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A B S T R A C T   

The demand for vegetarian food is increasing and seaweeds are promising raw materials with interesting 
nutritional and sensory profiles. The aim of this study was to investigate the attitudes and preferences of Swedish 
consumers regarding seaweed as food and study differences and similarities between different consumer groups. 
Data from 120 adult consumers showed an overall positive attitude. More young men than women preferred 
seaweeds in snack products and fast food. Products containing seaweed should preferably be bought in a food 
store and eaten at home or in a restaurant. The most popular serving alternatives were in snacks, bread and 
dishes.   

Study 

The demand for vegetarian food is increasing (Lusk, 2017) as is the 
awareness of health issues and environmental sustainability in relation 
to food choices (De Boer et al., 2007). Food convenience is also an 
important factor. Vehmas et al. (2019) showed, for example, that con-
sumers preferred snack products that were healthy, tasty, satiating and 
suitable for on-the-go eating. Products with a high protein content were 
preferred over those with a lower protein content. 

Seaweeds have been identified as promising raw materials from 
which highly nutritious ingredients and food products may be devel-
oped. Besides being good sources of high quality protein, seaweeds are 
rich in polyphenols and minerals as well as carbohydrates such as 
carrageenan and alginate. Many species are also rich in vitamins such as 
C and B12 (Holdt and Kraan, 2011; McHugh, 2003; Watanabe et al., 
1999) and contain lipids that are high in long-chain n-3 polyunsaturated 
fatty acids (LC n-3 PUFAs) (Harrysson et al., 2018). The potential health 
aspects of these components have been shown to be of importance for 
the consumer (Birch et al., 2019). Seaweeds are regarded as sustainable 
since they do not need a fresh water supply, nor do they require arable 
land to grow (Murty and Banerjee, 2012). Furthermore, they can 
remediate nitrogen and phosphorus from coastal waters. 

In Japan, Korea and China, seaweeds have served as important di-
etary components over past centuries (Choi et al., 2012; McHugh, 2003). 

Historically, they have also been consumed in maritime communities 
across Europe and North America (Birch et al., 2019; Mouritsen et al., 
2012), mainly in the diet of poor people living along the coastlines 
(Mithril et al., 2012). Today, however, seaweeds are not commonly used 
as foods in either Sweden or other European countries, although there is 
a rapidly growing interest in this area. From an earlier study, it is known 
that Swedish consumers generally have a positive attitude to including 
seaweed in their diet (Persson, 2017). There is also a growing interest 
among restaurants in the Nordic countries regarding the inclusion of 
seaweed in dishes (Mouritsen et al., 2012). Attitudes and preferences are 
known to often differ between consumer groups. Sustainability aspects, 
for example, are more important to women, mainly younger women, 
than to men (Wendin et al., 2019). With the growing trend for the use of 
plant-based food products, products containing seaweed could be an 
inspiration for both healthy and sustainable eating habits (Vasvada, 
2019). However, taste, flavor, and the appearance of food are important 
factors for determining food preferences, choices and eating behaviors 
(Hartvig et al., 2014). In this respect, seaweeds are especially 
well-known for their umami taste, which can also enhance the intensity 
of other tastes and flavors (Zhang et al., 2019). For the inclusion of 
seaweed as part of a daily diet, more knowledge is needed about how, 
where and when different groups of consumers would like to eat 
seaweed. This information could guide the development of new and 
innovative foods based on seaweed. The overall aim of this study was to 
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investigate the attitudes and preferences of Swedish consumers 
regarding seaweed as food. More specific objectives were to study dif-
ferences and similarities in attitudes between different groups of con-
sumers, such as younger and older consumers and men and women, as 
well as explore their preferences for specific seaweed products. 

Swedish consumers were invited to answer a questionnaire con-
cerning attitudes and preferences regarding the use of seaweed as food 
via social media platforms such as Facebook or via web pages belonging 
to Kristianstad University, Chalmers University of Technology and the 
companies VegMe and Oatly. Participation was anonymous and volun-
tary. The aim was to recruit a minimum of 100 adult consumers, con-
sisting of men and women aged 18 years or older, to gain enough data 
for statistical calculations (Lawless and Heymann, 2010). The 
web-based survey was launched in November 2019. The software Eye 
Question 2018, The Netherlands, was used for the data collection. The 
survey consisted of 12 questions given in Table 1. 

The data collected were processed using descriptive statistics. Mean 
values and standard deviations were calculated and Х2-tests were per-
formed to compare groups of consumers using SPSS (IBM SPSS Statistics, 
version 23, US). Excel (Microsoft Office) was used for calculation of 
significant (p ≤ 0.05) frequency using a two-tailed paired preference test 
(Roessler et al., 1978). 

Consumer data from a total of 120 Swedish adult respondents (18 
years and older) were obtained during the test period. Of these, 73% 
were women, 25% men and 2% of neutral gender. With regard to age, 
36% of the participants were in the younger age group (18–40 years) 
and 64% in the older age group (41 years and older). Dividing the re-
spondents further into subgroups, 22% were younger women, 51% older 
women, 11% younger men and 14% older men. A significant majority of 
the respondents (n = 101) ate a diet consisting of a variety of foods. 

The results showed that all consumer groups had positive attitudes to 
seaweed as food. However, with regard to specific preferences, signifi-
cant differences were observed between the responses of the subgroups. 

Overall, 82% of the respondents were familiar with the possibility of 
seaweed being used as food and almost all, 114 out of 120, would 
consider eating seaweed. This positive attitude to the use of seaweed as 
food is in line with earlier results (Persson, 2017). Furthermore, 60% of 
the respondents who answered the question about why they would 
consider eating seaweed gave the response that it was “good for the 
environment”. Approximately the same proportion of the respondents 
stated that seaweeds were considered “tasty” and “healthy”. Other 
studies have shown that it is mainly younger women who are positive 
towards more sustainable food supplies, while older age groups, both 
men and women, are more concerned about health issues (Wendin et al., 
2019; Lassen et al., 2016). In this study, however, there were no sig-
nificant differences between the age and gender groups. Most consumers 
are highly driven by their taste preferences when it comes to food 
choices (Holmer et al., 2012; Hartvig et al., 2014) and seaweeds are well 
known for their salty and umami-rich taste due to them containing an 
abundance of minerals and glutamic acid (Vilar et al., 2020; EU, 2020; 
Mouritsen et al., 2012). As stated initially, seaweeds are also considered 
healthy due, for example, to their high contents of minerals, vitamins, 
fiber, protein and antioxidants (Cabrita et al., 2017). This may explain 
the overall positive attitude towards seaweed as food and is an angle that 
can potentially be further enhanced if producers of seaweed products 
investigate the possibilities of making health or nutrition claims about 
their products (EFSA, 2020). For those few respondents who answered 
that they would not consider eating seaweed, the reason given was that 
foods based on seaweed were “not tasty”. 

Clear results from the questionnaire revealed that the respondents 
would prefer to buy products based on seaweed in a food store, since 
almost all respondents, 114 out of 120, were positive to this. A signifi-
cant proportion of all the respondents, in particular young men, were 
also positive to buying dishes containing seaweed in restaurants. It was 
also clear that the respondents preferred equally to eat seaweed at home 
or at a restaurant, since almost all respondents, 114 and 107, 

Table 1 
Questionnaire with questions and answer options.  

Question 
no 

Question Answer options 

1 How old are you? One choice  
• 18–40 years  
• 41 years or older 

2 What is your gender? One choice  
• Woman  
• Man  
• Neutral 

3 How would you specify your diet? One choice  
• Mainly vegetarian  
• Fish and vegetables, but 

no meat  
• All kind of foods, meat 

included 
4 Are you familiar with seaweed being 

used as food? 
One choice  
• Yes  
• No 

5 Would you consider eating seaweed? One choice  
• Yes  
• No 

6 If Yes, why? Multiple choice  
• Tasty  
• Healthy  
• Good for the 

Environment Exciting  
• New  
• Vegetarian  
• From the Sea  
• Others, give example … 

7 If No, why? Multiple choice  
• Not Tasty  
• Cannot Cook  
• Dare Not  
• Dangerous  
• Others, give example … 

8 Where would you like to buy seaweed? Multiple choice  
• Internet  
• Food Store  
• Restaurant  
• Others, give example … 

9 Where would you like to eat seaweed? Multiple choice  
• Home  
• Restaurant  
• On the Go  
• Others, give example … 

10 How would you like to eat seaweed? Multiple choice  
• Fresh  
• As Flour for Adding to 

Product  
• Dry Spice  
• Snacks  
• Added as Nutrient  
• Dish  
• Others, give example  
• Not At All 

11 Would you pay extra for food products 
containing seaweed? 

One choice  
• Yes  
• No 

12 To which food products would you like 
seaweed to be added? 

Multiple choice  
• Cookies  
• Ice-Cream  
• Snacks  
• Bread  
• Drink  
• Breakfast Product  
• Dairy Product  
• Fast Food  
• Dish  
• Others, give example …  
• No Product At All  
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respectively, responded positively to these options, which compares 
well with the results by Mouritsen et al. (2012). 

The results in this study also revealed that the significantly most 
popular options for eating seaweed were as snacks, spice, bread and in 
dishes, with snacks being significantly more popular among young men 
than among the other respondent groups, Table 2. Wouters et al. (2018), 
who studied snack behavior, found that men and mainly young adults 
were more positive to the intake of snacks than women. This also cor-
responds well with the results in this study showing that, compared to 
the other groups, younger women had a significantly higher preference 
to add seaweed as a nutrient to various foods. It is also worth mentioning 
that the addition of seaweed to fast foods was of significant interest to 
men, especially young men, but not to women. Young men also had a 
significantly higher preference for using seaweed in cookies than the 
other groups. These results may also be related to the greater interest in 
health issues among women and older age groups (Wendin et al., 2019; 
Lassen et al., 2016). However, according to Vehmas et al. (2019), a large 
proportion of consumers has a positive attitude towards snacks if they 
can be regarded as healthy foods. 

In order to successfully increase the use of seaweed as a food raw 
material, product and dish development and also product design and 
sensory analysis need to be combined (Naes and Nyvold, 2004). 

One of the limitations of this study was the uneven distribution of 
sample sizes regarding men and women. To be able to compare the 
frequencies of groups, the percentages of frequencies were calculated. It 
should, however, be noted that a larger sample size of women is com-
mon in consumer studies (Chakravarty, 2018; Fibri and Frøst, 2019; 
Normann et al., 2019). Another limitation was the neutral gender group 
(unidentified sex) consisted of only two respondents, thus this group was 
too small to imply any relevant results and was, therefore, kept out of 
analysis. 

Overall, Swedish consumers are positive towards, and have a great 
interest in, including seaweed as part of their diet, mainly due to sus-
tainability reasons. Differences in preferences were observed between 
the consumer groups. The results show that young men were more 
positive to including seaweed in snack products and fast food than 

women. Products containing seaweed should preferably be bought in a 
food store, while being eaten at home or in a restaurant was equally 
preferred. The results revealed that the most preferred forms of 
consuming of seaweed were as snacks, bread and in various dishes. The 
results from this study may be used as a basis for the development of new 
food products that contain seaweed. 
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Normann, A., Röding, M., Wendin, K., 2019. Sustainable fruit consumption: the influence 
of color, shape and damage on consumer sensory perception and liking of different 
apples. Sustainability 11, 4626. https://doi.org/10.3390/su11174626. 

Persson, E., 2017. Alger i mat? – en konsumentstudie kring inställningen till alger som 
matråvara, B.Sc. thesis, Kristianstad. Kristianstad University, Sweden (in Swedish).  

Roessler, E.B., Pangborn, R.M., Sidel, J.l., Stone, H., 1978. Expanded statistical tables for 
estimating significance in paired-preference, paired-difference, duo-trio and triangle 
tests. J. Food Sci. 43, 940–943. 

Vasvada, S., 2019. Effects of Blanching, Drying and Fermentation on Nutrient Content 
and Physicochemical Properties of Norwegian Saccharina Latissima and Alaria 
Esculenta for Application in Meat-Based Products. M.Sc. thesis. Lund University, 
Lund (Sweden).  

Vehmas, K., Lavrusheva, O., Seisto, A., Poutanen, K., Nordlund, E., 2019. Consumer 
insight on a snack machine producing healthy and customized foods at point of 
consumption. Br. Food J. 121 (10), 2551–2563. https://doi.org/10.1108/BFJ-01- 
2019-0033. 

Vilar, E.G., Ouyang, H., O’Sullivan, M.G., Kerry, J.P., Hamill, R.M., O’Grady, M.N., 
Mohammed, H.O., Kilcawley, K.N., 2020. Effect of salt reduction and inclusion of 1% 
edible seaweeds on the chemical, sensory and volatile component profile of 
reformulated frankfurters. Meat Sci. 161, 108001. https://doi.org/10.1016/j. 
meatsci.2019.108001. 

Watanabe, F., Takenaka, S., Katsura, H., Masumder, S.Z.H., Abe, K., Tamura, Y., 
Nakano, Y., 1999. Dried green and purple lavers (Nori) contain substantial amounts 
of biologically active vitamin B12 but less of dietary iodine relative to other edible 
seaweeds. J. Agric. Food Chem. 47 (6), 2341–2343. https://doi.org/10.1021/ 
jf981065c. 

Wendin, K., Egan, P.A., Olsson, V., Forsberg, S., Nilsson, A., Stenberg, J.A., 2019. Is there 
a best woodland strawberry? A consumer survey of preferred sensory properties and 
cultivation characteristics. Int J Gastron Food Sci 16, 100151. https://doi.org/ 
10.1016/j.ijgfs.2019.100151. 

Wouters, S., Jacobs, N., Duif, M., Lechner, L., Thewissen, V., 2018. Affect and between- 
meal snacking in daily life: the moderating role of gender and age. Psychol. Health 
33 (4), 555–572. https://doi.org/10.1080/08870446.2017.1380813. 

Zhang, J., Sun-Waterhouse, D., Su, G., Zhao, M., 2019. New insight into umami receptor, 
umami/umami-enhancing peptides and their derivatives: a review. Trends Food Sci. 
Technol. 88, 429–438. https://doi.org/10.1016/j.tifs.2019.04.008. 

K. Wendin and I. Undeland                                                                                                                                                                                                                  

https://doi.org/10.1016/j.meatsci.2011.11.011
https://doi.org/10.1016/j.meatsci.2011.11.011
https://doi.org/10.1016/j.foodqual.2007.04.002
https://www.efsa.europa.eu/en/topics/topic/general-function-health-claims-under-article-13
https://www.efsa.europa.eu/en/topics/topic/general-function-health-claims-under-article-13
https://ec.europa.eu/food/safety/labelling_nutrition/claims/health_claims_en
https://ec.europa.eu/food/safety/labelling_nutrition/claims/health_claims_en
https://doi.org/10.1016/j.appet.2018.10.026
https://doi.org/10.1016/j.appet.2018.10.026
https://doi.org/10.1007/s10811-018-1481-7
https://doi.org/10.1016/j.appet.2013.11.015
https://doi.org/10.3402/fnr.v56i0.10484
https://doi.org/10.3402/fnr.v56i0.10484
https://doi.org/10.1007/s10811-010-9632-5
https://doi.org/10.1007/s10811-010-9632-5
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref13
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref13
https://doi.org/10.1016/j.foodqual.2015.06.011
https://doi.org/10.1016/j.foodqual.2015.06.011
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref15
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref15
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref16
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref16
https://doi.org/10.1017/S136898001100351X
https://doi.org/10.1017/S136898001100351X
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref18
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref18
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref19
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref19
https://doi.org/10.1016/S0950-3293(03)00036-3
https://doi.org/10.1016/S0950-3293(03)00036-3
https://doi.org/10.3390/su11174626
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref22
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref22
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref23
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref23
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref23
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref24
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref24
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref24
http://refhub.elsevier.com/S1878-450X(20)30142-6/sref24
https://doi.org/10.1108/BFJ-01-2019-0033
https://doi.org/10.1108/BFJ-01-2019-0033
https://doi.org/10.1016/j.meatsci.2019.108001
https://doi.org/10.1016/j.meatsci.2019.108001
https://doi.org/10.1021/jf981065c
https://doi.org/10.1021/jf981065c
https://doi.org/10.1016/j.ijgfs.2019.100151
https://doi.org/10.1016/j.ijgfs.2019.100151
https://doi.org/10.1080/08870446.2017.1380813
https://doi.org/10.1016/j.tifs.2019.04.008

	Seaweed as food – Attitudes and preferences among Swedish consumers. A pilot study
	Study
	Statement for conflict of interest
	CRediT authorship contribution statement
	Acknowledgements
	References


