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0 Introduction 

Welcome to the manual “Introduction to Microbiological Analysis”.  

This manual will help you understand the world of microorganisms, including instructions 

and literature that you will be working on for the next four days. You should read it carefully 

and work as precisely as possible. It is also very important that you listen carefully to your 

assistant’s instructions. They will help you with any questions that may come up. 

 

0.1 Set-up of the Manual 

The set-up of this manual follows the structure of the manuals “An Introduction to Drinking 

Water Analysis” [1] and “Introduction to Spectroscopy” [2] in order to save you the time of 

having to adopt to a different structure. 

 

This manual is divided into four different chapters, because the lab is designed to be 

conducted over four days. At the end you will also find a glossary of the most important 

keywords and a bibliography. 

 

Throughout the manual you will find different kinds of boxes and highlighted instructions to 

help you orientate yourself: 

 

 Yellow highlighting: 

If a text is highlighted in yellow, you are not allowed to continue without getting 

instructions from your assistant. 

 

 Bold, orange writing: 

If a word is orange and bold, it is a keyword and you can find its definition in the 

glossary at the end of the manual. 
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 Orange box: Learning expectations 

 

 

 

 Blue box: Task box 

  

 

 

 

 Grey box: materials 

0.2 Set-up of the Laboratory 

The laboratory is designed to be completed in four days, with three hours every day. Figure 1 
below provides an overview of the topics covered by the lab and what will happen during 
the days. 

Schedule of the laboratory:  

 

Figure 1: Lab schedule. 
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In the orange box, you will find what you are supposed to learn during the next unit. 

Please read these learning expectations carefully before starting! 

In the blue box you will find the tasks you need to accomplish throughout the next unit. 

Solutions for study questions will be provided by your assistant, once you have finished 

the task. 

1st Day  2nd Day  3rdDay  4th Day 

In the grey box you will find all of the equipment and materials that you will need for 

the experiment. 
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0.3 Safety Instructions 

Always wear a lab coat and safety goggles during your experiments in the laboratory in 

order to ensure the best protection of your eyes and skin.  

You are working with bacteria, so it is very important to wash your hands with antibacterial 

soap every time before you leave the laboratory. Every contaminated tool should be put 

into the disposal bags in your work area, so it can be autoclaved at the end of the course. 

Please make sure that your work area is always clean and use sanitizer at the end of every 

lab day. 
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Learning expectations: 

 Activating existing knowledge about microorganisms 

 Discussing the dissemination of bacteria 

 

1 Day I – Laboratory Equipment and Methods in 
Microbiology 

1.1 Introduction: Assessment of bacterial contamination 

 
 
 
   

  

 

Color Codes: 

 

Mark the picture with a red point if you expect a large amount of bacteria. 

 

 

Mark the picture with an orange point if you expect an average amount of bacteria. 

 

 

Mark the picture with a green point if you expect a small amount to no bacteria. 

 

 

Please put the worksheet back into the envelope, when you are finished rating the pictures. It has to 

stay in there until Day 4.  

 

  

Create a mind map for the topic bacterial contamination with the whole group. 

Take the worksheet Assessment of bacterial contamination out of the DAY 1 envelope. 

Discuss the bacterial contamination of each object in the pictures with your partner and 

illustrate your assessment using the different color codes. 
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Figure 2: Petri dish [1] 

1.2 Laboratory Equipment 

 

 

 

 

 

 

 

 

 

 

Before you can get started in the microbiology laboratory you need to get to know its special 

equipment.  

When you are working with bacteria, you will always need a breeding 

ground that they will grow on. Agar plates are petri dishes (see 

Figure 2) used to culture bacteria. The agar is gel-like, obtained 

from the marine algae and contains all the food and nutrients that 

the bacteria need to grow.11 

To spread your medium with bacteria evenly on the plate you will need a Drigalski spatula. A 

pipette is used to measure and transfer liquid. You can mix small test tubes of liquid 

thoroughly with a vortex mixer. It is a small device with an electric motor. 

Bacteria grow more quickly when they are warm than when they are cold. Suitable 

temperatures are obtained in the laboratory by incubating the medium with the bacteria in 

an incubator. Most incubators are insulated boxes with an adjustable heater.  

Microorganisms can be transferred from the agar with the inoculation loop. Its wire forms a 

small loop and is made of a metal like platinum.  

When enumerating bacteria in samples, it is assumed that a single bacterium gives rise to a 

single visible colony, when grown on a plate of solidified nutrient medium. A bacterium is a 

single-celled organism that can’t be seen without a microscope. But as the bacterium 

consumes the nutrients, it begins to multiply until we see a pile of thousands of cells, a 

bacterial colony.12 

Therefore, by counting the number of colonies, the number of bacteria in a sample can be 

estimated. Sometimes colonies are very small and too crowded, making the counting 

process difficult.  

Read the following text about equipment in microbiology laboratories. 

Take the pieces of paper out of the envelope Laboratory Equipment. Assign the pictures 

of the laboratory equipment to their right names and uses.  

Learning expectations: 

 Getting to know the laboratory equipment that is used in microbiological 

analysis 

 Discussing the uses of the laboratory equipment 
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Counting becomes easy when a mechanical hand counter, called a colony counter, is used. 

This provides light to enable better contrast, and the colonies are magnified 1.5 times by a 

magnifying glass, which simplifies the counting process. 6 

In order to sterilize liquid substances, contaminated equipment and cultured agar plates, 

every microbiology lab needs an autoclave. It is a pressure chamber that uses steam to 

deactivate all bacteria and viruses.  

It is very important to use disinfectant to sterilize your hands at the end of every lab day.  
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Figure 3: Hand [1] 

Figure 4: Leaf 

1.3 Experiment 1 Part 1: The Effect of Handwashing with Soap on 
Bacterial Contamination of Hands, Performance 

 
Please do NOT start with the experiment before your assistant has explained the work 
strategy to you and your partner! 

 
 

 

 

 

 

 

Experiment instructions: 

1. Please check the temperature of your incubator. It should be 37 °C.  

Ask your assistant for help, if your incubator has the wrong temperature! 

 

2. Draw two identical squares on your palm. (Please use permanent marker!) 

 

3. Take the cotton swab out of its packaging and dip the cotton side in 

distilled water. Scrub your skin inside one of the squares with the  

cotton. (BEFORE) 

 

4. Your assistant will show you how to perform the following step! 

Your partner opens up the petri dish, so you can immediately rub the 

cotton all over the agar. Try to be as precise as possible!  

 

5. Wash your hands with antibacterial soap and repeat step 3 and 4 inside the  

other square (AFTER) with a new sterile cotton swab and a new agar plate.  

Repeat step 3 to 5 with your partner’s hand. 

6. Incubate all of the agar plates for 24 hours. (37 °C) 

7. To analyze other samples: Collect leafs from outside. 

8. Press the surface of the leafs on a new agar plate. 

9. Incubate all of the agar plates for 24 hours. (37 °C) 

 

 Incubator (37 °C) 

 4 sterile cotton sticks 

 Distilled water 

 Permanent marker 

 Antibacterial soap 

 4 Agar plates 
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1.4 Bacteria 
 
 
 
 
 
 
 
 
 

 

The bacteria are the least structurally complex of the microorganisms. In Figure 5 you can 

see a bacterial cell with prokaryotic cell structures. 

 

Figure 5: Bacterial Cell [1] 

Function/Definition4: 
 

(A)     Confers shape and protection to cells. 
(B)     Hollow fine protein structures that aid in adhesion to other cells and surfaces. 
(C)     Imparts motility to a cell. 
(D)     Is important for protein synthesis. 
(E)     Extrachromosomal DNA  
(F)     Contains all organelles 
(G)     Is a permeable layer that allows import and export of nutrients  
(H)     Protects the cell against desiccation  

Assign the labelled structures with their function/definition. 

Answer the study questions and discuss your solution with your partner. 

 

 

Learning expectations: 

 Naming and locating structures in a bacterial cell 

 Discussing the function of the structures 
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Study questions: 
 

1. What are the differences between a prokaryotic cell and a eukaryotic cell? 
 

2. What is the benefit of the extrachromosomal DNA (plasmid)? 
 

3. What is the difference between gram-positive and gram-negative bacteria? 

 
 
 
1.5 Conclusion 

You can now discuss the study questions with the whole group. Your lab assistant will then 

provide you the solutions.  

Please also ask all of your remaining questions! It is very important for you to know all your 

laboratory equipment and its functions, in order to assure a safe working process and the 

best results for the next three days. Let your laboratory assistant know if anything is still 

unclear. 
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2 Day II – Coliform Bacteria 

2.1 Experiment 2 Part 1: Coliform Bacteria in Raw Ground Meat, 
Preparation 

 
You should prepare this experiment with the whole group. Your lab assistant will 
explain the autoclave and work strategy to you. Please do NOT use the autoclave 
without permission! 

 

 

 

 

 

 

 

 

 

Experiment instructions:  

1. Weigh out 10 g of the Brilliant Green Lactose Bile Broth. 

2. Dissolve in 250 mL distilled water. (Stir with the spoon for at least two minutes!) 

3. Pipette 3 mL of the solution into each of your glass test tubes. 

4. Put all of your eight test tubes in the test tube rack. 

5. Insert one Durham tube upside down in every test tube. (Figure 6)  

Close all of the test tubes with a lid.  

Take the test tube upside down until the Durham tube is filled with liquid: 

 

 

 

 

 

 

 

Figure 6: test tube with durham tube 

 500 mL beaker 

 2 glass test tubes for every group of two 

 2 Durham tubes 

 Test tube rack 

 Spoon 

 Pipette 

 Scale 

 Brilliant Green Lactose Bile Broth 

 Autoclave 
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6. Remove the lids from the test tubes. 

7. Put the test tube rack in the autoclave basket. 

8. Autoclave at 121 °C for 15 minutes. 

 

 

 

 The lid, chamber, gasket and panel of the autoclave are extremely hot 

immediately after the completion of operation. Do not touch the 

equipment or you may get burned!5 

 Keep the operation manual of the autoclave in a visible, easily 

accessible location.5 

 The aqueous Brilliant Green Lactose Bile Broth waste must not enter 

the sewerage system!  
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2.2 Coliform Bacteria and Water Quality 
 
In Experiment 2 we are testing raw ground meat for coliform bacteria. In this unit you will learn what 

coliform bacteria are and why it is important for water quality testing.  

 

 
 
 
 
 
 
 
 
 
 
Study questions: 

 
1. What is a pathogen? 

 
2. Are coliform bacteria harmful to humans? 

 
3. Why can coliform bacteria be found in waste from humans and animals? 

 
4. Why are coliform bacteria often referred to as “indicator organisms”? 

 
5. What does the drinking water standard require? 

 
 
 
 
 
 
 
 

Learning expectations: 

 Learning the difference between a pathogen and a harmless bacterium 

 Learning what coliform bacteria are 

 Comprehending why coliform bacteria is an indicator organism for water 

quality testing 

Read the article from The Pennsylvania State University (page 11) and answer the study 

questions below. 

 

Now discuss with your partner: If coliform bacteria are present in drinking water, what 

kind of procedures might be useful to make it safe to drink again? 
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What Are Coliform Bacteria? 
 
Coliform bacteria include a large group of many types of bacteria that occur throughout the 
environment. They are common in soil and surface water and may even occur on your skin. 
Large numbers of certain kinds of coliform bacteria can also be found in waste from humans 
and animals. Most types of coliform bacteria are harmless to humans, but some can cause 
mild illnesses and a few can lead to serious waterborne diseases. 
 
Coliform bacteria are often referred to as “indicator organisms” because they indicate the 
potential presence of disease-causing bacteria in water. The presence of coliform bacteria in 
water does not guarantee that drinking the water will cause an illness. Rather, their 
presence indicates that a contamination pathway exists between a source of bacteria 
(surface water, septic system, animal waste, etc.) and the water supply. Disease-causing 
bacteria may use this pathway to enter the water supply. 
 
Specific types of coliform bacteria may be tested for, especially after a total coliform bacteria 
test is positive. These subgroups of coliform bacteria include fecal coliform and Escherichia 
coli or E. coli. Fecal coliform bacteria are specific to the intestinal tracts of warm-blooded 
animals, including humans, and thus require a more specific test for sewage or animal waste 
contamination. E. coli is a type of fecal coliform bacteria commonly found in the intestines of 
animals and humans. A positive E. coli result is much more serious than coliform bacteria 
alone because it indicates that human or animal waste is entering the water supply. There 
are hundreds of strains of E. coli. Although most strains are harmless and live in the 
intestines of healthy humans and animals, a few strains can produce a powerful toxin and 
can cause severe illness and death. 
 

Drinking Water Standards 
 
Most bacteria in the coliform group do not cause disease, but the greater their number the 
greater the likelihood that disease-causing bacteria may be present. Since coliform bacteria 
usually persist in water longer than most disease-causing organisms, the absence of coliform 
bacteria leads to the assumption that the water supply is microbiologically safe to drink. 
Therefore, the drinking water standard requires that no coliform bacteria be present in 
drinking water.  
 
 

The Pennsylvania State University, 2017 [3] 
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Learning expectations: 

 Evaluating the experiment and therefore the effect of handwashing with soap 

 Counting number of colonies using the colony counter 

  

2.3 Experiment 1 Part 2: The Effect of Handwashing with Soap on 
Bacterial Contamination of Hands, Evaluation 

 
Please do NOT start with the experiment before your assistant has explained the work 
strategy to you and your partner!  

 
On the first day you have read about the function of a colony counter: 

“When enumerating bacteria in samples, it is assumed that a single bacterium gives rise to a 

single visible colony, when grown on a plate of solidified nutrient medium. Therefore, by 

counting the number of colonies, the number of bacteria in a sample can be estimated. 

Sometimes, colonies are very small and too crowded, making the counting process difficult. 

Counting becomes easy, when a mechanical hand counter, called colony counter, is used. It 

provides light to enable better contrast, and the colonies are magnified 1.5 times by a 

magnifying glass, which simplifies the counting process. 6” 

 

 
 
 
Example: 

  
BEFORE washing the hand with soap 

 
AFTER washing the hand with soap 

Number of colonies 
 

25 
 

7 

 
 
 

Put your agar plate on the colony counter and count the number of colonies. Note the 

number of colonies before and after you have washed your hand with soap on 

Evaluation Form. 

 

 

Compare your numbers of colonies with your partner’s. Discuss if the result meets your 

predictions and the effect of handwashing on bacterial growth. 

Also evaluate the number of colonies on the leaf agar plates. What kind of surface 

properties promote bacterial growth? 
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Figure 7: Homogenization 

 

2.4 Experiment 2 Part 2: Coliform Bacteria in Raw Ground Meat, 
Performance 

 

 

 

 

 

 

 

 

 The test tubes with the medium are sterile when they come out of 

the autoclave – immediately close the tubes with a cap!  

 Hold the test tube in the flame, before you open and close it! 

Experiment instructions:  

1. Homogenize 10 g of the ground meat in 90 mL NaCl (0.9 %) solution.  

 

 

 

 

                                                                              Homogenization 

 

                                                                               Solid waste (meat) 

 

 

2. Pipette 3 mL of the dilution into the test tube with Brilliant Green Lactose Bile Broth. 

The other test tube will be a negative control group. 

 

3. Incubate for 24 hours. (37 °C) 

  

 Please make sure your working area is clean and sanitized before you 

leave the laboratory! Wash your hands thoroughly with antibacterial 

soap!  

 The contaminated spatula needs to be autoclaved on day 4! 

 

 

 2 glass test tubes with Durham tube and Brilliant Green Lactose 

Bile Broth (Preparation) 

 10 g of ground meat 

 Spatula 

 Pipet 

 150 mL beaker 

 NaCl solution (0.9%) 
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2.5 Conclusion 

You can now discuss the study questions with the whole group. Your lab assistant will 

then provide you the solutions.  

Let your lab assistant know, if you have any further questions about coliform bacteria or 

bacteria in general. You will learn more about coliform bacteria and food on Day III. 
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3 Day III – Microbes and Food/Water 

3.1 Experiment 3 Part 1: Yogurt bacteria, Performance 

On day 2 you have learned that you have to distinguish between pathogens and harmless 

bacteria. In fact, we could not survive without some bacteria, and bacteria are often used in 

the production of food like yogurt, cheese or bread.  

Today we will take a precise look at the bacteria that are used to make yogurt. 

 

 

 

 

 

 

 

 

 

 

 

 

Before you get started: Serial dilution 

The number and size of colonies on your plate are concentration-dependent. For the best 

results you will be doing a serial dilution. Let your lab assistant explain to you how it works! 

 

 

 

 

 

 

 

 

 1 sachet of ACIDOPHILUS YOGURT STARTER CULTURE 

 4 test tubes (plastic) with cap 

 Beaker 150 mL 

 Pipette (1000 µL) 

 Parafilm 

 Vortex mixer 

 NaCl solution (0.9%) 

 Ethanol  

 Little petri dish (glass!) 

 Drigalski spatula 

 4 China Blue Lactose Agar plates 

 burner 

    10-0                         10-1           10-2           10-3
                 

   500 µL    500 µL    500 µL 

   Dilution 
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Experiment instructions:  

1. Dissolve the whole content of the sachet in 100 mL of NaCl solution. 

 
2. Label all of your test tubes with permanent marker (1, 1:10, 1:100, 1:1000).            

  

3. Fill the 1:10, 1:100 and 1:1000 test tubes with 4.5 mL of NaCl solution. 

 

4. Fill the test tube 1 with 5 mL of the yogurt solution. 

 

5. Draw 500 µL of undiluted solution from test tube 1 with a pipette and transfer it to 

the test tube labeled 1:10 and press it on the vortex to mix it thoroughly (30 sec). 

 

 

6. Draw 500 µL of solution from test tube 1:10 with a pipette and transfer it to the test 

tube labeled 1:100. Vortex it thoroughly (30 sec). 

 

7. Draw 500 µL of solution from test tube 1:100 with a pipette and transfer it to the test 

tube labeled 1:1000. Vortex it thoroughly again (30 sec). 

 

Please do NOT go on without further instructions of your lab assistant! 

 

8. Let your lab assistant show you how to plate the medium on the agar 

plate! 

 

9. Label your agar plates (1, 1:10, 1:100, 1:1000). 

 

10. Take 100 µL of test tube 1 and transfer it to the center of the opened China Blue 

Lactose agar plate. 

 

 Please make sure that there are no flammable materials next to the 

flame! 

 

11. Dunk your Drigalski spatula into ethanol and burn it to sterilize it. Then let it cool 

down on the outer corner of the agar plate like your assistant showed you! 

 

12. Plate the solution evenly. 

 

13. Repeat step 10-12 with the 1:10, 1:100 and 1:1000 samples! 
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Learning expectations: 

 Working as a team 

 Using literature to design a poster 

 Planning a presentation for Day IV 

 Working autonomously 

 

14.  Close your petri dishes with Parafilm. Incubate for 24 hours. (37 °C) 

 

15. The solutions can go into the drain. 

3.2 Expert groups: Guidelines for drinking-water quality 
 
Today you will be preparing a presentation of your specific topic with the help of literature. You will be 
working with your partner and another pair of students. 
 

 

Group A and B: Legionella 
 
Group C and D: Aeromonas 
 
 
 
 
 
 
 
For the design of your poster: Can you see the difference?  
 
                    
 
 

 
 
 
 

Your lab assistant will provide you a WHO publication about Guidelines for 

drinking-water quality. You have to create a poster that will give the other group the 

most important information about your bacterial species. Try to create a reasonable 

structure with the given subtopics! (See the figures below) 

 

Subtopic 1 
Subtopic 

2 

Subtopic 3 

Figure 1 

Figure 2 

TOPIC TOPIC 
Text text text text text text text text text text 
text text text text text text text text text text 
text text text text text text text text text text 
text text text text text text text text text text 
text text text text text text text text text text 
text text text text text text text text text text 

text text text text. Text text text text 
text text text text text text text 
text text text text text text text. 
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3.3 Experiment 2 Part 3: Coliform Bacteria in Raw Ground Meat, 
Evaluation 

Please do NOT start with the experiment before your assistant has explained 

the work strategy to you and your partner! 

 

 

 

 

 

 

 

Figure 9: Lactose fermentation of bacteria 

 

Figure 9 shows the Lactose fermentation of bacteria. Lactose was one of the nutrients in the 

Brilliant Green Lactose Bile Broth. Coliform bacteria utilize Lactose.  

Brilliant Green is “an indicator dye that changes from yellow to green at pH 0.0 to 2.6“9. 

 

 

 

 

 

 

 

 

Figure 10: Detecting the production of gas with Durham tubes 

 

“Durham tubes are used to detect gas-producing bacteria in biological samples. The gases 

produced by the microorganisms become trapped in the Durham tube, producing bubbles 

that are visually identified.”10 

 

 

Bacteria 

Lactose 

CO2 

   Production of gas    No production of gas 

H2 

CH4 

acids 
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Example: 

 Negative Control Group Ground Meat 

Production of Gas - -/+ 

Change of Color 
(green to yellow) 

- -/+ 

 

 

Study questions: 
 

1. Why do we need a negative control group? 
 

2. Why do we expect a change of color? 
 

3. What is the gas inside the Durham tube? 
 

4. Is the test for coliform bacteria positive? 
 

5. Why is it so important to store raw meat in the refrigerator? 

 
 

 Please do not open your test tubes until they are in the autoclave on 

Day IV!  

 Please make sure your working area is clean and sanitized, before you 

leave the laboratory! Wash your hands thoroughly with antibacterial 

soap! 

 
 
 
 

Evaluate the result with the spreadsheet on your Evaluation Form. (See example 

below!) 

Answer the study questions with the help of the information on page 21. 
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3.4 Conclusion 

You can now discuss the study questions with the whole group. Then your lab assistant 

will provide you the solutions.  

It is very important that you understand the lactose fermentation of bacteria and the 

detection of bacteria with pH-indicators. You will need this knowledge for the evaluation 

on Day IV as well! Let your laboratory assistant know if anything is still unclear. 
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4 Day IV: Evaluating and Autoclaving 

4.1 Autoclaving 
 
 
Please do NOT use the autoclave without your lab assistant’s permission! 
 
After three days of working in a microbiology laboratory it is important to sterilize all of the 

contaminated equipment and plates. Today you have to put all of your agar plates from Experiment 1 

into the garbage bag in your working area. Collect all of the test tubes from Experiment 2 in one test 

tube rack and put it into the autoclave basket. Then remove all of the caps from the test tubes. 

Let your assistant explain to you how the autoclave works! 

 

 

Figure 11: Autoclave touchscreen 

E-Mail: herat@mail.afg 
Password: herat 
 
You will use the program “121 Liquid”. 
 (Do not forget the media temperature sensor!) 

 The lid, chamber, gasket and panel of the autoclave are extremely hot 

immediately after the completion of operation. Do not touch the 

equipment or you may get burned!5 

 Keep the operation manual of the autoclave in a visible, easily 

accessible location.5 

 

mailto:herat@mail.afg
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 4 China Blue Lactose Agar plates (Day 3) 

 1 new China Blue Lactose Agar plate (negative control 

group) 

 Colony counter 

 Microscope 

 Microscope slide 

 Cover slip 

 Inoculation loop 

 Distilled water 

 burner 

 

4.2 Experiment 3 Part 2 Yogurt bacteria, Evaluation 
 
Please do NOT start with the experiment before your assistant has explained the work 
strategy to you and your partner! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 

 

 
Dilution 

 
1 

 
1:10 

 
1:100 

 
1:1000 

Number of 
colonies 

 
X 

 
X 

 
X 

 
X 

 
If the colonies on any plate are too crowded, you can continue with the next dilution. 

 
 

Count the colonies on the Agar plates. Write down the number on your Evaluation 

Form. (See example below) 

Note if you see a change of color. 

Follow the remaining instructions and look at the bacteria under the microscope. 
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Experiment instructions: 

Please do NOT start with the experiment before your assistant has explained 

the work strategy to you and your partner! 

1. Drop a small amount of distilled water on your microscope slice. 

2. Sterilize the inoculation loop with flame. 

3. Scratch one colony with the loop. Transfer onto the microscope slide. 

4. Gently put a cover slip on the microscope slide. 

5. Observe the bacteria under the light microscope! 

 

 

Figure 12: Different shapes of bacteria [1] 

Study questions: 

1. China Blue is a pH-indicator. Why do you observe a change of color? (Light blue to 

dark blue) 

2. What shape are the bacteria that you observed under the light microscope? 

3. Why do you have to store dairy products in the refrigerator? 
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Learning expectations: 

 Discussing the dissemination of bacteria using your new knowledge 

 Evaluating the assessment from Day I 

4.3 Presentation  
 
 
 
 
 
4.4 Evaluating Assessment from Day I 

 

 

 
 
 
As a reminder… 
 
 
                     Large amount of bacteria 
 
 
 
                    Average amount of bacteria 
 
 
 
                   Small amount to no bacteria 

 
 
 

It is now time to present your poster to the other group! 

Make sure to take notes of the other group’s presentation. 

Take the work sheet Assessment of bacterial contamination out of the DAY 1 envelope. 

Evaluate your own assessment from three days ago with your new knowledge.  
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5 Glossary 

Agar plate 
 

A petri dish with a culture medium 
having an agar base. 

Autoclave An apparatus used in microbiology in 
which steam under pressure effects 
sterilization.9 

Bacterial colony A pile of bacterial cells originated 
from one bacterium.  

Colony Counter Laboratory equipment used to count 
colonies of bacteria or other 
microorganisms growing on agar, 
usually in a Petri dish.11 

 

Disinfectant A gel used to sterilize your hands 
while you are working with bacteria. 

Drigalski Spatula Microbiology laboratory equipment 
used to plate. 
 

Gram-negative Bacteria characterized by their cell 
envelopes, which are composed of a 
thin peptidoglycan cell wall 
sandwiched between an inner 
cytoplasmic cell membrane and a 
bacterial outer membrane.11 

 

Gram-positive Bacteria characterized by a thick 
peptidoglycan layer in the bacterial 
cell wall.11 

Homogenize Blending unlike elements to make 
them homogenous (reducing the size 
of the fat globules). 9 

Incubate To maintain at a favorable 
temperature. (e. g. in an incubator) 
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Incubator An apparatus in which media 
inoculated with microorganisms are 
cultivated at a constant 
temperature.9 

 
 

Inoculation Loop Tool to transfer microorganisms. Its 
wire forms a small loop and is made 
of a metal such as platinum. 
 

Pathogen Any disease-producing agent, 
especially a virus, bacterium, or other 
microorganism.9 
 
 

Pipette  A tool used to draw, measure and 
transfer liquid. 

Vortex mixer A simple device used commonly in 
laboratories to mix small tubes of 
liquid. 
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0 Introduction 

Welcome to the manual “Introduction to Microbiological Analysis”. 

This manual is designed for the lab supervisors and will guide you through the lab days by 

providing important information and instructions for the next four days. Please read these 

directions carefully and make sure you and your students perform the tasks conscientiously.  

0.1 General Background Information 

This laboratory is based on a theoretical base providing a participatory learning approach. 

With the help of this approach, the students shall be actively taking part in the learning 

process, helping their fellow students learning and vice versa in a peer to peer situation and 

with mutual experiences. To reach the aim of delivering the theoretical and practical matters, 

there will be interactive presentations and group discussions. It should be made sure that all 

participants can give each other support in learning and interacting. 

0.2 Trainer Roles and Responsibilities 

For the success of the laboratory it is necessary that all assistants work together as a team. In 

advance of the workshop all the supervisors should have met each other in order to go 

through the agenda distributing their specific assignments and responsibilities. As well it 

should be clarified which role those supervisors have who are not taking part in a specific work 

shop session. Assistants are there to help the group work wherever it is possible and to be 

prepared to answer questions. During the complete laboratory all supervisors should be 

present.[1] 

0.3 Material 

There are two types of boxes for the lab: The red ones contain all the material and equipment 

that the students will need (referred to as In the boxes in this manual), the blue ones contain 

material for you to refill and all the agar plates and chemicals that you have to provide for the 

students. 
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0.3 How to Use this Manual 

The following section declares the set-up of the manual.  You will also find the general learning 

expectations. 

 

Manual Set-Up 

Each lab day of the assistant manual has the following structure: 

1. Materials needed for the day 

2. Preparations 

3. Learning expectations 

4. Tasks for the day  

Please read these instructions every day before starting the lab. 

 

Learning Expectations 

The overall learning expectations of the lab are: 

 Raising awareness of microbial contamination 

 Connecting theoretical knowledge with everyday life 

 Getting used to new laboratory equipment 

 Performing microbiological analysis (qualitative) 

 Working together as a team 

 Performing an autonomous literature research with the literature provided 

 Preparing and presenting a research poster 
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1 Day I - Laboratory Equipment and Methods in 
Microbiology 

1.1 Before the Lab Starts 

Material needed today: 

 Sharpies (black, red, orange, green) / Clark 

 Manuals for students 

In the boxes: 

 Envelopes DAY 1 and Laboratory Equipment 

 Incubator 

 Cotton sticks 

 Distilled water 

 Antibacterial soap 

 Agar plates 

Preparation: 

Please read through this manual and the operating manuals of the devices at least once before 

starting day one. Make sure all needed material is close by. 

Please prepare 0.9% NaCl solution for your students before the lab starts. (Dissolve 9 g of NaCl 

in 1 L distilled water.) 

Put the garbage bags with the retainer on the benches. 

1.2 Learning Expectations 

 Activating existing knowledge about microorganisms 

 Discussing the dissemination of bacterial 

 Getting the know the laboratory equipment that is used in microbiological analysis 

 Discussing the uses of the laboratory equipment 

 Performing Experiment 1: The Effect of Handwashing with Soap on Bacterial 

Contamination of Hands 

 Naming and locating structures in a bacterial cell 

 Discussing the function of the structures 
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1.3 What to do During the Lab 

Introduction  

1. Welcome the students 

2. Provide safety instructions: 

 Always wear a lab coat and safety goggles during your experiments in the 

laboratory in order to ensure the best protection of your eyes and skin. 

 It is very important to wash your hands with antibacterial soap every time 

before you leave the laboratory 

 Every contaminated tool should be put into the disposal bags in your work 

area, so it can be autoclaved at the end of the course. 

 The students are not allowed to use the autoclave without your permission! 

 The work area should always be clean. 

 Use sanitizer at the end of every lab day 

3. Hand out the manuals 

4. Explain the schedule for the next four days (student manual p.4): 

 

 

Figure 1: Laboratory schedule. 

 

 

La
b

o
ra

to
ry

 e
q

u
ip

m
en

t 
an

d
 m

et
h

o
d

s 
in

 
M

ic
ro

b
io

lo
gy

  
n

n
n

n
n

n
n

n
n

n
n

n

•Assesment of 
bacterial 
contamination

•Laboratory 
Equipment

•The bacterial 
cell

•Experiment 1 
Part 1: The 
Effect of 
Handwashing 
with Soap on 
Bacterial 
Contamination 
of Hands: 
Performance

C
o

lif
o

rm
 b

ac
te

ri
a

•Experiment 2 
Part 1 and 2:  
Coliform 
Bacteria in Raw 
Mincemeat

•Coliform 
Bacteria and 
Water Quality

•Experiment 1 
Part2: The 
Effect of 
Handwashing 
with Soap on 
Bacterial 
Contamination 
of Hands: 
Evaluation

M
ic

ro
b

es
 a

n
d

 F
o

o
d

/W
at

er

•Experiment 3: 
Yogurt 
bacteria

•Experiment 2 
Part 3: 
Coliform 
Bacteria in 
Raw 
Mincemeat: 
Evaluation

•Expert groups: 
WHO for 
drinking-
water quality

Ev
al

u
at

in
g 

an
d

 A
u

to
cl

av
in

g •Autoclaving

•Experiment 3 
Part 2: Yogurt 
bacteria: 
Evaluation 
and 
Microscoping

•Evaluating 
Assessment 
from day 1

1st Day  2nd Day  3rdDay  4th Day 



Day I – Laboratory Equipment and Methods in Microbiology 

6 
 

5. Explain today’s outline 

 What it is/What to do Time 

Introduction  Safety instructions, general information  15 min 

Group Division Division into groups (two students per group) 5 min 

Instruction Explanation on the procedure and the setup of the 

student manual, creating a mind map. 

30 min 

Theoretical 

Introduction 

Discuss the assessment of bacterial contamination 

to support the introduction into the topic. 

Get to know the laboratory equipment that is used 

in microbiological analysis. 

45 min 

Experiment 1 Part 1, 

Performance 

Performance of the first experiment testing the 

effect of handwashing with soap on bacterial 

contamination of hands. 

45 min 

General  overview of 

Bacteria 

Study questions about bacterial cells, structures and 

functions. 

30 min 

Conclusion 

 

 

Discussion of the solutions of the study questions. 10 min 

 

6. Mind Map 

Write “bacteria” on the center of the board and ask the students to create a mind map. 

An example mind map can be found below. It is very important that the students write 

down the key words that come to their mind and explain them to the rest of the 

participants.  

 

                            Figure 2: Example for a mind map 
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Instruction 

Before starting with the theoretical introduction, you need to explain the working procedure. 

Explain the setup of the manual and how the students are supposed to work with it. Please 

state the following bullet points (student manual p. 3/4): 

 Yellow highlighting: 

If a text is highlighted in yellow, the students are not allowed to continue without 

getting instructions from you. 

 Bold, orange writing: 

This code means the word is a keyword with an important definition which can be 

found in the glossary at the end of the manual. 

 Orange box: learning expectations 

 

 

 Blue box: task box 

 

 

 

 

 Grey box: materials 

 

 

 

 

 

 

 

 

In this box students will find what you are supposed to learn in the course of the next 

unit. They are supposed to read these learning expectations carefully before starting. 

In this box students will find the tasks they need to complete in the course of the next 

unit. Solutions for study questions will be provided in the solutions section at the end of 

each day. 

In the grey box the students will find all of the equipment and materials that they 

will need for the experiment. 
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Group division 

Please ask the students to split up into groups of two. 

Workshops 

Assessment of Bacterial Contamination, Laboratory Equipment 

Start with the theoretical introduction on page 6, 7 and 8. Try to stay in the background unless 

the students have any questions. 

Experiment 1 Part 1: The Effect of Handwashing with Soap on Bacterial Contamination of 

Hands, Performance: 

Explain the incubator to the students. 

To heat your incubator to 37 °C you have to turn the orange knob: 

 

Figure 3: Incubator 

We are using the incubator to maintain the bacterial culture at a favorable temperature.  

(37 °C) 

Take note: 

It is very important for this experiment that the students wash their hands thoroughly with 

antibacterial soap or disinfectant gel for the second sample. 

Always turn the agar plates upside down when incubated. Otherwise, condensation which 

might be present on the lid might drip down into the culture medium. 

Worksheet bacterial cell and answering questions in the Student Manual 

Try to stay in the background again unless the students have any questions while answering. 

Ending the Day 

Ask everyone to come to a final assembly. Discuss the study questions with the students. 

(Solutions on p. 9) 

Hold up different laboratory tools (e.g. pipette, Drigalski spatula) and check if the students still 

know the names and functions. 

You have to bring 50 g of ground meat for the next day! 
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1.4 Solutions for Day I Study Questions 

Assignment p. 10: 

(A)     Confers shape and protection to cells.   Cell wall 
(B)     Hollow fine protein structures that aid in adhesion to other cells and surfaces. Pili 
(C)     Imparts motility to a cell. Bacterial Flagellum 
(D)     Is important for protein synthesis. Ribosome 
(E)     Extrachromosomal DNA Plasmid 
(F)     Contains all organelles Cytoplasm 
(G)     Is a permeable layer that allows import and export of nutrients Plasma membrane 
(H)      Protects the cell against desiccation Capsule 

 

Study questions p. 11:      

1. 

  

Features  

 

Eukaryotic Cell 

 

Prokaryotic Cell 

Nucleus Present Absent 

DNA Linear and packed with 

histone proteins. 

Circular (Plasmid) 

Endoplasmic reticulum Present Absent 

Mitochondria Present Absent 

Golgi apparatus Present Absent 

Lysosomes and 

peroxisomes 

Present Absent 

Cytoskeleton Present Absent 

 

 

2. Plasmids can replicate independently, they often carry additional genes that may benefit 

the survival of the organism (like antibiotic resistance). 

 

3. Gram-positive bacteria are characterized by a thick peptidoglycan layer in the bacterial cell 

wall. Gram-negative bacteria show a thin peptidoglycan layer between an inner cytoplasmic 

cell membrane and a bacterial outer membrane.11 
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2 Day II – Coliform Bacteria 

2.1 Before the Lab Starts 

Material needed today 

 Evaluation Form 

In the boxes: 

 500 mL Beaker 

 150 mL Beaker 

 2 Glass test tubes for every group 

 2 Durham tubes  

 Test tube rack  

 Spoon 

 Pipette 

 Scale 

 Brilliant Green Lactose Bile Broth 

 Autoclave 

 10 g of ground meat (for each group) 

 Spatula 

 NaCl solution (0,9%) 

 

Preparation: 

Please read the extract of the Operating Manual from CertoClave on page 11 to 15. 

Make sure you know where all of the material is, so that you can help the students find it.  
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Operating Manual5 

Laboratory autoclave Steam sterilizer CertoClav Connect 

Safety instructions: 

 

   Use exclusively the CertoTouch-controller to operate your autoclave. 

   The lid, chamber, gasket and panel are extremely hot immediately after the completion of 

operation. 

Do not touch the equipment or you may get burned. 

   Keep this manual in a visible, easily accessible location.    The autoclave should not be 

installed in explosive areas 

   Never connect the power cord to a power supply other than one of the rated voltage. 

Connection to 

such a power supply can cause fire or electric shock. 

   Only for laboratory use by trained personnel. Do not use this autoclave for medical 

purposes. 

   This autoclave can be serviced only by our authorised dealers. Only original parts may be 

installed.    Remove the power plug before removing the electronic housing or the bottom. 

   Do not use the autoclave without water. The amount of water needed for sterilization: 

minimally 0.7 Litre, maximally 2.5 Litre of demineralized soft water. 

   Please do not sterilize tightly closed containers, especially sealed glass bottles without 

pressure equalisation. 

   Please, transport only with emptied chamber.    Do not open the lid under pressure with 

force. 

   Under no circumstance let the steam in the direction of another person. Risk of a burn. 

Please use 

either the provided waste steam container or connect an external waste steam chamber 

under own responsibility with a hose (inside diameter 10mm) to let out the hot steam. 

   If filled with glass bottles, open the lid only after the temperature of the liquid has dropped 

under 80°C. 

Danger of over boil of the liquids or of an explosion of the closed bottles. 
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   Under no circumstance put explosive or flammable materials in the autoclave. 

   If the electrical supply is damaged immediately remove the device from the power supply. 

It can be used again only after a qualified person has repaired the autoclave. 

   Never put objects in the ventilation slot nor pour liquids in the ventilation slot. Danger of 

electric shocks and short circuits. 

   Manipulating or rebuilding the device or the programs can lead to malfunction. 

   To avoid corrosion in the chamber and the conduit system do no sterilize heavy saline 

substances. 

 

Description of the working steps: 

Turning on the CertoTouch 

Please press the -button at the front right of the CertoTouch for at least 3 seconds. 

Turning on the CertoClav Connect pot 

Turn on the device by turning the switch rocker on | . If the rocker lights green, the device is on. If 

the temperature in the chamber is under 80°C, the device unlocks itself automatically. 

 

Connecting the CertoTouch with the the pot 

 

1)   Please navigate to the connection manager. For this purpose, please log out and press the 

-button at the login window. 

2)   Please press the -button in order to determine all reachable CertoClav controllers. 

This may take a few seconds. 

3)   In this list, you can see the serial numbers of all reachable CertoClav controllers. Please 

choose the controller you want to connect with, by pressing that serial number in the list. 

The serial number of each controller can be found at the left or right side of the controller 

box. 

4)   CertoTouch will connect to the selected CertoClav controller. The connection is successfully 

established, if a “connected” status message appears on the selected list entry. Only when a 

connection is successfully established, it’s possible to return to the login-window. Please log 

in there with your email and password in order to use the CertoClav controller. 
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Pouring in water 

 

   Do not pour anything except demineralized water. Please use soft water since the properties 

of the water affect the life time of the device. 

Please follow the following instructions: 

Pour in demineralized soft water in the sterilization chamber until you can see the water through 

the openings of the base plate. On the base plate is a mark for the minimum amount of water. 

Needed amount of water: minimally 0.7 Litre, maximally 2.5 Litre. 

 

Loading substance 

 

Please follow the following instructions: 

 

Close the lid after confirming that no foreign matter is adhering to the section contacting the lid    gasket. 

Foreign matter in this section can cause vapor leaks. When using a waste processing bag or other 

kind of bag and disinfecting, place the bag in the metal mesh holder and then insert it into the 

chamber. Using the bag “as is” can cause excessive temperatures, pressures, lack-of-water, etc. 

   Be careful not to pinch hands when closing the lid. Always use the base plate. 

   Be sure that the temperature has dropped to at least 50°C in the chamber before the beginning 

of the next cycle. 

   If a waste disposal bag is used in sterilization, open the bag enough that the bag is not in contact 

with the inside surface of the chamber. Insufficient sterilization may be caused if the bag is closed 

during sterilization. When the bag is opened excessively, steam is prevented from circulating in 

the chamber. This may also result in insufficient sterilization.  

   Do not pile specimen on top of one another. When the chamber is overly packed, steam 

fails to penetrate all points, resulting in an incomplete sterilization.   

   In sterilizing liquids such as chemicals and media pay attention to the quantity of the liquid in relation to its 

container. For an Erlenmeyer flask, the amount of chemical should be approx. 3/4 of the capacity of the 

container; for a test tube, the appropriate quantity of chemical is approx. half of the capacity of the container. 

Too much chemical may result in overflow from the container during the temperature rising or cooling 

process.   

   Use container caps that are loose fitting and allow the passage of air. Containers may break if 

venting is not possible.   

   In the case of dissolution of agar medium, its quantity should be 2 liters or less per container. 

Two liters or more of agar medium may not be completely dissolved.  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Select and run a program 

 

1) Log into your account first. After a user has logged in, the main menu appears. 

                  E-Mail: herat@mail.afg 
Password: herat 

2)         Visit the STERILISATION-window by navigation to: MAIN-MENU->STERILIZATION. 

3)         Find the correct program by scrolling the list of available programs. 

4)         By tapping on the start button of the specific program, the user can start the program. 

5) If activated, please follow the STEP-BY-STEP guide until the program starts. Note: The STEP- 

BY-STEP guide can be disabled or enabled in the Settings->Sterilisation->STEP-BY-STEP- 

GUIDE section. 

 

 

 

 

 

 

 

Unloading 

In order to open the device and take out the sterilized goods must the temperature in  the 

chamber drop to under 80°C. This serves as a safety measure to prevent burns. 

As soon as the cycle ends, a message “Please open the lid” appears on the screen. The program 

counts as successfully finished only after opening of the lid. 

 

   Keep the face and hands away from the chamber when lifting the lid after operations are complete; 

steam will gush out of the opening of the chamber. 

   After operation is finished, the lid, chamber, packing and panel are hot. To protect yourself from 

burns, do not touch with bare hands. Put on heat insulation gloves before taking a substance out 

of the chamber. Do not put your hands into the chamber until the steam has been vented. 

   It takes a lot of time for the liquid to cool. Be sure to check that the temperature has 

dropped sufficiently before unloading the liquid from the chamber, or you may get 

burned. 

 

 

 

mailto:herat@mail.afg
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End of the program 

After all the cycles have been finished, a message “Please, open the lid” comes forth. When the lid is opened, 

the program is finished. 

 

   If the touch screen is not touched for 30 minutes, the display becomes black. By touching the touch 

screen will the display turn on again.  

 

Interrupting a cycle 

 

   If the cycle is interrupted during the sterilization of liquids, the lid is electrically unlocked 

after the temperature in the chamber has dropped to under 80°C. 

   In case of power loss, the lid locks itself. 

 

If power supply is cut off during operation 

 

If the power supply is cut off due to power failure or the like, operation is interrupted. When power 

supply is restored, the equipment will be back in the standby state (state before operation). In this 

case, repeat operations from the beginning. The autoclave can not be opened when turned off. 
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2.2 Learning Expectations  

 Performing Experiment 2 

 Learning the difference between a pathogen and a harmless bacterium 

 Learning what coliform bacteria are 

 Comprehending why coliform bacteria are an “indicator organism” for water quality 

testing 

 Evaluating Experiment 1 

 Counting number of colonies using the colony counter 

2.3 What to Do During the Lab 
 
Introduction 
 

1. Welcome the students. 
2. Explain the schedule for today. 

 What it is/What to do Time 

Experiment 2 Part 1 Prepare Experiment 2. 

Learn how to use the autoclave. 

20 mins 

Coliform Bacteria and 

Water Quality 

Literature research, article “What Are Coliform 

Bacteria?” from The Pennsylvania State University.  

45 mins 

Experiment 1 Part 2 Evaluation of Experiment 1: The Effect of 

Handwashing with Soap on Bacterial Contamination 

of Hands. Discuss the results. 

45 mins 

Experiment 2 Part 2 Performance of Experiment 2.  45 mins 

Clean up Clean and sterilize the benches.  10 mins 

Conclusion Discussing the solutions of the study questions. 15 mins 

 

3. Choose one group to prepare the Brilliant Green Lactose Bile Broth solution for 

everyone. 
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Workshop 

Experiment 2 Part 1: Coliform Bacteria in Raw Ground Meat, Preparation 

Take note: 

Make sure that there is a liquid filled Durham tube upside down in every test tube in the rack.  

There should not be any caps on the test tubes.  

Use the autoclave as explained on pages 12 to 15 of this manual.  

The program you need is called Brilliant Green. (121 °C, 15 mins) 

 

 The lid, chamber, gasket and panel of the autoclave are extremely hot immediately 

after the completion of operation. Do not touch the equipment or you may get 

burned!5 

Coliform Bacteria and Water Quality 

Try to stay in the background unless the students have any questions. The solutions to the study 

questions are on page 19.  

Discuss the possible methods of purifying drinking water with your students. (Heat, Chlorination or 

other chemicals) 

Experiment 1 Part 2: The Effect of Handwashing with Soap on Bacterial Contamination of Hands, 

Evaluation 

Hand out the Evaluation Form. 

Make sure that the students are using the colony counter correctly.  

Experiment 2 Part 2: Coliform Bacteria in Raw Ground Meat: Performance 

Take note: 

 The test tubes with the medium are sterile when they come out of the autoclave 

– immediately close the tubes with a cap!  

Make sure that every student is holding the test tube in the flame when they open or close it. 

The medium has to stay sterilized! 

It is very important that the students clean and sanitize their work area thoroughly after 

experiment 2!  

The ground meat homogenization can go into the drain and normal garbage. 

 The aqueous Brilliant Green Lactose Bile Broth waste must not enter the sewerage 

system!  
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Ending the Day 

Please make sure that every bench is clean and all of the materials and tools are stored 

properly.  

Ask everyone to come to a final assembly again and discuss the study questions with the 

students. (Solutions on p. 19) 
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2.4 Solutions for Day II Study Questions 

Study question p. 13: 

1. A bacterium, virus, or other microorganism that can cause disease. 

 

2. Most types of coliform bacteria are harmless to humans, but some can 

cause mild illnesses and a few can lead to serious waterborne diseases. 

 

3. Fecal coliforms are present in humans´ and animals´ guts. 

 

4. Because they indicate the potential presence of disease-causing bacteria in 

water. The presence of coliform bacteria in water does not guarantee that 

drinking the water will cause an illness. Rather, their presence indicates 

that a contamination pathway exists between a source of bacteria (surface 

water, septic system, animal waste, etc.) and the water supply. Disease-

causing bacteria may use this pathway to enter the water supply. 

 

5. The drinking water standard requires that no coliform bacteria should be 

present in drinking water. 
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3 Day III – Microbes and Food/Water 

3.1  Before the Lab Starts 
 
Material needed today: 

 WHO publication about Guidelines for drinking-water quality 

 2 Posters 

 Sharpies 
In the boxes: 

 1 Sachet of ACIDOPHILUS YOGURT STARTER CULTURE 

 4 Test tubes (plastic) with cap 

 150 mL Beaker  

 Pipette (1000 µL) 

 Parafilm 

 Vortex mixer 

 NaCl solution (0.9%) 

 Ethanol  

 Little petri dish (glass!) 

 Drigalski spatula 

 China Blue Lactose Agar plates 

 Burner 

Preparation: 

Read the experiment instructions of Experiment 3 so you can explain the work procedure to the 

students. 

3.2 Learning expectations 

 Performing a serial dilution  

 Working as a team in expert groups 

 Using literature to design a poster 

 Planning a presentation for Day IV 

 Working autonomously 
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3.3 What to Do During the Lab 
 

Introduction 

1. Welcome the students. 

2. Explain the schedule for today. 

 

 What it is/What to do Time 

Experiment 3 Part 1 Perform a serial dilution. 

Transfer bacteria to agar plates. 

60 mins 

Expert groups: 

Guidelines for 

drinking-water 

quality 

Literature research, WHO publication Guidelines for 

drinking water quality.  

Create a poster and prepare a presentation. 

60 mins 

Experiment 3 Part 3 Evaluation of Experiment 2. 

 

35 mins 

Clean up Clean and sterilize the benches.  10 mins 

Conclusion Discuss the solutions of the study questions. 15 mins 

 

Workshops 

Experiment 3 Part 1: Yogurt bacteria, Performance 

Explain the procedure of a serial dilution to the students before starting with the 

performance of the experiment. 

Make sure that the students follow every step of the experiment instructions precisely. 

Expert groups: Guidelines for drinking-water quality 

Explain the working method to the groups. 

The students are supposed to prepare a 10 minute presentation on their respective topic. 

They have to create a poster that includes the most important information for the other 

group.  

They will be working in groups of four: 

Group A and B: Legionella 

Group C and D: Aeromonas 

The students are supposed to work on their own, so try to stay in the background unless they have 

any questions. 
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Experiment 2 Part 3: Coliform Bacteria in Raw Ground Meat, Evaluation 

Make sure that no one is opening the test tubes until they are in the autoclave on day IV! 

The students can evaluate the experiment with the help of their manual. Please help 

whenever it is necessary! 

 

Ending the day 

Please make sure that every bench is clean and all of the materials and tools are stored 

properly.  

Ask everyone to come to a final assembly again and discuss the study questions with the 

students. (Solutions on p. 23) 

 
 
 
 
 
 
 
 
 
 

Detecting production of gas. 
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3.4 Solutions for Day II Study Questions 
 
Study questions p. 22: 
 

1. We need a negative control group to check if the result is negative or positive. 
 

2. Acid is a product of the lactose fermentation. Because Brilliant Green is a pH indicator there is a 
change of color. 

3. H2, CO2 and CH4. 

 

4. The test for coliform bacteria is positive, because coliform bacteria utilize Lactose. 

 

5. Because bacteria grow more quickly when they are warm than when they are cold.
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4 Day IV – Evaluating and Autoclaving 

4.1 Before the Lab Starts 
 
Material needed to day: 

 
 Autoclave  

 4 China Blue Lactose Agar Plates (Day 3) 
In the boxes: 

 Colony Counter 

 Microscope 

 Microscope slide 

 Cover slip 

 Inoculation loop 

 Distilled water 

 Burner 

 
Preparation: 
 
Hang the posters from Day III on the walls. 
 
4.2 Learning Expectations 

 Microscaping bacteria 

 Analyzing shape of bacteria 

 Presenting the posters  

 Discussing the dissemination of bacteria using the new knowledge 

 Evaluating the assessment from Day I 

4.3 What to Do During the Lab 
 

Introduction 
 

1. Welcome the students. 
 

2. Explain the schedule for today. 
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 What it is/What to do Time 

Autoclaving Collect all the contaminated equipment and plates 

in garbage bags. 

Autoclave at 121 °C. 

30 mins 

Experiment 3 Part 3 Evaluation of Experiment 2. 

 

60 mins 

Presentation Presenting the posters. 30 mins 

Evaluating 

Assessment from Day 

1 

Evaluate the assessment from Day I using the new 

knowledge. 

20 mins 

Cleaning up and 

Conclusion 

Discuss the solutions of the study questions. 

Clean up all the equipment and tools. 

40 mins 

Workshops 
 

Autoclaving 
 

Make sure that every contaminated tool and agar plate (except for Experiment 3) gets autoclaves! 
Use the program 121 °C Liquid. 

 
Experiment 3 Part 2: Yogurt bacteria, Evaluation 

The students will evaluate the experiment with your help. 

Make sure the students compare the color of the China Blue Lactose Agar plate to a negative 

control group. 

Presentation 

The students will present their posters to the other group. 

Evaluating Assessment from Day 1 

Discuss the dissemination of bacteria with the students again. 

Ending the day 

Please make sure that every bench is clean and sanitized. All of the materials and tools should 

be autoclaved and stored properly. (Check the list of the boxes!) 

Ask everyone to come to a final assembly again and thank everyone for their good work. 

Discuss the last study questions with the students and ask if there are any more questions.  

Make sure that the agar plates from experiment 3 are autoclaved as well! 
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4.4 Solutions for Day IV Study Questions 
 
Study questions p. 26: 

 
1. The bacteria is utilizing lactose and producing short-chained fatty acids, reducing the pH. 
 

2. (Ask your students how the bacteria they saw under the microscope was shaped!) 

3. Because bacteria grow more quickly when they are warm than when they are cold. 

 

 



Glossary 

27 
 

5 Glossary 

 

Agar plate 
 

A petri dish with a culture medium 
having an agar base. 

Autoclave An apparatus used in microbiology in 
which steam under pressure effects 
sterilization.9 

Bacterial colony A pile of bacterial cells originated from 
one bacterium.  

Colony Counter Laboratory equipment used to count 
colonies of bacteria or other 
microorganisms growing on agar, 
usually in a Petri dish.11 

 

Disinfectant A gel used to sterilize your hands 
while you are working with bacteria. 

Drigalski Spatula Microbiology laboratory equipment 
used to plate. 
 

Gram-negative Bacteria characterized by their cell 
envelopes, which are composed of a 
thin peptidoglycan cell wall 
sandwiched between an inner 
cytoplasmic cell membrane and a 
bacterial outer membrane.11 

 

Gram-positive Bacteria characterized by a thick 
peptidoglycan layer in the bacterial 
cell wall.11 

Homogenize Blending unlike elements to make 
them homogenous (reducing the size 
of the fat globules). 9 

Incubate To maintain at a favorable 
temperature. (e. g. in an incubator) 
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Incubator 

 
An apparatus in which media 
inoculated with microorganisms are 
cultivated at a constant temperature.9 

 
 

Inoculation Loop Tool to transfer microorganisms. Its 
wire forms a small loop and is made of 
a metal such as platinum. 
 

Pathogen Any disease-producing agent, 
especially a virus, bacterium, or other 
microorganism.9 
 
 

Pipette  A tool used to draw, measure and 
transfer liquid. 

Vortex mixer A simple device used commonly in 
laboratories to mix small tubes of 
liquid. 
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