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ABSTRACT

Sensory evaluation of food is a constantly evolving field, where
recently developed analysis methods are on their way to be
consolidated. Check-All-That-Apply (CATA) is a rapid method
used to describe sensory characteristics of a product through a
personalized selection of terms; however, the format in which
these terms are presented is not standardized. This study aimed to
assess the effect of the design of four CATA ballots for the analysis
of strawberry drinkable yogurt. Fifteen descriptive terms were
established with the participation of 97 consumers, with 6 terms
relating to texture, 5 to taste, and 2 to both appearance and odor. The
four ballot models: a) columns, b) vertical list, ¢) radial distribution,
and d) random distribution, were applied to characterize the
same commercial brand of yogurt using 150 consumers for each
model. According to Cochrans Q test, significant differences
were found for the pink color, acid/sour taste, strawberry odor,
creaminess, viscosity, milk odor, and artificial flavor. Among the
four ballot models, model C shows less variability in selecting
terms. Furthermore, there were found differences among the
yogurt samples for physicochemical properties (p-value<0.05)
related to instrumental color, pH, titratable acidity, and soluble
solids, except for consistency index. Finally, these findings highlight
that the ballot design affects consumer responses associated with
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the visual perception process resulting from the design, as well
as the physicochemical characteristics of yogurt derived from
the technological process experienced during manufacturing and
commercialization.

Keywords: CATA; Quality control; Qualitative descriptive analysis;
Sensory analysis ballot; Sensory attributes.

RESUMEN

La evaluacién sensorial de alimentos se encuentra en constante
evolucién, donde los métodos de andlisis recientemente
desarrollados buscan consolidarse. Check-All-That-Apply (CATA)
es un método rdpido empleado para describir caracteristicas
sensoriales de un producto mediante una seleccién personalizada
de términos. Sin embargo, el formato en que éstos se presentan
no estd estandarizado. Este estudio evalud el efecto del disefio de
cuatro fichas CATA para el andlisis de yogurt bebible de fresa. Se
generaron 15 descriptores con la participacién de 97 consumidores;
de estos descriptores 6 se relacionaron con la textura, 5 con el sabor
y 2 tanto con apariencia como con el olor. Se disenaron 4 modelos
de fichas: a) columnas, b) lista vertical, ¢) distribucién radial y d)
distribucién aleatoria, que fueron aplicados para caracterizar una
misma marca de yogurt comercial, empleando 150 consumidores
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por cada modelo. La prueba Q de Cochran evidencié diferencias
significativas para el color rosado, 4cido/agrio, olor a fresa,
cremoso, viscoso, olor a leche, y sabor artificial. De las cuatro fichas
propuestas, el modelo C mostré menor variabilidad en la seleccién
de términos. Asimismo, los lotes de yogurt presentaron propiedades
fisicoquimicas heterogéneas (p-valor<0.05) en relacién con el color
instrumental, pH, acidez titulable y sélidos solubles con excepcién
del indice de consistencia. Finalmente, estos hallazgos evidencian
que el disefio de la ficha ejerce un efecto significativo en la respuesta
de los consumidores asociado al proceso de percepcién visual
originado por el disefio, asi como a caracteristicas fisicoquimicas
inherentes al producto como consecuencia del procesamiento
tecnolégico y comercializacion.

Palabras claves: Andlisis descriptivo cualitativo; Atributos sensoriales;
Control de calidad; Evaluacién sensorial; Ficha sensorial.

INTRODUCTION

Yogurt is a fermented milk originated in the Middle East that is
currently produced on an industrial scale and has positioned itself
as one of the most massively consumed foods worldwide (Aryana
& Olson, 2017; Hashemi Gahruie et 2/ 2015). This food has
been widely used as a vehicle to satisfy the functionalities required
by consumers, which has resulted in numerous sensory studies
(Janiaski et al. 2016; Miele et al. 2017; Andrade Oliveira et al.
2021).

There is a strong interest in the development of rapid sensory
methods to increase the efficiency of the data collection process
while maintaining the confidence of the information obtained
(Meyners & Castura, 2014). In the last decade, multiple rapid
sensory profiling methods have been developed as alternatives
to traditional descriptive analysis (Fleming ez al 2015); such
methodologies are shorter, flexible and can be applied to consumers
without trained evaluators (Belusso ez a/. 2016). These methods
include flash profiling, sorting, polarized sensory positioning
(PSP), projective mapping (Napping®), and check-all-that-apply or
CATA (Fleming ez al. 2015; Moussaoui & Varela, 2010).

Check-All-That-Apply (CATA) is a qualitative descriptive analysis
method, consisting of multiple-choice questions presented to
respondents as a list of words or phrases, from which they must
select all the options they believe describe the product under
evaluation (Ares & Jaeger, 2015a). Terms may include sensory
attributes, hedonic responses, emotional responses, purchase
intentions, potential applications, product positioning, among
other qualities that the consumer might associate with the sample
(Meyners & Castura, 2014).

The CATA terms used can be adopted from previous studies on the
product to be evaluated, or they can be generated in an unpublished
form. In the latter case, they are obtained from either (1) a trained
panel, (2) the opinion of a small number of consumers through
“free listing”, or (3) generated during focus groups (Fleming ez
al. 2015). Delarue ez al. (2015) suggest that in CATA studies the
number of alternatives usually varies between 10 and 40. However,

the use of a short list causes the percentage of selection to increase,
while longer lists cause it to decrease. Thus, the results in practice
suggest an ideal number of terms in the range of 10 to 28 (Jaeger ez
al. 2015), covering a wide range of sensory attributes (appearance,
aroma, flavor/taste, texture, aftertaste/mouthfeel) (Ares & Jaeger,
2015b; Ares et al. 2017).

The CATA terms selected should be organized in such a way as to
reduce the error by location. Ares & Jaeger (2015a) suggest that
the spatial distribution of the terms plays a determining role in
the selection process, since the terms located at the beginning are
more likely to be selected compared to those located at the end.
In the studies conducted using CATA, ballots with a format of
two or three columns made up of the terms distributed equally are
regularly used. The order of the terms responds to a spatial location
on the ballot, and the probability of being chosen is associated with
preferences of psychological origin due to the position in which
they are found (Blom-Hansen ez /. 2016).

Considering that the visual layout of the text on the ballot can
influence consumers’ responses, it was proposed to evaluate the
effect of four CATA ballot designs for the analysis of commercial
strawberry yogurt.

MATERIALS AND METHODS

Sample. For the generation of descriptors, three of the most
representative brands of commercial strawberry yogurt in 1-liter
presentations, purchased in supermarkets in the city of Lima, Peru,
were used. Brand 1: partially skimmed with strawberry pulp; brand
2: partially skimmed with strawberry pulp and probiotics; brand 3:
partially skimmed with artificial strawberry flavor. Subsequently,
to evaluate the effect of four ballot models, named as A, B, C and
D (Figure 1) the most positioned brand in the market was used.
Brand 1: composed of reconstituted milk powder, reconstituted
concentrated milk, white sugar, sweetened strawberry pulp, raw
milk, hydroxypropyl distarch phosphate (INS 1442), pectin (INS
440), skim milk powder, strawberry and molasses flavorings,
carmine coloring (INS 120), zinc source gelatin: zinc sulfate,
vitamins A and D, and lactic cultures), according to the ingredient
declaration.

CATA evaluation

Generation of descriptors. A total of 97 regular consumers from

the university environment were recruited, comprising 41% male
and 59% female, aged between 19 and 63 years. Invitations were
sent by direct mail and electronic messaging. Twenty-five milliliters
of yogurt were served in 2 oz thermal plastic cups at 7 + 1°C
accompanied by table water served in 7 oz plastic cups for initial
mouthwash and between samples. Prior to analysis, consumers were
given instructions on how to taste the samples and generate terms
describing the sensory characteristics of the product through a free
listing task based on the order of appearing attributes as follows
Appearance—>Odor—>Taste—>Texture—»>Residual effect, adapted
from Dos Santos et al. (2015).
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Figure 1. General model of the four analysis ballots: A, B, C and D.

Heading: General data and instruction, Contents: Alternative models according to the case, Closure: Remarks and acknowledgement.

Design of the CATA ballot. With the descriptors generated (693)
by the consumers, a frequency matrix of the number of observations
of each one was elaborated. The frequency of use of each term
was determined by counting the number of times consumers
used that term to describe the samples. In the count, terms not
appropriate to sensory language were omitted, while similar or
synonymous valid terms were grouped together to avoid confusion
during the evaluation. Also, words and phrases were adapted to
facilitate understanding (Symoneaux er /. 2012). This work was
conducted by an internal panel of six members with training in
sensory evaluation who selected the 15 most frequently mentioned

descriptors to obtain good quality data (Jaeger ez al. 2018) based
on a ranking of mentions. These 15 descriptors were organized
into four ballot models (Figure 1). Model A: Terms equally
distributed in three columns, conventional structure coming from
the literature; Model B: Vertical list, to cause the dilution effect of
the terms located at the end; Model C: Radial distribution, based
on the structure of chromatic circles or color palettes, integrating
the terms to facilitate their linkage in sensory profiling; Model
D: Random spatial distribution, based on the structure of a word
cloud to generate visual dispersion.
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CATA sensory analysis. This analysis was performed with the same
brand of strawberry drinkable yogurt for the four ballots, with the
participation of 600 regular consumers (54% male, 46% female,
aged 18 to 69 years) divided into four groups of 150 for each ballot
model. The groups performed the delayed analysis in environments
adapted for sensory evaluation (Lichters ez /. 2021). Prior to the
analysis, they were instructed to mark with a check or blades all the

characteristics perceived in the sample (25 ml), which were served
monadically at 7 - 10°C in 3 oz plastic cups without coding.

For data processing, the evaluation ballots were decoded in a matrix
as described by Delarue et al. (2015), using a vertical format,
generating a cell for the combination of consumer and product

for each CATA term, which was filled with 1 or 0 to indicate the
absence or presence of the attribute, respectively.

The selection efficacy in each model was evaluated considering the
total of the 15 descriptors as 100 % using equation 1.

x .
Efficacy (%) = (—) x 100 equation 1
15

where “x” is the total number of brands registered according to the
model.

Physicochemical characterization of the yogurts

Color. The color of the samples was expressed by applying the
three-dimensional CIELab system in terms of L* (lightness), a*
(red/green), b* (yellow/blue) and Chroma (C*) using a Minolta
CR-400 colorimeter (Japan), after calibration with a white ceramic
plate (Scibisz & Ziarno, 2023). In order to contrast the color
difference (AE) between commercial samples versus sensory color
analysis, equation 2 was used.

AELqp =/ (AL)? + (Aa*)? + (Ab*)? equation 2
where AL, Aa’ y Ab' represent the mathematical difference between
the parameters L*, a* and b*, respectively.

Acidity. Acidity was determined by titration with NaOH (0.1 N)
according to Soukoulis et al. (2007) and expressed as percentage of
lactic acid (g/100 g).

pH. The pH of the samples was determined using a Handylab pH
11 digital portable potentiometer, SCHOTT® (Germany).

Total Soluble Solids (TSS). Soluble solids were determined with
an ATC handheld refractometer (0-32 °Brix) according to Yasni &
Maulidya (2014).

Consistency Index (K). A dynamic viscosity test of yogurt samples
(500 mL) was performed using a Visco Basic Plus rotational
viscometer, FUNGILAB® (Spain) with a N° 3 spindle with speeds
between 1 to 5 rpm at room temperature (21 + 1°C). Shear stress
and strain rate were calculated to generate rheograms adapted to
the pseudoplastic model according to Macedo and Ramirez &

Vélez-Ruiz (2015). The consistency index (K) was employed as an
indicator of the rheological characteristics of the samples, which
was calculated from equation 3.

T=Ky" equation 3

where T is the shear stress, y is strain rate, K'is the consistency index
and n is the flow index.

Statistical analysis

The CATA data were analyzed using XLSTAT software (trial
version), with which the Cochran’s Q test was performed to identify
significant differences between the ballots for each of the descriptors.
In addition, a sensory map was generated from a Correspondence
Analysis to visualize the distribution of the attributes according
to the samples. Analysis of variance (ANOVA) was carried out on
the physicochemical characteristics of the yogurt, followed by a
multiple comparisons test using Statgraphics 18 (trial version). All
measurements were performed in triplicate.

RESULTS AND DISCUSSION

Descriptors selected for CATA analysis

During the free listing task, 693 valid words or phrases were
generated, at a rate of 1 to 16 per person (7 per person on average).
Results included duplicate, synonymous, and non-sensory language
terms, such as “nutritious”, “drinkable”, “likeable”, among others.
It should be noted that the ability to verbalize descriptive terms
is associated with the training level of the analyst, as well as with
sociocultural patterns of consumption (Xia ez a/. 2020).

The 15 terms selected after screening by the internal panel are
shown in descending order according to frequency of mention in
Figure 2, from the sixteenth descriptor onwards, the frequencies of
mention were less than or equal to 7. Among the selected terms, 6
were associated with texture, 5 with taste and 2 for both appearance
and odor. In studies of strawberry yogurt by CATA, the use of 8 to
16 terms has been observed (Castura et 2l 2016; Cruz et al. 2013;
De Carvalho ez al. 2018). Based on these studies, a qualitative
comparison of terms was made (Table 1), showing 9 coincidences,
while 6 of the selected terms are original to this research. The latter
is associated with intrinsic characteristics of the samples originated
by their formulation and processing technology, as well as the
degree of experience of consumers to verbalize sensory terms, added
to sociocultural patterns (Favalli ez /. 2013).

Ares & Jaeger (2015b) suggest that CATA terms should cover the
full spectrum of sensory attributes, ranging from appearance, odor,
aroma, taste, texture, to aftertaste. However, within the 15 most
mentioned descriptors, those representing aroma are absent, as well
as residual sensations given that consumers scarcely generated terms
related to these attributes, which reflects the panel’s expertise in
verbalizing sensory characteristics (Barton ez a/. 2020) and exhibits
the predominance of certain attributes over others for yogurt. The
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sensory profile achieved can be useful in quality control and in the
design and development of new products within this food category.

Effect of the CATA ballot design

During the analysis conducted with the four ballot models,
consumers selected an average of 7 terms, with a minimum of 2
and a maximum of 13, conforming to a normal distribution. In this

regard, Kim ¢t al. (2023) reported an average of 7.7 terms (min.=2
and max.=8) out of a total of 24 CATA terms for commercial
yogurts. Each marked attribute is known to indicate that it is
appropriate to describe the sample being evaluated, whereas an
unmarked term could suggest consumer uncertainty about its
applicability (Meyners & Castura, 2014), that they paid little

attention to it, or even, that they did not understand it.
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Figure 2. Frequency of descriptor mentions in the term generation phase.

Selection efficacy was employed as a difference indicator, with
averages of 44.8%, 47.3%, 44.8% and 42.3%, for models A, B,
C and D, respectively. Hypothetically, marking all the descriptors
on a ballot would mean that the product has all the characteristics
simultaneously, but not necessarily that it is the best. In this
study, the terms included in the ballots are associated with the
characteristics most commonly found among a triad of commercial
yogurts in order to amplify the diversity of descriptors.

According to Cochran’s Q test, differences (p-value < 0.05) were
found for 7 descriptors (pink color, acid/sour, strawberry odor,
creamy, viscous, milk odor, and artificial flavor). This suggests
that the design of the ballots impacts the perception of consumers
causing them to characterize the properties of yogurt differently.
Although these characteristics are the result of the technological
conditions of each batch of yogurt, the physicochemical results
indicate differences for descriptors with no association such as
the consistency index (K), and for some that are related such as
instrumental color, acidity index and pH. Also, the apparent

homogeneity for the other attributes (sweet, strawberry flavor,
fluid/watery, thick, milk flavor, with pieces of fruit, dense and
homogeneous) may be attributed to their notoriety, as well as the
lack of analyst training (Lawless & Heymann, 2010). Moreover, the
same attribute can be understood in different ways by consumers
depending on its complexity (Ares er al. 2015).

Sensory map

The sensory map (Figure 3) represents the total variation of the
experimental data in terms of the first two dimensions (F1 and
F2) which explain 89.7% derived from the correspondence analysis
performed on the frequency table. A similar study found a value
of 90.7% for the sum of the two main dimensions (Delarue et
al. 2015), values considered valid for the results interpretation.
The map reveals the distribution of descriptors according to their
frequency of use by each ballot model, evidencing that the design
causes consumers to describe differently the same yogurt sample.
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Table 1. Comparison of CATA descriptors with other studies using strawberry drinkable yogurt.

This research

Benchmark studies

Cruz et al. (2013)

De Carvalho et a/l. (2018)

Castura et al. (2016)*

Light pink
Pink color Pink color -
Pink salmon
With pieces of fruit - Presence of strawberry pulp -
- - Absence of strawberry pulp -
Strawberry odor - - -
Milky odor - - -
- Strawberry aroma - -
- Acid aroma - -
- - Artificial strawberry aroma -
- - Fermented milk aroma -
- - Bitter taste -
Sweet Sweet taste Sweet Sweetness
Acid/sour Acid taste Acid Sourness
Artificial flavor - - Artificial flavour
Milk flavor - - -
Strawberry flavor Strawberry taste Strawberry pulp flavor Strawberry flavour
- - - Cream flavour
- Yogurt taste - -
- - Sweetish -
- - Astringent -

Residual sweetener flavor

- - - Off flavour
Viscous Viscous - -

Creamy - Creamy Creamy texture
Fluid/watery - No consistency -
Homogeneous - - -

- Heterogeneous - -

- Liquid - -

Thick - - -

Dense - - -

Consistent with strawberry pulp

Residual taste

Fatty mouthfeel

a TCATA (Temporal check-all-that-apply)

Based on the significantly different descriptors (Cochran’s Q test),
model B generates a higher number of mentions in the attributes

flavor. Considering that the distance between points corresponding
to products is a measure of their similarity (Ares & Jaeger, 2015a),
model D is far from the others and corresponds with having the
lowest selection efficacy (42.3%).

pink color and strawberry odor while ballot D generates a
predominance of acid/sour, creamy, viscous, milk odor and artificial
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Figure 3. Sensory map of CATA terms for the four ballot models in the analysis of strawberry yogurt.

There are studies that have described a position effect when
visualizing a list of alternatives (Soderlund et al. 2021). Usually,
analysts start reading from top to bottom, incurring in saturation
at the end, causing them to have taken greater care in analyzing
the first positions. This causes the first terms to be selected more
frequently compared to the last ones (Ares & Jaeger, 2015a). On
the other hand, the duration of the individual analysis can be an
interesting factor to study. In this research, the time to complete
the analysis was not measured; however, studies around this factor
suggest that the use of long lists causes saturation due to the time
invested (Augenblick & Nicholson, 2016).

Effect of samples

The physicochemical characteristics of the yogurt samples
showed heterogeneity except for the consistency index (Table 2).
Instrumental color had significant differences for the parameters L*,
a*, b* and C*, this same variability was observed for the descriptor
“Pink color” in the CATA analysis, suggesting that the differences
found would not be attributed to the design of the ballots.
However, the difference in color between the samples of models A
and B (AEaB=1.15 + 0.22) is insufficient for consumers to be able
to differentiate them, given that according to Mokrzycki & Tatol
(2011), AE should vary between 2 and 3.5 for the difference to be

noticeable to the naked eye, as occurs between the samples of C and
D (AE=2.67 £ 0.27), however, in Cochran’s Q test they resulted
the same (Table 3). In addition, it is observed that the Chroma had
difference in the sample of model D. However, in sensory aspects
the different sample corresponds to model B, this is associated
with the perception threshold that consumers have regarding the
tonality exhibited by the sample in an integral way.

The acidity of the yogurts was heterogeneous (p < 0.05), with the
sample of model D being higher than the others, and the one with
the lowest pH. However, all samples are within the range of 0.6%
to 1.5% acidity contemplated by MINAGRI (2017). The inversely
proportional relationship that exists between acidity and pH has
been reported by Torrico er al. (2019) when evaluating strawberry
yogurt stored for 28 days at 4°C. It is likely that this behavior
derives from a higher production of lactic acid from sugars, which
is also reflected by a lower soluble solids content, this phenomenon
known as post acidification occurs in the product in storage and
marketing stages (Deshwal ez al. 2021). For this indicator, there is
consistency between the physicochemical analysis and the CATA
method. Cochran’s Q test indicates a difference between two
groups, the first group comprising the samples of models A, B and
C, against D.
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Table 2. Physicochemical characteristics of yogurt samples used in CATA analysis.

Model i, - = b c e (Q/Tg(i)té) pH (°’£?"Slx)
A 64.48 + 0.33" | 13.86 +0.12" | 2.74 +0.06" | 14.13 + 0.13" 2.96 £ 0.14° 0.74 £ 0.01" | 4.49 £+ 0.06" | 13.27 £0.31°
B 63.89 £0.30" | 14.02+0.09" | 1.82+0.04° | 14.14 + 0.08" 3.10 £ 0.06" 0.76 £ 0.02" | 4.61 £0.02° | 13.33 +0.23"
C  ]6530+0.29°| 13.84+0.08" | 1.98+0.01° | 13.98+0.08 | 2.99+0.15° | 0.75+0.01" | 456+ 0.01" | 13.47 +0.12°
D | 6283034 | 1339+0.12° | 2.87+0.04° | 13:69+0.12" | 326+036" | 0.91+0.03" | 428+0.01° | 12.73+0.31°
Table 3. Cochran's Q test and multiple comparisons.
Ballot model
Descriptor P-value
A B C D

Pink color 0.040 0.903 (a) 0.981 (b) 0.916 (ab) 0.929 (ab)

Acid/sour 0.000 0.234 (b) 0.208 (b) 0.221 (b) 0.071 (a)

Sweet 0.064 0.753 (a) 0.799 (a) 0.714 (a) 0.669 (a)

Strawberry odor <0.0001 0.578 (a) 0.805 (b) 0.695 (ab) 0.552 (a)

Strawberry flavor 0.130 0.760 (a) 0.838 (a) 0.779 (a) 0.851 (a)

Fluid/watery 0.493 0.214 (a) 0.156 (a) 0.214 (a) 0.175 (a)

Thick 0.184 0.383 (a) 0.364 (a) 0.305 (a) 0.279 (a)

Creamy 0.007 0.526 (a) 0.630 (ab) 0.610 (ab) 0.714 (b)

Viscous 0.001 0.201 (a) 0.318 (ab) 0.344 (b) 0.416 (b)

Milky odor <0.0001 0.364 (b) 0.292 (b) 0.260 (ab) 0.130 (a)

Milk flavor 0.279 0.370 (a) 0.305 (a) 0.370 (a) 0.286 (a)

With pieces of fruit 0.273 0.325 (a) 0.383 (a) 0.279 (a) 0.351 (a)

Dense 0.019 0.344 (a) 0.364 (a) 0.227 (a) 0.253 (a)

Homogeneous 0.362 0.545 (a) 0.500 (a) 0.571 (a) 0.597 (a)

Artificial flavor 0.001 0.221 (b) 0.156 (ab) 0.214 (b) 0.071 (a)

'The descriptors highlighted in black show significant differences between the models.

Soluble solids ranged from 12.73 to 13.47 °Brix, with the sample
of model D having the lowest value (p < 0.05). TSS are mainly
represented by mono and disaccharides of endogenous origin,
as well as added sugars, which are responsible for the sweet taste
of yogurt. However, the descriptor sweet was selected without
significant differences among the four ballot models (Table 3).

The rheological behavior of the samples was evaluated through
the consistency index K (Pa.s") derived from a fit to the potential
model. All samples were statistically equal (p > 0.05). Jaster et al.
(2018) characterized commercial strawberry yogurts finding that
they behave as non-Newtonian fluids of Power-law (pseudoplastic)
type. In that study, consistency index (K) values were lower (1.217
to 1.577 Pa.s"). In contrast, Wang et al. (2019) reported values
between 2.02 to 3.22 Pa.s”, similar to this study. According to
Macedo & Vélez-Ruiz (2015) the rheological characteristics of
yogurt are influenced by the formulation (type of ferments, sugar,
stabilizers, as well as the interaction of ingredients), by processing
conditions (fermentation time, methods) and storage conditions

(time and temperature). The descriptor “Viscous” related to this
indicator was different in Cochran’s Q test, which reinforces the
effect of the ballot model on consumer responses.

The advantages of ballot models include space saving (A), speed
of selection (B), innovative design (C) and randomness (D).
Disadvantages include positional risk (A and B), visual fatigue (B),
space reduction (C) and less clarity (D). The proposed model (C)
offers a higher probability of sensory profiling a strawberry yogurt
without biases caused by other designs that require randomization,
which is a way to guarantee reproducibility and repeatability.

The results obtained reveal that the differences found when
describing yogurt derive from the position in which the descriptors
appear in each ballot model, as they create a particular psychosensory
experience during the selection of the options. Therefore, an effect
due to the differences in physicochemical attributes between
samples is also included.
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As conclusions, the fifteen descriptors selected for the CATA
analysis were associated with the characteristics of appearance,
odor, taste and texture, while aroma and residual sensations were
absent. Significant differences were found for seven of these
terms, which are attributable to the model of the ballots, as well
as to characteristics of color, acidity, pH and soluble solids that the
sample acquires during its elaboration process. Of the four models
evaluated, ballot C caused fewer differences with respect to the
others, while ballot D offered greater variability in the selection
of terms. The findings of this study can serve as a basis for the
design of virtual ballots, an increasingly common trend in sensory
analysis with consumers. However, for similar and other products
it is reccommended that modifications be incorporated given the
diversity of food categories.

Acknowledgments. The authors are grateful for the use of
facilities, volunteers and administrative staff of the Universidad
Nacional Agraria La Molina, Universidad Nacional de Ingenieria,
Universidad Nacional Hermilio Valdizdn (Eng. Abel Abdias
Valle Pajuelo), Universidad Le Cordon Bleu and Universidad
Nacional San Luis Gonzaga. Additionally, the authors thank to
Fondo Nacional de Financiamiento para la Ciencia, Tecnologfa y
la Innovacién Francisco José de Caldas for the financial support
for the translation of this article through the project “Propuesta
fortalecimiento gestién editorial de revistas cientificas de la
Universidad de Ciencias Aplicadas U.D.C.A 2023-2024”. Conflict
of interest: the article was written, prepared and reviewed by all
authors, who declare that they have no interest that casts doubt on
the validity of the results. Authors’ contributions: Oscar Jorddn-
Sudrez: logistics, methodology, data analysis, writing, revising and
editing. Miriam E. Ramos Ramirez: logistics, methodology, data

analysis, writing, reviewing and editing. Pilar Minaya Agiiero:
methodology, writing, writing, revising and editing. Matilde
Tenorio Dominguez: writing, reviewing and editing. Tarsila Tuesta:
methodology, writing, revising and editing. Reynaldo Justino Silva-
Paz: writing, data analysis, proofreading and editing.

REFERENCES

ANDRADE OLIVEIRA, A.A;; ANDRADE, A.C.; CARVALHO
BASTOS, S.C; MARQUES PINHEIRO, A.C;
CONDINO, J. P E; CURZI JUNIOR, A. 2021.
Use of strawberry and vanilla natural flavors for
sugar reduction: A dynamic sensory study with
yogurt. Food Research International. 139:109972.
https://doi.org/10.1016/j.foodres.2020.109972

ARES, G.; JAEGER, S.R.2015a. 11 - Check-all-that-apply (CATA)
questions with consumers in practice: Experimental
considerations and impact on outcome. En: Delarue,
J.; Ben Lawlor, J.; Rogeaux, M. (eds.). Rapid sensory
profiling techniques and related methods: Applications
in new product development and consumer
rescarch. Woodhead Publishing Limited. p.227-245.
https://doi.org/10.1533/9781782422587.2.227

ARES, G.; JAEGER, S.R. 2015b. Examination of sensory product
characterization bias when check-all- that-apply
(CATA) questions are used concurrently with hedonic
assessments. Food Quality and Preference. 40(A):199-
208. https://doi.org/10.1016/j.foodqual.2014.10.004

ARES, G.; ANTUNEZ, L; BRUZZONE, E; VIDAL, L.
GIMENEZ, A, PINEAU, B; BERESFORD,
M.K; JIN, D.; PAISLEY, A.G.; CHHEANG, S.L;
ROIGARD, C.M.; JAEGER, S.R. 2015. Comparison
of sensory product profiles generated by trained
assessors and consumers using CATA questions:
Four case studies with complex and/or similar
samples. Food Quality and Preference. 45:75-86.
https://doi.org/10.1016/j.foodqual.2015.05.007

ARES, G.; CUNHA DE ANDRADE, J.; ANTUNEZ, L.
ALCAIRE, E; SWANEY-STUEVE, M.; GORDON,
S;  JAEGER, S.R. 2017. Hedonic product
optimisation: CATA questions as alternatives to
JAR scales. Food Quality and Preference. 55:67-78.
hteps://doi.org/10.1016/j.foodqual.2016.08.011

ARYANA, KJ.; OLSON, D.W. 2017. A 100-year review:
Yogurt and other cultured dairy products.
Journal of Dairy Science. 100(12):9987-10013.
https://doi.org/10.3168/jds.2017-12981

AUGENBLICK, N.; NICHOLSON, S. 2016. Ballot
position, choice fatigue, and voter behavior.
Review of Economic Studies. 83(2):460-480.

hteps://doi.org/10.1093/restud/rdv047

BARTON, A; HAYWARD, L.; RICHARDSON, C.D;
MCSWEENEY, M.B. 2020. Use of different panellists
(experienced, trained, consumers and experts)
and the projective mapping task to evaluate white
wine. Food Quality and Preference. 83:103900.
https://doi.org/10.1016/j.foodqual.2020.103900

BELUSSO, A.C.; NOGUEIRA, B.A.; BREDA, L.S.; MITTERER-
DALTOE, M.L. 2016. Check all that apply (CATA) as
an instrument for the development of fish products.
Food Science and Technology. 36(2):275-281.
hetps://doi.org/10.1590/1678-457X.0026

BLOM-HANSEN,J;ELKLIT,].;SERRITZLEW,S.; VILLADSEN,
L.R. 2016. Ballot position and election results: Evidence
fromanatural experiment. Electoral Studies. 44:172-183.
https://doi.org/10.1016/j.electstud.2016.06.019

CASTURA, ]J.C; ANTUNEZ, L; GIMENEZ, A.; ARES, G.
2016. Temporal Check-All-That-Apply (TCATA): A
novel dynamic method for characterizing products.
Food Quality and DPreference.  47(A):79-90.
hteps://doi.org/10.1016/j.foodqual.2015.06.017


https://doi.org/10.1016/j.foodres.2020.109972
https://doi.org/10.1533/9781782422587.2.227
https://doi.org/10.1016/j.foodqual.2014.10.004
https://doi.org/10.1016/j.foodqual.2015.05.007
https://doi.org/10.1016/j.foodqual.2016.08.011
https://doi.org/10.3168/jds.2017-12981
https://doi.org/10.1093/restud/rdv047
https://doi.org/10.1016/j.foodqual.2020.103900
https://doi.org/10.1590/1678-457X.0026
https://doi.org/10.1016/j.electstud.2016.06.019
https://doi.org/10.1016/j.foodqual.2015.06.017

10 Jordan-Suarez, O.; Ramos-Ramirez, M.; Minaya-Aguero, P.; Tenorio-Dominguez, M.; Tuesta, T.; Silva-Paz, R.J.: CATA for yogurt

CRUZ, A.G.; CADENA, R.S.; CASTRO, W.E; ESMERINO,
E.A.; RODRIGUES, J.B.; GAZE, L.; FARIA,
J.AE; FREITAS, M.Q.; DELIZA, R; BOLINI,
H.M.A. 2013. Consumer perception of probiotic
yogurt: Performance of check all that apply (CATA),
projective mapping, sorting and intensity scale.
Food  Research  International.  54(1):601-610.
https://doi.org/10.1016/j.foodres.2013.07.056

DE CARVALHO, D.A;; VALENTE, G.D.ES.; ASSUMPCAO,
G.M.P. 2018. External preference map to evaluate
the acceptance of light and diet yogurt prepared
using natural sweeteners. Ciencia Rural. 48(6):1-9.
https://doi.org/10.1590/0103-8478cr20170941

DESHWAL, G.K.; TIWARI, S.; KUMAR, A.; RAMAN, RK,;
KADYAN,S.2021.Reviewonfactorsaffectingand control
of post-acidification in yoghurt and related products.
Trends in Food Science and Technology. 109:499-512.
https://doi.org/10.1016/j.tifs.2021.01.057

DELARUE, J; BEN LAWLOR, J.; ROGEAUX, M. 2015.
Rapid sensory profiling techniques: Applications in
new product development and consumer research.

Woodhead Publishing. 594p.

DOS SANTOS, B.A; BASTIANELLO CAMPAGNOL,
PC; DA CRUZ, A.G; GALVAO, M.TE.L,;
MONTEIRO, R.A;; WAGNER, R.; POLLONIO,
M.AR. 2015. Check all that apply and free listing
to describe the sensory characteristics of low sodium
dry fermented sausages: Comparison with trained
panel. Food Research International. 76:725-734.
https://doi.org/10.1016/j.foodres.2015.06.035

FAVALLLS.;SKOV, T.; BYRNE, D.V.2013. Sensory perceptionand
understanding of food uniqueness: From the traditional
to the novel. Food Research International. 50:176-188.
htep://dx.doi.org/10.1016/j.foodres.2012.10.007

FLEMING, E.E; ZIEGLER, G.R; HAYES, J.E. 2015.
Check-all-that-apply ~ (CATA), sorting, and
polarized sensory positioning (PSP) with astringent
stimuli. Food Quality and Preference. 45:41-49.
hteps://doi.org/10.1016/j.foodqual.2015.05.004

HASHEMI GAHRUIE, H.; ESKANDARI, M.H.; MESBAH]I,
G.; HANIFPOUR, M.A. 2015. Scientific and
technical aspects of yogurt fortification: A review.
Food Science and Human Wellness. 4(1):1-8.
hteps://doi.org/10.1016/j.fshw.2015.03.002

JAEGER, S.R; ALCAIRE, E; HUNTER, D.C; JIN, Dy

CASTURA, ].C.; ARES, G. 2018. Number of terms to

use in temporal check-all-that-apply studies (TCATA

and TCATA Fading) for sensory product characterization

by consumers. Food Quality and Preference. 64:154-159.

https://doi.org/10.1016/j.foodqual.2017.09.013

JAEGER, S.R.; BERESFORD, M.K.; PAISLEY, A.G.; ANTUNEZ,
L.; VIDAL, L; CADENA, R.S.; GIMENEZ, A ; ARES,
G. 2015. Check-all-that-apply (CATA) questions
for sensory product characterization by consumers:
Investigations into the number of terms used in CATA
questions. Food Quality and Preference. 42:154-164.
hteps://doi.org/10.1016/j.foodqual.2015.02.003

JANIASKI, D.R; PIMENTEL, T.C; CRUZ, A.G;
PRUDENCIO, S.H. 2016. Strawberry-flavored yogurts
and whey beverages: What is the sensory profile of the
ideal product? Journal of Dairy Science. 99(7):5273-5283.
https://doi.org/10.3168/jds.2015-10097

JASTER, H.; AREND, G. D.; REZZADORI, K.; CHAVES,
V. C; REGINATTO, E H.; PETRUS, ]J. C. C.
2018. Enhancement of antioxidant activity and
physicochemical properties of yogurt enriched with
concentrated strawberry pulp obtained by block freeze
concentration. Food Research International. 104:119-125.
hteps://doi.org/10.1016/j.foodres.2017.10.006

KIM, M.R; HEO, J.A.; KWAK, H.S. 2023. Comparison of sensory
profiles by two different check-all-that-apply (CATA)
terms developed from trained panelists and naive
consumers. Food Quality and Preference, 109:104902.
hetps://doi.org/10.1016/j.foodqual.2023.104902

LAWLESS, H. T.; HEYMANN, H. 2010. Sensory evaluation
of food. Segunda edicién. Springer.  596p.
hetps://doi.org/10.1007/978-1-4419-6488-5

LICHTERS, M.; MOSLEIN, R.; SARSTEDT, M.; SCHARE

A. 2021. Segmenting consumers based on sensory

acceptance  tests in  sensory labs, immersive
environments, and natural consumption settings.
Food  Quality and  Preference.  89:104138.

https://doi.org/10.1016/j.foodqual.2020.104138

MACEDO Y RAMIREZ, R.C; VELEZ-RUIZ, J.E 2015.
Propiedadesfisicoquimicasydeflujodeunyogurasentado
enriquecido con microcdpsulas que contienen 4cidos
grasos omega 3. informacion tecnolégica 26(5):87-96.
https://doi.org/l0.4067/50718—07642015000500012

MEYNERS, M.; CASTURA, J. 2014. Chapter 11 Check-All-That-
Apply Questions. En: Varela, P; Ares, G. (Eds.). Novel
techniques in sensory characterization and consumer
profiling. Taylor & Francis. Volumen 88. 271-306p.

MIELE, N.A.; CABISIDAN, E.K.; BLAIOTTA, G.; LEONE,
S.; MASI, P; DI MONACO, R.; CAVELLA, S. 2017.
Rheological and sensory performance of a protein-
based sweetener (MNEI), sucrose, and aspartame in
yogurt. Journal of Dairy Science. 100(12):9539-9550.
hteps://doi.org/10.3168/jds.2017-12894


https://doi.org/10.1016/j.foodres.2013.07.056
https://doi.org/10.1590/0103-8478cr20170941
https://doi.org/10.1016/j.tifs.2021.01.057
https://doi.org/10.1016/j.foodres.2015.06.035
http://dx.doi.org/10.1016/j.foodres.2012.10.007
https://doi.org/10.1016/j.foodqual.2015.05.004
https://doi.org/10.1016/j.fshw.2015.03.002
https://doi.org/10.1016/j.foodqual.2017.09.013
https://doi.org/10.1016/j.foodqual.2015.02.003
https://doi.org/10.3168/jds.2015-10097
https://doi.org/10.1016/j.foodres.2017.10.006
https://doi.org/10.1016/j.foodqual.2023.104902
https://doi.org/10.1007/978-1-4419-6488-5
https://doi.org/10.1016/j.foodqual.2020.104138
https://doi.org/10.4067/S0718-07642015000500012
https://doi.org/10.3168/jds.2017-12894

Rev. U.D.C.A Act. & Div. Cient. 27(1):e2474. January-June, 2024

11

MINISTERIO DE DESARROLLO AGRARIO Y RIEGO-
MINAGRI. 2017. Decreto supremo que aprueba el
reglamento de la leche y productos ldcteos. Disponible

desde Internet en: http://www.digesa.minsa.gob.pe/
orientacion/DS_7_2017_MINAGRI.pdf

MOKRZYCKI, W.; TATOL, M. 2011. Color difference Delta E -
A survey. Machine Graphics and Vision. 20(4):383-411.

MOUSSAOUIL, KA, VARELA, P 2010. Exploring
consumer product profiling techniques and their
linkage to a quantitative descriptive analysis.
Food Quality and DPreference. 21(8):1088-1099.
hteps://doi.org/10.1016/j.foodqual.2010.09.005

SCIBISZ, 1; ZIARNO, M. 2023. Effect of Fermented
Matrix on the Color and Stability of Strawberry
and Blueberry Anthocyanins during the Storage
of Fruit Yogurts and Soy-Based and Bean-Based
Fruit Yogurt Alternatives. Molecules. 28:6222.
https://doi.org/10.3390/molecules28176222

SODERLUND, P; VON SCHOULTZ, A.; PAPAGEORGIOU,
A. 2021. Coping with complexity: Ballot position
effecs in the Finnish open-list proportional
representation system. Electoral Studies. 71:102330.
hteps://doi.org/10.1016/j.electstud.2021.102330

SOUKOULIS, C.; PANAGIOTIDIS, P; KOURELL R.; TZIA,
C. 2007. Industrial yogurt manufacture: Monitoring of
fermentation process and improvement of final product
quality. Journal of Dairy Science. 90(6):2641-2654.
htps://doi.org/10.3168/jds.2006-802

SYMONEAUX, R.; GALMARINI, M. V.; MEHINAGIC, E.
2012. Comment analysis of consumer’s likes and dislikes
as an alternative tool to preference mapping. A case study
on apples. Food Quality and Preference. 24(1):59-66.
https://doi.org/10.1016/j.foodqual.2011.08.013

TORRICO, D.D; TAM, ]; FUENTES, S.; VIEJO, C.
G.; DUNSHEA, ER. 2019. D-tagatose as a
sucrose substitute and its effect on the physico-
chemical ~ properties  and  acceptability = of
strawberry-flavored  yogurt.  Foods.  8(7):256.
hteps://doi.org/10.3390/fo0ds8070256

WANG, H.; WANG, C. N.; GUO, M. R. 2019. Effects of
addition of strawberry juice pre- or postfermentation
on physiochemical and sensory properties of fermented
goat milk. Journal of Dairy Science. 102(6):4978-4988.
hetps://doi.org/10.3168/jds.2018-15750

XIA, Y.; SONG, J.; LEE, P Y.; SHEN, H.; HOU, J.; YANG, J;
GAO, B.; ZHONG, E 2020. Impact of consumption
frequencyongenerationsof sensory product profiles using
CATA questions: Case studies with two drink categories.
Food Research International. 137(June):109378.
hteps://doi.org/10.1016/j.foodres.2020.109378

YASNI, S; MAULIDYA, A. 2014. Development of corn
milk yoghurt using mixed culture of Lactobacillus
delbruekii, Streptococcus salivarus, and Lactobacillus
casei. HAYATIT Journal of Biosciences. 21(1):1-7.
hteps://doi.org/10.4308/hjb.21.1.1


http://www.digesa.minsa.gob.pe/orientacion/DS_7_2017_MINAGRI.pdf
https://doi.org/10.1016/j.foodqual.2010.09.005
https://doi.org/10.3390/molecules28176222
https://doi.org/10.1016/j.electstud.2021.102330
https://doi.org/10.3168/jds.2006-802
https://doi.org/10.1016/j.foodqual.2011.08.013
https://doi.org/10.3390/foods8070256
https://doi.org/10.3168/jds.2018-15750
https://doi.org/10.1016/j.foodres.2020.109378
https://doi.org/10.4308/hjb.21.1.1
http://www.digesa.minsa.gob.pe/orientacion/DS_7_2017_MINAGRI.pdf

	Revista U.D.C.A Actualidad & Divulgación Científica
	The effect of ballot design for strawberry yogurt analysis using CATA (check-all-that-apply)
	Efecto del diseño de la ficha para el análisis de yogurt bebible de fresa porel método CATA (check-all-that-apply)
	http://doi.org/10.31910/rudca.v27.n1.2024.2474
	ABSTRACT
	Keywords

	RESUMEN
	Palabras claves

	INTRODUCTION
	MATERIALS AND METHODS
	Sample
	CATA evaluation
	Generation of descriptors.
	Design of the CATA ballot
	CATA sensory analysis

	Physicochemical characterization of the yogurts
	Color
	Acidity
	pH
	Total Soluble Solids (TSS)
	Consistency Index (K)

	Statistical analysis

	RESULTS AND DISCUSSION
	Descriptors selected for CATA analysis
	Effect of the CATA ballot design
	Sensory map
	Effect of samples

	REFERENCES
	Acknowledgments
	Conflict of interest
	Authors’ contributions
	Figure 1. General model of the four analysis ballots: A, B, C and D.
	Figure 2. Frequency of descriptor mentions in the term generation phase.
	Table 1. Comparison of CATA descriptors with other studies using strawberry drinkable yogurt.
	Figure 3. Sensory map of CATA terms for the four ballot models in the analysis of strawberry yogurt.
	Table 2. Physicochemical characteristics of yogurt samples used in CATA analysis.
	Table 3. Cochran's Q test and multiple comparisons.



