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Abstract

Background: Plant-based milk and dairy alternatives (PBMDAs) are increasingly consumed
in Europe, yet evidence from Central Europe remains limited. This study investigated
PBMDA consumption habits and perceptions among adults in Slovenia. Methods: A
cross-sectional online survey was conducted in June 2024 using a nationally stratified con-
sumer panel (N = 1500). The questionnaire assessed socio-demographics, lifestyle, selected
self-reported psychological indicators, dietary pattern, PBMDAs-related beliefs, and inter-
pretation of nutrition and ingredient information. Descriptive statistics and chi-square tests
were complemented by multinomial logistic regression and Bayesian analyses. Results:
Most participants followed an omnivorous diet, while vegetarians and vegans constituted
a minority. Compared with omnivores, vegetarians expressed more favorable perceptions
of PBMDAs (health, sustainability, safety), whereas omnivores expressed greater trust
in dairy’s nutritional adequacy and stronger concerns about processing and additives.
PBMDA perceptions varied by socio-demographics: younger participants and women
expressed positive views, and vegetarian/vegan diets were more common among women
and higher-educated consumers. Vegetarians/vegans reported more anxiety and body
dysmorphic concerns than omnivores. When nutrition information was anonymised, both
groups tended to rate dairy as healthier, indicating persistent biases in product evaluation.
Conclusions: PBMDA perceptions in Slovenia are strongly segmented by dietary pattern
and socio-demographics, supporting the need for clearer nutrition communication.

Keywords: plant-based milk and dairy alternatives; consumer perception; dietary patterns;
vegetarian; vegan; dairy; socio-demographic determinants; nutrition labelling; Slovenia

1. Introduction

Over the past decade, the plant-based milk and dairy alternatives (PBMDAs) market
in the European Union (EU) has grown steadily and is projected to continue expanding
between 2024 and 2029. Forecasts predict an increase of approximately USD 2.6 billion over
this period—a 76.47% rise—reaching USD 6 billion by 2029 [1]. In 2023, 28% of participants
from selected European countries reported consuming PBMDAs at least once a week,
reflecting a shift driven by consumers’ perception of such products as being healthier and
environmentally friendlier than milk and dairy products [2-4], although this assumption is
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not always supported by evidence [4,5]. This sustained growth underscores the increasing
acceptance and demand for PBMDAs across the EU [1].

Because consumers often rely on labels and category cues when evaluating PBMDAs, it
is also relevant to consider the EU regulatory context for how these products are presented.
Under Regulation (EU) No 1169/2011 [6], prepacked foods must carry a standardised
nutrition declaration and ingredient list, and food names must not mislead consumers. In
addition, protected dairy designations (e.g., “milk”, “cheese”, “yoghurt”) are reserved for
products derived exclusively from milk under Regulation (EU) No 1308/2013 [7], meaning
fully plant-based products cannot legally be marketed using these dairy terms and typically
require clear descriptive names that distinguish them from dairy products. Finally, nutrition
and health claims are regulated under Regulation (EC) No 1924 /2006 [8], and voluntary
vitamin/mineral fortification is governed by Regulation (EC) No 1925/2006 [9]—both
directly relevant when consumers compare fortified PBMDAs with dairy.

PBMDAs can be classified into five main categories according to their primary in-
gredient: cereals (e.g., oats, rice), legumes (e.g., soy, peas), vegetables (e.g., potato), seeds
(e.g., flaxseed, hempseed), and nuts (e.g., almond, cashew, coconut) [10]. Their nutritional
profile varies considerably depending on the ingredients, formulation, and processing
method [11-13]. Compared with milk and dairy products—rich sources of high-quality
protein, calcium, phosphorus, and other micronutrients—PBMDAs generally contain less or
even no protein and lower amounts of certain vitamins and minerals unless fortified [12-18].
Moreover, processing methods aimed at replicating the sensory qualities of dairy can result
in products classed as ultra-processed, with higher levels of added sugars, saturated fats,
and/or sodium [5,14-19].

Milk is a nutrient-rich secretion produced by lactating mammals to nourish offspring [20]
and has long been processed into stable dairy products with distinct sensory properties
(e.g., yoghurt, cheese, sour cream) and varying macronutrient profiles [21,22]. Bovine milk
is typically ~85-87% water and ~13-15% dry matter, containing ~3.8-5.5% fat, ~2.9-3.5%
protein, ~5% carbohydrates, and ~0.7% minerals [23]. Dairy proteins are highly digestible
and provide all essential amino acids, and dairy is an important source of minerals such
as calcium, phosphorus, and magnesium [21]. Compared with bovine milk, PBMDAs
generally contain less energy and protein, while their micronutrient profile depends largely
on the degree of fortification [5,17,23-25].

Consumer choices regarding PBMDAs are influenced by socio-demographic charac-
teristics, with younger, female, and more highly educated individuals reporting higher
willingness to replace dairy products with PBMDAs [26-30]. In addition, health beliefs, en-
vironmental concerns, ethical considerations, and sensory expectations are also important
motives for adopting plant-based diets, with perceptions of environmental benefits, health-
iness, and sustainability positively associated with PBMDAs consumption [26]. Across Eu-
rope, taste, perceived health benefits, and curiosity are the main drivers for trying PBMDAs,
while affordability and availability affect regular consumption [15-17]. PBMDAs are often
associated with a lower environmental footprint, while health issues such as lactose intoler-
ance or dairy protein allergies are more delicate topics for some individuals [18,19]. At the
same time, consumers frequently rely on simplified health cues—such as “plant-based” or
“natural”—when evaluating these products, which may not always reflect their actual nu-
tritional quality [4,26]. However, awareness of differences in protein content, micronutrient
composition, and fortification practices is limited, contributing to nutritional mispercep-
tions. Sensory characteristics of PBMDAs—especially flavour, texture, and mouthfeel—play
a decisive role in repeat purchases, with products closely resembling dairy gaining wider
acceptance among both vegetarians and omnivores [27,31]. Advances in food technology,
including the use of emulsifiers, stabilisers, flavouring systems, and protein engineering,
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have substantially improved the sensory resemblance of PBMDAs to conventional dairy
products, reducing perceptible differences in blind sensory evaluations [19,32].

In addition to socio-demographic factors, our study also considers the potential in-
fluence of mental health conditions and body image concerns on dietary decision-making
and interest in PBMDAs. This is particularly relevant because psychological factors such
as anxiety, depression, emotional regulation, and body dissatisfaction have been shown
to impact dietary patterns and food choice behaviors [33—44]. Emerging evidence further
suggests that dietary identities, including vegetarian and vegan patterns, may intersect
with psychological characteristics in complex and bidirectional ways. Health belief models,
such as those proposed by Rosenstock (1974) [44], suggest that perceptions of health risks
and benefits significantly influence dietary decisions. These models are consistent with
the notion that perceived health benefits can shape consumer attitudes toward food and
influence food choices beyond purely nutritional considerations. Within this framework,
individuals who perceive dairy products as contributing to weight gain, inflammation, or
other adverse health outcomes may be more inclined to substitute them with PBMDAs
perceived as healthier alternatives. Individuals with heightened anxiety or concerns about
their body image often adopt restrictive eating behaviors, which may include choosing
foods that are perceived as “clean,” “healthy,” or “controlled”, characteristics commonly
associated with PBMDAs. For example, Zuromski et al. (2015) [35] found that women
with eating pathology are more likely to follow vegetarian diets, which are often perceived
as more “controlled” or healthier. Additionally, Saintila et al. (2024) [33] found that de-
pression and anxiety are associated with emotional eating and restrictive eating behaviors,
which can further influence dietary preferences. Similarly, Bardone-Cone et al. (2012) [36]
and Timko et al. (2012) [38] reported that vegetarianism may, in some cases, coexist with
elevated dietary restraint and eating disorder symptomatology, although motivations for
adopting such diets vary substantially across individuals.

The relationship between anxiety and/or depression and dietary patterns is also
emphasized in the literature. Matta et al. (2018) [34] observed that depressive symp-
toms were associated with vegetarian dietary patterns in a large cohort, although the
directionality of this relationship remains unclear. On the other hand, several studies
suggest that well-planned vegetarian and vegan diets are not inherently associated with
higher levels of anxiety or depression once socio-demographic and lifestyle confounders
are considered [40-42]. Other studies even suggest that vegetarianism may be associated
with lower odds of depressive symptoms and better mental health outcomes in specific
populations [43,44]. Importantly, these findings highlight that observed associations may
reflect pre-existing personality traits, greater emotional sensitivity, or heightened health
consciousness among individuals who choose plant-based diets, rather than causal effects
of the diets themselves.

In line with this interpretation, recent research has highlighted that inconsistencies
across studies may partly stem from heterogeneity within plant-based dietary groups
and differences in underlying motivations. Taken together, these findings suggest that
psychological characteristics may interact with dietary motivations in shaping interest in
PBMDAs, but current evidence does not support a simple or unidirectional relationship
between plant-based eating patterns and adverse mental health outcomes.

Despite the growing body of literature examining the nutritional quality and mar-
ket development of PBMDAs, no study to this day in Slovenia has yet explored how
consumption patterns and perceptions differ across consumer groups with distinct di-
etary orientations. In Slovenia, where traditional dietary habits remain deeply rooted
but are gradually shifting to mirror broader European trends towards plant-based diets,
understanding the motivations, preferences, and perceived barriers among both vegetar-
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ians and omnivores is particularly relevant for informing nutrition policy, public health
recommendations, and product innovation.

This study, therefore, aims to investigate consumption habits and perceptions of
PBMDAs among Slovenian vegetarians and omnivores, focusing on differences in frequency
of consumption, ingredient preferences, perceived health benefits, and sensory evaluation.
In particular, we investigated whether (i) lifestyle and body self-image are associated with
age, sex, education level and income; (ii) dietary pattern (omnivorous vs. vegetarian)
depends on socio-demographic background; (iii) dietary pattern is related to lifestyle
characteristics (e.g., physical activity, smoking, healthy eating and mental health status);
(iv) socio-demographic factors and dietary patterns influence consumers’ perceptions of
PBMDAs and their motivations to replace conventional dairy products; and (v) dietary
pattern affects consumer understanding and interpretation of nutrition and ingredient
information on food labels.

By examining these factors, the research seeks to provide insights into how dietary
orientation influences PBMDA acceptance and to contribute to strategies for promoting
nutritionally balanced and sustainable food choices.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional survey was conducted to assess consumption habits and percep-
tions of milk, dairy products, and PBMDAs among adults in Slovenia, with a focus on
differences between vegetarians and omnivores. The study also examined the influence of
socio-demographic factors on lifestyle, dietary patterns, and attitudes toward PBMDAs, as
well as the potential role of self-consciousness about body image and the presence of body
dysmorphic concerns in shaping dietary choices, including veganism.

Data were collected in June 2024 through an online questionnaire administered by an
external market research agency, which maintains a large, nationally representative panel of
Slovenian residents. The target population included individuals aged >18 years residing in
Slovenia. Recruitment was carried out by sending invitations to panel members via email,
with sampling stratified by age, sex, and geographic region to ensure representativeness.

After applying the inclusion criteria (Slovenian residency, age >18 years, and complete
responses to all mandatory items), 1500 participants were included in the final dataset.

Ethical approval for the study was obtained from the Nutritional Research Ethnics
Committee, Biotechnical Faculty, University of Ljubljana (KEP-4-3/2024).

2.2. Questionnaire Development

The questionnaire was developed based on a review of relevant scientific literature
in the fields of nutrition and consumer behaviour. It comprised 28 questions organised
into thematic sections. The first ten questions addressed socio-demographic characteristics,
lifestyle-related behaviours, and mental health status, whereas the remaining items focused
on dietary habits related to milk and dairy products, experience with PBMDAs, and
attitudes towards such products. Both closed- and open-ended formats were used to allow
for quantification and additional clarification of responses.

Prior to finalisation, the draft questionnaire was evaluated in a pilot test with 30 adult
respondents to assess clarity, relevance, and overall structure. Minor revisions were made
in response to the feedback received. The pilot test indicated an average completion time
of approximately 15 min.
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2.3. Data Collection Procedure

The survey was implemented online via the market research agency’s secure platform.
Panel members received an email invitation containing a personalised survey link, which
prevented multiple submissions from the same individual. Participants could complete the
questionnaire using a desktop computer, tablet, or smartphone.

The system ensured completion of mandatory questions before progressing to the next
section, and responses could not be changed once submitted (“forward-only” design). Qual-
ity control measures included automated screening for inconsistent responses and exclusion
of incomplete submissions. Data were collected over a one-month period (June 2024), after
which the anonymised dataset was provided to the research team for analysis.

2.4. Statistical Analysis

All statistical analyses were performed using R version 4.3.1 (R Foundation for
Statistical Computing, Vienna, Austria). Descriptive statistics (frequencies and percentages
for categorical variables; mean, standard deviation, median, and interquartile range for
continuous variables) were used to summarise the characteristics of the study popula-
tion. Group comparisons were conducted with the chi-square test, and effect sizes were
expressed using Cramer’s V. Distribution of responses was visualised using bar charts.
Both frequentist and Bayesian approaches were employed for complementary purposes.
Chi-square tests with Cramer’s V provided widely used effect size measures for initial
group comparisons. Bayesian multinomial logistic regression was additionally performed
because it handles small cell sizes more robustly, provides direct probability statements
about parameters, and allows incorporation of prior uncertainty—particularly relevant
given the small vegetarian/vegan subgroup in our sample.

For multivariate analysis, a Bayesian multinomial logistic regression model was fitted
using the brms package (version 2.21.0). The model estimated the probabilities of each
outcome category while accounting for random effects. Convergence of the Markov chains
was assessed using Rhat values (target value ~ 1), and the effective sample size (ESS) was
evaluated to ensure the reliability of parameter estimates. Results are presented as odds
ratios (ORs) with corresponding 95% credible intervals (Crls). A two-sided p-value < 0.05
was considered statistically significant.

3. Results
3.1. Socio-Demographic Characteristics and Lifestyle Indicators

The first part of the questionnaire was designed to obtain comprehensive information
on socio-demographic characteristics (Table 1) and lifestyle-related behaviours with the
aim of exploring whether these factors are associated with body self-image. Specifically,
respondents were asked to report their sex, age, education level, marital status, type of
residential area, weight (kg), and height (cm), from which body mass index (BMI, kg/ m?)
was calculated.

In addition, several items assessed lifestyle indicators, including physical activity,
smoking, and alcohol consumption, as well as body satisfaction, the presence of self-
reported disordered eating tendencies (e.g., body dysmorphic concerns, experiences with
anorexia nervosa, orthorexia nervosa, or bulimia nervosa), and self-reported mental health
conditions (e.g., anxiety, depression, or other mental health conditions). This section
was structured to research how lifestyle and body self-image are associated with socio-
demographic determinants such as age, sex, education, and income. Participants were able
to choose multiple answers that applied to them. Results of self-reported lifestyle and body
image characteristics of participants are presented in Table 2.
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Table 1. Socio-demographic characteristics of the study participants (N = 1500).

Responses  Percentage (%)

Female 747 49.8
S Male 745 49.7
X Other 4 0.3
Prefer not to answer 4 0.3
18-30 215 14.3
Age (years) 31-45 375 25.0
sety 46-60 420 28.0
60+ 490 32.7
Primary 262 17.5
Secondary (vocational) 297 19.8
Secondary
Education (technical /general) 493 329
Short-cycle tertiary 180 12.0
Tertiary (Bachelor/Master) 201 13.4
Master’s degree (pre-bologna
53 3.5
programme)/Doctoral degree
Prefer not to answer 14 0.9
Single 264 17.6
Married 683 45.5
Marital status In a relationship 388 259
Divorced /widow 129 8.6
Prefer not to answer 36 24
Rural 726 48.4
Type of residency Urban 765 51.0
Prefer not to say 9 0.6
<18 9 0.6
18-24.9 488 325
2
BMI (kg/m?) 25299 489 32.6
>30 298 19.9
Prefer not to say 216 144

Table 2. Self-reported lifestyle and body image characteristics of participants (N = 1500).

Answer Responses Percentage (%)
I am satisfied with my physical appearance 959 64
I pay attention to eating healthy 794 53
I regularly engage in physical activity (sport) 603 40
I am not physically active 319 21
I am not interested in eating healthy 301 17
I smoke daily 250 17
I am not satisfied with my physical appearance 219 15
I struggle with anxiety and/or mood disorders 175 12
I consume alcohol excessively 61 4
I struggle with one of the body dysmorphic disorders 30 2

To examine the association between socio-demographic characteristics and lifestyle
and self-reported body-image indicators, a Bayesian multinomial logistic regression model
was estimated using sex, age, and marital status as predictors. Results are shown in Table 3.
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Table 3. Association between socio-demographic characteristics, lifestyle, and body-image indicators.

Predictor OR* 95% Crl *

Body dysmorphic concerns, divorced /widowed 0.00 0.00-0.14
Dissatisfied with appearance, female 3.74 2.02-6.97
Dissatisfied with appearance, divorced /widowed 0.25 0.08-0.80
Satisfied with appearance, female 1.89 1.09-3.37
Occasional physical activity, female 2.66 1.46-4.94
Regular physical activity, female 2.01 1.11-3.59

Anxiety /mood disorder, female 2.80 1.51-5.39
Smoking daily, older age 2.15 1.004.51

Healthy eating, female 2.38 1.35-4.31

*OR = odds ratio; CrI = credible interval; values < 1 indicate decreased likelihood and values > 1 indicate increased
likelihood compared with the reference category.

Female respondents were significantly more likely to report dissatisfaction with their
physical appearance (OR = 3.73; 95% CrI: 2.02-6.97), anxiety and/or mood disorders
(OR =2.82; 95% Crl: 1.42-5.20), regular physical activity (OR = 2.03; 95% Crl: 1.12-3.66)
and healthy dietary behavior (OR = 2.38; 95% Crl: 1.24-4.16) compared with males. In
contrast, divorced or widowed participants were less likely to report dissatisfaction with
their appearance (OR = 0.25; 95% CrI: 0.08-0.80) and body-dysmorphic concerns (OR = 0.00;
95% Crl: 0.00-0.14) when compared with married respondents. Older respondents showed
higher odds of reporting daily smoking (OR = 2.15; 95% CrI: 1.01-4.11) but were also more
likely to report regular physical activity (OR = 2.02; 95% Crl: 1.14-3.56), indicating a mixed
age-related pattern of health-related behaviours. Overall, these results support that lifestyle
and body-image characteristics are associated with socio-demographic determinants (age,
sex, and marital status).

3.2. Dietary Choices

Dietary choices are shaped by a complex interplay of socio-demographic and psy-
chological factors. We therefore examined how dietary choices in our study population
were associated not only with socio-demographic determinants but also with lifestyle
and mental health characteristics, including smoking, disordered eating, and self-reported
psychological conditions.

As shown in Figure 1, most participants reported following an omnivorous diet,
whereas a minority reported alternative dietary patterns (e.g., vegetarian, vegan, carnivore,
low-carbohydrate high-fat (LCHF), ketogenic diet) or chose not to disclose. A small subset
also reported medically prescribed diets. These findings underscore the predominance of
omnivores in the study population while highlighting that a non-negligible proportion of
respondents engage in alternative dietary patterns. Given the potential links between such
dietary choices and socio-demographic as well as lifestyle characteristics, further analyses
were performed to investigate these associations in greater detail.

In subsequent analyses, we focused predominantly on differences between omnivores
and vegetarians; due to the small sample sizes of the latter groups, vegetarians and vegans
were combined in most analyses to ensure adequate statistical power, although they were
treated separately in cases where this was analytically appropriate. This focus was further
justified by the results of the statistical analysis, which indicated that vegetarians and
vegans differed most markedly from omnivores in their perceptions of PBMDAs. In contrast,
other dietary patterns did not exhibit statistically significant differences. For clarity, when
referring to the combined vegetarian and vegan group throughout the manuscript, we use
the term “vegetarians,” except in instances where vegetarians and vegans are explicitly
discussed separately, which is indicated accordingly.
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Omnivore (77.3%)

Self-reported dietary pattern

Other (2.1%)

Vegetarian (9.9%)
Carnivore (2.3%)
Vegan (2.1%)

LCHEF diet (1.7%)
Ketogenic diet (1.2%)

Prefer not to answer (3.3%)

200 400 600 800 1000 1200
Number of participants (N = 1500)

o

Figure 1. Distribution of self-reported dietary patterns among participants (N = 1500).

Bayesian multinomial logistic regression was used to identify socio-demographic
and lifestyle predictors of dietary patterns. Sex, education, and marital status emerged as
the main predictors of vegetarian diet compared with omnivory in the Bayesian analysis
(Table 4). Frequentist multinomial logistic regression results were consistent in direction
and are provided for context [45,46].

Table 4. Comparison of multinomial logistic regression and Bayesian analysis results for predictors
of vegetarian diet versus omnivore.

Predictor Classical OR (95% CI),p  Bayesian OR (95% CrI) Interpretation
Women had ~55% higher odds of
Sex 1.55 (1.06-2.27), 1.56 (1.07-2.29) being vegetarian compared
p=0024 with men
Age ns (all p > 0.05) ns (all CrI'include 1) Age was not a significant predictor
Higher education was associated
Education 2.32 (1.00-5.37), 2.41 (1.01-5.54) with >2 x higher odds
p=0.050 of vegetarianism
Married participants had ~55%
Married 047 (0.28-0.78), 0.46 (0.28-0.77) lower odds of vegetarianism

p=0.003 compared with singles

Living with a partner

Participants who are living with a
partner had ~53% lower odds of
vegetarianism compared
with singles

0.48 (0.28-0.81),

)< 0,006 0.48 (0.28-0.81)

ns = not significant; p < 0.05 = statistically significant; OR = odds ratio; CI = confidence interval; Crl = credible
interval.

Furthermore, we used Bayesian analysis to examine whether dietary pattern was
associated with lifestyle choices and self-reported mental health status (Figure 2). Omni-
vores represented the majority across all categories, whereas vegetarians showed relatively
higher proportions in categories related to anxiety and body dysmorphic concerns. The
“other” group comprised a smaller share overall but was slightly more represented in the
body dysmorphic concerns category (Figure 2).
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I am satistied with my physical apperance

Iregularly engage in physical activity (sport)

Iam not satified with my physical apperance

Istruggle with one of the body dysmorphic disorders

I pay attention to eating healthy

Iam not physically active

Iam not interested in eating healthy

Istruggle with anxiety/mood disorders

I consume alcohol excessively

Ismoke on a daily basis

!|lll|l||l

09

o~
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B Omnivors M Vegetarians M Other

Figure 2. Distribution of lifestyle and self-reported mental health status by dietary pattern among
study participants (N = 1500).

For context, Pearson’s chi-squared test also indicated evidence of an association
between dietary group and response distribution (x> = 45.66, p = 3.33 x 10~%); however,
the effect size was small (Cramer’s V = 0.06). Although the association was statistically
significant, the small effect size suggests that the practical magnitude of the differences
between dietary groups is limited, likely reflecting the large sample size (N = 1500) rather
than a substantively meaningful association.

Bayesian analysis further revealed that vegetarians had significantly higher odds of
reporting psychological difficulties compared with omnivores. Specifically, the odds of re-
porting body dysmorphic concerns were more than five times greater (posterior OR = 5.19,
95% Crl: 1.45-21.62), while the odds of reporting anxiety were more than three times greater
(posterior OR = 3.61, 95% Crl: 1.34-11.51). As the 95% credible intervals did not include
1, these findings suggest a possible association between vegetarian dietary choice and
elevated risks of self-reported anxiety and body dysmorphic concerns. However, due to
the cross-sectional nature of this study, further research is needed to better understand the
direction and mechanisms of this relationship.

3.3. Perception and Attitude Towards PBMDAs

Among participants who reported familiarity with PBMDAs (N = 961), the distribution
of general associations with PBMDAs is shown in Figure 3. Overall, neutral associations
predominated, whereas explicitly positive associations were uncommon.

Furthermore, we investigated how socio-demographic factors influence attitudes
toward PBMDAs. The results are shown in Figure 4. Age was the main demographic
factor associated with attitudes toward PBMDAs: younger respondents more often linked
them to plant origin and specific dietary needs, whereas older respondents (56-60 and
60+) did so less frequently. Marital status showed a smaller association, with married
and divorced /widowed individuals more likely to connect PBMDAs to special diets. Sex,
education, and residential area were not significantly related to PBMDA attitudes.
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B Plant-based product/ingredient/brand

M Negative attitude — bad taste, not a milk
replacement, etc.

I Negative perception — artificial,

unhealthy, fake

B Neutral — haven't tried, don't buy, don't
know

B Special diet — veganism, vegetarianism

M Positive — ethical, healthier than milk,
regular use

Figure 3. Distribution of associations with PBMDAs (N = 961).

Xpesson(3) = 20.02, p = 1.24 x 103, V0 = 0.13,
Clgse, [0.00, 0.18], 1 = 957

100% 100%
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(n=176) (n=478) partner widowed
(n=263) (n=83)
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Figure 4. Distribution of attitudes toward and perception of PBMDAs across sociodemographic

groups (N = 961).

Beyond general attitudes, we also explored participants’ beliefs and perceptions regard-
ing milk, dairy products, and PBMDAs. Respondents were presented with 11 statements
and asked to indicate their level of agreement on a five-point scale (1 = strongly disagree,
5 = strongly agree). The statements addressed a broad range of issues, including the health

Xpessson(15) = 74.05, p = 8.39 x 1070, V1 = 0.14,

X%pearson(3) = 1.75, p = 0.88, Vimer = 0.00, Clgse, [0.00, 0.00],
Ngps = 960

Clgss, [0.08, 0.17], ngp, = 961
100%
B E = = 90%
80%

e 70%
53% °
65% 63% 60% 52% 54%
50%
40%
30%
i
10%
18-30 3145 46-60 60+ 0%
(n=143) (n=266) (n=279) (n=273) Usban (n=490) Rural (n =470)
Age Type of residency
Xpearson(15) = 24.22, p = 0.06, Viyomer = 0.06,
Clgse, [0.00, 0.07], g5 = 954
Special diet
41% Positi
53% 56% 0% ositive
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effects of replacing dairy with PBMDAs, potential safety concerns such as hormones or
antibiotics in milk, and the nutritional importance of dairy in a balanced diet. Further
items assessed beliefs about the nutrient composition and calcium fortification of PBMDAs,
perceptions of microbiological risks, as well as processing, the use of additives, and the en-
vironmental impact of PBMDAs versus dairy products. Statistically significant differences
emerged across several socio-demographic groups in relation to perceptions of PBMDAs.

3.3.1. Dietary Preferences

Dietary preference was strongly associated with beliefs about both dairy products and
PBMDAs (p < 0.001). Overall, vegetarians reported more favourable perceptions of PBM-
DAs and greater concerns about dairy, whereas omnivores attributed higher nutritional
value to dairy. For example, vegetarians agreed more strongly that replacing dairy with
PBMDAs has positive health effects (3.44 £ 1.31 vs. 2.57 £ 1.36 in omnivores) and that
PBMDAs have a nutrient composition comparable to dairy (3.27 & 1.26 vs. 2.69 £ 1.23).
Concerns about the presence of prohibited substances in dairy products were most pro-
nounced among vegetarians (3.27 + 1.37), while omnivores expressed the lowest level
of concern (2.84 £ 1.37, p < 0.001). In contrast, omnivores more strongly endorsed dairy
as nutritionally important, including agreement that milk contains essential nutrients
(3.94 £ 1.10 vs. 3.41 & 1.16 among vegetarians) and is an important part of a balanced diet
(3.88 £1.17 vs. 3.28 &= 1.23; both p < 0.001). Omnivores were also more likely to perceive
PBMDAs as containing more additives (3.52 & 1.19 vs. 2.98 & 1.21) and being more pro-
cessed (3.62 £ 1.27 vs. 3.30 £ 1.18; all p < 0.001), whereas vegetarians more strongly agreed
that PBMDAs have a lower carbon footprint (3.44 4 1.29 vs. 2.64 £ 1.32; p <0.001) and
perceived dairy to pose greater microbiological risk (3.14 & 1.23 vs. 2.59 £ 1.26; p < 0.001).

3.3.2. Sex

Sex was associated with a limited subset of perceptions. Compared with males,
females more strongly agreed that replacing dairy with PBMDAs has beneficial health
effects (2.88 = 1.44 vs. 2.57 £ 1.36, p < 0.001), expressed greater concern about prohibited
substances in milk (3.05 &= 1.44 vs. 2.79 &+ 1.34, p < 0.001), and placed higher importance
on choosing calcium-fortified PBMDAs (3.56 £ 1.23 vs. 3.27 £ 1.22, p < 0.001). Males
rated PBMDAs as containing more additives slightly higher than females (3.48 & 1.21
vs. 3.31 & 1.23, p = 0.021).

3.3.3. Age

Age was associated with several perceptions of dairy products and PBMDAs. Younger
participants reported more favourable views of replacing dairy with PBMDAs, whereas
older participants—especially those aged 60+—were less favourable (health benefits: 18-30,
2.87 £ 1.42; 31-45,3.02 + 1.39 vs. 60+, 2.48 £ 1.38; p < 0.001) and were less likely to consider
PBMDAs nutritionally comparable to dairy (3.02 & 1.28 in 18-30 vs. 2.63 &+ 1.25 in 60+;
p = 0.010). In contrast, the 60+ group attributed greater nutritional importance to dairy
(milk contains essential nutrients: p = 0.036; balanced diet: highest in 60+ at 3.90 & 1.15
vs. 3.59 + 1.28 in 18-30; p = 0.004) and perceived PBMDAs as containing more additives
(3.54 £ 1.22 vs. 3.29 + 1.22; p = 0.031). Younger participants expressed higher concerns
about microbiological risks from dairy (2.92 £ 1.42 in 18-30 vs. 2.56 £ 1.25 in 60+; p = 0.008),
while perceptions of processing and environmental impact did not differ by age.

3.3.4. Marital Status

Marital status was associated with several perceptions of PBMDAs and dairy products.
Participants living with a partner reported the most favourable views on the health benefits
of replacing dairy with PBMDAs (3.00 =+ 1.41), compared with married (2.59 + 1.42) and
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single participants (2.72 & 1.37; p = 0.001). Perceptions of dairy as an important part of
a balanced diet also differed by marital status (p = 0.004), with higher agreement among
married (3.84 & 1.21) and widowed/divorced participants (3.89 & 1.17) than among those
living with a partner (3.57 £ 1.29). Singles reported greater concern about microbiological
risks of dairy (2.87 & 1.34) than married (2.61 £ 1.28) and widowed/divorced participants
(2.57 £ 1.31; p = 0.039). Beliefs about the environmental impact of PBMDAs also varied
(p < 0.001), with participants living with a partner reporting higher agreement that PBMDAs
have a lower carbon footprint (2.99 & 1.35) than married participants (2.62 £+ 1.37). No
other marital-status differences were statistically significant.

3.4. Perceptions of Nutritional Adequacy of PBMDA and Dairy Products

In the final section of the questionnaire, we examined whether dietary preference
influenced the perception of nutritional adequacy of different food products.

In the first part of the final question, the study participants were presented with
the nutritional declaration of two items, where product A represented a PBMDA for
mozzarella cheese and product B represented a mozzarella cheese. They were then asked
to indicate which product they perceived as healthier. Importantly, respondents were
not informed whether the products were of plant or animal origin. Based on only the
nutritional declaration provided, the majority of respondents considered product A to be
less healthy than product B. This pattern was consistent and did not vary significantly
according to dietary preference (p < 0.05).

In a subsequent step, participants were shown the list of ingredients of both products,
from which it was now evident to the study participants that product A represented
PBMDA, while product B was of animal origin. They were then asked again to evaluate
which product they perceived as healthier. Overall, significant differences were observed
across dietary groups (p < 0.001). The majority of participants considered product A to be
less healthy than product B (44.5%), with this perception being most pronounced among
omnivores (47.3%). A further 33.7% of respondents reported that product A was “much
less healthy” compared with product B, most frequently within the “other” dietary group
(40.2%). Only a small proportion of respondents perceived product A as healthier: 3.8%
considered it healthier, and 4.5% much healthier than product B. However, this perception
was more common among vegans, of whom 21.4% rated product A as healthier and
17.9% as much healthier. Similarly, 8.2% of participants in the “other” group and 8.0% of
vegetarians judged product A as much healthier. Finally, 13.5% of respondents stated that
there was no difference in healthiness between the two products. This neutral perception
was most often reported by vegans (35.7%).

4. Discussion

This study provides insights into Slovenian consumers” habits and perceptions regard-
ing PBMDAs, highlighting differences between vegetarians and omnivores and examining
how socio-demographic factors shape these perceptions. Importantly, evidence of this
type remains limited in Europe, particularly from smaller Central and Eastern European
markets, despite rapid category growth and increasing public interest in plant-based foods.
Recent pan-European data from the Smart Protein Project indicate substantial growth in
plant-based consumption and rising consumer awareness across EU countries, although
adoption remains uneven between regions and demographic groups [2]. Similarly, Good
Food Institute Europe reports that over 50% of Europeans report reducing meat intake,
yet barriers such as taste, price, and perceived processing continue to constrain broader
uptake of plant-based products [3]. In this context, generating nationally representative
data on PBMDAs perceptions is therefore relevant not only for academic understanding of
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consumer segmentation, but also for informing nutrition communication strategies and the
evidence base for food-policy decisions in emerging markets such as Slovenia. Our study
provides nationally stratified evidence from a Central European market and pinpoints the
specific belief dimensions (nutritional adequacy, processing/additives, and sustainability)
that structure PBMDAs acceptance and misconceptions.

Consistent with previous research, our findings demonstrate that sex and education
were the strongest socio-demographic predictors of vegetarianism and higher PBMDAs ac-
ceptance. Comparable sex differences in PBMDA attitudes and consumption patterns have
been reported across diverse settings, with females typically expressing more favourable
perceptions and stronger health and environmental motivations [27,29,30]. Qualitative
research from Poland, Germany, and France similarly found that women more frequently
frame PBMDAs within health, ethical, and sustainability narratives, whereas men more
often emphasize taste, satiety, and tradition [4]. These patterns are consistent with the
broader observation that plant-based alternatives tend to be adopted earlier by consumer
groups already engaged with health and sustainability discourses.

The positive association between higher educational attainment and vegetarianism
also agrees with previous findings. Prior work suggests that greater nutrition literacy and
sustainability awareness—often correlated with educational attainment—are associated
with higher openness to PBMDAs and greater perceived healthfulness [14,47]. In contrast,
the negative association between marriage or cohabitation and vegetarian or vegan diets
has been documented in other contexts. This pattern has been linked to shared household
preferences and meal norms that can stabilise traditional omnivorous routines [47]. This
suggests that PBMDA adoption may be shaped not only by individual attitudes but also by
household-level dynamics, which is relevant when designing dietary guidance or consumer
education targeting families.

Beyond socio-demographic determinants, our findings highlight a noteworthy psycho-
logical dimension. Vegetarian and vegan participants had higher odds of reporting anxiety
and body dysmorphic concerns compared with omnivores. However, the corresponding
association at the contingency-table level showed a small effect size (Cramer’s V = 0.06),
suggesting limited practical magnitude despite statistical significance—likely influenced
by the large sample size. Because these outcomes were measured using self-reported,
non-clinical indicators and the study design was cross-sectional, we cannot infer the di-
rection of the associations. The findings may reflect reverse causation (individuals with
pre-existing anxiety /body concerns being more likely to adopt vegetarian or vegan diets)
or differences in reporting styles (greater symptom awareness or willingness to report
among vegetarians). Therefore, these results should be interpreted with caution, as the
cross-sectional design precludes causal inference. Existing literature regarding this topic
remains mixed. A systematic review by Iguacel et al. [41] reported inconsistent associations
between vegetarian diets and mental health outcomes, with substantial heterogeneity across
studies. Similarly, Askari et al. [42] found modest associations between vegetarian diets and
depressive or anxiety symptoms, but emphasized methodological limitations and potential
residual confounding. More recently, Walsh et al. [43] observed that diet quality—rather
than vegetarian status per se—was more strongly associated with depressive symptom:s,
suggesting that poorly planned vegetarian diets may drive adverse associations rather than
plant-based eating itself. Thus, our findings may reflect reverse causation (individuals with
pre-existing anxiety or body concerns adopting vegetarian diets), reporting differences,
or broader lifestyle clustering. Longitudinal studies using validated, clinically anchored
measures—such as the approach recommended by Dakanalis et al. (2022) [40] for emotional
eating and mental health—are needed to clarify whether these associations reflect causal
pathways, reverse causation, or other temporal relationships. While plant-based diets are
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frequently motivated by ethical or health considerations, these findings underscore the
need for healthcare professionals to remain aware of potential overlaps between restrictive
eating motives, body dissatisfaction, and vegetarian or vegan dietary identity.

Marked perceptual differences between vegetarians and omnivores also emerged.
Vegetarians perceived PBMDAs as healthier, more environmentally sustainable, and safer
than dairy products, whereas omnivores expressed greater trust in the nutritional ade-
quacy of dairy and viewed PBMDAs as more processed and additive-rich. Similar per-
ception gaps—often reflecting value-based or ideological evaluation rather than objective
composition—have been documented in European consumer studies [15,16,26].

The perception of PBMDAs as “ultra-processed” warrants particular attention.
Drewnowski [19] demonstrated that many plant-based milk alternatives meet criteria
for ultra-processed classification, yet the nutritional heterogeneity within this category is
substantial. Some products are fortified and nutritionally comparable to dairy in selected
nutrients, while others are low in protein and micronutrients. Comparative compositional
analyses confirm this variability. Walther et al. [23] and Harmer [24] reported that most
PBMDASs contain substantially less protein than cow’s milk, unless soy-based or specifi-
cally fortified. Jeske et al. [12] showed wide variation in glycaemic and physicochemical
properties across products. From a nutritional standpoint, dairy products remain important
contributors to calcium, high-quality protein, iodine, vitamin B12, and other micronutrients
in European diets [21,22]. Recent reviews [11,13] emphasize that while PBMDAs may
contribute to dietary diversification and environmental sustainability goals, their adequacy
as direct dairy substitutes depends heavily on fortification and formulation.

Interestingly, in our study, both vegetarians and omnivores tended to rate dairy prod-
ucts more favourably when presented with anonymised nutritional information, suggesting
that product category labels and prior beliefs may function as heuristics that shape evalua-
tion independently of composition, an issue also noted in comparative nutritional analyses
by McClements & McClements (2023) [18]. It also aligns with research by Cardello et al. [32],
who demonstrated that emotional and cognitive associations strongly influence acceptance
of plant-based alternatives, sometimes more than objective sensory or nutritional properties.
The implication for public health communication is that improving consumer understand-
ing may require not only more information, but clearer and more interpretable information
at the point of choice—particularly regarding protein quality, calcium bioavailability, and
fortification with vitamins B12 and D.

Age-related differences further highlighted generational divides. Younger adults in
our sample expressed more positive views regarding the health and sustainability attributes
of PBMDAs, mirroring findings from Martinez-Padilla et al. (2023) [27] and Su et al.
(2023) [30]. Younger consumers are more frequently exposed to plant-based messaging,
social media influence, and evolving dietary norms. Pan-European market data similarly
indicate that younger consumers are leading adoption trends, while older consumers
remain more sceptical and concerned about processing and nutritional adequacy [2,3].
In Slovenia, this generational gradient suggests that PBMDA-related knowledge and
acceptance may diffuse unevenly across age groups, reinforcing the need for targeted
communication strategies that address older consumers’ specific concerns.

Overall, our results indicate that PBMDA acceptance in Slovenia is primarily driven
by younger, female, and more educated consumers—consistent with trends reported
across Europe and Asia [27-31]. Nonetheless, misconceptions remain widespread, par-
ticularly regarding the nutritional equivalence of PBMDAs and dairy. As emphasised by
Pointke & Pawelzik (2022) [14] and Clegg et al. (2021) [15], consumers frequently overes-
timate PBMDA healthfulness and underestimate potential nutrient gaps such as protein
quality, calcium bioavailability, and the need for vitamin B12 and D fortification. At the same
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time, some consumers appear to apply “processing” as a broad negative heuristic, which
can obscure meaningful differences in formulation and nutritional profile. In particular, they
may not reliably distinguish between relatively simple, fortified PBMDAs (e.g., unsweetened
products designed to improve micronutrient adequacy) and variants that are more heavily
reformulated, such as sweetened or additive-rich products—thereby reinforcing overly
generalised processing-related concerns rather than product-specific evaluation [48-50].

These findings have direct implications for Slovenian nutrition policy and consumer
education. National dietary guidance should explicitly distinguish between fortified and
non-fortified PBMDAs and clarify what constitutes an appropriate nutritional substitute
for dairy (e.g., adequate protein and calcium, and—when relevant—B12 and vitamin D).
In practice, this could be operationalised through clearer national dietary guidance on PB-
MDA substitution, targeted public communication for less receptive segments (particularly
older consumers), and improved on-pack communication that makes fortification and key
nutrients easy to identify. Finally, manufacturers could use these insights to reformulate
products (e.g., improving protein/fortification profiles and reducing unnecessary additives)
and to communicate these attributes transparently, aligning product development with
consumer expectations and nutritional needs. From a public health perspective, balanced
communication highlighting both the benefits and limitations of PBMDAs is needed. In
parallel, the food industry could improve PBMDA formulation—particularly regarding
fortification and additive reduction—to better match consumer expectations.

Limitations, Strengths, and Future Research

This study has several limitations that should be considered when interpreting the
findings. First, the cross-sectional design prevents inference about causality or the di-
rectionality of the observed associations between dietary pattern, lifestyle characteristics,
and self-reported mental health indicators; observed differences may reflect reverse cau-
sation or unmeasured third factors. Second, key constructs—including psychological
indicators—were assessed using self-reported, non-clinical measures, which are inherently
vulnerable to recall error and social desirability bias. In particular, self-reported mental
health symptoms may be influenced by reporting style, differential self-monitoring, or
heightened health awareness among individuals choosing vegetarian diets, and may also
reflect self-selection effects (e.g., individuals with pre-existing concerns being more likely to
adopt specific dietary patterns). Third, although the overall sample was large and stratified,
the vegetarian and vegan subgroup was comparatively small, reducing precision for some
estimates and necessitating pooling of vegetarians and vegans in most analyses; this limits
dietary-pattern specificity and may attenuate subgroup differences. Fourth, PBMDA-related
perceptions and open-ended associations were captured via survey responses and analysed
descriptively, which may not fully reflect semantic nuance; moreover, the study did not
include sensory testing or objective nutritional profiling of PBMDAs and dairy products,
limiting conclusions about how perceptions align with product characteristics.

Future research should address these limitations through longitudinal designs to clar-
ify temporal ordering and strengthen causal interpretation. A larger sample of vegetarians
and vegans would enable more granular comparisons across dietary subtypes. Psycho-
logical outcomes should be assessed using validated screening instruments and, where
feasible, clinically anchored measures, ideally triangulated with objective or behavioural
indicators. To connect perceptions with product reality, future studies should incorporate
objective nutritional assessment (e.g., label-based nutrient profiling and/or biomarker-
informed nutrient status where relevant) and sensory evaluation (e.g., blinded tasting and
structured sensory profiling), alongside experimental manipulations of product informa-
tion (e.g., ingredient disclosure and sustainability claims) to test how framing shapes atti-
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tudes. In addition, replication of this research design across other European countries would
substantially strengthen the evidence base. Although dietary cultures differ, nutrition la-
belling standards, food information regulation such as Regulation (EU) No 1169/2011 [6],
and strategic policy frameworks such as the EU Farm to Fork Strategy [51] create a largely
harmonised regulatory environment across Member States. Conducting comparable na-
tionally stratified studies would enable meaningful cross-country comparisons within this
shared policy context, helping to distinguish culturally specific perception patterns from
those shaped by common regulatory and market structures. Such coordinated research
could provide valuable support for both national nutrition communication strategies and
EU-level food policy development.

Notwithstanding limitations, this study has several strengths. Data were collected
from a large adult sample with stratified recruitment to reflect key demographic distri-
butions, providing robust and broadly generalisable insight into PBMDA perceptions in
Slovenia. The integration of socio-demographics, dietary orientation, and psychological
indicators offers a multidimensional perspective that is rarely available in nationally struc-
tured datasets from Central Europe. In addition, the combination of frequentist tests for
descriptive group comparisons with Bayesian multinomial modelling supports more stable
inference in the presence of sparse cells and allows probabilistic interpretation of associ-
ations. Collectively, these strengths provide a valuable evidence base to inform national
nutrition communication, consumer education, and product development and regulatory
discussions around plant-based substitutes.

5. Conclusions

This study provides a nationally representative overview of PBMDA-related consump-
tion habits and perceptions in adult consumers in Slovenia. It shows clear segmentation
by socio-demographic characteristics and dietary patterns. The findings also suggest an
association between dietary pattern and self-reported psychological indicators; however,
given the cross-sectional design and non-clinical self-report measures, these results should
be interpreted with caution. Overall, the study highlights that food choices are shaped
not only by nutrition beliefs but also by identity-related preferences and heuristic judg-
ments, underscoring the need for clearer guidance on nutritionally appropriate substitution
and for longitudinal research to clarify whether these associations reflect causal effects or
pre-existing differences between groups.

Author Contributions: Conceptualisation, A.CM. and TPZ,; methodology, K.K., A.CM.and TP.Z,;
formal analysis, K.K.; data curation, K.K.; writing original draft, K.K.; writing—review and editing,
KK, A.CM. and T.P.Z.; visualisation, A.C.M. and T.P.Z.; supervision, T.P.Z. All authors have read
and agreed to the published version of the manuscript.

Funding: This study is part of the programs P4-0234 ‘Integrated food technology and nutrition” and
P4-0097 ‘Nutrition and microbial ecology of gastrointestinal tract’, funded by the Slovenian Research
and Innovation Agency (ARIS).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Nutritional Research Ethnics Committee,
Biotechnical Faculty, University of Ljubljana (KEP-4-3/2024, Approval Date: 23 February 2024) for
studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

https:/ /doi.org/10.3390/foods15050961


https://doi.org/10.3390/foods15050961

Foods 2026, 15, 961 17 of 19

References

1.  Statista. Plant-Based Milk and Dairy Alternatives in Europe. 2024. Available online: https://www.statista.com/study /121869 /milk-
and-dairy-alternatives-in-europe/ (accessed on 20 November 2024).

2. Majhenic, A.C.; Levart, A.; Salobir, J.; Preve, T; Pajk Zontar, T. Can Plant-Based Cheese Substitutes Nutritionally and Sensorially
Replace Cheese in Our Diet? Foods 2025, 14, 771. [CrossRef] [PubMed]

3. Smart Protein Project. Pan-EU Consumer Survey: Country-Specific Insights. Available online: https://smartproteinproject.eu/wp-
content/uploads/FINAL_Pan-EU-consumer-survey_Country-Specific-Insights-.pdf (accessed on 12 February 2026).

4. Astley, C. Over 50% of Europeans Are Eating Less Meat, but Taste and Price Remain Biggest Barriers to Plant-Based Uptake; Good Food
Institute Europe: Brussels, Belgium, 2023. Available online: https://gfieurope.org/blog/over-50-of-europeans-are-eating-less-
meat-but-taste-and-price-remain-biggest-barriers-to-plant-based-uptake/ (accessed on 12 February 2026).

5. Adamczyk, D.; Jaworska, D.; Affeltowicz, D.; Maison, D. Plant-Based Dairy Alternatives: Consumers’ Per-ceptions, Motivations,
and Barriers-Results from a Qualitative Study in Poland, Germany, and France. Nutrients 2022, 14, 2171. [CrossRef]

6.  European Parliament and Council of the European Union. Regulation (EU) No 1169/2011 of the European Parliament and of the
Council of 25 October 2011 on the provision of food information to consumers. Off. J. Eur. Union L 2011, 304, 18-63. Available
online: https://eur-lex.europa.eu/eli/reg/2011/1169/0j/eng (accessed on 3 February 2026).

7. European Parliament and Council of the European Union. Regulation (EU) No 1308/2013 of the European Parliament and of the
Council of 17 December 2013 establishing a common organisation of the markets in agricultural products (Annex VII, Part III).
Off. ]. Eur. Union L 2013, 347, 671-854. Available online: https://eur-lex.europa.eu/eli/reg/2013/1308/0j/eng (accessed on
3 February 2026).

8.  European Parliament and Council of the European Union. Regulation (EC) No 1924 /2006 of the European Parliament and of the
Council of 20 December 2006 on nutrition and health claims made on foods. Off. J. Eur. Union L 2006, 404, 9. Available online:
https:/ /eur-lex.europa.eu/eli/reg/2006/1924/0j/eng (accessed on 3 March 2026).

9.  European Parliament and Council of the European Union. Regulation (EC) No 1925/2006 of the European Parliament and of the
Council of 20 December 2006 on the addition of vitamins and minerals and of certain other substances to foods. Off. J. Eur. Union L
2006, 404, 26. Available online: https:/ /eur-lex.europa.eu/eli/reg/2006/1925/0j/eng (accessed on 3 February 2026).

10. Bridges, M. Moo-ove over, cow’s milk: The rise of plant-based dairy alternatives. Pract. Gastroenterol. 2018, 42, 1.

11. Gilani, S.J.; Asif, M.; Fatima, K. Current research on plant-based milk alternatives and impact on health. Adv. Food Nutr. Res. 2025,
116, 103-138. [CrossRef] [PubMed]

12.  Jeske, S.; Zannini, E.; Arendt, E.K. Evaluation of physicochemical and glycaemic properties of commercial plant-based milk
substitutes. Plant Foods Hum. Nutr. 2016, 72, 26-33. [CrossRef]

13. Plamada, D.; Teleky, B.E.; Nemes, S.A.; Mitrea, L.; Szabo, K.; Calinoiu, L.F; Pascuta, M.S.; Varvara, R.A.; Ciont, C,;
Martdu, G.A ; et al. Plant-based dairy alternatives—A future direction to the Milky Way. Foods 2023, 12, 1883. [CrossRef]

14. Pointke, M.; Pawelzik, E. Plant-based alternative products: Are they healthy alternatives? Micro-and macronutrients and
nutritional scoring. Nutrients 2022, 14, 601. [CrossRef]

15. Clegg, M.E; Ribes, A.T.; Reynolds, R.; Kliem, K.; Stergiadis, S. A comparative assessment of the nutritional composition of dairy
and plant-based dairy alternatives available for sale in the UK and the implications for consumers’ dietary intakes. Food Res. Int.
2021, 148, 110586. [CrossRef]

16. Angelino, D.; Rosi, A.; Vici, G.; Dello Russo, M.; Pellegrini, N.; Martini, D.; SINU Young Working Group. Nutritional quality of
plant-based drinks sold in Italy: The Food Labelling of Italian Products (FLIP) study. Foods 2020, 9, 682. [CrossRef]

17.  Freséan, U.; Rippin, H. Nutritional quality of plant-based cheese available in Spanish supermarkets: How do they compare to
dairy cheese? Nutrients 2021, 13, 3291. [CrossRef]

18. McClements, LE; McClements, D.J. Designing healthier plant-based foods: Fortification, digestion, and bioavailability.
Food Res. Int. 2023, 169, 112853. [CrossRef]

19. Drewnowski, A. Perspective: Identifying Ultra-Processed Plant-Based Milk Alternatives in the USDA Branded Food Products
Database. Adv. Nutr. 2021, 12, 2068-2075. [CrossRef]

20. Cambridge Dictionary. Milk. Available online: https://dictionary.cambridge.org/dictionary/english/milk (accessed on 20
November 2024).

21. Gorska-Warsewicz, H.; Rejman, K.; Laskowski, W.; Czeczotko, M. Milk and Dairy Products and Their Nutritional Contribution to
the Average Polish Diet. Nutrients 2019, 11, 1771. [CrossRef]

22. Haug, A.; Hestmark, A.T.; Harstad, O.M. Bovine milk in human nutrition—A review. Lipids Health Dis. 2007, 6, 25. [CrossRef]
[PubMed]

23.  Walther, B.; Guggisberg, D.; Badertscher, R.; Egger, L.; Portmann, R.; Dubois, S.; Haldimann, M.; Kopf-Bolanz, K.; Rhyn, P.;
Zoller, O.; et al. Comparison of nutritional composition between plant-based drinks and cow’s milk. Front. Nutr. 2022, 9, 988707.
[CrossRef] [PubMed]

https://doi.org/10.3390/foods15050961


https://www.statista.com/study/121869/milk-and-dairy-alternatives-in-europe/
https://www.statista.com/study/121869/milk-and-dairy-alternatives-in-europe/
https://doi.org/10.3390/foods14050771
https://www.ncbi.nlm.nih.gov/pubmed/40077473
https://smartproteinproject.eu/wp-content/uploads/FINAL_Pan-EU-consumer-survey_Country-Specific-Insights-.pdf
https://smartproteinproject.eu/wp-content/uploads/FINAL_Pan-EU-consumer-survey_Country-Specific-Insights-.pdf
https://gfieurope.org/blog/over-50-of-europeans-are-eating-less-meat-but-taste-and-price-remain-biggest-barriers-to-plant-based-uptake/
https://gfieurope.org/blog/over-50-of-europeans-are-eating-less-meat-but-taste-and-price-remain-biggest-barriers-to-plant-based-uptake/
https://doi.org/10.3390/nu14102171
https://eur-lex.europa.eu/eli/reg/2011/1169/oj/eng
https://eur-lex.europa.eu/eli/reg/2013/1308/oj/eng
https://eur-lex.europa.eu/eli/reg/2006/1924/oj/eng
https://eur-lex.europa.eu/eli/reg/2006/1925/oj/eng
https://doi.org/10.1016/bs.afnr.2025.04.010
https://www.ncbi.nlm.nih.gov/pubmed/40940086
https://doi.org/10.1007/s11130-016-0583-0
https://doi.org/10.3390/foods12091883
https://doi.org/10.3390/nu14030601
https://doi.org/10.1016/j.foodres.2021.110586
https://doi.org/10.3390/foods9050682
https://doi.org/10.3390/nu13093291
https://doi.org/10.1016/j.foodres.2023.112853
https://doi.org/10.1093/advances/nmab089
https://dictionary.cambridge.org/dictionary/english/milk
https://doi.org/10.3390/nu11081771
https://doi.org/10.1186/1476-511X-6-25
https://www.ncbi.nlm.nih.gov/pubmed/17894873
https://doi.org/10.3389/fnut.2022.988707
https://www.ncbi.nlm.nih.gov/pubmed/36386959
https://doi.org/10.3390/foods15050961

Foods 2026, 15, 961 18 of 19

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Harmer, I; Craddock, J.C.; Charlton, K.E. How do plant based milks compare to cow’s milk? An audit of the plant-based milk
products available in Australia. Nutr. Diet. 2025, 82, 76-85. [CrossRef] [PubMed]

Fox, PF,; Uniacke-Lowe, T.; McSweeney, P.L.H.; O'Mahony, J.A. Dairy Chemistry and Biochemistry; Springer International
Publishing: Cham, Switzerland, 2015.

Mekanna, A.N.; Issa, A.; Bogueva, D.; Bou-Mitri, C. Consumer perception of plant-based milk alternatives: A systematic review.
Int. J. Food Sci. Technol. 2024, 59, 8796-8805. [CrossRef]

Martinez-Padilla, E.; Faber, I.; Petersen, I.L.; Vargas-Bello-Pérez, E. Perceptions toward Plant-Based Milk Alternatives among
Young Adult Consumers and Non-Consumers in Denmark: An Exploratory Study. Foods 2023, 12, 385. [CrossRef]
Alexandridis, D.; Kleisiari, C.; Vlontzos, G. Consumers’ Behavior toward Plant-Based Milk Alternatives. Proceedings 2024, 94, 60.
[CrossRef]

Rosendield, D.L. The psychology of vegetarianism: Recent advances and future directions. Apetite 2018, 131, 125-138. [CrossRef]
Su, W.; Zhang, Y.Y;; Li, S.; Sheng, ]. Consumers’ Preferences and Attitudes towards Plant-Based Milk. Foods 2024, 13, 2. [CrossRef]
[PubMed]

Pointke, M.; Albrecht, E.H.; Geburt, K.; Gerken, M.; Traulsen, I.; Pawelzik, E. A Comparative Analysis of Plant-Based Milk
Alternatives Part 1: Composition, Sensory, and Nutritional Value. Sustainability 2022, 14, 7996. [CrossRef]

Cardello, A.V,; Llobell, F.; Giacalone, D.; Roigard, C.M. Consumer perceptions of plant-based alternatives to milk: Sensory and
emotional drivers of choice. Food Qual. Pref. 2022, 100, 104599. [CrossRef]

Saintila, J.; Carranza-Cubas, S.P.; Serpa-Barrientos, A.; Carranza Esteban, R.F.; Cunza-Aranzabal, D.F.; Calizaya-Milla, Y.E.
Depression, Anxiety, Emotional Eating, and Body Mass Index among Self-Reported Vegetarians and Non-Vegetarians: A
Cross-Sectional Study in Peruvian Adults. Nutrients 2024, 16, 1663. [CrossRef] [PubMed]

Matta, J.; Czernichow, S.; Kesse-Guyot, E.; Hoertel, N.; Limosin, F.; Goldberg, M.; Zins, M.; Lemogne, C. Depressive Symptoms
and Vegetarian Diets: Results from the Constances Cohort. Nutrients 2018, 10, 1695. [CrossRef]

Zuromski, K.L.; Witte, TK.; Smith, A.R.; Goodwin, N.; Bodell, L.P; Bartlett, M.; Siegfried, N. Increased prevalence of vegetarianism
among women with eating pathology. Eat. Behav. 2015, 19, 24-27. [CrossRef] [PubMed]

Bardone-Cone, A.M.; Fitzsimmons-Craft, E.E.; Harney, M.B.; Maldonado, C.R.; Lawson, M.A.; Smith, R.; Robinson, D.P. The
inter-relationships between vegetarianism and eating disorders among females. ]. Acad. Nutr. Diet. 2012, 112, 1247-1252.
[CrossRef]

Touyz, S.W.; Dunn, S.M.; Beumont, ].V. Vegetarianism in anorexia nervosa? A review of 116 consecutive cases. Med. |. Aust. 1987,
147,540-542. [CrossRef]

Timko, C.A; Hormes, ].M.; Chubski, ]. Will the real vegetarian please stand up? An investigation of dietary restraint and eating
disorder symptoms in vegetarians versus non-vegetarians. Appetite 2012, 58, 982-990. [CrossRef] [PubMed]

Keck, M.M.; Vivier, H.; Cassisi, J.E.; Dvorak, R.D.; Dunn, M.E.; Neer, S.M.; Ross, E.J. Examining the Role of Anxiety and
Depression in Dietary Choices among College Students. Nutrients 2020, 12, 2061. [CrossRef]

Dakanalis, A.; Mentzelou, M.; Papadopoulou, S.K.; Papandreou, D.; Spanoudaki, M.; Vasios, G.K.; Pavlidou, E.; Mantzorou, M.;
Giaginis, C. The Association of Emotional Eating with Overweight/Obesity, Depression, Anxiety /Stress, and Dietary Patterns: A
Review of the Current Clinical Evidence. Nutrients 2022, 15, 1173. [CrossRef]

Iguacel, I.; Huybrechts, I.; Moreno, L.A.; Michels, N. Vegetarianism and veganism compared with mental health and cognitive
outcomes: A systematic review and meta-analysis. Nutr. Rev. 2021, 79, 361-381. [CrossRef] [PubMed]

Askari, M.; Daneshzad, E.; Darooghegi Mofrad, M.; Bellissimo, N.; Suitor, K.; Azadbakht, L. Vegetarian diet and the risk of de-
pression, anxiety, and stress symptoms: A systematic review and meta-analysis of observational studies. Crit. Rev. Food Sci. Nutr.
2022, 6, 261-271. [CrossRef]

Walsh, H.; Lee, M.; Best, T. The association between vegan, vegetarian, and omnivore diet quality and depressive symptoms in
adults: A cross-sectional study. Int. J. Environ. Res. Public Health 2023, 20, 3258. [CrossRef]

Rosenstock, .M. The Health Belief Model and Preventive Health Behavior. Health Educ. Monogr. 1974, 2, 354-386. [CrossRef]
Venables, W.N.; Ripley, B.D. Modern Applied Statistics with S, 4th ed.; Springer: New York, NY, USA, 2002; ISBN 0-387-95457-0.
Liidecke, D. sjPlot: Data Visualization for Statistics in Social Science; R Package Version 2.8.16; R Foundation for Statistical Computing:
Vienna, Austria, 2024. Available online: https:/ /CRAN.R-project.org/package=sjPlot (accessed on 20 November 2024).
Gherasim, A.; Arhire, L.I; Nita, O.; Popa, A.D.; Graur, M.; Mihalache, L. The relationship between lifestyle components and
dietary patterns. Proc. Nutr. Soc. 2020, 79, 311-323. [CrossRef]

Bolhuis, D.; Mosca, A.C.; Pellegrini, N. Consumer Awareness of the Degree of Industrial Food Processing and the Association
with Healthiness—A Pilot Study. Nutrients 2022, 14, 4438. [CrossRef] [PubMed]

Ozdemir, A.; Parlak Yetisen, L.; Karael, B.; Kotzaoglan, R.; Dikmen, D. Exploring the Nexus Between Health Literacy and
Understanding of Processed Foods in Consumers. Process. Foods Health Lit. 2025, 12, 623-639. [CrossRef]

https://doi.org/10.3390/foods15050961


https://doi.org/10.1111/1747-0080.12906
https://www.ncbi.nlm.nih.gov/pubmed/39344056
https://doi.org/10.1111/ijfs.17517
https://doi.org/10.3390/foods12020385
https://doi.org/10.3390/proceedings2024094060
https://doi.org/10.1016/j.appet.2018.09.011
https://doi.org/10.3390/foods13010002
https://www.ncbi.nlm.nih.gov/pubmed/38201030
https://doi.org/10.3390/su14137996
https://doi.org/10.1016/j.foodqual.2022.104599
https://doi.org/10.3390/nu16111663
https://www.ncbi.nlm.nih.gov/pubmed/38892596
https://doi.org/10.3390/nu10111695
https://doi.org/10.1016/j.eatbeh.2015.06.017
https://www.ncbi.nlm.nih.gov/pubmed/26162593
https://doi.org/10.1016/j.jand.2012.05.007
https://doi.org/10.5694/j.1326-5377.1987.tb133677.x
https://doi.org/10.1016/j.appet.2012.02.005
https://www.ncbi.nlm.nih.gov/pubmed/22343135
https://doi.org/10.3390/nu12072061
https://doi.org/10.3390/nu15051173
https://doi.org/10.1093/nutrit/nuaa030
https://www.ncbi.nlm.nih.gov/pubmed/32483598
https://doi.org/10.1080/10408398.2020.1814991
https://doi.org/10.3390/ijerph20043258
https://doi.org/10.1177/109019817400200405
https://CRAN.R-project.org/package=sjPlot
https://doi.org/10.1017/s0029665120006898
https://doi.org/10.3390/nu14204438
https://www.ncbi.nlm.nih.gov/pubmed/36297121
https://doi.org/10.21020/husbfd.1618083
https://doi.org/10.3390/foods15050961

Foods 2026, 15, 961 19 of 19

50. André, Q.; Chandon, P.; Haws, K.L. Healthy Through Presence or Absence, Nature or Science? A Framework for Understanding
Front-of-Package Food Claims. J. Public Policy Mark. 2019, 38, 172-191. [CrossRef]

51. European Commission. A Farm to Fork Strategy for a Fair, Healthy and Environmentally-Friendly Food System; (COM(2020)381
Final); European Commission: Brussels, Belgium, 2020. Available online: https://op.europa.eu/en/publication-detail /-
/publication/ea0f9f73-9ab2-11ea-9d2d-01aa75ed71al/language-en (accessed on 11 February 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/foods15050961


https://doi.org/10.1177/0743915618824332
https://op.europa.eu/en/publication-detail/-/publication/ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1/language-en
https://doi.org/10.3390/foods15050961

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Questionnaire Development 
	Data Collection Procedure 
	Statistical Analysis 

	Results 
	Socio-Demographic Characteristics and Lifestyle Indicators 
	Dietary Choices 
	Perception and Attitude Towards PBMDAs 
	Dietary Preferences 
	Sex 
	Age 
	Marital Status 

	Perceptions of Nutritional Adequacy of PBMDA and Dairy Products 

	Discussion 
	Conclusions 
	References

