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Dear editor at Trends in Food Science and Technology, 

 

I herewith submit the commentary ‘The dual role of upcycling in reducing food loss and waste’ 

for consideration in Trends in Food Science and Technology. Upcycled food is a new trend on the 

market with various definitions presented by academics and stakeholders. However, we think that 

these do not yet shed sufficient light on the two types of products that we see emerging, and that 

it is currently undervalued how upcycled food in its more radical sense can not only avoid food 

waste, but broaden the food available. We thus suggest expanding the definition of upcycled food 

with the two-folded definition that we explain in this commentary. We also think that to further 

holistic food system thinking, it is important to highlight that upcycled food entails a dynamic over 

time and is interdependent. We thus explain the boundaries that this entails and discuss how 

different actors should deal with it. 

We hope you can see the value of this topical commentary for the readership of Trends in Food 

Science and Technology. 

Thank you very much in advance. 

On behalf of the authors, Jessica Aschemann-Witzel  
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Defining upcycled food: The dual role of upcycling in reducing food loss and waste 1 

Abstract 2 

Background: Food loss and waste over-uses natural resources and is responsible for a 3 

considerable share of greenhouse gas (GHG) emissions. Moreover, increasing food prices and 4 

growing food insecurity internationally make instances of food wastage appear even more 5 

irresponsible and showcase the inefficiencies of the current food system. A new concept in the 6 

toolbox for fighting food loss and waste is upcycling – value enhancing use of ingredients 7 

otherwise wasted – that leads to upcycled food. However, not all products currently called 8 

‘upcycled food’ live up to the resource-saving and value-adding promise entailed in the idea of 9 

‘upcycling’, and products markedly differ in how ‘radical’ the upcycling is from a consumer 10 

perspective.  11 

Scope and Approach: To shed light on this, we introduce a two-folded definition that hinges 12 

on current consumer edibility perception and has a view to changing consumer perception; We 13 

show that there are two types of upcycled food which each have a distinct role and contribution 14 

to preserving natural resources - one is avoiding resources are wasted that have gone into food 15 

production, thus constituting upcycled foods through alternative use, the other is diversifying 16 

and broadening the food resource base, thus constituting upcycled foods through novel use. We 17 

provide examples of these upcycled food types and highlight potential boundaries from a 18 

sustainable development goal perspective.  19 

Key Findings and Conclusions: Mainstreaming the idea of upcycling in food systems has huge 20 

potential for improving circularity in the food system. Untapping this potential needs 21 

collaboration across the whole value chain and taking a food system perspective, such as when 22 

being well-aware of the boundaries arising from the dynamic nature of the topic and the 23 

interdependencies. 24 
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Introduction 27 

The food system alone is responsible for a third of global greenhouse gas (GHG) emissions 28 

(Crippa et al., 2021; Foley et al, 2017; Poore & Nemecek, 2018). Food waste (common term 29 

used to cover both food loss and waste) account for circa 8-10 % of total human caused GHG 30 

emissions (IPCC 2019). This inefficient use of up to a third of our food (UNEP, 2021) 31 

unnecessarily heightens the strain that agriculture puts on the planetary ecosystems (Steffen et 32 

al. 2015; Godfray et al., 2010). In addition, in a situation with increasing food prices and 33 

growing food insecurity around the world (FAO, 2021, 2022; Hasegawa, 2021; van Dijk et al., 34 

2021), wastage of nutrients or food reveals the inefficiencies in the current food system and 35 

appears irresponsible in the light of the sustainable development goals (EC, 2020a). Luckily, 36 

the issue of food waste has been acknowledged internationally. There are more and more 37 

initiatives taken to exchange knowledge and data on how to curtail food waste across the value 38 

chain and in public-private partnerships (for example: EC, 2022; WFP, 2022; FAO, 2022). 39 

Food waste, however, is a complex challenge not easily solved, and needs a broad and diverse 40 

range of actions (Aschemann-Witzel 2016).  41 

A new concept in the toolbox of food waste reduction is upcycled food. The term is increasingly 42 

used in the food area and trend reports predict a huge market potential (BusinessWire 2021; 43 

FMCG Gurus, 2022; Forbes, 2021; The Washington Post, 2021; Euromonitor, 2022). Upcycled 44 

food has also been discussed under the terms waste-to-value, value-added-surplus products, or 45 

side-stream valorization (Aschemann-Witzel & Stangherlin, 2021; Teigiserova et al., 2020; 46 

Coderoni & Perito, 2020). Upcycled food introduces a key concept from circular economy, the 47 

upcycling, to the food sector.  It is well in line with policy trends towards supporting ‘closing 48 

the loop’ in major industries, including the food and agriculture sector (EC, 2020b). At the 49 

same time, upcycling is also a term gaining popularity as a green consumer behavior trend 50 

(Wilson, 2016: Kamleitner et al., 2019; Adıgüzel & Donato, 2021). Environmental concern, 51 
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climate change worries and willingness to take sustainability into account in food choice and 52 

diets are rising – 78% of Europeans regard climate change as a serious problem 53 

(Eurobarometer, 2021). The Eurobarometer (repeated European-wide surveys funded by the 54 

European Union) 513 showed that up to 2 out of 3 Europeans see the food industry (i.e. 55 

producers, manufacturers) as “the most important actor to make food systems sustainable” (p. 56 

47). Due to these reasons, ‘upcycled food’ can be expected to entail an important potential for 57 

the sustainable transition of the agriculture and food sector. Given such a sustainable transition 58 

of the production as well as consumption of food needs more diversity as well as more plant- 59 

and less animal-based foods, we argue that upcycled foods are well in line with the planetary 60 

diet suggested by the EAT-Lancet report – they are about uncovering new and diverse sources 61 

of food, and most upcycled food are plant-based (Willet et al., 2019). 62 

However, pursuing upcycling needs a clear definition of the concept and being aware of the 63 

boundaries and pitfalls that arises from the dynamic nature of the definition. Looking at the 64 

market, we see two product groups emerging that differ in how radical upcycling of ‘waste’ is 65 

from a consumer point of view because they differ in edibility perception, and these two groups 66 

contribute to solving the problem in different ways. To put it more bluntly, we assess that one 67 

of the two groups rather tackles the symptoms but not the underlying issues and thus has a 68 

valuable but more intermediate contribution. The other group, in turn, goes more to the root of 69 

food waste and sustainability issues, and thus has a more long-term and profound contribution. 70 

We have written this piece and suggest the distinction because we are concerned that the first 71 

gets more attention than the latter. If upcycled food is understood as restricted to the first group 72 

of examples, it also restricts the contribution that the idea of upcycling can bring to 73 

sustainability of food systems. 74 

To strengthen awareness of this, we first pinpoint the main characteristics of current definitions, 75 

and then expand previous definitions by introducing a two-folded definition of the upcycled 76 
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food concept which encompasses two product groups that we see emerging in the food sector, 77 

and which each have a unique and different role in tackling food loss and waste. We highlight 78 

which boundaries there are for their contribution to a sustainable food system, and why it is 79 

important to adapt and change business models and communication along with the dynamic 80 

change in both consumer perception and technological innovation.  81 

 82 

What is upcycling  83 

The word ‘upcycling’ was coined in contrast to recycling, which is understood as 84 

‘downcycling’. It goes back to the groundbreaking cradle-to-cradle (C2C) design concept, 85 

where it was defined as “cyclical, cradle-to-cradle ‘metabolisms’ that enable materials to 86 

maintain their status as resources and accumulate intelligence over time” (Braungart et al. 2007, 87 

p. 1338). Braungart et al. (2007) criticized that the ‘recycling’ far too often meant that the 88 

material was downgraded and lost its value, as for example if different types of plastic is mixed 89 

and melted together as park benches, with the recycling just another stage on the way to 90 

disposal. ‘Upcycling’ in contrast would be ways of re-using that allow the material to become 91 

purer and better or add additional value to society. Phrased simpler, upcycling has been defined 92 

as “reuse of discarded materials which results in an increase in ‘value’” (Bridgens et al., 2018, 93 

p. 146), or “a process of converting materials into new materials of higher quality and increased 94 

functionality” (Ellen McArthur foundation, 2019). Examples of upcycling in its ideal form are 95 

hard to find, but ideas approximating it are metals such as aluminium re-melted and becoming 96 

purer each time, and compostable packaging produced so that is improves soil and adds seeds. 97 

 98 

What characterizes upcycled food  99 
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Upcycled food as a term has gained traction in the past years. In the USA, an upcycled food 100 

association has recently been formed, developing both a definitional framework as well as 101 

launching a certification for ingredients and products (Upcycled Food Association, 2022). The 102 

association writes that “Upcycled food is the easy way for anyone to prevent food waste via 103 

the products they buy …”. The definition that they suggested in 2020 is phrased as follows: 104 

“Upcycled foods use ingredients that otherwise would not have gone to human consumption, 105 

are procured and produced using verifiable supply chains, and have a positive impact on the 106 

environment” (Upcycled food definition task force, 2020). 107 

Comparing the various definitions in the literature of the field (e.g. Bhatt et al., 2018, 2020; 108 

Spratt et al., 2021; Peschel & Aschemann-Witzel, 2020), we identify three important and 109 

common characteristics in the definitions. When these three come together, the food can be 110 

regarded as ‘upcycled food’. Accordingly, a food can be called upcycled food if it is 1) a 111 

product consisting of or containing materials that otherwise would be waste, this material is 2) 112 

turned into a food product for human consumption, and this is done via 3) a process that 113 

involves an increase in value. We explain each point in the following. 114 

 115 

Waste 116 

Firstly, the starting point is a product or ingredient that is or would otherwise be ‘waste’. 117 

Upcycled foods are usually defined as waste-to-value products, that is, “foods made from 118 

surplus ingredients that would have been otherwise wasted” (Bhatt et al., 2018, p. 57) or “foods 119 

that are manufactured from ingredients that are by-products from producing another food 120 

product” (Bhatt et al., 2020, p. 3), or “foods that contain ingredients previously wasted in the 121 

supply chain” (Aschemann-Witzel & Peschel, 2019, p. 1). With regard to the inverted waste 122 

hierarchy pyramid (EC, 2008), it practically means that upcycled food begins with rescuing 123 
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material from the lowest end, which is the food disposal stage. The waste hierarchy provides a 124 

hierarchy of preference for actions in how to deal with waste from an environmental 125 

perspective: Waste should be properly disposed, but it would be even better to recycle it, and 126 

even better than recycling is to avoid the waste. ‘Upcycling’ moves the items from the disposal 127 

and brings them back to the intended use (see figure 1 for a simplified illustration of this). 128 

Insert Figure 1 here 129 

 130 

Food 131 

Secondly, the resulting product is for human consumption. This holds logically for all 132 

definitions specifying that it is about ‘foods’. However, also those definitions who do not do 133 

so, typically exemplify the concept with food examples (Peschel & Aschemann-Witzel, 2020). 134 

This characteristic is important to underline because even though a re-use as feed or pet food 135 

might as well be a valuable upcycling of material, it is not an example of upcycled food, given 136 

food is per definition for human consumption. 137 

 138 

Value 139 

The third crucial element is that the process involves an increase in value. This value can be of 140 

two types. First, definitions of upcycled food (Spratt et al., 2020) or waste re-use in the circular 141 

bioeconomy (Teigiserova et al., 2020) often refer to the (food) waste hierarchy (EC, 2008). 142 

This hierarchy ranks actions to reduce waste by how favorable it is for the environment, giving 143 

top priority to avoidance. Upcycling in this context means that the ingredient, product, or 144 

process should contribute value by moving the use ‘back up’ to the upper levels in the 145 

hierarchy. This benefit has a positive impact on the environment or society, as for example the 146 

Upcycled Food Association underlines: society gains by a contribution to environmental 147 
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protection, reduction of strain on natural resources, and greater efficiency of the food system. 148 

Second, definitions also stress that there can be an additional benefit and value of the product 149 

itself, mostly for the user directly. This can result from the innovation entailed, as for example 150 

expressed in the following definition “innovatively re-applied in new products with a greater 151 

value as a result” (Peschel & Aschemann-Witzel, 2020, p. 1). For example, when the upcycling 152 

increases fiber content of the food, the resulting product has a nutritional benefit for the user 153 

directly.   154 

 155 

Introducing a two-folded definition 156 

On the basis of the three characteristics, we propose that there are in fact two types of upcycled 157 

food which each have a distinct potential contribution to preserving natural resources. One is 158 

avoiding that those resources which have gone into food production are wasted, thus 159 

introducing upcycled foods through alternative use, the other is diversifying and broadening 160 

the food resource base by introducing upcycled food through novel use. The crucial distinction 161 

is based on the consumer perception of whether the starting point is food or not, that is, whether 162 

it is currently perceived as edible or not. 163 

 164 

Upcycled food through alternative use 165 

The first is upcycling in an ‘alternative use sense’, because it is about food or ingredients that 166 

could as well be eaten and are rescued from the threat of disposal, upcycling it in one way or 167 

other into alternative foods, and contributing value to society through avoidance of food being 168 

wasted. Because many current upcycled food examples are of this type, this first circle is larger 169 

in the figure (see figure 1). These products contribute especially to food waste avoidance. 170 

 171 
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Upcycled food through novel use 172 

The second is upcycling in a ‘novel use sense’. The difference to the first is that it starts with 173 

ingredients that are not regarded or commonly seen as edible, but by upcycling these in one 174 

way or other, results in new foods. This process contributes value to society through ensuring 175 

these ingredients become food, thus leading to more food available. Because fewer upcycled 176 

food examples are of this type, this second circle is smaller in Figure 1. These products make 177 

use of inedible parts of food or uncover food potential in yet widely underused sources, and 178 

they majorly contribute to avoidance of food loss because they untap a food potential. With 179 

regard to the inverted waste hierarchy pyramid (EC, 2008), the starting point is then an 180 

ingredient that is not even regarded as edible yet – which practically means that there is no 181 

awareness yet of the wastage of potential for food taking place. 182 

However, as individuals and societies differ by culture, practice, and awareness in what they 183 

regard as edible in the first place, what is ‘novel use’ of something considered inedible for 184 

some, can be commonplace as an edible ingredient for others. Therefore, the two circles 185 

overlap. We suggest that the distinction between one and the other should hinge on consumer 186 

and not on professional perception, but this necessarily means that there is overlap and a 187 

dynamic difference. 188 

Insert Figure 2 189 

 190 

Examples of upcycled foods 191 

Examples of ‘upcycled food in an alternative use sense’ are ketchup, soup or jam made from 192 

surplus or suboptimal fruit and vegetable, bread gone stale or nearing/passing the date label 193 

reprocessed into a beverage such as beer, or sunflower seed pressings and brewers spent grain 194 

processed into flour instead of being used as feed (e.g. Grasso & Asioli, 2020). This can also 195 
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be examples where excess supermarket counter or canteen food is repurposed to new products, 196 

for example soups, meals or broth (Aschemann-Witzel et al., 2017). This is food currently 197 

wasted, often due to overproduction or because it is perceived as ‘suboptimal’ (Aschemann-198 

Witzel et al., 2005) - or side-streams regarded as edible but not used as food turned into 199 

alternative foods and contributing value by avoidance of food waste. This upcycled food does 200 

not avoid the use of resources such as water, energy, packaging material, transport, storage that 201 

has already gone into the food being produced, and it adds use of further resources in the 202 

process of upcycling, but it avoids the loss of the ingredients, the resources used in disposal, 203 

and ensures the food is used as food after all. 204 

Examples of ‘upcycled food in a novel use sense’ is spent coffee turned into flour, olive leaves 205 

processed into crackers, fish skin made into a snack, protein extracted from grass (Aschemann-206 

Witzel & Peschel, 2019; Perito et al., 2019) or made from pine tree needles or bark. These are 207 

ingredients or side-streams commonly regarded as unavoidable food waste or not as food in 208 

the first place. Using these as food ingredients contributes to value by uncovering new food 209 

potential that is currently overlooked. Note that many of these novel uses might fall under the 210 

novel food regulation in in the European Union. However, given the novelty of the use is based 211 

on the consumer perception, upcycled food in a novel use sense might as well also be examples 212 

of food that are not novel to Europe, but are novel to the majority of today´s consumers. This 213 

is also relevant when considering that upcycling might tap into ‘forgotten’ traditions or 214 

practices from times of scarcity that most current consumers have not experienced. In fact, the 215 

above-mentioned examples of grass as well as pine are sources of food that have been explored 216 

or used decades ago, but today´s consumers are not aware of that. 217 

Two examples of the overlap between alternative and novel use are given below and highlight 218 

how dynamic and context dependent the distinction can be. One example of the overlap is 219 

sweets made from the cashew nut fruit (see figure 2). Consumers of cashew ‘nuts’ in the 220 
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countries with colder climates are mostly unaware of the wastage and even of the existence of 221 

the cashew fruit – for them, this is a novel use, because they did not know it can be eaten. 222 

However, for consumers in the countries that grow cashew, producing sweets from the fruit is 223 

an alternative use, because they might traditionally use the fruit, but they know about the waste 224 

of the otherwise perfectly edible cashew fruit in the export-oriented production chain of cashew 225 

nuts (Casju, 2022; Aschemann-Witzel et al., 2021). Another example is sunflower seed 226 

pressings and brewers spent grain – we categorize this as alternative use because sunflower 227 

seeds and grains are commonly regarded as edible ingredients by consumers, even though these 228 

side-streams are currently fed to animals. However, from a food processing professional 229 

standpoint, these are ingredients along a continuum of market diffusion and acceptance, with 230 

spent coffee simply a relatively new idea, while brewers spent grain is more established. The 231 

two examples given highlight that we suggest the distinction should hinge on what the major 232 

consumer perception entails, and that it should change when this perception shifts over time. 233 

In this sense, spent coffee grain and fish skin might as well become upcycled in an alternative 234 

use sense, once a much greater share of consumers regards these as edible or a straightforward 235 

source of food ingredients. 236 

Insert Figure 3 237 

 238 

Boundaries of the value contribution due to dynamic interactions 239 

We suggest that adopting the two-folded definition of upcycled food can help pinpointing what 240 

is upcycled food, and what is not, and sharpens awareness of the two contributions that 241 

upcycling in the food sector can make – to food waste avoidance on the one hand, to food loss 242 

avoidance by untapping food potential on the other hand. To safeguard that upcycled foods 243 
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contribute value to a sustainable food system, we caution that actors should be aware of two 244 

boundaries of the value contribution by the respective two types of upcycled foods. 245 

First, the value of food otherwise wasted being turned into alternative foods needs to be 246 

assessed on a case-by-case basis as well as continuously. This is because when the 247 

opportunity to use the ‘rescued food’ as food in its original state (re-)arises, this might as well 248 

be more resource efficient. If that is the case, it would render the upcycling an inefficient 249 

deviation. This is because the ‘rescuing’ of food in many cases only tackles the symptoms, the 250 

actual wastage, but not the cause, such as standards, perception and overproduction. Being 251 

aware of this ensures that the repurposing of the food to upcycling is well-considered against 252 

other, maybe more favorable options.  253 

To give an example: Reprocessing ugly fruit and vegetable into an alternative processed 254 

product is only adding value to the extent that these fresh products cannot be sold. If consumers 255 

aesthetic standards shift and a broader variety of ‘ugly’ fruit and vegetable can be sold ‘as is’, 256 

doing so might be the more resource efficient option. Another example is old or close to/past 257 

the date bakery products used to produce high-end alcoholic beverages. As long as the bakery 258 

products are disposed as waste, this is of value. However, in case an opportunity arises to 259 

redistribute the bakery products to populations in need before they become old, this might be 260 

of even higher value from a sustainable development goal perspective. These opportunities 261 

might be for example technological or societal innovations such as new digital applications 262 

that can efficiently organize the redistribution. 263 

Second, upcycled ingredients and foods should only be called upcycled as long as they are 264 

commonly wasted. When the process of upcycling ingredients currently not regarded as edible 265 

becomes a common and familiar process and is not innovative anymore, the food can also not 266 

be called ‘upcycled’ anymore, because the ingredient has become a food ingredient in the 267 
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perception of most actors. Being aware of this ensures that the upcycling definition raises the 268 

bar for future innovations.  269 

To give an example: In the past, whey protein was a mere side-stream diverted to waste or feed 270 

in dairy production in Northern Europe. In the wake of the protein trend, whey has been 271 

successfully established as a much sought-after ingredient, at times even making whey the 272 

more valuable ‘main-stream’ of the production. Now, it is not needed to call the use of whey 273 

‘upcycling’. Whey is well established as a food ingredient, and this is rightly so – this way the 274 

focus is shifted to the next frontier in change of perception. The same will happen with other 275 

upcycled food ingredients – once it is achieved, for example, that brewers’ spent grain is 276 

commonly used for food, using this ingredient for food ceases to be an avoidance of food waste 277 

– the ingredient is not ‘otherwise wasted’ anymore. Thus, with the dynamic change in 278 

perception, the understanding of the ingredient´s must change as well, and with it the 279 

communication to the end consumer. 280 

 281 

Conclusions and implications - what different stakeholders can do 282 

There is huge potential for reducing food loss and waste in the food system. There can be many 283 

diverse and conflicting opinions about how best to reduce food waste. The idea of upcycled 284 

food creates a lot of controversy. This is because it appears to simply re-introduce ‘old’ ideas 285 

as part of a ‘fancy’ new market trend, but in particular, because many examples of upcycled 286 

food currently seen in the market ‘only’ address the symptoms but not the root cause. Despite 287 

of this, we argue that among the many routes to a sustainable and circular food system, the idea 288 

entailed in upcycling has a huge potential to contribute. 289 

For this to happen, the idea of upcycling needs to become 1) streamlined in how it is understood 290 

to avoid confusion, 2) mainstream thinking among all food value chain members in order to 291 
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achieve upscaling, and 3) repeatedly re-assessed against the boundary conditions to check if a 292 

particular application still delivers the value intended.  293 

Of course, the idea of upcycling is not completely new – it is partly a re-establishment of the 294 

‘use all that you have’ thinking or ‘frugality’ (Aschemann-Witzel et al., 2022). Traditionally, 295 

in times of scarce resources, a lot of produce has been made into foods in diverse forms. This 296 

can be also seen in traditional recipes and cookbooks. This diversity was reduced in the wake 297 

of industrialization of agriculture and food production, where not every side-stream or part of 298 

a produce was economical to process further. Also, consumer preferences have shifted to the 299 

‘best parts’ in increasingly affluent societies, creating side-streams that end as waste or not as 300 

food due to lack of demand. This is why cashew fruit are wasted in production focused solely 301 

on the cashew nuts, or less-valuable parts of slaughtered animals end as pet food. What is new 302 

in the interest in upcycling today is the motivation to establish a more sustainable food system, 303 

mitigate environmental effects and climate change. The motivation has shifted from economic 304 

scarcity to voluntary natural resource efficiency.  305 

To establish upcycling of yet underused or otherwise wasted ingredients across the system 306 

requires circularity or system thinking by all stakeholders. Systems thinking in the food system 307 

means being aware of the interdependencies and complexities, such as the boundary conditions 308 

described in this perspective, and to take them into account when seeking the best solution in 309 

each value chain and case (e.g. Meadows, 2008). This awareness and thinking is needed among 310 

both value chain stakeholders, and consumers. Currently, barriers to the circular economy are 311 

not that much of technological nature – the most prominent barriers have been identified to be 312 

company and consumer patterns of practices and thinking (Kirchherr et al., 2018).  313 

 314 

Value chain stakeholders 315 
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Producers and processors should push harder to seek and establish alternative uses and new 316 

food applications, even when the business model is not apparent from the start (Donner et al., 317 

2020). Collaborations and knowledge exchange across and between value chains is key for 318 

this, as well as a resolute sustainability strategy that supports employees in this endeavor and 319 

channels financial investments in respective research and innovation. Once an upcycled food 320 

production is established, stakeholders should frequently check if the solution chosen is still 321 

creating most value for society – or if there is a better and more efficient opportunity arising.   322 

 323 

Consumer-citizens 324 

Consumers can support food waste avoidance through upcycling via their purchase behavior 325 

for these products and the new ingredients or processing behind them. This requires more 326 

awareness and knowledge about how upcycled food contributes to food waste avoidance, 327 

climate change mitigation, and at times provides even a nutritional benefit to the user. This 328 

calls for education and information efforts. In the long run, citizens might also need to become 329 

active supporters of upcycling in society via their behavior, as for example through their use 330 

of water, their waste treatment and sorting, or composting, supporting e.g. local nutrient cycles.  331 

  332 
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Figure 1. A simplified waste hierarchy and the contribution of upcycling. 

 

Source: Own. 
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Figure 2. Two-folded definition of upcycled food. 

 

Source: Own. 
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Figure 3. Cashew fruit as an example for upcycling in food production, and example of sweets made of cashew fruit. 

  

Source: Colourbox and https://www.casju.dk/. 
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The dual role of upcycling in reducing food loss and waste 

 

• Upcycling can tackle food waste but its definition and boundaries are unclear 

• We introduce two-folded definition differentiating alternative versus novel use 

• Each of the two types has an own contribution to food loss and waste 

• We outline the boundaries arising from the dynamic and interdependent nature of 

upcycling 
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