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Exercise 1: Sampling and transport of the food samples
Purpose of the exercise:

The purpose of the exercise is to know the most important rules for the sampling and transport of the food samples. Correct sampling is the basis for a good test result. 
Required knowledge: 

The samples should be representative. A representative sample is a small quantity of something that accurately reflects the larger entity. 

Care must be taken in collecting food samples and transporting them to the laboratory for analysis. It is ideal to submit samples to the laboratory in unopened containers. Otherwise, leak-proof containers, furthermore clean and sterile stainless steel utensils should be used for sampling and transport. Frozen samples should remain frozen during transport; refrigerated samples should not be frozen, but should be kept between 0 to 4 °C during transport. All samples should be examined within 24 h of reaching the laboratory. Frozen samples should be stored frozen, and perishable refrigerated items should be stored at 0 to 4 °C.

Samples should be taken by trained and experienced person. 
It is extremely important for the interpretation of the results. 

It is important that the laboratory receive a sample which is representative of the batch of product and has not been damaged or changed during transport and storage.

The sample should be protected against extraneous contamination by the air, the sample container, the sampling devices used and improper handling. A sample container should not be more than three-quarters full in order to avoid leakage and to allow proper mixing of the sample in the laboratory.

Identify samples clearly and completely, and record the sample information.

The sample should be submitted in the original, unopened container.

If the product is bulky or it is in a container which is too large for submission to the laboratory, transfer a portion aseptically to a sterile sample container.

The mode of transportation of the samples to the laboratory shall ensure that they are kept under conditions which will minimize any alteration in the number of microorganisms present.

Deliver samples to the laboratory promptly with the original storage conditions maintained as nearly as possible.

The sample should be packed in such a way that breakage or spillage is avoided.

The product label should indicate whether refrigeration is required.

Samples not requiring refrigeration or freezing may be packed in a container using appropriate packing material to avoid breakage.

Do not use loose ice as this may cause product contamination if the container breaks or leaks.

The following temperatures during transport are recommended:

· stable products: ambient temperature (below 40 °C);

· frozen or deep-frozen products: below -15 °C, preferably below -18 °C;

· other products not stable at ambient temperature: 1 °C to 8 °C.
When no conditions are specified, it is recommended that the parties concerned agree on the duration and the temperature of transport.

Check the condition of the samples on receipt.

If their condition is unsatisfactory or if the samples are insufficient, the laboratory should refuse the samples. 

Check sample containers for evident physical defects.

Note the following information:

· date (and time, if relevant) of receipt;

· details of sampling (sampling date and time, if relevant and known, sample condition);

· client's name and address.

On receipt of perishable samples, record the temperature of transport or the temperature of a simulated sample included for this purpose.

Examine the samples as soon as possible after receipt, preferably within 24 h, or as agreed with the parties concerned.

Store samples awaiting examination under conditions which will minimize any alteration in the number of microorganisms present.

The following storage temperatures are recommended:

· stable products: ambient temperature (18 °C to 27 °C);

· frozen or deep-frozen products: below -15 °C, preferably below -18 °C;

· other products not stable at ambient temperature, including refrigerated food: 3 °C ( 2 °C.
Execution of the exercise:

· Collect literature (articles, books, regulations, and homepages) and prepare a literature review that deal with microbiological sampling (e.g. process, tools, etc.) of different types of food samples.
· Present the process and tools of the microbiological sampling within the framework of an oral presentation.
· Forming small groups (3-4 students/group) and discussing the similarities and differences between chemical and microbiological sampling. 
· The group leaders present the results of the discussion within the group. 
Exercise 2: Determination of all cell counts using Thoma cell counting chamber
Purpose of the exercise:

The purpose of the exercise is to determine how many yeast cells can be found in one gram of baker's yeast. 

Required knowledge: 

I. Culturing methods (Biological methods)

1. Limiting dilution method 

· MPN method /Most Probable Number/, 

· Pochon’s method

2. Colony counting


a. Petri dish methods 



- plate count method



- spread plate method


b. Membrane filtration method

II. Microscopic methods (Physical methods)

1. Counting chamber methods



a. Thoma chamber, 



b. Bürker chamber,



c. Slide chamber etc.

III. Physico-chemical methods
1. Electronic cell counting device (after fluorescence staining) 

2. Optical methods (turbidimetric method)

3. Methods based on weight measurements

4. Biochemical methods (based on the measurement of e.g. protein content, different enzyme activities, organic matter content, ATP content, etc.)

Thoma cell counting chamber:

Counting chambers serve to determine the number of particles per volume unit of a liquid. The particles (e.g. bacteria, fungus spores, pollen, etc.) are visually counted under a light microscope. 

The Thoma chamber consists of a thick glass microscope slide with a rectangular indentation that creates a chamber. This chamber is engraved with a laser-etched grid of perpendicular lines. The device is carefully crafted so that the area bounded by the lines is known, and the depth of the chamber is also known. By observing a defined area of the grid, it is therefore possible to count the number of cells or particles in a specific volume of fluid, and thereby calculate the concentration of cells in the fluid overall.
The lines running perpendicularly close three different areas (big square, rectangle, small square). 
The length of the side edges of the big square are 1/20 mm, thus its area is 1/400 mm2. The rectangle is half the size of the big square, so its area is 1/800 mm2. The small square is half the size of the rectangle, therefore its area is 1/1600 mm2. 
When we put the sample under the coverslip, the cell suspension reaches a height of 0.1 mm. 
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Figure 1: Thoma chamber

The area of the big square is 1/400 mm2 and the depth is 1/10 mm, so there is 1/400×1/10 = 0.00025 = 2.5×10-4 mm3 liquid in the cube, which equivalent to 2.5×10-7 cm3 = ml. 
If there is n piece of cells in 2.5×10-7 ml, then there is x piece of cells in 1 ml. 
x = n/2.5×10-7 = n×0.4×107 = n×4×106 cells/ml
In case of the big square, to find out how many cells are in the suspension, the average cell number (n) need to multiply with 4×106.
To get the final result (z = how many cells are in the sample) in case of the big square the average cell number (n) need to multiply with 4×106 and the concentration-dilution factor (f): 

z = n×4×106×f

Required materials and tools:
· Thoma chamber
· Plastic cover

· Baker's yeast

· 9 ml sterile dilution liquid in tube

· Glass pipette
· Light microscope

Execution of the exercise:
1. Weigh 1 g baker’s yeast and put into a tube which contains 9 ml sterile dilution liquid.
2. Put one drop (from the diluted yeast suspension) to each of the "crosses" of the Thoma chamber and cover it carefully (without bubbles). 
3. Put under the microscope and count the number of cells in 10 identical types of squares (e.g. big squares).
Counting the cells at the boundaries:
· Only count those cells, which are on two specific sides of the squares or rectangles.
· e.g. counts on the upper and left boundaries are counted, the ones on the lower and the right boundaries are ignored.
[image: image3.jpg][
O

]
(N J
Tf\/

® o
o

[d )
o e ¢






Calculation of final result:

· The average value obtained must be multiplied by a specified (square variable type) number (× degree of dilution).
· The conversion multipliers:
· Big square: 
n×4×106 cell/ml
· Rectangle: 
n×8×106 cell/ml
· Small square: 
n×16×106 cell/ml
An example for counting:
· 1 g baker’s yeast + 9 ml dilution liquid (tenfold dilution) ( concentration-dilution factor (f): 101.
· In 10 big squares, the following values were obtained/calculated: 7, 10, 8, 12, 6, 14, 10, 8, 9, 12 piece of cell 

· Calculation of average value (n): 96/10=9.6 ( n=9.6
· z = n×4×106×f
· z = 9.6×4×106×101
· z = 38.4×107 = 3.8×108 cell/ml
Final result: 3.8×108 cell/ml yeast can be found in 1 g baker's yeast. 
Exercise 3: Preparation of agar media
Purpose of the exercise:

The purpose of the exercise is to prepare agar media (PCA, VRBG, BP, DRBC), which will be used during the semester to determine the count of the different microorganisms in different feed and food samples.
Required knowledge: 

Culture medium: formulation of substances, in liquid, semi-solid or in solid form, which contain natural and/or synthetic constituents intended to support the multiplication, or to preserve the viability, of microorganisms (ISO 11133:2014).

In culture medium microorganisms (including bacteria and fungi) can be cultured. They meet the nutritional needs of the microbes.
Required materials and tools:
· Balance

· Spoon

· Plate count agar (PCA) powder (Biolab Ltd., Hungary)
· Violet Red Bile Glucose (VRBG) agar powder (Biolab Ltd., Hungary)

· Baird-Parker agar (BPA) (Biolab Ltd., Hungary)

· Sterile egg yolk tellurite emulsion (LAB-KA Ltd., Hungary)

· Dichloran Rose Bengal Chloramphenicol (DRBC) agar (VWR International Kft., Hungary)

· Distilled water

· 500 ml screw-cap bottles
· Sterilization indicator strip

· pH meter

· Pressure cooker (or autoclave)

Execution of the exercise:

Preparation of 400 ml plate count agar (PCA) medium
1. Using balance weigh 9.4 g (23.5 g/l) of plate count agar (PCA) medium and put that into the screw-cap bottle. 
2. Fill 400 ml of distilled water into the screw-cap bottle.

3. Check pH with pH measuring device. The pH should be 7.0 in case of PCA medium at 25 °C. 
4. Put sterilization indicator strip on the outer surface of the screw-cap bottle (which contains 400 ml PCA medium). 
5. Put the screw-cap bottle into the pressure cooker, and place the lid on the top of the pressure cooker. 

6. Sterilize the agar medium in the pressure cooker (or autoclave) for 15 min at 121 °C. 
7. After the time has elapsed, remove the pressure cooker from the electric stove, switch out the electric stove, and wait until the pressure cooker cools down.

8. After sterilization monitor the pH, colour, sterility and consistency of the agar medium. 
Preparation of 400 ml Violet Red Bile Glucose (VRBG) agar medium
1. Using balance weigh 16.6 g (41.5 g/l) of Violet Red Bile Glucose (VRBG) agar medium and put that into the screw-cap bottle. 
2. Fill 400 ml of distilled water into the screw-cap bottle.

3. Check pH with pH measuring device. The pH should be 7.4 in case of VRBG agar medium at 25 °C. 
4. Put sterilization indicator strip on the outer surface of the screw-cap bottle (which contains 400 ml VRBG agar medium). 
5. Put the screw-cap bottle into the pressure cooker, and place the lid on the top of the pressure cooker. 

6. Sterilize the agar medium in the pressure cooker (or autoclave) for 15 min at 121 °C. 
7. After the time has elapsed, remove the pressure cooker from the electric stove, switch out the electric stove, and wait until the pressure cooker cools down.

8. After sterilization monitor the pH, colour, sterility and consistency of the agar medium. 
Preparation of Baird-Parker agar (BPA) plates
1. Using balance weigh 25.3 g (60 g / 950 ml) of Baird-Parker agar (BPA) medium and put that into the screw-cap bottle. 
2. Fill 400 ml of distilled water into the screw-cap bottle.

3. Check pH with pH measuring device. The pH should be 6.8 in case of BPA medium at 25 °C. 
4. Put sterilization indicator strip on the outer surface of the screw-cap bottle (which contains 400 ml BPA medium). 
5. Put the screw-cap bottle into the pressure cooker, and place the lid on the top of the pressure cooker. 

6. Sterilize the agar medium in the pressure cooker (or autoclave) for 15 min at 121 °C. 
7. After the time has elapsed, remove the pressure cooker from the electric stove, switch out the electric stove, and wait until the BPA medium cools down to 50 °C.

8. Add 24 ml sterile egg yolk tellurite emulsion to the screw-cap bottle (which contains 50 °C 400 ml liquid BPA) and gently but thoroughly mix it up.  

9. Pour into sterile Petri dishes approximately 20 ml BPA medium which were supplemented with sterile egg yolk tellurite emulsion. 
10. Allow to cool and solidify by placing the Petri dishes on a cool horizontal surface. 
Preparation of Dichloran Rose Bengal Chloramphenicol (DRBC) agar plates
1. Using balance weigh 12.6 g (31.6 g/l) of Dichloran Rose Bengal Chloramphenicol (DRBC) agar medium and put that into the screw-cap bottle.  
2. Fill 400 ml of distilled water into the screw-cap bottle.

3. Check pH with pH measuring device. The pH should be 5.6 in case of DRBC agar medium at 25 °C. 
4. Put sterilization indicator strip on the outer surface of the screw-cap bottle (which contains 400 ml DRBC agar medium). 
5. Put the screw-cap bottle into the pressure cooker, and place the lid on the top of the pressure cooker. 

6. Sterilize the agar medium in the pressure cooker (or autoclave) for 15 min at 121 °C. 
7. After the time has elapsed, remove the pressure cooker from the electric stove, switch out the electric stove, and wait until the DRBC agar medium cools down to 50 °C.

8. Pour into sterile Petri dishes approximately 20 ml DRBC agar medium. 

9. Allow to cool and solidify by placing the Petri dishes on a cool horizontal surface.
Exercise 4: Examination of total aerobic plate count of feed sample with plate count method
Purpose of the exercise:

The purpose of the exercise is to determine how many mesophilic aerobic bacteria can be found in a feed sample in accordance with ISO 4833-1:2013 (Microbiology of the food chain - Horizontal method for the enumeration of microorganisms - Part 1: Colony count at 30 °C by the pour plate technique). 

Required knowledge: 

ISO 4833 specifies a horizontal method for enumeration of microorganisms that are able to grow and form colonies in a solid medium after aerobic incubation at 30 °C. The method is applicable to products intended for human consumption and for animal feed; and environmental samples in the area of food and feed production and handling.
Microorganism is entity of microscopic size, encompassing bacteria, fungi, protozoa and viruses. For the purposes of this part of ISO 4833, microorganisms are bacteria, yeasts and moulds that are able to produce colonies under the conditions specified in this part of ISO 4833. 
Required materials and tools:
· Balance

· Spoon

· Water bath (capable of being maintained at 44 °C to 47 °C) 
· Sterile glass (or plastic) Petri dishes (made of glass or plastic, of diameter 90 mm to 100 mm)
· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips
· Sterile plate count agar (PCA) medium in 500 ml screw-cap bottle

· 90 ml sterile dilution liquid in Erlenmeyer flasks

· 9 ml sterile dilution liquid in tubes

· Vortex

· Incubator (capable of being maintained at 30±1 °C)
Execution of the exercise:

1. Preparation of the plate count agar (PCA) and sterile dilution liquid (peptone salt solution = enzymatic digest of casein, sodium chloride, distilled water) in tubes. 
2. Using balance weigh 10 g of feed sample and put that into the Erlenmeyer flask which contain 90 ml sterile dilution liquid (stock solution, initial suspension, primary dilution), and mix them carefully. 
3. Prepare the decimal dilution (till 10-7) by pipetting 1 ml of each dilution into tubes which are contains 9 ml sterile dilution liquid.
4. Pipet 1 ml of each dilution (10-7, 10-6, 10-5) into sterile Petri dishes (two parallel plates), and pour about 12 ml to 15 ml of the PCA at 44 °C to 47 °C into each Petri dish. 
5. Carefully mix the inoculum with the medium by rotating the Petri dishes and allow the mixture to solidify by leaving the Petri dishes standing on a cool horizontal surface. 

6. Invert the prepared plates and place them in the incubator at 30 ± 1 °C for 72 ± 3 h. 
7. After the incubation period has elapsed, count the colonies on each agar plates. Precision data have been evaluated for Petri dishes containing more than 15 and fewer than 300 colonies. 
8. Calculate the total plate count (cfu/g) of the feed sample. 
Exercise 5: Examination of Enterobacteriaceae count of meat products with plate count method
Purpose of the exercise:

The purpose of the exercise is to determine how many bacteria belonging to the family of Enterobacteriaceae can be found in a feed sample in accordance with ISO 21528-2:2017 (Microbiology of food and animal feeding stuffs – Horizontal methods for the detection and enumeration of Enterobacteriaceae – Part 2: Colony-count technique). 

Required knowledge: 

This part of ISO 21528 specifies a method, with pre-enrichment, for the detection of Enterobacteriaceae. It is applicable to products intended for human consumption and the feeding of animals, and environmental samples in the area of food production and food handling. 
Enterobacteriaceae are microorganisms that form characteristic colonies on violet red bile glucose (VRBG) agar and that ferment glucose and show a negative oxidase reaction when the tests are carried out in accordance with the methods specified in this part of ISO 21528. 

Required materials and tools:
· Balance

· Spoon

· Stomacher and stomacher bag

· Water bath (capable of being maintained at 44 °C to 47 °C) 

· Sterile glass (or plastic) Petri dishes (made of glass or plastic, of diameter 90 mm to 100 mm)

· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips

· Sterile violet red bile glucose (VRBG) agar medium in 500 ml screw-cap bottle

· 90 ml sterile dilution liquid in Erlenmeyer flasks

· 9 ml sterile dilution liquid in tubes

· Vortex

· Incubator (capable of being maintained at 37±1 °C)
Execution of the exercise:

1. Preparation of the violet red bile glucose (VRBG) agar and sterile dilution liquid (peptone salt solution = enzymatic digest of casein, sodium chloride, distilled water) in tubes. 
2. Using balance weigh 10 g of meat product and put that into the stomacher bag, and pour 90 ml sterile dilution liquid into it (stock solution, initial suspension, primary dilution), then homogenize the stomacher bag in the stomacher equipment for 2 minutes.
3. Prepare the decimal dilution (till 10-5) by pipetting 1 ml of each dilution into tubes which are contains 9 ml sterile dilution liquid.
4. Pipet 1 ml of each dilution (10-5, 10-4, 10-3) into sterile Petri dishes (two parallel plates), and pour about 12 ml to 15 ml of the VRBG agar at 44 °C to 48 °C into each Petri dish. 
5. Carefully mix the inoculum with the medium by rotating the Petri dishes and allow the mixture to solidify by leaving the Petri dishes standing on a cool horizontal surface. 

6. After hardening add a further 10-15 ml of tempered (46±2 ºC) VRBG agar onto the surface of the inoculated plate (second layer). 
7. Invert the prepared plates and place them in the incubator at 37 ± 1 °C for 24 ± 2 h. 
8. After the incubation period has elapsed, select the plates containing <150 typical colonies and count them. Typical colonies are pink to red, with or without precipitation haloes or colourless mucoid colonies, with a diameter of 0.5 mm or more. 
9. Streak selected colonies onto pre-poured nutrient agar plates. Incubate at 37 ± 1 °C for 24 hours. Select a well isolated colony from each plate for biochemical confirmation
10. Biochemical confirmation: Perform an oxidase test and a glucose fermentation test on each selected colony. 
11. Calculate the Enterobacteriaceae count (cfu/g) of the meat product.
Exercise 6: Examination of coliform bacterium count of water sample with membrane filtration method
Purpose of the exercise:

The purpose of the exercise is to determine the coliform bacterium count in a water sample with membrane filtration method. 
Required knowledge: 

Membrane filtration method (Membrane filter technique) 

The microbiological laboratories monitor drinking, waste, and surface water for the presence of coliform bacteria by the membrane filtration method. 

Advantages of the membrane filtration method:

· Permits testing of large sample volumes.

· Reduces preparation time as compared to many traditional methods.

· Allows isolation and enumeration of discrete colonies of bacteria.

· Provides presence or absence information within 24 hours.

· Effective and acceptable technique. Used to monitor drinking water in microbiological laboratories.

· Useful for bacterial monitoring in the food and beverage industries.

Required materials and tools:
· Vacuum (air oil pump, aspirator, air water pump)
· Paper membrane filter

· Sterile 100 ml glass graduated measuring cylinder
· Sterile ENDO agar plates in Petri dishes
· Forceps
· Incubator (capable of being maintained at 37±1 °C)
Execution of the exercise:

1. Prepare ENDO agar plates

2. Filter 100 ml of water on a membrane filter with vacuum

3. Put the filter on the surface of the ENDO agar plate with forceps
4. Place the agar plates in the incubator at 37 ± 1 °C for 24 ± 2 h
5. After the incubation period has elapsed, count the colonies on each agar plates. Coliform bacteria forming red colonies, Escherichia coli forming red colonies with green metallic sheen on the ENDO agar.
Exercise 7: Examination of staphylococci count in raw milk samples with spread plate method
Purpose of the exercise:

The purpose of the exercise is to determine the staphylococci count in raw milk samples with spread plate method in accordance with ISO 6888-1:1999 (Microbiology of food and animal feeding stuffs – Horizontal method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species) – Part 1: Technique using Baird-Parker agar medium). 
Required knowledge: 

Spread plate method (Surface inoculation method)

Methods of plating designed to produce only surface colonies on agar plates have certain advantages over the pour plate method. The morphology of surface colonies is easily observed, improving the analyst’s ability to distinguish between different types of colony.

Microorganisms are not exposed to the heat of the melted agar medium, so higher counts may be obtained.

Use pre-poured plates, of at least 3 mm thickness of the agar medium, that are level and free from air bubbles and surface moisture. 

To facilitate uniform spreading, the surface of solidified agar should be dried.

Steps of spread plate method:
1. Preparation of agar plates

· Desiccation in incubator (open Petri: 50 °C 30 min; close Petri: 37 °C 4 h; or 50 °C 2 h) 

2. Preparation of sample, stock solution and dilution series

3. Inoculation and spreading

· 0.1 ml suspension on the surface of agar plates (two parallel plates)

· Spreading with sterile cell spreader

4. Incubation in incubator

5. Evaluation by colony counting

Coagulase-positive staphylococci: bacteria which form typical and/or atypical colonies on the surface of a selective culture medium and which show a positive coagulase reaction when the test is performed following the method specified in this part of IS0 6888.
Enumeration of the coagulase-positive staphylococci: determination of the number of coagulase-positive staphylococci found per millilitre or per gram of sample when the test is carried out according to the method specified in this part of IS0 6888.
Staphylococcus aureus (S. aureus): Gram-positive coccal bacterium that is a member of the Firmicutes, and is frequently found in the respiratory tract and on the skin. Although S. aureus is not always pathogenic, it is a common cause of skin infections such as abscesses, respiratory infections such as sinusitis, and food poisoning. Pathogenic strains often promote infections by producing potent protein toxins, and expressing cell-surface proteins that bind and inactivate antibodies. The emergence of antibiotic-resistant forms of S. aureus such as MRSA is a worldwide problem in clinical medicine.

Required materials and tools:
· Sterile Baird Parker agar (BAP) plates which are supplemented with sterile egg yolk tellurite emulsion

· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips

· 90 ml sterile dilution liquid in Erlenmeyer flasks

· 9 ml sterile dilution liquid in tubes

· Sterile cell spreader (made of glass or plastic of diameter less than 2 mm and length 80 mm) 
· Vortex

· Incubator (capable of being maintained at 37±1 °C)
Execution of the exercise:

1. Preparation of Baird Parker agar (BAP) plates which are supplemented with sterile egg yolk tellurite emulsion.
2. Preparation of sample, initial suspension (primary dilution) and further decimal dilutions (10-2, 10-3).
3. Inoculation:
Pipet 0.1 ml of each dilution on the surface of agar plates (two parallel plates).
Carefully spread the inoculum as quickly as possible over the surface of the agar plate, using the sterile spreader.
4. Incubation in incubator at 37±1 °C, for 24-48 h.
5. After the incubation period has elapsed, count the colonies (typical and atypical) on each agar plates. Precision data have been evaluated for Petri dishes containing more than 15 and fewer than 300 colonies. Typical colonies are black or grey, shining and convex (1 mm to 1.5 mm in diameter after incubation for 24 h and 1.5 mm to 2.5 mm in diameter after incubation for 48 h) and surrounded by a clear zone. After incubation for at least 24 h an opalescent ring, immediately in contact with the colonies, may appear in this clear zone.
6. Select for confirmation in general 5 typical colonies if there are only typical colonies, or 5 atypical colonies if there are only atypical colonies, or 5 typical colonies and 5 atypical colonies if both types are present, from each plate. If there are less than 15 typical and/or atypical colonies present on plates inoculated with undiluted liquid product or the lowest dilution of other products, it is possible to make an estimated count.
7. Confirmation by coagulase test: 
From the surface of each selected colony, remove an inoculum with a sterile wire and transfer it to a tube or bottle of brain-heart infusion broth. Incubate at 37 °C for 24±2 h.

Aseptically add 0.l ml of each culture to 0.3 ml of the rabbit plasma (unless other amounts are specified by the manufacturer) in sterile haemolysis tubes or bottles, and incubate at 37 °C.

By tilting the tube, examine for clotting of the plasma after 4 h to 6 h of incubation and, if the test is negative, re-examine at 24 h of incubation, or examine at the incubation times specified by the manufacturer.

Consider the coagulase test to be positive if the volume of clot occupies more than half of the original volume of the liquid.

As a negative control, for each batch of plasma, add 0.l ml of sterile brain-heart infusion broth to the recommended quantity of rabbit plasma and incubate without inoculation. For the test to be valid, the control plasma shall show no signs of clotting.
Exercise 8: Detection and enumeration of Enterobacteriaceae count of dairy product by MPN technique
Purpose of the exercise:

The purpose of the exercise is the detection and enumeration of Enterobacteriaceae count of dairy product by MPN technique in accordance with ISO 21528-1:2004 (Microbiology of food and animal feeding stuffs – Horizontal methods for the detection and enumeration of Enterobacteriaceae – Part 1: Detection and enumeration by MPN technique with pre-enrichment).
Required knowledge: 

Most Probable Number (MPN) method (Limiting dilution method)
The most probable number method, otherwise known as the method of Poisson zeroes, is a method of getting quantitative data on concentrations of discrete items from positive/negative (incidence) data.

There are many discrete entities that are easily detected but difficult to count. Any sort of amplification reaction or catalysis reaction obliterates easy quantification but allows presence to be detected very sensitively. Common examples include microorganism growth.

The degree of dilution at which absence begins to appear indicates that the items have been diluted so much that there are many subsamples in which none appear. A suite of replicates at any given concentration allow finer resolution, to use the number of positive and negative samples to estimate the original concentration within the appropriate order of magnitude.

The major weakness of MPN methods is the need for large numbers of replicates at the appropriate dilution to narrow the confidence intervals. However, it is a very important method for counts when the appropriate order of magnitude is unknown a priori and sampling is necessarily destructive.

Serial dilution tests measure the concentration of a target microbe in a sample with an estimate called the most probable number (MPN). The MPN is particularly useful for low concentrations of organisms (<100/g), especially in milk and water, and for those foods whose particulate matter may interfere with accurate colony counts.

Only viable organisms are enumerated by the MPN determination. If, in the microbiologist's experience, the bacteria in the prepared sample in question can be found attached in chains that are not separated by the preparation and dilution, the MPN should be judged as an estimate of growth units (GUs) or colony-forming units (CFUs) instead of individual bacteria.

The following assumptions are necessary to support the MPN method. The bacteria are distributed randomly within the sample. The bacteria are separate, not clustered together, and they do not repel each other. Every tube (or plate, etc.) whose inoculum contains even one viable organism will produce detectable growth or change. The individual tubes of the sample are independent.

The essence of the MPN method is the dilution of a sample to such a degree that inoculum will sometimes but not always contain viable microorganisms. The "outcome", i.e., the number of tubes and the number of tubes with growth (the number of inoculum producing growth) at each dilution, will give an estimate of the original, initial, undiluted concentration of bacteria in the sample. In order to obtain estimates over a broad range of possible concentrations, microbiologists use serial dilutions, incubating tubes at several dilutions (several tubes at each dilution).

The most probable number (MPN) of microorganisms present in the original sample, and the precision of the estimate, can be calculated by statistical procedures on the basis of the numbers of positive and negative tubes observed after incubation.

An MPN can be computed for any positive number of tubes at any positive number of dilutions, but often serial dilutions use three or more dilutions and a decimal series. Each dilution has one tenth as much of the original sample as the previous dilution. 
The most commonly applied symmetric MPN system uses three or five parallel tubes per dilution. The precision obtained with this system declines rapidly with lower numbers of tubes per dilution. Results from a three-tube design are hardly more than indications of the order of magnitude of the concentration. If more precision is required, it is recommended that five or more parallel tubes are chosen.

The method assumes a random distribution of microorganisms in the sample and an accurate dilution of the sample through the dilution series. It also assumes that the microorganisms are separate and do not affect each other (i.e., attract or repel). In addition, it must be assumed that every tube whose inoculum has a single viable organism will result in visible growth.

Test portions are inoculated into a liquid medium that is designed to support the growth of a particular microorganism or a group of microorganisms, and often inhibits proliferation of non-target microorganisms.

To determine whether growth of the target microorganisms has occurred, various criteria can be used, e.g. visual detection of turbidity, gas production, colour changes, subsequent isolation of the microorganisms on a selective agar medium. The composition of the growth medium and the criteria for discriminating between a positive and a negative result are defined in the corresponding standards.

Using this approach, only a qualitative value can be attributed to each test portion, i.e. the result is either positive or negative. To obtain an estimate of the quantity of microorganisms that is present, it is necessary to examine several test portions and use statistical procedures to determine the most probable number (MPN).

To begin this procedure it is best to know the dilution ratio (such as ten-fold dilutions), the number of replicates at each ratio as well as the initial dilution volume and inoculation volume.


The example that will be used as to give a clearer understanding on how the MPN method works uses a hypothetical scenario using a ten-fold dilution series consisting of a water sample in which one ml of the dilution is inoculated into three separate test tube with an appropriate medium. Although this is only a hypothetical example MPN can be used for just about any dilution series depending on the durability of the microorganism in use.
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To estimate the number of microorganisms with multiple test tubes growth must be recorded in the order the dilutions were made (10-1, 10-2, 10-3 etc.). Once growth has been recorded for each succeeding dilution it is then possible to compare the results obtained with that of a MPN Table.

For example in case of 3-3 simultaneous dilution the following results were obtained:
Table 1: Example of results
	Dilution
	100
	10-1
	10-2
	10-3
	10-4
	10-5

	Number of positive tubes 
	3
	3
	3
	2
	0
	0


Key number: 320 (underlined numbers)
The next step is to see in the MPN table which basic value belongs to the 320 key number. 

Table 2: One part of the MPN table

	Key number
	Basic value
	Key number
	Basic value

	000
	000
	300
	2.3

	100
	0.36
	310
	4.3

	110
	0.73
	311
	7.5

	111
	1.1
	320
	9.3

	200
	0.91
	321
	15

	210
	1.5
	322
	21

	211
	2.0
	330
	24

	220
	2.1
	331
	46

	221
	2.8
	332
	110

	222
	3.5
	333
	Further dilution!


Basic value (from MPN table): 9.3
The first-level of dilution of key number: 10-2
Most probable number of the tested bacterium = basic value × the degree of dilution in absolute value = 9.3 × 102 CFU/ml
This part of ISO 21528 specifies a method, with pre-enrichment, for the detection of Enterobacteriaceae. It is applicable to products intended for human consumption and the feeding of animals, and environmental samples in the area of food production and food handling.

Enumeration is carried out by calculation of the most probable number (MPN) after incubation at 37 °C (or 30 °C) in liquid medium. 

This method is applicable when the microorganisms sought are expected to need resuscitation before enrichment, and when the number sought is expected to be in the range 1 to 100 per millilitre or per gram of test sample. 

Required materials and tools:
· 9 ml of buffered peptone water (BPW) in tubes
· 5 ml buffered brilliant green bile glucose broth (EE broth) in tubes

· Violet red bile glucose (VRBG) agar plates

· Nutrient agar plates

· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips

· 9 ml sterile dilution liquid in tubes

· Vortex

· Incubator (capable of being maintained at 37±1 °C)
Execution of the exercise:

1. Pre-enrichment in non-selective medium:
A test portion of 1 g is added to 9 ml of buffered peptone water (BPW) and homogenized. One or more 10-fold dilutions (according to the expected level of contamination) are prepared in BPW. Aliquots (10 ml) of this initial dilution are transferred to three tubes. Then 3 × 1 ml of the initial dilution are added to 9 ml of BPW and 3 × 1 ml of each further dilution are added to 9 ml of BPW. These tubes are incubated 37 °C (or 30 °C) for 18 h ± 2 h. 

2. Enrichment in selective liquid medium:
Tubes of liquid enrichment broth (buffered brilliant green bile glucose broth, EE broth) are inoculated with each tube of culture obtained after preenrichment (at least 3 × 3). The tubes are incubated at 37 °C (or 30 °C) for 24 h ± 2 h.
3. Isolation and selection for confirmation:
A selective solid medium (violet red bile glucose agar, VRBG agar) is inoculated with a loop from each of the incubated cultures obtained after enrichment in EE broth, then incubated at 37 °C (or 30 °C). It is examined after 24 h ± 2 h to check for the presence of colonies presumed by their characteristics to be Enterobacteriaceae.

Characteristic colonies are pink to red or purple (with or without precipitation haloes).

From each of the incubated plates on which characteristic colonies have developed, choose a well-isolated characteristic colony for subculturing for the biochemical confirmation tests.

If more than one morphology is present in the colonies, select one colony of each morphology for subculture.

Certain Enterobacteriaceae may cause decolouration of their colonies or of the medium. Therefore, when no characteristic colonies are present, choose whitish colonies for confirmation
4. Biochemical confirmation tests:
Colonies of presumptive Enterobacteriaceae are subcultured on non-selective medium (Nutrient agar), then confirmed by means of tests for the fermentation of glucose and the presence of oxidase.

4.1. Oxidase reaction

Using a platinum/iridium loop, wire or glass rod, take a portion of each well-isolated colony and streak onto a filter paper moistened with the oxidase reagent or onto a commercially available disc. A nickel/chromium loop or wire shall not be used.

Consider the test to be negative if the colour of the filter paper does not turn dark within 10 s.

Consult the manufacturer's instructions for ready-to-use discs.

4.2. Fermentation test

Using a wire, stab colonies into tubes containing glucose agar. Incubate these tubes at 37 °C for 24 h ± 2 h. If a yellow colour develops throughout the contents of the tube, regard the reaction as being positive. 

5. Calculation:
The most probable number of Enterobacteriaceae per millilitre or per gram of the test sample is calculated from the number of confirmed positive tubes using the MPN table.
Exercise 9: Examination of yeast and mould count in frozen products with spread plate method
Purpose of the exercise:

The purpose of the exercise is to determine yeast and mould count in frozen products with spread plate method in accordance with ISO 21527-1:2008 (Microbiology of food and animal feeding stuffs – Horizontal method for the enumeration of yeasts and moulds – Part 1: Colony count technique in products with water activity greater than 0.95). 
Required knowledge: 

This part of ISO 21527 specifies a horizontal method for the enumeration of viable yeasts and moulds in products intended for human consumption or feeding of animals that have a water activity greater than 0,95 [eggs, meat, dairy products (except milk powder), fruits, vegetables, fresh pastes, etc.], by means of the colony count technique at 25 °C ± 1 °C. 

This part of ISO 21527 does not allow the enumeration of mould spores. Neither the identification of fungal flora nor the examination of foods for mycotoxins lies within the scope of this part of ISO 21527. 
Yeast: mesophilic aerobic microorganism which, at 25 °C using mycological agar medium under the conditions described in this part of ISO 21527, develops matt or shiny round colonies on the surface of the medium, usually having a regular outline and a more or less convex surface. Yeasts within, rather than on, a medium develop round, lenticular, colonies.

Mould: mesophilic aerobic filamentous microorganism which, on the surface of mycological agar medium under the conditions described in this part of ISO 21527, usually develops flat or fluffy spreading propagules/germs or colonies  often with coloured fruiting or sporing structures. Moulds within, rather than on, a medium can develop round, lenticular, colonies.

Propagule, germ: viable entity capable of growth in a nutrient medium. Example: vegetative cell, group of cells, spore, spore cluster, or a piece of fungal mycelium.
Colony: localized visible accumulation of microbial mass developed on or in a solid nutrient medium from a viable particle. 
Required materials and tools:
· Sterile dichloran rose bengal chloramphenicol (DRBC) agar plates
· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips

· 90 ml sterile dilution liquid in Erlenmeyer flasks

· 9 ml sterile dilution liquid in tubes

· Sterile cell spreader (made of glass or plastic of diameter less than 2 mm and length 80 mm)
· Vortex

· Incubator (capable of being maintained at 25±1 °C)
Execution of the exercise:

Procedure (spread plate method)
1. Preparation of DRBC agar plates.
Desiccation in incubator (open Petri: 50 °C 30 min; close Petri: 37 °C 4h; or 50 °C 2h)

2. Preparation of sample, initial suspension (primary dilution) and further decimal dilutions (10-2, 10-3). 
It is recommended to use 0.1 % peptone water broth as diluent. Use a peristaltic homogenizer in preference to a blender or shaker.

Due to the rapid sedimentation of spores in the pipette, maintain the pipette in a horizontal (not vertical) position when filled with the appropriate volume of initial suspension and dilutions.

Shake the initial suspension and dilutions in order to avoid sedimentation of microorganism-containing particles.

3. Inoculation and spreading.
Pipet 0.1 ml of each dilution on the surface of agar plates (two parallel plates).

Carefully spread the inoculum as quickly as possible over the surface of the agar plate, using the sterile spreader until the liquid is completely absorbed into the medium. 
4. Incubation in incubator at 25±1°C, for 2-5 day.
Incubate the prepared plates aerobically, lids uppermost, in an upright position in the incubator at 25 °C ± 1 °C for 5 d. If necessary, leave the agar plates to stand in diffuse daylight for 1 d to 2 d. It is recommended to incubate the dishes in an open plastic bag in order not to contaminate the incubator in the event of dissemination of the moulds out of the dishes. 

5. Counting and selection of colonies for confirmation.

After the incubation period has elapsed, select the plates containing <150 typical colonies and count them.
Read the plates between 2 d and 5 d of incubation. Select the dishes containing less than 150 colonies/propagules/germs and count these colonies/propagules/germs. If fast-growing moulds are a problem, count colonies/propagules/germs after 2 d and again after 5 d of incubation.

NOTE 1: Enumeration methods for yeasts and especially moulds are imprecise because they consist of a mixture of mycelium and asexual and sexual spores. Numbers of colony-forming units depend on the degree of fragmentation of mycelium and the proportion of spores able to grow on the plating medium.

NOTE 2: Non-linearity of counts from dilution plating often occurs, i.e. 10-fold dilutions of samples often do not result in 10-fold reductions in numbers of colonies recovered on plating media. This has been attributed to fragmentation of mycelia and breaking of spore clumps during dilution in addition to competitive inhibition when large numbers of colonies are present on plates.

CAUTION — The spores of moulds disperse in the air with great facility, handle the Petri dishes with care to avoid development of satellite colonies which would give an overestimation of population in the sample.

If necessary, carry out an examination with a binocular magnifier or with a microscope in order to distinguish between cells of yeasts or moulds and bacteria from colonies.

Count the colonies of yeasts and the colonies/propagules of moulds separately, if necessary.

For identification of yeast and moulds, select areas of fungal growth and remove for high microscopic examination or inoculate on suitable isolation or identification media.
Exercise 10: Oxidase test in case of an isolated bacterium
Purpose of the exercise:

The purpose of the exercise is to determine whether an isolated bacterium produces certain cytochrome c oxidase enzyme. 
Required knowledge: 

Cytochrome c oxidase is an enzyme that reduces (adds electrons to) oxygen. This enzyme, therefore, is an oxygen reductase. Cytochrome oxidase is the last step in the electron transfer system in most aerobic organisms. 
Oxidase positive bacterium means that, the bacterium contains cytochrome c oxidase and can therefore use oxygen for energy production with an electron transfer chain (e.g. Pseudomonadaceae).
Oxidase negative bacterium means that, the bacterium does not contain cytochrome c oxidase and, therefore, either cannot use oxygen for energy production with an electron transfer chain or employs a different cytochrome for transferring electrons to oxygen (e.g. Enterobacteriaceae)
Required materials and tools:
· Pure culture of isolated bacterium on agar plate
· Plastic or platinum/iridium loop
· Oxidase reagent
· Filter paper strips
Execution of the exercise:

Using a platinum/iridium loop, wire or glass rod, take a portion of each well-isolated colony and streak onto a filter paper moistened with the oxidase reagent (or onto a commercially available disc). A nickel/chromium loop or wire shall not be used.
Consider the test to be negative if the colour of the filter paper does not turn dark within 10 s.
A positive detection should change colour (turn violet to purple) within 10 seconds. 
Exercise 11: Catalase test in case of an isolated bacterium
Purpose of the exercise:

The purpose of the exercise is to determine whether an isolated bacterium produces catalase enzyme. 
Required knowledge: 

Catalase enzyme is produced by bacteria that respire using oxygen, and protects them from the toxic by-products of oxygen metabolism. Catalase-positive bacteria include strict aerobes as well as facultative anaerobes, although they all have the ability to respire using oxygen as a terminal electron acceptor (e.g. Listeria, staphylococci). Catalase-negative bacteria may be anaerobes, or they may be facultative anaerobes that only ferment and do not respire using oxygen as a terminal electron acceptor (e.g. streptococci). 
Required materials and tools:
· Pure culture of isolated bacterium on agar plate

· Plastic or platinum/iridium loop
· 3% hydrogen peroxide (H2O2)
· Glass microscope slide
Execution of the exercise:

1. Put one colony on the surface of the glass slide.
2. Place one drop 3% hydrogen peroxide (H2O2) onto the organisms on the microscope slide. 
In case of catalase-positive bacteria bubbles of oxygen are observed. 
Exercise 12: Monitoring the surface hygiene with swab methods using poured plates
Purpose of the exercise:

The purpose of the exercise is to determine the hygiene status of different surfaces (e.g. table, hand, etc.). 
Required knowledge: 

Microbiological hygiene in food production and processing aims to protect the consumer from pathogenic agents and assure food quality. The common purpose is to identify microbial risks by controlling process surfaces and surfaces in food production areas. 
In hygiene control, the total number of bacteria and enterobacteria provides an estimate of the level of contamination risk during production. Hygiene monitoring in industrial premises is currently based on conventional cultivation using swabbing or contact plates. There is a need for validation of practical methods to study surface hygiene in industrial premises. 
Main methods:

1. Contact plate method using self-prepared or commercial plates
2. Swab methods using poured plates
3. Indirect methods, such as ATP bioluminescence
Contact plate method:
The contact plate method is recommended when quantitative data are sought from flat, impervious surfaces. Contact plates are filled so that the media forms a dome (convex). The nutrient medium used in the contact plate may also contain a neutralizing agent. The surface of the media is pressed against the surface being tested. The resulting sampled area for a 50 mm plate is approximately 25 cm2. The plates are incubated for the required amount of time, and colonies, if present, are then counted. Several media can be used. It depends on the type of microbes that we want to examine. 
Swab methods:
Swabbing is employed for equipment and irregular surfaces where contact plates are not suitable. The swab method may also be used on flat surfaces, provided a template is used to define the sample size. Types of swabs that may be used for the swabbing technique include cotton, synthetics, and calcium alginate materials with the appropriate diluent. 
Required materials and tools:
· Sterile cotton swab
· Sterile dilution liquid in plastic or glass tube
· Water bath (capable of being maintained at 44 °C to 47 °C) 

· Sterile glass (or plastic) Petri dishes (made of glass or plastic, of diameter 90 mm to 100 mm)

· Sterile glass total delivery graduated pipettes (of nominal capacity 1 ml, graduated in 0.1 ml divisions) or automatic pipette and sterile plastic pipette tips

· Sterile plate count agar (PCA) medium in 500 ml screw-cap bottle

· 9 ml sterile dilution liquid in tubes

· Vortex

· Incubator (capable of being maintained at 30±1 °C)
Execution of the exercise:

1. A sterile swab is moistened with a sterile dilution liquid.
2. Then rubbing in several directions over a 20 cm2 sample area.
3. The swab is then placed into a specified amount of sterile dilution liquid and agitated to transfer the microorganisms present on the swab into the liquid.
4. Prepare the decimal dilution (till 10-6) by pipetting 1 ml of each dilution into tubes which are contains 9 ml sterile dilution liquid.
5. Pipet 1 ml of each dilution (10-6, 10-5, 10-4) into sterile Petri dishes (two parallel plates), and pour about 12 ml to 15 ml of the PCA at 44 °C to 47 °C into each Petri dish. 
6. Carefully mix the inoculum with the medium by rotating the Petri dishes and allow the mixture to solidify by leaving the Petri dishes standing on a cool horizontal surface. 

7. Invert the prepared plates and place them in the incubator at 30 ± 1 °C for 72 ± 3 h. 
8. After the incubation period has elapsed, count the colonies on each agar plates. Precision data have been evaluated for Petri dishes containing more than 15 and fewer than 300 colonies. 
9. Calculate the total plate count (cfu/cm2) of the surface sample.
Exercise 13: Measurement of the size of yeast cells under light microscope
Purpose of the exercise:

The purpose of the exercise is to determine the size of yeast cells under light microscope. 

Required knowledge: 

Micrometry (micro: microscopic, metry: measurement) is the measurement of the dimensions of microscopic objects in terms of length, breadth, diameter and thickness. Microorganisms are microscopic objects, as they are not visible to naked eye and can only be observed under microscope. 

Very often, it is required to measure their dimensions in terms of length, breadth and diameter. Because of their minute size, measurement of their dimensions has to be done under microscope. Thus, the purpose of micrometry is to measure the dimensions of microorganisms under microscope. 

Measurement of the dimensions of microorganisms is done under microscope with the help of two micro-scales called ‘micrometers’. Both the micrometers have microscopic graduations etched on their surfaces. 

One of them, the ‘ocular micrometer’ is a circular glass disc, which fits into the circular shelf inside the eyepiece. It has arbitrary graduations etched on its surface. In the middle of the ocular micrometer there is a 10 or 5 mm wide line (in most cases), which is divided into 100 parts. The distance between the etched graduations is constant (100 µm) for a particular ocular micrometer. 

The other micrometer, called ‘stage micrometer’, is a special glass slide, which is clipped to the stage of the microscope. It has standard graduations etched on its surface, which are 10 µm apart. In the middle of the stage micrometer there is a 1 mm wide line, which is divided into 100 parts. The distance between the etched graduations is 10 µm. 

Required materials and tools:
· Baker’s yeast (Saccharomyces cerevisiae) suspension

· Ocular micrometer
· Stage micrometer
· Glass slide
· Plastic cover
· Light microscope
Execution of the exercise:

1. The ocular micrometer is placed carefully into the eyepiece.
2. The stage micrometer is clipped to the stage.
3. The low power objective is taken to position.
4. The eyepiece is rotated till the etchings on both the micrometers superimpose.
5. The required objective is taken to position. The required objective is that, using which the whole microorganism can be viewed and it covers the microscopic field to the maximum possible extent.
6. Setting the microscope so that a line on the stage micrometer coincides with a line on the ocular micrometer.
7. Calibration of the ocular micrometer.
Calibration of the ocular micrometer:
Using the required objective, the graduations on the ocular micrometer are calibrated against the standard graduations on the stage micrometer. Calibration is required, because the distance between ocular graduations varies depending on the objective being used, which determines the size of the field. For calibration, both the micrometer etchings are superimposed by rotating the eyepiece. The number of ocular divisions (O.D.) coinciding with the number of stage divisions (S.D.) is found out.
Calibration factor = (number of stage divisions (S.D.) × 10) / number of ocular divisions (O.D.)  
 
In case of 40× objective:
- number of stage divisions (S.D.): 1
- number of ocular divisions (O.D.): 4
Calibration factor = (1 × 10) / 4 = 2.5
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It means that one ocular division (distance between two adjacent ocular etchings) is 2.5 µm
8. In a similar way, calibration factors are calculated for the other objectives.
9. The stage micrometer is removed.
10. The slide containing the yeast suspension to be observed is placed on the stage and focused.
11. The number of ocular divisions covered by 20 Saccharomyces cerevisiae yeast cells is counted by viewing through the eyepiece:

e.g. 2,3,2,4,3, 2,2,3,3,2, 4,2,3,2,3, 4,3,2,3,3


Average number of ocular divisions: 55 / 20 = 2.75
12. The average size of the yeast cells is determined:
The size of the microorganism is determined by multiplying the average number of ocular divisions covered by the Saccharomyces cerevisiae yeast cells with the calibration factor.
 
Average size of the Saccharomyces cerevisiae yeast cells = 2.75 × 2.5 = 6.9 µm
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