FSTC 313

FOOD CHEMISTRY LABORATORY

Lab #4: Proteins
1. Introduction
Proteins are used extensively in the food industry for their functional properties, such as gelation, foaming, and viscosity, as well as for their nutritional properties.  Physical, chemical, and nutritional properties of proteins vary, depending on their source and treatment.  Protein isolates are generally about 90-95% protein by weight, while protein concentrates are about 50-70% protein.  Soy and milk are common protein sources for the food industry. Proteins are also used as food ingredients in the form of products such as whole egg, egg yolk, egg albumen, whey solids, nonfat dry milk, etc.  Industrial methods used in the preparation of isolates and concentrates are generally based on differences in solubility as a function of pH and ionic strength of their environment.  Further purification is often done using size exclusion techniques, such as ultrafiltration.  Additional separations often used on a laboratory scale involve chromatographic approaches based on differences in particle size, density, charge, polarity, hydrophobicity, and/or specific chemical characteristics.  
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The influence of pH on protein solubility is due to its overall charge. Similar to the amino acids that comprise protein, protein itself can be either positively or negatively charged overall due to the terminal amine -NH2 and carboxyl (-COOH) groups and the groups on the side chain. It is positively charged at low pH and negatively charged at high pH. The intermediate pH at which a protein molecule has a net charge of zero is called the isoelectric point of that protein. In general, the net charge on the protein, either positive or negative, can interact with water molecules, meaning that it is more likely for a protein molecule to dissociate itself from other protein molecules, thus, more soluble. As a result, protein is the least soluble when the pH of the solution is at its isoelectric point. 

Casein, the principal group of milk proteins, is precipitated from milk in isoelectric form by adjustment to pH 4.6 or lower.  Casein may also be separated from milk by the action of the enzyme chymosin (rennin), which renders casein susceptible to precipitation in the presence of Ca2+.  The remaining soluble proteins after removal of caseins are the whey proteins. These hydrophilic proteins may be precipitated by heat denaturation in the presence of acid, or by high salt concentrations.  Whey proteins are also subjected to further purification in industry using ultra-filtration or electro-dialysis processes that remove salts and lactose.  

2. Objectives
a. To illustrate the effects of pH on protein solubility.
b. To provide a better understanding of the isoelectric point of a protein.
c. To examine the influence of salt addition on protein solubility.
3. Materials
· Skim milk.

· 1.0 M HCl
· 1.0 M NaOH

· Small beakers, stirrer
· Distilled water
· Solid ammonium sulfate

· pH meter
4. Methods

1. Weigh skim milk into a medium sized beaker (~50 mL). Heat the skim milk to approximately 40°C. Adjust the pH to between 4.4 and 4.6 by slowly adding 1.0 M HCl, stirring constantly. 
2. Separate casein from whey by transferring to a pre-weighed 50 mL Falcon tube and centrifuge for ~5 minutes. Your TA will help with the centrifuge. 
3. Pour off the whey (upper layer) into a second beaker (save it for later). The whey contains whey proteins, lactose, and salts. Retain any insoluble solids in the Falcon tube.
4. Re-weigh the solids (isoelectric point precipitated casein) in the tube and then add these solids back into the original beaker. Calculate the amount of hydrated casein.
5. Suspend the casein curds in ~50 ml of distilled water.  Slowly and drop-wise, add 1.0 M NaOH with continuous stirring, until the pH is constant at 7.5.  Note your observations and give a brief (chemical) explanation. Observe changes during the process.
6. Take the whey you saved from step 3 (pH ~4.6, ~50 mL), and add a magnetic stirrer. 
7. Weigh ~30 grams of ammonium sulfate (enough to provide 90% saturation of the sample).

8. Slowly (and we mean SLOWLY….TAKE YOUR TIME….G-O…..S-L-O-W) add HALF of the ammonium sulfate to the whey with constant stirring over about 5 min. This concentration will “salt out” the majority of the whey proteins.   
9. Add the whey to a pre-weighed Falcon tube (wash out the same tube) and centrifuge for ~5 minutes. Record your observations. Use the marks on the tube to record solids versus liquids. 
10. Shake well and add the whey back to the beaker.

11. SLOWLY add the remaining ammonium sulfate (yes, SLOWLY) to the whey over ~5 minutes and repeat the centrifugation. 

12. Pour off the supernatant (protein-free whey) and weigh the residual protein precipitate. Discuss your observations. 

13. Note: Try to remove as much water from the tubes as possible prior to weighing. I.e. dry the outside, the rim, weigh consistently before and after. 
5. Some key points for your reports:
1. Calculate the protein yield of casein and whey proteins and compare your yields with values reported in the literature. Do your values agree or disagree with those in the literature? Why or why not (keep in mind that you have hydrated proteins, not dried proteins).
2. Define the concept of “isoelectric point”. According to your results, what is the isoelectric point of casein? What happened to casein at higher pHs?
3. What is “salting out”?, why did we choose to “salt out” the whey proteins instead of just adjusting the pH?
4. You just took a job with Protein USA, a major supplier of all forms of protein to the food industry. Your supervisor assigns you to a project for Nestle USA, one of the world’s largest food companies, and their most important customer. Nestle is developing a new variety of Lean Cuisine entrees, targeted to vegetarian consumers, and are interested on using soy as the major protein source and are thinking about buying from your company. However, your Nestle customers want to know more about the basic principles behind the soy protein isolation process, the major functional properties of your protein isolate, and their potential applications (eg. meat replacers, textured foods). 
