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ABSTRACT 26 

The microstructural, physical, and sensory properties of low-fat sauces made 27 

with different starches, soy protein, and inulin as a fat replacer were analyzed. 28 

Gluten-free waxy starches -rice and corn- were selected as well as soy protein 29 

in order to obtain sauces suitable for celiac and lactose intolerant consumers. 30 

Light microscopy was used to visualize the swollen starch granules dispersed in 31 

a protein-amylopectin-inulin phase. Inulin seemed to limit protein network 32 

development, which was related with a higher dispersion of starch granules 33 

within the sauce matrix. Therefore, the sauces made with inulin had a lower 34 

apparent viscosity (ηapp) values (P < 0.05) in comparison with oil sauces. The 35 

sauces made with rice starches also exhibited a lower viscosity (P < 0.05) since 36 

these granules did not swell as corn granules do. All the sauces had a 37 

remarkable physical stability since there were no syneresis phenomena and 38 

color did not change significantly (P < 0.05) after 15 days of refrigeration 39 

storage (4 ºC). Finally, the sensory test suggests that oil could be substituted by 40 

inulin in the preparation of low-fat sauces since no significant differences (P < 41 

0.05) in texture and flavor were found. These results encourage further 42 

research to optimize the formulations of these types of alternative white sauces. 43 

 44 

Keywords: inulin, starch, soy protein, microstructure, white sauces. 45 

 46 

Practical application: nowadays there is a great demand of ready-to-eat 47 

products due to new consumptions habits. In this context, it would be interesting 48 

to develop low fat sauces with inulin that could be used in this type of products 49 

improving their nutritional profile. The requirement of processed food for specific 50 
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groups of population, such as celiac and lactose intolerant consumers, makes it 51 

necessary to use gluten free starches and soy protein in the formulation of 52 

sauces. The characterization of structure, physical and sensory properties is 53 

required to understand the product acceptability and its behavior during its shelf 54 

life. 55 

 56 

Introduction  57 

Consumers are increasingly demanding high quality, ready-to-eat food products 58 

designed not only to feed them but to contribute to improve their health. In order 59 

to meet these demands, food industry is developing innovative products which 60 

may be an alternative to traditional ones, especially for specific groups of 61 

population with certain health requirements. In this context, celiac disease is 62 

one of the few genetic disorders with well-defined environmental factors, that 63 

have a definite impact on the disease, because it is an immune response to 64 

gluten in the diet of genetically susceptible individuals (Niewinski 2008). Gluten 65 

is found in the endosperm of cereals such as wheat, barley, and rye (Jabri and 66 

others 2005) and, although it is mainly present in bakery and pasta products it is 67 

also a component in many other foods, including white sauces (Nishimura and 68 

others 2001).  69 

The typical ingredients of white sauce include milk, oil, flour or starch, and salt 70 

(Arocas and others 2009). The most common problem with this type of blends is 71 

destabilization after preparation and/or during storage. There are two types of 72 

problems with destabilization: those associated with the emulsion (Ostwald 73 

ripening, mixing, flocculation, and coalescence of fat); and those problems 74 

caused by the interaction of two or more ingredients in the sauce. The milk 75 
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proteins and starch act as emulsifiers and stabilizers in this type of products 76 

(Mandala and others 2004; Walstra and van Vliet 2007). However, the use of 77 

dairy ingredients with high lactose content is unsuitable for celiacs because 78 

many of them also suffer from lactose intolerance (Murray 1999). Moreover, 79 

celiac consumers often find that the range of products suitable for their 80 

condition is limited and many products are viewed as being of inferior quality 81 

(especially sensory) compared with their traditional, i.e. non gluten-free, 82 

counterparts (Kelly and others 2008). 83 

There are different functional ingredients that have given technological, 84 

nutritional and tasty solutions to these products. Along this line, the properties of 85 

soybean have made it an appropriate substitute of milk since its proteins 86 

improve the structure of gluten-free products and its isoflavones lower the risk 87 

of cardiovascular disease and breast cancer (Arendt and others 2008). On the 88 

other hand, the use of modified gluten-free starches such as corn and rice ones 89 

is commonly used in dietetic products. Modified corn starch is mainly used 90 

because of its appropriate rheological behavior after being subjected to different 91 

heat and agitation conditions (Mason 2009), and rice starch not only is 92 

hypoallergenic, colorless, and relatively tasteless but it decreases the 93 

absorption of fat and the peroxidation during frozen storage of fried products 94 

(Jackson and others 2006). Inulin is other well-known ingredient which has 95 

been reported to have several benefits to human health (Roberfroid 2007). It is 96 

a non-digestible polysaccharide that consists of a chain of fructose molecules 97 

with a terminal glucose molecule that has been used as a sweetener in low-98 

caloric products; as a substitute for fat; and as a texture modifier (Guggisberg 99 

and others 2009). 100 
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Recent research related to physical and rheological properties of soy protein-101 

starch (Ribotta and others 2007; Lim and Narsimhan 2006) and inulin in low-fat 102 

semisolid desserts and yogurt (Bayarri and others 2011; Paseephol and others 103 

2008; Zimeri and Kokini 2003; Guggisberg and others 2009) has been carried 104 

out. In this work, new formulations of low-fat or inulin white sauces made with 105 

soy protein and gluten–free starches were prepared. To the best of our 106 

knowledge, there is no research studying a food system containing such a 107 

mixture. Thus, the aim was to analyze the impact of the different ingredients on 108 

the microstructural, physical, and sensory characteristics in order to assess 109 

their stability and consumer acceptability. 110 

 111 

Materials and methods 112 

Starches 113 

Modified waxy corn starch (crosslinked hydroxypropyl distarch phosphate, C 114 

Polar Tex 06741®) from Cargill, Inc (Minneapolis, Minn., U.S.A) and modified 115 

waxy rice starch (crosslinked acetylated distarch, Remygel 663®) from Beneo-116 

Remy (Leuven, Belgium) were used. The starches were selected in order to 117 

compare different botanic sources which were gluten-free and gave an 118 

adequate viscosity according to previous assays. 119 

 120 

Sample preparation 121 

Four types of sauces were made containing: corn starch and oil (CSO), corn 122 

starch and inulin (CSI), rice starch and oil (RSO), and rice starch and inulin 123 

(RSI). The sauces consisted of starch (5 g/100 g), sunflower oil (Coosur®, 124 

Acesur, Sevilla, Spain) or inulin with an average chain length of 8-13 monomers 125 
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(Frutafit HD®, Sensus, Roosendaal, The Netherlands) (2.5 g/100g), soy protein 126 

isolate (Vicoprot®, Trades S.A., Barcelona, Spain) (3.2 g/100 g), salt (0.4 g/100 127 

g), black pepper (0.02 g/100 g), nutmeg (0.02 g/100 g) and water 88.86 g/100 g 128 

w/w. The samples were prepared according to Arocas and others (2009). 129 

Briefly, all ingredients were placed into a cooking device (Thermomix TM 31®, 130 

Wuppertal, Germany) heated up to 90 ºC (17 ºC/min) at 1100 r/min and kept at 131 

90 ºC at the same agitation speed for 6 min. The samples were stored in Pyrex 132 

glass bottles (300 g) and the analyses were performed after cooling them to 133 

room temperature. The study of viscosity, syneresis and color throughout 134 

storage were carried out on refrigerated (4 ºC) samples at days 2, 5, 9 and 15 135 

after preparation. All measurements were carried out in triplicate. 136 

 137 

Microstructural analysis 138 

Light Microscopy (LM) 139 

A light microscope (Nikon Eclipse E800® microscope, Nikon, Tokyo, Japan) was 140 

used. Two different dyes were dissolved in distilled water: iodine (1 g/L) to stain 141 

starch and toulidine blue (10 g/L) to stain proteins. A drop of the sample was 142 

placed on a slide, stained with the appropriate dye solution (20 µL) and 143 

visualized using a 20x objective lens. 144 

Confocal laser scanning microscopy (CLSM) 145 

A Nikon confocal microscope C1 unit that was fitted on the Nikon Eclipse E800 146 

was used. An Ar laser line (488 nm) was employed as light source to excite 147 

fluorescent dyes rhodamine B and Nile red. Rhodamine B (Fluka, Sigma-148 

Aldrich, St. Louis, Mo., U.S.A.) with λex max 488 nm and λem max 580 nm was 149 

dissolved in distilled water at 1 g/L. This dye was used to stain proteins and 150 
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starch. Nile red (Fluka, Sigma-Aldrich) with λex max 488 nm and λem max 515 nm 151 

was dissolved in PEG at 0.1 g/L. This dye was used to stain fat. A drop of the 152 

sample was put on a slide, stained with 20 µL of the rhodamine B solution and 153 

20 µL of the Nile red solution, and visualized using an oil immersion objective 154 

lens (40x). 155 

Image analysis 156 

The LM and CLSM images were acquired with a 1024 x 1024 pixel resolution 157 

and were analyzed using the software ImageJ v.1.43s (National Institute of 158 

Health, Bethesda, Maryland, U.S.A.). Starch granule swelling was assessed 159 

from 15 randomly acquired LM images. The granules were manually labeled 160 

and their area (µm2) measured from each image. On the other hand, 15 161 

randomly acquired CLSM images were binarized after grayscale threshold 162 

segmentation. Fat globule area (µm2), was automatically determined from the 163 

binarized images. Since fat globule area did not show a normal distribution in 164 

every sauce analyzed, the 80th percentile (P80) of the globule area was used as 165 

the parameter which better represented the fat globule size. P80 indicated that 166 

80% of the globules in each image had an area below this value. 167 

 168 

Apparent viscosity 169 

The apparent viscosity (ηapp) of the samples was studied using a viscometer 170 

(Haake Viscotester 6 R Plus, Thermo Fisher Scientific, Waltham, U.S.A.). The 171 

samples were placed in a thermostatic bath in order to maintain test 172 

temperature (50 ºC). A R5 spindle was immersed in the samples and remained 173 

300 s as equilibration time prior to analysis. A constant share rate of 10 rpm 174 
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was applied and values were registered during 300 s. Data at 150 s after the 175 

beginning of the test were used to compare ηapp among samples. 176 

 177 

Syneresis 178 

Syneresis was determined according to Heyman and others (2010) with 179 

modifications. Subsamples were introduced in centrifuge tubes and stored at 4 180 

ºC during 15 days. After equilibration to 20 ºC, the samples were centrifuged 181 

during 15 min at 6000 g. The quantity of water released on the top was 182 

decanted and the % of syneresis was calculated (Eq.1). 183 

% Syneresis = (weight of decanted liquid / total weight before centrifugation) x 184 

100           (1) 185 

 186 

Color measurements 187 

CIE L*a*b* coordinates were measured at 20 ºC using a Chroma meter CR-400 188 

(Konica Minolta Sensing Americas, Inc. USA) with reference to illuminant C and 189 

a visual angle of 2°. L* denotes lightness on a 0 to 100 scale from black to 190 

white; a*, (+) red or (-) green; and b*, (+) yellow or (-) blue. Color difference with 191 

respect to freshly-made samples (∆E∗
) (Eq. 2), chrome (Cab*) (Eq. 3) and hue 192 

(hab) (Eq. 4) were calculated throughout storage period. 193 

∆E*=[(∆L*)2+(∆a*)2+(∆b*)2]1/2       (2) 194 

C*ab=[(a*)2+(b*)2]1/2         (3) 195 

hab=arctan (b*/a*)         (4) 196 

 197 

Sensory analysis 198 
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Consumers were recruited among students and employees of the Universitat 199 

Politècnica de València. A total of 52 untrained panelists aged 22-63 were used 200 

for the study. The samples were assessed in a standardized tasting room 201 

equipped with individual booths. White sauces were made and kept in a 202 

thermostatic bath at 50 ºC. Each consumer received four disposable glasses of 203 

the different formulations of the sauces monadically in a single session following 204 

a balanced complete block experimental design. The glasses were coded by 205 

three digit random numbers and served in random order. Consumer acceptance 206 

testing was done using a successive-category scale to score the “appearance”, 207 

“texture” and “flavor”. The scale was a 7-point hedonic scale (7= like extremely, 208 

and 1= dislike extremely).  209 

 210 

Statistical analysis 211 

Analysis of variance (ANOVA) was performed on the data using the 212 

Statgraphics Plus 5.1 software package (Statistical graph Co., Rockville, Md, 213 

USA). Least Significant Difference (LSD) Fisher’s test was used to evaluate 214 

mean values differences (P < 0.05). 215 

 216 

Results and discussion  217 

Microstructure 218 

Figure 1 shows the images obtained by light microscopy (LM) from the different 219 

sauces. The iodine solution stains amylose in blue and amylopectin in brown or 220 

violet (Conde-Petit and others 1998). On the other hand, staining with toluidine 221 

blue allows us to visualize the protein network throughout the continuous phase. 222 

The starch granules morphology became irregular as they swell so it was 223 
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difficult to accurately assess the extent of their swelling. However, as a rough 224 

estimate, the mean area of swollen granules sections was measured. 225 

The CSO sauces (Figure 1A, B) consisted of a complex matrix containing two 226 

different phases: a dispersed phase of swollen starch granules, that have 227 

partially resisted the cooking process, and fat globules stabilized by a 228 

continuous phase of soy protein and starch polymers which have leached out 229 

from the granules during gelatinization. Figure 1A shows the continuous phase 230 

stained in brown since amylopectin was the main polymer leached from the 231 

waxy modified starch granules. The soy protein is shown in Figure 1B forming a 232 

blue network throughout the sample. The CSO starch granules -with a mean 233 

area of 245 µm2- were strongly swollen but not completely disintegrated, which 234 

indicated their high resistance to heat and shear given by the chemical 235 

modification. This fact was also stated by Arocas and others (2009). Moreover, 236 

soy protein could have a protective effect on starch granule disintegration by 237 

limiting the absorption of water. As it can be observed, the CSO starch granules 238 

did not disperse easily in the continuous phase and in some areas they 239 

aggregated. In addition, the contact between granules, which is likely to 240 

determine the viscosity and stability of CSO sauces, could act as a barrier by 241 

limiting further swelling and disintegration. Fat globules were homogeneously 242 

distributed within the soy protein-starch polymer matrix. 243 

The CSI sauces containing inulin instead of oil (Figure 1C, D) showed a 244 

continuous phase that could not be clearly distinguished. This was the result of 245 

interaction between soy protein, inulin, and starch polymers. The replacement 246 

of oil, which is a component of the dispersed phase, with inulin, which is a 247 

component of the continuous phase, may prevent the formation of soy protein 248 
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networks and soy protein-amylopectin networks by acting as a binding element 249 

for the continuous phase components. Moreover, the presence of some inulin 250 

crystals indicated that inulin did not solubilized completely in the continuous 251 

phase. Zimeri and Kokini (2003) also found crystals in water solutions of 5% 252 

inulin and suggested that this fact was the result of either insolubility or 253 

recrystallization after cooling. In the CSI and RSI sauces, the soy protein and 254 

starch polymers in the continuous phase could limit inulin solubilization and 255 

therefore favor crystallization. Most of this phase appeared covered by 256 

gelatinized swollen granules (Figure 1C) that sometimes interacted with each 257 

other to form aggregates. In the CSI sauces, the gelatinized granules -with 258 

mean area of 220 µm2- seemed to have a lower degree of swelling and 259 

deterioration than in the CSO sauces. Inulin could have a protective effect 260 

against granule degradation- limiting granule swelling- by competing with starch 261 

polymers to bind water molecules or interacting directly with starch polymers.  262 

The microstructure of RSO sauces is shown in Figure 1E, F. The continuous 263 

phase of soy protein and starch granule polymers appeared to have a greater 264 

capacity to disperse starch granules and less tendency to form networks 265 

between proteins and between soy protein and starch polymers (Figure 1F) 266 

than in CSO sauces (Figure 1B). The RSO starch granules - with mean area of 267 

208 µm2- showed a higher degree of integrity and lesser swelling and 268 

aggregation tendencies in comparison with the CSO ones. The fat globules 269 

were homogeneously distributed throughout the continuous phase as in CSO 270 

sauces. 271 

The microstructure of the RSI sauce is shown in Figure 1G, H. The swollen 272 

starch granules had a mean area of 199 µm2 and were more dispersed than 273 

Page 16 of 32

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901

Journal of Food Science



For Peer Review

12 

 

those in CSI sauces. The rice granules in this sauce had the least tendency to 274 

form aggregates among all the other starches and showed a low degree of 275 

deterioration after cooking. Rice starch granules have been reported to be 276 

smaller than corn starch ones after being subjected to high temperatures 277 

(Arocas and others 2010). This fact, along with the higher swelling power of 278 

hydroxypropyl substitution (in corn starch) in comparison with acetylation (in rice 279 

starch), could explain the observed microstructure. 280 

Figure 2 shows micrographs of the sauces acquired using confocal laser 281 

scanning microscopy (CLSM). This technique allowed us to obtain accurate, 282 

single optical sections, and a better visualization of sauce components by 283 

fluorescent labeling. The protein, starch granules, and solubilized granule 284 

components were stained red by rhodamine and fat globules were stained 285 

green by nile red. The CSO and RSO images (Figure 2A, C) show gelatinized 286 

starch granules and fat globules embedded in a continuous red phase of soy 287 

protein and starch polymers, which confirms the observations made by LM.  288 

The CSI sauces exhibited many tightly packed granules (Figure 2B), whereas 289 

the granules seemed to be more dispersed in RSI sauces (Figure 2D). When 290 

comparing sauces made with oil (CSO and RSO) with those made with inulin 291 

(CSI and RSI), the latter showed a less cohesive and compact continuous 292 

phase. These results are consistent with the research by Guggisberg and 293 

others (2009) in which an increase in inulin concentration caused an slightly 294 

less cohesive protein network in low-fat yogurt. 295 

Figure 3 shows representative micrographs of sauces made with oil (CSO and 296 

RSO) and their respective frequency histograms of fat globules areas. The fat 297 

globules had a well defined spherical morphology in this type of sauces 298 
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(Guardeño and others 2011) and hence the mean area of many optical sections 299 

could be used as an approach of the fat globule size. Both CSO and RSO 300 

sauces exhibited high frequencies in small globules, i.e. the 73 % of the fat 301 

globules had an area smaller than 10 µm2, and there were no significant 302 

differences (P < 0.05) between the mean values of the P80  in both CSO and 303 

RSO sauces (Figure 3C, D). As it can be noticed the fat globules were 304 

stabilized by the network of protein and starch polymers which led to a 305 

homogeneous distribution within the continuous phase. This fact, together with 306 

small size of the globules could limit destabilization –e.g. coalescence- during 307 

further processing or storage. 308 

In brief, rice starch in RSO and RSI sauces showed a greater degree of 309 

dispersion in the continuous phase, less capacity to swell and less tendency to 310 

aggregate than corn starch in CSO and CSI. Therefore, it is to be expected that 311 

RSO and RSI sauces have a lower viscosity. The presence of inulin in the CSI 312 

and RSI sauces seemed to preserve the integrity of the starch granule, reducing 313 

its swelling capacity and binding the continuous phase which was less compact 314 

and, therefore, the starch granules were more easily dispersed.  315 

 316 

Apparent viscosity  317 

Figure 4A shows the time dependence of ηapp of the freshly-made sauces which 318 

was more evident in the corn starch sauces than in rice starch ones. In order to 319 

assess viscosity changes during refrigeration storage at 4 ºC, the ηapp values at 320 

a specific time (150 s) were recorded and compared among samples and 321 

storage periods (Figure 4B). The CSO sauces showed the highest ηapp values 322 

whereas the RSI ones showed the lowest values during storage period. As 323 
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shown by LM and CLSM, the CSO sauce showed large swollen starch granules 324 

and the greatest tendency to form aggregates; while the RSI sauce showed less 325 

swollen starch granules -being more dispersed due to a less degree of cohesion 326 

in the continuous phase-.  327 

The sauces made with corn starch (CSO and CSI) had higher ηapp values (P < 328 

0.05) throughout all storage period than the sauces made with rice starch (RSO 329 

and RSI). This fact was related with the microstructural analysis where the 330 

higher swelling power –due to hydroxypropylation- and size of corn starch in 331 

comparison to acetylated rice starch was observed. Singh and others (2003) 332 

explained that the viscosity of starch blends was directly related to the size and 333 

interaction of the starch granules. 334 

On the other hand, the sauces made with inulin (CSI and RSI) had lower values 335 

(P < 0.05) than those made with oil (CSO and RSO). LM revealed that inulin 336 

preserves the integrity of the granules and could limit the formation of the 337 

protein-starch polymers network in the continuous phase, which in turn, was 338 

less compact and more able to disperse starch granules. In this line, other 339 

authors have suggested that inulin molecules could interfere with the protein 340 

matrix formation and be responsible for a lower firmness in yogurt (Paseephol 341 

and others 2008). Alternatively, Bayarri and others (2011) reported an increase 342 

in most rheological parameters when long-chain inulin was used in low-fat dairy 343 

desserts, which was attributed to the presence of inulin aggregates. However, 344 

they state that the addition of native inulin –with a similar average chain length 345 

of the one used in this study- hardly modified the rheological properties of the 346 

samples. In our study, both soy protein and starch concentrations were the 347 

same in all the sauces analyzed but inulin replaced oil. Thus, the decrease in 348 
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ηapp values could be due to, on the one hand, the interaction of inulin and starch 349 

polymers which limits starch granule swelling, on the other hand, the inulin 350 

capacity to bind water which could hinder the proper development of a protein-351 

amylopectin matrix in the continuous phase. 352 

Figure 4B shows a general storage-time independence regarding apparent 353 

viscosity. However, there was an increase in ηapp at day 2 of storage which was 354 

significant (P < 0.05) in the corn starch sauces (CSO and CSI). This fact was 355 

not expected because hydroxypropylation in the corn starch sauces is 356 

considered to impart a greater freeze-thaw stability than acetylation in the rice 357 

starch sauces (Mason 2009). All in all, the apparent viscosity did not change 358 

from day 2 to 9 for every type of sauce and it decreased to the values of freshly-359 

made sauces at day 15 for CSO sauces. In general, the use of waxy modified 360 

starches was appropriate to maintain the viscosity throughout cold storage. 361 

 362 

Syneresis 363 

Products that contain starch release water mainly due to retrogradation of 364 

amylose. In this study, waxy starches (very low amylose content) have been 365 

used in order to minimize this phenomenon. Moreover, the crosslinking and 366 

substitution had an extra protective effect against retrogradation because these 367 

modifications decreased the starch polymer leaching from the granules. After 15 368 

days of storage at 4 °C none of the sauces showed syneresis, and therefore all 369 

the formulations were stable to cold storage. These results are consistent with 370 

those observed by Arocas and others (2009) in their studies of white sauces 371 

prepared with various corn starches, which concluded that syneresis does not 372 

occur when using modified starches. In addition, presence of the hydrophilic 373 
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groups of soy protein along with the presence of inulin could improve the water 374 

retention capacity. 375 

 376 

Color 377 

The color evolution during 15 days of storage at 4 °C is shown in Figure 5. The 378 

values of lightness (L*) were significantly higher (P < 0.05) in the sauces made 379 

with oil (CSO and RSO) than in those made with inulin (CSI and RSI). On the 380 

other hand, L* did not change (P > 0.05) from the day 2 of storage for CSO 381 

sauces and from the day 0 for CSI, RSO and RSI ones (Figure 5A). 382 

Figure 5B shows the evolution of chroma (C*
ab) during storage period. There 383 

were significant differences (P < 0.05) in C*
ab among all types of formulation 384 

used, but no significant differences in C*
ab (P > 0.05) occurred for any of the 385 

sauces throughout the storage period. Sauces with oil (CSO and RSO) revealed 386 

significantly higher values of C*ab (P < 0.05) within the storage period than 387 

those made with inulin (CSI and RSI). 388 

Figure 5C shows the evolution of the hue (hab) values. Sauces with oil (CSO 389 

and RSO) exhibited significantly lower hab values (P < 0.05) than sauces made 390 

with inulin (CSI and RSI). All the sauces revealed stable hab values throughout 391 

the storage period. 392 

Finally, Figure 5D shows the evolution of the color difference (∆E *) of the 393 

samples at different days of storage, regarding the freshly-made ones (storage 394 

time = 0 d). The values ranged from 0.29 to 2.14, being the CSO sauce the one 395 

which exhibited the higher ∆E* value (P < 0.05). However, color differences 396 

values were below 3 in every sauce analyzed which was not considered to be 397 

detectable for the human eye (Francis and Clydesdale 1977). In summary, 398 
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inulin was the most important component regarding sauce color since the 399 

sauces in which it was used showed lower values of L* and C*
ab and higher 400 

values of hab in comparison to sauces without inulin. In general, color stability 401 

during refrigeration storage is achieved.  402 

 403 

Sensory analysis  404 

The consumer acceptability testing scores for appearance, texture, and flavor of 405 

the different formulations studied are shown in table 1. As it can be seen, there 406 

were no significant differences (P > 0.05) between the sauces made with oil 407 

(CSO and RSO) and those made with inulin (CSI and RSI) for texture and 408 

flavor. Sauces made with oil were better rated in appearance than those 409 

containing inulin, with RSO sauce being the best and CSI sauce being the worst 410 

evaluated. A statistical analysis of the results shows that oil could be substituted 411 

by inulin in the preparation of low-fat white sauces that contained neither gluten 412 

nor lactose as far as texture and flavor go. 413 

 414 

Conclusions 415 

Soy protein white sauces made with rice or corn modified waxy starches, and 416 

with oil or inulin, were physically stable to refrigeration storage. The presence of 417 

inulin as a fat replacer caused a decrease in apparent viscosity. This fact was 418 

related to a decrease in starch granule swelling and water competition between 419 

inulin and the protein-starch polymer network in the continuous phase. 420 

Moreover, the apparent viscosity and the color parameters analyzed did not 421 

change significantly during storage and there were no syneresis phenomena 422 

throughout 15 days of storage at 4 ºC. Sensory test revealed a good 423 
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acceptability of soy protein-based sauces. In the light of these results, the use 424 

of inulin as a fat replacer would be appropriate to develop sauces addressed to 425 

celiac and lactose intolerants consumers.  426 
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Table 1. Mean values of the sensory scores for the attributes analyzed in the 

consumer (n= 52) acceptance testing. 

 Sensory attribute* 

Sauce Appearance Texture Flavor 

CSO 5.1a (1.5) 5.2a (1.3) 4.5a (1.1) 
CSI 3.8b (1.7) 4.5a (1.7) 4.0a (1.3) 
RSO 5.4a (1.1) 5.0a (1.3) 4.5a (1.4) 
RSI 4.0b (1.6) 4.5a (1.6) 4.0a (1.5) 
*Results from a 7-point hedonic rating test. 

Values between parentheses are the standard deviations. 

For each attribute means without the same letter reveal significant difference (P < 0.05) according to the LSD multiple 

range test. 

CSO: sauce made with corn starch an oil; CSI: sauce made with corn starch and inulin; RSO: sauce made with rice 

starch and oil; RSI: sauce made with rice starch and inulin. 
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Figure 1. Light microscopy (LM) micrographs of the different sauces stained with iodine (A, C, E and G) and 
toluidine (B, D, F and H) solutions. A and B: CSO sauce made with corn starch and oil; C and D: CSI sauce 
made with corn starch and inulin; E and F: RSO sauce made with rice starch and oil; G and H: RSI sauce 

made with rice starch and inulin. i: inulin crystal; f: fat globule; s: starch granule. Scale bar: 50 µm.  
140x224mm (300 x 300 DPI)  
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Figure 2. Confocal laser scanning microscopy (CLSM) micrographs of the different sauces. A: CSO sauce 
made with modified corn starch and oil; B: CSI sauce made with modified corn starch and inulin; C: RSO 
sauce made with modified rice starch and oil; D: RSI sauce made with modified rice starch and inulin. f: fat 

globule; s: starch granule. Scale bar: 80 µm.  
140x140mm (300 x 300 DPI)  
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Figure 3. Confocal laser scanning microscopy (CLSM) micrographs of the sauces made with oil and frequency 
histograms of fat globule areas. A: CSO sauce made with modified corn starch and oil; B: RSO sauce made 
with modified rice starch and oil. Frequency histogram and the 80th percentile (P80) of fat globule area for 

CSO sauce (C) and RSO sauce (D). Values between parentheses are the standard deviations. Scale bar: 80 
µm.  

140x126mm (300 x 300 DPI)  
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Figure 4. Apparent viscosity of the sauces. A: thixotropy plot (time versus apparent viscosity) of the freshly-
sauces subjected to a constant shear rate (10 rpm) during 300 s at 50 ºC. B: evolution of the apparent 

viscosity during storage at 4 ºC, interactions and mean plots with LSD intervals between type of sauce and 

storage time (days). Different letters within the same type of sauce reveal significant differences (P < 0.05). 
CSO: sauces made with corn starch and oil; CSI: sauces made with corn starch and inulin; RSO: sauces 

made with rice starch and oil; RSI: sauces made with rice starch and inulin.  
127x180mm (300 x 300 DPI)  
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Figure 5. Colour parameters evolution during storage at 4 ºC. Interactions and mean plots with LSD 
intervals (P < 0.05) between type of sauce and storage time (days) for lightness, L* (A); chroma, C*ab (B); 
hue, hab (C) and colour difference, ∆E (D). CSO: sauces made with corn starch and oil; CSI: sauces made 

with corn starch and inulin; RSO: sauces made with rice starch and oil; RSI: sauces made with rice starch 
and inulin.  

140x105mm (300 x 300 DPI)  
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