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INTRODUCTION

The utilization of proteins in food for nutritional and functional purposes goes back many 
centuries, but the relationship between structure and function has been given close atten-
tion only during the past 30–40 years (Owusu-Apenten, 2004). Numerous studies and many 
reviews have contributed to gaining an understanding of precisely how proteins act in a 
complex food system and how their structure and function are altered by the other ingredients 
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in the food, its intrinsic properties, and its processing. These include Anfinsen (1972), Kinsella 
(1982), Nakai (1983), Mulvihill and Fox (1987), Mangino et al. (1994), Zayas (1996), Li-Chan 
(2004), Luyten et al. (2004), Owusu-Apenten (2004), Turgeon et al. (2007), Ghousch et al. 
(2008), Foegeding and Davis (2011), Singh (2011), and Dickinson (2012).

There are two broad ways of gaining knowledge of the structure and function of pro-
tein systems: (1) study of pure proteins in simple systems and (2) study of commercial 
proteins in the food systems in which they are used. These methods are entirely different  
(Luyten et al., 2004; Owusu-Apenten, 2004) and provide quite different information. Func-
tionality tests can be very useful in obtaining reproducible functional properties, even 
though such tests cannot be used to predict the final characteristics in a real food system  
(de Wit, 1984; 1989; Harper, 1984; Owusu-Apenten, 2004). Some differences include the  
following.

•	 In	pure	structure/function	studies,	pure	proteins	are	generally	used	and	are	used	at	
concentrations much lower than those used in food systems (Owusu-Apenten, 2004).

•	 In	food	systems,	proteins	are	seldom	pure	and	may	actually	involve	complex	mixtures	of	
proteins from a given food source (such as milk proteins, egg proteins, and soy proteins) 
or proteins from multiple food sources (i.e., meat, soy, milk, and gluten) or proteins 
that have been selectively denatured to provide the desired functionality (Mangino 
et al., 1994).

•	 In	structure/function	studies,	care	is	taken	to	avoid	interactions	with	other	components	
and to avoid modifying the secondary and tertiary structure during the experiments. The 
proteins are fully hydrated (Kinsella, 1982; Owusu-Apenten, 2004).

•	 In	food	systems,	the	proteins	are	constantly	exposed	to	other	ingredients,	which	can	
modify the structure and hence function, as well as being modified by processes that 
often include pH, heat, and shear (Lee et al., 1992; Kilara, 1994). Competition for water 
can also modify functionality, as can changes in intrinsic properties (Zayas, 1996).

•	 In	structure/function	studies,	outcome	is	generally	measured	for	a	specific	and	single	
response (Owusu-Apenten, 2004).

•	 In	food	systems,	the	ingredients	can	influence	product	functionality	at	different	points	 
in the process, or functionality can be expressed in more than one outcome with respect 
to the characteristics of the food (de Wit, 1984; 1989; Harper, 1984).

Unquestionably, proteins and other hydrocolloids are important and are required to give 
the food desirable characteristics. However, our knowledge remains incomplete today be-
cause we still cannot fully predict the characteristics of a formulated food on the basis of 
our knowledge of the structure and function of pure proteins or hydrocolloids under strictly 
controlled conditions (Kinsella, 1982; de Wit, 1984; 1989; Harper, 1984; Owusu-Apenten, 2004; 
Zayas, 1996).

Testing for functionality using simplified systems has been reviewed in depth by numer-
ous investigators, including Kinsella (1982), Kilara (1984), Modler and Jones (1987), Mulvihill 
and Fox (1987), Patel and Fry (1987), Hall (1996), Zayas (1996), and Owusu-Apenten (2004). 
The continued need to develop standardized testing for protein solubility, viscosity, water ab-
sorption, gelation, emulsification, and foaming properties has been emphasized by Mulvihill 
and Fox (1987), Patel and Fry (1987), German and Phillips (1994), Kilara (1994), Hall (1996), 
Zayas (1996), and Luyten et al. (2004).
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PROTEIN FUNCTIONALITY IN FOODS

Proteins used in foods include plant proteins (soy, wheat, rice, corn, and other plant sources), 
milk proteins (caseins, caseinates, whey proteins, and milk protein concentrates—both caseins 
and whey proteins), egg proteins (egg white and egg yolk proteins), meat proteins, and fish 
proteins. Each type of protein exhibits different functional properties and has application 
in different types of food products (Inglett	and	Inglett,	1992; Kinsella, 1982; Lee et al., 1992; 
Kilara, 1994; Mangino et al., 1994; Owusu-Apenten, 2004).

The major functionalities of food proteins include solubility, emulsification, gelation and 
foaming, water binding, and heat stability. As shown in Table 15.1, different types of foods 
have different functional requirements and may require multiple functionalities.

Factors that may modify the protein during processing, and hence its effect on the prod-
uct characteristics, include heat, shear, salts, and other hydrocolloids (de Wit, 1984; Mangino 
et al., 1987; Yada, 2004).

ROLE OF INTERACTIONS IN DETERMINING FOOD 
CHARACTERISTICS

Interactions	between	ingredients	and	modifications	caused	by	processing	are	the	primary	
reasons why the functionality of proteins and other colloids cannot be predicted in food sys-
tems (de Wit, 1984; 1989; Harper, 1984; Zayas, 1996; Owusu-Apenten, 2004; Yada, 2004).

The following diagram provides an overview of the potential interactions that can occur in 
a food product (adapted from Harper, 1984):

TABLE 15.1 Multiple Functionalities in Selected Food Products

Food Type Multiple Functionalities

Beverages Solubility, heat stability, pH stability, color
Baked goods Emulsification, foaming, gelation
Dairy analogues Gelation, foaming, emulsification
Egg substitutes Foaming, gelation
Meat emulsions Emulsification,	foaming,	gelation,	adhesion/cohesion
Soups and sauces Viscosity, emulsification, water adsorption
Infant	formulae Emulsification, heat stability
Toppings Foaming, emulsification
Frozen desserts Foaming, gelation, emulsification

Source: Adapted from Kinsella (1982), de Wit (1984), Kilara (1994) and Owusu-Apenten (2004).
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Essentially, almost everything can modify the functionality of everything else. Salts are 
somewhat unique in that they do not in themselves affect product characteristics, but can 
act on proteins, surfactants, polysaccharides, and, to some extent, polar lipids to modify the 
functionality of each in the food system. The nature and extent of these interactions will be 
modified by pH, ionic strength, ingredient concentrations, and process-induced modifica-
tions. Some examples include the following.

•	 Surfactants	and	proteins	can	interact	competitively	at	the	surface	of	an	oil	to	modify	the	
characteristics of the emulsion, such as stability, size distribution, and light scattering. 
The extent to which a given component will dominate the characteristics will depend on 
the relative concentrations (Fig. 15.1) and chemical natures of the surfactant and protein.

•	 Starch	is	frequently	used	to	provide	texture	in	food	products.	However,	the	viscosity	
during processing and the final viscosity can be greatly altered by interactions with  
other components. The data in Figure 15.2 show that interactions that are observed with  
two-component systems do not always predict the effect of three- and four-ingredient 
interactions.	In	addition,	‘who	sees	who	first’	can	further	modify	other	interactions	and	
change product characteristics.

FIGURE 15.1 Effect of emulsifier (mono- and diglycerides) on protein and phase separation of an oil-in-water 
emulsion (coffee whitener). Adapted from Harper (1984).

FIGURE 15.2 Effect of components singly and in combination on the peak viscosity of potato starch (starch (S)): 
S + X = starch + xanthan gum; S + M = starch + mono- and diglycerides; S + F = starch + fructose; S + X + M = starch + xan-
than gum + mono- and diglycerides; S + X + F = starch + xanthan gum + fructose; S + M + F = starch + mono- and 
diglycerides + fructose; S + X + M + F = starch + xanthan gum + mono- and diglycerides + fructose. Adapted from 
Harper (2006).
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Recent reviews of the use of simple model systems to obtain a better understanding of pro-
tein food ingredient interactions and the mechanisms involved include Dickinson (2011; 2012), 
Foegeding and Davis (2011), and Singh (2011).

A Case Study

To further expand on protein interactions, the following presents a case study of the effect 
of various milk proteins on the modification of the pasting characteristics of potato starch, 
including the effect of different types of milk proteins and of differences in the concentrations 
of	protein	and/or	starch.

The texture of formulated foods is strongly modified by interactions. This section gives re-
sults of a simplified model system that provides a better understanding of food formulations 
that	involve	protein/food	component	interactions.	The	information	provides	an	understand-
ing of how milk proteins can modify the pasting properties of potato starch as investigated by 
Harper	and	Illingworth	(unpublished	data);	Harper	and	Hemar	(unpublished	data);	Doublier 
et al. (2001); and Bertolini et al. (2005). Starch is important in a number of food products in 
which	the	texture	can	be	modified	by	protein/starch	interactions	to	change	the	textural	prop-
erties of the food.

Effect of Sodium Caseinate on the Pasting Characteristics of Different Starches
The Rapid Visco Analyzer (RVA) was used to evaluate the pasting properties of starch.  

Figure 15.3 shows a typical starch pasting curve for potato starch. Generally, an 8% starch 
paste was utilized, and the various characteristics are shown as a function of time. The two 
most important characteristics are peak height and final viscosity. Peak height shows the 
maximum viscosity during manufacture, and the final viscosity gives a measure of the final 
texture.

The addition of sodium caseinate to six different starches (corn, rice, wheat, potato, cas-
sava,	 and	waxy	maize)	 influenced	 the	peak	 (pasting)	 temperature,	 the	 time	 to	 reach	peak	
viscosity, the peak viscosity, and the viscosity after cooling. Sodium caseinate had different 
effects on these parameters for the different starches.

The	percent	change	in	peak	viscosity	of	the	six	sodium	caseinate/starch	mixtures	is	shown	
in Figure 15.4. All starches, except potato starch, showed an increase in peak viscosity, where-
as potato starch showed a dramatic decrease in peak viscosity. There was no statistically sig-
nificant change in the final viscosity.

The differences in the pasting characteristics will be important with respect to both 
processing and the characteristics of different food products using starch and caseinate. 
Based on the results of the marked difference between the pasting characteristics of potato 
starch and those for all the other starches, attention was given only to potato starch for 
further studies.

Effect of Milk Proteins on the Pasting Characteristics of Potato Starch, with 
Emphasis on Peak Viscosity

Proteins and polysaccharides, including starch, are frequently used together in food sys-
tems to import specific attributes to the final product. Hardacre et al., (2004) showed that 
sodium caseinate decreased the peak viscosity of potato starch at a starch to protein ratio of 
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FIGURE 15.4 Peak viscosity during pasting of six different starches

FIGURE 15.3 Diagram of the steps in starch pasting, including time to initiate gelation. Peak viscosity, trough, 
final viscosity, breakdown, and setback
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1000:1. Different milk proteins were used to determine their effect on the pasting characteris-
tics of potato starch. These included individual milk casein fractions, sodium caseinate with 
different concentrations of protein and starch, sodium caseinate, milk protein concentrate, 
and milk protein isolate.

Individual Casein Fractions

Casein was fractionated into as- (as1 + as2) and b-caseins, and these were in turn convert-
ed to their sodium and calcium salts. The peak viscosity, final viscosity, and pasting time of 
starch, starch + 1% calcium caseinate + starch, 1% calcium as-caseinate starch + 1% calcium 
b-caseinate are shown in Table 15.2 and Figure 15.5 using standard starch concentrations (8%).

TABLE 15.2 rVa results Showing the Effect of the Calcium Salts of Caseinate Fractions on the gelation 
and Pasting of Potato Starch

Viscosity (cP) Pasting time (s)

Peak Final

Starch 7315 2952 196.2
Starch + 1% calcium as-caseinate 4487 2975 232.2
Starch + 1% calcium ß-caseinate 3806 2834 288
Starch + 1% calcium caseinate 3467 2543 336

FIGURE 15.5 Effect of caseinate fractions and sodium casein on the peak viscosity of potato starch.
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Pasting time increased in the order of starch < starch + calcium caseinate < starch + 
b-caseinate < starch + sodium caseinate. As the starch concentration decreased, there was a 
loss in final viscosity, especially at a 2% starch concentration. This finding would indicate  
a definite lack in texture for food products using 2% or less of starch.

Effect of the Concentration of Sodium Caseinate on the Pasting Characteristics of Potato Starch

The effect of concentration of sodium caseinate, from 0.1% to 2.5%, on the pasting charac-
teristics of potato starch was evaluated. Data for time to reach the maximum viscosity, peak 
viscosity, breakdown, setback, and final viscosity are shown in Table 15.3. The time to reach 
maximum viscosity increased. Peak viscosity and setback decreased with concentration, 
where there was no significant change in setback or final viscosity. The data suggest that the 
addition of casein would put less stress on processing, through a decrease in peak viscosity, 
without a significant effect on the final viscosity

Effect of the Concentration of Starch and Milk Proteins on Potato Starch Pasting Characteristics

The concentration of starch for determining the effects of starch on pasting characteristics 
generally has been 6–8%. However, the use level in most food applications ranges from 2% to 
4%. Therefore, from a practical viewpoint, effects on starch pasting characteristics in food use 
concentration would be useful.

The effect of protein concentration and starch concentration on the loss of peak viscosity, 
final viscosity, and phase separation on storage was determined for sodium caseinate, milk 
protein concentrate, and milk protein isolate. All of the different proteins gave similar results, 
and only the effect of milk protein isolate is presented in this investigation, for illustrative 
purposes.

The loss in peak viscosity increased as the starch content decreased, and the protein 
content increased as illustrated in Figure 15.6. The loss of peak viscosity increased to some 
degree as the starch content increased. The effect of protein concentration was very signifi-
cant and linear, from 0.02% to 1%. However, once the protein concentration reached 1%,  
the loss was the same for higher protein concentration increases, ranging from 80% to 
nearly 100%.

Under standard test conditions with the RVA (8% starch), there was little to no loss in final 
viscosity with the addition of milk protein. However, as the starch content was decreased 

TABLE 15.3 rVa results for the Effect of Casein Fractions on the gelation and Pasting of Potato Starch

Viscosity (cP) Pasting time (s)

Peak Final

Starch 7361 2968 199.8
Starch + 2.5% as-casein 5885 3106 228.0
Starch + 2.5% b-casein 4359 2712 228.0
Starch + 2.5% sodium caseinate 2113 2671 343.8
Starch + 5% as-casein 5676 3329 220.2
Starch + 5% b-casein 4727 2947 211.8
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below 6%, the loss in final viscosity markedly increased, as shown in Figure 15.7. This would 
limit the advantage of using potato starch in foods containing milk protein, especially at 
starch concentrations below 4%.

PROCESSING EFFECTS

The functionality of commercial food proteins and other hydrocolloids can be modified 
both during their production and during the processing of the food product itself. An over-
view of the conversion of a raw protein source to a functional food ingredient and the subse-
quent further processing during food manufacture is outlined in Figure 15.8.

FIGURE 15.6 Effect of protein and starch concentration of peak viscosity of potato starch

FIGURE 15.7	 Effect	of	MPI	concentrations	on	loss	of	final	viscosity	as	a	function	of	starch	concentration.
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During the production of commercial food proteins for use as food ingredients, the proteins 
may be exposed to a wide range of processing steps that can include thermal processes (pas-
teurization, sterilization), shear (pumping, mixing, homogenization), pressure (high-pressure  
processing, retorting), concentration (membrane processing, evaporation, drying), and pre-
cipitation (heat, acid, salts, solvents). Each of these steps will modify the functional proper-
ties of the protein and thus will affect the final characteristics of the food (Kinsella, 1982; 
de Wit, 1984; 1989; Harper, 1984; Dybing and Smith, 1991; Kilara, 1994; Zayas, 1996;  
Owusu-Apenten, 2004). Such processes can alter functionality in food through a number of 
different modifications of the protein, including changes in sulfydryl interactions, modifica-
tion	of	secondary	and	quaternary	structure,	and	shifts	in	the	hydrophilic/lipophilic	balance	 
(Kinsella, 1982). Subsequent processing during use of the protein as a functional ingredient 
in food will bring further changes in the system, especially those occurring in the presence of 
other interacting ingredients. Such changes in the characteristics of the food generally cannot 
be predicted; thus, there is a need for use of model food systems as an intermediate step in 
product development (Owusu-Apenten, 2004).

FIGURE 15.8 Steps in the manufacture of food proteins and the subsequent processes during food manufacture. 
From Owusu-Apenten (2004).
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USES OF MODEL FOOD SYSTEMS

Model food systems can be used in a variety of ways (de Wit, 1984; Harper, 1984; Owusu-
Apenten, 2004), including the following.

•	 Determining	the	relative	significance	of	the	main	effects	of	ingredients.
•	 Studying	factors	in	food	that	affect	chemical	and	physical	changes	(Maillard	reaction,	

lipid oxidation, etc.).
•	 Evaluating	the	sensitivity	of	the	food	to	alterations	in	formulation	and	processing.
•	 Defining	ingredient	interactions.
•	 Optimizing	the	formulation	for	robustness.
•	 Determining	critical	steps	in	the	processing	of	the	product.
•	 Determining	interrelationships	between	ingredients	and	the	process.
•	 Tailor-making	ingredients	for	a	specific	food	application.
•	 Evaluating	and	minimizing	the	sensitivity	of	product	attributes	to	the	formulation	and	

the process.

Owusu-Apenten (2004) stated that the advantages of model food systems over standard 
functionality tests included: (a) their ease of use, (b) the lack of a need for specialized equip-
ment and methodologies, (c) the ability to aid in product optimization, and (d) the ability to 
test for multiple factors and interactions with respect to formulation and processing.

Initial Steps to Developing Model Food Systems

The approach to developing a model food system is the same, whether the ingredient be-
ing investigated is a protein, lipid, emulsifier, starch, or gum.

The development of a model food system begins by reviewing as many formulations as 
can be found and selecting those that are common to all formulations at a concentration that 
is at the central point of the various formulas (Harper, 1984). Next, a small-scale process for 
making the products is developed using processing steps and conditions as close to the com-
mercial process as possible. When more than four or five ingredients are involved, it is often 
necessary to do a screening experiment to eliminate ingredients that do not have a main effect 
on important characteristics.

Each different food will have different characteristics, which may include taste, color, and 
texture, that can be modified by the formulation and the process. Key attributes and methods 
for their evaluation need to be selected. Generally, the evaluation methods are different from 
those that are used in research (Owusu-Apenten, 2004).

Statistical Design

Statistical design is an essential component of model food systems because of the informa-
tion it provides on ingredient and processing interactions (Dziezak, 1990; Earle et al., 2001; 
Hanrahan and Lu, 2006). Most fabricated food products have from 5 to 25 variables when both 
the ingredients and the processing steps are taken into consideration. This makes full facto-
rial designs, which would exceed several hundred experiments, an impractical choice. Thus 
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fractional factorial screening designs are generally required. For most food products, the ex-
perimental design is a stepwise process, starting with screening experiments to minimize the 
variables that do not have major effects on the characteristics of the products. One of the most 
common screening designs is the Plackett-Burman, which can be used with up to 36 variables 
(Mullen and Ennis, 1985; Hanrahan and Lu, 2006). The screening experiments allow determi-
nation of the main effects that can be used in further fractional factorial designs; these designs 
will provide a better understanding of ingredient and process interactions and will generate 
response surfaces that give an understanding of the interactions (Hanrahan and Lu, 2006).

In	developing	a	fractional	factorial	experimental	design	in	model	food	systems,	it	is	neces-
sary to know: (a) the critical factors associated with the ingredients and the process, (b) the 
region	of	interest	where	the	factor	levels	influencing	the	product	characteristics	are	known,	
(c) that the factors vary continuously throughout the experimental range tested, (d) that a 
mathematical function relates the variable factors to the measured response, and (e) that the 
response defined by the function is a smooth curve.

Numerous studies have used statistical design and response surface methodology to de-
termine the effect of interactions on product characteristics and to optimize specific charac-
teristics in a food (Dziezak, 1990).

In	developing	an	experimental	design,	consultation	with	a	statistician	 familiar	with	 the	
factors that affect the outcomes of the specific design is needed to avoid common pitfalls. 
Among these pitfalls are the following: (a) incorrectly defined or specified critical factors, (b) 
too narrow or too broad a range of factors selected, so that the optimum cannot be defined, (c) 
lack of the use of good statistical practices, (d) too large a variation in the range of the factors 
utilized, introducing bias and error, (e) over-reliance on computer-generated results, and (f) 
failure to ensure that the results make good sense.

APPLICATIONS OF MODEL FOOD SYSTEMS

Initially,	model	food	systems	were	applied	to	milk	proteins	to	gain	a	better	understand-
ing of what was required to get desired characteristics in complex food products that could 
not be predicted from standard functionality tests. de Wit (1998)	 has	 stated:	 “Information	
obtained from functional characterization tests in model systems is more suitable to explain 
retroactively protein behaviors in complex food systems than to predict functionality.” What 
has been learned using milk proteins in model food systems has been shown to be equally 
applicable	to	other	food	proteins.	In	addition	to	understanding	the	protein	being	used,	there	
is a need to know the functionality of other ingredients in the food, the probability of how 
they will interact and modify the function of the food protein, and the use of statistical design 
to gain the full potential of the model system approach.

Studies of model food systems, used to assess their performance in foods, have included a 
large number of different types of foods, as shown in Table 15.4. These include bakery prod-
ucts, dairy products, dairy analogues, meat products, sauces and dressings, fermented foods, 
wine, and infant formulas.

The examples of the model food systems used to illustrate applications in this chapter are 
primarily from the first generation category. They include bakery products, dairy analogues, 
meat products, salad dressings, and sauces.
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Bakery Products

Bread represents a system in which the methods of evaluation of ingredients have been stand-
ardized and covered by AACC-approved methods (AACC methods 10-9, 10-10 and 10-11).  
Details of the procedures and evaluation techniques have been given by various investigators 
(Lindblom, 1977; Pomeranz et al., 1984; Ranhortra et al., 1992; Fenn et al., 1994; Cauvain and 
Young, 2006).	In	general,	the	substitution	or	addition	of	other	proteins	(milk,	whey	proteins,	
etc.) leads to a loss of loaf volume (Harper et al., 1980; de Wit, 1984). Harper and Zadow 
(1984) found that heat treatments that prevented loss of loaf volume in bread made with milk 
powder were ineffective in preventing loss of loaf volume in bread made with whey protein 
concentrates.

Model food systems have been used widely in cake systems including: pound cake 
(Lee, 1999), Madeira cake (de Wit, 1984), white cake (Harper et al., 1980), and angel food cake 
(Kissell and Bean, 1978).

Of these, angel food cake has received the most attention (Lowe et al., 1969; DeVilbiss 
et al., 1974; Cunningham, 1976; Regenstein et al., 1978; Johnson and Zabik, 1981a,b; Ball and 
Winn, 1982; Froning et al., 1987; Froning, 1988; Martinez et al., 1995). The primary protein 
evaluated has been egg white, for which cake height and texture can be related to the individual 
egg white proteins (Johnson and Zabik, 1981a,b; Ball and Winn, 1982). Attempts to replace 
egg white with whey proteins have never been completely successful (DeVilbiss et al., 1974; 
Harper et al., 1980). Arunepanlop et al. (1996) were able to replace 25–50% of the egg white 
with whey protein and could achieve greater replacement by the addition of xanthan gum. 
Cake volume is essentially the same as it is with egg white, but the cakes collapse upon baking. 
This emphasizes the requirement for both foaming and gelation (Owusu-Apenten, 2004). This 
is due in part to the lower gelation temperature for foams made with egg white (Pernell 
et al., 2002) and in part to the shear-induced denaturation of egg white with mixing (DeVilbiss 
et al., 1974).

TABLE 15.4 Model Food Systems Used to assess Functionality in foodsa

First-generation model foodsa Additional examplesb

Cakes (angel food, chocolate, yellow, pound) Low-fat spreads
Meringues Beer batters
Bread Beef patties
Coffee whitener Gravies
Ham, restructured meats Meat emulsions
Infant	formula Cream
Salad dressing Milk
Sausage Cheese
Starch pudding Processed cheese
Whipped topping Soups and sauces
Ice	cream Surimi

Wine
Yogurt

a Adapted from Harper (1984) and de Wit (1984).
b Adapted from Owusu-Apenten (2004).
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Other proteins evaluated for angel food cake include blood plasma protein (Kahn 
et al., 1979; Raeker and Johnson, 1995) and dried beef plasma (Duxbury, 1988). Factors that 
should be considered in developing a model food system for bakery products are outlined 
briefly	in	Table 15.5.

Dairy Analogues

Dairy analogues include coffee whiteners, whipped toppings, and processed cheese 
products.

Coffee Whiteners
Coffee whiteners, first developed in the 1950s, generally are protein-stabilized oil-in water 

emulsions, with vegetable oil as the dispersed phase. A model system developed by Harper 
and Raman (1979) and Harper et al. (1980) utilized caseinate, soy bean oil, carbohydrate, 
phosphate, emulsifier, and a gum (xanthan gum or carrageenan). The role of the ingredients 
has been reviewed by Knightly (1969) and Patel et al. (1992), and the process has been re-
viewed by Owusu-Apenten (2004). This is summarized in Table 15.6.

Patented processes include using milk protein retentate (Kosikowski and Jimenez- 
Florez 1987), reformed casein micelles (McKenna et al., 1992), phosphate-modified milk pro-
tein (Melachouris et al., 1994), and soy proteins (Melmychyn, 1973).

Alternative proteins that have been suggested to replace caseinate include milk protein 
concentrate (Euston and Hirst, 2000), whey protein (Hlavacek et al., 1970; Gruetzmacher  
and Bradley, 1991; Euston and Hirst, 2000), wheat protein (Golde and Schmidt, 2005;  
Patil et al., 2006), soy protein (Hlavacek et al., 1970; Golde and Schmidt, 2005), peanut protein 
(Malundo et al., 1992), and cottonseed protein (Choi et al., 1982).

Coffee whiteners are evaluated to ensure that they provide an emulsion with a small parti-
cle size to maximize whiteness, minimize astringency of the coffee by binding with the coffee 
tannins, maintain stability in hot coffee under acidic conditions, minimize feathering in the 
presence of hard water salts, and readily disperse in the coffee (Pearce and Harper, 1982; Tran 
and Einerson, 1987; Kneifel et al., 1992; Kelly et al., 1999).

Golde and Schmidt (2005) compared coffee whiteners made from sodium caseinate, soy 
protein isolate, and wheat protein isolate, and found that they gave similar whiteness (L*) 
to the coffee. However, the liquid coffee whiteners made with wheat protein tended to sep-
arate upon storage, whereas the whiteners made with soy protein isolate tended to show  
feathering.

TABLE 15.5 Factors affecting Functionality of Protein in Bakery Products

Product type
Functional requirement 
of protein

Ingredient modifying 
functionality

Processing factors affecting 
functionality

Bread Dough formation, water 
binding, gelation, elas-
ticity of dough

Protein source, polar lipids, oxidiz-
ing and reducing agents, other 
proteins with sulfhydryl groups

Mixing, method of bread mak-
ing (sponge dough versus 
mechanical development)

Cakes Fat binding, foaming, ge-
lation

Protein type and concentration, 
gums, fat, sugar concentration

Mixing speed and time, pre-
emulsification
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Whipped Toppings
Most commercial whipped toppings contain sodium caseinate as the protein of choice 

(Knightly, 1968). Other proteins used for whipped toppings include whey protein concen-
trate (Peltonen-Shalaby and Mangino, 1986; Liao and Mangino, 1987) and soy protein iso-
lates (Kolar et al., 1979; Lah et al., 1980; Chow et al., 1988; Abdullah et al., 1993; Shurtleff 
et al, 1994).

Whipped toppings are high-fat, foamed emulsions with about 40% total solids, and model 
food systems generally also contain sugars, gums, and small-molecular-weight emulsifiers 
(Knightly, 1968; Harper et al., 1980). A brief summary of key factors that affect the functionality 
of protein in whipped toppings is given in Table 15.7. The model system differs from whipping 
or foaming tests with respect to both compositions and much lower fat content (Owusu-Apent-
en, 2004). Min and Thomas (1977) found that calcium addition to a 15%-fat-containing whipped  
topping stabilized with sodium caseinate gave improved stability to the system. Peltonen-
Shalaby and Mangino (1986) showed that pasteurization also improved the overrun of the 
topping. Liao and Mangino (1987) used whey proteins to make a model whipped topping 
and found a positive correlation between exposed hydrophobicity and overrun. Other fac-
tors that affect overrun and stability include the hardness of the fat, the type and percentage 
of emulsifier, and the equipment used for mixing (Harper, 1984).

Salad Dressings

Salad dressings are high-fat emulsions, frequently stabilized by high shear in the presence 
of egg yolk as the primary emulsifier (Parker et al., 1995). Mayonnaise, a spoonable dressing, 
contains 75% oil by definition. Subsequently, starch pastes were used to make a spoonable 
dressing with about 40% oil. Today, the most common dressings are pourable, with a wide 
range of oil contents and are stabilized primarily by xanthan gum (Franco et al., 1995).

Model food systems have been used to gain a better understanding of both ingredients 
(Smith, 1977; Paredes et al., 1988) and processing (Parker et al., 1995).

TABLE 15.6 Factors affecting Functionality of Protein in Coffee Whiteners

Product type
Functional requirement 
of protein

Ingredient modifying 
functionality

Processing factors affecting 
functionality

Coffee whiteners Emulsification, stability 
to the pH and 
temperature of coffee

Emulsifiers, gums, phos-
phate, calcium

Homogenization, pasteurization 
time and temperature, temper-
ature and pH of coffee

TABLE 15.7 Factors affecting Functionality of Protein in Whipped Toppings

Product type
Functional requirement 
of protein

Ingredient modifying 
functionality

Processing factors affecting 
functionality

Whipped toppings Emulsification, whipping 
to ≈200% overrun in 
the presence of high fat 
and high solids

Emulsifiers, gums, phos-
phate, calcium

Homogenization, pasteurization 
time, equipment used to pro-
duce the whipped product
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Smith (1977), using a central composite statistical design, found that the coefficients of 
the regression analysis were larger for the interaction terms than for the main effect terms in 
pourable salad dressing with 40% oil and containing egg, vinegar, xanthan gum, and mustard 
powder. The order of addition was also found to be important to the viscous properties of the 
pourable salad dressing.

Meat Products

Model meat products including beef, pork, lamb, poultry, or fish, have been utilized for re-
combined meats (ham, steaks, etc.) and meat macroemulsions that include bologna, sausages, 
liver sausages, frankfurters, and meat loaves.

Non-meat proteins have been injected into beef and ham, together with water, followed by 
tumbling to maintain nutritionally equivalent protein levels, increase yield, and improve tex-
ture (Zayas, 1996; Yada, 2004; Szerman et al., 2007). Szerman et al. (2007) found whey protein 
isolates	to	be	superior	to	vegetable	proteins	on	the	basis	of	flavor.

Meat emulsions generally have size distributions between 0.1 and 50 mm, and many 
investigators suggest that they are three-dimensional gel networks with entrapped fat  
(Regenstein, 1989; Krishnan and Sharma, 1990; Xiong et al., 1992; Correia and Mittal, 1993; 
Barbut, 1995). However, most reviewers continue to classify them as meat emulsions  
(Gordon, 1969; Webb, 1974; Owusu-Apenten, 2004).

The factors that affect the functionality of proteins in these products include meat extrac-
tion temperature, emulsification temperature, shear during emulsification, fat melting point, 
pH, ionic strength, ratios of ingredients, salt, soluble protein concentration, and type of salt 
(salt, phosphates, citrates, etc.).

Achievement of functionality has been determined by a number of different methods, in-
cluding:

•	 emulsification	capacity	(EC)	(Swift et al., 1961; Swift and Sulzbacher, 1963)
•	 emulsion	activity	(EA)	(Acton	and	Saffle,	1972)
•	 emulsion	stability	(ES)	(Carpenter	and	Saffle,	1964; Townsend et al., 1968; Marshall et al., 1975)

Although the tests for EC and ES for comminuted meat products are widely used, there does 
not appear to be much collaborative testing of the different methods (Owusu-Apenten, 2004). 
The type of protein affects the EC of meat emulsions, with T isolated muscle proteins giving 
different	EC	values.	In	general,	the	EC	was	in	the	order	of	myosin	> actomycin > actin for 
different types of meat (Tsai et al., 1972; Galluzzo and Regenstein, 1978; Li-Chan et al., 1984). 
Substitution of meat protein by other protein in meat emulsions, as measured by large defor-
mation rheological testing, showed that

•	 gluten,	soy	protein	isolate,	or	egg	white	increased	the	yield	after	the	cooking	of	meat	
emulsions (Randall et al., 1976)

•	 corn	germ	protein	at	2%	substitution	reduced	the	shear	force	and	reduced	cooking	losses	
(Mittal and Usborne, 1985)

•	 partial	substitution	of	meat	with	sodium	caseinate,	soy	protein	isolate,	whey	protein	
concentrate, or wheat germ protein all increased cook yield, increased protein level, and 
decreased fat in frankfurters, without affecting quality (Atughonu et al., 1988)
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•	 addition	of	bovine	blood	plasma	to	meat	emulsion	products	improved	emulsion	stability	
and yield, and contents of protein, phenylalanine, and valine (Marquez et al., 1997)

USE OF MODEL FOOD SYSTEMS FOR OTHER FOOD COMPONENTS

In	addition	to	evaluating	the	performance	of	proteins	in	food	systems,	a	wide	range	of	oth-
er applications have been utilized. During the past several years, more than 200 papers have 
been published on other uses of model food systems. A full review of such uses is outside the 
scope of this chapter. However, selected applications from studies over the past several years 
are cited both to present a basis for understanding the scope of the use of model food systems 
in the food industry and to provide a starting point for obtaining more detailed information.

Applications include:

•	 factors	affecting	flavor	release	in	foods	(Bylaite et al., 2005; Heinemann et al., 2005;  
Conde-Petit et al., 2006; Nongonierma et al., 2006; Seuvre et al., 2007)

•	 factors	affecting	D	values	in	food	(Rodriguez	et	al.,	2006)
•	 lipid	oxidation	(Jaswir et al., 2004; Sakanaka and Tachibana, 2006; Wijeratne et al., 2006)
•	 water	migration	in	foods	(Guignon et al., 2005; Doona and Moo, 2007)
•	 Maillard	reaction	investigations	(Severini,	et	al.,	2003;	Miao	and	Roos,	2005;	

Acevedo, 2006; Casal, 2006)
•	 effects	of	high-pressure	processing	of	food	(Severini et al., 2003; Sila et al., 2007)

LIMITATIONS

Model	 food	 systems	 can	 tell	 you	 ‘what,’	 but	 they	 cannot	 tell	 you	 the	 mechanism(s)	 by	
which the effects occur. Frequently, the results with a model system cannot be scaled up to 
full commercial practice because of differences in equipment and processes. However, they 
do provide insight into directions to take to overcome scale-up problems. Generally, the re-
sults are valid only within the parameters that have been established. Optimization of a food 
system can sometimes be outside the limits of either the processing equipment or the func-
tionality of a specific ingredient.

CONCLUSIONS

Historically, model food systems were used first to improve the functionality of milk pro-
teins in food systems. Currently, there are very few publications on the use of milk proteins 
for these purposes, although it is known that a number of dairy food companies use model 
food systems in their product development programs. Today, the publications concerning 
model food systems have a much broader usage, with attention being given to a better un-
derstanding of how complex food systems affect such factors as oxidation, Maillard reactions, 
and shelf life.
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Model food systems can be a valuable tool in product development with respect to devel-
opments of both formulations and manufacturing processes and have a role in the develop-
ment of ingredients for new foods.

Model food systems do not provide information on why interactions occur, but they can 
provide insights into which interactions need basic study to provide a more robust product.

In	the	future,	model	food	systems	can	be	expected	to	continue	to	provide	a	better	under-
standing of how interactions modify the functionality of proteins in complex food systems 
and to give insight into how to use this information to interface with studies on the basis of 
protein	structure/function.
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