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Increasing protein content proved to be a good strategy for enhancing expectations on 

satiating capacity of a cheese pie model. 
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 8 

Abstract 9 

Since protein has been shown to have the highest satiating-inducing effects of 10 

all the macronutrients, increasing the protein level is one of the main strategies 11 

for designing food with enhanced satiating capacity. However, few studies 12 

analyze the effect that protein addition has on the texture and flavor 13 

characteristics of the target food item to relate them to the expected satiating 14 

capacity it elicits. The present work studied cheese pies with three levels of soy 15 

and whey proteins. Since the protein level altered the rheological behavior of 16 

the batters before baking and the texture of the baked pies, the feasibility of 17 

adding several protein levels for obtaining a range of final products was 18 

investigated. A Check-all-that-apply question containing 32 sensory and non-19 

sensory characteristics of the samples were performed with consumers (n=131) 20 

who also scored the perceived samples’ satiating capacity. The results showed 21 

that the type and content of protein contributed distinctive sensory 22 

characteristics to the samples that could be related to their satiating capacity 23 

perception. Harder and drier samples (high protein levels) were perceived as 24 

more satiating with less perceptible sweet and milky cheese pie characteristic 25 

flavors Soy contributed off-flavour. These results will contribute a better 26 

understanding of the interrelation of all these factors, aiding the development of 27 

highly palatable solid foods with enhanced satiating capacities.  28 

 29 

30 
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Introduction 31 

The high prevalence of obesity in the industrialized world is partly due to the 32 

available food supply;1 nowadays, the obesogenic environment, among other 33 

factors, triggers opportunities to unhealthy snacking in the western world, 34 

particularly among adolescents.2 A useful approach for helping people to 35 

manage their appetite and food intake over the short term would be designing 36 

healthy everyday food products with enhanced satiating properties.3 Three 37 

interrelated routes for food satiating enhancement.4 The first route is to change 38 

the food composition to develop stronger physiological satiation and satiety 39 

signals, being satiety the process that causes one to stop eating, and satiation 40 

the feeling of fullness that persists after eating suppressing further food intake 41 

until hunger returns. The second route is to anticipate and build on smart 42 

external stimuli at the moment of purchase and consumption. Finally, the third 43 

route is to improve the palatability and acceptance of satiating capacity-44 

enhanced foods. Based on these statements the present study will attempt the 45 

development of healthy snacks with enhanced satiating capacity. 46 

The well-known satiating effect induced by protein-enriched meals in animals 47 

and humans has long been used in diets to decrease their sensation of hunger 48 

and lose weight.5 In consequence increasing the amount of protein to 49 

reformulate a dairy protein-based food product was considered an interesting 50 

starting point in the present study. Proteins are widely cited in the literature as 51 

the macronutrient with the most potent satiety-inducing effect. The effects of 52 

high or normal casein-, soy-, or whey-protein breakfasts on specific hormones, 53 

amino acid responses and subsequent energy intake have been compared and 54 

found to be dose-dependent.6 For example, gastrointestinally-digested 7S 55 

fraction of soy protein has significant CCK1R activity.7 Contradictory results 56 

were obtained by other authors8 varying the protein source in a mixed meal did 57 

not affect food behavior in healthy humans, probably because coingestion of 58 

carbohydrate and fat with protein buffers the kinetics of the physiological 59 

mechanisms involved in postprandial satiety after a protein load. Proteins from 60 

different sources can be added to food formulations to increase their protein 61 

content, and hence their satiating capacity; for this reason, two kinds of 62 

proteins: milk whey and soy, the most widely used in the industry, were selected 63 

for the present study. Increasing the amount of proteins will raise, in turn, the 64 
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nutritional value of the final product. The latest research showed that protein 65 

quality evaluation in human nutrition should take into account their digestible 66 

amino acid contents, with each amino acid being treated as an individual 67 

nutrient; and the protein digestibility, considering the digestibility of the 68 

indispensable amino acids. Soy protein concentrate (SPC), compared with 69 

other vegetable sources, has good digestibility; however, differences in amino 70 

acid ileal digestibility were found between milk and soy for several amino acids 71 

as well as overall nitrogen digestibility, with the milk values being higher in all 72 

cases. 73 

Whey protein isolated (WPI) consists mainly of β-lactoglobulin, α-lactalbumin, 74 

bovine serum albumin, immunoglobulins and lactoferrin9 and 75 

glycomacropeptide corresponding to amino acid residues 106-169 from ҡ-76 

casein. This macropeptide is released into the whey during the renneting of milk 77 

and is concentrated together with the whey proteins during the ultrafiltration of 78 

rennet whey. 79 

In general, whey protein isolate (WPI) forms better heat-induced gels than whey 80 

protein concentrates and has better functional properties, which could be 81 

explained by the differences in composition, particularly a higher β-lactoglobulin 82 

content and lower fat, lactose and phospholipid contents, and by the extent of 83 

denaturation and protein aggregation. The low glycomacropeptide, non-protein-84 

nitrogen and proteose peptone contents in WPI may also partly explain the 85 

superior gelation properties of these protein products.10 86 

Soy protein concentrate (SPC) has a good aminoacid balance and is particularly 87 

rich in lysine. Soy proteins show health-promoting effects associated with 88 

reduced risk of cardiovascular disease, breast, prostate and colon cancers and 89 

bone health improvement.11 SPC is typically prepared from milled soy-bean 90 

white flakes or flours by solubilizing the protein at pH 6.8–8 and 27–66ºC, using 91 

aqueous alkaline agents, followed by acidifying to pH 4.5 and concentrating  the 92 

resulting curd by centrifugation after adjustment to pH 6.5–7.0 or by spray-93 

drying the acidic form.12 94 

Among other properties, as their gelling capacity, the water holding capacity 95 

(WHC) of proteins could perform an important role in the physical (e.g., 96 

elasticity, swelling), chemical (e.g., emulsification) and sensory (e.g., juiciness) 97 
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attributes of food; in a comparison study among several proteins, soy protein 98 

had the highest WHC values, followed by whey protein13. Changes in rheology 99 

and texture could in turn affect the expected satiating capacity of protein-added 100 

products in terms of in-mouth residence time and the distinctive oral processing 101 

required. Therefore the effects of several contents of these two proteins on the 102 

batter rheology and final instrumental texture of the model food selected will be 103 

compared in the present study to check the feasibility of obtaining appropriate 104 

final products. 105 

The importance of in-mouth cues, such as food texture, has been shown to play 106 

a role in eliciting satiating effects. In working with flavored milk drinks it was 107 

shown14 that small changes in the sensory characteristics – thicker, creamier – 108 

changed the degree to which the beverages were perceived as being more 109 

satiating, that said, when predicted by relevant sensory cues. For this reason, 110 

when increasing protein contents to design foods with high satiating capacity, it 111 

is important to bear in mind that they bring about not only physical but sensory 112 

changes in the matrix of the reformulated food. This can influence how the 113 

consumers perceive the characteristics they associate with satiating capacity 114 

and thus change in their hedonic response. 115 

Frankfurter-style sausages with double the protein of the normal formulation 116 

were perceived as more satiating during the first 90 min after the first meal and 117 

as less juicy, adhesive, harder and more granular than ones that contained less 118 

protein.15 Astringency and the appearance of unpleasant notes such as “animal” 119 

or “musty” have been reported in high-protein satiating beverages formulated 120 

with whey proteins.16 Some studies have suggested that proteins may be 121 

differentiated in terms of their satiating capacities. In the present study both 122 

distinctive sensory properties and expected satiating capacity provided by each 123 

protein to the model food will be evaluated.  124 

A few examples of milk-based desserts with enhanced satiating capacity are 125 

already on the market, such as yogurts prepared with higher protein content 126 

than “normal”, and they are considered as a healthy snack. However, literature 127 

on the development of real food items with enhanced satiating capacity is still 128 

scarce. The fresh cheese pie selected as the model in the present study is a 129 

refrigerated dairy dessert that is basically made of fresh cheese, eggs, sugar, 130 
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milk, and starch. It differs from American cheesecake in not having a crust and 131 

having a soft, spongy, moist, gel-like texture which can be cut with a knife. 132 

Fresh cheese is made from pasteurized non-cultured cows’ milk and is 133 

characterized by a creamy, firm texture with a mild milky flavor. This dessert 134 

therefore presents a good option for increasing the protein content with the 135 

objective of enhancing its satiating effect, although changes in the texture and 136 

flavor of the final product may be expected, as well as changes in the rheology 137 

of the batter before baking.  138 

The present study aims to evaluate the effect of adding increasing amounts of 139 

whey protein isolate (WPI) and soy protein concentrate (SPC) on the perception 140 

of enhanced satiating capacity of reformulated cheese pies. 141 

The rheology of the batters before baking and the instrumental texture of the 142 

baked pies with different protein source and contents were investigated to 143 

obtain a range of pies without distorting the essence of the products. To know 144 

the distinctive characteristics that both proteins and their levels confer to the 145 

pies and which of them are more related to consumers’ perception of satiating 146 

capacity a Check All That Apply question was performed.  147 

 148 

Materials and Methods 149 

Ingredients 150 

Eight pie samples were formulated (Table 1). The ingredients were: full-fat fresh 151 

cheese (starter-free, pasteurized, protein content 10.9 g/100g, moisture 72 152 

g/100g and fat 14 g/100g as declared by the supplier, Hacendado, Spain), low-153 

fat fresh cheese (protein 12.3 g/100g, moisture 83 g/100g and fat content 0.2 154 

g/100g, Hacendado, Spain), pasteurized liquid whole egg (Ovocity, Valencia, 155 

Spain), sucrose (Acor, Valladolid, Spain), maize starch (Maizena®, Barcelona, 156 

Spain), skimmed milk powder (Central Lechera Asturiana, Siero, Spain), whey 157 

protein isolate (WPI, Best Protein®, 90 g/100g protein content, Barcelona, 158 

Spain) and soy protein concentrate (SPC, protein content 69 g/100 g, Solcon IP 159 

Brenntag Quimica, Massalfassar, Spain).  160 

 161 

Two control samples were prepared: one was prepared with full-fat cheese (the 162 

full-fat control or CFF) and another was prepared with 50:50 full-fat:low-fat 163 
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cheese (the low-fat  control or CLF), since the pie with total replacement by low-164 

fat cheese collapsed after baking. In the present study, maximum replacement 165 

of full-fat cheese by low-fat cheese was sought, since the health concerns 166 

associated with fat consumption have led to an increase in the demand for low-167 

fat dairy products, especially when designing foods with enhanced satiating 168 

capacity. Preliminary tests were run to obtain samples containing added WPI 169 

and SPC with the minimum amount of full-fat cheese in their composition. 170 

Bearing this in mind, samples W1, W2, and W3 were formulated with increasing 171 

amounts of whey protein isolate (WPI) and a 50:50 ratio of full-fat:low-fat fresh 172 

cheeses, while samples S1, S2, and S3 were formulated with increasing 173 

amounts of soy protein concentrate (SPC) and a 30:70 ratio of full-fat:low-fat 174 

fresh cheeses (Table 1), since soy protein conferred better viscosity/foaming 175 

properties on the batter than whey proteins. In this study, whichever the protein 176 

content added, the proportions of the other ingredients (cheese/ egg/ sugar, 177 

water/ milk powder and starch) remained the same as in the control sample. 178 

 179 

Sample preparation 180 

Batter preparation. The batter was prepared in a mixer (Kenwood Major Classic, 181 

UK), at top speed (580 rpm). Firstly, the cheese was whisked for 1 min, then the 182 

egg and sugar were added separately and mixed in for 1 min more after each 183 

addition. The milk powder was dissolved in water and the starch dispersed in it. 184 

These were added to the mixture, which was beaten for a further 1 min. Lastly, 185 

when necessary, the protein was added and the final mixture was beaten for 16 186 

min. A total of 20 min processing was used for all formulations.  187 

Baking. The batter was poured into a heat-resistant silicone mold for five 188 

rounded pies of 7 cm in diameter and 3.5 cm in height, and baked for 25 min at 189 

180ºC in an electric oven (De Dietrich, Basingstoke, UK), preheated for 15 min. 190 

The oven, the tray and the tray position in the oven were identical in each case. 191 

The pies were left to cool at room temperature for 1 h, then demolded and 192 

stored in refrigeration (4 ºC) for 24 h before the measurements were made.  193 

 194 

Small-strain rheological measurements of the batters 195 

A controlled stress rheometer (AR-G2, TA-Instruments, Crawley, UK) was used. 196 

The strain applied was selected to guarantee the existence of linear viscoelastic 197 
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response according to preliminary stress sweeps performed in all samples. The 198 

batters were all kept at 25ºC for 30 min after batter preparation before 199 

performing the rheological tests. The samples were allowed to rest in the 200 

measurement cell for a 5 min equilibration time. A 40-mm diameter plate-plate 201 

sensor geometry with a serrated surface and a 1 mm gap was employed. 202 

Vaseline oil was applied to the exposed surfaces of the samples to prevent 203 

sample drying during testing. 204 

To simulate the effect of baking on the pie batter, temperature sweeps were 205 

performed from 25ºC to 80ºC at a heating rate of 1 ºC/min. Preliminary stress 206 

sweeps were carried out at 25ºC and at 80ºC to select strain values that would  207 

guarantee the existence of linear viscoelastic response. The temperature sweep 208 

was stopped at the corresponding temperature and after a 10 min temperature-209 

equilibration time, the stress sweep was performed at 1Hz. In addition, 210 

mechanical spectra in the linear region from 10 to 0.01 Hz at 25 ºC and at 80 ºC 211 

(after the equilibration time and temperature sweep) were also recorded in 212 

separate tests. The storage modulus (G’) and the loss modulus (G’’) were 213 

recorded. Each formulation was measured twice from different batches. The 214 

data were recorded over time, using the TA data analysis software provided by 215 

the instrument’s manufacturer. 216 

 217 

Baked cheese pie instrumental texture measurements 218 

The instrumental texture measurements were made with a TA.XT.plus Texture 219 

Analyser (Stable Microsystems, Godalming, UK). Each formulation was 220 

prepared twice, on different days. Three cylindrical pieces were cut from each 221 

baked pie with a round biscuit cutter. The top and bottom of each cylinder were 222 

discarded, leaving cylindrical pieces 22 mm in diameter and 17 mm in height. A 223 

double compression test (texture profile analysis, TPA) was performed at 8ºC 224 

with a flat-ended cylindrical probe (P/75), to reach 40% compression (6.8 mm of 225 

probe traveling distance) at a speed of 1 mm/s, with a 5 s waiting time between 226 

the two cycles. The parameters obtained from the curves were hardness (in N), 227 

springiness, cohesiveness, chewiness (in N) and resilience, using the Texture 228 

Expert software (version 6,0,6,0). 229 

 230 

Consumer tests 231 
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Six samples were evaluated: CFF, CLF, W1, W3, S1, and  S3 (Table 1). 232 

Samples with intermediate protein content (W2 and S2) were not evaluated to 233 

avoid consumers’ fatigue, especially since the “sensation of fullness” will be 234 

scored. 235 

All experiments were performed in compliance with the national legislation, and 236 

according to the institutional framework and practices established by CSIC 237 

Ethics Committee. 238 

 239 

Check-all-that-apply (CATA) question 240 

The CATA question, in which consumers describe a product by selecting 241 

appropriate words from a given list, has the advantage of obtaining direct 242 

consumer feedback, which is essential for reformulating existing products, 243 

among other applications.17 Consumers (n=131) were recruited based on their 244 

consumption of the target product, as well as their interest and availability to 245 

participate; 65% were female, with ages ranging between 18 and 60 years. The 246 

test was performed in tasting rooms at the Institute of Agrochemistry and Food 247 

Technology (IATA-CSIC) and the Polytechnic University of Valencia. The 248 

consumer sample comprised varying household compositions, income levels, 249 

education levels, etc. but was not representative of general population in 250 

Valencia, Spain. 251 

In the present study, 32 terms were selected from the available literature on 252 

sensory attributes of dairy desserts and on products with soy and whey protein 253 

added, and from informal tasting by researchers and a sensory descriptive 254 

panel. Some of these terms related to product use and satiating capacity-255 

related sensations were also elicited for each pie. The instruction given to the 256 

participants was: “Please check all the answers that apply to the cheese pie you 257 

are tasting”. Two groups of terms were included in the CATA question: sensory 258 

and non-sensory terms. The first group was composed of the following 28 259 

sensory attributes: Hard, Spongy, Soy taste, Compact, Grainy, Moist, Cheese 260 

taste, Light texture, Floury taste, Sticky, Off-flavor, Fondant, Sandy, Tender, 261 

Dense, Gummy, Caramel taste, Creamy texture, Smooth, Sweet, Astringent, 262 

Earthy taste, Soft, Milky taste, Pasty, Dry, Porous texture, Starchy taste. The 263 

second group of 4 terms were usage and satiating capacity-related terms: “If I 264 

eat the whole pie I will not be hungry for a long time”, that indicated high 265 
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satiating capacity, “Even if I eat the whole pie I will be hungry shortly” that 266 

indicated low satiating capacity, “I would eat it as a snack” and “I would eat it as 267 

a dessert”. These terms were randomized within the two groups between 268 

products and across consumers. The test was recorded on paper and self-269 

completed after instructions were given. 270 

The pies were cut into eight wedge shaped pieces; the samples were assessed 271 

in a standardised tasting room equipped with individual booths.18 Each 272 

consumer received the six samples of cheese pie in a sequential monadic 273 

series in a single session, following a balanced complete block experimental 274 

design (William’s design); he/ she was asked to indicate the CATA terms that 275 

applied to the samples which were described as “cheese pie samples”. Each 276 

sample was served in a small plastic tray coded with three digit random 277 

numbers; they were served at 10ºC. Still mineral water was available to rinse 278 

the mouth between samples; consumers were asked to rest for 30 seconds 279 

between samples. 280 

 281 

Expected satiating capacity evaluation 282 

Academia distinguishes between satiation and satiety; however, normal 283 

consumers are not aware of such difference.19 In the present study after tasting 284 

the samples the consumers had to score their expectation on how filling each 285 

cheese pie is likely to be. In this scenario both concepts – satiety and satiation – 286 

are probably blurred. This reason is why the term “expected satiating capacity” 287 

was used in the results’ discussion. 288 

After completing the CATA question the consumers scored the expected 289 

satiating capacity of each cheese pie sample on a nine-point scale, from 1=”If I 290 

ate this whole pie it would not fill me at all ” to 9=”If I ate this whole pie it would 291 

fill me a lot”. As the cheese pies were cut in eight wedge-shape pieces, the 292 

consumers could easily imagine the size of the whole cheese pie. 293 

 294 

Data analysis 295 

All the instrumental tests were carried out in duplicate with samples prepared on 296 

different days. Analyses of variance (ANOVA) were performed to compare the 297 

effect of adding the different proteins on the rheological and texture parameters 298 
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of the cheese pie samples. When a significant difference (p<0.05) was detected 299 

in some variable, Tukey's means test was applied (αααα= 0.05). The statistical 300 

analyses were performed with Statgraphics Centurion XVI (Warrenton, Virginia, 301 

USA). 302 

The CATA results were analyzed for significant differences using non 303 

parametric tests. A chi square test was used to study the global differences 304 

between cheese pie samples in the CATA responses. Cochran’s Q test20 was 305 

performed to identify significant differences between samples for each of the 306 

terms included in the CATA question. For each cheese pie, the frequency of 307 

use of each sensory or usage attribute was determined by counting the number 308 

of consumers that selected that term to describe the corresponding sample.  309 

A multiple factor analysis (MFA) was run on the CATA frequency counts of the 310 

significant attributes to understand the comparative positioning in sample and 311 

attribute two-dimensional plots as perceived by the consumers. Variables for 312 

the MFA were grouped as: taste, texture & non-sensory, with the intention to 313 

weight any possible effect, such as the final perceptual map is not dominated by 314 

only a few attributes.21 Satiating capacity was used as a supplementary variable 315 

in the CATA data analysis to better understand its relation to the perceptual 316 

space. The statistical analyses were performed with XLStat 2010 software 317 

(Addinsoft, Paris, France). 318 

 319 

Results and discussion 320 

The aim of the present study was not to discover or fully characterize the 321 

structures that govern the mechanical behavior of the selected food systems, 322 

but to investigate the feasibility of obtaining a range of suitable cheese pies with 323 

increased amounts of proteins; for this reason the rheological behavior of the 324 

batters, their performance during baking and the final instrumental texture was 325 

studied. The added-protein pies obtained would show a series of sensory 326 

characteristics that would be potentially related to the satiating capacity 327 

expectations they elicited. 328 

 329 

Small-strain rheological measurements of the batters 330 

The batters obtained before cooking were subjected to rheological 331 

measurements to ascertain the effect of sample composition on the batter’s 332 
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viscoelasticity. The rheological features of a batter can give a good indication of 333 

its structure and, in consequence, of its final performance after baking. 334 

The mechanical spectra of all the batter samples revealed the existence of soft 335 

gels, with higher G’ values than G’’ values and strong frequency dependence 336 

throughout the frequency range measured. Fig. 1a shows the mechanical 337 

spectra of samples CFF, CLF, W3 and S3. The mechanical spectra of the 338 

samples with lower whey protein (W1 and W2) and soy protein (S1and S2) 339 

levels showed similar patterns to samples W3 and S3 respectively, but with 340 

lower viscoelastic values. 341 

Comparison of samples CFF and CLF (without added protein) showed that the 342 

full-fat cheese sample behaved as a weaker gel. The two reasons that could 343 

underlie this result are, firstly, that the low-fat cheese had a higher protein 344 

content than the full-fat cheese (see the ingredient content in Table 1), so it 345 

would form a stronger protein network, and secondly, that the full-fat sample 346 

(CFF) contained a higher number of fat globules, which deform easily, 347 

producing a more deformable matrix. 348 

Adding WPI (sample W3) caused an evident increase in viscoelastic behavior 349 

compared to the control sample (CFF) (Table 2). As previously stated22 the 350 

presence of whey protein in fat-free dairy desserts promotes the formation of 351 

stronger gel structure as a result of protein-protein interactions. The functional 352 

behavior of milk whey proteins is very complex, caused by interactions between 353 

the proteins’ intrinsic properties such as composition and amino acid sequence, 354 

molecular weight, conformation, flexibility, net charge and hydrophobicity, and 355 

extrinsic factors such as temperature, pH and other food components. It was 356 

found that adding WPI to low-fat cheese favored the formation of a close, 357 

compact protein network.23 358 

In contrast, the added-soy protein sample (S3) contained a very similar protein 359 

level to W3 but showed weaker viscoelastic behavior, similar to that of the 360 

control sample (CFF) (Table 2). A thickening effect of SPC was visible during 361 

batter mixing in the preliminary formulation trials, which allowed higher amounts 362 

of full-fat cheese to be replaced in the formulation without collapsing the final 363 

pie structure. Several studies have demonstrated that heat treatment strongly 364 

influences the protein–protein interaction of soy proteins, and also their 365 

functional properties, such as gelation.24 Heat denaturation has been 366 
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considered the main factor in soy gel formation and the type of gel depends on 367 

the heating and cooling conditions, among other factors. 368 

The evolution of the viscoelastic properties as the temperature increased (Fig. 369 

1b) made it possible to predict the behavior of the batters during baking by 370 

showing the structural changes that took place. Sample S3 showed the earliest 371 

increase in viscoelastic properties with heating, acquiring a strong structure 372 

(higher viscoelastic parameter values) at lower temperatures than the other 373 

samples. The rest of the batters behaved in a very similar way: a gradual 374 

increase in the viscoelastic parameters took place over the heating period due 375 

to gelatinization of all the proteins in the batters (egg, milk, and added whey) 376 

and at approximately 75ºC a steeper increase in the values indicated the 377 

gelatinization of the starch. 378 

Both the mechanical spectra and the thermal behavior of the batters showed 379 

the feasibility of using both protein types in the selected amounts to reformulate 380 

cheese pies with enhancing satiating capacity. 381 

 382 

Cheese pie instrumental texture measurements  383 

A series of composition factors could influence the final texture of the cheese 384 

pie models. The complex variety of ingredients makes it difficult to know exactly 385 

which one determines any feature of their final texture. Rather, this is the result 386 

of the combination of them all. Besides the starch in the samples, which is 387 

probably responsible for part of the structure after reaching its gelatinization 388 

temperature, a range of proteins (egg, milk, cheese and added soy or whey 389 

protein) are probably the most important factor in determining the final texture of 390 

the pies, again due to their denaturation and subsequent gelation. 391 

Understanding the properties of specific proteins and ingredients is very useful 392 

but is restrictive in predicting performance in real foods25, where the 393 

complexities of ingredients and processing operations have a significant effect 394 

on the colloidal structures and therefore on the overall properties of the final 395 

food product. One of the most relevant properties of proteins in food systems is 396 

their ability to form gels after heating. Heat gelation contributes to textural 397 

properties, shapes the product, holds other food components together and 398 

retains water in the product. Gelling involves hydrophobic interactions, 399 

electrostatic and disulfide bonds. Gelling properties and other functional 400 
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properties of protein isolates and concentrates are influenced by the 401 

physicochemical properties of the proteins, which change as a function of 402 

process variables, such as protein concentration, heating temperature and time, 403 

ionic strength, and pH.26 404 

Fig. 2 shows the behavior of the samples during instrumental texture profile 405 

analysis (TPA). The hardness and chewiness parameters (Table 3) clearly 406 

show that increasing concentrations of WPI and SPC in the samples produced 407 

statistically significant higher values (p<0.05) compared with the CFF and CLF 408 

samples, with the added-whey protein samples being significantly harder than 409 

the added-soy protein samples. In turn, the mean TPA hardness and chewiness 410 

values grew significantly higher in the following order: W3 > W2 > W1 and S3 > 411 

S2 > S1. The replacement of 50% of full-fat cheese with low-fat cheese (sample 412 

CLF) also produced a significant increase in hardness compared to CFF. These 413 

results related well to the rheological results for the corresponding batters 414 

before cooking, which showed the W3 samples as having the strongest 415 

viscoelastic properties, and sample S3 behavior as nearer to that of sample 416 

CFF.  417 

In a number of previous studies, different whey proteins’ addition has produced 418 

harder food matrices. For example, processed cheese analogues prepared with 419 

whey protein concentrate (WPC) were found to be harder than those prepared 420 

with other proteins,27 while cheeses to which WPC had been added in 421 

connection with partial or total removal of fat had a more compact matrix 422 

structure.19 In the present study, the mean cohesiveness and springiness values 423 

did not differ significantly between samples (Table 3). These results indicated 424 

that a range of pies with different instrumental textures were obtained by adding 425 

whey and soy proteins at different levels without distorting the essential nature 426 

of the product. 427 

 428 

Consumer tests 429 

Check-All-That-Apply (CATA) question 430 

Although traditional product characterization techniques such as Quantitative 431 

Descriptive Analysis provide accurate and reliable information, consumer 432 

sensory product characterization methods are interesting options when studying 433 

consumer perception28. CATA question constitutes a simple and valid approach 434 
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that is increasingly being used to capture consumer information about sensory 435 

and non-sensory perceptions of food products. The present case constitutes a 436 

new application of this method to know how the addition of proteins affects a 437 

novel, reformulated food product to obtain added value: enhanced satiating 438 

capacity along with better nutritional value. This method has the advantage of 439 

gathering information on perceived product attributes without requiring scaling, 440 

allowing for a slightly less contrived description of the main sensory properties 441 

of the product tested. 442 

Table 4 shows the frequency with which each term in the CATA question was 443 

selected by the consumers to describe the cheese pies. Significant differences 444 

were found in the frequencies of 29 out of the 32 terms related to texture, flavor 445 

or use elicited by the samples, suggesting that this type of question was able to 446 

detect differences in the consumers’ perceptions of the cheese pie samples. No 447 

significant differences between samples (p<0.05) were found for “Pasty”, 448 

“Sticky” and “Even if I eat the whole pie I will be hungry shortly”, which could 449 

probably be due to these attributes were equally relevant for all the samples; 450 

also, those three terms had generally a low number of selections (less than 24). 451 

There were other attributes also selected by a low number of consumers: 452 

“Caramel taste”, “Gummy”, “Porous texture”, “Astringent” and “Soy taste”.  453 

With regard to texture terms, the CFF and CLF samples were mostly described 454 

by the attributes “Soft”, “Creamy”, ”Tender”, “Light”, “Moist”, “Fondant” and 455 

“Spongy”. In contrast, samples W1, W3, S1 and S3 were described using words 456 

such as “Hard” (W3, S3), “Compact” and “Dry” (both particularly high for W3), 457 

“Dense”, “Floury” and “Sandy”, which reflected opposite texture characteristics. 458 

These results were in line with the instrumental texture assessment of the 459 

samples, which clearly showed that the added-soy and -whey protein samples 460 

were harder and more chewy. The rheological results that indicated a more 461 

solid structure of the whey protein samples and early heat response of the soy 462 

protein would indicate that a more solid network was formed by increased-463 

protein samples. 464 

With respect to terms of taste, CFF and CLF samples were mostly described by 465 

the attributes “Sweet”, “Cheese taste” and “Milky taste”. These flavor terms 466 

were also selected to describe the added-protein samples W1, W3 and S1, but 467 

less frequently than for samples CFF and CLF. In contrast, the frequency of use 468 
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of the terms “Starchy taste" "Earthy taste" although not very high, increased in 469 

the added-protein samples, especially in S3, which showed significantly higher 470 

frequency of these than the rest of the samples, and also of "Soy taste" and 471 

"Astringent". Also, "Off flavor" was significantly higher for S3, selected by 30% 472 

of consumers. This increased frequency of selection of negative attributes 473 

would probably indicate that soy protein introduces flavor notes which were 474 

perceived as striking or out of place in a cheese pie.  475 

Regarding the CATA terms related to the perception of satiating capacity, the 476 

consumers selected "If I eat the whole pie I will not be hungry for a long time" 477 

more frequently than "Even if I eat the whole pie I will be hungry shortly" and an 478 

increase in its frequency was observed in the samples with increased protein 479 

concentrations. The consumers selected "I would eat it as a dessert" more 480 

frequently than "I would eat it as a snack", indicating that the samples were 481 

considered more as complementing a meal than as a snack to be eaten 482 

between meals or a meal replacement. This result could be also influenced by 483 

the fact that “normal” cheese pie (the base formulation, CFF) is eaten as a 484 

dessert and the consumers who completed the CATA question were not aware 485 

of the aim of the study or of the sample formulations. Sample S3 had low 486 

frequency values for these two terms. In this case, the higher frequency of 487 

attributes such as “Off-flavor”, “Starchy taste”, “Soy taste”, and “Floury taste” 488 

than for any of the other samples could contribute to consumers’ not thinking it 489 

could be eaten either as a dessert or as a snack.  490 

The first two factors of the MFA (Fig. 3) accounted for 92.72 % of the variance 491 

of the original dataset, representing 77.65% and 15.08% of the variance 492 

respectively. Most of the CATA terms were well represented in the perceptual 493 

space defined by the first two factors of the MFA. The first factor (X axis) was 494 

related to a series of texture terms such as “soft,” “moist”, or “light”. “Creamy”, 495 

“tender” and “fondant” were placed on the right of this axis (positive values) and 496 

the evidently contrasting terms “dense”, “compact,” “dry,” “gummy” and “hard” 497 

on the left side (negative values). Regarding flavor, the first dimension of the 498 

MFA also contrasted “milk taste”, “caramel taste” and “sweet” (positive values) 499 

with the terms “astringent”, “earthy taste”, “off-flavor” and “floury taste” (negative 500 

values). The second factor of the MFA was mainly correlated to “soy taste” and 501 
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“starchy taste” (positive values of the Y axis), opposite to “cheese taste” 502 

(negative values of the second component).  503 

The relationship between in vivo aroma release and perception in food products 504 

is strongly dependent on the type of texture, relative to two mechanisms: 505 

physicochemical mechanisms based on the modification of aroma release and 506 

a cognitive mechanism based on aroma-taste-texture interactions. These two 507 

mechanisms exist simultaneously but have more or less impact on aroma 508 

perception depending on the type of texture.29 509 

Finally, the terms related with uses such as “I would eat it as a snack” and “I 510 

would eat it as a dessert” were placed in the right side of the X-axis, opposite “If 511 

I eat the whole pie I will not be hungry for a long time”. 512 

The products were well differentiated on the first two dimensions. Samples CFF 513 

and CLF were close to each other in the area defined by soft, tender samples 514 

with a sweet, milky taste. These two samples were the only ones placed on the 515 

right side of the sample plot. All the added-protein samples appeared on the left 516 

side and were grouped by protein type, in both cases with the more 517 

concentrated ones to the left of the least concentrated ones. This indicates that 518 

the higher the protein concentration the harder, drier, and more compact the 519 

texture. The area defined by the soy-protein samples (S1 and S3) coincided 520 

with the flavours not desirable in a milk-based product (upper side), whereas 521 

the milk-protein samples (W1 and W3) were placed further away from these 522 

flavour features. 523 

 524 

Expected satiating capacity assessment 525 

Sample W3 was the only one that elicited a significantly higher expectation of 526 

satiating capacity (Table 4). In order to relate the values obtained to the texture 527 

and flavour drivers, expected satiating capacity was mapped as a 528 

supplementary variable on the MFA (Fig. 3). This means that it was not taken 529 

into account during the construction of the factorial axes while the others were 530 

considered active, but the statistics for this supplementary variable were 531 

obtained by projecting this element onto the active space. The expected 532 

satiating capacity position was well in the direction of samples W1 and W3, 533 

indicating that the hard, grainy, sandy, dry texture of these samples elicited 534 

higher satiating expectations than the lighter texture of the samples without 535 
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added protein. In particular, when looking at the individual frequencies of 536 

mention for the attributes on table 4, W3 was particularly selected as harder, 537 

dryer and more compact than the rest of the samples. 538 

The texture features contributed by the addition of protein implied more labour-539 

intensive oral exposure and processing. Previous studies1 have suggested that 540 

particular oral processing characteristics such as a lack of chewing activity 541 

contribute to low satiating efficiency of foods. On the other hand, for equal 542 

calories, oral-sensory exposure time could contribute to higher satiation within a 543 

meal by triggering anticipatory responses. This is because animals, including 544 

humans, learn to associate the sensory characteristics of a food with its caloric 545 

value post-consumption.30 These associations are likely to influence explicit 546 

expectations about the effect a food will have on appetite, including how filling a 547 

food is likely to be (expected satiation) and the extent to which it will stave off 548 

hunger until the next meal (expected satiety). Such expectations have been 549 

shown to influence appetitive satisfaction and portion size selection.31 In 550 

particular, a previous study32 found that the expected satiation of semi-solid 551 

dairy products increased consistently with increasing thickness. In an extensive 552 

review paper on texture and satiation33, it was concluded that longer sensory 553 

exposure times lead to cephalic phase responses that not only contribute to 554 

physiological homeostasis but also contribute significantly to satiety. 555 

 556 

Conclusions 557 

The satiating effect of protein is recognized worldwide. Consequently, 558 

formulating food with the addition of extra protein would seem to be a logical 559 

way to enhance the satiating capacity of foods. However, this addition modifies 560 

the texture and flavor characteristics of the final products, which in turn 561 

influences expectations of satiating capacity. In the present study, a cheese pie 562 

was selected as a model food for incorporating different levels of soy and milk 563 

whey proteins with the aim of obtaining a range of feasible enhanced satiating 564 

capacity products. The results show that the added proteins make the texture 565 

harder and drier and move the food away from the sweet and milky flavors that 566 

are well-known to consumers. Importantly, these texture characteristics elicited 567 

stronger expected satiating capacity, probably due to the longer and more 568 

laborious chewing or oral processing needed in order to swallow these samples 569 
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comfortably. The fact that the addition of whey showed to have an enhanced 570 

perception of satiating capacity, without the off-flavors provided by the soy 571 

proteins, suggest that whey proteins could be better candidates for 572 

reformulation. 573 

The present work opens the door to new strategies for achieving food items with 574 

enhanced expectations on satiating capacity, bearing in mind that it is important 575 

to deliver matching expectations in the consumers at a very early stage of 576 

consumption, as these are drivers of early satiation. 577 
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Table 1. Composition of the cheese pie samples. 687 

Ingredient (g) 
Sample 

CFF CLF W1 W2 W3 S1 S2 S3 

Fresh cheese 55.00 27.50 26.95 26.67 26.40 16.17 16.00 15.84 
Low-fat fresh 
cheese 

0 27.50 26.95 26.67 26.40 37.73 37.35 36.96 

Whole egg 20.00 20.00 19.60 19.40 19.20 19.60 19.40 19.20 
Sucrose 10.00 10.00 9.80 9.70 9.60 9.80 9.70 9.60 
Water 8.00 8.00 7.84 7.76 7.68 7.84 7.76 7.68 
Maize starch 5.00 5.00 4.90 4.85 4.80 4.90 4.85 4.80 
Skimmed milk 
powder 

2.00 2.00 1.96 1.94 1.92 1.96 1.94 1.92 

WPI 0 0 2.00 3.00 4.00 0 0 0 
SPC 0 0 0 0 0 2.00 3.00 4.00 
Total 100 100 100 100 100 100 100 100 

Total protein 
content 

9.2 9.6 11.2 12 12.8 10.9 11.5 12.1 

Total fat content 9.8 6.0 5.9 5.9 5.8 4.5 4.4 4.4 

CFF: Control full-fat; CLF: Control low-fat; W1, W2 and W3: added whey protein (2, 3, and 4 g/ 688 

100g respectively); S1, S2, and S3 added soy protein (2, 3, and 4 g/ 100g respectively 689 

690 
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Table 2.  Mean values (n=2) of G’, G’’ and tgδ at 1 Hz at 20ºC, 60ºC and 80ºC 691 

for cheese pie samples. For sample codes see Table 1 692 

 693 

Sample 
20ºC   60ºC   80ºC   
G’ 
(Pa) 

G’’ 
(Pa) 

tgδ G’ 
(Pa) 

G’’ 
(Pa) 

tgδ G’ 
(Pa) 

G’’ 
(Pa) 

tgδ 

CFF 9.0a 4.0a 0.48a 29.2a 13.6a 0.47a 189.8a 59.2a 0.32a 

CLF 16.6a 5.8a 0.46a 39.0a 17.9a 0.46a 208.3a 62.5a 0.22a 

W3 43.3a 11.6a 0.48a 39.1a 18.1a 0.36a 45.0 a 65.3a 0.30a 

S3 10.2a 5.5a 0.55a 62.1b 28.9b 0.47a 324.0a 108.1a 0.34 a 

 694 

Values with different superscript letters in the same column denote statistically significant 695 

differences (p<0.05) 696 

 697 

 698 

699 
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 700 

Table 3.  Mean values (n=2) of the texture profile analysis (TPA) parameters of 701 

the cheese pie samples 702 

 703 

Sample 

TPA parameters 

Hardness 

(N) 

Cohesiveness 

 
Springiness 

Chewiness 

(N) 

CFF 2.97
a
 0.44

a
 0.70

a
 0.92

 a
  

CLF 3.61
b
 0.45

a
 0.68

a
 1.12

 a
  

S1 4.60
c
 0.42

a
 0.65

a
 1.25

ab
 

S2 5.23
d
 0.43

a
 0.64

a
 1.45

b
 

S3 5.78
e
 0.45

a
 0.70

a
 1.81

c
 

W1 6.43
f
 0.42

a
 0.64

a
 1.75

c
 

W2 8.32
g
 0.44

a
 0.68

a
 2.51

d
 

W3 9.57
h
 0.41

a
 0.68

a
 2.64

d
 

Different superscript letters in the same column denote values with statistically significant 704 

differences (p<0.05) 705 

706 
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Table 4. Frequency of selection of CATA terms for the six cheese pies and Cochran’s 707 

Q test for significant differences between them. Mean expected satiating capacity 708 

mean scores and their significant differences (Tukey’s test). 709 

 710 

CATA term 
Sample  Cochrane’

s Q CFF CLF W1 W3 S1 S3 

Sensory terms        

Sweet 54 42 31 18 27 12 <0.0001 

Smooth 53 47 16 13 27 5 <0.0001 

Soft 47 52 14 6 32 5 <0.0001 

Cheese taste 45 39 41 30 22 8 <0.0001 

Milky taste 44 38 41 24 31 9 <0.0001 

Creamy texture 40 41 11 4 22 3 <0.0001 

Tender 39 38 18 10 17 4 <0.0001 
Light 37 26 14 7 18 9 <0.0001 

Moist 31 36 16 6 17 7 <0.0001 

Fondant 28 28 4 8 16 5 <0.0001 
Spongy 27 44 7 10 14 8 <0.0001 

Grainy 27 16 40 48 25 45 <0.0001 

Caramel taste 18 17 11 7 9 5 0.001 

Sandy 17 10 29 40 24 34 <0.0001 
Pasty* 15 17 24 21 21 25 0.277 

Sticky* 15 8 11 16 17 8 0.060 
Compact 12 12 39 59 31 43 <0.0001 

Starchy taste 9 7 11 12 27 31 <0.0001 

Floury 9 10 23 29 31 42 <0.0001 

Gummy 8 9 18 22 14 18 0.005 

Dry 6 8 32 59 26 52 <0.0001 

Dense 6 12 31 34 26 37 <0.0001 
Earthy taste 5 5 12 22 12 32 <0.0001 

Porous texture 4 15 9 12 24 15 <0.0001 

Off flavor 3 11 17 15 16 40 <0.0001 

Astringent 1 2 5 6 4 15 <0.0001 

Soy taste 0 6 3 5 9 13 <0.0001 

Hard 0 4 17 40 10 31 <0.0001 
Non-sensory terms        

 I would eat it as a dessert 40 47 28 22 24 7 <0.0001 

I would eat it as a snack 27 27 21 17 22 10 0.000 

Even if I eat the whole  pie I 
will be hungry shortly* 

18 9 11 11 14 8 0.075 

If I eat the whole  pie I will not 
be hungry for a long time 

15 22 24 29 23 21 0.031 

Expected satiating capacity 
scores 

5.6a 5.4 a 5.8 a 6.3 b 5.6 a 5.9 a 

*Indicates a term with no significant differences (Cochran’s Q test, p>0.05) among samples 711 
a.b Different superscript letters denote significant differences (Tukey’s test , p<0.05) 712 
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Figure captions 716 

Figure 1. Rheological behavior of the batters without added protein (CFF and 717 

CLF) and with the highest protein content (W3 and S4) before cooking. a) 718 

Mechanical spectra; b) G’ and G’’ values as a function of increasing 719 

temperature. Heating rate:1ºC/min ; frequency: 1Hz 720 

 721 

Figure 2. Texture profile analysis (TPA) of the cheese pies without added 722 

protein and with the three levels of soy and whey protein 723 

 724 

Figure 3. a) Map of terms from the check all that apply (CATA) question; b) 725 

Representation of the cheese pies without protein addition and with the highest 726 

level of soy and whey protein in the first two dimensions of the Multiple Factor 727 

Analysis (MFA) of the CATA counts 728 
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