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Abstract

:

The fruit agro-industry is one of the sectors that stand out both in production and in the volume of losses along the supply chains, which has generated a strong concern from the nutritional, economic, social, and environmental points of view. This study is aimed at understanding the updated scenario of the conversion of fruit residues into value-added co-products, its main challenges, applications, and perspectives. For this, a literature review was conducted through Scielo, PubMed, Google Scholar, and ScienceDirect databases. The advanced search covered the period from 2018 to 2022. The evaluation of the articles showed that the drying process is an important step to obtain flours from fruit co-products with characteristics that can provide longer shelf life, practicality, and versatility of use, demonstrating great potential for inclusion in various food preparations; although difficulties persist around the technological characteristics of this raw material, they can confer a nutritional increase, in addition to the possibility of additional health benefits due to the presence of bioactive compounds and fibers inherent in these products. Indeed, although there is a long way to go in studies with co-products derived from residual fractions of fruits, strategies such as these contribute to the better management of losses along the agri-food chains while providing greater food and nutrition security for the global population on the path to sustainability.
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1. Introduction


In a world that is in constant transformation, all issues related to the harmonious maintenance of life must go through sustainability. In all dimensions, sustainable actions should guide attitudes, guidelines, and policies capable of managing natural resources to ensure conscious and responsible use. The food sector has been the major focus of research in the last decade and advances in legislation, regulatory frameworks, and guidelines for waste management indicate a scenario of valorization of co-products as the key point for sustainability in the food sector [1]. About one-third of the food produced worldwide is lost or wasted, and it is estimated that fruits and vegetables represent 40 to 50% of this total [2]. Because of this situation, this issue has gained strength in recent years, going beyond the analysis of specific sectors and gaining a transversal and global approach, since, in addition to contributing to the practice of unsustainable food systems, these losses put pressure on natural capital and aggravate the situation of hunger and poverty worldwide.



The 2030 Agenda contemplates, in its Sustainable Development Goal (SDG) number 12, the proposal to ensure sustainable production and consumption patterns, with the goal of reducing food losses and waste along the production and supply chains by 2030 [3]. According to the Food and Agriculture Organization of the United Nations (FAO), “losses” refer to the decrease in the mass of edible food in all parts of the supply chains intended for human consumption and contemplate the events that make up the production, post-harvest, and processing phases, while “waste” is the term used preferably for events linked to the retail and final consumer, that is, a type of loss characterized by the occurrence at the final link in the food chain [4]. Experts have no consensus on this division of terms, making it difficult to align ideas and evaluate data. However, regarding fruit chain residues, these can be framed in different reference specifications, so for a better understanding, in this review, residues not converted into co-products were framed in the overall concept of loss.



The production chains that make up the fruit agro–industry register the highest losses among all sectors, highlighting the current appeal around the transformation of waste of plant origin into value-added co-products. The change of view on these issues first requires the understanding that the proper destination of waste should be channeled into the generation of co-products with beneficial and profitable applications in human food [5,6,7,8]. Fruit co-products can be used to obtain fermented products, powders, flakes, and flours or to extract dietary fibers, sugars, oligosaccharides, and/or antioxidants. A collaborative perspective by Lucarini et al. [9] marks the importance of fruit waste as a valuable source of value-added compounds.



Techniques that enable this utilization are increasingly necessary for a model of food production from alternative and competitive raw materials, in line with food safety requirements [10,11]. Among the various ways of utilizing fruit co-products, obtaining flour is the simplest, most practical, and usual way, since this presentation is one of the most versatile for incorporation into food. Usually, the drying process is used as an indispensable step to provide favorable conditions for longer shelf life, in addition to allowing part of the nutrients that are present in the shells, albedos, seeds, and stones, which, in general, are a source of fibers, vitamins, and minerals to be preserved [12].



Therefore, finding alternatives that minimize the problems related to losses require the involvement of all participants in the food supply chain, of researchers, and of organizations, because, although there is a long way to go in this field, there is a recognized effort to promote alternatives capable of meeting human needs and promoting the sustainable management of natural resources [13]. Thus, this study aims to conduct an updated literature review on the use of fruit co-products in the production of flours for human nutrition through an analysis of the main challenges, applications, and perspectives in the context of sustainable food.




2. Materials and Methods


This study was based on an updated literature review on the use of fruit co-products (shells and seeds) to obtain flours with applications in human nutrition. To this end, an advanced search was carried out in the Scientific Electronic Library Online (Scielo), PubMed, Google Scholar, and ScienceDirect databases, covering the period from 2018 to 2022. The analysis sought to collect data on two questions: (i) drying conditions applied to obtain flours from waste fractions of the fruit agro-industrial chain (peels and seeds); and (ii) Perspectives on the use of fruit co-product flours in the elaboration of food products. The descriptors: “drying”, “co-products”, “fruits”, “shells”, and “seeds” were used, alternating between the Boolean operators OR and AND. In addition, the filters “Food bioscience”, “Food chemistry”, “Food science” and “Food science and innovation” were used to better direct the search. Only original studies were used, excluding review studies. The first stage of the analysis was guided by the reading of titles and keywords. The articles belonging to the scope of the research were excluded from duplicates. This was followed by reading the abstracts and, when necessary, the methodology. At this stage, the following exclusion criteria were used: (i) flours from co-products obtained from mixed pomace, stalks, or whole fruits derived from losses in the supply chain; (ii) studies with incomplete information on processing methods for obtaining flours; (iii) mixed flours with added insects or crustaceans; (iv) flours obtained without the drying step; and (v) flours elaborated for the purpose of inclusion in animal nutrition. The articles resulting from this step were read in full to choose those eligible for this study. The search scheme is detailed in Figure 1.




3. Results and Discussion


3.1. The Importance of Converting Fruit Agro–Industry Waste into Co-Products


The fruit agro–industry is one of the most relevant segments of the economy; however, it registers one of the highest percentages of losses among the productive sectors, which in addition to the economic factors involved, also have repercussions on the environment and on the food security of the population [14,15]. This is partly due to the high volume of waste resulting from the processing of fruit products, such as juices, jellies, and dehydrated products. This waste is often improperly disposed of in landfills or waterways, or is even burned, causing various environmental damages and health-related risks and becoming a challenge in food waste management [16,17].



Although some countries practice composting and anaerobic digestion or even use part of these fractions for animal feed, a considerable portion of what is produced globally is discarded. The high biodegradability of this waste, associated with its high moisture content, favors high microbial loads. Moreover, the anaerobic biological degradation of organic matter is considered the third largest anthropogenic source of atmospheric methane emissions, considered one of the main greenhouse gases [16,18], which justifies the widespread interest in the search for more sustainable applications. This problem within the fruit chains has highlighted the urgency of implementing elements that bring about change to strengthen the production chains through practices that contribute to regional socioeconomic development combined with strategies that intensify food and nutritional security measures, which brings to light the need for greater conversion of these fractions into products that, with the use of adequate processing, guarantee quality and safety so that they can be used in human nutrition [14].



It is estimated that approximately 14% of food produced worldwide is lost between production and post-harvest. In developed countries, this waste is mainly concentrated at the final consumer, unlike in underdeveloped countries, where it occurs throughout the supply chain [19]. In order to have a better notion of the scenario of the fruit processing industry, 30 to 50% of fractions consisting of peels or seeds are generated; for products that are mostly discarded and even in the face of their potential, the use is still considered low [20], stimulating the underutilization of food, a global problem that contributes to the food and nutrition insecurity experienced by a significant portion of the global population [21,22].



The Food and Agriculture Organization of the United Nations (FAO) has noted that along the stages of the entire food chain, losses can amount to approximately half of what is produced [23]. This amount would be enough to feed at least 1 billion people in a state of malnutrition [24]. This is a worrying fact in a panorama of contrast between losses and hunger that plagues the world, which requires urgent measures. It is in the context of the circular economy that the valorization of co-products promises to be an efficient option in the medium and long term for the reuse and recovery of natural resources through the reintroduction of raw materials to obtain new products with health benefits through appropriate technologies [25,26].



By encouraging the circular economy, it is possible to convert the system of extraction, exploitation, and consumption to a system of restoration and regeneration of natural resources, avoiding the unnecessary generation of waste, acting to reduce social inequality caused by poverty and hunger, and obtaining more affordable food in accordance with the applicable laws of each country [16]. It is also worth noting that, regardless of the origin of the problem, the poor management of the fruit chain waste endorses losses and impacts the availability of food, with negative repercussions on the population’s food security, which requires reflection; tackling this problem efficiently, sustainably, and in an integrated manner requires the optimization of natural and financial resources [27].



It is important to note that, although waste is considered a negative result of a process, co-products can have a positive impact on the food supply chain, provided they are properly managed [28]. It is estimated that a reduction in agro-industrial waste of between 30 and 50% could increase the available food supply by at least 15% with the appropriate use of these fractions [29].



Therefore, the re-signification and valorization of all the material generated along the fruit agro-industrial chain require an understanding of the technological, nutritional, and safety aspects. The use of co-products from fruit processing chains is a promising strategy to meet the demands for nutritious and sustainable agro–ecological food. The incorporation of co-products by the food industry as non-conventional ingredients and in the development of new products is part of an important framework for strengthening environmental sustainability, encouraging practices that value regional cultures, waste management, and product diversification for an increasingly demanding consumer market.




3.2. Flours from Unconventional Parts: Drying Challenges as an Alternative in the Treatment of Fruit By-Products


Seeds and peels are classified as inedible parts of the fruit when processed or consumed in natura, although numerous compounds and functional characteristics that add value to these fractions are widely reported in the scientific literature [26,30]. For this reason, the use of these co-products as primary or secondary ingredients in human food as a source of nutrients, dietary fibers, and bioactive compounds has aroused interest in the food industry [31]. There are several residual fractions from fruit processing that can be used in human food [26]; but for this, an essential step is to evaluate the composition of the co-products since this is influenced by factors, i.e., stage of ripeness, seasonality, species, harvest season, among others. In addition, another important point is the choice of the most suitable process for the objectives to preserve the compounds of interest without causing harm to the consumer’s health.



One of the great challenges of using fresh by-products is their high perishability. In general, fruit by-products have between 60% and 80% moisture content, which is a negative factor for microbiological safety and product quality. This characteristic can also act as a limiting factor in the strategy of spreading the use of co-products, as it increases transportation costs and limits the distribution radius. For this reason, drying has become an indispensable stage, not only for the quality of the product but also for increasing the scope of using co-products [32]. Drying operations are the main means of obtaining products with a longer shelf life, providing the ability to be stored away from refrigeration, providing a reduction in losses during harvest periods, and providing a reduction in the cost of treating the resulting waste [33]. In addition, heat treatments can also inactivate lipid-modifying enzymes and, therefore, prevent lipid oxidation [34]. Drying can lead to some loss of bioactivity due to the thermal degradation of the more fragile molecules or interfere with the extraction procedure of other desirable components [35]. It is also important to clarify that drying can have deleterious effects on the physical, chemical, nutritional, sensory, and functional properties of food matrices [36] and, therefore, each matrix must be evaluated according to its peculiarities and a careful study is required to decide on the method for choosing the drying conditions. Studies report that the use of different drying equipment and temperatures can influence the compounds related to flavor, color, and retention of phytochemicals, which makes choosing the best method one of the main challenges at this stage [37,38].



Santos et al. [39] evaluated various studies covering different drying methods and pointed out that drying below 65 °C preserves antioxidant activity and minimizes losses of polyphenols, tannins, anthocyanins, and proteins. Drying in air circulation ovens at temperatures of approximately 50–60 °C generates fewer changes in the profile of dietary fibers and pectic substances. The use of higher temperatures (70–90 °C) results in products with lower water retention capacity and fat adsorption capacity. However, it is important to note that factors such as the speed of the airflow and the initial humidity, among others influence the results. Therefore, the best method must comply with criteria that enables the best cost-benefit ratio to be achieved, both in economic terms and in terms of the quality of the product, which requires a holistic approach when choosing the method and equipment [37,39]. In view of this, it is important to note that defining the type and conditions of drying to mitigate the loss of nutrients and preserve the nutritional value and characteristics of the product is a fundamental stage in operational planning [33,40]. Table 1 shows the application of different conditions for obtaining shell and seed flours in which drying was used as a stage in the obtaining process.



The products obtained can result in different forms, such as powders, flakes, and granules, which depend, for example, on the drying system used in the process, the granulometry obtained through milling, the manufacturer’s requirement, or specific legislation [40,58]. The resulting functional properties depend on the food matrix, the chemical and physical structure of the polysaccharides and proteins present in the fractions used (shells or seeds), or the processes used for grinding, drying, heating, extruding, or cooking, among others [59].



From the studies evaluated in Table 1, it can be seen that even when using the same raw material, large variations can be observed in the time–temperature binomial; these vary according to the type of fraction or equipment used for the process, which reinforces the need to establish protocols capable of guaranteeing the use of more economical and ecological methodologies with less expenditure of resources and ensuring the lowest possible loss of nutrients during processing. Of the studies evaluated, approximately 88% use conventional methodologies. In general, conventional drying technologies are carried out using hot air, which requires high energy consumption and contributes to greenhouse gas emissions, making it clear that there is a need to look for cheaper, more efficient, and sustainable technologies [36,60]. However, the use of more modern technologies is not yet a reality applicable to many countries, especially in developing ones; so, it is essential to carry out a careful analysis of the methodologies applied to maintain a balance between the quality and safety of dried foods and the economic and environmental costs of the systems used [61]. Analytical studies for process design and optimization should be implemented to standardize methodologies on an industrial scale that, even with the use of conventional methods, are able to maintain the sustainability of the process.



Given this panorama of obtaining products within viable planning, there is an incentive to search for alternatives to insert flours of fruit co-products in preparations widely consumed by the population as an alternative to value and disseminate the use of these ingredients, obtaining preparations with multifunctional characteristics and bringing health benefits, which seems to be a great strategy with a focus on more ecological and conscious actions [62,63].




3.3. Flours Derived from Fruit Co-Products: Applications and Perspectives in Human Nutrition


For the food industry, it is important that new ingredients are constantly available on the market, especially when their inclusion can add value to the product at a low cost, which makes the products more accessible and competitive. However, there is a need for these new products to meet the expectations related to sensory and technological characteristics already known by consumers, such as aspects related to color, aromas, and textures. Thus, there is an interest in a better understanding of how it is possible to include ingredients, obtained from non-conventional sources, in traditional products with market potential while offering quality products. In this sense, research has sought to understand how this type of ingredient can be used and the advantages of adding it to traditional product formulations. Some of these studies are reported in Table 2.



As can be seen, products made with flours obtained from fruit peels and seeds, when added to formulations, can improve the quality while maintaining acceptable sensory characteristics; it is necessary to emphasize that the complexity of the fruit co-product matrix can promote different interactions between the components and aspects related to particle size, water retention capacity, gel formation capacity, among others, which can affect to a lesser or greater extent the physicochemical, technological, nutritional, and sensory profiles of the final product, generating different responses [18]. The technological characteristics, for example, can be influenced due to the amount of fibers that are generally present in these types of flours; however, the cost–benefit of this addition in adequate proportions can be positive, since, in relation to the health benefits of the consumer, the presence of this constituent can contribute to a final product of higher quality than its traditional version; however, this evaluation must be performed carefully and respect the characteristics of each product, which requires in-depth studies of these formulations. It is interesting to note that bakery products are one of the most consumed food groups worldwide, with refined wheat flour being the main ingredient. However, refined flour has a high glycemic index and despite its excellent technological characteristics for bakery products, its use as an ingredient imposes restrictions on individuals suffering from pathologies associated with its intake [79,80]. This makes the inclusion of fruit co-product flours in bakery products, such as breads, cakes, and cookies, an interesting alternative for improving the nutritional and functional profile of these products [71,81].



Studies show that it is feasible to partially replace wheat flour with fruit co-product flour in various preparations and that this change in formulation is associated with a positive effect on the total phenolic content, antioxidant capacity, fiber, and mineral content, suggesting a potential for making functional products [30,72,82]. The incorporation of flours obtained from unconventional sources, used as ingredients in new food formulations, can help to modulate physiological responses associated with an immense range of compounds derived from the secondary metabolism of vegetables and which remain present even after processing and making the product/preparation. These flours obtained from fruit peels and seeds have been consistently reported to reduce the risk of chronic diseases, due to the presence of compounds with biological effects that act to protect against DNA damage and human LDL oxidation, act to control body weight gain, and act to modify the absorption of glucose and triacylglycerol by inhibiting the activities of α-glucosidase and lipase, respectively [64,83,84]. In addition, the consumption of dietary fiber easily found in these types of flour can also contribute to a lower risk of developing and worsening gastrointestinal diseases and other diseases associated with metabolic disorders, such as diabetes, dyslipidemia, and cardiovascular diseases [64,85].



Another key point for the inclusion of fruit co-product flours in human diets is the idea that they can contribute to achieving more adequate nutrition, especially among the most vulnerable populations [86]. The prevalence of hunger and malnutrition remains alarming, as do other pathologies aggravated by nutritional deficiencies caused by monotonous, low-quality diets [87]. As a result, the use of these flours as food complements, where they can be added directly to meals to provide additional loads of specific vitamins or minerals in order to reverse or help recover imbalances in the levels of certain nutrients, or as ingredients in the formulation of other food products as a way of improving the nutritional content offered, is considered an emerging strategy that complements other traditional strategies against malnutrition. Food insecurity in the face of climate change is a reality and requires measures that can guarantee the quality and availability of food that can meet the nutritional demands required by each age group with specific needs [88]. To obtain and target these products correctly, complete analyses of supply chains and their interfaces with food and nutritional security are needed to provide additive solutions, including waste minimization, the use of co-products, and the implementation of new technologies to complement traditional industries with the aim of fostering accessible nutrition for the world [89].



This scenario shows that, by including these co-products in the diet, it is possible to mitigate the effects of the food deficit, since these fractions contain minerals, vitamins, fatty acids, and fibers, as well as energy content capable of contributing to meeting daily caloric needs. These flours, which in most cases have a low production cost and an abundance of raw materials, can be a viable alternative, especially in countries where the problems of malnutrition and hunger exist at a higher level. Although hunger and malnutrition are a global problem, it is in the least developed countries that the population is most affected. In this sense, directing the high volume of waste generated in these production centers towards the transformation of products with added nutritional value will have direct benefits for local communities [90,91].



Thus, in addition to the health benefits, the use of fruit co-products opens new perspectives for the food industry in terms of new ingredients, which, in addition to aspects related to new processing technologies for the sector, contribute to better waste management, food and nutrition safety strategies, and sustainability actions (Figure 2). Encouraging a culture of valuing co-products on a small, medium, or large scale reaffirms the concept that resilience and sustainability are inseparable and that a resilient food system can provide sufficient, adequate, and accessible food for all, even in the face of various and even unforeseen disturbances [34]. In addition, we have seen that the consolidation of new knowledge and opportunities will be reaffirmed as new ecological practices, essential in the efficient use of resources, are applied in the development of products, new business models, and innovative attitudes.





4. Conclusions


The fruit agro-industry generates the largest volume of waste among the food sectors, which demonstrates the need to develop strategies capable of promoting the transformation of these fractions into products suitable for human consumption and reducing damage to the environment. Flours are the most versatile and simple form for incorporation into other food products, offering an extensive portfolio of applications. However, many challenges need to be overcome, requiring in-depth studies on drying techniques to reconcile process optimization, on mitigation of nutritional and bioactive compound losses, and on the application to an industrial scale. Studies are also needed to reduce sensory and rheological impacts to improve the acceptability of these products on the market. In addition, it is important to remember that the use of shell and seed flours for human nutritional purposes must meet criteria that go beyond their ability to be incorporated into formulas, requiring a standard of identity, quality, and safety, which points to a long way to go in research into the use of co-products.



In view of this, we can point to the promising outlook for the application of fruit by-product flours in the development of new products or to add value to traditional products. In addition, this strategy can be seen as an important point among actions to reduce losses in supply chains and food and nutritional security. Flours from co-products are emerging as low-cost alternatives, capable of making up diets that provide a better supply of nutrients and energy to populations plagued by food insecurity.



Therefore, the breadth of discussions on the valorization of fruit by-products in human nutrition allows us to reflect on many issues, including the role of the main agents that can accelerate or mitigate measures that impact sustainable practices. Finally, even though the modern food industry currently occupies a decisive position in the efficient management of waste prospects for conversion into co-products, a closer approach between research institutions, government, producers, and other food sector participants is necessary to ensure that the use of these raw materials can be utilized in a way that effectively contributes to sustainable practices. Therefore, there seems to be a promising inter- and transdisciplinary scenario in the search for a more sustainable model for survival and, above all, for caring for this and the next generations.







Author Contributions


Conceptualization, S.K.R.L., M.L. and D.D.R.A.; methodology, S.K.R.L.; validation, R.A.d.S. and D.D.R.A.; formal analysis, S.K.R.L. and J.J.A.d.O.; investigation, S.K.R.L. and J.J.A.d.O.; resources, M.L., A.D. and D.D.R.A.; data curation, S.K.R.L.; writing—original draft preparation, S.K.R.L.; writing—review and editing, M.L., A.D., R.A.d.S. and D.D.R.A.; visualization, R.A.d.S.; supervision, D.D.R.A.; project administration, D.D.R.A.; funding acquisition, S.K.R.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data will be available upon request.




Acknowledgments


We are grateful to the Fundação de Amparo à Pesquisa do Estado do Maranhão (FAPEMA).




Conflicts of Interest


The authors declare no conflict of interest. Similarly, funders had no role in the design of this study or in the collection, analysis, or interpretation of data.




References


	



Otles, S.; Despoudi, S.; Bucatariu, C.; Kartal, C. Food Waste Management, Valorization, and Sustainability in the Food Industry. In Food Waste Recovery; Elsevier: Amsterdam, The Netherlands, 2015; pp. 3–23. [Google Scholar] [CrossRef]

	



Parsafar, B.; Ahmadi, M.; Jahed Khaniki, G.R.; Shariatifar, N.; Rahimi Foroushani, A. The Impact of Fruit and Vegetable Waste on Economic Loss Estimation. Glob. J. Environ. Sci. Manag. 2023, 9, 871–884. [Google Scholar] [CrossRef]

	



FAO. Food and Agriculture Organization of the United Nations ODS. Metas Nacionais Dos Objetivos de Desenvolvimento Sustentável. Available online: https://www.fao.org/family-farming/detail/en/c/1184284/ (accessed on 2 May 2023).

	



FAO. Save Food: Global Initiative on Food Loss and Waste Reduction. Definitional Framework of Food Loss. Available online: https://www.fao.org/3/i4068e/i4068e.pdf (accessed on 28 May 2023).

	



Banerjee, S.; Ranganathan, V.; Patti, A.; Arora, A. Valorisation of Pineapple Wastes for Food and Therapeutic Applications. Trends Food Sci. Technol. 2018, 82, 60–70. [Google Scholar] [CrossRef]

	



Sharma, P.; Vishvakarma, R.; Gautam, K.; Vimal, A.; Kumar Gaur, V.; Farooqui, A.; Varjani, S.; Younis, K. Valorization of Citrus Peel Waste for the Sustainable Production of Value-Added Products. Bioresour. Technol. 2022, 351, 127064. [Google Scholar] [CrossRef] [PubMed]

	



Tiwari, A.; Singh, G.; Chowdhary, K.; Choudhir, G.; Sharma, V.; Sharma, S.; Srivastava, R.K. Co-Product Recovery in Food Processing. In Smart and Sustainable Food Technologies; Springer Nature: Singapore, 2022; pp. 341–366. [Google Scholar]

	



Yingdan, Z.; Yueting, L.; Yingnan, Z.; Jiali, L.; Zhangqun, D.; Roger, R. Current Technologies and Uses for Fruit and Vegetable Wastes in a Sustainable System: A Review. Foods 2023, 12, 1949. [Google Scholar] [CrossRef]

	



Lucarini, M.; Durazzo, A.; Bernini, R.; Campo, M.; Vita, C.; Souto, E.B.; Lombardi-Boccia, G.; Ramadan, M.F.; Santini, A.; Romani, A. Fruit Wastes as a Valuable Source of Value-Added Compounds: A Collaborative Perspective. Molecules 2021, 26, 6338. [Google Scholar] [CrossRef]

	



De Pérez-Chabela, M.L.; Cebollón-Juárez, A.; Bosquez-Molina, E.; Totosaus, A. Mango Peel Flour and Potato Peel Flour as Bioactive Ingredients in the Formulation of Functional Yogurt. Food Sci. Technol. 2022, 42, e38220. [Google Scholar] [CrossRef]

	



Roda, A.; Lambri, M. Food Uses of Pineapple Waste and By-products: A Review. Int. J. Food Sci. Technol. 2019, 54, 1009–1017. [Google Scholar] [CrossRef]

	



De Silva, J.M.; Maffei, A. Produção de Farinha Funcional a Partir de Cascas e Albedos de Frutos para Aplicação em Alimentos. In Avanços em Ciência e Tecnologia de Alimentos; Editora Científica Digital: São Carlos, Brazil, 2022; Volume 6, pp. 359–372. [Google Scholar]

	



Salvia, A.L.; Leal Filho, W.; Brandli, L.L.; Griebeler, J.S. Assessing Research Trends Related to Sustainable Development Goals: Local and Global Issues. J. Clean. Prod. 2019, 208, 841–849. [Google Scholar] [CrossRef]

	



Suri, S.; Singh, A.; Nema, P.K. Recent Advances in Valorization of Citrus Fruits Processing Waste: A Way Forward towards Environmental Sustainability. Food Sci. Biotechnol. 2021, 30, 1601–1626. [Google Scholar] [CrossRef]

	



Can-Cauich, C.A.; Sauri-Duch, E.; Betancur-Ancona, D.; Chel-Guerrero, L.; González-Aguilar, G.A.; Cuevas-Glory, L.F.; Pérez-Pacheco, E.; Moo-Huchin, V.M. Tropical Fruit Peel Powders as Functional Ingredients: Evaluation of Their Bioactive Compounds and Antioxidant Activity. J. Funct. Foods 2017, 37, 501–506. [Google Scholar] [CrossRef]

	



Osorio, L.L.D.R.; Flórez-López, E.; Grande-Tovar, C.D. The Potential of Selected Agri-Food Loss and Waste to Contribute to a Circular Economy: Applications in the Food, Cosmetic and Pharmaceutical Industries. Molecules 2021, 26, 515. [Google Scholar] [CrossRef] [PubMed]

	



Alexandri, M.; Kachrimanidou, V.; Papapostolou, H.; Papadaki, A.; Kopsahelis, N. Sustainable Food Systems: The Case of Functional Compounds towards the Development of Clean Label Food Products. Foods 2022, 11, 2796. [Google Scholar] [CrossRef] [PubMed]

	



Zuñiga-Martínez, B.S.; Domínguez-Avila, J.A.; Robles-Sánchez, R.M.; Ayala-Zavala, J.F.; Villegas-Ochoa, M.A.; González-Aguilar, G.A. Agro-Industrial Fruit Byproducts as Health-Promoting Ingredients Used to Supplement Baked Food Products. Foods 2022, 11, 3181. [Google Scholar] [CrossRef] [PubMed]

	



Chauhan, Y. Food Waste Management with Technological Platforms: Evidence from Indian Food Supply Chains. Sustainability 2020, 12, 8162. [Google Scholar] [CrossRef]

	



Do Nascimento Filho, W.B.; Franco, C.R. Potential Assessment of Waste Produced through the Agro-Industrial Processing in Brazil. Rev. Virtual Quim. 2015, 7, 1968–1987. [Google Scholar] [CrossRef]

	



Chavan, P.; Singh, A.K.; Kaur, G. Recent Progress in the Utilization of Industrial Waste and By-products of Citrus Fruits: A Review. J. Food Process. Eng. 2018, 41, e12895. [Google Scholar] [CrossRef]

	



Igual, M.; Chiş, M.S.; Păucean, A.; Vodnar, D.C.; Muste, S.; Man, S.; Martínez-Monzó, J.; García-Segovia, P. Valorization of Rose Hip (Rosa canina) Puree Co-Product in Enriched Corn Extrudates. Foods 2021, 10, 2787. [Google Scholar] [CrossRef]

	



Roy, P.; Mohanty, A.K.; Dick, P.; Misra, M. A Review on the Challenges and Choices for Food Waste Valorization: Environmental and Economic Impacts. ACS Environ. Au 2023, 3, 58–75. [Google Scholar] [CrossRef]

	



Joardder, M.U.H.; Masud, M.H. Causes of Food Waste. In Food Preservation in Developing Countries: Challenges and Solutions; Springer International Publishing: Cham, Switzerland, 2019; pp. 27–55. [Google Scholar]

	



Martins, A.C.S.; de Medeiros, G.K.V.V.; da Silva, J.Y.P.; Viera, V.B.; de Barros, P.S.; dos Lima, M.S.; da Silva, M.S.; Tavares, J.F.; do Nascimento, Y.M.; da Silva, E.F.; et al. Physical, Nutritional, and Bioactive Properties of Mandacaru Cladode Flour (Cereus jamacaru DC.): An Unconventional Food Plant from the Semi-Arid Brazilian Northeast. Foods 2022, 11, 3814. [Google Scholar] [CrossRef]

	



De Melo, A.M.; Barbi, R.C.T.; Costa, B.P.; Ikeda, M.; Carpiné, D.; Ribani, R.H. Valorization of the Agro-Industrial By-Products of Bacupari (Garcinia brasiliensis (Mart.)) through Production of Flour with Bioactive Properties. Food Biosci. 2022, 45, 101343. [Google Scholar] [CrossRef]

	



Cassani, L.; Gomez-Zavaglia, A. Sustainable Food Systems in Fruits and Vegetables Food Supply Chains. Front. Nutr. 2022, 9, 829061. [Google Scholar] [CrossRef] [PubMed]

	



Jaouhari, Y.; Travaglia, F.; Giovannelli, L.; Picco, A.; Oz, E.; Oz, F.; Bordiga, M. From Industrial Food Waste to Bioactive Ingredients: A Review on the Sustainable Management and Transformation of Plant-Derived Food Waste. Foods 2023, 12, 2183. [Google Scholar] [CrossRef] [PubMed]

	



Wang, B.; Dong, F.; Chen, M.; Zhu, J.; Tan, J.; Fu, X.; Wang, Y.; Chen, S. Advances in Recycling and Utilization of Agricultural Wastes in China: Based on Environmental Risk, Crucial Pathways, Influencing Factors, Policy Mechanism. Procedia Environ. Sci. 2016, 31, 12–17. [Google Scholar] [CrossRef]

	



Ali, R.F.M.; El-Anany, A.M.; Mousa, H.M.; Hamad, E.M. Nutritional and Sensory Characteristics of Bread Enriched with Roasted Prickly Pear (Opuntia ficus-indica) Seed Flour. Food Funct. 2020, 11, 2117–2125. [Google Scholar] [CrossRef]

	



Díaz-Vela, J.; Totosaus, A.; Pérez-Chabela, M.L. Integration of Agroindustrial Co-Products as Functional Food Ingredients: Cactus Pear (Opuntia ficus indica) Flour and Pineapple (Ananas comosus) Peel Flour as Fiber Source in Cooked Sausages Inoculated with Lactic Acid Bacteria. J. Food Process. Preserv. 2015, 39, 2630–2638. [Google Scholar] [CrossRef]

	



Taghian Dinani, S.; van der Goot, A.J. Challenges and Solutions of Extracting Value-Added Ingredients from Fruit and Vegetable By-Products: A Review. Crit. Rev. Food Sci. Nutr. 2022, 1–23. [Google Scholar] [CrossRef]

	



Larrosa, A.P.Q.; Otero, D.M. Flour Made from Fruit By-products: Characteristics, Processing Conditions, and Applications. J. Food Process. Preserv. 2021, 45, e15398. [Google Scholar] [CrossRef]

	



Wang, Y.; Jian, C. Sustainable Plant-Based Ingredients as Wheat Flour Substitutes in Bread Making. NPJ Sci. Food 2022, 6, 49. [Google Scholar] [CrossRef]

	



Renard, C.M.G.C. Extraction of Bioactives from Fruit and Vegetables: State of the Art and Perspectives. LWT 2018, 93, 390–395. [Google Scholar] [CrossRef]

	



Li, L.; Zhang, M.; Bhandari, B. Influence of Drying Methods on Some Physicochemical, Functional and Pasting Properties of Chinese Yam Flour. LWT 2019, 111, 182–189. [Google Scholar] [CrossRef]

	



Yang, H.; Sombatngamwilai, T.; Yu, W.-Y.; Kuo, M.-I. Drying Applications during Value-Added Sustainable Processing for Selected Mass-Produced Food Coproducts. Processes 2020, 8, 307. [Google Scholar] [CrossRef]

	



Fierascu, R.C.; Sieniawska, E.; Ortan, A.; Fierascu, I.; Xiao, J. Fruits By-Products—A Source of Valuable Active Principles: A Short Review. Front. Bioeng. Biotechnol. 2020, 8, 00319. [Google Scholar] [CrossRef] [PubMed]

	



Santos, D.; Lopes da Silva, J.A.; Pintado, M. Fruit and Vegetable By-Products’ Flours as Ingredients: A Review on Production Process, Health Benefits and Technological Functionalities. LWT 2022, 154, 112707. [Google Scholar] [CrossRef]

	



Menon, A.; Stojceska, V.; Tassou, S.A. A Systematic Review on the Recent Advances of the Energy Efficiency Improvements in Non-Conventional Food Drying Technologies. Trends Food Sci. Technol. 2020, 100, 67–76. [Google Scholar] [CrossRef]

	



De Sousa, A.P.M.; Campos, A.R.N.; de Santana, R.A.C.; Dantas, D.L.; de Macedo, A.D.B.; da Silva, J.R.B.; Malaquias, A.B.; da Nóbrega Albuquerque, T.; da Silva, G.B.; Gomes, J.P. Parâmetros de Qualidade Física e Química Do Eixo Central, Mesocarpo e Semente de Jaca Submetidos a Diferentes Processos de Secagem. Res. Soc. Dev. 2022, 11, e34311427328. [Google Scholar] [CrossRef]

	



Dos Santos, C.M.; Rocha, D.A.; Madeira, R.A.V.; de Rezende Queiroz, E.; Mendonça, M.M.; Pereira, J.; de Preparação Abreu, C.M.P. Caracterização e Análise Sensorial de Pão Integral Enriquecido Com Farinha de Subprodutos Do Mamão. Braz. J. Food Technol. 2018, 21, 12017. [Google Scholar] [CrossRef]

	



Da Cunha, J.A.; Rolim, P.M.; da Silva Chaves Damasceno, K.S.F.; de Sousa Júnior, F.C.; Nabas, R.C.; Seabra, L.M.J. From Seed to Flour: Sowing Sustainability in the Use of Cantaloupe Melon Residue (Cucumis melo L. Var. Reticulatus). PLoS ONE 2020, 15, e0219229. [Google Scholar] [CrossRef]

	



De Oliveira, N.A.S.; Winkelmann, D.O.V.; Tobal, T.M. Farinhas e Subprodutos Da Laranja Sanguínea-de-Mombuca: Caracterização Química e Aplicação Em Sorvete. Braz. J. Food Technol. 2019, 22, 24618. [Google Scholar] [CrossRef]

	



Charoenphun, N.; Klangbud, W.K. Antioxidant and Anti-Inflammatory Activities of Durian (Durio zibethinus Murr.) Pulp, Seed and Peel Flour. PeerJ 2022, 10, e12933. [Google Scholar] [CrossRef]

	



Das, P.C.; Khan, M.J.; Rahman, M.S.; Majumder, S.; Islam, M.N. Comparison of the Physico-Chemical and Functional Properties of Mango Kernel Flour with Wheat Flour and Development of Mango Kernel Flour Based Composite Cakes. NFS J. 2019, 17, 1–7. [Google Scholar] [CrossRef]

	



De Dios-Avila, N.; Tirado-Gallegos, J.M.; Rios-Velasco, C.; Luna-Esquivel, G.; Isiordia-Aquino, N.; Zamudio-Flores, P.B.; Estrada-Virgen, M.O.; Cambero-Campos, O.J. Physicochemical, Structural, Thermal and Rheological Properties of Flour and Starch Isolated from Avocado Seeds of Landrace and Hass Cultivars. Molecules 2022, 27, 910. [Google Scholar] [CrossRef] [PubMed]

	



Souza, J.O.; Camilloto, G.P.; Cruz, R.S. Biscoitos Tipo Amanteigado Incorporado com Farinha de Caroço de Açaí. Braz. J. Dev. 2020, 6, 81331–81340. [Google Scholar] [CrossRef]

	



Barros, S.K.A.; de Souza, A.R.M.; Damiani, C.; Pereira, A.S.; Alves, D.G.; Clemente, R.C.; da Costa, D.M. Obtenção e Caracterização de Farinhas de Caroço de Açaí (Euterper oleracea) e de Casca de Bacaba (Oenocarpus bacaba). Res. Soc. Dev. 2021, 10, e2710413724. [Google Scholar] [CrossRef]

	



Bontempo, L.H.S.; Castejon, L.V.; Santos, K.G. dos Secagem Da Casca de Tangerina: Cinética e Desempenho Do Secador Solar Convectivo. Res. Soc. Dev. 2020, 9, e44963458. [Google Scholar] [CrossRef]

	



Carvalho, J.B.; da Silva Rocha Marques, K.H.; Mesquita, A.A.; de Paula, G.H.; de Lima, M.S.; Ferreira, S.V.; Medeiros, J.S.; Teixeira, P.C.; Nicolau, E.S.; da Silva, M.A.P. Propriedades Químicas e Funcionais Da Casca de Mamão Verde Submetida à Secagem Em Diferentes Temperaturas e Aplicação Em Pães. Res. Soc. Dev. 2020, 9, e29953154. [Google Scholar] [CrossRef]

	



De Souza Salgado, C.; Alexandre, A.C.N.P.; do Amaral, L.A.; Sarmento, U.C.; Nabeshima, E.H.; Novello, D.; dos Santos, E.F. Adição de Farinha de Casca de Guavira Em Pão: Características Físico-Químicas e Sensoriais. Braz. J. Food Technol. 2022, 25, 17021. [Google Scholar] [CrossRef]

	



Souza, E.L.; Nascimento, T.S.; Magalhães, C.M.; de Abreu Barreto, G.; Leal, I.L.; dos Anjos, J.P.; Machado, B.A.S. Development and Characterization of Powdered Antioxidant Compounds Made from Shiraz (Vitis vinifera L.) Grape Peels and Arrowroot (Maranta arundinacea L.). Sci. World J. 2022, 2022, 7664321. [Google Scholar] [CrossRef]

	



Da Silva Alves, P.L.; Berrios, J.D.J.; Pan, J.; Ascheri, J.L.R. Passion Fruit Shell Flour and Rice Blends Processed into Fiber-Rich Expanded Extrudates. CyTA J. Food 2018, 16, 901–908. [Google Scholar] [CrossRef]

	



Macedo, M.C.C.; Correia, V.T.d.V.; Silva, V.D.M.; Pereira, D.T.V.; Augusti, R.; Melo, J.O.F.; Pires, C.V.; de Paula, A.C.C.F.F.; Fante, C.A. Development and Characterization of Yellow Passion Fruit Peel Flour (Passiflora edulis f. Flavicarpa). Metabolites 2023, 13, 684. [Google Scholar] [CrossRef]

	



Narita, I.M.P.; Filbido, G.S.; Ferreira, B.A.; de Oliveira Pinheiro, A.P.; da Cruz e Silva, D.; Nascimento, E.; Villa, R.D.; de Oliveira, A.P. Bioacessibilidade in Vitro de Carotenoides e Compostos Fenólicos e Capacidade Antioxidante de Farinhas Do Fruto Pequi (Caryocar Brasiliense Camb.). Braz. J. Food Technol. 2022, 25, 06821. [Google Scholar] [CrossRef]

	



Das Chagas, E.G.L.; dos Santos Garcia, V.A.; da Silva, L.C.B.; Vanin, F.M.; de Carvalho, R.A. Farinha De Casca De Manga: Propriedades Tecnológicas e Perfil De Compostos Fenólicos. In Tecnologia de Alimentos: Tópicos Físicos, Químicos e Biológicos; Editora Científica Digital: São Carlos, Brazil, 2020; Volume 2, pp. 360–379. [Google Scholar]

	



Korese, J.K.; Chikpah, S.K. Understanding Infrared Drying Behavior of Shea (Vitellaria paradoxa) Fruit by-Product for the Production of Value-Added Products. Biomass Convers. Biorefin. 2022. [Google Scholar] [CrossRef]

	



Jiménez Nempeque, L.V.; Gómez Cabrera, Á.P.; Colina Moncayo, J.Y. Evaluation of Tahiti Lemon Shell Flour (Citrus latifolia tanaka) as a Fat Mimetic. J. Food Sci. Technol. 2021, 58, 720–730. [Google Scholar] [CrossRef] [PubMed]

	



Acar, C.; Dincer, I.; Mujumdar, A. A Comprehensive Review of Recent Advances in Renewable-Based Drying Technologies for a Sustainable Future. Dry. Technol. 2022, 40, 1029–1050. [Google Scholar] [CrossRef]

	



Hasan Masud, M.; Karim, A.; Ananno, A.A.; Ahmed, A. Conditions for Selecting Drying Techniques in Developing Countries. In Sustainable Food Drying Techniques in Developing Countries: Prospects and Challenges; Springer International Publishing: Cham, Switzerland, 2020; pp. 21–40. [Google Scholar]

	



Hasan, M.U.; Malik, A.U.; Ali, S.; Imtiaz, A.; Munir, A.; Amjad, W.; Anwar, R. Modern Drying Techniques in Fruits and Vegetables to Overcome Postharvest Losses: A Review. J. Food Process. Preserv. 2019, 43, 14280. [Google Scholar] [CrossRef]

	



Waghmare, A.G.; Arya, S.S. Use of Fruit By-Products in the Preparation of Hypoglycemic Thepla: Indian Unleavened Vegetable Flat Bread. J. Food Process. Preserv. 2014, 38, 1198–1206. [Google Scholar] [CrossRef]

	



De Toledo, N.; de Camargo, A.; Ramos, P.; Button, D.; Granato, D.; Canniatti-Brazaca, S. Potentials and Pitfalls on the Use of Passion Fruit By-Products in Drinkable Yogurt: Physicochemical, Technological, Microbiological, and Sensory Aspects. Beverages 2018, 4, 47. [Google Scholar] [CrossRef]

	



Carvalho, V.S.; Conti-Silva, A.C. Cereal Bars Produced with Banana Peel Flour: Evaluation of Acceptability and Sensory Profile. J. Sci. Food Agric. 2018, 98, 134–139. [Google Scholar] [CrossRef]

	



Kausar, T. Utilization of Watermelon Seed Flour as Protein Supplement in Cookies. Pure Appl. Biol. 2020, 9, 202–206. [Google Scholar] [CrossRef]

	



Oyeyinka, A.T.; Dahunsi, J.O.; Akintayo, O.A.; Oyeyinka, S.A.; Adebiyi, J.A.; Otutu, O.L.; Awofadeju, O.F.J.; Gbashi, S.; Chinma, C.E.; Manley, M.; et al. Nutritionally Improved Cookies from Whole Wheat Flour Enriched with Processed Tamarind Seed Flour. J. Food Process. Preserv. 2022, 46, e16185. [Google Scholar] [CrossRef]

	



Najjar, Z.; Alkaabi, M.; Alketbi, K.; Stathopoulos, C.; Ranasinghe, M. Physical Chemical and Textural Characteristics and Sensory Evaluation of Cookies Formulated with Date Seed Powder. Foods 2022, 11, 305. [Google Scholar] [CrossRef]

	



Novelina; Asben, A.; Nerishwari, K.; Hapsari, S.; Hari, P.D. Utilization of Avocado Seed Powder (Persea americana Mill.) as a Mixture of Modified Cassava Flour in Making Cookies. IOP Conf. Ser. Earth Environ. Sci. 2022, 1059, 012060. [Google Scholar] [CrossRef]

	



Nascimento, N.C.; de Medeiros, H.I.R.; Pereira, I.C.; da Silva Oliveira, R.E.; de Medeiros, I.L.; de Medeiros Junior, F.C. Elaboração de Biscoito Com a Farinha Da Casca Do Maracujá (Passiflora edulis). Res. Soc. Dev. 2020, 9, e501974333. [Google Scholar] [CrossRef]

	



Amin, K.; Akhtar, S.; Ismail, T. Nutritional and Organoleptic Evaluation of Functional Bread Prepared from Raw and Processed Defatted Mango Kernel Flour. J. Food Process. Preserv. 2018, 42, e13570. [Google Scholar] [CrossRef]

	



Ayoubi, A.; Balvardi, M.; Akhavan, H.-R.; Hajimohammadi-Farimani, R. Fortified Cake with Pomegranate Seed Powder as a Functional Product. J. Food Sci. Technol. 2022, 59, 308–316. [Google Scholar] [CrossRef] [PubMed]

	



Antonic, B.; Dordevic, D.; Jancikova, S.; Holeckova, D.; Tremlova, B.; Kulawik, P. Effect of Grape Seed Flour on the Antioxidant Profile, Textural and Sensory Properties of Waffles. Processes 2021, 9, 131. [Google Scholar] [CrossRef]

	



Ning, X.; Zhou, Y.; Wang, Z.; Zheng, X.; Pan, X.; Chen, Z.; Liu, Q.; Du, W.; Cao, X.; Wang, L. Evaluation of Passion Fruit Mesocarp Flour on the Paste, Dough, and Quality Characteristics of Dried Noodles. Food Sci. Nutr. 2022, 10, 1657–1666. [Google Scholar] [CrossRef]

	



Ferreira, S.P.L.; Jardim, F.B.B.; da Fonseca, C.R.; Costa, L.L. Whole-Grain Pan Bread with the Addition of Jabuticaba Peel Flour. Ciência Rural. 2020, 50, e20190623. [Google Scholar] [CrossRef]

	



Micheletti, J.; Soares, J.M.; Franco, B.C.; de Carvalho, I.R.A.; Candido, C.J.; dos Santos, E.F.; Novello, D. The Addition of Jaboticaba Skin Flour to Muffins Alters the Physicochemical Composition and Their Sensory Acceptability by Children. Braz. J. Food Technol. 2018, 21, 8917. [Google Scholar] [CrossRef]

	



Ortega-González, L.; Güemes-Vera, N.; Piloni-Martini, J.; Quintero-Lira, A.; Soto-Simental, S. Substitution of Wheat Flour by Jackfruit (Artocarpus heterophyllus Lam.) Seed Flour: Effects on Dough Rheology and Deep-Frying Doughnuts Texture and Sensory Analysis. Int. J. Gastron. Food Sci. 2022, 30, 100612. [Google Scholar] [CrossRef]

	



De Abreu, D.J.M.; de Moraes, I.A.; Asquieri, E.R.; Damiani, C. Red Mombin (Spondias purpurea L.) Seed Flour as a Functional Component in Chocolate Brownies. J. Food Sci. Technol. 2021, 58, 612–620. [Google Scholar] [CrossRef]

	



Ervina, E. The Sensory Profiles and Preferences of Gluten-Free Cookies Made from Alternative Flours Sourced from Indonesia. Int. J. Gastron. Food Sci. 2023, 33, 100796. [Google Scholar] [CrossRef]

	



Olusanya, R.N.; Kolanisi, U.; Ngobese, N.Z. Mineral Composition and Consumer Acceptability of Amaranthus Leaf Powder Supplemented Ujeqe for Improved Nutrition Security. Foods 2023, 12, 2182. [Google Scholar] [CrossRef] [PubMed]

	



Echave, J.; Silva, A.; Pereira, A.G.; Garcia-Oliveira, P.; Fraga-Corral, M.; Otero, P.; Cassani, L.; Cao, H.; Simal-Gandara, J.; Prieto, M.A.; et al. Benefits and Drawbacks of Incorporating Grape Seeds into Bakery Products: Is It Worth It? In Proceedings of the 2nd International Electronic Conference on Processes: Process Engineering—Current State and Future Trends, Online, 17–31 May 2021; MDPI: Basel, Switzerland, 2023; p. 117. [Google Scholar]

	



Toledo, N.M.V.; Mondoni, J.; Harada-Padermo, S.S.; Vela-Paredes, R.S.; Berni, P.R.A.; Selani, M.M.; Canniatti-Brazaca, S.G. Characterization of Apple, Pineapple, and Melon By-products and Their Application in Cookie Formulations as an Alternative to Enhance the Antioxidant Capacity. J. Food Process. Preserv. 2019, 43, e14100. [Google Scholar] [CrossRef]

	



Ademosun, A.O.; Odanye, O.S.; Oboh, G. Orange Peel Flavored Unripe Plantain Noodles with Low Glycemic Index Improved Antioxidant Status and Reduced Blood Glucose Levels in Diabetic Rats. J. Food Meas. Charact. 2021, 15, 3742–3751. [Google Scholar] [CrossRef]

	



De Faveri, A.; De Faveri, R.; Broering, M.F.; Bousfield, I.T.; Goss, M.J.; Muller, S.P.; Pereira, R.O.; de Oliveira e Silva, A.M.; Machado, I.D.; Quintão, N.L.M.; et al. Effects of Passion Fruit Peel Flour (Passiflora edulis f. Flavicarpa O. Deg.) in Cafeteria Diet-Induced Metabolic Disorders. J. Ethnopharmacol. 2020, 250, 112482. [Google Scholar] [CrossRef]

	



Wu, M.-Y.; Shiau, S.-Y. Effect of the Amount and Particle Size of Pineapple Peel Fiber on Dough Rheology and Steamed Bread Quality. J. Food Process. Preserv. 2015, 39, 549–558. [Google Scholar] [CrossRef]

	



Sayas-Barberá, E.; Pérez-Álvarez, J.A.; Navarro-Rodríguez de Vera, C.; Fernández-López, M.; Viuda-Martos, M.; Fernández-López, J. Sustainability and Gender Perspective in Food Innovation: Foods and Food Processing Coproducts as Source of Macro- and Micro-Nutrients for Woman-Fortified Foods. Foods 2022, 11, 3661. [Google Scholar] [CrossRef]

	



Kruger, J.; Taylor, J.R.N.; Ferruzzi, M.G.; Debelo, H. What Is Food-to-food Fortification? A Working Definition and Framework for Evaluation of Efficiency and Implementation of Best Practices. Compr. Rev. Food Sci. Food Saf. 2020, 19, 3618–3658. [Google Scholar] [CrossRef]

	



Imathiu, S. Benefits and Food Safety Concerns Associated with Consumption of Edible Insects. NFS J. 2020, 18, 1–11. [Google Scholar] [CrossRef]

	



Colgrave, M.L.; Dominik, S.; Tobin, A.B.; Stockmann, R.; Simon, C.; Howitt, C.A.; Belobrajdic, D.P.; Paull, C.; Vanhercke, T. Perspectives on Future Protein Production. J. Agric. Food Chem. 2021, 69, 15076–15083. [Google Scholar] [CrossRef]

	



Torres-León, C.; Ramírez-Guzman, N.; Londoño-Hernandez, L.; Martinez-Medina, G.A.; Díaz-Herrera, R.; Navarro-Macias, V.; Alvarez-Pérez, O.B.; Picazo, B.; Villarreal-Vázquez, M.; Ascacio-Valdes, J.; et al. Food Waste and Byproducts: An Opportunity to Minimize Malnutrition and Hunger in Developing Countries. Front. Sustain. Food Syst. 2018, 2, 52. [Google Scholar] [CrossRef]

	



Lau, K.Q.; Sabran, M.R.; Shafie, S.R. Utilization of Vegetable and Fruit By-Products as Functional Ingredient and Food. Front. Nutr. 2021, 8, 661693. [Google Scholar] [CrossRef] [PubMed]








[image: Sustainability 15 13665 g001] 





Figure 1. Data Search Scheme. 
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Figure 2. Conversion cycle of fruit waste into co-products in the perspective of sustainable strategies. 
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Table 1. Use of drying applied to fruit co-products to obtain flours.
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	Raw Materials
	Temperature

(°C)
	Time

(Hours)
	Drying Equipment
	Reference





	Jackfruit seeds (Artocarpus heterophyllus)
	60
	5–6
	Microwave oven.
	[41]



	Papaya seeds and shells (Citrus reticulata)
	45
	72
	Air-circulating oven
	[42]



	Melon seeds (Cucumis melo L.)
	80
	24
	Air-circulating oven
	[43]



	Orange seeds (Citrus sinensis L.)
	75
	10
	Tray dryer
	[44]



	Durian Seed and Shell (Durio zibethinus Murr.)
	60
	18
	Air-circulating oven
	[45]



	Prickly pear seed (Opuntia ficus-indica)
	60
	48
	Air-circulating oven
	[30]



	Mango kernel (Mangifera indica)
	60–65
	15–16
	Tray dryer
	[46]



	Avocado seeds (Persea americana)
	40
	30
	Dehydrator
	[47]



	Acai seed (Euterpe oleracea)
	50
	3
	Tray dryer
	[48]



	Acai seed (Euterpe oleracea)
	50
	28
	Air-circulating oven
	[49]



	Tangerine shell (Citrus reticulata)
	74
	6
	Solar convective dryer
	[50]



	Papaya shell (Carica papaya)
	70
	6
	Air-circulating oven
	[51]



	Guavira shell (Campomanesia xanthocarpa)
	40
	24
	Air-circulating oven
	[52]



	Grape peel (Vitis vinifera L.)
	50
	2
	Air-circulating oven
	[53]



	Bacaba shell (Oenocarpus Bacaba)
	50
	45
	Air-circulating oven
	[49]



	Passion fruit shells (Passiflora edulis)
	60–65
	24
	Air-circulating oven
	[54,55]



	Shell and seed of pequi (Caryocar brasiliense Camb.)
	60
	72
	Air-circulating oven
	[56]



	Mango shell (Mangifera indica L.)
	60
	26
	Air-circulating oven
	[57]










 





Table 2. Studies with the application of flours obtained from fruit co-products in the development of products for human consumption.
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	Study
	Results
	References





	Fortification of yogurts with passion fruit peel and seed flour
	A = Nutritional, technological and sensory viability.

D = Not reported in the study
	[64]



	Cereal bars produced with banana peel flour
	A = Viability for new product development; sustainable option for different niche markets.

D = Not reported in the study
	[65]



	Use of watermelon seed flour as a protein supplement in cookies
	A = Improved nutritional content; good sensory acceptability

D = Not reported in the study
	[66]



	Nutritionally enhanced wheat flour cookies with tamarind seed flour
	A = Increased protein content and antioxidant properties

D = Not reported in the study
	[67]



	Cookies formulated with date seed powder
	A = Improvement in sensory characteristics and nutritional profile; can be used as a partial substitute for wheat flour

D = Not reported in the study
	[68]



	Avocado stone flour as a mixture of cassava flour in the manufacture of cookies
	A = Acceptable sensory characteristics; high antioxidant activity

D = Not reported in the study
	[69]



	Addition of guavira flour in breads
	A = Increased vitamin C content; good sensory quality.

D = Not reported in the study
	[52]



	Preparation of cookie with passion fruit peel flour
	Technological potential for the bakery market.

D = Not reported in the study
	[70]



	Functional bread made with mango stone flour
	A = Good nutritional characteristics; antioxidant potential.

D = Not reported in the study
	[71]



	Partial substitution of wheat flour by prickly pear stone four in breads.
	A = Increased content of total phenolics, flavonoids and radical scavenging activity; increased dietary fiber, fat and ash content; reduction in carbohydrate content.

D = Not reported in the study
	[30]



	Cake fortified with pomegranate seed powder.
	A = Increase in protein, fat and fiber content of the product; up to 5% replacement of wheat promotes nutritional enrichment without affecting the quality and acceptance of the cake.

D = Not reported in the study
	[72]



	Effect of grape seed flour on antioxidant profile, textural and sensory properties of waffles
	A = Improved total phenolic content and antioxidant activity of the final product

D = Not reported in the study
	[73]



	Passion fruit mesocarp flour (PFMF) in pasta on the quality of dry noodles
	A = Considerable increase in fiber content

D = Substitution of PFMF hindered the formation of the gluten network; the quality of dry noodles was affected by PFMF substitution.
	[74]



	Integral bread rolls with the addition of jaboticaba peel flour
	A = Increased fiber content; increased content of phenolic compounds; increased antioxidant activity.

D = Not reported in the study
	[75]



	Integral bread enriched with papaya by-product flour
	A = Increased fiber and protein content

D = Decrease in the technological quality of the final product
	[42]



	Composit