
1 
 

Optimization of formulation and physicochemical, nutritional and sensory evaluation of vegan 1 

chickpea-based salad dressings 2 

 3 

Davide De Angelis, Giacomo Squeo, Antonella Pasqualone & Carmine Summo 4 

Department of Soil, Plant and Food Science, Food Science and Technology Section (DISSPA), 5 

University of Bari Aldo Moro, Via Amendola, 165/A, 70126, Bari, Italy 6 

 7 

 8 

This article has been published as De Angelis, D., Squeo, G., Pasqualone, A., & Summo, C. 9 

(2022). Optimization of formulation and physicochemical, nutritional and sensory evaluation of 10 

vegan chickpea-based salad dressings. Journal of Food Science and Technology, 59, 2685–2693 11 

(2022). https://doi.org/10.1007/s13197-021-05288-x  12 

  13 

https://doi.org/10.1007/s13197-021-05288-x


2 
 

Abstract  14 

The formulation of a vegan salad dressing supplemented with chickpea flour (VC-SD) was optimized by 15 

D-optimal mixture design, evaluating the effect of chickpea flour, water and oil on the structural textural 16 

properties of the product. The linear models showed the best fitting and predictive ability, as highlighted 17 

by high R2
adj and Q2. The Cox-effects of the structural textural parameters were significant for water and 18 

chickpea flour contents, but not for oil. Sensory evaluation indicated that all the VC-SD were 19 

characterized by the predominance of pungent/acid odor notes, whereas sourness was the most perceived 20 

fundamental taste, together with a sensation of grainy texture in mouth due to flour particles. Overall, the 21 

product can be consumed by vegans and vegetarians because produced without animal-derived 22 

ingredients fulfills the vegans and vegetarians’ expectations, and is in synergy with the healthful 23 

characteristics of Mediterranean diet, in which pulses and extra-virgin olive oil play beneficial roles. 24 

Keywords 25 

Plant-based, emulsion, Chickpea flour; back extrusion, sensory evaluation, salad-dressing, D-Optimal 26 

mixture design 27 

Introduction 28 

Salad dressings are a category of emulsified semisolid foods prepared from several ingredients such as 29 

vegetable oil, acidifying agents (i.e. lemon juice, vinegar), polysaccharides and egg yolk or egg yolk-30 

based ingredient (FDA 2019). Moreover, according to the Food and Drug Administration, salad dressing 31 

contains at least 30 g 100 g-1 of fat and 4 g 100 g-1 of liquid egg yolk (FDA 2019). The consumption of 32 

salad dressings has increased over time, leading to concerns regarding the nutritional characteristics, due 33 

to the presence of high fat content together with cholesterol. The nutritional guidelines, indeed, encourage 34 

a diet low in fat and cholesterol in order to reduce the risks of cardiovascular diseases and other illnesses 35 

related to diet (Yusuf et al. 2016). 36 

Several strategies have been already applied with the specific aim to reduce the fat content of salad 37 

dressings and to substitute the egg yolk with other ingredients, reducing therefore the cholesterol content 38 

and improving the nutritional characteristics. Egg yolk is traditionally used as emulsifier; however, a 39 
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rising number of consumers require egg alternatives allergenic free and suitable for vegan or other dietary 40 

patterns (Campbell 2019). Egg yolk can be substituted by several emulsifiers such as pulse proteins 41 

(Gumus et al. 2017) or hazelnut milk (Mohammad Alizade Samani and Goli 2019). Moreover, to obtain 42 

a functional salad dressing also the inclusion of dietary fiber has been proposed: Tseng and Zhao (2013) 43 

suggested the use of grape pomace, which also shows antioxidant activity, whereas orange pulp fiber was 44 

used to reduce the fat content and improve the textural properties (Chatsisvili et al. 2012).  45 

In the perspective of improving the nutritional characteristics of salad dressing, the incorporation of 46 

pulses flour in the formulation should be also considered. The attention given to pulses increased in the 47 

recent years due to several factors including: i) their valuable role in sustainable agricultural practices 48 

and in low-input farming systems (Stagnari et al. 2017); ii) the beneficial effects on health associated 49 

with pulses consumption (Centrone et al. 2020); iii) the physicochemical and functional properties of 50 

pulses flour (Summo et al. 2019a) which make it suitable as a versatile ingredient in several food 51 

categories, such as ready-to-eat purées (Summo et al. 2019b), bakery products (Pasqualone et al. 2019), 52 

pasta (Teterycz et al. 2020), and traditional street foods (De Angelis et al. 2020). Among pulses, chickpea 53 

is the second most produced grain legume worldwide after beans, with an increasing production trend 54 

(FAO 20189). Chickpea flour is characterized by a healthy fatty acid profile, not too abundant and rich 55 

in PUFAs, accompanied by the presence of several bioactive compounds and by interesting 56 

physicochemical and functional properties, such as the high water and oil absorption capacity (Summo 57 

et al. 2019a), exploitable in dispersed systems. Despite the use of pulses flour as ingredient for salad 58 

dressing preparation was already proposed (Ma et al. 2013; 2016a; 2016b), no studies were carried out 59 

with the aim to produce a vegan and reduced-fat salad dressing. The amount of pulses flour used as 60 

ingredient should be comprehensively optimized by the approach of experimental design, owing to its 61 

significant effect on the physicochemical properties of the final product.  62 

In this framework, the aim of this research was to optimize the formulation of a vegan salad dressing 63 

with reduced-fat content, supplemented with chickpea flour (VC-SD). The D-optimal design for mixture 64 
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was set up for modelling and optimizing the effect of chickpea flour and of the other ingredients on the 65 

structural characteristics textural properties of the salad dressing. 66 

Materials and Methods 67 

Materials 68 

Kabuli chickpea flour was kindly provided by Andriani spa (Gravina in Puglia, Italy). Extra virgin olive 69 

oil (De Santis, Bitonto, Italy), lemon juice (I campagnoli, Bologna, Italy), sugar (NotaDolce, Cesena, 70 

Italy), sea salt (Sale Nostrum, Margherita di Savoia, Italy), vinegar (Monari Federzoni, Solara, Italy) and 71 

citric acid (Graziano, Rossano, Italy) were purchased at by local retailers. Lactic acid, potassium sorbate, 72 

guar and xanthan gums were purchased by Special Ingredients (Garlenda, Italy). Pea protein concentrate 73 

was purchased by Caremoli spa (Nova Milanese, Italy). A commercial salad dressing (Develey Italia srl, 74 

Lana d’Adige, Italy) was purchased in a by local supermarket and was used as control in the evaluation 75 

of the textural properties. 76 

Salad dressing formulation, experimental domain and D-optimal design settings 77 

The ingredients for the VC-SD formulation were chosen according to Ma et al. (2016b) with some 78 

modifications. To formulate a vegan and reduced-fat salad dressing the egg yolk was replaced by a pea 79 

protein concentrate, which shows a similar emulsifying capacity (Gumus et al. 2017). Moreover, canola 80 

oil (Ma et al. 2016b used it in the range 30-50 g 100 g-1) was replaced with a lower quantity of extra 81 

virgin olive oil and the content of chickpea flour was increased. The experimental trials were carried out 82 

using a mixture design approach. Before, preliminary trials were carried out using different amounts of 83 

each ingredient, with the aim to find proper combinations in terms of physical stability (visually evaluated 84 

after 2 days of storage at 4°C) and consistency (evaluated comparing the behavior of the dressing with 85 

that of a commercial one, by letting them flow down from a spoon from spoon consistency). The 86 

preliminary trials, involving the comparison of the textural behavior of the experimental dressing with 87 

respect to the commercial control, allowed to define the experimental domain in which was possible to 88 

work. The mixture design was then planned to understand the influence of the ingredients and identify 89 

their optimum combinations in a rational way (Squeo et al. 2021). Based on the results of the preliminary 90 
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trials, the experimental domain was defined according to the following constrains for the components, 91 

expressed as g 100 g-1 of salad dressing: oil (8 ≤ x1 ≤ 13); water (55 ≤ x2 ≤ 60); chickpea flour (15 ≤ x3 ≤ 92 

20). The sum of the components was equal to 86 g 100 g-1, whereas the remaining 14 g 100 g-1 were 93 

constituted by the other ingredients, kept constant. Once defined the experimental domain, the 94 

experimental points, among all the possible candidate points, were chosen by means of a D-optimality 95 

criterion (Cafaggi et al. 2003), according to the special cubic model: 96 

Y=β1x1+β2x2+β3x3+β12x1x2+β13x1x3+β23x2x3+β123x1x2x3, where Y, x and β are the response variables, the 97 

components under study, and the model coefficients, respectively. The total number of experiments 98 

according to the experimental design was 13 (T1-T13), divided as follows: seven experimental points 99 

were selected to model the responses, to which three replicates and three additional experiments were 100 

added in order to estimate the pure error and the lack-of-fit, respectively (Lundstedt et al. 1998). The 101 

experimental plan is reported in Table 1. The simplest linear regression models were computed according 102 

to the following equation: Y=β1x1+β2x2+β3x3.  103 

Salad dressing preparation 104 

The salad dressing preparation was divided in three steps: first, 20 g of water, sugar, potassium sorbate, 105 

lactic acid, pea protein concentrates guar and xanthan gum were homogenized by using an Ultra-Turrax 106 

(model T-25, IKA-Werke GmbH & Co. KG, Staufen, Germany) at 13500 rpm for 2.5 min. Separately, 107 

the remaining water, lemon juice, salt and citric acid were mixed with chickpea flour and homogenized 108 

by Ultra-Turrax at 13500 rpm for 2.5 min. The two phases were mixed together by Ultra-Turrax at 13500 109 

rpm for 2.5 min. Finally, extra virgin olive oil was added and homogenized by Ultra-Turrax at 13500 110 

rpm for 2.5 min. The samples were immediately analyzed. 111 

Back extrusion and pH 112 

The back extrusion of the VC-SD was carried out by a Z1.0 TN texture analyzer (Zwick Roell, Ulm, 113 

Germany) equipped with a compression disk of 40 mm diameter and a standard back extrusion container 114 

of 50 mm diameter, filled with X mL of sample. The analysis consisted in a double compression cycle at 115 

1 mm/s until 30% of compression was achieved (Ronda et al. 2017). The commercial salad dressing was 116 
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used as control. Four replicates of each sample were analyzed. The following indices were calculated, 117 

according to Ronda et al. (2017): the “Firmness” (N), i.e.the maximum force recorded during the first 118 

compression; the “Cohesiveness” (N), i.e. the maximum negative force recorded during between the two 119 

cycles of compression, so that the more negative the value the more cohesive is the dressing; the 120 

“Consistency” (mJ), which is defined as the area under the curve recorded during the first compression; 121 

the “Viscosity index” (mJ), which is the negative area of the graph, drawn on probe return, derived from 122 

the sample remaining on the surface of the disk, synonym of its resistance to flow off.  123 

The determination of pH was carried out by pHmeter (model HI2002, Hanna Instrument, Villafranca, 124 

Italy) and was repeated three times at 20 °C.  125 

Sensory analysis 126 

The sensory panelists (4 males; 4 females; age range 29 to 53) were selected on the basis of their 127 

experience in the sensory evaluation of emulsified foods. Training sessions were preliminary carried out 128 

in order: i) to identify the list of the descriptors which best fitted the sensorial characteristics of the salad 129 

dressing, starting from those reported in Wendin and Hall (2001); ii) to define the intensity range of each 130 

descriptor and set the scale anchors of each descriptor; iii) to prove reliability, consistency, and 131 

discriminating ability of panelists when testing the salad dressing (Pasqualone et al. 2019). A total of 10 132 

descriptors of appearance, texture, odor and taste were identified. For the sensory evaluation 5 g of VC-133 

SD were served in randomized order, in plastic cups identified with an alphanumeric code. The sensorial 134 

descriptors, together with their scale anchors, are reported in Table S1. Each descriptor was evaluated on 135 

an unstructured 10 9 cm scale. The analysis was repeated three times in three different days.  136 

Nutritional composition and energy value 137 

The nutritional composition of salad dressings was calculated according to the ratios of each ingredient 138 

and to the information provided by each company in the nutritional labels of the ingredients. The energy 139 

value (kCcal g-1) of each product was calculated by using the Atwater’s coefficients as reported in 140 

Summo et al. (2018). 141 

Statistical analysis 142 



7 
 

The experimental results were modelled according to the special cubic and linear models and the 143 

regression coefficients, together with their significance (p≤0.05), were obtained per each response 144 

variable by means of Chemometric Agile Tool (CAT) R-based chemometric software (Leardi et al. 145 

2019). Adjusted coefficient of determination (R2
adj), coefficient of determination in cross-validation (Q2), 146 

root mean square error in cross-validation (RMSECV) and standard deviation of the residuals, were used 147 

to evaluate the models. The Cox-effect of the components (Smith 2005) and the response surface plots 148 

were obtained by means of Design-Expert 11 software (Stat-Ease Inc., Minneapolis, USA). The data 149 

were subjected to one-way analysis of variance (ANOVA) followed by the Tukey's test to determine the 150 

significant differences at p<α=0.05, using Minitab 17 software (Minitab Inc., State College, PA, USA). 151 

To compare the textural properties to the control the Dunnett’s multiple comparisons test was carried out 152 

at p<α=0.05. 153 

Results and discussion 154 

Regression models  155 

Table 2 reports the models calculated for each response together with their significance. From an initial 156 

evaluation of the special cubic model, clearly appears that only the linear terms were significant. The 157 

significance of the sole linear coefficient indicated that no significant interaction existed among the 158 

components, i.e. no synergic effect of the combination of two- or three-components in the considered 159 

experimental domain was observed (Leardi 2009). Considering that the responses were influenced 160 

independently only by the amount of the single ingredients along the defined domain, the responses were 161 

modelled according to the linear model.  162 

The linear models had better fitting and predictive ability respect to the special cubic one, as proven by 163 

the generally higher values of R2
adj and Q2. In particular, the models for the back extrusion parameters 164 

(firmness, cohesiveness, consistency and viscosity index) had a Q2 always higher than 0.5, which is 165 

considered an acceptable value, and even closer to 0.8, which is considered an excellent value (Lundstedt 166 

et al. 1998). The RMSECV is an important parameter representing the predictive error during the cross-167 

validation. The error was generally lower in the linear than the special cubic model and was very similar 168 
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to the calculated standard deviation (SD) of the residuals. Considering that the residual SD is an estimator 169 

of the experimental variance, the agreement of RMSECV with the residual SD indicates the validity of 170 

the model, whose error in cross-validation had the same magnitude of the observed variability (Cafaggi 171 

et al. 2003).  172 

Textural indices and pH 173 

The textural indices of the 13 experiments and the commercial control are reported in Table 3. The VC-174 

SD having different formulation were characterized by high variability in the textural parameters with 175 

significant differences among them, being the trials derived from an experimental design planned to 176 

widely cover the experimental domain. The structural textural characteristics of the commercial dressing 177 

were within the range of the 13 experiments. Moreover, the Dunnett’s test carried out between the VC-178 

SD and the commercial control assessed that T13 was statistically similar to the control for firmness, 179 

cohesiveness, consistency and viscosity index. T8, T9, T10 and T12 showed no significant differences 180 

in consistency between them and the control, while T2, T7, T10 and T12 were statistically similar to the 181 

control for the viscosity index. All these experiments showed a high content of water (59-60 g 100g-1) 182 

and a chickpea flour content ranging from 15 to 19 g 100g-1. Overall, the structural textural parameters 183 

found in our experiments were similar to those of other salad dressing formulations reported in literature 184 

(Ma et al. 2016a; Perrechil et al. 2010). 185 

All the linear coefficients were significant (Tab. 2). Anyway, it should be carefully considered that in 186 

mixture designs, the coefficient of a component does not correspond to its real physical effect, so that the 187 

“effect” of each component should be evaluated (Leardi et al. 2019; Squeo et al. 2021). More in detail, 188 

the Cox-effect of a component is represented by the difference in the response due to the ith component 189 

along the direction in which the pairwise ratios of the remaining components will remain constant (Smith 190 

2005). The effect of the components, together with the observation of the contour plots for each response, 191 

represents the only way to understand the meaning of mixture models (Leardi 2009; Squeo et al. 2021). 192 

Per each component, the Cox-effects on the textural features of salad dressing are shown in Fig. 1. It 193 

could be observed that both water (W) and chickpea flour (CF) had a significant effect for all the indices. 194 
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Thus, as the water content increased, a reduction in firmness, consistency, and viscosity index was always 195 

evident, whereas the cohesiveness increased, leading to a less adhesive and sticky product. On the 196 

contrary, an opposite behavior was observed by increasing the concentration of chickpea flour. This trend 197 

can be easily noted from the contour plots also shown in Fig. 1, where the red areas on the left correspond 198 

to the highest values of the back extrusion parameters . Pulses flour has a thickening activity due to the 199 

presence of starch. Therefore, the increase of chickpea flour content led to an increase in firmness and 200 

viscosity.  201 

The texture of a dispersed system is the result of several interactions and the formation of complexes 202 

between starch, carbohydrates, proteins and lipids (Bortnowska et al. 2014). Moreover, starch 203 

composition can significantly influence the structural textural characteristics of the emulsion. Indeed, as 204 

reported by Bortnowska et al. (2014), a higher concentration of amylose promotes the formation of 205 

complexes with lipids, resulting in a higher viscosity. Pulses generally have a high amylose content, 206 

which is influenced by the species (Huang et al. 2007). This aspect should be considered if different 207 

species of pulses are used for the preparation of the salad dressing. Indeed, flours of different types and 208 

species could have a different impact on the structural textural properties. Furthermore, pulses proteins 209 

are characterized by emulsifying activity (Du et al. 2014), therefore they can replace proteins of animal 210 

origin such as egg yolk or milk-derived proteins, despite the different emulsifying performance (Burger 211 

and Zhang 2019). Finally, the oil content showed a smaller influence on the textural parameters than 212 

water and chickpea flour, as highlighted by both Cox-effects and contour plots (Fig. 1). Previous studies 213 

reported that oil content caused an increase of firmness and viscosity in salad dressings (Ma et al. 2013). 214 

However, the small influence on the texture found in our experiments our behavior could be explained 215 

by the lower oil concentration used. Indeed, Ma et al. (2013), reported that the influence of oil content 216 

was less pronounced at the lowest concentration used in their study on dehulled yellow pea-based salad 217 

dressing.  218 

VC-SD showed modest but significant differences of pH among the trials, varying from 3.84 to 3.98 219 

(data not shown). All the formulations were characterized by pH values below 4.0, which is one of the 220 
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factors that may help to keep the product safe.  at which  Indeed, the growth of foodborne pathogens such 221 

as Salmonella, Escherichia coli, Clostridium botulinum is inhibited at pH lower than 4 (Smittle 2000). 222 

The achievement of this pH was obtained by the combination of acidic ingredients, in particular vinegar 223 

and lemon juice. Acetic acid, contained in vinegar, is widely used in salad dressings and mayonnaise due 224 

to its inhibiting activity against pathogenic microorganisms, higher than citric acid and lactic acid 225 

(Smittle 2000). The use of lactic acid allowed the desired acidification, without compromising the 226 

sensorial characteristics of the dressing. On the whole, the pH values of VC-SD were in the range 227 

observed in commercial salad dressings (Perrechil et al. 2010). 228 

Sensory analysis 229 

On the basis of the structural textural parameters shown in Table 43, four of the thirteen trials were 230 

selected, identifying them among those which showed textural characteristics comparable to the 231 

commercial salad dressing, according to the Dunnett’s test. In particular, T7, T10, T12 and T13 were 232 

chosen. These VC-SD were characterized by a high variability of the ingredients ratio (Table 1). The 233 

results of the sensory analysis are shown in Table 43. No significant differences of color were perceived. 234 

Consistency was significantly lower in T13, due to lower cohesiveness and firmness compared to the 235 

other trials. Moreover, T13 was characterized by a low chickpea flour content and high water and oil 236 

contents, which could have led to the lowest consistency. All the VC-SD were characterized by the 237 

predominance of pungent/acid odor notes, mainly associated with vinegar, with a score near 4.5 in T10 238 

and T7, which was significantly lower than the score of T12 and T13. By contrast, the odor note 239 

associated with lemon was little perceived, with no significant differences among the trials. No 240 

significant differences of taste were found among the VC-SD for all the descriptors evaluated. On the 241 

whole, sour was the most perceived fundamental taste, with a score near 5, while the typical flavor of 242 

chickpea was minimally perceived, with the same intensity in all the VC-SD, irrespective of the amount 243 

of flour. Furthermore, the dressings were also characterized by a grainy texture due to the presence of 244 

flour particles. More in depth, T7 was less grainy than T12, without significant differences with the other 245 

two trials.  246 
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By analyzing the correlation between the parameters, no significant correlation was found between the 247 

graininess and the flour content of the formulations (data not shown). The overall acceptability was 248 

scored near 5 out of 9. However, it should be considered that salad dressings are always consumed in 249 

combination with other foods, thus the observed scores could be sufficient for food applications. 250 

However, the T12 was the least appreciated dressing, probably due to the highest graininess perceived in 251 

this sample. A previous study carried out on legume-based salad dressing reported that the overall 252 

acceptability decreases with higher content in legume flour that a decreasing overall acceptability was 253 

observed while increasing the legume flour content in the formulation (Ma et al. 2016b). In our study the 254 

sensorial characteristics were not influenced by the flour content, but it is possible that the whole ratio of 255 

ingredients contributes to the overall acceptability of the products.  256 

Nutritional characterization 257 

The nutritional composition of the VC-SD and of the commercial control is reported in Table 5. The 258 

incorporation of chickpea flour allowed to obtain a product with an improved protein content, 259 

approximately double the commercial dressing. Of particular relevance was the lipid content, which 260 

ranged between 8.5 g 100g-1 in T10 and T12, and 13.4 g 100g-1 in T7. Therefore, the lipid content was 261 

considerably lower than the commercial dressing and this had a relevant effect on the energy values of 262 

the products, that could be potentially labelled as “energy reduced” and “reduced fat” according to the 263 

current European Regulations (EC Regulation 1924/2006). Furthermore, T10 and T12 can be also 264 

labelled as “source of protein” according to the same regulation, since at least the 12% of the energy 265 

value is provided by protein. Therefore, the nutritional composition of VC-SD was consistently healthier 266 

than the commercial dressing, leading to an effective improvement of the product without damaging the 267 

textural properties. Overall, since it does not contain animal-derived ingredients, the dressing can be 268 

consumed by vegans and vegetarians the composition of the dressings fulfills the vegans and vegetarians’ 269 

expectations, nevertheless it is in synergy with the healthful characteristics of Mediterranean diet, in 270 

which pulses and extra-virgin olive oil play beneficial roles (Derossi et al. 2020). 271 

Conclusions 272 
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The D-optimal mixture design allowed to optimize the formulation of vegan salad dressing supplemented 273 

with chickpea flour (VC-SD), evaluating the effect of chickpea flour on the physicochemical 274 

characteristics of the final product. The linear models showed better fitting and predictive ability respect 275 

to the special cubic one, as highlighted by the higher R2
adj and Q2. Analyzing the Cox-effects for the 276 

structural textural parameters, we found a significant effect of water and chickpea flour contents. All the 277 

formulation showed a pH lower than 4.0, which potentially contributes to the product safety inhibits the 278 

growth of foodborne pathogens. The sensory analysis indicated that all the VC-SD were characterized 279 

by the predominance of pungent/acid odor notes, whereas sourness was the most perceived fundamental 280 

taste, together with a perception of a grainy texture given by the flour. Under a nutritional point of view, 281 

VC-SD showed an improved protein content, about double that of a commercial dressing, together with 282 

a relevant reduction of the lipid content. Overall, the product can be consumed by vegans and vegetarians 283 

since it does not contain animal-derived ingredients fulfills the vegans and vegetarians’ expectations, 284 

nevertheless it was in accordance with the Mediterranean diet, characterized by the presence of pulses 285 

and extra-virgin olive oil. 286 
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Table 1 Formulation of the experiments according to the D-Optimal mixture design (expressed as 86 g 100g-1). The sum of 377 
the three variables accounts for 86 g 100g-1, whereas the other 14 g 100g-1 is constituted by other ingredients. 378 

Trial  Oil Water 
Chickpea 

Flour  

Other 

ingredients* 

T1 Replicate 10.7 57.65 17.65 14 

T2 Replicate 9.5 60 16.5 14 

T3 Model 9.5 56.5 20 14 

T4 Lack of Fit 13 55 18 14 

T5 Model 12 55 19 14 

T6 Model 10.7 57.65 17.65 14 

T7 Model 13 56.5 16.5 14 

T8 Replicate 12 59 15 14 

T9 Model 9.5 60 16.5 14 

T10 Model 8 59 19 14 

T11 Lack of Fit 11 55 20 14 

T12 Lack of Fit 8 60 18 14 

T13 Model 12 59 15 14 

*Other ingredients (g 100g-1): Lemon juice – 5.5; Sugar – 3.35; Vinegar – 2.0; Pea protein – 1.0; Salt – 1.0; Lactic acid – 379 
0.65; Xantan gum – 0.28; Guar gum – 0.12; Citric acid – 0.1. 380 

  381 
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Table 2 Regression coefficients of the model (x1: oil; x2: water; x3: chickpea flour) for all the responses measured on the salad 382 
dressing produced by the D-Optimal mixture design. In bold the significant coefficients (p≤0.05). 383 

 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 R2
adj Q2 RMSECV Residuals SD 

 Special cubic model  

Firmness 0.21 0.47 0.06 0.53 0.81 0.49 -0.25 0.70 0.38 0.07 0.05  

Cohesiveness -0.14 -0.27 -0.07 -0.26 -0.28 -0.17 0.19 0.80 0.46 0.03 0.02 

Consistency 2.32 3.95 0.88 5.06 6.50 5.02 -5.35 0.60 0.28 0.59 0.44 

Viscosity Index 1.18 2.03 0.25 2.42 2.36 2.07 -2.98 0.74 0.45 0.32 0.22 

 Linear model  

Firmness 0.40 0.55 0.23         0.71 0.66 0.05 0.04 

Cohesiveness -0.22 -0.31 -0.12     0.83 0.78 0.02 0.02 

Consistency 3.83 4.93 2.33     0.67 0.60 0.44 0.40 

Viscosity Index 1.78 2.52 0.75     0.81 0.75 0.22 0.19 
R2

adj: Adjusted coefficient of determination; Q2: coefficient of determination in cross-validation, RMSECV: root mean 384 
square error in cross-validation, Residual SD: standard deviation of the residuals. 385 

 386 

  387 
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Table 3 Mean value, standard deviation and results of statistical analysis one-way ANOVA of the textural parameters 388 
evaluated by back extrusion of the experiments carried out according to the D-optimal mixture design. Dunnett’s test was 389 
carried out vs the control. 390 

Trial Firmness (N) Cohesiveness (N) Consistency (mJ) Viscosity index (mJ) 

T1 0.48±0.00a -0.25±0.01e 4.42±0.28ab 1.95±0.16bc 

T2 0.38±0.03bc -0.19±0.01c 3.69±0.50bcd 1.49±0.20de * 

T3 0.49±0.00a -0.28±0.01g 4.51±0.28a 2.31±0.16a 

T4 0.47±0.00a -0.26±0.01ef 4.23±0.34abc 2.05±0.13ab 

T5 0.49±0.00a -0.27±0.01f 4.30±0.34ab 2.09±0.13ab 

T6 0.40±0.01b -0.22±0.00d 3.69±0.32bcd 1.68±0.12cd 

T7 0.37±0.03cd -0.20±0.01c 3.55±0.43cd 1.56±0.13de * 

T8 0.25±0.00f -0.14±0.00a 2.37±0.07f * 0.88±0.07g 

T9 0.28±0.01f -0.15±0.00a 2.68±0.14ef * 1.07±0.06fg 

T10 0.34±0.00de -0.19±0.00c 3.42±0.16d * 1.57±0.07de * 

T11 0.48±0.01a -0.27±0.00f 4.44±0.30a 2.19±0.11ab 

T12 0.35±0.01cd -0.19±0.00c 3.34±0.20de * 1.47±0.09de * 

T13 0.31±0.01e * -0.17±0.00b * 3.13±0.20de * 1.36±0.09ef * 

Control 0.31±0.00* -0.18±0.00* 2.93±0.16* 1.36±0.09* 
Different lowercase letters in the same column mean statistical differences at p<0.05. The asterisk highlights no significant 391 
differences vs the control at p<0.05.  392 
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Table 4 Mean value, standard deviation and results of statistical analysis one-way ANOVA of the sensory evaluation of the 393 
selected salad dressing. 394 

 Attributes T13 T12 T10 T7 

Appearance 

and texture 

Color 5.27±0.42a 5.65±0.07a 5.97±0.68a 5.52±0.67a 

Consistency 4.03±0.76b 5.64±0.27a 5.51±0.43a 5.81±0.38a 

Greasiness 1.70±0.29a 1.59±0.04a 1.21±0.28a 1.20±0.33a 

Graininess 5.21±0.39ab 5.66±0.02a 4.57±0.79ab 4.27±0.26b 

Odor Acidic/pungent 5.07±0.03a 5.05±0.06a 4.54±0.23b 4.49±0.10b 

Lemon 1.73±0.83a 1.61±0.02a 2.45±0.95a 2.67±1.18a 

Taste and 

flavor 

Sourness 5.22±0.96a 5.70±0.70a 4.86±0.42a 4.83±0.16a 

Sweetness 1.95±0.99a 2.44±1.01a 1.81±0.79a 1.97±1.02a 

Saltiness 2.90±0.34a 2.81±0.19a 2.40±0.07a 2.12±0.63a 

Chickpea 3.56±0.72a 3.79±0.36a 3.88±0.23a 3.75±0.14a 

 Overall acceptability 5.41±0.24ab 4.95±0.16b 5.45±0.14a 5.10±0.16ab 

Different lowercase letters in the same row column mean statistical differences at p<0.05. 395 
  396 
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Table 5 Nutritional composition of the chickpea-based salad dressing (calculated values) and of the commercial control 397 
expressed as g 100 g-1 of fresh product and energy value expressed as kCal 100 g-1 of fresh product. 398 

 T7 T10 T12 T13 Control 

Protein 4.60 5.16 4.94 4.26 2.20 

Lipids 13.45 8.52 8.50 12.41 34.40 

Total Carbohydrates 13.59 15.07 14.48 12.71 7.60 

Ashes 1.49 1.56 1.53 1.45 2.40 

Fibers 0.33 0.38 0.36 0.30 / 

Energy value 194.5 158.4 154.8 180.2 351.0 
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Figure captions 400 

Fig. 1 Contour plots of the textural parameters of the vegan chickpea-based salad dressings (VC-SD) 401 

evaluated by back extrusion, together with Cox-effect calculated for oil (O), water (W) and chickpea 402 

flour (CF). (In bold significant effects at p<0.05) 403 
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