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Abstract: During the development of a food product, the application of rapid descriptive sensory
methodologies is very useful to determine the influence of different variables on the sensory
characteristics of the product under development. The Pivot profile (PP) and a variant of the
technique that includes check-all-that-apply questions (PP + CATA) were used for the development
of a milk drink fermented from demineralised sweet whey. Starting from a base formula of partially
demineralised sweet whey and gelatin, nine samples were elaborated, to which various concentrations
of commercial sucrose, modified cassava starch, and whole milk powder were added. Differences in
sucrose content affected the sample texture and flavour and the modified starch was able to decrease
the fluidity and increase the texture of creaminess and firmness, of the samples. The two applied
sensory methodologies achieved good discrimination between the samples and very similar results,
although the data analysis was clearly simplified in relation to the difficulty and time consumed in
the PP + CATA variant.
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1. Introduction

One of the main problems in environmental management of the small and medium dairy industry
is the destination of by-products generated in the industrial activities, such as milk whey. Thus,
in recent decades, there has been an increase in interest in the use of this by-product [1]. The high
content in lactose makes milk whey a raw material (from the industrial viewpoint) with significant
potential for the development of fermented products [2]. This application has the advantage that
the production process is very similar to the production of, for example, a conventional yoghurt,
so the start-up and production cost is not high for a dairy company. The use of lactic acid bacteria
in the fermentation of whey is associated with intense bacterial metabolic activity with respect to
the carbohydrates, lipids, proteins, and allergenic peptides present in it. Thus, bacteria promote
digestibility and preservation. In addition, their action increases the content of lactic acid and other
metabolites, such as aromatic compounds that contribute to the flavour, texture, and sweetness of the
final product [3]. The sweet whey in its pure form presents a low sensory acceptability, which is due to
the unpleasant flavour caused by the high content of mineral salts. Although the fermentation process
considerably improves the sensory profile and acceptability of the product, it is not sufficient to achieve
acceptability values comparable to those obtained with milk drinks made with milk [4]. In this sense,
it is also interesting to use the previously demineralised sweet whey as an input for fermentation,
to obtain a product with greater acceptability. To solve this drawback, some authors have produced
fermented beverages from sweet whey with the addition of milk at different levels, significantly
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improving its aroma and flavour characteristics, thus causing an increase in the acceptability of the
products [5–8]. In these articles, fermented beverages were made with a different degree of milk
substitution with sweet whey. The main limitation found was that, sensorially, the substitution of
milk with sweet whey is only viable up to an average of 50% since the acceptability of the product
falls afterwards because the texture of the product is not adequate, and unwanted flavour is detected.
Regarding the nutritional aspects, fermented milk is an important source of nutrients and provides
beneficial health effects, such as stimulation of the immune system, cholesterol reduction, appetite
regulation, and a decreased risk of some types of cancer [9,10]. In addition, the organic acids generated
during the fermentation process, such as lactic acid, help the absorption of iron from other foods [11].

The sensory profile in the development of a food product is traditionally obtained using a
descriptive analysis through a panel of trained assessors [12]. This methodology provides very accurate
and reproducible results; however, it has the disadvantage of consuming significant amounts of time
and is relatively costly [13]. In this context, several rapid sensory characterisation methodologies have
been developed in recent years. These have the advantage of reducing the time needed to obtain results
and lower associated costs, in addition to being able to be performed by individuals without prior
training [14]. Pivot profile (PP) is a rapid descriptive methodology developed by Thuillier [15] to obtain
descriptive information based on the free description technique and is very commonly used in that area.
The methodology has been used in the sensory characterisation of champagnes [16] and dairy products,
such as chocolate ice cream [17] and Greek yoghurts [18]. Although this methodology allows a very
good description of the products evaluated, the data analysis is often very difficult and slow because
all the text generated by the assessors must be analysed and interpreted [19]. Check-all-that-apply
(CATA) questions are a quick and practical descriptive method to obtain information about how the
characteristics of the products are perceived. These questions consist of a list from which individuals
choose words or phrases that they consider appropriate for the product they are evaluating [20].
This methodology has been widely used in sensory analysis due to its simplicity and because it is easy,
intuitive, and requires less cognitive effort from the participants compared to other techniques [14,21].

In this context, the objective of this work was to compare the results of the PP technique
applications and a variant of the PP technique using CATA questions (PP + CATA) with panels
of semi-trained assessors in the development of a fermented milk drink from demineralised sweet
whey. In this way, we sought to automize the data analysis and avoid the generated text analysis
stage, since the terms used to describe the samples in this variant of the technique would be selected
in advance and all the assessors would use the same vocabulary.

2. Materials and Methods

2.1. Formulations

For the processing of the samples as a base formula, the following were used: 8% partially
demineralised (40% mineral content reduced) and dehydrated sweet whey (Conaprole, Montevideo,
Uruguay) and 0.3% gelatin (Boom 220, Bloom, Leiner Davis, NY, USA). Nine samples were
developed varying the concentrations of commercial sucrose, modified cassava starch (SuperCorp 75,
Horizonte Amidos, PR, Brazil), and whole milk powder (Conaprole, Uruguay), following a factorial
design of three variables and two levels (Table 1). In each formulation, drinking water treated through
reverse osmosis was used to make up the solutions to 100%. The concentration ranges were selected
based on preliminary trials. Sucrose concentrations were chosen to reflect those usually found in
commercial fermented beverages, and reported articles in which milk was added to the whey as a
method for increasing the acceptability of fermented whey products [8,22–24]. In this way, samples
with different sensory characteristics were obtained, both in texture and flavour.
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Table 1. Concentrations used in the formulation of samples 1.

Samples Milk Powder (%) Starch (%) Sugar (%)

A 2.5 0 4
B 2.5 0 6
C 2.5 1 4
D 2.5 1 6
E 5.0 0 4
P 5.0 0 6
G 5.0 1 4
H 5.0 1 6

1 Each formulation contained 8% partially demineralised and dehydrated sweet whey and 0.3% gelatin.

In the present work, sample P was randomly selected (Table 1) as the Pivot. According to [16],
the selection of the Pivot sample generates a minimal effect on the results obtained using this
methodology and therefore is not a key aspect for the good performance of the method. This criterion
was used in a sensory characterisation study of ice cream, in which the Pivot sample was selected at
random [17].

2.2. Elaboration Process

The water required for each formulation was heated at 50 ◦C and then mixed with the solid
ingredients for 5 min at 100 rpm. Next, the heat treatment was carried out, bringing the mixture to
a temperature of 85 ◦C, which was maintained for 5 min, stirring at 200 rpm. The mixture was then
placed in 1000 mL Durham glass bottles with sterile lids and cooled in a water bath until reaching a
temperature of 42 ◦C. Then, the mixture was inoculated with a lactic ferment dispersion (Yo-Mix 205
LYO 250 DCU, Danisco, France) to obtain an initial concentration in the mixture of 0.2 direct culture
units/L. It was gently shaken manually with care so as not to add air. Fermentation was carried out in
a temperature controlled oven at 42 ± 1◦ C. The process was monitored by means of pH and ended
when a value of 4.5 was reached. The fermentation time depended on the corresponding formula
and was approximately 4 to 5 h. Then, the mixture was cooled to 25 ◦C in a water bath. Once that
temperature was reached, each sample was agitated at 100 rpm for 3 min. Subsequently, it was stored
at 4 ◦C until its evaluation, which was carried out 24 h after. Both the heat treatment and the agitation
of the mixture was performed using a Taurus My cook kitchen robot (Taurus S.A., Spain).

2.3. Panels of Semi-Trained Assessors

Twenty individuals were selected who had previous experience in participation as sensory
assessors of panels of descriptive analysis of different foods. These individuals were divided into
two groups according to the previous experience of each individual in sensory evaluation. This was
done so that there would be no difference in their sensory evaluation experience between both
groups. Both panels evaluated the samples, but followed two different methodologies. One panel
evaluated the samples following the PP methodology, while the other used PP + CATA. All evaluations
were conducted in duplicate in two different sessions in a standardised sensory evaluation room
according to [25]. RedJade software (RedJade, Redwood Shores, CA, USA) was used as an interface for
data collection.

2.4. Pivot Profile

Each panellist received samples in pairs (one identified as the Pivot and another coded with
three-digit numbers in alternate presentation order). For each pair, they were asked to write down
(in the assessor´s own words) the sensory attributes that they thought the sample had in greater and
lesser intensity than the pivot sample, focusing on the texture and flavour attributes. Between the
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evaluation of samples, each panellist had to drink a little water and wait 30 s before continuing with
the next one.

2.5. Pivot Profile + CATA

The form of evaluation following this variant of the methodology was similar to that of PP except
that the panellists did not have to write the attributes. Each panellist received two lists of 23 sensory
attributes of flavour and texture (Table 2). In the first list, the assessor had to select the attributes they
thought the sample had in greater intensity than the pivot. Then, in the second list, the panellist had to
select the attributes they thought the sample had in lesser intensity than the pivot.

Table 2. Attributes used in the PP + CATA methodology.

Flavour Texture

Aftertaste Rough
Butter flavour Firmness

Cooked Liquid
Characteristic flavour Melting speed

Artificial Mouth coating
Dairy flavour Sticky

Strange flavour Soft
Salty Lumpy
Sour Filamentous
Bitter Gummy
Sweet Gelatinous

Creamy

The attributes were selected based on a literature review on possible sensory descriptors present in
fermented milk drinks and yogurts, both traditional and with added dairy whey [22,23,26]. To evaluate
the reproducibility of both panels, the Pivot sample was used as a blind sample and is observed in the
results as P’ [27].

2.6. Data Analysis

2.6.1. Pivot Profile

The data were analysed according to [16]; all the attributes generated were grouped semantically
into two categories: flavour and texture. Then, words with the same meaning (synonyms) were
grouped within the same attribute, for example: astringent, rough, and shrivelled, using a dictionary
to identify them. Next, a data table was created as follows. For each sensory attribute defined in the
previous stage, we quantified the number of times that the attribute was mentioned as being more
intense than the pivot (positive frequency) and the times it was mentioned as less intense than the pivot
(negative frequency). The negative frequency was subtracted from the positive frequency, resulting in
a data table containing positive and negative values. To obtain a contingency table containing only
positive values, the lowest value of the table was added to each value of the table. Thus, the lowest
value of the table was transformed into absolute zero and all data in the table were converted to a
positive value or zero. From this table, a correspondence analysis (CA) was performed.

2.6.2. Pivot Profile + CATA Data Analysis

In this case, it was not necessary to perform the grouping and classification of attributes because
they were already established when using the CATA questions. The frequency of selection of each
term of the CATA question used to describe the sample was calculated as more intense than the pivot
(positive frequency) and as less intense than the pivot (negative frequency). The negative frequency
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was subtracted from the positive frequency and the table was transformed so that it only contains
values greater than or equal to zero. Then, from the obtained table, a CA was conducted.

2.6.3. Comparison of Obtained Sensory Maps

To compare the results obtained using the PP methodology and its variant using CATA questions,
the correlation coefficient Rv between the coordinate matrices of the samples was determined in the
first two dimensions of the respective correspondence analysis [28]. In addition, the significance of
the Rv coefficient was determined using a permutation test [29]. To visually compare the similarity
between the sensory configurations of the samples obtained through both methodologies, a multi
factorial analysis (MFA) was performed on the coordinates of the samples in the first two dimensions
of the corresponding CA. All statistical analyses were performed using XL-Stat 2017 software
(Addinsoft, Paris, France).

3. Results

3.1. Pivot Profile

Figure 1 shows the representation of the samples and attributes generated by the assessors in
the description of the samples using the PP technique in the first two factors of the CA. In this case,
the first two factors explained almost 91% of the variability of the experimental data obtained.
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Figure 1. Representation of the samples and attributes in the first two factors of the correspondence
analysis of sensory data obtained using Pivot profile (PP). Texture attributes are shown in italics and
flavour attributes in regular type.

The attributes that explain the flavour differences found in the samples are the sourness and
sweetness. As for the texture, they differed due to their creaminess, firmness, and fluidity.

The first factor, which explained 48.8% of the variability, was associated positively with the fluidity
or liquid texture of the samples and negatively regarding creaminess and firmness. These results show
coherence in the sensory descriptions obtained, since they are opposing characteristics. On the other
hand, the second factor was associated positively with sourness, while negatively with the sweetness
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of the samples, explaining a variability percentage of 42.1%. As observed in the first factor, the results
show relative coherence. As shown in Figure 1, the other attributes are located very close to the origin
of the graph coordinates, so these attributes did not serve to discriminate the samples.

Evident differences can be observed in the evaluated samples, since they are dispersed in the
four quadrants of the sensory map obtained from the CA (Figure 1). Samples A and B were the
most liquid, least creamy, and least firm. In turn, they differed in terms of flavour, with being A the
same as C and with E being more sour than B. In addition, sample B was sweeter than the others.
These results are consistent with the formulation of the samples shown in Table 1. Samples A and
B were prepared with a low level of milk (2.5%) and without modified starch; the only difference
was in the sucrose content, which was higher in sample B. Regarding samples C and D, both were
characterised as fluid but not as much as for samples A and B. Their difference was also given by the
sweetness and sourness, which is consistent because these samples differed in their formulation only
in their sucrose content. The difference in the sucrose content used in this study influences the sensory
profile of the product. Moreover, the modified starch used reduces fluidity and increases the feeling of
creaminess and firmness of the samples. Regarding the texture of samples G and H, these were those
of a greater creaminess and firmness and less fluidity. This shows that the samples, when elaborated
with a high level of milk (5%) and modified starch, have those characteristics. In turn, sample H was
perceived as having a greater sweetness intensity than G, which is consistent with the sucrose content
of both samples.

In this case, sample P’ is almost in the same position as the Pivot sample (P). The panel seemingly
behaved in a reproducible way.

3.2. Pivot Profile + CATA

The results obtained using the PP + CATA methodology are illustrated in Figure 2. The first two
factors explained 89.4% of the variability of the data. The first factor explained 63% of the variability in
this case, while the second factor explained 26.3% of the variability.
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attributes in regular type.
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The attributes that most differentiated the samples in this case were liquid, creamy, firm, and sweet.
The first factor was associated positively with the liquid texture attribute and negatively with
the creamy and firm attributes, while the second factor was associated positively with sweetness.
With respect to the sensory description obtained from the samples, the methodology achieved good
discrimination between the samples because they are distributed in the four quadrants of the graph,
and their sensory characterization is very similar to that obtained using PP. On the other hand,
the positions of samples P and P’ are very close in the map; therefore, the panel behaved in a
reproducible way when using this sensory methodology.

3.3. Comparison of Obtained Sensory Maps

The sensory configurations obtained in both sessions are shown in Figure 3. They illustrate that
the sensory spaces established through both methodologies are very similar because the samples in
both methodologies are located near one another in the plan. On the other hand, a highly significant
(p = 0.001) value was obtained in the Rv coefficient (0.89) between both configurations.

Beverages 2018, 4, 8 7 of 10 

 

positions of samples P and P’ are very close in the map; therefore, the panel behaved in a reproducible 
way when using this sensory methodology. 

3.3. Comparison of Obtained Sensory Maps 

The sensory configurations obtained in both sessions are shown in Figure 3. They illustrate that 
the sensory spaces established through both methodologies are very similar because the samples in 
both methodologies are located near one another in the plan. On the other hand, a highly significant 
(p = 0.001) value was obtained in the Rv coefficient (0.89) between both configurations. 

 

Figure 3. Representation of the superimposed samples in the MFA of both methodologies. All the 
samples are represented by two points corresponding to each applied methodology (PP and PP + 
CATA). In turn, a third point, which corresponds to the consensus representation and considers both 
instances of evaluation, is presented. 

4. Discussion 

The results obtained through both methodologies were very good in terms of the power of 
discrimination of the samples. With the PP methodology, it was possible to explain 90.9% of the 
variability obtained, while this figure was 89.4% when using PP + CATA. At the same time, the 
attributes by which the samples were discriminated in both methodologies were practically the same. 
For PP, these were sweetness, sourness, fluidity, creaminess, and consistency. For PP + CATA, the 
samples were discriminated by these same attributes except for sourness. In this case, the sourness 
was not very well explained by any of the factors of the CA. 

However, in both methodologies, the samples were perceived in a similar way from the sensory 
point of view and the configurations obtained in both CAs were also similar, which is evident, 
considering the obtained Rv value herein, 0.89. The Rv coefficient is used as a way of comparing two 
different factorial configurations. When the value is closer to 1, the correlation these configurations 
will have is higher, and the closer to 0, the lower it will be. This coefficient depends on the relative 
position of the points in the configuration and is independent of the rotation and translation [28]. The 
minimum value to assert that two configurations are relatively similar that has been used in different 
articles when performing comparisons is between 0.65 and 0.90 and has been widely used in the 
comparison of data obtained with consumers through PP, CATA questions and Napping [18], PP and 

H

E

D

P´

A

B

C

G

P
H PPH PP+CATA

E PP

E PP+CATA

D PP

D PP+CATA

P´ PP
P´PP+CATA

A PP

A PP+CATA

B PP

B PP+CATA

C PP

C PP + CATA

G PP

G PP+CATA

P PP

P PP+CATA

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

F2
 (4

6.
15

 %
)

F1 (49.41 %)

Coordinates of the projected points (axes F1 and F2: 95.56 %)

Figure 3. Representation of the superimposed samples in the MFA of both methodologies.
All the samples are represented by two points corresponding to each applied methodology
(PP and PP + CATA). In turn, a third point, which corresponds to the consensus representation and
considers both instances of evaluation, is presented.

4. Discussion

The results obtained through both methodologies were very good in terms of the power of
discrimination of the samples. With the PP methodology, it was possible to explain 90.9% of
the variability obtained, while this figure was 89.4% when using PP + CATA. At the same time,
the attributes by which the samples were discriminated in both methodologies were practically the
same. For PP, these were sweetness, sourness, fluidity, creaminess, and consistency. For PP + CATA,
the samples were discriminated by these same attributes except for sourness. In this case, the sourness
was not very well explained by any of the factors of the CA.
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However, in both methodologies, the samples were perceived in a similar way from the sensory
point of view and the configurations obtained in both CAs were also similar, which is evident,
considering the obtained Rv value herein, 0.89. The Rv coefficient is used as a way of comparing two
different factorial configurations. When the value is closer to 1, the correlation these configurations
will have is higher, and the closer to 0, the lower it will be. This coefficient depends on the relative
position of the points in the configuration and is independent of the rotation and translation [28].
The minimum value to assert that two configurations are relatively similar that has been used in
different articles when performing comparisons is between 0.65 and 0.90 and has been widely used
in the comparison of data obtained with consumers through PP, CATA questions and Napping [18],
PP and free comments [17], Napping in different conditions [30], questions [23,31], different instances
of word associations [32], and in performance evaluations of panels of trained sensory assessors [33].

One of the advantages of the use of open response methodologies, such as PP, is the freedom in the
language used to describe the samples by the evaluators and the richness in their variety [34]. In this
sense, this methodology has an advantage over the variant used in this study using CATA questions
(PP + CATA) because, in the latter, it is very important to correctly select the attributes, which is
something typical of the CATA question methodology. In contrast, PP has a disadvantage in that the
analysis of the generated text to describe the sample stage can be complex and time-consuming, and it
has some degree of subjectivity due to researchers’ interpretation and categorisation of terms written
by assessors [32]. This problem could be solved using the proposed variant (PP + CATA) because the
data analysis is clearly simplified, as it is not necessary to perform any text analysis due to the use of
the previously predefined language.

The results obtained in this study are similar in terms of the sensory description of the samples
and the factorial spaces obtained using semi-trained judges; thus, the proposed PP variant is likely to
be useful for the evaluation of dairy products, such as those used in this study.

5. Conclusions

The application of a rapid descriptive sensory methodology, such as PP, enables the evaluation
of the influence of different ingredients and concentrations of them in the sensory characteristics of
the samples. With the variant used, which combines PP with CATA questions, the results were very
similar to those obtained when using PP, but the data analysis was clearly simplified by eliminating
the text analysis. Notwithstanding, future studies that compare the results obtained when using PP
and the proposed variant (PP + CATA) in other products that compare the results of both techniques
obtained with semi-trained assessors and with consumers should be conducted.
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