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Abstract

The rise in consumption of dairy products has been accompanied by an increase in the
use of sweeteners by companies as a way of expanding customer options. The aim of
this article is to examine the perceptions of Argentine consumers regarding the sugar
substitutes used in yogurt production. The study used a descriptive methodology based
on an incidental sample of 115 university students (61% women) aged 18-25 years
(M=20.51, SD=2.121). Participant perceptions and evaluations were defined using
Multidimensional Scaling (MDS), Principal Component Analysis (PCA) and correlation
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analysis to establish a perceptual map illustrating the positioning of different sweeteners
based on two dimensions: ‘Sweetening Power’ and ‘Aesthetics and Colour’. The study
found that the sweeteners used in yogurt production may be visually represented on
both of these axes, demonstrating the potential of techniques such as MDS and PCA

in studying consumer perceptions as alternatives to other multivariate techniques.

Keywords: multidimensional scaling, principal component analysis, perceptual mapping,

yogurt, sweeteners

Resumen

El consumo de derivados lacteos como el yogur se encuentra en aumento y los
consumidores buscan nuevas opciones. El auge de los endulzantes alternativos al azdicar
representa una oportunidad para las organizaciones. Este articulo tiene como objetivo
identificar las percepciones de los consumidores argentinos con respecto a los
endulzantes utilizados en la produccién de yogures. Para ello, se implementé un disefio
descriptivo y se alcanzé una muestra incidental de 115 estudiantes universitarios
(Mujeres=61%) entre 18 y 25 afios (M=20.51, DE=2.121). Mediante escalamiento
multidimensional (MDS, por sus siglas en inglés), andlisis de componentes principales
(PCA, por sus siglas en inglés) y andlisis correlacional se definieron las percepciones y
valoraciones de los participantes. A partir de los andlisis realizados fue posible establecer
un mapa perceptual que da cuenta del posicionamiento de los diferentes endulzantes
en base a dos dimensiones: “Poder Endulzante” y “Estética y Color”. El estudio concluye
que los endulzantes utilizados en la produccion de yogures pueden ser representados
visualmente en los dos ejes mencionados, evidenciando la capacidad de utilizar técnicas
como el MDS y PCA en el estudio de las percepciones de los consumidores, como

alternativas a otras técnicas multivariantes.

Palabras clave: escalamiento multidimensional, andlisis de componentes principales,

mapa perceptual, yogur, endulzantes

1. INTRODUCTION

Dairy products have been part of the human diet for centuries. Since humanity adopted
a sedentary lifestyle, it gradually began to develop agriculture and animal domestication.
These processes led to the inevitable need to store and therefore preserve these foods
(Wacher Rodarte, 2014). Over time and with the development of civilizations,
producers identified an opportunity in dairy consumption. Once a way to transport
and preserve milk was devised, this market began to take shape and grow, and

consumers developed a dependency on it (Valenze, 2011).
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In Europe, the spread of milk consumption extended until years after World War II.
However, as milk consumption declined, it was supplanted by the consumption of
derived products such as cheese, butter, and yogurt (Collantes, 2014). A similar trend
occurred in Argentina in recent decades. According to a study conducted by CESNI
describing the evolution of Argentinians’ food consumption patterns between 1996 and
2013, milk consumption decreased, while yogurt intake increased conversely (Zapata,
Rovirosa, and Carmuega, 2016).

Currently, the Argentine dairy sector represents a key component of the national
economy, with significant growth in recent years. According to data from Observatorio
de la Cadena Lactea Argentina (OCLA), dairy production reached its highest level since
2015in 2022, producing 11.557 billion liters of milk, representing an increase compared
to the previous year (Bolsa de Comercio de Rosario, 2023a). This production increase
translated into record exports, contributing to the sector’s growth and its rising share
in Argentina’s Gross Domestic Product (GDP) (INDEC, 2023).

In terms of GDP, the dairy sector has maintained significant participation in the
Argentine economy. According to OCLA, in 2022, the dairy sector represented 10%
of the national GDP, underscoring its importance in generating added value and
employment in the country (Bolsa de Comercio de Rosario, 2023a).

Regarding sales volumes, the dairy sector has experienced steady growth in recent
years. Dairy exports hit a record high in 2022, with total sales of US$1.571 billion and
388,043 tons exported (Bolsa de Comercio de Rosario, 2023a). This increase in exports
has contributed to the sector’s growth and strengthened its position in the international
market.

As for employment, the agribusiness sector is a significant job generator in Argentina.
According to a study by Bolsa de Comercio de Rosario (2023b), in 2017, the Agro-
Food Chains supported by the dairy sector employed 2.1 million people, accounting
for 34% of total employment in activities producing goods nationwide.

In terms of dairy product substitution, there is an increasing diversification in dairy
products consumed. In 2022, powdered milk accounted for 46% of total exports in the
sector, followed by cheese at 25% and butter at 10% (Bolsa de Comercio de Rosario,
2023a). This suggests a trend toward diversifying dairy products, with a growing
demand for processed products.

In this context, it is relevant to investigate Argentine consumers’ perceptions and
evaluations regarding the sweeteners used in yogurt production. The primary aim of
this study is to identify the preferences of Argentine consumers regarding the
sweeteners used in yogurts.

This research holds significant social and economic importance, as it will provide
valuable information for producers and companies in the Argentine dairy sector,

enabling them to tailor their products to meet consumer preferences and needs.
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2. THEORETICAL FRAMEWORK

This study focuses on consumer perceptions regarding sweeteners. However, given the
use of an innovative methodology based on an extensive theoretical analysis, it has been
deemed appropriate to include a detailed justification of the methods employed. To
achieve greater clarity, the theoretical framework has been divided into two main
sections.

The first section of the theoretical framework, “yogurt consumption,” examines the
various perceptions consumers may have regarding yogurt and sweeteners, including
their preferences, aversions, and perceptions of the benefits and risks associated with
their consumption.

The second section of the theoretical framework, “perceptual maps,” focuses on the
analysis methodology used in the study. The analytical approach is grounded, highlighting
its innovative nature and theoretical foundation. Additionally, the relevance and validity
of the methodology employed are discussed in relation to the overall objective of the

study.

2.1. Yogurt consumption

2.1.1. The product

The Codex Alimentarius (2003) defines yogurt as a variety of fermented milk
characterized by a particular culture: Streptococcus thermophilus and Lactobacillus
delbrueckii. Fermentation by the latter releases lactic acid, modifying the physical
properties of the milk and, consequently, giving the product its distinctive flavor (INNSZ,
2001). Additionally, today various types of yogurt can be found on the market, in
varieties that differ in taste, production process, consistency, texture, and therefore
chemical composition (Coronel Merizalde, 2019). The heterogeneity of this food leads
to its classification into two main groups: set yogurt and stirred yogurt (Hernandez,
2003).

2.1.2. Consumer perceptions and the use of sweeteners

According to Grunert, Bech-Larsen, and Bredahl (2000), there are four dimensions that
characterize consumer perception regarding the quality of dairy products: hedonic,
health, convenience, and process quality. The authors suggest that while taste remains
an essential property in product choice, the other phenomena emphasize the
importance of its communication. In line with this idea, an exploratory study by Lacaze
(2011) highlights the stability of the health and hedonic dimensions as motivators of
consumption, as well as the growing relevance of the convenience dimension.

The acceptance of sweeteners, like any other component of a product, could be
addressed from the consumers' perceptions (Kitz et al, 2022). First, a sweetener can

be defined as a substance alternative to sugar that imparts a sweet taste to food
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(Ministerio de Agricultura, Ganaderia y Pesca, 2014). It is classified into two groups:
natural and artificial sweeteners. The former are carbohydrates derived from trees,
plants, seeds, roots, and nuts, while the latter contain carbohydrate substitutes that
replace the natural sweetener due to their low energy value or greater sweetening
power (Kumar et al, 2019).

Within the spectrum of sugar alternatives, we delve into the field of natural-origin
sweeteners, highlighting honey as a prominent option. It is distinguished by its origin in
the process carried out by bees, who transform plant secretions or flower nectar into
this fluid. Beyond its function as a sweetener, honey reveals a sweetening potential that
surpasses cane sugar, demonstrating twice the capacity (Alonso, 2010).

On a similar note, Stevia stands as an intriguing alternative, recognized for its intense
sweetness. In its pure form, Stevia is up to 300 times sweeter than conventional sugar
(Andrés Gonzdlez-Moralejo, 2011; Alonso, 2010). However, its distinctiveness lies not
only in its taste but also in its safety for individuals with diabetes, as it has no impact on
blood glucose levels (Andrés Gonzdlez-Moralejo, 2011).

When considering the introduction of these sweeteners in food products, it becomes
imperative to analyze consumer acceptance. A study conducted in the United States
focused precisely on evaluating the influence of Stevia concentration on consumers'
perceptions regarding vanilla yogurts (Narayanan et al, 2014). The results of this
research revealed that the concentration of Stevia in the yogurts not only influenced
the perception of sweetness but also the product's acidity. Compared to sucrose,
consumers generally expressed a preference for yogurt sweetened with the latter,
showing some reluctance toward Stevia. These findings emphasize the need to
holistically address the formulation of products incorporating alternative sweeteners,
recognizing that consumer acceptance is a crucial factor for market success.

The use of sweeteners has become a widely adopted option by companies, especially
in Argentina, where Law 27.642 (2022), known as the front labeling law, has been
enacted. This law aims to warn consumers about excess sugars, sodium, and fats in
foods by incorporating black hexagons on the front of packaging. This is a relevant
aspect considering that, especially after the COVID-19 pandemic, consumers are paying
more attention to packaging (Kitz et al, 2022), with consumers showing increased
interest in the quality of food, understood in terms of its components (Vanoye-Eligio
et al, 2022).

The diversity of natural sweeteners offers a fertile ground for food innovation, but their
effective implementation requires a deep understanding of consumer preferences and
perceptions. Furthermore, it calls for future research to explore the underlying reasons
for these preferences and to refine formulation strategies to maximize consumer

acceptability (Narayanan et al., 2014).
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2.2. Perceptual maps

Perceptual maps are a fundamental tool in marketing analysis. Their ability to clearly and
concisely visualize consumer perceptions of products and brands makes them an
invaluable tool for companies in making strategic decisions (De Oliveira Santos and De
Jesus Silva, 2015; Ghataty et al, 2023). These maps allow companies to identify how
consumers perceive and value product attributes in relation to the competition (Ekiyor
and Altan, 2024), providing crucial information for effectively positioning products in
the market (Lehmann and Winer, 2007).

In business practice, the use of perceptual maps has become almost indispensable.
Companies that wish to remain competitive must thoroughly understand how their
products are perceived by consumers and how they compare to competitors' products
(Lehmann and Winer, 2007). This deep understanding of consumer perception not
only allows companies to position their products more effectively (Yilmaz and Altunay,
2023), but also helps them identify areas for improvement and opportunities for
differentiation in today's highly competitive market (De Oliveira Santos and De Jesus
Silva, 2015).

Furthermore, perceptual maps can also be used as a tracking tool to assess the
effectiveness of positioning strategies over time (Omidvar and Merrikhpour, 2023). By
comparing perceptual maps over different periods, companies can identify changes in
consumer perception and adjust their strategies accordingly, allowing them to stay agile
and responsive to market fluctuations (Lehmann and Winer, 2007).

The application and construction of perceptual maps encompass various approaches,
ranging from expert judgment in the sector to direct consumer evaluation of attributes,
and even procedures that employ more advanced statistical techniques (Toledo, Giraldi,
and De Almeida Prado, 2007; Lehmann and Winer, 2007). In this context,
multidimensional scaling stands out as a fundamental statistical procedure for addressing
the complexity inherent in the perception of products and brands (Toledo, Giraldi, and
De Almeida Prado, 2007).

However, to enrich and strengthen this analysis, some researchers propose combining
multidimensional scaling with principal component analysis (Chatfield and Collins, 1980;
Gras, 1996). Although these techniques share certain similarities (Rivas and Arias, 1991;
Borg and Groenen, 2005), it is crucial to recognize the differences between them, as
they may have specific implications when applied in certain contexts (Rivas and Arias,
1991; Abdi and Williams, 2010; Malhotra, 2004).

In this context of perception analysis, it is essential to explore both types of statistical
procedures in depth, examining their similarities and differences in order to gain a more

comprehensive understanding of the image of products and brands in the market.
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2.2.1. Multidimensional scaling

Multidimensional scaling (MDS) emerges as an invaluable tool for the spatial
representation of individual perceptions through a perceptual map (Kruskal, 1978;
Malhotra, 2004). This approach is based on the analysis of proximity data, emphasizing
the relevance of similarity or difference between stimuli (Gras, 1996; Carroll and Chang,
1970; Buja and Swayne, 2002).

The proximity between stimuli, in terms of similarity or difference, constitutes a crucial
element in multidimensional scaling (Malhotra, 2004). The spatial representation
generated by this procedure translates into a low-dimensional perceptual map, where
the geometric distance between stimuli reflects their level of similarity as perceived by
the participants (Carroll and Chang, 1970; Cox and Cox, 2008; Linares, 1990). The
interpretation of these results is based on the analogy between geometric distance and
psychological dissimilarity, highlighting the importance of understanding perceptions
from a psychological perspective (Gras, 1996).

Regarding data collection, different approaches have been identified, such as obtaining
similarity judgments, attribute ratings, or preference data (Malhotra, 2004; Torgerson,
1958). These methods allow for the collection of valuable information about the
perception of stimuli, facilitating their subsequent analysis through mathematical
procedures to obtain meaningful distances.

In the realm of multidimensional scaling, the PROXSCAL program stands out as a widely
used alternative, due to its availability in major statistical analysis software, such as SPSS.
This procedure performs multidimensional scaling of similarity values, seeking a least
squares representation that places stimuli in a low-dimensional Euclidean space (Busing
et al, 1997). PROXSCAL integrates the perspectives of Kruskal (1964), Guttman
(1968), and Carroll (1972), with the goal of minimizing normalized raw stress, an
indicator based on the dissimilarities between objects that evaluates the effectiveness
of the perceptual map. This integrative approach strengthens the analysis and

contributes to a detailed understanding of perceptions.

2.2.2. Principal component analysis

Principal component analysis (PCA) has been highlighted for its ability to efficiently
reduce and synthesize complex data. This approach, supported by pioneers in the field
such as Wold, Esbensen, and Geladi (1987), represents an essential pillar for
understanding the underlying structure of multidimensional data sets (Malhotra, 2004;
Wold, Esbensen, and Geladi, 1987).

At its core, PCA aims to extract crucial information from the complex interrelationships
present in the data, as highlighted by Lozares Colina and Lépez-Roldan (1991). The
procedure seeks to define latent constructs that capture and describe a significant
portion of the inherent variability in the data (Abdi and Williams, 2010; Malhotra, 2004).

161

Redmarka. Rev Mark Apl, vol. 28, nim. 2 (2024), 155-175



Pablo Augusto Vailati, Ana Alejandra Fuentes Cuifias and Julieta Rocio Larrafiaga

These perspectives support the utility of PCA in revealing latent patterns in diverse and
heterogeneous data (Abdi and Williams, 2010).

The visual representation derived from principal component analysis, as suggested by
Rivas and Arias (1991) and Abdi and Williams (2010), not only serves as a graphical
reflection of the interconnections between variables but also acts as a revealer of the
underlying configuration of latent constructs. This visual aspect not only provides clarity
on the underlying structure of the data set but also facilitates the interpretation of
intrinsic relationships, thus contributing to a deeper understanding of the inherent
complexity of the analyzed data (Rivas and Arias, 1991).

In a broader context, the resulting visualization not only becomes an essential tool for
scientific research but also opens the door for more detailed exploration. This graphical
representation not only aids in identifying emerging patterns and trends but also serves
as a visual guide in formulating hypotheses and making data-driven decisions, thus
enriching the scientific research process (Wold, Esbensen, and Geladi, 1987; Rivas and
Arias, 1991; Abdi and Williams, 2010).

2.2.3. Multidimensional scaling and principal component analysis: similarities and differences
When addressing the analogies between the mentioned statistical analysis techniques,
Rivas and Arias (1991) highlight that both rely on purely mathematical procedures, thus
dispensing with normality assumptions, and share similarities in certain phases, especially
regarding the determination of eigenvalues and associated eigenvectors of a matrix.
The interpretation of both techniques also presents similarities, as explained by Borg
and Groenen (2005). The interpretation of the dimensions in multidimensional scaling
is based on the arrangement of the points in the perceptual map, requiring an indirect
interpretation based on the researcher's criterion (Kruskal, 1978; Malhotra, 2004).
Similarly, the latent variables derived from principal component analysis are defined
through the factor weight of each observable variable, and it is the researcher's task to
conceptualize the resulting construct (McDaniel and Gates, 2011; Malhotra, 2004). Both
analyses converge in their approach towards dimension reduction and the identification
of components or latent constructs (Rivas and Arias, 1991; Arce, De Francisco, and
Arce, 2010; Kruskal, 1978; Malhotra, 2004; McDaniel and Gates, 2011).

The main distinction between these statistical techniques lies in the procedure used for
their execution. Principal component analysis is based on the analysis of covariance
matrices, exploring the linear relationships between variables and seeking dimensions
that capture the maximum variability. On the other hand, multidimensional scaling
operates on proximity or similarity matrices, which consist of association coefficients
between stimulus objects, and seeks to represent the relationships between these
objects in a lower-dimensional space that preserves, as much as possible, the

relationships between the objects in the original space.
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Unlike multidimensional scaling, in principal component analysis, the visual arrangement
of the points does not reflect the perceptual space of individuals regarding the evaluated
stimuli. Instead, the underlying relationships between the variables and components,
which represent latent constructs containing some degree of information about the
variables, are visualized (Rivas and Arias, 1991; Abdi and Williams, 2010; Malhotra, 2004;
Lloret et al, 2014; Joliffe, 2002).

After analyzing the similarities and differences between these techniques, it can be
concluded that there is no fundamental identity between them, and they are not
interchangeable (Rivas and Arias, 1991). However, practice shows that they are often
used together to obtain more comprehensive studies with a higher level of analysis.
Additionally, principal component analysis is used to strengthen the interpretation of
the dimensions derived from multidimensional scaling (Chatfield and Collins, 1980).
According to Gras (1996), multidimensional scaling represents an alternative and
complementary technique to principal component analysis for scaling various stimuli in

a bi- or multidimensional space.

3. METHODOLOGY

3.1. Objective
The objective of the research was to identify the perceptions and evaluations of

consumers regarding the sweeteners used in yogurt production.

3.2. Method and participants

This study has a non-experimental, descriptive, and simple cross-sectional design. The
data collection instrument was a self-administered electronic questionnaire that
participants answered in person, with data collection taking place in a controlled
laboratory environment.

The sampling procedure was non-probabilistic incidental, with the target population
being university students from the Metropolitan Area of Buenos Aires, Argentina. Data
collection was carried out during the month of July 2023.

A sample of 115 valid cases was obtained, consisting of men (39%) and women (61%)
aged 18 to 25 years (M=20.51; SD=2.121).

3.3. Informed consent
Individuals were required to read and accept an informed consent form to continue
with their participation. Those who agreed to participate proceeded with the

questionnaire, while those who did not agree to participate ended it.
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3.4. Analysis procedure

Data analysis was performed using the statistical software SPSS version 25.
First, a multidimensional scaling was conducted using the PROXSCAL program,
with the aim of obtaining a spatial representation of individuals' perceptions
(Kruskal, 1978). Since the data had been obtained through the attribute rating
approach (Malhotra, 2004), the distances were calculated beforehand to later
plot the two-dimensional perceptual map using the Euclidean distance measure.
The initial configuration of Torgerson (1958) was used with a maximum of 1
iteration, as it tends to produce favorable results regarding the reduction of
minimum stress (Borg and Mair, 2017; Davison and Stephen, 1978; Borg and
Groenen, 2005).

Next, a principal component analysis was conducted using Varimax rotation. A
model was created based on two components.

The visual representations of both analyses were examined to determine
whether the grouping of the elements was similar. A similar grouping was indeed
observed, so both procedures were analyzed together to enrich the analysis
(Chatfield and Collins, 1980; Gras, 1996).

For the interpretation of the dimensions of the perceptual map, variables for
the constructs from the principal component analysis were created using
regression procedures, which allowed the analysis of the correlation coefficients

between these latent variables and other items answered by the participants.

3.5. Limitations

Among the limitations of the study are the sample size, which is relatively small,
and the non-probabilistic nature of the sampling procedure.

Additionally, some of the variables analyzed did not follow a normal distribution,

which prevented the use of parametric techniques.

4. RESULTS

For the multidimensional scaling and principal component analysis, the ratings of
the respondents regarding the following sweeteners were considered: Sugar,
Cane Sugar, Stevia, Honey, Fruit Juice, and Whole Sugar. Based on these ratings,
the corresponding visual representations were made.

For the multidimensional scaling, first, the distances were calculated, and using
the PROXSCAL program with Torgerson's (1958) initial configuration and a

maximum of 1 iteration, the spatial grouping shown in Figure 1 was achieved
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(the coordinate matrix can be seen in Table 1). The stress indicators and model
fit present favorable results: Normalized Raw Stress = .011; Stress-l = .108;
Stress-Il = .258; S-Stress = .015. On the other hand, the model shows good fit:
DAF = .988; Tucker Congruence Coefficient =.994.

Figure 1. Visual representation of the multidimensional scaling

Honey @
Fruit Juice
é Stevia
% °® Cane Sugar
£ °
o Whole Sugar )
Sugar
Dimension 1
Table 1. Coordinates matrix
Dimension 1 Dimension 2
Sugar 0.426 -0.445
Cane Sugar 0.307 -0.238
Whole Sugar -0.003 -0.298
Stevia -1.06 -0.106
Honey 0.063 0.691
Fruite Juice 0.268 0.396

Program: PROXSCAL.
Inicial configuration: Torgerson.

Subsequently, a principal component analysis with Varimax rotation was
conducted to aid in the interpretation of the dimensions previously identified.
For this analysis, the same variables used in the MDS were considered, resulting
in two groups that explain 68.9% of the variance. The components in the
rotated space are displayed in Figure 2, and the rotated component matrix is

shown in Table 2.
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Figure 2. Visual representation of the principal component analysis.

Honey
o~ . ®
= Stevia Fruit Juice Cane Sugar
) [ J [ J
C
S o
= Whole Sugar Sugar
o
O

Component 1

Table 2. Rotated component matrix

Component 1 Component 2
Sugar 806 -129
Cane Sugar 787 237
Whole Sugar 285 -420
Stevia -318 259
Honey -037 679
Fruit Juice 128 668

Extraction method: principal components.
Rotation method: Varimax with Kaiser normalization.

When contrasting the visual representations derived from both analyses, a
notable similarity in the arrangement of the elements becomes evident. It is
important to recall that it is not appropriate to postulate a fundamental identity
between these methodologies. However, the visual convergence suggests that
the latent variables projected onto the axes may refer to the same underlying

constructs.

To determine the existence and nature of the relationships between the
variables associated with Component 1 from the principal component analysis,
a bivariate correlation test was conducted, yielding the following results:
e Component T —Importance of sweetness: r(115)=.640, p<.001;
e Component 1 —"l would like to buy whole sweetened yogurt": r(115)=-
562, p=.005.
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The same procedure was performed for the variables associated with
Component 2, with the results for this case being:
e Component 2 — Aesthetic evaluation: r(115)=.512, p=.023;
e Component 2 — Importance of color: r(115)=487, p=.046;
e Component 2 — "l would like to buy whole fruit-colored yogurt™
r(115)=.673, p<.001.

Based on these analyses, Dimension 1 is defined by the variables according to
the individual's preference for the "Sweetening Power" of the substance. This
refers to the intensity of the sweet taste caused by that substance. Dimension 2
is interpreted as the evaluation of "Aesthetics and Color," with its position on
the graph varying depending on the importance given to this attribute. The

resulting perceptual map from this analysis can be seen in Figure 3.

Figure 3. Final perceptual map

More
Important

Honey @
Fruit Juice
[ .
o o Stevia
Fe)
g o PS Cane Sugar
=
e}
= °
<@ Whole Sugar ®
Sugar
1S
o 8
3
o O
-~ Q
E
Greater Sweetening Power Lesser

To conclude, a non-parametric bivariate correlation test was performed based
on the variables used in the multidimensional scaling (resulting from the
components of the principal components analysis) to reaffirm the previous
deductions related to the axes of the perceptual map. The results for the
variables related to the Sweetening Power dimension were as follows:
e Importance of sweetness — Sugar: p(115)=.617, p=.001;
e Importance of sweetness — Cane Sugar: p(115)=.574, p=.003;
e "l would like to buy whole sweetened yogurt" — Stevia: p(115)=.892,
p<.007;
e "l would like to buy whole sweetened yogurt" — Sugar: p(115)=-.640,
p=010.
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Meanwhile, for the variables associated with the Aesthetics and Color
dimension, the following correlations were observed:

e Importance of color — Fruit Juice: p(115)=.586, p=.047;
ll|

o would like to buy whole fruit-colored yogurt" — Fruit Juice:

p(115)=.821, p<.001;
e Aesthetic evaluation — Honey: p(115)=.545, p=.008.

As a corollary to this section, we can observe that the analysis conducted on
the respondents' preferences regarding different sweeteners has vyielded
interesting and significant results. Through multidimensional scaling and principal
component analysis, two main dimensions have been identified that explain a
large portion of the variance in the sweetener ratings. This analysis has provided
a deep understanding of the respondents' preferences regarding sweeteners,
identifying key dimensions that influence their choices. These results can be
highly useful for better understanding market preferences and guiding marketing

strategies and product development.

5. CONCLUSIONS AND DISCUSSION

In this research, techniques such as multidimensional scaling and principal
component analysis were implemented to explore consumer perceptions and
evaluations regarding the sweeteners used in yogurt production. A
complementary analysis of these procedures was carried out to enrich the
analysis, following the recommendations of experts such as Chatfield and Collins
(1980) and Gras (1996).

The investigation into the nature of the developed latent constructs was
conducted through correlation analysis, thus deepening the understanding of the
emerging patterns. This approach allowed the classification of sweeteners along
two main axes: the first related to preference based on Sweetening Power, and
the second linked to Aesthetics and Color. At the far left of the scale, Stevia is
distinguished, highlighting its remarkable sweetening power, consistent with the
views of Gonzdlez-Moralejo (2011) and Alonso (2010), and aligning with the
conclusions of Narayanan et al. (2014) about the significant effect of this
sweetener on yogurt sweetness perception.

Similarly, honey is positioned nearby, with its placement attributed to properties

that influence flavor, thus supporting Alonso’s (2010) assertion of its superior
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sweetening power compared to cane sugar. The remaining variables, such as
fruit juice, sugar, and its variants, generally occupy the far right of the scale.

The dimension focused on Aesthetics and Color allowed the classification of
sweeteners according to the importance consumers place on these attributes.
At the top of this categorization is honey, standing out as the preferred choice
for consumers who place greater value on these aspects. In contrast, at the
opposite end, sugar is placed, preferred by those who do not prioritize aesthetic
qualities.

Through this thorough analysis, the participants' evaluations and perceptions
were detailed, graphically represented in a perceptual map covering the various
types of sweeteners used in yogurt production.

The results of this research have significant practical implications for the dairy
industry, particularly in product formulation and marketing strategies. First, a
detailed understanding of consumer preferences regarding sweeteners in yogurt
can guide the creation of new products that better align with market demands.
For instance, companies could develop yogurt sweetened with Stevia to cater
to consumers seeking options with a more prominent sweetening power but
fewer calories than sugar.

Furthermore, the classification of sweeteners based on the importance
consumers attach to aesthetics and color can influence marketing strategies.
Companies could emphasize the visual qualities of yogurts sweetened with
honey or fruit juice to attract consumers who value these aspects.

Despite the relatively small sample size, the results obtained are highly significant
and provide valuable insights into the study topic. The quality of the data
collected, along with the detailed analysis performed, supports the validity and
relevance of our conclusions. We acknowledge that expanding the sample in
future research could provide a more comprehensive and robust perspective

on the findings, allowing for greater generalization of the results.
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