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Abstract

Honey, as a culturally rooted and multifunctional food, provides a compelling case to
explore how motivations, purchasing habits, and sensory preferences interact across
diverse consumer groups. A questionnaire with thirteen categorical variables was admin-
istered to a sample of 303 individuals and then analyzed to examine honey consumption
behaviors in relation to socio-demographic factors, purchasing patterns, sensory attrib-
utes, and underlying motivations. The sampling targeted the northwestern Algerian re-
gion. Rare categories were merged based on frequency, and bivariate associations were
tested using Chi-square and Cramér's V. Multiple Correspondence Analysis (MCA) ex-
tracted latent behavioral dimensions, which were then used in a Hierarchical Clustering
on Principal Components (HCPC) to identify consumer profiles. Additionally, a Classifica-
tion and Regression Tree (CART) model was applied to predict the primary motivation for
honey consumption (nutritional vs. therapeutic). The MCA revealed two orthogonal axes,
while HCPC identified three distinct clusters: (1) a health-conscious, tradition-oriented
group, (2) a pragmatic segment, and (3) a price- and brand-sensitive group. CART
achieved 67.3% overall accuracy, with the therapeutic segment yielding the best perfor-
mance (F1-score = 0.697). These findings highlight a multidimensional structure of honey
consumption, offering actionable insights for targeted marketing and nutrition-oriented
interventions.
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Descubriendo las motivaciones del consumo de miel en el noroeste de
Argelia: Un enfoque de modelado multivariado y basado en CART

Resumen

La miel, como alimento culturalmente arraigado y multifuncional, ofrece un ejemplo convincente para explorar cémo
interactuan las motivaciones, los habitos de compra y las preferencias sensoriales en diversos grupos de consumidores.
Se suministrd un cuestionario con trece variables categéricas a una muestra de 303 personas. Las respuestas fueron
analizadas con el fin de examinar los comportamientos de consumo de miel en relacion con factores sociodemograficos,
patrones de compra, atributos sensoriales y motivaciones subyacentes. EI muestreo se centrd en la region noroeste de
Argelia. Las categorias poco frecuentes se fusionaron segun su frecuencia y se evaluaron las asociaciones bivariadas
mediante la prueba de Chi-cuadrado y la V de Cramér. El Analisis de Correspondencias Multiples (ACM) extrajo dimen-
siones conductuales latentes, que posteriormente se utilizaron en un Agrupamiento Jerarquico de Componentes Princi-
pales (HCPC) para identificar los perfiles de los consumidores. Ademas, se aplicd un modelo de Arbol de Clasificacion y
Regresion (CART) para predecir la motivacion principal para el consumo de miel (nutricional vs. terapéutica). EI MCA
reveld dos ejes ortogonales mientras que el HCPC identifico grupos distintos: (1) un grupo consciente de la salud y
orientado a la tradicién; (2) un segmento pragmatico centrado en los beneficios nutricionales, el consumo regular y los
canales de venta accesibles, y (3) un grupo sensible al precio y a la marca. El CART logré una precision general del
67,3 %, con el segmento terapéutico que obtuvo el mejor rendimiento (puntuacion F1 = 0,697). Estos hallazgos resaltan
una estructura multidimensional del consumo de miel, lo que ofrece informacién préctica para estrategias de marketing
especificas y estrategias nutricionales.

Palabras clave: arbol de clasificacion y regresion, prediccién de impulsores del consumo, agrupamiento jerarquico,
demanda de miel, ACM

Descobrindo as motivagées para o consumo de mel no noroeste da Argélia:
Uma abordagem de modelagem multivariada e baseada em CART

Resumo

O mel, como alimento culturalmente enraizado e multifuncional, oferece um exemplo convincente para explorar a forma
como as motivagdes, os habitos de compra e as preferéncias sensoriais interagem em diversos grupos de consumido-
res. Um questionario com treze variaveis categoricas foi aplicado a uma amostra de 303 individuos e depois analisado
para examinar os comportamentos de consumo de mel em relagéo a fatores sociodemograficos, padrdes de compra,
atributos sensoriais e motivagdes subjacentes. Amostragem focada na regido noroeste da Argélia. As categorias raras
foram fundidas por frequéncia, e as associagdes bivariadas foram avaliadas pelos testes do qui-quadrado e V de Cra-
mér. A Analise de Correspondéncia Multipla (ACM) extraiu dimensdes comportamentais latentes, que foram posterior-
mente utilizadas no Agrupamento Hierarquico de Componentes Principais (ACP) para identificar perfis de consumido-
res. Além disso, foi aplicado um modelo de Arvore de Classificacio e Regressdo (CART) para prever a motivagéo pri-
maéria para 0 consumo de mel (nutricional vs. terapéutica). A ACM revelou dois eixos ortogonais, enquanto o HCPC
identificou trés grupos distintos: (1) um grupo preocupado com a saude e virado para a tradi¢do; (2) um segmento
pragmatico focado nos beneficios nutricionais, no consumo regular e nos canais de venda acessiveis; e (3) um grupo
sensivel ao prego e @ marca. O CART alcangou uma preciséo global de 67,3%, com o segmento terapéutico a apresen-
tar o melhor desempenho (pontuagdo F1 = 0,697). Estas descobertas destacam uma estrutura multidimensional do
consumo de mel, oferecendo insights praticos para estratégias de marketing e nutrigao direcionadas.

Palavras-chave: e arvore de regresséo, previsao de fatores de consumo, agrupamento hierarquico, demanda de mel, ACM

2 Agrociencia Uruguay 2025;29:e1820



Benkrizi N, Dahloum L, Meghoufel NL, Benabdi F, Chetouane S £

1. Introduction

Honey is a naturally sweet beehive product with several nutritional and therapeutic virtues('). Known as a func-
tional food, it is especially popular among the elderly during the winter(2. Honey can come from the nectar and
pollen of a single plant (monofloral honey) or of several plants (polyfloral honey). Several factors such as geo-
graphical conditions and climate can have an effect on its composition®®). Its consumption varies from one
country to another; in Algeria, honey consumption is of 0.200 kg per year and per inhabitant, were a third of
consumers buy imported honey®. Among the locally produced honey, Jujube and Eucalyptus honey predomi-
nate. This consumption is influenced by the eating habits and culture of individuals®).

The motivations of individuals to consume honey or any other food are linked to several factors, including their
behavior. According to Hossain and others(®), eating behavior refers to the way of eating; this includes, in par-
ticular, consumers’ habits towards food. It involves the choice and reason for choosing the food, as well as the
timing of meals and the quantities ingested; the emotional aspect has also been included in this description.
The most common determinants of eating behavior are the physical and psychological aspects, the environ-
ment, the financial level, marketing, and the social and cultural environment(®). According to the research con-
ducted by Kleisiari and others(”) and Mascarello and others(®), it was deduced that the motivation to consume
honey was for health reasons. It has also been shown that occasional consumption of honey in winter can be
considered as a medicinal beverage®(19). Other studies have asserted that the motivation for consuming hon-
ey is linked to nutritional value and health benefits(1(12), Other individuals have other motivations for consum-
ing honey, like culinary habits. This type of consumption motivation suggests that the concerned people want
to combine the sweet aspects of honey with healthy considerations('3). For example, many Poles introduce
honey into their culinary preparations@. On the other hand, other motivations for consuming honey remain; for
example, Hungarians attach particular importance to the origin of the honey©). This type of motivation automat-
ically refers to places of purchase that evoke a certain quality assurance for the consumer(1%(14), On the other
hand, Italian consumers pay more attention to honey purchasing quantity as long as it does not exceed
500 g(*5).

Understanding the factors that influence consumer food choices is critical to improving public health, reducing
food waste, and aligning supply with demand. In this context, machine learning (ML) has emerged as a valua-
ble tool for exploring complex, multivariate relationships in consumer behavior data. ML techniques, particular-
ly decision-tree-based algorithms like Classification and Regression Tree (CART), have demonstrated effec-
tiveness in modeling consumer preferences, predicting purchasing behavior, and segmenting populations
based on shared attributes(').

In the agri-food sector, ML techniques are increasingly applied to optimize product formulation, ensure quality
control1)('8), and support precision nutrition strategies, including the prediction of egg quality(9% and the
diagnosis of diet-related disorders('6). However, despite honey’s recognized nutritional, therapeutic, and cul-
tural roles, few studies have addressed consumer motivations for honey consumption using ML-based predic-
tive modeling, revealing a significant gap in the literature.

Alongside ML, multivariate statistical methods, such as Multiple Correspondence Analysis, offer complemen-
tary insights by revealing patterns in qualitative survey data. MCA has been successfully applied to identify
consumer segments and motivations in diverse food-related contexts(21(22)(23)(24),

In response to this identified gap, this study proposes a hybrid analytical framework, integrating Multiple Cor-
respondence Analysis with Classification and Regression Tree to model the underlying motivations for honey
consumption. Specifically, this study seeks to:
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= |dentify key variables and drivers influencing honey consumption behavior;

= Generate interpretable motivation profiles among consumers;

= Segment consumers based on their attitudes and preferences;

= Provide actionable insights for improving honey marketing and policy strategies.

2. Materials and Methods

2.1 Survey Design and Data Collection

The present investigation draws on a structured questionnaire survey designed to assess honey consumption
behaviors and preferences among 303 individuals in northwestern Algeria, all of whom self-identified as honey
consumers. The questionnaire consisted exclusively of close-ended questions and was divided into two main
sections: (1) socio-demographic characteristics of the respondents, and (2) variables related to purchasing
habits, sensory preferences, and motivational drivers for honey consumption. Thirteen categorical variables
were ultimately retained for statistical analysis. A comprehensive list of these variables and their respective
categories is presented in Table S1 (in Supplementary Material).

The questionnaire was administered online via Google Forms, and a snowball sampling technique was used to
reach a diverse population of consumers, following the approach of Mascarello and others(@).

Although the sample size was not calculated through probabilistic formulas, a total of 303 respondents were
deemed sufficient to ensure category saturation and the stability of multivariate analyses. This sample size
aligns with recent consumer studies using MCA methodology with comparable or smaller samples(2),

2.2 Data Preprocessing and Variable Selection

Before statistical modeling, the dataset was subjected to a thorough preprocessing phase. Frequency distribu-
tions were examined for all categorical variables, and rare categories were merged when appropriate to pre-
vent over fragmentation and to enhance analytical robustness.

To assess the strength of association between the explanatory variables and the dependent variable Con-
sumption Reasons, both Pearson’s Chi-square (x?) tests and Cramér’s V coefficients were computed. The Chi-
square statistic was calculated using the formula:

X* = XX [(05 — Ey)?/ Ey

Where Oj and Ej are the observed and expected frequencies for each cell i, j in the contingency table of size r
x ¢, under the assumption of independence.

To standardize the strength of association and enable comparison across variables, Cramér’s V was comput-
ed as follows:

V = V[(}*/n) /min(r — 1,c¢ — 1)]

Where n is the total sample size, and r and ¢ are the number of rows and columns in the contingency table,
respectively.

Cramér’s V ranges from 0 (no association) to 1 (perfect association), and is particularly suitable for assessing
relationships among categorical variables with unequal dimensions. Only variables with Cramér's V greater
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than 0.14 were retained for multivariate analysis, consistent with Cohen’s(26) benchmark for moderate effect
size. However, the variable honey texture (V = 0.09), though below this threshold, was also retained due to its
strong behavioral relevance and its key role in sensory differentiation. This selective inclusion aimed to bal-
ance statistical robustness with substantive interpretability.

2.3 Multiple Correspondence Analysis and Consumer Segmentation (HCPC)

A Multiple Correspondence Analysis (MCA) was conducted using the Factoshiny interface from the
FactoMineR package in R. This environment also enabled subsequent segmentation via Hierarchical
Clustering on Principal Components (HCPC), a method that integrates factorial coordinates with agglomerative
clustering to enhance consumer profiling. The MCA served to reduce the dimensionality of the categorical
dataset and uncover latent behavioral structures underlying consumer preferences.

The individual coordinates derived from the MCA were used as inputs for a hierarchical clustering procedure
based on Ward'’s criterion and Euclidean distance, as implemented in the HCPC algorithm. The optimal num-
ber of clusters was determined by examining dendrogram cohesion and interpretability. Resulting consumer
segments were interpreted using the most discriminating modalities, identified through v-test values (v = 2),
class/mod and mod/class ratios, and their relative contributions. This segmentation strategy aligns with meth-
odological recommendations by Cirié and others(2) and Ignjatijevi¢ and others(28), who demonstrated the ro-
bustness of multivariate approaches for identifying heterogeneous consumer profiles in local food markets.

2.4 Predictive Modeling Using CART

A Classification and Regression Tree (CART) model was implemented to predict the categorical target variable
“Consumption Reasons”. The model construction followed a supervised learning framework, where the recur-
sive binary partitioning of the input space was based on the hyperbolic tangent impurity function. To mitigate
overfitting and enhance generalization, a ten-fold cross-validation strategy was applied. The maximum tree
depth was constrained to five levels, while the minimum sample sizes required were set to 30 observations for
parent nodes and 15 for child nodes, ensuring sufficient statistical power at each split. Six categorical predic-
tors: Sex, Favorite Consistency, Purchase Place, Purchase Period, Purchase Quantity, and Purchasing Crite-
ria were selected based on prior bivariate association metrics (Cramér’s V and x? test). These variables were
introduced into the model without transformation, allowing CART to capture non-linear and high-order interac-
tion effects. The resulting tree structure enabled the identification of the most discriminative variables and pro-
vided interpretable decision paths that partitioned consumer profiles according to their underlying motivations
for honey consumption.

2.5 Model Evaluation Metrics

To assess the predictive performance of the Classification and Regression Tree (CART) algorithm, standard
classification metrics were computed based on the confusion matrix. Let TP, TN, FP, and FN denote the num-
ber of true positives, true negatives, false positives, and false negatives, respectively.

The accuracy is defined as the proportion of correctly classified instances:

TP + TN
TP + TN + FP + FN

Accuracy =

The sensitivity or recall measures the model’s ability to identify positive instances:
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TP

Recall = ——
A T TP+ FN

The precision quantifies the proportion of correctly predicted positive instances among all positive predictions:

TP

Accuracy = TP—+FP

To provide a balanced evaluation of precision and recall, the F1-score was computed as the harmonic mean of
both metrics:

TP+ TN
TP + TN + FP + FN

F1 — score =

3. Results and Discussion

3.1 Socio-Demographic Profile of Honey Consumers

The variables selected with Cramér's V are presented in Figure S1 (in Supplementary Material) and the so-
cio-demographic profile of respondents is shown in Figure 1. The survey revealed a predominance of female
respondents (64.7%) compared to males (35.3%). This gender imbalance is consistent with earlier findings in
the honey consumption literature(")2%), which often attribute higher female participation to their more active role
in household food purchasing and their greater engagement with food quality considerations. Cultural patterns
in northwestern Algeria, where women are frequently responsible for family food provisioning, may also ex-
plain this over representation.
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Figure 1. Socio-demographic profile of honey consumers
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Age distribution was markedly skewed toward younger adults, with the 20-29 age group comprising over two-
thirds of the sample (71.9%), followed by 30-39 years (16.8%), 40-49 years (7.3%), and 50 years or older
(4.0%). The dominance of younger cohorts can partly be explained by the online mode of survey administra-
tion, which inherently favors digitally having and literate populations. This trend is in line with observations in
similar online consumer studies conducted in emerging economies, where younger age groups display greater
responsiveness due to higher internet penetration and familiarity with digital tools. Also, this result can be ex-
plained by the attachment of this study with higher education activity. The emergence of the new lifestyle that
balanced between health and dietary habits is influenced essentially by age cohort®). Young generation is
more preoccupied by its appearance, body weight and health.

Regarding occupational status, non-employed individuals (55.8%) outnumbered employed respondents (44.2%).
The non-employed category was largely composed of university students, who were the main contributors to this
higher education study —a segment known for its digital literacy and readiness to participate in online research. This
may have influenced the sample’s age structure and contributed to the prominence of younger respondents.

Knowing that the national minimum wage is 20,000 DZD per month, household income levels showed that the
largest proportion of respondents (48.2%) earned less than 20,000 DZD per month, followed by those earning
between 30,000 and 100,000 DZD (33.7%). Only a small minority (16.2%) reported earnings above
100,000 DZD, with high-income respondents concentrated in coastal urban areas. The clear concentration of
lower- to middle-income groups suggests that honey purchasing behaviors in the region are shaped by price
sensitivity, as supported by prior studies linking disposable income to consumption limitation®132), On the
other hand, Ribeiro and others(33) have proved that people who earn more income purchase more honey and,
on the opposite, those who perceive less income buy less honey.

Overall, the socio-demographic profile suggests that honey consumption in northwestern Algeria is influenced
not only by cultural and gender roles but also by generational and economic factors. The dominance of young-
er, digitally active respondents reflects the methodological choice of online sampling, while income disparities
point to the relevance of price and affordability in shaping consumption patterns.

3.2 Consumer Preferences and Purchasing Behavior

Purchasing habits and consumption patterns are depicted in Figure 2. Analysis of preference attributes re-
vealed a notable inclination toward liquid honey (45.2%), followed by a general openness to all types (38.0%),
while crystallized honey was less favored (16.8%). This hierarchy reflects a sensory-driven preference pattern
commonly observed in Slovakia, where consumers prefer liquid honey because of freshness aspect and easy
manipulation(22). Generally, liquid honey is perceived and often associated with freshness and premium quality
by consumers. In terms of purchasing channels, direct procurement from beekeeping farms dominated
(56.1%), surpassing purchases from markets (31.4%) and beekeeping fairs (10.9%). This pattern underscores
the role of short supply chains in fostering consumer trust and reinforcing perceptions of authenticity, particu-
larly for products with health-related reputations such as honey(4),

Seasonal trends in consumption showed that the majority of respondents reported purchasing honey year-
round (51.5%), while winter (18.5%) and summer-autumn (17.2%) purchases were secondary. According to
Oliveira Neto and others(®3), purchasing honey takes place mainly all-year round, followed by summer and
rainy season. However, this present study showed that spring purchases were minimal (12.9%), indicating that
honey in the surveyed Algerian region is perceived less as a seasonal indulgence and more as a staple prod-
uct with sustained demand across the year. This perception is further reflected in purchasing frequency, where
70.6% of respondents reported acquiring honey one to two times per year, compared to 29.4% purchasing
three to five times annually, suggesting a balance between occasional and habitual consumption patterns.

Agrociencia Uruguay 2025;29:e1820 7
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Figure 2. Distribution of responses concerning honey purchasing behavior and preferences

Regarding purchasing criteria, origin emerged as the primary determinant in honey purchasing decisions
(82.2%), far surpassing brand (12.2%) and price (5.6%). This finding underscores the central role of prove-
nance as a proxy for both quality and authenticity within local markets. Similarly, Oravecz and Kovacs®®
showed the particular importance attach to honey origin made by consumers of Hungary. Purchase volumes
were predominantly concentrated in smaller packaging formats, 250 g (36.0%) and 125 g (33.9%), while larger
units such as 1 kg (21.1%) were less frequently chosen, a pattern likely influenced by budgetary constraints
and storage or consumption practices in smaller households. These quantities are less than those preferred by
Romanian honey buyers, who choose quantities of more than 1 kg(®¢). Glass was by far the most preferred
packaging material (96.4%), with plastic accounting for only 3.6%, reflecting consumer perceptions of honey
as a premium, natural product best preserved in inert, non-reactive containers.

3.3 Latent Dimensions and Hierarchical Consumer Profiling

The first latent dimension, which explains 11.12% of the total variance, appears to structure consumer behav-
ior around two contrasting motivations and purchasing logics (Figure 3). On the positive side of this axis, the
modality “Market” shows the highest contribution (16.38%) and a strong coordinate (0.933), indicating that this
purchasing channel plays a central role in the construction of Axis 1. Closely associated with this are the mo-
dalities “Nutritional Value” and “Male,” both of which are positively projected and show high v-test values (9.28
and 2.21, respectively). These results suggest that this side of the axis reflects a profile of male consumers
who tend to purchase honey primarily for nutritional properties and through conventional retail outlets, such as
markets. This consumption pattern may reflect a functional, diet-integrated use of honey, with less emphasis
on traditional or therapeutic meanings. Similar findings have been reported in various European contexts,
where male consumers with routine-oriented behaviors tend to prefer honey for nutritional integration rather
than traditional or symbolic reasons. This functional and utilitarian logic has also been observed by Zanchini
and others®%, who found that male consumers are often driven by nutritional efficiency and purchase conven-
ience rather than origin or cultural significance.
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Figure 3. Two-dimensional MCA plot of variable categories

Conversely, the negative side of Axis 1 is characterized by modalities such as “Therapeutic Reasons,” “Bee-
keeping Fair,” and “Beekeeping Farm,” which all display strong negative coordinates and substantial contribu-
tions. These modalities are also associated with the female modality, which, although less strongly projected,
aligns more with this traditional cluster. The presence of therapeutic motivations and direct or artisanal pur-
chasing channels (e.g., fairs and farms) suggests that this pole represents a consumption style rooted in
health beliefs, natural product trust, and traditional knowledge('2). Several studies have emphasized the trust
placed in origin, health benefits, and direct producer relationships by female consumers, especially when ther-
apeutic motives are involved. This therapeutic-traditional orientation has been widely documented in the litera-
ture. Schifani and others(3”) showed that Italian consumers tend to buy local honey because of its quality and
safety. Similarly, Sama and others(®8) found that trust in the source and natural authenticity are key drivers for
consumers, with Spanish women constituting the cluster most concerned about fair-trade honey. Moreover,
the authors emphasized that women are more likely to associate honey with symbolic, traditional, and emo-
tional values rather than with functional properties alone, while women in Poland consume honey for dietary
purposes(®4).

The second axis, which accounts for 9.5% of the total variance, introduces an additional layer of differentiation,
mostly structured around gender and purchasing behavior. Male respondents are positioned on the negative
side (coord. —0.758, cos? = 0.313), while females are projected on the positive side (coord. +0.414, cos? =
0.313). In addition, the “Market” modality is positively associated with this axis (coord. +0.520, v-test = +6.10)
as does “Liquid Honey” (coord. +0.245, v-test = +3.87), indicating a tendency among female consumers to
purchase liquid honey from markets. Conversely, texture modalities such as “Cry-Cream” and “All Types” con-
tribute weakly to this dimension. Altogether, Axis 2 expresses a subtle differentiation where female consumers
associate honey with liquid form and market acquisition, while male respondents cluster on the opposite side,
without a specific texture or channel preference. These gender-based preferences have been observed by
Sedik and others(22, who reported that Slovaks tend to prefer liquid honey for its sensory clarity and health
connotations. It is essential to note that product appeal plays a prominent role among female consumers
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around the world. This dual structuring by gender and sensory expectations confirms that honey is not only a
nutritional good but also a culturally shaped product, where form and meaning intersect.

Taken together, Axes 1 and 2 offer a coherent and multidimensional framework for interpreting consumer
segmentation in honey consumption. The first dimension captures a motivational and symbolic contrast be-
tween, on the one hand, consumers oriented toward therapeutic use and favoring artisanal purchase chan-
nels, such as beekeeping fairs and farms —often associated with female respondents—, and, on the other hand,
those who value honey primarily for its nutritional properties and tend to acquire it through conventional mar-
kets, a profile more closely associated with male respondents. The second axis further refines this structure by
introducing a gender-based and behavioral differentiation: female consumers are positively aligned with liquid
honey and market-based acquisition, while male respondents are projected negatively and do not exhibit
strong associations with specific textures or channels. Together, these two axes define a representational
space gender, motivation, and purchasing behavior intersect. This factorial structure offers a robust basis for
subsequent segmentation via clustering and predictive modeling (e.g., CART). This integrative perspective is
supported by the findings of Cosmina and others®9) and Sparacino and others), who documented multidi-
mensional representations of honey consumption across Italy. According to Cosmina and others(®9), motiva-
tions and channels of acquisition consistently emerged as powerful predictors of behavioral segmentation.
However, Sparacino and others() describe four clusters according to motivations and preferences, defined by
healthy consumer, sustainable consumer, organic consumer and quality-sensitive consumer.

Hierarchical clustering performed on the principal components derived from the multiple correspondence anal-
ysis revealed three distinct consumer profiles based on preferences and behaviors toward honey consumption
(Figure 4). Each cluster was interpreted using the most discriminating modalities (v-test = |2|), supported by
class-specific frequencies and global modality distributions. This segmentation structure confirms the multidi-
mensional consumer landscape previously highlighted by the MCA.

5 040 015 02

i\

Cluster Dendrogram

j‘l”””ﬂuuuuunnun

Figure 4. Hierarchical clustering dendrogram of honey consumers

The first cluster is primarily characterized by a therapeutic motivation for consuming honey. This reason is
highly overrepresented (v-test = 9.99), with 80.3% of individuals in this group citing it as their main motive,
accounting for 81.8% of all respondents selecting this modality. These consumers also reported purchasing
honey predominantly during the winter season, suggesting a seasonal or symptom-driven consumption pat-
tern. The purchase location is mainly the beekeeping fair, with a strikingly high class/model association
(93.9%), pointing toward reliance on specialized apicultural events rather than conventional retail channels.
This cluster is also predominantly female, prefers creamy or crystallized textures, and exhibits a low purchase
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frequency (once or twice per year). The origin of the product is a key purchasing criterion, highlighting a strong
attachment to authenticity and possibly to artisanal or local production. Collectively, this cluster can be inter-
preted as a health-conscious and tradition-oriented segment, where therapeutic value, provenance, and trust
in the source guide purchasing decisions. This traditional, health-conscious profile has been widely document-
ed, particularly in studies showing trust in local products and ethnocentric tendencies!). In fact, consumers
who tend to buy directly from producers and are highly sensitive to product origin need to have a quality as-
surance('0(14), Similarly, Pocol and Teselios2 in Romania highlighted the importance of provenance and
health values.

The second cluster reflects a more functionally oriented consumer profile, with nutritional benefits identified as
the primary consumption driver (v-test = 7.95). These individuals consume honey throughout the year (v-test =
7.57), indicating its integration into daily dietary habits. The cluster is predominantly male, with a tolerance or
preference for all types of textures (v-test = 5.76), and tends to purchase moderate quantities (1 kg) at a mod-
erate frequency (three to five times per year). Although the origin of the honey remains an important selection
criterion (v-test = 4.86), the emphasis appears more pragmatic than cultural. The market place is the primary
purchase location, consistent with behavior that values convenience and accessibility. Altogether, this cluster
represents a group of rational and regular consumers, driven by nutritional considerations rather than emo-
tional or symbolic attachments. This pattern aligns with studies from Poland and Hungary describing daily or
functional users who integrate honey into their regular diets®4). This segment aligns with the findings of
Oliveira Neto and others®3), who showed that male consumers in Brazil incorporate honey regularly as part of
dietary routines. Oliveira Neto and others(®) also report that frequency and volume of honey purchase in-
crease with functional use, particularly when the motivation is dietary rather than therapeutic. Moreover, Sedik
and others(12) found that Slovak adults over the age of 51 showed strong preferences for practicality and regu-
lar intake, often without symbolic or seasonal anchoring.

The third cluster is driven primarily by economic and branding considerations. Here, price is the most dominant
purchasing criterion (v-test = 7.28), with over 82% of individuals selecting it, followed by brand (v-test = 6.18).
These consumers are frequent buyers in local markets, like Cluster 2, but they stand apart due to their prefer-
ence for very small quantities (125 g) (v-test = 3.87), suggesting limited or opportunistic consumption. Alt-
hough nutritional motivation is present, it is only weakly represented in this group (v-test = 3.66). Preferences
include liquid texture (v-test = 3.39) and non-seasonal purchasing patterns, but without the structural con-
sistency observed in Cluster 2. This group can be interpreted as a price-sensitive and brand-aware segment,
likely influenced by promotional offers or affordability, with less emphasis on intrinsic product quality or origin.
A similar price- and convenience-driven segment was found by Batt and Liu®3), who showed that price and
branding are key drivers for purchasing honey.

Overall, these three profiles illustrate the heterogeneity of honey consumption behavior. The contrast between
the clusters reveals multiple consumer logics: a preventive health and tradition-based approach (Cluster 1), a
routine and nutrition-driven behavior (Cluster 2), and a cost-conscious and brand-influenced strategy (Clus-
ter 3). Interestingly, while origin as a criterion emerges in Clusters 1 and 2, it is almost absent in Cluster 3,
highlighting differentiated expectations across the market segments. This layered segmentation is consistent
with the work by Ignjatijevi¢ and others(28), who confirm that motivations vary along lines of health and routine.
Studies such as that by Cosmina and others(9) and further emphasize that perceived product quality, including
origin, is unequally valued across segments, reinforcing the multidimensionality revealed here.

The segmentation offers actionable insights for stakeholders in the honey sector. From a marketing perspec-
tive, Cluster 1 consumers could be targeted with messages emphasizing therapeutic properties, natural origin,
and traditional beekeeping practices, ideally through specialized fairs or local networks. Cluster 2 would re-
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spond better to campaigns highlighting nutritional value, reliability, and product availability, with a strong pres-
ence in conventional retail channels. Cluster 3, in contrast, would require competitive pricing, smaller package
sizes, and strong brand visibility to foster engagement and loyalty. Such differentiated targeting strategies
echo recommendations by Blanc and others(#4), who advocate for segmentation-based marketing to enhance
product appeal. Kehagia and others(3) further highlight the importance of labeling and traceability cues, while
Popescu and Guresoaie(*® suggest promotional tactics for Romanian honey.

From a public health and policy perspective, targeted education could help price-sensitive consumers (Clus-
ter 3) recognize the nutritional and health benefits of honey, reducing reliance on price as the sole decision
factor. Strengthening quality labels (e.g., origin-certified, organic) could also increase consumer trust across all
profiles, especially for Clusters 1 and 2. This aligns with policy-focused findings by Pocol and Bolboaca“®) and
Ignjatijevi¢ and others(28), who argue that well-designed food education can shift consumer choices toward
health-promoting products, even among economically constrained populations.

The combination of MCA and hierarchical clustering proved to be effective for identifying latent behavioral
structures, even in the context of purely categorical survey data. Despite modest bivariate associations, this
approach revealed meaningful and actionable consumer typologies that contribute to a deeper understanding
of honey purchasing behavior and its determinants.

3.4 CART-Derived Classification

Beyond global classification accuracy, additional performance metrics were derived from the confusion matrix
to provide a more nuanced assessment of the CART model’s predictive capability (Table 1). The overall accu-
racy reached 67.3%, with the model correctly classifying 204 out of 303 participants. For the Nutritional Value
group, the model achieved a recall (sensitivity) of 69.2%, indicating that it was able to identify the majority of
participants motivated by nutritional reasons. However, precision for this class was moderate (60.4%), sug-
gesting some degree of misclassification with respondents actually motivated by therapeutic reasons. The
corresponding F1-score was 0.645, reflecting a balanced trade-off between precision and recall.

Table 1. CART model performance metrics

Metric Nutritional value Therapeutic reason Overall
True positives (TP) 90 114
False positives (FP) 59 40
False negatives (FN) 40 59
Precision (%) 60.4 74.0
Recall/Sensitivity (%) 69.2 65.9
F1-score 0.645 0.697
Accuracy - - 67.3
Resubstitution error rate - - 0.327+0.027
Cross-validated error rate - - 0.376 £ 0.028

For the Therapeutic reason category, the model demonstrated slightly lower recall (65.9%) but higher preci-
sion (74.0%), indicating more reliable identification of respondents in this group. The F1-score for this class
was 0.697, highlighting the model's relatively stronger discriminative power for therapeutic motivations. These
results suggest that while the tree-based model provides interpretable decision rules, consumer motivations
for honey consumption are complex and partly overlapping, which may explain the moderate precision-recall
12 Agrociencia Uruguay 2025;29:e1820
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trade-offs. Future improvements may involve testing ensemble classifiers or integrating fuzzy logic to better
accommodate ambiguity in consumer preferences. These results align with those reported by Purnomo and
others#”), who applied a CART model in Indonesia to predict honey purchasing frequency in West Java based
on demographic characteristics. Their model, which achieved an accuracy of 70.3%, identified health-related
motivations as the most influential predictors of consumer behavior. By capturing context-specific patterns
within the Indonesian market, their findings further illustrate the capacity of decision tree algorithms to disen-
tangle complex and culturally embedded consumption dynamics. This convergence underscores the methodologi-
cal robustness and cross-cultural relevance of CART models in exploring multidimensional consumer motivations.

3.5 CART-Based Consumer Segmentation

The CART analysis, applied to classify honey consumption motivations, revealed a well-structured decision
hierarchy based on behavioral and preference-related variables (Figure 5). The root node included the full
sample of 303 individuals, 42.9% of whom reported consuming honey for nutritional purposes and 57.1% for
therapeutic reasons, suggesting a slight predominance of health-oriented motivations.

Consumption Reasons

Noeud 0
Catégorie Yo n
T TS T 1 M Nutritional Value 42 .9 130
i Nutritional Value 1 M Therapeutic Reasons 57,1 173
. M Therapeutic Reasons 1 Total 100 ,0 303
___________
Purchase Period
Amélioration=0,020
All Year Long; Spring Winter; Summaer-Autumn
Noeud 1 Noeud 2
Catégorie Yo n Catégorie Yo n
I Nutritional Value 50,3 98 W Nutritional Value 29,6 32
I Therapeutic Reasons 49 .7 97 M Therapeutic Reasons 70 .,4 76
Total 64 .4 195 Total 35,6 108
Purchase Place
Amaélioration=0,011
Merl(e! B Farm; B g Fair
Noeud 3 Noeud 4
Catégorie Yo n Catégorie Yo n
I Nutritional Value 62,9 44 M Nutritional Value 43 .2 54
B Therapeutic Reasons 37 .1 26 B Therapeutic Reasons 56 .8 71
Total 23 1 70 Total 41,3 126
Sexe
Amélioration=0,017
Female MaLa
Noeud 5 Noeud 6
Catégorie Yo n Catégorie Yo n
I Nutritional Value 29,9 20 W Nutritional Value 58 .6 34
I Therapeutic Reasons 70,1 47 I Therapeutic Reasons 41 .4 24
Total 22 1 687 Total 19,1 58
PurchaseQuantity
Amélioration=0,015
1Kg; 11259 250g; 500g
Noeud 7 Noeud 8
Catégorie Yo n Catégorie Yo n
I Nutritional Value 57 1 12 M Nutritional Value 17 .4 8
M Therapeutic Reasons 42 .9 9 M Therapeutic Reasons 82 .6 38
Total 6.9 21 Total 15.2 46
=
PurchaseQuantity
Amélioration=0,004
2519 Solg
Noeud 9 Noeud 10
Catégorie Yo n Catégorie Yo n
I Nutritional Value 7.7 2 B Nutritional Value 30,0 6
Il Therapeutic Reasons 92,3 24 Il Therapeutic Reasons 70,0 14
Total 8.6 26 Total 6.6 20

Figure 5. CART model of honey consumption reasons
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The first and most discriminative split in the tree was based on the purchase period. Consumers who reported
purchasing honey throughout the year or during the spring (Node 1) displayed a nearly balanced distribution of
motivations, with 49.7% citing nutritional reasons and 50.3% therapeutic ones. In contrast, those who pur-
chased mainly in winter and autumn (Node 2) were predominantly motivated by therapeutic purposes, repre-
senting 70.4% of that subgroup. This seasonal differentiation may reflect an increased focus on health-related
uses of honey during colder months, a phenomenon also observed by Ribeiro and others(®3), who highlighted
seasonal consumption spikes due to perceived medicinal benefits.

Within the “all year long/spring” segment, a subsequent division based on purchase location further refined
consumer profiles. Those who purchased honey at markets (Node 3) were predominantly nutritionally motivat-
ed (62.9%), whereas individuals who sourced honey directly from beekeeping farms or fairs (Node 4) leaned
toward therapeutic motivations (56.8%). This distinction is aligned with previous studies that emphasized that
consumers who prefer artisanal local foods often associate honey with quality and safety linked to social and
environmental product aspect®?). It means that local honey rhymes with health, tradition, and authenticity.

Node 4 is further divided based on gender. Among these consumers, women (Node 5) were predominantly
driven by therapeutic motivations (70.1%), whereas men (Node 6) showed a slightly higher inclination toward
nutritional consumption, with 58.6% citing this reason. This gender-based segmentation is consistent with ear-
lier observations indicating that women often attribute greater medicinal and symbolic value to honey, while
men show a functional and dietary orientation(33).

Among female consumers (Node 6), the next discriminating factor was the quantity of honey typically pur-
chased. Node 7 includes individuals buying both small (125 g) and large (1 kg) quantities, indicating a hetero-
geneous consumption profile. Within this group, motivations are relatively balanced, with 57.1% citing nutri-
tional reasons and 42.9% citing therapeutic reasons. In contrast, Node 8 encompasses consumers purchasing
mid-sized quantities (250 g to 500 g), among whom therapeutic motivations clearly predominate: 82.6% report
consuming honey for therapeutic reasons. This pattern confirms some studies that suggest that purchasing
behaviors such as quantity®3 or both quantity and packaging are strongly correlated with perceived use(@7).

A finer split of Node 8 reveals two subgroups. Node 9, composed of consumers purchasing exactly 250 g,
exhibits a remarkably skewed distribution: 92.3% report therapeutic motivations. Node 10, representing con-
sumers of 500 g, shows a slightly more diversified profile, with 70.0% citing therapeutic motivations and 30.0%
nutritional ones. These observations support conclusions by Bimbo and others('5), who emphasized that mid-
sized purchases are typically associated with purchasing honey. This purchasing mode is linked with occa-
sional or need-based consumption, often driven by therapeutic or traditional motives.

Despite not being selected as a main node in the CART output, honey texture may still influence consumer
preferences in interaction with other variables. This could be further explored using interaction-based models
or ensemble learning techniques, as suggested by Sedik and others(®), who examined texture preferences
across age segments.

Taken together, the CART model provided an interpretable and analytically sound segmentation of consumers
based on concrete, observable behaviors. The combination of seasonality, sourcing channels, and purchase
quantities effectively predicted the underlying motivations for honey consumption, revealing nuanced and ac-
tionable consumer profiles.

The ranking of predictor variables obtained from the CART model (Table 2) reveals a coherent behavioral
structure underlying consumer motivation for honey consumption. Among all variables tested, purchasing
quantity emerged as the most decisive factor, suggesting that the amount of honey acquired encapsulates
deeper intentions related to its usage. Specifically, moderate and standardized quantities were closely associ-
14 Agrociencia Uruguay 2025;29:e1820
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ated with therapeutic motivations, likely reflecting deliberate, health-oriented practices. Purchase period
ranked second, reinforcing the idea that seasonal timing, particularly during colder months, is a strong indica-
tor of medicinal consumption. Gender also played a substantial role: women were more often linked to thera-
peutic intent, while men tended to prioritize nutritional value. Purchase place contributed to the model by dis-
tinguishing between consumers who favored conventional retail and those who sourced honey through arti-
sanal or direct channels, the latter being more aligned with health-related consumption. Finally, although pre-
ferred consistency and general purchasing criteria displayed lower predictive weights, their inclusion points to
the nuanced and multidimensional nature of consumer behavior that extends beyond overt choices to include
sensory preferences and contextual habits.

Table 2. Importance of independent variables in predicting consumption reasons

Independent variable Importance Normalized importance (%)
Purchase quantity 0.031 100
Purchase period 0.020 64.8
Gender 0.017 54.5
Purchase place 0.014 45.5
Preferred consistency 0.006 17.8
Purchasing criteria 0.003 11.2

Various studies have examined the multidimensional determinants of honey consumption. Recent findings by
Kowalczuk and others(?) indicate that preferences with 65% of responses, along with familial influence and
habitual use, outweigh health or nutritional motivations in shaping consumption patterns. Similarly, Arvanito-
yannis and Krystallis®) emphasized that consumers often prioritize perceptible attributes —such as color, tex-
ture, and flavor- over certification or origin, framing honey as a sensorial rather than symbolic product. In con-
trast, Testa and others(0) identified therapeutic value as the dominant factor influencing honey consumption,
followed by income, variety and taste. Sedik and others(22 further demonstrated that generational differences
modulate the weight assigned to health, sensory, and provenance. Across diverse contexts, these studies
converge to underscore that consumption is driven by an interplay of hedonic, functional, and socio-cultural
dimensions. Altogether, this hierarchy of predictors not only reinforces the multidimensional nature of honey
consumption but also validates the use of decision trees as an interpretable and context-sensitive modeling
tool in food behavior research.

4. Conclusions

This study demonstrates that honey consumption in northwestern Algeria is driven by a complex interplay of
behavioral, socio-demographic, and purchasing-related factors. By applying both Multiple Correspondence
Analysis (MCA) and a Classification and Regression Tree (CART) model, we identified distinct consumer
segments based on their primary consumption motivations. The integration of machine learning (CART) with
exploratory statistical analysis (MCA) allowed for a robust identification of key predictors, providing both de-
scriptive and predictive insights. The most influential factors relate to Algerian consumer profiles, seasonal
consumption patterns, and purchase criteria. These findings hold significant value for stakeholders in the local
apiculture sector. The insights generated may inform targeted marketing strategies, support the development
of product labeling systems that align with consumer expectations, and guide production towards preferred
textures and product attributes. Moreover, optimizing distribution strategies based on these consumer seg-
ments could help reduce market prices and improve accessibility to honey products.
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Supplementary Material

Table S1. Questionnaire structure and coding of categorical variables

Question

Variable

Responses/Modalities

Purposive question: Do you consume honey?

Honey consumption

Yes

No

Section 1. Socio-demographic characteristics

Region

Coastline

Inland

Steppe

Gender

Male

Female

Age (years old)

20-29

30-39

40-49

50 and above

Occupation

Employee

Non-employee

Financial level
(103DZD)

Eq 20

30-100

100-200

above 200

Section 2. Honey purchasing behaviors and preferences

What is the reason that motivates you to consume
honey?

Consumption reasons

Therapeutic Reasons

Nutritional Value

When do you mainly buy honey?

Purchase period

All year long

Spring-Summer

Autumn-Winter

How do you prefer honey consistency?

Preferred consistency

Crystallized- Creamy (Crys-Cream)

Liquid (Liq)

All types

How do you prefer honey color?

Preferred color

Dark

Light

All types

Where do you buy honey?

Purchase place

Market

Beekeeping farm

Beekeeping fair

How often do you purchase honey per year?

Purchase frequency

1-2 times per Year (110 2)

3-5 times per Year (3 to 5)

What is the purchase quantity that you prefer?

Purchase quantity

1259

2509

500g

1kg

What is your criteria choice that motivates you to buy
honey?

Purchasing criteria

Brand

Price

Origin

Packaging

What would you like as a honey packaging material?

Packaging material

Glass

Plastic

1 USD = 134.96 DZD at the time of data collection.
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Figure S1. Heatmap of Cramér’s V associations between variables
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