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General safety guidelines in laboratory 

Microbiology laboratory is a place for culturing and dealing with different types 

of microorganisms to be examined and diagnosed in the laboratory. To ensure    

a positive result that must be obtained from our work, avoiding contamination 

which could be occurred, and also for our personal safety in the same time, it is 

important to have a Good Microbiological Laboratory Practice (GMLP) that 

aimed to develop our proficiency to contain uncontrolled microbes spreading.   

It is important to make our work under aseptic techniques, for that general 

guidelines and precautions must be followed in the Laboratory represented by: 

1. Reading the notices that are related to laboratory before you entering.  

2. Leave bags, books and unnecessary items outside.  

3. Avoiding eat, drink and smoke inside the laboratory.  

4. Wearing a clean and knee length coat for laboratory with arm covering to 

the wrist.  

5. Follow the laboratory protocols before working and kept it away from 

the specimens, also for labeling the specimens, separate marker pens 

should be used.  

6. Avoid touching eyes, nose and mouth during the work. 

7. Avoid pipetted material by mouth. 

8. Using permanent labeling marker pen to label test tubes, plates or other 

glass material you working with to avoid losing information you need.    

9. Wearing gloves as you are handled and cultured the clinical specimens. 

10. After finishing your work, the gloves should be removed by pulling one 

glove toward the fingers to turn the glove inside out and hold it in the 

gloved hand. The other glove is removed by putting finger or two of 

ungloved hand under the glove and turning the inside out with 

containing the first one, and then discarded the gloves into contaminated 

waste container (figure 1.1). 
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Figure 1.1: Removing laboratory gloves after finishing work. 

 

 

11. When the procedure you work on is aerosols it is important to do this 

procedure inside a bio-safety cabinet wearing goggles and mask for 

protection.  

12. Using the disinfectant to clean and sterilize the work area of bench before 

and after your laboratory working.  

13. Spillage of bacterial specimens, cultures or any contaminated materials 

should be reported immediately to the attending technician and do not 

remove without permission. 

 



3 

 

 

14. The spillages materials should be removed by wearing gloves firstly and 

secondly covering the area with layers of bleach-soaked cloth and leaving 

about 15 to 30 minutes. After that the spillages materials have been 

swept and removed with any contaminated and surrounded debris likes 

glass wears or cotton plugs to a proper container with lid (figure 1.2),  

(figure 1.3). 
 

 
                    Figure 1.2: Biohazard waste container.                            Figure 1.3: Biohazard container for sharps                                           

                                                                                                                    and needle disposal. 

 

 

15. Removing gloves before handling with any records of the laboratory. 

16. Washing hands after finishing your work that have been contaminated 

specimen, bacterial cultures or any chemical materials.  

17. The coat and gloves should be removed and not worn outside the 

laboratory.  

18. Microorganisms are leveled to be handled in biological safety cabinet in to 

groups as shown in table (1.1): 

https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiDisaTo-TkAhVEKFAKHUJCCZcQjhx6BAgBEAI&url=https%3A%2F%2Fwww.amazon.com%2FAdirMed-Sharps-Bio-Hazard-Disposal-Container%2Fdp%2FB079TLTRXR&psig=AOvVaw251X2MAvJuke65JPcWEnsK&ust=1569226655679258
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Table 1.1: Levels of microorganisms. 

  

 

Figure 1.4: Clean bench suitable to deal with hazard group 1 and designed with 100% High Efficiency 

particulate Air (HEPA) supply air is filtered supply air for product protection and not suitable for biological 

agent or chemicals. 

Hazard Risk level Description Aerosols Treatment 
Biological safety 

cabinet (BSC) 

Group 1 1 Unlikely to cause diseases 
Not 

aerosols 
____ 

Clean bench hood 

(Figure 1.4) 

Group 2 2 
Rarely cause diseases to 

workers in laboratory 

Not 

aerosols 

Usually 

available 

Class 1 bio-safety 

cabinet (Figure 1.5) 

Group 3 3 

May cause severe diseases and 

serious hazard to workers in 

laboratory 

Aerosols Available 

 

Class 2 bio-safety 

cabinet (Figure 

1.4,5,6,7,8 and 9) or  

Class 3 (Figure 1.10) 

 

Group 4 4 

Cause severe disease and pose 

a risk to workers in 

laboratory 

Aerosols 
Not 

available 

Class 3 bio-safety 

cabinet (Figure 

1.10) 
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Figure 1.5: Class 1 BSC design to allow the air room inflow to the cabinet across the work area and exhausting 

filtered air to the environment by HEPA filter which provides protection for the person and environment but 

not for the biological material. 

 

Figure 1.6: Class 2 type A1 BSC design to have an inward airflow and recirculate about 70% of the discharge air 

through the supply HEPA filter back to the work zone or may be exhaust about 30% outside using a canopy 

connection which provides protection for person, environment and biological material and suitable for work 

using biological agents without volatile toxic chemicals and volatile radionuclides. 
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Figure 1.7: Class 2 type A2 BSC similar to A1 design to have an inward airflow and recirculate about 70% of the 

discharge air through the supply HEPA filter back to the work zone or may be exhaust about 30% outside 

using a canopy connection which provides protection for person, environment and biological material and 

suitable for work using biological agents without volatile toxic chemicals and volatile radionuclides. 

 

Figure 1.8: Class 2 type B1 BSC design to have an inward airflow and recirculate about 30% of the discharge air 

through the supply HEPA filter back to the work zone and exhaust about 70% outside using a duct system 

which provides protection for person, environment and biological material and suitable for work using 

biological agents with little quantities volatile toxic chemicals and volatile radionuclides. 
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Figure 1.9: Class 2 type B2 BSC design to have an inward airflow and recirculate about 0% of the discharge air 

and exhaust about 100% outside using a duct system through the supply HEPA filter which provides 

protection for person, environment and biological material and suitable for work using biological agents with 

volatile toxic chemicals and volatile radionuclide. 

 

Figure 1.10: Class 3 BSC design to exhaust the air outside using a duct system through the double HEPA filter 

provides a maximum protection for person, environment and biological material and suitable for work using 

biological agents with volatile toxic chemicals and volatile radionuclide. 
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Equipment of laboratory: 

In microbiology laboratory equipment are needed to work and complete 

procedures. It is important to know what equipment is and how to use. The 

following table summarizes the most common laboratory equipment (table 1.2). 

Table 1.2: Laboratory equipment 

Equipment  Description 

Loop 

 

 

 

Platinum - nichrome / plastic material 

Transferring and spreading of an inoculum from culture media to 

another 

 

 

 

 
 

 

 

Straight needle 

 

Platinum - nichrome / plastic material 

Picking small inoculum and transferring to liquid culture or for 

stabbing solid culture media 

 

 

 

 

 

 

 

 

Spreader 

 

Glass /plastic material 

Spreading of an inoculum on the surface of solid culture media 

 

 

 

 

 

Sterile swab stick 

 

Wooden stick material 

Spreading of an inoculum on the surface of solid culture mdia 

 

  

 

 

 

Tips 

Polypropylene material 

Tip could be autoclaving, used with micropipette for transferring 

of specific volume of liquid culture or sterile solutions 
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Equipment 
 

Description 

 

 
 

Micropipette 

Used with suitable tips for transferring of specific volume of 

liquid culture or sterile solutions 

 

 

 

 
Teat 

 

Rubber material 

Using for filling and  discharge the glass pasteur pipette 

 

 

 
Pipette 

 

Glass material 

Transferring of specific volume of liquid culture or sterile 

solutions 

 

 

 

 
Pasteur pipette 

 

Glass / plastic material 

Using for filling and transferring of specific volume of liquid 

culture or sterile solutions 

 

 

 

 

 
Test tube  

 

Glass / plastic material 

Holding of prepared liquid, slant solid culture or sterile 

solutions 
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Equipment   Description 

 

 
 

Petri plate 

 

Glass / plastic material 

Holding prepared solid culture media for microorganism 

growth, glass plate could be used to sterile materials like filter 

paper in oven  

 

 

 
 

Slide 

 

Glass material 

Microscopic examination for specimen smear   

 

 
Cover slide 

 

High quality glass material 

Covering and keeping the examined specimen flat, without 

drying for better examination and kept from contamination 

 

 
Culture bottle 

Glass material 

Storage of sterile culture media or solutions. The screw bottle cap 

allowing of a long duration of time of storage by preventing 

contamination or evaporation of media or solutions. 

 

 

 

 

 

 

Bijou bottle 

 

Glass material 

Holding of prepared liquid culture or sterile solutions 



11 

 

Equipment 
 

Description 

 

 
 

 

 

 

 

Measuring cylinder 

 

Glass / plastic material  

Using for measuring liquids and solutions  

 

 
Conical flask 

Glass / plastic material 

Commonly used is glass for preparing culture media and storage 

media for short periods 

 

 
Beaker 

Glass / stainless steel / aluminum / plastic material 

Commonly used is glass for preparing and mixing solutions 

 

 
 

Spatule 

Stainless steel material 

With round and flat ending, using for scraping and transferring 

powder or solid chemicals  

 

 
Forceps 

 

Stainless steel material 

Picking up and transferring sterile material like filter paper disc or 

antibiotics disc 



 
 

 

Decontamination, sterilization and disinfection 

Sterilization is the process of destruction or elimination of all forms of microorganisms. 

Disinfection is the process of destruction of pathogenic microorganisms by chemical means 

which called disinfectant. 

Decontamination is the process of removal of contaminating pathogenic microorganisms, 

by using of physical or chemical means to remove, inactivate, or destroy living organisms. 

Bacteriostasis is a condition where the multiplication of the bacteria is inhibited without 

killing them. 

Bactericidal is that chemical that can kill or inactivate bacteria. 
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Methods of sterilization techniques 

A. Physical method 

1. Sunlight: The microbicidal activity of sunlight is mainly due to the presence of ultra 

violet rays in it. It is  responsible  for  spontaneous sterilization  in  natural  conditions. 

By killing bacteria suspended in water, sunlight provides  natural  method  of  

disinfection of water bodies such as tanks and lakes. Sunlight is not sporicidal, hence      

it does not sterilize. 

 
2. Heat 

 Dry heat 

a) Hot air oven: The material to be sterilized is placed in an oven and different 

temperature-time relations for holding time are 60 minutes at 160oC, 40 

minutes at 170oC and 20 minutes at 180oC. Increasing temperature by 10 

degrees shortens the sterilizing time by 50 percent. The sterilized material 

should not be removed until the oven is cold. This is important particularly 

with petri dishes, as cold air will be sucked in to them, causing contamination, 

if they are removed before the oven is cold. This is due to the contraction of 

hot air as it cools. This method is used only metallic instruments (like forceps, 

scalpels, scissors), glasswares (such as petri-dishes, pipettes, flasks, all-glass 

syringes), swabs, oils, grease, petroleum jelly and some pharmaceutical 

products. The hot air oven must not be opened until  the temperature inside 

has fallen below 60oC to prevent breakage of glasswares. 

b) Flaming: Metal spatula, glass slides, and cover slips may be sterilized by 

passing them through a Bunsen flame, without letting them become red hot. 

c) Incineration: This is a method of destroying contaminated material by burning 

them in incinerator, such as soiled dressings; animal carcasses, pathological 

material and bedding etc. should be subjected to incineration. 

d) Red – hot: Wire loops and tips of forceps may be sterilized by heating them in 

a Bunsen flame until they become red hot and allow the materials 

(instruments) to cool before using them. 

e) Infra-red rays: Infrared rays bring about sterilization by generation of heat. 

Instruments to be sterilized are placed in a moving conveyer belt and passed 

through a tunnel that is heated by infrared radiators to a temperature of 180oC  

for 7.5 minutes. Instruments sterilized included metallic instruments and 

glassware. 



 
 

 

i. Moist heat At temperature below 100oC: 

Pasteurization: Currently this procedure is employed in food and dairy industry. 

There are two methods of pasteurization, the holder method (heated at 63oC for 30 

minutes) and flash method (heated at 72oC for 15 seconds) followed by quickly 

cooling to 13oC. Other pasteurization methods include Ultra-High Temperature 

(UHT), 140oC for 15 sec and 149oC for 0.5 sec. This method is suitable to destroy 

most milk borne pathogens. 

Vaccine bath: The contaminating bacteria in a vaccine preparation can be 

inactivated by heating in a water bath at 60oC for one  hour.  Only  vegetative  

bacteria are killed and spores survive. 

Serum bath: The contaminating bacteria in a serum preparation  can  be 

inactivated by heating in a water bath at 56oC for one hour on several successive 

days. Proteins in the serum will coagulate at higher temperature. Only vegetative 

bacteria are killed and spores survive. 

Inspissation: This is a technique to solidify as well as disinfect egg and serum 

containing media. The medium containing serum or egg are placed in the slopes of 

an inspissator and heated at 80-85oC for 30 minutes on three days. On the first 

day, the vegetative bacteria would die and those spores that germinate by next 

day are then killed the following day. The process depends on germination of 

spores in between inspissation. If the spores fail to germinate then this technique 

cannot be considered sterilization. 
 

 

Day 
 

Temperature 
 

Time 
 

Purpose 

 

1 
 

85 °C 
 

60 minutes 

 

Drying of the medium and killing the organisms in their 
vegetative form 

 

Time in 
between 

 

 

overnight 
incubation 

 

Growth of vegetative forms from spores 

 

2 
 

75 to 80 °C 
 

20 minutes 
 

killing the organisms in their vegetative form 

 

Time in 
between 

 

 

overnight 
incubation 

 

Growth of vegetative forms from any spores remaining 

 

3 
 

75 to 85 °C 
 

20 minutes 

 

killing the organisms in their vegetative form as well as the 
leftover spores 



 
 

 

 
 

ii. At temperature 100oC : 

Boiling water: Moist heat may be applied by boiling water or steam. Boiling 

water is generally used for sterilizing instruments and syringes. These are boiled 

for 10 minutes in a water bath. This will kill all non-sporing organisms but 

certain spore forming organisms can resist the temperature of boiling water for 

1-2 hours. The addition of 2% sodium carbonate increases the disinfecting 

power of boiling water for 1-2 hours. Spores, which resist boiling water for 10 

hours, have been  killed within 30 minutes by the addition of sodium carbonate. 

Sodium carbonate also prevents the rusting of metal instruments. 

iii. At temperature above 100oC: 

Autoclave (Steam under pressure): Autoclaving The principle of 

autoclave is that steam is kept at a pressure of 15 pound (lb.) per square 

inch to give a temperature of 121ºC, which will kill spores within 15 

minutes. At this particular temperature, pressure and time, all forms of 

lives are destroyed. Steam is more penetrating than hot air, and will give 

up its latent heat on striking a colder object; there by raising the 

temperature of the object rapidly. It is used to sterilize glasswares, 

culture media, etc. 

 
 
Construction and operation of autoclave: 

                                                                           
A  simple  autoclave  has  vertical  or  horizontal cylindrical body   

with   a   heating   element,  a perforated try to keep the articles, a 

lid that can be fastened by screw clamps, a pressure gauge, a safety 

valve and a discharge tap. The articles to be sterilized must not be 

tightly packed. The screw caps and cotton plugs must be loosely 

fitted. The lid is closed but the discharge tap is kept open and the 

water is heated. As the water starts boiling, the steam drives air out 

of the discharge tap. When all the air is displaced and steam start 

appearing through the discharge tap, the tap is closed. The pressure 

inside is allowed to rise up to 15 lbs per square inch. At this pressure 

the articles are held for 15 minutes, after which the heating is stopped 

and the autoclave is allowed to cool. Once the pressure gauge shows 

the pressure equal to atmospheric pressure, the discharge tap is opened 

to let the air in. The lid is then opened and articles removed. It used to 

sterilize culture media, dressings, certain equipment etc. 



 
 

 

Precautions: Articles should not be tightly packed, the autoclave must not be overloaded, 

air discharge must be complete and caps of bottles and flasks should not be tight, autoclave 

must not be opened until the pressure has fallen or else the contents will boil over, articles 

must be wrapped in paper to prevent drenching, bottles must not be overfilled. 

 
3. Radiation: Two types of radiation are used: 

a) Non Ionizing rays: Like UV rays. Microorganisms such as bacteria, viruses, 

yeast, etc. that are exposed to the effective UV radiation are inactivated 

within seconds. Since UV rays don’t kill spores, they are considered to be of 

use in surface disinfection. UV rays are employed to disinfect hospital wards, 

operation theatres, virus laboratories, corridors, etc.. 

 
b) Ionizing rays: Ionizing rays are of two types, particulate and 

electromagnetic rays. 

 Electron beams. Employed to sterilize syringes, gloves, dressing packs, foods 

and pharmaceuticals. Sterilization is accomplished in few seconds. 

 Electromagnetic rays. They have more penetrative power than electron beam 

but require longer time of exposure. These high-energy radiations damage the 

nucleic acid of the microorganism. It is used  commercially  to  sterilize 

disposable petri dishes, plastic syringes, antibiotics, vitamins, hormones, 

glasswares and fabrics. 

 

4. Filtration: Filtration does not kill microbes, it separates them out. Membrane filters 

with pore sizes between 0.2-0.45 μm are commonly used to remove particles from 

solutions that can't be autoclaved. It is used to remove microbes from heat labile 

liquids such as serum, antibiotic solutions, sugar solutions, urea solution. 

B. Chemical methods: Generally, many chemicals are lethal to microorganisms. 

1. Liquid  

1. Alcohol: Ethanol and isopropanol, at 70  -80% concentration in  water,  are  useful  

for skin, work surfaces of laboratory benches and biosafety cabinets, and to soak 

small surgical instruments. A 70% aqueous solution is more effective at killing 

microbes than absolute alcohols. They are active against vegetative bacteria, fungi 

and lipid containing viruses, but not against spores. 

2. Aldehydes: include (Formaldehyde, Gluteraldehyde) probably damages nucleic 

acids. It kills all microorganisms,  including  spores,  40% Formaldehyde (formalin) 

is used for surface disinfection and fumigation of rooms, chambers, operation 

theatres, biological safety cabinets, wards, sick rooms etc. 



 
 

 

3. Phenolic compounds are a broad group of agents, were among the earliest 

germicides. They are active against vegetative  bacteria  and  lipid  containing  

viruses. They are not active against spores and their activity  against  non-lipid  

viruses is variable. Many phenolic products are used for the decontamination of 

environmental surfaces, and some  (example,  triclosan  and  chloroxylene)  are 

among the more commonly used antiseptics. They are used at 2 - 5%. 

4. Chlorine, a fast - acting oxidant, is a widely available and broad-spectrum  

chemical germicide. It is normally sold as bleach, an aqueous solution of sodium 

hypo chloride, which  can be diluted  with  water to  provide various concentrations  

of available chlorine. They are effective against viruses as well  as  bacteria.  

Dilutions should not be kept for more than 24 hours so as to maintain its activity. 

2. Casouse: for example Ethylene oxide (EO), it has good penetration and is well absorbed   

by porous material. It is used to sterilize heat labile articles such as bedding, textiles, 

rubber, plastics, syringes, disposable petri dishes, and complex apparatus like heart - 

lung machine, respiratory and dental equipment's. 
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Culture media and preparation of culture media 

Culture media 

A culture medium is an artificial prepared environment provides nutrients 

material including carbon, nitrogen, mineral salts and energy necessary for 

bacterial growth. 

Many types of culture media are used for many purpose therefore we should 

specified the media type for our purpose, and for easy understanding these 

different types of media, it could be classified according to the consistency, 

nutrition content or function usage of these culture media as the following:  

1. According to the consistency:  

 Liquid media, or referred as broth (such as nutrient broth) used for 

bacteria growing in a large number quickly. 

 Solid media, usually this type of media are solidified after preparing 

due to the addition of solidified agent called (agar) a purified 

carbohydrate from seaweeds red algae. Basically the agar is 

companied with culture media for:  

1. Bacteria cannot metabolize agar as a source of nutrient.  

2. Melting at 100ºC and solidifying about 45ºC. 

 Semi-solid media, usually soft or gelatinous texture as the 

concentration of agar is reduced to 0.2% - 0.5%, often used to 

demonstrate the motility of bacteria. 

 Biphasic media, both and solid media in the same bottle comprise 

biphasic media and used when the needing to subculture without 

opening the bottle to reduce the occurring of contamination of 

medium and kept for a long time 
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2. According to nutrition ingredients: 

 Simple media, these types of media provides the nutrients for 

bacteria growth which could be minimum requirements of nutrient 

for non-fastidious bacteria.  

 Complex media, that are required addition of special complicated 

nutrients supplement for fastidious bacterial growth (likes blood) in 

blood agar. 

 Synthetic media are prepared for research with known component. 

 

3. According functional usage: 

 Basal media are basic simple media which supports the bacteria 

growth. 

 Enriched media the addition nutrients like blood, sugars or other 

supplement to basal media form enriched media, such as blood 

agar, chocolate agar.  

 Enrichment media these media are prepared specially for 

enhancement the bacterial growth in large number in compared 

with original number. This type of media usually broth.     

 Selective media usually designed for supporting and isolating the 

growth of certain bacterial specie from many types of bacteria by 

addition an inhibitory agent (like dyes or antibiotics) without 

affecting on isolated bacteria.  

 Differential media based on the colony color on media, different 

bacterial species can be distinguished.   

 Transport media in case of collecting specimens away the 

laboratory, transport media are used to ensure the surviving of the 

clinical isolated specimens without overgrowth of the commensal or 

contaminating bacteria and avoiding the drying of specimen until 

transported to the laboratory.  

 Anaerobic media provide low oxygen with high nutrient content for 

anaerobic bacteria. 
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 Storage media are broth or agar slant prepared media in screw 

bottles or test tubes provides moisture environment to keep 

specimen for long term studies. Screw bottles or test tubes are 

much preferred than agar plates for storage bacterial culture as the 

plates easily lose water by evaporation.  

 

Preparation of culture media  

Preparing of media: 
To preparer cultures media the instruction of manufacturer should be followed,  

the ingredients of the powder media are completely dissolving in distilled water 

and in clean glassware beaker, test tubes or caped bottles using heat if 

necessary, it is important to prepare media as the culturing procedure need and 

allow for extra for mistaking and nearing future study, after that the prepared 

media should be sterilized by an autoclave. 

A plate pouring:  

1. After the autoclaving process the media cooled to 50ºC in water bath on 

in the boiling water bath to prevent the media solidifying. 
2. Using towel for wiping the beaker or bottle.  

3. The mouth of the beaker or bottle should be flamed. 
4. Slightly open the lid of petri plate and do not left it aside then poured the 

medium about 15-20 ml and then close the lid. 
5. Avoiding the bubbles formation on the surface of the medium. 
6. Flame the beaker or bottle before closing them. 
7. Gently moving the plate in circular movement to ensure covering the 

pate with medium (figure 5.1). 
8. Allow the solidifying of pouring plate at room temperature. 
9. The plates should be used at the earliest possible time. 
10. If the plates are not used they should be marked with the date of 

preparation and the media type and stored in sealed plastic bags              

at  2°C - 8°C to prevent the media from drying away.  
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Figure 5.1: Plate pouring method 
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Media storage: 
The media prepared for future in beakers closed with plugs of cotton wool could 

be evaporated it should be kept in screw cap bottles. For using, the media 

should be re-melting either by using an autoclave, oven or boiling water bath, 

then kept in water bath at 50ºC to prevent the media solidifying, then can be 

used again by pouring it in sterile plate for culturing or storing in sealed plastic 

bags. It is important to keep stored plates upside down to avoid condensation 

on a plate lid.  
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Aseptic technique 

 

Aseptic technique refers to set a routine of procedure or practice to be taken 

in a sterile condition to prevent contamination of sterile media, cultures or 

equipments with undesired microorganisms during culturing or isolation 

procedures, it is also prevent the workplace and worker to be contaminated.  

The sources of contamination could be from air, hands, hair, breath, clothes, 

equipment or the surface of working. Therefor it is important to begin with 

sterilization the working area with disinfectant before starting and after 

finishing the work. 

 

Aseptic technique principles including:  

A. Flaming:  

This procedure is the basic to heat the end of the wire loop by Bunsen 

burner flame before start culturing and after the end of culturing 

procedure to ensure the removing of the remaining culture on the loop. 

       

1. Always hold the loop as you holding the pen.  

2. Place the end of the wire loop in the cone of the blue flame which is      

a cool flame area. 

3. Slowly pull the rest of the wire up into the hottest part of the flame. 

4. Hold on till it is hot red. 

5. Ensure that the entire length of the wire loop is adequately heated. 

6. Cooling the wire loop and use directly. 

7. Avoiding shaking the loop around or putting it aside. 

8. Re-flaming the loop after using directly (figure 6.1).  
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Figure 6.1: The flaming direction along the loop length until become red. 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: 

 If the wire loop is using to transfer microorganism inoculum from a 

plate the loop could be cooled by touching the edge of the agar plate, 

while to transfer the inoculum from a broth (liquid culture) the loop will 

be cooled as it contact with the broth, therefore cooling it before 

transferring the inoculum as the hot wire loop may makes aerosols and 

causing briefly boiling broth culture which may causing the worker 

contamination. 

 Note the parts of blue flame in compared with orange flame (Figure 6.2). 
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Figure 6.2: Parts of Bunsen burner flame; A) non luminous flame, B) luminous flame.     

 

B. Pipetting:  

Using Pasteur pipettes or graduated sterile pipettes are used for 

transferring cultures or sterile media and solutions. 

 

1. To remove the pipette container or cover, hold it from its end only. 

2. On the end of the pipette fitting the teat before completely removing 

it from the container or cover. (Avoiding touching the tip of pipette to 

prevent its contamination) 

3. Hold the pipette as the way you hold the pen without pinch the teat. 

4. In the same hand you hold the pipette, use the little finger to catch 

the cotton plug or cap of the test tube or bottle which is holed in the 

other hand. This would be helped in controlling the teat easily. 

5. Flame the mouth of the test tube or bottle. 

6. Before start pipetting, press on the teat genteelly and then pushing 

the pipette to the liquid of broth culture in the test tube or bottle and 

take the amount you need and return any excess. (Ensure that the tip 

of pipette is completely below the surface of the liquid to avoid the 

bubbles formation). 

A B 
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7. After finishing the use of the pipette putting it in a discard container 

containing disinfectant (figure 6.3). (Ensure to remove the teat only 

when the pipette is putting in discard container to avoid 

contamination of the working area with drops of liquid culture).  

 

C. Flaming the mouth of test tubes, flasks or bottles: 
1. The cap of test tube should be loosening, for easily removing. 

2. Hold the test tube, flask or bottle in the left hand. 

3. Removing the cap or cotton plug with the small finger of the right 

hand, noting to turn the bottle, but not the cap. 

4. Avoiding putting down the cap or the bottle on the bench and keeping 

them with small finger of the right hand. 

5. Flame the mouth of the test tubes, flasks or bottles by passing them 

through the flame of Bunsen burner. 

6. After withdrawing the inoculum for culturing procedure, using the 

small finger to return the cap or cotton plug over the test tubes, flasks 

or bottles again, by turning the bottle, but not the cap. Not the steps 

4,5,6,7 (figure 6.3). 

 

 

 

 

 

 

NOTE:  

 The tubes should be labeled in a right position that would not remove by 

the worker hands, it is preferable to use permanent marker to label test 

tubes, bottles or even petri- dishes plate. 

 The cotton plugs that are occasionally flamed should be covered with          

a piece of a dry cloth immediately, avoiding the blowing or using water.  
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Figure 6.3: Aseptic techicque for pipetting and flaming mouthe of test. 
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Colony morphology 

The growth of single bacterial cell on agar plate surface developing single 

colony. The bacterial colonies vary in morphology with the variation of 

bacterial strains. The colonies morphology considered as primary step for 

bacterial species identification but not finally.  

Many characteristics important to gives signs for identification of bacterial 

species, therefor colonies characteristics could be category as the following: 

 

1. Size: The colony size could be measured by millimeters. The varying of 

the colonies size based on the bacterial species, the agar medium type 

and the colonies number on the agar surface which often is smaller in 

large numbers.  

Some bacterial species are grows slow or under slow growing conditions 

which make these bacteria require more than 24 or 48 hours to measure 

their final size. 

2. Form: The colonies shape refers to the general appearance of the colony 

over the agar surface which mostly oval or circular (figure 7.1).  

 

Figure 7.1: Types of colonies forms. 
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3. Margin: The outer edge of the colonies could either be entire, irregular 

(undulate), curled, lobate, erose, rhizoid or filamentous. The margin of 

the colony is often forming the general shape of the colony (figure 7.2). 

 

 

Figure 7.2: Types of colonies margin. 

 

 

4. Elevation: The colony elevation could be flat, raised, convex, pulvinate 

or umbonate (figure 7.3).  

 

 

Figure 7.3: Types of colonies elevation. 

 

 

5. Surface: The colony surface could be smooth or irregular.    

6. Texture: The colony texture could be shiny or dull smooth, rough, 

wrinkle, granular or mucoid. The capsule formation gave the colonies 

smooth, shiny mucoid or non mucoid texture. 

7. Colony transparency: This refers to the transmission of the light through 

the colony which could be complete transparency, intermediate or 

opaque. 
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8. Pigmentation: Pigmentation refers to the color the produced by some 

species of bacteria. These pigmentations are diffusible within agar 

media or non-diffusible.  
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Collection of samples for diagnosis  

Collection different types of samples for diagnosis correctly for pathogenic 

microorganisms requiring quick and professional technique to have the samples 

and transferred to the laboratory, these samples could be blood, feces, urine, 

mucus, etc. or could be samples that are isolated from eye, skin, throat, wound, 

or could be isolated the samples from our environment, during the isolation 

procedures for specific sample, amount contaminating microorganism could be 

catch up with original sample, it is important to have attention that these 

contaminating microorganisms should be low as possible.  

The samples have been taken kept in appropriate containers that are made for 

the isolated samples. It is important to label the containers with informations 

like the isolation site, nature of sample, collection date, and any other related 

informations and then transferred carefully to the laboratory.  

 

 

Collection of samples for identification aim: 

To identify the isolated microbiological samples successfully, special and 

professional skills are required particularly when the isolation process was from 

patients for clinical purpose. The samples under identification study could be 

pathogenic or non-pathogenic samples and the most usual samples are blood, 

sputum, feces, urine, wounds, skin or throat, while other samples could be 

considered non-usual like cerebrospinal fluid (CSF), tissue or bone. Some of 

these samples are naturally sterile like blood or CSF as these samples are 

obtained deep under skin by using the needle after disinfectant the skin under 

aseptic conditions, while other samples are isolated from unsterile sites like 

wound, throat or feces as these sites are exposed to environment and the 

isolated samples could be contaminated from the nearest area of the isolation 

site, therefor the isolation process for the samples needed a professional skills.  

Practical  6



  

25 
 

It is important to keep the samples in suitable container labeled with all 

necessary informations and transported to the laboratory for identification 

quickly as possible. In case the identification process is delayed the samples are 

store at 4ºC.   

Collection of samples from different environments:  

A. From air:  

To collect the airborne microorganisms that spreading through the 

atmosphere, there are many methods could be followed for collection or 

sampling the air, that are used to reveal the airborne contamination, 

sedimentation plates or settle plates the simple one, also many techniques 

like Mas-100 or RCS Plus could be used to evaluate the quality of the air 

in the laboratory. The air sampling is important not only in medical and 

sanitary fields but also in the production and cosmetic production, and 

could be performed by:  

1. The simplest one is the passive air monitoring using settle plates. This 

method is easy to perform by placing the plates that containing agar 

media (nutrient agar or starch-casein agar) open to expos to the air for 

sampling about 10 to 30 minutes (figure 4.1), the durations could be little 

short or little long based on the environment, the plates should be labeled 

and incubated at 28ºC for 7 days, after incubation the counting colony 

and the morphology of these colony are compared with the results of 

different media used, durations and the sampling area. 

 
Figure 4.1: Settle plate for air sampling 
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2. The air samples could be collected by using the microbial air sampler 

MAS-100 instrument which sucked the air through a perforated lid to the 

petri plate containing nutrient agar or starch-casein agar (figure 4.2). An 

air is collected from different locations in the laboratory and pass through 

to the surface of  agar media, microorganisms gathered on the agar 

surface, then the plates are closed and incubated at 28ºC for 7 days, after 

incubation the colonies on agar surface are counted and observed the 

morphology of the colony. Compare the results with those obtained with 

other methods. 

 

 

 

Figure 4.2: MAS-100 air sampler 

 

 

NOTE:  

The lid of the plate should be kept in a sealed page during the sampling 

procedure to avoid the lid contamination. 
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3. The RCS Plus (Rotary Centrifugal Air Sampler) (figure 4.3) also used for 

collect air samples by producing airflow which directed to the test plastic 

strips that containing agar medium. Before start sampling, the head of 

RCS Plus should be sterilized and then sliding the strips into the head of 

the instrument and collect the air samples from different locations in the 

laboratory, remove and close the strips with labeling and incubated them 

at 28ºC for 7 days, after incubation the colonies on agar surface are 

counted and observed the morphology of the colony. Compare the results 

with those obtained with other methods.

 

Figure 4.3: RCS Plus (Rotary Centrifugal Air Sampler). 

 

NOTE:  

 The lid of the plate should be kept in a sealed page during the sampling 

procedure. 

 Using starch-casein agar or nutrient agar as the different types of 

microbes are able to grow. 

 MAS 100 refer to Microbial Air Monitoring Systems which a family of 

different designs of microbial air sampler for air sampling. 

 The MAS 100 systems regulate the air inflow volume to a constant value 

of 100 liters per minutes (100/min). 
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B. From soil:  

For microbial soil analysis, soil samples could be collected simply by digging 

the soil with a shovel into 15-30 cm depth to collect the soil sample (avoiding 

animal or root soil sampling) and then cutting the blurred surface of soil 

horizon by sterile sampling spoon or spatula to collect core area of soil 

horizon and placed in plastic sealed bag. The samples are cooled to 2ºC-10ºC 

with ice-pack or cooler box and transferred to the laboratory as quick as 

possible (figure 4.4). 

 

 

Figure 4.4: Collect soil sample using a Shovel. 

 

Soil samples could be collected also by using soil auger or probe sharp-edged by 

pushing the probe into the soil and pull out the soil core sample. The soil core 

collected and placed in plastic sealed bag and transferred to the laboratory 

(figure 4.5). 
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Figure 4.5: Collect soil sample using a porobe. 

 

After soil sampling, to isolate aerobic microbes about 50 cm3 of soil is putting in 

a flask closed with screw cap or cotton plug by using sterile spatula or sampling 

spoon, while to isolate anaerobic microbes a syringe is cutting by scalpel from 

the end and the piston is pulling out then the syringe is pushing into the soil 

horizon. The sample is marked and putting into an anaerobic jar (figure 4.6). 

Taking consider that the moisture and temperature of soil, and carbon taken in 

from roots, exudates of roots, residues of crop and other factors could be have a 

huge effect on microbes of soil.  
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Figure 4.6: Isolation aerobic and anaerobic microbes. 

 

C. From water:  

The important reason to collect the water samples for microbial analysis is 

that related to human health from water contamination risks from feces that 

comes from sewage water or could be collected for other reasons such as 

chemical contamination. 

Many methods and many devices could be performed for water sampling. 

Sterile screw cap bottle, flask or container fixed to water sampler pole could 

be used to collect water sample from the edge of a flowing water, canal, pond 

or lake, the water samples collect easily by extended the length of the pole 

after removing the cap of bottle or container and submerged into the water 

about 10cm below, when the bottle is full with water it should be pulled out 

and closed with its cap (figure 4.7).  
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Figure 4.7: Water sampling by using water sampler pole. 

 

While in case taking the samples from surface water Kemmerer water 

sampler (figure 4.8) could be used, which is a metalic or transparent acrylic 

tube with stoppers at the both end of tube that are remain open when the 

sampler is immersed under water by a line. The stoppers are closed by a 

messenger (metallic cylinder) pass across the line to the upper stopper that 

makes the both stoppers are closed at the same time after the sample 

collection of water. The sampler tube is pulled out of water and the water 

sample transfer to sterile container by pressing the draining valve which is 

located on the lower stopper. 

The collected samples are cooled to 2ºC-10ºC with ice-pack or cooler box and 

transferred to the laboratory as quick as possible (figure 4.9). 
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Figure 4.8: Kemmerer water sampler parts. 

 

Figure 4.9: Water sampling by using Kemmerer water sampler. 
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D. From the objects or surfaces: 

It is easily to collect samples from the surfaces or objects by using sterile 

cotton swab that is passed over the surfaces or objects. During the swabbing 

process, one side of swab is used to pass over the surface as zigzag line by 

vertical, horizontal, and sloping lines for the same area under examination, 

and then inoculated sterile labeled petri plate that contained nutrient agar or 

starch-casein agar with this cotton swab by spreading it over the agar 

surface (figure 4.10). The object surface can also collected by using contact 

slide which is hold from the tab and removed for its container, then one side 

of agar is pressed of the surface about 5 seconds this step is repeated with the 

second side of the slide then replace it back to the tube (figure 4.11). Both 

petri plate or contact slides are incubated for 24-48 hrs in 28ºC and the count 

and morphology of colonies are reported and the results could be compared 

with other the results of other tests for different surface. 

 

 

 

 

 

 

 

 

 

        

                                                                                                                                      Figure 4.10: Surface sampling  

                                                                                                                                using sterile wooden stick. 

 

 

 

    Figure 4.11: Surface sampling using contact slide. 
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Figure 4.12: Treansport media 

 

 

NOTE: 

 In case of taking the surfaces samples from outside the laboratory 

you should use the transport swab and follow the same steps 

mentioned previously then insert the swab into transport media 

tube and transferring to the laboratory. Transport swab allowing 

keeping the sample survive without multiplication and preventing 

overgrowth of commensals microorganisms (figure 4.12). 

 The neck of the slide contact will be bended at using to allow the 

entire slide contacting to the surface. 

 Contact slide could be used not only for surface sampling but also 

for water sampling by dipping the slide in water or any liquid for 

few seconds and pulling it out and allowing excess water to dry for 

a few seconds and replacing the slide back to its container or tube 

(figure 4.13).  



  

35 
 

 

 

Figure 4.13: Water sampling using contact slide.  
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The culture techniques 

To isolate pathogenic microorganisms even from sterile or unsterile sites, 

procedures of cultures are performed, that are enabling to obtain a pure cultures 

of microorganisms growth from a mixture of microorganisms.  

work area should be washed and sterilized. 

   

 

 

 

 

 

Before  and  after  the  cultures  procedures,  the  laboratory  worker  hand  and the
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Streak plate: 

In streak plate technique the agar plate is used for bacterial culturing and 

growth by streaking the agar surface with inoculated loop for that reason this 

method described as streak plate. This method usually used to isolate single 

pure colony of bacteria species (figure 8.4).  

 

 

Material:   

1. Agar plate/slant or broth culture.  

2. Sterile agar plate. 

3. Wire loop. 

4. Bunsen burner.                                                                                                        
                                                                                                                                                                                                                                                   

                                                                                                      Figure 8.4: Streak culture plate.   

Procedures:   
1. The culturing procedure should be in aseptic condition. 

2. Label the agar plate that you are going to culture and make sure to keep 

the information at the edge of the plate to avoid the interfering with the 

colonies that are formed. 

3. Using Bunsen burner to flame the loop to the red hot and before start 

culturing allows the loop to cool.  

4. Using the wire loop to transfer of bacterial inoculum from both or agar 

slant culture. 
5. If the bacterial inoculum is transferred from broth or agar test tube, 

flame the mouth of test tube. 
6. The lid of the agar plate that is cultured should be partially opened. 
7. The wire loop should be parallel with agar surface plate.  
8. First the bacterial inoculum must be lift over the agar surface as a 

starting point, and then sterilize the loop. 
9. Start streaking the agar plate by smearing 3-4 backwards and forwards 

lines over a small zone of the agar.  

10. Repeat this step until make 3 or 4 sets of lines. Ensure that you are 

sterilizing the loop with the end of each set.  

11. Close the lid of the plate with the ending of each step. 

12. Turn the plate about 90º with each set of streaks that are made. 
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13. Make a zigzag line from the end of the third or fourth set that is reaching 

to the middle of the agar plate (figure 8.5).    

14. At the finishing of culturing method sealed and incubate the plate in 

upside down position in. 

15. While in case the used culture was plate slightly open it and pick small 

colony and complete culturing procedure as mentioned before.  

16. Incubate the agar plate with appropriate condition. Generally, 

pathogenic bacteria or commensal bacteria species grow at 37ºC which is 

the temperature of our body, while environmental bacterial species grow 

at 25ºC- 30ºC.      
 

 

 

Figure 8.5: Steps to prepare a Streak plate 
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Spread plate: 

Spread method provides individual pure colonies from individual microbial 

species. This method used for counting the number of colonies grows on the 

agar surface which represents the number of bacterial cells in 1 ml of bacterial 

sample after dilution. This method based on making serial dilution from the 

examined sample, about 0.1-1 ml of diluted sample is transferred to the middle 

of the agar surface and spread over the agar surface evenly by using L shape or 

hockey stick shape spreader. After incubation the number of the colony formed 

represents the number of bacterial cells in diluted sample, each colony is             

a population of bacterial cells.  

 

Material:   

1. Broth bacterial culture. 

2. Sterile agar plate. 

3. Teat and Pasteur pipette or micropipette and pipette tips. 

4. Ethanol alcohol 70% 

5. Glass spreader (L shape).  

6. Bunsen burner. 

 

Procedure:  

1. The culturing procedure should be in aseptic condition. 

2. Pipetted 0.1-1 ml of broth bacterial culture or the exanimated sample 

after flaming the mouth of test tube. (Avoiding touching the tip of the 

pipette to prevent its contamination). 

3. Transferred the pipetted volume to the middle of the agar plate. 

4. Sterilize the glass spreader by dipping it into ethanol alcohol, pull out the 

spreader and remove the excess of alcohol and flaming it by Bunsen 

burner and cooled it before using.  

5. Using the glass L shape spreader to spread the sample of bacterial broth 

evenly all over the agar surface. 

6. After the sample spreading process, immerse the spreader again into 

alcohol. 

7. Incubate the petri agar plate upside down at 30ºC - 37ºC for 24 – 48 

hours. 
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8. After incubation report the results by measuring and noting the 

morphology of colonies that are formed. 

9. Follow the complete procedure in figure 8.6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8.6: Spread plate technique. 
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Pure culture preparation from mixed culture: 
Streak plate technique could be used for preparing pure culture which mean 

isolated one bacterial species from mixed culture contain more than one species, 

as the streaking technique is used for isolated single pure colonies. 

 

Material: 

1. Mixed broth culture Streptococcus pneumoniae and Staphylococcus aureus. 

2. Sterile blood agar plate. 

3. Ethanol alcohol 70% 

4. Teat and Pasteur pipette or micropipette and pipette tips. 

5. Glass spreader (L shape).  

6. Wire loop. 

7. Bunsen burner. 

 

Procedure: 

1. The culturing procedure should be in aseptic condition. 

2. Pipetted 0.1-1 ml of broth bacterial culture or the exanimated sample 

after flaming the mouth of test tube. (Avoiding touching the tip of the 

pipette to prevent its contamination). 

3. Transferred the pipetted volume to the middle of the agar plate. 

4. For bacteria culturing over sterile blood agar follow the same steps that 

are mentioned previously in spread culture procedure. 

5. After incubation notes the characteristics and morphology between 

Streptococcus pneumoniae and Staphylococcus aureus colonies that are 

formed on blood agar. 

6. The next step is to isolate one species to form pure growth culture.  

7. Repeat the same procedure of streak technique by picking one species 

using wire loop. 

8. Inoculate the sterile agar plate by the colony picked (figure 8.7). 

9. After incubation the colonies that are formed represent the pure growth 

culture for one species. 
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Figure 8.7: Shows isolation of pure plate of Staphylococcus aureus from mixed plate of Streptococcus pneumoniae 

and Staphylococcus aureus.  
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Incubation: 

The microorganisms incubation is usually done by a device called incubator 

(figure 8.17), which provides optimum conditions for the microorganisms 

growth such as temperature, humidity and the level of O2 and CO2 inside the 

incubator.  

 

 

Figure 8.17: An incubator.  

 

The incubator could be set to different range of temperatures. For example 

many microorganisms can grow at room temperature which are suitable for the 

beginner laboratory worker or students, or in 37°C for pathogenic or 

commensals strains which is the body temperature. For other stains the 

temperature could range from 25°C - 30°C while other reach to 40°C.   

The inoculated agar plates placed inside an incubator in upside position 

avoiding the evaporation process that may occurred during incubation which 

makes the resulting drops of water that are gathering to the lid of the plate                              

which causing the drops falling over the colonies and may causing it losing and 
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causing contamination in case the plate is incubated in right position.  It is also 

important to seal the lid of the plate with parafilm or by using a strip (figure 

8.18) to avoid losing the lid of plate by accident. Also keeps the information you 

need on the plate also not the lid avoiding losing the lid by accident. 

 

 

Figure 8.18: Plate  incubation in upside position sealing with parafilm or strips with labeling the plate. 

 

 

 

 

 

 

 

 

 

 

NOTE: 

 Parafilm is a thermoplastic strip moisture resistance used to seal agar petri 

plates to reduce the dehydration and contamination as could as possible.  

 Always keeps the plate labeling in small size in edge of the plate which 

allowing examining the colonies easily.    
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Smear preparation and staining technique 

In general the bacterial cells are colorless and to examine the bacterial 

morphology, size, arrangement or even the intracellular components, it is 

important to applied different procedures to stain the bacterial cell for easily 

microscopic examination and each procedure is applied for particular purpose 

to stain the bacteria with.  

 

Smear preparation and heat fixation:  

For microscopic examination of any bacterial sample, a smear is prepared by 

spreading little amount of suspensions of bacterial cells over the slide surface 

and after the drying of slide by air, the slide is passing thorough the flame of 

Bunsen burner, this step is called heat fixation. The heat fixing step is done to 

fix the bacterial cells over the surface of a glass slide. It’s important to avoid 

overheat the slide as the heat will cause the cells distortive. 

 

Materials:   

1. Bacterial culture (Agar or broth). 

2. Distilled water. 

3. Clean slide. 

4. Wire loop. 

5. Bunsen burner. 

 

Procedure: 

1. With marker pen labeled the corner of the slide. 

2. In aseptic technique, sterilize the loop with Bunsen burner then cooled 

the loop. 
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3. Flame the mouth of the broth tube, and then insert the loop to pick the 

cells. Re-flame the tube mouth and capped the tube.  

4. Place the cells in the center of the slide and spread it to make small and 

even smear. (In case of preparing the slide from agar. Place small drop of 

distilled water in the center of the slide, and the pick a small colonies 

culture and placed on the water drop and mixed gently to make small and 

even smear).    

5. Allowing the slide to dry at room temperature. 

6. Passed the slide through the burner flame 2-3 time to fix the cells over 

the slide surface by heat fixation step (figure 10.1). (Avoiding overheat 

the slide as the heat will cause the cells distorting). 

 

 

Figure 10.1: Smear preparation technique. 
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Simple stain:  

Purpose: 

Simple stain is used for determination the general morphology of bacterial cells 

which include the size, shape as well as the arrangement of cells. The bacterial 

morphology could be appeared as shown (table 10.1): 

Table 10.1: Bacterial cell morphology. 
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Principle:  

In this staining technique any dye could be used like, crystal violet, methylene 

blue or safranin. These stains are usually basic dyes that are either release a 

hydroxide ion or accept a hydrogen ion, which makes these dyes charged with 

positive charge. And since the bacterial surface, cytoplasm and molecules like 

polysaccharides, proteins and nucleic acids are charged with negative charge 

these will induce the adhesion of positive charge of the dyes towards the 

negative charge of bacterial cell.   

     

Materials: 

1. Bacterial culture (Agar or broth). 

2. Basic dye (Crystal violet, methylene blue or safranin). 

3. Wash bottle (Tap or distilled water). 

4. Clothespins, slides forceps or staining rack (It could be used any of these 

items to fix the slide during staining process). 

5. Bibulous or towel paper. 

6. Clean slide. 

7. Wire loop. 

8. Bunsen burner. 

 

Procedure: 

1. Prepare a bacterial smear as described in smear preparation and fixation 

previously. 

2. Cover the bacterial smear on the slide with any dye you choosing about 1 

minute. 

3. Washing the slide gently using the wash bottle to remove the dye. 

4. Using a bibulous or towel paper to remove the excess water gently. 

5. Let the slide dry at room temperature (figure 10.2). 

6. Using the light microscopy with the aid of oil in oil immersion for 

bacteria examination. 

 

Result:   

Report the bacterial cell morphology result that will appear in blue in case of 

using methylene blue (figure 10.3), purple with crystal violet (figure 10.4) or red 

with safranin (figure 10.5).  
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                                                                                                                       Figure 10.3: Staphylococcus bacterial cells  
                                                                                     using methylene blue. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                       Figure 10.4: Staphylococcus bacterial cells                 

                                                                                                                       using crystal violet. 

 

 

 

      Figure 10.2: Simple stain technique. 

 

 

                                                                                                                                           

 

                                                                        

                                                                                                                      

 

                                                                                                                      Figure 10.5: Staphylococcus bacterial cells  
                                                                                                                      using sfranin. 

 



Gram stain: 
 

Purpose:  
Gram stain was developed by Christian Gram that considered the most 

important staining technique and widely used to classify the bacterial cells into 

two main groups; gram positive and gram negative bacteria. In the same time, 

the morphology, arrangement and size of the bacterial cells are also determined 

by this stain. 

 

Principle:  
The structure of the bacterial cell wall determines if the bacteria are gram 

positive or gram negative. First the stain technique based on four basic reagents 

which are primary stain (Crystal violet) in purple color, mordant iodine, 

decolorizer (Ethanol 95%) and counter stain (Safranin) in red color, which are 

respectively used and the identification of the bacteria group is detected only 

after the whole staining technique is completed.  
The bacterial cells are stained with primary stain, in this step the cells are 

stained with purple color even they were gram positive or negative. This 

primary stain is fixed with mordant that is working on bounding the stain 

strongly and tightly into bacterial cells as it increasing the interaction between 

the cells and stain. In decolorization step the primary satin is washed by 

ethanol decolorizer. In case the bacterial cells are gram positive, the cells keep 

the primary stain and mordant complex are stained with purple color as the 

bacterial cell wall builds up by 60-90% of thick layer of peptidoglycan and 

when washed with decoloizer the bacterial cells are get dehydration that is 

causing of closing the cell wall pores and this will prevent the removing of the 

primary stain and the cells get purple color. 
 
While in case of gram negative bacteria, the bacterial cell wall is only build up 

by 10-20% of peptidoglycan and also the negative cells contain outer membrane 

which is comprised of polysaccharides, proteins and lipids which is dissolved by 

decoloizer and allowing the easily removing of the primary stain and mordant 

complex leaving the cells colorless.  
In the final step the cells is covered with counter stain, the positive cells that 

are keeping the primary satin will not effected with this counter satin while the 

negative one which left colorless will get the red color of counter satin. 
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Gram positive and gram negative bacterial cell wall 



 

Materials: 
 

1. Bacterial culture (Agar or broth).  
2. Crystal violet.  
3. Iodine mordant.  
4. Ethanol 95% (Decolorizer)  
5. Safranin.  
6. Wash bottle (Tap or distilled water).  
7. Clothespins, slides forceps or staining rack (It could be used any of these 

items to fix the slide during staining process).  
8. Bibulous or towel paper.  
9. Clean slide.  

10. Wire loop. 
 

11. Bunsen burner. 

 

Procedure: 
 

1. Prepare a bacterial smear as described in smear preparation and 

fixation previously.  
2. Cover the smear with crystal violet about 1 minute.  
3. Gently wash the slide with water.  
4. Cover the smear with iodine solution about 1 minute.  
5. Gently wash the slide with water.  
6. Wash the slide with ethanol 95% for about 2-5 seconds. Then directly 

wash the slide with water.  
7. Cover the slide with safranin about 1 minute.  
8. Wash the slide with water.  
9. Using a bibulous or towel paper to remove the excess water gently (figure 

10.6). 
 

10. Let the slide dry at room temperature. 
 

11. Using the light microscopy with the aid of oil in oil immersion for 

bacteria examination. 

 

Result: 
 

The result of bacterial cells will be appeared in purple color in case the bacterial 

cells are gram positive (figure 10.7 and 10.9) or in red color in case the cells are 
 
 
 

 

90 



gram negative (figure 10.8 and 10.9). The cells morphology, size and 

arrangement should also be reported for primary identification of bacterial cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10.6: Gram stain technique. 
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Figure 10.7: Gram positive Streptococcus mutans.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10.8: Gram negative Escherichia coli.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10.9: Mixture slide of Gram positive Streptococcus 

mutans and Gram negative Escherichia coli. 
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NOTE: 
  

 In gram stain procedure it is 

preferable that the bacterial 

culture should be fresh and 

young, as the bacterial cell 

in the old culture could be 

turn from gram positive to 

negative.
 Additionally some species of 

bacteria are gram variable, 

which mean some bacterial 

cells are gram positive and 

negative on the same
culture plate, like 

Clostridium, Bacillus and 

Butyrivibrio. In these species 

of bacteria if culture media 

get old and aged, the 

bacteria turn from gram 

positive to negative without 

losing their shape. 
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Growth on different culture media  

 

MacConkey Agar 

MacConkey agar media was developed in 20th 

century by British bacteriologist Alfred 

Theodore MacConkey.  

MacConkey agar was the first formulated solid 

differential media but now known as a selective 

and differential culture media commonly used 

for the isolation of enteric Gram-negative 

bacteria. 

 

Composition and the functions: 

 Enzymatic digest of Gelatin, Casein and Animal tissue: provides nitrogen, 

vitamins, minerals and amino acids essential for growth. 

 Lactose: fermentable carbohydrate providing carbon and energy. 

 Bile Salts: selective agents and inhibit gram positive organisms. 

 Crystal Violet: gram positive bacteria are generally inhibited by crystal 

violet. 

 Sodium Chloride: supplies essential electrolytes for transport and osmotic 

balance. 

 Neutral Red: pH indicator. which is red in color at pH’s below 6.8. As a 

resulut of lactose fermentation, the pH of the medium decreases, 

changing the color of neutral red to pink. 
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 Agar : solidifying agent. 

Preparation: 

According to manufacturer instruction, 

suspend the measured amount of powder (See 

in the agar bottle) generally 50 gram in 1 L of 

distilled water and mix thoroughly. 

Heat while constantly agitating and boil for 1 

minute to completely dissolve the powder, 

then autoclave at 121°C for 15 minutes. 

 

Principle: 

Those Gram-negative enteric bacteria that grow on MacConkey agar are 

differentiated by their ability to ferment lactose (Sugar). Fermentation of 

lactose by bacteria leads to the production of the acid that drops the pH 

of the media. The drop in pH is indicated by the change of neutral red 

indictor to pink (Neutral read appears pink at pH’s below 6.8). 

 

Strongly lactose fermenting bacteria 

produce sufficient acid which causes 

precipitation of the bile salts around the 

growth. It appears as a pink halo 

surrounding individual colonies or areas 

of confluent growth. Pink halo is not seen 

around the colonies of weaker lactose 

fermenting bacteria. 

 

 

As for the selective ability of MacConkey agr, Gram-negative bacteria 

that grow on MacConkey agar but do not ferment lactose appear colorless 

on the medium and the agar surrounding the bacteria remains relatively 

transparent. 
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The presence of Crystal violet and bile salts incorporated in MacConkey 

agar help to inhibit the growth of Gram-positive bacteria making it           

a selective media and fastidious Gram-negative bacteria 

 

Colonies appearance on MacConkey Agar 

 Lactose-fermenting organisms appear pink to brick red colonies with or 

without a zone of precipitated bile. 

 Non-lactose fermenting organisms appear colorless or clear colonies. 
 

 

  

 

 

 

Blood Agar  

Blood Agar is an enriched medium provided with 

multiple nutrients that generally comes as            

a basal media for the preparation of blood agar 

by supplementation with blood. 
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Composition and the functions: 

Casein enzymic hydrolysate: provides nitrogen, vitamins, minerals and amino 

acids essential for growth.   

Peptic digest of animal tissue: nitrogen source. 

Yeast extract: provide nitrogen, carbon, amino acids and vitamins.    

Sodium chloride: supplies essential electrolytes for transport and osmotic 

balance. 

Agar: Solidifying agent.   

 

Preparation: 

According to manufacturer instruction, suspend the 

measured amount of powder (See in the agar bottle) 

generally 40 gram in 1000 ml of distilled water and 

mix thoroughly. 

Heat while constantly agitating and boil for 1 minute 

to completely dissolve the powder, then autoclave at 

121°C for 15 minutes. 

 

To the base medium, 5% sterile mammalian blood is added after autoclaving 

and before pouring onto the plates 
 

Principle: 

Haemolysins are exotoxins produced by bacteria that lyse red blood cells. 

The haemolytic reaction can be visualized on blood agar plates observing 

through the bright transmitted light. On blood agar plates colonies of 

haemolytic bacteria may be surrounded by clear, colorless zone where the 

red blood cells have been lysed and the haemoglobin destroyed to a 

colorless compound and which is beta haemolysis. Other types of bacteria 

can reduce haemoglobin to methaemoglobin which produces a greenish 

zone around the colonies and is called alpha haemolysis. Another 
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haemolytic bacteria which is also called non-hemolysis as no lysis of red 

blood cells occurs known as gamma haemolysis. In gamma haemolysis 

there is no change of coloration or no zone of hemolysis observed under or 

around the colonies. 

 

 

 

 

Chocolate agar 

Chocolate blood agar (CBA) is a nonselective, 

enriched growth medium used for isolation of 

pathogenic bacteria. It is a variant of the 

blood agar plate, containing red blood cells 

that have been lysed by slowly heating to 80 

°C giving the medium a chocolate brown color 

reason why it is called chocolate agar. 

Principle: 

The lysis of RBC during the heating process releases intracellular coenzyme 

nicotinamide adenine dinucleotide (NAD or V Factor) and hemin (factor X)  

which are inside red blood cells thus is necessary to growth for some bacterial 

species is lysis of the red blood cells.  
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Growth on different culture media  

  

Mannitol Salt Agar (MSA)  
 is a selective, differential, and indicator 

medium that is used to isolate and 

identify  Staphylococcus aureus  from the 

clinical specimen. 
 

Composition and the functions: 

 Enzymatic digest of casein (source of 

nitrogen, vitamin, and carbon) 

 Enzymatic digest of animal tissue (source of nitrogen, vitamin, and 

carbon) 

 Beef extract (source of nitrogen, vitamin, and carbon) 

 D-Mannitol: Only carbohydrate source present in the medium 

 Sodium Chloride  

 Phenol Red (Indicator) 

 Agar  

 

Preparation: 

According to manufacturer instruction, suspend 

the measured amount of powder (See in the agar 

bottle) generally 111 gram in 1 L of distilled water 

and mix thoroughly. 

Practical  11 
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Heat while constantly agitating and boil for 1 minute to completely 

dissolve the powder, then autoclave at 121°C for 15 minutes. 

 

Principle: 

Incorporation of 7.5% sodium chloride in the medium helps to select only those 

bacteria which can tolerate high salt concentrations. MSA helps to demonstrate 

the ability of a bacterium to grow in a 7.5% salt environment (growth indicates 

tolerance for high salt environment – no growth means intolerance). Species of 

staphylococci are able to tolerate this salt concentration but other pathogenic 

bacteria may not. This concentration inhibits the growth of most other gram-

positive and gram-negative bacteria.  

Thus MSA selectively isolates Staphylococcus spp. and differentiating                  

S. aureus from other Staphylococcus spp. 

 

Pathogenic  staphylococci, i.e.  Staphylococcus aureus is able to ferment 

mannitol (coagulase positive) but others (coagulase-negative Staphylococcus) 

are not.  So, if that particular specimen contains S. aureus, it ferments mannitol 

(whenever sugar is fermented acid is produced) and changes the pH of the 

medium to acidic. As MSA contains phenol red as a pH indicator, at pH levels 

below 6.9, the medium is a yellow color. But if coagulase-negative 

staphylococcus (CONS) grows, they cannot ferment mannitol, so the color of 

the media around the bacterial colony does not change to yellow, it appears 

pink. 

 
 

 

  

 

 

https://microbeonline.com/diagnostic-tests-biochemical-tests-coagulase-test/
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Nutrient Agar 

Used as a general-purpose medium for the 

growth of a wide variety of non-fastidious 

microorganisms. It consists of peptone, beef 

extract, and agar. This relatively simple 

formulation provides the nutrients 

necessary for the replication of a large 

number of non-fastidious microorganisms.  

 

Characteristics of the components used in nutrient agar 

 Beef extract is an aqueous extract of lean beef tissues. It contains water-

soluble substances of animal tissue, which include carbohydrates, organic 

nitrogen compounds, water soluble vitamins, and salts. 

 Peptone is made by digesting proteinaceous materials e.g., meat, casein, 

gelatin, using acids or enzymes. Peptone is the principal source of organic 

nitrogen and may contain carbohydrates or vitamins. Depending up on the 

nature of protein and method of digestion, peptones differ in their 

constituents, differing in their ability to support the growth of bacteria. 

 Agar  

 

Preparation: 

According to manufacturer instruction, suspend the 

measured amount of powder (See in the agar bottle) 

generally 28 gram in 1 L of distilled water and mix 
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thoroughly. Heat while constantly agitating and boil for 1 minute to 

completely dissolve the powder, then autoclave at 121°C for 15 minutes. 

Uses of nutrient agar 

 It is used to isolate and purify cultures. 

 It is used to cultivate and maintain non-fastidious microorganisms. 

 It aids in enumerating microorganisms in water, dairy products, sewage, 

feces, and other types of materials. 

 

 

Salmonell Shigella Agar (SS agar) 

Salmonella Shigella (SS) Agar is moderately selective and differential medium 

for the isolation, cultivation and differentiation of Salmonella spp. and some 

strains of Shigella spp. 

 

Composition  

 Beef Extract  

 Enzymatic Digest of Casein  

 Enzymatic Digest of Animal Tissue 

 Lactose  

 Bile Salts  

 Sodium Citrate  

 Sodium Thiosulfate  

 Ferric Citrate  

 Brilliant Green  

 Neutral Red 

 Agar 

 

Preparation   
Suspend 60 grams of Salmonella Shigella Agar in 

1000 ml distilled water. 

Heat and boil to dissolve the medium completely. 

Do not autoclave, then mix well and pour into sterile 

Petri plates. 
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Principle 

The inclusion of Bile Salts, Sodium Citrate and Brilliant Green serve to inhibit 

gram-positive, coliform organisms and inhibit swarming Proteus spp., while 

allowing Salmonella spp. to grow. Beef Extract, Enzymatic Digest of Casein, 

and Enzymatic Digest of Animal Tissue provide sources of nitrogen, carbon, and 

vitamins required for organism growth. Lactose is the carbohydrate present 

in Salmonella Shigella Agar. Thiosulfate and Ferric Citrate permit detection 

of hydrogen sulfide by the production of colonies with black centers. Neutral 

red turns red in the presence of an acidic pH, thus showing fermentation has 

occurred. 

Colonies appearance 

 Salmonella will not ferment lactose, but produce hydrogen sulfide (H2S) 

gas.  The resulting bacterial colonies will appear colorless with black 

centers. 

 Shigella do not ferment lactose or produce hydrogen sulfide gas, so the 

resulting colonies will be colorless. 

 Coliform bacteria such as E. coli will ferment the lactose in the media, 

resulting in bacterial growth with a pink color. They do not produce any 

hydrogen sulfide. 

 

 

https://microbiologyinfo.com/hydrogen-sulfide-test/
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Viable plates count   

This method is usually used for bacterial cells counting for any sample under 

study. First the sample is diluting by sterile normal saline or phosphate buffer 

saline to serial dilutions, and then each dilution is plated on agar plate. The 

colonies that are formed on these final plats should be between 25 – 250 

colonies. In case the colonies are overlie this range are not recommended  

because less than 25 or 30 colonies are represent as too few to count (TFTC) and 

are not statistically acceptable, while more than 250 colonies are represent as 

too numerous to count (TNTC) in this case the colonies are too closed to each 

other to be counted. Each single distinct colony distinguishes as colony forming 

unites (CFUs). The countable colonies on the agar surface which are CFUs gave 

the numbers of bacterial cells in milliliter for each dilution of serial dilutions.  

 

Materials: 

1. Broth culture or sample under study (water, milk, soil…etc.) 

2. Sterile capped test tubes with 9 ml of sterile saline. 

3. Sterile agar plates. 

4. Alcohol ethanol. 

5. Sterile pipettes. 

6. Spreader.  

7. Bunsen burne 

 

Procedure: 

1. Label the 6 sterile test tubes and sterile agar plates for dilutions of the 

sample. 

2. In aseptic technique, the primer dilution is done by pipetting 1 ml from 

the broth or liquid sample or 1 gm from the solid sample to 9 ml sterile 

saline test tube. This make dilution 1/10 or 10-1 by followed the formula: 

 

Practical  12
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𝑫𝒊𝒍𝒖𝒕𝒊𝒐𝒏 =
                         𝐓𝐡𝐞 𝐬𝐚𝐦𝐩𝐥𝐞 𝐯𝐨𝐥𝐮𝐦𝐞                          

𝐓𝐡𝐞 𝐬𝐚𝐦𝐩𝐥𝐞 𝐯𝐨𝐮𝐥𝐦𝐞 + 𝐃𝐢𝐥𝐮𝐞𝐧𝐭 𝐯𝐨𝐥𝐮𝐦𝐞
 

 

3. The 10-1 tube is closed and mixed well several times by using a pipette. 

4. Using a new pipette and transfer 1 ml from the 10-1 tube into the next 

tube. Mixed well this gave 10-2 tube of dilution. 

5. Repeat this procedure by pipetting 1 ml  from last tube you reached to 

next tube until you reached 10-6 tube of dilution. (In some procedure the 

dilution could be reached to 10-8). 

6. From each dilution test tube transfer 0.1 ml on the surface of the sterile 

agar plate that are labeled with the same dilution that was transferred 

`from. (Make duplicate for plates).  

7. Spread the transferred volume by spreader. (This procedure could be done 

by pour plate technique).   

8. Incubate the plates for 24 hours at 35ºC or for 48 hours at 20°C. 

9. Count the colonies number on the agar surface (figure 9.1). (The plates 

with colonies numbers are out of the range 25-250 colonies are 

discarding).  

10. Choosing the plate that is easily to count. (The counting process is done 

either by hand with using marker pen to avoid missing duplicating the 

colonies, or by using the colonies count. 

11. Calculate the number of bacterial cells per milliliter by followed the 

formula. 

 

 

𝑪𝑭𝑼/𝒎𝒍 =
                        𝐓𝐡𝐞 𝐜𝐨𝐥𝐨𝐧𝐢𝐞𝐬 𝐧𝐮𝐦𝐛𝐞𝐫                          

𝐓𝐡𝐞 𝐝𝐢𝐥𝐮𝐭𝐢𝐨𝐧 𝐟𝐚𝐜𝐭𝐨𝐫
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In case you have two counts from one dilution, cfu/ml is counted by calculate 

the average of the colonies number divided on the dilution factor belongs to.  

 

 

 

 

Figure 9.1: Viable plate count technique. 

 

 



 

 

 

 

 

 

 

Growth Curve 

 
When fresh liquid medium is inoculated with a given number of bacteria and 

incubated for sufficient period of time, it gives a characteristic growth pattern 

of bacteria. Microorganisms grown in closed culture (also known as a batch 

culture), in which no nutrients are added and most waste is not removed, follow 

a reproducible growth pattern referred to as the growth curve. 

If the bacterial population is measured periodically and log of number of viable 

bacteria is plotted in a graph against time, it gives a characteristic growth curve 

which is known as growth curve. 

Measuring the growth rate of bacteria is a fundamental microbiological 

technique, and has widespread use in basic research as well as in agricultural 

and industrial applications. 
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Principles of bacterial growth curve: 

When bacteria are inoculated into a liquid medium and the cell population is 

counted at intervals, it is possible to plot a typical bacterial growth curve that 

shows the growth of cells over time. It shows four distinct phases of growth. 

 

 Lag phase: Slow growth or lack of growth due to physiological adaptation 

of cells to culture conditions or dilution of exoenzymes due to initial low 

cell densities. 

 Log or exponential phase: Optimal growth rates, during which cell 

numbers double at discrete time intervals known as the mean generation 

time. 

 Stationary phase: Growth (cell division) and death of cells counterbalance 

each other resulting in no net increase in cell numbers. The reduced 

growth rate is usually due to a lack of nutrients and/or a buildup of toxic 

waste constituents. 

 Decline or death phase: Death rate exceeds growth rate resulting in a net 

loss of viable cells. 

Turbidimetric determination is useful for plotting growth curves of bacteria in 

broth or liquid media. It is one of the simplest methods used to analyze trends 

in growth because it uses a spectrophotometer to track changes in the optical 

density (OD) over time. In other words, as the number of cells in a sample 

increase, the transmission of light through the sample will decrease.  

 

Material required for bacterial growth curve 

Bacterial broth culture (E. coli).  

Glass wares: Conical flasks, Measuring cylinder, Sterile test tubes, Sterile 

Petriplates 

Reagents: Distilled water 

Incubator, Shaker, Spectrophotometer, Micropipettes, Tips, Sterile Loops 

 

 



 

 

 

 

 

 

 

 

Procedure: 

Day 1: 

1. Using sterile loop, streak a loopful of bacterial culture onto the agar 

plate. 

2. Incubate at 37oC for 18-24 hours. 

 

Day 2: 

1. Pick up a single colony of each strain from the agar plate and inoculate it 

into a test tube containing 10 ml of autoclaved broth. 

2. Incubate the test tube overnight at 37oC. 

 

Day 3: 

1. Take 250 ml of autoclaved broth in a sterile 500 ml conical flask. 

2. Inoculate 5 ml of the overnight grown culture in above flask. 

3. Take OD at zero hour. Incubate the flask at 37oC. 

4. Aliquot 1 ml of the culture suspension at an interval of every 30 minutes 

and take the optical density (OD) at a wavelength of 600 nm using 

spectrophotometer, till the reading becomes static. 

 

 

 

 Generation times for bacteria vary from about 12 minutes to 24 

hours or more. For example, Clostridium perfringens, one of 

the fastest-growing bacteria, has an optimum generation time of 

about 10 minutes; Escherichia coli can double every 20 

minutes; and the slow-growing Mycobacterium 

tuberculosis has a generation time in the range of 12 to 16 

hours.  

 In the intestinal tract, the coliform's generation time is estimated 

to be 12-24 hours. 

 

 

 

https://www.britannica.com/science/Clostridium-perfringens
https://www.britannica.com/science/E-coli
https://www.britannica.com/science/Mycobacterium-tuberculosis
https://www.britannica.com/science/Mycobacterium-tuberculosis


Alternatively, 50-100 µl of formaldehyde can be added to all the 1 ml aliquots of 

culture suspension taken after every 30 minutes. Optical density of all the 

aliquots can be taken at the end of the experiment. 

 

5. At the end of experiment, plot a graph of time in minutes on X axis versus 

optical density at 600nm on Y axis to obtain a growth curve of bacteria. 

 

Result: 

A logarithmic growth curve is obtained showing the changes in size of a 

bacterial population over time in the culture. The growth curve is hyperbolic 

due to exponential bacterial growth pattern. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 

 

Microbial Sensitivity to Antibiotic 

 

Antibiotic: Chemical substance produced by a living organism, generally                

a microorganism, that is detrimental which inhibits the growth or kills of other 

microorganisms.  

Antimicrobial: is any substance of natural, semisynthetic or synthetic origin that 

kills or inhibits the growth of microorganisms. The term “antimicrobials” include 

all agents that act against all types of microorganisms – bacteria (antibacterial), 

viruses (antiviral), fungi (antifungal) and protozoa (antiprotozoal). 
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Principle 
This method is based on the principle that antibiotic-impregnated disk, placed on agar previously 

inoculated with the test bacterium, pick-up moisture and the antibiotic diffuse radially outward 

through the agar medium producing an antibiotic concentration gradient. The concentration of 

the antibiotic at the edge of the disk is high and gradually diminishes as the distance from the 

disk increases to a point where it is no longer inhibitory for the organism, which then grows 

freely. A clear zone or ring is formed around an antibiotic disk after incubation if the agent 

inhibits bacterial growth. 

Media  
The disk diffusion method is performed using Mueller-Hinton Agar (MHA) 

1.  It is a non-selective, non-differential medium. This means that almost all organisms 

plated on here will grow. 

2. It contains starch that absorbs toxins released from bacteria, so that they cannot 

interfere with the antibiotics.  

3. Loose agar. This allows for better diffusion of the antibiotics than most other plates. 

A better diffusion leads to a truer zone of inhibition. 

 

Preparation of agar medium  
1. Prepare MHA from the dehydrated medium according to the manufacturer’s instructions 

using distilled water or deionized water. 

2. Heat with frequent agitation and boil to dissolve the medium completely. Sterilize by 

autoclaving at 121°C for 15 min. 

3. Cool the agar medium to 40-50°C. Pour the agar into sterile glass or plastic petri dish on 

a flat surface to a uniform depth of 4 mm.  

4. Allow to solidify. 

5. Prior to use, dry plates at 30-37°C in an incubator, with lids partly ajar, for not more than 

30 minutes or until excess surface moisture has evaporated. Media must be moist but free 

of water droplets on the surface. Presence of water droplets may result to swarming 

bacterial growth, which could give inaccurate results. They are also easily contaminated. 

 

Storage 
1. If plates are not to be immediately used, they may be stored in the refrigerator inside 

airtight plastic bags at 2-8°C for up to 4 weeks. 

2. Unpoured media may be stored in airtight screw-capped bottles under the conditions 

specified by the manufacturer. 

 

 

 

 

 



INOCULUM 
Preparation  

1. From a pure bacterial culture (not more than 48 hours, old except for slow growing 

organisms), take four or five colonies with a wire loop. 

2. Transfer colonies to 5 ml of nutrient broth or 0.9% saline. 

3. Incubate the broth at 30°C or at an optimum growth temperature until it achieves or 

exceeds the turbidity of 0.5 MacFarland standard, which contain 1 x 108 cfu/ml. 

4. Compare the turbidity of the test bacterial suspension with that of 0.5 MacFarland 

(vigorously shaken before use) against a white background.  

5. Reduce turbidity by adding sterile saline or broth. 

 

Inoculation of plates 
1. Dip a sterile cotton swab or (L SHAPE spreader) into the standardized bacterial 

suspension.  

2. Inoculate the agar by streaking with the swab containing the inoculum. 

3. Rotate the plate by 60° and repeat the rubbing procedure. Repeat two times. This will 

ensure an even distribution of the inoculum.  

4. Allow the surface of the medium to dry for 3-5 minutes but not longer than 15 minutes 

to allow for absorption of excess moisture. 

 

Antimicrobial disks  
Use antibiotic disks purchased from a reputable manufacturer. The disk diameter is 

approximately 6 mm. Disks should be properly stored in a tightly sealed container with desiccant 

at 2-8°C. Expired disks should not be used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Application 
1. Using sterile forceps or disk dispenser, place antibiotic disk on 

the surface of the inoculated and dried plate. 

2. Immediately press it down lightly with the instrument to 

ensure complete contact between the disk and the agar 

surface 

3. Position disks such that the minimum center - center 

distance is 24 mm and no closer than 10 to 15 mm from 

the edge of the petri dish. A maximum of six disks may be 

placed in a 9-cm petri dish and 12 disks on a 150 mm plate. 

4. Incubate plates in an inverted position at 30°C or at an optimum 

growth temperature. 

5. Observe for the zone of inhibition after 16 to 18 hours. Slow growing organisms may 

require longer incubation period. 

 

 

 
 

 

 

Reading and measurement of zones of inhibition 

Description 

1. The zone of inhibition (arrow) is the point at which no growth is 

visible to the unaided eye. 



 

2. Record occurrence of fuzzy zones (arrow). In measuring the zone 

diameter, the fuzzy portion of the zone should be ignored as much 

as possible. The zone limit is the inner limit of the zone of normal 

growth. 

 

 

Reading   

1. Read and record the diameter of the zones of inhibition using  

a ruler graduated to 0.5 mm.  

 

 

 

 

 

 

 

 

2. Do not read plates on which growth of test bacteria have 

isolated colonies or less than semi-confluent growth (arrow). 

 

 

 

 

 

 

 

3. Do not read zones showing distortion from circular (arrow).  



 

 

 

API 20E Test System 

API® (analytical profile index): 

 

Principle  

 API test strips consists of microtubes (cupules) containing 

dehydrated substrates to detect the enzymatic activity or the 

fermentation of sugars by the inoculated organisms.  

 During incubation, metabolism produces color changes that are 

either spontaneous or revealed by the addition of reagents 

 When the carbohydrates are fermented, the pH within the cupule 

changes and is shown by an indicator. 

 
Types of API test: 

1. API Gram negative Identification  

2. API Gram positive Identification  

3. Other API System include: Anaerobe Identification  

4. API Yeast Identification. 

5. API 50 CH. Performance of carbohydrate metabolism tests. 

6. API ZYM. Semi quantitation of enzymatic activities. 

 

API 20E Strip 
Identification of the Enterobacteriaceae and other Gram negative rods, it 

consists of 20 microtubules containing dehydrated contain substrates. 

These tests are inoculated with a bacterial suspension that reconstitutes 

the media. During incubation, the metabolism of the organism produces 

color changes that are either spontaneous or revealed by the addition of 

reagent. 
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Kit contains 

1. API 20e Strip.     

2. Media.  

3. Reagents. 

4. API strip Trays.   

5. API code Chart. 

6. API score Sheet.   

7. API web/API Catalogue. 

 

Reagent needed 

1. TDA reagent 

2. James reagent 

3. VPI reagent 

4. VP2 reagent 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Results and interpretations  

1. Evaluation of tests, all 

reactions will be recorded on 

the laboratory report and test 

reagents will be added to some 

compartments.  

2. The seven digit profile 

number will be determined so 

the unknown organism can be 

looked up in the API 20E 

analytical profile index. 

Result  

The 7-digit profile is then compared with the numerical profile in the API 20 E 

analytical profile index book to obtain the organism identification. 

 

 

 

 

 



 

 

Example:  

 

 

 

 

 

 

 

API Web 1.3.0  

https://apiweb.biomerieux.com 

 

 

 

 

 

 

 

 

 



 

 

Index  

1. ONPG: test for β-galactosidase enzyme by hydrolysis of the substrate o-nitrophenyl-

b-D-galactopyranoside 

2. ADH: decarboxylation of the amino acid arginine by arginine dihydrolase 

3. LDC: decarboxylations of the amino acid lysine by lysine decarboxylase 

4. ODC: decarboxylations of the amino acid ornithine by ornithine decarboxylase 

5. CIT: utilization of citrate as only carbon source 

6. H2S: production of hydrogen sulfide 

7. URE: test for the enzyme urease 

8. TDA (Tryptophan deaminase): detection of the enzyme tryptophan deaminase: 

Reagent to put- Ferric Chloride. 

9. IND: Indole Test-production of indole from tryptophan by the enzyme tryptophanase 

Reagent- Indole is detected by addition of Kovac’s reagent. 

10. VP: the Voges-Proskauer test for the detection of acetoin (acetyl methylcarbinol) 

produced by fermentation of glucose by bacteria utilizing the butylene glycol 

pathway 



11. GEL: test for the production of the enzyme gelatinase which liquefies gelatin 

12. GLU: fermentation of glucose (hexose sugar) 

13. MAN: fermentation of mannose (hexose sugar) 

14. INO: fermentation of inositol (cyclic polyalcohol) 

15. SOR: fermentation of sorbitol (alcohol sugar) 

16. RHA: fermentation of rhamnose (methyl pentose sugar) 

17. SAC: fermentation of sucrose (disaccharide) 

18. MEL: fermentation of melibiose (disaccharide) 

19. AMY: fermentation of amygdalin (glycoside) 

20. ARA: fermentation of arabinose (pentose sugar) 

 



 

 

 

 

Microscopy Image Analysis 

 

Microscopy Imaging 

The methods presented in this thesis were developed for applications using 

specific types of microscopy images. Bright-field microscopy was not used in 

this work but was included for comparison with the other methods. Sample 

preparation, imaging and manual annotation of the images were performed by 

expert collaborators. 

 

Bright-field Microscopy 

Bright-field microscopy is the simplest and most commonly used optical 

microscopy technique. It uses white light that is transmitted through the 

sample. The sample projection is magnified with lenses creating an image 

observed in the microscope eyepiece or recorded with a digital camera sensor. 

The contrast in the image is created by the transmitted light attenuation in 

dense sample areas which results in a typical image of a dark sample on a bright 

background. 
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Fluorescence Microscopy 

Fluorescence is a phenomenon in which a sample containing fluorophores is 

illuminated with light of a specific wavelength, causing them to emit light of 

longer wavelengths (i.e., of a different color than the absorbed light). 

A fluorescence microscope is an optical microscope that uses fluorescence 

instead of, or in addition to, scattering, reflection, and attenuation or 

absorption, to study the properties of organic or inorganic substances. 

 

 

 

 

High-Content Screening 

High-content screening (HCS) is a large-

scale quantitative microscopy imaging 

and analysis technique used in 

biomedical research and drug discovery. 

It combines conventional bright-field 

and/or fluorescence microscopy with 

precise robotics. The aforementioned microscopy techniques provide high 

content information for the cost of low acquisition speed. Advancement of 

precise robotics allowed the development of automated image-based HCS 

systems. These systems are capable of imaging multiple stains in large numbers 

of cultured cell populations in a short period of time. 



Transmission Electron Microscopy 

The transmission electron microscope is a very powerful tool for material 

science. A high energy beam of electrons is shone through a very thin sample, 

and the interactions between the electrons and the atoms can be used to observe 

features such as the crystal structure and features in the structure like 

dislocations and grain boundaries. 

 

 

 

Digital Image Analysis 

Digital images are organized matrices of pixels. Each pixel has a value that 

corresponds to the read-out from the camera sensor. 2D images can be 

interpreted as 3D matrices with width, height, and intensity in the different 

color channels as the dimensions. 

Digital image processing is the use of a digital computer to process digital 

images through an algorithm. As a subcategory or field of digital signal 

processing, digital image processing has many advantages over analog image 

processing.  

 

 

 

 


