achieved by the ocular 

lens. 

 

A compound light microscope generally has four objective lenses: the 

scanning lens (4X), the low‐power lens (10X), the high‐power lens (40 X), and the 

oil‐immersion lens (100 X). With an ocular lens that magnifies 10 times, the total 

magnifications possible will be 40 X with the scanning lens, 100 X with the 

low‐power lens, 400 X with the high‐power lens, and 1000 X with the oil‐immersion 

lens. Compound microscopes are parfocal wherein the microscope remains in focus 

even if the objective is changed from one to another. 

 

Resolution of the microscope refers to the ability to see clearly two items as 

separate objects under the microscope. The wavelength of the light used determines 

the resolution. Lower teh wavelength higher is the resolution. Visible light has a 

wavelength of about 550 nm, while ultraviolet light has a wavelength of about 400 

nm or less. Hence, ultraviolet light detects objects that visible light cannot. 

The resolving power of a lens refers to the size of the smallest object that can be 

seen with that lens. The resolving power is based on the wavelength of the light used 

and the numerical aperture of the lens. The numerical aperture (NA) refers to the 

widest cone of light that can enter the lens; the NA is engraved on the side of the 

objective lens. 
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Figure 1: The parts of a common light microscope 

 

Resolution: the resolving power of the microscope depends on the width of the cone 

of illumination and therefore on both the condenser and the objective lens. It is 

calculated using the formula 

Resolution = 0.61l / n sinq 

Where n = the refractive index of the medium (usually air or oil) separating the 

specimen from the objective and condenser lenses.  

l = the wavelength of light used (for white light the figure of 0.53 microns is 

commonly assumed) 

q = half the angular width of the cone of rays collected by the objective lens from a 

typical point in the specimen (since the maximum width is 180 degrees, sinq has a 

maximum value of 1). 

 

3.4. PREPARATION OF MICROSCOPIC SLIDES 

Preparation of microscopic slides requires essential things like slides, cover 

slips, droppers/pipettes and necessary stains (Fig. 2). Generally slides are of two 

types the flat slides and the depression/well/cavity slides. Both are glass slides 
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measuring about 1-3 inches and rectangular in shape. The well slides have a central 

indentation which helps to hold a drop of liquid and are usually used without 

coverslips. A cover slip or cover glass is a very thin square piece of glass (or plastic) 

that is placed over the water drop. Because of surface tension, the water drop alone 

tends to sit in a thick dome. With a cover slip in place, the drop is flattened out 

allowing the investigator to focus with high power very close to the specimen. The 

cover glass also confines the specimen to a single plane and thereby reduces the 

amount of focusing necessary. Finally, the cover glass protects the objective lens 

from immersion into the water drops. 

   

Figure 2: A) Typical microscopic slide B) Cover slips C) Cavity slide 

 

3.5. PREPARATION OF SPECIMENS 

There are two ways to prepare a specimen to be observed under a light 

compound microscope. These are a smear and a wet mount. 

3.5.1. Smear 

A smear is a preparation process where a specimen is spread on a slide (Fig. 3). 

You prepare a smear using the heat fixation process: 

1. Use a clean glass slide. 

2. Take a loop of the culture. 

3. Place the live microorganism on the glass slide. 

4. The slice is air dried then passed over a Bunsen burner about three times. 

5. The heat causes the microorganism to adhere to the glass slide. This is 

known as fixing the microorganism to the glass slide. 

A B C 
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6. Stain the microorganism with an appropriate stain. 

 

Figure 3: Preparation of smear for microscopy 

3.5.2. Wet Mount 

A wet mount is a preparation process where a live specimen in culture fluid 

is placed on a glass slide. The microorganism is free to move about within the fluid, 

although the viscosity of the substance slows its movement. This makes it easier for 

you to observe the microorganism. The specimen and the substance are protected 

from spillage and outside contaminants by a glass cover that is placed over the slide. 

The edges of the glass cover slip are sealed with Vaseline.  

 

Figure 4: Preparation of wet mount for microscopy 
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3.6. STAINING A SPECIMEN 

Not all specimens can be clearly seen under a microscope. Sometimes the 

specimen blends with other objects in the background because they absorb and 

reflect the same light waves. The appearance of the specimen can be enhanced by 

using a stain. A stain is used to contrast the specimen from the background. A stain 

is a chemical that adheres to structures of the microorganism and in effect dyes the 

microorganism so that it can be easily seen under a microscope. Stains used in 

microbiology are either basic or acidic. Basic stains are cationic and have a positive 

charge. Common basic stains are methylene blue and crystal violet (Fig. 5). These 

are ideal for staining chromosomes and the cell membranes of many bacteria. Acid 

stains are anionic and have a negative charge. Common acidic stains are eosin and 

picric acid. Acid stains are used to stain cytoplasmic material and organelles or 

inclusions. There are two types of stains: simple and differential. A simple stain has 

a single basic dye that is used to show shapes of cells and structures within a cell. A 

differential stain consists of two or more dyes and is used in the procedure to 

identify bacteria. One of the most commonly used differential stains is the gram 

stain. Gram-positive microorganisms stain purple. Gram-negative microorganisms 

stain pink. A common bacterium that causes food poisoning, Staphylococcus aureus, 

is gram-positive. Escherichia coli are gram-negative.  

 

Figure 5: Illustration of simple staining procedure 
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 3.7. GRAM STAINING 

The gram stain is one of several laboratory procedures which can be used to 

narrow down the identities of unknown bacteria.  Although the gram stain was 

originally developed in 1844 by the Danish physician Hans Christian Gram for the 

purpose of discerning the difference between two types of pneumonia, it is still used 

to identify bacteria today. 

The gram stain procedure separates all bacteria into one of two groups - into gram-

negative bacteria which do not stain purple and into gram-positive cells which do 

stain purple (Fig. 6).  In structural terms, the ability of a cell to become stained 

during the gram stain procedure is due to the chemical makeup of the cell wall.    

 

Figure 6: Illustration of Gram staining procedure  
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The gram staining procedure consists of fixing a colony of bacteria onto a 

slide and then flooding the colony with various chemicals.  First, crystal violet dye 

is dropped onto the bacterial cells, staining gram-positive cells purple.  Iodine is 

added to fix the violet dye into place and then ethanol is used to wash the dye off the 

unstained cells.  Finally, a red dye called safranin is used to stain any gram-negative 

cells present so that they will be visible.  Once the gram stain procedure is complete, 

the gram-positive bacteria appear purple under a microscope while gram-negative 

cells appear pink or red.  

 

3.8. MICROMETRY 

 

Micrometry is the measurement of microorganisms. Since microorganisms 

can be seen only under a microscope, a suitable scale for their measurements should 

be somewhere in the microscope itself. For this an ocular micrometer serves as a 

scale or rule. Ocular micrometer is simply a disc of glass upon which is etched lines 

(Fig. 7). By determining how many divisions of ocular micrometer superimpose a 

known distance on the stage micrometer, it is easy to find out the exact value of one 

division of ocular micrometer in the microscope field. Once calibrated, the ocular 

micrometer can be used to measure the size of various microbes in terms of length, 

breadth, and diameter. 

 

 

3.8.1. Procedure 

 

There are usually etched 100 equally spaced divisions, marked 0 to 10 upon 

an ocular micrometer. When placed in the ocular (eye piece), the ruled lines 

superimpose certain distance markers on the microscope field. However, the scale 

on ocular micrometer does not have any standard value. We can find out the value of 

one division of this unknown scale by calibrating it with a known scale Thus actual 

value of one division of ocular micrometer is found by using another known scale, 

the stage micrometer. Stage micrometer is simply a microscope glass slide having in 

its centre a known (one millimeter) distance etched into 100 equally spaced 

divisions (Fig. 7). This 1 mm (1000 micro.m) distance is encircled and mounted by a 
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cover glass. Thus each division of stage micrometer equals to 0.01 mm or 10 

micro.m the distance of each division of stage micrometer becomes correspondingly 

enlarged under high power and oil immersion objectives of the microscope. Ocular 

micrometer is, therefore, calibrated under different objective lens systems of the 

microscope. 

 

 
Figure 7: A) Occular micrometer and B) Stage micrometer 

 

 

 

 

3.8.2. Calibration of the ocular micrometer 

 

Ocular micrometers are calibrated by comparing the ocular micrometer scale 

with a calibrated stage micrometer (Fig. 8). The stage micrometer is a microscope 

slide that has a carefully calibrated scale which is divided into 0.1 mm and 0.01 mm 

units (Fig. 8). 

A. Procedure: 

1. Install the 10X ocular containing the ocular micrometer disc in the microscope. 

2. Place the calibrated stage micrometer slide on the stage and focus on the scale. 

3. Adjust the field so that the zero line of the ocular disc scale is exactly 

superimposed upon the zero line of the stage micrometer scale. 

4. Without moving the stage micrometer, locate the point as far to the extreme right 

as   possible where any two lines are exactly superimposed upon each other. 

A 

B 
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5. Count the number of divisions (mm) on the stage micrometer between the zero 

line and the superimposed line to the far right. 

6. Count the number of ocular divisions between the zero line and the superimposed 

line to   the far right. 

7. Divide the distance determined in step 5 by the number of ocular divisions in step 

6 and multiply by 1000 to give the ocular micrometer units in um. 

 

Stage micrometer divisions (mm) x 1000 um = um per ocular unit 

Occular micrometer divisions                    mm 

 

8. Repeat steps 3 through 7 for each objective on the microscope. If the ocular 

micrometer is moved to a different scope, the calibration procedure must be 

repeated. If a new objective   is added to the microscope, the calibration procedure 

must be done for the objective. 

 
Figure 8: Calibration of the ocular micrometer 

 

 

3.8.3. Using the ocular micrometer 

A. Procedure: 

1. Place the ocular lens containing a micrometer disc on the microscope. 

2. Focus on the object to be measured and determine the size in ocular units. 

3. Multiply the ocular units by the calibration factor for that specific microscope, 

objective and ocular micrometer. The units of the micrometer disc are arbitrary and 

a calibration 
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procedure must be done to determine the calibration factor for each different 

objective and each different microscope. 

B. Example: 

A hypha was measured using an ocular micrometer in the eye piece of a phase 

contrast scope and its 40X darkfield objective. The hypha was 3 ocular micrometer 

units wide. The calibration factor for that specific micrometer used on the phase 

scope with the 40X darkfield objective is 2.5 um. 

3 ocular micrometer units x 2.5 um = 7.5 um ocular micrometer 

The hypha is 7.5 um wide. 

 

3.9. SUMMARY 

A microscope is a device that enlarges objects using a process called 

magnification. Compound microscope has two lens system which magnify the 

specimen. The lens used for viewing is called the ocular, while the lens located near 

the specimen is called the objective. The condenser located near the base of the 

microscope condenses light rays to a strong beam. The amount of light passing 

through the condenser is regulated by the diaphragm located on the condenser. 

When light passes through the aperture on the stage, it falls on the specimen and 

enters the objective resulting in magnification of the specimen. This image further 

acts as an object to teh ocular lens which further remagnifies the image.  

Resolution of the microscope refers to the ability to see clearly two items as 

separate objects under the microscope. The wavelength of the light used determines 

the resolution. Lower teh wavelength higher is the resolution. The resolving power 

of a lens refers to the size of the smallest object that can be seen with that lens. The 

resolving power is based on the wavelength of the light used and the numerical 

aperture of the lens. The numerical aperture (NA) refers to the widest cone of light 

that can enter the lens 

Generally slides are of two types the flat slides and the 

depression/well/cavity slides. Both are glass slides measuring about 1-3 inches and 

rectangular in shape. A cover slip or cover glass is a very thin square piece of glass 
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that is placed over the water drop. Cover glass confines the specimen to a single 

plane reducing the amount of focusing necessary and it protects the objective lens 

from immersion into the water drops. 

A smear is a preparation process where a specimen is spread on a slide and 

heat fixed over the flame. The slide is stained if necessary. A wet mount is a 

preparation process where a live specimen in culture fluid is placed on a glass slide. 

This is covered by a cover slip and the edges are sealed.  

Staining the specimen enhances its appearance under the microscope. There 

are two types of stains: simple and differential. A simple stain has a single basic dye 

that is used to show shapes of cells and structures within a cell. A differential stain 

consists of two or more dyes and is used in the procedure to identify bacteria.  

One of the most commonly used differential stains is the gram stain. Gram-

positive microorganisms stain purple. Gram-negative microorganisms stain pink.  

Micrometry is the measurement of microorganisms. For this an ocular 

micrometer serves as a scale or rule. Ocular micrometer is simply a disc of glass 

upon which has etched lines. By determining how many divisions of ocular 

micrometer superimpose a known distance on the stage micrometer, it is easy to find 

out the exact value of one division of ocular micrometer in the microscope field. 

Once calibrated, the ocular micrometer can be used to measure the size of various 

microbes in terms of length, breadth, and diameter. 

 

 

3.10. KEY WORDS 

Microscopy, slide preparation, specimen, wet mount, smear, staining, gram stain, 

micrometry.  

 

3.11. CHECK YOUR PROGRESS 

1. Write a brief note on microscopy and its principle 

2. Explain different methods of slide and specimen preparation for microscopes 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    44 

 

3. Explain the procedure and principle of Gram staining 

4. What is micrometry? 

5. Write short notes on the following: 

a) Compound microscope  

b) Resolution of the microscope  

c) Smear 

d) Wet Mount 

e) Micrometry 

f) Ocular micrometer  

g) Stage micrometer  

h) Calibration of the ocular micrometer 
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4.1. OBJECTIVES  

After reading this unit we will be able to learn: 

 Different types of microscopes, their principle, functioning and applications. 

 Bright field microscope, dark field microscope, phase contrast microscope, 

fluorescence microscope, confocal microscope and electron microscopy.  

 

4.2. INTRODUCTION  

Microscope is an important device that provides an opportunity to study 

natural elements that are not visible to the naked eye. There are different types of 

microscopes depending on the source of illumination and their intended purpose. 

Broadly microscopes are divided into two categories, light microscope and electron 

microscope. Light microscopes are based on a simple principle of light and lens. A 

light source illuminates the object while the lens magnifies it so that it can be visible 

to the human eye. Light microscopes include simple, compound and stereo 

microscopes.  

Bright field microscopy does not employ optical contrast technique.  Here 

transmitted light is used to view a specimen which contains inherent contrast/colour 

or is stained. Dark-field microscope contains a special condenser that scatters light 

and causes it to reflect off the specimen at an angle. The phase contrast microscope 

contains special condensers that throw light ―out of phase‖ and cause it to pass 

through the object at different speeds. The fluorescent microscope uses ultraviolet 

light as its light source. When ultraviolet light hits an object, it excites the electrons 

of the object, and they give off light in various shades of color. Confocal microscope 

suppresses all out-of-focus structures and image is formed. Confocal microscopic 

images are obtained by an arrangement of diaphragms, which, at optically 

conjugated points of the path of rays, act as a point source and as a point detector 

respectively. Electron microscopes are highly advances and are powered by a beam 

of electron that strikes the object that comes in its path and magnifies. Transmission 

electron microscope used for studying sections of cells and microorganisms like 
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viruses, whereas scanning electron microscopes are employed in producing three 

dimensional images of objects.  

 

4.3. LIGHT MICROSCOPY 

Microscopy where the light is transmitted from a source on the opposite side 

of the specimen to the objective lens is called light microscopy. Light passes 

through a condenser and is focused on the specimen to get maximum illumination. 

Light after passing through the specimen moves through the objective lens and the 

image gets magnified which further it enters teh ocular and the enlarged image is 

visible. In light microscopy the specimen should be appropriately illuminated to get 

a good image. The path of the light should be properly adjusted according to the 

optical methods and components used for generation of images. The condenser aids 

in concentrating the light on the object to produce a bright image. The optimum set-

up for specimen illumination and image generation is known as Köhler illumination 

after the man who invented it.  

4.3.1. Simple Microscope 

This is one of the oldest microscopes that use a single lens for magnifying 

any samples (Fig. 1). However, this microscope has been regarded as primitive 

because of its less relevance in serious scientific work. 

 
Figure 1: Simple microscope 
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4.3.2. Compound Microscope 

This type of microscope operates on the same principle as the as the simple 

microscope. But the difference is that it makes use of two different optical parts for 

the magnifying of objects (Fig. 2). The compound microscopes are the most 

commonly used in many laboratories because they are efficient, inexpensive, and 

can magnify objects as much as 2000 times the original size. They are used mainly 

for the study of cells, chromosomes and the DNA. 

 
Figure 2: Compound microscope 

 

 

4.3.3. Dissection or Stereo Microscope 

This is another member of the optical microscopes that makes use of light 

and lens. This microscope is different from other types of microscopes because it 

allows you to view objects in 3D. It contains lens in different angles that provides a 

three dimensional viewing of objects for complete diagnosis (Fig. 3). However, the 

stereo microscope doesn‘t have very strong magnifying power like the compound 

microscope, but can be very useful in studying of dissection parts of living 

organisms. It is used mainly in the field of medical science including forensics, fine 

repair, sorting, and microsurgery. 
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Figure 3: Stereo microscope 

 

4.4. BRIGHT FIELD MICROSCOPY 

Bright field microscopy does not employ optical contrast technique.  Here 

transmitted light is used to view a specimen which contains inherent contrast/colour 

or is stained. It is very important to set up the path of light appropriately in order to 

get the best image possible. The method for doing this is called Köhler illumination 

after August Köhler; the man who invented it. It is also known as double diaphragm 

illumination because it employs both a field and an aperture iris diaphragm to set up 

the illumination. The condenser focuses the parallel rays of light on the specimen, 

providing an evenly illuminated field, a bright image without glare and minimum 

heating of the specimen. Since majority of the cells and tissues do not have 

sufficient contrast, they are often stained. Common stains include Papanicolaou‘s 

stain, which is used for cervical smears, and toluidine blue, a general stain used for 

semi-thin sections of all tissue types. 

4.5. DARK FIELD MICROSCOPY 

Dark-field microscope contains a special condenser that scatters light and 

causes it to reflect off the specimen at an angle. A light object is seen on a dark 
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background. In dark field microscopy the light does not enter the objective directly 

and the specimen is illuminated obliquely.  Light gets scattered in the specimen 

plane and the features are clearly visible against a dark background (Fig. 4).  

Darkfield  illumination is provided by either a simple patch stop, a darkfield element 

in a phase contrast condenser or purpose-built darkfield condenser.  The latter is 

required for high-resolution objectives to prevent the oblique rays entering the wide 

aperture of the objective.  Applications include detection of micro-organisms in 

unstained smear preparations and classical diatom studies. 

 

Figure 4: Principle of dark field microscopy 

4.6. PHASE CONTRAST MICROSCOPE 

This microscope also contains special condensers that throw light ―out of 

phase‖ and cause it to pass through the object at different speeds. Live, unstained 

organisms are seen clearly with this microscope, and internal cell parts such as 

mitochondria, lysosomes, and the Golgi body can be seen with this instrument. This 

technique was developed by Zernicka. It is based on the principle that light slows 

down slightly when it passes thorough any biological specimen. Here, the specimen 

is illuminated by a hollow bean of light which comes through a phase annulus in the 

condenser. This microscopy requires Phase contrast objectives which have a 

corresponding phase plate.  Light rays passing through the specimen are slightly 

slowed down, and further retardation takes place in the phase plate.  When these 

rays combine with rays which have not taken this path, degrees of constructive and 
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destructive interference occur which produce the characteristic light and dark 

features in the image (Fig. 5). 

 

Figure 5: Phase contrast microscope and its principle 

 

4.7. FLUORESCENCE MICROSCOPY 

The fluorescent microscope uses ultraviolet light as its light source. When 

ultraviolet light hits an object, it excites the electrons of the object, and they give off 

light in various shades of color. Since ultraviolet light is used, the resolution of the 

object increases. A laboratory technique called the fluorescent‐antibody technique 

employs fluorescent dyes and antibodies to help identify unknown bacteria. 

Fluorescence can be used as a label or tag when preparing specific biological 

probes. biological molecules are tagged with fluorescent molecules fluorochromes in 

order to create specific fluorescent probes. The fluorochromes emit light of a given 

wavelength when excited by incident light of a different (shorter) wavelength. 

Specimens labelled with a fluorochrome such as fluorescein or green fluorescent 

protein (GFP) are illuminated with the relevant wavelength of light (blue in these 

examples) and emit the energy as a longer wavelength (green).  
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Figure 6: Fluorescence microscope and its principle 

 

4.8. CONFOCAL MICROSCOPY 

Conventional microscopy produces blur and out of focus images particularly 

in thick specimens. In this microscopy not only is the plane of focus illuminated, but 

much of the specimen above and below this point is also illuminated resulting in 

out-of-focus blur from these areas. In the confocal microscope, all out-of-focus 

structures are suppressed at image formation. This is obtained by an arrangement of 

diaphragms, which, at optically conjugated points of the path of rays, act as a point 

source and as a point detector respectively. The detection pinhole does not permit 

rays of light from out-of-focus points to pass through it. The wavelength of light, the 

numerical aperture of the objective and the diameter of the diaphragm (wider 

detection pinhole reduces the confocal effect) affect the depth of the focal plane. To 

obtain a full image, the point of light is moved across the specimen by scanning 

mirrors. The emitted/reflected light passing through the detector pinhole is 

transformed into electrical signals by a photomultiplier and displayed on a computer 

monitor (Fig. 7). 
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Figure 7: Confocal microscope and its principle 

 

 

4.9. ELECTRON MICROSCOPY  

The energy source used in the electron microscope is a beam of electrons. 

Since the beam has an exceptionally short wavelength, it strikes most objects in its 

path and increases the resolution of the microscope significantly. Viruses and some 

large molecules can be seen with this instrument. The electrons travel in a vacuum 

to avoid contact with deflecting air molecules, and magnets focus the beam on the 

object to be viewed. An image is created on a monitor and viewed by the 

technologist. 

  

Figure 8: Transmission electron microscope and its principle 
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The more traditional form of electron microscope is the transmission electron 

microscope (TEM). To use this instrument, one places ultrathin slices of 

microorganisms or viruses on a wire grid and then stains them with gold or 

palladium before viewing. The densely coated parts of the specimen deflect the 

electron beam, and both dark and light areas show up on the image (Fig. 8). 

The scanning electron microscope (SEM) is the more contemporary form 

electron microscope. Although this microscope gives lower magnifications than the 

TEM, the SEM permits three‐dimensional views of microorganisms and other 

objects. Whole objects are used, and gold or palladium staining is employed (Fig. 9) 

 

 
Figure 9: Scanning electron microscope and its principle 

 

 

4.10. SUMMARY  

Microscopy where the light is transmitted from a source on the opposite side 

of the specimen to the objective lens is called light microscopy. Light microscopes 

are based on a simple principle of light and lens. A light source illuminates the 

object while the lens magnifies it so that it can be visible to the human eye. Light 

microscopes include simple, compound and stereo microscopes. Simple microscope 

uses a single lens for magnifying any samples, compound microscope makes use of 

two different optical parts for the magnifying of objects, and stereo microscope also 

makes use of light and lens and is used for three dimensional viewing of objects.  
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In Bright field microscopy transmitted light is used to view a specimen 

which contains inherent contrast/colour or is stained. The condenser focuses the 

parallel rays of light on the specimen, providing an evenly illuminated field, a bright 

image without glare and minimum heating of the specimen.  

Dark-field microscope contains a special condenser that scatters light and 

causes it to reflect off the specimen at an angle. A light object is seen on a dark 

background. Light gets scattered in the specimen plane and the features are clearly 

visible against a dark background. 

Phase contrast microscope contains special condensers that throw light ―out 

of phase‖ and cause it to pass through the object at different speeds. It is based on 

the principle that light slows down slightly when it passes thorough any biological 

specimen. Here, the specimen is illuminated by a hollow bean of light which comes 

through a phase annulus in the condenser. This microscopy requires Phase 

contrast objectives which have a corresponding phase plate.   

The fluorescent microscope uses ultraviolet light as its light source. 

Fluorescence can be used as a label or tag when preparing specific biological probes. 

biological molecules are tagged with fluorescent molecules  fluorochromes in order 

to create specific fluorescent probes. The fluorochromes emit light of a given 

wavelength when excited by incident light of a different (shorter) wavelength.  

In the confocal microscope, all out-of-focus structures are suppressed at 

image formation. This is obtained by an arrangement of diaphragms, which, at 

optically conjugated points of the path of rays, act as a point source and as a point 

detector respectively. The wavelength of light, the numerical aperture of the 

objective and the diameter of the diaphragm affect the depth of the focal plane. To 

obtain a full image, the point of light is moved across the specimen by scanning 

mirrors. The emitted/reflected light passing through the detector pinhole is 

transformed into electrical signals by a photomultiplier and displayed on a computer 

monitor. 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    58 

 

Electron microscope uses a beam of electrons as energy source. These short 

wavelength beams strike objects in its path and increases the resolution. The 

electrons travel in a vacuum to avoid contact with deflecting air molecules, and 

magnets focus the beam on the object to be viewed. An image is created on a 

monitor and viewed by the technologist. In transmission electron microscope  

ultrathin slices of microorganisms or viruses on a wire grid and then stains them 

with gold or palladium before viewing. The densely coated parts of the specimen 

deflect the electron beam, and both dark and light areas show up on the image. 

The scanning electron microscope permits three‐dimensional views of 

microorganisms and other objects.  

 

 

4.11. KEY WORDS 

Microscopy, light microscope, compound microscope, bright field 

microscopy, dark field microscopy, phase contrast microscopy, fluorescence 

microscopy, confocal microscopy, electron microscopy. 

 

4.12. CHECK YOUR PROGRESS 

1. Discuss the principles of microscopy.  

2. Write a detailed essay on different types of microscopes and their 

applications. 

3. What are the different types of light microscopes? 

4. Explain in detail the functioning of electron microscope. 

5. Write short notes on the following: 

a) Bright field microscope  

b) Dark field microscope  

c) Phase contrast microscope 

d) Fluorescence microscope  

e) Confocal microscope 

f) Transmission electron microscope 

g) Scanning electron microscope  
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UNIT 5 
 

 

BIOLOGICAL STAINS AND THEIR IMPORTANCE IN 

MICROBIOLOGY; CAPSULE, ENDOSPORE, FLAGELLA AND 

ACID FAST STAINING, FLUOROCHROME AND NUCLEAR 

OR GEIMSA STAINING 
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5.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 Biological stains and their importance in studying bacteria 

 

 Steps involved in staining and different staining methods 

 Specimen preparation, fixation of specimen for staining, Staining and mounting. 

 Types of dyes and their applications  

 Methods of staining like Simple staining, Positive staining, Negative staining, 

Differential staining, Gram staining, Acid-fast staining, Capsule staining, Spore 

staining, Flagella staining, Carmine and haemotoxyline stains, Fluorochrome 

staining, Giemsa staining 

 

 

 

5.2. INTRODUCTION  

 

Staining is essential for identification of microorganisms. Cells without 

staining are difficult to study. Stains improve contrast and visibility of cells under 

the microscope. Staining also helps in differentiating and identifying various types 

of bacterial cells. The cytoplasm of bacteria is colorless and therefore bacteria have 

to be stained for microscopic observations. Staining also preserves specimens.  

There is a vast array of stains that can be used on microbes that can highlight almost 

any characteristic of a cell, even organelles within a cell.  

 

5.3. STEPS IN STAINING 

The basic steps of staining are specimen preparation, fixation, staining, and 

mounting (Fig.1). 

Staining process is as follows: 

Sample suspended in a drop of water and placed on the slide 

The specimen is air dried 

The specimen is fixed by heat/chemical fixation 

The slide is allowed to cool down 
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The slide is stained with specific stain 

The stain is decolorized 

The specimen is counterstained 

The sample is observed under the microscope.  

 

 

Figure 1: Diagrammatic illustration of steps involved in staining 

 

 

5.3.1. Specimen preparation 

A small amount of the sample is suspended in a drop of sterile water and 

placed on the slide (Fig. 2). It is to be noted that the smear is not very thick. If the 

specimen is in liquid form, a drop of the sample can be directly placed on the slide. 

These preparations are air dried before further processing. Some specific kinds of 

staining require elaborate specimen preparation. Permeabilization is also a step of 

specimen preparation which involves treatment of the cells with a mild surfactant 

which dissolves cell membranes and allows dyes to penetrate the cells.  Fixation is a 

process by which internal and external structures are preserved and fixed in position 

process by which organism is killed and firmly attached to microscope slide.  
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Figure 2: Preparation of specimen for staining 

 

5.3.2. Fixation of specimen for staining 

Fixing 

There are two methods of fixing:  

1) Heat fixing – done by exposing the slides to heat/flame. This method preserves 

overall morphology but not internal structures (Fig. 3).  

2) Chemical fixing – done by using certain chemicals (Fig. 3). This method protects 

fine cellular substructure and morphology of larger, more delicate organisms. 

Chemical fixatives generate chemical bonds between proteins and other substances 

within the sample, increasing their rigidity. E.g., formaldehyde, ethanol, methanol, 

and picric acid. 

 

Figure 3: A) Heat fixing of specimen    B) Chemical fixing of specimen 

B A 
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5.3.3. Staining  

It is the process of application of stain to a sample. This involves 

immersing the sample in a dye solution and then rinsing and observing the sample 

under a microscope. Some dyes require the use of a mordant, which is a chemical 

compound that reacts with the stain to form an insoluble, coloured precipitate. 

The mordant stain remains on the sample and excess dye is washed away. 

 

5.3.4. Mounting 

Involves attaching samples to a glass microscope slide for observation and 

analysis. Cells may either be grown directly to the slide or loose cells can be 

applied to a slide using a sterile technique. Some samples are placed directly 

under the microscope. Some samples are placed in a drop of water called as the 

―wet mount‖ (Fig. 4). The water helps support the sample by filling the space 

between the cover slip and the slide allowing early passage of light.  

 

Figure 4: Mounting of specimen on a microscopic slide 

 

 

 

5.4. TYPES OF DYES 

The use of dyes makes the make internal and external structures of cell more 

visible by increasing contrast with background. Dyes have chromophore groups 

which are chemical groups with conjugated double bonds which are responsible for 
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the colour and ability to bind to cells. Dyes used in staining are organic salts having 

a coloured as well as uncoloured ions (Table 1).  

Basic dyes have positively charged coloured ions, therefore attracted towards 

negatively charged substances. E.g. the cytoplasm takes up basic dyes. Basic dyes 

are optimum at neutral or alkaline pH. Since basic dyes are positively charged they 

are attracted to the bacterial cell wall which is negatively charged. E.g., Crystal 

violet, methylene blue, safranin  

Acidic dyes have negatively charged coloured ions. Acidic dyes stain around the 

organism, creating a coloured background against which the bacterium is 

transparent. Acidic dyes work best if bacteria are grown at lower pH. These have 

chromophores repelled by negative cell wall. It is employed to determine the size 

and shape of cells. E.g., Eosin, India ink, Nigrosin, Congo red.  

 

5.5. METHODS OF STAINING 

5.6. SIMPLE STAINING:  

In this method only one stain/staining agent is used. Simple staining reveals 

shape, size, and arrangement Simple stains are usually basic dyes with positive 

charges. E.g., Crystal violet, methylene blue.  

 

Simple staining is of two types: 

5.6.1. Positive staining – surfaces of microbes are negatively charged and attract 

basic dyes. E.g., Methylene Blue is a positive stain. In this method, heat-

killed bacteria are stained with the basic dye methylene blue (Fig. 5). This 

stain is employed to study the morphology, or shape, of the bacteria.  
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Figure 5: Bacteria stained with Methylene blue 

 

5.6.2. Negative staining – microbe repels dye, the dye stains the background. E.g., 

India ink is a negative stain. In this method the specimen is suspended in a 

saline solution followed by staining with India ink. The specimens observed 

under the microscope appear dark. This stain colors the 

surrounding/background rather than coloring specimen (Fig. 6).  

 

Figure 6: Bacteria stained with Indian ink 

 

5.7. DIFFERENTIAL STAINING 

In this method more than one stain/staining agents are used. This comprises of a 

primary stain and a counterstain to distinguish cell types or parts. E.g., Gram stain, 

Acid-fast stain 

 

5.7.1. Gram staining:  is the widely used procedure to categorize bacteria as Gram 

positive (G+) and Gram negative (G-) organisms. Gram-positive bacteria 

have a thick cell wall that is rich in peptidoglycans, while Gram-negative 

bacteria have a thin layer of peptidoglycans sandwiched between an inner 

and outer membrane. Bacteria are stained with a basic dye (crystal violet or 
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basic fuchsin) along with the mordant (iodine). The bacteria take up the 

stain. Based on the differences in teh biochemical structure of the bacterial 

cell wall and cell membrane, teh bacteria resist decolorization with ethanol-

acetone fuchsin. Gram positive bacteria retain basic dye when decolorized, 

while Gram negative organisms lose the primary dye and become colorless. 

Upon counterstaining with safranin. The G+ bacteria appear purple and the 

G- bacteria appear pink (Fig. 7 and 8). 

 

Figure 7: Flow chart showing the steps in Gram staining 
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Figure 8: Gram staining of bacteria, Gram positive bacteria retain blue colour, 

Gram negative bacteria retain pink colour 

5.8. ACID-FAST STAINING 

It is primarily used to stain acid fast organisms that have mycolic acids in their 

cell wall. The mycolic acids are thought to bind fuchsin or fluorochrome stains 

tightly, making them difficult to decolorize with acid alcohol. Generally it is used to 

detect members of the genus Mycobacterium. The high lipid content in cell walls is 

responsible for their staining characteristics. The lipid mycolic acid of the 

mycobacteria is the determinant of retaining the basic fuchsin in the acid-fast stain. 

E.g., Mycobacterium tuberculosis, Mycobacterium leprae . E.g., Ziehl-Neelsen 

staining (Fig. 9). The specimen is stained with carbol fuchsin dye while heating. The 

sample is decolorized with an acid. It is then counterstained with another dye.  

 

Figure 9: Mycobacterium tuberculosis stained with Ziehl-Neelsen staining 
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5.9. SPECIAL STAINING TECHNIQUES 

These techniques reveal certain cell parts not revealed by conventional methods: 

capsule, spore and flagellar stains 

5.9.1. Capsule staining: this method is often used to visualize capsules 

surrounding bacteria. The capsules appear colorless against a stained 

background. The bacterial specimen is smeared with a negative stain like 

Nigorin or India Ink. Then the specimen is counterstained with Crystal 

Violet. Klebsiella pneumonia (Fig. 10). 

 

Figure 10: Klebsiella pneumonia stained with crystal violet 

5.9.2. Spore staining: this involves a double staining technique. Bacterial 

endospore takes up one colour and vegetative cell takes up a different colour. 

E.g., Schaeffer-Fulton Method for Endospore Staining. The bacterial 

specimen is air-dried and the primary dye Malachite Green is applied with 

heat. This is allowed to cool and rinsed in water. This is then counterstained 

with Safranin (Fig. 11).  Used for endospore producing bacteria like Bacillus 

and Clostridium.  

Figure 11: Bacillus spores stained with Safranin 
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5.9.3. Flagella staining: To make flagella visible under light microscope the 

thickness of the flagella are increased by coating them with mordants like 

tannic acid and potassium alum, and staining them with stains like basic 

fuchsin, pararosaniline, silver nitrate, or crystal violet. flagella staining 

provides information about the presence and location of flagella (Fig. 12). 

Spot Test Flagella stain employs an alcoholic solution of crystal violet as the 

primary stain, and tannic acid and aluminum potassium sulfate as mordants. As the 

alcohol evaporates during the staining procedure, the crystal violet forms a 

precipitate around the flagella, thereby increasing their apparent size. 

 

Figure 12: Bacterial flagella stained with crystal violet 

 

5.10. CARMINE AND HAEMOTOXYLINE STAINS 

Carmine and haemotoxyline were the earliest stains used as histological dyes.  

Carmine: also called Natural Red, is a bright-red colord pigment  obtained from the 

aluminium salt of carminic acid obtained from the bodies (female) of the insect 

Dactylopius coccus cacti. Carmine can be used as a staining agent in histology, as 

a Best's carmine to stain glycogen, mucicarmine to stain acidic 

mucopolysaccharides, and carmalum to stain cell nuclei. In these applications, it is 

applied together with a mordant, usually an AI (III) salt.  For nuclear staining it is 

invariably used in conjunction with a mordant such as alum solution.  

http://en.wikipedia.org/wiki/Red
http://en.wikipedia.org/wiki/Pigment
http://en.wikipedia.org/wiki/Carminic_acid
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Hematoxylin and eosin stain (H&E stain or HE stain) is a 

popular staining method in histology. It is the most widely used stain in medical 

diagnosis. The staining method involves application of hemalum, which is a 

complex formed from aluminum ions and hematein, which is an oxidation product 

of haematoxylin. Hemalum colors nuclei of cells (and a few other objects, such 

askeratohyalin granules and calcified material) blue. The nuclear staining is 

followed by counterstaining with an aqueous or alcoholic solution of eosin Y, which 

colors other, eosinophilic structures in various shades of red, pink and orange. 

 

5.11. FLUOROCHROME STAINING 

Fluorochromes are dyes which make non-fluorescent objects fluoresce (Fig. 13). 

The staining dyes are known as fluorophores or carriers of the fluorescent organic 

compounds. In this staining method a fluorescent dye is used to stain the cell walls 

of fungi and bacteria. The stained organisms emit fluorescence when exposed to UV 

light. It is commonly used to visualize acid-fast bacilli (mycobacteria) in specimens. 

E.g., Acridine orange stain. 

 

Figure 13: Fluorochrome staining of bacteria 

 

 

 

http://en.wikipedia.org/wiki/Staining
http://en.wikipedia.org/wiki/Histology
http://en.wikipedia.org/wiki/Hematein
http://en.wikipedia.org/wiki/Haematoxylin
http://en.wikipedia.org/wiki/Keratohyalin
http://en.wikipedia.org/wiki/Eosin_Y
http://en.wikipedia.org/wiki/Eosinophilic
http://medical-dictionary.thefreedictionary.com/acridine+orange+stain
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5.12. GIEMSA STAINING 

Giemsa stain is used to differentiate nuclear and/or cytoplasmic morphology of 

cells. It is usually used to study the morphology of platelets, RBCs, WBCs, and 

parasites. Giemsa's stain is a mix of methylene blue, eosin, and Azure B. The 

commercially available Giemsa powder is usually to prepare the stain. Giemsa stains 

form a black precipitate due to the addition of aqueous solutions of methylene blue 

and eosin when dissolved in methanol. This staining is widely applied in histology 

because of the high-quality staining of the chromatin and the nuclear membrane, the 

metachromasia of some cellular components, and the different qualities of 

cytoplasmic staining depending on the cell type. It is specific for 

the phosphate groups of DNA and binds to regions of DNA where there are high 

amounts of adenine-thymine bonding. Giemsa stain is used in Giemsa banding, 

commonly called G-banding, to stain chromosomes to identify chromosomal 

aberrations like translocations and rearrangements. Giemsa stain stains human cells 

purple and bacterial cells pink and therefore used as a differential stain to study 

bacterial infections in humans. E.g., it is used to diagnoise malaria. Giemsa stain is a 

classic blood film stain for peripheral blood smears and bone marrow specimens 

(Fig. 14).  

 

 

Figure 14: Bacteria stained with Giemsa stain 

 

 

https://en.wikipedia.org/wiki/Methylene_blue
https://en.wikipedia.org/wiki/Eosin
http://www.chemicalland21.com/specialtychem/finechem/AZURE%20B.htm
https://en.wikipedia.org/wiki/Phosphate
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Adenine
https://en.wikipedia.org/wiki/Thymine
https://en.wikipedia.org/wiki/G-banding
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Chromosomal_translocation
https://en.wikipedia.org/wiki/Chromosomal_inversion
https://en.wikipedia.org/wiki/Malaria
https://en.wikipedia.org/wiki/Blood_film
https://en.wikipedia.org/wiki/Peripheral_blood_smear
https://en.wikipedia.org/wiki/Bone_marrow


MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    74 

 

Table 1: Different kinds of stains their use and their principle of action 

Group Stain Use Principle 

Simple Methylene blue 

Carbolfuschin  

Crystal violet  

Safranin 

Used to determine 

cellular shapes and 

arrangements 

Aqueous or alcohol 

solution of a single basic 

dye stains cells 

(Sometimes a mordant is 

added to intensify the 

stain) 

Differential  Gram Used to distinguish 

different kinds of 

bacteria. 

Classifies bacteria 

into two large 

groups: gram 

positive and gram 

negative.  

Gram positive bacteria 

retain the crystal violet 

stain and appear purple. 

Gram negative bacteria 

remain colorless until 

counterstained with 

safranin and then appear 

pink. 

Acid-fast Ziehl-Neelsen 

Stain 

Used to distinguish 

Mycobacterium 

species and some 

species of Nocardia.  

Acid-fast bacteria, once 

stained with 

Carbolfuschin and treated 

with acid-alcohol, remain 

red because they retain 

the carbolfuschin stain. 

Non-acid fast bacteria, 

when stained and treated 

the same way and then 

stained with methylene 

blue, appear blue because 

they lose the 

carbolfuschin stain and 

are then able to accept 

methylene blue stain. 

Special  Nigorin  

India Ink 

Used to colour and 

isolate various 

structures, such as 

capsules, endospores 

and flagella,  

Sometimes used as a 

diagnostic aid 
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Negative India ink Used to demonstrate 

the presence of 

capsules.  

Capsules appear as 

unstained halos around 

bacterial cells and stand 

out against a contrasting 

background 

Endospore Schaeffer-Fulton 

Stain 

Malachite green 

Used to detect the 

presence of 

endospores in 

bacteria.  

When malachite green is 

applied to a heat-fixed 

smear of bacterial cells, 

the stain penetrates the 

endospores and stains 

them green. When safrain 

(red) is then applied, it 

stains the remainder of 

the cells red or pink 

Flagella Basic fuschin 

Pararosaniline  

Silver nitrate  

Used to demonstrate 

the presence of 

flagella.  

A mordant is used to 

build up the diameters of 

flagella until they become 

visible microscopically 

when stained with 

carbolfuschin. 

 

 

5.13. SUMMARY 

Stains improve contrast and visibility of cells under the microscope. Staining 

also helps in differentiating and identifying various types of bacterial cells. Staining 

also preserves specimens.  

There is a vast array of stains that can be used on microbes that can highlight 

almost any characteristic of a cell, even organelles within a cell.  

 

Steps in staining 

Specimen preparation: A small amount of the sample is suspended in a drop of 

sterile water and placed on the slide. It is to be noted that the smear is not very thick. 

If the specimen is in liquid form, a drop of the sample can be directly placed on the 

slide. These preparations are air dried before further processing.  
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 Fixation: Fixation is a process by which internal and external structures are 

preserved and fixed in position process by which organism is killed and firmly 

attached to microscope slide.  

There are two methods of fixing: 1) Heat fixing – done by exposing the slides to 

heat/flame. This method preserves overall morphology but not internal structures. 2) 

Chemical fixing – done by using certain chemicals.  

Staining : It is the process of application of stain to a sample. This involves 

immersing the sample in a dye solution and then rinsing and observing the sample 

under a microscope. Some dyes require the use of a mordant, which is a chemical 

compound that reacts with the stain to form an insoluble, coloured precipitate. 

The mordant stain remains on the sample and excess dye is washed away. 

Mounting: Involves attaching samples to a glass microscope slide for observation 

and analysis. Some samples are placed directly under the microscope. Some 

samples are placed in a drop of water called as the ―wet mount‖.  

 

Types of Dyes: Dyes used in staining are organic salts having a coloured as well as 

uncoloured ions.  

Basic dyes: have positively charged coloured ions, therefore attracted towards 

negatively charged substances. E.g. the cytoplasm takes up basic dyes. Basic dyes 

are optimum at neutral or alkaline pH. Since basic dyes are positively charged they 

are attracted to the bacterial cell wall which is negatively charged. E.g., Crystal 

violet, methylene blue, safranin. 

Acidic dyes have negatively charged coloured ions. Acidic dyes stain around the 

organism, creating a coloured background against which the bacterium is 

transparent. Acidic dyes work best if bacteria are grown at lower pH. These have 

chromophores repelled by negative cell wall. It is employed to determine the size 

and shape of cells. E.g., Eosin, India ink, Nigrosin, Congo red.  

 

Methods of staining 
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Simple staining: in this method only one stain/staining agent is used. Simple 

staining reveals shape, size, and arrangement Simple stains are usually basic dyes 

with positive charges. E.g., Crystal violet , methylene blue.  

Positive staining – surfaces of microbes are negatively charged and attract basic 

dyes. E.g.,  Methylene Blue is a positive stain. In this method, heat-killed bacteria 

are stained with the basic dye methylene blue.  

Negative staining – microbe repels dye, the dye stains the background. E.g., India 

ink is a negative stain. The specimens observed under the microscope appear dark. 

This stains colors the surrounding/background rather than coloring specimen.  

Differential staining: in this method more than one stain/staining agents are used. 

This comprises of a primary stain and a counterstain to distinguish cell types or 

parts. E.g., Gram stain, Acid-fast stain 

Gram staining:  is the widely used procedure to categorize bacteria as Gram 

positive (G+) and Gram negative (G-) organisms. Gram-positive bacteria have a 

thick cell wall that is rich in peptidoglycans, while Gram-negative bacteria have a 

thin layer of peptidoglycans sandwiched between an inner and outer membrane. 

Bacteria are stained with a basic dye (crystal violet or basic fuchsin) along with the 

mordant (iodine). The bacteria take up the stain. Based on the differences in teh 

biochemical structure of the bacterial cell wall and cell membrane, teh bacteria resist 

decolorization with ethanol-acetone fuchsin. Gram positive bacteria retain basic dye 

when decolorized, while Gram negative organisms lose the primary dye and become 

colorless. Upon counterstaining with safranin. The G+ bacteria appear purple and 

the the G- bacteria appear pink. 

  

Acid-fast staining: it is primarily used to stain acid fast organisms that have 

mycolic acids in their cell wall. The mycolic acids are thought to bind fuchsin or 

fluorochrome stains tightly, making them difficult to decolorize with acid alcohol. 

Generally it is used to detect members of the genus Mycobacterium. The high lipid 

content in cell walls is responsible for their staining characteristics. E.g., 

Mycobacterium tuberculosis, Mycobacterium leprae . E.g., Ziehl-Neelsen staining.  
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Capsule staining: this method is often used to visualize capsules surrounding 

bacteria. The capsules appear colorless against a stained background. The bacterial 

specimen is smeared with a negative stain like Nigorin or India Ink. Then the 

specimen is counterstained with Crystal Violet. Klebsiella pneumonia  

Spore staining: this involves a double staining technique. Bacterial endospore takes 

up one colour and vegetative cell takes up a different colour. E.g., Schaeffer-Fulton 

Method for Endospore Staining. The bacterial specimen is air-dried and the primary 

dye Malachite Green is applied with heat. This is allowed to cool and rinsed in 

water. This is then counterstained with Safranin.  Used for endospore producing 

bacteria like Bacillus and Clostridium.  

Flagella staining: To make flagella visible under light microscope the thickness of 

the flagella are increased by coating them with mordants like tannic acid and 

potassium alum, and staining them with stains like basic fuchsin, pararosaniline, 

silver nitrate, or crystal violet. flagella staining provides information about the 

presence and location of flagella  

Fluorochrome staining: Fluorochromes are dyes which make non-fluorescent 

objects fluoresce. The staining dyes are known as fluorophores or carriers of the 

fluorescent organic compounds. In this staining method a fluorescent dye is used to 

stain the cell walls of fungi and bacteria. The stained organisms emit fluorescence 

when exposed to UV light. It is commonly used to visualize acid-fast bacilli 

(mycobacteria) in specimens. E.g., Acridine orange stain. 

Giemsa staining: Giemsa stain is used to differentiate nuclear and/or cytoplasmic 

morphology of cells. Giemsa's stain is a mix of methylene blue, eosin, and Azure B. 

The commercially available Giemsa powder is usually to prepare the stain. Giemsa 

stains form a black precipitate due to the addition of aqueous solutions of methylene 

blue and eosin when dissolved in methanol. This staining is widely applied in 

histology because of the high-quality staining of the chromatin and the nuclear 

membrane. 

http://medical-dictionary.thefreedictionary.com/acridine+orange+stain
https://en.wikipedia.org/wiki/Methylene_blue
https://en.wikipedia.org/wiki/Eosin
http://www.chemicalland21.com/specialtychem/finechem/AZURE%20B.htm
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5.14. CHECK YOUR PROGRESS 

1. What are biological stains? Explain their importance in studying bacteria. 

 

2. Enumerate the steps involved in staining and different staining methods. 

3. Write a brief account on specimen preparation, fixation of specimen for 

staining,  

4. What are the steps involved in staining and mounting?. 

5. Give a detailed account on types of dyes and their applications. 

6. Write a short note on the following: 

a) Methods of staining  

b) Simple staining 

c) Positive staining 

d) Negative staining 

e) Differential staining 

f) Gram staining 

g) Acid-fast staining 

h) Capsule staining 

i) Spore staining 

j) Flagella staining 

k) Carmine and haemotoxyline stains 

l) Fluorochrome staining 

m) Giemsa staining 

 

 

5.15. KEY WORDS  

Biological stains, specimen preparation, fixation , staining  mounting, types of 

dyes , Simple staining, Positive staining, Negative staining, Differential staining, 

Gram staining, Acid-fast staining, Capsule staining, Spore staining, Flagella 

staining, Carmine and haemotoxyline stains, Fluorochrome staining, Giemsa 

staining, Methylene blue, Carbolfuschin, Crystal violet , Safranin, Gram Ziehl-

Neelsen Stain, Nigorin , India Ink, Schaeffer-Fulton Stain, Malachite green, Basic 

fuschin, Pararosaniline , Silver nitrate. 
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6.1. OBJECTIVES 

After reading this unit we will be able to learn about: 

 The development of electron microscopes 

 Types of electron microscopes and their applications 

 Specimen preparation and handling of electron microscopes 

 Advantages and disadvantages of electron microscopes 

 

 

6.2. INTRODUCTION  

Several limitations of the light microscopes led to the development of the 

electron Microscopes. Since then, electron microscopy plays a key role in many 

fields of life sciences, materials sciences and physics. Comparative they are large 

and expensive instruments and placed in separate rooms alone required trained 

personnel to operate them (Fig. 1) 

 

           Figure 1: A) Electron Microscope   B) Parts of an Electron Microscope 

 

A B 
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The earlier light microscopes could not resolve structures of less than half a 

micrometre. The development of cathode ray tubes enabled the use of electrons 

instead of light for illuminating specimens. In 1926, Busch showed that a short 

solenoid converges a beam of electrons similar to glass converging the sunlight. In 

1931 the German engineers Ernst Ruska and Maximillion Knoll for the first time 

successfully magnified an electron image.  

 

6.3. DEVELOPMENT OF ELECTRON MICROSCOPE 

However, the first prototype of electron microscope was developed by Ruska 

in 1933 which was capable of resolving to 50 nm, for which he received the Nobel 

Prize. EM1was the first commercially available electron microscope built in 

England by Metropolitan Vickers for Imperial College, London. However, it had 

many shortcomings like; the electron beam was very hot which charred the 

specimens.  

Later it was discovered that treating the specimens with osmium and 

producing thin slices would produce better images.  Eli Franklin Burton and students 

Cecil Hall, James Hillier and Albert Prebus from the University of Toronto created 

the first new world electron microscope in 1938. This electron microscope was 

highly effective and high-resolution instrument which became popular as RCA 

(Radio Corporation of America) microscopes. 

Electron microscopes use electron beams as source of illumination instead of 

light.  The images are formed when the electrons are projected on a film. They have 

higher resolving power than light microscopes, the limits of resolution being about 

0.2 nm.  

In electron microscopes the images are formed with a beam of electrons 

which travel in wavelike patterns at high speeds. These waves of electrons are 

100,000 times shorter than the waves of visible light. These electrons very high 

resolving power. The magnification ranges between 5,000X and 1,000,000X. The 
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photos are called electron micrographs. Modern electron microscopes can magnify 

objects up to two million times 

EM use electromagnetic lenses in the form of solenoids i.e., wire coiled on 

the outside of a tube. When current is passed through this coil it produces 

electromagnetic field. A beam of electrons pass through the solenoids from the 

canter towards downside of the microscope column and then towards the specimen. 

The flow of electrons can be controlled by changing the current passing through the 

lenses.  

The faster the electrons travel, the shorter will be their wavelength.  The 

resolving power of microscopes depends on the wavelength of irradiation source. 

Reduction in wavelength increase resolution.  

In Ems resolution increases if the accelerating voltage (kilovolts (kV) of the 

electron beam is increased. Currently, 1,000kV electron microscopes are available.  

EMs are used to examine biological materials, a variety of large molecules, 

biopsy samples, metals and crystalline structures, various surfaces, fabrication of 

silicon chips, forensics etc.,  

 

6.4. TYPES OF ELECTRON MICROSCOPES 

Electron microscopes are of two types.  

6.4.1. Transmission Electron Microscope (TEM):  TEM was developed by Max 

Knoll and Ernst Ruska in Germany in 1931. It is similar to the light microscope 

except that it uses a focused beam of electrons instead of light for viewing the 

specimen. It is useful for observing internal cell structure down to the molecular 

level (Fig. 2).  

Transmission electron microscopes produce two-dimensional, black and 

white images. TEMs use a high voltage electron beam emitted by a cathode and 

formed by magnetic lenses. The electron beam passes through the ultrathin 
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specimens, and the spatial variation is then magnified by a series of magnetic lenses. 

This is then captured on a fluorescent screen, photographic plate, or light sensitive 

sensor such as a CCD (charge-coupled device) camera. The image detected by the 

CCD is displayed on a computer screen.  

TEM have high magnification and resolution (0.2 nm). Electromagnets act as 

lenses and it operates in a vacuum. Specimen must be very thin (20–60 nm) and be 

stained with compounds such as osmic acid, permanganate, uranium, lanthanum or 

lead salts. These compounds contain atoms of high Atomic weight, and they scatter 

electrons well to improve contrast. The electrons scatter when they pass through thin 

sections of a specimen. These transmitted electrons (those that do not scatter) are 

used to produce image. 

The darker regions represent thicker, denser parts and lighter areas indicate 

transparent and less dense parts. 

 

Figure 2: A) Transmission Electron Microscope B)TEM image of Tobacco Mosaic 

Virus  

A B 
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6.4.2. Scanning Electron Microscope (SEM):  SEM was developed in 1942 with 

the first commercial instruments around 1965. It involves electronics for scanning 

the beam of electrons across the sample (Fig. 3). It is useful for three-dimensional 

imaging and for examining surfaces. SEM bombards surface of a whole, metal-

coated specimen with electrons while scanning back and forth over it. SEM uses 

electrons reflected from the surface of a specimen to create images. SEM detects the 

secondary electrons produced by excitation of primary electron beam and produces 

the image. The electron beams scan the surface In the SEM, the electron beam is 

scanned across the surface of the sample in back and forth pattern, while the 

detectors map the signals and build the images. SEMs provide 3D images which are 

in black and white. SEM produces image of the surface ―3D‖ 50,000x 

magnification. SEM is of different types. Scanning Tunneling Microscopy (STM‘s) 

invented in 1980 is used with live specimens and under water. Atomic force 

microscope-(AFM) - advanced 3d from atomic size to 1 micron.   

 

Figure 3: A) Scanning Electron Microscope B) SEM image of Bacillus 

thurengensis 

 

6.5. SAMPLE PREPARATION 

Electron microscopy requires elaborate specimen preparation involving 

many steps. There are many preparation techniques depending on the type of 

specimen. Some of the important techniques used in specimen preparation are as 

follows:  

A B 
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6.5.1. Cryofixation – quick freezing of specimens to temperatures of liquid nitrogen 

or below. Cryo-electron microscopy is used to study biological specimens in their 

native state.  

6.5.2. Fixation –preserving samples with chemical fixatives like glutaraldehyde, and 

osmium tetroxide. 

6.5.3. Dehydration – drying of samples by replacing water with organic solvents 

such as ethanol or acetone, or by infiltration with resin. 

6.5.4. Embedding - infiltration of the tissues with wax resins like araldite or LR 

White, which are used to prepare blocks for sectioning. 

6.5.5. Sectioning – refers to thing slicing of the specimen.  Ultrathin specimens, of 

around 90nm thickness are cut on an ultramicrotome using glass or diamond knifes.  

6.5.6. Staining - heavy metal stains such as lead and uranium are used to scatter 

imaging electrons and producing contrast. Heavy metal staining adds electron 

density to samples.  

6.5.7. Freeze-fracture and freeze-etch – the specimen is cryofixed and then 

fractured by breaking for by using a microtome. The specimen is then "etched" by 

increasing the temperature to about -95°C for a few minutes to let some surface ice 

sublime to reveal microscopic details. This is used in observing lipid membranes 

and their incorporated proteins. 

6.5.8. Sputter Coating - ultra-thin coating of electrically-conducting material, 

deposited by low vacuum coating of the sample. This is done to prevent charging of 

the specimen e.g., gold, gold/palladium, platinum, chromium etc. 
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6.6. DISADVANTAGES OF ELECTRON MICROSCOPE 

There are many disadvantages of Electron microscopes which are as follows: 

They are very expensive to buy and maintain,  

They require high voltage supplies, continuously-pumped high/ultra-high vacuum 

systems. They are extremely sensitive to vibrations.  

They require highly trained experts to handle.  

Samples need elaborate and careful preparation.  

 

 

6.7. SUMMARY 

 

In 1931 the German engineers Ernst Ruska and Maximillion Knoll for the 

first time successfully magnified an electron image.  

 

Eli Franklin Burton and students Cecil Hall, James Hillier and Albert Prebus 

from the University of Toronto created the first new world electron microscope in 

1938. This electron microscope was highly effective and high-resolution instrument 

which became popular as RCA (Radio Corporation of America) microscopes. 

 

Electron microscopes use electron beams as source of illumination instead of 

light.  The images are formed when the electrons are projected on a film. They have 

higher resolving power than light microscopes, the limits of resolution being about 

0.2 nm.  

 

The magnification ranges between 5,000X and 1,000,000X. The photos are 

called electron micrographs. Modern electron microscopes can magnify objects up 

to two million times. EMs are used to examine biological materials, a variety of 

large molecules, biopsy samples, metals and crystalline structures, various surfaces, 

fabrication of silicon chips, forensics etc.,  

 

Types of Electron microscopes: Electron microscopes are of two types.  



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    89 

 

Transmission Electron Microscope (TEM):  TEM was developed by Max Knoll 

and Ernst Ruska in Germany in 1931. It is similar to the light microscope except that 

it uses a focused beam of electrons instead of light for viewing the specimen. It is 

useful for observing internal cell structure down to the molecular level. 

Transmission electron microscopes produce two-dimensional, black and white 

images. TEMs use a high voltage electron beam emitted by a cathode and formed by 

magnetic lenses. The electron beam passes through the ultrathin specimens, and the 

spatial variation is then magnified by a series of magnetic lenses. This is then 

captured on a fluorescent screen, photographic plate, or light sensitive sensor such as 

a CCD (charge-coupled device) camera. The image detected by the CCD is 

displayed on a computer screen.  

Scanning Electron Microscope (SEM):  SEM was developed in 1942 with the first 

commercial instruments around 1965. It involves electronics for scanning the beam 

of electrons across the sample. It is useful for three-dimensional imaging and for 

examining surfaces. SEM bombards surface of a whole, metal-coated specimen with 

electrons while scanning back and forth over it. SEM uses electrons reflected from 

the surface of a specimen to create images. SEM detects the secondary electrons 

produced by excitation of primary electron beam and produces the image. The 

electron beams scan the surface In the SEM, the electron beam is scanned across the 

surface of the sample in back and forth pattern, while the detectors map the signals 

and build the images. SEMs provide 3D images which are in black and white.  

 

Sample Preparation 

Electron microscopy requires elaborate specimen preparation involving many steps. 

There are many preparation techniques depending on the type of specimen. Some of 

the important techniques used in specimen preparation are as follows:  

Cryofixation – quick freezing of specimens to temperatures of liquid nitrogen or 

below.  

Fixation –preserving samples with chemical fixatives like glutaraldehyde, and 

osmium tetroxide. 

Dehydration – drying of samples by replacing water with organic solvents such as 

ethanol or acetone, or by infiltration with resin. 
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Embedding - infiltration of the tissues with wax resins like araldite or LR White, 

which are used to prepare blocks for sectioning. 

Sectioning – refers to thing slicing of the specimen.  Ultrathin specimens, of around 

90nm thickness are cut on an ultramicrotome using glass or diamond knifes.  

Staining - heavy metal stains such as lead and uranium are used to scatter imaging 

electrons and producing contrast. Heavy metal staining adds electron density to 

samples.  

Freeze-fracture and freeze-etch – the specimen is cryofixed and then fractured by 

breaking for by using a microtome. The specimen is then "etched" by increasing the 

temperature to about -95°C for a few minutes to let some surface ice sublime to 

reveal microscopic details.  

Sputter Coating - ultra-thin coating of electrically-conducting material, deposited by 

low vacuum coating of the sample. This is done to prevent charging of the specimen 

e.g., gold, gold/palladium, platinum, chromium etc. 

Disadvantages of Electron Microscopy: There are many disadvantages of Electron 

microscopes like, they are very expensive to buy and maintain, require high voltage 

supplies and ultra-high vacuum systems, extremely sensitive to vibrations, require 

highly trained experts to handle.  

 

 

6.8. CHECK YOUR PROGRESS 

1. Give a detailed account of the development of electron microscopes 

2. What are the different types of electron microscopes  

3. What are the applications of electron microscope? 

4. Explain specimen preparation and handling of electron microscopes 

5. List the advantages and disadvantages of electron microscopes 

6. Write a short note on the following: 

a) Solenoids  

b) Transmission Electron Microscope  

c) Scanning Electron Microscope  

d) Cryofixation   

e) Freeze-fracture/freeze-etch 
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f) Sputter Coating  

g) Disadvantages of Electron Microscopy 

 

 

6.9. KEY WORDS 

Electron Microscopy, Transmission Electron Microscope, Scanning Electron 

Microscope, Cryofixation, Freeze-fracture/freeze-etch, Sputter Coating , 

Disadvantages of Electron Microscopy 
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7.1. OBJECTIVES 

After reading this unit we will be able to learn about: 

 The process and importance of sterilization 

 Different methods of sterilization  

 Physical methods of sterilization like sunlight, thermal (heat) methods, filtration 

methods, radiation methods and vibrations. 

 Types of heat sterilization like dry heat, red heat, incineration, hot air 

sterilization, and infra red sterilization. 

 Moist heat sterilization methods like pasteurization, inspissations and vaccine 

baths. 

 Boiling, tyndallisation modes of sterilization.  

 Structure and functioning of an autoclave. 

 Different kinds of filters and their uses 

 Types of radiation sterilization. 

 

7.2. INTRODUCTION  

Several unwanted microorganisms cause contamination leading to infection 

and decay. Therefore it is necessary to get rid of these microorganisms and this 

process is called sterilization. Sterilization is defined as killing or eliminating 

transmissible microorganisms. The purpose of sterilization varies according to the 

needs, to prevent contamination in foods, to prevent infections during surgeries or 

wounds, to prevent contamination of microbial cultures etc. Sterilization of 

organisms results in denaturation of proteins. There are basically two methods of 

sterilization, physical and chemical sterilization.  
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Methods of Sterilization 

7.3. PHYSICAL METHODS OF STERILIZATION 

There are different methods of physical sterilization 

1) Sunlight 

2) Thermal (heat) methods 

3) Filtration methods 

4) Radiation methods 

5) Vibrations 

 

7.4. SUNLIGHT 

The ultraviolent content in the sunlight acts as an effective natural germicide. 

The presence of ultra violet rays in sunlight is responsible for spontaneous 

sterilization in natural conditions. The water in natural bodies like lakes, rivers 

etc., get naturally sterilized by this method.   

 

7.5. THERMAL (HEAT) METHODS 

Heat sterilization is affected by various factors like nature of the heat, 

temperature and duration of heating, nature of the microorganism or the type of 
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material to be sterilized. Heat sterilization effectively kills or eliminates the 

intended microbes by denaturing the proteins, oxidative damage, toxic levels of 

elevated of electrolytes 

Thermal methods: this is of two types: 

 

7.5.1. Dry heat 

 Involves heating of the object under atmospheric pressure and uniform 

temperature is maintained by using fans for circulating. It usually involves 

heating at 180
0
C for 30 minutes, 170

0
C for one hour or 160

0
C for two hours.  

Red heat: this method is usually used to sterilize metallic objects like inoculating 

loops and needles. These metals are heated over the flame until they are red hot. 

Direct flaming: the objects to be sterilized are quickly passed over or slided over 

the flame for a few seconds. The objects are not allowed to become red hot. E.g., 

heating of microscopic slides, mouths of culture bottles etc.,  

Incineration:  this is a method of sterilizing disposable items and biological 

wastes. The materials to be sterilized are completely burnt. The equipment of 

incineration is called incinerator. E.g., wound dressings, plastic wraps, carcasses 

of animals, bedding, pathological wastes etc.,  

Hot air sterilization: In these methods, the objects to be sterilized are kept in a hot 

air oven at 160
0
C for two hours/170

0
C for one hour/180

0
C for 30 mins.  This is 

the most widely used method. The oven is electrically heated and comes with a 

fan for uniform heat circulation. it has a thermostat for maintaining constant 

temperature. E.g., sterilization of glassware like Petri plates, culture bottles, test 

tubes, surgical instruments, and some chemicals like paraffin.  

Infra red: heat generated by infra red rays sterilize articles exposed to these rays 

for 5-10 mins. It is used to sterilise some minor equipment and lab wares.  
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7.5.2. Moist heat 

Moist heat sterilization is carried out at 100
0
C or below 100

0
C. Moist heat 

acts by coagulation and denaturation of proteins thereby eliminating the 

contaminating microbes.  

This is of three types  

I. At temperatures below 100
0
C 

A) Pasteurization: This method is used to sterilize milk, beverages, fruit 

juices, yogurt etc. This method is widely used in food and dairy 

industries. The process of Pasteurization was developed by Louis 

Pasteur. Pasteurization is defined as a process of heating a food, which 

is usually a liquid, to a specific temperature for a predefined length of 

time and then immediately cooling it after it is removed from the heat. 

This process slows spoilage caused by microbial growth in the food. E.g., 

Milk is pasteurized by exposing it to 65
0
C for 30 minutes.  

There are different methods of Pasteurization like the Batch method, Flash 

pasteurization, and ultrahigh temperature pasteurization. In the Batch method 

the materials are heated at 63
0
C for 30 mins; in the Flash method the 

materials are heated at 72
0
C for 15 seconds followed by quick cooling to 

13
0
C; High temperature short time pasteurization involves heating to 140

0
C 

for 15 seconds. Several milk bacteria like Salmonella, Mycobacteria, 

Streptococci and Staphylococci are eliminated by these methods.  

B) Inspissation-heating the medium at 80-85
0
C for 30 minutes for three 

consecutive days. The instrument used for sterilization is called an 

inspissator. This method is used to sterilize Serum or egg media. 

C) Vaccine/Serum bath: heating in vaccine baths at 60
0
C for 60 mins for 

many days. Serums are sterilized by heating at 56
0
C for one hour for 

many days.  

 

http://en.wikipedia.org/wiki/Microbe
http://en.wikipedia.org/wiki/Food
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II. Sterilization by heat at a temperature of 100
0
C. 

This includes different types like  

Boiling:  involves boiling for 20-30 minutes kills the entire microorganism. 

However, the spores are resistant to boiling. This method successfully eliminates 

most vegetative bacteria and viruses. The efficiency of sterilization by boiling can 

be increased by adding 2% sodium bicarbonate. This method is used for sterilization 

of metallic items, glass and plastic wares which are kept in boiling water for 20-30 

mins.  

steam sterilization- involves steaming of the objects at 100
0
C for 90 minutes. Used 

for sterilization of media which decompose at high temperatures.  

Tyndallisation: this process involves steaming the objects for 20-40 mins for three 

successive days at 100
0
C. E.g., sterilization of eggs, serum and culture media. 

 

III. Heating at temperature above 100
0
C. 

Autoclave: Autoclave is pressurized equipment that heats aqueous solutions above 

their boiling point at normal atmospheric pressure to achieve sterilization. It 

involves steaming of the objects using steam over 100
0
C. Water cannot be cannot be 

heated above 100°C in an open vessel. When water is heated in a sealed vessel the 

pressure rises and therefore the boiling point of water is also raised. In an autoclave 

the water boils at 121
0
C at a pressure of 15 lbs. 

Exposure of any microorganism/articles at this temperature for 15-20 mins 

effectively sterilizes them. Autoclaves are more penetrative and moistens the spores 

effectively killing them. Steam inside the autoclave penetrates objects in the 

autoclave and condensation creates negative pressure and draws in additional steam. 

This moist heat kills microorganisms via coagulation of proteins 

There are different types of autoclaves 
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Different types of autoclave:  

Simple “pressure-cooker type” : these are the simplest autoclaves. It is also 

laboratory autoclave because it is commonly used in research laboratories. It has a 

cylinder where water gets heated. The items to be sterilized are placed in a tray 

inside this cylinder. This has a discharge and temperature control valves. The 

sterilized objects remain wet even after removing them from the autoclave which is 

the major drawback of this system.  A modification of this autoclave is the steam-

jacketed autoclave which is equipped with system for drying the sterilized items.   

High pressure pre-vacuum autoclave: These are big vertical or horizontal metallic 

cylinders which are fitted with a heating coil. Inside this cylinder is a perforated 

shelf which is used as a stand for keeping the articles to be sterilized. A tight fitting 

lid is attached to the mouth of the cylinder which can be closed with some clamps. 

The autoclave bears a discharge valve, pressure guage and a safety valve on its side 

cylinder or on the lid. During operation, steam formed out of the boiling water sends 

out the air present inside through the discharge valve. The discharge valve is closed 

after all air inside is removed.  

These autoclaves are designed to create a vacuum inside the cylinder and are 

controlled electrically. Initially, a high vacuum is created and then the chamber is 

steamed which quickly heats up the content inside. The temperatures inside range 

from 135-150
0
C and the pressure at this time will be 30 lb/in 2. The items are 

sterilized for  15-20 mins in these conditions. After sterilization the autoclave is 

cooled. The sterilized materials are also dried inside an exhaustion chamber (Fig. 1).  

When the pressure inside reaches the level of atmospheric pressure outside, air is let 

inside through the discharge valve. The lid is then opened and articles removed.  
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Figure 1: Design and functioning of an autoclave 

 

7.6. FILTRATION 

It is a process used to sterilize materials/solutions which are destroyed by heat or 

chemicals. This method is applied for sterilizing serum, sugars, antibiotics, protein 

solutions etc., this is also used for purification of water. Specialized filters which 

have extremely small pore size are used for filtration. Bacterial filters have pore size 

0.2 um, and viral filters have pore size of 20 nm. These filters are pre-sterilized and 

disposable or have to be sterilized before use. Filtration process is carried out in 

sterile conditions using laminar air flow or in rooms with highly filtered air (HEPA 

filtration).  

There are different kinds of filters available like candle filters, asbestos disc filters, 

membrane filters, sintered glass filters, air filters and syringe filters.     
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Earthenware filters:  include filters made of diatomaceous earth, porcelain, plaster of 

Paris etc., . E.g., Pasteur-Chamberland filter, Doulton filter, Berkefeld filter,  

Mandler filter etc.,  

 

Asbestos filters: are made from asbestos. They are available in the form of 

disposable discs, available in different gradation. 

 

Sintered glass filters: made from finely ground glass. They are available in the form 

of discs with funnels attached, available in different gradation.  

 

Membrane filters: These are filters made from synthetic polymers like cellulose 

nitrate, cellulose diacetate, polycarbonate, polyester etc., Pore size varies from 3-10 

μm. These are autoclavable.  

 

Air Filters: High Efficiency Particle Air (HEPA) is used in hoods and air flows. 

These are highly efficient in removing small particles and microbes.  

 

7.7. RADIATION 

Sterilization by radiation is of two types, Ionizing and Non-ionizing radiations.  

 

Ionizing radiations: ionizing rays have high energy and highly penetrative.  They 

are of different types 

X-rays: X-rays are generated by colliding accelerated electrons with a dense 

material (target) such as tantalum or tungsten in a process known as bremsstrahlung-

conversion. X-rays have high power and penetrate uniformly. E.g., used for 

sterilization of packages and medical devices. Since X rays are hazardous for 

persons handling them, they are not routinely used for sterilization.  
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Gamma rays: Gamma rays are electromagnetic rays. gamma rays are derived from 

disintegration of radioactive isotopes (Co60, Cs137). They are highly penetrative. 

Gamma rays destroy the nucleic acid of the cells. E.g., these are usually used for 

sterilizing disposable material like glass/plastic wares, also used to sterilize 

antibiotics, vitamins, hormones, etc.,  

Electron beam processing: electrons generated from an heated cathode is used for 

sterilization.. Electron beams are less penetrative and therefore are used commonly 

for surface sterilization. Since they require less exposure time sterilization is 

achieved rapidly. E.g., electron beams are used to sterilize disposable laboratory and 

hospital items like syringes, plates, tubes; they are also used for surface sterilization 

of food items, fruits and vegetables.  

 

Cosmic rays: Radiations form solar system is called the cosmic radiation. The 

cosmic rays are highly energetic. Comprised primarily of high-energy protons and 

atomic nuclei, Primary cosmic rays are composed of protons and alpha particles 

(99%), with a small amount of heavier nuclei (~1%) and an extremely minute 

proportion of positrons and antiprotons. Secondary cosmic rays, caused by a decay 

of primary cosmic rays as they impact an atmosphere, 

include neutrons, pions, positrons, and muons. Cosmic rays, cause no appreciable 

increase in temperature in this method, it is referred as cold sterilization. E.g., they 

are used for surface sterilization of equipment.  

 

Non-ionizing radiation: Non-ionizing rays have less energy and thereby have poor 

penetration. These use wavelengths greater than 1 nm. Such radiations excite 

electrons making them to form covalent bonds. Non-ionizing radiation affects the 3-

D structure of proteins and nucleic acids. This method is employed for sterilizing 

air, fluids and surfaces.  

Infra-red rays: used for mass sterilization of small equipment like syringes, catheters 

etc.,  

http://en.wikipedia.org/wiki/Alpha_particle
http://en.wikipedia.org/wiki/Positron
http://en.wikipedia.org/wiki/Antiproton
http://en.wikipedia.org/wiki/Neutron
http://en.wikipedia.org/wiki/Pion
http://en.wikipedia.org/wiki/Positron
http://en.wikipedia.org/wiki/Muon
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Ultraviolet rays:  UV rays of wavelengths 200-280 nm effectively kill the 

microorganisms. At 260 nm UV radiation microbes are most susceptible and are 

immediately killed. UV light inhibits DNA replication in microbes. However, spores 

are resistant to UV rays.  

E.g., used in laboratories and hospitals for surface sterilization rooms, inoculation 

area like hoods and laminar air flows.  

 

7.8. VIBRATIONS 

Sonic and ultrasonic vibrations are used in certain kind of sterilization but they 

are not common. Sound waves of frequency >20,000 cycle/second sterilize objects 

by eliminating bacteria and some viruses. The heats generated by microwaves also 

kill microorganisms. The frequency of these waves disturbs the cell thereby 

rendering them inactive. E.g., they are used in sterilizing equipment.  

 

7.9. SUMMARY 

Sterilization is defined as killing or eliminating transmissible microorganisms. 

The purpose of sterilization varies according to the needs, to prevent contamination 

in foods, to prevent infections during surgeries or wounds, to prevent contamination 

of microbial cultures etc.  

Physical methods of sterilization 

There are different methods of physical sterilization: Sunlight, Thermal (heat) 

methods, Filtration methods, Radiation methods, Vibrations 

Sunlight: The ultraviolent content in the sunlight acts as an effective natural 

germicide. The water in natural bodies like lakes, rivers etc., get naturally sterilized 

by this method.   

Thermal (heat) methods 

Heat sterilization is affected by various factors like nature of the heat, temperature 

and duration of heating, nature of the microorganism or the type of material to be 
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sterilized. Heat sterilization effectively kills or eliminates the intended microbes by 

denaturing the proteins, oxidative damage, toxic levels of elevated of electrolytes 

Thermal methods: this is of two types 

Dry heat: It usually involves heating at 180
0
C for 30 minutes, 170

0
C for one hour 

or 160
0
C for two hours.  

Red heat: this method is usually used to sterilize metallic objects like inoculating 

loops and needles. These metals are heated over the flame until they are red hot. 

Direct flaming: the objects to be sterilized are quickly passed over or slided over the 

flame for a few seconds. E.g., heating of microscopic slides, mouths of culture 

bottles etc.,  

Incineration:  The materials to be sterilized are completely burnt. The equipment of 

incineration is called incinerator. E.g., wound dressings, plastic wraps, carcasses of 

animals, bedding, pathological wastes etc.,  

Hot air sterilization: the objects to be sterilized are kept in a hot air oven at 160
0
C 

for two hours/170
0
Cfor one hour/180

0
C for 30 mins.  E.g., sterilization of glassware 

like Petri plates, culture bottles, test tubes, surgical instruments, and some chemicals 

like paraffin.  

Infra red : heat generated by infra red rays sterilize articles exposed to these rays for 

5-10 mins. It is used to sterilise some minor equipment and lab wares.  

 

Moist heat 

Moist heat sterilization is carried out at 100
0
C or below 100

0
C. Moist heat acts by 

coagulation and denaturation of proteins thereby eliminating the contaminating 

microbes.  

This is of three types  

At temperatures below 100
0
C 
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Pasteurization: Pasteurization is defined as a process of heating a food, which is 

usually a liquid, to a specific temperature for a predefined length of time and then 

immediately cooling it after it is removed from the heat. This process slows spoilage 

caused by microbial growth in the food. E.g., Milk is pasteurized by exposing it to 

65
0
C for 30 minutes.  

There are different methods of Pasteurization like the Batch method, Flash 

pasteurization, Ultrahigh temperature pasteurization. In the Batch method the 

materials are heated at 63
0
C for 30 mins; in the Flash method the materials are 

heated at 72
0
C for 15 seconds followed by quick cooling to 13

0
C; High temperature 

short time pasteurization involves heating to 140
0
C for 15 seconds.  

Inspissation-heating the medium at 80-85
0
C for 30 minutes for three consecutive 

days. The instrument used for sterilization is called an inspissator. This method is 

used to sterilize Serum or egg media. 

Vaccine/Serum bath: heating in vaccine baths at 60
0
C for 60 mins for many days. 

Serums are sterilized by heating at 56
0
C for one hour for many days.  

 

Sterilization by heat at a temperature of 100
0
C. 

This includes different types like  

Boiling:  involves boiling for 20-30 minutes kills all the microorganism. This 

method is used for sterilization of metallic items, glass and plastic wares which are 

kept in boiling water for 20-30 mins.  

Steam sterilization: involves steaming of the objects at 100
0
C for 90 minutes. Used 

for sterilization of media which decompose at high temperatures.  

Tyndallisation: this process involves steaming the objects for 20-40 mins for three 

successive days at 100
0
C. E.g., sterilization of eggs, serum and culture media. 

 

Heating at temperature above 100
0
C. 

http://en.wikipedia.org/wiki/Microbe
http://en.wikipedia.org/wiki/Food
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Autoclave: Autoclave is a pressurized equipment that heats aqueous solutions above 

their boiling point at normal atmospheric pressure to achieve sterilization. It 

involves steaming of the objects using steam over 100
0
C. Water cannot be cannot be 

heated above 100°C in an open vessel. When water is heated in a sealed vessel the 

pressure rises and therefore the boiling point of water is also raised. In an autoclave 

the water boils at 121
0
C at a pressure of 15 lbs. 

Exposure of any microorganism/articles at this temperature for 15-20 mins 

effectively sterilizes them. Autoclaves are more penetrative and moistens the spores 

effectively killing them. Steam inside the autoclave penetrates objects in the 

autoclave and condensation creates negative pressure and draws in additional steam. 

This moist heat kills microorganisms via coagulation of proteins 

There are different types of autoclaves 

Simple “pressure-cooker type”: these are the simplest autoclaves. It has a cylinder 

where water gets heated. The items to be sterilized are placed in a tray inside this 

cylinder. This has a discharge and temperature control valves. The sterilized objects 

remain wet even after removing them from the autoclave which is the major 

drawback of this system.   

High pressure pre-vacuum autoclave: These are big vertical or horizontal metallic 

cylinders which are fitted with a heating coil. Inside this cylinder is a perforated 

shelf which is used as a stand for keeping the articles to be sterilized. A tight fitting 

lid is attached to the mouth of the cylinder which can be closed with some clamps. 

The autoclave bears a discharge valve, pressure guage and a safety valve on its side 

cylinder or on the lid. During operation, steam formed out of the boiling water sends 

out the air present inside through the discharge valve. The discharge valve is closed 

after all air inside is removed. Initially, a high vacuum is created and then the 

chamber is steamed which quickly heats up the content inside. The temperatures 

inside range from 135-150
0
C and the pressure at this time will be 30 lb/in 2. The 

items are sterilized for  15-20 mins in these conditions. After sterilization the 

autoclave is cooled. The sterilized materials are also dried inside an exhaustion 

chamber.  
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Filtration 

It is a process used to sterilize materials/solutions which are destroyed by heat or 

chemicals. This method is applied for sterilizing serum, sugars, antibiotics, protein 

solutions etc., Specialized filters which have extremely small pore size are used for 

filtration. Bacterial filters have pore size 0.2 um, and viral filters have pore size of 

20 nm. These filters are pre-sterilized and disposable or have to be sterilized before 

use. Filtration process is carried out in sterile conditions using laminar air flow or in 

rooms with highly filtered air (HEPA filtration). There are different kinds of filters 

available like candle filters, asbestos disc filters, membrane filters, sintered glass 

filters, air filters and syringe filters.     

 

Radiation 

Sterilization by radiation is of two types, Ionizing and Non-ionizing radiations.  

Ionizing radiations: ionizing rays have high energy and highly penetrative.  They are 

of different types 

X-rays: X-rays have high power and penetrate uniformly. E.g., used for sterilization 

of packages and medical devices.  

Gamma rays: Gamma rays are electromagnetic rays. They are highly penetrative. 

E.g., these are usually used for sterilizing disposable material like glass/plastic 

wastes.  

Electron beam processing: electrons generated from an heated cathode is used for 

sterilization. Electron beams are less penetrative and therefore are used commonly 

for surface sterilization. Since they require less exposure time sterilization is 

achieved rapidly. E.g., electron beams are used to sterilize disposable laboratory and 

hospital items, surface sterilization of food items, fruits and vegetables.  

Cosmic rays: Radiations form solar system is called the cosmic radiation. The 

cosmic rays are highly energetic . Comprised primarily of high-energy protons and 

atomic nuclei, cosmic rays, cause no appreciable increase in temperature in this 
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method, it is referred as cold sterilization. E.g., they are used for surface sterilization 

of equipment.  

Non-ionizing radiation: Non-ionizing rays have less energy and thereby have poor 

penetration. These use wavelengths greater than 1 nm. Such radiations excite 

electrons making them to form covalent bonds. This method is employed for 

sterilizing air, fluids and surfaces.  

Infra-red rays: used for mass sterilization of small equipment like syringes, catheters 

etc.,  

Ultraviolet rays:  UV rays of wavelengths 200-280 nm effectively kill the 

microorganisms. However, spores are resistant to UV rays. E.g., used in laboratories 

and hospitals for surface sterilization rooms, inoculation area like hoods and laminar 

air flows.  

 

Vibrations 

Sonic and ultrasonic vibrations are used in certain kind of sterilization but they are 

not common. Sound waves of frequency >20,000 cycle/second  sterilize objects by 

eliminating bacteria and some viruses. E.g., they are used in sterilizing equipment.  

 

7.10. CHECK YOUR PROGRESS 

1. Define sterilization. What is its importance? 

2. What are the different methods of sterilization? 

3. Explain the different physical methods of sterilization? 

4. What are the types of heat sterilization? 

5. What is pasteurization? Explain different types of pasteurization.  

6. Give an account of design and functioning of an autoclave. 

7. Name different kinds of filters and their uses. 

8. Give an account of types of radiation sterilization 

9. Write short notes on the following: 

a) Sunlight as a sterilization method 

b) Incineration 
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c) Pasteurization 

d) Batch pasteurization  

e) Flash pasteurization 

f) Ultrahigh temperature pasteurization 

g) Inspissation 

h) Vaccine/Serum bath 

i) Tyndallisation 

j) Autoclave 

k) Membrane filters 

l) Vibrations as sterilization method 

m) Ionizing radiations 

n) Non-ionizing radiation 

 

 

7.11. KEY WORDS 

Physical methods of sterilization, incineration, heat sterilization, pasteurization, 

inspissations, vaccine/serum bath, tyndallisation, ionizing radiations, non-ionizing 

radiation 
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UNIT 8 
 

 

CHEMICAL METHODS: PHENOLICS, ALCOHOLS, 

HALOGENS, HEAVY METALS, QUARTERNARY AMMONIUM 

COMPOUNDS, ALDEHYDES AND STERILIZING GASES 
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8.1. OBJECTIVES  

After reading this unit we will be able to learn about: 

 The process of chemical sterilization. 

 Variety of chemicals which are used for sterilization. 

 Categories of chemical sterilants like Alcohols, Aldehydes, Phenolics, halogens, 

Oxidizing agents, Salts, Quaternary Ammonium compounds, Ethylene oxide 

gas, Surface active agents, Dyes, Vapour phase disinfectants 

 Desirable characters of chemical sterilants. 

 

8.2. INTRODUCTION  

Sterilization refers to physical and chemical procedures leading to destroy all 

microbial life, including bacterial endospores, viruses, mycobacteria. Sterilization 

leads to elimination of source of infection, vector of transmission and break of 

epidemic process in susceptible subject. 

There are a variety of chemicals which are used for sterilization. These 

chemicals are called as Chemisterilants and have antiseptic and disinfectant 

properties. The efficiency of these chemicals as sterilizing agents is affected by 

different factors like the temperature, pH, and nature of the organism and presence 

of organic matter.  

Chemical sterilants kill the microorganisms through different mechanisms 

like denaturation of proteins, oxidation, interruption of DNA synthesis/repair, 

interference with protein synthesis, disruption of cell membranes etc., 

Chemical sterilants are categorised into three types 

1. High level disinfectants: Include Glutaraldehyde, Hydrogen peroxide, 

peracitic acid and chlorine compounds. Efficiency is similar to that of 

sterilization. E.g., used for disinfecting surgical instruments, glass/plastic 

wares.  
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2. Intermediate level disinfectants: these are of limited efficiency. They are not 

effective against bacterial spores. These include alcohols, iodophores and 

phenols. E.g., used for sterilizing surgical instruments and glass/plastic 

wares.  

3. Low level disinfectants: these are very mild disinfectants. They are 

superficial and do not penetrate tissues. E.g. used to disinfect surgical 

equipment.  

 

8.3. CATEGORIES OF CHEMICAL STERILANTS 

There are different groups of chemicals that are used for chemical sterilization 

1. Alcohols 

2. Aldehydes 

3. Phenolics 

4. halogens 

5. Oxidizing agents 

6. salts 

7. Quaternary Ammonium compounds 

8. Ethylene oxide gas 

9. Surface active agents 

10. Dyes 

11. Vapour phase disinfectants 

 

8.4. ALCOHOLS  

Alcohols denature proteins of microorganisms thereby eliminating them. They 

are not effective against bacterial spores and viruses. These are usually used as 

70-80% aqueous solutions for surface sterilization. These are commonly used in 
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antiseptics and other antimicrobial substances. These are used to in skin 

antiseptics and to sterilize inoculation hoods etc., E.g., Ethyl alcohol, Methyl 

alcohol, and Isopropyl alcohol. 

 

8.5. ALDEHYDES  

Aldehydes alkylate amino, carboxyl and hydroxyl groups, and they also act on 

nucleic acids. They are usually used as 2-40% aqueous solutions.  

a) Formaldehyde – it is used both as aqueous solution and gas. It is effective 

against bacteria, bacterial spores and also viruses. Sterilization is achieved by 

soaking the articles in 8% glutaraldehyde solution for 24 hours. It is 

generally used for preservation of tissues in laboratories. It is also used for 

sterilizing vaccines, killing bacteria and destroying bacterial spores. It is 

comparatively less toxic than formaldehyde.  

b) Glutaraldehyde - It is effective against bacteria, bacterial spores and also 

viruses. It is less toxic compared to formaldehyde. Sterilization is achieved 

by soaking the articles in 2-4% glutaraldehyde solution for 8-10 hours. E.g., 

it is generally used to sterilize cystoscopes, endoscopes, bronchoscopes, 

plastic tubes, face masks, rubber anesthetic tubes etc.,  

 

8.6. PHENOLS 

Inactivate enzymes, disrupt cell membranes and eliminate microbes use of 

phenol as sterilizing agents was first started by Joseph Lister in 1867 when he 

advised the use of Carbolic acid in hospitals during surgery. It is a product of 

coal tar distillation. It is antimicrobial and effectively kills bacteria. They are 

commonly used as 1-5% aqueous solutions. E.g., cresol chlorhexidine 

chloroxylenol hexachlorophenes used in hospitals and laboratories.  



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    117 

 

a) Cresols: commonly used in soap solutions and detergents for cleaning. They 

are effective against a broad spectrum of microorganisms. E.g., used in 

solutions for glass and floor cleaning.  

b) Chlorhexidine: It is a common ingredient in skin lotions and other cosmetic 

products. It is a surface disinfectant. It generally is more effective against 

fungi and bacteria. Not effective against virus and spores. E.g., 

Chlorhexidine, cetrimide. 

c) Chloroxylenol : used as an antiseptic agents for cuts and wounds, acts as a 

surface sterilant. Effective against bacteria and fungi. E.g., Dettol 

d) Hexachlorophane: it is an effective bactericide. Used in skin lotions and 

other products as a prophylactic agent. It is toxic in high concentrations.  

 

8.7. HALOGNES 

These are oxidizing agents which oxidize sulfydryl groups of 

Enzymes and thereby inactivate microorganisms. These are effective against 

bacteria, bacterial sproes and viruses.  Include Chlorine, Iodine 

a) Chlorine: Sodium hypochlorite commonly used for water purification in the 

form of Bleaching powder. Released free chlorine reacts with water to form 

hypochlorus acid which eliminates microorganisms. E.g., used in water 

treatment plants, swimming pools, food industries etc.,  

b) Iodine : commonly used as skin disinfectant. Effective against bacteria. E.g., 

Betadine, Tincture. 

 

8.8. OXIDISING AGENTS 

The most common oxidizing agent is Hydrogen peroxide. It is highly effective 

against bacteria and spores in low concentrations.  E.g., used to disinfect certain 

medical and surgical equipment, lenses etc.,  
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8.9. SALTS 

Salts of heavy metals like copper, mercury and silver are effective against 

bacteria and spores, fungi etc., They disrupt membrane resulting in leakage of 

cell constituents. They effectively eliminate the microbes by coagulating their 

cell proteins. E.g., Mercuric chloride used for surface sterilization in labs and 

hospitals.  

a) Anionic compounds: these are commonly used in soaps which act as surface 

sterilants. These are called surfactants. These are strong detergents. They are 

effective against gram positive bacteria.   

b) Quaternary ammonium compounds: these are surfactants which are highly 

effective against bacteria and spores. E.g., acetyl trimethyl ammonium 

bromide, benzalkonium chloride. 

c) Amphoteric compounds: these are detergents with anionic properties and 

antimicrobial activity. They are highly effective against bacteria and viruses.  

 

8.10. DYES 

They act by damaging nucleic acids of microorganisms. These are highly 

effective against bacteria. They are the common ingredients in skin lotions and 

antiseptic ointments.   

a) aniline dyes – These are highly effective against gram negative bacteria E.g., 

crystal violet, brilliant green and malachite green 

b) acridine dyes – These are highly effective against gram positive bacteria 

E.g., acriflavine , euflavine, proflavine and aminacrine 
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8.11. GASEOUS AGENTS  

a) Formaldehyde gas – it is commonly used as a fumigant. This is toxic and is 

irritant to skin and eyes. E.g., used for fumigation of rooms, chambers etc.,  

b) Ethylene oxide - Effective against all types of organisms including viruses 

and spores. Human toxicity reported. It is generally used for sterilizing heat 

and moisture sensitive instruments. It is more complicated and an expensive 

process. It is regarded as a potential carcinogenic. E.g., Used for sterilising 

plastic and rubber articles, medical equipment etc.,  

c) Betapropiolactone – it is highly effective against fungi, bacteria and viruses. 

It is a product of condensation of ketane and formaldelhyde. E.g., used for 

vaccine inactivation.  

Hydrogen peroxide: It acts on the microorganisms through its release of 

nascent oxygen and damages proteins and DNA. It is commonly used as 2-6% 

solutions. E.g., it is used for skin disinfection and deodorising wounds and 

ulcers. 

 

 

8.12. DESIRABLE CHARACTERS OF CHEMICAL STERILANTS 

The chemicals that are employed for sterilization should have the following 

characteristics: 

1. Must not be toxic 

2. Must be chemically inert to an object 

3. Must be stable 

4. Must have rapid disinfection effect 

5. Must not arise  resistance to them 

6. Must have broad spectrum of action (should be effective against all types of 

microorganisms like bacteria, fungi, viruses etc., ) 
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Important definitions in chemical sterilization process: 

Decontamination - elimination of microorganisms from surrounding environment 

routine cleaning, washing, ironing leads to reduction of occurrence of 

microorganisms, reduction of use and increased efficiency of subsequent 

disinfection, sterilization. 

Disinfection - killing pathogenic and facultative pathogenic microorganisms 

 

8.13. SUMMARY 

There are a variety of chemicals which are used for sterilization. These 

chemicals are called as Chemisterilants and have antiseptic and disinfectant 

properties. The efficiency of these chemicals as sterilizing agents is affected by 

different factors like the temperature, pH, and nature of the organism and presence 

of organic matter.  

Chemical sterilants kill the microorganisms through different mechanisms like 

denaturation of proteins, oxidation, interruption of DNA synthesis/repair, 

interference with protein synthesis, disruption of cell membranes etc., 

 

Chemical sterilants are categorised into three types 

1. High level disinfectants: Include Glutaraldehyde, Hydrogen peroxide, 

peracitic acid and chlorine compounds. Efficiency is similar to that of 

sterilization. E.g., used for disinfecting surgical instruments, glass/plastic 

wares.  

2. Intermediate level disinfectants: these are of limited efficiency. They are 

not effective against bacterial spores. These include alcohols, iodophores 

and phenols. E.g., used for sterilizing surgical instruments and 

glass/plastic wares.  

3. Low level disinfectants: these are very mild disinfectants. They are 

superficial and do not penetrate tissues. E.g. used to disinfect surgical 

equipment.  
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Categories of chemical sterilants 

There are different groups of chemicals that are used for chemical sterilization 

Alcohols : alcohols denature proteins of microorganisms thereby eliminating them. 

These are usually used as 70-80% aqueous solutions for surface sterilization. These 

are commonly used in antiseptics and other antimicrobial substances. E.g., Ethyl 

alcohol, Methyl alcohol, and Isopropyl alcohol. 

 

Aldehydes: aldehydes alkylate amino, carboxyl and hydroxyl groups, and they also 

act on nucleic acids. They are usually used as 2-40% aqueous solutions.  

c) Formaldehyde – it is used both as aqueous solution and gas. It is effective 

against bacteria, bacterial spores and also viruses. Sterilization is achieved by 

soaking the articles in 8% glutaraldehyde solution for 24 hours.  

d) Glutaraldehyde - It is effective against bacteria, bacterial spores and also 

viruses. It is less toxic compared to formaldehyde. Sterilization is achieved 

by soaking the articles in 2-4% glutaraldehyde solution for 8-10 hours.   

Phenols: It is a product of coal tar distillation. It is antimicrobial and effectively 

kills bacteria. They are commonly used as 1-5% aqueous solutions. E.g., cresol 

chlorhexidine chloroxylenol hexachlorophenes used in hospitals and laboratories.  

Cresols: commonly used in soap solutions and detergents for cleaning.  

a. Chlorhexidine: It is a common ingredient in skin lotions and other 

cosmetic products.  

b. Chloroxylenol : used as an antiseptic agents for cuts and wounds, acts 

as a surface sterilant. E.g., Dettol 

c. Hexachlorophane:  Used in skin lotions and other products as a 

prophylactic agent.  

 

Halognes: these are oxidizing agents which oxideze sulfydryl groups of 

Enzymes and thereby inactivate microorganisms. These are effective against 

bacteria, bacterial sproes and viruses.  Include Chlorine, Iodine 

1. Chlorine: Sodium hypochlorite in the form of Bleaching powder. Released 

free chlorine reacts with water to form hypochlorus acid which eliminates 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    122 

 

microorganisms. E.g., used in water treatment plants, swimming pools, food 

industries etc.,  

2. Iodine: commonly used as skin disinfectant. Effective against bacteria. E.g., 

Betadine, Tincture. 

 

Oxidising agents: the most common oxidizing agent is Hydrogen peroxide. It is 

highly effective against bacteria and spores in low concentrations.  E.g., used to 

disinfect certain medical and surgical equipment, lenses etc.,  

 

Salts: Salts of heavy metals like copper, mercury and silver are effective against 

bacteria and spores, fungi etc., They disrupt membrane resulting in leakage of cell 

constituents. They effectively eliminate the microbes by coagulating their cell 

proteins. E.g., Mercuric chloride used for surface sterilization in labs and hospitals.  

a. Quaternary ammonium compounds: these are surfactants which are highly 

effective against bacteria and spores. E.g., acetyl trimethyl ammonium bromide, 

benzalkonium chloride. 

b. Amphoteric compounds: these are detergents with anionic properties and 

antimicrobial activity. They are highly effective against bacteria and viruses.  

 

Dyes: they act by damaging nucleic acids of microorganisms. These are highly 

effective against bacteria. They are the common ingredients in skin lotions and 

antiseptic ointments.   

 

Gaseous agents:  

1. Formaldehyde gas – it is commonly used as a fumigant. This is toxic and is 

irritant to skin and eyes. E.g., used for fumigation of rooms, chambers etc.,  

2. Ethylene oxide - Effective against all types of organisms including viruses 

and spores. Human toxicity reported. E.g., Used for sterilising plastic and 

rubber articles, medical equipment etc.,  

3. Betapropiolactone – it is highly effective against fungi, bacteria and viruses. 

E.g., used for vaccine inactivation.  
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Desirable characters of chemical sterilants 

The chemicals that are employed for sterilization should have the following 

characteristics: 

1. Must not be toxic 

2. Must be chemically inert to an object 

3. Must be stable 

4. Must have rapid disinfection effect 

5. Must not arise  resistance to them 

6. Must have broad spectrum of action (should be effective against all types of 

microorganisms like bacteria, fungi, viruses etc., ) 

 

 

8.14. CHECK YOUR PROGRESS 

1. What is chemical sterilization? 

2. Discuss the different chemicals used as sterilants 

3. Write a short note on the following: 

a) Alcohols  

b) Formaldehyde  

c) Glutaraldehyde  

d) Phenols 

e) Cresols  

f) Halognes 

g) Mercuric chloride  

h) Dyes 

i) Ethylene oxide 

j) Hydrogen peroxide 

4. What are the desirable characters of chemical sterilants 

 

8.15. KEY WORDS 

Chemical sterilization, Alcohols, Aldehydes, Phenolics, Halogens, Oxidizing 

agents, Salts, Quaternary Ammonium compounds, Ethylene oxide gas, Surface 

active agents, Dyes, Vapour phase disinfectants. 
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UNIT 9 
 

 

EVALUATION OF ANTIMICROBIAL AGENT 

EFFECTIVENESS, PRINCIPLE AND FUNCTIONING OF LAF 
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9.1. OBJECTIVES 

 

After reading this unit we will be able to learn: 

 Antimicrobial properties of different compounds 

 Techniques for evaluation of effectiveness of antimicrobial compounds 

 Laminar air flows, their types and functioning  

 

 

9.2. INTRODUCTION  

 

Antimicrobial assays are vital tools to test and screen the inhibitory effects of 

various compounds against microorganisms. Knowledge of the inhibitory spectra of 

antimicrobial compounds before their application in the fields of agriculture, 

biotechnology, and medicine is crucial. Various conventional and contemporary 

methods for evaluating antimicrobial activity are available, but they vary in their 

sensitivity and efficacy. Antimicrobial activity is generally determined by diffusion 

methods or dilution methods.  

 

Laminar flow cabinet is a device to provide a relatively sterile console. 

Laminar Air Flow means that the flow of air is continuous, steady and uni-

directional, with the entire body of air in the room moving with a low uniform 

velocity in parallel planes. Laminar air flows provide a steady, turbulence-free flow 

of absolutely clean air to sterilize the equipment. 

 

9.3. AGAR WELL DIFFUSION ASSAY 

This test is also called as Kirby-Bauer Test and is routinely used to 

determine antibiotic resistance of bacterial isolates. This test qualitatively tests the 

ability of antimicrobial agents to inhibit the growth of microorganisms over an 18-

24 hour period of contact. 

Zone of Inhibition Testing is a fast, qualitative and inexpensive means to 

measure the ability of an antimicrobial agent to inhibit the growth of 

microorganisms. However, zone of Inhibition tests do not necessarily indicate that 
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microorganisms have been killed by an antimicrobial product - just that they have 

been prevented from growing. 

A microbial suspension is spread by a sterile swab, evenly, over the face of a 

sterile agar plate. The antimicrobial agent to be tested is applied to the center of the 

agar plate and incubated. Wells are made with a sterile plastic straw and inoculated 

either with the test compound. Appearance of a zone of inhibition around the test 

product indicates antimicrobial activity (Fig. 1). The zone of inhibition is simply the 

area on the agar plate that remains free from microbial growth. The size of the zone 

of inhibition is usually related to the level of antimicrobial activity present in the 

sample or product - a larger zone of inhibition usually means that the antimicrobial 

is more potent. 

 

 
 

Figure 1: Agar well diffusion assay 

 

9.4. DISC DIFFUSION ASSAY  

A microbial suspension is spread by a sterile swab, evenly, over the face of a 

sterile agar plate. Usually, a filter-paper disk, impregnated with the compound to be 

tested, is then placed on the surface of the agar. The compound diffuses from the 

filter paper into the agar. Appearance of a zone of inhibition around the test product 

indicates antimicrobial activity. The zone of inhibition is simply the area on the agar 

plate that remains free from microbial growth. The size of the zone of inhibition is 

usually related to the level of antimicrobial activity present in the sample or product 

(Fig. 2). A larger zone of inhibition usually means that the antimicrobial is more 

potent. 
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Figure 2: Disc diffusion assay 

 

 

9.5. SPOT-ON-LAWN ASSAY 

Petri plates are poured with agar base and kept ready. The fresh bacterial 

culture of the sensitive strain is inoculated into freshly prepared soft agar media. 

This mixture is poured on top of the agar base pre-poured Petri plates. An aliquot of 

the test compound is spotted onto this lawn and plates incubated in upright position. 

The plates will be incubated overnight and observed for development of inhibition 

zone (Fig. 3). 

 

Figure 3: Spot-on-lawn assay 

 

9.6. DILUTION METHODS 

 This method helps in determination of minimal inhibitory concentration 

(MIC)  that inhibits the microorganism.   Dilution methods are of two types (a) 

Broth dilution method and (b) Agar dilution method. 
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9.6.1. Broth Dilution Method 

Serial dilutions are made of the test compound from original stock solutions. 

The freshly prepared bacterial culture is inoculated into the serially diluted test 

compound tubes. The tubes are incubated overnight at suitable temperature. 

Appropriate standards are maintained. Minimal inhibitory concentration is expressed 

as the lowest dilution, which inhibited growth which is observed based on the 

turbidity in the tubes compared to the standard. 

 

9.6.2. Agar dilution Method  

 Serial dilutions are made of the test compound from original stock solutions 

and melted and cooled agar is added to these tubes/plates. Small aliquots of the test 

compounds are added to these plates. The tubes are incubated overnight at suitable 

temperature. Appropriate standards are maintained. Minimal inhibitory 

concentration is expressed as the lowest dilution, which inhibited growth which is 

observed based on the inhibition zones in the tubes/plates compared to the standard. 

 

 

9.7. FLUORESCENCE-BASED ASSAY  

 

In this method, a cell-membrane-permeable, live-cell-staining, green 

fluorescent dye, carboxyfluorescein diacetate succinimidyl ester (cFDA-SE) is used 

to label the bacteria. The dye efflux from labeled bacteria is proportionally related to 

antimicrobial activity of the compound. Antibiotics such as chloramphenicol (Chl), 

gentamicin (Gen), and oxytetracycline (Oxy) are tested on bacteria to compare the 

sensitivity and efficacy of both the methods.  

 

9.8. LAMINAR AIR FLOW 

Laminar flow cabinet is a device to provide a relatively sterile console. 

Laminar Air Flow means that the flow of air is continuous, steady and uni-
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directional, with the entire body of air in the room moving with a low uniform 

velocity in parallel planes. Laminar air flows provide a steady, turbulence-free flow 

of absolutely clean air to sterilize the equipment. Any contaminated particles will 

not be picked up from one spot and deposited in another. Rather, it will be carried 

away from the working area to the Exhaust Point (Fig. 4). High Efficiency 

Particulate Air (HEPA), filters are utilized in the supply stream to create the highest 

degree of particulate removal. The air stream makes only a single pass through the 

space before being exhausted. Consequently, the deposition and re-suspension of 

light particulate matter is eliminated. 

In a laminar flow hood the air is passed through a HEPA (High Efficiency 

Particulates Air) filter which removes all airborne contamination to maintain sterile 

conditions. A laminar flow hood consists of a filter pad, a fan and a HEPA (High 

Efficiency Particulates Air) filter. The fan sucks the air through the filter pad where 

dust is trapped. After that the pre-filtered air has to pass the HEPA filter where 

contaminating fungi, bacteria, dust etc are removed. Now the sterile air flows into 

the working area where you can do all your work without risk of contamination. 

 

 

 

Figure 4: Laminar air flow and functioning of HEPA filters 

 

 

Important parameters to make sure that the hood works efficiently: 

• The HEPA filter has to remove all airborne materials 

• The air speed in the working area has to be about 0,5 m/s 
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LAFs are of two types vertical or horizontal air flow in the working area. In a 

vertical flow the air moves from the top of the working area to the bottom and leaves 

the working area through holes in the base (Fig. 5) . When you use a flow hood with 

horizontal air flow the air moves from the back of the working area to the front (Fig. 

6). 

 

Figure 5: Vertical laminar air flow and its functioning 

 

Figure 6: Horizontal laminar air flow and its functioning 
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9.9. SUMMARY 

Antimicrobial assays are vital tools to test and screen the inhibitory effects of 

various compounds against microorganisms. Various conventional and 

contemporary methods for evaluating antimicrobial activity are available, but they 

vary in their sensitivity and efficacy. Antimicrobial activity is generally determined 

by diffusion methods or dilution methods.  

 

Agar well diffusion assay: A microbial suspension is spread evenly over the agar 

plate. Wells are made with a sterile plastic straw and inoculated with the test 

compound and incubated. Appearance of a zone of inhibition around the test product 

indicates antimicrobial activity.  

Disc diffusion assay: A microbial suspension is spread evenly over the agar plate. 

A filter-paper disk, impregnated with the compound to be tested, is then placed on 

the surface of the agar. The compound diffuses from the filter paper into the agar. 

Appearance of a zone of inhibition around the test product indicates antimicrobial 

activity.  

 

Spot-on-lawn assay: fresh bacterial culture of the sensitive strain is inoculated into 

freshly prepared soft agar media. This mixture is poured on top of the agar base pre-

poured Petri plates. An aliquot of the test compound is spotted onto this lawn and 

plates incubated in upright position. The plates will be incubated overnight and 

observed for development of inhibition zone. 

 

Dilution methods: This method helps in determination of minimal inhibitory 

concentration (MIC) that inhibits the microorganism.   Dilution methods are of two 

types (a) Broth dilution method and (b) Agar dilution method. Broth Dilution 

Method-The freshly prepared bacterial culture is inoculated into the serially diluted 

test compound tubes and incubated overnight. Minimal inhibitory concentration is 

expressed as the lowest dilution, which inhibited growth which is observed based on 

the turbidity in the tubes compared to the standard. Agar dilution Method -Serial 
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dilutions are made of the test compound from original stock solutions and melted 

and cooled agar is added to these tubes/plates. Small aliquots of the test compounds 

are added to these plates and incubated overnight. Minimal inhibitory concentration 

is expressed as the lowest dilution, which inhibited growth which is observed based 

on the inhibition zones in the tubes/plates compared to the standard. 

Laminar air flow 

Laminar flow cabinet is a device to provide a relatively sterile console. 

Laminar air flows provide a steady, turbulence-free flow of absolutely clean air to 

sterilize the equipment. Any contaminated particles will not be picked up from one 

spot and deposited in another. Rather, it will be carried away from the working area 

to the Exhaust Point. High Efficiency Particulate Air (HEPA), filters are utilized in 

the supply stream to create the highest degree of particulate removal. The air stream 

makes only a single pass through the space before being exhausted. Consequently, 

the deposition and re-suspension of light particulate matter is eliminated. 

LAFs are of two type vertical or horizontal air flow in the working area. In a 

vertical flow the air moves from the top of the working area to the bottom and leaves 

the working area through holes in the base. When you use a flow hood with 

horizontal air flow the air moves from the back of the working area to the front. 

 

9.10. KEY WORDS 

Antimicrobial activity, agar well diffusion assay, disc diffusion assay, spot-

on-lawn assay, laminar air flow, HEPA filters. 

 

9.11. CHECK YOUR PROGRESS 

1) Give an account of evaluation methods of antimicrobial effectiveness 

2) Describe the principle and functioning of laminar air flows 

3) Write short note on the following 

a) Agar well diffusion assay  
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b) Disc diffusion assay 

c) Spot-on-lawn assay 

d) Dilution methods 

e) Laminar air flow 

f) HEPA filters  
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10.1. OBJECTIVES  

After reading this unit we will be able to learn about: 

 Microbiological media preparation and precautions 

 Sterilization of culture media and storage of culture media 

 Different types of media like simple medium, complex medium, defined 

medium, differential medium, selective medium, enriched medium etc.,  

 

10.2. INTRODUCTION  

A culture medium consists of nutrients prepared for microbial growth. 

Culture medium should be sterile. Introduction of microbes into the medium is 

called inoculation. The microorganisms growing in the culture medium are referred 

to as culture. Appropriate biochemical and biophysical requirements must be 

provided for optimum microbial growth. These essential requirements are provided 

in the form of a culture medium. There are different kinds of culture media 

depending upon the needs of a particular type of microorganism. Culture media are 

used for isolation and maintenance of pure cultures and also for identification of 

different microorganisms. Generally a media may be a Liquid media which are used 

for growth of pure batch cultures or solid media which are used widely for the 

isolation of pure cultures and estimation of viable bacterial populations. For 

example, Nutrient media is referred to as Nutrient Broth when in the liquid form, 

and Nutrient Agar when in the solid form. Agar, a galactan obtained from marine 

algae is used as the hardening agent in solid media. The agar-media will remain 

liquid at temperatures above 45
o
C. Below 45

o
C the agar will harden, and supply a 

solid surface for the growth of microorganisms.  

 

10.3. MICROBIOLOGICAL MEDIA PREPARATION 

Microorganisms are grown on or in microbiological media of various types. 

The medium that is used to culture the microorganism depends on the type of 

microorganism to be grown. A variety of nutrients are like carbohydrates, sugars, 
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proteins, vitamins, growth factors, minerals etc., are supplied in the medium. pH 

buffers are added which keep the medium from straying too far from neutral as the 

microbes metabolize. In earlier days media was prepared by adding every ingredient 

bit by bit, but now, media is readily available as synthetic dehydrated mixture. This 

synthetic powder is rehydrated, stirred, and boiled. This mixture is then distributed 

into flasks, sterilized by autoclaving and poured into sterile Petri dishes/test tubes.  

 

10.4. STERILIZATION AND THE AUTOCLAVE 

Microbiological media has to be sterilized to prevent microbial 

contamination from air, glassware, hands, etc. Media sterilization is carried out with 

the autoclave. The high pressure in a closed container allows the temperature to go 

above the highest temperature of around 121 degrees C. Fifteen minutes is the 

thermal death time for most organisms and therefore most of the microbes get killed. 

Not all media or solutions can be sterilized via an autoclave. Certain high-protein 

solutions such as urea, vaccines, and serum will denature in the extreme heat, and so 

they may have to be filter-sterilized without heat. 

 

10.5. POURING OF MEDIA 

After sterilization, the medium has to be poured into tubes/Petri plates under 

aseptic conditions. Solid media containing agar have to be dispensed off as soon as 

they reach 45
o
C. At lower temperatures they get solidified and therefore have to be 

kept in a water bath at 45
o
C to prevent them from solidifying, since agar solidifies at 

around 42 C. Media is poured into Petri dishes covering approximately 2/3 of the 

plates, lids replaced and plates rotated to distribute the medium evenly. The poured 

plates are allowed to stand till they solidify. Later they are kept in incubators upside 

down to prevent condensed water falling on the medium. Keeping plates upside 

down also prevents contamination, because contaminants in the air tend to move 

down due to gravity thus not settling on the media. 
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10.6. STORAGE OF CULTURE MEDIA 

Media are stored at optimum temperatures under controlled conditions for a 

specified period to time. The recommended shelf-life of prepared culture media 

varies considerably. Screw-capped bottles of nutrient broth and agar can be stored 

for 6 months at low ambient temperatures (12-l6°C). If they are stored for long, 

activity of some of the ingredients may become expired. Media should be kept away 

from direct sunlight. To maintain appropriate humidity media have to be stored in 

sealed glass and plastic containers that are unaffected by normal laboratory 

humidity. The temperature storage conditions of culture media and their components 

vary with type of components. Sealed, unopened containers should be stored at 

room temperature 15-20°C. Opened containers should have the cap or lid carefully 

and securely replaced. Broths are stored at 2-8°C, and should not be frozen. Poured 

plates are sealed with impermeable wrapping and stored at 2-8°C  

10.7. TYPES OF MEDIA 

Based on the composition and its application media are of different types: 

Defined medium: is a medium with known exact chemical composition. These are 

composed of pure biochemicals. These are used to study the minimal nutritional 

requirements of bacteria. Glucose Minimal Salts Broth designed to support growth 

of E. coli. 

Constituents of Glucose Minimal Salts Broth 

Constituent Amount 

Glucose  5.0 g 

Ammonium phosphate monobasic  1.0 g 

Sodium chloride  5.0 g 

Magnesium sulfate  0.2 g 

Potassium phosphate, dibasic  1.0g 

Water  1 liter 

Glucose  5.0 g 
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Complex medium: is a medium with unknown exact chemical constitution. These 

are made up of complex biological materials like blood, milk, yeast extract, beef 

extract etc., Bacteria which are pathogenic and grow on animal tissues require 

complex media. Trypticase-soy, Nutrient agar. E.g., fastidious bacteria Treponema 

pallidum, Mycobacterium leprae  

Constituents of nutrient agar medium 

Constituent Amount 

Peptone  5.0g 

Beef extract  3.0 g 

Sodium Chloride  8.0 g 

Agar  15.0 g 

Water  1 1iter 

 

Minimal medium: is a medium that provides only the exact nutrients needed by the 

organism for growth. These media are used when the exact nutritional requirements 

of a particular bacterium are known.  

Constituents of Glucose Minimal Salts Broth:  

 

Constituent Amount 

 

Glucose 5.0 g 

 

Ammonium phosphate monobasic 1.0 g 

 

Sodium chloride 5.0 g 

 

Magnesium sulfate 0.2 g 

 

Potassium phosphate, dibasic 1.0g 

 

Water 1 liter 
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Selective medium: is a medium which has a component(s) added to it which will 

inhibit or prevent the growth of certain types or species of bacteria and/or promote 

the growth of desired species. Physical conditions of a culture medium, such as pH 

and temperature can also be altered in a selective medium in order to allow the 

organism of interest to grow. MacConkey’s medium is selective. It contains bile salts 

and crystal violet; these will inhibit the growth of Gram-positive organisms. Other 

examples include phenylethyl alcohol agar, which inhibits or slows the growth of 

Gram-negative organisms, and mannitol salt agar which inhibits the growth of salt 

intolerant organisms. Brilliant green: isolates Gram – 

Salmonella *EMB: isolates Gram – GI tract microbes 

 

Constituents of MacConkey’s medium 

Constituent Amount 

Peptone   17 g 

Proteose peptone   3 g 

Lactose   10 g 

Bile salts   1.5 g 

Sodium chloride 5 g 

Neutral red 0.03 g 

Agar 13.5 g 

Water 1 litre 

 

Differential medium: is a medium which allows distinguishing between different 

types of bacteria based on some observable trait in their pattern of growth on the 

medium. Will allow visual differentiation between two or more species of bacteria. 

Examples include blood agar, MacConkey’s medium and Mannitol Salt agar. Blood 

agar plate (TSA with 10% sheep blood) –Used to differentiate types of Streptococci 

»Alpha, beta, and gamma hemolysis T Colonies growing on blood agar are 

differentiated by hemolysis patterns (greening - alpha hemolysis, clearing - beta 

hemolysis and no hemolysis -gamma). . 

T Using MacConkey‘s medium, lactose fermenting and lactose non-fermenting 

bacteria can be distinguished. Organisms that are able to ferment lactose will 

http://en.wikipedia.org/wiki/Peptone
http://en.wikipedia.org/w/index.php?title=Proteose_peptone&action=edit&redlink=1
http://en.wikipedia.org/wiki/Lactose
http://en.wikipedia.org/wiki/Bile_salts
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Neutral_red
http://en.wikipedia.org/wiki/Agar
http://en.wikipedia.org/wiki/Water
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produce an acid end-product that causes a change in the pH of the surrounding 

media. A pH indicator (neutral red), is present in the media and changes from yellow 

to red in an acidic environment. Lactose fermenting bacteria growing on 

MacConkey‘s media will appear pink whereas non-lactose fermenters will be white. 

T Mannitol salt agar allows discrimination among salt tolerant organisms. Those 

that ferment mannitol will produce acid turning the pH indicator (phenol red) to a 

yellow color. Those that cannot ferment mannitol will leave the media the red color 

of phenol red at neutral pH.  

 

Constituents of T Mannitol salt agar 

Constituent Amount 

Enzymatic digest of casein 5.0 g 

Enzymatic digest of animal tissue 5.0 g 

Beef extract 1.0 g 

D-mannitol 10.0 g  

Sodium chloride 75.0 g  

Phenol red 0.025 g  

Agar 15.0 g  

Water 1 liter 

 

Selective-differential medium: Selective-differential media have characteristics of both 

selective media and differential media.  These media only allow a subset of bacteria to grow 

and allow the student to distinguish between the different types of bacteria that are able to 

grow on these media.  For example, one can distinguish between bacteria that ferment lactose 

and those that do not in MacConkey Agar by adding a carbon source (lactose) and a pH 

indicator (methyl red)—bacteria that ferment lactose produce acids that imparts a color 

change to the media surrounding the individual bacterial colony.  

For the isolation of Staphylococcus aureus. , S. aureus is differentiated from S. 

epidermidis on the basis of its ability to ferment mannitol. Mannitol-fermenting 

colonies (S. aureus) produce acid which reacts with the indicator dye forming a 

http://en.wikipedia.org/wiki/Casein
http://en.wikipedia.org/wiki/Tissue_(biology)#Animal_tissues
http://en.wikipedia.org/wiki/D-mannitol
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Phenol_red
http://en.wikipedia.org/wiki/Agar
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colored halo around the colonies; mannitol non-fermenters (S. epidermidis) use 

other non-fermentative substrates in the medium for growth and do not form a halo 

around their colonies. 

Enrichment medium: Encourages growth of desired microbe. It is a medium which 

contains some component that permits the growth of specific types or species of 

bacteria, usually because they alone can utilize the component from their 

environment. An example of an enriched medium is T-soy medium supplemented 

with sheep blood. 

(When agar is added to this medium it is commonly called ―blood agar‖). A 

selective enrichment medium for growth of Halococcus contains nearly 25 percent 

NaCl, which inhibits the growth of all other bacteria. 

Constituents of T-soy medium supplemented with sheep blood 

Constituent Amount 

Pancreatic Digest of Casein 14.5 g 

Papaic Digest of Soybean Meal 5.0 g 

Growth Factors 1.5 g 

Sodium Chloride 5.0 g 

Defibrinated Sheep Blood 5% 

Agar 14.0 g 

Water 1 liter 

 

 

10.8. SUMMARY 

 

A culture medium consists of nutrients prepared for microbial growth. 

Culture medium should be sterile. Introduction of microbes into the medium is 

called inoculation. The microorganisms growing in the culture medium are referred 

to as culture.  
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Appropriate biochemical and biophysical requirements must be provided for 

optimum bacterial growth. These essential requirements are provided in the form of 

a culture medium. There are different kinds of culture media depending upon the 

needs of a particular type of bacteria. Culture media are used for isolation and 

maintenance of pure cultures and also for identification of bacteria.  

Microbiological media has to be sterilized to prevent microbial contamination from 

air, glassware, hands, etc. Media sterilization is carried out with the autoclave. 

Certain high-protein solutions such as urea, vaccines, and serum will denature in the 

extreme heat, and so they may have to be filter-sterilized without heat. 

After sterilization, the medium has to be poured into tubes/Petri plates under aseptic 

conditions. Solid media containing agar have to be dispensed off as soon as they 

reach 45
o
C as they get at around 42 C. Media is poured into Petri dishes covering 

approximately 2/3 of the plates. 

Media are stored at optimum temperatures under controlled conditions for a 

specified period to time. Media should be kept away from direct sunlight. To 

maintain appropriate humidity media have to be stored in sealed glass and plastic 

containers that are unaffected by normal laboratory humidity. Sealed, unopened 

containers should be stored at room temperature 15-20°C. Poured plates are sealed 

with impermeable wrapping and stored at 2-8°C  

Types of media 

Generally a media may be a Liquid media which are used for growth of pure 

batch cultures or solid media which are used widely for the isolation of pure cultures 

Nutrient media is referred to as Nutrient Broth when in the liquid form, and Nutrient 

Agar when in the solid form.  

Based on the composition and its application media are of different types: 

Defined medium: is a medium with known exact chemical composition. These are 

composed of pure biochemicals. These are used to study the minimal nutritional 
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requirements of bacteria. Glucose Minimal Salts Broth designed to support growth 

of E. coli. 

Complex medium: is a medium with unknown exact chemical constitution. These 

are made up of complex biological materials like blood, milk, yeast extract, beef 

extract etc Trypticase-soy, Nutrient agar. E.g., fastidious bacteria Treponema 

pallidum, Mycobacterium leprae  

Minimal medium: is a medium that provides only the exact nutrients needed by the 

organism for growth. These media are used when the exact nutritional requirements 

of a particular bacterium are known.  

Selective medium: is a medium which has a component(s) added to it which will 

inhibit or prevent the growth of certain types or species of bacteria and/or promote 

the growth of desired species. MacConkey‘s medium is selective. It contains bile 

salts and crystal violet; these will inhibit the growth of Gram-positive organisms.  

 

Selective-differential medium have characteristics of both selective media and differential 

media.  These media only allow a subset of bacteria to grow and allow the student to 

distinguish between the different types of bacteria that are able to grow on these media.  For 

example, one can distinguish between bacteria that ferment lactose and those that do not in 

MacConkey Agar by adding a carbon source (lactose) and a pH indicator (methyl red)—

bacteria that ferment lactose produce acids that imparts a color change to the media 

surrounding the individual bacterial colony.  

Enrichment medium: Encourages growth of desired microbe. It is a medium which 

contains some component that permits the growth of specific types or species of 

bacteria, usually because they alone can utilize the component from their 

environment. An example of an enriched medium is T-soy medium supplemented 

with sheep blood (when agar is added to this medium it is commonly called ―blood 

agar‖).A selective enrichment medium for growth of Halococcus contains nearly 25 

percent NaCl, which inhibits the growth of all other bacteria. 
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10.10. CHECK YOUR PROGRESS 

 

1. Discuss the general constituents of a microbial culture medium 

2. Give an account of different types of microbiological culture media 

3. Briefly explain with example: 

a) Microbiological media preparation 

b) Sterilization of media 

c) Pouring of media 

d) Storage of culture media 

e) Defined medium  

f) Complex medium 

g) Minimal medium 

h) Selective medium 

i) Differential medium 

j) Selective-differential medium 

k) Enrichment medium 

 

 

10.11. KEY WORDS 

 

Microbial culture medium, types of media, Defined medium, Complex 

medium, Minimal medium, Selective medium, Differential medium, Selective-

differential medium, Enrichment medium. 
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UNIT 11 
 

 

MEASUREMENT OF BIOLOGICAL OXYGEN DEMAND AND 

CHEMICAL OXYGEN DEMAND, PREPARATION OF 

STANDARD SOLUTIONS, BUFFERS, MOLAR SOLUTIONS 
 

 

STRUCTURE 

11.1. Objectives 
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11.3.1. Principle of BOD 

11.3.2. Procedure to analyse BOD 

 11.4. Chemical oxygen demand 
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11.4.3. Procedure to analyse COD 
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11.10. Summary 

11.11. Key words 
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11.1. OBJECTIVES 

After reading this unit we will be able to learn about: 

 Significance of Biochemcial Oxygen Demand and Chemical Oxygen 

Demand 

 Analysis and interpretation of BOD and COD levels in given samples 

 Preparation of common solutions and buffers in laboratory 

 

11.2. INTRODUCTION  

Water contains oxygen in dissolved form. The amount of dissolved oxygen 

in water is dependent on the water temperature, the quantity of sediment in the 

stream, the amount of oxygen taken out of the system by respiring and decaying 

organisms, and the amount of oxygen put back into the system by photosynthesizing 

plants, stream flow, and aeration. Dissolved oxygen is measured in milligrams per 

liter (mg/l) or parts per million (ppm).  

Biochemical oxygen demand (BOD) is a measure of the amount of oxygen 

that bacteria will consume while decomposing organic matter under aerobic 

conditions. Biochemical oxygen demand is determined by incubating a sealed 

sample of water for five days and measuring the loss of oxygen from the beginning 

to the end of the test. Samples often must be diluted prior to incubation or the 

bacteria will deplete all of the oxygen in the bottle before the test is complete. 

The BOD test is used to measure waste loads to treatment plants, determine 

plant efficiency, and control plant processes.  It is also used to determine the effects 

of discharges on receiving waters.  When a measurement is made of all oxygen 

consuming materials in a sample, the result is termed ―Total Biochemical Oxygen 

Demand‖ (TBOD), or often just simply ―Biochemical Oxygen Demand‖ (BOD).  A 

major disadvantage of the BOD test is the amount of time (5 days) required to obtain 

the results. 
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Chemical oxygen demand (COD) does not differentiate between biologically 

available and inert organic matter, and it is a measure of the total quantity of oxygen 

required to oxidize all organic material into carbon dioxide and water. COD values 

are always greater than BOD values, but COD measurements can be made in a few 

hours while BOD measurements take five days. 

 

11.3. BIOCHEMICAL OXYGEN DEMAND  

 

All the aquatic animals rely on the oxygen present in the water (dissolved 

oxygen) to live. Aquatic microorganisms use the organic matter discharged into the 

water as food source. Common natural sources of organic matter include plant decay 

and leaf fall. Bacteria will break down this organic matter using the dissolved 

oxygen in the water and there by produce less complex organic substances. With 

increased disposal of waste materials (including organic compounds), the utility of 

dissolved oxygen by the microorganisms will also increased. So the water becomes 

depleted in oxygen. In this anaerobic condition, microorganisms will produce 

offensive products and may result in undesirable effects like fish asphyxiation. So 

the amount of dissolved oxygen in the water is an indicator of the quality of water. 

 

Biological oxygen demand is a widely used technique to express the 

concentration of organic matter in waste water samples. It is a measure of the 

amount of dissolved oxygen used by microorganisms in the water. If the amount of 

organic matter in sewage is more, the more oxygen will be utilized by 

microorganisms to degrade dumping sewage which containing high BOD value. 

Digestion of these organic compounds in neutral ecosystem such as lakes, rivers 

etc., can deplete available oxygen and result in fish asphyxiation. 

  

The BOD of a water sample is generally measured by incubating the sample 

at 20
o
C for 5 days in the dark room under aerobic condition (in BOD incubator). In 

the water samples where more than 70% of initial oxygen is consumed, it is 

necessary to aerate or oxygenate and dilute the sample with BOD free water (de 
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ionized glass distilled water) pass through a column of activated carbon and 

redistilled to avoid O2 stress. 

  

11.3.1. Principle of BOD 

 

            Under alkaline conditions (by adding Alkaline-iodide-azide), the manganese 

sulphate produces a white precipitate of manganese hydroxide. This reacts with the 

dissolved oxygen present in the sample to form a brown precipitate. On acidic 

condition, manganese diverts to its divalent state and release iodine. This released 

iodine is titrated against Sodium thiosulphate using starch as an indicator.  

  

Materials required: BOD bottle, Water bottle, Pipettes, Measuring cylinders, BOD 

Incubator, Burette and burette stand, Standard flask, Magnetic stirrer, Stir bar, Glass 

funnel, Gloves, Tissue paper 

 

Chemicals required: Alkaline-iodide-azide solution, Manganese sulphate, Con. 

Sulphuric acid, Starch solution, 0.025N sodium thiosulphate. 

 

  

11.3.2. Procedure to analyse BOD 

  

 BOD bottle is filled with the given water sample avoiding bubble formation. 

 2 ml of managanese sulfate is pipetted to BOD bottle without bubble 

formation 

 2 ml of alkali-iodide-azide reagent is added to this and lid closed and mixed 

well.  

 Formation of a brownish cloud indicates the presence of Oxygen. 

 The precipitate is allowed to settle down and 2ml of Conc.H2SO4 is added 

 The bottle is closed and mixed well to dissolve the precipitate 

 Bottle is incubated in BOD incubator for 5 days 

 After incubation, 50 ml of sample water with 0.025N Sodium thiosulphate is 

titrated to a pale yellow color. 
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 Two ml of starch solution is added and the sample turns blue in color. 

 Titration continued till the sample gets clear and note the readings. 

 The concentration of dissolved oxygen in the sample is equivalent to the 

number of milliliters of titrant used. 

 The results can be analysed as described in the table 1 

 

Table 1: Analysis of BOD in samples and inference of results 

BOD Level (in ppm) Water Quality 

 

1 - 2 Very Good (very clean) 

3 - 5 Fair (Moderately Clean) 

6 - 9 Poor (mildly Polluted) 

10 or greater Very Poor (highly Polluted) 

 

 

 11.4. CHEMICAL OXYGEN DEMAND 

The chemical oxygen demand (COD) test is commonly used to indirectly 

measure the amount of organic compounds present in water. COD is a useful 

measure of water quality. It is expressed in milligrams per liter (mg/L), which 

indicates the mass of oxygen consumed per liter of solution. COD gives the 

measurement of the amount of oxygen in water consumed for chemical oxidation of 

pollutants. COD determines the quantity of oxygen required to oxidize the organic 

matter in water or waste water sample under specific conditions of oxidizing agent, 

temperature and time. This method covers the determination of COD in ground and 

surface waters, domestic and industrial wastes.  

 

11.4.1. Environmental significance of COD 

COD values are particularly important in the surveys designed to determine 

and control the losses to sewer systems. The ratio of BOD to COD is useful to assess 

the amenability of waste for biological treatment. Ratio of BOD to COD greater than 

or equal to 0.8 indicates that waste water highly polluted and amenable to the 

biological treatment. It is useful to assess strength of wastes, which contain toxins 

and biologically resistant organic substances. BOD value is always lower than COD 
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value. For domestic and some industrial wastewater, COD value is about 2.5 times 

BOD value.  

 

11.4.2. Principle of COD 

The organic matter present in sample gets oxidized completely by potassium 

dichromate (K2Cr2O7) in the presenc eof sulphuric acid (H2SO4), silver sulphate 

(AgSO4) and mercury sulphate (HgSO4) to produce CO2 and H2O. the sample is 

refluxed with a known amount of potassium dichromate in the sulphuric acid 

medium and excess potassium dichromate is determiend by titration against ferrous 

ammonium sulphate, using ferroin as an indicator. The dichromate consumed by the 

sample is equivalent to the amount of oxygen required to oxidize the organic matter 

 

Materials required: COD digester, burettes and stand, COD vials, conical flasks, 

pipetes, tissue paper and wash bottle.  

Chemicals required: Potassium dichromate, sulphuric acid, ferrous ammonium 

sulphate, silver sulphate, mercury sulphate, ferroin indicator, organic free distilled 

water.  

 

11.4.3. Procedure to analyse COD 

 2.5 ml of the test sample is added to COD vial, and 2.5 ml distilled water is 

added to one COD vial which is blank 

 1.5 ml of potassium dichromate reagent is added to these vials (COD vials 

are hot now) 

 The vials are capped tightly and kept in the COD Digester at 150
0
C for 2 

hours 

 Vials are removed and cooled off to room temperature 

 A burette is filled with the ferrous ammonium sulphate solution 

 Contents of the blank vial are transferred to a conical flask and a few drops 

of ferroin indicator added which turns the solution bluish green 

 This is titrated with ferrous ammonium sulphate taken in the burette till the 

appearance of reddish brown color 
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 Volume of ferrous ammonium sulphate solution added for the blank (A) is 

15 mL is noted 

 Contents of the sample vial are transferred to conical flask and few drops of 

ferroin indicator added and the solution becomes green  

 This is titrated with the ferrous ammonium sulphate taken in the burette till 

the appearance of reddish brown color 

 The volume of ferrous ammonium sulphate solution added for the sample 

(B) is 12 ml noted  

 

Calculation  

 

For the blank titration the volume of sample taken is 5 ml 

Ferrous ammonium sulpahte is taken in the burette 

The obtained reading is 15 mL. Similarly for sample one of the volume of sample 

taken is 5 ml. The initial reading is 0 ml and the final readign is 12 ml.  

 

 Volume of 

sample (mL) 

Burette Reading (mL) Volume of 0.1 N 

FAS (mL) Initial Final 

Blank 5.0 0 15.0 15.0 

Sample 5.0 0 12.0 12.0 

 

Volume of Ferrous Ammonium sulphate for blank (A) = 15 ml 

Volume of Ferrous Ammonium sulphate for sample (B) = 12 ml 

Normality of Ferrous Ammonium sulphate N = 0.1 N 

Volume of sample V = 5 ml 

COD = ( A – B x N x 8 x 1000) 

            Volume of sample taken 

 

To convert the sample size from mL to L, multiply the result by 1000 ml/L to 

convert the sample size from mL to L. 

Residual chlorine (mg/L) = (15-12) x 0.1 x 8 x 1000/5 

Residual chlorine             = 480 mg/L.  

The COD of the given sample of water = 480 mg/L. 
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11.5. BUFFERS AND SOLUTIONS 

 

Many of the reagents used in laboratories are in the form of solutions which 

need to be freshly prepared. The concentration of the solutions is a critical factor for 

many experiments therefore their preparation should be accurate.  

 

11.6. DEFINITIONS 

Buffer: A solution which tends to maintain a constant pH when excess acid or base 

is added. 

Concentrated: For some commonly used acids and bases, the maximum solubility 

(at room temperature) in an aqueous solution or as a pure liquid. 

 

Concentration: The relative amount of solute and solvent in a solution. 

 

Hydrates: Compounds containing water chemically combined in a definite ratio. 

Computations using formula weight must take the water molecules into account. 

 

Miscible: The ability of two liquids to be completely soluble in one another. 

 

Molality: A concentration unit (m); defined as the number of moles of solute 

divided by the number of kilograms of solvent. 

 

Molar Mass: The mass of a mole of any element or compound. 

 

Molarity: A concentration unit (M); defined as the number of moles of solute 

divided by liters of solution. 

 

Normality: A concentration unit (N); defined as the number of equivalents of solute 

per liter of solution. (e.g., 1 M H2SO4 =2 N H2SO4) 

 

Saturated Solution: A solution that contains the maximum amount of a particular 

solute that will dissolve at that temperature. 
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Solute: The substance which is dissolved, or has gone into solution (typically a 

solid). 

 

Solution: A uniform homogeneous mixture of two or more substances. The 

individual substances may be present in varying amounts. 

 

Solvent: The substance which does the dissolving (typically a liquid, such as water 

or alcohol). Must be greater than 50% of the solution. 

 

Standard Solution: A very precise solution, usually to 3–4 significant figures, used 

in quantitative analysis or an analytical procedure. 

 

Supersaturated Solution: A solution that contains more solute than equilibrium 

conditions allow; it is unstable and the solute may precipitate upon slight agitation 

or addition of a single crystal. 

 

11.7. MOLARITY (M)  

The molarity of a solution is defined as the number of moles of solute per 

one liter of solution. Unit of volume for molarity is liters. One liter of solution 

contains both the solute and the solvent. Molarity, therefore, is a ratio between 

moles of solute and liters of solution. To prepare laboratory solutions, usually a 

given volume and molarity are required. To determine molarity, the formula weight 

or molar mass of the solute is needed. The following examples illustrate the 

calculations for preparing solutions. 

If starting with a solid, use the following formula: 

gs = MMs x M x V 

where  

MMs is molar mass of the solute 

V is volume of solution required 

M is molarity of solution required 

gs is gram solute required  
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Example: Prepare 500 mL of 1 M sodium chloride. 

(MM=NaCl = 58.45 g/mol) 

gNaCl = 58.45 g/mol x 1 mol/L x 0.5 L 

gNaCl = 29.225 g NaCl 

Dissolve 29.225 g of NaCl in about 250 mL of distilled water, then add more water 

until final volume is 500 mL. 

 

If starting with a solution or liquid reagent: 

• When diluting more concentrated solutions, decide what volume (V2) and molarity 

(M2) the final solution should be. Volume can be expressed in liters or milliliters. 

• Determine molarity (M1) of starting, more concentrated solution. 

• Calculate volume of starting solution (V1) required using equation 2.  

Note: V1 must be in the same units as V2. 

Equation 2: M1V1 = M2V2 

• Example: Prepare 500 mL of 2.0 M hydrochloric acid from concentrated (12.1 M) 

hydrochloric acid. 

M1V1 = M2V2 

(12.1 M)(V1) = (2.0 M)(500 mL) 

V1 = 82.64 mL conc. HCl 

Add 82.64 mL of concentrated HCl to about 250 mL of distilled water, stir, and then 

add water up to 500 mL. 

 

11.8. PERCENT SOLUTIONS 

Mass percent solutions are defined based on the grams of solute per 100 grams of 

solution. 

Example: 10 g of sodium chloride in 100 g of solution is a 10% by mass solution. 

 

Volume percent solutions are defined as milliliters of solute per 100 mL of 

solution. 

Example: 20 mL of ethyl alcohol plus 80 mL of H2O (making approx. 100 mL of 

solution) is a 20% by volume solution. 
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Mass-volume percent solutions are also very common. These solutions are 

indicated by w/v% and are defined as the grams of solute per 100 milliliters of 

solution. 

Example: 2 g of phenolphthalein in 100 mL of 95% ethyl alcohol is a 2 w/v% 

solution. 

 

Table 1: Calculations for preparation of simple inorganic salt solutions 

Name Formula F.W. Concentration g/L 

Ammonium acetate  NH4C2H3O2 77.08 1.0 M 77.1 g 

Barium chloride  BaCl2 • 2H2O 244.28 0.1 M 24.4 g 

Calcium chloride  CaCl2 • 2H2O 147.02 1.0 M 147.0 g 

Lithium chloride  LiCl 42.40 1.0 M 42.4 g 

Magnesium sulfate  MgSO4 • 7H2O 246.50 0.5 M 123.3 g 

Potassium chloride  KCl 74.56 0.5 M 37.3 g 

Potassium 

dichromate  

K2Cr2O7 294.22 0.1 M 29.4 g 

Silver nitrate  AgNO3 169.87 0.5 M 84.9 g 

Sodium carbonate  Na2CO3 124.00 1.0 M 124.0 g 

Zinc sulfate  ZnSO4• 7H2O 287.56 1.0 M 287.6 g 

 

Table 2: Calculations for preparation of acidic solutions 

Name Formula F.W. Concentration Amount/L 

Acetic Acid  CH3CO2H F.W. 60.05 

99.7%, 17.4 M 

sp. gr. 1.05 

1 M 58 mL 

Hydrochloric Acid  HCl F.W. 36.4 

37.2%, 12.1 M 

sp. gr. 1.19 

1 M 83 mL 

Nitric Acid  HNO3 F.W. 63.01 

70.0%,15.8 M 

sp. gr. 1.42 

1 M 

 

63 mL 

Phosphoric  H3PO4 F.W. 98.00 

85.5%,14.8 M 

sp. gr. 1.70 

1 M 

 

68 mL 

Sulfuric Acid 

 

H2SO4 F.W. 98.08 

96.0%, 18.0 M 

sp. gr. 1.84 

1 M 

 

56 mL 

 

Note: Always add acid to water. The addition of acid to water is an exothermic 

reaction. Use high temperature glassware. 
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Table 3: Calculations for preparation of basic solutions 

Name Formula F.W. Concentration amount/L 

Ammonium Hydroxide  
 

NH4OH F.W. 35.05 1 M 

 

68 mL 

Potassium Hydroxide  

 

KOH F.W. 56.11 1 M 

 

56 mL 

Sodium Hydroxide 

 

NaOH F.W. 40.00 1 M 40 mL 

Note: Exothermic reaction. Use high temperature glassware. 

 

11.9. PREPARING SOME OF THE COMMON LABORATORY 

SOLUTIONS AND REAGENTS 

 

Aceto-Carmine (Schneider): Place 0.5 g of carmine and 55 mL of DI water in a 

200-mL flask, bring to a boil, and add 45 mL of glacial acetic acid. Plug flask with 

cotton wool, boil again, cool and filter. (stain and fixative, good for protozoa and 

nuclei) 

 

Aceto-Orcein Staining Solution: Heat 31.5 mL of glacial acetic acid and 13.5 mL 

of DI water almost to boiling. When acid is hot, add 2 g of synthetic orcein and 

allow to cool. Dilute by adding 55 mL of DI water; stir and filter. (connective tissue 

stain) 

 

Agar (Non-nutrient): Suspend 15 g of agar in 1 L of DI water. Heat to a boil and 

stir until completely dissolved. Let cool to 50–55 °C and then dispense into desired 

containers. Agar will firm as it cools. Must add a nutrient if using for culture 

growth. 

 

Agarose Gel: The standard concentration of agarose in the gel is 0.8%—a 

concentration that offers a compromise between band resolution and running time. 

The following directions are for 100 mL of an 0.8% agarose solution. Stir 0.8 g of 

agarose into 100 mL of working strength (1X) electrophoresis buffer (TBE or TAE) 

in a glass Erlenmeyer flask. Stopper with non-absorbent cotton, or foam plug. 

Dissolve agarose by heating in a microwave (30–40seconds, stir, repeat) or on a hot 
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plate. Heat until solution is clear and agarose appears to be fully dissolved. Stir 

frequently and do not allow solution to boil for more than a few seconds. Prepare the 

casting tray, place the well comb, and pour the gel(s) when the agarose solution has 

cooled to approximately 60 °C. Allow the gel to fully solidify on a flat, level surface 

for 20 to 30 minutes. Gel should be opaque and firm to the touch. 

 

Aniline Blue Alcohol Stain: 1% alcohol: Dissolve 1 g of aniline blue in 100 mL 

85% ethyl alcohol. (stain for cellulose) 

 

Aniline Blue Aqueous Stain: 0.5% aqueous: Dissolve 0.5 g aniline blue in 50 mL 

DI water, then dilute to 100 mL. Filter if necessary. (stain for algae and fungi) 

 

Aniline Blue Indicator: 0.1% aqueous: Dissolve 0.1 g aniline blue in 50 mL DI 

water, then dilute to 100 mL. (pH indicator) 

 

Baker’s Softening Fluid: Mix 10 mL of glycerol, 54 mL of 95% ethanol and 35 

mL DI water. (softening of animal structures) 

 

Barfoed’s Reagent: Add 10 mL of glacial acetic acid to 1 L of DI water and stir. 

Add 66.5 g of cupric acetate monohydrate. Heat and stir until solid is completely 

dissolved. (test for glucose) 

 

Bismark Brown Y: 0.5% aqueous: Dissolve 0.5 g of bismark brown Y in 50 mL of 

DI water, dilute to 100 mL, stir, and filter if necessary. (stain for protozoa) 

 

Biuret Solution: Dissolve 2.3 g of copper (II) sulfate pentahydrate in 230 mL of DI 

water. Set aside. Dissolve 308 g sodium hydroxide in 770 mL of DI water (very 

exothermic; cool Recipes for vessel in an ice water bath) and cool to room 

temperature. Add all the copper sulfate solution to the sodium hydroxide solution. 

Solution should be blue. (test for proteins) 
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Blood Agar Base Infusion: Suspend 40 g of blood agar base infusion in 1 L of DI 

water. Heat to a boil while stirring vigorously. Boil for one minute. Sterilize for 15 

min at 121 °C (15 lbs. of pressure) in an autoclave or pressure cooker. Cool to 50–

55 °C and pour into sterilized culture dishes. (culture medium) 

 

Brilliant Blue R-250: Dissolve 0.25 g of Coomassie brilliant blue R-250 in 40 mL 

methyl alcohol. Add 40 mL DI water, then 7 mL concentrated acetic acid. Dilute to 

100 mL with DI water. (staining proteins in polyacrylamide and agarose gels for 

electrophoresis) 

 

Brilliant Blue G-250: Dissolve 0.1 g of Coomassie brilliant blue G-250 in 25 mL 

methyl alcohol. Add 40 mL DI water, then 5 mL acetic acid. Dilute to 100 mL with 

DI water. (staining proteins in polyacrylamide and agarose gels for electrophoresis) 

 

Brilliant Cresyl Blue: Dissolve 0.85 g sodium chloride in 75 mL of DI water. Add 

1 g brilliant cresyl blue and stir to dissolve. Dilute to 100 mL with DI water. (vital 

stain, general stain for protozoa and plant cells) 

 

Brilliant Green: 1% aqueous: Dissolve 1 g of brilliant green in 50 mL of DI water, 

dilute to 100 mL, stir, and filter if necessary. (stain for plant cytoplasm, and pH 

indicator) 

 

Buffer Solutions: Buffers are typically mixtures of a weak acid and the salt of the 

acid or a weak base and its salt. This combination is called a conjugate acid-base 

pair and it will resist changes in pH upon addition of small amounts of acid or base. 

Recipes for three common buffer solutions are provided. 

pH 4: Dissolve 5.10 g of potassium hydrogen phthalate (KHC8H4O4) in 250 mL of 

DI water, add 0.50 mL of 0.10 M hydrochloric acid, then dilute to 500 mL. 

pH 7: Prepare 0.10 M potassium phosphate monobasic (KH2PO4) solution by 

dissolving 3.40 g in 250 mL DI water. Prepare 0.20 M sodium hydroxide solution by 

dissolving 0.8 g in 100 mL DI water. Mix 250 mL of the 0.10 M potassium 
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phosphate solution and 73 mL of 0.2 M sodium hydroxide solution, then dilute to 

500 mL. 

pH 10: Prepare 0.025 M sodium borate solution (Na2B4O7 • 10H2O) by dissolving 

2.38 g in 250 mL of DI water. Prepare 0.20 M sodium hydroxide solution by 

dissolving 0.8 g in 100 mL DI water. Mix 250 mL of the 0.025 M sodium borate 

solution and 27 mL of the 0.2 M sodium hydroxide solution, then dilute to 500 mL. 

 

Bromphenol Blue: 0.04% aqueous: Dissolve 0.04 g of bromphenol blue in 50 mL 

of DI water, then dilute to 100 mL. (pH indicator) 

 

Congo Red Stain: 1% aqueous: Dissolve 1 g of Congo red in 100 mL of DI to 

which a few drops of ammonium hydroxide solution have been added. (plant tissue 

stain) 

 

Crystal Violet Stain (Gram): Dissolve 2 g of crystal violet in 20 mL of 95% ethyl 

alcohol. Dissolve 0.8 g of ammonium oxalate monohydrate in 80 mL of DI water 

and then mix with the crystal violet solution. Filter if necessary. (used in Gram 

staining procedure for bacteria) 

 

Destaining Solution: Add 70 mL glacial acetic acid to 400 mL methanol. Dilute to 

1 L with DI water. (removes stains from polyacrylamide gels) 

 

Iodine Solution, Lugol’s: Dissolve 20 g of potassium iodide in 200 mL of DI 

water; add 10 g of iodine; stir to dissolve then dilute to 1 L. Store in a dark bottle. 

(general biological stain and vital stain stock solution, dilute 5:1 before use.) 

 

Methylene Blue: 1% aqueous: Dissolve 1 g of methylene blue in 75 mL of DI 

water, then dilute to 100 mL. (pH indicator and stain) 

 

Nigrosin: Saturated: Dissolve 3 g of nigrosin (water soluble) in 100 mL of DI water. 

Stir and filter if necessary. (biological stain for protozoa) 
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Ninhydrin: Add 2.5 g of ninhydrin to 50 mL of n-butyl alcohol in a 600-mL beaker. 

Gently heat and stir the solution using a magnetic stirrer/hot plate in a fume hood 

until all the solid is dissolved. Dilute to 500 mL with n-butyl alcohol. Use extreme 

caution when heating n-butyl alcohol, extreme fire risk. (test for proteins) 

 

Nutrient Agar: Mix together 23 g of nutrient agar with 1 L of DI water. Sterilize 

for 15 minutes at 121 °C (15 lbs of pressure) in an autoclave or pressure cooker. 

Nutrient agar should be sterilized if it is being used as culture media. Cool to 50–55 

°C and pour into sterilized culture dishes. (culture medium) 

 

Phenolphthalein: 1% alcoholic: Dissolve 1 g of phenolphthalein in 50 mL of 95% 

ethyl alcohol, then dilute to 100 mL with 95% ethyl alcohol. For a 0.5% solution, 

only use 0.5 g of phenolphthalein. (pH indicator) 

 

Potato Dextrose Agar: Suspend 39 g of potato dextrose agar in 1 L of DI water. 

Heat to a boil while stirring constantly. Boil for 1 minute. Sterilize for 15 minutes at 

121 °C (15 lbs of pressure) in an autoclave or pressure cooker. Cool to 50–55 °C and 

pour into sterilized culture dishes. If using for plate counts of yeasts and molds, 

adjust the pH to 3.5 with sterile 10% tartaric acid. (culture medium for plate counts 

of yeasts and molds) 

 

Safranin O: Dissolve 0.1 g safranin in 75 mL of DI water, then dilute to 100 mL. 

Filter before use. (Gram counter stain) 

 

10X TBE Electrophoresis Buffer: Dissolve 108 g of Tris base  

[tris(hydroxymethyl)aminomethane], 55 g of boric acid, and 7.5 g of EDTA, 

disodium salt in 800 mL of DI water, then dilute to 1 L. There is no need to sterilize 

the solution. If white clumps begin to precipitate in the solution, place the bottle in 

hot water until the clumps dissolve. Stored at room temperature. To use as a buffer, 

dilute 100 mL of 10X stock to 1 L with DI water. 
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11.10. SUMMARY 

Biochemical oxygen demand (BOD) is a measure of the amount of oxygen 

that bacteria will consume while decomposing organic matter under aerobic 

conditions. Biochemical oxygen demand is determined by incubating a sealed 

sample of water for five days and measuring the loss of oxygen from the beginning 

to the end of the test. Samples often must be diluted prior to incubation or the 

bacteria will deplete all of the oxygen in the bottle before the test is complete. 

Principle of BOD: Under alkaline conditions (by adding Alkaline-iodide-azide), the 

manganese sulphate produces a white precipitate of manganese hydroxide. This 

reacts with the dissolved oxygen present in the sample to form a brown precipitate. 

On acidic condition, manganese diverts to its divalent state and release iodine. This 

released iodine is titrated against Sodium thiosulphate using starch as an indicator.  

 

  The chemical oxygen demand (COD) test is commonly used to indirectly 

measure the amount of organic compounds present in water. COD is a useful 

measure of water quality. It is expressed in milligrams per liter (mg/L), which 

indicates the mass of oxygen consumed per liter of solution. COD gives the 

measurement of the amount of oxygen in water consumed for chemical oxidation of 

pollutants. COD determines the quantity of oxygen required to oxidize the organic 

matter in water or waste water sample under specific conditions of oxidizing agent, 

temperature and time.  

Principle of COD: The organic matter present in sample gets oxidized completely 

by potassium dichromate (K2Cr2O7) in the presenc eof sulphuric acid (H2SO4), silver 

sulphate (AgSO4) and mercury sulphate (HgSO4) to produce CO2 and H2O. the 

sample is refluxed with a known amount of potassium dichromate in the sulphuric 

acid medium and excess potassium dichromate is determiend by titration against 

ferrous ammonium sulphate, using ferroin as an indicator. The dichromate 

consumed by the sample is equivalent to the amount of oxygen required to oxidize 

the organic matter 
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Buffers and Solutions 

 

Many of the reagents used in laboratories are in the form of solutions which 

need to be freshly prepared. The concentration of the solutions is a critical factor for 

many experiments therefore their preparation should be accurate.  

 

Buffer: A solution which tends to maintain a constant pH when excess acid or base 

is added. 

Molarity (M) : The molarity of a solution is defined as the number of moles of 

solute per one liter of solution. Unit of volume for molarity is liters. One liter of 

solution contains both the solute and the solvent. Molarity, therefore, is a ratio 

between moles of solute and liters of solution.  

 

 

11.11. KEY WORDS 

Biochemical Oxygen Demand, Chemical Oxygen Demand, Solutions, Buffers, 

Molarity, Normality 

 

11.12. CHECK YOUR PROGRESS 

1. Define BOD and explain its significance 

2. Define COD and explain its significance 

3. Write a brief essay on laboratory solutions and buffers 

4. Write short notes on the following: 

a) Principle of BOD 

b) Principle of COD 

c) Buffer 

d) Molarity 

e) Percent Solutions 
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UNIT 12 
 

 

PURE CULTURE TECHNIQUES: STREAK PLATE, POUR 

PLATE AND SPREAD PLATE METHOD; MAINTENANCE OF 

PURE CULTURE; METHODS OF PRESERVATION OF 

VARIOUS MICROBES 
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12.1. OBJECTIVES  

After reading this unit we will be able to learn about: 

 Methods for obtaining pure cultures of microorganisms. 

 Maintenance and preservation of different microorganisms. 

 Techniques employed for preservation of various microorganisms. 

 Different preservation techniques like refrigeration, mineral oil overlay, 

freezing, cryopreservation lyophilization (freeze-drying) etc.,  

 

 

12.2. INTRODUCTION  

 

Microorganisms are ubiquitous in nature and very rarely exist as a single 

species. Specimens of animal, plant or environmental samples contain thousands of 

different kinds of bacteria. Generally the specimens send to laboratory for analysis 

will most often be mixed and in order to a particular cause of a disease and device 

treatments, isolation of pure culture of the bacterium is important.  

Isolating one microorganism from another one or from a mixed culture is 

very vital to study the cause of a particular disease and the characteristics of a 

particular microorganism. The most commonly used methods in the laboratory for 

isolating microbes is the streak plate, pour plate and spread plate methods. All these 

methods rely on dilution of bacterial cells in a sample to the point at which a single 

cell can divide giving rise to a single pure colony. The pure colony is essentially a 

clone of cells that all are identical copies of the original cell and can be used for 

further study. 

There are different methods of maintenance and preservation of 

microorganisms. Some microorganisms can be maintained for some time by mere 

refrigeration whereas others have to be frozen for maintenance and storage. 

Microorganisms require special preservation methods in order to ensure optimal 

long-term viability and genetic stability. In general preservation of microorganisms 

can be done in two different states namely metabolically active state and 

metabolically inactive state. There are various methods of preservation like pure 
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culture maintenance, refrigeration, storing in paraffin wax or oils, cryopreservation, 

lyophilisation etc., which are used.  

 

12.3. PURE CULTURE  

A pure culture theoretically contains a single bacterial species. There are a 

number of procedures available for the isolation of pure cultures from mixed 

populations. A pure culture may be isolated by the use of special media with specific 

chemical or physical agents that allow the enrichment or selection of one organism 

over another. Simpler methods for isolation of a pure culture include: (i) spread 

plating on solid agar medium with a glass spreader (ii) streak plating with a loop 

and, III) Pour plating on solid agar medium. The purpose of spread plating, streak 

plating and pour plating is to isolate individual bacterial cells (colony-forming units) 

on a nutrient medium.  

 

 

12.4. POUR PLATE TECHNIQUE 

In this method bacterial samples will serially diluted and loopful of the 

specimens will be transferred to successive media tubes. After each transfer, fewer 

bacteria end up in the successive tubes (Fig. 1). Finally, the sample bacterium 

culture will be added to a cooled agar medium and poured into sterile Petri dishes 

and incubated (Fig. 2).  

Procedure: 

 In this technique, the number of bacteria per unit volume of sample is reduced 

by serial dilution before the sample is spread on the surface of an agar plate. 

 Nutrient agar media containing tubes are kept in a water bath.  

 Sterile Petri dishes labelled I, II, and III on bottom side are kept ready. 

 A loopful of the bacterial sample is aseptically transferred into the media tube 

(tube 1) and mixed well by rolling between the palms of both hands.  

 From tube 1, a loopful of the medium is aseptically transferred into tube 2 and 

mixed well.  



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    174 

 

 The remaining contents of the tube 1 are immediately poured into the Petri plate 

labelled as I. 

 From tube 2, a loopful of the medium is aseptically transferred into tube 3 and 

mixed well.  

 The remaining contents of the tube 2 are immediately poured into the Petri plate 

labelled as II. 

 The remaining contents of the tube 3 are immediately poured into the Petri plate 

labelled as III. 

 The media is allowed to solidify and the plates are incubated at 30° C for 2 days. 

 

 

Figure 1: Preparation of serial dilutions of mixed culture 

 

Figure 2: Illustration of Pour plate technique 

 

 

12.5. STREAK PLATE TECHNIQUE 

The streak plating technique isolates individual bacterial cells (colony-forming 

units) on the surface of an agar plate using a wire loop. The streaking patterns result 
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in continuous dilution of the inoculum to give well separated surface colonies (Fig. 

3). Isolated colonies are obtained after incubation of the plate. 

Procedure: 

 Sterile glass Petri plates are labelled on the bottom side and kept ready. 

 The sample mixed bacterial culture is shaken gently to obtain uniform 

distribution.  

 The inoculating loop is sterilized by flaming it red hot and allowed to cool.  

 The cap of the culture tube is removed over the flame and a loopful of bacterial 

culture is removed.  

 The cap of the culture tube is replaced over the flame. 

 The removed culture is streaked onto the Petri dishes wither in the T-method or 

quadrant streak.  

 The loop is again flamed and allowed to cool. 

 The inoculated Petri dishes are incubated at 30° C for 2 days. 

 

 

Figure 3: Illustration of streak plate technique and different methods of streaking 

 

 

12.6. SPREAD PLATE TECHNIQUE 

This technique is resembles pour plate technique. In pour plate technique the 

microorganisms are suspended in between the culture media because teh inoculation 

is done when the media is cool enough not to denature microorganisms nor too hot 

to kill them, diluting them to distribute them then incubating them. Growth is 

observed suspended. On the other hand, in spread plate technique the 

microorganisms are on the surface and not suspended since a glass rod is used to 

spread inoculate the culture. 

Procedure: 
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 In this technique, the number of bacteria per unit volume of sample is reduced 

by serial dilution before the sample is spread on the surface of an agar plate. 

 Serial dilutions of the sample culture are prepared.  

 One ml of the final three dilutions (10
-5

, 10
-6

, 10
-7

) is transferred to each of three 

nutrient agar plates, and labelled.  

 A glass spreader is immersed in alcohol and sterilized over the flame. Excess 

alcohol on the spreader gets ignited and sterilizes it.  

 One ml inoculum is evenly spread over the entire surface of one of the nutrient 

agar plates until the medium no longer appears moist.  

 The spreader is kept back in the alcohol beaker.  

 All the plates are inoculated in similar way. 

 The inoculated Petri dishes are incubated at 30° C for 2 days. 

 

Figure 2: Illustration of spread plate technique 

 

 

12.7. MAINTENANCE OF MICROORGANISMS 

Once a microorganism has been isolated and grown in pure culture, it 

becomes necessary to maintain the viability and purity of the microorganism by 

keeping the pure cultures free from contamination. One method for maintenance of 

microorganisms is transfer to fresh solid medium such as nutrient medium to which 

the gelling agent agar has been added. Before the cells grow old and die, some are 

transferred to fresh medium. This is called serial transfer and could go on forever. 

Normally in laboratories, the pure cultures are transferred periodically onto or into a 

fresh medium (subculturing) to allow continuous growth and viability of 
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microorganisms. The transfer is always subject to aseptic conditions to avoid 

contamination 

Strains can be maintained by periodically preparing a fresh culture from the 

previous stock culture. The culture medium, the storage temperature, and the time 

interval at which the transfers are made vary with the species. The temperature and 

the type of medium chosen should support a slow rather than a rapid rate of growth 

so that the time interval between transfers can be as long as possible. Many of the 

more common heterotrophs remain viable for several weeks or months on a medium 

like nutrient agar. The transfer method has the disadvantage of failing to prevent 

changes in the characteristics of a strain due to the development of variants and 

mutants. 

 

12.8. PRESERVATION OF MICROORGANISMS 

Since repeated sub culturing is time consuming, it becomes difficult to 

maintain a large number of pure cultures successfully for a long time. In addition, 

there is a risk of genetic changes as well as contamination. Therefore, it is now 

being replaced by some modern methods that do not need frequent subculturing. 

These methods include refrigeration, paraffin method, cryopreservation, and 

lyophilization (freeze drying) 

 

12.8.1. Refrigeration  

It is the simplest and easiest method of preservation. Pure cultures can be 

successfully stored at 0-4°C either in refrigerators or in cold-rooms. This method is 

applied for short duration (2-3 weeks for bacteria and 3-4 months for fungi) because 

the metabolic activities of the microorganisms are greatly slowed down but not 

stopped. Thus their growth continues slowly, nutrients are utilized and waste 

products released in medium. This results in, finally, the death of the microbes after 

sometime precaution has been taken to avoid contamination.  Cultures should be 

prepared using standard techniques and then sealed before storing.  Slants must be 
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stored in screw capped tubes.  For cultures on Petri dishes, the plates need to be 

sealed with Parafilm.  Sealing the plates not only helps to prevent molds from 

sneaking into the plates, but it slows the agar from drying.   

 

12.8.2. Paraffin method/mineral oil overlay 

This is a simple and most economical method of maintaining pure cultures of 

bacteria and fungi. In this method, sterile liquid paraffin in poured over the slant 

(slope) of culture and stored upright at room temperature. The layer of paraffin 

ensures anaerobic conditions and prevents dehydration of the medium. This 

condition helps microorganisms or pure culture to remain in a dormant state and, 

therefore, the culture is preserved for several years. The culture can be preserved 

form months to years (varies with species). The advantage of this method is that 

some of the growth under the oil can be removed with a transfer needle.  

 

12.8.3. Freezing 

Freezing is a good way to store microorganisms.  Generally, the colder the 

storage temperature, the longer the culture will retain viable cells.  Freezers can be 

split into three categories:  laboratory, ultralow, and cryogenic.  One of the main 

problems faced in this method is formation of ice crystals.  Ice can damage cells by 

dehydration caused by localized increases in salt concentration and also causes 

denaturation of biomolecules. To lessen the negative effects of freezing, glycerol is 

often used as a cryoprotectant.  Adding glycerol to final concentration of 15% will 

help to keep cells viable under all freezing conditions. Laboratory freezers are those 

that can pull temperatures down to -20 to -40°C and used for this purpose. Bacteria 

and fungi can be stored for moderate periods of time, e.g., 1 year, in general purpose 

freezers. Ultralow freezers are two stage systems (two compressors each having a 

different refrigerant) which pull down to around -86°C.  Cells stored at -80°C tend 

to remain viable for several years.   
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12.8.4. Cryopreservation  

Cryopreservation (i.e., freezing in liquid nitrogen at -196°C) helps survival 

of pure cultures for long storage times. In this method, the microorganisms of 

culture are rapidly frozen in liquid nitrogen at -196°C in the presence of stabilizing 

agents such as glycerol that prevent the formation of ice crystals and promote cell 

survival.  

At this temperature, the molecular motion of water is halted and cells are trapped in 

a glass-like matrix.  microorganisms stored in cryogenic freezers retain their 

viability for many years without significant loss of viability.  Storing cells in 

cryogenic freezers is the most effective and, as compared to freeze drying, the 

easiest method for long-term storage.  The disadvantages are cost and potential 

vulnerability of stocks to power outages, mechanical failures, and failed deliveries 

of liquid nitrogen.  

Cryopreservation of bacteria at temperatures between -196°C and -150° is a reliable 

method for long-term storage. To save space in the liquid nitrogen (LN2) container, 

bacteria can be preserved in glass capillaries which are placed in capillary holders. 

Cryopreservation of fungi should preferably be stored below -135° C in order to be 

nearly at or below the limit for ice crystal growth (-139°C). 

 

12.8.5. Lyophilization (Freeze-Drying) 

In this method, the culture is rapidly frozen at a very low temperature (-

70°C) and then dehydrated by vacuum. Under these conditions, the microbial cells 

are dehydrated and their metabolic activities are stopped; as a result, the microbes go 

into dormant state and retain viability for years. Lyophilized or freeze-dried pure 

cultures and then sealed and stored in the dark at 4°C in refrigerators. Freeze-drying 

method is the most frequently used technique by culture collection centres 

In an aqueous system, such as a living cell, water not only serves as the 

medium for enzymatic reactions, but also spontaneous negative reactions such as 

free radical formation.  Removing water halts both enzymatic and non-enzymatic 
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reactions.  Freeze drying is one method of removing this water.  Many 

microorganisms can be preserved very effectively by freeze drying.  By freezing the 

cells in a medium that contains a lyoprotectant (usually sucrose) and then pulling the 

water out using a vacuum (sublimation), cells can be effectively preserved.  This 

method is laborious and requires specialized equipment, but it has the advantage of 

generating stock cultures that are unaffected by power outages and empty liquid 

nitrogen tanks.   

In the freeze-drying process water is removed from the frozen sample. 

Bacteria are suspended in a suitable protective medium, frozen and exposed to a 

vacuum. After drying the bacteria are stored under vacuum in glass vials. 

 

12.9. SUMMARY 

Isolating one microorganism from another one or from a mixed culture is 

very vital to study the cause of a particular disease and the characteristics of a 

particular microorganism. A pure culture theoretically contains a single bacterial 

species. There are a number of procedures available for the isolation of pure cultures 

from mixed populations. Simpler methods for isolation of a pure culture include: (i) 

spread plating on solid agar medium with a glass spreader (ii) streak plating with a 

loop and, III) Pour plating on solid agar medium.  

 

Pour plate technique: In this method bacterial samples will serially diluted and 

loopful of the specimens will be transferred to successive media tubes. After each 

transfer, fewer bacteria end up in the successive tubes (Fig. 1). Finally, the sample 

bacterium culture will be added to a cooled agar medium and poured into sterile 

Petri dishes and incubated. 

 

Streak plate technique: The streak plating technique isolates individual bacterial 

cells (colony-forming units) on the surface of an agar plate using a wire loop. The 

streaking patterns result in continuous dilution of the inoculum to give well 
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separated surface colonies. Isolated colonies are obtained after incubation of the 

plate. 

 

Spread plate technique: This technique is resembles pour plate technique. In pour 

plate technique the microorganisms are suspended in between the culture media 

because teh inoculation is done when the media is cool enough not to denature 

microorganisms nor too hot to kill them, diluting them to distribute them then 

incubating them. Growth is observed suspended. On the other hand, in spread plate 

technique the microorganisms are on the surface and not suspended since a glass rod 

is used to spread inoculate the culture. 

 

Maintenance and storage of microorganisms 

Microorganisms require special preservation methods in order to ensure 

optimal long-term viability and genetic stability. There are various methods of 

preservation like pure culture maintenance, refrigeration, storing in paraffin wax or 

oils, cryopreservation, lyophilisation etc., which are used.  

Once a microorganism has been isolated and grown in pure culture, it 

becomes necessary to maintain the viability and purity of the microorganism by 

keeping the pure cultures free from contamination. One method for maintenance of 

microorganisms is transfer to fresh solid medium such as nutrient medium to which 

the gelling agent agar has been added.  

Refrigeration : It is the simplest and easiest method of preservation. Pure cultures 

can be successfully stored at 0-4°C either in refrigerators or in cold-rooms. This 

method is applied for short duration (2-3 weeks for bacteria and 3-4 months for 

fungi) because the metabolic activities of the microorganisms are greatly slowed 

down but not stopped. Thus their growth continues slowly, nutrients are utilized and 

waste products released in medium. For cultures on Petri dishes, the plates need to 

be sealed with Parafilm.  Sealing the plates not only helps to prevent molds from 

sneaking into the plates, but it slows the agar from drying.   
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Paraffin method/mineral oil overlay: In this method, sterile liquid paraffin in 

poured over the slant (slope) of culture and stored upright at room temperature. The 

layer of paraffin ensures anaerobic conditions and prevents dehydration of the 

medium. This condition helps microorganisms or pure culture to remain in a 

dormant state and, therefore, the culture is preserved for several years.  

 

Freezing: Freezing is a good way to store microorganisms.  Generally, the colder 

the storage temperature, the longer the culture will retain viable cells.  Laboratory 

freezers are those that can pull temperatures down to -20 to -40°C and used for this 

purpose. Bacteria and fungi can be stored for moderate periods of time, e.g., 1 year, 

in general purpose freezers. Ultralow freezers are two stage systems (two 

compressors each having a different refrigerant) which pull down to around -86°C.  

cells stored at -80°C tend to remain viable for several years.   

 

Cryopreservation : Cryopreservation is freezing in liquid nitrogen at -196°C for 

survival of pure cultures for long storage times. In this method, the microorganisms 

of culture are rapidly frozen in liquid nitrogen at -196°C in the presence of 

stabilizing agents such as glycerol that prevent the formation of ice crystals and 

promote cell survival. microorganisms stored in cryogenic freezers retain their 

viability for many years without significant loss of viability.  Cryopreservation of 

bacteria at temperatures between -196°C and -150° is a reliable method for long-

term storage. Cryopreservation of fungi should preferably be stored below -135° C 

in order to be nearly at or below the limit for ice crystal growth (-139°C). 

 

Lyophilization (Freeze-Drying): In this method, the culture is rapidly frozen at a 

very low temperature (-70°C) and then dehydrated by vacuum. Under these 

conditions, the microbial cells are dehydrated and their metabolic activities are 

stopped; as a result, the microbes go into dormant state and retain viability for years. 
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Lyophilized or freeze-dried pure cultures are stored in the dark at 4°C in 

refrigerators.  

 

12.10. CHECK YOUR PROGRESS 

1. Define pure culture. What are methods of obtaining pure cultures? 

2. Briefly explain the procedure of streak plate method. 

3. Briefly describe the procedure of spread plate method. 

4. Briefly describe the method of pour plate technique.  

5. What are the different methods of maintenance of microorganisms? 

6. What are the different methods for preserving microorganisms? 

7. Write a short note on the following: 

a) Pure culture 

b) Pour plate technique 

c) Streak plate technique 

d) Spread plate technique 

e) Serial dilution 

f) Refrigeration  

g) Freezing 

h) Cryopreservation  

i) Lyophilization (Freeze-Drying) 

 

 

12.11. KEY WORDS 

Pure culture, pour plate technique, spread plate technique, streak plate 

technique, maintenance and preservation of microorganisms, refrigeration, 

cryopreservation, lyophilization. 
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CULTIVATION OF MICROORGANISMS AND GROWTH 

MEASUREMENT 
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13.1. OBJECTIVES  

After reading this unit we will be able to learn: 

 The proper techniques of cultivating microorganisms 

 The factors that affect the growth of microorganisms 

 The cultural characteristics of microorganisms 

 Different types of culture media and their preparation 

 Measurement of growth of microorganisms 

 

13.2. INTRODUCTION 

  ―Growth‖ is generally used to refer to the acquisition of biomass leading to 

cell division, or reproduction Many microbes can survive under conditions in which 

they cannot grow The suffix ―-phile‖ is often used to describe conditions permitting 

growth, whereas the term ―tolerant‖ describes conditions in which the organisms 

survive, but don‘t necessarily grow For example, a ―thermophilic bacterium‖ grows 

under conditions of elevated temperature, while a ―thermotolerant bacterium‖ 

survives elevated temperature, but grows at a lower temperature 

The survival of microorganisms in the laboratory, as well as in nature, 

depends on their ability to grow under certain chemical and physical conditions. An 

understanding of these conditions enables us to characterize isolates and 

differentiate between different types of bacteria. Such knowledge can also be 

applied to control the growth of microorganisms in practical situations.  

 

13.3. THE REQUIREMENTS OF GROWTH 

Based on the essential requirements microbes can be grouped into two 

groups namely the Obligate (strict) and Facultative microorganisms. ―Obligate‖ (or 

―strict‖) means that a given condition is required for growth. ―Facultative‖ means 

that the organism can grow under the condition, but doesn‘t require it. The term 

―facultative‖ is often applied to sub-optimal conditions. For example, an obligate 
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thermophile requires elevated temperatures for growth, while a facultative 

thermophile may grow in either elevated temperatures or lower temperatures 

For optimal growth of microorganisms there are various factors that are 

required. These include physical and chemical factors. Physical aspects include 

temperature, pH, osmotic pressure (water), and oxygen requirement. The chemical 

aspects include carbon, oxygen, nitrogen, sulfur, phosphorus, trace elements, and 

organic growth factors.  

 

13.4. TEMPERATURE 

Microorganisms are classified into three primary groups on the basis of their 

preferred range of temperature (Fig. 1).  

Psychrophiles: these are cold loving microorganisms that live at temperatures < 20
o
 

Mesophiles: These are moderate temperature loving microorganisms that live at 

temperatures 20
o
C-40

o
C 

Thermophiles: These are microorganisms that live in high temperatures and survive 

at temperatures > 40
o
C 

Hyper-thermophiles: These are high temperature loving microorganisms that live at 

temperatures > 80
o
C 

 

Figure 1: Classification of microorganisms based on their temperature requirements 
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Thermophiles that survive at high temperature have many physiological 

adaptations which enable them to live in such conditions. These adaptive 

modifications include relatively higher concentration of guanine and cytosine in 

DNA and RNA; GC base pairing involves three hydrogen bonds which makes them 

more stable at high temperature than AT base pair that form only two hydrogen 

bond. Stability of DNA and RNA is critical to their survival. In addition they also 

have several thermo stable enzymes with high concentrations of hydrophobic amino 

acids. They have modified cytoplasmic membrane which has high proportion of 

high molecular weight saturated fatty acids.  

 

13.5. pH 

pH is defined as the hydrogen ion concentration (H
+
). It indicates the acidity 

or alkalinity of a solution or medium.  pH below 7 is acidic and pH above 7 is 

alkaline. Growth rate of microorganisms is greatly influenced by pH and is largely 

based on nature of proteins. The secondary and tertiary structure of protein folding is 

greatly influenced by the charge interaction within the amino acids of a polypeptide 

chain. This further alters the active sites of enzymes affection their function. 

Generally, enzymes function at optimum pH levels and they become inactive at very 

low or very high pH conditions.  

During metabolism, microorganisms produce various acidic and alkaline 

metabolites which are dispensed out of the cell into the surrounding medium. These 

metabolites alter the pH of the medium resulting in cessation of the growth of the 

microbe. Such alterations in pH can be avoided by adding suitable buffers to the 

medium. Generally, buffers are salts of weak acid or base that maintains the 

hydrogen ion concentration constant at equilibrium with hydrogen ions of the 

solution. Phosphate buffers are used to maintain neutral pH, alkaline pH- borate 

buffers are used to maintain alkaline pH and citrate buffers are used to maintain 

acidic pH 

Most bacteria are neutrophiles and survive well in pH ranging from 6 to 9. 

Fungi have a wider range from pH 5 to 9. Protozoa and algae can grow at pH as low 
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as 1-2. There are some fungi which grow well at pH 0. These microorganisms have 

their own modifications which enable them to survive in such extreme conditions.  

 

13.6. OSMOTIC PRESSURE 

All microorganisms are composed of 80-90% water and they obtain almost 

all their nutrients required for growth in solution from the surrounding water. Water 

diffusing across cell membrane in response to solute concentration is called as 

Osmotic pressure. Osmotic pressure in one of the important physical factors which 

affects microbial growth.  solute concentration (amount of slats or sugars in 

solution) affects water availability and osmotic pressure. The cell wall structure of 

microorganism enables them to adapt to changes in osmotic pressure. However, 

microorganisms are killed if the changes in osmotic pressure is severely altered.  

There are three conditions of osmotic pressure 1) Isotonic conditions: where 

the cells internal concentration is equal to the surrounding environment. Diffusion of 

water proceeds at the same rate in both directions. There will be no net change in 

cell volume. 2) Hypotonic conditions: the solute concentration of the external 

environment is lower than that of the cell‘s internal environment. Pure water 

provides the most hypotonic environment for cells because it has no solute net 

direction of osmosis is from the hypotonic solution into the cell, and cells without 

walls swell and can burst. 3) Hypertonic conditions: the environment has a higher 

solute concentration than the cytoplasm, hypertonic environment will force water to 

diffuse out of a cell, it is said to have high osmotic pressure or potential and this is 

called  Plasmolysis or cell shrinkage.  

Microorganisms that can grow in solution with high solute concentration are 

called osmotolerant. Some yeast like Pichia, Hansenula grow / ferment high sugar 

concentrations. Halophiles require NaCl for growth i.e. tolerate high salinity. 

Moderate halophiles require 3% salt concentrations. Some halophilicarchaea require 

15% - 25 % NaCl 
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13.7. OXYGEN REQUIREMENT 

Oxygen has both useful and harmful effects on growth; it is useful for 

respiration but is harmful as it is an oxidizing agent. Almost all life forms require 

oxygen for respiration. Oxygen is a universal component of cells and is always 

provided in large amounts by H2O. However, procaryotes display a wide range of 

responses to molecular oxygen O2. 

Some forms of oxygen can be toxic to growth. Toxic forms of oxygen are 

generated by metabolism, UV light, and some chemical reactions. Aerobic bacteria 

have enzymes which will detoxify the toxic forms of oxygen. 

Toxic forms of oxygen are  

19. Singlet oxygen – oxygen that is enhanced to higher state of energy 

20. Super oxide free radicals – O2
-
 

Microorganisms that use molecular oxygen are called aerobes and they produce 

more energy from nutrients than microbes that do not use oxygen which are called 

anaerobes. In microorganisms, when oxygen enters into cellular reactions, it is 

transformed into several toxic products like singlet oxygen which is the normal 

molecular oxygen (O2) that has been boosted into a higher-energy state and is 

extremely reactive, superoxide radicals (O2 
.-
), or superoxide anions which are 

formed in small amounts during the normal respiration of organisms that use oxygen 

as a final electron acceptor, forming water and hydrogen peroxide produced produce 

contains the peroxide anion O2
2-

and is also toxic. Enzymes like superoxide 

dismutase (SOD), catalase, peroxidise neutralize the toxic oxygen.  

Based on the oxygen requirement microorganisms are classified into different 

groups as follows:  

Obligate aerobes: these are microorganisms that require oxygen for their growth 

and cannot survive without oxygen. They use gaseous oxygen in its metabolism and 

possess the enzymes needed to process toxic oxygen products. Most fungi and 

protozoa, as well as many bacteria (genera Micrococcus and Bacillus), have strict 

requirements for oxygen in their metabolism. 
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Facultative anaerobes: these are microorganisms that do not require oxygen for 

their metabolism and is capable of growth in the absence of oxygen, but they can 

carry out metabolism by aerobic respiration when oxygen is present. In absence of 

oxygen they switch to anaerobic mode of metabolism such as fermentation. 

Facultative anaerobes usually possess catalase and superoxide dismutase. A large 

number of bacterial pathogens fall into this group, many yeasts. 

Microaerophile and Aerotolerant anaerobes: Microaerophiles are 

microorganisms that do not grow at normal atmospheric tensions of oxygen but 

requires a small amount of it in metabolism. Most organisms in this category live in 

a habitat (soil, water, or the human body) that provides small amounts of oxygen but 

is not directly exposed to the atmosphere. Aerotolerant anaerobes do not utilize 

oxygen but can survive and grow to a limited extent in its presence. These anaerobes 

are not harmed by oxygen, mainly because they possess alternate mechanisms for 

breaking down peroxides and superoxide. Certain lactobacilli and streptococci use 

manganese ions or peroxidases to perform this task 

Obligate anaerobes: these are microorganisms that do not require oxygen for their 

metabolisms. They lack the metabolic enzyme systems for using oxygen in 

respiration. They also lack the enzymes for processing toxic oxygen; they cannot 

tolerate any free oxygen in the immediate environment and will die if exposed to it. 

Strict anaerobes live in highly reduced habitats, such as deep muds, lakes, oceans, 

and soil. Growing anaerobic bacteria usually requires special media, methods of 

incubation, and handling chambers that exclude oxygen 

 

13.8. METHODS OF CULTURING MICROORGANISMS 

There are different stages of cultivation of microorganisms which are as 

described below:  

To manipulate, grow, examine and characterize microorganisms 

Inoculation – to culture, one introduces a tiny sample (inoculum) into a  

container  of  nut r ient  medium, which provides  an envi ronment  in  

which they multiply (Fig. 2) 
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13.9. INOCULATION  

During inoculation, the sample is placed into a container or sterile medium 

that provides microorganisms with the appropriate nutrients to sustain growth. 

Inoculation involves using a sterile tool to spread the sample out on the surface of a 

solid medium or to introduce the sample into a flask or tube. Selection of media with 

specialized functions can improve later steps of isolation and identification. Some 

microorganisms may require a live host (animal, eggs, plant) as the inoculation 

media.  

 

Figure 2: Different types of inoculation 

There are different methods for inoculating broth cultures and solid media.  

Broth culture inoculation: Broth cultures can be inoculated in any of the following 

methods 

Adding one loopful of liquid sample to a new sterile broth. 

Adding one drop to a sterile broth using a Pasteur pipette. 

Adding a measured volume of broth (100 µL, l ml etc) to a sterile broth 

Transferring some material from a colony to a sterile broth using a loop 

 Transferring some material from a colony to a sterile broth using a straight wire 

Transferring a colony (picking) to a sterile broth using a sterile toothpick 

Transferring clinical material to a sterile broth using a sterile swab 
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Solid media inoculation (agar plates, agar tubes, agar slants) 

Solid media can be inoculated in any of the following methods: 

Streak plate technique:  in this method a sterile loop is used to 'serially dilute' the 

material around the agar plate so that well isolated individual colonies can be 

detected on some parts of the plate. This technique allows separation of 

microorganisms on the surface of the plate. Each microorganism grows into a 

colony; hence specific species of microorganisms can be isolated from a mixed 

culture. 

Lawn technique: in this method an aliquot of liquid sample is spread across the 

surface of the agar plate to make one continuous 'lawn' of microorganisms. lawn is a 

large number of small colonies all growing very close to each other.  

Pour plate technique: in this method a liquid sample is mixed in with molten agar 

as the agar is poured into the plate. It has the added advantage of allowing microbes 

to be evenly dispersed throughout the agar and not just on top as with the streak 

plate dilution technique. 

Stab inoculation: This method is often used to inoculate tubes of agar. A straight 

wire is used to push microbes deep into the agar. This technique is used for nutrient 

slants for motility tests and biochemical tests. 

Point inoculation: This technique is used to inoculate plates with filamentous fungi. 

The open plate is held upside down and the inoculating wire is pushed up into the 

agar plate in four well-separated places. This prevents spores falling off the wire 

onto the plate during inoculation, causing a massive overgrowth of fungi over the 

plate. 

Inoculating slants: Slants are inoculated across the top with a 'wiggly' line up the 

surface of the slant. 
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13.10. INCUBATION 

An incubator can be used to adjust proper growth conditons of a sample (Fig. 

3). Setting the optimum temperature and gas content promotes multiplication of the 

micorbes over a period of hours, days and even weeks. Incubation produces a 

culture- teh visible growth of the micorbe in the medium.  

 

Figure 3: Incubator 

13.11. ISOLATION 

The end result of inocualtio and incubation of hte microbe in macroscopic 

form. The isolated microbes take the form of separate colonies (discrete mounds of 

cells) on solid media, or turbidity in broths. Further isolation, also known as 

subculturing, involves taking a tiny bit of the growth and inoculating an additional 

culture of it. This is one way to make a pure culture that contains only a single 

species of a microbe (Fig. 4).  
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Figure 4: Isolation of pure cultures of microorganisms 

 

Types of Culture 

1. Pure Culture: – a container of medium that grows only a single known 

species or type of microorganism. Most frequently used for laboratory 

studies because it allows the systematic examination and control of one 

microorganisms by itself.  

2. Mixed Culture: - a container that holds two or more identified easily 

differentiated species of microorganisms.  

3. Contaminated Culture:- was once pure or mixed but has since had 

contaminants introduced into it like weeds into a garden. 

 

13.12. INSEPCTION 

The cultures are observed macroscopically for obvious growth charactristics 

like color, textrue, size etc., that could be useful in analyzing the specimen contents. 

Slides are made to assess microscopic details such as cell shape, size, and motility 

(Fig. 5). Staining techniques may be used to gather specific information on 

microscopic morphology.  
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Figure 5: Differnet ways of inspecting a culture of microorganism 

 

13.13. IDENTIFICATION 

A major outcome is to pinpoint an isolate down to the level of species. 

Summaries of accumalted data are used to develop profiles of the microbe or 

microbes isoalted from teh sample. Information can include relevant characteristics 

already taken during insepction or additonal tests that further describe and 

differentiate the nature of microbes isolated. Other types of specialized tests include 

biochemicla tests to determine metabolic activiites specific to the microbe, 

immunological tests and genetic analysis (Fig. 6).  

 
A 
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Figure 6: Identification of microorganisms A) Visual B) Biochemical C) Molecular 

 

Terms used 

Culture medium is the nutrient material prepared for the growth of microorganisms 

in a laboratory is called a  

Inoculums refers to the microbes that arc introduced into a culture medium to in 

initiate growth  

Culture refers to the microbes that grow and multiply in or on a culture medium  

 

 

 

B 

C C 
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13.14. VARIOUS INGREDIENTS OF THE COMMON LABORATORY 

MEDIA 

Water 

Peptones: Peptones are secondary hydrolytic products of proteins. Peptones serve as 

the important source of nitrogen. Peptone also serves as a buffer because of its 

composition of amino acids which are amphoteric.  

Meat Extract: Meat extract is prepared by boiling lean beef in water, removing the 

liquid by filtration, and concentrating in vacuo. Nitrogenous extractive, Non 

nitrogenous extractive like glycogen, hexose, phosphate, lactic acid, succinic acid, 

fat, organic salt etc., Vitamin of B complex group, other vitamin, AA 

Yeast extract: Obtained from spent yeast from distilleries / breweries. To extract, the 

cell are heated at 45
o
C in d/w & pH 6.5. The suspension is stirred up to 14-16 h. 

Function same as meat extract 

NaCl – maintain osmolarity 

Other inorganic salts: ammonium, sodium, potassium salts, phosphate & chloride. 

Phospate- buffer, various elemental source. 

Agar – mucilagenous substance from aquatic algae Base for growth of 

microorganism, utilize by very few MO‘s, special quality of solidifying below 45
o
C 

Fermentable substrate (usually carbohydrate) – mainly carbon source 

Monosaccharides : Pentoses: Arabinose, xylose, rhamnose; and Hexoses: Glucose, 

levulose, mannose, galactose 

Disaccharides: Sucrose, lactose, maltose, trehalose, melibiose 

Trisaccharides : Raffinose, melezitose. 

Polysaccharides: Starch, inulin, dextrin, glycogen, cellulose. 

Alcohols: 

Trihydric: Glycerol 

Pentahydric: Adonitol. 

Hexahydric: Mannitol, dulcitol, sorhitol. 

Glucosides: - Salicin, amygdalin 

Noncarbohydrate Compounds: Inositol 
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13.15. TYPES OF MEDIA 

Culture media are solutions containing all of the nutrients and necessary 

physical growth parameters necessary for microbial growth. Nutrient material 

prepared for the growth of microorganisms contain nutrients for growth, proper 

moisture, oxygen and pH, will be sterile and incubated at proper temperatures.  

Media are of different types which are categorised according to their 

contents and function (Table 1). Generally media are classified based on their 

physical state, chemical composition and purpose.  

Types of media based on their physical state 

Liquid media: these are water based solutions that do not solidify at temperatures 

above freezing and that tend to flow freely when the container is tilted.  

Semi-solid Media: exhibit a clot-like consistency; contains an amount of solidifying 

agent (agar or gelatin) that thickens them but does not produce firm substrate 

 

Solid Media: provide a firm surface on which cells can form discrete colonies. 

advantageous for isolating and subculturing bacteria and fungi. Has physical 

structure.  

 

 Liquefiable Solid Media: also called reversible solid media. Contains a solidifying 

agent that is thermoplastic i.e., has physical properties that change in response to 

temperature. E.g., Agar - complex polysaccharide isolated from the red algae 

Gelidium. Dissolves at approximately 100°C, and an agar-containing medium thus 

heated will not solidify until the temperature is brought down to about43°C. Once 

solidified, the medium will not melt until brought back up to about 100°C 

 

Nonliquefiable Solid Media: less versatile applications than agar media because 

they are not thermoplastic 
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Table 1: Types of media based on their characteristics  

Physical state 

(consistency) 

Chemical compositon Function (purpose) 

Liquid 

Semisolid 

Solid 

Synthetic (defined) 

Nonsynthetic (undefined) 

General purpose 

Enriched 

Selective 

Differential 

Anaerobic growth 

Specimen transport 

Assay 

Enumeration  

 

 

13.16. CHEMICAL CONTENTS OF MEDIA 

Synthetic media: is also known as defined media. This contains compositions 

which are chemically defined. Such media contain pure organic and inorganic 

compounds that vary little from one source to another and have a molecular content 

specified by means of an exact formula. Defined media are standardized and 

reproducible.  

Nonsynthetic media: this is also known as complex media and the exact contents 

and their concentration are unknown or undefined chemically.  Such media are 

contain ingredients that are extracts of animals, plants, or yeasts, including such 

materials as ground-up cells, tissues, and secretions. E.g. blood, serum, meat 

extracts, milk, yeast extract, soybean digests, and peptone. Nutrient broth, blood 

agar, and MacConkey agar, MGYP, though different in function and appearance, are 

all nonsynthetic media. They present a rich mixture of nutrients for microbes that 

have complex nutritional needs 
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13.17. FUNCTIONAL MEDIA  

13.17.1. General-purpose media: are designed to grow a broad spectrum of 

microbes as possible 

As a rule, they are nonsynthetic and contain a mixture of nutrients that could support 

the growth of pathogens and nonpathogens alike. Examples include nutrient agar 

and broth, brain-heart infusion, and trypticase soy agar (TSA). 

13.17.2. Enriched medium: contains complex organic substances such as blood, 

serum, haemoglobin, or special growth factors (specific vitamins, amino acids) that 

certain species must have in order to grow. Bacteria that require growth factors and 

complex nutrients are termed fastidious. Blood agar, which is made by adding sterile 

sheep, horse, or rabbit blood to a sterile agar base, is widely employed to grow 

fastidious streptococci and other pathogens 

13.17.3. Selective medium: A selective medium contains one or more agents that 

inhibit the growth of a certain microbe or microbes but not others and thereby 

encourages, or selects a microbe and allows it to grow. Selective media are very 

important in primary isolation of a specific type of microorganism from samples 

containing dozens of different species—for example, feces, saliva, skin, water, and 

soil. They allow isolation by suppressing the unwanted background organisms and 

favoring growth of the desired ones. Mannitol salt agar (MSA) (figure a) contains a 

concentration of NaCl (7.5%) that is quite inhibitory to most human pathogens. Bile 

salts, a component of feces, inhibit most gram-positive bacteria while permitting 

many gram-negative rods to grow. Media for isolating intestinal pathogens 

(MacConkey agar, eosin methylene blue [EMB] agar) contain bile salts as a 

selective agent. Dyes such as methylene blue and crystal violet also inhibit certain 

gram-positive bacteria. Other agents that have selective properties are antimicrobic 

drugs and acid 

13.17.4. Differential media: Differential media grow several types of 

microorganisms and are designed to display visible differences among those 

microorganisms. Differentiation shows up as variations in colony size or color, in 

media color changes, or in the formation of gas bubbles and precipitates. These 
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variations come from the type of chemicals these media contain and the ways that 

microbes react to them. For example, when microbe X metabolizes a certain 

substance not used by organism Y, then X will cause a visible change in the medium 

and Y will not. The simplest differential media show two reaction types such as the 

use or non use of a particular nutrient or a color change in some colonies but not in 

others. Dyes can be used as differential agents because many of them are pH 

indicators that change color in response to the production of an acid or a base. For 

example, MacConkey agar contains neutral red, a dye that is yellow when neutral 

and pink or red when acidic. A common intestinal bacterium such as Escherichia 

coli that gives off acid when it metabolizes the lactose in the medium develops red 

to pink colonies, and one like Salmonella that does not give off acid remains its 

natural color 

13.17.5. Anaerobic Growth Media: Because anaerobes might be killed by 

exposure to oxygen, special media called reducing media must be used. These media 

contain ingredients, such as sodium thioglycolate, that chemically combine with 

dissolved oxygen and deplete the oxygen in the culture medium. To routinely grow 

and maintain pure cultures of obligate anaerobes, microbiologists use reducing 

media stored in ordinary, tightly capped test tubes. These media are heated shortly 

before use, to drive off absorbed oxygen. Oxidation-reduction indicator like 

Methylene blue, resazurin used. MB blue in presence of oxygen & colourless in 

absence of O2 

 

13.18. MEASUREMENT OF MICROBIAL GROWTH 

The growth of microorganism can be determined by different methods. 

Growth results in increase in the number and the mass of the populations and 

therefore, determining either of them is done to assess growth. Usually by 

monitoring the mass increase either by measuring total weight of cells periodically, 

or by monitoring the increase of a chemical as cell constituent, or by directly 

counting the number of cells, using a counting chamber or a coulter counter, or 

monitoring indirectly the turbidity of cell cultures.  
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Broadly there are two methods of measuring microbial growth 

12. Direct methods: include Plate count, Filtration, Most Probable Number, and 

Direct Microscopic counts 

13. Indirect methods: include Turbidity measurement, Metabolic activity 

measurement and Dry weight calculation.  

 

13.19. DIRECT METHODS  

13.19.1. Breed Method 

In this method a known volume of microbial cell suspension (0.01 ml) is 

spread uniformly over a glass slide covering a specific area (1 sq. cm). The smear is 

then fixed by heating, stained and examined under oil immersion lens, and the cells 

are counted. Only a few microscopic fields are counted. The counting of total 

number of cells is determined by calculating the total number of microscopic fields 

per one square cm. area of the smear. The total number of cells can be counted with 

the help of following calculations: 

(a) Area of microscopic field = πr
2
 

r (oil immersion lens) = 0.08 mm. 

Area of the microscopic field under the oil immersion lens 

= πr
2
 = 3.14 x (0.08 mm)

2
 = 0.02 sq. mm. 

(b) Area of the smear one sq. cm. = 100 sq. mm. Then, the no. of microscopic fields 

= 100 / 0.02= 5000 

(c) No. of cells 1 sq. cm. (or per 0.01 ml microbial cell suspension) = Average no. of 

microbes per microscopic field x 5000 
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13.19.2. Counting Chamber Technique 

The number of cells in a population can be measured by taking direct 

microscopic count using Petroff-Hausser counting chamber (for prokaryotic 

microorganisms) or hemo-cytometers (to larger eukaryotic microorganisms). These 

are specially designed slides that have chambers of known depth with an etched grid 

on the chamber bottom. Each square on the grid has definite depth and volume. 

Total number of microorganisms in a sample can be calculated taking the count of 

number of bacteria per unit area of grid and multiplying it by a conversion factor 

(depending on chamber volume and sample dilution used). The direct microscopic 

method is easy, inexpensive and relatively quick to count microbial cell number. 

However, using these method dead cells is not distinguished from living cells and 

also very small cells are usually missed 

 

13.19.3. Coulter Counter 

Coulter counter is an electronic device used to count number of microbes 

preferably protozoa microalgae and yeasts. In This method, the sample of microbes 

is forced through a small opening. On the both sides of this opening, electrodes are 

present which measure the electric resistance or conductivity when electric current is 

passed through the opening. Every time a microorganism passes through the 

opening, electrical resistance increases or the conductivity drops and the cell is 

counted. The Coulter counter gives accurate results with larger cells. 

 

13.19.4. Viable Plate Count 

The microbial culture may contain living or dead cells. Only living cells will 

form colony when grown in proper solid medium and under standard set or growth 

conditions. This fact is used to estimate number of living or dead bacterial cells 

(viable count) in the given culture. Estimates thus obtained are expressed as a colony 

forming unit (CFU). 

Viable count technique is employed in dairy and food industry for quantitative 

analysis of milk and food products. For convenience, to obtain a colony count for 
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bacteria in milk, 1 ml of well mixed milk is placed in 99 ml of sterile dilute solution 

(may be water or nutrient broth or saline solution). 

This results in s dilution of 1: 100 or 1 × 10-2. To the Petri dish containing pre 

solidified medium 1 ml of 1: 100 dilution is transferred and incubated at desired is 

repeated for the preparation of further dilution as 1: 1000 or 1: 10, 0000 of bacteria 

per ml in original sample can be found by multiplying bacterial colony count by the 

reciprocal of the dilution and of the volume used. 

For Example, CFU = 50 for 1: 10, 000 if volume used is 1 ml then,  

CFU = 50 × 10, 000 × 1 

CFU = 5 × 105 

 

13.19.5. Most Probable Number  

Most Probable Number: statistical estimation technique, 5 sets of test tubes 

used for three different dilutions, entered into MPN table for number of bacteria per 

100 ml; useful for counting mo's that do not grow on solid media, when regular 

bacterial counts are required, when samples contain too few mo's to use viable plate 

count. 

It is a statistical estimation technique, 5 sets of test tubes used for three 

different dilutions, entered into MPN table for number of bacteria per 100 ml; useful 

for counting mo's that do not grow on solid media, when regular bacterial counts are 

required, when samples contain too few mo's to use viable plate count 

 

13.20. INDIRECT METHODS  

13.20.1. Membrane-Filter Technique 

Microbial cell numbers are frequently determined using special membrane 

filters possessing millipores small enough to trap bacteria. In this technique a water 

sample containing microbial cells passed through the filter. The filter is then placed 

on solid agar medium or on a pad soaked with nutrient broth (liquid medium) and 

incubated until each cell develops into a separate colony. Membranes with different 
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pore sizes are used to trap different microorganisms. Incubation times for 

membranes also vary with medium and the microorganism. A colony count gives 

the number of microorganisms in the filtered sample, and specific media can be used 

to select for specific microorganisms. This technique is especially useful in 

analyzing aquatic samples 

13.20.2. Measurement of Turbidity (Turbidometry) 

Rapid cell mass determination is possible using turbidometry method. 

Turbidometry is based on the fact that microbial cells scatter light striking them. 

Since the microbial cells in a population are of roughly constant size, the amount of 

scattering is directly proportional to the biomass of cells present and indirectly 

related to cell number. One visible characteristic of growing bacterial culture is the 

increase in cloudiness of the medium (turbidity). When the concentration of bacteria 

reaches about 10 million cells (10
7
) per ml, the medium appears slightly cloudy or 

turbid. Further increase in concentration results in greater turbidity. When a beam of 

light is passed through a turbid culture, the amount of light transmitted is measured, 

Greater the turbidity, lesser would be the transmission of light through medium. 

Thus, light will be transmitted in inverse proportion to the number of bacteria. 

Turbidity can be measured using instruments like spectrophotometer and 

nephlometer 

 

13.20.3. Measurement of nitrogen content 

As the microbes (bacteria) grow, there is an increase in the protein 

concentration (i.e. nitrogen concentration) in the cell. Thus, cell mass can be 

subjected to quantitative chemical analysis methods to determine total nitrogen that 

can be correlated with growth. This method is useful in determining the effect of 

nutrients or antimetabolites upon the protein synthesis of growing culture 
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13.20.4. Dry Weight Technique 

The cell mass of a very dense cell suspension can be determined by this 

technique. In this technique, the microorganisms are removed from the medium by 

filtration and the microorganisms on filters are washed to remove all extraneous 

matter, and dried in desiccator by putting in weighing bottle (previously weighted). 

The dried microbial content is then weighted accurately. This technique is especially 

useful for measuring the growth of microfungi. It is time consuming and not very 

sensitive. Since bacteria weigh so little, it becomes necessary to centrifuge several 

hundred millions of culture to find out a sufficient quantity to weigh. 

 

13.21. SUMMARY 

 

The survival of microorganisms in the laboratory, as well as in nature, 

depends on their ability to grow under certain chemical and physical conditions. An 

understanding of these conditions enables us to characterize isolates and 

differentiate between different types of microorganisms.  

For optimal growth of microorganisms there are various factors that are 

required. These include physical and chemical factors. Physical aspects include 

temperature, pH, osmotic pressure (water), oxygen requirement. The chemical 

aspects include carbon, oxygen, nitrogen, sulfur, phosphorus, trace elements, and 

organic growth factors.  

Microorganisms are classified into three primary groups on the basis of their 

preferred range of temperature. Psychrophiles: these are cold loving microorganisms 

that live at temperatures < 20o. Mesophiles: These are moderate temperature loving 

microorganisms that live at temperatures 20oC-40oC. Thermophiles: These are 

microorganisms that live in high temperatures and survive at temperatures > 40oC. 

Hyper-thermophiles: These are high temperature loving microorganisms that live at 

temperatures > 80oC 

Growth rate of microorganisms is greatly influenced by pH and is largely 

based on nature of proteins. The secondary and tertiary structure of protein folding is 
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greatly influenced by the charge interaction within the amino acids of a polypeptide 

chain. This further alters the active sites of enzymes affection their function. 

Generally, enzymes function at optimum pH levels and they become inactive at very 

low or very high pH conditions.  

Osmotic pressure in one of the important physical factors which affects 

microbial growth.  solute concentration affects water availability and osmotic 

pressure. The cell wall structure of microorganism enables them to adapt to changes 

in osmotic pressure. However, microorganisms are killed if the changes in osmotic 

pressure is severely altered.  

Microorganisms that can grow in solution with high solute concentration are 

called osmotolerant. Halophiles require NaCl for growth i.e. tolerates high salinity. 

Moderate halophiles require 3% salt concentrations. Some halophilic archaea require 

15% - 25 % NaCl 

Prokaryotes display a wide range of responses to molecular oxygen O2. 

Based on the oxygen requirement microorganisms are classified into different 

groups as follows:  

Obligate aerobes: these are microorganisms that require oxygen for their growth 

and cannot survive without oxygen. Facultative anaerobes: these are 

microorganisms that do not require oxygen for their metabolism and is capable of 

growth in the absence of oxygen, but they can carry out metabolism by aerobic 

respiration when oxygen is present. Microaerophile and Aerotolerant anaerobes: 

Microaerophiles are microorganisms that do not grow at normal atmospheric 

tensions of oxygen but requires a small amount of it in metabolism. Aerotolerant 

anaerobes do not utilize oxygen but can survive and grow to a limited extent in its 

presence. Obligate anaerobes: these are microorganisms that do not require oxygen 

for their metabolisms. They cannot tolerate any free oxygen in the immediate 

environment and will die if exposed to it.  
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Methods of Culturing Microorganisms 

Inoculation: During inoculation, the sample is placed into a container or sterile 

medium that provides microorganisms with the appropriate nutrients to sustain 

growth. Inoculation involves using a sterile tool to spread the sample out on the 

surface of a solid medium or to introduce the sample into a flask or tube. There are 

different methods for inoculating broth cultures and solid media like  

Streak plate technique, Lawn technique, Pour plate technique, Stab inoculation, 

Point inoculation etc.,  

Incubation: An incubator can be used to adjust proper growth conditons of a 

sample. Setting the optimum temperature and gas content promotes multiplication of 

the micorbes over a period of hours, days and even weeks. Incubation produces a 

culture- teh visible growth of the micorbe in the medium.  

Isolation: The end result of inocualtio and incubation of hte microbe in macroscopic 

form. The isolated microbes take the form of separate colonies on solid media, or 

turbidity in broths. Further isolation, also known as subculturing, involves taking a 

tiny bit of the growth and inoculating an additional culture of it.  

Insepction: The cultures are observed macroscopically for obvious growth 

charactristics like color, textrue, size etc., that could be useful in analyzing the 

specimen contents. Slides are made to assess microscopic details such as cell shape, 

size, and motility. Stainign techniques may be used to gather specific information on 

microscopic morphology.  

Identification: A major outcome is to pinpoint an isolate down to the level of 

species. Summaries of accumalted data are used to develop profiles of the microbe 

or microbes isoalted from teh sample. Other types of specialized tests include 

biochemicla tests to determine metabolic activiites specific to the microbe, 

immunological tests and genetic analysis.  
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Types of Media: Culture media are solutions containing all of the nutrients and 

necessary physical growth parameters necessary for microbial growth. Nutrient 

material prepared for the growth of microorganisms contain nutrients for growth, 

proper moisture, oxygen and pH, will be sterile and incubated at proper 

temperatures.  

Synthetic media: is also known as defined media. This contains compositions 

which are chemically defined. Such media contain pure organic and inorganic 

compounds that vary little from one source to another and have a molecular content 

specified by means of an exact formula. Defined media are standardized and 

reproducible.  

Nonsynthetic media: this is also known as complex media and the exact contents 

and their concentration are unknown or undefined chemically.  Such media are 

contain ingredients that are extracts of animals, plants, or yeasts, including such 

materials as ground-up cells, tissues, and secretions. E.g. blood, serum, meat 

extracts, milk, yeast extract, they present a rich mixture of nutrients for microbes 

that have complex nutritional needs 

Enriched medium: contains complex organic substances such as blood, serum, 

haemoglobin, or special growth factors (specific vitamins, amino acids) that certain 

species must have in order to grow Blood agar, which is made by adding sterile 

sheep, horse, or rabbit blood to a sterile agar base is widely employed to grow 

fastidious streptococci and other pathogens 

Selective medium: A selective medium contains one or more agents that inhibit the 

growth of a certain microbe or microbes but not others and thereby encourages, or 

selects a microbe and allows it to grow. They allow isolation by suppressing the 

unwanted background organisms and favoring growth of the desired ones. Bile salts, 

a component of feces, inhibit most gram-positive bacteria while permitting many 

gram-negative rods to grow.  

Differential media: Differential media grow several types of microorganisms and 

are designed to display visible differences among those microorganisms. 

Differentiation shows up as variations in colony size or color, in media color 
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changes, or in the formation of gas bubbles and precipitates. These variations come 

from the type of chemicals these media contain and the ways that microbes react to 

them. For example, MacConkey agar contains neutral red, a dye that is yellow when 

neutral and pink or red when acidic. A common intestinal bacterium such as 

Escherichia coli that gives off acid when it metabolizes the lactose in the medium 

develops red to pink colonies, and one like Salmonella that does not give off acid 

remains its natural color 

Anaerobic Growth Media: Because anaerobes might be killed by exposure to 

oxygen, special media called reducing media must be used. These media contain 

ingredients, such as sodium thioglycolate, that chemically combine with dissolved 

oxygen and deplete the oxygen in the culture medium.  

The growth of microorganism can be determined by different methods. 

Growth results in increase in the number and the mass of the populations and 

therefore, determining either of them is done to assess growth. Usually by 

monitoring the mass increase either by measuring total weight of cells periodically, 

or by monitoring the increase of a chemical as cell constituent, or by directly 

counting the number of cells, using a counting chamber or a coulter counter, or 

monitoring indirectly the turbidity of cell cultures.  

Broadly there are two methods of measuring microbial growth: 1) Direct 

methods: include Plate count, Filtration, Most Probable Number, and Direct 

Microscopic counts and 2) Indirect methods: include Turbidity measurement, 

Metabolic activity measurement and Dry weight calculation.  

Counting Chamber Technique: The number of cells in a population can be 

measured by taking direct microscopic count using Petroff-Hausser counting 

chamber (for prokaryotic microorganisms) or hemo-cytometers (to larger 

eukaryotic microorganisms). These are specially designed slides that have 

chambers of known depth with an etched grid on the chamber bottom. Each 

square on the grid has definite depth and volume. Total number of 

microorganisms in a sample can be calculated taking the count of number of 

bacteria per unit area of grid and multiplying it by a conversion factor  
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Viable Plate Count: The microbial culture may contain living or dead cells. Only 

living cells will form colony when grown in proper solid medium and under 

standard set or growth conditions. This fact is used to estimate number of living or 

dead bacterial cells (viable count) in the given culture. Estimates thus obtained are 

expressed as a colony forming unit (CFU). 

 

Most Probable Number: It is a statistical estimation technique, 5 sets of test tubes 

used for three different dilutions, entered into MPN table for number of bacteria per 

100 ml; useful for counting mo's that do not grow on solid media, when regular 

bacterial counts are required, when samples contain too few mo's to use viable plate 

count 

Membrane-Filter Technique: Microbial cell numbers are frequently determined 

using special membrane filters possessing millipores small enough to trap bacteria. 

In this technique a water sample containing microbial cells passed through the filter. 

The filter is then placed on solid agar medium or on a pad soaked with nutrient broth 

(liquid medium) and incubated until each cell develops into a separate colony. 

Membranes with different pore sizes are used to trap different microorganisms. 

Incubation times for membranes also vary with medium and the microorganism. A 

colony count gives the number of microorganisms in the filtered sample, and 

specific media can be used to select for specific microorganisms.  

Measurement of Turbidity (Turbidometry):Turbidometry is based on the fact that 

microbial cells scatter light striking them. Since the microbial cells in a population 

are of roughly constant size, the amount of scattering is directly proportional to the 

biomass of cells present and indirectly related to cell number. One visible 

characteristic of growing bacterial culture is the increase in cloudiness of the 

medium (turbidity). When a beam of light is passed through a turbid culture, the 

amount of light transmitted is measured, Greater the turbidity, lesser would be the 

transmission of light through medium. Thus, light will be transmitted in inverse 

proportion to the number of bacteria. Turbidity can be measured using instruments 

like spectrophotometer and nephlometer 
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Measurement of nitrogen content: As the microbes (bacteria) grow, there is an 

increase in the protein concentration (i.e. nitrogen concentration) in the cell. Thus, 

cell mass can be subjected to quantitative chemical analysis methods to determine 

total nitrogen that can be correlated with growth. This method is useful in 

determining the effect of nutrients or antimetabolites upon the protein synthesis of 

growing culture 

Dry Weight Technique: In this technique, the microorganisms are removed from 

the medium by filtration and the microorganisms on filters are washed to remove all 

extraneous matter, and dried in desiccator by putting in weighing bottle (previously 

weighted). The dried microbial content is then weighted accurately. This technique 

is especially useful for measuring the growth of microfungi.  

 

13.22. CHECK YOUR PROGRESS 

1. Discuss the techniques of cultivating microorganisms. 

2. What are the factors that affect the growth of microorganisms? 

3. Give a detailed account of different types of culture media.  

4. Explain different methods of measurement of growth of microorganisms 

5. What is the effect of temperature on growth of microorganisms? 

6. What is the effect of pH on growth of microorganisms? 

7. How does osmotic pressure affect growth of microorganisms? 

8. How are microorganisms classified based on their oxygen requirement? 

9. What are the different methods of inoculating culture media? 

10. Write short notes on the following: 

a) Psychrophiles 

b) Mesophiles 

c) Thermophiles 

d) Hyper-thermophiles 

e) Hypotonic conditions 

f) Hypertonic conditions 

g) Obligate aerobes 
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h) Facultative anaerobes 

i) Microaerophile  

j) Aerotolerant anaerobes 

k) Obligate anaerobes 

l) Inoculation 

m) Incubation 

n) Isolation 

o) Pure Culture 

p) Insepction 

q) Identification 

r) Enriched medium 

s) Selective medium 

t) Differential media 

u) Viable Plate Count 

v) Most Probable Number 

w) Membrane-Filter Technique 

x) Turbidometry 

y) Measurement of nitrogen content 

z) Dry Weight Technique 

 

13.23. KEY WORDS 

Techniques of cultivating microorganisms, factors influencing growth, 

different types of culture media, measurement of growth, effect of temperature, pH, 

osmotic pressure, oxygen requirement, Psychrophiles, Mesophiles, Thermophiles, 

Hyper-thermophiles, Facultative anaerobes, Microaerophile, Obligate anaerobes, 

Enriched medium, Selective medium, Differential media, Turbidometry. 
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UNIT 14 
 

 

IDENTIFICATION OF MICROORGANISMS: MORPHOLICAL 

AND CULTURAL CHARACTERISTICS 
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14.1. OBJECTIVES 

 

After reading this unit we will be able to learn: 

 

 Identification of microorganisms based on their cultural and morphological 

characters. 

 Morphological diversity of microorganisms. 

 Colony appearance, forms and characteristics of microorganisms on solid media. 

 Morphological identification of fungi and viruses.   

 

 

 

14.2. INTRODUCTION  

 

Bacteria grow and multiply on a solid or in a liquid medium. After complete 

growth bacteria will exhibit visible physical differences in appearance in their 

isolated colonies and their growth. These differences are called cultural 

characteristics or morphology. Cultural characteristics or morphology may be used 

as a key for identifying and classifying bacteria. These physical characteristics are 

often specific for the type of bacteria making the colony and can be used as a means 

of recognition. The appearance of colonial growth on agar media can be very 

distinctive for individual species. Some bacteria have characteristic growth patterns 

but they aid in the identification of species only if they are distinctive. Although 

some bacteria grow in distinctive patterns, others look alike. 

Colonial morphology, however, is influenced by the media and other growth 

conditions. The colonial morphology of the same bacteria may vary on different 

media or under different conditions. Cultural characteristics or morphology are 

determined by culturing microorganisms in nutrient broth and on nutrient agar plates 

and slants. After incubation, the characteristics are observed. 

After incubation, in a nutrient broth, bacteria may exhibit a particular form of 

growth. In a liquid media, some bacteria grow diffusely causing a uniform clouding 

of the media (turbidity), whereas others look granular. Layering of growth or 

accumulation of cells at the top (pellicle), center, or bottom (sediment) of the broth 

tells something about the microorganism‘s oxygen requirements. Sometimes 
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bacterial aggregations are formed and the bacterial growth appears as small puff 

balls floating in the broth (flocculent). 

Observation of such factors also helps in recognizing types of bacteria. The 

basic categories of bacterial colony appearance, forms and characteristics on solid 

media include: colony form (shape), margin (edge), elevation, pigmentation 

(colour), texture, and pattern of growth.  

Colony shape may be described as circular, irregular, or punctiform (tiny). 

The margin may be entire (smooth with no irregularities), undulate (wavy), lobate 

(lobed), filamentous, or rhizoid (branched like roots). Colony elevations include flat, 

raised, convex, pulvinate (very convex), and umbonate (raised in the centre). Colony 

texture may be moist, mucoid, or dry. Pigment production may be influenced by 

environmental factors such as temperature and nutrient supply. Colony colour may 

be combined with optical properties such as opaque, translucent, shiny, or dull. 

 

 

14.3. CULTURAL CHARACTERISTICS OF BACTERIA GROWN IN 

NUTRIENT BROTH 

 

The bacterial cultures grown in liquid broth appear in different forms like uniform, 

flocculent, pellicle, sediment or formation of rings as described below (Fig. 1): 

1. Uniform fine turbidity – finely dispersed growth throughout (cloudy) 

2. Pellicle – thick, padlike growth on the surface  

3. Ring formation – a ring of growth on the surface 

4. Sediment – concentration of growth at the bottom of the broth culture may be 

granular, flaxy, or flocculent. 

5. Flocculent – flaxy aggregates dispersed throughout. 

 

 
 

 

Figure 1: Cultural characters of various bacteria growth on nutrient broth 

 

Uniform               Pellicle            Sediment               Ring               Flocculent 
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14.4. CULTURAL CHARACTERISTICS OF BACTERIA GROWN IN 

NUTRIENT SLANTS 

 

The bacterial cultures grown in nutrient slants may be identified based on 

different parameters like the abundance of growth, pigmentation, optical 

characteristics, and form which are detailed as below (Fig. 2):   

 

1. Abundance of growth - the amount of growth is designated as none, slight, 

moderate, or large 

 

2. Pigmentation – chromogenic bacteria may produce intracellular pigments that are 

responsible for the color of the colonies on the agar surface. Other bacteria produce 

extracellular soluble pigments that are excreted into the medium and that also 

produce a color. Most microorganisms are nonchromogenic and will appear cream, 

white, or gray. 

 

3. Optical characteristics - these characteristics are based on the amount of light 

transmitted through the growth: opaque (no light transmitted), translucent (partial 

transmission), or transparent (full transmission). 

 

4. Form – the appearance of the single line streak of growth on the agar slant (Fig. 

2). 

a. Filiform – continuous, threadlike growth with smooth edges 

b. Echinulate – continuous threadlike growth with irregular edges 

c. Beaded – nonconfluent to semi-confluent colonies 

d. Effuse – thin, spreading growth 

e. Arborescent – treelike growth 

f. Rhizoid – rootlike growth 
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Figure 2: Morphological characters of bacterial colonies on nutrient agar slants 

 

 

 

 

 

14.5. CULTURAL CHARACTERISTICS OF BACTERIA GROWN IN 

NUTRIENT PLATES 

 

The bacterial cultures grown in nutrient plates may be identified based on 

different parameters like the size, pigmentation, optical properties, form, margin and 

elevation of the colonies which are as described below:   

 

1. Size – pinpoint, small, moderate, large (Fig. 3) 

 

 
Figure 3: Colonies of different bacteria showing variation in their colony size 
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2. Pigmentation – color of colony (Fig. 4) 

 

 
Figure 4: Colonies of different bacteria showing diversity in pigmentation 

 

 

 

 

3. Optical properties (Fig. 5) 

a. opaque 

b. translucent (clear) 

c. shiny 

d. dull 

 
 

 
Figure 5: Colonies of different bacteria showing different optical characteristics 
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4. Form – the shape of the colony (Fig. 6) 

a. circular – unbroken, peripheral edge 

b. irregular – indented, peripheral edge 

c. rhizoid – root-like, spreading growth 

d. punctiform - tiny 

e. filamentous 

f. spindle 
 

 
Figure 6: Diversity in form/shape of different bacterial colonies 

 

 

 

5. Margin – the appearance of the outer edge of the colony (Fig. 7) 

a. entire – sharply defined, even, smooth 

b. lobate – marked indentation (lobed) 

c. undulate – wavy indentation 

d. serrate or erose – tooth-like appearance 

e. curled 

f. rhizoid – root-like 

g. filamentous – threadlike, spreading edge 

 

 
Figure 7: Diversity in margin of different bacterial colonies 

 

 

 

6. Elevation – the degree to which the colony growth is raised (Fig. 8) 

a. flat – elevation not discernable 

b. raised – slightly elevated 

c. convex – dome-shaped 

d. umbonate – raised, with elevated convex center region 

e. pulvinate – very convex 
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Figure 8: Diversity in elevation of different bacterial colonies 

 

 

14.6. IDENTIFICATION OF FUNGI 
 

Identification of fungi on cultural or morphological characteristics often 

relies on identification of disease symptoms, isolation and culturing of organisms, 

and laboratory identification by morphology.  

There are standard tests to determine morphological (macro and micro) and 

physiological (growth rates, media) characters of fungi. These include development 

of a fungus on standard media, examination of sexual reproduction, and 

determination of growth characteristics. Depending on a taxonomical group, a few 

additional tests could be added to comply with the current practice. Identification of 

fungal cultures using morphological characters includes subculturing, quick test for 

purity, examination of sexual reproduction and conidiogenesis, and estimation of 

radial growth and growth temperatures on selected media.  

 

There are a few general characteristics of Fungi which help in their identification as detailed 

below: 

Fungi are non-motile eukaryotes lacking chlorophyll  

Fungi contain nucleus, mitochondria, 80S ribosomes 

Fungal cell wall is composed of polysaccharides , polypeptides and chitin and the cell 

membrane contains sterol which prevent many antibacterial antibiotics being effective 

against fungi. 

Fungi are Larger than bacteria 

Fungi are relatively simple nutritional requirements, wide range of growth rates 

Fungi form visible colonies in days to weeks  

Fungi are Unicellular or multicellular depending on the species 

Fungi can be divided into: Yeast, Mould (filamentous fungi) and Dimporphic fungi 
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Figure 9: Fungi and Yeast cultures 

 

 

 

14.7. CLASSIFICATION OF FUNGI 

 

Taxonomy is based on structural features of the teleomorph (sexual phase).  

Zygomycota - includes all fungi with nonseptate hyphae  

Ascomycota - includes most human pathogens  

Basidiomycota - mainly plant pathogens 

Deuteromycota (fungi imperfecti) 

 

14.7.1. Molds 

 

Multicellular, tubular structures (hyphae). Hyphae can be septate (regular 

crosswalls) or nonseptate (coenocytic) depending on the species (grow by apical 

extension) Vegetative hyphae grow on or in media (absorb nutrients); form seen in 

tissue, few distinguishing features Aerial hyphae contain structures for production of 

spores (asexual propagules); usually only seen in culture 
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Figure 10: Conidiospores,  2. Phialides,  3. Vesicle , 4. Conidiophore,  5. Septate hyphae. 

 

 

 

 
 

Figure 10: Sporangium, 2. Sporangiophore, 3. Endospores, 4. Nonseptate hyphae, 5. 

Rhizoids. 

 

Molds include fungus that grows on bread and oranges in tangled masses of 

filaments of cells. The collective, filamentous strands make up the mycelia. Strands 

of mycelium are referred to as hyphae. Two types of mycelium can be seen among 

fungi, septate and coenocytic. Septate mycelia are divided into cells by cell walls 

that are laid down at regular intervals along the length of the mycelium. These cell 

walls are called septa. Coenocytic mycelia are not divided by septa and form a 

continuous tubular network. Septa, however, are present occasionally, especially 

where reproductive structures occur. Molds are characterized by the development of 

hyphae, and the colonies are visible under microscope. Hyphae elongate by a 

process known as apical elongation, which requires a careful balance between cell 
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wall lysis and new cell wall synthesis. Molds are often differentiated on the basis of 

conidiophores and conidiogenous cells. Molds produce special sac-like cells called 

sporangia, which give rise to spores called sporangiospores. Sporangia are typically 

formed on special hyphae called sporangiophores. 

 

Molds identification 

Identification based on colony morphology (pigment, texture) and 

morphology of reproductive structures 

Conidia - spores formed by budding (blastoconidia) or disarticulation of existing 

hypha (arthroconidia) 

Sporangiospores - produced by free-cell formation within sporangium in nonseptate 

molds (Fig. 9 and 10). 

 

 

14.7.2. Yeasts 

 

Unicellular, 3-5 µm, reproduce by budding (blastoconidia formation) or 

fission Identified by microscopic morphology (grow on cornmeal agar) and 

biochemical tests (sugar assimilation, enzymatic activity). Molds and yeast are not 

exclusive forms, some species may exist in both yeast and mold forms 

(dimorphism). 

Yeasts are fungi that grow as solitary cells and reproduce by budding. Yeast 

taxa are distinguished on the basis of presence or absence of capsules, size and 

shape of the yeast cells, mechanism of daughter cell formation (conidiogenesis), 

formation of pseudohyphae and true hyphae, and presence of sexual spores, in 

conjunction with physiological data. Morphology is used primarily to distinguish 

yeasts at the genus level. While the ability to assimilate and ferment various carbon 

sources and utilize nitrate as a source of nitrogen are used in conjunction with 

morphology to identify species. Examples of yeasts include Saccharomyces 

cereviseae, Candida. albicans, and Cryptococcus neoformans. 
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14.7.3. Dimorphic fungi 

A number of fungi express themselves morphologically in two different 

forms, which correlate with the saprophytic and parasitic modes of growth. Such 

fungi are called dimorphic fungi. Dimorphic fungi have both mycelium and yeast. 

The term "dimorphic" describes fungi that typically grow as mycelium in vitro and 

as yeast cells in vivo. Examples of medically important dimorphic fungi include 

Blastomyces dermatitidis (hyphae and yeast cells) and Coccidioides immitis (hyphae 

and spherules). A number of external factors contribute to the expression of 

dimorphism. Increased incubation temperature is the single most important factor. 

Increased carbon dioxide concentration, which probably affects the oxidation-

reduction potential, enhances the conversion of the mycelial form to the tissue form 

in Coccidioides immitis and Sporothrix schenckii. Development of the yeast form is 

affected by pH while presence of cysteine and other sulfhydryl-containing 

compounds affect the growth of other dimorphic fungi. Some fungi require a 

combination of these factors to induce dimorphism. Other examples of dimorphic 

fungi include Histoplasma capsulatum, Paracoccidioides brasiliensis, Penicillium 

marneffei, and Sporothrix schenckii. 

 

 

 

14.8. IDENTIFICATION OF VIRUSES 

 

Most of the viruses of bees are small icosahedral particles about 30 nm in 

diameter. When viewed in the electron microscope they appear as featureless 

spheres and they cannot be distinguished morphologically. Specific symptoms are 

associated with infection are useful in their recognition or field diagnosis.  

 

Virus structure  
 

The general composition of viruses includes a) nucleic acid genome, b) capsid or 

protein coat and c) ± membrane envelope (Fig. 11) 

 

Based on morphology viruses fall into four groups namely,  
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a) Naked icosahedral,  

b) Naked helical (filamentous),  

c) Enveloped icosahedral and  

d) Enveloped helical (filamentous) 

Morphology and size have been a standard feature for the taxonomy of viruses.  

Virus range in size from the smallest naked capsids of parvo and picorna virus 20-28 

nm to the large brick shaped pox virus 250 x 300 nm. Bacteria phage - 22 nm, polio 

virus - 28 nm, polyoma - 45 nm, adeno virus - 60-90 nm, TMV - 17.5 X 300 nm. 

 

Figure 11: Typical structural features of a virus 

Viruses can also be identified preliminarily based on their envelopes. There 

are different kinds of virus envelopes. Envelopes may be present in some but not all 

viruses. The envelope includes a typical lipid bilayer, usually derived from host, 

either plasma membrane of internal membranes. Depends on where the virus "buds" 

from the host. Eg. Vesicular Stomatitis Virus (VSV), has a broad host range. Viral 

envelope will demonstrate the lipid composition of the host it is grown in. 
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The envelope contains almost no host protein, ie. the membrane proteins are 

derived from the virus. Envelope Proteins are of two types glycoproteins and matrix 

proteins.  

a) Glycoproteins: Integral Membrane Proteins exposed on outer surface of the 

membrane 

can be labelled with agents that can't cross the membrane may possess enzymatic or 

lectin activity -Influenza virus has 2 surface proteins a hemagglutinin (lectin) that 

binds sialic acid and a neuraminidase that cleaves sialic acid residues the 

carbohydrate like the lipid is produced by the host are often involved in virus 

attachment to host  

b) Matrix Proteins -are found at the inner face of the envelope act as an interface 

between membrane glycoproteins and capsid are not present in all enveloped viruses  

Envelope Function- virus attachment -remove envelope and virus lose infectivity 

structural integrity -compare naked and enveloped helical viruses 

Capsid structure also helps in morphological identification of viruses 

Capsid is the protein coat of the virus and it makes up most of the mass especially of 

small viruses.  

The majority of viruses have one of two morphologies 

-helical (filamentous) 

-isometric (icosahedral) 

morphology limited by the number of proteins the virus can code for. Both shapes 

can be  constructed using a single protein monomer unit called a protomer. Helical 

capsids are normally composed of one protomer, while most icosahedrons have 

more than one protomer.  

 

Poxvirus- Parvovirus largest virus, Picornavirus smallest DNA virus, Not cells 

Smallest infectious agent (20nm to 300 nm) smallest RNA virus  
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14.9. SUMMARY 

 

Morphological identification of bacteria 

Cultural characteristics or morphology may be used as a key for identifying 

and classifying bacteria. Cultural characteristics or morphology are determined by 

culturing microorganisms in nutrient broth and on nutrient agar plates and slants.  

The bacterial cultures grown in nutrient slants may be identified based on 

different parameters like the abundance of growth, pigmentation, optical 

characteristics, and form/shape.  

The bacterial cultures grown in nutrient plates may be identified based on 

different parameters like the size, pigmentation, optical properties, form, margin and 

elevation of the colonies.   

1. Size – pinpoint, small, moderate, large 

2. Pigmentation – color of colony 

3. Optical properties- Opaque, translucent (clear), shiny, dull 

4. Form – the shape of the colony- circular, irregular, rhizoid, punctiform, 

filamentous, spindle 

5. Margin – the appearance of the outer edge of the colony – entire, lobate, undulate, 

serrate , curled, rhizoid, filamentous 

6. Elevation – the degree to which the colony growth is raised – flat, raised, convex, 

umbonate, pulvinate  

 

Morphological identification of fungi 

Identification of fungi on cultural or morphological characteristics often rely 

on identification of disease symptoms, isolation and culturing of organisms, and 

laboratory identification by morphology. There are standard tests to determine 

morphological (macro and micro) and physiological (growth rates, media) characters 

of fungi. These include development of a fungus on standard media, examination of 

sexual reproduction, and determination of growth characteristics. Identification of 

fungal cultures using morphological characters includes subculturing, quick test for 

purity, examination of sexual reproduction and conidiogenesis, and estimation of 

radial growth and growth temperatures on selected media.  
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Molds: Multicellular, tubular structures (hyphae). Hyphae can be septate (regular 

crosswalls) or nonseptate (coenocytic) depending on the species (grow by apical 

extension) Vegetative hyphae grow on or in media (absorb nutrients); form seen in 

tissue, few distinguishing features Aerial hyphae contain structures for production of 

spores (asexual propagules); usually only seen in culture. Identification based on 

colony morphology (pigment, texture) and morphology of reproductive structures 

Conidia - spores formed by budding (blastoconidia) or disarticulation of existing 

hypha (arthroconidia) Sporangiospores - produced by free-cell formation within 

sporangium in nonseptate molds  

 

Yeasts: Unicellular, 3-5 µm, reproduce by budding (blastoconidia formation) or 

fission Identified by microscopic morphology (grow on cornmeal agar) and 

biochemical tests (sugar assimilation, enzymatic activity). Molds and yeast are not 

exclusive forms, some species may exist in both yeast and mold forms 

(dimorphism). 

 

Dimorphic fungi: A number of fungi express themselves morphologically in two 

different forms, which correlate with the saprophytic and parasitic modes of growth. 

Such fungi are called dimorphic fungi. Dimorphic fungi have both mycelium and 

yeast. The term "dimorphic" describes fungi that typically grow as mycelium in 

vitro and as yeast cells in vivo.  

 

Morphological identification of viruses 

Most of the viruses of bees are small icosahedral particles about 30 nm in 

diameter. When viewed in the electron microscope they appear as featureless 

spheres and they cannot be distinguished morphologically. Specific symptoms are 

associated with infection are useful in their recognition or field diagnosis.  

Based on morphology viruses fall into four groups namely, a) Naked 

icosahedral, b) Naked helical (filamentous), c) Enveloped icosahedral and d) 

Enveloped helical (filamentous).  
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Morphology and size have been a standard feature for the taxonomy of 

viruses.  Virus range in size from the smallest naked capsids of parvo and picorna 

virus 20-28 nm to the large brick shaped pox virus 250 x 300 nm. Viruses can also 

be identified preliminarily based on their envelopes. There are different kinds of 

virus envelopes. Envelopes may be present in some but not all viruses. The envelope 

includes a typical lipid bilayer, usually derived from host, either plasma membrane 

of internal membranes. The envelope contains almost no host protein, ie. the 

membrane proteins are derived from the virus. Envelope Proteins are of two types 

glycoproteins and matrix proteins. Capsid structure also helps in morphological 

identification of viruses. 

Capsid is the protein coat of the virus and it makes up most of the mass 

especially of small viruses. The majority of viruses have one of two morphologies -

helical (filamentous) 

-isometric (icosahedral) morphology limited by the number of proteins the virus can 

code for.  

 

14.10. CHECK YOUR PROGRESS 

1. Describe the cultural characteristics of bacteria grown in nutrient broth 

2. Describe the cultural characteristics of bacteria grown in nutrient slants 

3. Add a brief note on pigmentation of bacteria 

4. What are the different optical characteristics of a bacterial colony? 

5. What are the different morphologies of bacteria on a agar slant? 

6. What are the different shapes of the bacterial colony? 

7. What are the different morphologies of colony margins of bacteria? 

8. What are the different types of elevations of bacterial colonies? 

9. How fungi are identified based on morphological and cultural 

characteristics? 

10. How are virus identified on morphology? 
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Morphological identification of bacteria, cultural characteristics, abundance 

of growth, pigmentation, optical characteristics, and form/shape, size, pigmentation, 

optical properties, form, margin and elevation of the colonies, morphological 

identification of fungi, molds, yeasts, dimorphic fungi, mmorphological 

identification of viruses. 
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UNIT 15 
 

 

IDENTIFICATION OF MICROORGANISMS: BIOCHEMICAL 

CHARACTERISTICS 
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15.1. OBJECTIVES 

After reading this unit we will be able to learn about: 

 The biochemical identification of microorganisms 

 Identification of bacteria based on biochemical characteristics 

 Different biochemical tests for distinguishing bacteria 

 Biochemical identification of fungi 

 

15.2. INTRODUCTION  

Bacterial colonies can differ greatly in their morphologies.  These 

differences can help us in identifying different species of bacteria.  Likewise, 

bacterial species differ in their cellular morphologies and staining properties.  Again, 

these differences can be used to aid in identifying different species.  Most of these 

tests are not extremely specific.  Gram staining, for instance, can allow us to 

distinguish Gram positive from Gram negative organisms and rod-shaped organisms 

from coccus-shaped organisms, but does not allow us to make a more specific 

identification.  Likewise, a selective and differential medium like MacConkey 

allows us to identify Gram negative, lactose fermenting organisms, but does not 

allow us to positively identify what specific Gram negative, lactose fermenting 

organism we are examining. To aid in the more definitive identification of bacteria, 

microbiologists have developed a series of biochemical tests that can be used to 

differentiate even closely related organisms.  These various tests were designed to 

identify various metabolic properties of different bacterial species.  More 

importantly, these tests, in conjunction with a dichotomous tree, can lead to the 

unambiguous identification of an organism.   
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15.3. BIOCHEMICAL TESTS TO IDENTIFY GRAM POSITIVE BACTERIA 

 Catalase Test 

 Mannitol Salt Agar (MSA) 

 Blood Agar Plates (BAP)  

o Streak-stab technique 

 Taxos P (optochin sensitivity testing) 

 Taxos A (bacitracin sensitivity testing) 

 CAMP Test 

 Bile Esculin Agar 

 Nitrate Broth 

 Spirit Blue agar 

 Starch hydrolysis test 

 Motility Agar 

 Coagulase Test 

15.4. BIOCHEMICAL TESTS USED TO IDENTIFY GRAM NEGATIVE 

BACTERIA 

 Oxidase Test 

 Sugar (eg glucose) broth with Durham tubes 

 Methyl Red / Voges-Proskauer (MR/VP) 

 Kliger‘s Iron Agar (KIA) 

 Nitrate Broth 

 Motility Agar 

 MacConkey agar 

 Simmon‘s Citrate Agar 

 Urease test 

 Sulfur Indole Motility Media (SIM) 

 

 

http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#catalase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Mannitol
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#blood
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#streak
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#taxos2
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#taxos
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#camp
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#bile
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#nitrate
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#spirit_blue
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#starch
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Motility
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#coagulase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#oxidase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Glucose
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#methyl_red
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#kliger
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#nitrate
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Motility
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#macConkey
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#simmons
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#urease
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#sulfur
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15.5. MANNITOL SALT AGAR (MSA) 

This type of medium is both selective and differential. The MSA will select 

for organisms such as Staphylococcus species which can live in areas of high salt 

concentration. This is in contrast to Streptococcus species, whose growth is selected 

against by this high salt agar.  

The differential ingredient in MSA is the sugar mannitol. Organisms capable 

of using mannitol as a food source will produce acidic by-products of fermentation 

that will lower the pH of the media. The acidity of the media will cause the pH 

indicator, phenol red, to turn yellow. Staphylococcus aureus is capable of 

fermenting mannitol while Staphylococcus epidermidis is not (Fig. 1). 

 

Figure 1: Mannitol Salt Agar (MSA) test 

 

15.6. GLUCOSE BROTH WITH DURHAM TUBES 

This is a differential medium. It tests an organism's ability to ferment the 

sugar glucose as well as its ability to convert the end product of glycolysis, pyruvic 

acid into gaseous by-products. This is a test commonly used when trying to identify 

Gram-negative enteric bacteria, all of which are glucose fermenters but only some of 

which produce gas. 
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This medium contains the pH indicator, phenol red. If an organism is capable 

of fermenting the sugar glucose, then acidic byproducts are formed and the pH 

indicator turns yellow. Escherichia coli are capable of fermenting glucose.  

Pseudomonas aeruginosa is a nonfermenter. 

The end product of glycolysis is pyruvate. Organisms that are capable of 

converting pyruvate to formic acid and formic acid to H
2
 (g) and CO

2
 (g), via the 

action of the enzyme formic hydrogen lyase, emit gas. This gas is trapped in the 

Durham tube and appears as a bubble at the top of the tube (Fig. 2).  

 

Figure 2: Glucose broth test with Durham tubes 

 

15.7. BLOOD AGAR PLATES (BAP)  

This is a differential medium. It is a rich, complex medium that contains 5% 

sheep red blood cells. BAP tests the ability of an organism to produce hemolysins, 

enzymes that damage/lyse red blood cells (erythrocytes) (Fig. 3). The degree of 

hemolysis by these hemolysins is helpful in differentiating members of the genera 

Staphylococcus, Streptococcus and Enterococcus.  
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 Beta-hemolysis is complete hemolysis. It is characterized by a clear 

(transparent) zone surrounding the colonies. E.g., Staphylococcus aureus  

 Partial hemolysis is termed alpha-hemolysis. Colonies typically are 

surrounded by a green, opaque zone. E.g., Streptococcus pneumoniae  

 If no hemolysis occurs, this is termed gamma-hemolysis. There are no 

notable zones around the colonies. E.g., Staphylococcus epidermidis 

 

 

Figure 3: Blood Agar Plate test 

 

 

15.8. STREAK-STAB TECHNIQUE 

Often when inoculating a BAP to observe hemoloysis patterns, investigators 

will also stab several times through the agar using an inoculating loop. This stab 

allows for the detection of streptolysin O, a specific hemolysin produced by 

Streptococcus pyogenes. This hemolysin is inactivated by O2 and is only seen 

subsurface (in an anaerobic environment) around the stab mark. Note the oval-

shaped areas of clearing around the stab marks in the picture below; these are caused 

by streptolysin O (Fig. 4).  
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Figure 4: Streak-stab technique 

 

15.9. BILE ESCULIN AGAR 

This is a medium that is both selective and differential. It tests the ability of 

organisms to hydrolyze esculin in the presence of bile. It is commonly used to 

identify members of the genus Enterococcus (E faecalis and E. faecium).  

The first selective ingredient in this agar is bile, which inhibits the growth of 

Gram-positives other than enterococci and some streptococci species. The second 

selective ingredient is sodium azide. This chemical inhibits the growth of Gram-

negatives.  

The differential ingredient is esculin. If an organism can hydrolyze esculin in 

the presence of bile, the product esculetin is formed. Esculetin reacts with ferric 

citrate (in the medium), forming a phenolic iron complex which turns the entire slant 

dark brown to black. The tube on the far right was inoculated with E. faecalis 

(positive). The tube in the center was inoculated with a bilie esculin negative 

organism and the tube on the left was uninoculated (Fig. 5). 
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Figure 5: Bile Esculin Agar test 

15.10. SULFUR INDOLE MOTILITY MEDIA (SIM) 

This is a differential medium. It tests the ability of an organism to do several 

things: reduce sulfur, produce indole and swim through the agar (be motile). SIM is 

commonly used to differentiate members of Enterobacteriaceae.  

Sulfur can be reduced to H2S (hydrogen sulfide) either by catabolism of the 

amino acid cysteine by the enzyme cysteine desulfurase or by reduction of 

thiosulfate in anaerobic respiration. If hydrogen sulfide is produced, a black color 

forms in the medium. Proteus mirabilis is positive for H2S production. The 

organism pictured on the far left is positive for hydrogen sulfide production. 

Bacteria that have the enzyme tryptophanase, can convert the amino acid, 

tryptophane to indole. Indole reacts with added Kovac‘s reagent to form rosindole 

dye which is red in color (indole +). Escherichia coli is indole positive. The 

organism pictured second from left is E. coli and is indole positive. SIM tubes are 

inoculated with a single stab to the bottom of the tube. If an organism is motile than 

the growth will radiate from the stab mark and make the entire tube appear turbid 

(Fig. 6).  
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Figure 6: Sulfur Indole Motility Media (SIM) test 

15.11. KLIGER’S IRON AGAR (KIA) 

This is a differential medium. It tests for organisms‘ abilities to ferment 

glucose and lactose to acid and acid plus gas end products. It also allows for 

identification of sulfur reducers. This media is commonly used to separate lactose 

fermenting members of the family Enterobacteriaceae (e.g. Escherichia coli) from 

members that do not ferment lactose, like Shigella dysenteriae.  

The first differential ingredient, glucose, is in very short supply. Organisms 

capable of fermenting this sugar will use it up within the first few hours of 

incubation. Glucose fermentation will create acidic byproducts that will turn the 

phenol red indicator in the media yellow. Thus, after the first few hours of 

incubation, the tube will be entirely yellow. At this point, when the glucose has been 

all used up, the organism must choose another food source. If the organism can 

ferment lactose, this is the sugar it will choose. Lactose fermentation will continue 

to produce acidic byproducts and the media will remain yellow. If gas is produced as 

a result of glucose or lactose fermentation, then fissures will appear in the agar or 

the agar will be lifted off the bottom of the tube (Fig. 7). 

If an organism cannot use lactose as a food source it will be forced to use the 

amino acids / proteins in the media. The deamination of the amino acids creates 

NH3, a weak base, which causes the medium to become alkaline. The alkaline pH 
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causes the phenol red indicator to begin to turn red. Since the incubation time is 

short (18-24 h), only the slant has a chance to turn red and not the entire tube. Thus 

an organism that can ferment glucose but not lactose, will produce a red slant and a 

yellow butt in a KIA tube (second from the left below). If an organism is capable of 

using neither glucose nor lactose, the organism will use solely amino acids / 

proteins. The slant of the tube will be red and the color of the butt will remain 

unchanged. Pseudomonas aeruginosa is an example of a nonfermenter. 

KIA tubes are also capable of detecting the production of H2S. It is seen as a 

black precipitate (second picture from the right). Sometimes the black precipitate 

obscures the butt of the tube. In such cases, the organisms should be considered 

positive for glucose fermentation (yellow butt). Proteus mirabilis  is a glucose 

positive, lactose negative, sulfur reducing enteric. 

 

Figure 7: Kliger‘s Iron Agar (KIA) test 

15.12. NITRATE BROTH 

This is a differential medium. It is used to determine if an organism is 

capable of reducing nitrate (NO3
-
) to nitrite (NO2

-
) or other nitrogenous compounds 

via the action of the enzyme nitratase (also called nitrate reductase). This test is 

important in the identification of both Gram-positive and Gram-negative species.  
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After incubation, these tubes are first inspected for the presence of gas in the 

Durham tube. In the case of nonfermenters, this is indicative of reduction of nitrate 

to nitrogen gas. However, in many cases gas is produced by fermentation and further 

testing is necessary to determine if reduction of nitrate has occurred. This further 

testing includes the addition of sulfanilic acid (often called nitrate I) and dimethyl-

alpha-napthalamine (nitrate II). If nitrite is present in the media, then it will react 

with nitrate I and nitrate II to form a red compound. This is considered a positive 

result. If no red color forms upon addition of nitrate I and II, this indicates that either 

the NO3
-
 has not been converted to NO2

-
 (a negative result), or that NO3

-
 was 

converted to NO2
-
 and then immediately reduced to some other, undetectable form 

of nitrogen (also a positive result). In order to determine which of the preceding is 

the case, elemental zinc is added to the broth. Zinc will convert any remaining NO3
-
 

to NO2
-
 thus allowing nitrate I and nitrate II to react with the NO2

-
 and form the red 

pigment (a verified negative result). If no color change occurs upon addition of zinc 

then this means that the NO3
-
 was converted to NO2

-
 and then was converted to 

some other undetectable form of nitrogen (a positive result). 

 

Figure 8: Nitrate Broth test 

If the nitrate broth turns red (tubes pictured in the center) after nitrate I and 

nitrate II are added, this color indicates a positive result. If instead, the tube turns red 

after the addition of Zn, this indicates a negative result. If there is no color change in 

the tube after the addition of nitrate I and nitrate II, the result is uncertain. If the tube 

is colorless after the addition of Zn this indicates a positive test (Fig. 8). 
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15.13. CATALASE TEST 

This test is used to identify organisms that produce the enzyme, catalase. 

This enzyme detoxifies hydrogen peroxide by breaking it down into water and 

oxygen gas. 

 

The bubbles resulting from production of oxygen gas clearly indicate a 

catalase positive result. The sample on the right below is catalase positive. The 

Staphylococcus spp. and the Micrococcus spp. are catalase positive. The 

Streptococcus and Enterococcus spp. are catalase negative (Fig. 9). 

 

Figure 9: Catalase Test 

15.14. OXIDASE TEST 

This test is used to identify microorganisms containing the enzyme 

cytochrome oxidase (important in the electron transport chain). It is commonly used 

to distinguish between oxidase negative Enterobacteriaceae and oxidase positive 

Pseudomadaceae.  

Cytochrome oxidase transfers electrons from the electron transport chain to oxygen 

(the final electron acceptor) and reduces it to water. In the oxidase test, artificial 

electron donors and acceptors are provided. When the electron donor is oxidized by 

cytochrome oxidase it turns a dark purple. This is considered a positive result. In the 
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picture below the organism on the right (Pseudomonas aeruginosa) is oxidase 

positive (Fig. 10).  

 

Figure 10: Oxidase test 

15.15. COAGULASE TEST 

Coagulase is an enzyme that clots blood plasma. This test is performed on 

Gram-positive, catalase positive species to identify the coagulase positive 

Staphylococcus aureus. Coagulase is a virulence factor of S. aureus. The formation 

of clot around an infection caused by this bacteria likely protects it from 

phagocytosis. This test differentiates Staphylococcus aureus from other coagulase 

negative Staphylococcus species (Fig. 11). 

 

Figure 11: Coagulase test 
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15.16. TAXOS A (BACITRACIN SENSITIVITY TESTING) 

This is a differential test used to distinguish between organisms sensitive to 

the antibiotic bacitracin and those not. Bacitracin is a peptide antibiotic produced by 

Bacillus subtilis. It inhibits cell wall synthesis and disrupts the cell membrane. This 

test is commonly used to distinguish between the hemolytic streptococci: 

Streptococcus agalactiae (bacitracin resistant) and Streptococcus pyogenes 

(bacitracin sensitive). There will be a large zone of inhibiton surrounding the disk. 

E.g., Streptococcus pyogenes (Fig. 12) 

 

Figure 12: Taxos A (bacitracin sensitivity testing) test 

15.17. TAXOX P (OPTOCHIN SENSITIVITY TESTING) 

This is a differential test used to distinguish between organisms sensitive to 

the antibiotic optochin and those not. This test is used to distinguish Streptococcus 

pneumoniae (optochin sensitive (pictured on the right below)) from other -

hemolytic streptococci (optochin resistant (Streptococcus mitis is pictured on the left 

below) (Fig. 13).  
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Figure 13: Taxos P (optochin sensitivity testing) test 

15.18. MAC CONKEY AGAT TEST 

This medium is both selective and differential. The selective ingredients are 

the bile salts and the dye, crystal violet which inhibit the growth of Gram-positive 

bacteria. The differential ingredient is lactose. Fermentation of this sugar results in 

an acidic pH and causes the pH indicator, neutral red, to turn a bright pinky-red 

color. Thus organisms capable of lactose fermentation such as Escherichia coli, 

form bright pinky-red colonies (plate pictured on the left here). MacConkey agar is 

commonly used to differentiate between the Enterobacteriaceae. 

 

Figure 14: MacConkey agar test 
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15.19. SIMMON’S CITRATE AGAR 

This is a defined medium used to determine if an organism can use citrate as 

its sole carbon source. It is often used to differentiate between members of 

Enterobacteriaceae. In organisms capable of utilizing citrate as a carbon source, the 

enzyme citrase hydrolyzes citrate into oxaoloacetic acid and acetic acid. The 

oxaloacetic acid is then hydrolyzed into pyruvic acid and CO2. If CO2 is produced, it 

reacts with components of the medium to produce an alkaline compound (e.g. 

Na2CO3). The alkaline pH turns the pH indicator (bromthymol blue) from green to 

blue. This is a positive result (the tube on the right is citrate positive). Klebsiella 

pneumoniae and Proteus mirabilis are examples of citrate positive organisms. 

Escherichia coli and Shigella dysenteriae are citrate negative (Fig. 15) 

 

Figure 15: Simmon‘s Citrate Agar test 

15.20. SPIRIT BLUE AGAT TEST 

This agar is used to identify organisms that are capable of producing the 

enzyme lipase. This enzyme is secreted and hydrolyzes triglycerides to glycerol and 

three long chain fatty acids. These compounds are small enough to pass through the 

bacterial cell wall. Glycerol can be converted into a glycolysis intermediate. The 

fatty acids can be catabolized and their fragments can eventually enter the Kreb‘s 

cycle. Spirit blue agar contains an emulsion of olive oil and spirit blue dye. Bacteria 
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that produce lipase will hydrolyze the olive oil and produce a halo around the 

bacterial growth. The Gram-positive rod, Bacillus subtilis is lipase positive . The 

plate pictured on the left is lipase negative (Fig. 16). 

 

Figure 16: Spirit Blue agar test 

 

15.21. STARCH HYDROLYSIS TEST 

This test is used to identify bacteria that can hydrolyze starch (amylose and 

amylopectin) using the enzymes α-amylase and oligo-1,6-glucosidase. Often used to 

differentiate species from the genera Clostridium and Bacillus. Because of the large 

size of amylose and amylopectin molecules, these organisms cannot pass through 

the bacterial cell wall. In order to use these starches as a carbon source, bacteria 

must secrete-amylase and oligo-1,6-glucosidase into the extracellular space. 

These enzymes break the starch molecules into smaller glucose subunits which can 

then enter directly into the glycolytic pathway. In order to interpret the results of the 

starch hydrolysis test, iodine must be added to the agar. The iodine reacts with the 

starch to form a dark brown color. Thus, hydrolysis of the starch will create a clear 

zone around the bacterial growth. Bacillus subtilis is positive for starch hydrolysis. 

The organism shown on the right is negative for starch hydrolysis (Fig. 17). 
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Figure 17: Starch hydrolysis test 

15.22. METHYL RED / VOGES-PROSKAUER (MR/VP) 

This test is used to determine which fermentation pathway is used to utilize 

glucose. In the mixed acid fermentation pathway, glucose is fermented and produces 

several organic acids (lactic, acetic, succinic, and formic acids). The stable 

production of enough acid to overcome the phosphate buffer will result in a pH of 

below 4.4. If the pH indicator (methyl red) is added to an aliquot of the culture broth 

and the pH is below 4.4, a red color will appear (first picture, tube on the left). If the 

MR turns yellow, the pH is above 6.0 and the mixed acid fermentation pathway has 

not been utilized (Fig. 18). The 2,3 butanediol fermentation pathway will ferment 

glucose and produce a 2,3 butanediol end product instead of organic acids. In order 

to test this pathway, an aliquot of the MR/VP culture is removed and -naphthol 

and KOH are added. They are shaken together vigorously and set aside for about 

one hour until the results can be read. The Voges-Proskauer test detects the presence 

of acetoin, a precursor of 2,3 butanediol. If the culture is positive for acetoin, it will 

turn ―brownish-red to pink‖ (tube on the left in the second picture). If the culture is 

negative for acetoin, it will turn ―brownish-green to yellow‖ (tube on the left in the 

second picture). Note: A culture will usually only be positive for one pathway: either 

MR+ or VP+. Escherichia coli is MR+ and VP-. In contrast, Enterobacter 
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aerogenes and Klebsiella pneumoniae are MR- and VP+. Pseudomonas aeruginosa 

is a glucose nonfermenter and is thus MR- and VP-. 

 

Figure 18: Methyl Red / Voges-Proskauer (MR/VP) test 

15.23. CAMP TEST 

CAMP factor is a diffusible, heat-stable protein produced by group B 

streptococci. This is a synergistic test between Staphylococcus aureus and 

Streptococcus agalactiae. S. agalactiae produces CAMP factor. S. aureus produces 

sphingomyelin C, which binds to red blood cell membranes. The two bacteria are 

streaked at 90
o
 angles of one another. The CAMP factor produced by S. agalactiae 

enhances the beta-hemolysis of S. aureus by binding to already damaged red blood 

cells. As a result, an arrow of beta-hemolysis is produced between the two streaks. 

The test is presumptive for S. agalactiae that produces CAMP factor. 

 

Figure 19: CAMP Test 
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In the picture here, Streptococcus agalactiae was streaked throughout the top 

region of the plate and brought down toward the center of the plate. Staphylococcus 

aureus was streaked in a straight line across the center of the plate. Rings of 

hemolysis are evident all around S. aureus, however the hemolysis if greatly 

enhanced where the S. agalactiae crosses the hemolysis rings (Fig. 19). 

 

15.24. UREASE TEST 

This test is used to identify bacteria capable of hydrolyzing urea using the 

enzyme urease. It is commonly used to distinguish the genus Proteus from other 

enteric bacteria. The hydrolysis of urea forms the weak base, ammonia, as one of its 

products. This weak base raises the pH of the media above 8.4 and the pH indicator, 

phenol red, turns from yellow to pink. Proteus mirabilis is a rapid hydrolyzer of 

urea (Fig. 20).  

 

Figure 20: Urease test 
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15.25. MOTILITY AGAR 

Is a differential medium used to determine whether an organism is equipped 

with flagella and thus capable of swimming away from a stab mark. The results of 

motility agar are often difficult to interpret. Generally, if the entire tube is turbid, 

this indicates that the bacteria have moved away from the stab mark (are motile). 

The organisms in the two tubes pictured on the right are motile. If, however, the stab 

mark is clearly visible and the rest of the tube is not turbid, the organism is likely 

nonmotile (Fig. 21).  

 

Figure 21: Motility agar test 

15.26. BIOCHEMICAL IDENTIFICATION OF FUNGI 

The following are some systems currently being used for the identification of yeasts: 

Carbohydrate fermentation studies: This tests whether a certain yeast ferments 

different carbohydrates. 

Carbohydrate assimilation studies: This test whether a yeast can utilize different 

carbohydrates as their sole source of carbon aerobically. 

API 20C System: Freeze-dried sugars are placed into wells on a plastic strip, yeast 

basal medium suspended yeast is pipetted into wells, and incubated. 

Turbidity determines growth. 
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Uni-Yeast Tek System: Identifies yeasts based on their ability to ferment certain 

sugars 

Vitek yeast Biochemical Card 

 

 

15.27. SUMMARY  

To aid in the more definitive identification of bacteria there are a series 

of biochemical tests that can be used to differentiate even closely related organisms.  

These various tests are designed to identify various metabolic properties of different 

bacterial species.   

Mannitol Salt Agar (MSA): The MSA will select for bacteria such as 

Staphylococcus species which can live in areas of high salt concentration. The 

differential ingredient in MSA is the sugar mannitol. Organisms capable of using 

mannitol as a food source will produce acidic byproducts of fermentation that will 

lower the pH of the media. The acidity of the media will cause the pH indicator, 

phenol red, to turn yellow. Staphylococcus aureus is capable of fermenting mannitol 

while Staphylococcus epidermidis is not. 

Glucose broth with Durham tubes: It tests an organism's ability to ferment the 

sugar glucose as well as its ability to convert the end product of glycolysis, pyruvic 

acid into gaseous byproducts. this medium contains the pH indicator, phenol red. If 

an organism is capable of fermenting the sugar glucose, then acidic byproducts are 

formed and the pH indicator turns yellow. The end product of glycolysis is pyruvate. 

Organisms that are capable of converting pyruvate to formic acid and formic acid to 

H2 (g) and CO2 (g), via the action of the enzyme formic hydrogen lyase, emit gas. 

This gas is trapped in the Durham tube and appears as a bubble at the top of the 

tube.  

Blood Agar Plates (BAP): It is a rich, complex medium that contains 5% sheep red 

blood cells. BAP tests the ability of an organism to produce hemolysins, enzymes 
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that damage/lyse red blood cells (erythrocytes). Beta-hemolysis is complete 

hemolysis. It is characterized by a clear (transparent) zone surrounding the colonies. 

Partial hemolysis is termed alpha-hemolysis. Colonies typically are surrounded by a 

green, opaque zone. If no hemolysis occurs, this is termed gamma-hemolysis. There 

are no notable zones around the colonies.  

Bile Esculin Agar: This is a medium that is both selective and differential. It tests 

the ability of organisms to hydrolyze esculin in the presence of bile. The differential 

ingredient is esculin. If an organism can hydrolyze esculin in the presence of bile, 

the product esculetin is formed. Esculetin reacts with ferric citrate (in the medium), 

forming a phenolic iron complex which turns the entire slant dark brown to black.  

Sulfur Indole Motility Media (SIM): It tests the ability of an organism to do 

several things: reduce sulfur, produce indole and swim through the agar (be motile). 

Sulfur can be reduced to H2S (hydrogen sulfide) either by catabolism of the amino 

acid cysteine by the enzyme cysteine desulfurase or by reduction of thiosulfate in 

anaerobic respiration. If hydrogen sulfide is produced, a black color forms in the 

medium. Bacteria that have the enzyme tryptophanase, can convert the amino acid, 

tryptophane to indole. Indole reacts with added Kovac‘s reagent to form rosindole 

dye which is red in color (indole +). SIM tubes are inoculated with a single stab to 

the bottom of the tube. If an organism is motile than the growth will radiate from the 

stab mark and make the entire tube appear turbid.  

Nitrate broth/Nitrate reductase test: This test determines whether the microbe 

produces the enzymes nitrate reductase and nitrite reductase. The two enzymes 

catalyze reactions involved in converting starting compound nitrate into end 

product nitrogen gas. Some bacteria produce both enzymes, some produce nitrate 

reductase only, and others produce neither. If a bacterium producing nitrate 

reductase is grown in a medium containing nitrate, the enzyme converts 

the nitrate to nitrite. Nitrite reacts with certain chemicals to yield a red-colored 

product. If the bacterium also produces nitrite reductase, nitrogen gas will be 

liberated. Bubbles collecting in an inverted Durham tube indicate that nitrogen has 

been produced. 
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The medium used is nitrate broth with Durham tube, a nutrient broth 

with potassium nitrate added. The inverted Durham tube is placed in the medium 

as a trap for any nitrogen that might be generated. An inoculum from a pure culture 

is transferred aseptically to a sterile tube of nitrate broth containing an inverted 

Durham tube. The inoculated tube is incubated at 35-37 C for 24 hours and the 

results are determined. A positive test for both enzymes consists of a turbid 

(cloudy) broth with pronounced gas bubbles trapped in the Durham tube.  

Catalase Test: This test is used to identify organisms that produce the enzyme, 

catalase. This enzyme detoxifies hydrogen peroxide by breaking it down into water 

and oxygen gas. 

The bubbles resulting from production of oxygen gas clearly indicate a catalase 

positive result. The sample on the right below is catalase positive.  

Oxidase Test: This test is used to identify microorganisms containing the enzyme 

cytochrome oxidase. Cytochrome oxidase transfers electrons from the electron 

transport chain to oxygen (the final electron acceptor) and reduces it to water. In the 

oxidase test, artificial electron donors and acceptors are provided. When the electron 

donor is oxidized by cytochrome oxidase it turns a dark purple. This is considered a 

positive result.  

MacConkey agar: The selective ingredients are the bile salts and the dye, crystal 

violet which inhibit the growth of Gram-positive bacteria. The differential ingredient 

is lactose. Fermentation of this sugar results in an acidic pH and causes the pH 

indicator, neutral red, to turn a bright pinky-red color. Thus organisms capable of 

lactose fermentation form bright pinky-red colonies  

Simmon’s Citrate Agar: This is a defined medium used to determine if an 

organism can use citrate as its sole carbon source. In organisms capable of utilizing 

citrate as a carbon source, the enzyme citrase hydrolyzes citrate into oxaoloacetic 

acid and acetic acid. The oxaloacetic acid is then hydrolyzed into pyruvic acid and 

CO2. If CO2 is produced, it reacts with components of the medium to produce an 

http://www.vumicro.com/vumie/help/VUMICRO/Nitrate_Broth_with_Durham_Tube.htm
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alkaline compound (e.g. Na2CO3). The alkaline pH turns the pH indicator 

(bromthymol blue) from green to blue.  

Spirit Blue agar: This agar is used to identify organisms that are capable of 

producing the enzyme lipase. This enzyme is secreted and hydrolyzes triglycerides 

to glycerol and three long chain fatty acids. These compounds are small enough to 

pass through the bacterial cell wall. Glycerol can be converted into a glycolysis 

intermediate. The fatty acids can be catabolized and their fragments can eventually 

enter the Kreb‘s cycle. Spirit blue agar contains an emulsion of olive oil and spirit 

blue dye. Bacteria that produce lipase will hydrolyze the olive oil and produce a halo 

around the bacterial growth.  

Starch hydrolysis test: This test is used to identify bacteria that can hydrolyze 

starch (amylose and amylopectin) using the enzymes -amylase and oligo-1,6-

glucosidase. These enzymes break the starch molecules into smaller glucose 

subunits which can then enter directly into the glycolytic pathway. In order to 

interpret the results of the starch hydrolysis test, iodine must be added to the agar. 

The iodine reacts with the starch to form a dark brown color. Thus, hydrolysis of the 

starch will create a clear zone around the bacterial growth.  

Urease test: This test is used to identify bacteria capable of hydrolyzing urea using 

the enzyme urease. It is commonly used to distinguish the genus Proteus from other 

enteric bacteria. The hydrolysis of urea forms the weak base, ammonia, as one of its 

products. This weak base raises the pH of the media above 8.4 and the pH indicator, 

phenol red, turns from yellow to pink. Proteus mirabilis is a rapid hydrolyzer of 

urea 

Motility agar: is a differential medium used to determine whether an organism is 

equipped with flagella and thus capable of swimming away from a stab mark. The 

results of motility agar are often difficult to interpret. Generally, if the entire tube is 

turbid, this indicates that the bacteria have moved away from the stab mark (are 

motile). If, however, the stab mark is clearly visible and the rest of the tube is not 

turbid, the organism is likely nonmotile.  
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15.28. CHECK YOUR PROGRESS 

1. What are the different biochemical tests used to identify Gram positive 

bacteria? 

2. What are the different biochemical tests to identify Gram negative bacteria? 

3. Write a short note on the following: 

a) Catalase Test 

b) Mannitol Salt Agar 

c) Blood Agar Plates  

d) Streak-stab technique 

e) Taxos P (optochin sensitivity testing) 

f) Taxos A (bacitracin sensitivity testing) 

g) CAMP Test 

h) Bile Esculin Agar 

i) Nitrate Broth 

j) Spirit Blue agar 

k) Starch hydrolysis test 

l) Motility Agar 

m) Coagulase Test 

n) Oxidase Test 

o) Sugar (eg glucose) broth with Durham tubes 

p) Methyl Red / Voges-Proskauer (MR/VP) 

q) Kliger‘s Iron Agar (KIA) 

r) Nitrate Broth 

s) Motility Agar 

t) MacConkey agar 

u) Simmon‘s Citrate Agar 

v) Urease test 

w) Sulfur Indole Motility Media (SIM) 

 

 

 

http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#catalase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Mannitol
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#blood
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#streak
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#taxos2
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#taxos
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#camp
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#bile
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#nitrate
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#spirit_blue
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#starch
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Motility
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#coagulase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#oxidase
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Glucose
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#methyl_red
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#kliger
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#nitrate
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#Motility
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#macConkey
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#simmons
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#urease
http://www.uwyo.edu/molb2210_lab/info/biochemical_tests.htm#sulfur
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16.1. OBJECTIVES  

After reading this unit we will be able to learn about: 

 Maintenance and preservation of different microorganisms. 

 Techniques employed for preservation of various microorganisms. 

 Different preservation techniques like refrigeration, mineral oil overlay, 

freezing, cryopreservation lyophilization (freeze-drying) etc.,  

 

16.2. INTRODUCTION  

There are different methods of maintenance and preservation of 

microorganisms. Some microorganisms can be maintained for some time by mere 

refrigeration whereas others have to be frozen for maintenance and storage. 

Microorganisms require special preservation methods in order to ensure optimal 

long-term viability and genetic stability. In general preservation of microorganisms 

can be done in two different states namely metabolically active state and 

metabolically inactive state. There are various methods of preservation like pure 

culture maintenance, refrigeration, storing in paraffin wax or oils, cryopreservation, 

lyophilisation etc., which are used.  

 

16.3. MAINTENANCE OF MICROORGANISMS 

Once a microorganism has been isolated and grown in pure culture, it 

becomes necessary to maintain the viability and purity of the microorganism by 

keeping the pure cultures free from contamination. One method for maintenance of 

microorganisms is transfer to fresh solid medium such as nutrient medium to which 

the gelling agent agar has been added. Before the cells grow old and die, some are 

transferred to fresh medium. This is called serial transfer and could go on forever. 

Normally in laboratories, the pure cultures are transferred periodically onto or into a 

fresh medium (subculturing) to allow continuous growth and viability of 

microorganisms. The transfer is always subject to aseptic conditions to avoid 

contamination 
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Strains can be maintained by periodically preparing a fresh culture from the 

previous stock culture. The culture medium, the storage temperature, and the time 

interval at which the transfers are made vary with the species. The temperature and 

the type of medium chosen should support a slow rather than a rapid rate of growth 

so that the time interval between transfers can be as long as possible. Many of the 

more common heterotrophs remain viable for several weeks or months on a medium 

like nutrient agar. The transfer method has the disadvantage of failing to prevent 

changes in the characteristics of a strain due to the development of variants and 

mutants. 

 

16.4. PRESERVATION OF MICROORGANISMS 

Since repeated sub culturing is time consuming, it becomes difficult to 

maintain a large number of pure cultures successfully for a long time. In addition, 

there is a risk of genetic changes as well as contamination. Therefore, it is now 

being replaced by some modern methods that do not need frequent subculturing. 

These methods include refrigeration, paraffin method, cryopreservation, and 

lyophilization (freeze drying) 

 

16.4.1. Refrigeration  

It is the simplest and easiest method of preservation. Pure cultures can be 

successfully stored at 0-4°C either in refrigerators or in cold-rooms. This method is 

applied for short duration (2-3 weeks for bacteria and 3-4 months for fungi) because 

the metabolic activities of the microorganisms are greatly slowed down but not 

stopped. Thus their growth continues slowly, nutrients are utilized and waste 

products released in medium. This results in, finally, the death of the microbes after 

sometime precaution has been taken to avoid contamination.  Cultures should be 

prepared using standard techniques and then sealed before storing.  Slants must be 

stored in screw capped tubes.  For cultures on Petri dishes, the plates need to be 
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sealed with Parafilm.  Sealing the plates not only helps to prevent molds from 

sneaking into the plates, but it slows the agar from drying.   

 

16.4.2. Paraffin method/mineral oil overlay 

This is a simple and most economical method of maintaining pure cultures of 

bacteria and fungi. In this method, sterile liquid paraffin in poured over the slant 

(slope) of culture and stored upright at room temperature. The layer of paraffin 

ensures anaerobic conditions and prevents dehydration of the medium. This 

condition helps microorganisms or pure culture to remain in a dormant state and, 

therefore, the culture is preserved for several years. The culture can be preserved 

form months to years (varies with species). The advantage of this method is that 

some of the growth under the oil can be removed with a transfer needle.  

 

16.4.3. Freezing 

Freezing is a good way to store microorganisms.  Generally, the colder the 

storage temperature, the longer the culture will retain viable cells.  Freezers can be 

split into three categories:  laboratory, ultralow, and cryogenic.  One of the main 

problems faced in this method is formation of ice crystals.  Ice can damage cells by 

dehydration caused by localized increases in salt concentration and also causes 

denaturation of biomolecules. To lessen the negative effects of freezing, glycerol is 

often used as a cryoprotectant.  Adding glycerol to final concentration of 15% will 

help to keep cells viable under all freezing conditions. Laboratory freezers are those 

that can pull temperatures down to -20 to -40°C and used for this purpose. Bacteria 

and fungi can be stored for moderate periods of time, e.g., 1 year, in general purpose 

freezers. Ultralow freezers are two stage systems (two compressors each having a 

different refrigerant) which pull down to around -86°C.  Cells stored at -80°C tend 

to remain viable for several years.   
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16.4.4. Cryopreservation  

Cryopreservation (i.e., freezing in liquid nitrogen at -196°C) helps survival 

of pure cultures for long storage times. In this method, the microorganisms of 

culture are rapidly frozen in liquid nitrogen at -196°C in the presence of stabilizing 

agents such as glycerol that prevent the formation of ice crystals and promote cell 

survival.  

At this temperature, the molecular motion of water is halted and cells are 

trapped in a glass-like matrix.  microorganisms stored in cryogenic freezers retain 

their viability for many years without significant loss of viability.  Storing cells in 

cryogenic freezers is the most effective and, as compared to freeze drying, the 

easiest method for long-term storage.  The disadvantages are cost and potential 

vulnerability of stocks to power outages, mechanical failures, and failed deliveries 

of liquid nitrogen.  

Cryopreservation of bacteria at temperatures between -196°C and -150° is a 

reliable method for long-term storage. To save space in the liquid nitrogen (LN2) 

container, bacteria can be preserved in glass capillaries which are placed in capillary 

holders. Cryopreservation of fungi should preferably be stored below -135° C in 

order to be nearly at or below the limit for ice crystal growth (-139°C). 

Prior to storage the cells must be cooled at a rate at which production of 

intracellular ice-crystals is avoided. During freezing the bulk of the free water 

crystallizes, leaving a saturated solution of high osmotic value surrounding the still 

unfrozen cells, which dehydrate and shrink to obtain an osmotic equilibrium. The 

exposure of the cells to this solution should result in dehydration to such an extent 

that the freezing temperature is depressed sufficiently. The optimal cooling rate 

depends on the size of the cell, the thickness of the cell-wall and the cryoprotectant. 

Since small cells (e.g. bacteria and thin-walled fungal cells < 5 mm) can dehydrate 

very quickly, they can be cooled almost instantaneously but thick-walled propagules 

and cells < 5 mm must be cooled slowly. 
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For recovery, a single capillary may be removed without thawing or 

contaminating the parallel samples. Material is revived by warming it as fast as 

possible. Generally the cryovials are thawed in a waterbath (revival 5 min. at 30°C 

 

16.4.5. Lyophilization (Freeze-Drying) 

In this method, the culture is rapidly frozen at a very low temperature (-

70°C) and then dehydrated by vacuum. Under these conditions, the microbial cells 

are dehydrated and their metabolic activities are stopped; as a result, the microbes go 

into dormant state and retain viability for years. Lyophilized or freeze-dried pure 

cultures and then sealed and stored in the dark at 4°C in refrigerators. Freeze-drying 

method is the most frequently used technique by culture collection centres 

In an aqueous system, such as a living cell, water not only serves as the 

medium for enzymatic reactions, but also spontaneous negative reactions such as 

free radical formation.  Removing water halts both enzymatic and non-enzymatic 

reactions.  Freeze drying is one method of removing this water.  Many 

microorganisms can be preserved very effectively by freeze drying.  By freezing the 

cells in a medium that contains a lyoprotectant (usually sucrose) and then pulling the 

water out using a vacuum (sublimation), cells can be effectively preserved.  This 

method is laborious and requires specialized equipment, but it has the advantage of 

generating stock cultures that are unaffected by power outages and empty liquid 

nitrogen tanks.   

In the freeze-drying process water is removed from the frozen sample. 

Bacteria are suspended in a suitable protective medium, frozen and exposed to a 

vacuum. After drying the bacteria are stored under vacuum in glass vials. 

During freeze-drying fungi are dehydrated in the cooling phase preceding the 

actual drying. Because large, septate and/or thick-walled propagules dehydrate 

slowly, they have to be cooled at-1°C/min. despite the adverse effects (protein 

denaturation) of slow cooling. Since thin-walled propagules £ 5mm dehydrate much 

faster, they are preferably cooled instantaneously to below -75°C  
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The temperature in the freeze-drying device must be raised at 1°C/min to reach the 

secondary drying phase to avoid collapse. 

 

16.5. QUALITY CONTROL AFTER PRESERVATION  

After every preservation of a microbial strain controls are necessary. At least 

viability and purity, and where appropriate, the identity of the preserved culture have 

to be checked immediately after preservation. If available a registration form for the 

freeze-drying process per batch (e.g. vacuum, product temperature, shelf 

temperature, condenser temperature, time) is filed. Any remark on the viability or 

properties of a batch has to be archived and remain available to compare with future 

controls. 

 

 



MB 1.4: Microbial Techniques 

 

KSOU Mysore                                                                                                                                    278 

 

 

 

16.6. SOME SPECIAL METHODS FOR MAINTENANCE AND 

PRESERVATION OF FUNGI  

Short-term preservation involves maintenance of cultures for up to l year. 

Most fungal cultures can be maintained for that period by serial transfer. Cultures 

must be checked frequently for contamination by other microorganisms and for 

drying. Most filamentous fungi can survive at least 1-2 years at 4°C.  
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16.6.1. Sclerotization 

Some fungi develop sclerotia or other long-term survival propagules in 

culture as well as in nature; preserving such structures, usually at 3°-5°C, is a good 

way to preserve fungal strains. Many soil fungi, such as Magnaporthe, 

Phymatotrichum, and Cylindrocladium species, produce sclerotia or microsclerotia 

that remain viable for 2-5 years 

 

16.6.2. Oil Overlay 

A low-cost and low-maintenance method for preserving cultures growing on 

agar slants is oil overlay. Cultures can be kept for several years or, in exceptional 

cases, up to 32 years at room temperature or 15°-20°C. This method is appropriate 

for mycelial or nonsporulating cultures that are not amenable to freezing or freeze-

drying. As an added benefit, oil also reduces mite infestations. The major 

disadvantage of the oil overlay technique is that the fungi continue to grow. High-

quality mineral oil or liquid paraffin is used for this method.  

 

16.6.3. Immersion in Distilled Water 

Another inexpensive and low-maintenance method for storing fungal 

cultures is to immerse them in distilled water. Apparently, the water suppresses 

morphological changes in most fungi. The method has been used successfully to 

preserve oomycetes, basidiomycetes, ectomycorrhizal fungi, ascomycetes, 

hyphomycetes, plant pathogenic fungi, aerobic actinomycetes, and human pathogens 

and yeasts.  

 

16.6.4. Organic Substrata 

Over the years, researchers have developed practical, effective, and 

ingenious methods of preserving fungi on various organic substrata such as wood 
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chips, cereal grains, straw, filter paper, and insect and plant tissues. Many of the 

techniques were developed for pathogenic or other specific fungi and have not been 

rigorously tested with a range of fungi.  

16.6.5. Cereal Grains 

Fungi such as Sclerotinia, Magnaporthe, Leptosphaeria, and Rhizoctonia 

species have been stored for up to 10 years on seeds of oats, barley, wheat, rye, 

millet, and sorghum  

 

16.6.6. Silica Gel 

The silica gel method can be used to preserve sporulating fungi if facilities 

for freeze-drying or for storage in liquid nitrogen are not available  sporulating fungi 

protected by skim milk and stored on silica gel remain viable for 4-5 years. Spores 

and microcysts of dictyostelids can be preserved for up to 11 years on silica gel.  

 

16.7. SUMMARY 

Microorganisms require special preservation methods in order to ensure 

optimal long-term viability and genetic stability. There are various methods of 

preservation like pure culture maintenance, refrigeration, storing in paraffin wax or 

oils, cryopreservation, lyophilisation etc., which are used.  

Once a microorganism has been isolated and grown in pure culture, it 

becomes necessary to maintain the viability and purity of the microorganism by 

keeping the pure cultures free from contamination. One method for maintenance of 

microorganisms is transfer to fresh solid medium such as nutrient medium to which 

the gelling agent agar has been added.  

Refrigeration : It is the simplest and easiest method of preservation. Pure cultures 

can be successfully stored at 0-4°C either in refrigerators or in cold-rooms. This 

method is applied for short duration (2-3 weeks for bacteria and 3-4 months for 
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fungi) because the metabolic activities of the microorganisms are greatly slowed 

down but not stopped. Thus their growth continues slowly, nutrients are utilized and 

waste products released in medium. For cultures on Petri dishes, the plates need to 

be sealed with Parafilm.  Sealing the plates not only helps to prevent molds from 

sneaking into the plates, but it slows the agar from drying.   

Paraffin method/mineral oil overlay: In this method, sterile liquid paraffin in 

poured over the slant (slope) of culture and stored upright at room temperature. The 

layer of paraffin ensures anaerobic conditions and prevents dehydration of the 

medium. This condition helps microorganisms or pure culture to remain in a 

dormant state and, therefore, the culture is preserved for several years.  

Freezing: Freezing is a good way to store microorganisms.  Generally, the colder 

the storage temperature, the longer the culture will retain viable cells.  Laboratory 

freezers are those that can pull temperatures down to -20 to -40°C and used for this 

purpose. Bacteria and fungi can be stored for moderate periods of time, e.g., 1 year, 

in general purpose freezers. Ultralow freezers are two stage systems (two 

compressors each having a different refrigerant) which pull down to around -86°C.  

Cells stored at -80°C tend to remain viable for several years.   

Cryopreservation : Cryopreservation is freezing in liquid nitrogen at -196°C for 

survival of pure cultures for long storage times. In this method, the microorganisms 

of culture are rapidly frozen in liquid nitrogen at -196°C in the presence of 

stabilizing agents such as glycerol that prevent the formation of ice crystals and 

promote cell survival. Microorganisms stored in cryogenic freezers retain their 

viability for many years without significant loss of viability.  Cryopreservation of 

bacteria at temperatures between -196°C and -150° is a reliable method for long-

term storage. Cryopreservation of fungi should preferably be stored below -135° C 

in order to be nearly at or below the limit for ice crystal growth (-139°C). 

Lyophilization (Freeze-Drying): In this method, the culture is rapidly frozen at a 

very low temperature (-70°C) and then dehydrated by vacuum. Under these 

conditions, the microbial cells are dehydrated and their metabolic activities are 

stopped; as a result, the microbes go into dormant state and retain viability for years. 
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Lyophilized or freeze-dried pure cultures are stored in the dark at 4°C in 

refrigerators.  

There are some special methods for maintenance and preservation of fungi 

which include sclerotization, oil overlay, immersion in distilled water, storing in 

organic substrata, storing on cereal grains, and storing in silica gel.  

 

16.8. CHECK YOUR PROGRESS 

1. What are the different methods of maintenance of microorganisms? 

2. What are the different methods for preserving microorganisms? 

3. What are the methods of maintaining and preserving bacteria? 

4. What are the special methods of preserving fungi? 

5. Write a short note on the following: 

a) Refrigeration  

b) Paraffin method/mineral oil overlay 

c) Freezing 

d) Cryopreservation  

e) Lyophilization (Freeze-Drying) 

f) Quality control after preservation  

g) Sclerotization 

 

 

16.9. KEY WORDS 

Maintenance and preservation of microorganisms, subculturing, 

refrigeration, paraffin method/mineral oil overlay, freezing, cryopreservation, 

lyophilization (freeze-drying), sclerotization, immersion in distilled, silica gel . 
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