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Introduction

, Raw material
Food industry annually produces tons of by-
products during processing of fruit and vegetables. By-products
Rather than throw them, it 1s possible to recycle )
them because these by-products are rich in bioactive \
compounds and therefore, to embrace the concepts = >
of the circular economy, can be turned in new raw =]
materials with antimicrobial and antioxidant | Production process TS
properties. ==

The approaches utilized for by-product recycle are
mainly two: (1) the partial re-utilization of peel,
seed, leaves etc. or their extracts in new food
formulation; (1) the complete adoption of all by-
products to produce new food, without generating
any waste (zero-waste approach). An overview of
by-products recycle 1n the last 10 years 1s presented.
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Future Trends

Through the critical analysis of the numerous case-studies reported 1in the most recent scientific literature, it can be concluded that the
addition of by-products to food could improve the nutritional properties and/or enhance food shelf life. In particular, a better content in
polyphenol and high antioxidant activity were found, when by-products are added to food. Both approaches, total (zero-waste) and partial re-
utilization of by-products are valid examples of sustainable efforts to reduce food waste and develop new food with functional properties;
however, by-products 1n food are still limited. The main reasons are related to: unavailability of food by-products at industrial level, food
sensory quality (by-products often compromise product acceptability), consumer psychology (customer 1s not ready to consume food with
by-products) and lack of production process updating. Possible solutions come from a multidisciplinary approach, aimed to educate the
stakeholder of supply chain and final consumers about food value and environmental impact of food. It will be also essential to provide
financial support to the companies to improve the system. Finally, the legislative gap about food safety and by-products recycle must be filled.

References
*Akter et al., Food Research, 5, 24-35, 2021; *Chiaraluce et al., Sustainability, 13, 9294, 2021;
Banwo et al., Food Bioscience, 43,101320, 2021; *Fritsch et al., Sustainability, 9, 1492, 2017;
*Bhattacharya et al., Journal of Cleaner Production, 291,125910, 2021; Jimenez — Lopez et al., Food and Function, 11, 4853-4877, 2020;

*Chen et al., Comprehensive Reviews in Food Science and Food Safety, 18, 1388-1402, 2019;  «Kakkar et al., Plant Cell Biotechnology and Molecular Biology, 22, 41-58, 2021.



