Impact of protein modification – designed functionalities as food ingredients
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Whey proteins are added to foods for a variety of functional reasons in addition to their excellent nutrition (Foegeding et al., 2002).  In two-phase systems such as foams and emulsions, they aid in formation and stability by adsorbing at the interface.  In gels and films, they interact and form a network that provides the respective texture or barrier properties.  Lastly, in beverages, they can contribute viscosity and opacity.  There are some applications where the inherent properties of native whey proteins are enough to provide sufficient “functionality” alone.  However, if one wants to expand the breadth or degree of functionality, modification is required.  The primary structure of whey proteins can be modified by hydrolysis or deamidation.  Another approach is to covalently attach another molecule, such as a carbohydrate via enzymatic or non-enzymatic glycosylation.  Carefully controlled heating under low ionic conditions produces soluble aggregates (e.g., whey protein polymers) that have unique functional properties.  Finally, whey proteins can be combined with other macromolecules (proteins or polysaccharides) to create an ingredient with unique functionality.  Examples will be discussed that illustrate some of the opportunities and challenges in designing functionality.
Angel food cake is an application that allows for testing of several functional properties.  First, a sugar-containing foam is made and this shows foaming ability and stability.  Second, flour and additional sugar is blended into the foam to form a batter, and the fluid batter baked to produce a solid cake.  This wet-dry foam conversion requires thermal stability provided by the proteins.  A comparison of angel food cakes made with egg white or whey protein shows that egg white proteins are more effective in maintaining stability throughout the process such that a fine structured cake is produced.  Foam “stiffness” is one of the key characteristics of protein foams as evident in culinary practices calling for different “peak stages” in foam preparation.  The stiffness of a foam is determined quantitatively as yield stress.  We have shown that egg white foams have yield stress values that are about double that of whey protein foams (Pernell et al., 2000).  Extensive hydrolysis of whey proteins causes almost a two-fold increase in yield stress and does not alter foam volume (Davis et al., 2005).  Clearly, hydrolysis is a way to improve foaming properties of the wet foam; however, it had no effect on improving cake properties.  In this case, functionality was a two-component process and hydrolysis improved stiffness of the wet foam but the heat stability remained low.
Another area for improved functionality is in beverages.  When whey proteins are heated at neutral pH, they denature and aggregate, forming either soluble or insoluble aggregates.  It is desired to form clear beverages at as high of protein concentration as possible.  In this application, addition of other macromolecules can control the aggregation process. Using dextran sulfate as a model anionic polysaccharide, it is shown that solubility and optical clarity is improved when small amounts of polysaccharide are added, and the proper amount of polysaccharide will depend on solution pH.  Another approach is to add a protein that has molecular chaperone properties.  Bovine-casein has been shown to possess chaperone-like activity.  Heating (70 to 90°C) 6% -lactoglobulin at pH 6.0 produces an opaque fluid.  However, a mixture of 2% -casein and 6% whey protein inhibits the aggregation process, thereby producing a relatively clear solution.  
In conclusion, whey protein can be modified to improve functionality and each modification should be designed for a specific functionality.  Moreover, rather than direct modification of whey proteins, combinations of whey protein with other macromolecules offers a simple way to make a highly functional ingredient.
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