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Transforming food systems is critical to addressing environmental and public health challenges, and alternative
protein sources (APs) are increasingly promoted as part of sustainable dietary transitions in Europe. However,
consumers may not prioritise all AP sources equally. This study examines how consumers in seven Northern and
Baltic European countries prioritise different AP sources simultaneously and identifies the characteristics asso-
ciated with these preference patterns.

Data were collected through an online survey of 4671 respondents (50% women). Participants ranked six AP
sources, including fermented plant-based, cultivated, fungi-based, algae-based, insect-based, and extruded plant
proteins. Cluster analysis is used to identify preference profiles, and logistic regression models are applied to
examine associations with socio-demographic characteristics, attitudes, and personal values.

Four distinct preference profiles were identified: a Fermented and Fungi Preference Group, a Fungi Preference
Group, a Cultivated Protein Preference Group, and a Fermented Protein Preference Group. Fermented proteins
were most frequently prioritised, whereas insect-based proteins consistently occupied the lowest-ranked posi-
tions. No distinct preference profile emerged around algae- or insect-based proteins. Profile membership was
more consistently associated with attitudes towards specific AP sources and personal values than with socio-
demographic characteristics alone.

These findings demonstrate that consumers do not share a single pattern of preferences for APs and alternative
protein sources are not prioritised equally. By examining the relative prioritisation of multiple AP sources
simultaneously, this study provides new insights into consumer heterogeneity and highlights the need for more
differentiated approaches to communication and policy supporting sustainable protein transitions.

1. Introduction

Globally, food systems account for at least one-third of greenhouse
gas (GHG) emissions, with the livestock sector contributing most of
those emissions, requiring extensive natural resources, and contributing
to biodiversity loss (Crippa et al., 2021; Willett et al., 2019). In Europe,
these challenges are particularly acute, as animal-based foods remain
deeply embedded in dietary cultures and consumption levels frequently
exceed dietary recommendations (Chiles & Fitzgerald, 2018). High
consumption of meat and dairy products has been linked to an increased
prevalence of diet-related non-communicable diseases (NCDs),
including obesity, type II diabetes, and cardiovascular disease (Willett
et al., 2019).

Against this backdrop, the transformation of food systems has
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become a central priority for the European Union (EU) as it seeks to align
agricultural production, consumption patterns, and public health with
its broader sustainability commitments (European Union, 2020). Central
to advancing sustainable diets, increasing both the supply and demand
of alternative protein (AP) sources has been recognised as a key strategy
in Europe (European Union, 2020; Hales et al., 2024). Consequently,
there is growing attention to consumers' responses to these foods. AP
sources, including plant-based, fungi-based, algae-based, cultivated, and
insect-derived ones, generally have lower environmental footprints than
conventional animal-based products, as they require fewer natural re-
sources and offer potential benefits for climate mitigation and adapta-
tion (IPCC, 2019; Stubelj et al., 2025). Additionally, some alternative
protein sources have been associated with nutritional benefits (Hertzler
et al., 2020), although these vary considerably across protein types and
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product formulations. While climate and health arguments increasingly
support the shift toward alternative protein sources, their successful
integration into current food systems ultimately depends on consumer
perceptions and acceptance (Etter et al., 2024).

Preference patterns, however, vary substantially across consumers
and are shaped by psychological, cultural, and social factors (Pakseresht
et al., 2022). A growing body of evidence has already identified
socio-demographic and attitudinal characteristics associated with
acceptance of plant-based foods and other APs (Blanchet et al., 2025;
Perez-Cueto et al., 2024; SmartProtein, 2021; Stubelj et al., 2025). At the
European level, these studies suggest that women are more likely to
adopt plant-based diets, while men tend to exhibit greater resistance to
reducing animal-based food consumption (Banyte et al., 2022). Personal
values may also provide additional insight into consumer responses to
APs. According to Schwartz's Theory of Basic Human Values, values
represent broad motivational goals that influence attitudes and behav-
iours across different domains (Schwartz, 2012). Because food choices
are embedded within broader social, environmental, and lifestyle con-
siderations, personal values have been used to explain variation in di-
etary behaviours and sustainable food choices (Banyte et al., 2022).
Consistent with this perspective, more conservative values are nega-
tively associated with adherence to plant-based eating patterns (Banyte
et al., 2022). Consequently, personal values may contribute to explain-
ing heterogeneity in consumer preferences for AP sources.

Although progress has been made in understanding individual
characteristics associated with consumer responses to AP sources
(Aschemann-Witzel et al., 2021),considerably less is known about how
consumers prioritise different AP sources when several are considered
simultaneously. In particular, it remains unclear whether
socio-demographic characteristics, attitudes, and personal values are
associated with different patterns of relative preferences across multiple
AP sources. This evidence gap is particularly relevant in Northern and
Baltic European countries, where dietary patterns create different
starting points for dietary change compared with other parts of Europe
(de Boer et al., 2006; Naska et al., 2006). In these countries., meat and
dairy consumption levels tend to be higher than in Southern Europe,
presenting both significant challenges and unique opportunities for di-
etary change (Chiles & Fitzgerald, 2018; Perez-Cueto et al., 2024).
Moreover, many of these countries joined the EU later than other
Member States and remain underrepresented in cross-national studies of
dietary transitions (Rippin et al., 2018). Consequently, evidence from
these countries on how consumers prioritise different AP sources rela-
tive to one another remains limited, highlighting the need for segmen-
tation studies that identify distinct preference profiles and the
characteristics associated with them (Lumsden et al., 2024; Van Loo
et al., 2017).

Addressing this gap is the rationale of the present study. Using data
from seven Northern and Baltic European countries, the study segments
consumers according to their stated relative preferences for alternative
protein sources and examines how socio-demographic characteristics,
attitudes, and personal values are associated with these preference
profiles. In doing so, the study provides new insights into consumer
heterogeneity and contributes to a better understanding of the role that
AP sources may play in sustainable and healthy protein transitions.

The novelty of this study lies in utilising cross-national survey data
from seven Northern and Baltic EU countries to segment respondents
according to their stated relative preferences for AP sources. Unlike
studies that have focused on individual AP categories separately, this
study examines how consumers prioritise multiple AP sources simulta-
neously and identifies how socio-demographic characteristics, attitudes,
and personal values are associated with different preference profiles.
The findings offer new behavioural insights from the Northern and
Baltic regions, contributing to a broader understanding of sustainable
food transitions and informing the development of interventions
tailored to diverse European contexts.
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2. Methods
2.1. Study design and data collection

This study is carried out as part of the EU-funded LOCALITY project,
which aims to develop circular and sustainable value chains and inno-
vative algae-based food products that support the protection and
restoration of Europe's aquatic ecosystems. Within the LOCALITY proj-
ect, the consumer research component focuses on understanding the role
of AP sources, including algae-based products, in future European food
systems. Data were collected between November and December 2024
using an online cross-national survey. The target population consisted of
adults aged 18 years and older residing in seven Northern and Baltic
European countries: Estonia, Finland, Germany, Lithuania, Norway,
Poland, and Sweden. The selection of countries reflected the
geographical scope of the LOCALITY project.

Participants were recruited by Lysio AB (formerly Enkéatfabriken
AB), a Swedish survey research company that maintains a large pre-
screened online panel of individuals who have consented to partici-
pate in research studies. Recruitment employed stratified quota sam-
pling based on gender (targeting approximately 50% women in each
country) to enhance comparability with national population distribu-
tions. Participation was voluntary, and respondents received panel-
standard compensation determined by Enkatfabriken. The survey was
translated into seven languages by Enkatfabriken and subsequently
reviewed by native speakers to ensure linguistic accuracy and concep-
tual equivalence. This allowed participants to complete the question-
naire in their native language. All responses were collected
anonymously.

Ethical approval was granted by the Swedish Ethical Review Au-
thority (Etikprovningsmyndigheten) in August 2024 (approval number
2024-03821-01). All participants provided informed consent prior to
participation. Statistical analyses and modelling were conducted using
IBM SPSS Statistics, and the significance level was set at p < .05.

2.2. Participants and data quality screening

A total of 5250 respondents initially completed the survey. Although
participants were recruited through Enkatfabriken and subject to its
internal quality assurance procedures, additional data quality screening
was independently conducted by the authors to identify indicators of
non-realistic responding, including implausibly short completion times
and inconsistent response patterns across related items (Liem, 2025).
The median survey completion time was approximately 29 min, for the
full LOCALITY questionnaire, which included additional modules
beyond those analysed in the present study. Responses completed in less
than half that time (~14 min) were flagged as potentially non-realistic
and reviewed alongside other quality indicators (e.g., inconsistent
response patterns). Based on these criteria, 579 respondents were
excluded from the analytic sample. The final sample, therefore, con-
sisted of 4671 respondents.

2.3. Variables in the study

The questionnaire consisted of 54 variables, all of which required
responses. The final dataset contained no missing values. Socio-
demographic characteristics considered as primary potential de-
terminants of preferences: age, sex, highest completed level of educa-
tion, perceived household financial situation, self-rated health status,
and type of residential area. Further, attitudes toward plant-based foods,
personal values, reported frequency of food consumption, dietary life-
style, and food allergies were included.

Respondents were also asked to rank six alternative protein sources:
fermented plant-based proteins, cultivated meat, fungi-based proteins,
algae-based proteins, insect-based proteins, and extruded plant proteins,
from 1 (most preferred) to 6 (least preferred).The ranking task was
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intentionally restricted to the alternative protein sources included
within the scope of the LOCALITY project and did not include an animal-
based reference option. Consequently, the rankings capture respondents'
relative ordering of the six alternative protein sources but do not indi-
cate their absolute acceptance, liking, willingness to consume, or pref-
erences relative to animal-based foods.

To promote a consistent interpretation of the survey items, re-
spondents were provided with brief definitions of each AP source cate-
gory before completing the ranking task (SmartProtein, 2021, Table 1).

Personal values were measured using single-item measures based on
the Schwartz Value Survey (SVS), which is widely applied in cross-
cultural research and suitable for comparing value orientations across
countries (Schwartz, 2012). Each value was assessed using one item,
accompanied by brief descriptors to aid respondents' understanding (e.
g., Power — social power, authority, wealth). Respondents rated the
importance of each value as a guiding principle in their lives on an
ordinal scale ranging from opposed to my principles (0) to of supreme
importance (8). The survey included ten value domains: self-direction
(creativity, freedom, curiosity, independence, choosing one's own
goals), stimulation (daring, a varied and challenging life, an exciting
life), hedonism (gratification of desires, enjoyment in life,
self-indulgence), achievement (success, capability, ambition, influence
on people and events), power (social power, authority, wealth), security
(national security, family security, social order, cleanliness, reciproca-
tion of favours), conformity (obedience, honouring parents and elders,
self-discipline, politeness), tradition (respect for tradition, humbleness,
accepting one's portion in life, devotion, modesty), benevolence (help-
fulness, honesty, forgiveness, loyalty, responsibility), and universalism
(broad-mindedness, beauty of nature and the arts, social justice, a world
at peace, equality, wisdom, unity with nature, environmental protec-
tion). As each value domain was measured using a single item, internal
consistency reliability indices such as Cronbach's alpha were not appli-
cable. Exploratory factor analysis was subsequently conducted to
examine whether the value domains could be aggregated into broader
dimensions consistent with Schwartz's higher-order value structure. The
resulting value dimensions were then used as explanatory variables in
the binary and multinomial logistic regression analyses, replacing the
individual value items and thereby reducing model complexity.

Attitudes towards plant-based foods were measured using Likert-
type items developed for this study, drawing conceptually on the atti-
tudinal framework proposed by Lea and Worsley (Lea et al., 2006). Items
captured general evaluations of plant-based foods across several evalu-
ative and practical dimensions, including perceived nutritional ade-
quacy, taste and sensory appeal, satiety, convenience, affordability and
availability, food preparation skills, and ease of inclusion in everyday
diets. Responses were recorded on a 7-point agreement scale ranging
from strongly disagree to strongly agree. Exploratory analyses indicated a
unidimensional structure for these items (see Supplementary Table B2).
Accordingly, items were combined into a composite attitude index by
calculating their mean score, with higher values indicating more

Table 1
Definitions of alternative protein sources provided to participants.

Alternative protein
source

Definition provided to participants

Fermented plant-based
proteins

Cultivated meat and Foods produced from animal cells grown in controlled
dairy environments without raising animals.

Fungi-based proteins Protein products derived from fungal biomass.

Algae-based proteins Proteins derived from microalgae or macroalgae.

Insect-based proteins Protein products derived from edible insects.

Extruded plant proteins  Plant-based protein products processed through extrusion

to mimic the texture of meat.

Proteins produced through microbial fermentation.

Note. The definitions are indicated using the wording presented to participants
in the survey.
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positive attitudes towards plant-based foods. The scale demonstrated
high internal consistency (Cronbach's « = .918). The item “Plant-based
foods facilitate a sustainable and healthy dietary transition” was analysed
separately and not included in the composite scale, as it reflects a more
normative, system-level belief about dietary change rather than a gen-
eral product-related attitude. It was therefore treated as a distinct pre-
dictor in subsequent regression analyses. Attitudes towards general
plant-based foods were measured using a dedicated multi-item scale.
In addition, composite variables were created for fungi-based, culti-
vated, insect-based, algae-based, and fermented proteins by averaging
respondents’ evaluations of the extent to which each protein source was
perceived as safe, healthy, and tasty. Responses were recorded on
7-point agreement scales, with higher values indicating more positive
evaluations of the respective protein source. These composite variables
were subsequently included as explanatory variables in the regression
analyses.Food consumption was measured using a food frequency
questionnaire (FFQ) adapted from standard semi-quantitative FFQs
(Willett, 2012). The reported frequency of food consumption was used
descriptively to characterise dietary patterns in the sample, and is pre-
sented in Supplementary Material Table A3. These variables were not
included as predictors in regression analyses to avoid conceptual
redundancy with dietary lifestyle categories and to limit model
complexity, given the overlap between habitual consumption measures
and broader dietary identity constructs.

2.4. Factor analysis

Exploratory factor analysis (EFA) was conducted for both personal
values and attitude-related variables to evaluate their underlying
dimensional structure and to support construct validity prior to inclu-
sion in the regression analyses. In addition, factor analysis was used to
reduce the dimensionality of correlated indicators, thereby limiting
model complexity and improving interpretability in subsequent models
(Watkins, 2018). Factors were extracted using principal component
analysis (PCA) with Varimax rotation and Kaiser normalisation. Factor
solutions were evaluated based on eigenvalues greater than one, in-
spection of scree plots, and theoretical interpretability.

For personal values, the analysis yielded broader dimensions
consistent with the higher-order value structure proposed by Schwartz,
including self-enhancement, self-transcendence, and conservation
values. These resulting value dimensions, together with the attitude
constructs, were subsequently included as explanatory variables in the
binary and multinomial logistic regression models.

2.5. Cluster and regression analysis

Prior to clustering, the ranking data were recoded into six variables
representing the rank assigned to each alternative protein source
(1 = most preferred, 6 = least preferred). This transformation enabled
direct comparison of relative preferences across protein sources, with
lower values indicating higher preference.

A two-step clustering strategy was then used to segment respondents
according to their relative preferences for the alternative protein sour-
ces. Clustering was chosen because it naturally identifies respondent
segments without imposing predefined categories (Punj & Stewart,
1983), making it suitable for exploring heterogeneity in alternative
protein preferences.

First, hierarchical cluster analyses were conducted separately for
each country using the six APs ranking variables, with Ward's linkage
method and squared Euclidean distance (Everitt et al., 2011; Ward Jr,
1963). Examination of dendrograms and agglomeration coefficients
from the country-specific hierarchical cluster analyses suggested that a
four-cluster solution was the most stable and interpretable solution
across the seven countries. Alternative three- and five-cluster solutions
were also examined. However, the four-cluster solution provided the
clearest differentiation of respondents' alternative protein preference
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profiles and the most consistent basis for comparison across countries.
Therefore, a four-cluster solution was retained for all countries. There-
fore, a four-cluster solution was retained for all countries. The
country-specific analyses were used to inform cluster retention rather
than to generate separate country-specific cluster classifications.

Next, k-means clustering was used on the same variables to assign
each participant to one of the four clusters. The resulting clusters were
subsequently characterised according to the mean ranking profiles of the
six alternative protein sources and labelled based on the most preferred
protein source within each cluster. Cluster validity was further assessed
by examining between-cluster differences on the six alternative protein
preference ranking variables used for segmentation; one-way analyses of
variance indicated statistically significant differences across the four
clusters for all protein sources (all p < .001), supporting adequate sep-
aration and internal coherence of the retained solution.

Similar approaches have also been employed in studies examining
consumer segmentation for alternative protein sources, such as Malek
et al. (Malek & Umberger, 2023), supporting the suitability of k-means
clustering for identifying consumer segments based on alternative pro-
tein source preferences.

Following the cluster analysis, binary logistic regression models were
estimated to examine how socio-demographic characteristics, personal
values, dietary lifestyle, general attitudes towards plant-based foods,
fungi-based, cultivated, insect-based, algae-based, and fermented pro-
teins predict the likelihood of belonging to each preference profile. The
same explanatory variables were included in all binary logistic regres-
sion models. To improve readability, only statistically significant co-
efficients are presented in the main Results section and tables, while
complete model results are provided in the Supplementary Material
Tables B3-B6.

Prior to model estimation, multicollinearity among predictors was
assessed using variance inflation factors (VIF) based on the full set of
predictors included in the initial model specification. All VIF values
were below commonly accepted thresholds (e.g. VIF < 5), indicating no
multicollinearity concerns across the cluster-specific binary and multi-
nomial logistic regression models. Pearson correlations among the
continuous explanatory variables are provided in Supplementary
Table BS.

Binary logistic regression models were estimated separately for each
cluster using a binary dependent variable indicating membership in the
target cluster (1 = member; 0 = non-member. The logistic model was
specified as:

(%)

(1 —x(x))

where n(x) denotes the probability of belonging to the cluster of interest,
Bo is the intercept, and  is the vector of regression coefficients. Results
are presented as odds ratios (ORs), where OR > 1 indicates a higher
likelihood and OR < 1 a lower likelihood of cluster membership.

To account for the nominal, multi-category nature of cluster mem-
bership and to assess the robustness of the findings, a multinomial lo-
gistic regression model was additionally estimated (Agresti, 2013).
Cluster 1 was specified as the reference category, allowing simultaneous
comparison of Clusters 2-4 against a common baseline within a single
model. The same explanatory variables included in the binary logistic
regression analyses were entered into the multinomial model.

The multinomial logit model was specified as:

P(Y = jlx)
log <P(Y —Jk)

logit((x)) =In ( ) =ho+ x

) :/}Oj+ﬂ_/jx7j:1,--.,.]7 1

where x is the vector of explanatory variables, By is the cluster-specific
intercept, and p; is the vector of regression coefficients for cluster j.
Results are reported as odds ratios (ORs). As with the binary logistic
models, only statistically significant coefficients are presented in the
main manuscript, whereas complete model results are available in the
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Supplementary Materials Table B7.

Binary logistic regression models were treated as the primary ana-
lytic approach due to their interpretability for cluster-specific profiling,
with separate models estimated for each cluster. The multinomial lo-
gistic regression was used as a robustness check, enabling a simulta-
neous comparison across all clusters within a unified modelling
framework.

3. Results
3.1. Descriptive statistics

Descriptive statistics for respondents’ sociodemographic character-
istics are presented in Table 2, while attitudes, values, and food group
consumption frequencies are detailed in Supplementary Table A1-A3.
The final sample included 4671 respondents (the full sample), evenly
distributed by sex (approximately 50% identifying as women), with a
minimum of 621 respondents per country.

3.2. Relative preferences for APs

The following results summarise the preferred AP sources, the seg-
mentation of respondents by their stated relative preferences for alter-
native protein sources and the determinants of respondent segment
membership based on the sample from the seven Northern and Baltic
countries. Before turning to the regression results, descriptive statistics
are discussed.

As shown in Fig. 1, when asked to rank alternative protein sources,
respondents most frequently selected fermented plant-based foods (e.g.,
products based on cereals, pulses, or grains) as their most preferred
option. Cultivated foods were the second most common first-ranked
choice, selected by 23% of respondents, followed by extruded plant-
based proteins (19%). Fungi- and algae-based foods were less
frequently selected as the most preferred option, with 14% and 8% of
respondents choosing these alternatives, respectively. Insect-based
foods were the least frequently selected as the most preferred option,
being chosen by only 3% of respondents.

3.3. Country-level variation

Table 3 presents the observed median preference ranks for six types
of alternative protein by country (N = 4671). The ranks range from 1
(most preferred) to 6 (least preferred). The data were rounded to the
nearest integer for clarity.

Overall, fermented plant-based proteins were placed in the ranking
consistently among the most preferred alternative protein sources across
all countries, with a median rank of 2 in most cases. Cultivated proteins
generally received a median rank of 3, indicating a relatively favourable
position within the ranking. Extruded plant-based proteins received
comparatively higher rankings in Poland. Fungi-based proteins were
ranked more favourably in Germany and Lithuania, whereas algae-
based proteins generally received lower rankings across countries,
with a median rank of 4. Insect-based proteins were consistently the
least preferred alternative protein category, with median ranks of 5 or 6
across countries.

Kruskal-Wallis tests further indicated significant country differences
in the rankings of fermented plant-based, cultivated, fungi-based, insect-
based, and extruded plant proteins (all p < .001), whereas no significant
country differences were observed for algae-based proteins (p = .283).
Detailed results are reported in Supplementary Table B9.

3.4. Cluster profiling
Four distinct respondent clusters were identified in the sample. As

illustrated in Table 4, lower mean values indicate higher preference
rankings for a given alternative protein type; data were rounded to the
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Table 2
Socio-demographic characteristics of respondents by country (N = 4671). Frequencies (%) and Standard Deviation (SD) are reported.
Category Subcategory Norway Germany Lithuania Finland Estonia Sweden Poland Total
(N =621) (N =631) (N = 706) (N = 694) (N = 668) (N = 663) (N = 688) (N = 4671)
Biological sex, Female 250 (40) 337 (53) 384 (54) 348 (50) 355 (53) 326 (49) 372 (54) 2372 (51)
N (%) Male 370 (60) 293 (46) 320 (45) 343 (49) 312 (47) 336 (51) 316 (46) 2290 (49)
Other/Prefer not to 1(0.2) 1 (0.2) 2(0.3) 3(0.4) 1(0.1) 1(0.2) 0 (0) 9(0.2)
say
Age, mean (SD) 48 (16) 54 (17) 49 (15) 52Q17) 43 (149 52(18) 50 (16) 50 (17)
Education, N Finished primary 32(5) 32 (5) 8 (1) 53 (8) 36 (5) 41 (6) 21 (3) 223 (5)
(%) school
Finished secondary 142 (23) 195 (31) 78 (11) 237 (34) 114 (17) 223 (34) 265 (39) 1254 (27)
school
Other post- secondary 125 (20) 214 (34) 169 (24) 168 (24) 186 (28) 151 (23) 47 (7) 1060 (23)
studies
Undergraduate 193 (31) 98 (16) 272 (39) 107 (15) 167 (25) 190 (29) 94 (14) 1121 (24)
studies
Graduate and post- 129 (21) 92 (15) 179 (25) 129 (19) 165 (25) 58 (9) 261 (38) 1013 (22)
graduate studies
Financial Extremely difficult 56 (9) 56 (9) 46 (7) 69 (10) 55 (8) 59 (9) 15 (2) 356 (8)
situation, N Somewhat difficult 159 (26) 153 (24) 159 (23) 182 (26) 169 (25) 172 (26) 131 (19) 1125 (24)
(%) Neither easy nor 191 (31) 240 (38) 324 (46) 201 (29) 274 (41) 225 (34) 370 (54) 1825 (39)
difficult
Somewhat easy 140 (23) 138 (22) 147 (21) 187 (27) 96 (14) 151 (23) 159 (23) 1018 (22)
Extremely easy 75(12) 44 (7) 30 (4) 55 (8) 74 (12) 56 (8) 13 (2) 347 (7)
Living area, N Urban 320 (52) 317 (50) 552 (78) 407 (59) 516 (77) 330 (50) 526 (78) 2968 (64)
(%) Suburban 124 (20) 164 (26) 60 (9) 170 (25) 65 (10) 171 (26) 48 (7) 802 (17)
Rural 177 (29) 150 (24) 94 (14 117 (17) 87 (13) 162 (24) 114 (17) 901 (19)
Dietary Omnivore 454 (73) 264 (42) 499 (71) 530 (77) 509 (76) 490 (74) 441 (64) 3187 (68)
lifestyle, N Flexitarian 137 (22) 311 (49) 173 (25) 134 (19) 124 (19) 133 (20) 211 (31) 1223 (26)
(%) Pescetarian 12 (2) 17 (3) 19 (3) 16 (2) 16 (2) 21 (3) 19 (3) 120 (3)
Vegetarian 13(2) 32(5) 12 (2) 10 (1) 15(2) 15(2) 12 (2) 109 (2)
Vegan 5(1) 7 (1) 3(0) 4 (1D 4 (1) 4(1) 5(1) 32 (1)
Health status, N Very bad 12 (2) 2 (0) 2 (0) 2 (0) 17 (3) 15(2) 9 (1) 59 (1)
(%) Bad 56 (9) 44 (7) 47 (7) 56 (8) 46 (7) 84 (13) 64 (9) 397 (8)
Fair 225 (36) 208 (33) 352 (50) 221 (32) 241 (36) 254 (38) 278 (40) 1779 (38)
Good 217 (34) 310 (49) 262 (37) 338 (49) 227 (34) 232 (35) 283 (41) 1869 (40)
Very good 111 (18) 67 (11) 43 (6) 77 (11) 137 (21) 78 (12) 54 (8) 567 (12)
Food allergy, N Yes 139 (22) 60 (10) 84 (12) 114 (16) 126 (19) 92 (14 77 (11) 692 (15)
(%) No 482 (78) 571 (91) 622 (88) 580 (84) 542 (81) 571 (86) 611 (89) 3979 (85)

nearest integer for clarity. Based on the clustering analysis the clusters
were characterised as follows:

Cluster 1: Fermented and Fungi Preference Group — Respondents in this
cluster assigned higher preference rankings to fermented and fungi-
based protein sources, while algae- and insect-based foods received
lower rankings.

Cluster 2: Fungi Preference Group — Respondents in this cluster
assigned comparatively higher preference rankings to fungi-based pro-
tein sources than to the other alternative protein categories.

Cluster 3: Cultivated Protein Preference Group — Respondents in this
cluster assigned the highest preference rankings to cultivated protein
sources, while the remaining alternative protein categories received
lower rankings.

Cluster 4: Fermented Protein Preference Group — Respondents in this
cluster assigned higher preference rankings to fermented protein sour-
ces, while fungi- and insect-based proteins received lower rankings.

3.5. Dimensionality reduction

A principal component analysis (PCA) with Varimax rotation was
conducted on the ten Schwartz value dimensions to examine their un-
derlying structure. Sampling adequacy was satisfactory (KMO = 0.84),
and Bartlett's test of sphericity was significant (x2(45) = 20,519.71,
p < .001). Based on eigenvalues greater than 1 and theoretical inter-
pretability, a three-component solution was retained, explaining 71.3%
of the total variance.

The resulting structure broadly reflected combinations of Schwartz's
higher-order value orientations. The first component was characterised
by high loadings on power, achievement, hedonism, and stimulation.
The second component included self-direction, universalism, and

benevolence, while the third component was characterised by tradition,
conformity, and security. The full rotated component matrix is reported
in Supplementary Table B1.

In addition, a PCA was conducted on the seven attitude items related
to plant-based foods. The data were suitable for factor analysis
(KMO = 0.89; Bartlett's test of sphericity X2(21) = 23,986.42, p < .001).
A single-component solution was extracted, explaining 67.8% of the
total variance, indicating a largely unidimensional attitudinal construct.
Component loadings are reported in Supplementary Table B2.

3.6. Determinants of cluster belonging

3.6.1. Cluster 1: Fermented and Fungi Preference Group

Table 5 presents the logistic regression coefficients predicting
membership in Cluster 1. Older respondents were more likely to belong
to this cluster (Exp(B) = 1.016, p < .001). Compared to respondents
from Poland, those from Estonia (Exp(B) = 1.853, p < .001), Lithuania
(Exp(B) = 1.630, p < .001), and Germany (Exp(B) = 1.506, p = .002)
had significantly higher odds of belonging to Cluster 1. Women were
also more likely than men to belong to this cluster (Exp(B) = 1.176,
p = .021), whereas respondents reporting a somewhat difficult house-
hold financial situation had lower odds of membership (Exp(B) = 0.811,
p =.018).

Regarding personal values, stronger self-enhancement values were
associated with lower odds of belonging to Cluster 1 (Exp(B) = 0.876,
p = .011). Positive perceptions of fungi-based proteins (Exp(B) = 1.438,
p < .001) and fermented proteins (Exp(B) = 1.167, p < .001) were
associated with higher odds of cluster membership.

Overall, Cluster 1 is characterised by older respondents, women, and
a higher representation of participants from Estonia, Lithuania, and
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Alternative protein sources ranked first by respondents in seven EU countries

34%

23%

Cultivated protein (e.q.
cultivated meat, cultivated
dairy, etc.)

19%

Extruded plant-based
foods (e.g. extruded
proteins from grains such
as lentils or soya)

Plant-based fermented
foods (based on cereals,
pulses, grains)

14%
8%

3%

Plant-based foods Insect-based foods
containing algae (either
made from micro and/or

macro algae)

Fungi-based foods (e.q.
mushrooms, mycelium,
yeast)

Fig. 1. Alternative protein sources ranked first by respondents, full sample (N = 4671).

Table 3

Median preference ranks [IQR]? for alternative protein sources by country (N = 4671), with minimum = 1, maximum = 6.

AP categories Norway (N = 621) Germany (N = 631) Lithuania (N = 706)

Finland (N = 694) Estonia (N = 668) Sweden (N = 663) Poland (N = 688)

Fermented 2 [1-4] 2 [1-4] 2 [1-3]
Cultivated 3 [2-5] 4 [2-5] 4 [2-5]
Fungi 3 [2-5] 3 [2-4] 3 [2-4]
Algae 4 [3-5] 4 [3-5] 4 [3-5]
Insect 5 [4-6] 5 [4-6] 5 [4-6]
Extruded 3 [2-5] 3 [2-4] 3 [2-5]

2 [1-3] 2 [1-4] 2 [1-4] 2 [1-4]
3 [1-5] 3 [2-5] 3 [1-5] 3 [1-5]
3 [2-5] 3 [2-5] 4 [2-5] 4 [2-5]
4 [3-5] 4 [3-5] 4 [3-5] 4 [3-5]
6 [4-6] 6 [4-6] 5 [4-6] 6 [5-6]
3 [2-5] 3 [2-4] 3 [2-5] 3[1-4]

Notes: ? Inter Quartile Rank [IQR] Distribution in square brackets.

Table 4
Mean preference ranks for alternative protein sources across consumer clusters
(N = 4671).

Clusters

AP categories 1 (N =1439) 2 (N =704) 3 (N =1395) 4 (N =1133)
Fermented 2 5 3 2

Cultivated 4 4 1 4

Fungi 2 2 4 5

Algae 5 3 4 3

Insect 5 4 5 5

Extruded 4 4 2 3

Germany, a lower likelihood of financial difficulties, lower endorsement
of self-enhancement values, and more positive perceptions of fungi-
based and fermented proteins.

3.6.2. Cluster 2 Fungi Preference Group

As shown in Table 6, respondents from Sweden are more likely to
belong to this cluster compared to those from Poland (Exp(B) = 1.441,
p = .025). Compared with respondents living in rural areas, those
residing in urban (Exp(B) = 0.738, p = .005) and suburban (Exp

(B) = 0.747, p = .033) areas are significantly less likely to belong to this
cluster. Individuals reporting bad (Exp(B) = 0.589, p = .012) or fair
health (Exp(B) = 0.729, p = .034) had significantly lower odds of
belonging to this group than those reporting very good health.

Regarding personal values, higher endorsement of self-enhancement
values is positively associated with membership in this cluster (Exp
(B) = 1.128, p = .014). In contrast, conservation values are negatively
associated with belonging to this group (Exp(B) = 0.879, p = .003).
Positive perceptions of fungi-based proteins (Exp(B) = 1.213, p < .001),
insect-based proteins (Exp(B) = 1.229, p < .001), and algae-based
proteins (Exp(B) = 1.323, p < .001) are positively associated with
cluster membership.

Overall, this group is more likely to include respondents from Swe-
den and those living in rural areas. Cluster membership is also associated
with higher endorsement of self-enhancement values, lower endorse-
ment of conservation values, and more positive perceptions of fungi-
based, insect-based, and algae-based proteins.

3.6.3. Cluster 3: Cultivated Protein Preference Group

As indicated in Table 7, older respondents are less likely to belong to
this cluster, as age is negatively associated with membership (Exp
(B) = 0.986, p < .001). Respondents from Norway (Exp(B) = 0.751,
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Table 5
Logistic regression model predicting membership in Cluster 1%
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Table 7
Logistic regression model predicting membership in Cluster 3%

Variables in the equation

Variables in the Equation

Respondent characteristics Exp(B) 95% CI P Respondent characteristics Exp(B) 95% CI p

Age 1.016 1.011 1.02 <0.001 Age 0.986 0.981 0.99 <0.001
Country of residence (ref. = Poland): Country of residence (ref. = Poland):

Estonia 1.853 1.439 2.387 <0.001 Norway 0.751 0.582 0.968 0.027
Germany 1.506 1.161 1.955 0.002 Estonia 0.605 0.47 0.779 <0.001
Lithuania 1.63 1.273 2.086 <0.001 Germany 0.58 0.443 0.76 <0.001
Sex (ref. = Men): Lithuania 0.439 0.337 0.571 <0.001
Women 1.176 1.025 1.35 0.021 Sex (ref. = Men):

Perceived household financial situation (ref. = Neither easy nor difficult): Women 0.753 0.656 0.865 <0.001
Somewhat difficult 0.811 0.682 0.964 0.018 Dietary lifestyle (ref. = Omnivore):

Personal values: Flexitarian 0.707 0.595 0.842 <0.001
Self-enhancement values 0.876 0.813 0.943 0.011 Personal values:

Positive attitudes towards APs: Self-enhancement values 1.114 1.031 1.203 0.006
Fungi-based proteins 1.438 1.336 1.547 <0.001 Positive attitudes towards APs:

Cultivated proteins 0.778 0.723 0.837 <0.001 Fungi-based proteins 0.819 0.76 0.884 <0.001
Insect-based proteins 0.932 0.884 0.984 0.011 Cultivated proteins 1.763 1.615 1.925 <0.001
Algae-based proteins 0.77 0.707 0.839 <0.001 Algae-based proteins 0.795 0.727 0.87 <0.001
Fermented proteins 1.167 1.08 1.261 <0.001

Notes: *The final model was statistically significant, ¥*(38) = 421.00, p < .001,
with a McFadden pseudo-R? of 0.073. ® Exp(B) represents the odds ratio, and the
€ Cl is its 95% confidence interval. Only statistically significant predictors are
displayed. Full model results are reported in Supplementary Table B3.

Table 6
Logistic regression model predicting membership in Cluster 2.

Variables in the equation

Respondent characteristics Exp(B) 95% CI p
Country of residence (ref. = Poland):

Sweden 1.441 1.047 1.981 0.025
Area of residence (ref. = Rural):

Urban 0.738 0.597 0.914 0.005
Suburban 0.747 0.572 0.977 0.033
Self-perceived health (ref. = Very good health):

Bad health 0.589 0.39 0.891 0.012
Fair health 0.729 0.545 0.976 0.034
Personal values:

Self-enhancement values 1.128 1.024 1.241 0.014
Conservation values 0.879 0.809 0.956 0.003
Positive attitudes towards APs:

Fungi-based proteins 1.213 1.104 1.332 <0.001
Cultivated proteins 0.88 0.8 0.968 0.009
Insect-based proteins 1.229 1.143 1.321 <0.001
Algae-based proteins 1.323 1.18 1.483 <0.001
Fermented proteins 0.716 0.647 0.793 <0.001

Notes: 2The final model was statistically significant, ¥*(38) = 178.00, p < .001,
with a McFadden pseudo-R? of 0.045. ® Exp(B) represents the odds ratio, and the
¢ CI for Exp(B) is its 95% confidence interval. Only statistically significant pre-
dictors are displayed. Full model results are reported in Supplementary
Table B4.

p = .027), Estonia (Exp(B) = 0.605, p < .001), Germany (Exp
(B) =0.580, p < .001), and Lithuania (Exp(B) = 0.439, p < .001) are less
likely to belong to this cluster than respondents from Poland. Women are
also significantly less likely to be part of this cluster than men (Exp
(B) = 0.753, p < .001). Regarding dietary lifestyle, flexitarians are less
likely to belong to this cluster than omnivores (Exp(B) = 0.707,
p < .001).

Regarding personal values, stronger endorsement of self-
enhancement values is positively associated with cluster membership
(Exp(B) = 1.114, p = .006),and positive perceptions of cultivated pro-
teins are positively associated with belonging to this cluster (Exp
(B) =1.763, p < .001).

Overall, this cluster is more likely to include younger respondents,
men, participants from Poland, and omnivores. Cluster membership is
also associated with higher endorsement of self-enhancement values and
more positive perceptions of cultivated proteins.

Notes: 2The final model was statistically significant, ¥*(38) = 462.00, p < .001,
with a McFadden pseudo-R? of 0.081. ® Exp(B) represents the odds ratio, and the
¢ CI for Exp(B) is its 95% confidence interval. Only statistically significant pre-
dictors are displayed. Full model results are reported in Supplementary
Table B5.

3.6.4. Cluster 4: Fermented Protein Preference Group

As indicated in Table 8, women are more likely to belong to this
cluster than men (Exp(B) = 1.182, p = .024). Regarding attitudes to-
wards alternative protein sources, more positive perceptions of general
plant-based foods are associated with higher odds of cluster membership
(Exp(B) = 1.146, p = .043). Similarly, more positive perceptions of
algae-based proteins (Exp(B) = 1.473, p < .001) and fermented proteins
(Exp(B) = 1.117, p = .012) are positively associated with belonging to
this cluster. Respondents who perceive plant-based foods as facilitating
a sustainable and healthy dietary transition are also more likely to
belong to this cluster (Exp(B) = 1.101, p = .014).

Overall, this cluster is more likely to include women and individuals
expressing more positive perceptions of general plant-based foods,
algae-based proteins, and fermented proteins. Cluster membership is
also associated with perceiving plant-based foods as supportive of a
sustainable and healthy dietary transition.

3.7. Multinomial determinants of cluster membership

To complement the binary logistic regressions, a multinomial logistic
regression was estimated to examine the simultaneous determinants of

Table 8
Logistic regression model predicting membership in Cluster 4%

Variables in the Equation

Respondent characteristics Exp 95% CI p

®)
Sex (ref. = Men):
Women 1.182 1.022 1.368 0.024
Positive attitudes towards APs:
General plant-based foods 1.146 1.004 1.307 0.043
Fungi-based proteins 0.665 0.613 0.721  <0.001
Cultivated proteins 0.846 0.781 0916  <0.001
Algae-based proteins 1.473 1.335 1.625  <0.001
Fermented proteins 1.117 1.025 1.217 0.012
Plant-based foods facilitate a sustainable 1.101 1.019 1.189 0.014

and healthy dietary transition

Notes: *The final model was statistically significant, ¥*(38) = 277.00, p < .001,
with a McFadden pseudo-R? of 0.054. ® Exp(B) represents the odds ratio, and the
€ CI for Exp(B) is its 95% confidence interval. Only statistically significant pre-
dictors are displayed. Full model results are reported in Supplementary
Table B6.
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cluster membership, using Cluster 1 as the reference category. This
specification enables direct comparisons of Clusters 2-4 against a
common baseline. Odds ratios are reported in Table 9.

Overall, the multinomial results showed several patterns consistent
with those observed in the binary logistic regression models. In all
multinomial contrasts, younger age was associated with a higher like-
lihood of belonging to Clusters 2-4 relative to Cluster 1 (all p < .01). Self-
enhancement values remained important determinants of cluster
membership, being positively associated with membership in Clusters 2
and 3 (Exp(B) = 1.22 and 1.19, respectively; both p < .001). Positive
perceptions of specific alternative protein sources also differentiated the
clusters. More positive perceptions of insect- and algae-based proteins
were associated with higher odds of belonging to Cluster 2, whereas
positive perceptions of cultivated proteins were associated with higher
odds of belonging to Cluster 3. In contrast, positive perceptions of fungi-
based proteins were associated with lower odds of belonging to Clusters

Table 9
Multinomial logistic regression predicting cluster membership (reference:
Cluster 1).

Variables in the equation

Exp(B) 95% CI p
Cluster 2 vs Cluster 1
Age 0.989 0.983 0.996 0.001
Countries (ref. = Poland)
Sweden 1.552 1.067 2.257 0.021
Estonia 0.662 0.457 0.96 0.029
Perceived household financial situation (ref. = Neither easy nor difficult)
Somewhat difficult 1.321 1.029 1.696 0.029
Area of residence (ref. = Rural)
Urban 0.698 0.547 0.892 0.004
Suburban 0.71 0.522 0.965 0.029
Self-perceived health (ref. = Very good)
Bad health 0.572 0.356 0.919 0.021
Fair health 0.644 0.458 0.907 0.012
Personal values
Self-enhancement values 1.217 1.092 1.356 <0.001
Positive attitudes towards APs:
Insect-based proteins 1.254 1.157 1.36 <0.001
Algae-based proteins 1.525 1.338 1.738 <0.001
Fermented proteins 0.671 0.597 0.753 <0.001
Cluster 3 vs Cluster 1
Age 0.98 0.974 0.985 <0.001
Countries (ref. = Poland)
Norway 0.73 0.536 0.996 0.047
Estonia 0.462 0.343 0.623 <0.001
Germany 0.508 0.371 0.697 <0.001
Lithuania 0.396 0.292 0.538 <0.001
Sex (ref. = Men)
Women 0.737 0.625 0.868 <0.001
Dietary lifestyle (ref. = Omnivore)
Flexitarian 0.723 0.59 0.886 0.002
Self-perceived health (ref. = Very good)
Very bad health 2.642 1.084 6.439 0.033
Personal values
Self-enhancement values 1.191 1.089 1.303 <0.001
Positive attitudes towards APs:
Fungi-based proteins 0.668 0.61 0.732 <0.001
Cultivated proteins 1.838 1.664 2.03 <0.001
Insect-based proteins 1.08 1.011 1.154 0.022
Fermented proteins 0.843 0.766 0.929 <0.001
Cluster 4 vs Cluster 1
Age 0.989 0.984 0.995 <0.001
Countries (ref. = Poland)
Estonia 0.581 0.421 0.8 <0.001
Positive attitudes towards APs:
Fungi-based proteins 0.568 0.516 0.625 <0.001
Algae-based proteins 1.628 1.453 1.823 <0.001

Notes: Odds ratios (OR = Exp(B)) from multinomial logistic regression. Cluster 1
served as the reference category of the dependent variable. Only statistically
significant predictors are displayed. Full model results are reported in
Supplementary Table B7. Model fit: McFadden R? = 0.078.
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3 and 4.

The multinomial specification further highlighted cross-cluster dif-
ferences that were less apparent in the binary analyses. Compared with
respondents from Poland, individuals from Estonia showed lower odds
of belonging to Clusters 2-4, while respondents from Norway, Germany,
and Lithuania were less likely to belong to Cluster 3. By contrast, re-
spondents from Sweden were more likely to belong to Cluster 2 (Exp
(B) = 1.55, p = .021). Additional differences emerged for sex, dietary
lifestyle, area of residence, perceived household financial situation, and
self-perceived health, although these associations were specific to
particular cluster contrasts.

Taken together, these findings suggest that several determinants
identified in the binary logistic regression models remained relevant in
the multinomial framework, while also providing additional insight into
the factors differentiating specific cluster contrasts.

4. Discussion

Our study, spanning seven Northern and Baltic countries, contributes
to the literature on consumer preferences for alternative protein sources
by combining preference-based segmentation with analyses of socio-
demographic characteristics, personal values, and attitudes. Although
previous studies have explored attitudes and acceptance towards spe-
cific AP categories (Onwezen et al., 2021), less attention has been paid
to how consumers prioritise different AP sources simultaneously. Using
the relative ranking of multiple AP sources, the present study identified
four distinct consumer profiles: the Fermented and Fungi Preference
Group, the Fungi Preference Group, the Cultivated Protein Preference
Group, and the Fermented Protein Preference Group. The identification
of these profiles demonstrates that consumers across the seven Northern
and Baltic European countries did not share a uniform pattern of stated
preferences for AP sources.

Consistent with previous research reporting more favourable con-
sumer evaluations of plant-based protein sources and less favourable
responses to insect-based foods (Onwezen et al., 2021; Wang et al.,
2024), fermented plant-based proteins were most frequently selected
as the first-ranked AP source, whereas insect-based proteins consistently
occupied the lowest-ranked positions. Fermented proteins were priori-
tised in both Cluster 1 and Cluster 4, while fungi-based and cultivated
proteins separately characterised Clusters 2 and 3, respectively. The
emergence of a distinct Cultivated Protein Preference Group is particu-
larly noteworthy given the early stage of commercial development of
cultivated proteins in Europe, although the ranking-based approach
reflects relative prioritisation rather than absolute acceptance of these
products.

In addition, no preference profile emerged that prioritised algae- or
insect-based proteins. These findings extend evidence from other EU
projects concerning the prominence of fermented proteins in consumer
evaluations (Perez-Cueto et al., 2024). More specifically, the simulta-
neous comparison of several AP sources showed that their relative pri-
oritisation differed between consumers, producing preference profiles
centred on fermented, fungi-based, and cultivated proteins.

Beyond these differences in stated preferences, profile membership
was more consistently associated with attitudes towards specific AP
sources and personal values than with socio-demographic characteris-
tics alone. Favourable attitudes towards fungi-based proteins were
associated with membership in both the Fermented and Fungi Prefer-
ence Group and the Fungi Preference Group. Membership in the Culti-
vated Protein Preference Group was associated with favourable attitudes
towards cultivated proteins and higher self-enhancement values, while
membership in the Fermented Protein Preference Group was associated
with stronger agreement that plant-based proteins can facilitate a sus-
tainable food-system transition. Age, sex, country of residence, and
other socio-demographic characteristics differentiated some profiles,
but their associations were less consistent across the regression analyses.

Previous European studies have emphasised socio-demographic
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characteristics as important determinants of consumer responses to
alternative proteins (Aschemann-Witzel et al., 2021; Banyte et al., 2022;
Stubelj et al., 2025). The present findings add to this evidence by
showing that demographic segmentation alone does not adequately
capture differences in the relative prioritisation of AP sources. Attitudes
towards specific AP sources and personal values emerged as more
consistent correlates of preference profile membership. The contribution
of the present study therefore lies not simply in demonstrating that
consumers differ in their preferences for alternative proteins, but in
showing how these differences are organised into distinct preference
profiles when multiple AP sources are considered simultaneously.
Consumers who prioritised fermented, fungi-based, and cultivated pro-
teins formed distinct profiles, and membership in these profiles was
associated with different attitudinal and value-related characteristics.

From a policy and communication perspective, the results suggest
that strategies aimed at improving the demand and supply of APs at the
European level may benefit from moving beyond one-size-fits-all ap-
proaches. Consequently, future communication, innovation, and policy
initiatives may benefit from recognising differences between AP sources
and the consumer groups that prioritise them, rather than assuming that
engagement with one AP source will translate into similar interest in all
alternative protein options.

Overall, the identification in our study of four distinct preference
profiles cross seven Northern and Baltic European countries challenges
the assumption of a homogeneous European consumer (Lumsden et al.,
2024) and suggests that one-size-fits-all approaches may overlook
important differences in how consumers prioritise alternative protein
sources. By examining the relative prioritisation of multiple AP sources
simultaneously, this study demonstrates that alternative proteins should
not be treated as a homogeneous category. The findings further indicate
that attitudes and personal values were more consistently associated
with preference profile membership than socio-demographic charac-
teristics alone, suggesting that communication, product development,
and policy initiatives may benefit from recognising this heterogeneity.

4.1. Strengths and limitations

Despite the strengths of our cross-sectional sample, which covers
respondents from seven Nordic and Baltic countries, some limitations
should be acknowledged. A key omission in our study is the role of price
and revealed preferences in shaping consumer preferences for alterna-
tive protein sources which is often a significant barrier to adoption
(Begho, 2024). Incorporating price and demand would have required
detailed information on actual food consumption, income, and
cost-of-living differences, which vary substantially across contexts and
could confound cross-country comparability. Further, preferences were
stated without price information being given in the survey. We delib-
erately excluded pricing information to better capture participants’
intrinsic preferences, although this may not fully reflect actual pur-
chasing behaviour in real-market settings.

Our reliance on a survey design also introduces the potential for
social desirability and selection biases. As with most online panel sur-
veys, respondents may differ systematically from the general population
in terms of digital access and willingness to participate, potentially
introducing selection bias. Because information on non-respondents was
unavailable, correction using the Heckman model was not feasible
(Heckman, 1979). Furthermore, as mentioned above, stated preference
surveys cannot capture revealed behaviour, which may introduce
additional bias. These concerns are partially mitigated by the fact that
the data were collected through a Market Research Agency and under-
went rigorous quality control, including attention checks and consis-
tency screening (Liem, 2025; Malhotra, 2004). In addition, regression
methods were applied to account for known confounding factors,
allowing us to isolate the independent associations between variables
and reduce bias from overlapping influences.

Although several statistically significant predictors of preference
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profile membership were identified, the explanatory power of the
regression models was modest (McFadden's pseudo—R2 values ranged
from 0.039 to 0.081 across the multinomial and cluster-specific logistic
regression models). This suggests that the socio-demographic, attitu-
dinal, and value-related variables included in the present study explain
only part of the variation in alternative protein preference profiles.
Additional factors not captured in the survey may also contribute to
differences in how consumers prioritise alternative protein sources.

The cluster analysis used to segment respondents assumes clusters of
roughly similar size and can be sensitive to outliers. While robustness
checks were performed to mitigate these issues, results should be
interpreted with caution, particularly for smaller or atypical subgroups.
Results should therefore be interpreted with caution. A strength of the
clustering approach is that it enabled the identification of naturally
occurring respondent segments based on relative preferences for alter-
native protein sources. However, cluster solutions are inherently data-
driven and may be influenced by methodological decisions, including
the clustering algorithm and the number of clusters retained. Cluster
validity was assessed through examination of between-cluster differ-
ences on the ranking variables used for segmentation, which indicated
statistically significant differences across all four clusters (all p < .001).
Furthermore, a similar four-cluster structure emerged across the
country-specific analyses, providing additional support for the robust-
ness and internal validity of the identified preference segments.

Although the overall sample size is large, it is not fully representative
within each country. For example, in Norway, women constitute 40% of
the sample, while men constitute 60%. Across the seven countries,
several socio-demographic groups are either over- or under-represented,
reflecting common limitations of online survey panels. These imbal-
ances may affect both cluster composition and the generalizability of the
findings. While gender stratification was applied during recruitment, the
final sample should therefore be considered quasi-representative rather
than fully representative.

In addition, because respondents were asked to rank six alternative
protein sources relative to one another, the analysis captures relative
preferences within this predefined set rather than absolute acceptance
or willingness to consume these products. In addition, animal-based
protein sources were not included because the study focused specif-
ically on alternative proteins within the scope of the LOCALITY project.
Consequently, the identified clusters should be interpreted as relative
preference profiles among alternative protein sources rather than as
indicators of overall acceptance of alternative proteins. Future research
could complement ranking-based approaches with measures of accep-
tance, willingness to consume, or comparisons with animal-based pro-
tein sources. Finally, our study focused solely on Northern and Baltic
countries, excluding Southern Europe. While this limits generalizability,
it provides a unique opportunity. These countries have traditionally
higher consumption of animal-based foods compared to the more plant-
based diets typical of Mediterranean Countries (Chiles & Fitzgerald,
2018). Understanding consumer preferences for alternative protein
sources, therefore, offers insights into regions where the protein tran-
sition may face greater challenges.

Overall, while these limitations should be considered when inter-
preting the results, the study provides robust and relevant insights into
consumer preferences for alternative protein sources across Northern
and Baltic countries, supporting the design of targeted and segment-
specific interventions to advance the EU's sustainable food transition.

Furthermore, future research may build on these findings by
combining relative preference measures with indicators of acceptance,
willingness to consume, and actual consumption behaviours to further
understand the role of alternative proteins in sustainable food systems.

4.2. Conclusion

This study provides consumer-centred insights into preferences for
alternative protein (AP) sources across seven Northern and Baltic
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countries. Using the relative ranking of multiple AP sources, four distinct
preference profiles were identified: the Fermented and Fungi Preference
Group, the Fungi Preference Group, the Cultivated Protein Preference
Group, and the Fermented Protein Preference Group. These findings
demonstrate that consumers did not share a uniform pattern of stated
preferences for AP sources and instead prioritised different protein
sources in different ways.

Profile membership was more consistently associated with attitudes
towards specific AP sources and personal values than with socio-
demographic characteristics alone. While some demographic differ-
ences were observed, attitudes and values provided a more consistent
explanation for the identified preference structures.

By moving beyond the acceptance of individual AP categories and
examining how consumers prioritised multiple AP sources relative to
one another, this study contributes new insights into the structure of
consumer preferences for alternative proteins. The findings suggest that
AP sources should not be treated as a homogeneous category when
examining consumer preferences, as consumers differentiated between
fermented, fungi-based, and cultivated proteins and formed distinct
preference profiles around these sources.
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