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A B S T R A C T

Along food supply chains, one-third of global food production is wasted annually: circular economy can be 
applied to prevent and recover food waste. The literature has explored food waste from many perspectives; 
however, no attention has been devoted to understanding how the intrinsic characteristics of food products 
influence food waste generation and valorization. This study proposes a classification of food products based on 
circular economy principles derived from a systematic literature review. The classification sheds light on how the 
intrinsic variability of food products influences food waste generation and recovery along the supply chain. The 
characteristics that drive differences in terms of food waste are identified by defining two product groups for 
each step of the chain (primary production: plant origin and animal origin; manufacturing: minimally processed 
and processed; distribution: ambient temperature and controlled temperature; retail: short shelf life and long 
shelf life). This stresses the intertwining of food waste with supply chain operations. Moreover, within the same 
supply chain stage, food waste causes and circular economy actions vary greatly depending on the product 
characteristics. The review also reveals how the most relevant causes within each product category correspond to 
a high relevance of practices addressing these causes. The adopted perspective represents a novel contribution to 
knowledge, providing a clear discussion of the variability of food waste along the supply chain and unveiling 
aspects requiring further research. From a practical standpoint, the classification can empower food industry 
actors to develop circular economy actions through an appropriate understanding of product characteristics.

1. Introduction

Wasted food accounts for one-third of global food production, 
responsible for environmental, social, and economic impacts (FAO, 
2019b). Along food supply chains (SCs), 14 % of food is lost from 
post-harvesting up to retailing (FAO, 2019b), while 17 % becomes waste 
at the retail stage or during consumption, either in households or in food 
service (UNEP, 2021). In this work, all these flows will be described with 
the term “food waste”, encompassing all the food discarded along the 
SC, from primary production to retail. Food waste (FW) is estimated to 
be responsible for 8 % of all greenhouse gas emissions, and its value 
accounts for $940 billion in economic losses. Moreover, wasted food 
threatens food security: more than 700 million people are undernour-
ished, and growth in the global population will intensify this problem 
(FAO, 2023). Reducing FW would enhance food availability and reduce 
the exploitation of natural resources. Several international policies have 
been developed to address FW, such as the Sustainable Development 
Goals of the United Nations, in particular, goal 12.3 (United Nations, 

2015), the European Farm to Fork Strategy (European Commission, 
2020b), or the European Circular Economy Action Plan (European 
Commission, 2020a).

These policies exemplify the relevance of the problem and put for-
ward circular economy (CE) to tackle FW. Many definitions have been 
provided for the CE concept (Kirchherr et al., 2023); this study will 
adopt the conceptualization offered by the Ellen MacArthur Foundation 
in 2012, which helped increase the popularity of the concept. The 2012 
report defines CE as “an industrial system that is restorative and regener-
ative by intention and design", juxtaposed to the linear conceptualization 
of industrial systems (Ellen MacArthur Foundation, 2012). In a CE, 
“waste is food” from which further value can be extracted to reduce waste 
generation (Ellen MacArthur Foundation, 2012). Therefore, it is clear 
how the tenets of CE can be applied to the food sector to address FW 
through its prevention or valorization, fostering the sustainability of the 
food sector (Formentini et al., 2021; Latino et al., 2024).

Recognizing the multifaceted nature of CE, it becomes imperative to 
involve the entire food SC in addressing the root causes of FW, as sources 
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of waste are found from farm to fork (FAO, 2019b; Principato et al., 
2019). More than half of FW in Europe is generated in primary pro-
duction, manufacturing, distribution, and retail (Caldeira et al., 2019). 
These value-adding activities of the SC will be the focus of this study, 
which will not include considerations on FW generated at the consumer 
level since it would require specifically investigating consumers’ 
behavior and its implications (Stancu et al., 2016).

While the literature has extensively explored FW from diverse per-
spectives, there remains a gap concerning how the intrinsic character-
istics of different food products influence FW generation and 
valorization (Chauhan, 2021; Viscardi et al., 2022; Ögel et al., 2023). 
Existing studies often focus on a specific food group and fail to assess the 
complexity arising from the wide variety of existing food products 
(Chauhan, 2021). Moreover, food SCs can embed different dynamics 
depending on the product, potentially posing further difficulties when 
introducing CE practices (Kazancoglu et al., 2021).

By delving into these overlooked aspects, this study seeks to pave the 
way for mainstreaming CE within the food industry, empowering food 
industry actors to effectively embed FW prevention and recovery prac-
tices into their operations through an appropriate understanding of 
product characteristics. This study will address this gap by exploring 
how the intrinsic characteristics of food products influence FW causes 
and the related CE practices for prevention and recovery. The present 
study is guided by the following research question: How do product 
characteristics influence circular economy for food waste prevention and 
valorization along food supply chains? To reach the set objective, this 
study will propose a classification of food products based on CE 

principles derived from a comprehensive literature review. This classi-
fication seeks to shed light on how the intrinsic variability of food 
products influences FW generation and recovery practices throughout 
the SC. Such insights are novel in literature and hold promise for facil-
itating the integration of CE practices within food companies, offering 
detailed guidelines for FW prevention and valorization.

2. Methodology

This study adopts a systematic literature review approach, which is a 
suitable methodology since it allows the classification of existing studies 
according to key themes (Seuring et al., 2005). Moreover, systematizing 
the existing body of knowledge on the CE of FW through the lens of food 
products can highlight understudied aspects and propose a way forward 
for the development of the field (Tranfield et al., 2003; Kraus et al., 
2022). Understanding the state of the art of this field is also relevant in 
practical terms since an easily understandable synthesis of existing 
knowledge can inform actions (Denyer and Tranfield, 2009). To fulfill 
these objectives, the literature review followed the steps recommended 
by Denyer and Tranfield (2009): definition of the scope of the review, 
studies location, and consequent evaluation and selection, followed by 
their analysis and synthesis, to finally report and use the results, ac-
cording to a conceptual framework.

2.1. Scope definition

From the presented research question (i.e., “How do product 

Fig. 1. PRISMA chart summarizing the systematic review of the literature, with details on the search strings and inclusion and exclusion criteria.

S. Viscardi and C. Colicchia                                                                                                                                                                                                                  Resources, Conservation & Recycling Advances 23 (2024) 200229 

2 



characteristics influence circular economy for food waste prevention and 
valorization along food supply chains?”), it is possible to identify four 
main elements: food waste, circular economy, product characteristics, 
and supply chains. Keywords were defined for each of these elements, as 
shown in Fig. 1. Regarding FW and SC, the chosen expressions were 
retrieved from literature to consider the multiple synonyms employed to 
describe these concepts (Chaboud, 2017). Only the term CE was selected 
for this topic to ensure consistency with the definition provided by the 
Ellen MacArthur Foundation (Ellen MacArthur Foundation, 2012). This 
implied not including keywords related to similar concepts (industrial 
ecology, R frameworks…), similar to what is done in most CE literature 
reviews (Ghisellini et al., 2016; De Angelis et al., 2018). The definition of 
the keywords regarding product characteristics required more consid-
eration, as this element cannot introduce an a priori classification nor 
exclude certain food products from the analysis. A thorough consulta-
tion of the several available classifications of food products revealed 
their high granularity, fragmentation, and the non-existence of a unique 
categorization of food items. To overcome these limitations, the broad 
categorization presented by Bradford et al. (2018) is adopted. The 
author explains how food products require either a dry SC or a cold SC to 
be correctly preserved, distinguishing between products requiring 
controlled temperature or not. This perspective enables avoiding using 
more specific classifications that could introduce subjectivity in the 
search. Accordingly, keywords describing these different conditions 
were selected.

2.2. Studies location

The defined keywords were combined with Boolean operators to 
generate research strings (Fig. 1). Within each topic, the operator “OR” 
is used between the stated keywords; for product characteristics, the 
operator “OR” is used between the keywords describing the cold and dry 
chain. The topics “supply chain” and “product characteristics” are 
maintained in both strings, using the operator “AND”, while the other 
areas are alternatively combined, generating two queries. This choice 
was guided by the need to include as many records as possible relevant 
to answering the research question (Denyer and Tranfield, 2009) since 
including both topics in a unique research string would have resulted in 
a much narrower set of retrieved articles. The search was conducted on 
the Scopus database. Scopus offers a more comprehensive journal 
coverage with respect to the Web of Science database in the fields of 
interest for the present research (Mongeon and Paul-Hus, 2016). These 
considerations are also valid for PubMed, which includes journals in the 
field of medicine and life sciences. Therefore, using the Scopus database 
could ensure a high relevance of the retrieved records.

2.3. Studies selection and evaluation

Inclusion criteria were employed during the document retrieval from 
the Scopus database and posed restrictions on the search field, publi-
cation year, language, and subject area (Fig. 1). The database search, 
conducted in December 2023, led to the identification of 884 articles. 
Well-defined exclusion criteria guided the selection of the articles to be 
included in the final sample. The definition of inclusion and exclusion 
criteria is crucial to ensure the review is based on high-quality evidence; 
therefore, their definition must be well-reasoned and justified, as 
detailed in Fig. 1 (Tranfield et al., 2003). For example, the choice of 
limiting the search to papers in English is related to its diffusion in sci-
entific literature, as well-reputed scientific journals are edited in En-
glish. Hence, the language restriction is posed to ensure the quality of 
retrieved records. While potentially skewing the results of the review, all 
inclusion and exclusion criteria were carefully defined with the aim of 
guaranteeing high standards in the paper selection. The removal of 
duplicates and the title and abstract screening restricted the sample to 
286 papers. These were further screened by means of full-text reading, 
narrowing the sample to 251 records. After defining the eligible articles, 

forward and backward referencing was employed to ensure the inclusion 
of all important publications. This systematic procedure, summarized in 
Fig. 1, led to the definition of a final sample of 281 records.

2.4. Studies analysis and synthesis

The analysis of the retrieved papers followed a qualitative approach, 
thanks to a thorough assessment of the content of each record. This 
procedure, which led to the proposal of a novel classification of food 
products, is summarized in Fig. 2 and described in greater detail below.

In the first cycle of coding, attribute coding was employed to gather, 
for each article, descriptive information regarding the discussed food 
products and SC stages (Saldaña, 2013).

The mapped causes and CE practices were further analyzed with a 
second cycle of coding. This further analysis aimed at grouping similar 
codes to create coherent and homogeneous categories, presented in the 
tables in Fig. 2 (Saldaña, 2013). Cause categories were derived following 
an inductive analysis of the coded causes. An abductive approach was 
followed for CE practices since the FW hierarchy inspired the created 
categories. The FW hierarchy is a conceptual framework ranking the 
strategies to prevent and manage FW from most to least preferred 
(Papargyropoulou et al., 2014; Teigiserova et al., 2020). At the top is 
prevention, followed by reuse for human or animal consumption. When 
not possible, the framework suggests either recycling, the extraction of 
nutrients, or the use for energy recovery. At the bottom is disposal, 
which should always be avoided (Papargyropoulou et al., 2014; Teigi-
serova et al., 2020). This framework has gained recognition by both 
academics and practitioners. Hence, following a similar structure in the 
coding can help fit this study in the broader discourse on this topic.

This two-step coding procedure enabled mapping the products dis-
cussed in relation to FW causes and CE practices along the whole SC. 
These data have been crucial for defining a classification of food prod-
ucts in light of CE. This framework was built through the inductive 
analysis of the retrieved information. An inductive approach is appro-
priate to build this novel classification, since many food product clas-
sifications are available (e.g., EFSA (2015); FAO (2019a)), but none 
specifically built for the purpose of isolating the elements that influence 
the generation of FW and its recovery. An inductive analysis is one 
where “the researcher begins with an area of study and allows the theory to 
emerge from the data” (Strauss and Corbin, 1990). Inductively analyzing 
results enables findings to arise from the data and not from expectations 
or pre-determined models (Thomas, 2006). The thorough analysis of 
papers led to the identification of the factors that mostly influence FW, 
as discussed in greater detail in the following paragraphs. These were 
then combined to build the final proposed classification. Developing a 
model or framework containing the main identified themes is a common 
output of inductive research (Thomas, 2006).

3. Results

3.1. The proposed classification of food products from a CE perspective

The first relevant element emerging from the inductive analysis is the 
relevance of the SC stage in defining food characteristics, since a char-
acteristic can be relevant in certain SC stages and less important in 
others. As further detailed below, FW causes and CE practices strongly 
depend on the operations carried out at each stage of the SC. This evi-
dence led to the inclusion of the SC aspect in the proposed classification. 
More specifically, the descriptive codes defined during coding were 
harmonized to fall within one of these four categories: primary produc-
tion, manufacturing, distribution, and retail. These categories represent the 
simplest food SC, and several literature contributions suggest a similar 
grouping (e.g., Caldeira et al. (2019); FAO (2019b); Delgado et al. 
(2021)). Primary production includes harvesting, breeding, fishing, and 
related activities to procure raw materials, which are processed and 
packed during manufacturing. Distribution involves warehousing and 
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transportation activities, while retail considers the selling of food prod-
ucts (FAO, 2019b; Delgado et al., 2021). These categories constitute the 
first dimension of the proposed classification, as shown in Fig. 3.

The varying relevance of a certain characteristic along the SC 
prompted the definition of different characteristics for each SC stage. For 
primary production, the main differences arise between products of 
plant origin and animal origin; at manufacturing, minimally processed and 
processed foods strongly differ in terms of FW generation and manage-
ment. During distribution, foods transported or stored at ambient tem-
perature or controlled temperature present significant differences, while at 
the retailing stage, products with short shelf life or long shelf life are 
notably different (Fig. 3). To ensure the proper definition of boundaries 
for each category, scientific papers and international guidelines have 
been consulted. The plant origin category includes products based on 
fruit, vegetables, cereals, legumes, nuts, or seeds. Instead, animal origin 
products are those foods that contain dairy, meat, seafood, or eggs (Day 
et al., 2022). Plant origin products appear to be more subject to FW 
causes, and more CE practices are available for prevention and recovery. 
These mainly focus on improving crops and infrastructures and on the 
introduction of new technologies. Regarding the manufacturing stage, 
many food classifications exist that embed considerations on the level of 
product processing, often used in specific regions or countries 
(Moubarac et al., 2014). To ensure a broader generalizability, the NOVA 
classification system has been consulted, which has global validity for 
industrially produced food items (Monteiro et al., 2018, 2019). 
Following the NOVA food groups, the minimally processed category 
overlaps with “Unprocessed or minimally processed foods”, while the 
processed category contains “Processed culinary ingredients”, “Processed 
foods”, and “Ultra-processed foods” (Monteiro et al., 2018). The gen-
eration of FW for minimally processed items is mostly linked to the 
removal of inedible parts, which is less relevant for processed food. The 
prevention of FW regarding this latter category can, for example, be 
achieved through shelf-life extension, which is not available for 

minimally processed food. Regarding distribution, the ambient temperature 
category includes all those food items that do not require a modified 
temperature to be correctly preserved; on the other hand, controlled 
temperature groups all products conserved at a modified temperature 
with respect to the ambient one (exotic chilled, medium chill, cold chill, 
and frozen products) (Gustafsson et al., 2006). This characteristic makes 
these products more susceptible to the generation of FW. Accordingly, 
CE practices mostly focus on enhancing the reliability of the cold chain. 
At the retailing stage, the attention is put on the products’ shelf life, 
defined by the Codex Alimentarius as: “The period during which the 
product maintains its microbiological safety and sensory qualities at a specific 
storage temperature” (FAO, 1999). Perishable products, whose shelf life is 
defined by a “use by” date, fall within the short shelf life category, 
whereas food items labeled with a “best before date” are considered to 
belong to the long shelf life category (Priefer et al., 2016). This distinction 
underlines how long shelf life products are mainly recovered through 
donations, whereas CE practices for short shelf life ones focus on pre-
vention practices.

The combination of the identified dimensions into the final proposed 
classification is shown in Fig. 4. The classification considers the SC stage 
and the product characteristics within each stage, leading to the defi-
nition of sixteen possible combinations, represented in the figure by 
different branches. These typologies arise since a product of plant or 
animal origin can be processed or minimally processed, then stored and 
transported at ambient or controlled temperature, and have a long or short 
shelf life. The combination of these characteristics can be employed to 
describe any food product while highlighting the characteristics that 
mostly influence the generation and recovery of FW.

To ensure each of these sixteen combinations represents an existing 
food product, the classification is validated by comparing it with the 
food classification proposed by the Codex Alimentarius. The Codex 
Alimentarius is supported by FAO and the World Health Organization 
and is a collection of internationally adopted food standards (FAO, 

Fig. 2. Methodology summary and codes categories.

Fig. 3. Categories of food products identified for each SC category.
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2024). The Codex Alimentarius proposes a categorization of food 
products (FAO, 2019a), and each Codex category is associated with one 
or more of the branches of the developed classification. For example, 
frozen whole fish is of animal origin, minimally processed, distributed at 
a controlled temperature, and has a long shelf life. All Codex categories 
are portrayed in the classification, testifying its completeness and 
versatility in describing the wide variety of existing food products. 
During the analysis, four branches were not matched to any Codex 
category (blurred in Fig. 4); these are removed from the classification, 
resulting in twelve possible combinations.

3.2. Descriptive analysis

The developed classification framework is useful for describing the 
paper sample (Fig. 5). Starting from the SC stages considered in the 

papers, it is possible to note an almost equal distribution of documents 
across the four stages, with more attention devoted to distribution and 
retail. This finding can be enriched by assessing how many stages are 
considered in each paper. Most documents focus on the description of 
just one SC activity, with a very small portion of articles adopting a SC 
perspective and describing all stages.

On the other hand, Fig. 5 also reports the distribution of articles 
across the identified product categories. Products of plant origin are 
discussed far more than those of animal origin. Documents are more 
evenly distributed across the minimally processed and processed cate-
gories, while at the distribution stage, most papers focus on products 
requiring controlled temperatures. A skewed distribution is also found in 
the retail stage, where most documents discuss products with a short 
shelf life, and only a small portion focuses on those with a long shelf life.

Fig. 4. Proposed classification of food products from a CE perspective. On the right, each branch is associated with one or more Codex Alimentarius categories: 
blurred branches do not represent any food product and are excluded from the framework.

Fig. 5. Descriptive analysis of the paper sample: distribution across (a) SC stages and food categories and (b) number of considered SC stages.
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3.3. Content analysis

3.3.1. Causes
Fig. 6 summarizes the identified FW causes with respect to the pro-

posed product classification and their occurrence in the paper sample.
Natural causes are widely discussed and are found across the whole 

SC. At primary production, these are particularly relevant for products 
of plant origin, which can be subjected to damage due to weather con-
ditions (precipitations, temperature) (Goffart et al., 2022; Rahman et al., 
2022) or due to pest and fungus infestation and diseases (Bradford et al., 
2018; Blanckenberg et al., 2021). These products can also be wasted if 
harvested when unripe or too mature (Cardoso et al., 2021; Santos, D., 
et al., 2022). Animal origin products are less affected by natural causes, 
which occur in the case of animal deaths or coincide with fish by-catches 
(Xue et al., 2019; Cooney et al., 2023). Natural causes are even more 
relevant during manufacturing due to the removal of inedible fractions 
or uncommonly eaten parts such as guts (Raak et al., 2017). Unexpect-
edly, minimally processed products are mostly affected by this cause, 
linked to the separation of inedible parts or the generation of scraps from 
cleaning and processing to obtain the target product (Akanbi et al., 
2020; Skendi et al., 2020; Jones et al., 2021). These scraps can represent 
a significant portion of the raw material (25 %− 70 %) depending on the 
considered food (Bandekar et al., 2022; Markowska et al., 2022; Has-
soun et al., 2023). When operations are not optimized this share can 
increase due to the unintended removal of valuable portions of the 
product (Alao et al., 2017). Processed foodstuffs are less affected by this 
cause as minimally processed products are used as input in their 
manufacturing, leading to smaller quantities of by-products and greater 
variability in nature and composition (Esparza et al., 2020; Selvaggi 
et al., 2021; Gómez and Martinez, 2023). Natural causes also affect 
foodstuff during distribution activities, especially for goods requiring 
controlled temperature. This category of food products can be damaged if 
inadequate temperatures are used during storage and transportation, 
leading to modifications in the food matrix and the rapid growth of 
microorganisms (Duret et al., 2019; Hu et al., 2019; Turan and Oztur-
koglu, 2022). Food can be damaged during storage due to the succession 
of seasons and temperature conditions (Badia-Melis et al., 2018; Mercier 
et al., 2018). Food products stored at ambient temperature are instead 
more susceptible to infestations and molds, especially in humid climates 
(Kostyukovsky et al., 2016; Bradford et al., 2018). Lastly, at the retail 
stage, loss of freshness is the main natural cause leading to the genera-
tion of FW, especially affecting short shelf life products. Contaminations 
and microorganism growth can enhance natural degradation due to 
sub-optimal environmental parameters (Trento et al., 2021; Silapeux 
et al., 2021).

Poor infrastructure can be a source of FW, especially downstream 
in the SC. At distribution, products requiring controlled temperature 
transportation are more affected by this FW cause, as the absence or 
inadequacy of cold transportation leads to deterioration (Raut et al., 
2019; Kale et al., 2021; Thi et al., 2022). The use of conventional modes 
of transport with improvised cooling systems or refrigerated vehicles in 
poor conditions represents a cause of FW (Lipińska et al., 2019; Saeng-
sathien et al., 2023). Similarly, facilities required to correctly store these 
products are often lacking or inappropriate in developing countries 
(Lima et al., 2022; Turan and Ozturkoglu, 2022). Moreover, even with 
adequate infrastructure, the inability to monitor temperatures during 
storage and distribution can cause FW (Badia-Melis et al., 2018; Shoji 
et al., 2022). The limited use of sensors or the lack of real-time 
measuring hampers the understanding of the real temperature distri-
butions and the identification of weak points along the cold chain 
(Mangla et al., 2019; You et al., 2023). Products stored at ambient tem-
perature are easier to manage but require facilities able to prevent 
exposure to sunlight and moisture, which are not always available in 
developing countries (Surucu-Balci and Tuna, 2021). Products may be 
transported using open vehicles, exposing them to light and heat (Gogo 
et al., 2017; Wigati et al., 2019). Similar conditions can cause FW for 

retailers, especially regarding products with a short shelf life (de Moraes 
et al., 2020; Ögel, Ecer and Özgöz, 2023).

Inadequate packaging is a cause of FW that is more relevant 
downstream in the SC. At the distribution stage, inappropriate and 
traditional packaging can cause a moisture content increase in ambient 
temperature goods, enabling fungal growth and insect damage (Bradford 
et al., 2018; Poudel et al., 2020). For food requiring controlled temper-
ature, incorrect packaging design can cause slow and inefficient cooling, 
affecting the product quality over time (Wu et al., 2019). For both 
product categories, using packages of improper size or the absence of 
protective materials can lead to mechanical damage (Negi and Anand, 
2019; Agnusdei et al., 2022). At the retail stage in developing countries, 
food with a short shelf life is likely to become waste if displayed in 
traditional containers that are unable to protect the product (Silapeux 
et al., 2021). In developed countries, the use of packaging prone to 
deformation constitutes a relevant cause of FW for both product 
categories.

Improper planning is especially relevant at the primary production 
stage for products of plant origin. Farmers often lack or cannot access 
market information, which usually leads to overproduction and the 
consequent wastage of products exceeding demand (Hernández-Cruz 
et al., 2021, 2022; Dong et al., 2022). Moreover, due to their low bar-
gaining power, farmers attempt to manage risks by producing surplus 
quantities of fresh produce, which exceed demand and will consequently 
be wasted despite being edible (Ludwig-Ohm et al., 2019; Meagher 
et al., 2020). The concerns that lead to overproduction are related to the 
need to compensate for unexpected losses, ensure compliance with 
quality standards, and avoid contractual penalties (Raak et al., 2017). 
This cause gains relevance at the retailer stage for short shelf life prod-
ucts, in terms of overstocking due to the variability of consumers’ pur-
chasing habits, who can switch to substitute products or postpone the 
purchase (Weaver and Moon, 2018; Luiz Reni Trento et al., 2021). In this 
context, orders placed without decision support software can enhance 
the magnitude of this FW cause (Seubert et al., 2020).

At the distribution stage, inadequate inventory policies mainly 
cause FW for products stored at controlled temperatures due to poor in-
ventory rotation and stock aging (Satiti and Rusdiansyah, 2018; Turan 
and Ozturkoglu, 2022). The First In, First Out (FIFO) policy is widely 
adopted in the management of stocks. However, it is often linked to FW 
generation since it does not consider the perishability of the product or 
its deterioration (Mendes et al., 2020; Akkaş and Honhon, 2022). At 
retailers, waste is generated for short shelf life products due to poor stock 
rotation, for example, by disregarding the FIFO principle (Buisman 
et al., 2019; Pikora et al., 2021). This condition can be exacerbated by 
overstocking, a commonly implemented practice to maintain high 
on-shelf availability and increase customer satisfaction (Akkaş, 2019; 
Riesenegger and Hübner, 2022).

FW related to operation inefficiency and poor handling is 
generated across the whole SC but is most relevant at the distribution 
stage. At primary production, products of plant origin are most affected 
by this cause, which is related to mechanical damage due to careless 
handling, often associated with the absence of skilled labor and 
adequate equipment, especially in developing countries (Gogo et al., 
2017; Singh et al., 2023). Damaging products implies quality losses and 
potential safety concerns due to microorganism contamination (Tröger 
et al., 2020; Goffart et al., 2022). Animal origin products are threatened 
mainly by poor hygienic and sanitation practices (Sawaya, 2017). Dur-
ing manufacturing, both product categories appear equally affected by 
this cause: machine failures, blackouts, human errors, foreign body 
contaminations, and set-up mistakes influence FW generation, and its 
magnitude can be greater for processed products that undergo more 
manufacturing stages (Raak et al., 2017; Eičaitė et al., 2023; Facchini 
et al., 2023). Concerning distribution, ambient and controlled temperature 
products can both be subject to poor handling during picking and loa-
ding/unloading activities, possibly causing mechanical damage due to 
overloading and incorrect stacking (Tostivint et al., 2017; 
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Fig. 6. FW causes according to the proposed product classification: (a) occurrence - the reported numbers refer to the number of papers mentioning the cause, (b) 
detail on FW causes.
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Becerra-Sanchez and Taylor, 2021; Negi and Trivedi, 2021; Shewfelt 
and Prussia, 2021). Inefficiencies can also be related to long lead times, 
where transportation delays due to road traffic or prolonged unloading 
waiting times can cause a deterioration of the products, especially for 
controlled temperature transportation (Mercier et al., 2018; Mangla et al., 
2019; Surucu-Balci and Tuna, 2021). Flight delays, long port waiting 
times, routing changes, and prolonged shipments can impact the journey 
duration of food products, with potentially detrimental consequences on 
their shelf life at delivery (Ndraha et al., 2020; Negi and Trivedi, 2021; 
Onwude et al., 2022). Additionally, controlled temperature products may 
be subject to temperature abuse (i.e., a deviation from the optimal 
storage temperature), which can cause food deterioration (Ndraha et al., 
2018). Such events can be linked to refrigeration faults, wrong pallet 
positioning, or long loading/unloading operations leading to extended 
open-door time (Jedermann et al., 2014; Loisel et al., 2021; Steynberg 
et al., 2022). Similar conditions can be found at the retailer stage, where 
temperature abuse can be associated with a wrong product positioning 
or the penetration of ambient air in refrigerated shelves (Göransson 
et al., 2018; Ögel et al., 2023). Products characterized by both a long or 
short shelf life can be subject to damages due to inadequate or excessive 
handling by employees or customers (Liu et al., 2022; Mattsson and 
Williams, 2022).

High cost for product management is a cause of FW that is not 
widely discussed in the literature but can have implications in the 
development of CE. At primary production, this is found exclusively for 
plant origin products, especially in developing countries: low value 
produce and agricultural residues are often discarded because their re-
covery would be too expensive, despite being useful from a CE 
perspective (Wigati et al., 2019; Bolaji et al., 2021). Similarly, scraps 
derived from the manufacturing of minimally processed products can be 
discarded if market conditions make the recovery of such materials not 
economically sustainable (Bolaji et al., 2021; Selvaggi et al., 2021). 
During distribution, this cause of FW only emerged for controlled tem-
perature products in developing countries. In this context, the cold chain 
is perceived as a cost rather than an added value for the product (Yan 
et al., 2021; Thi et al., 2022).

A lack of collaboration in the SC can lead to the generation of FW. 
In primary production, this is found for plant origin products and mainly 
relates to a lack of horizontal collaboration among farmers (Tröger et al., 
2020; Esteso et al., 2022). This can lead to improper crop planning, often 
associated with overproduction, which becomes more prominent when 
farmers are also isolated from the downstream portion of the SC (Kumar 
et al., 2020; Herzberg et al., 2022). At the manufacturing stage, this 
cause is related to the relationship with retailers, which is not collabo-
rative as the downstream actor is in a stronger bargaining position. 
Retailers often impose a “Minimum Life on Receipt”, which is the mini-
mum product’s shelf life to deliver to the retailer, usually set at 2/3 of 
the shelf life (Santos et al., 2022). This rule applies to all products, 
meaning that long shelf life products cannot be placed on the market even 
years before expiration (De Boeck et al., 2017; Raak et al., 2017). The 
lack of collaboration among cold chain partners at the transportation 
stage can cause temperature abuse due to low coordination between 
transportation and warehousing activities (Onggo et al., 2019; Yan et al., 
2021). Retailers often apply take-back agreements to products with short 
shelf life: with this practice, unsold expired items are returned to the 
supplier, who must take care of this FW (Trento et al., 2021). This 
practice entails a burden shift: waste generated by retailers is passed 
upstream, potentially hiding the true location of this FW hotspot 
(Eriksson et al., 2017).

Despite only retailers being in contact with final consumers, con-
sumer behavior is a cause of FW that has effects even upstream in the 
SC. The consumption stage is beyond the scope of this paper; however, 
the produced food is destined for consumers, and their preferences and 
conduct influence the behavior of SC actors. This is found to be a rele-
vant cause of FW generation, as waste is produced in an attempt to 
satisfy consumers’ preferences. At the retailer output, consumers also 

directly influence FW generation due to behaviors adopted at the point 
of sale. Starting from primary production, plant origin products are 
subject to strict esthetic specifications imposed by other SC actors in 
response to consumers’ preferences (Ludwig-Ohm et al., 2019; de Vas-
concelos et al., 2021). Products are inspected at harvesting: if not 
compliant with color, shape, or size requirements, they are discarded (de 
Brito Nogueira et al., 2020; Ali et al., 2021). These requests are 
frequently associated with the willingness of retailers to present con-
sumers with cosmetically perfect products since small defects could 
result in a missed sale (de Hooge et al., 2018). Similarly, manufacturers 
of both minimally processed and processed goods can incur product re-
jections if visual quality targets set by retailers are not met, for example, 
when a raw material variation leads to a different visual appearance 
(Raak et al., 2017; Eičaitė et al., 2023). This cause is extremely relevant 
for retailers: consumers first evaluate products’ appearance, meaning 
damaged or imperfect products with both short and long shelf life are left 
on the shelves (I. Esparza et al., 2020; Somkun, 2020). An additional 
cause is found for short shelf life products at this stage, where consumers 
tend to select fresher products, leaving on the shelves those with a 
shorter residual shelf life (Akkaş and Honhon, 2022; Santos et al., 2022).

Governmental regulations are extremely relevant for plant origin 
products, which in developed countries are subject to standards 
regarding their appearance (Blanckenberg et al., 2022). In Europe, 
several regulations exist that specify cosmetic-centered criteria for 
commercializing agricultural products, leading to wasting malformed 
and undersized products with good nutritional characteristics (Blanke, 
2015; Porter et al., 2018). Some of these criteria have been removed 
over the years, but strict cosmetic specifications are still enforced in the 
SC, as detailed above (de Hooge et al., 2018). Conversely, developing 
countries often do not have regulations regarding the distribution of 
controlled temperature food: the weak enforcement of the cold chain is a 
prime cause of FW in these contexts (Chauhan, 2021; Yan et al., 2021). 
At the retailer outlet, this cause is considerably relevant for short shelf life 
products, which may expire on the shelves and must be removed from 
the market (Sundgren, 2020; Lin and Januardi, 2023). Expired products 
constitute 15 % of the waste generated at this stage, and while this 
constitutes a matter of food safety, regulations on expiry dates are often 
perceived as strict (De Moraes et al., 2020; Santos et al., 2022).

3.3.2. CE practices
Fig. 7 summarizes the identified CE practices with respect to the 

proposed product classification and their occurrence in the paper 
sample.

Prevention practices include a broad set of actions, which have been 
grouped into three categories (i.e., “measuring and monitoring”, 
“improvement, optimization and innovation”, and “collaborations 
development”), discussed in greater detail in the following paragraphs. 
In general, it emerges how prevention strategies are mostly imple-
mented at the distribution and retail stages for controlled temperature and 
short shelf life products. Other examples can be found all along the SC, 
especially for plant origin products at the harvesting stage.

Measuring and monitoring can be effective FW prevention prac-
tices, which may entail using digital technologies and 4.0 solutions to 
gather and analyze data. At harvesting, for plant origin products, these 
technologies can be employed to reduce overproduction by predicting 
crop yield and generating automated forecasting models, overall 
bridging the gap between farmers and the market (Majluf-Manzur et al., 
2021; Hernández-Cruz et al., 2022). Such tools can also gather and 
analyze weather data, detect diseases, and determine optimal harvesting 
times (Villalobos et al., 2019; Pallathadka et al., 2022). For both pro-
cessed and minimally processed goods, at the manufacturing stage, better 
measuring and monitoring FW can help determine where to intervene 
for its reduction (Eičaitė et al., 2023). When smart technologies are used, 
it is also possible to improve quality controls, automatically detect 
failures, provide real-time monitoring of products’ condition, and 
generally improve operations (Tagarakis et al., 2021; Ramirez-Asis 
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Fig. 7. CE practices according to the proposed product classification: (a) occurrence - the reported numbers refer to the number of papers mentioning the practice, 
(b) detail on CE practices.
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et al., 2022; Hassoun et al., 2023). Measuring and monitoring practices 
are most relevant at the distribution stage for controlled temperature 
products, where several technologies can be employed to control 
products and environmental conditions. Temperature can be monitored 
in real time (with RFID tags, GPS systems, wireless sensor networks, IoT 
technologies, or intelligent containers), enabling to promptly solve 
criticalities and accurately predict products quality evolution, poten-
tially leading to the introduction of dynamic expiration dates (Lorite 
et al., 2017; Villalobos et al., 2019; Chen et al., 2022). Data can also be 
collected through thermal imaging or by monitoring humidity and the 
concentration of gases such as oxygen, ethylene, and carbon dioxide 
(Lamberty and Kreyenschmidt, 2022; Zhu et al., 2022). The large 
amount of collected data can be employed to forecast and simulate the 
evolution of food characteristics to improve transportation and storage, 
preventing FW generation (do Nascimento Nunes et al., 2014; Wu et al., 
2019; Kale et al., 2021; Chen et al., 2022). Simpler solutions are avail-
able for ambient temperature products, with electronic meters or indica-
tor strips for measuring humidity and moisture content (Kostyukovsky 
et al., 2016; Bradford et al., 2018). Similar prevention solutions are 
found at the retailer stage, especially for short shelf life food, where 
intelligent packaging, RFID tags, and spoilage indicators can be 
employed to estimate the residual shelf life (Porat et al., 2018; De Mo-
raes et al., 2020; Albrecht et al., 2021).

Improvement, optimization and innovation appear to be very 
relevant practices along the SC. At harvesting, this approach can help 
prevent the generation of FW through operation mechanization, opti-
mized harvesting or fishing tools, the adoption of high hygiene stan-
dards, and an improved packaging design (Verghese et al., 2015; 
Becerra-Sanchez and Taylor, 2021; Goffart et al., 2022). Moreover, other 
key FW prevention practices are crop biofortification, which can be 
applied to plant origin products to enhance pest tolerance, and farmers’ 
training and education (Kummu et al., 2012; Hewett, 2013). At 
manufacturing, these practices are very relevant for both processed and 
minimally processed goods: it is possible to reduce manufacturing 
by-products by optimizing and automating production lines (Xue et al., 
2019; Goryńska-Goldmann et al., 2021). At this stage, it is also possible 
to introduce new technologies or ingredients aimed at extending the 
products’ shelf life, often combined with improved packaging material 
and design (Verghese et al., 2015; Boz and Koelsch Sand, 2020; Gar-
cía-Hernández et al., 2023). At distribution, packaging improvement is 
relevant for both ambient and controlled temperature products. For the 
former, attention is devoted to adopting hermetic and moisture-proof 
bags (Bradford et al., 2018; Poudel et al., 2020). For the latter, the 
focus is on ensuring correct cooling through packaging design or altering 
gas composition in the package to extend shelf life (Jedermann et al., 
2014; Falagán and Terry, 2018; Batziakas et al., 2020). Transportation 
of controlled temperature products can be improved to reduce FW to 
shorten transit times and by selecting proper vehicles (Chabada et al., 
2014; Orjuela-Castro et al., 2019; Negi and Trivedi, 2021). During 
storage, the wastage of these products can be reduced by updating 
warehouses and adopting inventory policies that consider product shelf 
life or dynamic quality decay (Jedermann et al., 2017; Glew et al., 2021; 
Liu et al., 2022). Improving inventory management can also help reduce 
FW at the retailer stage, especially for food with a short shelf life. This 
prevention practice can entail selecting the appropriate shelf space for 
each product and ensuring stock rotation (Akkas et al., 2019; Mendes 
et al., 2020). Retailers can also leverage prices to prevent FW: pro-
motions and discounts can be used to clear inventories, and the appli-
cation of dynamic prices can encourage customers to buy products closer 
to expiration (a higher price is set for fresher food, which decreases as 
expiration approaches) (Kayikci et al., 2022; Riesenegger and Hübner, 
2022; Lin and Januardi, 2023). Retailers can also educate customers on 
the theme of FW through awareness campaigns (Sundgren, 2020; Eičaitė 
et al., 2022).

At the harvesting stage, the development of horizontal and vertical 
collaborations emerged as relevant for plant origin products. Horizontal 

collaboration can aid planning through the sharing of market data and 
can also increase the farmers’ bargaining power if cooperatives are 
established (Gokarn and Kuthambalayan, 2019; Ludwig-Ohm et al., 
2019). Vertical collaboration allows farmers to engage with downstream 
actors of the SC, reducing market uncertainty and easing planning and 
pricing (Herzberg et al., 2022). This type of collaboration can also lead 
to the development of short SCs, where the elimination of intermediaries 
allows produce to reach the consumer in a shorter time, limiting FW 
hotspots (Meagher et al., 2020; Navarro-del Aguila and de Burgos--
Jiménez, 2022). For manufacturers, developing collaborations with re-
tailers can be relevant to make the required minimum life on receipt 
more flexible, reducing rejections and FW (Santos, M.J., et al., 2022). 
For the distribution of controlled temperature products, the creation of 
collaborative relationships can allow an efficient and effective move-
ment of goods, reducing lead times and disruptions and, consequently, 
FW (Wickrama Gunaratne and Jayaratne, 2020; Yan et al., 2021; 
Saengsathien et al., 2023). At the retailer stage, collaborations with 
manufacturers can also lead to the establishment of collaborative fore-
casting practices, which can help reduce FW of short shelf life products 
through a more careful definition of safety stock level, avoiding over-
stocking (C.C. De Moraes et al., 2020; L.R. Trento et al., 2021). More 
generally, retailers can benefit from data sharing along the SC since 
punctual shelf life data can reduce product outdating (Ketzenberg et al., 
2023).

Reuse for human consumption is widely adopted along the whole 
SC. Plant origin products with minor mechanical damage, produced in 
excess, or that do not comply with cosmetic standards can be redis-
tributed through donations to charities (Meagher et al., 2020; Blanck-
enberg et al., 2022). This practice is also commonly employed by 
manufacturers, but additionally, sub-standard products can be sold at 
discounted prices to employees or through secondary markets (Kummu 
et al., 2012; Garrone et al., 2016; Al-Khateeb et al., 2021). Retailers 
mainly donate short shelf life items that remain unsold or are 
approaching the expiration date (Bilska et al., 2018; Lowrey et al., 
2023). In some cases, food is even removed from the shelves a few days 
in advance since it is very unlikely for these products to be sold before 
their expiration (Sert et al., 2016). These items are also often sold at a 
discounted price through secondary channels or online platforms 
(Eičaitė et al., 2022; Riesenegger and Hübner, 2022).

Alternatively, damaged or out-of-spec food can be recovered by 
means of additional treatments. At harvesting, produce not suited for 
the fresh market can be destined to produce juices or jams, with pro-
cessing occurring directly on the farm site or in alternative facilities 
(Blanke, 2015; Porter et al., 2018). For manufacturers, FW can be caused 
by wrong labeling, so additional treatments can be aimed at repacking 
such products (Jones et al., 2021). FW can also be recovered through 
remanufacturing into alternative finished goods, even by introducing 
new technologies and production lines to recover by-products on the 
production site (Skendi et al., 2020; Ncube et al., 2021; Facchini et al., 
2023). This is sometimes possible also for retailers, which can process 
surplus food into a new format or unpack items and sell them in bulk 
(Goossens et al., 2019; Tröger et al., 2020; Van Bemmel and Parizeau, 
2020).

Reuse for animal consumption is traditionally used at the har-
vesting stage for plant origin products to feed animals, produce feed, or as 
bedding material (Parmar et al., 2018; Gillman et al., 2019). Animal 
origin waste is also recovered in this manner, especially in the fishing 
industry, where bycatches can be turned into aquafeed products 
(Cooney et al., 2023). At the manufacturing stage, this practice is widely 
adopted, allowing the recovery of by-products from minimally processed 
food and finished processed goods (Goryńska-Goldmann et al., 2021; 
Paini et al., 2022). These products can be sent to feed producers or 
aquacultures and farms, or even to feed terrestrial invertebrates 
(Tedesco et al., 2019; Islam and Peñarubia, 2021; Facchini et al., 2023). 
At the retailer output, unsold and expired short shelf life items are often 
recovered as animal feed (C.C. De Moraes et al., 2020; Gómez and 
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Martinez, 2023; Ögel et al., 2023).
Material recycling emerges as a relevant recovery practice for 

minimally processed food, whose manufacturing by-products are sources 
of useful ingredients such as proteins, fibers, or vitamins that can be 
employed, for example, in the pharmaceutical and cosmetic industries 
(Augustin et al., 2016; Cardoso et al., 2021; Thakur et al., 2021). These 
materials can also be sources of biopolymers used to produce bioplastics 
(Esparza et al., 2020).

Nutrient recovery is more relevant at the initial stages of the SC. 
Both plant and animal origin products can be employed to produce liquid 
and solid soil amendments through fermentation or composting pro-
cesses (Gillman, Campbell and Spang, 2019; Cooney et al., 2023). 
Anaerobic digestion is another relevant process that yields digestate, a 
form of fertilizer that can be used on cultivated fields (Kumngen et al., 
2023). All these processes are also frequently applied to recover FW 
generated during manufacturing, aimed at producing fertilizers to give 
back to the soil some of the nutrients taken for cultivation (Vlajic et al., 
2018; Dong et al., 2022; Paini et al., 2022).

Energy recovery is a widely adopted practice at the manufacturing 
stage, especially for minimally processed goods. Production by-products 
are excellent for producing biogas and biomethane through anaerobic 
digestion, as well as for the combined generation of heat and power 
(Chinnici et al., 2019; Sadhukhan et al., 2020). These materials can also 
be employed to produce biodiesel, other biofuels, and solvents (Paini 
et al., 2022).

4. Discussion

The presented results, together with the proposed classification of 
food products, highlight the interplay between food product character-
istics and the generation and recovery of FW along the SC. The char-
acteristics driving these differences vary along the SC, stressing how FW 
is strongly intertwined with specific SC operations.

As depicted in Figs. 6 and 7, the importance of different causes and 
management practices varies significantly along the SC. It is possible to 
observe how the main causes and practices are strictly linked with the 
operations carried out at each SC stage. For instance, during distribu-
tion, FW is more commonly generated due to “inefficiencies and poor 
handling” since these activities entail goods manipulation and often 
focus on optimization to obtain greater efficiency. Similarly, looking at 
CE practices, retailers rely on food redistribution far more than other SC 
actors since they handle finished products and are in direct contact with 
consumers. It can also be observed how the same cause or practice can 
take different connotations depending on the considered SC stage. The 
cause “lack of collaboration” is an example, as the type of collaboration 
(horizontal or vertical) and the actors involved widely change along the 
SC. Horizontal collaboration mainly regards farmers and logistics pro-
viders, who can build partnerships with their peers to reduce FW. The 
establishment of vertical collaborations is a practice found throughout 
the SC. This appears to be particularly relevant between manufacturers 
and retailers, as well as between farmers and retailers to create short 
SCs. Concerning FW management, the subject of “improvement, opti-
mization, and innovation” actions shifts significantly depending on the 
considered SC stage. The FW prevention practices that fall within this 
category focus on the main activities, operations, and infrastructures 
that characterize each step of the chain. For instance, during distribu-
tion, attention is devoted to improving vehicles and logistics facilities. 
Instead, at the manufacturing stage, improvement practices have a 
greater focus on machinery.

The developed framework also highlights how FW causes and CE 
actions can vary greatly within the same SC stage, depending on the 
identified product characteristics. While similar operations are con-
ducted at each stage, the intrinsic characteristics of food products 
significantly influence FW generation and management. For example, 
“natural causes” considerably vary depending on the considered prod-
uct, as well as causes related to “poor infrastructures” and “operation 

inefficiency and poor handling”. The differences between products are 
particularly evident in all those cases where, within the same SC stage, a 
cause is only found for one product type. This is less frequent when 
analyzing prevention and recovery practices. However, it is possible to 
note how the same CE action can take different connotations depending 
on the considered product type within the same SC stage, especially at 
higher tiers of the FW hierarchy. Moreover, some prevention and re-
covery strategies are only available for certain food products, for 
example, within “measuring and monitoring”, “improvement, optimi-
zation, and innovation”, or “reuse for human consumption” practices. 
Differences can also be observed in the occurrence of FW causes and the 
availability of CE practices across different product categories. For 
example, it is possible to note a discrepancy in the occurrence of “natural 
causes” for plant and animal origin products. Similarly, the extent of 
discussion in the scientific literature on CE practices varies between 
product categories. This is exemplified by “measuring and monitoring” 
practices implemented at the distribution stage, where controlled tem-
perature products have been more broadly investigated in relation to this 
prevention strategy.

A further insight that can be derived from the comparison of Figs. 6 
and 7 is the alignment between FW causes and recovery practices: it can 
be noted how the most relevant causes within each product category 
correspond to a high relevance of practices addressing these causes. For 
example, many solutions (“measuring and monitoring”, “improvement, 
optimization, and innovation”) have been proposed to prevent the 
generation of FW of controlled temperature goods due to “poor in-
frastructures” or “inefficiency and poor handling”. At manufacturing, 
by-products and scraps constitute a significant portion of FW and the 
most common CE practices aim at their recovery (“reuse for animal 
consumption”, “material recycling”). This finding sheds a positive light 
on the state of prevention and management of FW. Nevertheless, the SC 
stage and product characteristics can pose restrictions on the available 
CE practices. Despite these limitations, it is possible to effectively pre-
vent and recover FW by developing tailored solutions that account for 
these specificities. However, Fig. 7 also highlights how many imple-
mented practices are not found in the first tiers of the FW hierarchy, 
especially in primary production and manufacturing (Teigiserova et al., 
2020). This partial misalignment with the FW hierarchy suggests the 
need to propose tailored solutions that are able to retain more value 
from these products.

4.1. Implications

From a theoretical standpoint, the proposal of a classification of food 
products in light of CE represents a novel contribution to knowledge. As 
detailed above, the proposed classification enables isolating the food 
characteristics that mostly influence the generation and recovery of FW 
at each SC stage. The variability of FW along the SC has been partially 
discussed in previous literature, but the developed framework allows 
this element to emerge more clearly (Canali et al., 2017; Magalhães 
et al., 2021). For instance, Canali et al. (2017) describe how FW gen-
eration and mitigation are contingent upon the considered activity and 
process within the SC. Magalhães et al. (2021) delineate more clearly 
such differences, which were mainly found between logistics and retail 
activities. This work instead adopts an overarching perspective on the 
food SC, broadening the scope of the analysis. Thanks to an in-depth 
analysis of the literature, this study elucidates in greater detail the 
variability of FW along food SCs, exposing the manifold connotations CE 
can have depending on the considered SC stage.

Furthermore, the findings presented in this work provide several 
insights into understanding the influence of product characteristics on 
FW and CE. Only a few literature contributions put forward this possible 
variability, which was discussed here in greater detail, and clearly 
defined thanks to the proposed classification (Chauhan, 2021; Ögel 
et al., 2023). Avoiding focusing on a single food category or product 
enriches the contribution of this work, as most studies have so far 
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focused on one or a few food types (Chauhan, 2021; Viscardi et al., 
2022). Overall, this study also enables systematizing the wide body of 
knowledge available on FW, unveiling those aspects requiring further 
research, as detailed below.

This work also has significant practical implications: the perspective 
adopted in this review, centered around food products, can be easily 
interpreted by food industry practitioners. Posing the food product at 
the core of the analysis can potentially simplify the understanding of 
challenges related to FW since every player in the SC has a great 
knowledge of the nature of its products. The findings of this work can 
also shed light on FW derived from those products that are less studied in 
the literature, thanks to the broad categories embedded in the proposed 
classification. Starting from food characteristics, the proposed classifi-
cation can be employed as a map to navigate the most common FW 
generation hotspots and how to address them effectively throughout the 
whole SC, as the systematization of CE practices provided in this work 
can aid in understanding the most appropriate CE practices to be 
implemented. The overarching perspective on FW causes and CE prac-
tices adopted in this work can serve as a guide when dealing with FW, 
eventually raising awareness of the challenges faced in other SC stages 
and promoting a CE culture.

5. Concluding remarks, limits, and future research

The study presented in this work aimed to understand the influence 
of food product characteristics on CE for FW prevention and valorization 
along food SCs. The proposed classification of food products, based on a 
thorough analysis of the literature, clearly highlights how FW genera-
tion and prevention are strongly intertwined with SC operations. Within 
the same stage of the SC, the causes of FW and related CE practices 
significantly vary depending on the characteristics of the food product.

Despite the discussed implications, the main limitation of this work 
lies in the adoption of a systematic literature review methodology. While 
this approach is suitable for exploring this novel topic since it allows the 
classification of studies according to themes, a systematic review of the 
literature also embeds some constraints. The most relevant one is the 
impossibility of providing punctual details for each paper (Seuring et al., 
2005), which could be associated with the loss of nuances of the many 
dynamics involved in the complex phenomenon of FW. The empirical 
analysis of multiple SCs could overcome this limitation, enabling the 
deepening and validation of the proposed classification. For instance, 
such empirical investigation could be conducted using a case study 
methodology to obtain a thick description of the phenomenon of interest 
(Eisenhardt, 1989). Conducting an empirical validation could also help 
overcome another limitation related to the uneven distribution of arti-
cles across different product categories, as shown in Fig. 5. While a lack 
of attention from academics can be a symptom of the low significance of 
a certain cause or CE practice, it is difficult to assess the real magnitude 
of these aspects. Nevertheless, this work clearly exposes those food 
categories that have been understudied, hopefully sparking future 
empirical research on these products. Moreover, this limitation could 
also be overcome by surveying a large sample of food firms along the 
whole SC, ensuring a balanced distribution of food product types. Such 
efforts could corroborate the proposed classification and potentially 
enrich it with more accurate considerations of the involved FW flows. 
Validating and refining the classification of food products presented in 
this work is also relevant to tackling possible research bias. The induc-
tive analysis of the papers entails their interpretation, which is subject to 
the point of view of the researchers (Thomas, 2006). The protocols for 
paper selection and analysis have been defined with care to ensure 
standardization, therefore mitigating potential subjectivity. However, 
further studies on this topic could strengthen the findings of this work.

This work also underlines how most analyzed studies focus on just 
one SC stage, neglecting to consider the SC as a whole (Fig. 5). Future 
research should consider food SCs in their entirety to analyze FW from a 
broader perspective and highlight those mechanisms embedded in SCs 

of different products, which potentially lead to the generation of waste. 
For example, it could be interesting to explore the link between the 
identified product characteristics and their progression along the SC. A 
longitudinal SC study could possibly reveal cascading effects between 
product characteristics when going downstream the SC. For instance, if a 
specific cause differs for minimally processed goods of animal or plant 
origin, or if CE practices applied to short shelf life items change consid-
ering the degree of processing. Both qualitative and quantitative 
investigation methodologies appear suitable for exploring this aspect in 
greater detail.

The analysis of CE practices revealed a further possible research di-
rection since it highlighted how many of the implemented practices are 
not the most preferred ones according to the FW hierarchy. Future 
research could focus on developing circular solutions to recover more 
value from FW flows while respecting the contingencies set by the food 
product characteristic and the SC stage. The conceptualization of food 
products in relation to CE presented in this paper can enable a more 
focused development of FW management practices, which exploit the 
inherent nature of food products to develop more effective CE solutions.
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Lipińska, M., Tomaszewska, M., Kołożyn-Krajewska, D., 2019. Identifying factors 
associated with food losses during transportation: potentials for social purposes. 
Sustainability 11 (7), 2046.

Liu, C., et al., 2022. Achieving zero hunger goal through minimizing waste in food supply 
chain: evidence from asian emerging region. Sustainability 14 (10). https://doi.org/ 
10.3390/su14105930 (Switzerland)Available at: 

Loisel, J., et al., 2021. Cold chain break detection and analysis: can machine learning 
help? Trends in Food Science and Technology. Elsevier Ltd, pp. 391–399. https:// 
doi.org/10.1016/j.tifs.2021.03.052.

Lorite, G.S., et al., 2017. Novel, smart and RFID assisted critical temperature indicator for 
supply chain monitoring. J. Food Eng. 193, 20–28. https://doi.org/10.1016/j. 
jfoodeng.2016.06.016.

Lowrey, J.D., Richards, T.J., Hamilton, S.F., 2023. Food donations, retail operations, and 
retail pricing. Manuf. Serv. Oper. Manag. 25 (2), 792–810.

Ludwig-Ohm, S., Dirksmeyer, W., Klockgether, K., 2019. Approaches to reduce food 
losses in German fruit and vegetable production. Sustainability 11 (23). https://doi. 
org/10.3390/su11236576 (Switzerland)Available at: 
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Priefer, C., Jörissen, J., Bräutigam, K.-R., 2016. Food waste prevention in Europe - A 
cause-driven approach to identify the most relevant leverage points for action. 
Resour. Conserv. Recycl. 109, 155–165. https://doi.org/10.1016/j. 
resconrec.2016.03.004.

Principato, L., et al., 2019. Adopting the circular economy approach on food loss and 
waste: the case of Italian pasta production. Resour. Conserv. Recycl. 144, 82–89. 
https://doi.org/10.1016/j.resconrec.2019.01.025.

Raak, N., et al., 2017. Processing- and product-related causes for food waste and 
implications for the food supply chain. Waste Manag. 61, 461–472. https://doi.org/ 
10.1016/j.wasman.2016.12.027.

Rahman, M.M., Nguyen, R., Lu, L., 2022. Multi-level impacts of climate change and 
supply disruption events on a potato supply chain: an agent-based modeling 
approach. Agric. Syst. 201 https://doi.org/10.1016/j.agsy.2022.103469.

Ramirez-Asis, E., et al., 2022. A review on role of artificial intelligence in food processing 
and manufacturing industry. Mater. Today Proc. 51, 2462–2465. https://doi.org/ 
10.1016/j.matpr.2021.11.616.

Raut, R.D., et al., 2019. Improvement in the food losses in fruits and vegetable supply 
chain - a perspective of cold third-party logistics approach. Oper. Res. Perspect. 6 
https://doi.org/10.1016/j.orp.2019.100117.

Riesenegger, L., Hübner, A., 2022. Reducing food waste at retail stores—An explorative 
study. Sustainability 14 (5), 2494.

Sadhukhan, J., et al., 2020. Perspectives on “game changer” global challenges for 
sustainable 21st century: plant-based diet, unavoidable food waste biorefining, and 
circular economy. Sustainability 12 (5). https://doi.org/10.3390/su12051976 
(Switzerland)Available at: 

Saengsathien, A., et al., 2023. The cold chain of golden apple snail: a case study. 
Engineering and Applied Science Research. Paulus Editora, pp. 1–9. https://doi.org/ 
10.14456/easr.2023.1.

Saldaña, J. (2013) The Coding Manual for Qualitative Researchers. 2nd edn. Edited by J. 
Seaman. London: SAGE. Available at: www.sagepublications.com.

Santos, D., Lopes da Silva, J.A., Pintado, M., 2022a. Fruit and vegetable by-products’ 
flours as ingredients: a review on production process, health benefits and 
technological functionalities. LWT. Academic Press. https://doi.org/10.1016/j. 
lwt.2021.112707.

Santos, M.J., et al., 2022b. On the impact of adjusting the minimum life on receipt 
(MLOR) criterion in food supply chains. Omega 112. https://doi.org/10.1016/j. 
omega.2022.102691 (United Kingdom)Available at: 

Satiti, D., Rusdiansyah, A., 2018. Model of refrigerated display-space allocation for multi 
agro-perishable products considering markdown policy. In: Proceedings of the IOP 
Conference Series: Materials Science and Engineering. Institute of Physics 
Publishing. https://doi.org/10.1088/1757-899X/337/1/012019.

Sawaya, W.N., 2017. Impact of food losses and waste on food security. Water, Energy and 
Food Sustainability in the Middle East: The Sustainability Triangle. Springer 
International Publishing, pp. 361–388. https://doi.org/10.1007/978-3-319-48920- 
9_16.

Selvaggi, R., et al., 2021. Assessment of tomato peels suitable for producing biomethane 
within the context of circular economy: a gis-based model analysis. Sustainability 13 
(10). https://doi.org/10.3390/su13105559 (Switzerland)Available at: 

Sert, S., et al., 2016. Surplus food redistribution for social purposes: the case of coop 
Lombardia. Organizing Supply Chain Processes for Sustainable Innovation in the 
Agri-Food Industry. Emerald Group Publishing Limited, pp. 153–173.

Seubert, F., et al., 2020. Making the newsvendor smart - order quantity optimization with 
ANNs for a bakery chain. In: Proceedings of the AMCIS 2020. https://aisel.aisnet. 
org/amcis2020.

Seuring S. et al. (2005) ‘Conducting a literature review—The example of sustainability in 
supply chains’, Research Methodologies in Supply Chain management: in 
Collaboration with Magnus Westhaus, pp. 91–106.

Shewfelt, R.L., Prussia, S.E., 2021. Challenges in handling fresh fruits and vegetables. 
Postharvest Handling: A Systems Approach. Elsevier, pp. 167–186. https://doi.org/ 
10.1016/B978-0-12-822845-6.00006-3.

Shoji, K., et al., 2022. Mapping the postharvest life of imported fruits from packhouse to 
retail stores using physics-based digital twins. Resour. Conserv. Recycl. 176 https:// 
doi.org/10.1016/j.resconrec.2021.105914.

Silapeux, A.G.K., et al., 2021. Waste of fresh fruits in Yaoundé, Cameroon: challenges for 
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