Experimenting with Enzymes in Cheese Production
We know that enzymes are proteins that catalyze reactions.  In this lab, we’ll see how one enzyme is used to produce a common food, cheese.  We’ll also investigate how changing certain conditions could affect the function of the enzyme and reflect on why.

Basics of Cheese Production

Milk proteins fall into two categories, caseins and whey proteins.  Whey proteins remain water soluble, but caseins are only soluble when in clusters called micelles (Fig. 1).  If one particular casein protein (-casein) is changed, the micelles break apart and the casein proteins precipitate, or coagulate into clumps called the curd.   This is because two types of caseins, a- & b-caseins, are water insoluble and are held together by the water-soluble -casein.  In the presence of calcium, the enzyme rennin (a.k.a., chymosin) will cause casein to precipitate because chymosin breaks -casein apart (Fig. 2), no longer allowing it to retain the other caseins in the micelles.  This means these hydrophobic caseins will clump together into large coagulates that are separate from the liquid.
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Fig. 2.  Chymosin reaction
Procedure

Follow these steps to produce the cheese curd. 
1. Heat milk to 55oF while stirring.

2. Add citric acid.  (1tsp. dissolved in ¼ cup water before adding)
3. Heat to 88oF while stirring.
4. Add rennet.  (1/8tsp. dissolved in ¼ cup water before adding)

5. Heat to 105oF while stirring.

Separate the curd from the whey by straining.  Squeeze as much of the whey from the curd as you can.  

Put the curd into a glass bowl and heat in a microwave for about 20 seconds.  Take the curds out of the microwave and knead, squeezing out more whey.  Add about 1 tsp. of salt (for flavor) and knead in.
Microwave again for about 20 seconds, remove curds and knead, draining whey.  You may need to repeat this one or two more times.  You are trying to get the temperature of the ball of cheese to about 140oF.  Once it starts feeling stretchy and smooth, you should be done.  
Questions (post-demonstration but pre-experimentation)
Thinking about how enzymes work, answer the following:
1.  What is the enzyme in this reaction and what is it doing?

2.  Why do you think the temperatures are specified?  What would happen if you tried to complete this reaction with lower temperatures?  With higher?
3.  Why do you think we added citric acid?  What would happen if we didn’t?
4.  What do you think would happen if we added less rennet or more rennet?  Why?

Experimentation

We are now going to try altering the recipe in some way that you think will affect the product.   Will you change the temperatures?  The amount of citric acid?  The amount of rennet?  The type of milk?  The type of rennet?  Each group will pick one variable to alter and repeat the cheese making process.  You should make observations on how long it takes the curds to form and what the curds look like during the process.  We will also weigh the cheese produced after each is finished and then compare them through taste and texture.   You should record in your notebook the protocol you plan to follow and your prediction about the result.  You should also construct a table to record observations on all the groups’ products.
Questions (post-experimentation)

1.  With your knowledge of chymosin, draw the optimum pH and temperature ranges of this enzyme.  Imagine instead we were working with an enzyme found in the blood of a deep sea fish.  Draw the optimum pH and temperature ranges you would expect for this enzyme.
2.  What happened, or what would you expect to happen, when chymosin is used with soy milk instead of cow milk?  How do you think soy cheese is made?
3.  What makes proteins different?  How can different enzymes have different optimal temperatures and work with different substrates?
4.  We considered pH and temperature independently in this lab.  However, as is often the case with biology, interactions between two factors can have different effects.  The graph below shows how pH and temperature can interact, in the absence of chymosin, to interrupt the casein micelles.  (Remember, enzymes, like chymosin, don’t make reactions happen that wouldn’t typically happen, they allow those reactions to proceed more quickly with lower energy input.)  Based on the information in this graph, if you wanted to make cheese curd and did not have any chymosin, how would you alter the protocol we used?
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