INTRODUCTION 

For AP: Complete the pre-lab questions for Thursday. You do NOT need to do a full lab report for this. 

Yogurt is a fermented milk product which originated in Turkey. It is made by adding to milk a 
bacterial culture which is a mixture of two species — Lactobacillus bulgaricus (or Lactobacillus acidophilus) and Streptococcus thermophilus. The bacteria grow on the milk sugar, or lactose. 

In the process of digesting the milk, the bacteria make an acid — lactic acid — which curdles the milk protein, making the whole mixture thick. The lactic acid lowers the pH of the milk and therefore gives the yogurt its tartness. Since the milk is partially digested, yogurt is a mild food to eat because it is easily digestible. In addition, the bacteria that live in the yogurt are some of the beneficial species that normally live in your intestines. Because of this, people often eat yogurt after they have taken antibiotics (pills) for an infection. When you take antibiotics, the medicine not only kills off the disease-causing bacteria in your infection, it also kills off the beneficial bacteria in your intestines. So eating yogurt will allow you to replenish the beneficial bacteria in your digestive system and help to decrease the digestive upset that often comes from taking antibiotics. 

In this lab, we will make yogurt to review some of the beneficial, and necessary, jobs that bacteria do in this world. We will also review some of the techniques for working with bacteria and some of the conditions that bacteria need to grow. Several factors are crucial for successful yogurt making: 

a. Good sterile technique (i.e., proper cleansing and heat treatment of glassware, and 
keeping out unwanted bacteria) 
b. Proper incubation temperature. Lactobacillus is killed if exposed to temperatures over 55°C (130°F), and does not grow well below 37°C (98°F). We will incubate at 50°C, a temperature on the high side of its preferred growth temperature (122°F), a temperature which inhibits the growth of pathogenic bacteria. 
c. Protection of the starter from contamination. Do not open the starter (either plain yogurt, or 8 oz starter from the previous yogurt batch) until you are ready to make the next batch. Yogurt is preserved by its acidity that inhibits the growth of decomposing or pathogenic bacteria. With lids intact, this yogurt will keep at least a month or two in the refrigerator. After that time, especially if your refrigerator is on the "warm" side, a layer of non-pathogenic white mold may form on the top. Merely lift off the mold with a fork, discard, and use the yogurt for cooking. 
Baked goods will rise well when yogurt is used, due to its acidity. Use yogurt as part or all of the liquid in cakes, waffles, pancakes and muffins, and cut down on the amount of baking powder. The thickness of yogurt helps to hold up the baking batter. Yogurt is an excellent dish by itself, but is valuable in its many other uses.

INSTRUCTIONS 
1. STERILIZE STORAGE JARS: Ms. Bergman does the following: Sterilize jars and lids, which will be used to make the yogurt. Place in a large pot and cover with boiling water. Leave for 5 minutes.

2. STERILIZE MILK: Use a pot with a thick bottom or a beaker to scald the milk. Scalding is bringing milk almost to a boil. Add milk to the pot. Warm the milk over a medium heat. Heat until the temperature of the milk is 85°-90°C (185-195°F). It is not necessary to boil, and do not let boil over...what a mess!  
3. We will pour the milk into separate jars at this so that each group can add their flavoring and sweetness. Each group will get about one cup of milk. 

4. Take the pH of the milk: We will test the milk’s initial acidity using pH test strips. Using a pipette, place one or two drops of milk on a pH test strip. Record its color.

5. Set Up a Control Group: The groups will all get yogurt with which to inoculate their milk. However, we will set up a control group as a class to demonstrate that milk without starter bacteria will not form yogurt.
6. COOL MILK: Let your jar of milk cool down. Keep the jar covered during this process. You may speed the cooling process by placing the jar in a pan of clean cold water to cool it down. Cool the milk to 50°C to 55°C (122°-130°F). Remove your jar of cooled milk from the cooling bath.  

7. INOCULATE: We will use uncontaminated yogurt (it will say “live cultures” on the label) as a starter — our source of bacteria. Place two spoons full of yogurt into your jar and blend. Stir very well to thoroughly distribute the yogurt starter. Cover immediately with sterile tops. Tighten well. 
8. INCUBATE:  We will set filled containers of yogurt on a towel-covered heating pad set on medium heat and cover the jars with several towels.
9. To be completed the following class: Take the pH of the yogurt: We will test the yogurt’s final acidity using pH test strips. Using a pipette, place one or two drops of milk on a pH test strip. Record its color.

10. Eat and enjoy!

Pre-lab Questions:

1. Why did we put the yogurt jars in boiling water?

2. Why did we initially heat the milk to 90°C? (Hint: What does this have to do with Louis Pasteur?) 

3. Why did we cool the milk to 50°C before putting in the yogurt culture?

4. What is in the yogurt culture? Why are we adding it to the warm milk?
5. If you need to review, read the section in your book on pH. (Use the index. It’s in the chemistry of life section.) What color will an acid turn the pH test strip? What color will a base turn the pH test strip? What color will a neutral substance turn the pH test strip? Predict what color the milk will turn the pH indicator. Predict what color the yogurt will turn the pH indicator. 

Data

Record the initial pH and final pH of your milk and yogurt. We will take the initial and final pH of the control group as a class.

Initial pH: _________


Final pH: ____________

Post-Lab Questions

1. What happened to the pH of the milk as it turned to yogurt? Why did this change occur? 
2. Why does yogurt thicken? 
3. Why does this process of making yogurt preserve milk?  
4. Compare the results from the yogurt with the results from the control group. How does this relate to Pasteur’s experiment?
5. Design an experiment to show that this process is due to live bacteria in the yogurt culture.
