
ABSTRACT 

HUBBARD, ELISE MARIE. Application of Sensory Techniques to Understand the Sensory 
Attributes of Cottage Cheese. (Under the direction of MaryAnne Drake.) 
 

Sensory evaluation is a fast growing field that heavily impacts product development 

and consumer research. The objective of this thesis was to apply different sensory techniques 

to aid in the understanding of consumer perception of cottage cheese. Two different studies 

were conducted. The first study evaluated the role of extrinsic attributes and branding on 

adult consumer liking and purchase intent of cottage cheese.  An adaptive choice based 

conjoint (ACBC) survey with a Kano analysis (n=400) was conducted to explore the relative 

importance of brand, label claim, milkfat content, and price. Following the survey, one 

hundred and fifty adult consumers evaluated seven cottage cheeses with and without brand 

information in a two-day crossover design. Results were evaluated by two-way analysis of 

variance and multivariate analyses. Conjoint analysis revealed that milkfat content and price 

had the highest impact on purchase intent (p<0.05). Low priced cottage cheese with 2% 

milkfat were preferred.   A label claims of “Excellent Source of Calcium (>10%),” were 

more attractive to consumers compared to other label claims including, “Low Sodium” or 

“Extra Creamy.” The impact of branding on overall liking and purchase intent was variable 

(p<0.05). National brand cottage cheeses had an enhanced score in the presence of brand 

(p<0.05).   The second study explored children’s preference for cottage cheese. A trained 

panel documented texture and flavor properties of ten commercial cottage cheeses.  

Subsequently, one-hundred and sixty six children evaluated the cottage cheeses (n=93 ages 

7-11 y, and n=73 ages 12-15 y) over a two day period using a balanced design. Questions 

including appearance, overall liking, and happiness if a parent brought the sample home to 



 

eat were evaluated using a 9-point hedonic scale anchored with “super bad” and “super 

good.” Children ages 12-15 y were also asked to evaluated curd size, mouthfeel, and saltiness 

of cottage cheeses with both 9-point hedonic and JAR scales, and whether they would like to 

eat the sample at home.  Results were evaluated by two-way analysis of variance and 

multivariate analyses. Between both age groups and products, cottage cheeses with higher 

milkfat flavor and salty taste were preferred.  Younger children (7-11 y) had higher overall 

liking compared to older children (12-15 y) (p<0.05). Three distinct liking clusters were 

identified (Cluster 1 n=66, Cluster 2 n=36, Cluster 3 n=64).  Cluster 1 children liked sour 

taste and firm curds. Cluster 2 children preferred smooth and salty attributes. Cluster 3 

children preferred milkfat and diacetyl flavors and were differentiated from segment 1 by 

preference for small, even curd size. Conclusions from this study can help producers as well 

as food marketers better target their products and brands with attributes that drive consumer 

choice.  
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1.1 Dairy Proteins: Characteristics and Applications 

Milk is a valuable commodity, but its limited shelf life has long restricted product 

distribution and modes of application within the food industry. As a result of high 

distribution costs, a relatively small amount of milk is consumed as a beverage, while the 

majority of milk is converted into products such as cheese, yogurts, and other dairy products 

(Grasser et al., 1994; Schultz, 2012). Whey, milk, and casein (CN) proteins are an 

economically and biologically important group of proteins derived directly from cow’s milk 

or from cheese manufacture. As well as possessing a complicated molecular structure and 

reactivity, these proteins have a wide range of functions within the food industry. The protein 

distribution in milk is typically 75 to 80% CN and 20 to 25% whey proteins (Sikand et al., 

2011). Historically, whey was a waste by-product of the cheese-making process. Today, 

demand for whey protein exceeds supply (Tunick, 2008; Yang and Silva, 1995). Within the 

food industry, various applications exist for each dairy protein. Because of their high 

nutritional qualities and functional properties, many applications in a variety of food and 

beverages exist. A wide variety of dairy ingredients exist and include milk protein 

concentrates, serum proteins, rennet casein, acid casein, caseinates, micellar casein, sweet 

whey and acid whey.   

1.2 Milk Protein Concentrates 

Milk protein concentrate (MPC) powders are high protein powders with the same 

ratio of whey to casein as the original milk (Udabage et al., 2011). According to the Code of 

Federal Regulations, MPC consists of concentrated milk proteins derived from whole milk, 

partially separated milk or skim milk from cows using physical separation techniques to  
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remove non-protein. The concentrated milk proteins are identified as MPC when the protein 

content, on a dry matter basis, of the finished product is 35-85% protein. The powders 

produced have increased protein content and decreased amounts of lactose and minerals. 

Because of its high protein content, MPC is an important dairy commodity. Currently, the 

use of MPC is on the rise because of its high nutritional value and variety of functional 

properties (Haque et al., 2011).The protein content in milk protein powders differs depending 

on the amount of ultrafiltration applied. Common protein levels include 36 and 85% protein 

(MPC36 and MPC85) and milk protein isolate at 90% protein (MPI) (Sikand et al., 2011). 

Ultrafiltration is used to produce milk protein concentrate (MPC) powder from skim 

milk followed by spray drying (Havea, 2006). During this process, whole milk is divided into 

cream (by-product) and skim milk. Ultrafiltration and diafiltration are then used to 

fractionate the skim milk and remove lactose and minerals to concentrate the mixture to 

about 22% solids (Sikand et al., 2011). MPC is then spray dried into a powder at inlet 

temperatures between 120 and 125°C and outlet temperatures between 75 and 80°C (Baldwin 

and Pearce, 2005). 

MPC and MPI have many functional uses in products such as baked goods, 

formulated food, beverages, whipped cream, emulsions, cheese, yogurt and energy drinks 

(Karam et al., 2013; Aiqian, 2011). Many of these product uses involve blending MPC 

powders back into a fluid mixture in a short amount of time. MPC have been customized to 

meet specific nutritional and functional needs in food composition and physical properties in 

foods such as emulsions, foams, and whipped cream (Emam-Djome et al., 2008; Cornish, 

2009). The flavor of dried milk proteins is characterized by cooked, caramelized, cereal, 
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animal, brothy, fried fatty, mushroom, cardboard, burnt, vitamin and diacetyl flavors (Drake 

et al., 2003; Rankin et al., 2009). 

One of the main challenges in MPC use is the loss of powder solubility (Haque et al., 

2011). Because MPC powders are often used as ingredients in other products, solubility is a 

vital functional characteristic of MPC powders. Protein solubility is customarily measured by 

the dispersal of a powdered protein into water and determination of the remaining residue. It 

is thought that MPC may undergo loss of solubility due to conformational changes to the 

protein structure (Haque et al., 2011). Based on this, solubility can also be evaluated by 

measurement of nitrogen content of the supernatant. Studies have shown that the solubility of 

MPC powder when stored at 21C then blended in ambient water for 30 minutes, decreased 

from around 70% solubility at week 1 to negligible solubility after 11 weeks (Haque et al., 

2011). After numerous studies on solubility loss of MPC powders, factors such as spray 

drying temperature, storage temperature, moisture content, protein content, mineral content, 

and processing are believed to be main contributors to solubility loss with storage (Fang et 

al., 2012; Haque et al., 2011; Sikand et al., 2011). In addition, it is largely thought that the 

CN micellar structure and aggregation are strongly linked with the solubility of MPC. 

Manufacturing affects the final MPC product by increasing the protein concentration, 

depleting minerals and disassociating the protein CN from its micellar structures all of which 

lead to denaturation and destabilization of the MPC structure (Sikand et al., 2011). It has also 

been suggested that the insolubility of CN protein in MPC, slow dissolution kinetics, and 

minor protein unfolding and refolding could lead to a loss of solubility in MPC (Haque et al., 

2011). Findings toward maintaining solubility in MPC have included a positive correlation 
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with increased sodium content and sugars content along with a decrease in minerals such as 

calcium, magnesium, and phosphorus (Sikand et al., 2011; Kher et al., 2007).  

MPC and MPIs (milk proteins) are recognized for their nutritional, sensory and 

functional properties as food protein ingredients. Milk protein can provide a higher overrun 

than egg whites depending on the pH, heat and amount of sugar added to the foam 

(Punidadas and Rizvi, 1998). In both emulsions and whipped cream, milk protein can 

contribute to stability by providing an interfacial layer around fat droplets (Emam-Djome et 

al., 2008). The use of MPC is beneficial due to the fact that it contains a high percentage of 

casein (80%), with a smaller percentage of whey proteins at 20%. Whey protein concentrates 

and isolates contain no casein. In MPC, the ratio of protein influences both the sensory and 

functional aspects of the final product. These properties include reduced off-flavors and poor 

reconstitution properties associated with higher protein content (Mimouni et al., 2010).  

1.2a Milk Protein Flavor 

MPC with lower protein content (protein dry weight 56, 70%) have a variety of fluid 

milk-like flavors including cooked/milk, sweet aromatic, sweet taste and cereal (Drake et al., 

2003; 2009; White et al., 2013). At higher protein content, MPC 80 and milk protein isolates 

(MPI) are characterized by tortilla, brothy, cardboard, and animal flavors along with 

increased astringency. Similar flavor profile trends with increased protein content have also 

been observed in the flavor profiles of whey protein powders (Drake et al., 2009).  

1.3 Casein Protein 

The interactions of CN molecules contribute to the chief physical and chemical 

properties of cheese (Lucey et al., 2003). The CN structure is composed of four main species  
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including αs1-CN, αs2-CN β-CN, and ĸ-CN.  In milk they are present in a mass ratio of about 

38: 11: 36: 13 (Roefs et al., 1990). Microheterogeneity, a small variation in the chemical 

structure of a molecule that does not result in a significant change in properties (Holland et 

al., 2003), with varying extents of phosphorylation and glycosylation are exhibited by CN 

proteins. The phosphate groups of CNs are known to affect many characteristics including 

digestion and bioavailability of divalent cations (Molina et al., 2007). The protein matrix in 

cheese is composed of miniscule CN particles bound by physical forces throughout which are 

dispersed moisture and fat globules (Lucey et al., 2003). 

The exact concentration of specific proteins in milk is highly influenced by cow 

genetics. For example, cows with the AA genotype, a genetic variant of β-lactoglobulin, 

generate milk with a higher concentration of β-LG relative to milk from cows with the AB or 

BB genotype, other genetic variants of β-lactoglobulin (Tsiaras et al., 2005). Also higher 

concentrations of κ-CN have been found in milk with the B allele. Study of genotypes and 

alleles is useful in determining which milks have superior milk clotting properties and 

therefore a higher cheese yield.  Other results have suggested that higher concentrations of 

αs1, β, and ĸ CN have a higher transfer from milk to cheese (Wedholm and Larsen, 2006). 

The genetic variants of the milk protein such as κ-CN and β-lactoglobulin have an important 

influence on the quality and total yield from the cheese-making process. Various 

optimization models have been used to determine the ideal milk properties and genotypes for 

optimization of the cheese make process (Johnson et al., 2007). Studies have shown that milk 

with both the β-lactoglobulin as well as the B variant of kappa-casein often demonstrate 

better coagulating properties such as shorter coagulation time, faster firming rate and a firmer 
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curd. These factors make it preferable to use milk with both B variant of kappa-casein and β-

lactoglobulin to produce higher cheese yield (Ng-Kwai-Hang, 1998).  

1.3a Rennet Casein 

Although the origin of cheese manufacture is not known, historically cheese was 

made with rennet, a coagulating substance composed of two main acid proteolytic enzymes 

(chymosin and pepsin) secreted in the fourth stomach of unweaned ruminants such as calves 

or lambs (Moschopoulou, 2011). Bovine chymosin has an approximate mass of 36,000 Da. 

Chymosin catalyzes the hydrolysis of k-CN during the cheese make process. Concurrent with 

the presence of decreased pH, a gel forms (Andren, 2002). Rennet casein is manufactured 

from pasteurized skim milk. Calf or microbial rennet is added to the skim milk at 29C and is 

held for 1h. The temperature is then raised to 55C by steam injection in order to ‘cook’ the 

product before whey separation (Varnam and Sutherland, 1994).  

Rennet casein is commonly used in dietary foods for its satiating effect (Barbe et al., 

2014). The pharmaceutical industry uses rennet casein as a drug delivery system for its’ high 

tensile strength produced by fiber crosslinking (Elzoghby et al, 2011). Rennet casein has 

functional food applications in bakery, meat, confectionary products. Milk-like flavors such 

as cooked and sweet aromatic are desirable in rennet casein; however, characteristic 

unpleasant and strong off-flavors in rennet casein are often a barrier to extended functional 

applications. The most prevalent off-flavors found in rennet casein include burnt feathers, 

glue-like, and stale (Karagul-Yuceer et al., 2003; Rankin, 2009). Other off-flavors in rennet 

casein include animal/wet dog, potato/brothy, cardboard, and grapey. Animal/wet dog flavor 

in rennet casein was attributed to guaiacol, indole, and p-cresol compounds (Karagul-Yuceer  
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et al., 2003). 

1.3b Acid Casein          

 At a low pH, CN acidification changes the structure and composition in CN micelles 

which lead to the production of cultured milk products such as yogurt (Donato et al., 2007). 

During the production of acid casein, milk is acidified to the isoelectric point of casein, 

around 4.6, until the micelles aggregate and a curd is formed for acid casein manufacture. 

The pH is decreased by mineral/hydrochloric acid, fermentation, the addition of CO2 under 

pressure, or by mixing standard milk with milk that has been passed through ion exchange 

resin (de Wit, 2001). Hydrochloric acid is typically used because it is effective and produces 

a high quality product. The benefits of acid casein compared to rennet casein are a less 

rubbery curd, and a low propensity towards syneresis or expulsion of whey. Following acid 

curd production, processing of the substance is very similar to that of rennet casein. The 

curds are dewheyed, washed, and dewatered to remove residual minerals and whey proteins. 

The acid casein is then dried into a powder using a fluidized bed or attrition drier (Varnam 

and Sutherland, 2001; Bylund, 2003; O'Connell and Flynn, 2006). Acid casein is typically 

used in non-dairy foods such as processed meats, coffee whiteners, and bakery products 

(Rankin, 2009). Acid casein should have a bland natural flavor and odor. Characteristic off-

flavors found in acid casein are stale, gluey, rancid, salty, bitter, astringent/chalky, 

nonvolatile acidity, and volatile acidity (Rankin, 2009). It is thought that acid added during 

manufacture produces off-flavors found in acid casein (Gallardo-Escamilla et al., 2005).  

1.3c Caseinates 

Treating rennet or acid CN with alkali and then drying the solution produces  
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caseinates. Sodium caseinate is produced from a sodium alkali, and calcium caseinate is 

produced from calcium alkali. Both are typically 90% protein (Nelson and Barbano, 2005). 

Sodium caseinate is commonly used as an emulsifier in the food industry. The addition of 

sodium hydroxide raises the pH to 6.7 and the resulting liquid is usually pasteurized and 

spray dried. This treatment is performed to remove most of the colloidal calcium phosphate, 

which binds CN micelles together in milk (Dickinson, 1997). Caseinates are used for their 

many functional properties. These properties include solubility at high concentrations (20-

30%), at both acidic and alkaline pH values. Soluble caseinates can impart a smooth mouth 

sensation. As a result, caseinates are commonly used in coffee creamers, cream liquors, and 

other products. Na-/K-caseinate, a concentrate alkaline form of caseinate, can form heat 

stable translucent solutions, a property desirable in beverages (O'Connell and Flynn, 2006).   

1.3d Micellar Casein 

Micellar casein (MC) (or native phosphocasein) powder is produced by 

microfiltration of skim milk to remove whey protein followed by spray drying. The resulting 

product is CN predominately present as MC, containing colloidal calcium phosphate (CCP) 

(Lucey et al., 2003). The properties of whole CN micelles are a result of CN fraction 

association depending on their hydrophobicity and charge (Molina et al., 2007). CN micelles 

derived under high temperatures aggregate more than those derived from unheated milk. CN 

complexes contribute to and increase the rate of aggregation for whey proteins. When at 

equilibrium, MC is very stable; however, when the pH is lowered, aggregation occurs due to 

breakdown of MC bonds (Walstra, 1990).   

It is important that the functionality of CN remains during processing, storage and  
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reconstitution of MCC. In order to modify CNs without compromising their functional 

properties, enzymatic dephosphorylation is often preferred over chemical dephosphorylation 

(Rival et al., 2000). When enzymatically dephosphorylated, phosphate groups are released 

leaving dephosphorylated serine residue on the protein; however, chemical 

dephosphorylation can lead to the release of phosphate and the formation of dehydroalanine, 

a precursor to the undesirable and possibly toxic compound lysinoalanine (Molina et al., 

2007; Friedman et al., 2006). Dephosphorylation alters some of the physical and functional 

protein properties changing the way the proteins associate with each other. The calcium-

binding capabilities are reduced, and stabilization in the presence of Ca2+/calmodulin-

dependent protein kinases II is increase (Hekken and Strange, 1992). The conformation and 

aggregation of CN is controlled by hydrogen bonding, hydrophobic interactions and 

electrostatic repulsion. After dephosphorylation, micellar CN powders are processed through 

membrane filtration followed by spray drying (Schokker et al., 2011). A series of health 

promoting peptides are produced from the consumption of micellar casein including 

glycomacropeptide, casomorphins, and casein-phospho-peptide. Micellar casein powders are 

typical consumed as nutraceuticals in health beverages and shakes or as encapsulated carriers 

of other nutrients (Semo et al., 2006).  

Although MC could have many functional and nutritional uses in the food industry, a 

challenge with MC powder is its poor reconstitution properties similar to MPC and MPI, 

chiefly at low temperatures and in short time frames (Schokker et al., 2011). In addition, MC 

reconstitutability decreases upon storage in warm moist temperatures (Schokker et al., 2011). 

For rehydration, an increase in temperature and rehydration time has been suggested;  
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however, increased temperatures can have a negative effect on protein and prolonged 

rehydration time is not practical in the fast-paced food industry. Other steps have been taken 

to improve MC reconstitutability, such as high rates of shear, decreased drying temperatures, 

partial depletion of calcium, the addition of chelating agents/acidification, the addition of 

salts, or the addition of whey protein or polydextrose. Much of the poor reconstitutability of 

CN has been attributed to CN non-covalent bonding (Havea, 2006). These interactions within 

MC lead to aggregation and a “skin” like formation on the surface of various powder 

particles later slowing the release of CN micelles from the powder particles. Micellar casein, 

along with other forms of casein have been is used in sports foods for its ability to prevent 

oxidative breakdown of muscle tissue and promote anabolism (Reitelseder et al., 2014). 

While the flavor of milk proteins and other forms of casein have been reported, to our 

knowledge, that of MC has not.  

1.4 Serum Protein 

Serum proteins are whey proteins that are removed from milk prior to cheese and 

whey manufacture. When serum proteins are concentrated to a higher protein level (usually 

34 or 80%) they are referred to as serum protein concentrate (SPC). Serum proteins (SP) are 

also referred to as “native” whey proteins (Luck et al., 2013). Methods to remove SPC from 

skim milk have been developed using microfiltration and ultrafiltration. It has been suggested 

that the bland sensory profile of SPC compared to WPC may be due to their minimal 

processing (Evans et al., 2010; Evans et al., 2009). SPC are characterized by low intensities 

of sweet aromatic, cooked, cardboard, and cereal flavors in addition to a slight sweet taste, 

depending on lactose concentration. Diacetyl and oxidized flavors can also be present in 
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SPC; however, these flavors are generally low and much lower that their whey ingredient 

counterparts (Evans et al., 2009, 2010).  

The use of microfiltration or removal through physical phase technology (Hurt and 

Barbano, 2010) to manufacture SPC has increased in the past few years because of 

improvement in ceramic membranes and uniform transmembrane pressure technology. 

Usually this process occurs in three stages. In stage 1, skim milk is microfiltered and the 

resulting permeate from this process is then ultrafiltered. The retentate from stage 1 is sent to 

stage 2 and is diluted back to the original weight of skim milk with permeate from the UF 

process. The mixture is then moved to stage 3 where it is diafiltered with permeate from 

ultrafiltration. At this point, the microfiltration system yields skim milk with a lower SP 

content, and the ultrafiltration system yields serum protein concentrate which can be spray 

dried.  

Serum protein removal from milk before manufacture can be advantageous for 

several reasons. Although the majority of SP remain with whey during the cheese make 

process, some SP can be trapped in pores or spaces between aggregates formed by rennet 

altered micelles during the cheese make process and can lead to off-flavors (Lucey et al., 

2003). The microfiltration process produces proteins that are virtually sterile and are also in 

their native form (Nelson and Barbano, 2005). Producing native or undenatured proteins is 

important because it prevents SP from unfolding and forming additional binding sites which 

could release unwanted off-flavors. In addition, isolating SP from milk before processing 

eliminates negative flavor contributions from cheese manufacture such as lactic acid, and 

starter culture. SP removal from cheese make also has no effect on cheese yield (Nelson and 
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Barbano, 2005; Evans et al., 2009, 2010). 

1.5 Whey Protein 

On a wet weight basis, fluid whey contains 0.06% protein. This protein fraction of 

milk which is not acid sensitive is a complex blend of proteins with many nutritional, 

functional, and biological uses when concentrated and dried. A wide range of whey protein 

concentrations (35-90%) are available by one or several filtration methods: ultrafiltration, 

microfiltration, diafiltration, and nanofiltration. Protein fractionation can be applied further to 

produce purified major whey proteins β-lactoglobulin (β-LG) or α-lactalbumin (α-LB). Other 

minor proteins in whey protein include glycomacropeptide (only found in cheese whey), 

bovine serum albumin (BSA), lactoferrin (LF), immunoglobulins, phospholipoproteins, and 

other bioactive factors and enzymes (Smithers et al., 1996; El-Sayed et al., 2011).  

Sweet whey is derived from rennet coagulated cheeses such as Swiss or Cheddar and 

generally has a pH between 5.8 and 6.6. Sweet whey powder (SWP) is the concentrated and 

dried derivative of sweet whey. SWP contains all of the components of fresh whey, in the 

same relative proportion, with the exception of significantly reduced moisture; these 

constituents include 11-14.5% protein, 63-75% lactose, 1-1.5% fat, 8.2-8.8% ash, and 3.5-5% 

moisture (U.S. Dairy Export Council, 2012). Whey protein concentrates (WPC) result from 

removing non-protein components, including water, fat, and various minerals, in order to 

achieve a specific protein content. They vary in protein content depending on the processing 

method and are named accordingly. For example, a powder with 80% protein is referred to as 

WPC80. Commonly used whey protein concentrates range from 34% to 80% protein. Whey 

protein isolate, (WPI) results from removing additional non-protein components such as fat  
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in order to achieve 90% protein.  

On many levels, the characteristics of whey proteins are different from those of other 

dairy proteins such as CN. For example, during digestion, whey proteins remain soluble in 

the stomach while CNs coagulate under the acidic pH. This allows whey proteins to move 

through the stomach very quickly and arrive at the gut primarily intact. Whey protein can 

interact with minerals or gastrointestinal flora while moving through the gut very slowly. As 

a result whey proteins have high bioavailability (García-Garibay et al., 2008). CNs are the 

major protein component of milk (Molina et al., 2007). Casein is stable at high temperatures 

(160-200C) but less stable below a pH of 5.0. On the other hand, whey proteins are stable 

over a wide range of pH but can be more easily denatured by heat (70-75C) (deMan, 1999). 

Compared to WPC, MPC have a wider range of applications including cheese, cultured dairy 

products, nutrition beverages, and weight management products; however, WPC are 

considered to be a superior source of protein fortification and can also provide gelling 

properties not found in MPC (U.S. Dairy Export Council, 2012) 

1.5a Whey Ingredient Manufacture 

In the past, many techniques have been used in the production and separation of whey 

protein ingredients. These methods included salting out, acid-heat separation and membrane 

filtration of whey proteins (El-Sayed et al., 2011). Currently, the most commonly used 

technique for whey ingredient manufacture is membrane filtration. Whey processing begins 

by clarification. The whey is centrifuged or screened to remove excess curds. Fat is then 

removed with a separator. Pasteurization is then used to inactivate cheese starter cultures. 

Methods such as evaporation, reverse osmosis, or ultrafiltration are used for concentration.  
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Whey protein concentrate can then be produced as a concentrated liquid or can undergo 

further treatment to become a dried powder (Zadow, 1992). During WPC production and 

especially spray drying, it is vital that the proteins do not experience extremely high 

temperatures that could cause denaturation, loss of functionality, and development of 

undesirable flavor compounds (García-Garibay et al., 2008). 

Whey protein technology allows for separation or fractionation of specific proteins 

for particular nutraceutical or functional applications. In addition whey protein fractions are 

used for their bioactive or physiological qualities.  

 

Table 1: Percent (%) composition of whey proteins. Taken from García-Garibay et al., 2008. 

Component SWP WPC34 WPC80 WPI 

Protein 11.0 - 14.5 34.0 - 36.0 80.0 - 82.0 90.0 - 92.0 
Lactose 63.0 - 75.0 48.0 - 52.0 4.0 - 8.0 0.5 - 1.0 

Fat 1.0 - 1.5 3.0 - 4.5 4.0 - 8.0 0.5 - 1.0 
Ash 8.2 - 8.8 6.5 - 8.0 3.0 - 4.0 2.0 - 3.0 

Moisture 3.5 - 5.0 3.0 - 4.5 3.5 - 4.5 4.5 
 
 
 
1.6 Whey Protein Ingredients  

There are several types of whey ingredients depending on processing and ingredients. Cheese 

whey or “sweet” whey is made from natural cheeses such as Cheddar, Gouda, and 

Mozzarella and has a pH of 6.5. Acid whey is produced from Quarg cheese, cottage cheese, 

yogurt, or acid CN production and has a pH of 4.5 or less. Medium acid whey is less 

common, and is produced from Paneer a soft acid coagulated Indian Cheese (Gallardo-

Escamilla et al., 2005). Both sweet whey and acid whey have similar total solids, protein 
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content, and chloride levels; however, sweet whey typically has more lactose, and less 

phosphate, calcium, and lactate (Jelen, 2009).  

Historically, liquid whey protein by-product has been disposed of as waste. As the 

demand for and manufacture of cheese rises, the subsequent whey production also increases. 

According to Anonymous (2005), “The volume of whey produced in the United States is 

almost equal to the amount of milk used in the production of cheese.” Meanwhile, the 

negative impact of whey upon the environment has become a growing concern. Research has 

identified that a large amount of whey in any one area is a significant problem because whey 

has a high carbon oxygen demand that can endanger soil properties, and negatively impact 

the environment (Kavacik and Topaloglu, 2010). In light of this and the high protein and 

lactose content within whey, with the exception of acid whey, the dairy industry has 

resourcefully been able to convert most whey by-product into a valuable commodity. 

According to the Dairy Products Summary by the USDA (2012), approximately 398 million 

pounds of WPC and 60 million pounds of WPI were produced for human consumption in 

2011.  

The composition of cheese whey depends on a variety of factors. These dynamics 

include the composition and quality of evaluated milk, techniques of production of cheese, 

the amount of yeast, acid or starter culture which used coagulation agent, and their quality, 

the period of coagulation and temperature (Kavacik and Topaloglu, 2010). Currently, both 

whey and its components have a variety of uses within the food industry in both powder and 

liquid form (de Wit, 2001; Varnam and Sutherland, 2001). 
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Table 2: Main components in cow’s milk in weight percentages. Taken from Ainsworth, 
1996. 
 

 

 

Table 3: Percent composition of milk proteins. Taken from Ainsworth, 1996. 

 

 

1.6a Whey Protein Concentrates and Isolates  

Dried whey powders are defined by their protein content. Whey protein concentrates 

(WPC) range from 35% (WPC34) to 85% (WPC85) protein. At the highest protein content, 

whey protein isolate (WPI) contains ≥ 90% protein. Product cost is positively correlated with 

the protein content in whey protein powders (García-Garibay et al., 2008). WPC80 and WPI 

are popular among sports nutrition and weight loss products including a variety of protein 

bars, as well as protein drinks (Anonymous, 2005). This is because their amino acid 

composition and rate of peptide and amino acid release into the small intestine is considered  
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to be nutritionally superior compared to other dietary products (Ha and Zemel, 2003). Whey 

proteins are also used in a variety of other foods including beverages, dietetic foods, and in 

infant food (Sinha et al., 2007; Exl, 2001). As an ingredient, whey protein is a good foaming 

agent and emulsifier (Dissanayake and Vasiljevic, 2009).  

 Whey protein is also vital as a functional ingredient in the structure of food emulsions 

and foams. Whey protein properties are activated or arise when water-protein interactions 

occur, or when the protein is used as a food ingredient. This function is highly dependent on 

the ability to absorb at water-oil or water-air interfaces and prevent droplet coalescence. 

Protein foams and emulsions are dependent on protein surface activity and film forming 

properties, which are governed by protein structure (Damodaran, 2006). While protein 

unfolding is often an undesirable trait, emulsifying and foaming properties of whey proteins 

are improved by partial protein unfolding leading to exposed hydrophobic regions (Firebaugh 

and Daubert, 2005). In the food industry, whey proteins are used in infant formula, and in 

dietetic and health foods for their functional properties as well as their nutritional benefits (de 

Wit, 1998).  

1.6b β-Lactoglobulin 

About 50% of whey protein is β-lactoglobulin (β-LG). At ambient temperatures, this 

protein exists as a non-covalently linked dimer stabilized by hydrogen bonds (Majhi et al., 

2006). β-LG is a water soluble protein comprised of 162 amino acids, including 5 cysteine 

residues, 2 tryptophan residues and a molecular mass of 18 kDa. The chief bioactive 

characteristics of β-LG include a slightly hydrophobic nature, which allows it to bind to 

minerals and liposoluble vitamins such as retinol (Belatik et al., 2012). The structure of β-LG 
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also exhibits charged binding sites that bind to amino acids such as cysteine, lysine or 

methionine and other sulfur containing amino acids (García-Garibay et al., 2008). 

One of the primary functional properties of B-LG is its role in protein gelation (Sava 

et al., 2005). Native β-LG contains a free thiol group within the hydrophobic center of the 

protein that cannot normally partake in disulfide linkage. However, when exposed to thermal 

treatment the hydrophobic center of this protein undergoes a conformation change that 

exposes non-polar and disulfide bonds normally buried in the protein interior. The formation 

of these bonds leads to subsequent aggregation and gelation of β-LG (Sava et al., 2005). 

Depending on the level of gelation desired, levels of β-LG can be adjusted for optimal 

product performance.  

1.6c α-Lactalbumin  

As the second most abundant protein in whey, α-lactalbumin (α-LA) has many unique 

functionalities and characteristics. Because it has a structure similar to that of human milk, 

purified α-LA is often used in infant formula (Lien, 2003). This protein is an acidic, single 

chain Ca2+ (aids in whey protein recovery) with 123 amino acids, a molecular mass of 14 

kDa, and makes up around 3.5% of the total protein in milk (Kamau et al., 2010). 

Technology choice in the production of α-LA is determined by desired purity levels, amounts 

needed, and degree of processing. The structure of α-LA also assists in building muscle 

tissue lost due to exercise or malnutrition. Immune characteristics including antimicrobial 

and antiviral properties have been attributed to α-LA (Sitohy et al., 2007). It has also been 

suggested that α-LA may cause cell-apoptosis, a function lost in cancerous or tumor cells 

(García-Garibay et al., 2008). Other bioactive characteristics of α-LA include an affinity for  
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metal ions such as zinc, manganese, cadmium, copper, and aluminum (Permyakov and 

Berliner, 2000). Although α-LA is highly soluble in water and chloride salt solutions, α-LA 

can also interact with various hydrophobic substances such as lipid membranes, fatty acids, 

and hydrophobic peptides. These functionalities increase α-LA’s potential as an ingredient in 

health promoting foods (Barbana et al., 2006).   

1.6d Lactoferrin 

Bovine lactoferrin is an 80 kDa iron-binding glycoprotein. It is comprised of 689 

amino acids and makes up less than 1% of the total protein in milk. Although it is present in a 

relatively small concentration, this protein is known for its antibacterial and antioxidant 

immune response capabilities (Mulder et al., 2008). The structure of LF allows it to act 

proactively to interact with target cells including monocytes and macrophages. LF mediates 

cellular functions such as inflammatory reactions through interacting with components of the 

cell surface such as gangliosides, a type of glycolipid. It has also been suggested that LF 

fights cancer by acting as a blocking agent of carcinogens, as well as bactericidal effects, and 

vascular growth factor inhibition (García-Garibay et al., 2008). 

1.6e Acid Whey 

As denoted by its name, acid whey and medium acid whey are the by-products of 

fresh acid cheeses produced by either starter culture fermentation or by direct acidification. 

Examples include cottage cheese whey and acid casein whey. Acid whey typically has a 

titratable acidity of 0.40% to 0.60% lactic acid and a pH range of 4.0 to 5.0. The high acid 

content in acid whey along with high variability among functional attributes, including 

foaming, gelling, emulsification, and solubility, and hydration characteristics including  
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dispersibility, solubility, swelling, viscosity, and gelation, can often negatively impact 

product application (Shon and Haque, 2007). Variability in acid whey functional attributes 

has been primarily linked to high bacterial and enzyme content (Gallardo-Escamilla et al., 

2005). In order to interrupt any microbial activity, processing plants often apply a heat 

treatment of fluid whey at a range of 75–85°C for 30–60 s.  The solubility or 

reconstitutability of acid whey powders has been shown to be variable. Shon and Haque 

(2007) demonstrated that solubility of sour [acid] whey was significantly lower than sweet 

whey across a range of pH and heating times. Heat resistance to denaturation and 

precipitation can be a useful in a situation that commonly occurs with sports drinks where an 

item is acidic, but must also undergo pasteurization. Various studies have evaluated the 

effectiveness of using acid whey to enhance the shelf-life of beef steak, fruits, and vegetables 

(Haque et al., 2009; Shon and Haque, 2007). Acid whey has more consistent thermostability 

and foam viscosity along with similar emulsifying properties and foam expansion to that of 

sweet whey (Morr and Ha, 2009).  

1.7 Whey Ingredient Flavor 

Ideally, whey proteins should have a bland flavor to facilitate food applications. 

However, because of whey source, season, regional differences, processing and storage, the 

flavor of these products can be highly variable. This overall lack of consistency and 

functionality of whey protein powders within the food industry has limited acceptance by the 

food processing industry. The flavor of liquid whey can vary with milk source, processing 

and handling, and starter culture blend (Croissant et al., 2007; Carunchia Whetstine et al., 

2005; Carunchia Whetstine et al., 2003). Dried whey powder and dried whey proteins have  
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different flavor profiles than liquid whey because of the additional processing steps required 

to concentrate and dry the liquid (Majahan et al., 2004, Carunchia Whetstine et al., 2003; 

Whitson et al., 2010).  

Over 40 aroma compounds have been identified in sweet whey powder. Many aroma 

compounds have been linked to specific off-flavors (Mahajan et al., 2004). Sweet whey 

powder typically has flavor attributes such as caramelized, cooked, cardboard, and 

cardboard. Aroma and flavor attributes are typically sweet aromatic, cooked, cardboard. 

Basic tastes typically include sweet, sour, and salty. Seasonal and regional differences play a 

critical role in flavor variability among SWP. Flavor is also thought to be intensified by 

processing, specifically evaporation and drying (Sithole et al., 2006).     

 Due to the complex composition of sweet whey powder, prevention of off-flavors can 

often be challenging. Off-flavors that can develop during storage are influenced by starter 

cultures, original product, and processing. Cheese starter culture produces by-products such 

as lactic acid from lactose, glucose, and galactose. Each of these products is concentrated in 

the final dried whey product, and can cause a decrease in product shelf-life (Rao et al., 2004). 

Another common contributor to off-flavors and reduced shelf life in some dried whey 

ingredients includes nonenzymatic browning due to the Maillard reaction from lactose 

(Sithole et al., 2006). This can occur in SWP or in WPC34 due to its higher lactose content. 

Whey protein powders with high protein, such as WPC80, can inhibit Maillard browning 

effects through an anti-crystallization effect thereby increasing product shelf-life (Morgan et 

al., 2005). Maillard browning related off-flavors have not been associated with WPC80 or 

WPI, and studies have demonstrated that lipid oxidation is the primary source of off flavors 
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for these ingredients.  

1.7a Whey Powders   

Sweet whey powders typically display a sweet/milky flavor profile (Gallardo-

Escamilla et al., 2005). Key aroma volatiles found in dried whey are flavors that are derived 

from milk, cheese making, or whey processing and can transfer through into ingredient 

applications and limit product success (Mahajan et al., 2004). Common flavors found in 

sweet whey powder include, sweet aromatic, cucumber, animal, soapy, cooked/milky, 

cardboard, brothy, and fatty. Depending on the lipid content in the way, volatile lipid 

oxidation products can produce methyl ketones, aldehydes and free fatty acids. The high 

concentration of lactose present in sweet whey, in the presence of moisture can lead to off-

flavor development (Sithole et al., 2006).       

 Similarly to sweet whey powder, the “ideal” acid whey powder should possess a 

bland and mild flavor similar to that of milk. However, milk quality, acidification 

ingredients, or the cheese making process can produce undesirable flavor characteristics. It 

has been suggested that off-flavors such as, “bitter,” “stale,” “rancid,” and “chemical” could 

be linked with reactions caused by acid added during cheese or CN production. From a flavor 

standpoint, acid whey tends to display flavors such as “acid,” “bitter,” and “astringent,” 

while sweet whey powders are known for “heated/boiled milk” and “caramelized milk” 

flavors (Sithole et al., 2006). 

1.7b Dried Whey Protein Flavor 

Undesirable flavors found in liquid whey are transferred to dried product and 

subsequently into ingredient applications (Campbell et al., 2011; Carunchia Whetstine et al., 
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2005; Croissant et al., 2007; Whitson et al., 2010). Among various factors that contribute to 

flavor, starter culture plays a significant role in the sensory quality and variability found in 

dried whey protein flavor (Liaw et al., 2010). Campbell et al. (2011) reported that lipid 

oxidation, a key player in storage-related off-flavors in liquid whey were present in higher 

amounts in cheese produced by starter culture versus rennet-set whey.   

In addition to a bland flavor, the ideal dried whey protein should have a bland or 

neutral color for easier ingredient application; however, a significant portion of the cheese in 

the U.S. is cheddar cheese, and is colored yellow using annatto. As a result, fluid whey 

produced from colored cheddar cheese is yellow. The primary method to remove annatto is 

bleaching (Kang et al., 2010). Several studies have demonstrated that bleaching causes off 

flavors in dried whey proteins (Campbell et al., 2011; Kang et al., 2010; Jervis, et al., 2012).  

Liquid product hold time also increases lipid oxidation. Due to lipid oxidation, 

cardboard off-flavor typically increases in fluid whey during storage (Liaw et al., 2010; 

Whitson et al., 2010). During extended storage of dried whey proteins key volatile 

compounds change within the product. Dried whey proteins are often agglomerated with our 

without the addition of lecithin in order to improve solubility and functionality. Although 

they assist in maintaining functionality; agglomeration and the addition of lecithin introduce 

unwanted flavor compounds, such as cucumber and fatty off-flavors, and can decrease 

product shelf life (Wright et al., 2009).  

1.8 Meal Replacement Beverages 

The idea for meal replacement beverages first emerged in the 1940’s when companies 

such as Gamble defined a need for a food or drink product that could provide basic nutrition 
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during a food shortage (Heymsfield, 2010). Not long after, in the 1950’s, a food product that 

could provide amino acids, carbohydrates, vitamins and minerals was requested by NASA as 

they prepared for spaceflight. Over the years these products were further developed as more 

needs arose. For example, formulas that provided full nutrition for long-term survival without 

solid food were developed for hospitalized patients of all ages. Weight loss programs using 

meal replacement beverages were developed and used under medical supervision and became 

an effective method for weight control. The need and demand for meal replacement 

beverages eventually led to widespread availability for consumers (Heymsfield, 2010).   

Although products vary, the standard meal replacement beverages or products should 

provide 100% of the U.S. Recommended Daily Intake for at least 12 essential vitamins and 

minerals, 8-10 g of protein, and around 300 calories per serving (Anonymous, 2002). While 

meal replacement beverages have existed for several decades, rising obesity rates and a 

demand for convenience have increased market growth. Half of the consumers who use meal 

supplements or meal replacement beverages say that they use them several times a week. In 

2010, the U.S. annual market for meal replacement beverages is estimated at $2 billion 

(Nanfelt, 2011). Currently, meal replacement beverages can be used without medical 

supervision as the sole source of nutrition, or as partial meal replacement along with the 

additional intake of solid foods (Heymsfield, 2010).   

Meal replacement beverages are composed of a variety of ingredients including either 

soy, whey, or other milk-based proteins, fruits, grains, vitamins and minerals. There is 

limited literature on the manufacture of meal replacement beverages, but UHT, HTST 

pasteurization, and rotational retort systems may be used, depending on composition and  
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final pH (Keowmaneechai and McClements, 2002). As obesity has increased in the U.S. the 

interest in lower carbohydrate foods and the positive impact of dairy proteins and calcium 

has been addressed. Research has indicated that the consumption of calcium and milk protein 

is linked with a reduction in blood pressure and body fat (Groziak and Miller, 2000). Because 

of superior nutritional qualities and high solubility over a wide pH range, whey protein 

isolates and whey protein concentrates are ideal for liquid meal replacements (Walzem et al., 

2002; Fox, 2000). Keowmaneechai and McClements (2002) reported that whey protein in 

meal replacement beverages added stability to emulsions after homogenization by forming a 

membrane around oil droplets that prevented coalescence. However, additional mineral 

fortification such as calcium within these beverages has been shown to compromise the 

properties and stability of these emulsions.  

Protein shakes and recovery drinks are used by consumers to promote muscle 

building and replenish energy after exercise, and increase to satiety. Multiple studies have 

indicated that proteins are the most satiating out of the three macronutrients (Anderson and 

Moore, 2004; Halton and Hu, 2004).  Various studies have been conducted on the flavor or 

sensory compounds produced from proteins used for meal replacement beverages such as 

protein shakes or protein recovery drinks. Off-flavors and aftertaste are major barriers to 

protein shakes and drinks acceptability. Flavor of proteins used in protein shakes and 

recovery drinks is highly impacted by initial product quality, protein source, as well as 

additional processing (Childs et al, 2007; White et al., 2013).   

1.9 Conjoint Analysis 

Conjoint analysis, also referred to as trade-off analysis, is a market research tool used  
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for understanding and designing products and services. Although conjoint analysis is more 

common in marketing, it is becoming prevalent in food related research. There are several 

different types of conjoint surveys: Full profile, adaptive, choice-based, partial-profile choice 

based, and adaptive choice based (Jaeger et al., 2001; Orme, 2010). Conjoint analysis is 

typically conducted as an online survey distributed to a large number of people (n > 500) 

(Orme, 2010). This type of research is unique in the fact that it allows researchers to quickly 

evaluate and compare attributes across two or more products. For example, price, brand, 

packaging, quantity, size and other attributes that affect consumer attitudes can be measured. 

In addition, conjoint analysis allows for hypothetical products to be evaluated compared to 

products currently on the market. This is helpful in guiding product developers towards 

products that will have greater success in the market (Orme, 2010). 

Food researchers have used conjoint analysis for a variety of food products such as 

latte beverages, food bars, probiotics, and milk desserts (Jervis et al., 2012; Mahanna et al., 

2009; Sorenson and Bogue, 2005; Ares and Deliza, 2010). Conjoint analysis captures product 

ratings from each consumer and systematically varies survey components based on 

participant response. This allows the researcher to determine the part-worth contribution of 

each component, and to determine importance scores for product characteristics (Moskowitz 

et al., 2004). After determining the driving attributes and importance scores for a particular 

group of products, conjoint data can be segmented. Consumer segmentation can be used to 

further divide data and to describe the different preferences of specific populations (Mahanna 

et al., 2009). Subsequent studies can then directly address sensory properties on liking of 

selected prototypes.  
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This thesis will address the impact of intrinsic and extrinsic attributes on liking and 

purchase intent of cottage cheese. Cottage cheese is a cultured dairy product with many 

health benefits.  Consumer preference mapping studies have demonstrated that cottage 

cheese liking is influenced by flavor, texture, curd size, dressing content (Drake et al., 2009). 

However, extrinsic factors such as package, label claims, and brand name may also influence 

purchase intent and liking. The objective of this study was to evaluate the role of package 

attributes and brand on the liking and purchase intent of cottage cheese.  A conjoint survey 

with a Kano analysis (n=400) was conducted to explore brand, label claim, milkfat content, 

and price. Following the survey, one hundred and fifty consumers evaluated seven cottage 

cheeses with and without brand information in a two-day crossover design. Subsequently, 

studies were also conducted with children ages 7 to 15 y. Findings from this study can help 

manufacturers as well as food marketers better target their products and brands with 

attributes that drive consumer choice.  



29 

References 
 

Ainsworth, P. 1996. Chemistry in the kitchen: milk and milk products I. J. Nutr. and Food 
 Sci. 2:27-30. 
 
Aiqian, Y. 2011. Functional properties of milk protein concentrates: emulsifying properties, 
 adsorption and stability of emulsions. Int. Dairy J. 21:14-20.  
 
Anderson, G. H., and S. E. Moore. 2004. Dietary proteins in the regulation of food intake  and
 body weight in humans. J. Nutr. 134:974S-979S. 
 
Andren, A. 2002. Rennets and coagulants. Pages 281-283 in Encyclopedia of Dairy Science. 
 Vol. 1. H. Roginski, J. W. Fuquay, and P. F. Fox, ed. Academic Press Inc., Cornwall, 
 UK. 
 
Anonymous. 2005. The whey forward. Dairy Industries International. 70:24-25.   
   
Anonymous. 2002. Energy bars defined. Gourmet Retailer 23:78. 
 
Ares, G. and R. Deliza. 2010. Studying the influence of package shape and colour on 
 consumer expectations of milk desserts using word association and conjoint analysis. 
 Food Qual. Prefer. 21:930-937. 
 
Baldwin, A, Pearce D. 2005. Chapter 15 - Milk Powder. In: C. Onwulata, editor. 
 Encapsulated  and Powdered Foods. 1st ed. New York: Taylor & Francis. p 387-433.  
 
Barbana, C., M. D. Perez, L. Sanchez, M. Dalgalarrondo, J. M. Chobert, T. Heartle, and M.
 Calvo. 2006. Interaction of bovine α-lactalbumin with fatty acids as determined by 
 partition equilibrium and fluorescence spectroscopy. Int. Dairy J. 16:18-25.  
  
Barbe, F., O. Menard, Y. L. Gouar, C. Buffiere, M. H. Famelart, B. Laroche, S. L. Feunteun, 
 D. Remond, and D. Dupont. 2014. Acid and rennet gels exhibit strong differences in 
 kinetics of milk protein digestion and amino acid bioavailability.  
 
Belatik, A., C. D. Kanakis, S. Hotchandani, P. A. Tarantilis, M. G. Polissiou, and H. A. 
 Tajmir-Riahi. 2012. Locating the binding sites of retinol and retinoic acid with milk 
 β-lactoglobulin. J. Biomol. Struct.and Dyn. 30:437-447.  
 
Bylund. G. 2003. Dairy Processing Handbook. Pages 412-414. Vol. 2. LP Grafisk,
 Malmö, Germany.  
 
Campbell, R. E., R. E. Miracle, P. D. Gerard, and M. A. Drake. 2011. Effects of starter 
 culture and storage on the flavor of liquid whey. J Food Sci. 76:S354-S361. 
 



30 

Carunchia Whetstine, M. E., J. D. Parker, M. A. Drake, and D. K. Larick. 2003. Determining 
 flavor and flavor variability in commercially produced liquid cheddar whey. J Dairy 
 Sci. 86:439–448. 
 Carunchia Whetstine, M. E., A. E. Croissant, and M. A. Drake. 2005. Characterization of 
 dried  whey powder concentrate and isolate flavor. J. Dairy Sci. 88:3826-3839. 
 
Childs, J., M. D. Yates, and M. A. Drake. 2007. Sensory properties of meal replacement  

bars and beverages made from whey and soy proteins. J. Food Sci. 72:S425- 
S434.  

 
Cornish, S.M. 2009. Conjugated linoleic acid combined with creatine monohydrate and whey 
 protein supplementation during strength training. Int J Sport Nutr Exer Metab, 19:79. 
 
Croissant, A. E., Washburn S. P., Dean L. L., and Drake M.A. 2007. Chemical properties  and 

consumer perception of fluid milk from conventional and pasture-based production 
systems. J. Dairy Sci. 90:4942–53. 

 
Damodaran, S. 2006. Protein stabilization of emulsions and foams. J. Food Sci. 70:R54-R66. 
 
deMan, J. M. 1999. Protein Denaturation. Pages 118-120. Principles of food chemistry. Vol. 
 3.San Francisco, CA.  
 
De Wit, J. N. 1998. Nutritional and functional characteristics of whey proteins in food 
 products. J. Dairy Sci. 81:597-608. 
 
De Wit, J. N. 2001. Lecturer’s Handbook on whey and whey products. EWPA. Brussels, 
 Belgium.   
 
Dissanayake, M., and T. Vasijevic. 2009. Functional properties of whey proteins affected by 
 heat treatment and hydrodynamic high-pressure shearing. J. Dairy Sci. 92:1387-1397.  
 
Donato, L., M. Alexander, and D. G. Dalgleish. 2007. Acid gelation in heated and  

unheated milks: interactions between serum protein complexes and the surfaces of  
casein micelles. J. Agric. 55:4160-4168. 

 
Drake, M.A., Y. Karagul-Yuceer, K.R. Cadwallader, G.V. Civille, P.S. Tong. 2003. 
 Determination of the sensory attributes of dried milk powders and dairy ingredients. 
 J. Sens. Stud. 18:199–216. 
 
Drake, M.A., R. E. Miracle, and J. M. Wright. 2009. Sensory properties of dairy proteins. 
 Pages 429-448 in Milk proteins: From expression to food. Vol. 1. A. Thompson, M. 
 Boland, and H. Singh, ed. AcademicPress, London, UK.  
 
El-Sayed, M. M. H., and H. A. Chase. 2011. Trends in whey protein fractionation.   

Biotechnol. Lett. 33:1501–1511. 



31 

Emam-Djome Z., M. E. Mousavi, A. Ghorbani, and A. Madadlou. 2008. Effect of whey  
protein concentrate addition on the physical properties of homogenized sweetened  
dairy creams. Int. J. Dairy Tech. 61:183-191. 
 

Evans, J., J. Zulewska, M. Newbold, M. A. Drake, and D. M. Barbano. 2009. Comparison of 
 composition, sensory, and volatile components of thirty-four percent whey protein 
 and milk serum protein concentrates. J. Dairy Sci. 92:4773-4791.  
 
Evans, J., J. Zulewska, M. Newbold, M. A. Drake, and D. M. Barbano. 2010. Comparison of  

composition and sensory properties of 80% whey protein and milk serum protein 
concentrates. J. Dairy Sci. 93:1824-1843.  

 
Exl, Bianca-Maria. 2001. A review of recent developments in the use of moderately 
 hydrolyzed whey formulae in infant nutrition. Nutr. Res. 21:355-379. 
 
Fang, Y., S. Rogers, C. Selomulya, and X. D. Chen. 2012. Functionality of milk protein  

concentrate: effect of spray drying temperature. Biochem. Eng. J. 62: 101-105.  
 
Firebaugh, J. D. and C. R. Daubert. 2005. Emulsifying and foaming properties of a  

derivatized whey protein ingredient. Int. J. Food Properties. 8:243–253. 
 
Friedman, M., J. C. Zahnley, and P. M. Masters. 2006. Relationship between in vitro 
 digestibility of casein and its content of lysinoalanine and d-amino acids. J. Food Sci. 
 46:127-134. 
 
Gallardo-Escamilla, F. J., A. L. Kelly, and C. M. Delahunty. 2005. Sensory characteristics  

and related volatile flavor compound profiles of different types of whey. J. Dairy Sci. 
88:2689–2699. 

 
García-Garibay, M., J. Jiménez-Guzmán, and H. Hernández-Sánchez. 2008. Whey proteins: 
 bioengineering and health food. Pages 415-430 in Engineering: Integrated
 Approaches. Gutiérrez-Lopez, G. F., J. Welti-Chanes, and E. Parada-Arias, ed. 
 Springer, NY.  
 
Grasser, L. A., J. G. Fadel, I. Garnett, and E. J. DePeters. Quantity and economic importance 
 of nine selected by-products used in California dairy rations. J. Dairy Sci. 78:962-
 971. 
 
Groziak, S. M. and G. D. Miller. 2000. Natural bioactive substances in milk and colostrum: 
 effects on the arterial blood pressure system. Br. J. Nutr. 84:S119-S125.  
 
Ha, E. and M. B. Zemel. 2003. Functional properties of whey, whey components, and 
 essential amino acids: mechanisms underlying health benefits for active people. J. 
 Nutr. Biochem. 14:251-258. 
 



32 

Halton, T. L. and F. B. Hu. 2004. The effects of high protein diets on thermogenesis, satiety 
 and weight loss: a critical review. J. Am. Coll. Nutr. 23:373-385. 
 
Haque, Z. U., S. J. Shon, and J. B. Williams. 2009. Efficacy of sour whey as a shelf-life 
 enhancer: use in antioxidative edible coatings of beef steak. J. Food Qual. 32:381-
 397. 
 
Haque, E. B. R., Bhandari, M. J. Gidley, H.C. Deeth, and A.K. Whittaker. 2011. Aging- 

induced solubility loss in milk protein concentration powder: effect of protein 
conformational modifications and interactions with water. J. Sci. Food Agric. 
91:2576-2581.  

 
Havea, P. 2006. Protein interactions in milk protein concentrate powders. Int. Dairy J. 
 16:415-422.  
 
Holland, J. W., H. C. Deeth, and P. F. Alewood. Proteomic analysis of ĸ-casein micro-
 herogeneity. 2003. J. Proteomics. 4:743-752. 
 
Hurt, E. and D. M. Barbano. 2010. Processing factors that influence casein and serum  

protein separation by microfiltration. J. Dairy Sci. 93:4928-4941.  
 

Jaeger, S. R., D. Hedderley, and H. J. H. MacFie. 2001. Methodological issues in conjoint 
 analysis: a case study. Eur. J. Marketing. 35:1317-1239 
 
Jelen, P. 2009. Dried whey, whey proteins, lactose and lactose derived products. Pages 255-
 256 in Dairy powders and concentrated products. Vol. 1. A. Y. Tamime, ed. John 
 Wiley  & Sons, Ayr, UK. 
 
Jervis, S. M., K. Lopetcharat, and M. A. Drake. 2012. Application of ethnography and 
 conjoint analysis to determine key consumer attributes for latte-style coffee 
 beverages. J. Sens. Sci. 27:48-58. 
 
Johnson, H. A., L. Parvin, I. Garnett, E. J. DePeters, J. F. Medrano, J. G. Fadel. 2007. 
 Valuation of milk composition and genotype in cheddar cheese production using an 
 optimization model of cheese and whey production. J. Dairy Sci. 90:616-629.  
 
Kang, E. J., R. E. Campbell, E. Bastein, and M. A. Drake. 2010. Invited review: annatto 
 usage and bleaching in dairy foods. J. Dairy Sci. 93:3891-3901. 
 
Karagul-Yuceer, Y., K. N. Vlahovich, M. A. Drake, and K. R. Cadwaller. 2003. 
 Characteristic  aroma components of rennet casein. J. Agric. Food Chem. 51:6797-
 6801. 
 



33 

Kamau, S. M., S. C. Cheison, W. Chen, X. Liu, and R. Lu. 2010. Α-Lactalbumin: its 
 production technologies and bioactive peptides. Compr. Rev. Food Sci. F. 9:197-
 212. 
 
Karam, M. C., C. Gaiani, C. Hosri, J. Burgain, and J. Scher. 2013. Effect of dairy powders 
 fortification on yogurt textural and sensorial properties: a review. J. Dairy Sci. 
 80:400-409. 
 
Kavacik, B., and B. Topaloglu. 2010. Biogas production from co-digestion of a mixture of  

cheese whey and dairy manure. Biomass Bioenerg. 34:1321-1329.  
 
Keowmaneechai, E., and D. J. McClements. 2002. Effect of CaCl2 and KCl on  

physiochemical properties of model nutritional beverages based on whey protein 
stabilized oil-in-water emulsions. J. Food Sci. 67:665-671. 

 
Kher, A., P. Udabage, I. McKinnon, D. McNaughton, M. A. Augustin. 2007. FTIR 
 investigation of spray-dried milk protein concentrate powders. Vib. Spectrosc. 
 44:375-381.  
 
Lien, E. L. Infant formulas with increased concentrations of alpha-lactalbumin. Am. J. Clin. 
 Nutr. 77:1555S-1558S.  
 
Lucey, J. A., M. E. Johnson, and D. S. Horne. 2003. Invited review: perspectives on the  

basis of the rheology and texture properties of cheese. J. Dairy Sci. 86:2725–2743. 
 
Luck, P. J., B Vardhanabhuti, Y. H. Yong, T. Laundon, D. M. Barbano, and E. A.  Foegeding. 
 2013. Comparison of functional properties of 34% and 80% whey protein  and milk 
 serum protein concentrates. J. Dairy Sci. 96:5522-5531. 
 
Mahajan, S. S., L. Goddik, and M. C. Qian. 2004. Aroma compounds in sweet whey  

powder. J. Dairy Sci. 87:4057–4063. 
 

Mahanna, K., H. R. Moskowitz, S. Y. Lee. 2009. Assessing consumer expectations for food 
 bars by conjoint analysis. J. Sens. Stud. 24:851-871.  
 
Majhi, P. R., R. R. Ganta, R. P. Vanam, E. Seyrek, K. Giger, and P. L. Dubin. 2006. 
 Electrostatically driven protein aggregation: β-lactoglobulin at low ionic strength.  
 
O'Connell, J. E. and C. Flynn. 2006. The Manufacture and Applications of Casein-Derived  
 Ingredients. Pages 564-568 in Handbook of Food Products Manufacturing. Y. H. 
 Hui,  ed. John Wiley & Sons, Inc., Hoboken, NJ, USA.  
 
Mimouni, A., H. C. Deeth, A. K. Whittaker, M. J. Gidley, and B. R. Bhandari. 2010. 
 Investigation of the microstructure of milk protein concentrate powders during 
 rehydration: Alterations during storage. J. Dairy Sci. 93:463-472.  



34 

Molina, A. C. T., I. Alli, Y. Konishi, and S. Kermasha. 2007. Effect of dephosphorylation on  
bovine casein. J. Food Chem. 101:1263–1271.  

 
Morr, C. V. and E. Y. Ha. 2009. Whey protein concentrations and isolates: processing and 
 functional properties. Crit Reviews Food Sci and Nutr. 33:431-476. 
 
Moschopoulou, E. 2011. Characteristics of rennet and other enzymes from small ruminants 
 used in cheese production. Small Rumin. Res. 101:188-195. 
 
Moskowitz, H., J. Beckley, D. Minkus-McKenna. 2004. Use of conjoint analysis to assess 
 web-based communications on functional foods. Appetite. 43:85-92.  
 
Mulder, A.M., Connellan, P. A., Oliver, C.J., Morris, C.A., and Stevenson, L.M. 2008.  
 Bovine lactoferrin supplementation supports immune and antioxidant status in 
 healthy human males. J  Nutr. Res. 28:583-589.  
 
Nanfelt, M. 2011. IBISWorld Industry Report OD4285. Meal replacement product 
 manufacturing. Retrieved Feb 15, 2014 from IBISWorld database.  
 
Nelson, B. K. and D. M. Barbano. 2005. A microfiltration process to maximize removal of  

serum proteins from skim milk before cheese making. J. Dairy Sci. 88:1891-1900.  
 
Ng-Kwai-Hang, K. F. 1998. Genetic polymorphism of milk proteins: relationship with 
 production traits, milk composition and technological properties. Can J. Animal Sci. 
 78:131-147.  
 
Orme, B. K. 2010. How conjoint analysis works. 2nd ed. Getting started with conjoint 
 analysis. Pages 7-17. Research Publishers LLC, Madison, WI.  
 
Permyakov, E. A. and L. J. Berliner. 2000. α-lactalbumin: structure and function. FEBS 
 Letters. 473:269-274. 
 
Punidadas, P. and S. S. H. Rizvi. 1998. Separation of milk proteins into fractions rich in  

casein or whey proteins by cross flow filtration. Food Res. Int. 31:265-272. 
 
Rao, R. D., W. L. Wendorff, and K. Smith. 2004. Changes in galactose and lactic acid 
  content of sweet whey during storage. J. Food Protect. 67-403-406. 
 
Rankin, S. 2009. Concentrated and dried milk products. Pages 333-385 in The Sensory 
 Evaluation of Dairy Products. Vol. 2. S. Clark, M. Costellow, M. A. Drake, F. 
 Bodyfelt, ed. Springer Science, New York, USA.  
 
 
 



35 

Reitelseder, S., J. Agergaard, S. Doessing, I. C. Helmark, P. Schjerling, G. van Hall, M. 
 Kjaer,  and L. Holm. 2014. Positive muscle protein net balance and differential 
 regular of estrogen expression after resistance exercise and milk protein 
 supplementation. Eur. J. Nutr. 53:321-333.  
 
Rival, S. G., C. G. Boeriu, and H. J. Wichers. 2000. Caseins and casein hydrolysates. 2. 
 Antioxidative properties and relevance to lipoxygenase inhibition. J. Agric. Food 
 Chem.  49:295-302.  
 
Roefs, S., A. De Groot-Mostert, and T. Van Vliet. 1990. Structure of acid casein  

gels. Colloid Surf. 50:141-159.  
 
Sava, N., I. Van der Plancken, W. Claeys, and M. Hendrickx. 2005. The kinetics of heat- 

induced structural changes of β-lactoglobulin. J. Dairy Sci. 88:1646-1653. 
 
Schokker, E. P., J. S. Church, J. P. Mata, E. P. Gilbert, A. Puvanenthiran, and P. Udabage.   

2011. Reconstitution properties of micellar casein powder: effects of composition and 
storage. Int. Dairy J. 21:877-886.  

 
Semo, E., E. Kesselman, D. Danino, Y. D. Livney. 2006. Casein micelle as a natural nano-
 capsular vehicle for nutraceuticals. Food Hydrocoll. 21:936-942.  
 
Shon, J., and  Z. U. Haque. 2007. Functional attributes of native and thermized sour and  

sweet whey. Int. J. Dairy Tech. 60:135-142. 
 
Schultz, Madeline. 2012. Fluid milk profile. Agric. Mkt. Res. Center. Iowa State University, 
 Iowa.  
 
Sinha, R., C. Radha, J. Prakash, P. Kaul. 2007. Whey protein hydrolysate: functional 
 properties, nutritional qualify and utilization in beverage formulation. Food Chem. 
 101:1484-1491.  
 
Sikand, V., P. S. Tong, S. Roy, L. E. Rodriguez-Saona, and B. A. Murray. 2011. Solubility  

of commercial milk protein concentrates and milk protein isolates. J. Dairy Sci. 
94:6194-6202.  
 

Sithole, R., M. R. McDaniel, L. M. Goddik. 2006. Physiochemical, microbiological aroma, 
 and flavor profile of selected commercial sweet whey powders. J. Food Sci. 
 71:C157-163. 
 
Sitohy, M., Billaudel, S., Haertle, T., and Chobert, J. M. 2007. Antiviral Activity of 
 Esterified α-lactalbumin and β-lactoglobulin against herpes simplex virus type 1. 
 Comparison with the effect of acyclovir and l-polylysines. J Agric. Food Chem. 
 55:10214-10220. 
 



36 

Smithers, G., W. F. J. Ballard, A. D. Copeland, K. J. De Silva, D. A. Dionysius, G. L.  
Francis, C. Goddard, P. A. Grieve, G. H. McIntosh, I. R. Mitchell, R. J. Pearce, and 
G. O. Regester. 1996. Symposium: Advances in dairy foods processing and  
engineering. J. Dairy Sci. 79:1454-1459. 

 
Sorenson, D., and J. Boque. 2005. A conjoint-based approach to concept optimization: 
 probiotic beverages. Brit. Food J. 107:870-883. 
 
Tsiaras, A. M., G. G. Bargouli, G. Banos, and C. M. Boscos. 2005. Effect of kappa-casein 
 and β-lactoglobulin loci on milk production traits and reproductive performance of 
 Holstein cows. J. Dairy Sci. 88: 327-334.  
 
Tunick, M.H. 2008. Whey protein production and utilization: a brief history. Ch I Pages  

1-15 in Whey Processing, Functionality, and Health Benefits. Onwulata, C.I.,  
Huth, P.J., eds. Wiley-Blackwell, Ames, Iowa. 

 
Udabage, P., A. Puvanenthiran, J. A. Yoo, C. Verseeg, and M. A. Augustin. 2011. Modified  

water solubility of milk protein concentrate powders through the application of static 
high pressure treatment. J. Dairy Res. 79:76-83.  

 
U.S. Dairy Export Council. 2012. Sweet whey powder. Arlington, VA, USA. Varnam, A. H. 
 and J. P. Sutherland. 1994. Dairy Protein Products. Pages 159-182 in Milk and milk 
 products. Vol. 1.  
 
Varnam, A. H. and J. P. Sutherland, 2001. Dairy: Applications. Pages 273-286 in Food 
 Processing: Principles and Applications. Vol. 1. J. S. Smith, and Y. H. Hui, ed. 
 Blackwell Publishing, Ames, Iowa, USA.  
 
Walzem, R. L., C. J. Dillard and J. B. German. 2002. Whey components: millennia of  

evolution create functionalities for mammalian nutrition: what we know and what we 
may be overlooking. Crit. Rev. Food Sci. 42:353–375. 
 

Walstra, P. 1990. On the stability of casein micelles. J. Dairy Sci. 73:1965-1979.  
 
Wedholm, A., L. B. Larsen, H. Lindmark-Månsson, A. H. Karlsson, and A Andrén. 2006.  

Effect of protein composition on the cheese-making properties milk from individual 
dairy cows. J. Dairy Sci. 89:3296-3305. 

  
Whitson, M. E., R. E. Miracle and M. A. Drake. 2010. Sensory characterization of chemical 
 components responsible for cardboard flavor in whey protein. J. Sens. Stud. 25:616-
 636.  
 
White, S.S., K.M. Fox, S.M. Jervis, M.A. Drake. 2013. Influence of heating and acidification 
 on the flavor of whey protein isolate. J Dairy Sci. 96:1366–79. 



37 

Wright, B. J., S. E. Zevchak, J. M. Wright, and M. A. Drake. 2009. The impact of 
 agglomeration and storage on flavor and flavor stability of whey protein concentrate 
 80% and whey protein isolate. J. Food Sci. 74:S17-S29.  
 
Yang, S. T., and E. M. Silva. 1995. Novel products and new technologies for use of a 
 familiar carbohydrate, milk lactose. J. Food Sci. 78:2541-2562. 
 
Zadow, J. G., ed. 1992. Whey and Lactose Processing. Elsevier Science Publishers, New  
 York, NY. 
 
  



38 

 
 
 
 
 
 
 

Chapter 2 

 

The impact of intrinsic and extrinsic attributes on liking 

and purchase intent of cottage cheese	  

 
 
 
 
 

E. M. Hubbard, S. M. Jervis and M. A. Drake 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, 

Raleigh, NC 27695  



39 

Abstract 
 

Preference mapping studies with cottage cheese have demonstrated that cottage 

cheese liking is influenced by flavor, texture, curd size, dressing content. However, extrinsic 

factors such as package, label claims, and brand name may also influence purchase intent and 

liking and have not been studied.  The objective of this study was to evaluate the role of 

package attributes and brand on the liking and purchase intent of cottage cheese.  A conjoint 

survey with a Kano analysis (n=400) was conducted to explore brand, label claim, milkfat 

content, and price. Following the survey, one hundred and fifty consumers evaluated seven 

cottage cheeses with and without brand information in a two-day crossover design. Results 

were evaluated by two-way analysis of variance and multivariate analyses. Conjoint analysis 

revealed that milkfat content and price had the most influence on purchase intent (p<0.05). 

Cottage cheese with 2% milkfat and a low price was preferred. Specific label claims such as 

“Excellent Source of Calcium (>10%),” were more attractive to consumers than “Low 

Sodium” or “Extra Creamy.” Consumer acceptance testing revealed that branding influenced 

overall liking and purchase intent for cottage cheeses to differing degrees (p<0.05). For 

national brands, acceptance scores were enhanced in the presence of the brand (p<0.05). An 

all-natural claim was more appealing than organic by conjoint analysis and this result was 

also confirmed with consumer acceptance testing. Findings from this study can help 

manufacturers as well as food marketers better target their products and brands with 

attributes that drive consumer choice.  

Keywords: Preference mapping, brand, cottage cheese, preference, acceptance test, conjoint, 

Kano 

 



40 

Introduction 
 

Cottage cheese is a fresh cultured dairy product defined as a “soft uncured cheese 

prepared by mixing cottage cheese dry curd with a creaming mixture” (21CFR 

133.128; Code of Federal Regulations, 2004).” Cottage cheese lost a significant amount of 

consumer market share in the 1970’s and 1980’s (Reiter, 1993). Sales have increased in 

recent years. In the United States, 511 million kg of cottage cheese were manufactured in 

2011, an increase in production compared to 185.4 million kg produced in 2006 

(Anonymous, 2006).  Increases in demand for cottage cheese may be due to a variety of 

factors including an increase in health awareness, a desire for more “natural” or “clean 

labeled” products, and a decrease in the stigma that cottage cheese is a diet product. 

Companies have altered packaging to make cottage cheese more appealing and convenient, 

and product flavor and texture have become more consistent due to better quality controls 

(Makhal, 2013). High quality cottage cheese by dairy judging standards should have a mild 

diacetyl flavor with little to no aftertaste, and curds should be uniform in size and shape, with 

a meaty texture without being too firm or rubbery (Bodyfelt and Potter, 2009). Drake et al. 

(2009) confirmed that consumers also preferred buttery (diacetyl) flavor as well as salty taste, 

creaminess (milkfat flavor and mouth coating), and smoothness of texture in cottage cheese. 

Consumer behavior in product choice in a grocery store is a complex process 

influenced by both sensory (intrinsic) product attributes as well extrinsic attributes (brand, 

packaging, label claims, and other market influences) (Gelici-Zeko et al., 2012). 

Understanding non-sensory related aspects of foods is essential to ensure product success.  

Consumer testing has shown that if the external non-sensory characteristics of a product are  
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accepted, the product is more likely to be accepted and the sensory characteristics of the 

product will drive liking (Torres-Moreno et al., 2012; Bayarri et al., 2011).  Brand and other 

label characteristics can also alter consumer liking of a food product (Torres-Moreno et al., 

2012; Paasovaara et al., 2012; Kim et al., 2013; Jervis et al., 2012a).   

The American Marketing Association defines brand as, “a name, term, sign, symbol, 

design or combination of them intended to identify the goods or services of one seller, or a 

group of sellers and to differentiate them from those of competitors,” (AMA, 2006). Food 

branding ranges from highly branded products such as Coca Cola and McDonalds to generic 

or unbranded products such as produce (Van Dam et al., 2007). Brand identity is a tool that 

can have a powerful impact on product liking and expectations; however, brand impact can 

differ in nature and magnitude. Ideally, product expectations are controlled by brand and 

label to maximize consumer acceptance and liking of a product (Moskowitz et al., 2006).  

Similar studies on food products have indicated that the presence of brand has an 

impact on product overall liking and purchase intent (Guinard et al., 2001). Depending on the 

type of product, the influence of brand may have more or less of an influence on liking. 

Priilaid (2006) demonstrated that wine liking was strongly influenced by branding, and that 

intrinsic product qualities were masked by extrinsic characteristics. Kim et al. (2013) showed 

that consumer acceptance of chocolate milk was influenced by the presence of fat content, 

sugar content, brand and organic label claim, respectively.  A dark chocolate consumer 

acceptance and purchase intent study by Torres-Moreno et al. (2012) demonstrated that 

purchase intent of dark chocolates was largely impacted by the brand. Sixty-five percent of 

consumers indicated that they would purchase premium brand chocolate compared to 40% 
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for store brand. Results from this study indicated that for branded products, overall liking 

was high when expectations were met, but that store brands with positive sensory 

characteristics minimized negative expectations associated with store brand products.  

Kano analysis is a consumer research tool that can be used to define the relationship 

between customer needs and customer satisfaction. This form of analysis is particularly 

useful and unique because it can identify asymmetric and non-linear relationships between 

variables (Chen, 2012). This method is used to identify particular attributes with the potential 

to produce customer satisfaction/delight and/or dissatisfaction/frustration (Xu et al., 2009). 

Conjoint analysis is also used to determine consumer drivers of purchase and relative 

importance of various product features that typically characterize a product. Conjoint 

analysis, also referred to as trade-off analysis, allows a quantitative assessment and 

comparison of multiple attributes across multiple products. In addition, conjoint analysis can 

be key in product development by allowing for hypothetical products to be evaluated 

compared to products currently on the market (Mahanna et al., 2009). Both Kano analysis 

and conjoint analysis have been used in a wide range of food applications including sour 

cream, chocolate milk, produce, and eggs (Jervis et al., 2012b; Kim et al, 2013; Onozaka and 

McFadden, 2009; Mesias et al., 2011).  

There are limited studies regarding the sensory and consumer perceptions of cottage 

cheese. Demott et al. (1984) demonstrated that cottage cheese dressing containing 1.26% 

w/w sodium chloride, 1.26% w/w salt substitute (equal concentrations of NaCl and KCl), or 

0.63% w/w of each had similar flavor scores when evaluated by consumers. Antinone et al. 

(1994) demonstrated that the flavor compound diacetyl had a positive impact on consumer  
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acceptance of cottage cheese which was later confirmed in a preference mapping study 

conducted by Drake et al. (2009). Studies have addressed the impact of a variety of 

processing and packaging methods on cottage cheese flavor and texture characteristics 

(Monsoor et al., 2003; Maniar et al., 1994; Puspitasari et al., 1991). A limited number of 

studies have evaluated consumer preferences for cottage cheese and none have included the 

role of extrinsic factors.  To our knowledge, no published studies have evaluated the brand 

strength or image of cottage cheese. The objective of this study was to evaluate the effects of 

packaging attributes and brand on consumer liking and purchase intent of cottage cheese.   

Materials and Methods 

Experimental Overview 

A conjoint analysis survey with Kano questions (n=460) was performed with cottage 

cheese consumers to determine the influence of packaging, fat content, brand, and label claim 

on purchase intent of cottage cheese.  A consumer acceptance test (n=150) was subsequently 

conducted with seven cottage cheeses evaluated with brand and without brand.  

Conjoint Analysis 

An online survey was created using SSI Web (Sawtooth Software version 7.0.22, 

Orem, UT).  Five attributes (fat content, pricing, brand, label claim, and package size) were 

selected based on current commercial products. Levels within each attribute were selected to 

encompass a comprehensive range of choices that consumers encounter (Table 1). The 

survey was designed as an Adaptive Choice Based Conjoint (ACBC) analysis model using 

one build-your-own (BYO) sequence (Orme, 2010). The BYO sequence was followed by ten 

screening tasks with four product concepts per task, with the possible responses of “a 
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possibility” or “won’t work for me” for each product concept (Cunningham et al., 2010; 

Jervis et al., 2012a; Jervis et al., 2012b; Kim et al., 2013).  These questions were followed by 

10 choice task tournament segments consisting of three concepts per choice task.   

The survey was uploaded to an internet server, and cottage cheese consumers (n=460) 

were recruited through e-mail list-serves and internet postings on campus and from an online 

consumer database of 5,500 individuals in the Raleigh, NC area maintained by the NCSU 

Sensory Service Center.  Qualified consumers were between 18 and 65 y of age, and 

consumed cottage cheese at least once per month. Consumers first answered demographic 

and lifestyle (weight and healthiness of eating habits) questions followed by conjoint 

questions. Respondents then answered a series of Kano-related questions (described in the 

Kano analysis section of this paper).  Respondents who completed the entire conjoint 

analysis and Kano survey were entered into a drawing to receive 1 $100 gift card or 1 of 5 

$20 gift cards to a local store.  

Kano Analysis 

Consumers were asked a series of Kano-related questions to determine how their 

satisfaction/dissatisfaction was influenced by cottage cheese attributes. Both the satisfaction 

and dissatisfaction questions in the survey were phrased: “If you have the following choices 

for cottage cheese, how will you feel?” Concepts included in the satisfaction questions were: 

tastes good, keeps me full for a long time, low sodium, has digestive benefits, lactose free, 

healthy, all natural, organic, full fat, creamy, reduced fat, and fat free. Concepts included in 

the dissatisfaction questions were: does not taste good, does not keep me full for a long time, 

does not have low sodium, does not have digestive benefits, is not lactose free, is not healthy,  
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is not all natural, is not organic, is not full fat, is not creamy, is not reduced fat, and is not fat 

free. The answer choices for satisfaction and dissatisfaction question were: like, must have, 

do not care, can live with it, and dislike (Xu et al., 2009). 

Consumer Acceptance Test 

Seven brands of cottage cheese were selected for consumer acceptance testing. 

Products included were two national brands, two regional brands, one organic brand, and two 

store brands (Table 2). Low fat (2% milk fat) product was used based on conjoint results and 

when it was not available, 1% milk fat product was used.  All products were purchased 

locally, at a minimum of 2 wk prior to pull date, and were stored at 4C before testing. 

Consumer acceptance testing was performed in compliance with the North Carolina 

State University (NCSU) Institutional Review Board. Consumers were recruited from an 

online consumer database of 5,500 individuals in the Raleigh, North Carolina, area 

maintained by the NCSU Sensory Service Center. A screening survey was created using SSI 

Web (Sawtooth Software Version 7.12, Sequim WA). One-hundred and fifty cottage cheese 

consumers were recruited and participated in the consumer acceptance test. Targeted 

consumers were between ages 18 and 65 y with an even distribution of each age bracket (10 

y). All panelists consumed cottage cheese at least a few times per month. Testing was 

conducted on 2 different days with a 2 week interval between test days to avoid carryover 

effects (MacFie and Bratchell, 1989). 

Three evaluation conditions were conducted: branded (tasting with brand identified), 

blind (tasting with no brand), and expected (brand only, no tasting). Each consumer 

participated in two sessions, two weeks apart, sessions A and B. Consumers were randomly  
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assigned to either session A or B upon arrival. On the first day of the test, each consumer was 

asked eleven demographic questions including age, income, weight, ethnicity, general health 

status, and cottage cheese consumption habits. Session A consisted of the blind tasting 

condition followed by the brand only evaluation. In the blind tasting condition, cottage 

cheeses were evaluated without any brand present. Before tasting, each consumer looked at 

the sample and evaluated the appearance and color. The participants were then instructed to 

taste the sample and answer questions regarding overall acceptability, flavor, freshness, 

saltiness, texture, and curd size. Each of these questions were evaluated using a 9-point 

hedonic scale from 1= dislike extremely to 9= like extremely. Just-about-right (JAR) 

questions were asked regarding saltiness, texture, curd size, dressing to curd ratio, and 

mouthfeel of each product using a five point scale on 1 = too little, 3 = just about right,  5 = 

too much. Purchase intent was asked on a five point scale ranging from ‘definitely would not 

buy’ to ‘definitely would buy’. Consumers first evaluated the brand only for overall liking 

and purchase intent. Brand only (expected condition) overall liking without product, was 

performed to evaluate brand identity in the absence of product. Consumers viewed photos 

consisting of only product brand name, and were asked liking and purchase intent questions 

based on the product brand. Session B consisted of the tasting in the presence of the brand 

(branded condition). The questions in this session were the same as the blind condition; 

however, participants were provided with a laminated photo of each respective cottage 

cheese brand they would taste before it was tasted and during tasting.  

Participants were randomly assigned to a session order (AB or BA).  The order of 

presentation for the cottage cheese samples was balanced and randomized within each  
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session. Cottage cheeses were served at 4C. Prior to serving, each cottage cheese was 

screened for off-flavors by 2 highly experienced individuals (>500 h experience each). 

Samples were served in 58 mL clear cups and were identified with three-digit random codes. 

Consumers were instructed to rinse with deionized water and take a bite of unsalted cracker 

in between each sample. A 3 min rest between samples was enforced.  Compusense Five 

version 5.2 (Compusense, Guelph, Canada) was used for data collection. All participants 

were compensated with a $50 gift card to a local store after completing their second day of 

participation.  

Statistical Analysis  

Statistical analyses were conducted using XLSTAT (v.2010. 2.02; Paris, France). 

Individual utility scores from the conjoint were extracted using hierarchical Bayesian (HB) 

estimation and rescaled using a zero-centered differences method (Orme, 2010). This zero-

centered differences method rescales the utility values so that they are standardized across all 

attributes. Root likelihood (RLH) values were analyzed to remove any respondents that 

showed an RLH value of 0.25 or lower. Utility scores were extracted and rescaled using a 

zero-centered difference method (Orme, 2010; Jervis et al., 2012).  HB estimation is a 

standard method used in adaptive choice-based designs (Childs et al., 2008; Sichtmann et  al., 

2011; Yu et  al., 2011; Gensler et  al., 2012). Utility scores were evaluated by analysis of 

variance using XLSTAT (v. 2010, Addinsoft, Paris, France). Importance scores were 

determined by calculating the utility score range of each attribute and dividing by the total 

utility range multiplied by 100 (Orme, 2010). Cluster analysis of utilities and attributes was 

performed using using k-means clustering and respondents with similar responses were 
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placed into groups. Principle component analysis (PCA) was also conducted using XLSTAT. 

Respondent data within the PCA biplot were labeled according to the cluster that they were 

grouped into to identify the attributes that differentiated each cluster.  Demographic and 

behavior questions were also analyzed for frequency of choice. All statistical analyses were 

carried out at a 95% significance level. 

Consumer liking scores were evaluated by analysis of variance (ANOVA) followed 

by Fisher’s least significant difference test. To study the effect of brand and product, a two 

way analysis of variance (ANOVA) for brand name and treatment (cottage cheese) was 

conducted. Internal preference mapping of consumer responses to each product under blind, 

expected and informed conditions was conducted using principle component analysis (PCA) 

with the correlation matrix. Purchase intent was evaluated using Kruskal-Wallis with Dunn’s 

post hoc test. Kano index and satisfaction or dissatisfaction coefficients were calculated by 

preparing a contingency table of participant responses to each satisfaction or dissatisfaction 

question (Xu et al., 2009).  

Results and Discussion 

Conjoint Analysis 

Conjoint analysis was used to determine the value that consumers placed on external 

attributes of cottage cheese. None of the 460 participants were removed from the data 

because no participants had a RLH value at or below 0.333. Conjoint importance scores are 

used to interpret differences between attributes. A higher score indicates that the attribute has 

more impact on consumer choice. Fat content had the highest importance score, followed by 

pricing, brand, label claim and package size, respectively (Figure 1). We expected that fat 
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content would be a major driver of choice because cottage cheese consumers are typically 

health conscious and previous studies with other dairy products (chocolate milk, sour cream) 

have also confirmed that fat was a key attribute (Kim et al., 2013; Jervis et al., 2012b). 

Product price is also known to be a driver of choice, therefore it was also expected that price 

would have a large impact on importance scores. Cottage cheese brand had a lower impact on 

importance scores for most consumers, perhaps because cottage cheese brands are not well 

known or well differentiated from store brand products.  

Conjoint utility scores are used to interpret differences within attribute and can only 

be compared within each respective attribute. Consumer response (n=460) zero-centered 

utility scores for the brand attribute showed that the national brand, Breakstone, had the 

highest utility within consumer responses (Table 3). The score for this brand was followed by 

a regional brand (Daisy Brand). Within the brand attribute, the lowest scores were received 

by products not found or not readily available in the local North Carolina region at the time 

of the survey and likely received a reduced score due to lack of brand familiarity. The brand 

Lactaid may have received reduced score due to low product and brand familiarity or a lack 

of overall demand for lactose free cottage cheese. Unfamiliar brands in similar studies have 

produced low utility scores attributed to lack of brand market share (Kim et al., 2013, Hoyer 

and Brown, 1990; Varela et al., 2010). In terms of label claim for cottage cheese, the level 

“all natural” had the highest utility score and was at parity with digestive benefits (probiotic) 

and regular (no claim). Lower utility scores followed for other levels: excellent source of 

calcium, organic, low sodium, and extra creamy.  

Reduced 2% milkfat received the highest utility score for fat content. Low/light/lite 
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1% milkfat, fat free 0% milkfat, and full 4% milkfat levels had lower utility scores, 

respectively. Results from similar studies suggest that consumers seek a compromise 

between higher fat and (healthier) lower fat products (Richardson-Harman et al., 2000). For 

package size, 16 ounce earned the highest utility score followed by 24 and 4 ounce package 

sizes. It was expected that 16 and 24 ounce packages would be preferred because the 

majority of commercial grocery store cottage cheese product is offered in these sizes, and the 

4 ounce size is a relatively recent introduction. Similar studies regarding sour cream package 

size suggest that a medium (16 oz) package size is preferred for functional reasons, but 

smaller sizes may be selected due to a reduced overall price (Jervis et al., 2012). Among 

price levels, the lowest price, $1.50, received the highest utility score. Interestingly, utility 

scores within this category did not exhibit a linear decrease in value as the produce price 

increased. This is likely due to a negative association between low price and product quality 

within some of the consumer segments (Andreyeva et al., 2010).  

Consumers were segmented into 3 distinct clusters based on utility scores (Figure 2). 

Cluster analysis revealed that fat content was the driver of choice for clusters 2 and 3 while 

price was the primary driver of choice for cluster 1. Clusters 2 and 3 were further 

differentiated based on brand. Cluster 3 consumers were more fat and brand conscious. 

Based on responses and demographic results, cluster 1 (n=149) consumers can be described 

as the “casual consumer” (Table 4). This consumer group consisted of mostly women, many 

of whom were 25-34 y or 55-64 y. A large proportion of this group (58%) was married with a 

small household of 2 people. Responses regarding weight were variable, and a large 

proportion of the group had somewhat unhealthy eating habits (31%) (based on self-reported 
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frequency scores regarding weight and eating habits). Conjoint results regarding cluster 1 

(n=149) consumers indicated that price was their primary driver of choice, followed by fat 

content (p<0.05). Other cluster 1 attributes, brand, label claim, and package size, received 

lower utility scores and were at parity with each other (p>0.05) (Figure 1). Cluster 1 

preferred $1.75 for price (Table 3), closely followed by $2.00 and $2.25. The lowest price 

($1.50) was likely not preferred because reduced cost is often associated with reduced 

quality. Within fat content, cluster 1 consumers strongly preferred reduced 2% milkfat. A 16 

ounce package was preferred for package size, and was at parity with the 24 ounce package 

size, followed by 4 ounce (snack size). Digestive benefits, excellent source of calcium, all 

natural, and regular (no claim) received the highest utility scores within the attribute label 

claims, and were at parity with each other (p>0.05). Within the brand attribute, cluster 1 

utility scores were highest for the well-established and recognized brands Breakstone closely 

followed by Daisy Brand. 

Cluster 2 (n=183) consumers were the “family oriented” consumers (Table 4). 

Consumers in this group were primarily between  35 – 54 y, female, married, and had a 

household of 2-4 people with a larger proportion (compared to the total pop) of participants 

claiming to have 5 or more people in their household. This consumer group was also 

characterized by healthy weight and healthy eating status based on self-reported frequency 

scores regarding weight and eating habits. The number of Hispanic participants in this cluster 

(7%) was also high compared to the total population (3%). Fat content was the primary driver 

of choice for consumers in cluster 2 (n=183), followed by price and brand, respectively. 

Between attributes, label claim and package size received the lowest scores, and were at 
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parity (p>0.05). Within the fat content attribute, the low/light/lite 1% milkfat level received 

the highest utility scores for cluster 2 consumers (Table 3) (p<0.05). Other levels, reduced 

2% milkfat, fat free 0% milkfat, and full fat 4% milkfat received lower scores compared to 

the 1% milkfat level, respectively. The price $1.75 was most preferred among price 

attributes, closely followed by $2.00 and $2.25 at parity (p>0.05). Similarly to cluster 1, the 

lowest price, $1.50 was likely not preferred because of a negative association between low 

cost and poor quality. Among brands, Breakstone was most preferred. Daisy Brand and 

organic brands received slightly lower scores for brand and were at parity (p>0.05). Out of 

label claims, cluster 2 consumers strongly preferred excellent source of calcium compared to 

other label claims (p<0.05). Within the package size attribute, 16 ounces was strongly 

preferred by cluster 2 consumers (p<0.05). Scores for cluster 2 were very similar to cluster 3 

scores; however, cluster 2 consumers were more price conscious and less brand aware 

compared to cluster 3 consumers.  

Cluster 3 (n=128) consumers were the “young professional” group (Table 4). This 

group was characterized by young (25-44 y old) females who had a higher rate of 

separation/widow/divorce compared to other clusters. Consumers in this group typically 

lived in a household of 2, and had a higher rate of participants who indicated that they may 

need to lose weight (35%). The majority of participants in this group indicated that they had 

moderately healthy eating habits (38%). These responses indicated that consumers in this 

cluster may desire to eat more healthy food, but occasionally fail to meet their health goals. 

In cluster 3 conjoint results, fat content received the highest attribute score within cluster 3, 

followed by brand. Attributes price and label claim received importance scores below brand 
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scores and were at parity (p>0.05). Label claim and package size received the lowest attribute 

importance scores and were at parity (p>0.05). Within fat content, reduced 2% milkfat 

received the highest utility score. Fat free (0% milkfat) and full fat (4% milkfat) received 

slightly lower scores (p>0.05), respectively (Table 3). Like the other clusters, within the 

brand attribute, Breakstone received the highest utility score followed by Daisy Brand. 

Within label claim, all natural, regular (no claim), and excellent source of calcium were most 

preferred and were at parity (p<0.05). Within the package size attribute, 16 ounces was 

preferred by cluster 3 consumers (p<0.05) followed by 24 ounces and 4 ounces, respectively. 

From conjoint analysis, the most appealing cottage cheese to all consumers was an 

established, recognized brand, all natural label claim, reduced fat (2% milkfat), and a 16 oz 

container with a low price.  

Kano Analysis 

Conjoint analysis is used to assess and determine drivers of product choice, Kano 

questions are used to understand the underlying factors affecting satisfaction or 

dissatisfaction related to a product (Kim et al., 2013; Xu et al., 2009). The Kano model 

assigns consumers’ product features into 4 categories: must-have attributes are those taken 

for granted when met, but lead to high dissatisfaction when not met. One-dimensional 

attributes contribute to a linear increase in customer satisfaction as the presence of the 

attribute increases. Attractive attributes are unexpected and can increased consumer 

satisfaction if available; however, they do not have an adverse impact on satisfaction if 

absent. Indifferent attributes do not have a significant positive or negative impact on liking 

(Xu et al., 2009).  
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Attractive attributes were generally consistent between conjoint and Kano results. 

Reduced fat was an attractive attribute (Table 5), while fat free and full fat were indifferent, 

consistent with conjoint results. The low utility scores for the lactose free brand, Lactaid and 

for the label claim organic were also confirmed by indifferent Kano results for lactose free 

and organic across all clusters (Table 5). Digestive benefits, all natural and reduced fat were 

drivers of choice by conjoint analysis, and Kano results confirmed that these attributes were 

unexpected (attractive) for the population. Kano results indicated that both flavor and healthy 

attributes were primary drivers of product satisfaction. A similar study using conjoint and 

Kano analysis showed that fat and sugar were the primary drivers of product choice and 

satisfaction for chocolate milk (Kim et al., 2013). Kano and conjoint results indicated drivers 

of purchase intent and satisfaction; however, if expectations are not fulfilled during sensory 

evaluation, the product overall liking will be reduced.  

Consumer Acceptance of Cottage Cheese 

Expected Condition 

Consumer testing of expected condition tests the perceived quality of the brand 

(Shepherd et al., 1992; Kim et al., 2013). Knowledge of only brand (expected condition) 

impacted overall liking (p<0.05) and scores ranged from 5.1 to 6.3 (Table 6, Figure 3). One 

national brand and one store brand received the highest scores (Table 6, Figure 4). Previous 

studies on the influence of brand on overall liking have shown similar results. In the presence 

of brand, liking scores for some products are significantly increased due to the branding 

effect (Guinard et al., 2001). Liking differences among brands alone suggest that even 

through brand was not a primary driver of choice for cottage cheese by conjoint analysis, it 
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still has an influence on consumers. Blind tasting might not always appropriately predict 

consumers liking of a product. Consumer expected liking scores are shown in an internal 

preference map to provide clarity (Figure 4). Interestingly, the organic brand received a low 

liking score under the expected condition, indicating that an organic brand may be attractive 

to only a small cluster of consumers, or possibly a driver of dislike if associated with off-

flavors or unfamiliar tastes. It is important to note that this was an organic brand tested rather 

than an organic label attribute and with only 1 organic brand evaluated we cannot make 

sweeping conclusions about an organic label, although the conjoint and Kano survey results 

also suggest that organic is not an important attribute for cottage cheese.   

Blind Condition 

Blind conditions are what is typically done with traditional hedonic tasting and 

determines consumer liking and perception of product sensory attributes. Overall liking 

scores ranged from 5.1 to 6.3 on a 9 point hedonic scale under blind conditions (Table 6, 

Figure 3). There were distinct differences in cottage cheese appearance liking and color 

liking for each cottage cheese (p < 0.05) (results not shown). Cottage cheese appearance was 

negatively impacted by “much too small” curd size, and “much too large” curd. In addition, 

appearance was negatively impacted by the presence of too little or too much dressing (Table 

7). A condition x treatment interaction was present for tasting in the presence or absence of 

the brand (blind versus informed) (p<0.05). Under the blind condition, NB1 and NB2 

received the highest scores but these scores were lower (p<0.05) than scores received by the 

same treatments under the informed condition (Figure 3) although both products were 

consistently liked by consumers relative to other products (Figures 3, 5, and 6). OB received 
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the lowest liking score under blind conditions while scores for this product increased 

(p<0.05) when evaluated under informed conditions (Table 6). Just about right (JAR) scores 

suggested that reduced texture liking scores for all products were due to soft curd texture, 

high amount of curds, low saltiness, and low amount of dressing. One national brand (NB1), 

and one store brand (SB2) received the highest JAR scores. Interestingly, NB1 which 

received the second highest expected liking score, also received the highest overall liking 

score, but the overall liking score for SB2 was decreased compared to expected liking 

(Figure 3). This difference could be due to lack of brand and product congruency. For 

example, NB1 had a high or familiar brand identity and tasting of the product blinded 

confirmed the product alone was also well liked. In contrast, while SB2 had a recognized and 

liked brand, the product in the absence of the brand was not liked.  

Informed Condition 

Informed tasting evaluates the consumer liking of perception of product sensory 

attributes with product branding present. Under the informed condition, overall liking scores 

ranged from 5.3 to 6.6 (Table 6, Figure 3). Informed condition overall liking scores were 

generally higher than blind conditions although this effect was variable with brand. Overall 

liking scores under informed conditions were clustered around national and regional brands 

(Figure 6). Liking of national, regional and organic brands under informed conditions were 

elevated compared to Expected liking. Liking scores of the two store brands were decreased 

compared to the Expected liking. Liking scores of other products under informed conditions 

were higher or unchanged compared to blind tasting. The organic brand product had the 

highest increase in liking when tasted in the presence of the brand. When compared to the 
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decreased expected and blind liking scores, this suggests that the organic brand may have had 

a negative effect on consumer perception and that the product liking itself was not well-liked. 

However, when tasted with knowledge that the product was also organic there was a halo 

effect. Perhaps consumer expectations for organic cottage cheeses are low and this product 

exceeded previous expectations. JAR scores suggested that reduced texture liking scores 

were due to small curd size, high firmness, high dressing, and soft curd texture (Table 8).  

Under the Informed condition, JAR scores were increased or equal to JAR scores 

under the blind condition for NB1, NB2, and RB1. RB2 had a slightly lower firmness score, 

a much higher curd size score and equal saltiness, mouthfeel and dressing scores under the 

informed condition compared to the blind condition. These results may be due to consumers 

recognizing that the product was a name brand (under the informed condition) but an overall 

lack of familiarity with the brand. Scores for store brand and organic brand products were 

slightly reduced in the presence of brand; however, the negative impact of store brand was 

not as visible in JAR scores compared to the results from overall liking scores.  

Similar studies have shown variable results, demonstrating that brand has a variable 

effect. A study with yogurt products, (Bayarri et al., 2013) found that nutritional and product 

information did not have an influence on product acceptability. This suggests that a variety of 

factors including sensory characteristics (extrinsic and intrinsic) and consumer preferences 

play a role in product acceptance. A study by Torres-Moreno (et al., 2012) on the influence 

of label information on dark chocolate acceptability showed that higher expectations are 

generated by premium brands compared to store brands. When tasted with branding present, 

name brand products received higher scores than store brand products; however, when tasted 



58 

without brand present store brand products were found to be as acceptable name brand 

products. This suggests that branding has a significant impact on product liking. Kim et al. 

(2013) evaluated label attributes and demonstrated that brand has an impact on product liking 

but that consumers prioritized other attributes product attributes, such as fat or sugar content, 

over brand (Kim et al., 2013).  

Conclusions 

Due to its traditional presence in the dairy case, we expected that cottage cheese 

brands would have a low to moderate impact on the overall liking of cottage cheese products. 

Results from this study indicate that following fat content and price, brand is a significant 

driver of product choice. Cottage cheeses had increased liking in the presence of national, 

regional and organic brands but that store brand products had a reduced scores in the 

presence of brand. Consumers may assume that store brand products are lower quality 

compared to their name brand counterparts. Name brand manufacturers should leverage 

brand (advertising). Store brand manufacturers should create a product image that 

communicates name brand quality. Attributes label claim and package size are not consumer 

priorities; however, levels within these attributes such as the “all natural” label claim, and 16 

ounce package size can be used to increase consumer product acceptance. Meeting consumer 

needs and desires (healthy/tastes good) could significantly increase product demand. 
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Tables and Figures 

Table 1. Conjoint Attributes and Levels Evaluated 

Attribute Levels 
Brands Breakstone 

Daisy Brand 
Darigold 
Dean's  
Great Value 
Horizon 
Lactaid 
Organic Valley 
Simply Kraft 
Store Brand: Great Value, Food Lion, Harris Teeter 

Label Claims Regular 
All Natural 
Organic 
Digestive Benefits (Probiotic)  
Low Sodium 
Extra Creamy 

Fat Content Full 4% Milkfat 
Reduced 2% Milkfat 
Low/Light/lite 1% Milkfat 
Free 0% Milkfat 

Package Size (oz) 24 
16 
4 (snack size) 

Curd Size Large 
Small 

Dressing / Curd Ratio  High 
Somewhat high 
Moderate 
Somewhat Low 
Low  

Price $1.50 
$1.75 
$2.00 
$2.25 
$2.50 
$2.75 
$3.00 
$3.25 
$3.50 
$3.75 
$4.00 
$4.25 
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Table 2. Cottage cheeses evaluated in consumer acceptance test 
 
Treatment Brand Type Milkfat Na mg / ½ c. 

1 NB 2% 290 
2 NB 2% 410 

3 RB 2% 360 

4 RB 1% 400 

5 OB 2% 450 

6 SB 2% 450 

7 SB 1% 480 

NB = national brand, RB = regional brand, OB = organic brand, SB = store brand 
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Table 3. Zero centered utility values for levels of each segment from the conjoint analysis 
 

Attribute Utility Total Pop. 
(n=460) 

Cluster 1 
(n=149) 

Cluster 2 
(n=183) 

Cluster 3 
(n=128) 

Brand 

Breakstone 22.3a 19.8a 18.7a 30.2a 
Daisy Brand 12.4b 12.1b 9.8b 16.5b 
Darigold -2.9e -7.6e -2.0e 7.0c 
Friendship -2.5e -7.9e -1.0e 6.7cd 
Lactaid -41.4f -25.3f -38.4f 1.7de 
Organic Valley 5.1c 1.6d 6.8bc 1.2e 
Simply Kraft 0.9d 0.6d 1.1de 1.1e 
Store brand 6.1c 6.7c 5.0cd -64.4f 

Label 
claim 

All Natural 8.3a 5.4a 3.9b 11.4a 
Digestive Benefits (Probiotic) 6.5ab 9.4a 4.6b -3.6b 
Excellent source of calcium 
(>10%) 3.9b 6.3a 9.1a 9.4a 

Extra Creamy -17.5e -13.8c -22.7d -14.6c 
Low Sodium -6.3d -9.6c 4.2b -17.4c 
Organic -0.8c -3.0b -0.8c 1.8b 
Regular (no claim) 6.0ab 5.3a 1.6bc 13a 

Fat 
content 

Free 0% Milkfat -26.6c -30.1d 25.2c -96.5c 
Low/Light/Lite 1% Milkfat 24.5b 15.8b 53.9a -7.4b 
Reduced 2% Milkfat 41.8a 36.7a 41.7b 47.9a 
Full 4% Milkfat -39.7d -22.3c -120.8d 56.0a 

Package 
size 

4 ounces. 4-Pack (snack size) -21.8c -20.5b -24.7c -19.3c 
16 ounces 15.1a 14.3a 16.1a 14.6a 
24 ounces 6.7b 6.2a 8.6b 4.6b 

Price 

$1.50  41.0a 4.0e 7.9e -12.2de 
$1.75  1.0g 67a 35.1a 19.4a 
$2.00  34.3b 53.7b 29.3b 18.7a 
$2.25  30.8c 50.4b 22.8c 19.4a 
$2.50  26.9d 41.1c 22.6c 16.4a 
$2.75  20.8e 30.1d 16.5d 16.1a 
$3.00  4.2f 4.4e 4.5e 3.7b 
$3.25  -6.2h -14.5f 0.4f -5.8c 
$3.50  -19.3i -31.1g -17.6g -8.1cd 
$3.75  -22.2i -37h -15.8g -14.1e 
$4.00  -49.0j -72.8i -45.4h -26.2f 
$4.25  -62.4k -95.1j -60.3i -27.1f 

a-j Different letters within a column within an attribute are different (P < 0.05) 
.  
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Figure 1. Attribute importance (%) scores for the total population and segmented groups.  
Numbers on top of the bars represent the attribute importance (%) scores. Letters (a-d) 
indicate significant differences (P < 0.05) within each attribute for the total population 
(n=460), cluster 1 (n=149), cluster 2 (n=183) and cluster 3 (n=128).  
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Figure 2. Principle component biplot of utilities and attributes within clusters 
 
 
 
 
 
 
 
 
 
 
 
 
  

Daisy	  

Breakstone	  

Friendship	  

Simply	  Kra<	  

Store	  brand	  

Darigold	  

Organic	  Valley	  

Lactaid	  

Regular	  

All	  Natural	  Organic	  

DigesNve	  Benefits	  

Low	  Sodium	  

Extra	  Creamy	  

Excellent	  source	  of	  calcium	  	  

Reduced	  2%	  Milkfat	  

Low/Light/Lite	  1%	  
Milkfat	  

24	  oz	  

16	  oz	  

4	  oz	  (snack	  size)	  

Cluster	  1	  

Cluster	  2	  

Cluster	  3	  

-‐3.5	  

-‐3	  

-‐2.5	  

-‐2	  

-‐1.5	  

-‐1	  

-‐0.5	  

0	  

0.5	  

1	  

1.5	  

2	  

2.5	  

3	  

3.5	  

-‐3.5	   -‐3	   -‐2.5	   -‐2	   -‐1.5	   -‐1	   -‐0.5	   0	   0.5	   1	   1.5	   2	   2.5	   3	   3.5	  

F2
	  (4

6%
)	  

F1	  (53%)	  

Biplot	  (axes	  F1	  and	  F2:	  99%)	  

●	  Full	  4%	  Milkfat	  

●	  Fat	  Free	  0%	  Milkfat	  



69 

 
 
Figure 3. Overall liking scores for cottage cheese under Expected, Informed and Blind 
conditions with standard error.  
 *NB = national brand, RB= regional brand, OB= organic brand, and SB= store brand 
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Table 4. Conjoint population and cluster demographics 
 

 

Demographics Total Pop. 
n=460 

Cluster 1 
n=149 

Cluster 2 
n=183 

Cluster 3 
n=128 

Age 

Under 18 years old 0% 0%a 0%a 0%a 
19 - 24 years old 7% 10%a 9%a 2%b 
25 - 34 years old 21% 21%a 18%a 23%a 
35- 44 years old 23% 15%b 27%a 27%a 
45 -54 years old 22% 17%a 25%a 24%a 
55- 64 years old 18% 21%a 17%a 17%a 
Above 65 years old 5% 5%a 4%a 6%a 

Gender 
Male 17% 18%ab 20%a 12%b 
Female 84% 83%ab 80%a 88%b 

Marital 
Status 

Single 23% 23%a 23%a 23%a 
Engaged 4% 5%a 4%a 2%a 
Living with significant other 6% 5%a 7%a 6%a 
Married 56% 58%a 55%a 55%a 
Separated/Widowed/Divorced 11% 10%a 11%a 13%a 

Household 
Size 

1 16% 16%a 17%a 15%a 
2 42% 44%a 37%a 45%a 
3 – 4 34% 34%a 36%a 32%a 
5 or more 9% 7%a 11%a 8%a 

Income 

Under $25,000 per year 8% 8%a 8%a 7%a 
$25,000 to $49,999 per year 27% 29%a 25%a 28%a 
$50,000 to $74,999 per year 21% 20%a 22%a 20%a 
$75,000 to $99,999 per year 19% 19%a 19%a 18%a 
More than $100,000 per year 16% 16%a 17%a 16%a 
Prefer not to answer 12% 16%a 9%b 10%ab 

Weight 

Too high, I think I am obese 8% 9%a 7%a 9%a 
High, I think I am overweight 24% 24%a 25%a 22%a 
A bit higher than normal, I think I need to lose a few 
pounds and  it will be OK 31% 31%a 26%a 35%a 

Normal, I think my weight is in a healthy range 35% 33%a 39%a 33%a 
A bit lower than normal, I think I need to gain a few extra 
pounds and it will be OK 3% 4%a 3%a 2%a 

Too low, I think I need to gain more weight; this weight is 
not healthy for me. 0% 0%a 0%a 0%a 

Eating 
Habits 

Definitely very healthy, I am very strict about what I eat 5% 5%a 4%a 6%a 
Healthy, I eat healthy food most of the time 30% 27%a 32%a 30%a 
Moderately healthy, I prefer to eat everything in 
moderation 37% 35%a 39%a 38%a 

Somewhat unhealthy, I try to eat healthy food, but 
sometimes I cannot resist unhealthy food 26% 31%a 23%a 23%a 

Not healthy at all, I eat what I want when I want 3% 3%a 3%a 2%a 

Ethnicity 

African American 13% 14%a 13%a 13%a 
Asian 3% 3%a 3%a 2%a 
Caucasian 79% 80%a 77%a 81%a 
Hispanic 3% 0%b 7%a 3%a 
Other 3% 4%a 2%a 2%a 

* Different letters in rows following means signify significant differences (p<0.05) 
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Table 5. Kano feature scores for total population and individual clusters 
 

 Kano Classification 

Feature 
Total Pop. 

N=460 
Cluster 1 

N=149 
Cluster 2 

N=183 
Cluster 3 

N=128 

Tastes good One Dimensional One Dimensional One Dimensional One Dimensional 
Keeps full for a long 
time Attractive Attractive Attractive Attractive 

Low Sodium Indifferent Indifferent Indifferent Indifferent 

Digestive Benefits Attractive Attractive Attractive Indifferent 

Lactose Free Indifferent Indifferent Indifferent Indifferent 

Healthy One Dimensional One dimensional One Dimensional One Dimensional 

All Natural Attractive Attractive Indifferent Indifferent 

Organic Indifferent Indifferent Indifferent Indifferent 

Full Fat Indifferent Indifferent Indifferent Indifferent 

Creamy Must Have Must Have Must Have Must Have 

Reduced Fat Attractive Attractive Attractive Indifferent 

Fat Free Indifferent Indifferent Indifferent Indifferent 
Results that are different from the total population are highlighted in gray.  
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Figure 4. Internal preference map of consumers liking scores of cottage cheeses evaluated 
under Expected condition (brand only). Data points indicate overall liking. NB= national 
brand, RB= regional brand, OB= organic brand and SB= store brand. 
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Figure 5. Internal preference map of consumers liking scores of cottage cheeses evaluated 
under Blind condition. Data points indicate overall liking. NB= national brand, RB= regional 
brand, OB= organic brand and SB= store brand. 
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Figure 6. Internal preference map of consumers liking scores of cottage cheeses evaluated 
under Informed condition. Data points indicate overall liking. NB= national brand, RB= 
regional brand, OB= organic brand and SB= store brand.  
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Table 6. Overall liking scores of cottage cheeses evaluated under blind, expected and 
informed conditions by consumers (n=150).  
 

 
Evaluated Condition   

Brand Informed Blind Expected 
NB1  6.6a 6.4a 5.8ab 
NB2  6.2b 6.1ab 4.9c 
RB1  6.4ab 5.9b 5.1bc 
RB2  5.7cd 5.7bc 5.3b 
SB1  5.3d 5.3d 5.7b 
SB2  5.9bc 5.5c 6.3a 
OB 6.2b 5.2d 5.1bc 

* Liking attributes were scored on a 9-point hedonic scale where dislike extremely =1 and like extremely =9 
** Different letters in rows following means signify significant differences (p<0.05) 
***Lettering indicates differences between products within each specific condition  
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Table 7. JAR scores for cottage cheese attributes evaluated under the blind condition. 
 

    NB1  NB2  RB1  RB2  SB1  SB2  OB 
  Too little 34.2%a 23%bc 34.9%a 17.8%cd 16.4%cd 12.5%d 27%ab 
Firmness JAR 59.2%b 65.1%ab 47.4%c 72.4%a 70.4%a 71.7%a 65.1%a 
  Too much 6.6%c 11.8%abc 17.8%a 9.9%bc 13.2%abc 15.8%ab 7.9%c 
  Too little 17.8%bc 53.9%a 16.4%bc 11.8%c 24.3%b 10.5%c 12.5%c 
Curd Size JAR 57.9%b 37.5%c 68.4%ab 38.2%c 58.6%b 71.7%a 57.9%b 
  Too much 24.3%bc 8.6%e 15.1%de 50%a 17.1%cd 17.8%cd 29.6%b 
  Too little 34.9%b 51.3%a 15.1%c 57.9%a 17.1%c 6.6%d 5.3%d 
Saltiness JAR 61.2%ab 44.7%cd 71.1%a 36.2%d 56.6%b 63.2%ab 52.6%bc 
  Too much 3.9%d 3.9%d 13.8%c 5.9%d 26.3%b 30.3%b 42.1%a 
  Too little 20.4%bc 2.6%d 23.7%b 71.7%a 20.4%bc 23%b 12.5%c 
Mouthfeel JAR 58.6%a 32.2%cd 53.3%ab 27.6%d 51.3%ab 55.9%a 42.1%bc 
  Too much 21.1%c 65.1%a 23%c 0.7%d 28.3%c 21.1%c 45.4%b 
  Too little 33.6%bc 15.8%e 27%cd 70.4%a 25.7%cd 22.4%de 39.5%b 
Dressing JAR 50%ab 32.9%cd 52%ab 24.3%d 50.7%ab 61.2%a 43.4%bc 
  Too much 16.4%b 51.3%a 21.1%b 5.3%c 23.7%b 16.4%b 17.1%b 

* Just about right (JAR) attributes were scored on a 5-point JAR scale where too little=1, just about right=3 and too much=5 
** Different letters in rows following means signify significant differences (p<0.05) 
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Table 8. JAR scores for cottage cheese attributes evaluated under the informed condition 
 

    NB1 NB2 RB1 RB2 SB1 SB2 OB 

Firmness 
Too little 11.7%bc 36.2%a 13.5%b 12.3%b 16.6%b 9.2%c 14.1%b 
JAR 68.7%ab 56.4%d 71.2%ab 42.3%d 61.3%bc 74.8%a 54.6%d 
Too 
much 

19.6%bc 7.4%d 15.3%c 45.4%a 22.1%b 16.0%c 31.3%b 

Curd Size 
Too little 25.2%ab 20.2%bc 27.6%ab 20.9%abc 21.5%abc 14.7%c 30.1%a 
JAR 69.9%a 69.9%ab 58.3%a 68.7%a 65.6%a 70.6%b 59.5%a 
Too 
much 

4.9%a 9.8%a 14.1%b 10.4%a 12.9%ab 14.7%a 10.4%b 

Saltiness 
Too little 28.2%c 46.6%b 10.4%d 58.3%a 12.3%d 6.1%de 3.7%e 
JAR 68.1%b 49.1%c 79.1%a 35.6%e 56.4%c 71.2%ab 55.8%c 
Too 
much 

3.7%d 4.3%d 10.4%c 6.1%cd 31.3%ab 22.7%b 40.5%a 

Mouthfeel 
Too little 31.9%bc 14.1%d 28.8%c 66.9%a 27.0%c 24.5%c 40.5%b 
JAR 57.1%a 44.8%b 54.0%ab 26.4%d 55.8%a 61.3%a 40.5%c 
Too 
much 

11.0%c 41.1%a 17.2%b 6.7%c 17.2%b 14.1%bc 19.0%b 

Dressing 
Too little 17.8%b 4.3%c 20.9%b 66.9%a 18.4%b 18.4%b 16.6%b 
JAR 68.7%a 44.2%d 64.4%ab 29.4%e 52.8%cd 57.7%bc 44.2%d 
Too 
much 

13.5%d 51.5%a 14.7%d 3.7%e 28.8%c 23.9%c 39.3%b 
* Just about right (JAR) attributes were scored on a 5-point JAR scale where too little=1, just about right=3 and too much=5 
** Different letters in rows following means signify significant differences (p<0.05) 
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Abstract 

 The objective of this study was to explore children’s preference for cottage 

cheese. A trained panel documented texture and flavor properties of ten commercial cottage 

cheeses.  Subsequently, one-hundred and sixty six children evaluated the cottage cheeses 

(n=93 ages 7-11 y, and n=73 ages 12-15 y) over a two day period using a balanced design. 

Questions including appearance, overall liking, and happiness if a parent brought the sample 

home to eat were evaluated using a 9-point hedonic scale anchored with “super bad” and 

“super good.” Children ages 12-15 y were also asked to evaluated curd size, mouthfeel, and 

saltiness of cottage cheeses with both 9-point hedonic and JAR scales, and whether they 

would like to eat the sample at home.  Results were evaluated by two-way analysis of 

variance and multivariate analyses. Between both age groups and products, cottage cheeses 

with higher milkfat flavor and salty taste were preferred.  Younger children (7-11 y) had 

higher overall liking compared to older children (12-15 y) (p<0.05). Three distinct liking 

clusters were identified (Cluster 1 n=66, Cluster 2 n=36, Cluster 3 n=64).  Cluster 1 children 

liked sour taste and firm curds. Cluster 2 children preferred smooth and salty attributes. 

Cluster 3 children preferred milkfat and diacetyl flavors and were differentiated from 

segment 1 by preference for small, even curd size. Conclusions from this study can help 

producers as well as food marketers better target their products and brands with attributes 

that drive consumer choice.  

Keywords: Children, cottage cheese, preference, descriptive analysis, acceptance test 
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Introduction 
 

Sensory aspects of a food product are regarded to be the most influential aspects of 

food liking (Bower and Whitten, 2000). An increasing number of children make their own 

purchase decisions. Approximately 50 million consumers in the United States are at or under 

the age of 15 y. As a result, manufacturers cannot succeed in the youth marketplace without 

building a relationship with their target consumers. Sensory testing with children is essential 

for product success with children (Popper and Kroll, 2005). 

Sensory studies with children have focused on differences between adult and children 

preferences, sugar and fat reduction or replacement, and the effectiveness of repeat exposure 

to food products on children’s food and beverage preferences (Olsen et al, 2011; Bouhlal et 

al., 2011; Lakkakula et al., 2010). Results from various studies indicate that children’s 

preferences differ significantly from adult’s preferences (Zandstra and de Graaf, 1998; 

Guinard, 2000; Moskowitz, 1994). Sensory studies consistently highlight the idea that food 

or beverage liking is necessary for product success with children (Kildegaard et al., 2011).  

Findings from studies addressing children’s food preferences have indicated that 

foods rich in fats and sugars are typically preferred and that low calorie, nutrient rich foods 

are often not preferred by children (Cooke and Wardle, 2005). Food product liking is a 

leading determinant of children’s food choice (Perez-Rodrigo et al., 2003; Mennella et al., 

2008; Caporale et al., 2009). Improved nutrition is a common theme among studies involving 

children. In order to grow in a healthy manner, children need palatable, healthy and nutritious 

foods (Reedy and Krebs-Smith, 2010); however, children will reject foods they do not like. 

Lack of familiarity and presence of bitter taste are considered to be factors contributing to 
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food rejection (Stein et al., 2003; Anzman-Frasca et al., 2012). Studies on repeat exposure of 

foods to increase liking have had variable results depending on child age and product 

characteristics (Lakkakula et al., 2010). It is more advantageous to provide children with 

nutritious food with sensory characteristics that will also be accepted. 

Cottage cheese is a high-protein food (Tong, 2013). Cheese is a nutritious food that 

delivers calories, high quality proteins, and vitamins and minerals (O'Brien and O'Connor, 

2004; Walther et al., 2008) and cottage cheese is recommended as a food for good health and 

nutrition  (U.S. Department of Agriculture and U.S. Department of Health and Human 

Services, 2005). Cottage cheese is a dairy food that is high in protein and calcium, low in 

cost and can be used to support childhood nutrition (Goulding et al., 2004). Previous studies 

have established drivers of liking for cottage cheeses for adults (Drake et al., 2009; Hubbard 

et al., 2014). To our knowledge, studies have not addressed children’s perception of cottage 

cheese. The objective of this study was to determine the sensory attributes of cottage cheese 

that impact children’s overall liking of cottage cheese. Food manufacturers and suppliers can 

use the information from this study in order to provide healthy food that is more likely to be 

liked and consumed by children. 

Materials and Methods 

Sample selection 

Ten brands of cottage cheese were selected and evaluated by descriptive analysis 

(DA) (Table 1). The products included three national brands, five regional brands, and two 

store brands that comprised high market share in Raleigh, NC or were previously established 

as desirable to adults (Drake et al., 2009; Hubbard et al., 2014). The products included 0, 2,  
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and 4% milkfat, small and large curd, and a sodium content ranging from 290-470 mg per ½ 

c. serving. All products were purchased locally, at a minimum of 2 wk prior to pull date, and 

were stored at 4C before testing.  

Descriptive Analysis 

Sensory testing was performed using a trained descriptive sensory panel and an 

established sensory lexicon for cottage cheeses (Drake et al., 2009). The panelists (n=7, 7 

females ages 25-45 y) each had >60 h of training and evaluated the products using the 

Spectrum TM descriptive analysis method.  All sensory testing was conducted according to 

the guidelines from the NCSU Institutional Review Board for Human Subjects. Cottage 

cheeses were prepared for evaluation by placing 30 mL of product into a 60 mL lidded and 

coded cup. Samples were tempered to 12C for evaluation and were evaluated in triplicate by 

each panelist. Duplicate lots of each cottage cheese were evaluated.  

Children’s acceptance test 

Consumer acceptance testing was performed in compliance with the North Carolina 

State University (NCSU) Institutional Review Board (IRB #3075).  Parents of participants 

were recruited through an online database of 7,000+ members in the Raleigh, N.C. area 

maintained by the NCSU Sensory Service Center. Parents of children answered all screener 

questions. A screening survey was created using SSI (Sawtooth Software Version 8.2, 

Sequim WA). One-hundred and sixty six children were recruited and participated in the 

consumer acceptance test. Target consumers were children between the ages of 7 and 15 y 

with an even distribution between age groups 7-11 y and 12- 15 y. All children consumed 
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cottage cheese at least a few times per month. In order to prevent tasting fatigue, each child 

tasted the 10 cottage cheeses over two days of testing with 5 samples per day. A balanced 

and randomized William’s design was used for sample presentation. 

Before starting the test, parents signed consent forms for their children, and children 

gave verbal consent to tasting the products. Due to possible differences in cognitive abilities, 

children ages 7-11 y were given the standard test ballot and children 12-15 y were given the 

same ballot with four additional questions. The standard ballot asked the children to look at 

the sample and rate their excitement to try the sample on a 9-point scale from ‘not excited’ to 

‘super excited’ (Popper and Kroll, 2007). All other 9-point scales were hedonic scales with 

youth-friendly scale anchors ranging from ‘super bad’ to ‘super good’ (Kroll, 1990; Laheska 

et al., 2006). Children tasted the samples and rated product overall liking on a 9-point 

hedonic scale. Children were then asked to rate how happy they would be if Mom/Dad 

brought the product home to eat on a 5-point scale ranging from ‘super sad’ to ‘super happy’ 

(Popper and Kroll, 2007). 

Additional questions for older participants (12- 15 y) included the following 

questions. Curd size was rated on a just about right (JAR) scale ranging from ‘way too small’ 

to ‘way too big’ (Popper and Kroll, 2007; Stone et al., 2012). Children were asked to rate 

product mouthfeel/texture and saltiness on a 9-point hedonic scale. Saltiness was also rated 

on a JAR scale ranging from ‘not salty’ enough to ‘too salty’. Participants were asked 

whether they would eat the product at home on a 5-point scale ranging from ‘no way’ to ‘for 

sure’ (Popper and Kroll, 2007). Following all product related questions, all consumers were 

asked demographic questions including desire to try new foods, gender, age, and cottage 
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cheese consumption frequency.  

Cottage cheeses (approximately 40 g) were freshly dispensed as children arrived and 

were served in 60 mL clear soufflé cups with lids at 4C along with a plastic spoon.  Cottage 

cheeses were identified with three-digit random codes. Consumers were asked to rinse with 

deionized water and take a bite of an unsalted cracker in between each sample and a 3 min 

rest between samples was enforced. Compusense Five version 5.2 (Compusense, Guelph, 

Canada) was used for data collection. All participants were compensated with a $50 gift card 

to a local store following completion of their second testing session.   

Statistical Analysis  

Statistical analyses were conducted using XLSTAT (v.2010. 2.02; Paris, France). 

Descriptive analysis results and consumer liking scores were evaluated by analysis of 

variance (ANOVA) followed by Fisher’s least significant difference test. To study the effect 

of age group and treatment, a two way ANOVA was conducted on liking scores. Internal 

preference mapping was conducted on the consumer scores using principle component 

analysis (PCA). Cluster analysis and external preference mapping with descriptive analysis 

and consumer acceptance scores was conducted using two methods, preference mapping 

(Prefmap), and partial least squares (PLS) regression. JAR scores were analyzed using 

penalty analysis. Demographic and behavior questions were analyzed by frequency of 

choice. All statistical analyses were carried out at a 95% significance level. 

Results and Discussion 

Descriptive analysis 

Cottage cheeses were differentiated by a wide variety of flavors and textures (Table 2, 
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Figure 1) consistent with previous studies (Drake et al., 2009).  Full fat cottage cheeses were 

more highly associated with fat derived attributes such as mouthcoating, cooked/milky, 

milkfat, and diacetyl flavors (Figure 1).  With the exception of NB2, samples loading 

negatively on principal component one (PC1) were primarily low fat or fat free. These 

samples were more highly associated with higher basic taste intensities salty and sweet, small 

curd size, and cardboard and green/acetaldehyde flavors. Cottage cheeses loading positively 

along F2 (26%) were more highly associated with salty taste, smooth texture, and large curd 

size attributes. Samples loading negatively on PC2 were associated with sour aromatic flavor, 

sour taste, firm, thick consistency and visible free whey.  Previous studies with cottage 

cheeses and sour creams have demonstrated that reduced and fat free samples tend to have 

more atypical flavors including cardboard and green/acetaldehyde flavors (Drake et al., 2009; 

Shepherd et al., 2013), perhaps due to the reduction in fat which modulates flavor compound 

thresholds and flavor perception and well as contributing flavor itself (milkfat flavor) (Kim et 

al. 2011).  

Kids consumer testing 

Children that participated in the acceptance test were occasional or frequent cottage 

cheese consumers and self-reported that they enjoyed trying new foods (Table 3). Food 

neophobia is considered to be common among children; however, as they age, children’s 

avoidance of new foods tends to decrease. Other factors including hereditary traits and 

exposure can have an impact on willingness to try and like new foods (Munstonen and 

Tuorila, 2010). Parents of children involved in this study most likely exposed their children 

to cottage cheese at a young age, thus making the product acceptable and liked by the 
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children. Between both age groups, products RB1, RB4, and RB5 received the highest liking 

scores. In children’s comments across all age groups, positive written comments for RB1, 

RB4, and RB5 included “tastes good” (n=30, 35, and 29, respectively), and “good texture” 

(n=18, 19, and 21, respectively). Across both age groups, products SB1 and NB1 received 

the lowest overall liking scores. SB1 received negative comments for “poor texture” (n=16), 

and “bad taste” (n=15). NB1 received negative comments for attributes “poor texture” 

(n=17), and “watery” (n=15). Children often evaluate foods based on familiarity and 

expectations. Among products tasted during this study, positive comments were likely 

associated with characteristics that children were familiar with. Children are also more likely 

to give lower scores to unfamiliar textures, such as cottage cheese that is too firm or too soft 

(Dovey et al., 2008; Urbick, 2002), but flavor and texture comments in the current study 

were similar in frequency.   

Overall liking scores for children 7-11 y (n = 93) were higher (p<0.05) than liking 

scores for children 12-15 y (n = 73) regardless of product (Figure 2). Studies on children and 

age related differences in food preferences indicate that younger children are more likely to 

use the positive end of a scale compared to adults (Popper and Kroll, 2007). It has been 

suggested that this may be due to lack of reference or that children don’t feel a need to 

‘hedge their bets’ and reserve the scale ends for products yet to be tasted (Popper and Kroll, 

2007). Liking scores between children groups were correlated (r2=0.89; p<0.05), confirming 

similar liking patterns for both ages groups. The relative importance of taste, flavor, and 

texture of foods is drastically different between children and adults (Moskowitz, 2004). 

Texture and mouthfeel characteristics are more likely to influence liking in younger children 
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(7-10 y). This may be due to reduced chewing capacity at younger ages (Narain, 2005). 

Compared to younger children, older children (10+) tend to evaluate products based on taste 

and aroma (Rose et al., 2004a). Cottage cheese, however, is not a product with intense 

flavors which may account for similarity of liking order between the age groups and the 

balance in written comments for flavor and texture.  

Cottage cheeses with higher fat content (4%) (NB2, RB1, RB3, RB4, and RB5; liking 

x̄=6.2) were also liked more (p<0.05) than cottage cheeses with lower fat contents, 2% (NB3, 

RB2, and SB2; liking x̄=5.5) and 0% (NB1 and SB1; liking x̄=5.0), respectively.  Cooke and 

Wardle (2005) reported that among food types, fatty/sugary foods are most well-liked by 

children. Previous work on cottage cheese liking in adults showed that milkfat related 

attributes, milkfat flavor, creaminess and smoothness of mass were primary drivers of liking. 

This result suggests that milkfat related flavors and textures could be a common driver of 

liking between children and adults (Drake et al., 2009). Other studies on sour cream indicate 

that milkfat and sweet and milky flavors including cooked/milky and sweet aromatic are 

significant drivers of liking in sour cream (Shepard et al., 2013). Jervis et al. (2014) also 

recently confirmed that both flavor and texture properties contribute to consumer perception 

of creaminess (a term frequently used by consumers to describe liked dairy products) in sour 

cream.  Adult consumers have consistently indicated that fat remains an desired intrinsic and 

extrinsic (label) attribute for dairy products (Childs et al., 2009; Drake et al., 2009; Jervis et 

al., 2012; Kim et al., 2013; Desai et al., 2013).  In the case of cottage cheese, for adults and 

children, milkfat remains a key sensory attribute.   

 The ballot for children 7-11 y included questions on excitement to try the sample 
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(excitement), appearance, overall liking, and finally, happiness if a parent brought the 

product home (happiness) (Table 4). Scores for excitement ranged from 5.7 (RB5) to 6.5 

(RB2) (p<0.05). Visual DA results indicated that RB5 had more free dressing and much 

lower curd size consistency compared to RB2 suggesting that these attributes were not 

desirable to kids.  Scores between excitement and appearance were correlated (r2=0.73; 

p<0.05), suggesting that visually appealing (liked) samples were also samples that children 

were excited to taste. Appearance and overall liking scores were correlated (r2=0.46; p<0.05), 

suggesting that appearance has an impact on overall liking. Liking and happiness scores were 

correlated (r2=0.83; p<0.05), suggesting that products with higher liking scores would be 

more preferred at home. Cottage cheeses RB4 and RB1 received the highest liking scores.  

RB4 was a large curd product and RB1 was a small curd product, suggesting that curd size 

was not a key attribute for liking. 

The consumer ballot for children 12-15 y included questions on excitement, 

appearance, curd size (JAR), overall liking, mouthfeel (liking and JAR), saltiness (liking and 

JAR), happiness, and eat product at home (home) (Table 5). Scores for questions answered 

before tasting each sample, excited and appearance, were correlated with overall liking 

(r2=0.48 and r2=0.49, respectively; p<0.05). Like the younger age group, excited and 

appearance scores were correlated (r2=0.79; p<0.05). Scores for questions asked following 

tasting, mouthfeel, saltiness, happiness, and eat at home were correlated with overall liking 

(r2=0.80, r2=0.68, r2=0.80, r2=0.83, respectively; p<0.05). Several cottage cheeses (SB2, SB1, 

RB4, RB5, RB2, and RB1) were penalized (p<0.05) for too large curd size.  These included 

the 2 large curd cottage cheeses (RB4, RB5) as well as several small curd samples.  Other 

cottage cheeses (NB1, NB2, RB3, and NB3) were penalized (p<0.05) for too small curd size.   
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Previous studies have demonstrated that homogenous curd size is desirable to consumers 

(Drake et al., 2009).  Descriptive analysis results indicated that curd size within each cottage 

cheese was variable.  These results suggest that children also prefer homogenous curd size 

and that homogeneity of size rather than actual curd size is the key attribute.  Full fat 

products received higher mouthfeel liking scores compared to low fat or fat free products 

(p<0.05). Mouthfeel scores were highly correlated with overall liking, suggesting that cottage 

cheese mouthfeel is a driver of liking (r2=0.83; p<0.05). Two cottage cheeses (SB1 and NB3) 

were penalized for low saltiness and two cottage cheeses (SB2 and RB2) were penalized for 

too much salty taste. DA results indicate that NB3 and SB1 were higher in salty taste 

compared to SB2 and RB2 (Table 2). Low sour taste intensity and higher sweet taste present 

in NB3 and SB1 may have caused children to perceive these samples as less salty. Likewise, 

high sour and low sweet taste may have caused children to perceive products SB2 and RB2 

as too salty. These results were not correlated with actual sodium content (r2=-0.031; 

p>0.05). Scores for happiness and home were highly correlated, suggesting that children 

perceived the questions to be the same (r2=0.87; p<0.05). 

Cluster analysis was performed on overall liking scores across the combined age 

groups (Table 6, Figure 3) since there was not an interaction between products and age. 

Cluster analysis revealed three distinct clusters. Chi-square analysis did not show any age or 

gender effects between clusters (p>0.05). Cluster 1 (n=66) children were associated with 

RB1, RB2, and RB3. These products had higher fat (2-4%) with lower sodium levels (290-

380mg). Cluster 2 (n=36) children were correlated with SB2. These products were 

characterized by high sodium content and moderate fat content (2%). Cluster 3 (n=64) 
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children were correlated with RB4, RB5 and SB2. Cottage cheeses NB1, NB2 and NB3 were 

not highly liked by any of the clusters.   

Two external mapping techniques, preference mapping and partial least squares 

(PLS), were conducted. Preference mapping of clusters (Figure 4) confirmed distinct liked 

attributes for each cluster. Products loading positively on the D1 axis were more highly 

associated with milkfat and cooked flavors, and high mouthcoating. Products loading 

negatively on the D1 axis were highly associated with whey and cardboard flavor and high 

sweet taste. Products loading positively on the D2 axis were highly associated with sour 

aromatic and taste, and with firm curd. Products loading negatively on the D2 axis were 

highly associated with free dressing, diacetyl and salty taste. Product liking is indicated by 

percentage density on the graph. Sixty to eighty percent of children liked products RB1, 

RB2, RB3, SB2, RB5, and RB4. Percentage and quadrant loading results suggest that 

children in clusters 1 and 2 (C1 and C2) preferred products that had milkfat and cooked 

flavors, but that children in cluster 1 preferred sour aromatic flavor, sour taste and firm curd. 

C2 children were tolerant of moderate amounts of both whey and cardboard flavors and 

sweet taste. Children in cluster 3 (C3) preferred a moderate sour aromatic flavor, sour taste, 

firm curd, free dressing, diacetyl and salty taste.  

PLS was also conducted to determine the drivers of liking for each consumer cluster 

(Figure 5). For C1, the drivers of liking were sour aromatic, sour taste, firm, and opacity. C1 

scored cottage cheeses RB3, RB2 and RB1 as their top choices. Drivers of liking for C2 were 

salty taste, free dressing, and smooth texture. Cottage cheeses SB1 and SB2 received highest 

scores from C2. Drivers of liking for C3 were cooked, milkfat and diacetyl flavors, large curd 
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size, free dressing, and mouth coating. C3 scored RB5 and RB4 as their top choices. PLS and 

Prefmap results were consistent for each of the consumer clusters.  Drivers of liking, diacetyl 

and milkfat flavors, smooth texture and mouthcoating have been identified by previous 

research for adult consumers of cottage cheese (Drake et al., 2009). Milkfat, milkfat related 

flavors, and smooth texture are drivers of liking for both children and adults; however, results 

from this study suggest that adults prefer higher salt and diacetyl flavor while children prefer 

mild flavors and taste profile in their cottage cheese.  Children’s preferences for cottage 

cheese with a mild flavor and taste profile may be due to multiple factors including repeat 

exposure to the product (or to similar products), dislike of bitter and sour taste, and social 

acceptability of the food (Beauchamp and Mennella, 2009; Harris, 2008; Addessi et al., 

2005).  

Drivers of dislike can also be determined from PLS analysis (Figure 5). Drivers of 

dislike for C1 were salty taste and smooth texture. These characteristics were present in 

sample SB1, resulting in a reduced score for SB1 from C1. Drivers of dislike for C2 included 

firm curd, sour taste and sour aromatic. Samples RB3, RB2 and RB1 had a combination of 

these attributes at higher levels; as a result, these samples received lower scores from C2. 

Sweet aromatic, green/acetaldehyde flavor, and sweet taste were drivers of dislike for C3. 

Samples NB1, NB2, and NB3 had varying combinations of these characteristics at high 

intensities and as a result these samples received lower scores from C3.   

Conclusions 

A cottage cheese that would appeal to most children should be visually appealing 

with homogenous curd size and a low amount of free dressing. Based on the results from this 
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study, a full fat or reduced fat (4 or 2% milkfat) cottage cheese with cooked/milky and 

milkfat flavors, moderate salty taste, and smoothness of mass would encompass the drivers 

of liking for a child consumer base. These findings can help manufacturers produce products 

with optimized sensory characteristics that will have higher acceptance among children.   
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Tables and Figures 

Table 1. Cottage Cheeses  

Sample Label Brand Type Fat Content Sodium 

(mg)  per 

½ c. 

serving 

Curd Size 
NB1 National Brand - 1 0% 400 Small 
NB2 National Brand - 2 4% 290 Small 
NB3 National Brand - 3 2% 410 Small 
RB1 Regional Brand - 1 4% 360 Small 
RB2 Regional Brand - 2 2% 360 Small 
RB3 Regional Brand - 3 4% 380 Small 
RB4 Regional Brand - 4 4% 470 Large 
RB5 Regional Brand - 5 4% 440 Large 
SB1 Store Brand - 1 0% 470 Small 
SB2 Store Brand - 2 2% 450 Small 
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Table 2. Descriptive flavor and texture attribute means for cottage cheeses  
 

 
Attribute NB1 NB2 NB3 RB1 RB2 RB3 RB4 RB5 SB1 SB2 

A
ro

m
at

ic
s 

Sour aromatic 1.5c 1.5e 2.0b 3.0a 2.8a 0.5e 1.0d 1.5c 1.5c 1.5c 

Sweet aromatic 1.0b 1.5a ND ND ND ND ND ND 1.5a 1.0b 

Acetaldehyde/Green 2.0ab 1.8b 2.5a ND ND ND ND ND ND ND 

Cooked/milky 3.0b 3.0b 3.0b 3.5a 3.5a 3.5a 3.8a 3.5a 3.4a 3.6a 

Whey 2.0a 2.5a ND ND 1.0b ND ND ND ND ND 

Diacetyl ND ND ND 1.0c ND 0.6c 2.0a 1.5b 1.0c 1.0c 

Milkfat 3.0c ND 1.0e 2.0d 3.3c 4.0b 4.5a 4.5a ND 2.0d 

Cardboard 2.5a ND 2.7a ND 1.0b ND ND ND 2.0 1.0b 

B
as

ic
 

T
as

te
s Sweet taste 2.5b 2.8b 2.5b 1.2c 1.2c 2.2b 1.2c 1.2c 3.7a 1.8bc 

Sour taste 1.5de 3.0b 2.3c 3.3ab 3.7a 1.5de 1.8d 1.5d 1.0e 2.7bc 

Salty taste 3.5c 3.5c 3.8bc 2.8d 2.8d 3.0d 4.0b 4.5a 4.6a 3.2d 

V
is

ua
l 

Color intensity 10.8a 8.0c 9.0b 7.0d 6.0e 6.0e 8.0c 5.0f 8.5bc 8.5bc 

Opacity 12.5bc 10.5d 9.0e 13.0b 14.5b 15.0a 15.0a 14.5b 10.0d 12.0c 

Free whey 0.5d ND 2.0c 3.0b 4.0a ND 1.0d ND 2.0c 1.0d 

Curd size 3.0d 4.5c 4.5c 5.0c 5.0c 2.5d 10.0a 4.5c 5.5b 6.0b 

Free dressing 2.5d 1.0e 2.0d 1.0e 1.0e 1.0e 6.0b 7.0a 4.5c 1.5e 

Consistency of curd 9.0b 7.5c 8.0c 13.5a 13.5a 5.5d 8.0c 7.0c 7.5c 5.0d 

T
ex

tu
re

 in
 

m
ou

th
 

Firmness 6.0d 8.5b 6.0d 10.5a 10.5a 7.5c 4.5e 6.5d 3.7e 8.0bc 

Smoothness of mass 4.0c 5.0b 3.5cd 3.0d 3.8c 2.0e 5.0b 4.5bc 6.5a 5.5b 

Tackiness 2.0c 4.0b 6.0a 2.5c 2.8c 7.0a 2.0c 2.0c 2.0c 2.3c 

Mouthcoating 1.0d 1.5cd 1.0d 4.0a 4.0a 2.5bc 3.0b 3.0b 2.0c 2.7bc 
1Flavor intensities were scored using a 0 to 15-point universal Spectrum intensity scale where 0=absence of 
attribute and 15=very high intensity of attribute. Texture and visual attributes were scored using a 0 to 15 point 
product specific scale (Meilgaard et al., 1999; Drake and Civille, 2003; Drake et al., 2009). 
Means in a row followed by different letters are different (p<0.05) 
2ND=not detected 
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Table 3. Demographic data  
 

Question  Criteria 
7 - 11 y  

n=93 
12-15 y  

n=73 
Do you like to try new 
foods? 

Yes 96% 96% 
No 4% 5% 

Gender Boy 45% 32% 
Girl 55% 70% 

Age 7 y 25%   
8 y 17%   
9 y 18%   
10 y 20%   
11 y 19%   
12 y   29% 
13 y   25% 
14 y   22% 
15 y   26% 

How often do you eat 
cottage cheese? 

Never 0% 0% 
A few times per year 0% 0% 
A few times per month 47% 47% 
At least 2-3 times per month 24% 26% 
At least once per week 18% 16% 
Two or more times per week 11% 12% 
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Figure 1. Principle component analysis (PCA) biplot of trained panel profiles of cottage 
cheeses. 
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Figure 2. Overall liking means – ages 7-11 y vs 12-15 y 
Liking attributes were scored on a 9-point hedonic scale where dislike extremely=1 and like 
extremely=9 
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Figure 3. Internal preference map of consumer clusters with overall liking means C1 (n=66), 
C2 (n=36), and C3 (n=64) 
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