THE EFFECT OF EMULSIFIERS ON PROCESS CHEESE

Adapted from Experiments in Food Science, Institute of Food Technologists

INTRODUCTION

Cheese is one of the oldest manufactured foods known to man. Our ancestors at least as far back as the time of Abraham, took advantage of the fact that cheese spoils less readily than milk. Process cheese is made from a blend of cheeses with added emulsifying salts. These salts keep the fat from separating from other solids during heat treatment with the advantage that cheese slices and spreads with varying firmness and melting properties can be produced.  For example, some cheese spreads are designed to melt readily, so they can be microwaved and poured over vegetables, while some cheese slices are designed to resist melting, so they don’t run off your hamburger.  

PURPOSE

In this experiment you will investigate the use of emulsifying salts in making process cheese and their effects on the melting properties of cheese.

MATERIALS

500 g of cheese, sodium phosphate dibasic (Na2HPO4), blender (or a cheese grater and bowl), Bunsen burner, double boiler (or two beakers - one 500 ml., the other 250 ml.), glass stirring rod, thermometer, cheese molds (paper hot cups or popsicle molds), cork borer (or apple corer), knife, cookie sheet, oven.

PROCEDURE

1. Your instructor will provide you with about 500 g of medium Cheddar cheese.
2. Cut the cheese into small pieces (about 1 cm cubes) and grind it in the blender at low speed. If you don’t have a blender, grate the cheese into a bowl. Divide the ground or grated cheese into five approximately 100 g batches.
3. To four batches add 0.5 g, 1 g, 2 g and 4 g of sodium phosphate, respectively. This will make the percentage of sodium phosphate in each of the samples approximately 0.5%, 1%, 2%, and 4%, respectively.
4. Heat the untreated batch of cheese in the double boiler to 66°C (150°F). If you don’t have a double boiler, ask your teacher to show you how to rig a double boiler arrangement with the beakers. Stir the samples with a glass stirring rod, but not with a glass thermometer. When the batch is melted, pour it into a mold and set aside to cool.
5. Repeat the process with each of the four treated batches. Stir well during melting to be sure the sodium phosphate is well mixed into the batch. Also be sure to clean the cooking pan or beaker after each batch. 

6. Remove each batch from the molds. Using the cork borer (or apple corer), cut a cylindrical sample from the middle of each batch. Observe and record any differences in the appearance of the interior of the process cheese samples.
7. Trim each sample cylinder to about 2 cm high. Set the five samples on end on a cookie sheet and place the cookie sheet in a moderate oven (about 177°C or 350°F). Examine periodically (about every minute) and note the differences in melting characteristics among the samples--speed of melting and appearance after melting. The total time in the oven should be 10-15 minutes.

CAUTION: Unless the sodium phosphate is of food quality, the process cheese samples should 
        not be tasted.

DATA

Construct a table in your notebook similar to the one below and note the texture and melting characteristics.

	Amount of Sodium Phosphate
	During melting
	After Coring
	During Heating

	None (control)
	
	
	

	0.5%
	
	
	

	1.0%
	
	
	

	2.0%
	
	
	

	4.0%
	
	
	


QUESTIONS

1. What is the purpose of using sodium phosphate in process cheese? 
2. Which of the reheated cheese melted quickest?
3. Which of the cheese samples melted with no curd showing? Which with the most?
4. Which level of Na2HPO4 would be the best to use in making process cheese?

PROBING DEEPER

Consider the following questions and then read the next section to learn the answers.
1. What is the approximate proximate analysis of Cheddar cheese? 
2. What kind of protein is present in cheese?
3. What is an emulsifier?  Why is phosphate referred to as an emulsifying salt?
4. What do Cheddar cheese, billiard balls, buttons, World War II mosquito bombers and television screens have in common?

PROBING DEEPER: DISCUSSION

Cheese making is a means to concentrate and preserve milk fat and protein. In the process of cheese making the principal milk protein, called casein, forms a gel which encloses the milk fat and the water.  During cheese making most of the water is removed as whey leaving a concentrated food containing, in the case of Cheddar cheese, about 37% water, 25% protein, 32% fat and about 6% ash. This is referred to as the proximate analysis.  For more on cheese making check out:  http://www.foodsci.uoguelph.ca/dairyedu/home.html
Cheese is a type of emulsion.  A working definition of an emulsion is a semi-stable blend of an oil with a watery (acqueous) s. For example, you can make mayonnaise by blending oil, water, vinegar and egg yolk.  Egg yolk acts an emulsifier, mainly due to its content of phospholipids (one phospholipid you may be familiar with is lecithin, the principal ingredient in cooking sprays).  As the ingredients are blended, the oil forms numerous small droplets which become coated with emulsifiers from the egg yolk, so that interaction between the oil and the water is prevented. This process is much like washing grease off your hands with soap.  Ask your teacher or “google” about emulsifiers and surface active molecules.  Now back to process cheese.

Process cheese is basically melted cheese, which has been poured into molds or shaped into slices. During heating and blending the cheese emulsion may destabilize causing the fat to separate.  Emulsifying salts such as sodium phosphate are added to prevent fat separation and help create a smooth creamy texture. These salts are soluble in water and do not react with oil, so on their own they are quite useless as emulsifiers.  However, these salts participate in an ion exchange reaction with the milk proteins (caseins) to convert calcium caseinate to sodium caseinate.  Sodium caseinate is an excellent emulsifier; it also helps create a smooth elastic texture and a shiny appearance.  In its purified form, sodium caseinate has many industrial uses such as airplane glue, buttons, billiard balls and protective glaze for TV screens.
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