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Abstract

:

Consumer acceptance and product development of sustainable, healthy, and tasty plant-based alternative products (PBAPs) are closely interlinked. However, information on consumer perceptions of the sensory profile of plant-based meat, cheese, and milk remains scarce. The study aimed to investigate German consumers’ (1) sensory evaluation of PBAPs and (2) consumers´ motivations and knowledge underlying the purchase of such products. This was analyzed in relation to different dietary styles of consumers (omnivore, flexitarian, vegetarian, vegan). A sample of 159 adults completed two tasks: first, a sensory test in which participants tasted and rated three different PBAPs in two consecutive sessions, and second, a questionnaire on consumption behavior, motivation, and knowledge. Results show few differences between nutrition styles in sensory evaluation of individual product attributes. However, overall liking was rated significantly higher by vegans than by omnivores. All dietary styles reported animal welfare and environmental aspects as the main motivations for consuming PBAPs. Most participants acknowledged that meat and cheese alternatives are highly processed foods and not a fad but are not automatically healthier or more environmentally friendly than their animal-based counterparts. Future research should focus on emerging product segments such as plant-based cheeses to better understand how consumers evaluate PBAPs.
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1. Introduction


Reducing the global consumption of animal-based products and changing to a predominantly plant-based diet are necessary approaches for a sustainable diet that simultaneously has positive environmental and human health and public health impacts [1]. An unbalanced diet low in fruits, vegetables, nuts, and whole grains, high in red and processed meats, with a high sodium intake, is responsible for the greatest health burden worldwide [2]. The EAT Lancet Commission’s published planetary health diet states that meat and dairy constitute important parts of the diet but in significantly smaller proportions than plant-based foods [3]. Additionally, according to the recommendations of the German Nutrition Society, a reduction in meat consumption in particular is necessary. With a per capita consumption of 57.3 kg for the year 2020 [4], meat consumption is still significantly above the recommended consumption levels, requiring many people in the Western world to make far-reaching changes to their eating habits. Meat has long been an integral part of traditional German meals and, for many, an important part of their food culture. Although there has been increasing interest in reducing meat consumption in Germany, many social and personal barriers prevent this dietary change, as meat is often perceived as a status symbol [5]. Other reasons are taste preferences, enjoyment and habit [6,7], the social environment, or a lack of awareness of the link between climate change and food consumption [7,8,9]. A 2020 online survey of German young adults showed that just under 13% abstained from meat, which is about twice as many as in the overall German population [10]. Spiller et al. [10] showed that giving up meat was a trend among the survey respondents, as around one-third of those who ate a vegetarian or vegan diet had switched to a meat-free diet only a year earlier.



In making a dietary change to reduce animal-based product consumption, plant-based alternative products (PBAPs) can make an important contribution to managing those changes within the familiar structure of meals and existing cooking skills, but also increase product variety as well as availability, which can otherwise be considered barriers to dietary change [11,12,13]. PBAPs are products composed of predominantly plant-based proteins, such as legumes, grains, nuts, seeds, mushrooms, and fats. They have slowly but steadily increased their market share in Germany, with many supermarkets and discount stores increasing the range of available products [14]. The goal of alternative products is to mimic the animal-based product as closely as possible, so the sensory evaluation effort often aims to assess the similarities between these products and their traditional animal-based product. Consumer studies are necessary to evaluate the sensory characteristics and the perception during consumption in order to achieve sensory acceptability. However, there are currently limited data on which sensory aspects are important to consumers, particularly in the area of plant-based cheese alternatives and the most commonly used substitutions. Process optimization and new technologies to utilize and improve novel plant proteins are driving product development of PBAPs, but at the same time require constant evaluation of sensory properties from a consumer perspective.



While sensory research is an important tool for analyzing consumer preference and acceptance, it is also insufficient because sensory acceptance is only one factor that influences food choice and consumption [15]. Among various key determinants in the decision-making process, cognitive factors are considered critical to sustainable diets, as the shift to more sustainable lifestyles must take into account not only consumers’ individual needs and preferences but also their attitudes and knowledge about health and environmental values [16]. Studies suggest that PBAPs are more often perceived as being environmentally friendlier and, partly, healthier than their animal counterparts [17,18,19,20]. However, there is little research on what consumers actually know about the sustainability of PBAPs. In terms of environmental aspects, alternative products are likely less detrimental to the environment than most meat production due to refinement losses within the animal production line [21,22]. However, as PBAPs are often ultra-processed foods, the extensive processing required uses energy and resources and leads to losses during the transformation from the raw material into final products [22,23]. From a nutritional perspective, reduced consumption of red and processed meat and partial replacement of the original amount of meat with plant-based meat alternatives has been shown to have a beneficial effect on the intake of unsaturated fatty acids and dietary fiber [24,25]. Moreover, PBAPs represent an important source of vegetable protein [26]. Yet, these new food matrices are created from raw materials by adding other ingredients through food technology processes, so PBAPs often contain high levels of salt, sugar, and saturated fat, as well as flavorings and other additives [27,28,29]. Consumers have limited access to reliable scientific publications or the ability to evaluate robust scientific data. Their knowledge of sustainability-related properties of PBAPs depends on claims made by manufacturers and internet searches that generally do not provide clear, validated evidence for specific features. Several studies point out that relevant knowledge is a prerequisite to enabling consumers to make environmentally friendly choices [14,30,31]. Thus, it is important to better understand consumer knowledge related to sustainability-related attributes (e.g., environmental impact, health, degree of processing) of PBAPs.



This paper also attempted to determine whether consumers’ knowledge and motivation influence sensory evaluation. Some studies have shown that extrinsic factors, such as packaging, brand, information, emotion, and social environment, influence sensory perception [32,33,34]. Information focused on sustainability can especially influence consumers’ liking of food, as shown with various commodities, such as chocolate, coffee, and lamb [35], but has so far been little studied in relation to PBAPs. We intended to investigate whether information about the sustainability of PBAPs—which is conveyed along with consumer knowledge and motivation—acts as a cognitive impulse, thereby inducing a change in sensory perception. The research project in which this study was conducted focused on comparing different nutrition styles from a comprehensive sustainability perspective. For this reason, the participants were grouped according to their dietary preferences (omnivore, flexitarian, vegetarian, and vegan), and the data were analyzed accordingly. The primary focus was to determine the prevalence and acceptance of different plant-based foods in German diets. This research project investigated the existing range of PBAPs from three different product groups (plant-based salami cold cut, plant-based cheese, and plant-based oat drink) in food retail from a consumer perspective regarding availability and sensory quality. An assessment of PBAPs may be helpful for further development in product research and thus for a better understanding of the acceptance of such products. Specifically, the following questions arise: (i) How do consumers evaluate the sensory quality of products on the market, and does information on sustainability characteristics influence the sensory perception? (ii) What is the consumption pattern for these products? (iii) What knowledge and (iv) what motivations support the current products offered? These questions will be analyzed by comparing different dietary groups (omnivores, flexitarians, vegetarians, vegans).




2. Materials and Methods


2.1. Procedure


The study was conducted in January 2020 in the sensory laboratory of the Georg-August University of Goettingen. During the evaluation, each participant sat in a separate booth designed according to the specifications of ISO 8589 [36]. This study received ethical approval from the Ethics Committee of the University of Goettingen. All participants received an information letter stating the conditions for participation in the study and signed an informed consent form. Each participant received a EUR 5 expense allowance for their participation in a session of approximately 60 min. After receiving a short welcome and introductory information, the participants were seated in the booths. The products were tasted twice, in two successive sessions, with a 15 min break between sessions. During this break, sociodemographic variables (age, gender, education, and household income), frequency of, and motivation for, the consumption of plant-based alternative products, and knowledge of the sustainability features of such foods were obtained by questionnaire. This questionnaire served as a way to measure the influence of information on sensory perception. Thus, the questionnaire was intended to reveal a possible influence on the sensory evaluation of the second session. Data recording was performed with the software EyeQuestion® (version 4.11.57, EyeQuestion®, Elst, The Netherlands) under white lighting, controlled temperature (20 ± 1 °C), and airflow conditions.




2.2. Sample Recruitment


Participants were recruited via notices posted at the University of Goettingen and via various social media channels. A sample size of 160 people in total participated; however, complete data from the sensory testing and survey were only received from 159 participants and included in the analysis (Table 1).




2.3. Description of the Plant-Based Alternative Products


Participants sampled three different plant-based product groups (milk, cheese, and salami). These were purchased from the local supermarket, and each had only minor variations in the best-before date of one week or less, so it can be assumed that no change in the formulation had occurred.



The plant-based milk alternative (PBMiA) was an oat drink from the company Alpro with the caption “Oats; purely vegetable, no added sugar” (Alpro GmbH, Duesseldorf, Germany); Alpro is the European market leader for soy-based foods and dominates the German food market [37].



SimplyV Natur, “Vegane Genießerscheiben,” a non-dairy sliced cheese with the sales description “Bread topping with almond produce” (E.V.A. GmbH, Oberreute, Germany), was used for the tasting as a plant-based cheese alternative (PBCA). This company is the market leader in Germany, and according to a representative Forsa survey, about 6.8 million consumers in Germany have already tried the product [38].



The plant-based meat alternative (PBMA) tasted was “Vegetarian Mühlen Salami, classic” from the manufacturer Rügenwalder Mühle (Bad Zwischenahn, Germany) with the sales description “Vegetarian product in the style of a salami based on wheat, cooked.” Rügenwalder Mühle is a traditional meat-processing company that has been very successful in the vegetable protein sector for several years selling many food products in the German market. In July 2020, their vegetarian and vegan product sales share was greater than the share of their animal-based products for the first time [39,40].




2.4. Sensory Evaluation


The rate-all-that-apply (RATA) questionnaire is a variant of check-all-that-apply (CATA). This method consists of asking participants to rate the intensity of the sample’s attributes. Its purpose is to increase the ability to discriminate between samples with similar sensory profiles but different intensities of certain attributes [41]. The inclusion of attribute intensity scaling improves the accuracy of descriptive profiling and leads to better product differentiation than the CATA questionnaire [42,43]. According to Ares et al. [44], the selected terms can be rated on a 5-point scale (from “slightly applicable” to “very applicable”) according to applicability. Participants were asked to leave the scale blank for terms that did not apply. In addition, the overall liking of the product was ranked here on a vertical 9-point hedonic scale, with endpoints of “dislike extremely” (1) and “like extremely” (9). A trained panel (n = 10) from the University of Goettingen, Germany, developed an initial list of attributes. For this purpose, the trained assessors evaluated all samples in consecutive sessions and wrote down all the attributes they could think of to describe the samples, considering all relevant modalities. The sensory attributes mentioned most frequently and for which a reference or standard definition could be identified were selected for inclusion in the RATA ballot. The final lists of terms included 14–15 terms (see Supplementary Materials Table S1). During sensory testing, the attributes appeared in a fixed order. To help participants quickly find the appropriate response, the order corresponded to the expected “dynamics of sensory perception” [43,45]: appearance, odor, flavor/taste, and texture. Participants were provided with water and unsalted crackers (P. Heumann’s Matzen, Germany) to neutralize their senses.




2.5. Questionnaire


Participants provided initial information on sociodemographics, including gender, age, education, and household income (Table 1). Information on height and weight allowed us to draw inferences on the body mass index (BMI, kg/m2) of the participants.



Participants indicated that they followed an omnivorous, flexitarian, vegetarian, or vegan diet. Omnivorous and flexitarian diets were determined by reporting their meat consumption (e.g., “I eat meat regularly,” “I deliberately eat less meat”). This was verified or adjusted by asking about the consumption frequency for meals containing meat and meat products, on a 7-point scale from “never” to “more than five times a week,” as well as the type of animal-based product consumed. Accordingly, participants who consumed meat and/or meat products 3 or more times a week were classified as omnivores. Participants who consumed meat and/or meat products but no more than 1–2 times per week were classified as flexitarians [46]. Participants who did not eat meat and/or meat products but did eat other animal-based products were assigned to the vegetarian diet (no fine-grained distinctions of lacto-ovo vegetarian, pescetarian, etc.), and participants who did not eat meat or meat products or animal-based products were assigned to the vegan diet.



For each plant-based product group (i.e., PBMA, PBCA, and PBMiA), consumption characteristics were examined in more detail: (a) the frequency that participants consumed alternative products, on a 7-point scale from “never” to “more than five times a week,” adapted from Hoek et al. [47]; (b) what food or raw material the products were based on (e.g., grains, legumes, seeds); and (c) where they were purchased (e.g., discount store, supermarket, organic food store).



Ten items were used to assess participants’ motivation for consuming plant-based alternatives. Based on earlier work [6,48,49,50,51], the items related to health, environment, animal welfare, social setting, product lifestyle, sensory appeal, and convenience. Further items were developed by discussing, adjusting, and reflecting on current motivations for food choice motives (e.g., “I am interested in the advertising and the product design”) (see Appendix A, Table A1). The item on “convenience” was surveyed for PBMAs only, against the background that many PBMA products are ready-to-heat or prepared as ingredients for further processing. Participants responded to these items on a scale from 1, “totally disagree”, to 5, “totally agree”. The scale offered a “don’t know” response option.



Seven items for PBMAs and PBCAs and six items for PBMiAs related to sustainability characteristics of the products were used to assess the participants’ objective knowledge (e.g., plant-based meat alternatives are a source of vegetable protein) (see Appendix B, Table A2). Information on PBMAs was based on research by Huber and Keller [26], Nijdam et al. [52], Mejia et al. [53], Leitzmann [54], Joshi and Kumar [55], and Klementova et al. [56]. Findings on PBCAs came from the studies of Jeewanthi and Paik [57] and Masotti et al. [58], and data for PBMiAs originated from research by Röös et al. [59] and Poore and Nemecek [60]. Participants were asked to indicate the extent to which they agreed with the items on a scale of 1, “strongly disagree”, to 5, “strongly agree”. The knowledge questionnaire included a “don’t know” response option so that participants could use this option instead of guessing [61,62]. One of the items in the questionnaire contained a negative meaning; the remaining items were worded positively. The values of the negatively worded item were recoded in the data analysis so that the highest score represented the highest possible agreement, indicating correspondingly greater knowledge. Responses were averaged for the sustainability characteristics: health, environment, ultra-processed food (UPF), additives, and consistency.




2.6. Data Analysis


The questionnaires were recorded using EyeQuestion® software (Elst, The Netherlands), and the extensive data set could be easily linked and processed with SPSS® statistical software (IBM SPSS Statistics, Version 26.0, Armonk, NY, USA) and Microsoft Excel® (Microsoft Office Professional Plus, 2013). Sociodemographics, motivation, and knowledge were analyzed using simple descriptive statistics to report percentages, means, and standard deviations. Differences between dietary styles were tested using the Kruskal–Wallis rank test and chi-square for percentages and mean values. When differences existed, they were determined using Bonferroni correction two-sample test. Analysis of variance (ANOVA) was performed in SPSS® for all RATA questions as well as for the hedonic question on overall liking on the 9-point scale; these were subdivided by dietary styles (i.e., omnivore, flexitarian, vegetarian, vegan). Fisher’s Least Significant Difference (LSD) multiple comparison test with α = 0.05 was used for mean comparisons. A p-value < 0.05 indicated statistical significance.





3. Results


3.1. Study Characteristics


The characteristics of the study sample are shown in Table 1, further classified by dietary styles. Of 159 participants, about 70% were female, and almost 54% were 18–24-years-old, thus belonging to Generation Z [63]. Although the mean age of the respondents was 30.1 years (Generation Y), there were significant differences between the nutrition styles. Omnivore participants were on average older, 33.0 years, than vegetarians at 26.4 years, and vegans at 25.8 years. The above-average education is also an indicator that this study took place at a university, so 50.0% of the omnivores indicated having completed their university study. The BMI results should provide an indicator of the participants’ health status; these data are based on self-reporting. Nutritional status is based on WHO criteria, with a BMI 18.5–24.9 indicating a normal weight. Overweight is defined as having a BMI of 25 or more, and obesity is defined as having a BMI of 30 or more. With a BMI of 22.6, this cohort was within the normal weight range. With a BMI of 23.9, the omnivores had a significantly higher BMI than the vegetarians with 22.1 and vegans with 22.0. The high percentage (11.8%) of underweight vegans should be noted.




3.2. Sensory Consumer Profiling and Overall Liking


The sensory profiles of the three plant-based alternative products differed in scoring before and after the information treatment in the form of the questionnaire (Table 2, Table 3 and Table 4). The attributes the participants were able to select for the products can be found in the Supplementary Materials (Table S1). The frequency of selection of sensory terms varied according to the nutrition styles. Significant differences were found between different sensory modalities for the oat drink: appearance (“beige” and “viscous”), odor (“cereal”), taste (“nutty” and “sweet”), and texture (“viscous” and “oily”); for plant-based cheese: appearance (“yellow”), odor (“cheesy,” “nutty” and “brothy” and taste (“milky” and “umami”); for plant-based salami: taste (“meaty” and “sweet”).



The oat milk data show the most significant differences between dietary groups, but they were not present in both sessions (Table 2). Thus, for the attribute “viscous appearance” and “viscous texture,” significant differences could be found in the second session; as the omnivores voted this the lowest in the first session, only tendencies can be shown for this. However, it is noticeable for this product that the attributes “bitter taste” and “sour taste” were not used by the vegans in the first and second rounds.



For the plant-based cheese, the “cheese smell” was perceived at a significantly higher rate by the flexitarians; for the “cheese taste,” there was a tendency, and this was true for both sessions (Table 3). On the other hand, the “broth odor” was rated significantly lower by the omnivores in the first sitting. In the second sitting, there was also a tendency. Analogously, the attribute “umami taste” was perceived at a significantly lower rate by the omnivores in both sittings.



In the case of the plant-based salami, there were only two significant differences; the “meat taste” was rated lowest by the omnivores in the first session, and there was also a trend in the second session for the attribute “meat smell,” which was also rated lowest by the omnivores (Table 4).



Significant differences were found in consumers’ overall liking of the products in the dietary forms and in the two sessions, except in the second round for the plant-based salami product (Table 5). In general, it is noticeable that the products were rated relatively high on the nine-point scale. The plant-based salami never received the lowest rating from the omnivores, with a mean of 5.24 and 5.52. The other products were also generally rated lower by the omnivores than by the representatives of the other diet styles. Vegans rated the oat drink and the plant-based cheese the highest.




3.3. Characterization of Plant-Based Product Consumption by Participants


Table 6 displays the frequency of consumption of plant-based alternative products. Regarding PBMAs, only 3.8% of participants reported never consuming such products. On average, they were consumed predominantly on a monthly basis (i.e., more than once a month but less than once a week). PBCAs were more likely to be consumed occasionally. A total of 49.1% of participants reported consuming them less than once a month or less than once a week, and 28.3% had tried these products once. PBMiAs were most frequently used along with the plant-based products in this study. They were consumed daily by about 13.8% of the participants, while 44% reported consuming them at least once a week.



There were significant differences in the consumption of plant-based alternative products between dietary styles (Table 6). Omnivore participants infrequently (i.e., less than once a month) or never ate PBMAs at a rate of 66.7%, PBCAs at 87.9%, and PBMiAs at 84.8%. Vegetarians and vegans had a significantly higher intake of alternative products compared to omnivores; vegans had a significantly higher intake than flexitarians and vegetarians. A total of 47.1% of vegans used PBMAs daily, and 58.8% consumed PBMiAs five times a week or more.



PBMAs with 95% (Figure 1C) and PBMiAs with 91% (Figure 1A) were the most known product groups among the respondents, so they could indicate from which raw materials these products are made. Soy, cereals, and legumes were the most mentioned sources for PBMAs, followed by nuts, seeds, and wheat (gluten). For PBMiAs, soy, oats, and almonds were the main raw material sources of products purchased and consumed by participants, at over 80%. Rice followed in fourth place with 55.2%, the product group with the lowest allergenic potential for consumers. For PBCAs, over 30.6% of consumers did not know the source of the raw materials used in the products. At about 56%, almonds were the raw materials most frequently present in the products. Figure 1B shows again that PBCAs currently still have the lowest level of awareness among consumers in the large market of plant-based alternative products.




3.4. Motives for Consuming Plant-Based Alternative Products


Table 7 shows that overall, for PBMAs, the strongest motives for consumption were animal welfare, followed by the environment and health. This was followed by the curiosity of the participants to try new foods and the interest aroused by design and advertising (see Appendix A, Table A1 for items). Sensory appeal and convenience were rated rather neutrally overall, with an average scale score of around 3.0, while the social environment was not really decisive for consumption. There were significant differences between the dietary styles with regard to animal welfare, the environment, and social environment. Overall, vegans and, to some extent, vegetarians, had a significantly greater agreement with the motivation items than omnivores. For vegans in particular, animal welfare was a strong motive.



With regard to PBCAs, animal welfare and the environment were also strong motives for consumption (Table 8). However, the product lifestyle was also rated with a higher agreement here. Health and sensory characteristics were rated rather neutrally, while the social environment received little approval as a motive. However, there were significant differences regarding the latter as well as with regard to animal welfare and the environment. Vegans showed significantly higher agreement than those with meat-based eating styles and, in part, also vegetarians.



Additionally, with regard to PBMiAs, the strongest motives for consumption were animal welfare and the environment (Table 9). However, sensory properties also moderately motivated consumption as well as the product design, curiosity, and advertising for PBMiAs. Health slightly motivated the consumption, while the social environment was less decisive for consumption. Differences between the dietary styles occurred in relation to animal welfare, the environment, health, and the social environment, whereby vegans and vegetarians showed a higher approval than omnivores and flexitarians.




3.5. Objective Knowledge of Plant-Based Alternative Products


Table 10, Table 11 and Table 12 show the participants’ objective knowledge of the sustainability aspects of plant-based alternatives. Since some of the participants answered “I do not know,” the number of responses differed from the total sample.



Participants’ overall agreement with statements about the sustainability benefits of PBMAs ranged from a value of 2.22 to 4.25. The highest level of agreement, with a value of 4.05, was related to the consistency of PBMAs, suggesting that participants viewed such products as less of a fad and more of a permanent product in the marketplace. The majority of respondents could also identify PBMAs as ultra-processed foods. There was also a higher level of agreement on environmental aspects, indicating that participants were aware that PBMAs are more environmentally friendly due to lower CO2 emissions than meat and meat products. Moderate agreement was found for health aspects, indicating limited knowledge among participants about health-promoting properties of PBMAs. There was low agreement on additives, to the extent that respondents did not know that organic PBMAs have fewer additives than conventionally produced PBMAs and, moreover, rated this statement as rather inaccurate. Significant differences between dietary styles occurred, particularly in relation to consistency and the environment, with vegans and vegetarians more likely to agree with these sustainability aspects than omnivores. There were also differences with respect to additives, with vegans still moderately agreeing with this characteristic (Table 10).



With regard to PBCAs, the aspect of consistency also received the highest level of agreement, meaning that participants did not rate such products as a fad, but as a product that will persist on the market. There was also agreement in terms of the degree of processing and additives, which means that respondents were largely aware of the intense processing of PBCAs as well as the supplementation of additives. Moderate knowledge was found in relation to the health aspects, with an overall score of 3.51. With regard to the health aspects, there was significantly greater agreement shown by vegetarians. No significant differences were found for additives based on the post hoc test (Table 11).



Participants’ overall agreement with statements about the sustainability benefits of PBMiAs tended to be in the upper range of agreement, with values ranging from 3.56 to 4.57. Again, most of the knowledge was related to PBMiAs’ consistency. A greater agreement, but with fewer respondents having knowledge, was found regarding the taxation of PBMiAs and cow milk. Overall, only about a third of respondents knew that plant-based milk is subject to the 19% tax rate while cows’ milk is tax-deferred as a staple food. The majority of respondents could identify PBMiAs as the more environmentally friendly food compared to cow milk. Moderate knowledge existed regarding health aspects. Significant differences between dietary styles occurred regarding the environment, with vegans agreeing significantly more with these sustainability aspects than omnivores (Table 12).





4. Discussion


4.1. Sensory Perception of Consumers


Centered sensory and consumer research can play a crucial role in enabling the optimization of sensory attributes for plant-based alternative products. Various research projects have combined qualitative and quantitative consumer studies with subsequent behavioral analyses and interviews. In this study, for example, the interviews were used as a treatment where the participants had to deal intensively with the topic of sustainable protein sources. With a high proportion of young adults as target consumers, this study showed that commercial PBCAs and PBMiAs tended to elicit higher general preferences than PBMAs.



In the study by Verbeke [64], insect-based products were able to achieve significantly higher levels of preference when consumers were informed about the products. They explained it by suggesting that young adults might be more open to trying food products prepared with insects and willing to compromise on taste when they are informed about other product benefits [51]. At this point, the initial question about consumer acceptance can be answered. The overall sensory evaluation for the plant-based products tasted here was higher after consumers were informed and treated with the questionnaire, which could not be confirmed. However, significant differences in the evaluation between the nutritional styles can be seen here. Thus, the omnivorous consumers surveyed rated the alternative products lower than vegetarians and vegans, while flexitarians rated them high at a similar rate to vegetarians (Table 5). This reflects the findings of Elzerman et al. [65], who found that meat alternative users gave higher ratings than non-users. In Table 6, it is shown that the vegetarians and vegans that were surveyed were medium-to-high users of plant-based products.



Given the low overall sensory evaluation of meat alternatives in this study, it appears that the poor sensory quality of the product may be a primary reason for the low acceptance. Since the sensory quality is an important factor in food choices, manufacturers of plant-based alternatives consider sensory attributes when developing food products. This is especially the case if they want to position their product as a meat alternative, as similarity to meat and sensory quality are crucial for consumer acceptance [47].



According to van Trijp and van Kleef [66], several factors led to the increase in acceptance of new products, such as perceived meaningfulness (usefulness to target users) and novelty (uniqueness) and the required change in existing behavior patterns. A new product should be new enough to arouse curiosity, but familiar enough not to create fear and neophobia. Product familiarity might also have played a role in the difference in evaluation. Repeated positive experiences could have led to higher acceptance by users of alternative products. This was also shown by Hoek et al. [67], who reported a pure exposure effect after repeated consumption of meat alternative products (two times per week for 10 weeks). This suggests that the more reluctant consumers’ opinion may shift toward a more positive perspective on plant-based meat products after repeated exposure to these products. Schouteten et al. [68] describe that emotions are mainly sensory-driven, as information alone has limited influence on emotional characterization. Therefore, for the market success of products with sustainable plant protein sources, it is important that potential consumers trying the product associate positive emotions with the product, replacing the expected negative emotions present before consumption. Although good taste leads to improved acceptance, familiarity plays an important role in the adoption of novel food products and should not be neglected [69].



One of the interesting findings in the present data was that the mean RATA score was very frequently above 2.5 for all dietary styles and was thus close to the scale anchor “very applicable.” This can most likely be attributed to a boundary effect. Since values higher than 5 are impossible, very consistently high values are required to reach an average score of 2.5 or higher, a consistency that is rarely observed in consumer data, according to Vidal et al. [70]. Even when an attribute is clearly present, some consumers may not select it or may assign a lower score to avoid the extreme intensity anchor on the RATA scale [70]. New insights into consumers’ ability to make detailed sensory product characterizations of plant-based oat drinks, sliced cheese, and salami style products support the results of this study. Ares et al. [41] showed that consumers performed similarly in RATA questions as trained panelists in descriptive analysis for appearance and basic taste attributes. However, consumers found it difficult to identify differences between samples in terms of complex sensory attributes or attributes related to specific flavors [41]. This may also be true for individual attributes in the results in Table 2, Table 3 and Table 4 shown here, such as astringency and umami. With brief training, it may be possible to improve consumers’ ability to describe and discriminate between complex/similar samples.



What is particularly noticeable in the RATA data on the plant-based oat milk is that vegans were the only ones in both tasting rounds who did not perceive the product as bitter or sour, and only one person found it astringent (Table 2). It has long been known that consumers have an innate preference for sweetness and an aversion to bitter-tasting foods [71]. In a recent study by Pagliarini et al. [72], a large population sample size was used to confirm the finding that the perception of sour and bitter tastes is related to eating behavior and age. Van Bussel et al.’s [73] results show that participants who eat healthier and more sustainable diets consume fewer foods from the umami, salty, fatty, and bitter taste groups than participants who eat less healthy and sustainable diets. When comparing dietary styles, this is related to lower consumption of meat products and coffee and higher consumption of fruits, vegetables, grain products, and tea [73]. Therefore, they recommend that taste profiles should be considered when suggesting healthy and sustainable menus and meals.



A larger, cross-national sample would allow further investigation into how Western consumers perceive the consumption of plant-based alternative products. In addition, the consumer tastings in this study only took place in a laboratory setting. This must be considered when interpreting the results, as the context could influence the emotional and sensory profiles of foods [74]. Therefore, future research should investigate how people evaluate this type of food in other contextual situations, such as in a restaurant, food exhibition, or supermarket.




4.2. Consumers’ PBAP Consumption Behavior


The results of this study reveal that the frequency of PBAP consumption varies along with the examined products.



PBMiAs were found to be the most consumed products among those studied, with an average consumption of about one or two times per week. In fact, the market and demand for PBMiAs has grown significantly in recent years [75]. There are currently over 50 brands offering PBMiAs to German consumers, and the fact that almost all major German food retailers have entered the plant-based milk category indicates that the market for plant-based milk is already developed. According to a recent survey, 93% of German consumers already buy plant-based milk alternatives, which is higher than any of the other plant-based product categories [76]. Oat milk has recently become the most popular PBMiA ahead of soy milk [77] and is predicted to be the fastest-growing alternative in the coming years [78]. The results show that a slight majority of respondents indicated a preference for soy as a plant-based alternative milk product, albeit this was closely followed by oat milk.



PBMAs were consumed by respondents of this study more occasionally, with an average eating frequency of two to three times per month. In line with this finding, a recent consumer survey in Germany on the consumption of meat alternatives found a share of 19.3% of consumers reported consuming meat substitutes, and most of these (62.2%) were occasional users with a consumption frequency of once a month or less [20]. The use of these products in the daily diet of consumers in Germany remains low for now, as in other European countries [47,79,80,81], and a shift in consumer dietary habits to replace meat with a plant-based alternative is progressing slowly. Nevertheless, increasing concerns about the sustainability of meat production and the rise of vegetarian and vegan lifestyles have increased the demand and market for meat alternatives [10,67]. Experts predict an annual growth rate of 20% to 30% worldwide [82], and the supply in restaurants and canteens is also likely to increase. At this point, further accompanying scientific surveys are crucial to give a more accurate prediction of consumer acceptance of PBAPs in the community food supply.



Among the studied alternative products, PBCAs are the least consumed, although this result was not unexpected. Within the plant-based product market, PBCAs is a product group that has yet to gain traction and interest among a broad consumer base. Although sales of PBCAs continue to grow, such products are still in the early stages of development compared to other plant-based alternatives (i.e., milk and meat) [57,83], and consumers in supermarkets have limited options to choose from [28].



In terms of the consumption behavior of respondents following different dietary styles, the analysis indicated that PBAPs were strongly represented in vegan and vegetarian diets. On the other hand, flexitarians described lower consumption, as did omnivores. This is consistent with other studies that have found no increased consumption of meat alternatives among frequent meat eaters and moderate meat eaters who are willing to substitute meat [84,85]. Consumers who avoid meat and meat products are instead more likely to consume PBAPs, as shown by Haas et al. [86] and Ohlau et al. [87]. In this context, there is also the likelihood that the higher consumption within plant-based dietary styles correlates with sociodemographic characteristics of the sample. A higher proportion of the sample consisted of women, and the group of vegetarians and vegans was younger in age than the meat eaters. Previous studies showed that predominantly women follow a plant-based diet [86,87], and some studies showed a higher prevalence of plant-based eaters among younger age groups [88,89]. In addition, women and younger individuals were found to be more likely to consume meat substitutes [79,87].




4.3. Related Motives for PBAP Consumption


The reported reasons for consuming PBAPs revealed that animal welfare followed by environmental concerns were the main reasons given for consumption. Animal welfare is often cited as the primary motivation for consumers reducing or avoiding the consumption of animal products [84,90,91]. Fresán et al. [92] also found that it is the main motivation for continuing the diet. Environmental concerns are also commonly named as an important reason for consumer demand for alternative proteins [47,91,93,94]. However, Sanchez-Sabate and Sabaté [94] indicated in their review that only a small minority of consumers are willing to stop or significantly reduce meat consumption for environmental reasons or have already changed their meat intake for ecological concerns. Nevertheless, motives can differ in the strength of their influence according to dietary behavior [95]. For example, Hoek et al. [47] found that higher interest in ecological well-being is a driver of more frequent consumption of meat alternatives. Consistently, the results of the present study show that the stated sustainability-specific motivations for consuming PBAPs increased along with the strictness of the plant-based diet, such that vegans and to some extent vegetarians showed greater agreement than omnivores and to some extent flexitarians. Previous studies suggest that people who completely avoid eating animal products tend to be more ethically motivated than people who partially avoid eating animal products; this is true for vegans more so than vegetarians [96,97,98,99,100], and flexitarians more closely resemble traditional meat consumers than vegetarians and vegans in terms of their motivations related to animals and the environment [90,101,102,103]. A major reason that prevents meat eaters and flexitarians from eating a plant-based diet or PBAPs is their preference for the taste of meat [104,105].



Overall, the sensory appeal as a motive was found to be negligible to not applicable in this study. This agrees with studies that revealed that consumers perceive PBMAs as less sensory-attractive [20,47,80,106].



In terms of health, the present results show rather indifferent ratings as a consumption motive. While it seems to be somewhat more important for PBMAs, it is less crucial for the consumption of PBCAs and PBMiAs. Although numerous studies describe health concerns as one of the most important reasons for switching to a plant-based diet [92,102,107,108,109,110], it is possible that consumers may not rate PBAPs as healthy themselves. As the health assessment database for PBAPs grows, concerns are generally raised about the level of processing of plant-based substitutes [27,111] and about their partial nutrient deficiencies compared to their animal counterparts [112]. It stands to reason that while consumers may see a health benefit in a plant-based diet, they are cautious in transferring such an assessment to substitute products.




4.4. Consumers’ Objective Knowledge of Sustainability Characteristics of PBAPs


Although the assessment of PBAPs’ sustainability attributes is still in its infancy and needs to be expanded and verified, the analysis of participants’ objective knowledge in this study was helpful in gaining better insight into consumer perceptions of PBAPs. One intriguing finding was that respondents, regardless of the product, possessed higher agreement that PBAPs are not a fad but will be in the marketplace in the long term. In fact, market forecasts predict a significant growth of such products in the coming years [113]. Consumers’ assessment of this is critical, as it can play an important role in long-term acceptance and integration into dietary habits.



Additionally, the higher compliance to PBMAs and PBCAs as compared to ultra-processed foods was striking. Indeed, there is a current debate concerning the degree of processing of plant-based alternative products [111]. Like conventionally processed meats, some PBAPs, such as meat imitations, are highly processed and, for example, high in sodium, saturated fat, and often added sugars [29,114]. In a similar respect, studies have found that consumers perceive PBAPs as more artificial and less natural [20,115]. It is expected that the processing of PBAPs may well represent a barrier to their consumption. Additional measurement of this correlation could be useful to ultimately better predict consumer perceptions and attitudes toward PBAPs as ultra-processed foods.



The respondents had a better knowledge of the environmental benefits of PBMAs than they did for PBMiAs, which nevertheless indicates that respondents’ perceptions of the environmental friendliness of such products generally do not match the objective assessment based on environmental measurements. This further suggests that participants are not aware that plant-based alternatives are generally more environmentally friendly than meat- and animal-derived products. This result supports previous findings from Siegrist and Hartman [79] and Hartmann et al. [115] that consumers are unable to assess the environmental friendliness of products sufficiently. Hartmann et al. [115], who examined in detail whether consumers’ knowledge of the environmental friendliness of different products was consistent with life cycle assessment (LCA) data, concluded that the environmental friendliness of animal products was greatly overestimated, while meat substitutes were perceived as far less environmentally friendly than they are. Efforts should be made, for example, in the form of an environmental label, to inform and educate consumers about the environmental impact of individual products, not only PBAPs but also meat and meat products.



Respondents seemed to have lacked knowledge of certain health aspects of PBCAs and PBMiAs. For example, there was only modest agreement among respondents that, for example, with respect to cheese substitutes, such products have no lactose and no cholesterol due to the absence of animal ingredients. Overall, since the PBAP segment is still relatively new and continuously growing, it can be assumed that consumers have not (yet) gained sufficient knowledge about these products. In addition, Bucher et al. [116] found that consumers tended to neglect the number of single nutrients, such as saturated fat, protein, and sodium, in their ratings, which further leads to assuming that consumers are more likely to make general statements about health ratings rather than evaluate specific characteristics.



Lastly, it should be noted that knowledge levels partially significantly varied along with the different dietary groups, with vegans and vegetarians showing higher knowledge levels than omnivores. For example, with regard to the environmental friendliness compared to the respective animal product or the fact that organically produced PBMAs contain fewer additives than conventional PBMAs, vegans and partial vegetarians were in agreement. Thus, plant-oriented consumers may be more interested in the properties of such foods and more likely to seek knowledge than meat eaters, who consume less of such products. A study by Hartmann et al. [117] found that people with a pro-ecological orientation have more knowledge about the environmental impact of food. Similarly, Michel et al. [20] reported in their study that non-meat eaters perceive meat alternatives to be better in terms of environmental friendliness than meat eaters, although only the perception was examined here.



In general, respondents’ knowledge regarding the current sustainability aspects of PBAPs seems to be still insufficient. Studies indicate that relevant knowledge is a prerequisite to enable consumers to make environmentally friendly choices [30,117]. However, with a wide and rapidly growing range of products, there is a lot of information in the media about the valuation of PBAPs, causing a risk of consumer confusion and misinformation. For both science and consumers, the alternative product segment is still young, and more scientific evaluations need to be generated as well as general educational efforts to provide consumers with helpful and accurate information.





5. Limitations


The sample used was not representative of the German population due to convenience sampling during recruitment. Because of the high proportion of students, the sample consisted mainly of younger people. Furthermore, the public announcement of the sensory tasting of substitute products primarily addressed individuals with vegetarian and vegan diets. Yet, using a random sample is not unusual in sensory research. Additionally, the sample size was sufficient for the method of valid sensory testing and provided interesting findings. In terms of consumer research (i.e., consumption behavior, motivation, and knowledge), however, the treatment group might have been small. Nevertheless, this study fulfilled the standard criteria in light of sensory science, making valuable connections to the field of consumer research.



With regard to the sensory test, only three products, one from each product segment, were included in this study for practical reasons. Although market-leading products were selected, studies on a wider variety of food categories are needed to generalize the conclusions of the current study.



Further, the CATA and RATA assessments were conducted using attributes pre-sampled by a trained sensory panel. Thus, the vocabulary may have been too subject-specific for the lay consumers. It might be interesting to perform a profiling of the products with a consumer panel to gain a deeper insight into the sensory perception of the consumers towards PBAPs.



The questionnaire used to assess the respondents’ objective knowledge was designed to test laypersons’ factual knowledge of the properties of certain plant-based substitutes. We focused on sustainability aspects such as the environmental friendliness of PBMAs versus meat or degree of processing of PBMAs and PBCAs. In doing so, care was taken to use very specific information since the product range and thus the formulations of the individual products are very diverse, and general statements about generic properties, such as environmental friendliness, are difficult to make. For example, instead of stating “plant-based milk alternatives are more environmentally friendly than cows’ milk,” it stated “more land area is required to produce one liter of cows’ milk than to produce one liter of oat milk.” However, such a query might be too specific to the consumer and provide only limited results about consumer knowledge, even if it does offer interesting insights into consumer perceptions of detailed characteristics.




6. Conclusions


The variety of novel protein alternatives on the market is increasing, and there are many new product innovations potentially prompting consumers to change their nutrition habits. PBAPs may replace and complement meat- and animal-derived products in the human diet, potentially reducing the environmental impact of food consumption. However, there is a shared negative perception of plant-based dishes’ taste; in particular, plant-based protein products that mimic meat and animal products are associated with a reputation of negative sensory characteristics.



This sensory study showed that all PBAPs tested achieved good acceptance on average. In terms of the products used, PBMiAs and PBCAs were rated slightly better than PBMAs. However, particularly noticeable were the differences in ratings between dietary styles. Vegetarians and vegans gave a significantly higher rating to the products than omnivores and, to some extent, flexitarians.



Therefore, meat alternative products are of particular importance to meat-eating consumers because they offer a way to reduce meat consumption. If they do not like the taste, they are less likely to try these products again, despite the knowledge that switching to a more sustainable, plant-based diet has positive environmental and health impacts. Omnivores and flexitarians, who regularly consume animal-based products, have a different sensory comparison and relationship to plant-based products than vegetarians and vegans. They are the target group of these PBAPs and therefore of particular importance for further sensory research projects.
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Table A1. Constructs of motivation with associated questionnaire items and sources.
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Construct

	
Scale/Items

	
Source






	
Animal welfare

	
I think animal welfare is important

	
[6]




	
Environment

	
It’s better for the environment

	
[6]




	
Sensory appeal

	
I like the sensory aspects such as taste and mouthfeel

	
[50]




	
Health

	
I would like a plant-based alternative source of protein

	
[50]




	
It contributes to a healthy diet for me

	
[48]




	
It’s healthier, not frequently eating meat

	
[6]




	
Product lifestyle

	
I am interested in the advertising and the product design

	
[49]




	
I am curious about new foods

	
[49,51]




	
Social setting

	
Others in the household don’t want to eat animal-based products

	
[6]




	
Convenience

	
It is easy to prepare

	
[48,51]
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Table A2. Questionnaire items for knowledge of the respective products and sources.
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	Product
	Scale/Items
	Source





	PBMA
	Plant-based meat alternatives are a source of vegetable protein
	[26]



	
	Plant-based meat alternatives have a better fatty acid profile than meat and meat products
	[26]



	
	Plant-based meat alternatives have lower CO2 emissions compared to meat and meat products
	[52,53]



	
	Organically produced meat substitutes have fewer additives than conventionally produced meat substitutes
	[26]



	
	Plant-based meat alternatives have equivalent amounts of salt as meat and meat products
	[26]



	
	Plant-based meat alternatives are ultra-processed foods
	[54,82,118]



	
	Plant-based meat alternatives are a fad and will be gone in a few years
	



	PBCA
	Plant-based cheese alternatives are free from lactose
	[57,58]



	
	Plant-based cheese alternatives are free of cholesterol
	



	
	Plant-based cheese alternatives are reduced in saturated fatty acids
	[58]



	
	Plant-based cheese alternatives have a reduced salt content
	[58]



	
	Plant-based cheese alternatives can be fortified with important vitamins and minerals
	[58]



	
	Plant-based cheese alternatives are ultra-processed foods
	[111]



	
	Plant-based cheese alternatives are a fad and will be gone in a few years
	[118,119,120]



	PBMiA
	Plant-based milk alternatives have lower calorie content compared to whole cows’ milk
	[59]



	
	Plant-based milk alternatives have a better fatty acid profile compared to cows’ milk
	[59]



	
	More land area is required to produce one liter of cows’ milk compared to plant-based milk alternatives.
	[60]



	
	Plant-based milk alternatives produce fewer CO2 emissions.
	[60]



	
	Cows’ milk falls under the reduced VAT rate of 7%, while plant-based milk alternatives are subject to the regular rate of 19%.
	[121]



	
	Plant-based milk alternatives are a fad and will disappear in a few years
	[78,121]










References


	



Springmann, M.; Wiebe, K.; Mason-D’Croz, D.; Sulser, T.B.; Rayner, M.; Scarborough, P. Health and nutritional aspects of sustainable diet strategies and their association with environmental impacts: A global modelling analysis with country-level detail. Lancet Planet. Health 2018, 2, e451–e461. [Google Scholar] [CrossRef]

	



Afshin, A.; Sur, P.J.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.; Abebe, Z.; et al. Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the global burden of disease study 2017. Lancet 2019, 393, 1958–1972. [Google Scholar] [CrossRef]

	



Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.; et al. Food in the anthropocene: The EAT–lancet commission on healthy diets from sustainable food systems. Lancet 2019, 393, 447–492. [Google Scholar] [CrossRef]

	



Bundesministerium für Ernährung und Landwirtschaft (BMEL) Versorgung Mit Fleisch Und Geflügelfleisch, Fleischbilanz 2020. 2021. Available online: https://www.bmel-statistik.de/ernaehrung-fischerei/versorgungsbilanzen/fleisch/ (accessed on 1 March 2022).

	



Chan, E.Y.; Zlatevska, N. Is meat sexy? Meat preference as a function of the sexual motivation system. Food Qual. Prefer. 2019, 74, 78–87. [Google Scholar] [CrossRef]

	



De Boer, J.; Schösler, H.; Aiking, H. Towards a reduced meat diet: Mindset and motivation of young vegetarians, low, medium and high meat-eaters. Appetite 2017, 113, 387–397. [Google Scholar] [CrossRef]

	



Horgan, G.W.; Scalco, A.; Craig, T.; Whybrow, S.; Macdiarmid, J.I. Social, temporal and situational influences on meat consumption in the UK population. Appetite 2019, 138, 1–9. [Google Scholar] [CrossRef]

	



Bailey, R.; Froggatt, A.; Wellesley, L. Livestock—Climate Change’s Forgotten Sector: Global Public Opinion on Meat and Dairy Consumption; Chatham House: London, UK, 2014. [Google Scholar]

	



Happer, C.; Wellesley, L. Meat consumption, behaviour and the media environment: A focus group analysis across four countries. Food Sec. 2019, 11, 123–139. [Google Scholar] [CrossRef]

	



Spiller, A.; Zühlsdorf, A.; Jürkenbeck, K.; Schulze, M. Survey on youth: Changing habits. In Meat Atlas 2021; Heinrich Böll Stiftung: Berlin, Germany, 2021; pp. 68–72. Available online: https://eu.boell.org/sites/default/files/2021-09/MeatAtlas2021_final_web.pdf (accessed on 22 April 2022).

	



Macdiarmid, J.I.; Douglas, F.; Campbell, J. Eating like there’s no tomorrow: Public awareness of the environmental impact of food and reluctance to eat less meat as part of a sustainable diet. Appetite 2016, 96, 487–493. [Google Scholar] [CrossRef]

	



Schösler, H.; Boer, J.D.; Boersema, J.J. Can we cut out the meat of the dish? Constructing consumer-oriented pathways towards meat substitution. Appetite 2012, 58, 39–47. [Google Scholar] [CrossRef]

	



Grasso, N.; Roos, Y.H.; Crowley, S.V.; Arendt, E.K.; O’Mahony, J.A. Composition and physicochemical properties of commercial plant-based block-style products as alternatives to cheese. Future Foods 2021, 4, 100048. [Google Scholar] [CrossRef]

	



Smart Protein Project. Plant-Based Foods in Europe: How Big Is the Market? Smart Protein Plant-Based Food Sector Report. European Union’s Horizon. 2020. Available online: https://smartproteinproject.eu/plant-based-food-sector-report (accessed on 1 March 2022).

	



Jaeger, S.R.; Giacalone, D. Barriers to consumption of plant-based beverages: A comparison of product users and non-users on emotional, conceptual, situational, conative and psychographic variables. Food Res. Int. 2021, 144, 110363. [Google Scholar] [CrossRef]

	



Chen, P.-J.; Antonelli, M. Conceptual models of food choice: Influential factors related to foods, individual differences, and society. Foods 2020, 9, 1898. [Google Scholar] [CrossRef]

	



De Oliveira Padilha, L.G.; Malek, L.; Umberger, W.J. Consumers’ attitudes towards lab-grown meat, conventionally raised meat and plant-based protein alternatives. Food Qual. Prefer. 2022, 99, 104573. [Google Scholar] [CrossRef]

	



Schiano, A.N.; Harwood, W.S.; Gerard, P.D.; Drake, M.A. Consumer perception of the sustainability of dairy products and plant-based dairy alternatives. J. Dairy Sci. 2020, 103, 11228–11243. [Google Scholar] [CrossRef]

	



Profeta, A.; Baune, M.-C.; Smetana, S.; Broucke, K.; Van Royen, G.; Weiss, J.; Hieke, S.; Heinz, V.; Terjung, N. Consumer preferences for meat blended with plant proteins—Empirical findings from Belgium. Future Foods 2021, 4, 100088. [Google Scholar] [CrossRef]

	



Michel, F.; Hartmann, C.; Siegrist, M. Consumers’ associations, perceptions and acceptance of meat and plant-based meat alternatives. Food Qual. Prefer. 2021, 87, 104063. [Google Scholar] [CrossRef]

	



Saerens, W.; Smetana, S.; Van Campenhout, L.; Lammers, V.; Heinz, V. Life cycle assessment of burger patties produced with extruded meat substitutes. J. Clean. Prod. 2021, 306, 127177. [Google Scholar] [CrossRef]

	



Smetana, S.; Profeta, A.; Voigt, R.; Kircher, C.; Heinz, V. Meat substitution in burgers: Nutritional scoring, sensorial testing, and life cycle assessment. Future Foods 2021, 4, 100042. [Google Scholar] [CrossRef]

	



Van der Weele, C.; Feindt, P.; Jan van der Goot, A.; van Mierlo, B.; van Boekel, M. Meat alternatives: An integrative comparison. Trends Food Sci. Technol. 2019, 88, 505–512. [Google Scholar] [CrossRef]

	



Päivärinta, E.; Itkonen, S.; Pellinen, T.; Lehtovirta, M.; Erkkola, M.; Pajari, A.-M. Replacing animal-based proteins with plant-based proteins changes the composition of a whole nordic diet—A randomised clinical trial in healthy finnish adults. Nutrients 2020, 12, 943. [Google Scholar] [CrossRef]

	



Vatanparast, H.; Islam, N.; Shafiee, M.; Ramdath, D.D. Increasing plant-based meat alternatives and decreasing red and processed meat in the diet differentially affect the diet quality and nutrient intakes of Canadians. Nutrients 2020, 12, 2034. [Google Scholar] [CrossRef] [PubMed]

	



Huber, J.; Keller, M. Ernährungsphysiologische Bewertung von Konventionell Und Ökologisch Erzeugten Vegetarischen Und Veganen Fleisch- Und Wurstalternativen. Studie Im Auftrag Der Albert Schweitzer Stiftung Für Unsere Mitwelt. 2017. Available online: https://files.albert-schweitzer-stiftung.de/1/fleischalternativenstudie_170320.pdf (accessed on 4 August 2022).

	



Hu, F.B.; Otis, B.O.; McCarthy, G. Can plant-based meat alternatives be part of a healthy and sustainable diet? JAMA 2019, 322, 1547. [Google Scholar] [CrossRef] [PubMed]

	



Lane, M.M.; Davis, J.A.; Beattie, S.; Gómez-Donoso, C.; Loughman, A.; O’Neil, A.; Jacka, F.; Berk, M.; Page, R.; Marx, W.; et al. Ultraprocessed food and chronic noncommunicable diseases: A systematic review and meta-analysis of 43 observational studies. Obes. Rev. 2021, 22. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Peschel, A.O.; Grebitus, C.; Steiner, B.; Veeman, M. How does consumer knowledge affect environmentally sustainable choices? Evidence from a cross-country latent class analysis of food labels. Appetite 2016, 106, 78–91. [Google Scholar] [CrossRef]

	



Truelove, H.B.; Parks, C. Perceptions of behaviors that cause and mitigate global warming and intentions to perform these behaviors. J. Environ. Psychol. 2012, 32, 246–259. [Google Scholar] [CrossRef]

	



Spence, C. Multisensory flavor perception. Cell 2015, 161, 24–35. [Google Scholar] [CrossRef]

	



Li, J.; Streletskaya, N.A.; Gómez, M.I. Does taste sensitivity matter? The effect of coffee sensory tasting information and taste sensitivity on consumer preferences. Food Qual. Prefer. 2019, 71, 447–451. [Google Scholar] [CrossRef]

	



Spence, C.; Carvalho, F.M. The coffee drinking experience: Product extrinsic (atmospheric) influences on taste and choice. Food Qual. Prefer. 2020, 80, 103802. [Google Scholar] [CrossRef]

	



Fernqvist, F.; Ekelund, L. Credence and the effect on consumer liking of food—A review. Food Qual. Prefer. 2014, 32, 340–353. [Google Scholar] [CrossRef]

	



ISO 8589:2010 + A1:2014; Sensory Analysis—General Guidance for the Design of Test Rooms. German Version. EN ISO 8589:2010 + A1; ISO: Geneva, Switzerland, 2007.

	



Vegconomist, the Vegan Business Magazine. ProVeg: Der Markt Für Milchalternativen Wächst Rasant. 2020. Available online: https://vegconomist.de/markt-und-trends/proveg-der-markt-fuer-milchalternativen-waechst-rasant/ (accessed on 18 March 2022).

	



Vegconomist, the Vegan Business Magazine. Simply V Further Expands EU Market Leadership in Plant-Based Cheese. 2021. Available online: https://vegconomist.com/food-and-beverage/simply-v-further-expands-eu-market-leadership-in-plant-based-cheese/?pk_campaign=feed&pk_kwd=simply-v-further-expands-eu-market-leadership-in-plant-based-cheese (accessed on 18 March 2022).

	



Vegconomist, the Vegan Business Magazine. Germany: Rügenwalder Mühle Sees 50% Increase in Meat-Free Sales. 2020. Available online: https://vegconomist.com/companies-and-portraits/germany-rugenwalder-muhle-sees-50-increase-in-meat-free-sales/ (accessed on 18 March 2022).

	



Deter, A. Rügenwalder Mühle Verkauft Erstmals Mehr Fleischersatz als Klassische Wurst; Top Agrar Online. 2020. Available online: https://www.topagrar.com/markt/news/ruegenwalder-verkauft-erstmals-mehr-fleischersatz-als-klassische-wurst-12338447.html (accessed on 18 March 2022).

	



Ares, G.; Picallo, A.; Coste, B.; Antúnez, L.; Vidal, L.; Giménez, A.; Jaeger, S.R. A comparison of RATA questions with descriptive analysis: Insights from three studies with complex/similar products. J. Sens. Stud. 2018, 33, e12458. [Google Scholar] [CrossRef]

	



Reinbach, H.C.; Giacalone, D.; Ribeiro, L.M.; Bredie, W.L.P.; Frøst, M.B. Comparison of three sensory profiling methods based on consumer perception: CATA, CATA with intensity and napping®. Food Qual. Prefer. 2014, 32, 160–166. [Google Scholar] [CrossRef]

	



Ares, G.; Jaeger, S.R. Check-all-that-apply questions: Influence of attribute order on sensory product characterization. Food Qual. Prefer. 2013, 28, 141–153. [Google Scholar] [CrossRef]

	



Ares, G.; Bruzzone, F.; Vidal, L.; Cadena, R.S.; Giménez, A.; Pineau, B.; Hunter, D.C.; Paisley, A.G.; Jaeger, S.R. Evaluation of a rating-based variant of check-all-that-apply questions: Rate-all-that-apply (RATA). Food Qual. Prefer. 2014, 36, 87–95. [Google Scholar] [CrossRef]

	



Ares, G.; Jaeger, S.R.; Bava, C.M.; Chheang, S.L.; Jin, D.; Gimenez, A.; Vidal, L.; Fiszman, S.M.; Varela, P. cata questions for sensory product characterization: Raising awareness of biases. Food Qual. Prefer. 2013, 30, 114–127. [Google Scholar] [CrossRef]

	



Dagevos, H. Finding flexitarians: Current studies on meat eaters and meat reducers. Trends Food Sci. Technol. 2021, 114, 530–539. [Google Scholar] [CrossRef]

	



Hoek, A.C.; Luning, P.A.; Weijzen, P.; Engels, W.; Kok, F.J.; de Graaf, C. Replacement of meat by meat substitutes. A survey on person- and product-related factors in consumer acceptance. Appetite 2011, 56, 662–673. [Google Scholar] [CrossRef]

	



Renner, B.; Sproesser, G.; Strohbach, S.; Schupp, H.T. Why we eat what we eat. The eating motivation survey (TEMS). Appetite 2012, 59, 117–128. [Google Scholar] [CrossRef]

	



Scholderer, J.; Brunsø, K.; Bredahl, L.; Grunert, K.G. Cross-cultural validity of the food-related lifestyles instrument (FRL) within Western Europe. Appetite 2004, 42, 197–211. [Google Scholar] [CrossRef]

	



Steptoe, A.; Pollard, T.M.; Wardle, J. Development of a measure of the motives underlying the selection of food: The food choice questionnaire. Appetite 1995, 25, 267–284. [Google Scholar] [CrossRef]

	



De Boer, J.; Hoogland, C.T.; Boersema, J.J. Towards more sustainable food choices: Value priorities and motivational orientations. Food Qual. Prefer. 2007, 18, 985–996. [Google Scholar] [CrossRef]

	



Nijdam, D.; Rood, T.; Westhoek, H. The price of protein: Review of land use and carbon footprints from life cycle assessments of animal food products and their substitutes. Food Policy 2012, 37, 760–770. [Google Scholar] [CrossRef]

	



Mejia, M.; Fresán, U.; Harwatt, H.; Oda, K.; Uriegas-Mejia, G.; Sabaté, J. life cycle assessment of the production of a large variety of meat analogs by three diverse factories. J. Hunger. Environ. Nutr. 2020, 15, 699–711. [Google Scholar] [CrossRef]

	



Leitzmann, C. Fleischersatz—Rein pflanzlich. UGBforum-Fachz. Für Gesundh. 2013, 299, 296–299. [Google Scholar]

	



Joshi, V.; Kumar, S. Meat analogues: Plant based alternatives to meat products—A review. Int. J. Food Ferment. Technol. 2015, 5, 107. [Google Scholar] [CrossRef]

	



Klementova, M.; Thieme, L.; Haluzik, M.; Pavlovicova, R.; Hill, M.; Pelikanova, T.; Kahleova, H. A plant-based meal increases gastrointestinal hormones and satiety more than an energy- and macronutrient-matched processed-meat meal in T2D, obese, and healthy men: A three-group randomized crossover study. Nutrients 2019, 11, 157. [Google Scholar] [CrossRef] [PubMed]

	



Jeewanthi, R.K.C.; Paik, H.-D. Modifications of nutritional, structural, and sensory characteristics of non-dairy soy cheese analogs to improve their quality attributes. J. Food Sci. Technol. 2018, 55, 4384–4394. [Google Scholar] [CrossRef] [PubMed]

	



Masotti, F.; Cattaneo, S.; Stuknytė, M.; De Noni, I. Status and developments in analogue cheese formulations and functionalities. Trends Food Sci. Technol. 2018, 74, 158–169. [Google Scholar] [CrossRef]

	



Röös, E.; Garnett, T.; Watz, V.; Sjörs, C. The role of dairy and plant based dairy alternatives in sustainable diets. Swed. Univ. Agric. Sci. Res. Platf. Future Food 2018. Available online: https://www.slu.se/globalassets/ew/org/centrb/fu-food/forskning/rapporter/future-food-reports-3-web.pdf (accessed on 4 August 2022).

	



Poore, J.; Nemecek, T. Reducing food’s environmental impacts through producers and consumers. Science 2018, 360, 987–992. [Google Scholar] [CrossRef]

	



Mötteli, S.; Barbey, J.; Keller, C.; Bucher, T.; Siegrist, M. Measuring practical knowledge about balanced meals: Development and validation of the brief PKB-7 Scale. Eur. J. Clin. Nutr. 2016, 70, 505–510. [Google Scholar] [CrossRef] [PubMed]

	



Parmenter, K.; Wardle, J. Development of a general nutrition knowledge questionnaire for adults. Eur. J. Clin. Nutr. 1999, 53, 298–308. [Google Scholar] [CrossRef] [PubMed]

	



Ramirez, Z. Baby Boomers, Gen X, Millennials, Gen Z, & Gen Alpha: What Generation Am I? 2022. Available online: https://parentology.com/baby-boomers-gen-x-millennials-gen-z-gen-alpha-what-generation-am-i/ (accessed on 22 April 2022).

	



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]

	



Elzerman, J.E.; Hoek, A.C.; van Boekel, M.J.A.S.; Luning, P.A. Appropriateness, acceptance and sensory preferences based on visual information: A web-based survey on meat substitutes in a meal context. Food Qual. Prefer. 2015, 42, 56–65. [Google Scholar] [CrossRef]

	



Van Trijp, H.C.M.; van Kleef, E. Newness, value and new product performance. Trends Food Sci. Technol. 2008, 19, 562–573. [Google Scholar] [CrossRef]

	



Hoek, A.C.; Elzerman, J.E.; Hageman, R.; Kok, F.J.; Luning, P.A.; Graaf, C.D. Are meat substitutes liked better over time? A repeated in-home use test with meat substitutes or meat in meals. Food Qual. Prefer. 2013, 28, 253–263. [Google Scholar] [CrossRef]

	



Schouteten, J.J.; De Steur, H.; De Pelsmaeker, S.; Lagast, S.; Juvinal, J.G.; De Bourdeaudhuij, I.; Verbeke, W.; Gellynck, X. Emotional and sensory profiling of insect-, plant- and meat-based burgers under blind, expected and informed conditions. Food Qual. Prefer. 2016, 52, 27–31. [Google Scholar] [CrossRef]

	



Tan, H.S.G.; Fischer, A.R.H.; van Trijp, H.C.M.; Stieger, M. Tasty but nasty? Exploring the role of sensory-liking and food appropriateness in the willingness to eat unusual novel foods like insects. Food Qual. Prefer. 2016, 48, 293–302. [Google Scholar] [CrossRef]

	



Vidal, L.; Ares, G.; Hedderley, D.I.; Meyners, M.; Jaeger, S.R. Comparison of rate-all-that-apply (RATA) and check-all-that-apply (CATA) questions across seven consumer studies. Food Qual. Prefer. 2018, 67, 49–58. [Google Scholar] [CrossRef]

	



Drewnowski, A. Taste preferences and food intake. Annu. Rev. Nutr. 1997, 17, 237–253. [Google Scholar] [CrossRef]

	



Pagliarini, E.; Proserpio, C.; Spinelli, S.; Lavelli, V.; Laureati, M.; Arena, E.; Di Monaco, R.; Menghi, L.; Gallina Toschi, T.; Braghieri, A.; et al. The role of sour and bitter perception in liking, familiarity and choice for phenol-rich plant-based foods. Food Qual. Prefer. 2021, 93, 104250. [Google Scholar] [CrossRef]

	



Van Bussel, L.M.; Kuijsten, A.; Mars, M.; Feskens, E.J.M.; van ’t Veer, P. Taste profiles of diets high and low in environmental sustainability and health. Food Qual. Prefer. 2019, 78, 103730. [Google Scholar] [CrossRef]

	



Piqueras-Fiszman, B.; Spence, C. Sensory expectations based on product-extrinsic food cues: An interdisciplinary review of the empirical evidence and theoretical accounts. Food Qual. Prefer. 2015, 40, 165–179. [Google Scholar] [CrossRef]

	



McCarthy, K.S.; Parker, M.; Ameerally, A.; Drake, S.L.; Drake, M.A. Drivers of choice for fluid milk versus plant-based alternatives: What are consumer perceptions of fluid milk? J. Dairy Sci. 2017, 100, 6125–6138. [Google Scholar] [CrossRef]

	



Vegconomist, the Vegan Business Magazine. A Guest Post from Future Grocery Shopping, The German Plant-Based Milk Market. 2021. Available online: https://vegconomist.com/market-and-trends/a-guest-post-from-future-grocery-shopping-the-german-plant-based-milk-market/ (accessed on 18 March 2022).

	



POSpulse. Voll im Trend: Beliebte Milchersatzprodukte und Auffällige Marken, über Gründe für den Konsum von Milchersatzprodukten, Liebste Produkte und Auffällige Marken. 2021. Available online: https://www.pospulse.com/milchersatzprodukte2021 (accessed on 18 March 2022).

	



Vegconomist, the Vegan Business Magazine. Global Oat Milk Market (2021 to 2026)—Growth Trends and Forecasts. 2022. Available online: https://vegconomist.com/market-and-trends/global-oat-milk-market-2021-to-2026-growth-trends-and-forecasts/ (accessed on 18 March 2022).

	



Siegrist, M.; Hartmann, C. Impact of sustainability perception on consumption of organic meat and meat substitutes. Appetite 2019, 132, 196–202. [Google Scholar] [CrossRef] [PubMed]

	



Michel, F.; Knaapila, A.; Hartmann, C.; Siegrist, M. A multi-national comparison of meat eaters’ attitudes and expectations for burgers containing beef, pea or algae protein. Food Qual. Prefer. 2021, 91, 104195. [Google Scholar] [CrossRef]

	



De Boer, J.; Schösler, H.; Aiking, H. “Meatless days” or “Less but better”? Exploring strategies to adapt western meat consumption to health and sustainability challenges. Appetite 2014, 76, 120–128. [Google Scholar] [CrossRef]

	



Wunder, S. Meat substitutes: A new sector emerges. In Meat Atlas 2021; Heinrich Böll Stiftung: Berlin, Germany, 2021; pp. 64–65. Available online: https://eu.boell.org/sites/default/files/2021-09/MeatAtlas2021_final_web.pdf (accessed on 22 April 2022).

	



Jeske, S.; Zannini, E.; Arendt, E.K. Past, present and future: The strength of plant-based dairy substitutes based on gluten-free raw materials. Food Res. Int. 2018, 110, 42–51. [Google Scholar] [CrossRef]

	



Hagmann, D.; Siegrist, M.; Hartmann, C. Meat avoidance: Motives, alternative proteins and diet quality in a sample of Swiss consumers. Public Health Nutr. 2019, 22, 2448–2459. [Google Scholar] [CrossRef]

	



Götze, F.; Brunner, T.A. A consumer segmentation study for meat and meat alternatives in Switzerland. Foods 2021, 10, 1273. [Google Scholar] [CrossRef]

	



Haas, R.; Schnepps, A.; Pichler, A.; Meixner, O. Cow milk versus plant-based milk substitutes: A comparison of product image and motivational structure of consumption. Sustainability 2019, 11, 5046. [Google Scholar] [CrossRef]

	



Ohlau, M.; Spiller, A.; Risius, A. Plant-based diets are not enough? Understanding the consumption of plant-based meat alternatives along ultra-processed foods in different dietary patterns in Germany. Front. Nutr. 2022, 9, 852936. [Google Scholar] [CrossRef] [PubMed]

	



Deliens, T.; Mullie, P.; Clarys, P. Plant-based dietary patterns in flemish adults: A 10-year trend analysis. Eur. J. Nutr. 2022, 61, 561–565. [Google Scholar] [CrossRef] [PubMed]

	



Corrin, T.; Papadopoulos, A. Understanding the attitudes and perceptions of vegetarian and plant-based diets to shape future health promotion programs. Appetite 2017, 109, 40–47. [Google Scholar] [CrossRef] [PubMed]

	



De Backer, C.J.S.; Hudders, L. From meatless mondays to meatless sundays: Motivations for meat reduction among vegetarians and semi-vegetarians who mildly or significantly reduce their meat intake. Ecol. Food Nutr. 2014, 53, 639–657. [Google Scholar] [CrossRef]

	



Beacom, E.; Bogue, J.; Repar, L. Market-oriented development of plant-based food and beverage products: A usage segmentation approach. J. Food Prod. Mark. 2021, 27, 204–222. [Google Scholar] [CrossRef]

	



Fresán, U.; Errendal, S.; Craig, W.J. Influence of the socio-cultural environment and external factors in following plant-based diets. Sustainability 2020, 12, 9093. [Google Scholar] [CrossRef]

	



De Koning, W.; Dean, D.; Vriesekoop, F.; Aguiar, L.K.; Anderson, M.; Mongondry, P.; Oppong-Gyamfi, M.; Urbano, B.; Luciano, C.A.G.; Jiang, B.; et al. Drivers and inhibitors in the acceptance of meat alternatives: The case of plant and insect-based proteins. Foods 2020, 9, 1292. [Google Scholar] [CrossRef]

	



Sanchez-Sabate, R.; Sabaté, J. Consumer attitudes towards environmental concerns of meat consumption: A systematic review. Int. J. Environ. Res. Public Heal. 2019, 16, 1220. [Google Scholar] [CrossRef]

	



Parry, J.; Mitchell, R. Assessing the General Population’s Implicit Perceptions of the Plant-Based Food Category, Brighton, UK. 2019. Available online: Https://Go.Gfi.Org./l/667193/2019-09-19/Dq67x (accessed on 22 April 2022).

	



Rosenfeld, D.L. Ethical motivation and vegetarian dieting: The underlying role of anti-speciesist attitudes. Anthrozoös 2019, 32, 785–796. [Google Scholar] [CrossRef]

	



Rosenfeld, D.L.; Rothgerber, H.; Tomiyama, A.J. From mostly vegetarian to fully vegetarian: Meat avoidance and the expression of social identity. Food Qual. Prefer. 2020, 85, 103963. [Google Scholar] [CrossRef]

	



Izmirli, S.; Phillips, C.J.C. The relationship between student consumption of animal products and attitudes to animals in Europe and Asia. British Food Journal 2011, 113, 436–450. [Google Scholar] [CrossRef]

	



Haverstock, K.; Forgays, D.K. To eat or not to eat. A comparison of current and former animal product limiters. Appetite 2012, 58, 1030–1036. [Google Scholar] [CrossRef] [PubMed]

	



Ruby, M.B. Vegetarianism. A blossoming field of study. Appetite 2012, 58, 141–150. [Google Scholar] [CrossRef] [PubMed]

	



Neff, R.A.; Edwards, D.; Palmer, A.; Ramsing, R.; Righter, A.; Wolfson, J. Reducing meat consumption in the USA: A nationally representative survey of attitudes and behaviours. Public Health Nutr. 2018, 21, 1835–1844. [Google Scholar] [CrossRef] [PubMed]

	



Lentz, G.; Connelly, S.; Mirosa, M.; Jowett, T. Gauging attitudes and behaviours: Meat consumption and potential reduction. Appetite 2018, 127, 230–241. [Google Scholar] [CrossRef]

	



Verain, M.C.D.; Bartels, J.; Dagevos, H.; Sijtsema, S.J.; Onwezen, M.C.; Antonides, G. Segments of sustainable food consumers: A literature review: Segments of sustainable food consumers. Int. J. Consum. Stud. 2012, 36, 123–132. [Google Scholar] [CrossRef]

	



Jahn, S.; Furchheim, P.; Strässner, A.-M. Plant-based meat alternatives: Motivational adoption barriers and solutions. Sustainability 2021, 13, 13271. [Google Scholar] [CrossRef]

	



Apostolidis, C.; McLeay, F. Should we stop meating like this? Reducing meat consumption through substitution. Food Policy 2016, 65, 74–89. [Google Scholar] [CrossRef]

	



Elzerman, J.E.; van Boekel, M.A.J.S.; Luning, P.A. Exploring meat substitutes: Consumer experiences and contextual factors. Br. Food J. 2013, 115, 700–710. [Google Scholar] [CrossRef]

	



Aschemann-Witzel, J.; Gantriis, R.F.; Fraga, P.; Perez-Cueto, F.J.A. Plant-based food and protein trend from a business perspective: Markets, consumers, and the challenges and opportunities in the future. Crit. Rev. Food Sci. Nutr. 2021, 61, 3119–3128. [Google Scholar] [CrossRef] [PubMed]

	



Fehér, A.; Gazdecki, M.; Véha, M.; Szakály, M.; Szakály, Z. A comprehensive review of the benefits of and the barriers to the switch to a plant-based diet. Sustainability 2020, 12, 4136. [Google Scholar] [CrossRef]

	



Kemper, J.A.; White, S.K. Young adults’ experiences with flexitarianism: The 4Cs. Appetite 2021, 160, 105073. [Google Scholar] [CrossRef] [PubMed]

	



Sun, C.; Ge, J.; He, J.; Gan, R.; Fang, Y. Processing, quality, safety, and acceptance of meat analogue products. Engineering 2021, 7, 674–678. [Google Scholar] [CrossRef]

	



Wickramasinghe, K.; Breda, J.; Berdzuli, N.; Rippin, H.; Farrand, C.; Halloran, A. The shift to plant-based diets: Are we missing the point? Glob. Food Secur. 2021, 29, 100530. [Google Scholar] [CrossRef]

	



Van Vliet, S.; Kronberg, S.L.; Provenza, F.D. Plant-based meats, human health, and climate change. Front. Sustain. Food Syst. 2020, 4, 128. [Google Scholar] [CrossRef]

	



Geijer, T.; Gammoudy, A. ING Research—Growth of Meat and Dairy Alternatives Is Stirring up the European Food Industry. 2020. Available online: https://Think.Ing.Com/Uploads/Reports/ING_report_-_Growth_of_meat_and_dairy_alternatives_is_stirring_up_the_European_food_industry.Pdf (accessed on 22 April 2022).

	



Curtain, F.; Grafenauer, S. Plant-based meat substitutes in the flexitarian age: An audit of products on supermarket shelves. Nutrients 2019, 11, 2603. [Google Scholar] [CrossRef]

	



Hartmann, C.; Furtwaengler, P.; Siegrist, M. Consumers’ evaluation of the environmental friendliness, healthiness and naturalness of meat, meat substitutes, and other protein-rich foods. Food Qual. Prefer. 2022, 97, 104486. [Google Scholar] [CrossRef]

	



Bucher, T.; Müller, B.; Siegrist, M. What is healthy food? Objective nutrient profile scores and subjective lay evaluations in comparison. Appetite 2015, 95, 408–414. [Google Scholar] [CrossRef]

	



Hartmann, C.; Lazzarini, G.; Funk, A.; Siegrist, M. Measuring consumers’ knowledge of the environmental impact of foods. Appetite 2021, 167, 105622. [Google Scholar] [CrossRef]

	



Bloomberg Intelligence. Plant-Based Foods Poised for Explosive Growth. 2021. Available online: https://www.bloomberg.com/professional/bi-research/?dyn=plant-based-food (accessed on 10 March 2022).

	



Good Food Institute. 2020 U.S, Retail Market Data for the Plant-Based Industry. 2021. Available online: https://gfi.org/marketresearch/ (accessed on 10 March 2022).

	



Vegconomist. Report: The Plant-Based Cheese Market in Germany. 2021. Available online: https://vegconomist.com/market-and-trends/report-the-plant-based-cheese-market-in-germany/ (accessed on 10 March 2022).

	



ProVeg e.V. Plant Milk Report. 2019. Available online: https://proveg.com/wp-content/uploads/2019/10/PV_Plant_Milk_Report_281019-1.pdf (accessed on 10 March 2022).








[image: Foods 11 02339 g001 550] 





Figure 1. Percentage representation of the basis of the different plant-based alternative products, (A) = PBMA (plant-based meat alternative), (B) = PBCA (plant-based cheese alternative), (C) = PBMiA (plant-based milk alternative); patterned bars represent the total value related to the response of the participants, blank bars relate to the food or raw material basis of the products, with multiple mentions resulting in different percentages. Abbreviations of the nutrition styles: OMNI = omnivore, FLEX = flexitarian, VEGE = vegetarian, VEGA = vegan. 
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Table 1. General characteristics of the study sample by nutrition style.
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All

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	
p-Value






	

	
n

	
159

	
36

	
62

	
44

	
17

	




	

	
%

	

	
22.6

	
39.0

	
27.7

	
10.7

	




	
Gender

	
Female

	
69.8

	
55.6

	
61.3

	
84.1

	
94.1

	




	
Male

	
30.2

	
44.4

	
38.7

	
15.9

	
5.9

	
0.002 1




	
Age

	
18–24 years

	
53.5

	
27.8

	
50.0

	
75.0

	
64.7

	




	
25–29 years

	
22.6

	
30.6

	
24.2

	
11.4

	
29.4

	




	
30–39 years

	
12.6

	
22.2

	
12.9

	
9.1

	
0.0

	




	
40–70 years

	
11.3

	
19.4

	
12.9

	
4.5

	
5.9

	
0.008 1




	
Age

	
Mean (SD)

	
30.13 (10.18)

	
33.03 (10.98) b

	
32.29 (12.25) ab

	
26.41 (4.91) a

	
25.82 (4.77) a

	
<0.001 2




	
Education 3

	
Low

	
3.1

	
2.8

	
4.8

	
2.3

	
0.0

	




	
Medium

	
62.3

	
47.2

	
51.6

	
77.3

	
94.1

	




	
High

	
34.6

	
50.0

	
43.5

	
20.5

	
5.9

	
0.005 1




	
Net household income per month

	
<EUR 600

	
37.7

	
36.1

	
29.0

	
40.9

	
64.7

	




	
>EUR 600–1800

	
37.7

	
19.4

	
46.8

	
45.5

	
23.5

	




	
>EUR 1800–3600

	
15.1

	
27.8

	
12.9

	
9.1

	
11.8

	




	
>EUR 3600

	
9.4

	
16.7

	
11.3

	
4.5

	
0.0

	
0.013 1




	
Body mass index

	
<18.4

	
5.7

	
5.6

	
4.8

	
4.5

	
11.8

	




	
18.5–24.9

	
75.5

	
52.8

	
82.3

	
88.6

	
64.7

	




	
25.0–29.9

	
13.8

	
33.3

	
8.1

	
4.5

	
17.6

	




	
>30

	
5.0

	
8.3

	
4.8

	
2.3

	
5.9

	
0.012 1




	
Body mass index

	
Mean (SD)

	
22.59 (3.75)

	
23.94 (4.31) b

	
22.38 (3.40) ab

	
22.12 (3.68) a

	
21.97 (8.86) a

	
0.009 2








a,b Values with the same superscript letter within the row indicate statistically nonsignificant differences between nutritional styles based on the Kruskal–Wallis rank test, and when differences existed, they were determined using the Bonferroni correction two-sample test, p < 0.05. 1 Pearson chi-square. 2 Kruskal–Wallis rank test. 3 Education classification: Low (secondary school certificate), Medium (high school graduation), High (completed studies).













[image: Table] 





Table 2. RATA attribute evaluation of plant-based oat drink in two sessions on a 5-point scale, with different shares of 159 participants. Significant differences could be calculated for the attributes in bold.
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1st Session

	
2nd Session




	
Attribute *

	

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan






	
Beige_A

	
N (% of total)

	
32 (20.8)

	
63 (40.9)

	
44 (28.6)

	
15 (9.7)

	
32 (20.8)

	
64 (41.6)

	
43 (27.9)

	
15 (9.7)




	

	
Mean (95% CI)

	
4.41 (4.08–4.73) b

	
4.21 (3.98–4.44) ab

	
3.93 (3.64–4.22) a

	
4.20 (3.77–4.63) ab

	
4.28 (3.95–4.61)

	
4.13 (3.88–4.37)

	
4.23 (4.01–4.45)

	
4.00 (3.49–4.51)




	
Grey_A

	
N (% of total)

	
7 (29.2)

	
10 (41.7)

	
6 (25.0)

	
1 (4.2)

	
10 (32.3)

	
12 (38.7)

	
9 (29.0)

	
0




	

	
Mean (95% CI)

	
2.00 (1.08–2.92)

	
3.20 (2.32–4.08)

	
3.00 (1.01–4.99)

	
4.00

	
2.50 (1.53–3.47)

	
2.83 (1.79–3.88)

	
3.00 (1.85–4.15)

	




	
Viscous_A

	
N (% of total)

	
13 (17.1)

	
32 (42.1)

	
25 (32.9)

	
6 (7.9)

	
12 (15.6)

	
31 (40.3)

	
29 (37.7)

	
5 (6.5)




	

	
Mean (95% CI)

	
3.31 (2.59–4.02)

	
3.41 (3.00–3.81)

	
3.48 (2.97–3.99)

	
3.83 (2.80–4.87)

	
2.33 (1.65–3.02) a

	
3.26 (2.78–3.73) b

	
3.17 (2.68–3.66) ab

	
3.60 (2.49–4.71) ab




	
Cereal_O

	
N (% of total)

	
13 (13.8)

	
43 (45.7)

	
27 (28.7)

	
11 (11.7)

	
17 (16.8)

	
42 (41.6)

	
32 (31.7)

	
10 (9.9)




	

	
Mean (95% CI)

	
3.23 (2.44–4.02) a

	
3.81 (3.44–4.19) ab

	
4.00 (3.69–4.31) b

	
3.73 (3.05–4.41) ab

	
3.47 (2.76–4.18)

	
3.98 (3.66–4.30)

	
3.91 (3.50–4.31)

	
3.60 (2.76–4.44)




	
Milky_O

	
N (% of total)

	
11 (19.6)

	
25 (44.6)

	
19 (33.9)

	
1 (1.8)

	
10 (20.0)

	
23 (46.0)

	
14 (28.0)

	
3 (6.0)




	

	
Mean (95% CI)

	
3.45 (2.76–4.15)

	
3.48 (3.07–3.89)

	
3.42 (2.91–3.94)

	
5.00

	
2.60 (1.83–3.37)

	
3.39 (2.84–3.94)

	
3.14 (2.51–3.78)

	
4.00




	
Nutty_O

	
N (% of total)

	
14 (19.7)

	
30 (42.3)

	
19 (26.8)

	
8 (11.3)

	
13 (19.1)

	
30 (44.1)

	
22 (32.4)

	
3 (4.4)




	

	
Mean (95% CI)

	
3.50 (2.79–4.21)

	
3.43 (3.02–3.85)

	
3.63 (3.14–4.12)

	
4.13 (3.59–4.66)

	
3.46 (2.78–4.14)

	
3.10 (2.63–3.57)

	
3.68 (3.29–4.08)

	
3.33 (0.46–6.20)




	
Bitter_T

	
N (% of total)

	
6 (31.6)

	
7 (36.8)

	
6 (31.6)

	
0

	
4 (12.1)

	
15 (45.5)

	
14 (42.4)

	
0




	

	
Mean (95% CI)

	
1.67 (1.12–2.21)

	
4.14 (3.79–4.49)

	
2.67 (0.95–4.38)

	

	
3.75 (1.75–5.75)

	
2.93 (2.22–3.64)

	
3.43 (2.65–4.20)

	




	
Cereal_T

	
N (% of total)

	
27 (18.2)

	
62 (41.9)

	
44 (29.7)

	
15 (10.1)

	
29 (19.1)

	
64 (42.1)

	
42 (27.6)

	
17 (11.2)




	

	
Mean (95% CI)

	
4.26 (3.90–4.62)

	
4.29 (4.07–4.51)

	
4.20 (3.94–4.47)

	
4.33 (4.06–4.60)

	
4.31 (3.93–4.69)

	
4.31 (4.10–4.53)

	
4.36 (4.12–4.59)

	
4.06 (3.67–4.44)




	
Nutty_T

	
N (% of total)

	
26 (22.4)

	
49 (42.2)

	
34 (29.3)

	
7 (6.0)

	
25 (23.4)

	
44 (41.1)

	
30 (28.0)

	
8 (7.5)




	

	
Mean (95% CI)

	
3.27 (2.73–3.81) a

	
3.84 (3.57–4.10) b

	
3.88 (3.54–4.22) b

	
3.86 (3.03–4.69) ab

	
3.72 (3.17–4.27)

	
3.57 (3.24–3.90)

	
3.60 (3.23–3.97)

	
3.75 (3.16–4.34)




	
Sour_T

	
N (% of total)

	
2 (14.3)

	
5 (35.7)

	
7 (50.0)

	
0

	
6 (26.1)

	
7 (30.4)

	
10 (43.5)

	
0




	

	
Mean (95% CI)

	
2.50 (1.96–2.65)

	
3.00 (1.24–4.76)

	
3.71 (2.55–4.87)

	

	
2.83 (1.44–4.23)

	
3.29 (2.13–4.45)

	
3.20 (2.09–4.31)

	




	
Sweet_T

	
N (% of total)

	
26 (19.3)

	
54 (40.0)

	
39 (28.9)

	
16 (11.9)

	
27 (18.6)

	
61 (42.1)

	
40 (27.6)

	
17 (11.7)




	

	
Mean (95% CI)

	
3.85 (3.38–4.31)

	
3.83 (3.60–4.07)

	
3.82 (3.51–4.13)

	
4.06 (3.57–4.56)

	
3.41 (2.94–3.88) a

	
3.80 (3.56–4.05) ab

	
3.90 (3.60–4.20) b

	
4.24 (3.95–4.52) b




	
Astringent_TX

	
N (% of total)

	
9 (26.5)

	
14 (41.2)

	
10 (29.4)

	
1 (2.9)

	
12 (29.3)

	
17 (41.5)

	
12 (29.3)

	
0




	

	
Mean (95% CI)

	
2.89 (1.91–3.86)

	
2.93 (2.13–3.73)

	
3.40 (2.50–4.30)

	
4.00

	
2.67 (1.84–3.49)

	
2.47 (1.81–3.13)

	
3.50 (2.62–4.38)

	




	
Viscous_TX

	
N (% of total)

	
11 (22.0)

	
18 (36.0)

	
16 (32.0)

	
5 (10.0)

	
9 (18.8)

	
23 (47.9)

	
11 (22.9)

	
5 (10.4)




	

	
Mean (95% CI)

	
3.00 (2.40–3.60)

	
3.00 (2.39–3.61)

	
3.38 (2.73–4.02)

	
3.20 (1.84–4.56)

	
2.67 (1.90–3.44) a

	
2.70 (2.24–3.16) a

	
3.91 (3.44–4.38) b

	
3.20 (1.58–4.82) ab




	
Oily_TX

	
N (% of total)

	
11 (17.7)

	
27 (43.5)

	
20 (32.3)

	
4 (6.5)

	
13 (18.3)

	
27 (38.0)

	
23 (32.4)

	
8 (11.3)




	

	
Mean (95% CI)

	
3.18 (2.24–4.12)

	
3.15 (2.65–3.65)

	
3.15 (2.69–3.61)

	
3.50 (0.74–6.26)

	
2.54 (1.73–3.34) a

	
3.33 (2.89–3.77) ab

	
3.61 (3.11–4.11) b

	
3.50 (2.41–4.59) ab








* _A = appearance, _O = odor, _T = taste, _TX = texture; a,b significance according to Fisher’s LSD α = 0.05.
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Table 3. RATA attribute assessment of plant-based cheese in two sessions on a 5-point scale, with different shares of 159 participants. Significant differences could be calculated for the attributes in bold.
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1st Session

	
2nd Session




	
Attribute *

	

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan






	
Yellow_A

	
N (% of total)

	
33 (20.9)

	
64 (40.5)

	
44 (27.8)

	
17 (10.8)

	
33 (20.8)

	
65 (40.9)

	
44 (27.7)

	
17 (10.7)




	

	
Mean (95% CI)

	
4.85 (4.72–4.98)

	
4.89 (4.81–4.97)

	
4.77 (4.64–4.90)

	
4.94 (4.82–5.07)

	
4.79 (4.64–4.94) ab

	
4.88 (4.79–4.96) b

	
4.77 (4.64–4.90) ab

	
4.65 (4.39–4.90) a




	
Glossy_A

	
N (% of total)

	
3 (18.8)

	
8 (50.0)

	
4 (25.0)

	
1 (6.3)

	
8 (32.0)

	
8 (32.0)

	
7 (28.0)

	
2 (8.0)




	

	
Mean (95% CI)

	
3.67 (1.24–7.46)

	
3.38 (2.20–4.55)

	
3.50 (1.74–6.26)

	
3.00

	
2.13 (1.08–3.17)

	
2.75 (1.28–4.22)

	
3.14 (1.69–4.60)

	
4.50 (0.85–5.85)




	
Cheesy_O

	
N (% of total)

	
33 (21.6)

	
60 (39.2)

	
43 (28.1)

	
17 (11.1)

	
32 (21.2)

	
60 (39.7)

	
42 (27.8)

	
17 (11.3)




	

	
Mean (95% CI)

	
4.27 (3.86–4.68) a

	
4.67 (4.46–4.88) b

	
4.51 (4.27–4.76) ab

	
4.59 (4.33–4.85) ab

	
4.28 (3.96–4.60) ab

	
4.62 (4.45–4.78) b

	
4.52 (4.31–4.73) ab

	
4.12 (3.52–4.72) a




	
Nutty_O

	
N (% of total)

	
15 (22.4)

	
26 (38.8)

	
17 (25.4)

	
9 (13.4)

	
16 (21.9)

	
25 (34.2)

	
24 (32.9)

	
8 (11.0)




	

	
Mean (95% CI)

	
3.27 (2.50–4.03)

	
3.35 (2.88–3.82)

	
3.53 (3.04–4.01)

	
3.22 (2.08–4.36)

	
2.56 (1.89–3.24) a

	
3.60 (3.14–4.06) b

	
3.71 (3.27–4.15) b

	
3.50 (2.73–4.27) ab




	
Sour_O

	
N (% of total)

	
21 (23.1)

	
40 (44.0)

	
24 (26.4)

	
6 (6.6)

	
21 (20.8)

	
40 (39.6)

	
30 (29.7)

	
10 (9.9)




	

	
Mean (95% CI)

	
3.43 (2.94–3.92)

	
3.40 (3.03–3.77)

	
3.25 (2.78–3.72)

	
3.83 (2.80–4.87)

	
3.19 (2.62–3.76)

	
3.58 (3.22–3.93)

	
3.17 (2.65–3.69)

	
3.20 (2.26–4.14)




	
Brothy_O

	
N (% of total)

	
23 (18.3)

	
50 (39.7)

	
38 (30.2)

	
15 (11.9)

	
21 (17.1)

	
46 (37.4)

	
41 (33.3)

	
15 (12.2)




	

	
Mean (95% CI)

	
3.52 (3.02–4.02) a

	
3.76 (3.46–4.06) ab

	
3.84 (3.53–4.15) ab

	
4.27 (3.88–4.66) b

	
3.86 (3.37–4.34)

	
3.89 (3.51–4.27)

	
4.05 (3.78–4.32)

	
4.33 (4.06–4.60)




	
Cereal_O

	
N (% of total)

	
7 (25.9)

	
11 (40.7)

	
8 (29.6)

	
1 (3.7)

	
9 (26.5)

	
13 (38.2)

	
8 (23.5)

	
4 (11.8)




	

	
Mean (95% CI)

	
3.86 (3.03–4.69)

	
2.73 (1.87–3.58)

	
3.63 (2.74–4.51)

	
4.00

	
1.89 (0.91–2.86)

	
2.46 (1.62–3.30)

	
2.88 (1.83–3.92)

	
2.75 (0.36–5.14)




	
Cheesy_T

	
N (% of total)

	
27 (19.4)

	
58 (41.7)

	
38 (27.3)

	
16 (11.5)

	
29 (19.7)

	
61 (41.5)

	
41 (27.9)

	
16 (10.9)




	

	
Mean (95% CI)

	
4.26 (3.94–4.58)

	
4.33 (4.13–4.52)

	
4.18 (3.94–4.42)

	
4.25 (3.94–4.56)

	
4.00 (3.66–4.34)

	
4.33 (4.13–4.53)

	
4.24 (3.95–4.53)

	
3.94 (3.37–4.50)




	
Milky_T

	
N (% of total)

	
17 (21.5)

	
30 (38.0)

	
25 (31.6)

	
7 (8.9)

	
20 (22.2)

	
32 (35.6)

	
34 (37.8)

	
4 (4.4)




	

	
Mean (95% CI)

	
3.65 (3.29–4.01)

	
3.60 (3.25–3.95)

	
3.60 (3.14–4.06)

	
3.43 (2.38–4.48)

	
3.10 (2.53–3.67) a

	
3.66 (3.36–3.95) b

	
3.56 (3.30–3.82) ab

	
3.75 (1.75–5.75) ab




	
Salty_T

	
N (% of total)

	
27 (18.9)

	
59 (41.3)

	
44 (30.8)

	
13 (9.1)

	
26 (17.9)

	
60 (41.4)

	
42 (29.0)

	
17 (11.7)




	

	
Mean (95% CI)

	
4.07 (3.64–4.51)

	
3.93 (3.65–4.21)

	
4.05 (3.72–4.37)

	
4.00 (3.51–4.49)

	
4.12 (3.73–4.50)

	
4.08 (3.83–4.33)

	
3.93 (3.59–4.27)

	
3.88 (3.41–4.36)




	
Sweet_T

	
N (% of total)

	
6 (20.7)

	
13 (44.8)

	
9 (31.0)

	
1 (3.4)

	
10 (34.5)

	
11 (37.9)

	
6 (20.7)

	
2 (6.9)




	

	
Mean (95% CI)

	
3.67 (2.81–4.52)

	
2.62 (1.74–3.49)

	
3.11 (1.99–4.23)

	
4.00

	
2.80 (1.86–3.74)

	
2.73 (1.99–3.47)

	
3.50 (2.62–4.38)

	
3.00 (1.71–5.17)




	
Umami_T

	
N (% of total)

	
26 (17.8)

	
60 (41.1)

	
43 (29.5)

	
17 (11.6)

	
25 (17.5)

	
60 (42.0)

	
41 (28.7)

	
17 (11.9)




	

	
Mean (95% CI)

	
3.96 (3.56–4.37) a

	
4.12 (3.93–4.30) ab

	
4.26 (4.01–4.50) ab

	
4.47 (4.15–4.79) b

	
3.84 (3.45–4.23) a

	
4.08 (3.85–4.31) ab

	
4.37 (4.17–4.56) b

	
4.29 (3.79–4.80) ab




	
Creamy_TX

	
N (% of total)

	
30 (20.4)

	
63 (42.9)

	
37 (25.2)

	
17 (11.6)

	
27 (18.8)

	
61 (42.4)

	
40 (27.8)

	
16 (11.1)




	

	
Mean (95% CI)

	
4.07 (3.70–4.43)

	
4.05 (3.78–4.31)

	
4.14 (3.82–4.45)

	
4.00 (3.55–4.45)

	
3.70 (3.25–4.15)

	
3.98 (3.73–4.24)

	
4.15 (3.91–4.39)

	
3.81 (3.16–4.46)




	
Juicy_TX

	
N (% of total)

	
23 (20.0)

	
48 (41.7)

	
29 (25.2)

	
15 (13.0)

	
22 (19.5)

	
49 (43.4)

	
30 (26.5)

	
12 (10.6)




	

	
Mean (95% CI)

	
3.65 (3.17–4.13)

	
3.79 (3.47–4.11)

	
3.93 (3.59–4.27)

	
4.20 (3.89–4.51)

	
3.55 (3.00–4.09)

	
3.67 (3.31–4.03)

	
3.83 (3.51–4.16)

	
3.83 (3.38–4.29)




	
Sticky_TX

	
N (% of total)

	
14 (35.9)

	
16 (41.0)

	
7 (17.9)

	
2 (5.1)

	
14 (30.4)

	
19 (41.3)

	
9 (19.6)

	
4 (8.7)




	

	
Mean (95% CI)

	
2.86 (2.05–3.67)

	
3.25 (2.54–3.96)

	
3.29 (2.13–4.45)

	
2.50 (1.56–3.15)

	
2.36 (1.55–3.16)

	
3.05 (2.49–3.62)

	
2.89 (1.99–3.79)

	
3.00 (1.16–4.84)








* _A = appearance, _O = odor, _T = taste, _TX = texture; a,b significance according to Fisher’s LSD α = 0.05.
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Table 4. RATA attribute evaluation of plant-based salami in two sessions on a 5-point scale, with different shares of 159 participants. Significant differences could be calculated for the attributes in bold, without the vegan nutrition style.






Table 4. RATA attribute evaluation of plant-based salami in two sessions on a 5-point scale, with different shares of 159 participants. Significant differences could be calculated for the attributes in bold, without the vegan nutrition style.





	

	

	
1st Session

	
2nd Session




	
Attribute *

	

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Omnivore

	
Flexitarian

	
Vegetarian






	
Red_A

	
N (% of total)

	
33 (23.6)

	
64 (45.7)

	
43 (30.7)

	
32 (23.0)

	
64 (46.0)

	
43 (30.9)




	

	
Mean (95% CI)

	
4.36 (3.99–4.74)

	
4.50 (4.29–4.71)

	
4.53 (4.33–4.74)

	
4.28 (3.86–4.70)

	
4.42 (4.20–4.64)

	
4.65 (4.49–4.81)




	
Glossy_A

	
N (% of total)

	
13 (21.7)

	
29 (48.3)

	
18 (30.0)

	
13 (21.7)

	
26 (43.3)

	
21 (35.0)




	

	
Mean (95% CI)

	
3.15 (2.27–4.04)

	
3.72 (3.37–4.07)

	
3.44 (2.87–4.02)

	
3.15 (2.24–4.07)

	
3.23 (2.81–3.65)

	
3.14 (2.64–3.65)




	
Brothy_O

	
N (% of total)

	
29 (21.6)

	
63 (47.0)

	
42 (31.3)

	
30 (22.1)

	
63 (46.3)

	
43 (31.6)




	

	
Mean (95% CI)

	
4.52 (4.20–4.83)

	
4.65 (4.50–4.80)

	
4.67 (4.48–4.86)

	
4.40 (4.05–4.75)

	
4.59 (4.41–4.76)

	
4.53 (4.34–4.73)




	
Meaty_O

	
N (% of total)

	
32 (23.5)

	
62 (45.6)

	
42 (30.9)

	
30 (22.7)

	
61 (46.2)

	
41 (31.1)




	

	
Mean (95% CI)

	
4.28 (3.94–4.63)

	
4.53 (4.31–4.75)

	
4.62 (4.42–4.81)

	
4.07 (3.66–4.47)

	
4.26 (4.03–4.49)

	
4.46 (4.25–4.68)




	
Cereal_O

	
N (% of total)

	
6 (27.3)

	
8 (36.4)

	
8 (36.4)

	
6 (33.3)

	
8 (44.4)

	
4 (22.2)




	

	
Mean (95% CI)

	
2.17 (0.94–3.39)

	
3.00 (1.66–4.34)

	
2.88 (1.36–4.39)

	
2.67 (1.09–4.25)

	
1.88 (1.34–2.41)

	
3.25 (0.86–5.64)




	
Paprika_O

	
N (% of total)

	
17 (21.5)

	
36 (45.6)

	
26 (32.9)

	
19 (24.4)

	
35 (44.9)

	
24 (30.8)




	

	
Mean (95% CI)

	
2.88 (2.16–3.61)

	
3.19 (2.75–3.64)

	
3.15 (2.72–3.59)

	
3.47 (2.91–4.04)

	
3.57 (3.24–3.91)

	
3.38 (2.85–3.90)




	
Meaty_T

	
N (% of total)

	
25 (21.4)

	
56 (47.9)

	
36 (30.8)

	
25 (20.5)

	
57 (46.7)

	
40 (32.8)




	

	
Mean (95% CI)

	
3.44 (2.92–3.96) a

	
3.89 (3.60–4.18) ab

	
4.22 (3.94–4.50) b

	
3.84 (3.40–4.28)

	
3.86 (3.59–4.13)

	
4.13 (3.83–4.42)




	
Cereal_T

	
N (% of total)

	
9 (25.7)

	
16 (45.7)

	
10 (28.6)

	
9 (31.0)

	
13 (44.8)

	
7 (24.1)




	

	
Mean (95% CI)

	
3.22 (2.22–4.22)

	
2.75 (2.04–3.46)

	
2.80 (1.69–3.91)

	
2.78 (1.94–3.62)

	
2.69 (1.90–3.49)

	
3.29 (2.01–4.56)




	
Pepper_T

	
N (% of total)

	
23 (19.8)

	
55 (47.4)

	
38 (32.8)

	
22 (18.3)

	
56 (46.7)

	
42 (35.0)




	

	
Mean (95% CI)

	
3.83 (3.36–4.29)

	
3.87 (3.58–4.16)

	
4.08 (3.79–4.37)

	
3.41 (2.89–3.93)

	
3.91 (3.67–4.15)

	
3.88 (3.53–4.23)




	
Salty_T

	
N (% of total)

	
27 (20.8)

	
61 (36.9)

	
42 (32.3)

	
26 (20.3)

	
61 (47.7)

	
41 (32.0)




	

	
Mean (95% CI)

	
3.96 (3.58–4.35)

	
3.95 (3.71–4.19)

	
4.21 (3.96–4.47)

	
3.92 (3.50–4.35)

	
4.15 (3.94–4.35)

	
4.12 (3.88–4.37)




	
Sweet_T

	
N (% of total)

	
8 (28.6)

	
12 (42.9)

	
8 (28.6)

	
7 (26.9)

	
15 (57.7)

	
4 (15.4)




	

	
Mean (95% CI)

	
3.13 (2.08–4.17)

	
2.83 (1.90–3.77)

	
2.75 (1.35–4.15)

	
3.71 (3.02–4.41) b

	
2.53 (1.78–3.28) a

	
2.50 (0.45–4.55) ab




	
Umami_T

	
N (% of total)

	
25 (19.7)

	
61 (48.0)

	
41 (32.3)

	
27 (21.4)

	
57 (45.2)

	
42 (33.3)




	

	
Mean (95% CI)

	
4.16 (3.70–4.62)

	
4.28 (4.02–4.54)

	
4.29 (4.05–4.54)

	
4.22 (3.87–4.57)

	
4.21 (3.97–4.45)

	
4.21 (3.98–4.45)




	
Firm_TX

	
N (% of total)

	
16 (17.6)

	
44 (48.4)

	
31 (34.1)

	
20 (20.0)

	
49 (49.0)

	
31 (31.0)




	

	
Mean (95% CI)

	
3.56 (2.89–4.24)

	
3.34 (3.00–3.68)

	
3.58 (3.24–3.92)

	
3.65 (3.02–4.28)

	
3.29 (2.94–3.63)

	
3.39 (2.95–3.83)




	
Juicy_TX

	
N (% of total)

	
23 (21.5)

	
51 (47.7)

	
33 (30.8)

	
22 (20.8)

	
49 (46.2)

	
35 (33.0)




	

	
Mean (95% CI)

	
3.52 (3.09–3.95)

	
3.63 (3.31–3.95)

	
3.48 (3.14–3.83)

	
3.55 (3.06–4.03)

	
3.43 (3.11–3.74)

	
3.57 (3.22–3.93)




	
Gummy_TX

	
N (% of total)

	
22 (26.5)

	
37 (44.6)

	
24 (28.9)

	
20 (28.2)

	
29 (40.8)

	
22 (31.0)




	

	
Mean (95% CI)

	
3.68 (3.16–4.20)

	
3.19 (2.79–3.59)

	
3.17 (2.55–3.79)

	
3.05 (2.43–3.67)

	
3.28 (2.78–3.77)

	
3.18 (2.59–3.77)








* _A = appearance, _O = odor, _T = taste, _TX = texture; a,b significance according to Fisher’s LSD α = 0.05.
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Table 5. Attribute overall liking for the plant-based alternative products in two sessions. Mean values of the 9-point hedonic scale with 95% confidence intervals and significance variances.
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Nutrition Style

	
Attribute

“Likes Very Much” and “Likes Extremely”

	
N

	
Oat Drink

Mean (95% CI) and Significance

	
Cheese

Mean (95% CI) and Significance

	
Salami

Mean (95% CI) and Significance




	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd






	
Omnivore

	

	
36

	
6.48 (5.92–7.05) a

	
6.45 (5.91–7.00) a

	
6.58 (5.90–7.25) a

	
6.73 (6.14–7.31) a

	
5.24 (4.42–6.06) a

	
5.52 (4.70–6.33) ns




	

	
% within nutrition style

	

	
33.3

	
27.2

	
42.4

	
27.3

	
18.2

	
21.2




	
Flexitarian

	

	
62

	
7.05 (6.71–7.39) a

	
7.11 (6.73–7.48) ab

	
6.97 (6.58–7.35) a

	
6.88 (6.42–7.33) a

	
6.40 (5.93–6.87) a

	
6.26 (5.77–6.75) ns




	

	
% within nutrition style

	

	
41.5

	
47.7

	
44.6

	
46.1

	
30.8

	
26.2




	
Vegetarian

	

	
44

	
7.27 (6.96–7.59) a

	
7.02 (6.62–7.42) ab

	
6.70 (6.10–7.31) a

	
6.70 (6.06–7.35) a

	
6.27 (5.68–6.86) b

	
6.32 (5.78–6.86) ns




	

	
% within nutrition style

	

	
52.3

	
40.9

	
45.4

	
47.7

	
31.8

	
22.7




	
Vegan

	

	
17

	
8.06 (7.77–8.34) b

	
7.82 (7.37–8.28) b

	
8.18 (7.85–8.50) b

	
8.06 (7.72–8.40) b

	

	




	

	
% within nutrition style

	

	
88.2

	
76.4

	
88.2

	
82.3

	

	








a,b Significance according to Fisher’s LSD α = 0.05, ns not significant.
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Table 6. Frequency of consumption (%) of PBMAs (plant-based meat alternatives), PBCAs (plant-based cheese alternatives), and PBMiAs (plant-based milk alternatives) of all participants and by diet.






Table 6. Frequency of consumption (%) of PBMAs (plant-based meat alternatives), PBCAs (plant-based cheese alternatives), and PBMiAs (plant-based milk alternatives) of all participants and by diet.















	
	
	All

n = 159
	Omnivore

n = 36
	Flexitarian

n = 62
	Vegetarian

n = 44
	Vegan

n = 17
	p-Value





	PBMAs
	never
	3.8
	6.1
	6.2
	0.0
	0.0
	



	
	<1x per month
	31.4
	60.6
	33.8
	13.6
	11.8
	<0.001 1



	
	>1x per month, <1x per week
	27.0
	21.2
	27.7
	34.1
	17.6
	



	
	1–2x per week
	14.5
	12.1
	15.4
	18.2
	5.9
	



	
	3–4x per week
	9.4
	0.0
	7.7
	18.2
	11.8
	



	
	≥5x per week
	5.0
	0.0
	4.6
	9.1
	5.9
	



	
	daily
	8.8
	0.0
	4.6
	6.8
	47.1
	<0.001 1



	PBMAs 3
	Mean (SD)
	3.45 (1.63)
	2.39 (0.79) a
	3.17 (1.49) a
	3.95 (1.47) b
	5.24 (1.99) c
	<0.001 2



	PBCAs
	never
	22.0
	51.5
	24.6
	4.5
	0.0
	<0.001 1



	
	<1x per month
	49.1
	36.4
	55.4
	59.1
	23.5
	0.025 1



	
	>1x per month, <1x per week
	12.6
	9.1
	9.2
	18.2
	17.6
	



	
	1–2x per week
	7.5
	3.0
	4.6
	4.5
	35.3
	<0.001 1



	
	3–4x per week
	4.4
	0.0
	4.6
	4.5
	11.8
	



	
	≥5x per week
	1.3
	0.0
	0.0
	2.3
	5.9
	



	
	daily
	3.1
	0.0
	1.5
	6.8
	5.9
	



	PBCAs 3
	Mean (SD)
	2.40 (1.37)
	1.64 (0.78) a
	2.15 (1.15) ab
	2.80 (1.52) b
	3.76 (1.44) c
	<0.001 2



	PBMiAs
	never
	8.8
	21.2
	10.8
	0.0
	0.0
	0.006 1



	
	<1x per month
	29.6
	42.4
	30.8
	27.3
	5.9
	



	
	>1x per month, <1x per week
	17.6
	12.1
	21.5
	20.5
	5.9
	



	
	1–2x per week
	10.1
	12.1
	9.2
	9.1
	11.8
	



	
	3–4x per week
	11.3
	6.1
	6.2
	20.5
	17.6
	



	
	≥5x per week
	8.8
	3.0
	7.7
	9.1
	23.5
	



	
	daily
	13.8
	3.0
	13.8
	13.6
	35.3
	0.020 1



	PBMiAs 3
	Mean (SD)
	3.67 (1.94)
	2.61 (1.52) a
	3.48 (1.95) ab
	4.05 (1.78) b
	5.53 (1.55) c
	<0.001 2







a–c Values with the same superscript letter indicate statistically significant differences between nutritional styles based on the Kruskal–Wallis rank test, and when differences existed, they were determined using the Bonferroni correction two-sample test, p < 0.05. 1 Pearson chi-square. 2 Kruskal–Wallis rank test. 3 Measured on a 7-point scale from “never” (1) to “daily” (7).
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Table 7. Motives for purchasing PBMAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).






Table 7. Motives for purchasing PBMAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
p-Value






	
Animal Welfare

	
148

	
4.41 (1.00)

	
30

	
4.00 (1.26) a

	
57

	
4.37 (0.94) ab

	
44

	
4.50 (0.95) ab

	
17

	
5.00 (-) b

	
0.008




	
Environment

	
145

	
3.78 (1.18)

	
28

	
2.93 (1.33) a

	
56

	
3.91 (0.98) b

	
44

	
4.02 (1.07) b

	
17

	
4.12 (1.22) b

	
<0.001




	
Health

	
149

	
3.63 (1.00)

	
30

	
3.33 (1.03)

	
58

	
3.72 (1.01)

	
44

	
3.66 (0.99)

	
17

	
3.76 (0.97)

	
0.325




	
Product Lifestyle

	
149

	
3.46 (0.92)

	
30

	
3.43 (0.90)

	
58

	
3.34 (0.98)

	
44

	
3.52 (0.79)

	
17

	
3.71 (1.05)

	
0.506




	
Convenience

	
145

	
3.05 (1.19)

	
28

	
2.39 (1.31) a

	
58

	
3.07 (1.30) ab

	
44

	
3.25 (0.97) b

	
17

	
3.18 (0.88) ab

	
0.020




	
Sensory appeal

	
147

	
3.01 (1.20)

	
28

	
2.43 (1.29) a

	
56

	
3.04 (1.18) ab

	
44

	
3.25 (1.10) b

	
17

	
3.59 (0.94) b

	
0.005




	
Social setting

	
146

	
2.35 (1.54)

	
30

	
2.03 (1.63)

	
57

	
2.26 (1.43)

	
42

	
2.33 (1.48)

	
17

	
3.24 (1.68)

	
0.068








1 plant-based meat alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05). Deviation in N due to the answer option “I don’t know”.
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Table 8. Motives for purchasing PBCAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).






Table 8. Motives for purchasing PBCAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
p-Value






	
Animal Welfare

	
122

	
4.30 (1.13)

	
16

	
3.69 (1.66) a

	
47

	
4.06 (1.13) a

	
42

	
4.52 (0.92) ab

	
17

	
5.00 (-) b

	
0.001




	
Environment

	
122

	
4.11 (1.10)

	
16

	
3.56 (1.59)

	
47

	
4.21 (1.00)

	
42

	
4.12 (0.99)

	
17

	
4.29 (0.99)

	
0.181




	
Product Lifestyle

	
122

	
3.39 (0.91)

	
16

	
3.56 (0.98)

	
47

	
3.28 (0.93)

	
42

	
3.31 (0.84)

	
17

	
3.71 (1.05)

	
0.304




	
Health

	
121

	
3.01 (0.95)

	
15

	
2.80 (1.21) ab

	
47

	
2.79 (0.83) a

	
42

	
3.12 (0.86) ab

	
17

	
3.53 (1.07) b

	
0.029




	
Sensory appeal

	
122

	
2.97 (1.27)

	
16

	
2.31 (1.08) a

	
47

	
2.89 (1.37) a

	
42

	
2.90 (1.14) a

	
17

	
3.94 (0.90) b

	
0.002




	
Social setting

	
122

	
1.67 (1.26)

	
16

	
1.56 (1.37) a

	
47

	
1.49 (1.08) a

	
42

	
1.50 (1.02) a

	
17

	
2.71 (1.69) b

	
0.003








1 plant-based cheese alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05). Deviation in N due to the answer option “I don’t know”.
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Table 9. Motives for purchasing PBMiAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).






Table 9. Motives for purchasing PBMiAs 1 by diet measured on a 5-point-scale (1 “totally disagree”, 5 “totally agree”).





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
N

	
Mean (SD)

	
p-Value






	
Animal Welfare

	
143

	
4.31 (1.08)

	
26

	
4.00 (1.36) a

	
56

	
4.13 (1.13) a

	
44

	
4.50 (0.90) ab

	
17

	
4.94 (0.24) b

	
0.010




	
Environment

	
143

	
4.18 (1.11)

	
26

	
3.50 (1.53) a

	
56

	
4.05 (1.03) ab

	
44

	
4.57 (0.73) b

	
17

	
4.65 (0.79) b

	
<0.001




	
Sensory appeal

	
143

	
3.66 (0.29)

	
26

	
3.35 (1.47)

	
56

	
3.71 (1.32)

	
44

	
3.52 (1.19)

	
17

	
4.35 (1.00)

	
0.070




	
Product Lifestyle

	
143

	
3.64 (0.92)

	
26

	
3.73 (1.00)

	
56

	
3.50 (0.98)

	
44

	
3.77 (0.83)

	
17

	
3.65 (1.11)

	
0.488




	
Health

	
143

	
3.36 (1.15)

	
26

	
3.00 (1.30) a

	
57

	
2.98 (1.13) a

	
43

	
3.77 (0.92) b

	
17

	
4.12 (0.86) b

	
<0.001




	
Social setting

	
143

	
2.08 (1.50)

	
26

	
2.23 (1.77) ab

	
56

	
1.80 (1.27) a

	
44

	
1.95 (1.28) ab

	
17

	
3.06 (1.92) b

	
0.019








1 plant-based milk alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05). Deviation in N due to the answer option “I don’t know”.
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Table 10. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBMAs 1 by participants’ diets.






Table 10. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBMAs 1 by participants’ diets.





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
p-Value






	
Consistency

	
151

	
4.25 (0.87)

	
30

	
3.83 (1.09) a

	
60

	
4.22 (0.85) ab

	
44

	
4.41 (0.76) b

	
17

	
4.71 (0.47) b

	
0.004




	
UPF

	
142

	
4.05 (0.88)

	
30

	
4.00 (1.08)

	
54

	
4.07 (0.82)

	
41

	
4.02 (0.82)

	
17

	
4.12 (0.86)

	
0.966




	
Environment

	
145

	
3.89 (1.04)

	
25

	
3.28 (1.14) a

	
59

	
3.90 (1.05) ab

	
44

	
4.07 (0.87) b

	
17

	
4.29 (0.92) b

	
0.005




	
Additives

	
111

	
2.22 (1.11)

	
23

	
1.87 (1.06) a

	
45

	
2.24 (1.21) ab

	
33

	
2.15 (0.83) ab

	
10

	
3.10 (1.20) b

	
0.030








1 plant-based meat alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05); UPF = ultra-processed food. Deviation in N due to the answer option “I don’t know”.
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Table 11. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBCAs 1 by participants’ diets.






Table 11. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBCAs 1 by participants’ diets.





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
p-Value






	
Consistency

	
121

	
4.33 (0.82)

	
15

	
4.00 (1.25)

	
48

	
4.21 (0.71)

	
42

	
4.45 (0.80)

	
16

	
4.69 (0.48)

	
0.057




	
UPF

	
113

	
4.11 (0.90)

	
15

	
4.13 (1.25)

	
44

	
4.18 (0.79)

	
38

	
4.00 (0.84)

	
16

	
4.13 (1.03)

	
0.839




	
Additives

	
103

	
4.11 (0.78)

	
16

	
4.31 (1.01)

	
41

	
4.15 (0.65)

	
33

	
3.82 (0.73)

	
13

	
4.46 (0.78)

	
0.035




	
Health

	
124

	
3.51 (1.16)

	
16

	
3.63 (1.18) ab

	
49

	
3.57 (1.17) ab

	
42

	
3.15 (1.22) a

	
17

	
4.07 (0.58) b

	
0.038








1 plant-based cheese alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05); UPF = ultra-processed food. Deviation in N due to the answer option “I don’t know”.
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Table 12. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBMiAs 1 by participants’ diets.






Table 12. Mean scores and standard deviation of the objective knowledge about sustainability characteristics of PBMiAs 1 by participants’ diets.





	

	
Total

	
Omnivore

	
Flexitarian

	
Vegetarian

	
Vegan

	




	

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
N

	
Mean

	
p-Value






	
Consistency

	
142

	
4.57 (0.74)

	
25

	
4.32 (0.99)

	
57

	
4.56 (0.68)

	
44

	
4.61 (0.72)

	
16

	
4.88 (0.34)

	
0.123




	
VAT

	
49

	
4.27 (1.08)

	
4

	
3.25 (1.71)

	
19

	
4.42 (0.84)

	
17

	
4.35(1.00)

	
9

	
4.22 (1.30)

	
0.256




	
Environment

	
133

	
4.20 (0.91)

	
22

	
3.75 (1.11) a

	
52

	
4.14 (0.83) ab

	
43

	
4.31 (0.90) ab

	
16

	
4.72 (0.58) b

	
0.008




	
Health

	
104

	
3.56 (1.05)

	
13

	
3.42 (1.41)

	
45

	
3.60 (1.04)

	
33

	
3.42 (0.98)

	
13

	
3.92 (0.89)

	
0.502








1 plant-based milk alternative, a,b different subscripts indicate that the mean scores were different between the diet groups (Bonferroni test, p < 0.05); VAT = value-added tax. Deviation in N due to the answer option “I don’t know”.
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