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A B S T R A C T   

Microalgae can be considered an alternative food with a great future in the food industry due to their nutritional 
composition and sustainable benefits. In this context, this study aimed to identify segments of consumers in 
Switzerland regarding their attitudes and perceptions towards microalgae-based foods, describing their behav-
ioural patterns and sociodemographic characteristics. Flyers containing a link to an online survey were sent to 
randomly selected postal codes in Switzerland. After data cleaning, 584 questionnaires remained. Cluster ana-
lyses were performed to segment consumers, and six distinguished consumer segments were identified. The 
results indicated four segments with a more positive attitude towards microalgae: ‘microalgae supporters and 
health eaters,’ ‘innovative and adventurous’, ‘aware and open-minded’ and ‘uninformed but susceptible.’ These 
segments were, therefore, more open to accepting and consuming microalgae-based foods. Strategies for 
reaching these segments, as well as the ones more sceptical towards microalgae, named ‘conservatives’ and 
‘microalgae avoiders and traditional’, were proposed. This information can be valuable for microalgae producers, 
marketers and policymakers, helping to increase the demand for these alternative and sustainable foods.   

1. Introduction 

Nowadays, there is increasing concern about how to offer the pop-
ulation worldwide access to healthy and sustainable diets aimed at 
overcoming hunger and food insecurity [1]. Among the promising 
sources of alternative proteins that can promote a more sustainable diet 
are pulses, seaweed and microalgae [2–4]. Microalgae can be naturally 
found in freshwater and marine aquatic systems and are a source of 
nutrients such as carotenoids and omega-3. Furthermore, microalgal 
biomass can be produced in non-arable lands, such as urban areas [5–7]. 
These organisms are capable of mitigating CO2 and potential to be 
applied in several practices such as the development of food packaging, 
wastewater treatment, and reducing environmental pollution [5,8,9]. 

Some microalgae are considered health foods, functional foods, or 
‘superfoods’ [6,7]. Microalgae such as Spirulina and Chlorella contain 
high amounts of nutrients and antioxidants and can be used to develop 
alternatives to meat, being considered sustainable alternative in-
gredients. Proteins from microalgae can contribute to the global pop-
ulation's need for protein [5,10–12]. Despite this, the number of 
microalgae-based foods available in the market is considered limited 
[5,13,14]. 

Food choice involves the sensory characteristics of the food, as well 
as the consumer's expectations and attitudes, which can highly differ 
from each other [15]. In this context, segmentation has been applied in 
strategic marketing and consumers with similar characteristics have 
been grouped [16]. Segmentation allows companies to focus on specific 
target groups and develop different interventions that are effective for 
each specific segment [17,18]. Lucas et al. [19] investigated the per-
ceptions of Swiss consumers towards ‘superfoods’ and obtained six 
segments where the segments that consume more ‘superfoods’, named 
‘superfoodies’ and ‘involved’, showed higher nutritional knowledge, 
interest in organic food and safety of food. Moons et al. [20] investigated 
the intention of Belgian consumers to adopt microalga-enhanced foods. 
Among the identified consumers, ‘foodies’, ‘sporting individuals’ and 
‘vegetarians’ showed higher interest in microalga-enhanced food. 

Studies have investigated consumers' perceptions and attitudes to-
wards alternative proteins [2,21]. Despite this, studies on consumer 
perception towards microalgae [3,6,20,22,23] can be considered 
limited compared to other protein sources, such as insects and pulses 
[4]. 

Switzerland is characterized as an innovation leader [24], including 
in the field of alternative foods [25], and for this reason, chosen to 
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conduct this survey. To the best of our knowledge, no segmentation 
study in the context of microalgae-based foods has been conducted in 
Switzerland. Moreover, compared to earlier studies, we used validated 
scales to segment the consumers that have not been used before. Thus, 
this study aimed to identify segments of Swiss consumers regarding their 
attitudes and behaviours and to propose target groups for microalgae 
consumption. These results can support the food industry, food retailers, 
the marketing sector, and policymakers helping to increase microalgae- 
based food demand and consumption. 

2. Materials and methods 

2.1. Online questionnaire 

A questionnaire containing several items was developed in English 
and then translated into German and French (to reach different parts of 
Switzerland). Afterwards, the questionnaire was transferred to an online 
tool (Unipark online survey software). 

Flyers explaining the aim of the study and containing a link to the 
questionnaire were sent to a random sample of postal codes from 
January to February 2023. Before starting the survey, the participants 
agreed to provide informed consent and were informed that they were 
able to drop out of the survey at any time. The study was performed 
following the Guidelines for Ethical Conduct in Research from Bern 
University of Applied Sciences (reference n◦ EAB2022-020). 

2.2. Participants and characteristics 

A total of 618 participants completed the survey, and 34 cases were 
excluded because they failed the instructional manipulation check. A 
sample of n = 584 was considered for further analysis. Among them, 
21.2 % declared age between 18 and 39 years old, 40.3 % between 40 
and 59 years old and 38.5 % with 60 years old or more. 

The final sample comprised 55.6 % females and 44.4 % males, 89.6 
% of whom were responsible for buying food and 84.6 % were respon-
sible for cooking in their households. Furthermore, 57 % declared being 
omnivores (diet with meat, fish and/or seafood), 33.6 % flexitarians 
(diet mainly vegetarian with occasional meat or fish consumption), 6.7 
% vegetarians (no meat, fish or seafood consumption) and 2.7 % vegans 
(without animal products). 

Among the participants, 95 % had Swiss nationality, while 5 % were 
from other countries and 32.9 % worked full-time, 35.9 % worked part- 
time, and 31.2 % were not working. Moreover, 79.4 % of the partici-
pants declared having finished the tertiary degree (higher vocational 
education/applied school/university), while 17.9 % reported having 
finished secondary level and only 2.7 % completed the mandatory 
school or declared ‘none’ as their level of education. 

2.3. Measures 

2.3.1. Information about microalgae and diet type selection 
At the beginning of the survey, participants were asked to choose 

their diet type among omnivores, flexitarians, vegetarians or vegans. 
Then, the definition of microalgae and arguments in favour of these 
foods were presented as follows:  

• Definition: ‘Microalgae can be naturally found in the environment, in 
freshwater and marine aquatic systems, and are a source of nutrients such 
as carotenoids and omega-3. Some microalgae are considered health 
foods, functional foods, or ‘superfoods’. Microalgae such as Spirulina and 
Chlorella contain a high amount of nutrients and antioxidants. Proteins 
from microalgae can contribute to the global population's need for protein, 
being considered promising candidates for meat substitutes’.  

• Health argument: ‘Some microalgae contain high-quality proteins and 
all the essential amino acids that the human body needs to stay healthy. 
The high concentration of nutrients, especially the bioactive compounds of 

microalgae, can contribute to improving health. For example, the com-
pounds in microalgae biomass can have an antioxidant effect, which can 
prevent diseases’.  

• Food security argument: ‘Hunger affects millions of people globally and 
the COVID-19 pandemic added to the total number of those who are 
already undernourished. Furthermore, the population is expected to 
achieve 9.8 billion in 2050. To ensure food security for the world's pop-
ulation, there is currently a great deal of research into alternative sources 
of protein. Microalgae are one of the most promising options’.  

• Sustainability argument: ‘Microalgae do not require arable land and 
hence do not compete with other food crops. Furthermore, microalgae 
cultivation demands less water than that required by other protein-rich 
foods. Microalgae production can also help to reduce atmospheric 
pollution by capturing CO2. Finally, the high-quality protein of micro-
algae could partially replace animal protein, which would once again lead 
to a better ecological balance of the human diet’.  

• Animal welfare argument: ‘Animals are capable of experiencing stress 
and pain. Consuming microalgae as an alternative protein could reduce 
meat consumption, contributing to animal welfare’. 

The arguments were selected based on the previous literature on 
consumer behaviour [3] with modifications. 

2.3.2. Clustering variables 
Consumers were segmented based on psychometric and behavioural 

variables related to microalgae, accounting for 15 items in total 
(Table 1). These scales were also presented in the first part of the 
questionnaire using 6-point Likert scales ranging from 1-strongly 
disagree to 6-strongly agree. However, the ‘attitude towards micro-
algae in food’ was presented initially as a semantic differential scale and 
was queried varying from − 3 to +3, excluding 0, and later recoded to 

Table 1 
Clustering variables (6-point Likert scale).  

Scale Reference 

Attitude towards microalgae in food (Cronbach's α 0.95) Based on Lucas 
et al. [26] I think that the use of microalgae in food… 

Not interesting – Interesting 
Not worth trying – Worth trying 
Not to be supported – to be supported 
Negative – Positive 

Previous knowledge on microalgaea (Cronbach's α 0.85) Based on Lucas 
et al. [19] How much do the following statements apply to you? 

I've already read/heard a lot about microalgae 
I already knew about these facts 
I noticed that microalgae were presented in the media 

Health benefit perceptionb (Cronbach's α 0.87) Based on Lucas 
et al. [27] How much do the following statements apply to you? 

Microalgae offer a significant advantage in terms of health 
These arguments could make me consume microalgae 
This information makes me curious to try microalgae 
These arguments could make me reduce meat 
consumptionc 

Position on microalgae (Cronbach's α 0.86) Based on Lucas 
et al. [19] How much do the following statements apply to you? 

Microalgae/microalgae-based foods are foods with a great 
future in the food industry 
I can imagine buying and consuming microalgae/ 
microalgae-based foods regularly 
I would be willing to pay a little more for microalgae/ 
microalgae-based foods than for vegetables 
I would be willing to pay a little more for microalgae-based 
meat substitutes than for meat  

a Participants' answers were based on the given definition of microalgae (see 
Subsection 2.3.1). 

b Participants' answers were based on the given health argument (see Sub-
section 2.3.1). 

c This statement was filtered out in the questionnaires from vegans and 
vegetarians. 
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Table 2 
Scales and items used to describe the segments and Cronbach's α.  

Parameters/scales Cronbach's α 

1. Sustainability (related to meat production and consumption) [29]  0.85 
If people in the world ate less meat, there would be enough food for everybody 
To slow down climate change, meat consumption should be considerably reduced 
Meat production is unethical 

2. Cooking creativity [30]  0.86 
Cooking allows me to express my creativity 
When I cook, I like to try new recipes 
The best of cooking is to develop own recipes or optimize existing ones 

3. Self-reported health status [31]  0.84 
I feel physically healthy 
I am very physically active 
I regularly play sports 

4. Food neophobia [32]  0.58 
I don't trust new foods 
If I don't know what is in a food, I won't try it 
I am afraid to eat things I have never had before 
I am very particular about the foods I will eat 

5. Food technology neophobia [33]  0.83 
There are plenty of tasty foods around so we don't need to use new food technologies to produce more 
The benefits of new food technologies are often grossly overstated 
New food technologies decreases the natural quality of food 
There is no sense trying out high-tech food products because the ones I eat are already good enough. 

6. General health interest [34]  0.78 
The healthiness of food has little impact on my food choicesR 

I am very particular about the healthiness of food I eat 
I eat what I like and I do not worry much about the healthiness of foodR 

7. Price/quality relation [35]  0.66 
I always try to get the best quality for the best price 
I compare the prices between product variants in order to get the best value for money 
It is important for me to know that I get quality for all my money 

8. Food involvement [36]  0.64 
I don't think much about food each dayR 

Talking about what I ate or am going to eat is something I like to do 
I enjoy cooking for others and myself 
I care whether or not a table is nicely set 

9. Environmental protectiona [37]  0.88 
Has been prepared in an environmentally friendly way 
Is packaged in an environmentally friendly way 
Has been produced in a way which has not shaken the balance of nature 

10. Sensory appeala [38]  0.76 
Smells nice 
Looks nice 
Has a pleasant texture 
Tastes good 

11. Natural contenta [38]  0.88 
Contains no additives 
Contains natural ingredients 
Contains no artificial ingredients 

12. Familiaritya [38]  0.74 
Is what I usually eat 
Is familiar 
Is like the food I ate when I was a child 

13. Mooda [38]  0.62 
Keeps me awake/alert 
Cheers me up 
Makes me feel good 

14. Nutritional knowledgeb (based on [39])  0.51 
Lentils contain only few useful nutrients; therefore, their health benefit is not greatR 

All dietary oils have the same ingredients; the oils differ only in tasteR 

Fat is always bad for your health; you should therefore avoid it as much as possibleR 

Whole meal foods contain fiber, which is of no use for digestionR 

If chips did not contain so much salt, you could eat more of them without any problemR 

A healthy diet means nothing more than eating vitaminsR 

Legend: R: Negative items were reversed. 
Scales from 1 to 13 ranging from 1 = Strongly disagree to 6 = Strongly Agree; Scale 14: Options ‘incorrect’, ‘correct’, ‘don't know’, with scores from 0 (no correct 
answers) to 12 (all answers correct). 

a Introductory statement: ‘It is important to me that the food I eat on a typical day:’ 
b Introductory statement: ‘Please indicate, in your opinion, if these statements are true or false.’ 
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the range 1 to 6 at the data treatment step. 

2.3.3. Variables used to describe the segments 
Behavioural and sociodemographic variables were used to describe 

the clusters. Aiming to limit the length of the survey, the number of 
items was reduced in some of the validated scales [27]. These variables 
were selected based on the assumption that they are related to the 
perceptions towards microalgae [19,20]. The scales related to behav-
ioural patterns were queried on a 6-point Likert scale (1-strongly 
disagree, 2-disagree, 3-somewhat disagree, 4-somewhat agree, 5-agree 
and 6-strongly agree), where R means that the item was reversed for 
analyses (Table 2). Six-point Likert scales were applied to avoid no- 
opinion options [28]. 

To evaluate the frequency of consumption of microalgae/microalgae- 
based foods and meat substitutes (made from vegetable proteins, such as 
peas and soybeans), participants had to state the following: 1) never, 2) 
<1× per month, 3) 1–3× per month, 4) 1–2× per week, 5) 3–4× per 
week, 6) 5–6× per week or 7) every day. In the end, sociodemographic 
information, including sex, age, nationality, education and employment 
status, was queried. 

2.4. Segmentation and statistics 

Segmentation was conducted using variables related to microalgae. 
These variables (Table 1) were selected based on a theoretical basis since 
they offer a unique differentiation of the objects. Correlation tests 
indicated that they were not highly correlated (<0.8), resulting in no 
cause for concern [18]. To assess the consistency of the scales, Cron-
bach's α was applied. All scales applied for the segmentation (Table 1) 
showed a Cronbach's α higher than 0.8, which is highly suitable. Some of 
the scales used to describe the segments displayed a lower Cronbach's α, 
however, since these were all validated scales, we decided to keep them. 

For segmentation, the data were first verified regarding the presence 
of outliers, where one case was removed, resulting in a sample of 583 
participants. Then, the following approach combining two clustering 
methods was used: I) Hierarchical clustering using Ward's linkage 
method based on squared Euclidean distance, was applied to identify the 
number of clusters and the clusters' centroids. To define the number of 
clusters, changes in the agglomeration coefficient (or agglomeration 
schedule) and dendrogram were observed. Based on this observation, 
four and six-cluster solutions emerged as possible solutions. Next, the 
variance ratio criterion (VRC) was calculated and the cluster 

Table 3 
Mean ± standard deviation obtained for the four clustering variables and results from contrast test by segment.  

Measures Segments Overall mean 

Microalgae supporters 
and health eaters 

Innovative and 
adventurous 

Aware and 
open-minded 

Uninformed but 
susceptible 

Conservatives Microalgae avoiders 
and traditional 

Attitude towards 
microalgae in food 

5.80 ± 0.37 5.57 ± 0.54 5.31 ± 0.58 4.36 ± 0.78ns 3.84 ± 0.86 1.87 ± 0.91 4.77 ± 1.28 

Previous knowledge 
on microalgae 

4.69 ± 0.69 2.24 ± 0.76 3.57 ± 0.57 1.75 ± 0.59 3.76 ± 0.75 1.80 ± 1.02 3.03 ± 1.31 

Health benefit 
perception 

5.20 ± 0.54 4.96 ± 0.52 4.22 ± 0.50 3.83 ± 0.63ns 3.19 ± 0.72 2.04 ± 0.76 4.13 ± 1.08 

Position on 
microalgae 

4.85 ± 0.68 4.63 ± 0.59 3.68 ± 0.52 3.39 ± 0.59ns 2.52 ± 0.68 1.80 ± 0.66 3.69 ± 1.11 

Legend: p < 0.001 for all results except for the indicated with superscript ns, where p > 0.05. 

Fig. 1. Segments of consumers in the selected six-cluster solution (n = 583).  
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distributions were observed. In the end, six-cluster solutions (CS6) were 
chosen as the best solution and the centres of the clusters obtained for 
this solution were used as input and starting points for the K-means 
analyses [18,40]. II) The partitioning method K-means was conducted 
and the stability of cluster solution six was verified by exploring the 
overlap of the results obtained by the hierarchical clustering using 
Ward's linkage method and K-means clustering [18]. The overlap ob-
tained was 80 %. Finally, the clusters/segments forming the selected 
cluster solution (CS6) obtained by K-means were described using scales 
related to behavioural patterns and sociodemographic characteristics in 
the profiling step. The significance of the variables was determined 
through one-way ANOVA, contrast tests and Chi-square (for the 
dichotomous variables). All statistical analyses were conducted using 
IBM SPSS Statistics (v.28). 

3. Results 

The six-cluster solution was formed by six groups with different 
perceptions towards microalgae-based foods (Table 3, Fig. 1): ‘micro-
algae supporters and health eaters’, ‘innovative and adventurous’, 
‘aware and open-minded’, ‘uninformed but susceptible’, ‘conservatives’ 
and ‘microalgae avoiders and traditional’. 

3.1. Microalgae supporters and health eaters (n = 106; 18 %) 

This cluster comprised 18 % of the evaluated sample. Microalgae 
supporters and health eaters claim to have previous knowledge of 
microalgae. Moreover, consumers in this segment have a highly positive 
attitude towards microalgae-based foods, believe in the health benefits 
of microalgae and have a positive position towards these foods, as 
observed in the significantly higher scores (p < 0.001) of all clustering 
variables compared to other clusters (Fig. 1, Table 3). This share of 
consumers has a higher willingness to pay a little more for microalgae- 
based foods than for conventional protein sources and believes in 
microalgae having a great future in the food industry (Table 3). 

This cluster already consumes microalgae more frequently than 

other segments (p < 0.001) and has the second-highest consumption 
rate of meat substitutes (p < 0.001). This does not come as a surprise in a 
cluster composed of the lowest share of omnivores (p < 0.001) (Table 4). 

Furthermore, consumers in this segment agree, more than the other 
segments, that sustainability can be related to a reduction in meat pro-
duction and consumption (p < 0.001). They are characterized by low 
food neophobia (p < 0.05) and low food technology neophobia (p <
0.001), with the second-lowest score among all clusters. This finding is 
in line with low interest in familiar foods (p < 0.001), the second-lowest 
score among the clusters (Table 4). 

Microalgae supporters and health eaters show the highest food 
involvement (p < 0.001) and interest in environmental protection (p <
0.001) across the segments. They worry most about the healthiness of 
the food they eat (p < 0.001) and have the highest interest in the natural 
content of food (p < 0.001) and sports and physical activities (p < 0.01) 
compared to other clusters (Table 4). 

Furthermore, consumers in this cluster are more oriented by the 
relation between price and quality of food (p < 0.05) and more inter-
ested in food that is pleasant to their senses (p < 0.01) and that makes 
them feel in a good ‘mood’ (p < 0.001) compared to other clusters 
(Table 4). 

These consumers are the most interested in cooking using creative 
recipes (p < 0.001), besides having the second-highest nutritional 
knowledge (p < 0.01). The microalgae supporters and health eaters' 
segment is composed of a significantly (p < 0.001) higher share of fe-
males (Table 4). 

3.2. Innovative and adventurous (n = 97; 17 %) 

Innovative and adventurous consumers have a positive attitude to-
wards microalgae (second-highest among all segments), even though 
they lack previous knowledge on microalgae (third-lowest across the 
segments) (p < 0.001) (Fig. 1, Table 3). They believe that microalgae are 
interesting and worth trying, besides offering advantages in terms of 
health. They intend to eat more microalgae in the future and are willing 
to pay a little more for microalgae than for conventional food such as 

Table 4 
Results obtained on describing variables and results from contrast test by segment.  

Measures Segments Mean 

Microalgae supporters 
and health eaters 

Innovative and 
adventurous 

Aware and 
open-minded 

Uninformed but 
susceptible 

Conservatives Microalgae avoiders 
and traditional 

Sustainability 4.92*** 4.88*** 4.08** 3.71 2.93*** 2.34*** 4.01 
Cooking creativity 4.92*** 4.39 4.38 4.19* 4.55 4.01** 4.43 
Self-reported health status 4.90** 4.55 4.67 4.57 4.59 4.59 4.65 
Food neophobia 2.98* 2.78*** 3.05 2.98* 3.35* 3.81*** 3.08 
Food technology neophobia 3.06*** 2.82*** 3.36*** 3.53 4.34*** 4.70*** 3.48 
General health interest 5.14*** 4.89*** 4.52 4.30** 4.60 3.81*** 4.60 
Price-quality relation 4.42* 4.14 4.19 4.15 4.31 4.13 4.22 
Food involvement 4.55*** 4.14 4.31 4.17 4.35 4.05* 4.28 
Environmental protection 5.39*** 5.06*** 4.80 4.59** 4.84 3.92*** 4.83 
Sensory appeal 5.10** 4.81* 4.88 4.92 5.07 4.86 4.94 
Natural content 5.31*** 4.84 4.73 4.58** 5.09** 4.30*** 4.83 
Familiarity 3.15*** 3.13*** 3.52 3.57 3.70 4.05*** 3.47 
Mood 4.42*** 4.07 4.07 4.05 4.16 3.88 4.12 
Nutritional Knowledge 11.42** 11.46** 11.06 11.23 11.25 10.10** 11.17 
Diet typea (% of omnivores) 37*** 43*** 56 66 71* 92*** 57 
Sexb (% of males) 30*** 47 42 44 49 71*** 44 
Age (in years) 55.45 50.63* 53.13 50.70* 55.82 57.51 53.28 
Microalgae consumption 

(days/week) 
0.90*** 0.15 0.24 0.03*** 0.05*** 0.01*** 0.26 

Meat substitute 
consumption (days/week) 

1.48*** 1.56*** 0.71 0.52** 0.52* 0.13*** 0.88 

Legend: *In the same line indicates significant differences among the segments, where ***p < 0.001, **p < 0.01 and *p < 0.05; values in bold: highest score; values in 
italic: lowest score. 
Scales evaluated on a 6-point Likert scale, except ‘Nutritional knowledge’; maximum 12 points for all correct answers. 

a Diet type: 1 = omnivore, 0 = other (flexitarian, vegan or vegetarian). 
b Sex: 1 = male, 0 = female. 
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vegetables and meat (p < 0.001). 
The healthiness of food has a great impact on their food choices, as 

illustrated by them having the second-highest score in general health 
interest (p < 0.001). Compared to other clusters, they show significantly 
higher general nutritional knowledge (p < 0.01). For these consumers, 
the sensory appeal of food is still important; however, they place the 
least importance on this of all segments (p < 0.05) (Table 4). 

The innovative and adventurous are interested in food produced, 
packaged and prepared in an environmentally friendly way (p < 0.001). 
Participants of this cluster are the youngest (p < 0.05) and mostly non- 
omnivores (p < 0.001), including flexitarians, vegetarians and vegans. 
They believe excess meat production and consumption to have a nega-
tive effect on sustainability, with the second-highest score on the scale 
‘sustainability’ (p < 0.001). These consumers are open-minded and have 
the lowest phobia towards novel foods and novel technology used to 
produce food across the segments (p < 0.001); therefore, their lowest 
interest in familiar and traditional foods (p < 0.001) does not come as a 
surprise. Consumers in this group already consume meat substitutes 
(based on vegetable proteins such as peas and soybeans) more 
frequently than other segments (p < 0.001) (Table 4). 

3.3. Aware and open-minded (n = 135; 23 %) 

Aware and open-minded consumers, the largest cluster, have a pos-
itive attitude towards microalgae (third-highest score) and, after 
receiving information about them, agree on the health benefits of these 
foods (p < 0.001) (Fig. 1, Table 3). They also have a low phobia towards 
novel food technology (p < 0.001), and for this reason, they are named 
‘open-minded’ (Table 4). They showed a neutral position towards 
microalgae and claimed to have some previous knowledge about the 
topic (Table 3). 

This group of consumers is composed of 44 % of non-omnivores and 
probably because of that show the third higher score (p < 0.01) on the 
scale sustainability (Table 4), meaning that they are aware of the 
negative effects of excessive meat production and consumption on 
sustainability. 

3.4. Uninformed but susceptible (n = 128; 22 %) 

The second largest segment is composed of consumers with the 
second-lowest mean age (p < 0.05) (Table 4). Consumers in this group 
are not informed about microalgae, as observed by the lowest score for 
previous knowledge on microalgae (p < 0.001) among all segments 
(Fig. 1, Table 3). They consume microalgae rarely, being the group with 
the second-lowest (p < 0.001) consumption frequency (Table 4). Despite 
this, the average attitude towards microalgae for this segment is still 
positive (>4, on a 6-point Likert scale) (Table 3). 

Although they show a low phobia towards new foods (p < 0.05), 
their consumption of meat substitutes is the second lowest among the 
clusters (p < 0.01) (Table 4). Considering that the results were based on 
a 6-point Likert scale, uninformed but susceptible consumers showed 
some interest in general health and environmental protection, however, 
not as much as other segments (Table 4). 

3.5. Conservatives (n = 68; 12 %) 

Conservatives represent the second smallest segment, accounting for 
12 % of the total sample. They scored neutral to slightly positive on the 
scales for attitude towards microalgae and previous knowledge of 
microalgae, and slightly negative on health benefit perception (p <
0.001) (Fig. 1, Table 3). Furthermore, they do not believe microalgae 
have a great future in the food industry and they are not willing to pay 
more for microalgae than for conventional protein sources, as observed 
in the negative score on the scale position on microalgae (Table 3). 

Consumers in this group showed a high phobia towards new tech-
nologies used to produce food, with the second-highest scores for food 

technology neophobia (p < 0.001). For this reason, they were named 
‘conservatives’ (Table 4). This segment consumes microalgae or 
microalgae-based foods almost never (p < 0.001). Furthermore, their 
consumption of meat substitutes is low, the third lowest among the 
segments (p < 0.05) (Table 4). 

They are composed mostly of omnivores (p < 0.05), being the group 
with the second largest omnivore composition. That is probably the 
reason they show the second lower score (p < 0.001) on the sustain-
ability scale, meaning that they do not agree that excess meat production 
and consumption negatively affect climate change and food security, 
respectively. Despite this, they look for food made with natural in-
gredients that contain no additives or artificial ingredients, with the 
second-highest score in natural content (p < 0.01) (Table 4). 

3.6. Microalgae avoiders and traditional (n = 49; 8 %) 

Microalgae avoiders and traditional consumers constitute the 
smaller group, representing 8 % of the sample evaluated. Consumers in 
this group are more sceptical of the use of microalgae as food than other 
segments. They scored significantly lowest in all clustering variables 
related to microalgae (p < 0.001), except in previous knowledge of 
microalgae (p < 0.001) (second-lowest score) (Fig. 1, Table 3). 

They do not believe in a future of microalgae in the food industry and 
they do not have the intention to buy or consume these foods regularly. 
Moreover, they do not agree that microalgae offer benefits in terms of 
health improvement (p < 0.001) (Table 3), even after receiving some 
information on the subject. These results are in line with consuming 
little to no microalgae or microalgae-based foods (p < 0.001) by these 
consumers (Table 4). 

Their general nutritional knowledge is the lowest (p < 0.01) across 
the segments. Moreover, they are more interested in familiar foods (p <
0.001) and show significantly higher food neophobia (p < 0.001) and 
food technology neophobia (p < 0.001) compared to other segments 
(Table 4). 

Consumers in this group are less involved with food (p < 0.05) and 
less interested in being creative while cooking (p < 0.01), and in envi-
ronmental protection (p < 0.001) compared to other segments. Their 
general health interest and their interest in food with natural content are 
also the lowest (p < 0.001) compared to other segments. 

Microalgae avoiders and traditional consumers are mostly omnivores 
and males (p < 0.001). These consumers do not believe that excess meat 
production is unethical and negatively impacts sustainability (p <
0.001); thus, the significantly lower consumption rate of meat sub-
stitutes (p < 0.001) made from vegetable proteins does not come as a 
surprise. 

4. Discussion 

The results showed that behavioural patterns have a higher influence 
on segment differentiation compared to sociodemographic variables. 
Previous research has also reported that demographic variables are less 
relevant than social and psychological factors when evaluating the 
acceptance of alternative proteins [4]. 

In the present study, four of the six segments obtained—‘microalgae 
supporters and health eaters’, ‘innovative and adventurous’, ‘aware and 
open-minded’ and ‘uninformed but susceptible’—showed a positive 
attitude towards microalgae and a certain openness and should be 
considered the primary target groups for microalgae-based foods. In line 
with our study, Moons et al. [20] also reported that consumers who are 
more health conscious are more willing to adopt microalga-based foods. 

The segment ‘microalgae supporters and health eaters’ showed the 
highest scores for all the microalgae-based scales, having, for example, a 
higher previous knowledge, perception of microalgae being healthy and 
higher willingness to pay more for microalgae-based foods than the 
other five clusters. However, their consumption rate of microalgae- 
based foods is less than one day per week. This finding is interesting 
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for the marketing sector to consider and can be related to the current low 
variety of microalgae-based foods available in the market compared to 
other alternative foods, such as those made from peas and soybeans. As 
this cluster has a low phobia towards novel food technology and a high 
interest in the natural content of food, offering processed microalgal- 
based foods such as ready-to-eat snacks [41] or meat analogues [11] 
containing no additives or artificial ingredients may be interesting. 
Furthermore, these consumers were the most interested in the rela-
tionship between the price and quality of foods; therefore, offering 
microalgae-based foods at competitive prices can be considered another 
important approach to reach them. As these consumers are involved 
with food and interested in the natural content and sensory aspects of 
the food they eat, another suggestion could be that restaurants increase 
their offers of microalgae-based meals using natural ingredients and 
creative recipes. In the gastronomy sector, initiatives to promote the 
consumption of edible seaweeds through creative recipes already exist 
[42]. 

Among the segments ‘innovative and adventurous’, ‘aware and open- 
minded’ and ‘uninformed but susceptible’, an interesting approach to 
increasing the consumption of microalgae-based foods could be 
providing information about the benefits of this alternative food. These 
consumers lacked previous knowledge of microalgae; however, after 
initiating the survey and receiving some information, they were able to 
perceive microalgal health benefits, for example. According to Onwezen 
et al. [4], consumers frequently do not have information on the health 
and environmental benefits of consuming alternative proteins; however, 
after being informed, this behaviour seems to have changed positively. 
Lucas et al. [19] suggested ways to increase consumer knowledge of 
superfoods, such as microalgae, through events and exhibitions where 
consumers could gain knowledge on the topic and learn new recipes, for 
example. Giving consumers the opportunity to taste unknown food can 
be considered another tool to increase consumers' interest [42]. 

For ‘conservative’ consumers who have an interest in foods con-
taining natural ingredients but have some concerns about microalgae, 
detailed information about microalgae's naturalness can be provided. 
According to Henn et al. [2], reservations can come from some con-
sumers perceiving certain foods as unnatural or processed. Thus, one 
possibility to reach ‘conservative’ consumers after providing them with 
information can be offering dishes containing no additives or artificial 
ingredients that are made from well-known natural ingredients and 
microalgae. 

Regarding the high food neophobia in the segment ‘microalgae 
avoiders and traditional’, the findings are comparable with other studies 
that evaluated the aversion of consumers to trying novel alternative 
protein foods such as seaweed and insects [4]. For these neophobic and 
sceptical consumers with a high interest in familiar and traditional 
foods, where the potential to increase microalgae consumption is lower 
than in other segments, offering microalgae-based meals that resemble 
traditional dishes and what they usually eat may be an option [19]. 
Developing processed, well-known products, such as wraps, using 
alternative proteins as ingredients can be another way to increase the 
acceptance of these foods among consumers interested in familiar foods 
[4]. Additionally, the use of microalgae, such as Golden Chlorella, in 
recipe preparation can facilitate consumer acceptance, as the intense 
colour of some microalgae can be considered a barrier to potential 
consumers. 

According to Weinrich and Gassler [43], the ecological impact of 
meat consumption is often underestimated by consumers. Thus, for the 
segments more sceptical towards microalgae, with the greatest share of 
omnivores that do not agree that excess meat production and con-
sumption negatively affect climate change, food security and sustain-
ability in general, the focus should be on providing information. Inform 
consumers may result in increased sustainable food choices [44]. 

Regarding the sociodemographic influence, the results showed that 
the segment most open to microalgae-based foods, ‘microalgae sup-
porters and health eaters’, was composed of a significantly high share of 

non-omnivores (63 %) and females (70 %), which can also be interesting 
to marketing sectors to consider and set strategies. This finding is in line 
with the results obtained by previous research on consumer attitudes 
towards alternative proteins [2,17,21]. However, Weinrich and Gassler 
[43] study found men more likely to buy microalgae-enhanced food and 
suggested that these individuals should also be considered target groups. 

Despite the interesting findings, a limitation should be pointed out. 
The sample evaluated was composed mostly of respondents with Swiss 
nationality (95 %). However, according to the Federal Statistical Office 
[45], among the permanent resident population in Switzerland, about a 
quarter is composed of foreign nationals. Thus, to be more representa-
tive of the population living in Switzerland, future research should be 
translated into other languages, such as Italian, Spanish and Portuguese. 
Furthermore, the high education level may be considered another lim-
itation. This can be addressed in future research involving microalgae- 
based foods by using a different recruiting method. 

5. Conclusions 

This study identified and profiled six segments related to microalgae 
perception and attitudes: ‘microalgae supporters and health eaters’, 
‘innovative and adventurous’, ‘aware and open-minded’, ‘uninformed 
but susceptible’, ‘conservatives’ and ‘microalgae avoiders and tradi-
tional’. Four already have a more positive attitude towards microalgae 
and can be considered the primary target groups for microalgae-based 
foods. In general, segments composed of consumers with low food 
neophobia, low food technology neophobia and lower interest in 
familiar/traditional foods are more open to accepting microalgae-based 
foods. Furthermore, these more open segments also believe that excess 
meat production and consumption negatively affect sustainability. The 
present study also illuminates the current low frequency of consumption 
of microalgae-based foods in Switzerland and presents some strategies to 
reach different consumer segments, such as offering processed and/or 
ready-to-eat microalgal-based foods containing no artificial ingredients 
and providing information on microalgae benefits. These findings can 
help the food industry and marketing sectors, which can result in higher 
microalgae-based food demand. 

CRediT authorship contribution statement 

Bárbara Franco Lucas: Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Validation, Visualization, Writing – original 
draft, Writing – review & editing. Thomas A. Brunner: Conceptuali-
zation, Data curation, Formal analysis, Funding acquisition, Investiga-
tion, Methodology, Project administration, Resources, Supervision, 
Visualization, Writing – review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgements 

The authors acknowledge support from the Federal Commission for 
Scholarships for Foreign Students for the Swiss Government Excellence 
Scholarship (ESKAS No. 2022.0117) for the academic year 2022–23. 

B.F. Lucas and T.A. Brunner                                                                                                                                                                                                                 



Algal Research 78 (2024) 103386

8

Ethical statement 

The study neither presented risks to participants nor dealt with 
sensitive topics. It was carried out in accordance with the Guidelines for 
Ethical Conduct in Research from Bern University of Applied Sciences 
(reference n◦ EAB2022-020). Participants acknowledged an informed 
consent statement before starting the survey. They were also informed of 
the possibility of dropping out of the study at any time without 
providing a reason. 

References 

[1] FAO, IFAD, UNICEF, WFP, WHO, The state of food security and nutrition in the 
world 2020, in: Transforming Food Systems for Affordable Healthy Diets, FAO, 
Rome, 2020, https://doi.org/10.4060/ca9692en. 

[2] K. Henn, S.B. Olsen, H. Goddyn, W.L.P. Bredie, Willingness to replace animal-based 
products with pulses among consumers in different European countries, Food Res. 
Int. 157 (2022) 111403, https://doi.org/10.1016/j.foodres.2022.111403. 

[3] B.F. Lucas, J.A.V. Costa, T.A. Brunner, Attitudes of consumers toward Spirulina and 
açaí and their use as a food ingredient, LWT 178 (2023) 114600, https://doi.org/ 
10.1016/j.lwt.2023.114600. 

[4] M.C. Onwezen, E.P. Bouwman, M.J. Reinders, H. Dagevos, A systematic review on 
consumer acceptance of alternative proteins: pulses, algae, insects, plant-based 
meat alternatives, and cultured meat, Appetite 159 (2021) 105058, https://doi. 
org/10.1016/j.appet.2020.105058. 

[5] T. Lafarga, G. Acién, Microalgae for the food industry: from biomass production to 
the development of functional foods, Foods 11 (2022) 765, https://doi.org/ 
10.3390/foods11050765. 

[6] N. Maehle, F. Skjeret, Microalgae-based food: purchase intentions and willingness 
to pay, Future Foods 6 (2022) 100205, https://doi.org/10.1016/j. 
fufo.2022.100205. 

[7] P.L. Show, Global market and economic analysis of microalgae technology: status 
and perspectives, Bioresour. Technol. 357 (2022) 127329, https://doi.org/ 
10.1016/j.biortech.2022.127329. 

[8] A. Ahmad, S.S. Ashraf, Sustainable food and feed sources from microalgae: food 
security and the circular bioeconomy, Algal Res. 74 (2023) 103185, https://doi. 
org/10.1016/j.algal.2023.103185. 

[9] M.M. Nakamoto, M. Assis, J.G.O. Filho, A.R.C. Braga, Spirulina application in food 
packaging: gaps of knowledge and future trends, Trends Food Sci. Technol. 133 
(2023) (2023) 138–147, https://doi.org/10.1016/j.tifs.2023.02.001. 

[10] A.R.C. Braga, M.C. Nunes, A. Raymundo, The experimental development of 
emulsions enriched and stabilized by recovering matter from Spirulina biomass: 
valorization of residue into a sustainable protein source, Molecules 28 (2023) 
6179, https://doi.org/10.3390/molecules28176179. 
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