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Abstract

:

Our agrifood systems require transformation to meet today’s challenges, especially the growing demand for protein. Promising alternative protein sources include algae, crickets and jellyfish, but little is known how the public perceives these future options. We argue that to identify responsible pathways for the protein transitions, the public’s views need to be explored. Consequently, the aim of this study was to understand public perceptions of three alternative future pathways for protein transition. Our survey of 474 respondents in Germany showed that the consumption of algae in the future is perceived as possible and more probable than the consumption of animal-based sources of proteins such as cricket and jellyfish. Gender, age, geographical location and food habits were found to influence these perceptions. Reflecting on the differences in the public perceptions of three alternative protein sources, we discuss how inclusive these future visions are and how to manage the innovation and transition responsibly.
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1. Introduction


Agrifood systems face major challenges such as climate change, population growth and the reduction in arable land [1,2,3], and transformation has become necessary [2]. In particular, the importance of alternative protein sources is increasing to meet the growing protein demand [4,5] and reduce the ecological, social and health impacts of intensive livestock farming [6].



In so-called protein transitions, alternative pathways towards more sustainable production and consumption of proteins are possible [7]. The future could entail a change to a predominantly vegetarian diet, organic meat, plant-based meat substitutes, cultivated meat or fish, or so-called low-carbon proteins such as algae, insects or jellyfish [3,7,8,9,10,11]. In the wake of varied transition pathways, it remains unclear if and how the protein transitions will contribute towards the sustainable development goals of ‘zero hunger’, ‘good health and well-being’, ‘clean water’ and ‘responsible consumption and production’, among others.



To address such concerns, Klerkx and Rose [12] argue that transition pathways should be organized responsibly by (1) articulating inclusive visions of the future, (2) reflecting on different innovations and (3) anticipating their impacts, as well as (4) changing the direction of innovation in a responsive way. Although their arguments are focused on transitions to Agriculture 4.0, they apply also to more narrowly scoped protein transitions. In line with Klerkx and Rose [12], we argue that to enable a responsible protein transition, it is necessary for various stakeholders to reflect and articulate their visions of the future so that inclusive visions can be identified and responsible innovation can be fostered to realize them (cf. ‘responsible innovation’ by Stilgoe et al. [13]). Foresight and future studies examine the perceptions of the future but typically focus on expert views. To articulate inclusive future visions, it is, however, important that those with marginal engagement in the development of innovation, namely, future consumers, can also express what futures they can imagine for themselves and for society at large [9]. However, future studies which reveal the lay public’s views on the future of proteins are scarce. Consequently, our aim is to investigate how the future visions of consuming alternative proteins are seen by the public and to contribute to identifying responsible pathways for protein transitions.



In order to enhance the prospects of responsible protein transitions, this paper aims to contribute to articulating the inclusive visions of the future of protein by addressing the questions of what protein sources people imagine as possible for their own future diets and what futures they see as probable for society at large. To answer these questions, we investigated the public perceptions of the possibility (how possible a certain future is considered to be for oneself) and probability (how likely a certain future is considered to be for society) of the future consumption of algae, crickets and jellyfish under non-specific future scenarios as well as in extreme scenarios in an online survey (n = 474) in Germany. The approach allowed us to gain insights into the societal attitudes accompanying the agrifood system transformation, which we use to discuss how inclusive the future vision of each transition pathway is and to recommend responsible approaches to innovations enabling protein transitions, which take the public views into account. We thus elaborate the importance of the inclusiveness-sensitive approach for a responsible agrifood system transformation process.



The remaining of the paper is organized into five sections. The next section discusses foresight and future studies focused on the selected alternative proteins and identifies the research gaps. Section Three outlines the methodology. Section Four reports the results, which are then discussed in Section Five.




2. Future Visions of Alternative Protein


Foresight and future studies differentiate between possible, probable and desirable futures [14,15,16]. By analyzing possible and probable futures, (1) important developments and structures are explored from the perspective of the present and (2) participation in shaping the future is enabled [16]. The evaluation of possible futures is performed before evaluating the probable and desirable futures [14]. Previous foresight and future studies in the food context have mainly involved experts to assess different futures [17,18,19,20,21]. However, to promote responsible transition pathways, public views on the future also need to be examined.



In the following we discuss past foresight and future studies examining the future visions of alternative protein sources, namely, algae, crickets and jellyfish, with the focus on possibility and probability. Consumer acceptance studies that examine the extent to which alternative proteins are accepted at present are not discussed (e.g., [22,23,24,25,26,27,28,29,30,31,32]).



2.1. Algae


Algae are gaining increasing attention as an alternative protein source [4,33]. In the following, as well as in our survey, we refer to the term ‘algae’ whereby no distinction is made between macro- and microalgae and their subspecies, although their metabolic profiles are different [34]. However, a distinction between the two was not considered for two reasons: (1) both macro- and microalgae are recognized as good alternative protein sources [35] and (2) the lay public does not distinguish between macro- and microalgae [36]. However, both are rich in proteins, lipids, carbohydrates, fatty acids, minerals, carotenoids and chlorophylls [37,38,39], and their cultivation is more sustainable compared to meat proteins (chicken, pork or beef) [3,36]. Several food products that contain microalgae already exist on the market (e.g., oat and rice cakes, juices, smoothies, noodles). They are consumed mostly in the regions of Asia and North America, but interest in European markets is increasing [35,37]. For example, 5720 algae-containing products (80.2% are food) were imported into the European market in the period 2015–2019. This represents 43.7% of their worldwide import [40]. Furthermore, in Germany, microalgae food and feed products (e.g., astaxanthin as food ingredient/additive, Spirulina and Chlorella as dietary supplements), as well as producers (e.g., Blue Biotech, Roquette Kloetze), can be found (for an overview see Enzing et al. [41]).



Further studies examined the possibility of algae (or plant-based proteins) as an alternative source of protein. A recent large-scale Delphi survey with 85 participants in Germany (47% knew nothing about microalgae, 41% knew the topic from the media, 15% had already consumed microalgae) looked at public perception and possible narratives for microalgae (assessing expectability, desirability and popularity). The most popular and desirable narrative was that of a sustainable diet, but at the same time it was seen as difficult to implement. According to the authors, the controversial result (prominent and desirable and at the same time not feasible) might be related to the dilemma of who microalgae should appeal to: the broad public or selected groups [42]. The expected inclusiveness of algae consumption was, however, not examined. Additionally, algae [43] and plant-based proteins [18] were envisaged as possible future scenarios for future food in Norway.



Some studies already examined how the future of algae is perceived. They showed that experts assumed algae to play an increasingly important role in sustainable nutrition in the future [19,20,41]. However, the estimates of the probability of algae becoming relevant for the food sector vary. Already in 1976, a Delphi study stated that the development of new food sources such as algae might occur on a large scale in the 1990s [44]. In 2014, Enzing et al. [41] showed that one-third of experts assumed that microalgae will replace existing food and feed products in Europe in 2020–2022. A total of 14% of the experts predicted that this is likely to happen after 2025. A horizon scanning study from 2023 envisaged algae production for food and feed in Europe for 2030 [20]. While some of the past predictions were not accurate, they show that the importance of algae as alternative protein sources had been recognized years before.



While the studies discussed above bring useful insights into the future visions of algae proteins, it is still unclear how inclusive these visions are. First, the lack of consensus among the experts in some of the aforementioned studies indicates that the perceptions of the future of algae are not unanimous. Second, past studies uncovered the visions of experts but not those of lay citizens. An exception is the Delphi study with the general public in Germany by Rossmann and Roesch [42]. The study captured expectations of microalgae diets and focused in particular on normative projections of microalgae production and consumption (e.g., (1) inexpensive and unpretentious, (2) health and wellness, (3) do it yourself and (4) feed and save the world). However, in the case of Germany, the questions remain: How possible and likely does the general public in Germany perceive the consumption of algae to be? Who shares this vision of the transition pathway and who does not?




2.2. Crickets


Interest in crickets as one of the most promising insect species is increasing [45,46]. Crickets, along with grasshoppers and locusts, account for 13% of the insect species consumed worldwide, making them one of the most commonly eaten insect species [47]. Crickets show a valuable nutritional profile compared to other food sources, especially in terms of protein, but also energy, fats and fatty acids [45,48,49]. They are farmed with lower greenhouse gas emissions compared to chicken, pork or beef [10]. The species mainly farmed for human food products is the house cricket (Acheta domesticus) [50]. Food products such as protein bars, flour and cookies are already on the Western market [51]. In 49 countries worldwide crickets are already consumed, but this includes only four European countries (Belgium, Netherlands, Poland, Switzerland) [45]. Thirty-five companies in Europe are known to sell crickets, including seven to nine in Germany [52].



Additional foresight research explores the possibility of crickets as an alternative protein source. For example, in 2020, the majority of Canadian consumers were reported to appreciate insects as a source of protein, but consider their consumption undesirable [22]. After eating cricket protein powder, they were willing to buy cricket powder and recommend it to others. A future where entomophagy becomes prevalent is considered as possible but numerous obstacles must be overcome [17]. These findings validate the perception that insects are one of the most controversial alternative proteins [5].



The expected probability of crickets becoming particularly important in the food industry is dated as 2030 in Europe, according to market forecasts from 2021 and 2022 [53,54]. It is also anticipated that the number of European consumers eating insects will increase from nine million in 2019 to 390 million in 2030 [53].



Even though there is a rising interest in crickets, or insects in general, as an alternative source of protein—especially due to the recent approval of three insect species under the EU novel foods regulation, including crickets [55]—whether they are considered as possible futures by the broader public in many countries, including Germany, remains uncertain. Consequently, it is unclear how inclusive the vision of eating crickets is.




2.3. Jellyfish


Jellyfish are considered as a novel food, especially promising when resources become scarce due to climatic changes [11,56]. Even if jellyfish consist of 95% of water, they are also 4–5% of protein, which makes them rich in proteins and minerals and low in calories and fats [57]. Their production is expected to have a low CO2 impact [11,58]. The consumption of jellyfish (e.g., in salads, fried or boiled) is widespread in Asian countries, especially in China [57,59,60,61], but the interest in Western countries is increasing [62,63]. Already in 1994, Hsieh and Rudloe [64] stated that jellyfish fisheries for food production have great potential in the USA. However, the consumption of jellyfish is not yet permitted in the EU [65] and the data on jellyfish consumption in Europe and in Germany are very limited [61,64].



Foresight studies on the public perceptions of consuming food containing jellyfish in the future are lacking. However, a tasting study with volunteers allergic to seafood found that 91% of the participants were willing to include jellyfish (Catostylus tagi) in their regular diet. One of the greatest benefits reported was that they did not cause the same allergic reactions as other seafood [60].



Jellyfish are a potential alternative protein source, which still needs deeper investigation [56]. In particular, the perceptions of the general public need to be further investigated to facilitate an inclusive protein transition.




2.4. Comparison of Algae, Crickets and Jellyfish


To the best of the authors’ knowledge, there is one study in which the three alternative protein sources of interest were examined jointly. Palmieri et al. [61] investigated the current levels of consumer acceptance of algae, insects and jellyfish in Italy and showed that the willingness to try new foods and include them in the regular diet was highest for seaweed (macroalgae), followed by jellyfish and insects. Gender, age and dietary habits were shown to be the most important factors differentiating the consumers’ attitudes towards the alternative proteins. Men were more willing to try insects and jellyfish than women (similar to the findings of Torri et al. [56]). Furthermore, the willingness to consume alternative protein sources decreased with increasing age (similar to the findings of Onwezen et al. [66]).



However, it is conceivable that although consumers are not ready to accept jellyfish and insects into their diets just yet, most see them as possible or even probable and desirable futures. If so, these protein sources would have the potential to contribute to inclusive transitions, albeit in the longer term. To our knowledge, future-oriented studies of the public perceptions of the three alternative protein sources are missing. The past studies mainly focused on the expert perspective, with a few exceptions [42], as discussed above. However, multi-perspectives and broad participation are important to capture current perceptions of possible and likely futures, but not with the aim of predicting futures as accurately as possible [67]. We therefore find it essential to assess the perceived possibility and probability of the three protein sources among the potential future consumers. Accordingly, our study investigates the perceptions of the future of protein sources by applying research approaches of future studies (surveying perceived possibility and probability) and aiming at broad participation of the lay public.





3. Materials and Methods


The online survey within the research project food4future, funded as part of the German Federal Ministry of Education and Research’s funding line Agricultural Systems of the Future, was conducted from 16 November 2020 to 22 May 2021. The survey was distributed across various channels (social networks such as Facebook, the project website, media reports and press releases) in order to reach a broad spectrum of German consumers. Please note that only the aspects relevant to the study are described here.



The comparison of algae, crickets and jellyfish as promising alternative protein sources offers heterogeneity on different levels: On the one hand, we look at algae-based and animal-based (crickets, jellyfish) alternative proteins. On the other hand, we examine already established alternative proteins (algae, e.g., in the form of sushi), emerging alternative proteins (crickets) and rather unknown alternative proteins (jellyfish).



3.1. Alternative Protein Sources


The participants were asked to assess the extent to which they perceive eating algae, crickets and jellyfish as possible and probable.



Possible futures. Respondents were asked “Can you imagine algae/crickets/jellyfish as part of your future diet (raw or, for example, processed in a ready meal?” and were given a four-point scale (from ‘thumbs down’ to ‘thumbs up’).



Probable futures. The item “Do you think it is likely that algae/crickets/jellyfish will become part of the normal diet in the future?” was used to measure perceived probability, using a four-point scale (from ‘thumbs down’ to ‘thumbs up’).



Extreme future scenarios. Each participant was presented with two extreme future scenarios at the beginning of the survey before responding to the questions. The scenarios were developed within the research project: (1) ‘No trade’ scenario in which international food trade is disrupted and (2) ‘No land’ scenario, in which the land scarcity does not allow for food cultivation. Participants were asked on the same page what they considered possible and probable under normal and extreme scenarios. The item “Imagine that the extreme scenarios described at the beginning become reality. Do you think it is likely that algae/crickets/jellyfish will become part of the normal diet under these scenarios?” was used to measure perceived probability under extreme future scenarios, using a four-point scale (from ‘thumbs down’ to ‘thumbs up’).




3.2. Personal Characteristics


To better understand who shares the future visions of selected alternative proteins, we collected data on five personal characteristics. These variables were selected as some consumer acceptance studies show that they differentiate between people with different attitudes towards alternative proteins in the presence. For example, we investigated age and gender, as willingness to consume insect-based products was shown to be lower among older people [31,32] and women [27,28,29,30]. Seaweed-based products are more accepted among women [26] and those with higher levels of education and living in more urban environments [25]. Similarly, food habits (e.g., vegan, vegetarian, flexitarian, omnivore) are associated with different attitudes towards alternative proteins, while adventurous eating habits, exemplified by seeking food sensation and innovation, were found to positively affect the willingness to consume insects (effect size r = 0.29, meta-analysis) [24]. However, there is still no clarity on how these personal characteristics refer to the perceptions of algae, crickets and jellyfish. Some studies found no significant effects of gender [22], age [31] and education [23,27,31], and comparative studies are missing, highlighting the need for further research. The items used to measure each variable are presented in Table S1 in Supplementary Materials.




3.3. Procedure


The first page of the online survey provided general information about the food4future project including a link to the project website. On the second page, a video introducing the two extreme future scenarios was presented to each participant, emphasizing that the scenarios are unlikely, but that the goal is to prepare for different futures by exploring food and technology innovations. Following the video, participants confirmed their agreement to the data privacy policy to proceed the survey. Participants were then asked about their personal characteristics. Next, each protein alternative was presented, followed by questions about its perceived possibility and probability under non-specific and extreme future scenarios on the same survey page.




3.4. Data Analysis


Descriptive statistics were calculated to assess the extent to which alternative protein sources were seen as possible and probable. The non-parametric Friedman tests were used to compare if consumption of the three alternative protein sources in the future was seen as equally possible and probable (under non-specific and extreme scenarios) because the variables did not exhibit a normal distribution, as assessed through visual inspection and the Shapiro–Wilk test (p < 0.05). If applicable, post-hoc analysis with Wilcoxon rank-sum tests were performed with a Bonferroni correction applied.



To shed light on social groups which share (or do not share) the future visions of alternative protein consumption, we tested if perceptions of possible futures vary across socio-demographic groups. The data did not fit the requirements for a one-way ANOVA; therefore, Kruskal–Wallis tests were conducted as a non-parametric alternative for each alternative protein. For dichotomous variables Welch’s t-test was used. If applicable, post-hoc Conover tests with Bonferroni correction were performed. Furthermore, Wilcoxon effect sizes (r) were computed to assess the magnitude of the differences.





4. Results


4.1. Participants


In total, the sample counted 682 participants, whereby 474 participants were considered for this study. Data were excluded if, for example, only questions on personal characteristics were filled in, comments indicated that the answers were not serious or the response time was too short.



The sample is described in Table 1. Of the respondents, 56.1% were below 40 years old, 66.5% identified as female, 31.9% as male and 1.5% as diverse. The majority of the participants lived in cities (big city: 57.6% and city: 15.0%). Compared to the German population, the sample was not representative as it contained an overrepresentation of younger people, people who identify with the female gender and people with a higher level of education [68]. Additionally, the respondents lived disproportionately in larger cities [69].




4.2. Possible and Probable Futures for Alternative Protein Sources


The overall pattern was that the possibility and probability of eating algae in the future were perceived most positively, followed by crickets and jellyfish, as shown in Figure 1 (see also descriptive statistics (Table S2) and Spearman’s correlations (Table S3) of study variables in the Supplementary Materials). The Friedman test revealed a significant effect of the alternative protein source for the perceptions of possible futures (χ2(2) = 411.65, p < 0.001) and probable futures (χ2(2) = 386.45, p < 0.001).



Pairwise comparisons indicated significant differences for both variables between all factor pairs (p < 0.001). For the possible futures, two comparisons showed a large effect size (algae–crickets: r = 0.63, algae–jellyfish: r = 0.80) and one comparison showed a moderate effect size (crickets–jellyfish: r = 0.32). For the probable futures, two effect sizes were large (algae–jellyfish: r = 0.78; crickets–jellyfish: r = 0.63) and the comparison of algae and crickets had a moderate effect size (algae–crickets: r = 0.33).



Furthermore, crickets and jellyfish were perceived by respondents as significantly more probable alternative protein sources for the society at large than as possible for their own future diets (p < 0.01). In contrast, the possibility of consuming algae oneself was perceived significantly higher than the probability that it will become part of the normal diet (p < 0.001). The effect size was small for jellyfish (r = 0.15) and moderate for crickets (r = 0.42) and algae (r = 0.30).




4.3. Probable Futures for Alternative Protein Sources under Non-Specific and Extreme Scenarios


When asked to imagine that an extreme future scenario of ‘no land’ or ‘no trade’ comes true, participants assessed the probability of the future consumption of algae most positively, followed by crickets and jellyfish, as shown in Figure 2. A Friedman test revealed a significant difference in perceived probability between the alternative protein sources in the presence of an extreme scenario (χ2(2) = 283.47, p < 0.001). Pairwise comparisons indicated significant differences between all factor pairs (p < 0.001). The comparisons between algae and jellyfish (r = 0.70), as well as crickets and jellyfish (r = 0.56), showed a large effect size and the comparison between algae and crickets showed a small one (r = 0.18).



Comparing the perceived probability under non-specific scenarios versus the perceived probability under extreme scenarios, the consumption of each alternative protein source was perceived as significantly more probable in the presence of the extreme future scenario, as can also be seen in Figure 2. The comparison between perceived probability under non-specific and extreme scenarios for algae showed a small effect size (r = 0.17), while for crickets (r = 0.41) and jellyfish (r = 0.48) the effect sizes were moderate.




4.4. Possible Futures and Personal Characteristics


To better understand how inclusive the future vision of consuming each alternative protein is, we examined if the extent to which people see it as possible to include each alternative protein source in their diet varied across social groups. Please note that Spearman’s correlations of the personal characteristics variables can be found in Table S4 in the Supplementary Materials. Some significant but relatively small correlations (all < 0.20) were observed between various personal characteristics within our sample. Older participants tended to be more frequently male, generally possessed a lower level of education, lived in smaller locations, and exhibited more traditional food habits. Additionally, participants residing in bigger locations were more likely to be male and had a higher level of education.



Age. Only the test for jellyfish was significant (χ2(2) = 18.98, p < 0.001). The post-hoc Conover test revealed a significant difference between the age groups 20–39 and ≥60 years (small effect r = 0.22) and 20–39 and 40–59 years (small effect r = 0.13). In both cases, the older group had a more positive perception of eating jellyfish compared to the younger group.



Gender. For the analysis regarding gender differences, only participants were included who identified themselves as female or male (n = 467) because only seven participants identified themselves as diverse and thus formed a group too small for any robust statistical comparisons. None of the variables were normally distributed, but given the sample size, a standard t-test was thought to be suitable [69,70]. Thus, a Welch’s t-test was conducted for each alternative hypothesis discussed in Section 3. As expected, male participants saw the possibility of eating crickets in the future more positively (M = 2.84) than female participants (M = 2.49, t(271.77) = 2.95, p < 0.01). This was only a small effect (Cohen’s d = 0.30, 95% CI [0.11 0.50]). Moreover, the possible future consumption of jellyfish was seen more positively by men (M = 2.46) than women (M = 2.11, t(288.19) = 3.33, p < 0.001), but with only a small effect size (Cohen’s d = 0.33, 95% CI [0.14 0.53]). The perceptions of algae did not differ significantly by gender.



Education. None of the Kruskal–Wallis tests were significant.



Location. Only the Kruskal–Wallis tests for algae revealed a significant effect of location (χ2(3) = 11.97, p < 0.01). A post-hoc Conover test showed that participants from a big city perceived the possibility of eating algae more positively compared to people from a smaller place (small effect r = 0.16).



Food habits. In order to examine the importance of food habits, the sample was split into two groups, one containing participants with traditional or rather traditional food habits (n = 85) and the other with adventurous or rather adventurous food habits (n = 389). The Welch’s t-test was calculated for each alternative protein source. Interestingly, only algae showed a significant difference between the two groups, where the more adventurous group (M = 3.70) saw the possibility of eating algae more positively than the group with more traditional food habits (M = 3.34, t(102.61) = −3.39, p < 0.01). The effect size was medium (Cohen’s d = 0.51, 95% CI [0.27 0.75]).





5. Discussion


Transforming the agrifood system is an urgent global challenge that requires a responsible approach, taking into account the public’s views on future protein consumption [12]. To contribute to identifying responsible pathways for protein transitions, the present study examined the public perceptions of three alternative protein sources—algae, crickets and jellyfish. In this discussion, we reflect on how inclusive each vision of future protein consumption is and their implications for responsible innovation and transformation of the agrifood system. Specifically, for each transition pathway we reflect if it should be developed and, if so, how to proceed responsibly.



Our study found that the future consumption of algae-based proteins is seen by respondents as possible, and more probable than the consumption of animal-based protein from sources such as crickets and jellyfish. The pattern differed slightly from that found in Italy, where current consumer acceptance is highest for seaweed, followed by jellyfish and insects [61]. The probability that crickets and jellyfish become part of normal diets is seen more positively than the possibility of eating them oneself. The opposite is observed for algae, which is in line with past studies showing that the general public in Germany [42] and experts in Denmark [19] consider algae as possible but not feasible for the future. When extreme future scenarios are assumed, the consumption of all protein sources is perceived as significantly more feasible for all three protein sources and the comparative pattern stayed the same.



The future consumption of algae was seen as possible and probable by most respondents, suggesting that this vision of the future is fairly inclusive. However, concerns exist with regard to the possible exclusion of those living outside large cities and having less adventurous eating habits, which were already raised by [25] and [17], respectively. Overall, it is advisable to further develop this transition pathway and to make it more inclusive. To prevent exclusions, it is advisable to develop targeted education and communication strategies to inform the public about the diverse range of algae protein options [70] and to ensure accessibility outside urban areas.



The possibility and probability of consuming crickets in the future are seen on average as mildly positive, which suggests that this future vision for proteins is moderately inclusive at present. In line with past findings [27,28,29,30], male respondents assessed this possibility as greater than females, which implies that women could be excluded from consumption. It is therefore important to ask if this pathway should be further developed and, if so, how could it be carried out in a responsible and inclusive way? Further research is needed to better understand the rejection of cricket-containing products by women and take evidence-based responsive actions.



The public views on the consumption of jellyfish in the future were visibly split and on average less positive than for the other two alternative protein sources. Older and male respondents perceived the possibility of eating jellyfish in the future more positively than their counterparts. These results suggest that the visions of future jellyfish consumption are not inclusive at present. In this context, it would be responsible to explore the benefits and risks of further development before investing in advancing this pathway further.



5.1. Limitations and Future Research


The design of our study and the sample have affected the results in the following ways: First, the presentation of ‘extreme scenarios’ at the beginning of the survey biased the responses and could have induced more positive perceptions of novel foods (cf. ‘adaptation’ by Gifford et al. [71]). Second, the perceptions of alternative proteins among respondents in our sample, in which young and highly educated people were overrepresented, may have been more positive than in the general population in Germany as these groups are environmentally conscious [72]. A similar effect could have had the high proportion of people with adventurous eating habits in our sample. Future studies based on representative samples are still needed. Third, the personal characteristics variables showed significant correlations, particularly for age (see Table S4 in Supplementary Materials). These correlations were relatively small but it is important to note that due to the highly skewed distribution across the groups of personal characteristics, it is likely that we did not have sufficient statistical power to fully elucidate the true nature of these intercorrelations within the target population. Thus, the magnitude of the effects related to personal characteristics might be mitigated by intercorrelations between the personal characteristics themselves. Fourth, as this study wanted to enable broad participation of the lay public and not experts, no questions were asked about prior relevant expertise. However, prior knowledge of alternative proteins may affect the responses [24,73] and, therefore, this variable should be included in future surveys. Fifth, this study did not distinguish between macro- and microalgae (in line with Mellor et al. [36]), which undermines the robustness of our results given the significant differences between these species [34]. Consequently, there is a need for future studies that examine each type separately.




5.2. Conclusions


In summary, the present study gives three substantial key contributions: (1) the first indications of the public opinion in Germany on the vision of consuming algae, crickets and jellyfish in the future; (2) a reflection on how inclusive each vision is and a discussion about if and how the transition pathways should be further developed; and (3) recommendations for action were derived on how to innovate responsibly to facilitate responsible protein transitions.









Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/su16020566/s1, Table S1: Personal characteristics variables; Table S2: Descriptive statistics of study variables; Table S3: Spearman’s correlations of study variables; Table S4: Spearman’s correlations of personal characteristics variables.





Author Contributions


Conceptualization, M.A., M.P. and D.W.; methodology, M.A., L.G., M.P., C.D. and M.S.; formal analysis, L.G. and M.A.; investigation, M.P.; resources, M.P.; data curation, M.A. and L.G.; writing—original draft preparation, M.A. and D.W.; writing—review and editing, M.A., D.W., M.P., A.B., L.G., C.D., M.S.; visualization, M.A.; supervision, D.W., C.D. and M.S.; project administration, D.W.; funding acquisition, M.S., M.P. and C.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the German Federal Ministry of Education and Research (grant number 031B0730H) as part of the project “f4f—food for future” in the funding line Agricultural Systems of the Future.




Institutional Review Board Statement


The study was conducted in accordance with the EU General Data Protection Regulation (GDPR) and further national rules and regulations, and approved by the Chair of Innovation Management (Prof. Carsten Dreher) of the Freie Universität Berlin.




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions.




Acknowledgments


We would like to thank Julia Vogt and Monika Rohwer for their administrative support and Delia Mangelkramer (student assistant at the time) for her substantial work on this research project.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Food and Agriculture Organization of the United Nations. Global Food Security Challenges and Its Drivers: Conflicts and Wars in Ukraine and Other Countries, Slowdowns and Downturns, and Climate Change; CL 172/5; Food and Agriculture Organization of the United Nations: Rome, Italy, 2023. [Google Scholar]

	



Rikkonen, P.; Rimhanen, K.; Aro, K.; Aakkula, J. The determinants of a resilient food system for Finland in the 2020s—Three opinion polls for improvements based on a Delphi study among food system experts. Eur. J. Futures Res. 2023, 11, 2. [Google Scholar] [CrossRef]

	



Specht, K.; Zoll, F.; Schuemann, H.; Bela, J.; Kachel, J.; Robischon, M. How will we eat and produce in the cities of the future? From edible insects to vertical farming—A study on the perception and acceptability of new approaches. Sustainability 2019, 11, 4315. [Google Scholar] [CrossRef]

	



Henchion, M.; Hayes, M.; Mullen, A.M.; Fenelon, M.; Tiwari, B. Future protein supply and demand: Strategies and factors influencing a sustainable equilibrium. Foods 2017, 6, 53. [Google Scholar] [CrossRef] [PubMed]

	



Fasolin, L.H.; Pereira, R.N.; Pinheiro, A.C.; Martins, J.T.; Andrade, C.C.P.; Ramos, O.L.; Vicente, A.A. Emergent food proteins—Towards sustainability, health and innovation. Food Res. Int. 2019, 125, 108586. [Google Scholar] [CrossRef] [PubMed]

	



Aiking, H.; de Boer, J. The next protein transition. Trends Food Sci. Technol. 2020, 105, 515–522. [Google Scholar] [CrossRef]

	



Tziva, M.; Negro, S.O.; Kalfagianni, A.; Hekkert, M.P. Understanding the protein transition: The rise of plant-based meat substitutes. Environ. Innov. Soc. Transit. 2020, 35, 217–231. [Google Scholar] [CrossRef]

	



Moritz, J.; McPartlin, M.; Tuomisto, H.L.; Ryynaenen, T. A multi-level perspective of potential transition pathways towards cultured meat: Finnish and German political stakeholder perceptions. Res. Policy 2023, 52, 104866. [Google Scholar] [CrossRef]

	



Fitzgerald, L.M.; Davies, A.R. Creating fairer futures for sustainability transitions. Geogr. Compass 2022, 16, e12662. [Google Scholar] [CrossRef]

	



Kemsawasd, V.; Inthachat, W.; Suttisansanee, U.; Temviriyanukul, P. Road to the red carpet of edible crickets through integration into the human food chain with biofunctions and sustainability: A review. Int. J. Mol. Sci. 2022, 23, 1801. [Google Scholar] [CrossRef]

	



Khong, N.M.H.; Yusoff, F.M.; Jamilah, B.; Basri, M.; Maznah, I.; Chan, K.W.; Nishikawa, J. Nutritional composition and total collagen content of three commercially important edible jellyfish. Food Chem. 2016, 196, 953–960. [Google Scholar] [CrossRef]

	



Klerkx, L.; Rose, D. Dealing with the game-changing technologies of Agriculture 4.0: How do we manage diversity and responsibility in food system transition pathways? Glob. Food Secur. 2020, 24, 100347. [Google Scholar] [CrossRef]

	



Stilgoe, J.; Owen, R.; Macnaghten, P. Developing a framework for responsible innovation. Res. Policy 2013, 42, 1568–1580. [Google Scholar] [CrossRef]

	



Miller, R. Futures literacy: A hybrid strategic scenario method. Futures 2007, 39, 341–362. [Google Scholar] [CrossRef]

	



Cuhls, K.; Dragomir, B.; Gheorghiu, R.; Rosa, A.; Curaj, A. Probability and desirability of future developments—Results of a large-scale Argumentative Delphi in support of Horizon Europe preparation. Futures 2022, 138, 102918. [Google Scholar] [CrossRef]

	



Cuhls, K. Zu den Unterschieden zwischen Delphi-Befragungen und „einfachen“ Zukunftsbefragungen. In Zukunft und Wissenschaft; Springer: Berlin/Heidelberg, Germany, 2012; pp. 139–157. [Google Scholar]

	



Glover, D.; Sexton, A. Edible Insects and the Future of Food: A Foresight Scenario Exercise on Entomophagy and Global Food Security; IDS—Institute of Development Studies: Falmer, UK, 2015. [Google Scholar]

	



Prexl, K.-M.; Gonera, A.; Four Plausible Futures of Food. Navigating the Future for Sustainable and Healthy Plant-Based Protein in Norway: A Scenario Approach. 978-82-8296-628-3. 2020. Available online: https://nofima.brage.unit.no/nofima-xmlui/handle/11250/2652109 (accessed on 14 December 2023).

	



Sundbo, J. Food scenarios 2025: Drivers of change between global and regional. Futures 2016, 83, 75–87. [Google Scholar] [CrossRef]

	



Pace, L.A.; Borch, K.; Deidun, A. Bridging knowledge gaps towards 2030: The use of foresight for the strategic management of a sustainable blue economy. Sustainability 2023, 15, 10026. [Google Scholar] [CrossRef]

	



Schwark, N.; Tiberius, V.; Fabro, M. How Will We Dine? Prospective Shifts in International Haute Cuisine and Innovation beyond Kitchen and Plate. Foods 2020, 9, 1369. [Google Scholar] [CrossRef]

	



Barton, A.; Richardson, C.D.; McSweeney, M.B. Consumer attitudes toward entomophagy before and after evaluating cricket (acheta domesticus)-based protein powders. J. Food Sci. 2020, 85, 781–788. [Google Scholar] [CrossRef]

	



Schlup, Y.; Brunner, T. Prospects for insects as food in Switzerland: A tobit regression. Food Qual. Prefer. 2018, 64, 37–46. [Google Scholar] [CrossRef]

	



Wassmann, B.; Siegrist, M.; Hartmann, C. Correlates of the willingness to consume insects: A meta-analysis. J. Insects Food Feed. 2021, 7, 909–922. [Google Scholar] [CrossRef]

	



den Boer, A.C.L.; Kok, K.P.W.; Gill, M.; Breda, J.; Cahill, J.; Callenius, C.; Caron, P.; Damianova, Z.; Gurinovic, M.; Laehteenmaeki, L.; et al. Research and innovation as a catalyst for food system transformation. Trends Food Sci. Technol. 2021, 107, 150–156. [Google Scholar] [CrossRef]

	



Gómez-Luciano, C.A.; de Aguiar, L.K.; Vriesekoop, F.; Urbano, B. Consumers’ willingness to purchase three alternatives to meat proteins in the United Kingdom, Spain, Brazil and the Dominican Republic. Food Qual. Prefer. 2019, 78, 103732. [Google Scholar] [CrossRef]

	



Verbeke, W. Profiling consumers who are ready to adopt insects as a meat substitute in a Western society. Food Qual. Prefer. 2015, 39, 147–155. [Google Scholar] [CrossRef]

	



Schaeufele, I.; Barrera Albores, E.; Hamm, U. The role of species for the acceptance of edible insects: Evidence from a consumer survey. Br. Food J. 2019, 121, 2190–2204. [Google Scholar] [CrossRef]

	



Lammers, P.; Ullmann, L.M.; Fiebelkorn, F. Acceptance of insects as food in Germany: Is it about sensation seeking, sustainability consciousness, or food disgust? Food Qual. Prefer. 2019, 77, 78–88. [Google Scholar] [CrossRef]

	



Cicatiello, C.; Vitali, A.; Lacetera, N. How does it taste? Appreciation of insect-based snacks and its determinants. Int. J. Gastron. Food Sci. 2020, 21, 100211. [Google Scholar] [CrossRef]

	



Hartmann, C.; Shi, J.; Giusto, A.; Siegrist, M. The psychology of eating insects: A cross-cultural comparison between Germany and China. Food Qual. Prefer. 2015, 44, 148–156. [Google Scholar] [CrossRef]

	



Dupont, J.; Fiebelkorn, F. Attitudes and acceptance of young people toward the consumption of insects and cultured meat in Germany. Food Qual. Prefer. 2020, 85, 103983. [Google Scholar] [CrossRef]

	



Moura, M.A.F.E.; Martins, B.d.A.; de Oliveira, G.P.; Takahashi, J.A. Alternative protein sources of plant, algal, fungal and insect origins for dietary diversification in search of nutrition and health. Crit. Rev. Food Sci. Nutr. 2023, 63, 10691–10708. [Google Scholar] [CrossRef]

	



Hughes, A.H.; Magot, F.; Tawfike, A.F.; Rad-Menéndez, C.; Thomas, N.; Young, L.C.; Stucchi, L.; Carettoni, D.; Stanley, M.S.; Edrada-Ebel, R.; et al. Exploring the Chemical Space of Macro- and Micro-Algae Using Comparative Metabolomics. Microorganisms 2021, 9, 311. [Google Scholar] [CrossRef]

	



Mendes, M.C.; Navalho, S.; Ferreira, A.; Paulino, C.; Figueiredo, D.; Silva, D.; Gao, F.; Gama, F.; Bombo, G.; Jacinto, R.; et al. Algae as food in Europe: An overview of species diversity and their application. Foods 2022, 11, 1871. [Google Scholar] [CrossRef] [PubMed]

	



Mellor, C.; Embling, R.; Neilson, L.; Randall, T.; Wakeham, C.; Lee, M.D.; Wilkinson, L.L. Consumer knowledge and acceptance of “algae” as a protein alternative: A UK-based qualitative study. Foods 2022, 11, 1703. [Google Scholar] [CrossRef] [PubMed]

	



Villaró, S.; Viñas, I.; Lafarga, T. Consumer acceptance and attitudes toward microalgae and microalgal-derived products as food. In Cultured Microalgae for the Food Industry: Current and Potential Applications, 1st ed.; Lafarga, T., Acién, G., Eds.; Elsevier Science & Technology: St. Frisco, CO, USA, 2021; pp. 367–385. ISBN 978-0-12-821080-2. [Google Scholar]

	



Roesch, C.; Rossmann, M.; Weickert, S. Microalgae for integrated food and fuel production. GCB Bioenergy 2019, 11, 326–334. [Google Scholar] [CrossRef]

	



Fricke, A.; Harbart, V.; Schreiner, M.; Baldermann, S. Study on the nutritional composition of the sea vegetable Ulva compressa in a brine-based cultivation system. Front. Mar. Sci. 2023, 10, 1292947. [Google Scholar] [CrossRef]

	



Boukid, F.; Castellari, M. Food and beverages containing algae and derived ingredients launched in the market from 2015 to 2019: A front-of-pack labeling perspective with a special focus on Spain. Foods 2021, 10, 173. [Google Scholar] [CrossRef]

	



Enzing, C.; Ploeg, M.; Barbosa, M.; Sijtsma, L. Microalgae-Based Products for the Food and Feed Sector: An Outlook for Europe; JRC Scientific and policy reports; Publications Office of the European Union: Luxembourg, 2014; pp. 19–37. [Google Scholar]

	



Rossmann, M.; Roesch, C. Key-Narratives of microalgae nutrition: Exploring futures through a public Delphi survey in Germany. Sci. Public Policy 2020, 47, 137–147. [Google Scholar] [CrossRef]

	



Aalstad, A.; Nilsen, J.W. Alternative Seafood—Exploring Pathways for Norway in the Protein Transition; Norwegian University of Life Sciences: As, Norway, 2023. [Google Scholar]

	



Agarwal, S.N.; Rohatgi, K.; Bowonder, B.; Rohatgi, P.K. The food problem in India—A Delphi of possible solutions. Food Policy 1976, 1, 170–173. [Google Scholar] [CrossRef]

	



Magara, H.J.O.; Niassy, S.; Ayieko, M.A.; Mukundamago, M.; Egonyu, J.P.; Tanga, C.M.; Kimathi, E.K.; Ongere, J.O.; Fiaboe, K.K.M.; Hugel, S.; et al. Edible crickets (orthoptera) around the world: Distribution, nutritional value, and other benefits—A review. Front. Nutr. 2020, 7, 537915. [Google Scholar] [CrossRef]

	



Ho, I.; Peterson, A.; Madden, J.; Huang, E.; Amin, S.; Lammert, A. Will it cricket? Product development and evaluation of cricket (acheta domesticus) powder replacement in sausage, pasta, and brownies. Foods 2022, 11, 3128. [Google Scholar] [CrossRef]

	



van Huis, A. Edible insects are the future? Proc. Nutr. Soc. 2016, 75, 294–305. [Google Scholar] [CrossRef]

	



Skotnicka, M.; Karwowska, K.; Kłobukowski, F.; Borkowska, A.; Pieszko, M. Possibilities of the development of edible insect-based foods in Europe. Foods 2021, 10, 766. [Google Scholar] [CrossRef] [PubMed]

	



Acosta-Estrada, B.A.; Reyes, A.; Rosell, C.M.; Rodrigo, D.; Ibarra-Herrera, C.C. Benefits and challenges in the incorporation of insects in food products. Front. Nutr. 2021, 8, 687712. [Google Scholar] [CrossRef] [PubMed]

	



van Huis, A.; Rumpold, B. Strategies to convince consumers to eat insects? A review. Food Qual. Prefer. 2023, 110, 104927. [Google Scholar] [CrossRef]

	



Salter, A.M.; Lopez-Viso, C. Role of novel protein sources in sustainably meeting future global requirements. Proc. Nutr. Soc. 2021, 80, 186–194. [Google Scholar] [CrossRef]

	



Pippinato, L.; Gasco, L.; Di Vita, G.; Mancuso, T. Current scenario in the European edible-insect industry: A preliminary study. J. Insects Food Feed. 2020, 6, 371–381. [Google Scholar] [CrossRef]

	



International Platform of Insects for Food and Feed. An Overview of the European Market of Insects as Feed. Available online: https://ipiff.org/wp-content/uploads/2021/04/Apr-27-2021-IPIFF_The-European-market-of-insects-as-feed.pdf (accessed on 2 August 2023).

	



Huis, A. Edible insects: Challenges and prospects. Entomol. Res. 2022, 52, 161–177. [Google Scholar] [CrossRef]

	



European Union. Authorising the Placing on the Market of Frozen, Dried and Powder Forms of Acheta Domesticus as a Novel Food under Regulation (EU) 2015/2283 of the European Parliament and of the Council, and Amending Commission Implementing Regulation (EU) 2017/2470; European Union: Brussels, Belgium, 2022; Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32022R0188 (accessed on 20 October 2023).

	



Torri, L.; Tuccillo, F.; Bonelli, S.; Piraino, S.; Leone, A. The attitudes of Italian consumers towards jellyfish as novel food. Food Qual. Prefer. 2020, 79, 103782. [Google Scholar] [CrossRef]

	



Raposo, A.; Alasqah, I.; Alfheeaid, H.A.; Alsharari, Z.D.; Alturki, H.A.; Raheem, D. Jellyfish as food: A narrative review. Foods 2022, 11, 2773. [Google Scholar] [CrossRef]

	



Music, J.; Burgess, J.; Charlebois, S. Finding alternatives: Canadian attitudes towards novel foods in support of sustainable agriculture. Future Food J. Food Agric. Soc. 2021, 9, 1–16. [Google Scholar] [CrossRef]

	



Bonaccorsi, G.; Garamella, G.; Cavallo, G.; Lorini, C. A systematic review of risk assessment associated with jellyfish consumption as a potential novel food. Foods 2020, 9, 935. [Google Scholar] [CrossRef]

	



Raposo, A.; Coimbra, A.; Amaral, L.; Gonçalves, A.; Morais, Z. Eating jellyfish: Safety, chemical and sensory properties. J. Sci. Food Agric. 2018, 98, 3973–3981. [Google Scholar] [CrossRef] [PubMed]

	



Palmieri, N.; Nervo, C.; Torri, L. Consumers’ attitudes towards sustainable alternative protein sources: Comparing seaweed, insects and jellyfish in Italy. Food Qual. Prefer. 2023, 104, 104735. [Google Scholar] [CrossRef]

	



Edelist, D.; Angel, D.L.; Canning-Clode, J.; Gueroun, S.K.M.; Aberle, N.; Javidpour, J.; Andrade, C. Jellyfishing in Europe: Current status, knowledge gaps, and future directions towards a sustainable practice. Sustainability 2021, 13, 12445. [Google Scholar] [CrossRef]

	



Duarte, I.M.; Marques, S.C.; Leandro, S.M.; Calado, R. An overview of jellyfish aquaculture: For food, feed, pharma and fun. Rev. Aquac. 2022, 14, 265–287. [Google Scholar] [CrossRef]

	



Hsieh, Y.-H.; Rudloe, J. Potential of utilizing jellyfish as food in Western countries. Trends Food Sci. Technol. 1994, 5, 225–229. [Google Scholar] [CrossRef]

	



European Union. Regulation (EU) 2015/2283 of the European Parliament and of the Council on Novel Foods, Amending Regulation (EU) No 1169/2011 of the European Parliament and of the Council and Repealing Regulation (EC) No 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No 1852/2001; European Union: Strasbourg, France, 2015; Available online: https://eur-lex.europa.eu/eli/reg/2015/2283/oj (accessed on 20 October 2023).

	



Onwezen, M.C.; Bouwman, E.P.; Reinders, M.J.; Dagevos, H. A systematic review on consumer acceptance of alternative proteins: Pulses, algae, insects, plant-based meat alternatives, and cultured meat. Appetite 2021, 159, 105058. [Google Scholar] [CrossRef] [PubMed]

	



Linstone, H.A.; Turoff, M. Delphi: A brief look backward and forward. Technol. Forecast. Soc. Chang. 2011, 78, 1712–1719. [Google Scholar] [CrossRef]

	



Federal Statistical Office of Germany, Genesis-Online. Average Population: Germany, Years, Nationality, Gender, Years of Age (Table 12411-0041). Available online: https://www-genesis.destatis.de/genesis//online?operation=table&code=12411-0041&bypass=true&levelindex=0&levelid=1704278381440#abreadcrumb (accessed on 13 December 2023). dl-de/by-2-0, own calculations.

	



Federal Statistical Office of Germany, Genesis-Online. Population Aged 15 and Over in Main Residence Households: Germany, Years, Gender, Age Groups, Educational Status (Table 12211-0102). Available online: https://www-genesis.destatis.de/genesis//online?operation=table&code=12211-0102&bypass=true&levelindex=0&levelid=1704278501151#abreadcrumb (accessed on 13 December 2023). dl-de/by-2-0, own calculations.

	



El Bilali, H.; Allahyari, M.S. Transition towards sustainability in agriculture and food systems: Role of information and communication technologies. Inf. Process. Agric. 2018, 5, 456–464. [Google Scholar] [CrossRef]

	



Gifford, R.; Kormos, C.; McIntyre, A. Behavioral dimensions of climate change: Drivers, responses, barriers, and interventions. Wiley Interdiscip. Rev. Clim. Chang. 2011, 2, 801–827. [Google Scholar] [CrossRef]

	



Golob, U.; Kronegger, L. Environmental consciousness of European consumers: A segmentation-based study. J. Clean. Prod. 2019, 221, 1–9. [Google Scholar] [CrossRef]

	



Verneau, F.; La Barbera, F.; Kolle, S.; Amato, M.; Del Giudice, T.; Grunert, K. The effect of communication and implicit associations on consuming insects: An experiment in Denmark and Italy. Appetite 2016, 106, 30–36. [Google Scholar] [CrossRef] [PubMed]








[image: Sustainability 16 00566 g001] 





Figure 1. (a) Comparison of alternative protein sources as possible futures (algae, crickets, jellyfish). Means are displayed. Different letters indicate a significant difference between the means (Wilcoxon rank-sum test with Bonferroni correction, p < 0.001). (b) Comparison of alternative protein sources as probable futures (algae, crickets, jellyfish). Means are displayed. Different letters indicate a significant difference between the means (Wilcoxon rank-sum test with Bonferroni correction, p < 0.001). 
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