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Abstract

:

In recent years, consumers have shown considerable attention to functional foods that can provide various benefits. At the same time, the awareness of the problem of waste generation from the agri-food supply chains has increased; thus, scholars and practitioners are devoting great attention to sustainable food waste management. Within the wine processing, the production phase generates by-products such as marc, grape seeds, stems, and wine lees. In most cases, these by-products are treated as waste rather than as a resource, creating environmental, economic, and social impacts related to their disposal. By contrast, the reuse of oenological by-products in food production can have several health benefits, since they are rich in functional molecules such as fibres, polyphenols, and vitamin E, and can also trigger a circular economy model. The aim of this research is to investigate the acceptance of consumers towards bread enriched with oenological by-products through the application of k-means clustering, providing insights on the characterisation of groups of consumers based on their specific features and declared attitudes. The results showed three different consumers’ clusters, highlighting that the acceptance of this enriched bread is not influenced by the consumers’ socio-economic features, but it is related to consumers’ sensitivity. Therefore, target strategies should be put in place to inform consumers about the benefits associated with the consumption of bread enriched with oenological by-products.
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1. Introduction


The linear economy is the most widespread model focused on the conventional paradigm system of the take–make–dispose [1]. The linear food system, focused on the procurement of raw materials, processing, and waste disposal [2], is acknowledged as wasteful, polluting, and depletive, and is responsible for one half of the loss of biodiversity and for one third of global greenhouse gas emissions [3]. The current food system, while allowing the feeding of the growing population, it, however, does not allow the economy to follow a sustainability-oriented approach [4]. Therefore, the European Commission proposed the following definition for circular economy (CE): “in a CE, the value of products and materials is maintained for as long as possible; waste and resource use are minimised, and resources are kept within the economy when a product has reached the end of its life, to be used again and again to create further value” [5]. This stresses the need to convert the linear food systems into a defined circular economy food model, enhancing the by-products thanks to their introduction into the production cycle while also reducing the environmental impact caused by industries [5,6]. This need arises from a perspective of the valorisation of waste and by-products derived from the food production process. Indeed, the agri-food supply chain represents one of the hotspots generating great amounts of waste and pollutants affecting the environment [7].



For many years, the issues related to the disposal of waste and agri-food by-products have generated concerns both for companies affected by the economic impact of waste management and disposal, and for society alarmed by the environmental impacts [8]. However, insights from the literature [9,10,11] showed a growing interest of consumers towards the health effects of foods enriched with a high nutritional value, such as antioxidants, polyphenols, fibres, minerals, and vitamins. In this regard, the by-products derived from the wine industry can represent an optimal source from which to recover ingredients with high added value [12]. In fact, the numerous beneficial effects that the bioactive molecules present in wine by-products exert could be exploited by introducing them into the production cycle of various foods to obtain benefits for the human body. Traditional bread is a staple in Mediterranean countries and in the Italian diet, as it accounts for almost 40% of the total cereal intake [13,14]. According to Gil et al. [15], foods based on wholegrain cereals, including bread, play a crucial role in human health and well-being. Indeed, wholegrain cereals are rich in nutrients and phytochemical compounds with recognised benefits for health, and their regular consumption reduces the risk of cardiovascular diseases, type 2 diabetes mellitus, and certain types of cancer, as well as several gastrointestinal pathologies. Bread added with plant-based food by-products is defined as “functional bread”. The incorporation of these by-products in bread is a viable way of improving further the health and nutritional status of consumers and reducing food waste [16,17].



The aim of this research is to investigate the acceptance of Italian consumers towards bread enriched with oenological by-products, through data collection with a tailored questionnaire and the subsequent application of k-means clustering. This will advance the knowledge on the acceptance of food enriched with by-products, and particularly will provide insights on the characterisation of groups of consumers based on their specific features and declared attitudes for the consumption of bread enriched with oenological by-products.



The paper is structured as follows: After the analysis of the literature review in Section 2, Section 3 describes the materials and methods. Then, Section 4 and Section 5 report the results and discussion. Finally, conclusive remarks are highlighted in Section 6.




2. Literature Review


2.1. Oenological By-Products and Their Functional Compounds


Oenological by-products include grape marc, wine lees, grape stalks, grape seeds, and vine shoots. Grape marc, consisting of pulp, skins, stalks remnant and grape seeds, derives from the crushing and fermentation process of grapes for winemaking [18]. Another by-product is the stalk, which is the woody part of the bunch obtained from the destemming operation [19,20,21,22,23,24,25]. Wine lees are the residue that forms on the bottom of wine containers after fermentation and during storage [20,26,27,28,29,30,31,32]. Finally, the vine shoots result from the pruning of the vine [33]. All these oenological by-products are rich in functional compounds, thus can be exploited in the food and pharmaceutical fields [34]. Table 1 summarises the functional compounds in the different oenological by-products.



Several studies have been aimed at the enhancement of oenological by-products by introducing them in the food production process, since they are rich in bioactive molecules. In particular, wine lees were added to ice cream, yogurt, cereal bars, fish burgers, bread, and fermented sausages [26,55,56,57,58,59,60], while grape marc was added to various baked goods such as muffins, breadsticks, biscuits, and bread. A further research study highlighted the addition of grape seed flour to bakery products [61]; on the contrary, the literature did not show studies about the use of stems in these products.



Therefore, the addition of oenological by-products to baked goods determines the improvement in nutritional properties, so that they can be classified as functional foods. Functional food is consumed regularly in such a way that it is defined as an integral part of a standard diet; in addition to the basic nutritional functions, it must have beneficial effects on human health by reducing the risk of chronic disease [62], and the functionality must be scientifically proven [63]. The new market requirements, influenced by the increased awareness of the close analogy between healthy eating and psycho-physical well-being, can be met by offering functional foods [64]. In addition, the increasing attention of consumers to healthy food is due to the occurrence of allergies, intolerances, as well as the potential risk of food poisoning [65,66].




2.2. Consumers’ Acceptance of Innovative and Functional Foods


The success of functional foods, especially if derived from by-products, depends on consumer acceptance [67]. Indeed, the need to assess consumers’ acceptance towards innovative technologies and functional foods has emerged due to the rejection of new applications [68]. In addition, agri-food industries can survive only if they respond efficiently to consumers’ demand [69].



Several factors influence consumer acceptance towards food technologies and innovations. For example, the consumer’s orientation towards natural foods identified between local and organic products is well known [70], but this trend translates into a reluctance towards innovative food technologies. In fact, the refusal even to taste unknown foods was defined as food neophobia and this affects food choices with a significant impact on diets [71]. In addition, food neophobia may be the result of social distrust [72]. Several studies observed how age can influence neophobia; in fact, it emerged that there was a higher neophobic tendency of adults compared to younger consumers [72,73,74,75]. The food acceptability of consumers towards the purchase of functional foods is also influenced by familiarity with the functional ingredient [76] added in fortified food and the greater probability that it derives from nature [77]. Taste is also a variable influencing the innovative products’ consumption [78]; in fact, many studies claimed that consumers were reluctant to purchase functional foods if their taste performance was compromised [74,79,80,81,82], although other authors highlighted a better taste acceptance of consumers when functional foods had concrete health benefits [83]. Risk perception also plays a key role in the acceptance of functional foods. In this regard, incorrect communication of actual risks would reduce the willingness to accept functional foods [84]. Temesi et al. [85] defined “Perceived Health Correspondence” as a new factor influencing the consumer’s perception of functional ingredients.



In addition, each consumer is influenced by the cultural environment in which they live, by their political, social, and ethical values, but also by institutional context [86]. For example, several studies highlighted the predisposition of many consumers to pay an increased price when the food process is environmentally friendly [87,88]. Indeed, the increase in the consumption of organic products is associated both to the perceived healthy effects of organic foods and to the lower environmental impact that the production process implies compared to conventional foods [89]. In particular, the increased propensity of women to buy organic products has emerged because they are more attentive to food safety and health issues [90,91]. Following the awareness of environmental pollution, a new consumer figure was defined: the ethical consumer. This consumer, through their purchasing choices, expresses responsibility towards society [92]. Preferences are conditioned by other individual factors such as age, gender, marital status, employment, geographical area, income bracket, and educational level [93,94]. Valid strategies to increase the demand on the market for food products enriched with food by-products include the use of clear labels [95] and the presence of ad hoc food certification [96,97,98,99].



Several studies evaluated the consumers’ acceptance of functional foods. Van Kleef et al. [100] highlighted the greater propensity of consumers to accept the enrichment of healthier and more natural foods (such as yogurt and juices) than more treated ones (e.g., chewing gum, chocolate and ice cream). Even Verbeke et al. [101] found more acceptance of cereals enriched in fibre than juices fortified with calcium, probably due to the combination juice–calcium being considered less healthy and natural compared to cereals–fibre. The results of the study by Bech-Larsen et al. [102] agreed with those by van Kleef et al. [100] and Verbeke et al. [101], as consumers preferred the enrichment of natural foods such as yogurt compared to spreadable creams. However, the literature reported few studies that were aimed at analysing the consumer’s willingness to accept foods enriched with oenological by-products. This is because the field of research is new, but it is also due to the small number of developed food products tested [103,104,105].





3. Materials and Methods


3.1. Data Collection


A questionnaire was set up to collect the variables to be analysed and was distributed through the Google Forms platform; this was a voluntary survey and respondents could leave the survey at any time. This provided a convenience sample of 250 Italian people aged from 18 to over 50 years old, who were invited to fill in the questionnaire in February 2021. We opted to use a sample of convenience consumers, since data collection is less expensive and requires less time compared to data collection performed using other sampling methods [106]. Before submitting the questionnaire to the participants, a pilot survey of 20 people was carried out to validate it. The questionnaire included a preface to inform the participants about the health and environmental benefits of the bakery products enriched with by-products from the oenological industry. The initial part aimed to investigate the knowledge of these products, the frequency of consumption of organic products, and the propensity to purchase bakery products with beneficial effects on human health and the environment. In the subsequent parts, the respondents were asked questions about their socio-demographic characteristics. Basically, the answers were provided using a 5-point Likert scale, because it enables us to obtain a precise grade of agreement or disagreement of the participants and a high level of reliability. In addition, the Likert scale is easy for participants to understand and compile the questionnaire [107]. The use of the 5-point scale is due to the higher response rate and because it appears to be less confusing, as stated by Bouranta et al. [108]. In fact, the results of the study of Preston et al. [109] stated that the scales at five, ten, and seven points collected a greater preference for ease of use. In addition, Colman et al. [110] observed a preference of participants for the odd answer categories over even categories; this is due to the possibility of being able to line them up in a neutral zone. The sample statistics and the complete set of variables are reported in Section 4.1 and Section 4.2.




3.2. K-Means Clustering


Cluster analysis is a multivariate statistical technique created by the biologists Sokai and Sneath in 1963 for performing biological classifications [111]. Cluster analysis refers to the application of algorithms aimed at clustering objects based on intrinsic characteristics or perceived similarity [112]. This technique does not require the use of category labels that have already been used in the past; therefore, the absence of category information makes it possible to distinguish the grouping of data from the discriminating analysis [112,113]. In this research, the K-means algorithm was applied; it partitions the data set into K-clusters with the dual objective of making each cluster as compact as possible and the K-clusters as separated as possible. K-means clustering aims to partition the data set into K-clusters (K needs to be specified by the user) in which each observation belongs to the cluster with the nearest mean [114]. According to Park and Choi [115] and Das et al. [114], the application of k-means clustering was carried out according to the following procedure: (1) select K centroids (K rows chosen at random); (2) randomly select K objects from the data set as the initial cluster centres or means; (3) assign each data point to its closest centroid, based on the Euclidean distance between the object and the centroid; (4) for each of the K clusters, update the cluster centroid by calculating the new mean values of all the data points in the cluster. The centroid of a K cluster is a vector of length p containing the means of all variables for the observations in the K cluster, while p is the number of variables; (5) iterate steps 3 and 4 until the cluster assignments stop changing or the maximum number of iterations is reached. The k-means clustering is used in this research because it enables us to identify groups of individuals who tend to be homogeneous according to the variables that can be collected using a specially prepared questionnaire [112]. Furthermore, the k-means clustering has been widely applied in several pieces of research investigating consumers’ acceptance towards different foods [116,117,118,119]. Indeed, the cluster creation is useful for identifying groups of consumers that share similar characteristics in terms of needs to be satisfied [120,121,122]. After the application of k-means clustering, the Bonferroni post hoc test was carried out to check whether the clusters differed significantly from each other with respect to the variables [123].





4. Results


4.1. Sample Statistics


The highest respondents’ quota was observed in southern Italy (71.0%), followed by shares in northern (22.0%) and central Italy (7%). Moreover, 84.5% of the respondents came from the urban centre, while the remaining sample lived in rural areas. In total, 36.8% of respondents had a family of four members, followed by three (28.5%), five (10.8%), two (17%) and one (6.9%) members. The socio-economic characteristics of the sample, which are used as variables for the k-means clustering, are reported in Table 2. Most of respondents were women (59%), while 41% were men; the predominance of the female gender is frequent in the scientific literature, due to the greater responsibility that women have in shopping than men [124,125]. Regarding the age of respondents, 60% were between 18 and 30 years old, about 29% were between 31 and 50 years old, while 11% were over 50 years old. Regarding the level of education, most of the respondents held a high school degree (54%), followed by graduates and postgraduates (43.9%) and individuals with a compulsory education level (2.1%). An over-representation of respondents with a higher level of education is in line with the study by Meyerding et al. [126], who investigated the preferences of Germans towards superfoods in bread. Finally, the majority of respondents (40.7%) have a monthly household income between 1200 and 2000 euros, while 36% have an income between 2100 and 4000 euros, 13.6% of respondents earn more than 4100 euros, and 9.7% have an income of less than 1100 euros per month. It is to be noted that the geographic and age distributions of the sample, as well as the distribution related to the socio-economic features reported in Table 2, are derived from the use of a convenience sample, and particularly from the “snowball sampling”. According to Baltar and Brunet [127], snowball sampling is a useful approach in exploratory, qualitative, and descriptive research, especially in those studies where respondents are few in number or a high degree of trust is required to initiate the contact (e.g., hard to reach/hard to involve population). When snowball sampling is carried out by means of social networks, it can be defined as “virtual snowball sampling”.



Table 3 shows the statistics about the consumers’ information and preferences used as variables. In particular, data analysis showed that 59.3% of respondents have never heard of foods enriched with wine by-products to improve nutritional characteristics and shelf-life; conversely, 28.1% of the participants have heard about these foods but never found them on the market; 6.7% have seen these products on the market; and 2.4% have found them on the market and purchased them occasionally. Finally, only 3.5% know these foods and have already appreciated them previously. As explained by Qaim et al. [128], knowledge is an enabling element of fundamental importance for healthy agri-food systems and serves to create information for improving productivity, profitability, reliability, and resilience.



Consumers were also asked to attach importance to the characteristics of bread enriched with wine by-products. Most consumers have identified naturalness as important and absolutely important (94%); this is closely associated with the high frequency of consumption of this food. Therefore, the naturalness of bread is of extreme importance for most of the respondents, while only 6% consider this aspect medium important, unimportant, and not at all important. The naturalness of the food is, together with the freshness and minimal processing, the most requested attribute for consumers [129]. In addition, the study by Coderoni et al. [99] showed a positive correlation between the level of education and the propensity towards the naturalness of food.



As for the health aspects, 22.8% of the respondents attributed fundamental importance to the characteristics of enriched bread with health benefits, while 47% and 22.1% considered this attribute to be important and of medium importance, respectively. On the contrary, there is a very low share of consumers who think that health aspects are not important. Indeed, several studies have shown that the increased propensity to consume functional foods comes from consumers concerned about their health and diet [130,131]. In addition, these results are in agreement with the research by Coderoni et al. [99], who stated that most participants were inclined to buy foods enriched with by-products with a reduced environmental impact and health benefits.



The questionnaire asked also how the possible environmental impact of enriched bread production and consumption affected consumers’ choice. In this regard, the results showed that most consumers (63%) considered this aspect important and absolutely important, 24% considered it to be of reasonable importance, while 13% attributed little or no importance to it. Therefore, most of the sample assumed a behaviour defined as “ecological”, which can be influenced by ethical aspects of the consumer or external factors, such as ecological policy constraints [132]. Several studies observed a greater propensity of young people, women, and consumers with higher levels of education to accept “environmental friendly” food [132,133,134,135,136,137].



Regarding the frequency of consumption of organic foods and products, 9.8% of the respondents buy organic products regularly such as detergents, cosmetics, and clothing, while 15.10% consume organic foods regularly. About one third of respondents (33.3%) consume only specific categories of organic food and 35.1% occasionally consume organic products, while 6.7% do not consume any type of organic food and products. The propensity to purchase organic foods and products may be associated with environmental concerns [138].



Technophilia, defined as the willingness of consumers to buy foods obtained from innovative technologies, was also analysed [139]. The survey showed that only a small proportion of consumers (11%) were not prepared to accept new technologies under any circumstance; on the contrary, a high quota of consumers (30.5%) expressed a willingness to accept innovative technologies only if the safety features of the product were guaranteed by a certification; overall, 21.6% of participants would be willing to accept these technologies only with guarantees from the manufacturer, 25.9% only after a personal retrieval of information, while 11% would accept them in any case. Therefore, the sample is characterised by distrust towards food technologies, unless there are guarantees provided by certification boards and manufacturers.



In addition, the respondents were asked about their willingness to pay (WTP) for enriched bread with wine by-products. This showed that the most significant share of consumers (45.6%) would be willing to pay 10% more for this product, while 22.8% would pay for enriched bread only if it was sold at the price of conventional bread; another 22.8% would instead be willing to pay 20% more, and only 2.8% would pay 30% more. Only 6% would not pay for enriched bread in any case. Consequently, more than 70% of respondents would be willing to pay a premium price for this enriched bread.



An investigation of the willingness to accept modifications of traditional foods to improve their nutritional characteristics and increase their shelf-life showed that 33.7% of consumers are willing to accept these interventions, while 19.3% declared acceptance only to improve nutritional characteristics, and 6.7% only to prolong the shelf-life. Additionally, 19.6% of consumers stated that traditional foods must not be modified, and 20.7% would accept changes provided that the tradition remains unchanged.



Regarding the willingness to buy enriched food based on the nutritional declarations on the label, 34% of participants stated a propensity to purchase an enriched food if it was accompanied by a certification and an explanatory label of the benefits, 28.1% only with a comprehensive explanation of the benefits on the label, 22.8% after personally investigating the benefits, and 6.3% even without explicit statements on the label. Only 8.8% of respondents were not influenced by the label.



Consumers’ food choices are heavily influenced by taste [78]. In fact, 10.2% of respondents said that they would never accept a bread that differed in terms of taste from conventional bread, even if it was beneficial for health; 22.8% would only accept it if it had the same taste as the conventional bread; and the most significant percentage of consumers would be willing to accept a slightly different taste provided that the bread is actually beneficial for health (55.4%). Consumers willing to buy enriched bread even if it has a taste completely different from the traditional one are equal to 5.6% of those surveyed, while 6% would buy it regardless of the taste.



The willingness to accept enriched bread was also investigated. In total, 33.0% of survey participants were willing to buy enriched bread only if it retained the same organoleptic characteristics as conventional bread, while 30.0% would be willing to accept the organoleptic features of enriched bread, provided that they are clearly declared on the label. Overall, 17.0% of participants were inclined to buy functional bread only if these characteristics differed slightly from the not-enriched product, while 12.0% would not buy it anyway. Only 8.0% would always accept enriched bread.




4.2. Cluster Analysis


The final centroid values enabled us to determine the “labelling” of the clusters, and thus the assignment of the consumers to a specific cluster. The following three clusters of consumers were identified: (1) the “traditionalists”; (2) the “health-conscious”; (3) the “disengaged”. The features of these clusters are shown in Figure 1 and Table 4, and are described hereafter.



The first cluster is called “traditionalists” and includes 107 consumers, corresponding to 42.8% of the sample. These consumers are mainly women, with the lowest income and age among the three clusters, and a low average level of education. The definition “traditionalists” is mainly due to the reluctance towards innovations in food production processes and the modification of traditional products. These consumers are also reluctant to accept unconventional tastes, and show an average interest in the aspects of naturalness and health beneficial effects associated with enriched bread consumption. However, the cluster of traditionalists does not know about bread enriched with wine by-products; thus, they are the most reluctant consumers. In addition, they show a lower WTA and WTP than the other two clusters, which may be due to their moderate focus on health, the environment, and reluctance to accept this food even though the label fully explains its nutritional benefits. These consumers have a low awareness of environmental sustainability and do not consume organic products regularly. The traditionalists, therefore, are consumers with a conservative behaviour, in such a way that the variation in the characteristics of conventional foods prevents their acceptance of food innovation [140].



The second cluster is made up of 95 “health conscious” consumers, who correspond to 38% of the sample. They mainly consist of women, and are mostly young and with a high level of education and income. The opposite results were observed by Annunziata and Vecchio [93], who identified older people as responsible consumers. In this second cluster, the consumers are more attentive to the naturalness of bread, with a frequent consumption of organic products, and are very attentive to health and environmental aspects. These findings agree with those of Niva et al. [141], who observed the correlation between sustainable food consumption and healthy eating, since the interest in environmental sustainability influences the eating behaviour. In addition, in some cases, there may be a link between attention to health and environmental concerns [142]. Moreover, the health conscious are also quite inclined to accept food obtained with innovative technologies, as well as modifications of traditional foods to improve their nutritional characteristics and increase shelf-life. The antithesis existing between tradition and innovation is known; however, the claim of the health conscious was favourable in both aspects [143]. In fact, as explained by Cavaliere et al. [144] in their research about the mismatch between food sustainability and the acceptance of innovation technologies among millennial students, the consumer’s focus on sustainable aspects could encourage the acceptance of food technologies. In this second cluster, the consumers are the readiest to accept a different taste of bread if this provides health benefits. They know about the enriched bread; however, they are inclined to accept this food if the label explains the nutritional benefits. In fact, as explained in the study by Annunziata and Vecchio [145] on the consumers’ perspective on functional foods, consumers are willing to purchase enriched foods if they can associate them with health properties that are absent in conventional foods, and thus they are willing also to sacrifice the pleasantness of taste and pay a higher price. Indeed, consumers choose more consciously with sufficient knowledge, showing a higher level of acceptance towards functional foods [142]. Finally, the consumers in this cluster declared the highest WTA and WTP.



Forty-eight consumers belong to the “disengaged” cluster (equal to 19.2% of the sample), half men and half women, mostly young and with the highest level of education and income. They do not pay a lot of attention to the naturalness of bread nor to its environmental sustainability and health benefits, and they do not consume organic foods even though they know about them. Moreover, these consumers are more likely to accept innovative technologies, and attach fundamental importance to the traditional nature of food, but are quite inclined to accept changes in taste if nutritional aspects and shelf-life are improved, especially if food characteristics are well explained on the label. They declared an average WTA and WTP.



The results of the Bonferroni post hoc test are shown in Table 4, and highlighted significant differences among the variables within the clusters, as indicated by different letters for each variable. In particular, the highest difference within the consumers’ clusters is determined by the importance of the beneficial effects of bread consumption (Health), by the importance associated with product characteristics having an impact on the environment (Env), by the willingness to buy food obtained with innovative technologies (Techno), and by the willingness to accept the modifications of traditional foods to improve their nutritional characteristics and increase shelf-life (Mod). On the contrary, there is only one variable showing no significant difference, namely the monthly household income (Income). This result pointed out that the acceptance of this enriched bread is not influenced by the consumers’ socio-economic features, but it is related to consumers‘ sensitivity.





5. Discussion


The results of this study highlight the lack of knowledge about the enriched bread by consumers (in particular the cluster of traditionalists). In addition, consumers (especially those belonging to the health conscious group) attach great importance to the naturalness of bread because it represents a significant part of the expense for purchasing [146] and determines a careful attitude by the consumer in relation to the possible health beneficial effects. Although the study proposes an innovative food, which should possess greater appreciation and a higher price, it is at the same time a common food consumed daily. Therefore, most consumers are not willing to pay a price 10% higher than the price of conventional bread, regardless the monthly household income and the cluster of consumers. A higher WTP for functional foods was found by Mirosa et al. [147] in the Chinese population (40%) and by Menrad et al. [148] in the European consumers (between 30 and 50%) for functional foods. However, the WTP could increase for consumers who are suffering from a disease [149]. On the contrary, the research by Nazzaro et al. [140] pointed out the willingness of more than half of the consumers to pay higher prices for the purchase of innovative ‘panettone’ compared to the traditional one. The health conscious consumers are willing to accept a different taste in favour of the health benefits, and show higher WTA and WTP than the consumers belonging to the other clusters. The disengaged consumers do not pay attention to health and the environment; however, they show an intermediate WTA and WTP. This reflects a market situation in which the preferences are not homogeneous, and the socio-economic variables are not significant in the definition of the WTA/WTP. Contrary to health conscious consumers, there are traditionalist consumers who do not know this type of bread; thus, they are also the most reluctant in terms of acceptance. The lower WTA can also be traced back to their moderate attention to both health and the environment, but also to their unwillingness to accept this food even if the label fully explains the benefits. Therefore, encouraging this cluster of consumers to accept new technologies and innovative products is necessary in order to study the factors that predispose them to acceptance or scepticism towards food innovation [150,151,152,153]. In addition, an understanding of the benefits associated with the consumption of this food should be facilitated.



The study also highlights how some attributes were recognized as more important than others for the consumers’ characterisation. In particular, taste is one of the attributes considered most important for the consumers, since there is a positive correlation between an optimal taste and the acceptance of the enriched bread. Several studies confirmed the importance of taste to the consumer [154,155]; in fact, a greater influence of taste than of the health benefits was seen [81,85,156]. For this reason, it is necessary to pay great attention to taste during the formulation of an innovative product in order for it to be acceptable [80].



In addition, technophilia influences consumers’ choices. Almost all the respondents have declared that they are willing to accept these food technologies, provided they are guaranteed by the producer or by a certification (seeking for reassurance), as the introduction of these may lead to difficulties in assessing the risks and benefits associated with them [157]. The study by Cavaliere et al. [142] highlighted that consumers who were very attentive to sustainability could not accept the contributions of science and technology to achieve a more sustainable society; this concept contrasts with the results of this study in which there was a positive correlation between sustainability and trust in technologies. Moreover, the clusters of disengaged and health conscious consumers are willing to accept food modifications if they do not alter the traditionality of the enriched bread. In fact, an optimal innovation process is one that follows tradition and improves it with the modern technologies available [158]. Only traditionalists are reluctant to accept changes in conventional foods, and these are mainly women with a lower-than-average income, living in rural areas, and with a low level of education, in line with the study by Vanhonacker et al. [159].



The last variable considered crucial is the consumption of organic foods and products. In this regard, the consumers of these foods and products (particularly the health conscious) are more reluctant to accept the addition of substances to the food itself, and for them the food naturalness is of fundamental importance. Indeed, the consumption of organic foods is associated with environmental and health benefits, and with a better taste than conventional foods [138]. Therefore, the bread enriched with wine by-products could be accepted by the health conscious consumers because they are very attentive to environmental sustainability, achievable through the transformation of food waste into functional substances to be added to bread. These consumers are also prone to accepting changes aimed at improving food nutritional characteristics and shelf-life.




6. Conclusive Remarks


This research explored the attitude of consumers towards innovative functional foods enriched with oenological by-products. The cluster analysis showed the characterisation of consumers into three clusters with different features: The traditionalists are the consumers reluctant to accept innovative technologies and show little interest in the health aspects and environmental sustainability. The health conscious cluster of consumers is the readiest to accept enriched bread because these consumers are inclined to accept healthy products with less environmental impacts, and would accept the modification of traditional products for the improvement in nutritional characteristics and shelf-life. Finally, disengaged consumers show no interest in environmental and health issues, but are inclined to accept changes to improve nutritional and shelf-life aspects.



Future studies will focus on the study of the variables considered, prompting the most reluctant consumers to accept enriched bread. Therefore, winning marketing strategies should be studied to encourage ‘traditional’ consumers to appreciate the naturalness and beneficial effects that bread enriched with by-products can have on human health and the environment. This goal can be achieved with an exhaustive explanation about the health benefits of this innovative product, highlighting also that the tradition of the production process has not been altered. On the other hand, it would be necessary to raise the awareness of disengaged consumers towards the environmental and health issues, which can be tackled by the reuse of by-products in the production cycle of bakery goods. Finally, health conscious people could be considered as “exemplary consumers” because they are sensitive to health and environmental issues in such a way that they can trigger a circular economy model.







Author Contributions


Conceptualisation, A.D.B. and F.C.; methodology, A.D.B., R.R. and G.O.P.; software, A.D.B. and G.O.P.; validation, R.R., F.C. and A.D.B.; formal analysis, R.M., A.D.B., G.O.P. and R.R.; investigation, R.M. and A.D.B.; data curation, R.M. and G.O.P.; writing—original draft preparation, R.M. and A.D.B.; writing—review and editing, R.M., A.D.B., G.O.P., R.R., F.C. and G.D.; visualisation, R.R., A.D.B. and G.O.P.; supervision, A.D.B.; funding acquisition, A.D.B. and R.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded under the NextGenerationEU Programme “MUR-Fondo Promozione e Sviluppo—DM 737/2021”, Project “Sistemi agroalimentari, nutrigenomica e alimentazione: regole dell’agricoltura e dell’informazione ai consumatori (SANA)”, Horizon Europe Seeds, Project Code: S45 (CUP H99J21017750005).




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


Funder: Project funded under the National Recovery and Resilience Plan (NRRP), Mission 4 Component 2 Investment 1.3—Call for proposals No. 341 of 15 March 2022 of Italian Ministry of University and Research funded by the European Union—NextGenerationEU; Award Number: Project code PE00000003, Concession Decree No. 1550 of 11 October 2022 adopted by the Italian Ministry of University and Research, CUP D93C22000890001, Project title “ON Foods—Research and innovation network on food and nutrition Sustainability, Safety and Security—Working ON Foods”.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Esposito, B.; Sessa, M.R.; Sica, D.; Malandrino, O. Towards Circular Economy in the Agri-Food Sector. A Systematic Literature Review. Sustainability 2020, 12, 7401. [Google Scholar] [CrossRef]

	



Luttenberger, L.R. Waste Management Challenges in Transition to Circular Economy—Case of Croatia. J. Clean. Prod. 2020, 256, 120495. [Google Scholar] [CrossRef]

	



Macarthur, E. The Nature Imperative: How the Circular Economy Tackles Biodiversity Loss; Ellen Macarthur Foundation: Cowes, UK, 2021. [Google Scholar]

	



Ghisellini, P.; Ulgiati, S. Circular Economy Transition in Italy. Achievements, Perspectives and Constraints. J. Clean. Prod. 2020, 243, 118360. [Google Scholar] [CrossRef]

	



Chowdhary, P.; Gupta, A.; Gnansounou, E.; Pandey, A.; Chaturvedi, P. Current Trends and Possibilities for Exploitation of Grape Pomace as a Potential Source for Value Addition. Environ. Pollut. 2021, 278, 116796. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, N.K.; Govindan, K.; Lai, K.K.; Chen, W.K.; Kumar, V. The Transition from Linear Economy to Circular Economy for Sustainability among SMEs: A Study on Prospects, Impediments, and Prerequisites. Bus. Strat. Environ. 2021, 30, 1803–1822. [Google Scholar] [CrossRef]

	



Lavelli, V.; Torri, L.; Zeppa, G.; Fiori, L.; Spigno, G. Recovery of Winemaking By-Products for Innovative Food Applications—A Review. Ital. J. Food Sci. 2016, 28, 542–564. [Google Scholar] [CrossRef]

	



Galanakis, C.M. Recovery of High Added-Value Components from Food Wastes: Conventional, Emerging Technologies and Commercialized Applications. Trends Food Sci. Technol. 2012, 26, 68–87. [Google Scholar] [CrossRef]

	



Annunziata, A.; Pascale, P.; Annunziata, A.; Pascale, P. Consumers’ Behaviours and Attitudes toward Healthy Food Products: The Case of Organic and Functional Foods. In Proceedings of the 113th EAAE Seminar “A resilient European Food Industry and Food Chain in a Challenging World”, Chania, Greece, 3–6 September 2009; pp. 11–14. [Google Scholar] [CrossRef]

	



Sajdakowska, M.; Jankowski, P.; Gutkowska, K.; Guzek, D.; Żakowska-Biemans, S.; Ozimek, I. Consumer Acceptance of Innovations in Food: A Survey among Polish Consumers. J. Consum. Behav. 2018, 17, 253–267. [Google Scholar] [CrossRef]

	



Petrescu, D.C.; Vermeir, I.; Petrescu-Mag, R.M. Consumer Understanding of Food Quality, Healthiness, and Environmental Impact: A Cross-National Perspective. Int. J. Environ. Res. Public Health 2019, 17, 169. [Google Scholar] [CrossRef]

	



Sánchez-Alonso, I.; Borderías, A.J. Technological Effect of Red Grape Antioxidant Dietary Fibre Added to Minced Fish Muscle. Int. J. Food Sci. Technol. 2008, 43, 1009–1018. [Google Scholar] [CrossRef]

	



D’Alessandro, A.; De Pergola, G. Mediterranean Diet Pyramid: A Proposal for Italian People. Nutrients 2014, 6, 4302–4316. [Google Scholar] [CrossRef] [PubMed]

	



De Boni, A.; Pasqualone, A.; Roma, R.; Acciani, C. Traditions, Health and Environment as Bread Purchase Drivers: A Choice Experiment on High-Quality Artisanal Italian Bread. J. Clean. Prod. 2019, 221, 249–260. [Google Scholar] [CrossRef]

	



Gil, A.; Ortega, R.M.; Maldonado, J. Wholegrain Cereals and Bread: A Duet of the Mediterranean Diet for the Prevention of Chronic Diseases. Public Health Nutr. 2011, 14, 2316–2322. [Google Scholar] [CrossRef] [PubMed]

	



Amoah, I.; Taarji, N.; Johnson, P.-N.T.; Barrett, J.; Cairncross, C.; Rush, E. Plant-Based Food By-Products: Prospects for Valorisation in Functional Bread Development. Sustainability 2020, 12, 7785. [Google Scholar] [CrossRef]

	



Zain, M.Z.M.; Shori, A.B.; Baba, A.S. Potential Functional Food Ingredients in Bread and Their Health Benefits. Biointerface Res. Appl. Chem. 2021, 12, 6533–6542. [Google Scholar] [CrossRef]

	



Balbinoti, T.C.V.; Stafussa, A.P.; Haminiuk, C.W.I.; Maciel, G.M.; Sassaki, G.L.; Jorge, L.M.D.M.; Jorge, R.M.M. Addition of Grape Pomace in the Hydration Step of Parboiling Increases the Antioxidant Properties of Rice. Int. J. Food Sci. Technol. 2020, 55, 2370–2380. [Google Scholar] [CrossRef]

	



Ping, L.; Brosse, N.; Sannigrahi, P.; Ragauskas, A. Evaluation of Grape Stalks as a Bioresource. Ind. Crops Prod. 2011, 33, 200–204. [Google Scholar] [CrossRef]

	



Rivas, M.Á.; Casquete, R.; Córdoba, M.d.G.; Ruíz-Moyano, S.; Benito, M.J.; Pérez-Nevado, F.; Martín, A. Chemical Composition and Functional Properties of Dietary Fibre Concentrates from Winemaking By-Products: Skins, Stems and Lees. Foods 2021, 10, 1510. [Google Scholar] [CrossRef]

	



Prozil, S.O.; Evtuguin, D.V.; Lopes, L.P.C. Chemical Composition of Grape Stalks of Vitis Vinifera L. from Red Grape Pomaces. Ind. Crops Prod. 2012, 35, 178–184. [Google Scholar] [CrossRef]

	



Spigno, G.; Pizzorno, T.; De Faveri, D.M. Cellulose and Hemicelluloses Recovery from Grape Stalks. Bioresour. Technol. 2008, 99, 4329–4337. [Google Scholar] [CrossRef]

	



Lorenzo, M.; Moldes, D.; Rodrı́guez Couto, S.; Sanromán, A. Improving Laccase Production by Employing Different Lignocellulosic Wastes in Submerged Cultures of Trametes Versicolor. Bioresour. Technol. 2002, 82, 109–113. [Google Scholar] [CrossRef] [PubMed]

	



Mangione, R.; Simões, R.; Pereira, H.; Catarino, S.; Ricardo-da-Silva, J.; Miranda, I.; Ferreira-Dias, S. Potential Use of Grape Stems and Pomaces from Two Red Grapevine Cultivars as Source of Oligosaccharides. Processes 2022, 10, 1896. [Google Scholar] [CrossRef]

	



Ky, I.; Teissedre, P.-L. Characterisation of Mediterranean Grape Pomace Seed and Skin Extracts: Polyphenolic Content and Antioxidant Activity. Molecules 2015, 20, 2190–2207. [Google Scholar] [CrossRef] [PubMed]

	



Martín-Garcia, A.; Riu-Aumatell, M.; López-Tamames, E. By-Product Revalorization: Cava Lees Can Improve the Fermentation Process and Change the Volatile Profile of Bread. Foods 2022, 11, 1361. [Google Scholar] [CrossRef] [PubMed]

	



Rubio, E.; Carmona, Y.; Igartuburu, J.M.; García Barroso, C.; Macías, F.A.; García-Moreno, M.V. Estudio de La Composición de Los Residuos de Vinificación Con Fines Alimenticios. In Actualizaciones en Investigaciones Vitivinícola; Universidad de Cádiz: Cádiz, Spain, 2011; pp. 609–612. ISSN 978-84-938945-6-6. [Google Scholar]

	



Gulua, L.; Turmanidze, T.; Jgenti, M.; Gurielidze, M. Chemical Constituents, Antioxidant, Antimicrobial and Anti-Lipase Activities of Composites Derived from Green Tea, Lemon Peels and Red Wine Lees. Braz. J. Food Technol. 2019, 22, e2018230. [Google Scholar] [CrossRef]

	



Romero-Díez, R.; Rodríguez-Rojo, S.; Cocero, M.J.; Duarte, C.M.M.; Matias, A.A.; Bronze, M.R. Phenolic Characterization of Aging Wine Lees: Correlation with Antioxidant Activities. Food Chem. 2018, 259, 188–195. [Google Scholar] [CrossRef] [PubMed]

	



Jurčević, I.L.; Dora, M.; Guberović, I.; Petras, M.; Brnčić, S.R.; Đikić, D.; Landeka, I.; Rimac, S. Wine Lees Polyphenols as a Novel Functional Bioactive Compound in the Protection against Oxidative Stress and Hyperlipidemia. Food Technol. Biotechnol. 2017, 55, 109. [Google Scholar] [CrossRef]

	



Jara-Palacios, M.J. Wine Lees as a Source of Antioxidant Compounds. Antioxidants 2019, 8, 45. [Google Scholar] [CrossRef]

	



Pérez-Serradilla, J.A.; Luque de Castro, M.D. Microwave-Assisted Extraction of Phenolic Compounds from Wine Lees and Spray-Drying of the Extract. Food Chem. 2011, 124, 1652–1659. [Google Scholar] [CrossRef]

	



Sánchez-Gómez, R.; Zalacain, A.; Alonso, G.L.; Salinas, M.R. Vine-Shoot Waste Aqueous Extracts for Re-Use in Agriculture Obtained by Different Extraction Techniques: Phenolic, Volatile, and Mineral Compounds. J. Agric. Food Chem. 2014, 62, 10861–10872. [Google Scholar] [CrossRef]

	



Ahmad, B.; Yadav, V.; Yadav, A.; Rahman, M.U.; Yuan, W.Z.; Li, Z.; Wang, X. Integrated Biorefinery Approach to Valorize Winery Waste: A Review from Waste to Energy Perspectives. Sci. Total Environ. 2020, 719, 137315. [Google Scholar] [CrossRef] [PubMed]

	



Difonzo, G.; Troilo, M.; Allegretta, I.; Pasqualone, A.; Caponio, F. Grape Skin and Seed Flours as Functional Ingredients of Pizza: Potential and Drawbacks Related to Nutritional, Physicochemical and Sensory Attributes. LWT 2023, 175, 114494. [Google Scholar] [CrossRef]

	



Rainero, G.; Bianchi, F.; Rizzi, C.; Cervini, M.; Giuberti, G.; Simonato, B. Breadstick Fortification with Red Grape Pomace: Effect on Nutritional, Technological and Sensory Properties. J. Sci. Food Agric. 2022, 102, 2545–2552. [Google Scholar] [CrossRef] [PubMed]

	



Nakov, G.; Brandolini, A.; Hidalgo, A.; Ivanova, N.; Stamatovska, V.; Dimov, I. Effect of Grape Pomace Powder Addition on Chemical, Nutritional and Technological Properties of Cakes. LWT 2020, 134, 109950. [Google Scholar] [CrossRef]

	



Negro, C.; Tommasi, L.; Miceli, A. Phenolic Compounds and Antioxidant Activity from Red Grape Marc Extracts. Bioresour. Technol. 2003, 87, 41–44. [Google Scholar] [CrossRef]

	



Kohajdová, V.; Karovičová, J.; Lauková, M. Physical, Textural and Sensory Properties of Cookies Incorporated with Grape Skin and Seed Preparations. Pol. J. Food Nutr. Sci. 2018, 68, 309–317. [Google Scholar] [CrossRef]

	



Reis, G.M.; Faccin, H.; Viana, C.; da Rosa, M.B.; de Carvalho, L.M. Vitis Vinifera L. Cv Pinot Noir Pomace and Lees as Potential Sources of Bioactive Compounds. Int. J. Food Sci. Nutr. 2016, 67, 789–796. [Google Scholar] [CrossRef]

	



Deng, Q.; Penner, M.H.; Zhao, Y. Chemical Composition of Dietary Fiber and Polyphenols of Five Different Varieties of Wine Grape Pomace Skins. Food Res. Int. 2011, 44, 2712–2720. [Google Scholar] [CrossRef]

	



Beres, C.; Costa, G.N.S.; Cabezudo, I.; da Silva-James, N.K.; Teles, A.S.C.; Cruz, A.P.G.; Mellinger-Silva, C.; Tonon, R.V.; Cabral, L.M.C.; Freitas, S.P. Towards Integral Utilization of Grape Pomace from Winemaking Process: A Review. Waste Manag. 2017, 68, 581–594. [Google Scholar] [CrossRef]

	



Ovcharova, T.; Zlatanov, M.; Dimitrova, R. Chemical Composition of Seeds of Four Bulgarian Grape Varieties. Ciência Téc. Vitiv. 2016, 31, 31–40. [Google Scholar] [CrossRef]

	



Mironeasa, S.; Leahu, A.; Codina, G.G.; Silviu-Gabriel, S.; Mironeasa, C. Grape Seed: Physicochemical, Structural Characteristic and Oil Content. J. Agroaliment. Process. Technol. 2010, 16, 1–6. [Google Scholar]

	



Göktürk Baydar, N.; Özkan, G.; Sema Çetin, E. Characterization of Grape Seed and Pomace Oil Extracts. Grasas Aceites 2007, 58, 29–33. [Google Scholar] [CrossRef]

	



Prado, J.M.; Forster-Carneiro, T.; Rostagno, M.A.; Follegatti-Romero, L.A.; Maugeri Filho, F.; Meireles, M.A.A. Obtaining Sugars from Coconut Husk, Defatted Grape Seed, and Pressed Palm Fiber by Hydrolysis with Subcritical Water. J. Supercrit. Fluids 2014, 89, 89–98. [Google Scholar] [CrossRef]

	



Benito-González, I.; Jaén-Cano, C.M.; López-Rubio, A.; Martínez-Abad, A.; Martínez-Sanz, M. Valorisation of Vine Shoots for the Development of Cellulose-Based Biocomposite Films with Improved Performance and Bioactivity. Int. J. Biol. Macromol. 2020, 165, 1540–1551. [Google Scholar] [CrossRef] [PubMed]

	



Dávila, I.; Gullón, B.; Labidi, J.; Gullón, P. Multiproduct Biorefinery from Vine Shoots: Bio-Ethanol and Lignin Production. Renew. Energy 2019, 142, 612–623. [Google Scholar] [CrossRef]

	



Noviello, M.; Caputi, A.F.; Squeo, G.; Paradiso, V.M.; Gambacorta, G.; Caponio, F. Vine Shoots as a Source of Trans-Resveratrol and ε-Viniferin: A Study of 23 Italian Varieties. Foods 2022, 11, 553. [Google Scholar] [CrossRef]

	



Crăciun, A.L.; Gutt, G. Study on Kinetics of Trans-Resveratrol, Total Phenolic Content, and Antioxidant Activity Increase in Vine Waste during Post-Pruning Storage. Appl. Sci. 2022, 12, 1450. [Google Scholar] [CrossRef]

	



Rajha, H.N.; Boussetta, N.; Louka, N.; Maroun, R.G.; Vorobiev, E. A Comparative Study of Physical Pretreatments for the Extraction of Polyphenols and Proteins from Vine Shoots. Food Res. Int. 2014, 65, 462–468. [Google Scholar] [CrossRef]

	



Karacabey, E.; Mazza, G.; Bayındırlı, L.; Artık, N. Extraction of Bioactive Compounds from Milled Grape Canes (Vitis Vinifera) Using a Pressurized Low-Polarity Water Extractor. Food Bioprocess Technol. 2012, 5, 359–371. [Google Scholar] [CrossRef]

	



Ju, Y.; Zhang, A.; Fang, Y.; Liu, M.; Zhao, X.; Wang, H.; Zhang, Z. Phenolic Compounds and Antioxidant Activities of Grape Canes Extracts from Vineyards. Span. J. Agric. Res. 2016, 14, e0805. [Google Scholar] [CrossRef]

	



Moreira, M.M.; Barroso, M.F.; Porto, J.V.; Ramalhosa, M.J.; Švarc-Gajić, J.; Estevinho, L.; Morais, S.; Delerue-Matos, C. Potential of Portuguese Vine Shoot Wastes as Natural Resources of Bioactive Compounds. Sci. Total Environ. 2018, 634, 831–842. [Google Scholar] [CrossRef] [PubMed]

	



Hwang, J.-Y.; Shyu, Y.-S.; Hsu, C.-K. Grape Wine Lees Improves the Rheological and Adds Antioxidant Properties to Ice Cream. LWT—Food Sci. Technol. 2009, 42, 312–318. [Google Scholar] [CrossRef]

	



Borges, M.S.; Biz, A.P.; Bertolo, A.P.; Bagatini, L.; Rigo, E.; Cavalheiro, D. Enriched Cereal Bars with Wine Fermentation Biomass. J. Sci. Food Agric. 2021, 101, 542–547. [Google Scholar] [CrossRef] [PubMed]

	



Alarcón, M.; López-Viñas, M.; Pérez-Coello, M.S.; Díaz-Maroto, M.C.; Alañón, M.E.; Soriano, A. Effect of Wine Lees as Alternative Antioxidants on Physicochemical and Sensorial Composition of Deer Burgers Stored during Chilled Storage. Antioxidants 2020, 9, 687. [Google Scholar] [CrossRef]

	



Hernández-Macias, S.; Ferrer-Bustins, N.; Comas-Basté, O.; Jofré, A.; Latorre-Moratalla, M.; Bover-Cid, S.; Vidal-Carou, M.d.C. Revalorization of Cava Lees to Improve the Safety of Fermented Sausages. Foods 2021, 10, 1916. [Google Scholar] [CrossRef]

	



Sharma, A.K.; Kumar, R.; Azad, Z.R.A.A.; Adsule, P.G. Use of Fine Wine Lees for Value Addition in Ice Cream. J. Food Sci. Technol. 2015, 52, 592–596. [Google Scholar] [CrossRef]

	



Sharma, A.K.; Aglawe, M.K. Addition of Processed Fine Wine Lees of Cabernet Sauvignon to Improve Nutraceutical Properties of Yoghurt. Proc. Natl. Acad. Sci. USA India Sect. B Biol. Sci. 2022, 92, 141–147. [Google Scholar] [CrossRef]

	



Oprea, O.B.; Popa, M.E.; Apostol, L.; Gaceu, L. Research on the Potential Use of Grape Seed Flour in the Bakery Industry. Foods 2022, 11, 1589. [Google Scholar] [CrossRef]

	



Food and Agriculture Organization of the United Nations (FAO). Report on Functional Foods; FAO: Rome, Italy, 2007. [Google Scholar]

	



Bottazzi, V. Latte Fermentati Funzionali Probiotici-Nuove Opportunità per il Benessere Dell’uomo; Elite Communication: Milano, Italy, 2004; p. 111. [Google Scholar]

	



Fogliano, V.; Vitaglione, P. Functional Foods: Planning and Development. Mol. Nutr. Food Res. 2005, 49, 256–262. [Google Scholar] [CrossRef]

	



McEachern, M.G.; Schröder, M.J.A. Integrating the Voice of the Consumer within the Value Chain: A Focus on Value-based Labelling Communications in the Fresh-meat Sector. J. Consum. Mark. 2004, 21, 497–509. [Google Scholar] [CrossRef]

	



Grunert, K.G. Food Quality and Safety: Consumer Perception and Demand. Eur. Rev. Agric. Econ. 2005, 32, 369–391. [Google Scholar] [CrossRef]

	



Childs, N.M. Functional Foods and the Food Industry: Consumer, Economic and Product Development Issues. J. Nutraceuticals Funct. Med. Foods 1997, 1, 25–43. [Google Scholar] [CrossRef]

	



Frewer, L.J.; Bergmann, K.; Brennan, M.; Lion, R.; Meertens, R.; Rowe, G.; Siegrist, M.; Vereijken, C. Consumer Response to Novel Agri-Food Technologies: Implications for Predicting Consumer Acceptance of Emerging Food Technologies. Trends Food Sci. Technol. 2011, 22, 442–456. [Google Scholar] [CrossRef]

	



Del Giudice, T.; Nebbia, S.; Pascucci, S.; Del Giudice, T.; Nebbia, S.; Pascucci, S. The Role of Consumer Acceptance in the Food Innovation Process: Young Consumer Perception of Functional Food in Italy. In Proceedings of the 3rd International European Forum on System Dynamics and Innovation in Food Networks, organized by the International Center for Food Chain and Network Research, Bonn, Germany, 16–20 February 2009; pp. 75–90. [Google Scholar] [CrossRef]

	



Vidigal, M.C.T.R.; Minim, V.P.R.; Simiqueli, A.A.; Souza, P.H.P.; Balbino, D.F.; Minim, L.A. Food Technology Neophobia and Consumer Attitudes toward Foods Produced by New and Conventional Technologies: A Case Study in Brazil. LWT—Food Sci. Technol. 2015, 60, 832–840. [Google Scholar] [CrossRef]

	



Lafraire, J.; Rioux, C.; Giboreau, A.; Picard, D. Food Rejections in Children: Cognitive and Social/Environmental Factors Involved in Food Neophobia and Picky/Fussy Eating Behavior. Appetite 2016, 96, 347–357. [Google Scholar] [CrossRef]

	



Predieri, S.; Sinesio, F.; Monteleone, E.; Spinelli, S.; Cianciabella, M.; Daniele, G.M.; Dinnella, C.; Gasperi, F.; Endrizzi, I.; Torri, L.; et al. Gender, Age, Geographical Area, Food Neophobia and Their Relationships with the Adherence to the Mediterranean Diet: New Insights from a Large Population Cross-Sectional Study. Nutrients 2020, 12, 1778. [Google Scholar] [CrossRef]

	



Bäckström, A.; Pirttilä-Backman, A.-M.; Tuorila, H. Willingness to Try New Foods as Predicted by Social Representations and Attitude and Trait Scales. Appetite 2004, 43, 75–83. [Google Scholar] [CrossRef]

	



Tuorila, H.; Cardello, A.V. Consumer Responses to an Off-Flavor in Juice in the Presence of Specific Health Claims. Food Qual. Prefer. 2002, 13, 561–569. [Google Scholar] [CrossRef]

	



Meiselman, H.L.; King, S.C.; Gillette, M. The Demographics of Neophobia in a Large Commercial US Sample. Food Qual. Prefer. 2010, 21, 893–897. [Google Scholar] [CrossRef]

	



Ares, G.; Gámbaro, A. Influence of Gender, Age and Motives Underlying Food Choice on Perceived Healthiness and Willingness to Try Functional Foods. Appetite 2007, 49, 148–158. [Google Scholar] [CrossRef]

	



Grunert, K.G.; Lähteenmäki, L.; Boztug, Y.; Martinsdóttir, E.; Ueland, Ø.; Åström, A.; Lampila, P. Perception of Health Claims Among Nordic Consumers. J. Consum. Policy 2009, 32, 269–287. [Google Scholar] [CrossRef]

	



Grunert, K.G. Current Issues in the Understanding of Consumer Food Choice. Trends Food Sci. Technol. 2002, 13, 275–285. [Google Scholar] [CrossRef]

	



Urala, N.; Lähteenmäki, L. Reasons behind Consumers’ Functional Food Choices. Nutr. Food Sci. 2003, 33, 148–158. [Google Scholar] [CrossRef]

	



Verbeke, W. Functional Foods: Consumer Willingness to Compromise on Taste for Health? Food Qual. Prefer. 2006, 17, 126–131. [Google Scholar] [CrossRef]

	



Lyly, M.; Roininen, K.; Honkapää, K.; Poutanen, K.; Lähteenmäki, L. Factors Influencing Consumers’ Willingness to Use Beverages and Ready-to-Eat Frozen Soups Containing Oat β-Glucan in Finland, France and Sweden. Food Qual. Prefer. 2007, 18, 242–255. [Google Scholar] [CrossRef]

	



Lalor, F.; Madden, C.; McKenzie, K.; Wall, P.G. Health Claims on Foodstuffs: A Focus Group Study of Consumer Attitudes. J. Funct. Foods 2011, 3, 56–59. [Google Scholar] [CrossRef]

	



Niva, M. ‘All Foods Affect Health’: Understandings of Functional Foods and Healthy Eating among Health-Oriented Finns. Appetite 2007, 48, 384–393. [Google Scholar] [CrossRef]

	



Frewer, L.; Scholderer, J.; Lambert, N. Consumer Acceptance of Functional Foods: Issues for the Future. Br. Food J. 2003, 105, 714–731. [Google Scholar] [CrossRef]

	



Temesi, Á.; Bacsó, Á.; Grunert, K.G.; Lakner, Z. Perceived Correspondence of Health Effects as a New Determinant Influencing Purchase Intention for Functional Food. Nutrients 2019, 11, 740. [Google Scholar] [CrossRef]

	



Berglund, C.; Matti, S. Citizen and Consumer: The Dual Role of Individuals in Environmental Policy. Environ. Politics 2006, 15, 550–571. [Google Scholar] [CrossRef]

	



Bernard, J.C.; Gifford, K.; Santora, K.; Bernard, D.J.; Bernard, J.C.; Gifford, K.; Santora, K.; Bernard, D.J. Willingness to Pay for Foods with Varying Production Traits and Levels of Genetically Modified Content. J. Food Distrib. Res. 2009, 40, 1–11. [Google Scholar] [CrossRef]

	



Marette, S.; Messéan, A.; Millet, G. Consumers’ Willingness to Pay for Eco-Friendly Apples under Different Labels: Evidences from a Lab Experiment. Food Policy 2012, 37, 151–161. [Google Scholar] [CrossRef]

	



Padel, S.; Foster, C. Exploring the Gap between Attitudes and Behaviour: Understanding Why Consumers Buy or Do Not Buy Organic Food. Br. Food J. 2005, 107, 606–625. [Google Scholar] [CrossRef]

	



Aertsens, J.; Mondelaers, K.; Verbeke, W.; Buysse, J.; Van Huylenbroeck, G. The Influence of Subjective and Objective Knowledge on Attitude, Motivations and Consumption of Organic Food. Br. Food J. 2011, 113, 1353–1378. [Google Scholar] [CrossRef]

	



Vecchio, R.; Van Loo, E.J.; Annunziata, A. Consumers’ Willingness to Pay for Conventional, Organic and Functional Yogurt: Evidence from Experimental Auctions: Consumer WTP for Conventional, Organic and Functional Yogurt. Int. J. Consum. Stud. 2016, 40, 368–378. [Google Scholar] [CrossRef]

	



De Pelsmacker, P.; Driesen, L.; Rayp, G. Are fair trade labels good business? Ethics and coffee buying intentions. J. Consum. Affar. 2003, 39, 1–20. [Google Scholar]

	



Annunziata, A.; Vecchio, R. Consumer’s attitudes towards sustainable food: A cluster analysis of Italian university students. New Medit. 2013, 12, 47–56. [Google Scholar]

	



Monterrosa, E.C.; Frongillo, E.A.; Drewnowski, A.; de Pee, S.; Vandevijvere, S. Sociocultural Influences on Food Choices and Implications for Sustainable Healthy Diets. Food Nutr. Bull. 2020, 41, 59S–73S. [Google Scholar] [CrossRef]

	



Lusk, J.L. Consumer Information and Labeling. In US Programs Affecting Food and Agricultural Marketing; Armbruster, W.J., Knutson, R.D., Eds.; Springer: New York, NY, USA, 2013; pp. 349–373. ISBN 978-1-4614-4929-4. [Google Scholar]

	



Wier, M.; O’Doherty Jensen, K.; Andersen, L.M.; Millock, K. The Character of Demand in Mature Organic Food Markets: Great Britain and Denmark Compared. Food Policy 2008, 33, 406–421. [Google Scholar] [CrossRef]

	



Gracia, A.; de Magistris, T. The Demand for Organic Foods in the South of Italy: A Discrete Choice Model. Food Policy 2008, 33, 386–396. [Google Scholar] [CrossRef]

	



Canavari, M.; Coderoni, S. Green Marketing Strategies in the Dairy Sector: Consumer-stated Preferences for Carbon Footprint Labels. Strateg. Chang. 2019, 28, 233–240. [Google Scholar] [CrossRef]

	



Coderoni, S.; Perito, M.A. Sustainable Consumption in the Circular Economy. An Analysis of Consumers’ Purchase Intentions for Waste-to-Value Food. J. Clean. Prod. 2020, 252, 119870. [Google Scholar] [CrossRef]

	



van Kleef, E.; van Trijp, H.C.M.; Luning, P. Functional Foods: Health Claim-Food Product Compatibility and the Impact of Health Claim Framing on Consumer Evaluation. Appetite 2005, 44, 299–308. [Google Scholar] [CrossRef]

	



Verbeke, W.; Scholderer, J.; Lähteenmäki, L. Consumer Appeal of Nutrition and Health Claims in Three Existing Product Concepts. Appetite 2009, 52, 684–692. [Google Scholar] [CrossRef] [PubMed]

	



Bech-Larsen, T.; Grunert, K.G. The Perceived Healthiness of Functional Foods. Appetite 2003, 40, 9–14. [Google Scholar] [CrossRef] [PubMed]

	



Aschemann-Witzel, J.; Peschel, A.O. How Circular Will You Eat? The Sustainability Challenge in Food and Consumer Reaction to Either Waste-to-Value or yet Underused Novel Ingredients in Food. Food Qual. Prefer. 2019, 77, 15–20. [Google Scholar] [CrossRef]

	



Perito, M.A.; Di Fonzo, A.; Sansone, M.; Russo, C. Consumer Acceptance of Food Obtained from Olive By-Products: A Survey of Italian Consumers. BFJ 2019, 122, 212–226. [Google Scholar] [CrossRef]

	



Bhatt, S.; Lee, J.; Deutsch, J.; Ayaz, H.; Fulton, B.; Suri, R. From Food Waste to Value-Added Surplus Products (VASP): Consumer Acceptance of a Novel Food Product Category. J. Consum. Behav. 2018, 17, 57–63. [Google Scholar] [CrossRef]

	



Bimbo, F.; Viscecchia, R.; De Devitiis, B.; Seccia, A.; Roma, R.; De Boni, A. How Do Italian Consumers Value Sustainable Certifications on Fish?—An Explorative Analysis. Sustainability 2022, 14, 3654. [Google Scholar] [CrossRef]

	



Taherdoost, H. What Is the Best Response Scale for Survey and Questionnaire Design; Review of Different Lengths of Rating Scale/Attitude Scale/Likert Scale. Hamed Taherdoost 2019, 8, 1–10. [Google Scholar]

	



Bouranta, N.; Chitiris, L.; Paravantis, J. The Relationship between Internal and External Service Quality. Int. J. Contemp. Hosp. Manag. 2009, 21, 275–293. [Google Scholar] [CrossRef]

	



Preston, C.C.; Colman, A.M. Optimal Number of Response Categories in Rating Scales: Reliability, Validity, Discriminating Power, and Respondent Preferences. Acta Psychol. 2000, 104, 1–15. [Google Scholar] [CrossRef] [PubMed]

	



Colman, A.M.; Norris, C.E.; Preston, C.C. Comparing rating scales of different lengths: Equivalence of scores from 5-point and 7-point scales. Psychol. Rep. 1997, 80, 355–362. [Google Scholar] [CrossRef]

	



Saraçli, S.; Doğan, N.; Doğan, İ. Comparison of Hierarchical Cluster Analysis Methods by Cophenetic Correlation. J. Inequal. Appl. 2013, 2013, 203. [Google Scholar] [CrossRef]

	



Jain, A.K.; Murty, M.N.; Flynn, P.J. Data Clustering: A Review. ACM Comput. Surv. 1999, 31, 264–323. [Google Scholar] [CrossRef]

	



Jain, A.K. Data Clustering: 50 Years beyond K-Means. Pattern Recognit. Lett. 2010, 31, 651–666. [Google Scholar] [CrossRef]

	



Das, D.; Kayal, P.; Maiti, M. A K-Means Clustering Model for Analyzing the Bitcoin Extreme Value Returns. Decis. Anal. J. 2023, 6, 100152. [Google Scholar] [CrossRef]

	



Park, J.; Choi, M. A K-Means Clustering Algorithm to Determine Representative Operational Profiles of a Ship Using AIS Data. JMSE 2022, 10, 1245. [Google Scholar] [CrossRef]

	



Resano, H.; Sanjuán, A.I.; Albisu, L.M. Consumers’ Acceptability and Actual Choice. An Exploratory Research on Cured Ham in Spain. Food Qual. Prefer. 2009, 20, 391–398. [Google Scholar] [CrossRef]

	



Lemken, D.; Spiller, A.; Schulze-Ehlers, B. More Room for Legume—Consumer Acceptance of Meat Substitution with Classic, Processed and Meat-Resembling Legume Products. Appetite 2019, 143, 104412. [Google Scholar] [CrossRef]

	



Sajdakowska, M.; Gębski, J.; Guzek, D.; Gutkowska, K.; Żakowska-Biemans, S. Dairy Products Quality from a Consumer Point of View: Study among Polish Adults. Nutrients 2020, 12, 1503. [Google Scholar] [CrossRef]

	



Sajdakowska, M.; Gębski, J.; Jeżewska-Zychowicz, M.; Jeznach, M.; Kosicka-Gębska, M. Consumer Choices in the Pasta Market: The Importance of Fiber in Consumer Decisions. Nutrients 2021, 13, 2931. [Google Scholar] [CrossRef] [PubMed]

	



Vecchio, R.; Annunziata, A. Italian Consumer Awareness of Layer Hens’ Welfare Standards: A Cluster Analysis: Consumers and Animal Welfare Standards. Int. J. Consum. Stud. 2012, 36, 647–655. [Google Scholar] [CrossRef]

	



Roma, R.; Callieris, R.; Brahim, S. Different Consumer Behaviours for Organic Food in Tunisia. A Cluster Analysis Application. New Medit 2016, 15, 53–62. [Google Scholar]

	



Tleis, M.; Callieris, R.; Roma, R. Segmenting the Organic Food Market in Lebanon: An Application of k-Means Cluster Analysis. BFJ 2017, 119, 1423–1441. [Google Scholar] [CrossRef]

	



Colclough, S.N.; Moen, Ø.; Hovd, N.S.; Chan, A. SME Innovation Orientation: Evidence from Norwegian Exporting SMEs. Int. Small Bus. J. 2019, 37, 780–803. [Google Scholar] [CrossRef]

	



Ding, Y.; Veeman, M.M.; Adamowicz, W.L. Functional Food Choices: Impacts of Trust and Health Control Beliefs on Canadian Consumers’ Choices of Canola Oil. Food Policy 2015, 52, 92–98. [Google Scholar] [CrossRef]

	



Verbeke, W. Profiling Consumers Who Are Ready to Adopt Insects as a Meat Substitute in a Western Society. Food Qual. Prefer. 2015, 39, 147–155. [Google Scholar] [CrossRef]

	



Meyerding, S.; Kürzdörfer, A.; Gassler, B. Consumer Preferences for Superfood Ingredients—The Case of Bread in Germany. Sustainability 2018, 10, 4667. [Google Scholar] [CrossRef]

	



Baltar, F.; Brunet, I. Social Research 2.0: Virtual Snowball Sampling Method Using Facebook. Internet Res. 2012, 22, 57–74. [Google Scholar] [CrossRef]

	



Qaim, M. Globalisation of Agrifood Systems and Sustainable Nutrition. Proc. Nutr. Soc. 2017, 76, 12–21. [Google Scholar] [CrossRef]

	



Nielsen. Nielsen’s Global Health & Wellness Survey: We Are What We Eat. Healthy Eating Trends around the World; Global, Nielsen: New York, NY, USA, 2015. [Google Scholar]

	



Barreiro-Hurlé, J.; Colombo, S.; Cantos-Villar, E. Is There a Market for Functional Wines? Consumer Preferences and Willingness to Pay for Resveratrol-Enriched Red Wine. Food Qual. Prefer. 2008, 19, 360–371. [Google Scholar] [CrossRef]

	



Chen, M.-F. The Mediating Role of Subjective Health Complaints on Willingness to Use Selected Functional Foods. Food Qual. Prefer. 2011, 22, 110–118. [Google Scholar] [CrossRef]

	



Brécard, D.; Hlaimi, B.; Lucas, S.; Perraudeau, Y.; Salladarré, F. Determinants of Demand for Green Products: An Application to Eco-Label Demand for Fish in Europe. Ecol. Econ. 2009, 69, 115–125. [Google Scholar] [CrossRef]

	



Finisterra do Paço, A.M.; Raposo, M.L.B. Green Consumer Market Segmentation: Empirical Findings from Portugal: Green Consumer Market Segmentation. Int. J. Consum. Stud. 2010, 34, 429–436. [Google Scholar] [CrossRef]

	



Berghoef, N.; Dodds, R. Potential for Sustainability Eco-labeling in Ontario’s Wine Industry. Int. J. Wine Bus. Res. 2011, 23, 298–317. [Google Scholar] [CrossRef]

	



Zhu, Q.; Li, Y.; Geng, Y.; Qi, Y. Green Food Consumption Intention, Behaviors and Influencing Factors among Chinese Consumers. Food Qual. Prefer. 2013, 28, 279–286. [Google Scholar] [CrossRef]

	



Cholette, S.; Özlük, Ö.; Özşen, L.; Ungson, G.R. Exploring Purchasing Preferences: Local and Ecologically Labelled Foods. J. Consum. Mark. 2013, 30, 563–572. [Google Scholar] [CrossRef]

	



Yu, X.; Gao, Z.; Zeng, Y. Willingness to Pay for the “Green Food” in China. Food Policy 2014, 45, 80–87. [Google Scholar] [CrossRef]

	



Gustavsen, G.W.; Hegnes, A.W. Individuals’ Personality and Consumption of Organic Food. J. Clean. Prod. 2020, 245, 118772. [Google Scholar] [CrossRef]

	



Amichai-Hamburger, Y. (Ed.) Technology and Psychological Well-Being, 1st ed.; Cambridge University Press: Cambridge, MA, USA, 2009; ISBN 978-0-521-88581-2. [Google Scholar]

	



Nazzaro, C.; Lerro, M.; Stanco, M.; Marotta, G. Do Consumers like Food Product Innovation? An Analysis of Willingness to Pay for Innovative Food Attributes. BFJ 2019, 121, 1413–1427. [Google Scholar] [CrossRef]

	



Niva, M.; Mäkelä, J. Finns and Functional Foods: Socio-Demographics, Health Efforts, Notions of Technology and the Acceptability of Health-Promoting Foods. Int. J. Consum. Stud. 2007, 31, 34–45. [Google Scholar] [CrossRef]

	



Cavaliere, A.; Ricci, E.; Solesin, M.; Banterle, A. Can Health and Environmental Concerns Meet in Food Choices? Sustainability 2014, 6, 9494–9509. [Google Scholar] [CrossRef]

	



Lusk, J.L.; Roosen, J.; Bieberstein, A. Consumer Acceptance of New Food Technologies: Causes and Roots of Controversies. Annu. Rev. Resour. Econ. 2014, 6, 381–405. [Google Scholar] [CrossRef]

	



Cavaliere, A.; Ventura, V. Mismatch between Food Sustainability and Consumer Acceptance toward Innovation Technologies among Millennial Students: The Case of Shelf Life Extension. J. Clean. Prod. 2018, 175, 641–650. [Google Scholar] [CrossRef]

	



Annunziata, A.; Vecchio, R. Functional Foods Development in the European Market: A Consumer Perspective. J. Funct. Foods 2011, 3, 223–228. [Google Scholar] [CrossRef]

	



World Bank. Global Consumption Database, The World Bank; World Bank: Washington, DC, USA, 2019. [Google Scholar]

	



Mirosa, M.; Mangan-Walker, E. Young Chinese and Functional Foods for Mobility Health: Perceptions of Importance, Trust, and Willingness to Purchase and Pay a Premium. J. Food Prod. Mark. 2018, 24, 216–234. [Google Scholar] [CrossRef]

	



Menrad, K. Market and Marketing of Functional Food in Europe. J. Food Eng. 2003, 56, 181–188. [Google Scholar] [CrossRef]

	



Ares, G.; Giménez, A.; Deliza, R. Influence of Three Non-Sensory Factors on Consumer Choice of Functional Yogurts over Regular Ones. Food Qual. Prefer. 2010, 21, 361–367. [Google Scholar] [CrossRef]

	



Magnusson, M.K.; Koivisto Hursti, U.-K. Consumer Attitudes towards Genetically Modified Foods. Appetite 2002, 39, 9–24. [Google Scholar] [CrossRef]

	



Biltekoff, C. Consumer Response: The Paradoxes of Food and Health: Paradoxes of Food and Health. Ann. N. Y. Acad. Sci. 2010, 1190, 174–178. [Google Scholar] [CrossRef] [PubMed]

	



Verneau, F.; Caracciolo, F.; Coppola, A.; Lombardi, P. Consumer Fears and Familiarity of Processed Food. The Value of Information Provided by the FTNS. Appetite 2014, 73, 140–146. [Google Scholar] [CrossRef] [PubMed]

	



Ferrazzi, G.; Ventura, V.; Ratti, S.; Balzaretti, C. Consumers’ Preferences for a Local Food Product: The Case of a New Carnaroli Rice Product in Lombardy. Ital J. Food Saf. 2017, 6, 6186. [Google Scholar] [CrossRef] [PubMed]

	



Bruschi, V.; Teuber, R.; Dolgopolova, I. Acceptance and Willingness to Pay for Health-Enhancing Bakery Products—Empirical Evidence for Young Urban Russian Consumers. Food Qual. Prefer. 2015, 46, 79–91. [Google Scholar] [CrossRef]

	



Jung, S.E.; Shin, Y.H.; Severt, K.; Crowe-White, K.M. Determinants of a Consumer’s Intention to Consume Antioxidant-Infused Sugar-Free Chewing Gum: Measuring Taste, Attitude, and Health Consciousness. J. Food Prod. Mark. 2020, 26, 38–54. [Google Scholar] [CrossRef]

	



Moons, I.; Barbarossa, C.; De Pelsmacker, P. The Determinants of the Adoption Intention of Eco-Friendly Functional Food in Different Market Segments. Ecol. Econ. 2018, 151, 151–161. [Google Scholar] [CrossRef]

	



Siegrist, M. Factors Influencing Public Acceptance of Innovative Food Technologies and Products. Trends Food Sci. Technol. 2008, 19, 603–608. [Google Scholar] [CrossRef]

	



Guiné, R.P.F.; Florença, S.G.; Barroca, M.J.; Anjos, O. The Duality of Innovation and Food Development versus Purely Traditional Foods. Trends Food Sci. Technol. 2021, 109, 16–24. [Google Scholar] [CrossRef]

	



Vanhonacker, F.; Lengard, V.; Hersleth, M.; Verbeke, W. Profiling European Traditional Food Consumers. Br. Food J. 2010, 112, 871–886. [Google Scholar] [CrossRef]








[image: Foods 12 02014 g001 550] 





Figure 1. The radar chart showing the three clusters of consumers. 
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Table 1. The functional compounds in the oenological by-products.
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Functional Compounds




	
By-Products

	
TDF

(g/100 g)

	
Pr.

(g/100 g)

	
Tan.

(g/100 g)

	
Hem.

(g/100 g)

	
Cel.

(g/100 g)

	
Lig.

(g/100 g)

	
Pec.

(g/100 g)

	
TPC

(mg/g)

	
TAC

(mg Cyn 3 glu/g)

	
Toc.

(mg/kg)

	
Refs.






	
Wine lees

	
29.4–82.3

	
7–20.3

	
n.a.

	
28.8

	
30.0

	
44.4

	
12.4–12.8

	
16.4–254.0

	
383.1

	
n.a.

	
[20,27,28,29,30,31,32,34]




	
Grape stems

	
71.4

	
6.1–8.0

	
6.4–16.0

	
14–35.3

	
14.6–30.0

	
17.3–47.3

	
31.1

	
128.0–215.0

	
n.a.

	
n.a.

	
[19,20,21,22,23,24,25]




	
Grape pomace

	
17.3–58.0

	
5.4–15.5

	
2.2

	
22.6

	
7.2

	
19.4–47.3

	
3.4–31.4

	
11–90.2

	
7.4–88.4

	
n.a.

	
[20,24,25,35,36,37,38,39,40,41,42]




	
Grape seeds

	
58.8

	
6.3–11.0

	
6.4

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
0.1–0.2

	
n.a.

	
67.7–290.5

	
[38,39,42,43,44,45,46]




	
Vine shoots

	
n.a.

	
4.0–5.3

	
n.a.

	
n.a.

	
n.a.

	
49.0

	
n.a.

	
5–225.0

	
n.a.

	
n.a.

	
[47,48,49,50,51,52,53,54]








Notes: n.a. = data not available; TDF = total dietary fibre; Pr. = protein; Tan. = tannins; Hem. = hemicellulose; Cel. = cellulose; Lig. = lignin; Pec. = pectin; TPC = total phenol content; TAC = total anthocyanin content; Toc. = tocopherols. Refs. = references.
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Table 2. Socio-economic variables of the sample. The codes are in square brackets.
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	Gender [Gender]
	% of Respondents





	Female
	59.0



	Male
	41.0



	Age [Age]
	



	From 18 to 30 years old
	60.0



	From 31 to 50 years old
	29.0



	Over 50 years old
	11.0



	Education level [Edu]
	



	Compulsory school
	2.1



	High school
	43.9



	University degree or postgraduate
	54.0



	Monthly household income [Income]
	



	Less than 1100 euros per month
	9.7



	From 1200 to 2000 euros per month
	40.7



	From 2100 to 4000 euros per month
	36.0



	Over 4100 euros per month
	13.6
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Table 3. Variables on consumers’ information and preferences. The codes are in square brackets.
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	Knowledge of Consumers on Foods Enriched with Wine By-Products to Improve

Organoleptic, Nutritional, and Sustainability Characteristics [Know]
	% of Respondents





	No knowledge
	59.3



	Vaguely known but not found on the market
	28.1



	Found on the market
	6.7



	Found occasionally on the market and purchased
	2.4



	Known and appreciated before
	3.5



	Emphasis on the naturalness of bread enriched with wine by-products [Nature]
	



	Not at all important
	0.7



	Unimportant
	0.4



	Medium important
	4.9



	Important
	31.0



	Absolutely important
	63.0



	Importance of the beneficial effects of bread consumption [Health]
	



	Not at all important
	1.4



	Unimportant
	6.7



	Medium important
	22.1



	Important
	47.0



	Absolutely important
	22.8



	Importance associated with product characteristics having an impact on the

environment [Env]
	



	Not at all important
	3.0



	Unimportant
	10.0



	Medium important
	24.0



	Important
	44.0



	Absolutely important
	19.0



	Frequency consumption of organic foods and products [Organic]
	



	Never
	6.7



	Occasionally
	35.1



	Only certain types of organic foods and products
	33.3



	Regular consumption of organic foods
	15.1



	Regular consumption of organic products (cosmetics, detergents, clothing)
	9.8



	Willingness to buy food obtained with innovative technologies [Techno]
	



	No willingness to buy
	11.0



	Only with a certification
	30.5



	Only with manufacturer’s guarantees
	21.6



	After personal retrieval of information
	25.9



	Willingness to buy in any case
	11.0



	Willingness to pay enriched bread with wine by-products [WTP]
	



	No willingness to pay
	6.0



	At the same price as conventional bread
	22.8



	10% more than conventional bread
	45.6



	20% more than conventional bread
	22.8



	30% more than conventional bread
	2.8



	Willingness to accept modifications of traditional foods to improve their nutritional characteristics and increase shelf-life [Mod]
	



	Traditional foods must never be modified
	19.6



	They can be modified without altering them traditionality
	20.7



	Only to improve nutritional characteristics
	19.3



	Only to prolong the shelf-life
	6.7



	To improve nutritional characteristics and shelf-life
	33.7



	Willingness to buy enriched food if it shows nutritional declarations on the label [Label]
	



	Would not affect the choice
	8.8



	Yes, only if guaranteed by a certification
	34.0



	Yes, only with a comprehensive explanation of the benefits on the label
	28.1



	Yes, after having personally researched the nutritional benefits
	22.8



	Yes, even without the statements of nutritional benefits on the label
	6.3



	Propensity to prefer enriched bread with a positive effect on health even if it is less tasty than conventional bread [Taste]
	



	No, in any case
	10.2



	Yes, only with the same taste as the conventional bread
	22.8



	Yes, even with a slightly different taste is beneficial for health
	55.4



	Yes, even with a different taste
	5.6



	Yes, absolutely
	6.0



	Willingness to accept enriched bread with wine by-products [WTA]
	



	No willingness to accept
	12.0



	Yes, only if the organoleptic features are quite similar to the conventional bread
	33.0



	Yes, even with a slightly different organoleptic features
	17.0



	Yes, with different organoleptic features if they are clearly declared
	30.0



	Yes, in any case
	8.0
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Table 4. The final centroid values of the variables according to each cluster and the results of the Bonferroni post hoc test.






Table 4. The final centroid values of the variables according to each cluster and the results of the Bonferroni post hoc test.





	
Variables

	
Clusters




	
Traditionalists

	
Health Conscious

	
Disengaged






	
Gender

	
1.64 a

	
1.63 a

	
1.40 b




	
Age

	
1.64 a

	
1.45 a,b

	
1.19 b




	
Edu

	
3.42 a

	
3.62 b,c

	
3.63 a,c




	
Income

	
2.36 a

	
2.58 a

	
2.63 a




	
Know

	
1.44 a

	
1.68 a,c

	
1.96 b,c




	
Nature

	
4.64 a

	
4.67 a

	
4.00 b




	
Health

	
3.74 a

	
4.29 b

	
2.92 c




	
Env

	
3.53 a

	
4.23 b

	
2.77 c




	
Organic

	
2.55 a,c

	
3.53 b

	
2.25 c




	
Techno

	
2.22 a

	
3.38 b

	
3.88 c




	
WTP

	
2.57 a

	
3.39 b

	
2.90 a




	
Mod

	
1.78 a

	
4.12 b

	
4.58 c




	
Label

	
2.44 a

	
3.36 b

	
2.71 a




	
Taste

	
2.49 a

	
3.16 b

	
2.63 a




	
WTA

	
2.33 a

	
3.53 b,c

	
3.13 c








Note: according to the Bonferroni post-hoc test, significant differences among the variables within the clusters are highlighted by different letters.
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