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The accelerated population growth and current environmental sustainability crisis have an
acute negative effect on the production of qualitative and accessible food, especially in the de-
veloping world. The purpose of this paper is to identify and develop recommendations to reduce
overall food losses in low-income countries that fit the circumstances of the involved actors in
the food supply chains (FSCs). This serves as a general strategy to decrease the environmental
pressures created by inefficient logistic practices in the agricultural and food industry.
A systematic literature review was conducted to extract and classify relevant food loss mitigation
strategies in low-income countries in general, followed by a case study conducted in Tanzania
to establish the suitability of the proposed strategies in the literature and to identify possible
synergies.

After reviewing 16 relevant articles, six different types of strategies could be defined, i.e., tech-
nological, operational, regulatory, social, socio-regulatory, and operational-regulatory strategies.
Parting from this classification of the 104 found strategies, it was concluded that technological
and operational innovations are the most recommended course of action to mitigate food losses
in low-income countries. Regulatory strategies were also considered pivotal aspects of the re-
duction of food losses and waste. Nevertheless, the empirical results of the case studies pointed
out the missing inclusion of social aspects, such as awareness of the consequences of food losses
among FSC participants, into the mitigation strategies for low-income countries recommended
in the literature. Different approaches to tackle food losses were developed from the findings of
the case studies.

This paper fits in the current literature by investigating the effects of different strategies on
the operations of FSCs and the conditions that need to be fulfilled for their meaningful im-
plementation. Additionally, it also contributes to a new path for further investigation through
the identification and collection of food loss reduction strategies among the different reviewed
articles and their validation with help of unbiased evidence from the case study. On the other
hand, by developing two holistic approaches to mitigate food losses along the FSCs in low-income
countries, this research creates a guideline for them to recognize the potential of their operations
and adjust them accordingly.
Limitations: Given the lack of a comprehensive body of literature that investigated the effects
of food loss mitigation strategies, the approaches presented in this research are only the result

∗Speaker



of the synthesis of established best practices. Furthermore, the lack of interview partners to
investigate the main drivers of food losses and the related mitigation strategies in the process-
ing, packaging, and distribution stages of the Tanzanian FSCs limited the results in this area of
research.
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review



MITIGATION OF FOOD LOSSES IN THE LOGISTIC PRACTICES OF LOW-

INCOME COUNTRIES 

"full paper" 

 

Abstract: 

The accelerated population growth and current environmental sustainability crisis have an 

acute negative effect on the production of qualitative and accessible food, especially in the 

developing world. The purpose of this paper is to identify and develop recommendations to 

reduce overall food losses in low-income countries that fit the circumstances of the involved 

actors in the food supply chains (FSCs). This serves as a general strategy to decrease the 

environmental pressures created by inefficient logistic practices in the agricultural and food 

industry.  

A systematic literature review was conducted to extract and classify relevant food loss 

mitigation strategies in low-income countries in general, followed by a case study conducted 

in Tanzania to establish the suitability of the proposed strategies in the literature and to identify 

possible synergies. 

After reviewing 16 relevant articles, six different types of strategies could be defined, i.e., 

technological, operational, regulatory, social, socio-regulatory, and operational-regulatory 

strategies. Parting from this classification of the 104 found strategies, it was concluded that 

technological and operational innovations are the most recommended course of action to 

mitigate food losses in low-income countries. Regulatory strategies were also considered 

pivotal aspects of the reduction of food losses and waste. Nevertheless, the empirical results of 

the case studies pointed out the missing inclusion of social aspects, such as awareness of the 

consequences of food losses among FSC participants, into the mitigation strategies for low-

income countries recommended in the literature. Different approaches to tackle food losses 

were developed from the findings of the case studies. 

This paper fits in the current literature by investigating the effects of different strategies on the 

operations of FSCs and the conditions that need to be fulfilled for their meaningful 

implementation. Additionally, it also contributes to a new path for further investigation through 

the identification and collection of food loss reduction strategies among the different reviewed 

articles and their validation with help of unbiased evidence from the case study. On the other 

hand, by developing two holistic approaches to mitigate food losses along the FSCs in low-

income countries, this research creates a guideline for them to recognize the potential of their 

operations and adjust them accordingly.  



Limitations: Given the lack of a comprehensive body of literature that investigated the effects 

of food loss mitigation strategies, the approaches presented in this research are only the result 

of the synthesis of established best practices. Furthermore, the lack of interview partners to 

investigate the main drivers of food losses and the related mitigation strategies in the 

processing, packaging, and distribution stages of the Tanzanian FSCs limited the results in this 

area of research. 
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1. INTRODUCTION 

 

As the worldwide economic, ecological, and social conditions change, food supply chains 

(FSCs) are progressively confronted with different challenges that test their robustness and 

adaptability to fulfill their purpose. It is expected that in the next decades a myriad of new 

factors will affect the way FSCs operate and their efficiency at avoiding food losses (Parfitt et 

al., 2010). Urbanization and contraction of the agricultural sector call for longer and more 

efficient FSCs to supply the expected 70% of the population living in urban areas by 2050. The 

dietary transition involving a greater demand for highly perishable products requires faster, 

safer, and more transparent FSCs (Parfitt et al., 2010). Furthermore, climate aspects are also 

bound to restrain the operations of agricultural production and the subsequent FSC stages 

(Parfitt et al., 2010). Rising global temperatures will affect the marine environment and distress 

the plantations, which will result in lower crop and fishing yields; increased CO2 concentration 

in the vegetation will decrease their nutritional value and sea level rises will disrupt the water 

supply and detriment agricultural practices (Irish Aid, 2017; Shemsanga et al., 2010). 

 

Tanzania is one example of a country where inefficiencies in its FSCs have led to increased 

food losses. This country located in the sub-Saharan region is still facing many structural 

problems in the agricultural sector, such as logistical and communication impediments, 

liberalization of markets and obsolete processes and methods involved in the FSCs (e.g., faulty 

harvesting and storage practices, missing refrigerated transportation, etc.) (cf. Dome & Prusty, 

2016). To mitigate the highly volatile food availability resulting from weaknesses in the 

postharvest systems of these countries, strategies have been implemented to improve the 

handling and storage practices through the transfer of single and standalone technologies at the 

individual smallholder farmer level (Mutungi & Affognon, 2013). However, household income 

poverty, poor nutritional status and food shortages due to weather conditions remain (Mutungi 

& Affognon, 2013), which implies the improper execution of the mentioned mitigation 

strategies.  

 

The value of this research is unfolded in this context. Current academic literature on the topic 

and public policies only focus on developing food loss mitigation strategies for each stage of 

the FSCs. This results in the missing opportunity to leverage positive interactions within these 

strategies across the FSC and to prevent negative ones. By examining current mitigation 



strategies and analyzing their implementation in an exemplary low-income country, this 

research aims at addressing this gap.  

With the generation of recommendations for low-income countries to mitigate food losses in 

their FSCs, this research creates a guideline for them to recognize the overall potential of their 

operations (viewed as a system) and adjust them accordingly. This results in more robust and 

efficient FSCs that can offer food security and better socio-economic levels in these countries 

(cf. Garnett, 2014). 

Considering this purpose, the main question posed in this research is:  

How can strategies be integrated and implemented along the FSCs in low-income countries to 

reduce the overall food losses? (RQ1) 

To solve this primary question, the following secondary research questions need to be 

answered:  

• What food loss reduction strategies are being implemented in low-income countries or 

are recommended in the literature for this type of country? (SRQ1) 

• How can the inefficiencies of the FSCs in low-income countries be improved? (SRQ2) 

 

2. THEORETICAL BACKGROUND 

 

Food losses are understood as the spillage, spoilage, or any other damage affecting the quality 

of food, or food that gets lost before reaching the consumer in any other way. On the contrary, 

food waste encompasses the deliberate removal of food that is still of good quality and apt for 

human consumption from the supply chain (Gustavsson et al., 2011; Parfitt et al., 2010). 

Logistics is defined as the economical and on-time production, supply, and distribution of 

customer order-related goods, materials, products, and services (Vorst, 2000). In this context, 

successful logistic systems are defined by their ability to supply any receiving point from any 

delivering point with the right quantity and type of food product, in the right condition, at the 

right time, at the right place and at the right cost (Pfohl, 2010). In line with these definitions, 

FSCs are understood as a logistics system with strict requirements due to the perishability of 

the products involved. They comprise organizations, linkages, and activities responsible for the 

production, processing, and distribution of products of animal or vegetable origin and which 

are destined for human consumption (Vorst, 2000). These FSCs connect three main sectors and 

their respective participants: (1) the agricultural sector, (2) the food processing industry, and 

(3) the distribution sector including wholesale and retail (Bukeviciute et al., 2009). Basic 



agricultural commodities go through different processes and alterations depending on the 

respective food type along the supply chain before reaching the consumer; however, these 

processes can be aggregated into one generic FSC (Parfitt et al., 2010), as shown in image 1. 

 

 

Image 1 – Stages of a generic FSC and respective activities for the main food types based on Gustavsson et al. 

(2011) and Parfitt et al. (2010). 

 

The agricultural sector, food processing industry, and distribution sector, with their respective 

participants, directly impact the operations of FSCs to shape more competitive, cost-efficient, 

high-quality structures that also fulfill the conditions for absolute food safety (Dani, 2015). 

Yet, the environment in which these supply chains operate is very complex and subdued to 

industrial, technological, economic, social and political factors, oftentimes created by external 

parties, such as factor markets, farmers’ cooperatives, and associations, governments and other 

regulatory institutions, foreign aid institutions, and climate conditions. For this reason, FSCs 

have different characteristics according to the developing stage of the country in which they 

take place (see image 1).  

 

The income level classification established by the World Bank in the 1980s serves as a measure 

of the development stage of a country. It divides countries into four categories based on their 

gross national income (GNI) per capita in U.S. dollars: low, lower middle-, upper-middle- and 

high-income economies (World Bank, 2019a). Each category is delimited by thresholds that 

are continually adjusted for prices. For the fiscal year 2020, the World Bank set the thresholds 

(GNI per capita) as follows: for low-income economies $1,025 or less, for lower-middle-

income economies between $1,026 and $3,995, for upper-middle-income economies between 

$3,996 and $12,375 and for high-income economies $12,376 or more (World Bank, 2019b). 



While countries classified in the same category can have different characteristics, their 

economic strength creates similar key challenges for them. In this way, low-income countries 

generally show poor infrastructure, fragile political situations, heavy dependence on external 

markets, and costly administrative practices (UN, 2010b; UNIS, 2019; UN-OHRLLS, 2019). 

These issues result in increased complexity in the FSCs and impede the progress in achieving 

sustainable development (Rezaei & Liu, 2017; UNIS, 2019). 

 

For example, the technological development and market structure in low-income countries 

favored the establishment of short FSCs as a result of the limited infrastructure and 

technologies to operate. Further, longer FSCs in such countries are characterized by the 

involvement of many intermediaries between farmers and consumers (Parfitt et al., 2010). On 

the other side, middle- and high-income economies supported the closer integration between 

the FSC participants and the achievement of improved economies of scale, competitiveness, 

and efficiency (Parfitt et al., 2010).   

 

Table 1 – FSC’s characteristics respective to the economic development of countries based on Parfitt et al. (2010). 

Income level 
Technological 

development 

FSC 

characteristics 

Type of 

producers 

Markets and 

quality 

Low-income 
economies 

Simple 
technologies; 
labor-intensive, 
traditional storage 
systems and 
harvesting 
techniques 

Poor integration 
with local 
markets; many 
intermediaries 
supplying urban 
markets 

Smallholders 
farmers, including 
subsistence 
farmers 

Local markets; 
mostly meeting 
household/ village 
food 
requirements; 
limited access to 
international 
markets 

Low- and  
Middle-income 
economies 

Packing houses, 
refrigeration and 
storage facilities 
systems alongside 
elements of 
traditional 
systems 

Requires closed 
integration of 
growers, 
suppliers, 
processors and 
distribution 
systems 

Small scale 
farmers who often 
have access to 
limited post-
harvest-specific 
infrastructure 

Produce of 
variable quality, 
target both local 
and export 
markets in several 
countries 

Middle- and  
High-income 
economies 

Access to 
relatively 
sophisticated 
technologies 
(packaging-house 
equipment, cold 
chains); 
harvesting highly 
mechanized 

Use of highly 
integrated 
systems between 
growers and 
supply chain; 
more seasonal 
produce imported; 
more secondary 
processing of 
food 

Medium- and 
large-scale 
farmers 

Meet the 
demanded quality, 
safety, volume 
and timelines by 
local and export 
markets 

 



3. RESEARCH DESIGN 

 

In order to synthesize the different strategies for food loss mitigation and evaluate their 

implementation among low-income countries, data triangulation was performed. Following the 

approach developed by Cooper (1998), the authors performed a systematic literature review 

(SLR) involving 16 articles. This resulted in a total of 104 strategies that were either examined 

or recommended in the respective research papers. In a further step, these strategies were 

classified according to their characteristics in 6 overarching groups and sorted according to the 

countries for which they were recommended and/or in which they were implemented. 

Simultaneous to the SLR, the authors performed a case study on Tanzania following the 

procedure established by Yin (2014). While there is extensive literature on this topic, the 

integration of the case study allowed the authors to gain insights into aspects of food loss 

mitigation strategies that haven’t been previously addressed by past research. Parting from the 

analysis of archival data of Tanzania and the collection of direct observations in the country, 7 

semi-structured interviews were conducted with different actors of the local FSCs. By 

comparing the responses of the interviewees with the strategies found in the literature, the 

results of the SLR could be validated and complemented. After assessing and combining these 

strategies and the improvement potentials identified by the case study interview partners, the 

authors developed two comprehensive, holistic approaches to integrate food loss mitigation 

strategies in low-income countries. Image 2 gives an overview of the complete research design. 

 



 

Image 2 – Illustration of the research procedure based on Nitsche & Durach. (2018).  

 

3.1. Systematic literature review 

 

The core of every scientific research lies within the methodology chosen to investigate and 

resolve the questions being posed. Thus, the proper execution of the research methods is of 

undeniable importance for the reproducibility of its results and the validity of the conclusions 

made (Webster & Watson, 2002; Yin, 2009). The structure used in this review is based on the 

five-stage process of research synthesis specified by Harris M. Cooper in his book 

“Synthesizing Research – A Guide for Literature Review” (1998). After the conceptualization 

of the problem and subsequent research questions, the authors conducted an electronic database 

search using Business Source complete [via EBSCOhost]. The search string used to find the 

relevant literature is described below. 



 

(Reduc* or Minimiz* or Food waste or Food loss* or Post-Harvest* ) AND (Food Supply 

or Food logistic* or Humanitarian logistic* or Development aid) AND (Developing 

countr* or Developing nation* or Low income countr* ) 

 

Three main categories of concepts, each one represented by the terms inside one set of 

parentheses, were defined for the creation of the string. The first category comprises the terms 

relevant to retrieving literature concerning the overall goal of reducing food losses; the second 

category defines concepts referring to logistic and FSCs to delimit the search from the literature 

that focuses on other disciplines (e.g. marketing, agriculture, biology, etc.); and the last 

category contains terms describing the development state of the countries relevant for this 

research. It should be noted that the search string includes both low-income countries and 

developing countries. Since the current classification systems and country categories are very 

varied and (mostly) not mutually exclusive, this keyword ensures the inclusion of countries 

relevant to this research.  

227 articles were identified during the database search. Subsequently, these articles were 

evaluated according to inclusion criteria previously defined by the authors (see table 2). 

 

Table 2 – Inclusion criteria 

Criterion Rationale 

The article must be published between 2000 
and 2019 

This date was set to ensure the actuality of the strategies 
reviewed or proposed in the respective literature 

Only studies published in peer-reviewed 
journals will be used 

Articles published in these journals are more likely to foster 
founded contributions on the topic than any other source 
(Webster & Watson, 2002) 

The articles must be published in English 
Ensure the reproducibility of this research for all English-
speaking individuals 

The title and/or abstract must demonstrate that 
the article is concerned with food losses or 
food waste mitigation in developing or low-
income countries 

Filtering the studies only through searching relevant 
concepts does not ensure that given studies investigate the 
issues related to food loss and waste in the FSCs of the 
targeted countries. For this reason, an extra check of the 
central point of attention must be made. 

 

The elimination process of unsuited articles was performed as depicted in image 3. After 

performing a pre-selection of the literature according to the inclusion criteria age, journal 

article, and language, 169 articles remained. To ensure the correct selection of the articles based 

on their title and/or abstract and establish preliminary differences between the preselected 

articles, a classification matrix was made. The characteristics set were title, abstract, type of 



research method, and publishing journal. This evaluation resulted in 16 articles being identified 

as fitting the requirements set for further investigation. 

 

 

Image 3 – Elimination process of unfitting articles for the systematic literature review. 

 

The remaining papers were thoroughly read and the strategies for food loss reduction were 

noted. These strategies were mostly at the implementation stage in the respective countries. 

Nevertheless, other strategies that were recommended but not empirically tested in the articles 

were also included in this research. The authors developed a list containing all strategies 

mentioned in the selected articles, their description or definition, the FSC stage, country in 

which they happen, their impact, and the food product considered.  

 

3.2. Case study research 

 

The methodology implemented during this research stage is strongly based on the practices 

developed by Yin (2014) in his book “Case Study Research – Design and Methods”. His 

approach to establishing valid, reliable case study research involves five phases (Yin, 2014). 

Several units of analysis can be involved at more than one level within this type of research 

design. Case studies concerning only general aspects of the context in which they take place 

are defined as holistic case studies; case studies that also analyze different subunits within their 

framework are labeled as embedded (Yin, 2014). The design of this single-case study builds 

on the principles of embedded research design. This case study aims to explain more than the 

global structures of the FSCs in Tanzania by establishing different units of analysis within the 

context of the single-case study. Thus, the units of analysis are the participants and actors 

involved in the FSCs in Tanzania. By assessing their working conditions and collecting their 

knowledge and experience, the practicability and efficacy of such strategies could be 

confirmed. The detailed design of the case study is presented in image 4. 



 

 

Image 4 – Case study design and fit within the research's framework. 

 

The collection of case study evidence took place by retrieving historical data and documents 

about Tanzania followed by direct observation of the FSCs structures in the country and semi-

structured interviews with different partners involved in the FSC operations. Based on the units 

of analysis of this case study, three main sectors were targeted when searching for partners: (1) 

the private sector, which could testify for practices in the postharvest handling and storage, 

processing and packaging and distribution stages; (2) smallholder farmers, which account for 

the majority of agricultural producers in Tanzania; and (3) NGOs and other foreign aid 

institutions, since individuals working in this area possess wide general knowledge of processes 

and efforts towards solving the issue of food losses. Table 3 gives a brief overview of the 

number of individuals contacted and confirmations received per group and organization. From 

17 contacted individuals, 7 responded to the request, and all of them positively, which yields a 

response rate of 41%. 

 

Considering the expertise of the interview partners, different questionnaires were developed 

for each focus group. On the one side, the questionnaires created for the private sector, NGOs 

and other foreign aid institutions and farmers’ associations consisted of (i) questions related 

to the interviewees’ experience, professional qualifications and previous history with the topic 

investigated; (ii) questions related to the main drivers of food losses and mitigation strategies 

in Tanzania’s FSCs; and (iii) questions related to the improvement potential of the FSC 



structures in Tanzania and similar countries. On the other side, the questionnaire developed for 

the smallholder farmers concentrated on understanding their practices and uncovering hidden 

potential to minimize food losses at the agricultural production stage.  

 

Table 3 – Information about contacted interview partners, response rate, and expertise. 

Group 
Contacted 

persons 

Positive answers 

received 

Partner 

ID* 

Expertise/ Represented food groups* 

Private sector 5 2 

P1 Wheat flour 

P2 
Purdue improved crop storage (PICS) 
bags 

Farmers’ 
associations 

3 1 S1 Poultry 

Smallholder 
farmers 

2 2 

S2 
Coffee, maize, green beans, bananas, 
and rice 

S3 

Maize, beans, green grams, 
sunflower (oil and seeds), and 
banana 

NGOs and 
other foreign 
aid institutions 

7 2 
N1 Projects for rice crops 

N2 Consultant on PHL 

 17 7   

*Only for the partners that answer positively. 

 

3.3. Developing a holistic approach  

 

In order to synthesize the food loss mitigation strategies found in both research methods, a 

comparison was made. First, the strategies found in the SLR were grouped according to the 

income status of the country investigated. Only those relevant for low-income countries were 

further analyzed. Then, the implemented strategies in Tanzania resulting from the field 

observations and the analysis of the responses provided by the interview partners were 

extracted. These results were categorized into their corresponding strategy group. By doing 

this, the strategies found in both methods could be validated as being practicable in low-income 

countries. On the other hand, the gap created by strategies that only appear in one of the 

methods constitutes one pillar for the development of the holistic approach to mitigate food 

losses proposed in this paper. Furthermore, this approach also relies on the understanding of 

the requirements, conditions, and improvement potentials of the FSCs in low-income countries. 

For this reason, the framework under which FSCs take place in Tanzania was outlined using 

the archival data and documents and corroborated through the interviewees’ responses to 



certain questions. The information obtained from the archival data and documents was 

classified according to its content in key data on Tanzania (i.e., general information about the 

country and its characteristics), FSCs’ characteristics, and potential for improvement. Then, 

the notes of the interviews were analyzed by identifying the responses corresponding to each 

unit of analysis in this case study. Lastly, the photos took during the field observations were 

allocated to their respective unit of analysis.  

 

4. RESULTS 

 

The SLR lies at the core of the results achieved in this research. A list of the 16 articles included 

in the review and their main characteristics are exposed in Table 4. Five of these articles were 

published in journals ranked at the top quartile (Q1) according to the Scimago Journal and 

Country Rank (SJR). Further 6 articles were published in journals placed at the second-best 

quartile (Q2), and the ranking of the journals for the remaining 5 articles could not be 

determined. Moreover, the main field of the journals were environmental sciences, agriculture 

and biological sciences, and social sciences. The most common publishing journals were 

“Environmental Science & Technology” and “Sustainability”, each with two articles.  

 

Although the scope of the literature review was set for developing and low-income countries 

only, some of the articles fitting the inclusion criteria also investigated food losses and waste 

in industrialized countries (eg., Hodges et al., 2011; Kowalska, 2017; Kummu et al., 2012). 

These articles draw a parallel between the types of countries and the mitigation strategies that 

would best suit them according to the different causes of food loss and waste, rather than 

establishing best practices for countries to follow suit. Thus, these articles were included in the 

review. Three papers focused on the region of Sub-Saharan Africa. From the 52 countries 

located in this region, 24 are classified as low-income and 17 as lower-middle-income 

countries. Therefore, the strategies retrieved from the papers concerning these specific 

countries were classified into the category of low-income countries (UN, 2019).  

 

  



Table 4 - Overview of the selected articles and their main characteristics. 

Author (Year) Countries/ Regions Type of food Stage of FSC 

Wohner et al. (2019) not specified not specified 1,2,3,4,5 

Heard & Miller (2019) Sub Saharan Africa 
Cereals, roots and tubers, fruits, 
vegetables, meat, fish and seafood, 
and milk 

1,2,3 

Atkins et al. (2018) not specified not specified 1,2,3,4,5 

Kikulwe et al. (2018) Uganda Cooking bananas 2,3,4 

Gogo et al. (2018) not specified African nightshade 1,2,3,4,5 

Graef et al. (2017) Tanzania 
Maize, sesame, millet, sunflower, 
intercrop legumes, and groundnut 

1,2,3,4,5 

Noulhoheflin et al. 
(2017) 

West and Central 
Africa 

Cowpeas 2 

James & Zikankuba 
(2017) 

Sub Saharan Africa Fruits and vegetables 1,2,3,4 

Kowalska (2017) 
Industrialized and 
developing countries 

not specified 1,2,3,4,5 

Wafula et al. (2016) Kenya Milk (dairy products) 2 

Shafiee-Jood & Ximing 
Cai (2016) 

Industrialized and 
developing countries 

not specified 1,2,3,4,5 

Graef et al. (2015) Tanzania not specified not specified 

Henegedara (2015) Sri Lanka 
Rice, green gram, maize, millet, 
soya bean, black gram, potato, 
onion, flour, sugar, dairy, and fish 

1 

Kummu et al. (2012) 
Industrialized and 
developing countries 

Cereals, fruits and vegetables, 
oilseeds and pulses, roots and 
tubers. 

1,2,3,4,5 

Roothaert & Magado 
(2011) 

Uganda  Cassava 1,2,3 

Hodges et al. (2011) 
USA, UK 
Sub Saharan Africa 

Grain, fruits, vegetables, dairy, 
meat, poultry, fish, eggs, tree nuts, 
peanuts, maize, sorghum, millet, 
rice, wheat, barley 

1,2,3,4,5 

Legend: 1= agricultural production, 2= postharvest handling and storage, 3= processing and packaging,  
4= distribution, 5= consumption 

 

4.1. Overview of food loss mitigation strategies 

 

The main classification of the strategies reviewed in this research is based on the factors needed 

for their successful implementation. After thoroughly assessing all strategies collected in the 

review, four distinct types of strategies could be determined: 

 

(1) Technological strategies, which require the implementation of techniques, methods, tools, 

devices, and processes new to the environment in which they are being applied (Dodgson et 

al., 2008). 



(2) Operational strategies, which depend on the FSC actors and their behaviors to achieve the 

desired outcomes. These strategies concern changes in the processes, operations, and 

interactions within the FSC stages without utilizing technologies new to their environment (Wu 

et al., 2010). 

(3) Regulatory strategies, which correspond to the influence of the governments in the 

structures of the FSCs and refer to regulative interventions, such as quality standards, taxation 

and subsidies, and investments in the national infrastructure (Sutton, 2015). 

(4) Social strategies, which comprise the spectrum of human behavior, culture, customs, and 

educational background. These strategies require modifications in the mindset, attitudes, and 

actions of the population, and in this case, the costumers (Piskorski, 2011). 

 

The boundaries between the previously mentioned strategy types are not clearly delimited since 

some strategies require more than one influencing factor to be executed correctly. For this 

reason, two further strategy types were developed to fit the sample obtained in this literature 

review: 

(5) Operational and regulatory strategies, which relate to the measures employed by 

governments to influence the behavior or control the actions of the FSC participants involved 

in the operations between agricultural production and distribution stages. 

(6) Social and regulatory strategies, which involve the actions and regulations of the 

governments to steer consumer behavior.  

In a second step, the strategies allocated within a strategy type were clustered in 31 different 

thematic groups, as shown in image 5. These groups reflect the core contents of the strategies 

found in the literature and serve as unifying criteria for strategies that were mentioned multiple 

times by different authors. Moreover, image 5 also presents the code given to each group, their 

description, and the number of strategies comprised in them. 



 

Image 5 – Thematic strategy groups, description, and number of strategies found in each group. 



4.2. Recommended food loss mitigation strategies in low-income countries 

 

The string created for the SLR included developing countries among the observed nations. For 

this reason, the strategies extracted from the analysis of the papers were additionally separated 

according to the income level of the countries. From this further analysis, it could be concluded 

that the strategies recommended to reduce food losses among the countries were the same. The 

main differences arising between the strategies implemented/ recommended for the country 

groups lie in the actions taken to implement them, i.e. modalities and depth, and the focus of 

the strategy type. 

 

For example, upper-middle-income countries are characterized by higher GNI per capita and, 

although rarely sustainable, public expenditures, better infrastructure development, and higher 

human development indexes in comparison to low-income countries (World Bank, 2017). 

Upper-middle-income countries count with better functioning frameworks for FSCs in terms 

of investments and regulations, yet they still need to overcome so-called ‘second-generation 

reform’ challenges (World Bank, 2017). Thus, the strategies for food loss reduction 

recommended for these countries rely mostly on the improvement of organizational processes, 

especially concerning the postharvest handling and storage stage of their FSCs. On the other 

hand, low-income countries are defined by higher poverty levels mirrored in a very low gross 

domestic product (GDP), which accounts for diminished public expenditures, high dependence 

on subsistence agricultural activities, as well as greater unemployment and population growth 

rates (UN, 2010a). In this type of country, the improvement of food losses depends greatly on 

the implementation of technological innovations across the FSC. Considering the low 

investments on infrastructure and lack of financial support to the FSC participants, regulatory 

strategies also play an important role in the mitigation efforts.



 

 

Image 6 – Distribution of reviewed strategies groups according to the stage of the FSC in low-income countries. 



Image 6 shows the different strategies recommended and/or being implemented in different 

low-income countries for each FSC stage and the corresponding number of counts for each 

strategy group. From this image can be concluded that, generally, the most recommended 

course of action to mitigate food losses in low-income countries concerns the implementation 

of technological and operational strategies. They are followed by regulatory strategies and their 

intervention in the operations of FSCs. The improvement of storage devices and packaging 

technologies, such as PICS bags to store grains or modular bins with dual layers to reduce 

damaging, is the most named intervention in the category of technological strategies. In second 

place are the integration of refrigerated supply chains and upgrading facilities and processing 

devices, in the form of new machinery and tools. 

 

On the operational side, it can be concluded from their frequency, that the creation and 

preservation of partnerships among FSC actors is the most recommended course of action.  

At the FSC stage level, strategies concerning the implementation of technologies and 

innovations play an important role in the reduction of food losses during post-harvest handling 

and storage as well as processing and packaging. On the other hand, operational strategies have 

the highest account at the agricultural production, distribution, and consumption stages of the 

FSC. Furthermore, the support of governments by funding educational programs for 

smallholder farmers, improving the national infrastructure and creating awareness for highly 

nutritional local food and food waste, as well as the development of strong local networks to 

exchange knowledge and undertake joint action, play an important role to mitigate food losses 

in low-income countries. 

 

4.3. Implementation of food loss mitigation strategies in Tanzania  

 

The interviews served to detect the already implemented strategies for food loss reduction in 

Tanzania and obtain the informed recommendations of the interview partners on which 

strategies were considered most useful to tackle this problem. The most implemented strategy 

in Tanzania was the improvement of storage devices and packaging technologies. This is due 

to the wide adoption of PICS bags, which represent a significant improvement to the traditional 

storage method of jute/hessian sacks. This storage bags allow the smallholder farmers more 

control over their crops in terms of selling amounts and prices, since they keep diseases, such 

as aflatoxins, from affecting the stored grains, extending the perishability of these products. 

Moreover, the usage of insecticides and pesticides is no longer necessary, which accounts for 



reduced storage costs and higher food safety. Farmer S3 also mentioned a significant reduction 

of food losses after employing silos to storage maize; nevertheless, this storage method is less 

used by smallholder farmers due to its elevated acquisition prices. 

 

Based on the interviews’ responses, operational strategies are better suited to counteract the 

main drivers of food losses in Tanzania. These strategies do not only address the necessity for 

partnerships among supply chain actors, but also the improvement of processing activities and 

transport operations. It is suspected that this is the result of the lower set-up costs of operational 

strategies, which often only require minimal changes in the executed activities, in comparison 

with technological strategies, falling in line with the previous findings that smallholder farmers 

dispose of very limited financial capacities. Educating and training smallholder farmers not 

only in agricultural techniques but also on food loss issues, takes a special stand. Some projects 

financed by foreign governments and aid institutions recognized the necessity for better 

educational programs to equip farmers with the proper knowledge to implement the correct 

agricultural and postharvest handling techniques. For example, the CARI project has 

capacitated almost 40,000 smallholder farmers from which over 60% have successfully 

adopted improved postharvest handling techniques. 

 

5. OVERCOMING FOOD LOSSES IN LOW-INCOME COUNTRIES 

 

5.1. Gap-Analysis 

 

The investigation of the FSC structures and strategies for food loss reduction in Tanzania 

helped to validate some of the results of the literature review by comparing the strategies 

recommended in the interviews and the strategies found in the literature review. The 

comparison depicted in image 7 shows that only some of the strategies theoretically suitable 

for the reduction of food losses in low-income countries were also recommended by the 

interview partners. There are two plausible explanations for this: On one side, the subjects 

interviewed only have limited knowledge about the actions taken towards minimizing food 

losses in Tanzania and represent a small number of the total amount of FSC participants in this 

country, which results in a delimited scope of results provided by the case study. On the other 

side, the mitigation strategies provided by the literature review were not developed for a 

homogenous group of countries, which accounts for a more varied and extensive catalog of 

improvement potentials.  



 

 

Image 7 – Comparison of the strategies for food loss mitigation in low-income countries found in the literature 

review and the case study. 

 

Improving regulations and quality standards and raising awareness of the consequences of food 

losses among the FSC participants are strategies mentioned by the interview partners as key 

factors for mitigating food losses in all FSC stages in Tanzania. Nevertheless, the same 

strategies are only mentioned in the literature for high and upper-middle-income countries 

(Kowalska, 2017). One reason for this may lie in the perception that food losses in low-income 

countries can only be reduced by tackling the operational and technological inefficiencies 

across the FSC without addressing the governmental and socio-cultural aspects driving such 

problems. This discrepancy can also be caused by the underlying definition of food losses and 

waste used in the reviewed research. Many of the articles reviewed were based on the definition 

of food losses as the spillage, spoilage, or any other damage affecting the quality of food 



resulting from technical and resource constraints, as defined by Parfitt et al. (2010).  By setting 

the limits of the inefficiency sources in the first three stages of the FSCs to only technical and 

resource aspects, previous authors failed to include other aspects of food losses in their 

research, such as the willingness of smallholder farmers to implement new technologies or 

more reliable standards and regulations. These socio-cultural and regulatory issues lead, 

indeed, to technical and resource constraints, but their solutions lie in different strategies than 

the ones expected to tackle only technological inadequacy or resource misusage.  

 

Additionally, the creation and preservation of partnerships between the private and public 

sectors is almost exclusively recommended for high-income countries in the literature. 

However, the most recommended strategy to mitigate food losses along the FSCs in Tanzania 

concerned the creation and maintenance of partnerships, cooperation, and integration measures 

for all involved participants in the supply chain. While interview partner S1 pointed out the 

importance for smallholder farmers to create strong relationships with each other and further 

FSC actors, most of the mentioned strategies related to the specific development and upholding 

of good relations between smallholder farmers and retailers.  

 

5.2. Holistic approaches to reduce food losses in low-income countries 

 

One aspect of a successful implementation of food loss reduction strategies is the willingness 

of the involved parties to adopt and accept new technologies, procedures, and circumstances 

surrounding their activities within the FSC. This aspect is often overseen in the efforts of 

reducing food losses in low-income countries, which results in lacking interest of some FSC 

participants in these countries to adapt to the presented strategies. Considering the heavy 

reliance of the population on subsistence farming and the very high proportion of agricultural 

activities contributing to the GDP of low-income countries (Waceke & Kimenju, 2007), the 

approach for mitigating food losses should include the development of social consciousness on 

their impact in financial and ecological aspects as well; facilitating the introduction of new 

practices.  

 

It could be gathered from the information provided in the interviews in the case study, that 

most smallholder farmers in Tanzania are willing to implement new technologies and processes 

in their activities, but they also lack education and financial means to effectively accommodate 

such improvements in their every-day lives. These problems recur in every stage of the FSC in 



low-income countries and affect many of its participants. Therefore, any approach designed to 

tackle food losses in these countries should be concerned with increasing the economic welfare 

and education level of all parties involved in the production, processing, transportation, and 

handling of food products. With help of the strategies for food loss reduction found in the 

literature review and the information collected from the case study on Tanzania, two distinct 

approaches to reduce food losses in low-income countries were identified and developed in this 

research. 

 

Pushing change 

Analog to the push-principle in logistics, this approach is based on “pushing” food loss 

reduction strategies into the FSC’s structures through incentives, legislations, and support 

programs. By centralizing the efforts towards improvement, it can be ensured that the strategies 

put in place will be optimized and coordinated to best serve the purpose of maximizing food 

loss reduction in the overall FSC system. Thus, the government should bear the main 

responsibility for creating the necessary framework for the adoption of such strategies. Such 

frameworks should be tailored to the current situation and structures of each country, but must 

also involve social aspects (e.g., education, training and working conditions), economic aspects 

(e.g., lending and financing support), ecological aspects (e.g., incentives to implement green 

logistic practices) and political aspects (e.g., partnerships with foreign aid institutions). 

Moreover, the main challenge of this method is the constant exchange of information with the 

involved parties. Given the varied requirements at the different FSC stages, the expertise of the 

participants in their respective field of work must be considered. For this reason, the private 

sector, public institutions, and academia should work together to develop and implement the 

best-suited strategies that fit the necessities of all the FSC participants. 

 

Although this approach allows for better planning of the executed strategies and enables 

governments to understand the obstacles faced by the FSC participants in their daily activities, 

it also has some downsides. For once, it is expected that innovative processes and technologies 

be implemented at a much slower pace than they would if the affected individuals would do so 

directly since the coordination effort involved is greater and the information channels are 

longer. This approach also requires efficient and transparent government structures that allow 

the communication and coordination between different instances and promote the population’s 

trust in them; this is often a big obstacle to overcome in developing countries given the 



propagated institutional inefficiencies and multiple corruption accusations (Olken & Pande, 

2011). 

 

Pulling efficiency 

Contrary to the previously mentioned approach to combat food losses in the FSCs, this 

approach is not concerned with forcing mitigation strategies into the supply systems, but rather 

creating the environment necessary for these strategies to be implemented organically by the 

FSC participants. This is best achieved by giving the smallholder farmers access to well-

organized markets and off-take security for their products through forward-delivery contracts 

with retailers, wholesalers, and other food processing companies. By entering into this type of 

contract, farmers are given a platform to sell their products and can focus exclusively on the 

agricultural activities. Low-income countries have lower levels of education among 

smallholder farmers, less sophisticated production and management technologies, and 

precarious conditions of infrastructures and information channels in comparison with 

industrialized countries. Therefore, smallholder farmers can truly benefit from contracts with 

large food companies, since these companies can provide the smallholder farmers with access 

to improved procedures and the utilization of high-end technologies, which ultimately leads to 

higher returns on the investments and an increased purchase capacity (Wang et al., 2014). The 

increased income of smallholder farmers together with the access to improved technologies 

provided by the food companies can boost the modernization of the agricultural sector in 

developing countries, since the forward delivery contracts create a stable supply to the 

downstream parties in the FSC, i.e., food processors, distributors and consumers, and reduces 

transaction costs, which leads to the requirement of improved processes to satisfy the demand 

(Wang et al., 2014). 

 

The government should also be involved in this process, nevertheless in a more adjacent role 

than in the aforementioned approach. It is responsible for promoting the forward delivery 

contracts and achieving social security by supervising the proper execution of the set terms. 

More importantly, the government should also steer the direction of the agricultural 

development of the country. Given the more stable food prices and the increased purchase 

power of smallholder farmers, it is plausible to believe that the overall demand of food will 

increase, which could lead to increasing supply by cultivating more land rather than by 

implementing more efficient processes and technologies since the latter represents a more cost-

intensive solution (Evenson, 2002). 



 

Moreover, some difficulties arise from this approach for reducing food losses. Forward 

delivery contracts are partnership-based, which means that they are only successful when a 

trust level between the parties is achieved and set for a long-term relationship (Wijesooriya & 

Champika, 2015). Yet, establishing those partnerships can be challenging if one party is feeling 

in a disadvantage. In this aspect, farmers’ associations can help by providing the individual 

smallholder farmer, who is usually in the weakest position, greater bargaining power to 

improve contract terms (Wang et al., 2014; Wijesooriya & Champika, 2015). Following this, 

ensuring the compliance of such terms is of great importance, since the main problems 

surrounding this approach arise from low contract prices, irregular payments to the 

smallholder farmers, side selling by the farmers when the prices are high and the manipulation 

of norms by the companies (Wijesooriya & Champika, 2015). 

 

6. IMPLICATIONS 

 

The proposed holistic approaches to mitigate food losses along the FSCs in low-income 

countries are based on current strategies examined in the academic literature and implemented 

in an exemplary low-income country. They aim to reduce the inefficiencies in the FSC by 

providing a general guideline to implement these strategies in the overall FSC system of the 

respective country.  

 

This study contributes to the research community in two ways. First, through the synthesis and 

compilation of different food loss mitigation strategies developed for different FSC stages and 

different countries. This enhances the understanding of the impact of the strategies on the actual 

food losses and provides a starting point for future analysis of the way strategies interact with 

each other along the FSCs. The results at this level also stress the importance of investigating 

and involving social aspects into the mitigation of food losses and the research on this topic. 

Second, through the development of an approach to minimize the food losses of the overall 

system. This research contributes to filling the gap created by the many previous research that 

only examined the optimization of processes at an individual FSC actor level. For the practice, 

this study provides a guideline for policymakers, international organizations, and governments 

to enhance their efforts in reducing food losses and orientate the decision-making. 

 

 



7. FINAL REMARKS 

 

It needs to be noted, that while the general goal of these approaches is to generate conditions 

that favor the development of FSCs in these countries, this needs to be pursued sustainably. 

Most of the current low-income countries count with invaluable natural resources, but as the 

demand for food increases due to the accelerated population growth, dietary changes, and 

globalization, these resources are progressively threatened by aggressive agricultural practices, 

such as extensive crop plantation and cattle farming (cf. Warford, 1987). Since the biggest 

potential for improvement among low-income countries lies in the realization of more 

environmentally and socially sustainable practices, the main responsible parties for this change, 

i.e., governments, should be aware of previous mistakes made in the industrialized countries 

and avoid their repetition, as well as take advantage of innovative strategies implemented in 

these countries. 

Considering the broad background of the subject investigated, many aspects of the problem of 

food losses and waste in low-income countries were not fully addressed in this research. 

Following limitations were identified: 

- There are many difficulties attached to the different classification methodologies for 

the countries, which results in the lack of a unanimous consensus on one methodology 

(Alonso et al., 2014). The focus of this research was set on states with low-income; 

nevertheless, some previous research on this type of countries was not delimited to only 

address their specific characteristics but involved a wider, more varied group, i.e., 

developing countries.  

- The results of the literature review are heavily based on the number of strategies 

recommended by other authors. Since there isn’t a comprehensive body of literature 

that investigated the effects of each strategy on food loss reduction, the mitigation 

strategies presented in this research are the result of established best practices.  

- The holistic approaches are strongly influenced by the results obtained from the case 

study in Tanzania. Any type of generalization across countries should be carefully 

handled. Further research and confirmation from analyzing other low-income countries 

is necessary to validate the impact and practicability of the proposed actions to reduce 

food losses.  

- The main difficulties arising from the case study were the lack of interview partners to 

investigate the main drivers of food losses and the related mitigation strategies in the 



processing and packaging and distribution stages of the Tanzanian FSCs, which lead to 

more limited results in this area of research. 
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