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Abstract: The literature contains many analyses of measures against food loss. However, there exists
no structured analysis of the objective of these measures. This study employs a systematic literature
analysis and open expert interviews, combining the perspectives of science and practice. For each
analyzed case, we identified the objectives behind the implemented measures. Using qualitative
clustering, we categorized the located objectives into fields of action. The identified 13 fields of action
provide an overview of the objectives of food loss prevention measures. The results indicate that
different levels of importance can be assigned to these fields of action. In particular, the results show
the relevance of increased network cooperation and transparency within a company and along the
entire value chain. Furthermore, the study indicates that the creation of transparency provides the
greatest overall added value in terms of reducing food losses.

Keywords: food loss management; food logistics; success factors; systematic literature
review; interviews

1. Introduction

Overcoming the challenges in current food supply systems is crucial in providing enough food for
a continuously growing world population. While resources for food production are limited, the Food
and Agriculture Organization of the United Nations (FAO) estimates that approximately one-third
of the food produced does not reach the consumer [1]. Lost food is not only a problem because it
cannot be used to feed the people who need it, but also because it involves a considerable waste of
resources [2]. Eliminating current food losses would be enough to meet the caloric requirements of
1.9 billion people at a time when, according to the United Nations (UN), about 815 million people
worldwide are suffering from hunger [3]. Considering FAO statistics, it is evident that significant
losses are occurring both on the consumer end and within the value chain [4]. Therefore, it is generally
accepted that issues in the global food supply do not reflect a production problem but a distribution
issue [5].

The food loss problem is not a new phenomenon. Though it has not been in the public spotlight
for long, this topic has gained new momentum through various initiatives, resulting in its integration
into the UN’s 17 global sustainable development goals. The 12th sustainable development goal
“responsible consumption” includes a sub-objective (12.3), stating that, by 2030, global food losses
should be reduced by half throughout the entire food value chain, including post-harvest losses and
the end consumer [6]. This objective directly addresses the core functions of logistics and supply chain
management, thus representing a direct task for this area of industry and science.

In the current scientific literature, there are many reports on preventive strategies for food loss [7].
Some research deals with the appropriate use of technologies while other studies describe design
processes that can reduce losses. However, the approaches described in the literature usually address a
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specific case study or relate to the properties of a particular food group. Despite promising results in
their respective fields, these approaches can only be transferred to a limited number of other situations.

A more generally applicable solution could be formulated by considering the fields of action
underlying the design of the measures described in the current literature. This study provides an
overview of such fields of action, as reflected in the following research question:

RQ1: Which criteria are set as objective parameters when developing logistics measures against
food losses?

In order to answer this research question, we first turn to defining key terms in the research
before describing the methodology. We then describe the results of the analysis and discuss them in
detail afterward.

1.1. Food Logistics

This paper begins by providing an overview of the terms “logistics” and “supply chain
management.” According to Straube (2004), the basic function of logistics is “[ . . . ] the economical
and on-time production, provision and delivery of goods, materials, products and services ordered by
customers. Logistics organizes processes, system structures and entire networks from increasingly
globally distributed origins to globally distributed destinations” [8] (p. 27). Though this definition
covers logistics in a general manner, this paper refers to food logistics in particular, requiring greater
specification. Based on this understanding of logistics, Straube, Nitsche, and Figiel (2016) further
describe food logistics as follows: “Food logistics comprises the planning, management and control of
the value-added network of food from the source of raw materials to the customer. The focus here
is on the efficient processing of customer orders with the aid of information systems, technologies
and management concepts, with special consideration of high article-specific quality and safety
requirements for perishable goods in various temperature ranges” [9] (p. 6). This understanding of
logistics is applied in this paper.

In accordance with this view, food logistics are applied along the entire food value chain. Various
approaches in the current literature describe the design of a generic food value chain. The most
common representations differ mainly in terms of the level of detail for each of the defined individual
steps within the value chain. To illustrate, we can compare the concepts of Parfitt et al. (2010) and
Gustavsson et al. (2011) as examples. Gustavsson et al. (2011) present a definition of the food value
chain in five stages. Starting with agriculture, processes like threshing, fishing, or milk production form
the first stage. The second stage of the chain involves post-harvest processing, which includes sorting,
drying, and cleaning processes. Additionally, it includes handling and storage, transport to slaughter
for meat products, icing and packaging for fish products, and transport between farm and distribution
for dairy products. In the third step, the raw materials are then processed into higher-quality food
products, including actions such as product cutting and slaughtering, cooking, and shaping. This stage
involves all procedures in the area of quality management, the physical distribution of products, the
processes at wholesalers and in supermarkets, and the sales process. In this definition, the last stage of
the food value chain refers to consumption [4]. By comparison, Parfitt et al. (2010) choose a definition
with a higher degree of detail, consisting of eleven steps. Similar to Gustavsson et al. (2011), this
definition starts with agriculture, but here, it explicitly includes harvesting and the handling of raw
materials during harvesting in the first step. As a second step, this approach describes threshing, which
is equivalent to the second step of the previously described approach, post-harvest processing. This
step is separated from the actual processing stage, as they are usually carried out either directly in the
agricultural enterprises or in enterprises nearby. As a third step, this approach describes the drying in
connection with the transport and distribution of raw materials, while the fourth step involves storage.
This storage phase is followed by primary production in the fifth step, secondary production in the
sixth, and quality control in the seventh. The eighth step involves packaging, including weighing,
labelling, and sealing, while the ninth step focuses on marketing—generating publicity, selling, and
distributing to the end customer. The consumer stage occurs in step ten before giving way to the
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eleventh step, the end of life, which is understood as the removal of waste at various stages of the
value chain [10]. Figure 1 illustrates these two descriptions of the generic food value chain.
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Figure 1. Generic food value chain [4,10].

Both approaches outline the most important process steps of a generic food value chain, which relate
to the actors directly involved. However, it should be noted that not all relevant actors are covered by
the process steps. In comparison with other sectors, the food value chain is characterized by a high
degree of influence from indirect actors. For example, Dani (2015) emphasizes the important position
of regulatory authorities. Governmental regulation plays a particularly important role, as it sets out
individual regulatory requirements for each country, for aspects like product quality. Governmental
regulation is also important in international food value chains because different countries have varying
requirements and guidelines with regard to market liberalization and protectionism against foreign
imports [11]. Figure 2 provides a schematic illustration of the actors and functional areas in international
value chains.

Sustainability 2020, 12, x FOR PEER REVIEW 3 of 22 

end of life, which is understood as the removal of waste at various stages of the value chain [10]. 

Figure 1 illustrates these two descriptions of the generic food value chain. 

 

Figure 1. Generic food value chain [4,10]. 

Both approaches outline the most important process steps of a generic food value chain, which 

relate to the actors directly involved. However, it should be noted that not all relevant actors are 

covered by the process steps. In comparison with other sectors, the food value chain is characterized 

by a high degree of influence from indirect actors. For example, Dani (2015) emphasizes the important 

position of regulatory authorities. Governmental regulation plays a particularly important role, as it 

sets out individual regulatory requirements for each country, for aspects like product quality. 

Governmental regulation is also important in international food value chains because different 

countries have varying requirements and guidelines with regard to market liberalization and 

protectionism against foreign imports [11]. Figure 2 provides a schematic illustration of the actors 

and functional areas in international value chains. 

 

Figure 2. Functional areas and actors in international food value chains. 

The current study investigates measures that can be implemented by direct and indirect actors 

within the food value chain using the logistics framework and definition described in this section. 

Following this understanding of logistics, the current study will consider the food value chain only 

in the context of an environment that is directly influenced by these actors. According to this 

understanding, the consumer level is not considered, as it lies outside the described actors’ sphere of 

influence. 

primary processing

quality control

secondary 
processing

packaging

marketing

post-comsumer

end of life

harvesting threshing

storage

transportation and 
distribution

agricultural 
production

postharvest handling 
and storage

processing distribution consumption

Generic food value chain according to Gustavsson et al. (2011)

Generic food value chain according to Parfitt et al. (2010)

Farmer
Post 

harvesting

Production

Production

Intermediary

Transport

International 
Transport

Wholesale

Market

International 
Transport

Retailer

Caterer

Consumer

Retailer

Caterer

Consumer

Analysis area

Figure 2. Functional areas and actors in international food value chains.

The current study investigates measures that can be implemented by direct and indirect actors
within the food value chain using the logistics framework and definition described in this section.
Following this understanding of logistics, the current study will consider the food value chain only in the
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context of an environment that is directly influenced by these actors. According to this understanding,
the consumer level is not considered, as it lies outside the described actors’ sphere of influence.

1.2. Food Loss Management

The literature also includes various descriptions of the terms “food loss” and “food waste”.
According to the definition by the FAO Report “The State of Food and Agriculture” (2019), food loss is
“the decrease in the quantity or quality of food resulting from decisions and actions by food suppliers
in the chain, excluding retail, food service providers and consumers” [12] (p. 5). Distinct from food
loss, food waste is understood as “the decrease in the quantity or quality of food resulting from
decisions and actions by retailers, food services and consumers” [12] (p. 5). Some authors make no
distinction between these terms and combine them into “food loss and waste” [10,13]. The High Level
Panel of Experts on Food Security and Nutrition of the European Union (HLPE) defines the terms as
follows: “Food losses (FL) refers to a decrease, at all stages of the food chain prior to the consumer
level, in mass, of food that was originally intended for human consumption, regardless of the cause.”
Meanwhile, “food waste (FW) refers to food appropriate for human consumption being discarded or
left to spoil at consumer level—regardless of the cause.” [14]. As the latter definition of food loss has
the largest intersection with the scope of this study, the term “food loss” is used in accordance with the
understanding of HLPE 2014.

The causes of food losses are complex and depend on conditions in the respective processes as
well as the level of development in a given country. Parfitt et al. (2010) and Nitsche et al. (2018)
describe the different causes of loss in developing and industrialized countries, an overview of which
can be found in Table 1.

1.3. Measures to Combat Food Losses

In categorizing the many different approaches to dealing with food losses in the food value chain,
Papargyropoulou et al. (2014) created the so-called food waste hierarchy, which is shown in Figure 3.
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Figure 3. Food waste hierarchy [15].

In the first stage, prevention involves avoiding food surpluses or losses during production and
consumption within the food value chain. Re-use refers to measures to pass on food surpluses to
those in need, such as through redistribution networks. Recycling includes the subsequent use of
surpluses for animal feed or composting. Recovery refers to the production of energy through these
surpluses. The last level of the hierarchy is disposal, which describes the elimination of surpluses
in a technical landfill. According to Papargyropoulou et al. (2014), the stages should be followed
in the order described here, if measures are to be taken against food losses [15]. According to this
definition, prevention is the most desirable form of action; as such, the following section of this study
will consider measures that pursue this objective.



Sustainability 2020, 12, 6093 5 of 20

Table 1. Causes of losses in food value chains [7,10].

Value Chain Stage Developing Countries Developed Countries

Harvesting and
post-harvesting

v weather-related loss
v suboptimal harvest period
v damage of crops
v inadequate infrastructure
v low level of automation
v defective harvesting equipment
v lack of qualified personnel

v weather-related loss
v over-production
v damage of crops

Food processing
industry

v transformational processes
v contamination

v transformational processes
v production failures
v technical issues

Warehousing

v low storage capacity
v inappropriate storage conditions and

cooling systems
v long distances to warehouses
v warehouse usage not aligned to

customer demand

v technical malfunction of
cooling systems

v manual errors in cooling regulation
v inappropriate storage conditions

Transportation

v inadequate infrastructure
v inappropriately equipped

transport vehicles
v low transportation safety for

perishable goods
v unreliable transport packaging
v inappropriate load securing

v long throughput times
v long transport distances
v delivery delays
v overloading of terminals
v inadequate temperature

measurements
v unreliable transport packaging

Retail

v lack of cooling systems
v inappropriately equipped storage and

sales areas
v unhygienic conditions

v inaccurate sales forecasts
v uncertainty regarding date indications
v inappropriately equipped sales areas
v inefficient optimization efforts
v promotions and discounts

Packaging

v lack of packaging knowledge
v inappropriate packaging for

transportation and storage

v large packaging units
v defective packaging
v inefficient packaging design

Processes

v lack of holistic view of value adding
v processes in food value chains due to

profit optimization
v lack of communication between food

value chain actors
v inefficient processing processes

v high complexity of
value-adding processes

v lack of holistic view of value-adding
processes in food value chains

v lack of communication
v lack of transparency along the food

value chain

Guidelines and
regulations

v specification of aesthetic standards of
regulating authorities

v high consumer requirements
v guidelines for waste disposal due to

non-suitability for processing
v seasonality or weather-related change

of quality/appearance specifications
by retailers

v rules to ensure that there is a
minimum time left to the
expiration date
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A great deal of research has focused on addressing loss prevention. For example, Nitsche et al.
(2018) provide an overview of various measures, referring to a connection between the stages of the
value chain and the measures implemented. This overview is shown in Figure 4.Sustainability 2020, 12, x FOR PEER REVIEW 7 of 22 
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Figure 4. Assignment of measurement clusters to the stages of a food value chain [7].

This overview shows that there are measures in many different areas of the value chain. However,
this view refers exclusively to the measures implemented and does not provide any decision support
for users seeking to develop a suitable measure for a specific application. What is missing for this
purpose is a set of fields of action oriented towards specific objectives. Such a set of fields would make
it possible to develop practical and customized solutions for individual cases.

2. Materials and Methods

The research methodology follows Nitsche and Durach’s (2018) research, pursuing a dual approach
that incorporates both the perspective of science and the perspective of logistics practice [16]. Firstly,
this study incorporates open interviews in order to integrate the practical side. Secondly, a systematic
literature analysis assists in mapping the research question. By triangulating the data from both
sources, comprehensive statements can be made.

Six open interviews were conducted with practitioners from companies and organizations
operating within the range of the above-mentioned value chain structure. The interviews opened
with the following question: which measures against food losses have you already implemented or
noticed in the environment? Subsequently, the interviewers inquired more deeply into the objectives
behind the described measures before discussing the areas in which improvements could be achieved.
Based on these interviews, different criteria were extracted and used to design measures against food
losses according to the experts’ statements. From the six interviews, a total of 24 criteria were gathered.

The second part of the data collection is based on a systematic literature analysis by Durach
(2016) [17], who describes systematic literature analysis as a process with six phases. Starting from a
clear objective formulated in a research question, the need for research should be ensured by involving
relevant stakeholders. Moreover, the researcher should reflect on the question of whether or not the
question can be answered by reviewing the literature. The second step involves preparing the literature
analysis by setting inclusion and exclusion criteria. In the third step, the literature search is carried
out after choosing a methodology (e.g., database analysis, snowball sampling). Then, the analysis
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is performed by creating a search string and entering it into the selected databases. The fourth step
involves applying the previously-defined inclusion and exclusion criteria and assessing the quality or
validity of the literature. The fifth step is the analysis and synthesis of the literature under investigation.
Here, Durach (2016) does not specify an evaluation method. However, he describes the importance
of an objective and transparent approach and recommends involving several researchers in this step
in order to minimize bias. The sixth step includes the dissemination of the results and the use of the
research findings [17].

The systematic literature analysis only included scientific journals. Renowned researchers in the
field assisted in creating the search string. For this purpose, authors who were identified by previous
basic analysis of the literature were contacted who had been active authors who had published on
similar topics and whose contact details were openly accessible online. They were informed about the
primary research question and asked to name terms that they would use for such a search. Out of 30
scientists contacted, eight responded. The search terms mentioned were compared with the previously
identified terms, which were supplemented if necessary. This process served to minimize the influence
of one person (researcher bias) and to develop a more comprehensive search string.

The search logic resulting from this process is shown in Figure 5.
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Figure 5. Logic of the search string. * To make the search string non-repeating, some words have been
marked with asterisks to include different word endings in the search.

The following inclusion and exclusion criteria were then defined:
Inclusion criteria:

• Only peer reviewed journals are used.
• Only journal articles written in English are used.
• Only articles that were available in the EBSCO Host and Web of Science databases at the time of

the search (March–May 2019) are used. There was no limitation in terms of the year of publication.
• Only articles showing a focus on the design of food logistics network in the title or abstract

are used.

Exclusion criteria:

• Articles focusing on biological, chemical, or medical criteria will not be considered.
• Articles focusing on waste reduction at the level of the final consumer will not be considered.

The same terms were used for the search in the mentioned databases. Due to differing search
logics, search strings were structured in varying ways. The search resulted in a total of 887 results
in both databases. After correcting for duplicates (89) and deleting articles that did not meet the
inclusion criteria (20 book contributions, one conference volume, and 18 anthologies), 759 articles
remained for closer examination (reading the title and abstract). During this process, 649 articles failed
to meet the inclusion criteria. Figure 6 provides an overview of the distribution of the analyzed articles’
publication years.
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Among the 111 articles examined, 18 explicitly focused on value chains in developing countries.
Seventeen articles explicitly addressed value chains in industrialized countries, while the remaining
76 articles made no statement about an area of focus, or they referred to both developing and
industrialized countries.

The remaining 111 articles were read, and the criteria mentioned in the articles collected. In each
case, the criteria described in the article or interview were noted. A total of 646 criteria were identified
using the two data collection methods. The collection of criteria is illustrated in Figure 7.
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Figure 7. Selection process.

Using qualitative clustering, three researchers systematized the criteria identified in the study.
The located criteria were presented to the three participants. In each case, they discussed whether
the criterion fit a previously-found criterion or whether it encompassed a new group. This approach
gradually led to the creation of fields of action, which were then structured more specifically and
combined to form a complete overview.
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3. Results

The identified fields of action can be classified into four main groups. The first group refers to
fields of action that aim to “optimize processes”. The second group combines fields of action that relate
to the “framework conditions” of the logistics network and are primarily addressed by the public
sector. The third group refers to the “physical characteristics” of the respective food products handled.
In this respect, major differences can be seen regarding the products under consideration. The fourth
group includes the fields of action focused on “people” within the logistics network. Figure 8 shows
the breakdown of the identified fields of action for the groups mentioned.
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Table 2 shows the mapping of the articles found in the systematic literature analysis to the
identified fields of action.

3.1. Optimizing Processes

Six fields of action were identified in the process optimization group, with transparency being the
most frequently mentioned within this group. Indeed, 29 articles and three expert interviews addressed
this issue. In this context, transparency is understood as the creation of a uniform information base
within a company or across a logistics network. By reducing information asymmetry, decisions
are better coordinated, and network partners have the opportunity to react better to their partners’
actions. Nearly all of the articles mentioned the use of technology for realizing transparency. However,
some researchers also explained more profound interrelationships and described the added value of
transparency for the networks [18,19]. Sarpong (2014), for example, examined the influence of the horse
meat scandal on the European market and its effects on discussions of transparency [20]. In terms of
technology use, researchers discussed a variety of procedures, including the use of real-time monitoring
for cross-company processes [21]. Other articles discussed the introduction of the Internet of Things and
analysis methods based on it [22,23]. According to this analysis, the introduction of tracking and tracing
technologies is an important step towards a uniform information base across a network [20,21,23–25].
Also of high importance in the field of action for transparency is the use of decision-making tools
that provide the decision maker with information permitting a more transparent decision-making
process [26,27]. Another group of articles discussed the introduction of lean philosophy, which should
lead to a more efficient process while encouraging a higher level of process understanding and create
additional knowledge and transparency [28–30].
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Table 2. Mapping the literature to the criteria.

Fields of Action Description Literature

Transparency
Increase of transparency within a

company as well as between companies
of a network

Addisu Damtie 2015; Antman et al. 2014; Borit and
Santos 2015; Brewster et al. 2017; Chaudhuri et al.

2018; Chimphango and Görgens 2015; Chuang et al.
2017; Colgan et al. 2013; Faour-Klingbeil et al. 2016;
Herbon and Khmelnitsky 2017; Irani and Sharif 2016;
Kaipia et al. 2013; Kamble et al. 2019; Manzouri et al.

2014; Martens et al. 2012; Melin and Barth 2018;
Mercier et al. 2018; Muriana 2017; Nabhani and

Shokri 2009; Notarnicola et al. 2017; Pinior et al. 2015;
Powell et al. 2017; Sarpong 2014; Shah and Naghi

Ganji 2017; Strotmann et al. 2017; Sharifzadeh et al.
2015; Vlachos 2015; Wang et al. 2012; Xiao et al. 2017

Quality management Improvement of quality management
for early detection of weaknesses

Azuara et al. 2012; Chelbi et al. 2008; Lau et al. 2018;
Laux et al. 2015; Mor et al. 2018; Negi and Anand

2019; Tsang et al. 2018; Wilcock and Boys 2017

Packaging
management

Improvement of packaging
management during transport and

storage processes as well as for
distribution to the end customer

Akkas et al. 2018; Mack et al. 2014;
Molina-Besch et al. 2019; Vanderroost et al. 2017;

Verghese et al. 2015; Wikström et al. 2019;
Wikström et al. 2014

Transport optimization
Improvement of transport management
with regard to route planning, loading
of vehicles, and coordination of vehicles

Ahumada and Villalobos 2011; Bortolini et al. 2016;
Caixeta-Filho 1999; Hu et al. 2017; Memon et al. 2017;

Mvumi et al. 2016; Validi et al. 2014

Warehouse
management

Improvement of warehouse
management using suitable storage
equipment, storage strategies, and

adapted layout planning

Facchini et al. 2018; Garbaba et al. 2018; Haijema and
Minner 2016; Kiil et al. 2018a; Kiil et al. 2018b;

Leśniewski and Bartoszewicz 2013

Network structure
Improvement of the network structure
using strategic network planning and

location management

Atkins et al. 2018; Gong et al. 2007; Orjuela Castro
and Adarme Jaimes 2017

Regulation
Adapted regulations by the

administration to support companies in
reducing food losses as required

A. Rijpkema et al. 2014; Brunelle et al. 2017;
Cristóbal et al. 2018; Mendedo et al. 2017;

Pinstrup-Andersen 2014; Sharma et al. 2019;
van Hoof and Lyon 2013

Financing
opportunities

Providing appropriate financial support
from the administration to weaker

network partners
Brüntrup et al. 2018; Wu et al. 2017

Physical characteristics

Adaptation of processes to consider
special physical requirements of the

products, including temperature,
pressure sensitivity, and air composition

Bakhtavar et al. 2019; Hafliðason et al. 2012;
La Scalia et al. 2016; Martindale and Schiebel 2017;

Raab et al. 2011; Raut and Gardas 2018;
Singh et al. 2018

Shelf-life optimization
Process adaptations that allow the shelf

life of the products to be taken into
account in decision making

Chen et al. 2018; Allen and Schuster 2004; Gogo et al.
2017; Kaya and Ghahroodi 2018; Tromp et al. 2012;

Venuto and Mezzina 2018

Network cooperation

Improving cooperation within networks,
including information sharing and
efforts to develop comprehensive

measures against food losses

Aggarwal and Srivastava 2016; Alarcon et al. 2017;
Alberti and Belfanti 2019; Arias Bustos and Moors

2018; Borrello et al. 2017; Despoudi et al. 2018;
Devin and Richards 2018; Fang Du et al. 2009; Fu et al.
2018; Henningsson et al. 2004; Kouwenhoven et al.

2012; Liljestrand 2017; Lozano and Adenso-Díaz 2018;
Lutz et al. 2017; Markelova and Mwangi 2010;
Mena et al. 2014; Ocicka and Raźniewska 2018;

Song and He 2019; Tsuchiya et al. 2015;
Warshawsky 2016; Yu et al. 2018; Zhou et al. 2019

Mindfulness

Promoting awareness among employees
at all levels in companies of the

relevance of the problem of food losses
in everyday life

Alamar et al. 2018; Al-Madbouh et al. 2019;
Bonadonna et al. 2019; Martindale 2017;

Weidner et al. 2019

Consumer satisfaction
Adaptation of internal processes with
the aim of meeting specific customer

requirements
Aschemann-Witzel et al. 2017; Pan et al. 2017
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The second most frequently mentioned field of action is the improvement of quality management.
Eight of the articles identified in the current research deal with this topic. This field of action involves
seeking to detect errors in the process as early as possible in order to mitigate them. Researchers that
used measures in pursuit of this objective also tended to use technology, which was also mentioned in
terms of transparency. For example, Azuara et al. (2012) discussed introducing effective tools that make
it possible to detect faulty or counterfeit products in incoming goods, thus facilitating the handling
of such products before they are introduced into the production processes [28,31]. Studies have also
mentioned process structuring and adapting current quality regulations [32,33]. Similar technologies
to those already mentioned in creating transparency also contribute to increasing and improving
quality management. Thus, several authors pointed to certain technologies that aim to improve quality
management. For example, tracking and tracing leads to improved quality management [34–36].
Studies also highlight the monitoring of temperature in cold chains as an effective tool for quality
control [37,38].

Another field of action assigned for process optimization is packaging management. Here,
packaging management is understood as the effort to pack goods appropriately for process steps
during transport, handling, and storage. It also means designing packaging in such a way that it leads
to the smallest possible amount of waste at the end-customer level. Seven articles and one interview
addressed this topic. Within this area, many articles did not mention the reduction of food losses as the
primary goal of the presented measures, a finding that is in contrast with most other articles examined
in this analysis. Packaging management also was mentioned in the context of reducing packaging
material usage, using sustainable packaging materials, and lowering process costs [39]. Many articles
focused on designing the packaging in such a way that the final product creates as little waste as
possible. In this sense, the topic of packaging size came up in several articles [40,41]; meanwhile,
the topics of separation within packaging and the labelling of packaging also appeared [42].

Another identified field of action is transport optimization, which involves the optimization
of operative transport processes as well as route planning. Seven articles discuss this topic.
Articles assigned to this field of action dealt mainly with the development of mathematical models for
route optimization [43–45]. In addition, the authors discussed the need for reliable transport processes
to ensure that food is not wasted by delayed transport or inadequate load securing [46].

Warehouse management was identified as a further field of action. In this context,
warehouse management is understood as the use of effective methods for optimizing warehouse
management and for adjusting warehouse layout to meet requirements. A total of six articles fit into this
category. The identified articles primarily focused on implementing reasonable warehouse strategies,
such as the “first expired first out” principle [47]. Other authors concentrated on warehousing and
the specific requirements of the early stages of the logistics network, more specifically, on the level of
farmers. These studies focused on farming structures in developing countries and the specifics of the
adaptation necessary for effective warehousing in these areas [48]. A few authors also discussed the
optimal warehouse layout for shortening distances and keeping the duration of products’ stay within
warehouses as short as possible [49].

The optimization of the network structure also was identified as a field of action. Here, adaptation of
the network structure refers to the objective of building an efficient distribution network. Increasing the
efficiency of these measures reduces food loss. Three articles fell into this field of action. In this context,
it should be noted that reducing food loss is only a sub-target. Thus, this field of action differs from
most of the other fields of action, which were identified as clear main goals in terms of reducing food
loss. These articles primarily focused on strategic planning approaches to optimizing network design
and developing an optimized distribution network [50,51].

3.2. Framework Conditions

Within the framework conditions group, regulation was the most frequently mentioned field of
action. Under this field of action, seven articles and two interviews were categorized. Regulation in



Sustainability 2020, 12, 6093 12 of 20

this context means the intervention of governmental authorities on the processes within food logistics
networks. Through the identified articles, it became clear that regulatory measures must be implemented
cautiously; otherwise, they will lead to additional losses within the logistics networks [52,53]. This field
of action usually is not set by the companies themselves; rather, it involves an external field of action
that companies can influence through participation in initiatives, for example [54].

The second field of action mentioned under framework conditions is financing opportunities.
Here, financing opportunities refer to network partners receiving financial support either from other
companies within the logistics network, or in most cases, from governmental or non-governmental
organizations. This field of action was addressed in two articles, both of which explicitly refer to
developing countries. The articles both contain detailed discussion of the fact that losses can be reduced
by using targeted financial support, especially for network partners at the beginning of the value
chain. This point is supported by the fact that, especially in developing countries, farmers with poor
equipment depend heavily on their partners within the value chain. Therefore, they have little financial
flexibility or chance at process innovations; as such, they do not focus on loss reduction [55,56].

3.3. Physical Characteristics

Among the physical characteristics group, the most frequently mentioned field of action involved
physical product features, with seven articles assigned to this field of action. In this context, considering
physical product features means conducting process optimization with the aim of aligning the food’s
physical environment to its requirements. Here, temperature, air composition, humidity, and pressure
sensitivity are all considered. Optimally adapting the physical environment to the product features
extends the shelf life of the food. These articles most frequently mentioned optimization in terms of
temperature. For example, they mentioned various technologies that enable optimal cooling within
containers or even within department stores [57,58]. Other articles discussed the design of intelligent
packaging, which can release additional gases to the surroundings according to the needs of the
packaged food; such technologies also can influence air humidity [59,60].

The further field of action within this category is the optimization of shelf life, with six articles
assigned to this field of action. In this context, shelf-life optimization is understood as measures that
specifically extend the shelf life of the products through various process optimizations or process
changes. As an example, we can consider the dynamic calculation of product life combined with storage
strategies in order to allow food to be controlled more effectively throughout the entire process [61].
Another goal mentioned in the articles was dynamic pricing depending on the remaining shelf life
of the products. In these articles, the remaining shelf life of the products also was recalculated by
dynamic calculation based on the current conditions; then, earlier expiring articles were priced lower
and put on sale [62].

3.4. People

The second most frequently mentioned field of action overall was an increase in network
cooperation. In this context, increasing network cooperation reflects the efforts of various network
partners to establish optimal cooperative relationships with suppliers, customers, and other network
partners. A total of 22 articles and three interviews were assigned to this aspect. Many of these articles
assert the view that improved cooperation between the partners not only increases transparency but
also, and above all, strengthens the bond between the partners. Meanwhile, it also increases the
partners’ desire to contribute to process optimization. Alternatively, this improved cooperation may
provide partners with the opportunity and security to carry out this optimization themselves [63–65].
Such optimization may be done for financial and strategic reasons within the cooperation. A social
component also plays a role in very close business relationships [66]. Three articles within this
classification explicitly address cooperation in developing countries while focusing on small farmers
and small markets. They show that, especially in this context, a strong relationship can improve the
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position of the weaker network partners and, thus, strengthen their ability to tackle process efficiency
and loss reduction [67–69].

Mindfulness is a further field of action assigned to the group of people. Mindfulness in this context
refers to efforts to sensitize all network partners, the company workers, and the end customer to the
special features of food while increasing awareness about product wastage. Five articles were assigned
to this field of action. The examined articles showed that increased awareness among management,
employees, and end consumers leads to an understanding that waste can be reduced by more careful
product handling [65,70]. Furthermore, this increased awareness promotes employee commitment to
approach the problem and to make creative suggestions for improving the situation [65,71].

The third field of action within this group is consumer satisfaction. In this context,
consumer satisfaction is understood to include efforts that are primarily designed to meet specific
customer requirements, thus reducing waste at the customer level. Two articles were assigned to
this field of action. One study mentioned that specific offers, such as home delivery or sales offers
(e.g., cook boxes), fulfilled certain customer needs, and through this orientation the customer tends to
waste less [65,72].

4. Discussion

The fields of action presented hold varying relevance for different actors within the food value
chain. Considering framework conditions is particularly relevant for actors at the regulatory level.
For example, the adaptation of regulations, as they apply in the European Union for certain products,
should always consider the effects on losses. Similarly, subsidies and other financial support for
companies should be adjusted in terms of their effects on losses. Weaker actors should be supported,
especially in developing countries. As shown, these tools can be used to empower small- and
medium-sized enterprises in particular, making them more effective in their process execution while
achieving lower loss rates. The fields of action of the other groups are mainly relevant for active
players in the food value chain. Here, however, the relevance depends partly on the position within the
value chain. When it comes to developing future measures, producers and logistics service providers
especially should consider the fields of action of the process group for themselves. The group of
physical characteristics concerns all active actors in the value chain, as improving both shelf life and the
product environment can bring added value by taking into account the product’s physical properties
at all points in the value chain. The people-related fields of action have to be considered separately.
Mindfulness is to be considered at all points of the value chain, as increased care of the products
under consideration can reduce losses. Customer satisfaction, on the other hand, becomes especially
relevant for the actors at the end of the value chain as they are in direct interaction with the customers.
Network cooperation, as a field of action, is also relevant for all active actors within the value chain
and should be given high priority in the planning and design of measures against food losses.

The results presented summarize the current state of the scientific research in the field of food loss
reduction and provide added value for science and industry in this area. For those seeking to develop
measures to reduce food losses, the presented systematization offers practitioners an overview of the
objectives with which successful measures against food losses can be generated. Many of the presented
fields of action refer to internal company processes. Concentrating on these fields of action will increase
resource efficiency within the company and, therefore, also assist in reducing food losses within the
entire network. However, there is also the risk of losses being shifted to the previous network partners
due to improvements in the later stages of the value chain. This effect is particularly problematic in
the context of internationally networked value chains originating in developing countries. Due to
the unequal balance of power between the partners involved, the weaker partners in developing
countries often bear an additional burden. The analysis presented has shown that many authors
agree that an effective reduction of food losses within the entire network can be achieved primarily by
creating transparency and improving cooperation within the network. This approach does not simply
shift losses, but rather minimizes weak points while reducing losses through increased cooperation.
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Because increased cooperation at eye level strengthens the weaker partners in the network and can
make them economically more successful in the long term, this approach can also ensure supply
security within the network. This approach not only reduces losses but also strengthens the network
in the long term.

Overall, the fields of action are not necessarily selective; there may be overlaps of measures across
several fields of action. For example, measures that are introduced in the early phase of the value
chain, e.g., through more effective transport management, also influence later warehouse processes
most of the time. Packaging management is also closely linked to transport optimization. Meanwhile,
correct loading ensures adequate packaging of food during transport. As already mentioned, the use
of various technologies is also possible in many individual fields of action. This area includes tracking
and tracing, as well as the general use of IT and related data analytics methods. These technologies
almost always create an improved general information base. Combining technology with an openness
to share this information with value-added partners in the network relates to the transparency field of
action. In general, it can be said that increased transparency in almost all fields of action will have
positive effects. As such, it can be concluded that increased transparency has the greatest added value
within a holistic approach to reducing food losses in value chains.

Developing countries face a hunger problem and a difficult supply situation, requiring close
attention when categorizing into fields of action. One way to strengthen the local economy and
thus improve the availability of financial resources for food procurement would be to increase the
participation of actors in developing countries in international value chains. Despite other problems,
such as general trade restrictions and inadequate trade routes, improvements can be achieved by taking
the fields of action described here into account. At the same time, overall productivity and the availability
of food for the local market can be increased by avoiding food losses. Support at the administrative
level is particularly effective for small farmers and small enterprises. In this case, however, it must be
remembered that these measures should be used with caution, i.e., exclusive financing of measures.
Without effective long-term implementation, training and knowledge transfer to the small entrepreneurs
concerned cannot be sustainable. In addition, the issue of quality management is particularly relevant
for actors in developing countries who aim to participate in international value chains. In many cases,
the problem is that quality standards cannot be achieved, and thus, unnecessary losses occur on the
export route. In this sense, quality management takes on critical importance in developing countries.
Furthermore, it should be noted that transport optimization is also a major challenge in developing
countries due to a lack of transport means and suitable containers. As a result of incorrect transport
loading, many products are lost, especially in the early stages of the value chain. To implement this
area of improvement, it is essential not only to have the technical equipment but also the personnel
capability in ensuring adequate food handling. In this case, the focus on the criteria is particularly
strong. Employees require training to bring them closer to the specifics of traded food, a target-oriented
measure. The use of sensible technologies also holds considerable potential for developing countries.

The analysis of the derived fields of action shows that the fields of action differ not only in terms of
their sphere of action, but also in terms of their extension across actors and in terms of the management
levels applied. Therefore, the individual fields of action can be classified into schema between strategic
and operative application. They may also be distinguished by their separation between internal
company application and cross-company application. As a result, the fields of action in the framework
conditions group can be defined as strategic fields of action. Financial opportunities are usually given
at the individual company level. Regulatory requirements typically apply to or involve overarching
processes and are therefore more likely to be classified at the cross-company level. The fields of action
of the people group, however, are to be assessed differently. Consumer satisfaction involves a field
of action that is applied within a company and can include both strategic and operational measures.
Network Cooperation always contains cross-company measures and therefore can be assigned at the
cross-company level. Within this field of action, however, both strategic and operative measures are
combined. The mindfulness field of action is to be placed on the operative level, because here, above all,
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training and other operative awareness-creating measures are included. Mindfulness can be achieved
both within a company and through cross-company measures. Among the physical criteria group,
neither physical product features nor shelf-life optimization are applied internally or across companies
exclusively. Both can be addressed on both levels by suitable measures. Measures in the field of
shelf-life optimization are primarily operational, in that they are mainly organizational measures.
The field of action involving physical product features, on the other hand, can be implemented both
through operational and through strategic measures, and it is thus positioned between the two.

With regards to the process-oriented fields of action group, the results also reflect a heterogeneous
situation. Network structure is a strategic field of action, which is addressed both within a company
and through cross-company measures. Warehouse management is to be classified on the internal
company level and includes both operative measures and strategic measures, such as layout planning.
In most cases, quality management is an internal field of action, but there are also cross-company
measures. Quality management is also classified at both the operational and strategic levels. Packaging
management is an internal company function that functions almost exclusively at the operational level.
According to the analyses, transport management is also represented both on the internal company
level as well as on the cross-company level. Most of the measures mentioned for this field of action
can be classified at the operational level, but there are also some strategic measures proposed within
this field of action. Finally, the transparency field of action is to be mentioned. As already mentioned,
transparency at all levels should be addressed in a meaningful way. Here, it should be noted that a
holistic creation of transparency can only be fully achieved through the interaction of internal and
cross-company measures. The situation is similar at the application level. Both operational measures,
e.g., by using suitable technologies, and strategic measures are necessary. Figure 9 illustrates the
classification described here.Sustainability 2020, 12, x FOR PEER REVIEW 17 of 22 
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5. Conclusions

This study aimed to answer the following research question: Which fields of action are set as
objective parameters when developing logistical measures against food losses?

In order to answer this question, this paper first described a basic understanding of logistics.
Furthermore, the context was set through a description of the food value chain according to current
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scientific understanding. By examining 111 articles compiled from a systematic literature analysis and
six open interviews with practitioners, criteria were extracted as objectives for the development of
measures against food losses. This process resulted in a framework including 13 fields of action in
total, all of which could be assigned to four main groups: optimizing processes, framework conditions,
physical characteristics, and people. The research question was answered by the framework presented.
The analysis demonstrated that a uniform information basis in all fields of action would bring about
improvements by optimizing processes, particularly because time is an essential parameter in avoiding
food losses.

5.1. Scientific and Managerial Implications

Both scientists and practitioners will benefit from the results presented in this study, which derived
and presented fields of action for the development of measures against food losses. Both in practical
application and scientific analysis, this framework can be used as an orientation in the development of
measures. For scientists, this study provides a scientifically-based foundation for developing measures
to prevent food losses. This study may provide information in terms of the desired objective and
direction of measures. For practitioners, the overview of identified literature in Table 2 holds practical
relevance as it can be used as a reference guide to provide suggestions for concrete measures in specific
fields of action.

5.2. Future Research

While analyzing the available evidence, this paper identified various areas that required further
scientific investigation in order to improve the development and application of measures against
food loss.

(1) What fields of action are best suited as objectives for specific types of companies within
the network?

Based on the overview presented in this study, the question arises as to whether or not it is suitable
for certain types of companies to focus on specific fields of action as objectives. Some authors address
the position or function of the respective companies, but a structured examination of this question is
missing. A systematic exploration of these interconnections could add value in practice.

(2) Are certain fields of action suitable as objectives for specific maturity levels in companies in
terms of food loss management?

A further question arising from the results of this study is whether the use of certain fields of
action as objectives is more suitable for companies at the beginning of their activities in food loss
management versus those that have already reached a certain standard. A science-based investigation
could create added value for companies; by examining such a hierarchy, businesses could then focus
more specifically on suitable objectives, depending on their previous food loss management activities.

(3) How relevant are the fields of action assessed in practice and to what extent can they be
compared with the frequency with which these fields of action are treated in science?

A comparison of the relevance of the fields of action found with the requirements in practice
would be a relevant continuation of this study. Such research could also result in a need for further
action by the scientific community in order to focus on and examine certain fields of action more closely.

(4) As objectives, which fields of action have a particularly strong effect on network partners in
developing countries?

As described above, international food logistics has developed into a globally networked system
that in many cases originates in developing countries. Based on this fact and derived from the results
presented here, the question arises as to how partners in developing countries can be encouraged
and supported. Partners in developing countries often are dependent on partners in industrialized
countries. In many cases, this dependence means that issues, such as process efficiency and food loss
management, are not on companies’ agendas due to lack of available resources. The high relevance
of the network cooperation field of action is indicative of this situation. In order to improve the
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situation of partners in developing countries in a sustainable manner and make them equal partners in
international trade relations, researchers could investigate specific fields of action as objectives for the
development of measures.

(5) When creating a uniform information base in a concrete value chain, which information is
needed and which actor should provide it?

Many of the articles outlined above highlight the great importance of a consistent information
base. Future research could analyze how such an information base could be designed across a network.
This inquiry raises the question of which information would have to be provided by which actors.
Further studies are needed into how to create incentives for actors to provide this information for the
general benefit, even if the company cannot quantify this benefit for itself in the short term.

5.3. Limitations

In conducting this study, the researchers paid special attention to minimizing their individual
influences. Nevertheless, this study faced some limitations, which are addressed in more detail below.
Borrowing from Nitsche and Durach (2018), the approach pursued in this study combines practical
and scientific statements in order to present the broadest picture possible. This research followed this
approach by conducting a systematic literature analysis and by interviewing practitioners. However,
the sample of practitioners was exceedingly small compared to the articles included from the systematic
literature analysis. Consequently, the results are strongly influenced by the theoretical perspective.
Regarding the systematic literature analysis, two databases were used, Business Source Complete
(by EBSCO) and the Social Science Citation Index (SSCI) database (by Web of Science). The integration
of further databases could have added further articles to the data collection, which would have
created additional value. However, the selected databases contain many journals relevant to this topic,
thus minimizing the risk of having missed relevant literature. Finally, a single researcher read the
articles remaining after applying the inclusion and exclusion criteria, noting the criteria addressed
in each one. This procedural step depended strongly on one person and could therefore have been
influenced by their perspective. This issue was addressed by applying qualitative clustering, with two
additional scientists involved in the process.
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