Say Cheese

[image: image4.png];‘:“ Allegheny

Health Network






Education Standards 

Standards:

6-8 Band: Food Science and Nutrition

· 11.3.6.B: Describe safe food handling techniques (e.g., storage, temperature control, food preparation, conditions that create a safe working environment for food production).

· 11.3.6.G: Describe the physical, biological, and chemical changes that take place in food preparation. 

Goals of the Program
The educational goal of this program is that students will understand the chemistry and biology behind the art of making cheese.
	Standard:
	Relevance to show:

	11.3.6.B
	How to safely store/ cook milk and how to safely store cheese

	11.3.6.G
	What happens to milk when making cheese (milk proteins) and the process of making cheese


Recipe serves approx. 20 i inch cubes- (Double if there is a large audience or prepare a batch prior to the program)
https://cdn.shopify.com/s/files/1/0172/8570/files/MAKE_FRESH_MOZZARELLA_recipe2012rev3.pdf?111
See attached document at the end of script
· ½ gallon whole milk  

· ¾ tsp. citric acid dissolved in ½ cup water

· ⅛ tsp. liquid rennet dissolved in ¼ cup water

· ½ tsp. cheese salt 
· Optional: basil and oregano to taste
Equipment and Props 
Cheese Making Equipment:

· Measuring spoons (1/2 tsp. And ¼ tsp.)

· 2- 1 cup liquid measuring cups

· Thermometer

· 1 gallon stainless steel pot (preferably All Clad)

· Slotted spoon

· Rubber dish gloves

· Microwave safe bowl (with pre-made curds)

· Microwave oven

· Large colander

· Optional: cheese cloth

Protein/Enzyme Demo: 

·  Blue and yellow snap and lock beads- 4 yellow and 9 blue
pH Demo: 

· 250 mL beaker

· 50 mL milk

· 2 scoops (1/16 tsp.) of red cabbage indicator dissolved in 100 mL of water
· 1 Tbsp. citric acid 

· 1 glass stir rod

Curdling Demo: 

· ½ cup of milk- heated for 1 minute in microwave immediately before beginning show

· 1 Tbsp. of lemon juice 

· 1 small glass pyrex bowl

· Spoon

· Pinch bowl 

Magnet Demo:

· 2 horseshoe magnets

Cheese on fire! Demo: 

· 1 slice natural cheese

· 1 slice processed cheese

· Butane cooking torch
· Small pan covered with aluminum foil sheet 

Prep work:

One batch of curds needs to be made and drained ahead of time. When draining the curds, remove as much whey as possible. Curds will be kept in the show fridge in a microwave safe bowl with the date on it. Covered with plastic.
If anticipating a large audience, it is best to prep a double batch i.e. holiday, school group, summer camp. 
Show Setup: 

· Assemble all needed equipment and ingredients

· Dissolve ¾ tsp. citric acid in ½ cup water 
· Dissolve ⅛ tsp. liquid rennet in ⅛ cup water
· Pour milk into the pot on the stove in camera cue 4 and put the thermometer on the side of the pot

· Measure salt (and herbs)

· Camera set to show pot of milk

· Place curds and rubber gloves on the stage on the counter near the sink
· Place cheese models on counter by windows 

· pH demo set on stage in camera cue 8
· Curdling demo set on stage in camera cue 9
· Bacteria triangle

· Glass milk jugs: cow, sheep, goat

· Place horseshoe magnets and snap and lock beads on the front counter
· Set up microwave on a rolling cart near the outlet

Script

I. Welcome:
Have one camera cue on pot of milk. Make sure computer is set to display PowerPoint on opposite screen.

Hello, and welcome to the Body Stage presented by Allegheny Health Network! My name is ____ and you have come to see our show: Say Cheese! Who has a guess of what our show might be about? Yes, we are going to be discussing the science of cheese! Raise your hand if you like eating cheese. Great! You came to the right place, because we are going to pay homage to fromage! We are going to learn the chemistry behind how cheese is made and taste test some fresh homemade mozzarella cheese! I know it may sound a little ‘cheesy’ but I promise our show will be ‘grate’! (
So let’s get started!

Now, since I am not only going to be your presenter, but I am also going to be your chef, is there something I should do with my hands before I get started? Correct! I need to wash them! Presenter washes hands. Does anyone know why we wash our hands? (Solicit answers.) You are correct! There might be dirt or germs on our hands. Germs are small living things called microorganisms, like bacteria, and some can make us sick. So it is important to wash your hands with warm water and soap for 20 - 30 seconds before you start cooking. If not bacteria can multiply. 
II. Bacteria:

Click>> Video of bacteria multiplying

We washed our hands to get rid of bad bacteria, but not all bacteria are considered ‘bad’ bacteria. Both good and bad bacteria need the same 3 things to live.
Demo: Make a bacterium (aka fire triangle)

Now does anyone know what three things bacteria needs to survive? Correct, moisture, heat, and oxygen! Now I am going to need 3 volunteers to help us assemble our bacteria here on stage! Call up three volunteers. All right volunteers! You have three seconds to assemble this bacteria! If you can do so, you will put together the good bacteria needed to make cheese! If not… then we will not be able to make cheese. On your mark, get set, go!  Countdown. Excellent!  Let’s give our volunteers a round of applause!

Great job to our volunteers for putting together that bacteria for us today!


There is a difference between ‘bad’ bacteria, or bacteria that causes diseases, and ‘good’ bacteria. Our body actually needs ‘good’ bacteria to survive. Good bacteria help us digest and process certain foods. It is good for our guts!  Some dairy products, like yogurt, give our body ‘good’ bacteria.
Extra Science: 
· Bacteria like moisture. If you dry your food out, you can keep it for a long time. Raisins, bacon, beef jerky are great examples. 
· Most bacteria also need oxygen to survive. If you take oxygen away from your food, you can keep it for a long time. Canned foods are great examples for food we take oxygen away from. Can you think of any examples of canned food in your kitchen?
· Bacteria like certain temperatures, as well. They don’t like too cold or too hot temperatures. So if you cook your food on the hot stove or keep it in the fridge, it will be safe to eat for a longer period of time. 
· Our body naturally produces bacteria
· Lactobacillus acidophilus can be present in yogurts and aid to the amount of good bacteria your body has. That is why some yogurts are marketed and considered probiotics, because it increases the amount of good bacteria your body produces.

III. The Milk:
Now it is time to make our cheese! What do you think our first ingredient will be to make our cheese? Correct milk!

Click >> Glass of Milk

Now where do we typically get milk from? A cow right! But are cows the only creatures to produce milk? Nope! We can get milk from other mammals as well! Goats, sheep, camels, yaks produce milk!

Presenter Holds up containers of sheep, goat, and cow milk containers

Even water buffalos produce milk. Has anyone ever had mozzarella cheese before? It is typically found on pizza! Traditionally, mozzarella cheese found in Italy is made from the milk of the water buffalo (mozzarella di bufala). Unfortunately, water buffalos are a little hard to come by here in Pittsburgh, so we are going to make our mozzarella from cow’s milk. 

We got our milk for today from the store and we currently have our milk poured out into this large pot here. We are using whole milk to make mozzarella cheese. 

Click >> Zoom in on parts of milk; water, fat, lactose and protein molecules

Milk is primarily made up of water, fat, lactose and proteins.     

Presenter holds up circular chain of snap and lock beads 

This circle here will represent our proteins that are in our milk. We will be using this protein throughout the show to demonstrate the changes it goes through as our milk becomes cheese!

Extra Science: 
· Home milk delivery from local dairies and creameries was a staple for many families in the 1950s and '60s. But as it became easier and cheaper to buy milk at the grocery store, and as processes were developed to extend milk's shelf life, the milkman began to fade into the past. Typically, when you buy milk from the store it goes through a process known as Pasteurization. (Make the audience repeat “Pasteurization”.) Pasteurization is the process of exposing food to an elevated temperature for a period of time sufficient enough to destroy certain microorganisms, like bad bacteria, that can produce disease or cause spoilage or undesirable fermentation of food, without radically altering taste or quality. When making mozzarella cheese at home you can use raw milk, unprocessed milk straight from the cow, or pasteurized milk from the store. However, you cannot use Ultra Pasteurized milk. That is because Ultra Pasteurized milk is heated too hot for too long, cooking off good bacteria you need to make cheese! 
· Milk is typically pasteurized with the HTST (High Temperature/ Short Time)-method, meaning that the milk was heated up to 161.5F for at least 15 seconds. You want to avoid buying UHT (Ultra-High Temperature) pasteurized milk for your cheese-making purposes, because it is heated up to 280F, which destroys natural enzymes in the in milk needed to make cheese. Even if a person purchases milk that is not ultra-pasteurized from the store, different milks can be heated to different temperatures to be considered pasteurized. All of these facets will affect the ability to make cheese. 
· Homogenization is an entirely separate process that occurs after pasteurization in most cases. The purpose of homogenization is to break down fat molecules in milk so that they resist separation. This means that the fat and the water are evenly dispersed throughout the milk. 
· Louis Pasteur was a microbiologist, biologist, and chemist who is best known to the general public for his invention of the technique of treating milk and wine to stop bacterial contamination, a process now called pasteurization
· Milk is considered a Colloid because it contains dispersed particles suspended in a medium
· 80% of the protein in milk is comprised of casein proteins. These proteins are involved in forming casein micelles which keep colloidal calcium phosphate more or less soluble in aqueous solution.  Calcium phosphate on its own is not very soluble in water, and these casein micelles have the important job of keeping calcium phosphate happily floating around in solution. This will be the focus of the show since this is what is used to make cheese.

IV. Citric Acid:

After you have the milk, the next step is to help it spoil, or ‘sour’, by changing the acidity. 

It is true that cheese can occur by milk spoiling naturally. In the good old days, milk could be left in the sun for a day or two and would begin to curdle. Unfortunately, along with producing good bacteria with this process needed to make cheese, we also get bad bacteria, which would make us sick. Instead, today we use chemistry and biology to begin the ‘souring’ process of cheese. 
There are two ways that you can sour milk to make different types of cheese. You can either add a starter bacterial culture that will eats the lactose, or sugar, in the milk, or you can add more acid to the milk.
Today we are going to add more acid to our milk. We will be adding citric acid to our milk to increase the acidity. We are also going to start heating our milk. I am going to turn the heat to a medium-low level. Now, we are going to need a volunteer to add our citric acid to our milk. 

It is best to choose an older volunteer or even an adult for this.

(Presenter calls up volunteer; make sure to offer them hand sanitizer.) We are going to pour the citric acid over the back of the spoon to aid in evenly dispersing it through the milk. Now, volunteer I am going to need you to gently stir the citric acid into our milk until it reaches 90°F on the thermometer. Just like this. (Demonstrate for volunteer.) Great work! 

Cooking: Turn on heat to a medium low temperature and add citric acid.

As A Presenter keep in mind while cooking...:

When you add the citric acid you will also begin the heating process of the milk. You want to heat the milk up to 90°F. Keep an eye on the milk so that it does not go over 90°F. make sure to check in periodically with the volunteer stirring the milk so that if it gets to 90°F before you anticipate, you may take the pot off the heat and add the rennet. You can explain this step of adding rennet to your audience without doing it in real time. Make sure to heat the milk slowly and on low-med heat. If you are long winded in talking, this especially applies to you. If at any point the milk heats to 90°F before you are done talking, take it off the burner and add the rennet. This process of heating should take between 5-8 minutes. 

Now, where can we find citric acid? That’s right citrus fruits! Our citric acid we will be adding to our milk is a powdered form dissolved in water which will alter the acidity of the milk.

Surprisingly, milk is already acidic.  Milk has a natural ‘bacterial culture’ called lactobacillales or lactic acid bacteria causing its acidity.  

(Hold up picture of lactic acid) It tolerates low pH environments.  How many of you have heard of the pH scale before? The pH scale is how acidic, basic, or neutral a substance is.

Click >> Red Cabbage pH Scale (highlighting where milk falls)
Demo: pH of Milk 

Switch camera to cue 8

To demonstrate how the pH of our milk changes when we add the citric acid, we have some milk. Can we have a volunteer to assist with this demonstration. (Choose a volunteer and welcome them to the stage.) Now today we are using Red Cabbage Indicator to show the pH of the milk. Volunteer, will you please pour this indicator into our milk. Have volunteer pour the red cabbage indicator into the milk. Excellent, now volunteer, what color did our milk turn? Solicit answer.

Correct! It is purple, and according to our pH scale that it is relatively acidic. Now here we have some citric acid. Watch what happens to the color of the milk when we add the citric acid. Instruct the volunteer to pour in the citric acid. Excellent! What did you notice? Solicit answer. Yes, it turned pink showing that the pH of our milk has lowered, or our milk has become more acidic! Give our volunteer a round of applause! 

Extra Science: 
· Milk has a pH of about 6.5-6.7 meaning it is slightly acidic, because it contains lactic acid. As you add acid to milk it begins to ‘sour’ and the acidity increases

· Citric Acid also helps to lower the pH of our finalized curd and allow for the mozzarella cheese to have a nice stretch. We want our mozzarella cheese to have a nice stretch to it because traditional mozzarella cheese is stretchy.
· Low acidity, will result in a cheese that stretches and melts well. Heating the milk and adding food grade citric acid to the milk helps to reduce the pH level to between 5.2 - 5.4, which is what you want when making mozzarella cheese. 
· When heating the milk very slowly and on a medium low temperature so it can heat up to 90°F. Slowly means taking about 5-8 minutes to reach 90°F. If we heat the milk too fast at too high of a temperature, we risk destroying the proteins and good bacteria in our milk already that we need to make our cheese. We also need to be sure to stir our milk very slowly

V. Curdling:
Click >> Clip of zoom into protein calcium
Now by adding the citric acid, we are beginning the coagulation process of our milk. (Make audience repeat “coagulation”.) That means that the milk is forming tiny thickened masses, or small curds.  Our milk is essentially curdling. Have you ever mixed orange juice and milk together? Or added lemon to a hot tea that already had cream? If yes, then you have experienced curdling, and we are going to recreate that today. To test this out, we are going to need a volunteer. (Pull up volunteer from audience.) Let’s give our volunteer a round of applause! 
Demo: Lemon Juice and Curdling Milk 

Switch Camera Cue to Beaker of Warm Milk
Here we have some warm milk, it is roughly about the same temperature of the milk we are heating now to make our cheese. We also have some lemon juice, a source of citric acid. Watch what happen when our volunteer puts lemon juice into the milk. (Direct volunteer to stir in the lemon juice for about 15-30 seconds and scoop up the coagulations with the spoon. Ask volunteer to make observations.) Take a look! Our milk has curdled right before our very eyes! Let’s give our volunteer a round of applause. 
Click >> Casein floating past milk globules 
The reason why this is happening is because, as we said earlier, milk is primarily made up of proteins, lactose, fat, and water. What causes the curdling is a special protein in our milk known as Casein. (Have audience repeat “Casein”). 
Click>> Protein losing Calcium and becoming a loose structure 
(Presenter uses snap and lock circle bead to demonstrate)
When we add the citric acid, our protein becomes a loose structure like this. (Presenter unlocks the beads to form them in one long loose chain.) These loose structures will release the calcium and float around in the milk in loose globs.
Now little microscopic groups of casein proteins are constantly present in our milk, floating around, without bonding or sticking together. 
(Check the temperature with the volunteer stirring the milk before moving on to the next experiment to have a gage of how much time you have before you have to add the rennet). To understand why this happens to our casein protein as it goes from milk to cheese we are going to use a set of magnets. We will also need a volunteer. (Choose an audience member to demonstrate how magnets work.)
Click>> Video of Milk-Casein Floating

Demo: Magnet
Welcome volunteer! I am going to hand you one end of our horseshoe magnet. These magnets will represent our casein proteins in relation to the water in our milk. Now, these little groups of casein proteins are all hydrophobic. (Have audience repeat Hydrophobic.) Hydrophobic means that they repel water, so they push away from the water part of the milk constantly, like when you try to stick the same poles of a magnet together. (Instruct volunteer to try and put opposite end of their magnet to yours) They repel away from each other. Now, when we add our citric acid, it causes the loose proteins to become hydrophilic. (Have audience repeat hydrophilic) This means that the casein proteins now mix well with water, and they begin to bond and clump together. They act more like when you try to stick the opposite poles of a magnet together. (Demonstrate with volunteer) Voila!  Eventually large enough clumps form and we can see the thickened masses of coagulation! Let’s give our volunteer a round of applause!
Cooking: Wait for the milk to reach 90°F. Pull milk off of the heat and add in rennet. If not at 90°F presenter should take over the cooking. 
Check in with Volunteer stirring Citric Acid in milk. It should be at 90°F, if not close to. It is important that the milk does not heat over 90F. Volunteer, how is the milk heating up? Excellent it is at 90°F! Great work! Let’s give our volunteer a round of applause!
Extra Science:

· Hydrophilic and hydrophobic and charges of casein proteins- casein micelles are not only negatively charged, while they are present in milk, but they are also hydrophobic, meaning they repel water. When you add the citric you are changing the charge of the casein micelle from negative to neutral, causing the casein protein to become hydrophilic, or allowing them to mix well with water, and the micelles begin to bond together. Great Info Visual for Casein: https://www.youtube.com/watch?v=g2N1eZPOcCk 

· About 20% of the proteins in milk are soluble in water; these are called whey proteins because when we curdle milk these proteins remain as a yellow liquid, or whey.  

· The proteins found in milk are 20% Whey Protein and 80% Casein Protein

· Whey Protein is the same protein that many people into physical fitness buy in a powdered form to put in their smoothies. 

· By lowering the pH of milk (whose native pH is about 6.7- slightly acidic), we can change the charges on the casein proteins that help them to associate with the calcium phosphate particles.  Calcium phosphate is also more soluble at lower pH, so by adding acid we start to dissolve some of the calcium phosphate particles into their ionic components.  These two effects of adding acid (1-weakening the interaction between casein and colloidal calcium phosphate and 2- dissolving the calcium phosphate), we start to break up the structure of the casein micelles and the caseins begin to aggregate.

VI. Rennet:

Now that our milk is heated up to 90°F, we are going to remove our pot from the heat, and add our liquid rennet. When adding the rennet, we are going to pour it over the back of the spoon, just as we did for the citric acid, to make sure it is evenly dispersed. It is very important in this step not to over stir your rennet into your milk. If you do, you will actually be working against the rennet and it will produce a weaker curd, or the curd will fall apart easier. A weaker curd will produce less flavor. Cheese is all about the flavor! You are going to want to stir no longer than 20 seconds (About 5-10 spoon flips). 

Extra Science:
· A cheese making technique is to do ‘Top Down Stirring’ which is when you pull the milk from the top all the way to the bottom and from the bottom to the top which you can see happening up on our monitors. Again this aids in making sure your rennet is evenly dispersed through the milk and to not over stir your rennet. 

At this point, we just want to have our milk sit for about 15 minutes or longer, allowing the curds to form and set fully. When that is done we will be able to cut the cheese. 
Cooking: Allow curds with rennet to sit undisturbed for minimum 10-15 minutes.  Set timer if needed.
Now, what is rennet? Rennet is an enzyme. (Have audience repeat enzyme) Enzymes are natural substances that lower the energy levels needed for chemical reactions, thus making them happen more readily (they are catalysts). Rennet causes the milk to form a semi-solid mass by helping the smaller curds form a larger curd. The yellowish liquid that remains is known as the whey.

Click>> Molecular cheese structure/bonding

Demo: Enzyme and proteins
Let’s go back to our casein protein to see what it happening. When we add in our rennet to the loose casein proteins, a section of the protein known as kappa-casein will be removed (presenter removes yellow beads from the middle). Since this part of the protein is helping to control the size of the curds that had formed after adding citric acid, once this section is removed the remaining protein will cause the smaller curds to clump together (presenter magnets together the two remaining pieces of the protein as well as two pieces from “another protein”). During this process, calcium will be trapped inside the curd making cheese high in calcium.  The kappa-casein then moves away to the whey!

Extra Science: 
· There are several different types of casein.  Alpha- and beta-caseins surround colloidal calcium phosphate particles in the interior of the casein micelles.  These caseins also like to stick to each other in a weak hydrophobic interaction.  The collective mild stickiness of these hydrophobic interactions helps keep the micelle together, but it also means that the alpha- and beta-caseins, as the word hydrophobic implies, do not like being around water. Therefore, if only beta-caseins were in milk, they would form huge, weakly interacting micelles in an attempt to stick to each other instead of being stuck floating around in gross icky water, and the consistency of milk would be more gel-like than liquid.

· This is where kappa-casein comes in.  Kappa-casein attaches itself to colloidal calcium phosphate particles just like alpha- and beta-casein does.  However, the ends of kappa-casein that stick out from the calcium phosphate particle are hydrophilic, unlike the hydrophobic ends of alpha- and beta-casein.  Due to the hydrophilic nature of kappa-casein, the calcium phosphate particles that have a lot of kappa-casein on them like to be on the outside of the casein micelle and exposed to the water in the milk.  This keeps the size of the micelles under control because the kappa-casein defines a clear outside border to the micelle, and it also keeps the micelles soluble in water, the main component of milk.  Keeping milk liquid is very important when you consider the method of delivery (sorry to be graphic but milk has to flow through a pretty tiny opening in the udder in order to get to its intended consumer).

Now there are typically two categories of rennet. 

Click>> Cow animation and plant animation 

Rennet can come from an animal to make animal rennet or vegetable rennet. Animal rennet gets enzymes from a baby calf’s stomach. 
Vegetable rennet on the other hand, is rennet extracted from a mold. Typically, vegetable rennet is used by people that do not want to use any animal products in their cheese making process, other than the milk. In other words, it is vegetarian friendly. We used vegetable rennet today to help make our mozzarella. 

Extra Science: 

· A baby calf still drinking its mother's milk will produce the enzymes needed to digest their mother's milk. The animal rennet enzyme comes from the part of the calf's stomach called the abomasum.

· The active component of rennet is chymosin, a digestive enzyme that cuts between two specific amino acids in exactly one protein and that protein is- you guessed it! - kappa-casein.  By cleaving at this one point in kappa-casein, chymosin destroys the hydrophilic portion of the protein that underlies its primary function of controlling the size of casein micelles and keeping them separate from each other.  This leads to the aggregation of micelles, causing the milk to curdle and encouraging the formation of curds, which is great for the calf, and also great for us!
· The rennet that we use in our show comes from a fungus that has been genetically modified to produce calf chymosin.  
· Here is a fun and illuminating excerpt from the Wikipedia article on chymosin and its place in the history of commercial genetically modified products: FPC [Fermentation-Produced Chymosin] was the first artificially produced enzyme to be registered and allowed by the US Food and Drug Administration. In 1999, about 60% of US hard cheese was made with FPC[12] and it has up to 80% of the global market share for rennet.[13] By 2008, approximately 80% to 90% of commercially made cheeses in the US and Britain were made using FPC.[10] Today, the most widely used Fermentation-Produced Chymosin (FPC) is produced either by the fungus Aspergillus niger and commercialized under the trademark CHY-MAX®[14] by the Danish company Chr. Hansen, or produced by Kluyveromyces lactis and commercialized under the trademark MAXIREN®[15] by the Dutch company DSM.
· Vegetable rennet is a Microbial rennet, is a tiny microorganism that typically aids in fermentation. People have been experimenting for thousands of years to make rennet from plants like barks of fig trees and even the flower of thistles.  
· Now most people believe that cows have 4 stomachs, but actually cows have 4 chambers to their stomach and only one true stomach.
· The rennet that we have comes from a mold that is engineered to produce the calf version of rennet- i.e. chymosin- a fun innovation of modern biotechnology.  Other plant-based coagulants use different mechanisms to coagulate milk.  Chymosin is really special because its sole evolutionary purpose is to coagulate milk so that the calf can digest it- it also does the job incredibly well and probably much better than vegetable-based rennets that just happen to coagulate milk. 
· Traditionally cheese is made from animal rennet. Most aged cheese like Havarti, and artisanal cheeses like manchego use animal rennet. 
· Many traditional and artisan cheese makers do not use vegetable rennet because they feel that as the cheese ages the vegetable rennet give the cheese an unwanted bitter taste. We are able to not experience the bitterness of vegetable rennet because our mozzarella cheese is eaten within days of production. 
· Now rennet can also be found in three different forms; powder, tablet, and liquid. We use liquid rennet to make our cheese here at the Science Center. Liquid rennet is great for making small adjustments for your cheese making process, for instance if you wanted to make a half batch of cheese instead of a whole, or adjust the amount of rennet for the type of cheese you are making. 

VII. Different Types of Cheese:

Now after adding the rennet, we have essentially added all of the key ingredients necessary to turn our milk into Mozzarella cheese. What about other cheeses though? Not all cheese making processes are identical, but they do all follow a certain formula. 

All cheeses start with the same base: milk, but the type of milk will affect the type of cheese. A cheese made with sheep's milk will be different than goat’s milk or cow’s milk. Even raw farm fresh milk will differ than store bought milk in your end cheese product. 
After milk, there needs to be a starter culture or an acid added to help sour the milk and begin coagulation. That is where our citric acid came in, however other cheese making methods may use starter bacteria’s. Different bacterial cultures can be added to give cheese its different and unique characteristics. For instance, Swiss cheeses, like Emmental, have holes because the bacterial culture released carbon dioxide gas. Presenter holds up example of Swiss cheese. 

Next comes creating the curd and separating from the whey. The smaller the pieces that the curds are cut into or the more heat added for longer periods of time, the more whey is released. The smaller the curds and the more whey produced, will produce a harder cheese, like Cheddar. Presenter holds up Cheddar, or other hard cheese model. 
After the curds and whey are heated to its appropriate temperature, the whey is drained off, and the cheese will go through a ‘pressing process,’ to drain off extra whey. If a cheese goes through a gentle pressing process, it will produce a soft or a semi-hard cheese, like Manchego. Other cheese, like Asiago, Fontina or Emmental, are pressed firmly producing a hard cheese. Presenter holds up model of semi hard cheese, Edam.
Depending on if you are eating fresh cheese or aged cheese will change how they are stored. Fresh cheese, like our Mozzarella, can be eaten right away, where aged cheese will be stored in different ways for a certain period of time. 

Other cheese, like Blue cheese or Gorgonzola, get their blue veins from penicillium mold that form during the cheeses aging time. The mold culture is added at the beginning of the cheese making process when the bacterial culture is added. Presenter holds up blue cheese model.
Each aspect of the cheese making process attributes to a cheese’s uniqueness. 

Demo: Flaming Cheese Demo 
Just as each cheese is unique different cheeses will melt differently? No? Well, I have a REALLY fun way to prove that it is true. We are going to light cheese on fire!
Presenter puts on safety goggles and moves camera to cheese demo.
I have two slices of cheese in this pan: a slice of natural cheese and a slice of processed cheese (the kind that usually comes in plastic bags). You might be thinking: wait, processed cheese is not really cheese! Well, it is! Processed cheese was invented about 100 years ago, and it is made from cheese plus additives and emulsifiers. Emulsifiers are substances that coat the oils and prevent them from sticking together. As I am heating this slice of processed cheese, you can see that it is melting smoothly; it is glossy and it keeps its shape. That is because of the emulsifiers.

As I am heating up this slice of natural cheese, you will be able to see how differently it melts. Can you see the difference? Yes, it bubbles up and crisps up like chips. And there is this liquid oozing out of it. Who can guess what this liquid is? Yes, it is fat dripping off of it. 
As you can see different cheeses are going to melt differently based on what they are made of. 
Extra Science:
· When our curd is set we cut it using a knife, however, in a more commercial setting, curds are cut using tools that look like rakes. 

· After the cheeses are pressed and molded, they are stored. The area that it is stored in will affect the type of cheese and its taste as well. This is known as the maturation time. During the maturation time, the distinct flavors of cheese begin to form. This is attributed to the bacterial cultures added at the beginning of the cheese making process, which will continue to break down the sugars in the milk, as well as the humidity and temperature in the room that the cheese is kept to mature. Some cheeses are aged for a few months, while others can age for years. Mozzarella, is a fresh cheese, so there is no need for a maturation period. 

· Even the way in which cheeses are packaged affect the taste of the cheese. Some cheeses, like edam, are covered in a wax, while others like brie are sprayed with a mold. Others are soaked in alcohol or covered in plants leaves.
VIII. From Curds to Cheese:

Now at this point it appears that the curd has begun to form. What you are looking for is for the curd to take on a look similar to that of custard.  A way to check and see if your curd is ready is to take a long knife and see if the curd appears to pull away from the side of the pot. Presenter runs knife along the side of the pot, if that is successful, it is a good sign. This shows that the curd has formed its own mass separate from the whey. Another way to test your curd is to put the knife in the center of the curd. If you are able to sway your knife back and forth, and the curd is able to push up against the knife, that is another sign that your curd is ready to cut. Another good sign that your curd is ready, is if when you pull your knife out there is a distinct knife line left behind.

Cooking: Check the curd. If the curd appears to take on a look similar to that of tofu or custard, the curd is ready to cut. If your curd still looks weak that is ok. You can heat up the curds after the show to strengthen them. The cutting is good to demonstrate.

After the curd is heated up and had appropriate time to strengthen, it is time to separate the curd from the whey. The next step involves draining off the extra whey. What we are going to do is remove our pot from the burner and with a slotted spoon scoop out the curd into a colander. While gently pressing the curd, the whey will continue to run off. Because this step is a little messy, we have already pre drained and pressed our curds right here! Presenter switches camera cue. 

The next step involves heating the curds to turn them into mozzarella cheese! There are two ways to do this! Traditionally, mozzarella is put into a hot water bath full of salt.  Because this process can be a little time consuming, we are going to use a more modern method to heat our curd. We will use a microwave!

Cooking: Presenter microwaves the curds for 30 seconds at a time and strain.

I need to heat these curds up to about 135°F. I will place the curds into the microwave for two- 30 seconds increments, check its consistency, and then 15 seconds at a time. After each time, I will strain the whey coming out of it over the sink. You want those curds to be as dry as possible to make mozzarella. 

Extra Science: 

· The whey that is separated from the curd is heated up to 185°F and salt is added. Slowly, small masses of the curd are added back to the whey-salt bath for about a minute. After a minute the curd is taken out from the bath and kneaded and stretched by hand. The mozzarella cheese is ready when the curd can be formed into a ball and has a shine to it

· Salt is added to the water bath traditionally to give the cheese extra flavor. In our show we add cheese directly to give it the extra flavor.

For the Presenter: Pick 2-3 facts to discuss while heating cheese; it should take the appropriate amount of time to heat the cheese and dissolve the salt.

Cooking: Just before the last 15 seconds add salt and spices (optional) so they dissolve into the cheese.
1.Talk About Favorite Cheese:
While the curds are heating up, let’s talk about your favorite types of cheese and your favorite foods that are made with cheese! (Solicit answers.) 
2.Origins of making cheese and making cheese at home:
Now that we have talked about how to make mozzarella cheese, I need to ask you a very important question. Why did people start making cheese? (There is scientific evidence that people have been making cheese for 8,000 years.) (Solicit answers.) Well, let me tell you a cool story. Let’s imagine that you are all shepherds 8,000 years ago, and you have a lot of goats and sheep. You have more milk than you can drink at once, so you need to figure out a way to store it. Can you put the milk into plastic jugs and pop them into a fridge? No! People in the past used pouches made of animal parts like stomachs to store liquids in. It is likely that somebody stored milk in a calf’s stomach and it turned into curds. And that is how many people think the first cheese was made. Whether this story is true, I have no idea. One thing is sure, though. People needed to conserve their supplies of food and you can keep cheese longer than milk. Thus, people had food to eat for a longer period of time. 

And talking about conserving our food supplies… You do not need to throw away the whey when you make mozzarella cheese. You can use the whey to make ricotta cheese (Fun fact: ricotta means cooked twice in Italian)! All you need to do is to heat up the whey to 200°F, and scoop off the ricotta from the top of it. 

3.Lactose intolerance:
What is lactose intolerance? Who can define it? (Solicit answers.) Well, you are on the right track. People with lactose intolerance have a hard time when they eat dairy products, but it is not an allergy (milk allergy is when a person has a reaction to the proteins in the milk). People with lactose intolerance have a hard time breaking down the milk sugar, or lactose. Not all hope is lost for people that have a sensitivity to lactose. Different cheeses have different amounts of lactose. Hard cheeses that go through a longer aging and drying process, like Parmesan, Cheddar, or Swiss, are low in lactose, while cheeses that are soft, like Brie, Cottage Cheese or Mozzarella, are high in lactose. There are also many dairy free cheese alternatives available for purchase. Check your local grocery store or specialty store!

4.Raise your hand if you think cheese is healthy!
Yes! If eaten in moderation, cheese is an excellent source of high-quality protein. It is low in carbohydrates and high in minerals such as calcium. The daily recommended amount of cheese to eat is about 1 oz., or the size of two dominos. (Presenter holds up dominos as a representation. It is just a reference as some cheeses weigh more or less.)
5.Stretching the Mozzarella 
One of mozzarella’s unique cheesy characteristic is its ability to stretch and string. How many of you have had string cheese before? String cheese is typically made from mozzarella cheese! The way in which mozzarella obtains its unique stretchy quality is by heating and stretching the melted mozzarella curds! Typically, just as I am doing here, you will knead and fold it. Little by little, you should be able to stretch the hot curd farther and farther. If the curd starts to tear at all, that is a sign that the curd has gotten cold, and will need heated for a short amount of time. Keep in mind though, the more you heat the mozzarella curd, the more flavor your cheese will lose. Also if you continue to try and knead cold curds, it will give your cheese more of a rubbery texture and not a creamy texture, which is the goal. 

6.Storage of Fresh Mozzarella Cheese
Now homemade fresh mozzarella cheese like we are making today can store for up to 10 days in the fridge. If you are not planning on eating the mozzarella you have made right away, you can cover your mozzarella with cold tap water and store it in the fridge for 3 hours. After 3 hours the mozzarella will have firmed up because of the cold water and fridge temperature, and can be taken out of the water and stored in a sealable Tupperware container. If you are worried the cheese will dry out, you can wrap it in plastic wrap as well to keep them moist. 
Cooking: Presenter finishes off the recipe by stretching and kneading the curd into cheese. Form cheese into a ball. Cut and serve!

Now that the curds are really dry and they are starting to become nicely melted together, and stretch, we can add our final ingredients: Cheese Salt! Cheese Salt is non-iodized salt. Iodine inhibits bacterial growth, and as we said, some types of cheese want bacterial growth for flavor! (You can experiment with different spices; we made delicious chipotle flavored mozzarella)
You can see it on the screen that I am kneading the ingredients into the cheese and when I pull the cheese apart it becomes stringy, like when you are eating pizza. This is the texture we are looking for. I will microwave the cheese one more time to help our cheese salt dissolve; and cut it up to serve it to you as samples. (Fun fact: “mozzare” means “to cut” in Italian.) 
And viola! Mozzarella cheese! Mangia Mangia! 

IX. Samples:

Before we hand out samples we have a few rules about our samples…

We will begin to line up SINGLE FILE when I give the OK!  You will need to grab your sample cup and a napkin.

How many fingers am I holding up? (Hold up 1 finger so the audience knows they each only get one sample today!) Yep!  Each of us only gets one sample for today!
Bring the sample cup back to your seat!  Please eat your sample in the Body Stage.
When you are finished, please throw your trash away in one of the trashcans located in the theater.  Grey is for trash and blue is for recycling. 
Wonderful. Let’s have a round of applause for our amazing audience today! If you have any questions, please let me know!
And now it is time to get your samples, you may politely stand up and begin to form a line at my serving counter to your left.  I will meet you there. (If a larger rowdy group (or school group), please have group line up row by row, or have a chaperone assist in crowd control!) 
If you want to try this recipe at home, you can find it on our website: www.carnegiesciencecenter.org. You can get the ingredients online or order in grocery store chains. OR you can cheat: buy the curds already made at specialty stores; store them in your freezer and make mozzarella as you need it.

Thanks for joining us in the Body Stage presented by Allegheny Health Network! I hope you have a great rest of your day here at Carnegie Science Center (
To finish the cheese after the show:

1.If the curd does not seem ready to cut your curd may just need 15-20 more minutes to form. If you are purchasing store milk to make your mozzarella cheese, all store milks can be heated to different high temperatures for pasteurization. This will affect the time needed to form the curd. The freshness of your milk will also affect the time needed to form the curd. It is always good to use milk that is fresh rather than waiting to the sell by date. 
2.Mozzarella is a soft stretchy cheese; the curd does not need to be cut too much. We cut 4-5 lines down all the way down to the bottom of the pot, and then 4-5 lines across, creating a checkerboard pattern. Now at this stage the curd is still weak. To strengthen the curd, we would put it back on the stove and continue to heat it on medium heat up to 105 degrees F. This will allow the curd to shrink slightly so that the grid pattern you created will become more defined.

After your curds have cooked and strengthened them you are going to want to push your curds, and not stir them. If you stir them too vigorously this may cause your curds to break. Breaking the curd will cause a loss in flavor.  
3.Once the curds are ready drain them from the whey and place in a microwavable bowl. If there is another cheese show within the next 3 days, store in the fridge by covering with saran wrap or foil and labeling with the date the curds were made. If there is not a show within the next 3 days, the curds can be made into cheese for presenter enjoyment.

Extra Extra Science:
· Top 3 most common optional milk additives. All are diluted with water and added to the milk BEFORE adding the rennet in step 2.
· Calcium Chloride: This is commonly used when using pasteurized milk. It helps the milk protein strengthen its bond which will ultimately help get a stronger curd formation.
· Annatto: Used to give cheese a yellow to orange color. This all, of course, purely aesthetic. Some milk will naturally develop a yellow color over time.
· Lipase Powder: Lipase powder sharpens the taste of the cheese. Lipase is an enzyme that helps break down fat molecules over time, which created flavor. 
· Here are a few images that will hopefully help illustrate the casein micelle:
· To the left is an electron micrograph of a casein micelle. 
· [image: image1.png]



· To the right is an electron micrograph of what happens to the micelles when you curdle milk
· [image: image2.png]



· Micelle diagram: 
· A: submicelle
· B: protruding chain
· C: calcium phosphate
· D: kappa casein
· E: phosphate group
· [image: image3.png]
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