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By 2050, the global population is expected to reach nearly ten billion people, with 
two-thirds residing in urban areas. Meeting sustainability goals for both human 
and planetary health becomes increasingly crucial as climate change, global pop-
ulation growth, and rapid urbanization continue to strain food systems. Therefore, 
responsible food production and consumption are essential to ensure the avail-
ability of and access to sufficient nutritious food. Reducing food loss and waste 
(FLW) has been identified as a key strategy to the promotion of sustainable and 
healthy diets for all. Where and how much FLW occurs vary depending on the 
stage of transformation within specific food system contexts.

In 2015, the United Nations set Sustainable Development Goal target 12.3, 
which aims to reduce per capita global food waste at the retail and consumer 
levels by half and to reduce food losses along production and supply chains by 
2030. Despite recognition of FLW as a critical issue and the establishment of 
global targets, there is “wasted potential,” encompassing two key aspects: first, 
the wasted potential for food, which refers to the loss of potential to nourish 
growing populations due to food produced for human consumption that ulti-
mately goes uneaten, and second, the wasted potential for action, which high-
lights the gap in effectively addressing FLW. The gap arises from a lack of 
coordinated approaches in how FLW is defined, measured, and framed within 
the context of transforming food systems. Discussions often reference the 2011 
report of the Food and Agriculture Organization of the United Nations (FAO), 
which states that one-third of food produced for human consumption is lost or 
wasted per year, globally. However, recent estimates use different definitions, 
leading to varying interpretations of “food loss and waste.” The lack of a har-
monized definition prevents the development of consistent measurement and 
estimation approaches, making it challenging to compare and aggregate data 
accurately. Reducing the wasted potential for food depends on addressing the 
wasted potential for action, which, in turn, requires a comprehensive examina-
tion of FLW pathways to identify effective strategies that minimize FLW and 
contribute to sustainable food systems transformations.

This book systematically addresses each of these challenges to provide a 
clearer understanding of the frameworks, pathways, and approaches necessary 
for effectively tackling FLW. We provide a synthesis of the FLW pathways that 
facilitate the transition to sustainable food systems, while simultaneously pro-
moting access to healthy diets at different stages of transformation. In taking a 
food systems approach, we examine FLW across the entire range of actors and 
activities, from production to consumption. Building on a foundational frame-

Preface



vi

work for conceptualizing FLW within food value chains, this book assesses 
currently available FLW data to identify key evidence gaps and opportunities to 
improve data collection. Furthermore, it explores FLW pathways at food value 
chain stages, from the moment food is ready for harvest until it is either eaten 
or removed from the value chain, examining the linkages to food security and 
diets, as well as environmental impacts. Finally, this book examines evidence-
based interventions and policies to address FLW in low- and middle-income 
countries, considering the roles of different stakeholders and exploring how to 
incentivize FLW mitigation. We conclude by outlining a policy agenda, which 
aims to create an enabling environment for FLW reduction to ultimately 
enhance food security, environmental sustainability, and socioeconomic devel-
opment. This comprehensive framework equips researchers, practitioners, and 
policymakers with the necessary tools to effectively address the FLW challenge 
in transforming food systems.

This book is a major output of the Tata-Cornell Institute for Agriculture 
and Nutrition (TCI) at Cornell University. TCI was established with a gener-
ous gift given to Cornell University from the Tata Education and Development 
Trust, a philanthropic branch of the Tata Group. The endowment was made 
possible by the vision of Mr. Ratan Tata, the former chairman of India’s Tata 
Group and a Cornell alumnus from the Class of 1962. TCI is a long-term 
research initiative that develops and assesses innovative, food systems-based 
approaches to reducing poverty and improving nutrition and livelihoods in 
the developing world, with a specific focus on India.

TCI funds and advises more than a dozen PhD and Master’s student 
researchers from disciplines across the Cornell campus. Most of the TCI 
scholars conduct intensive fieldwork as an integral part of their thesis research. 
TCI believes that the field research that addresses the problems of the rural 
poor is highly compatible with analytically rigorous research expected of 
Cornell graduate students. This book expands upon our research on FLW, 
which began in 2016, when Jocelyn Boiteau joined TCI as a PhD student and 
carried out field research along fresh tomato value chains in South India.

We thank the TCI team for their support in bringing this book together. We 
are grateful, particularly, to the TCI scholars for their discussions during 
research group meetings in the early stages of writing this book and to Dan 
Verderosa, Brenda Daniels-Tibke, Terry Mingle, and Patricia Mason for their 
support and assistance during all the stages of writing this book.

This book aims to provide valuable insights for researchers, policymakers, 
and practitioners working within agrifood systems. While adopting a global 
perspective, we believe its key takeaways are relevant to diverse countries at 
varying stages of food system transformation. By exploring these insights, 
we hope to contribute to a deeper understanding of the factors important for 
supporting sustainable food systems that deliver healthy diets for all. We 
hope you enjoy reading this book and exploring its potential for informing 
your own work.

Ithaca,� Jocelyn BoiteauNY, USA
�Ithaca� Prabhu PingaliNY, USA
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1Sustainable and Healthy Food 
Systems: The Role of Food Loss 
and Waste Reduction

1.1	� Motivation

Food loss and waste (FLW) has been part of the 
global development agenda since the food crisis 
of the 1970s. The United Nations (UN) recog-
nized the importance of improved processing, 
storage, and distribution to reduce postharvest 
food losses (UN 1975). The primary focus at that 
time was to increase food availability to consum-
ers in the context of addressing hunger and mal-
nutrition. Decades later, the FAO released a 
global study on FLW, reporting the widely cited 
figure that “one-third of food produced for human 
consumption is lost or wasted globally” each year 
(FAO 2011). Following this report, a resurgence 
of interest in FLW emerged, with a greater focus 
on environmental sustainability. Since 2013, 
there has been an uptick in the number of publi-
cations on FLW in food value chains, primarily 
published in outlets focused on environment and 
waste management (Chauhan et al. 2021). FLW 
was reintroduced onto the global agenda in 2015, 
as part of Sustainable Development Goal (SDG) 
12, which aims to ensure sustainable consump-
tion and production patterns. Among targets 
focused on efficient resource use, waste reduc-
tion, and minimizing of environmental impacts, 
SDG Target 12.3 specifically calls for halving per 
capita global food waste at the retail and con-
sumer levels and reducing food losses along pro-
duction and supply chains, including postharvest 
losses, by 2030 (UN 2015)

By 2050, the global population is expected to 
reach nearly ten billion people, with two-thirds 
residing in urban areas. Sustainable, healthy diets 
aim to meet the sustainability goals for both 
human and planetary health (Willett et al. 2019). 
Climate change, population growth, rapid urban-
ization, increasing consumer incomes, demand 
for diverse diets, and elongating food value 
chains, collectively, are putting increasing pres-
sure on food systems. To achieve responsible 
production and consumption and support safe 
and nutritious diets, sustainable food system 
transformations are necessary. Strategies to 
achieve this transformation focus on increasing 
the production and supply of nutrient-rich foods, 
efficiently moving food along value chains to 
make healthy foods accessible, ensuring afford-
able quality diets, and driving demand for healthy 
diets through informed food choices (Global 
Panel on Agriculture and Food Systems for 
Nutrition 2020). Looking ahead to 2050 and 
beyond, addressing FLW offers an opportunity to 
support sustainable food system transformations. 
This will require a clear understanding of the 
extent and causes of FLW; evidence to inform 
public and private sector decision-making on the 
most effective interventions; and clarity on the 
potential trade-offs and unintended consequences 
of reducing FLW on food security, environmental 
impact, and socioeconomic welfare.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_1&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_1#DOI
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1.2	� Approach

Much of the prior literature on FLW has focused 
on how much FLW, in terms of mass quantity, is 
generated across food value chain stages. 
Accurately estimating and comparing the extent 
of FLW is challenging due to several factors. 
These factors include the lack of a harmonized 
FLW definition and standardized measurement 
frameworks. Furthermore, inconsistencies arise 
from variations in the inclusion of specific value 
chain stages and the designation of final loss des-
tinations. Moreover, stakeholders at different lev-
els of the food system hold diverse, and sometimes 
conflicting, perspectives on the problems associ-
ated with FLW, which can influence the evalua-
tion and prevention approaches. Individual 
studies often focus on how FLW relates to spe-
cific food systems outcomes, such as environ-
mental impacts, economic efficiency, or food 
security and nutrition. These foci can shape how 
FLW is estimated, its drivers identified, and solu-
tions developed. Consequently, findings may be 
skewed toward achieving objectives aligned with 
the chosen perspective. Recent works that look at 
the systemic causes and solutions of FLW from 
multidisciplinary perspectives have also demon-
strated limitations, as they often have a Western-
centric bias and tend to emphasize discussions of 
FLW at retail and consumer-level stages. Further, 
contributors to these works may conceptualize 
FLW differently, using different definitions of 
FLW and estimation methods, limiting the over-
all coherence of the analysis and interpretation of 
a way forward.

To effectively address the challenge of FLW, 
this book adopts a food systems approach to 
examine the full set of activities from farm to 
consumer. A food systems approach takes a com-
prehensive view, encompassing food value chain 
actors and the mechanisms that shape their roles. 
This approach enables the exploration of the 
drivers and interrelationships of complex food 
security and environmental changes (Ingram 
2011). By using this framework, we can identify 
points for enhancing food security and analyze 
the synergies and trade-offs between food secu-
rity, environmental impacts, and socioeconomic 

welfare outcomes associated with different FLW 
pathways.

Our central inquiry focuses on how reducing 
FLW can support sustainable transformations to 
ensure safe and nutritious diets as food systems 
transition from traditional to modern systems. 
With a particular emphasis on low- and middle-
income countries (LMICs), we investigate poten-
tial entry points for FLW investment and 
intervention priorities.

To take a comprehensive approach to FLW 
reduction, we consider FLW as an intermediate 
goal that contributes to the integrated achieve-
ment of enhanced food security and nutrition, 
environmental sustainability, and socioeconomic 
welfare. We synthesize the latest data and scien-
tific evidence from global to local levels to iden-
tify diverse FLW pathways. In this book, we (1) 
explore the potential for harmonizing the concept 
of FLW while highlighting the challenges in fill-
ing evidence gaps; (2) investigate the diverse 
pathways through which FLW impacts food 
security across different food system transforma-
tion contexts; and (3) examine evidence-based 
FLW approaches and priorities for action with 
emphasis on the critical role of public and private 
policy and institutional interventions in sustain-
ably addressing FLW challenges.

This book is organized as follows. We first 
begin by examining structural transformation and 
the accompanying shifts within food systems. We 
analyze changes across food value chains, con-
sidering factors, such as modernizing food envi-
ronments, shifting consumer behaviors, and 
changing investment priorities. We establish a 
foundational framework for conceptualizing 
FLW. This framework guides our examination of 
FLW problems and prevention approaches by 
establishing a clear boundary and scope within 
which FLW pathways exist. We then examine the 
data requirements for addressing FLW, identify-
ing critical evidence gaps and opportunities to 
develop more robust data value chains. Next, we 
breakdown FLW pathways to examine how they 
contribute to the availability and accessibility of 
safe and nutritious foods. First, we explore the 
critical role of farm-level FLW in ensuring the 
availability of food that enters food value chains. 

1  Sustainable and Healthy Food Systems: The Role of Food Loss and Waste Reduction
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We then delve into post-farmgate FLW pathways 
to examine the impact on the accessibility of per-
ishable and nutritious foods. Finally, we focus on 
losses of food safety and nutrient attributes 
among foods consumed, investigating their 
potential nutritional and health implications. In 
the final chapters, we explore evidence-based 
interventions and policies to address FLW within 
the context of LMICs. We consider the roles of 
different food system stakeholders and explore 
how to effectively leverage public and private 
incentives for optimal FLW reduction. We also 
examine the design and implementation of FLW 
interventions, considering their objectives, suc-
cess metrics, and the distribution of benefits 
across the value chain. This book concludes by 
outlining a policy agenda for FLW reduction. The 
agenda aims to create enabling environments that 
incentivize FLW mitigation and foster synergies 
between food security, environmental, and socio-
economic objectives. By identifying FLW path-
ways that facilitate the transition to sustainable 
food systems while simultaneously promoting 
access to healthy diets at different stages of trans-
formation, this book provides researchers, practi-
tioners, and policymakers with a comprehensive 
framework for addressing the FLW challenge.

1.3	� Key Takeaways 
from the Book

1.3.1	� As Urbanization, Income 
Growth, and Dietary 
Diversification Drive Food 
System Transformations, Food 
Loss and Waste Presents 
Significant Challenges 
to Meeting Growing Demand 
for Perishable, Nutritious 
Foods (Chap. 2)

The structural transformation of economies, 
characterized by increased agricultural produc-

tivity, urbanization, industrialization, and demo-
graphic shifts, is intrinsically linked to the 
modernization of food systems. Chapter 2 intro-
duces the core elements of food systems: food 
value chains, food environments, and consumer 
behaviors. It examines how these elements 
change with increasing urbanization, the length-
ening of food value chains, and shifts in con-
sumer incomes and preferences. As food systems 
modernize, healthy diets often become more 
accessible. Rising incomes empower consumers 
to demand diversified diets, encompassing nutri-
tious, perishable foods alongside processed, and 
often unhealthy, options. To meet the shifting 
demand for fruits, vegetables, and animal-source 
foods (ASF), producers must diversify their pro-
duction, and value chains must adapt to longer 
rural–urban linkages. The perishable nature of 
fresh produce poses significant challenges for 
food systems, particularly, where value chains 
are long and involve numerous actors, often 
within the context of developing infrastructure, 
including transportation, electricity, and market 
access. International food trade offers new mar-
ket opportunities for value chain actors, but it 
also necessitates stringent adherence to food 
quality and safety standards for perishable prod-
ucts, which can limit which actors participate and 
which foods are traded.

As food systems transition from traditional 
to modern systems, Chap. 2 explores the 
increasing market connectedness that leads to 
a pattern, in which nutritious, perishable foods 
often become the last food groups to be read-
ily available in formal markets. This under-
scores the importance of both formal and 
informal food environments in ensuring con-
sumers have access to nutritious foods that 
align with dietary recommendations. We 
emphasize the significant supply gap in fruits 
and vegetables, which necessitates a multifac-
eted approach involving increased production, 
reduced FLW, and improved distribution to 
meet adequate consumption levels.

1.3  Key Takeaways from the Book
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1.3.2	� Consensus on a Harmonized 
Definition of “Food Loss 
and Waste” Is Greatly Needed 
to Align Food Loss and Waste 
Boundaries and Destinations 
with Sustainable Food 
Systems Objectives, to Enable 
Inclusion of Stakeholder 
Perspectives, and to Provide 
Consistency Across Analytical 
Frameworks (Chap. 3)

A significant challenge slowing progress in 
addressing FLW is the lack of a universally 
agreed upon definition. Inconsistent approaches 
to defining FLW and identifying its occurrence 
limit our ability to interpret, compare, and aggre-
gate evidence on the extent and causes of FLW, 
as well as the effectiveness of prevention inter-
ventions. Chapter 3 reviews current FLW defini-
tions used to inform global estimates, identifies 
opportunities for harmonization, and presents a 
comprehensive, globally applicable FLW path-
ways framework. Among the major sources of 
FLW data, several align more closely with the 
definitional framework outlined by the Global 
Initiative on Food Loss and Waste Reduction in 
2014, of the Food and Nutrition Organization of 
the United Nations (FAO), than with the FLW 
definitions used by the Sustainable Development 
Goal (SDG) 12.3 Indicators, the Food Loss 
Index and the Food Waste Index. This work 
adopts the FAO 2014 definition, which defines 
FLW as a reduction in the quantity or quality of 
the edible portion of food intended for human 
consumption when food is redirected to nonfood 
uses or when there is a decrease in the nutritional 
value, food safety, or other quality aspect, from 
the time food is ready for harvest or slaughter to 
consumption.

Using this definition, we introduce the FLW 
conceptual framework to delineate the boundar-
ies of FLW and what falls outside its scope but 
still remains important for creating sustainable 

food value chains. Plants and animals are culti-
vated or raised for various purposes, including 
food, feed, seed, industrial uses, and others. The 
framework focuses on plants and animals pro-
duced for human consumption, as indicated in 
the definition. Although plants and animals com-
prise both edible and inedible parts, the FLW 
pathways boundary encompasses only edible 
portions. While inedible parts do not fall within 
the scope of FLW, the framework acknowledges 
the importance of managing inedible parts and 
their environmental impact for achieving sustain-
able food value chains. FLW pathways start at the 
point that food is ready for harvest or slaughter 
and end either when food is consumed or diverted 
to nonfood destinations.

We acknowledge that different entities priori-
tize food-based or waste-based perspective dif-
ferently. By distinguishing between edible and 
inedible parts and between consumed and 
diverted food, we can integrate food-based and 
waste-based perspectives as complementary, not 
competing, facilitating assessments of food secu-
rity and environmental trade-offs. Under this 
framework, stakeholders with varying viewpoints 
can clearly articulate their approach to tackling 
specific aspects of FLW and waste management 
along sustainable food value chains. Although we 
do not recommend waiting for convergence on a 
harmonized definition before acting on FLW 
issues, we consider harmonization a priority for 
enhancing ongoing efforts and resources dedi-
cated to addressing FLW.

We distinguish between two primary types of 
FLW: physical FLW (pFLW) and food quality 
loss (FQL). Although pFLW is relatively straight-
forward, involving a quantifiable reduction in 
food mass or volume, FQL is more complex due 
to the multifaceted nature of food quality attri-
butes. The relationship between FQL and pFLW 
is contingent on acceptable quality thresholds. 
Chapter 3 provides a detailed discussion of food 
attributes and explores conceptual frameworks 
for FQL.

1  Sustainable and Healthy Food Systems: The Role of Food Loss and Waste Reduction
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1.3.3	� To Effectively Address Food 
Loss and Waste, UN Agencies 
Must Coordinate to Develop 
Robust Data Value Chains at 
the Global Level That 
Establish Core Indicators 
As Well as Guidelines for Data 
Collection and Estimation 
Approaches to Inform 
and Guide Effective Policies, 
Programs, and Investments 
That Are Aligned 
with Sustainable Food 
Systems Objectives (Chap. 4)

Although FLW has gained global attention, a 
robust data ecosystem for collecting, sharing, and 
utilizing FLW data remains underdeveloped. 
Current data efforts primarily focus on estimat-
ing the quantity of pFLW across the value chain, 
aligning with SDG 12.3. The Food Loss Index 
and Food Waste Index, the two primary indices 
for monitoring progress toward SDG 12.3, cover 
postharvest to consumer stages but employ dif-
fering methodologies and data requirements, hin-
dering their comparability and integration for 
comprehensive FLW tracking across the value 
chain. Perhaps, a most striking challenge is the 
scarcity of primary data for modeling global 
FLW estimates, especially for perishable food 
commodities.

In Chap. 4, we delve into specific data gaps and 
the challenges of collecting primary data, particu-
larly, in resource-constrained environments. 
Applying the data value chain concept, we empha-
size the need for a common core set of FLW indica-
tors that are comparable and aggregable to track 
progress across value chain stages and enable 
meaningful comparisons. This framework aims to 
enhance data availability, quality, and comparabil-
ity, starting with a harmonized FLW definition and 
standardized data collection across a series of meth-
ods that can be applied to different settings. Beyond 
pFLW, developing robust FQL indicators and filling 
evidence gaps in food quality and FQL is important 
comprehensively to address FLW pathways. To 
ensure consistent FLW measurement and adequate 
data for prioritized indicators, three key challenges 
must be resolved:

	1.	 Systematically distinguishing food safety and 
cultural dimensions of edibility;

	2.	 Standardizing measurement and reporting 
methods for pFLW to generate comparable 
primary data across value chain stages, food 
groups, and time periods; and

	3.	 Identifying the key quality attributes that limit 
food acceptance and the data sources that use 
standardized methods to assess intrinsic food 
quality attributes.

Addressing FLW data gaps will require inter-
national cooperation and collaboration. While 
FAO and UNEP currently serve as custodian 
agencies for monitoring and reporting on SDG 
12.3, the 2030 target year is fast approaching. To 
achieve sustainable development beyond the 
SDGs, broader collaboration among UN agen-
cies is necessary to support partnerships between 
governments, organizations, academia, and the 
private sector in developing and implementing 
data-driven strategies for reducing FLW.  This 
requires a comprehensive approach, including 
agreement on clearly defined indicators and rele-
vant, reliable data to track complex FLW path-
ways. Investing in these areas will enhance our 
understanding of FLW, inform effective interven-
tions, and contribute to healthier and more sus-
tainable diets.

1.3.4	� Promoting Diversified 
Production and Food Loss 
and Waste Reduction at 
the Farmgate Serves Dual 
Objectives: Enhancing 
the Quality and Quantity 
of Available Nutrient-Rich 
Food and Improving 
the Marketability of Produce, 
Particularly, for Fresh 
Perishable Items (Chap. 5)

While the increasing demand for diverse diets 
has driven production diversification toward 
high-value, nutritious foods, a significant gap 
persists between food availability and dietary 
recommendations, both globally and regionally. 
Prioritizing the reduction of FLW for these essen-

1.3  Key Takeaways from the Book
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tial food groups is crucial, alongside increasing 
production. However, defining the precise bound-
ary between the end of production and the begin-
ning of FLW pathways remains challenging. 
Chapter 5 examines the current evidence on 
farmgate FLW, emphasizing the importance of 
accounting for losses that occur before, during, 
and after harvest. As food systems transform, the 
classification of farm-level FLW becomes more 
complex due to shifting harvest timing and the 
location of postharvest activities (on-farm or 
off-farm).

For perishable fruits and vegetables, FLW 
pathways begin once they reach commercial 
maturity. Determining the readiness involves 
understanding plant life cycles, physiological 
changes, and quality attributes. After reaching 
commercial maturity, natural physiological pro-
cesses, along with environmental, biological, and 
physical stressors, can impact unharvested pro-
duce, leading to quality degradation and potential 
physical loss if it becomes unacceptable and is 
left unharvested or discarded during harvest. 
Moreover, cosmetic quality standards can con-
tribute to pFLW when produce with natural varia-
tions, despite being safe and edible, fails to meet 
these standards and is rejected. Close attention to 
differences in public versus private quality stan-
dards are important to consider. Therefore, 
addressing farmgate FLW of fruits and vegeta-
bles requires the prevention of quality loss in 
unharvested produce and creating demand and 
market opportunities for safe and edible fruits 
and vegetables to enter post-farmgate value 
chains.

ASF are a diverse group of perishable prod-
ucts with varied production methods and FLW 
pathways, compared to fruits and vegetables. 
FLW of ASF can occur at various stages, from 
animal maturity (slaughter, milk production, egg 
laying, aquaculture harvest, hunting) to posthar-
vest handling. Although production-side factors, 
such as breeding and rearing, are outside the 
FLW pathways framework, they can indirectly 
contribute to loss. Food safety is a critical con-
cern for ASF. Factors. like preslaughter stress, 
disease, and improper handling, can lead to 
FLW. For aquatic animals, capture methods, han-
dling practices, and storage conditions can accel-

erate quality degradation. To mitigate FLW, a 
comprehensive approach is necessary to improve 
animal welfare, production practices, infrastruc-
ture, and market linkages, with a focus on tem-
perature control for these highly perishable 
foods.

1.3.5	� As Economic Development 
Enables Improved 
Approaches and Effective 
Management of Value-Added 
Activities throughout Food 
Value Chains, Reducing Food 
Loss and Waste Can Enhance 
the Accessibility 
and Affordability of Nutrient-
Rich Foods (Chap. 6)

To meet the growing demand for diverse diets, 
post-farmgate value addition activities, such as 
processing, packaging, and distribution, become 
increasingly important. Although value addition 
can mitigate FLW by enhancing food safety and 
reducing spoilage, it can also contribute to FLW 
when value is generated through stringent cos-
metic standards, limited supply, or processing 
methods. Food processing and packaging are 
important for extending shelf life, protecting 
products, and facilitating distribution as value 
chains lengthen. Balancing FLW reduction with 
environmental sustainability is essential, particu-
larly, when considering single-use plastics. 
Aligning packaging choices with specific market 
and product needs can optimize food protection 
while minimizing environmental impact. Cold 
chain infrastructure also offers significant value 
in preserving fresh, perishable products. 
However, its implementation and maintenance in 
transitional food systems face various constraints, 
including infrastructure, technology, operational, 
economic, and regulatory challenges.

Chapter 6 explores the extent to which value 
addition activities influence FLW pathways for 
different food commodities. Fruit and vegetable 
value chains focus primarily on fresh products, 
which are highly perishable. Inadequate storage, 
transportation, and handling can significantly 
contribute to quality deterioration. Although cold 
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chain infrastructure can mitigate these chal-
lenges, its implementation requires substantial 
investment and coordination. Processing, includ-
ing canning, drying, refrigeration, and freezing, 
can extend shelf life, but each method has spe-
cific impacts on food quality and consumer 
acceptance. ASF presents unique challenges due 
to biological hazards that can lead to contamina-
tion, spoilage, and foodborne illness. To meet the 
growing demand for safe ASF, value chain actors 
must prioritize addressing time, temperature, and 
handling challenges throughout post-farmgate 
processes. However, capacity limitations and 
lack of enabling environments can hinder these 
efforts.

Food trade can contribute to food security and 
dietary diversity by creating new market opportu-
nities. However, it also introduces complexities 
related to food quality standards. As trade 
increases, exporters must adhere to increasingly 
stringent standards, often imposed by importing 
countries. While these standards enhance food 
safety and quality, they can exclude smaller pro-
ducers and limit market access for countries with 
less developed food systems. Import rejections 
due to noncompliance with food safety and qual-
ity standards can have significant economic and 
reputational consequences for exporting coun-
tries. To mitigate these challenges, LMICs aim-
ing to grow high-value food exports must invest 
in strengthening food safety infrastructure, train-
ing, and technical assistance to ensure their 
exports meet international standards.

1.3.6	� Pinpointing Food Safety Loss 
Pathways and Balancing 
Mitigation Efforts 
with Preserving Nutritional 
Quality Are Crucial to Ensure 
the Consumption of Safe 
and Nutritious Foods While 
Minimizing Foodborne 
Illnesses (Chap. 7)

Safe and nutritious food is a fundamental 
aspect of food security. Both food safety and 
nutrient content are essential food quality attri-
butes. When food quality is compromised, 

either through contamination or nutrient loss, 
it can negatively impact human health and 
nutrition. Chapter 7 explores how urbanization 
and dietary shifts have transformed food sys-
tems, leading to changes in the burden of food-
borne disease (FBD). Food hazards, such as 
biological, chemical, and physical contami-
nants, can contribute to food quality loss 
throughout the food value chain. FBDs pose 
significant health risks, particularly in low-
income countries. Biological hazards, espe-
cially in ASF and fresh produce, combined 
with poor time, temperature, and handling 
practices, are major contributors to FBD.

As food systems become more complex, FBD 
risks can increase initially, especially in early 
stages of development where food safety infra-
structure and regulations may be inadequate. 
Even when food safety standards emerge, chal-
lenges in enforcing food safety standards persist 
in informal markets and cross-border trade. 
However, as food systems modernize, invest-
ments in food safety and increased consumer 
awareness can lead to a decline in FBD. Therefore, 
strengthening food safety infrastructure, incen-
tivizing value chain actors, and building con-
sumer trust in safe food are essential to addressing 
these challenges in transitional food systems. 
This includes proactively identifying emerging 
food hazards associated with innovations, includ-
ing growing concerns involving food packaging 
and the potential health impacts of microplastic 
consumption.

While food safety is an immediate concern, 
nutrient loss also occurs as foods move along the 
value chain. Foods undergo different processes 
from harvest to consumption, each of which can 
impact nutrient content. Similar to loss of other 
attributes, factors such as time, temperature, and 
handling influence nutrient loss, particularly, for 
vitamins and water-soluble nutrients. Processing 
techniques, such as heating and packaging, can 
also affect nutrient retention. However, further 
research is needed to fully understand the impact 
of nutrient loss on diet quality. Governments 
must consider the specific context of food sys-
tems and balance strategies to address both rele-
vant food safety concerns and nutrient loss to 
ensure safe and nutritious diets.

1.3  Key Takeaways from the Book
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1.3.7	� Addressing Higher Level 
Drivers of Food Loss 
and Waste Necessitates 
Identifying Critical Loss Points 
and Determining Optimal 
Food Loss and Waste Levels 
that Account for Food Security 
Trade-Offs 
with Environmental Impacts 
and Climate Change (Chap. 8)

To achieve overarching goals, including food 
security, economic prosperity, and environmental 
sustainability, FLW reduction strategies must 
align with specific food system contexts and 
investment priorities. Identifying critical loss 
points within food systems is crucial for prioritiz-
ing effective interventions. Understanding the 
extent and distribution of FLW across regions, 
value chain stages, and commodities enables a 
deeper analysis of underlying causes and the 
development of targeted solutions. However, it is 
essential to consider the limitations of using dif-
ferent units to assess FLW, such as nutritional 
value metrics or environmental impact indica-
tors, as this can introduce bias and hinder com-
parisons. Greater collaboration and data sharing 
between public and private sectors are necessary 
to identify and address critical loss points across 
the value chain.

Beyond identifying critical loss points, Chap. 
8 examines the drivers of FLW across value chain 
stages and at a broader food system level. Factors 
such as technology, infrastructure, regulations, 
and environmental changes can significantly 
impact FLW.  Although technological advance-
ments can reduce FLW, challenges like afford-
ability, accessibility, and appropriate 
implementation can limit their effectiveness. 
Additionally, technological innovations can 
sometimes introduce new challenges, such as 
stricter quality standards or packaging-related 
issues. Infrastructure limitations, such as inade-
quate transportation, electricity, storage, and 

communication, can hinder efficient food move-
ment and storage. Public and private regulations, 
while important for food safety and quality, can 
also contribute to FLW by setting stringent stan-
dards that may exclude lower quality products. 
Finally, climate change can exacerbate FLW by 
impacting different stages of food value chains. 
For example, higher temperatures and altered 
rainfall patterns can impact harvest, storage, and 
transportation conditions, increasing food spoil-
age and loss. However, more evidence is needed 
to understand the role of climate change and link-
ages to other FLW drivers.

Determining the optimal level of acceptable 
FLW is key for setting realistic and effective 
global reduction goals. This requires a careful 
consideration of the trade-offs between food 
security needs and the climate and environmen-
tal impacts of FLW.  Although countries have 
made progress in setting national targets and 
implementing policies, more comprehensive 
and coordinated efforts are needed to ensure tar-
gets and policies are appropriate and evidence-
based. These targets and policies must align 
with both global and country-specific climate 
and environmental objectives. FLW has signifi-
cant environmental and climate impacts 
throughout the entire food system. These 
impacts encompass the resources consumed in 
food production and post-production, the 
resources expended to manage and dispose of 
FLW (for example, transportation to nonfood 
destinations), and the environmental conse-
quences of different FLW destinations (for 
example, compost, incineration, landfill). 
Furthermore, interventions aimed at reducing 
FLW can also have environmental and climate 
implications, depending on the specific strate-
gies used. Therefore, a comprehensive assess-
ment of optimal FLW levels must carefully 
consider the trade-offs between reaching food 
security to meet global dietary needs with exist-
ing FLW levels and the environmental and cli-
mate benefits of FLW reduction interventions.

1  Sustainable and Healthy Food Systems: The Role of Food Loss and Waste Reduction
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1.3.8	� Successfully Addressing Food 
Loss and Waste and Fostering 
Sustainable, Healthy Food 
Systems Necessitates 
the Private Sector’s Adoption 
of Inclusive, Practice-Based, 
and Technology-Driven 
Interventions Integrated 
with Broader Sustainability 
Efforts (Including Innovations 
in Food Packaging 
and Alternative Energy 
Sources), Supported by Public 
Engagement and Rigorous 
Evaluation to Guarantee Their 
Contribution to Wider 
Sustainability Objectives 
(Chap. 9)

Effective FLW interventions must be tailored to 
specific food system contexts and prioritized sus-
tainable food systems. Chapter 9 explores the 
multifaceted nature of FLW interventions, outlin-
ing comprehensive approaches that consider food 
security, environment, and socioeconomic objec-
tives. FLW interventions can be categorized into 
prevention and management strategies. 
Prevention strategies focus on maintaining food 
quality and reducing pFLW, while management 
strategies aim to minimize the negative impacts 
of pFLW that occurs. Distinguishing between 
edible and inedible food parts is important for 
determining appropriate interventions and assess-
ing their impact. Prevention interventions aim to 
keep edible food within the food value chain, 
ensuring it contributes to diets. In contrast, ined-
ible food parts, which are never intended for 
human consumption, always require manage-
ment strategies to minimize their environmental 
impact. Therefore, the trade-offs associated with 
prevention versus management of FLW are not 
exactly the same as the management trade-offs of 
inedible food parts.

Technological interventions have gained sig-
nificant attention in addressing FLW, but a bal-
anced approach that considers both technological 

and practice-based solutions set within an 
enabling environment is needed. Such an 
approach should strategically integrate innova-
tions in sustainable food packaging and energy 
sources into FLW prevention efforts. To evaluate 
the effectiveness of interventions, robust methods 
are required to assess both FLW reduction and 
broader food system impacts. Assessing success-
ful FLW reduction interventions through a food 
systems lens requires government and civil soci-
ety evaluators to consider not only their impact 
on loss reduction but also potential trade-offs 
with other food system outcomes. Further, evalu-
ations will benefit from taking a value chain 
approach to consider the motivations and 
responses of different actors when designing and 
implementing inclusive and sustainable FLW 
reduction strategies. Understanding the intercon-
nectedness of FLW with other aspects of sustain-
able development supports global efforts to 
address FLW and the creation of more resilient 
and equitable food systems.

1.3.9	� A Comprehensive Global 
Policy Agenda Targeting Food 
Demand and Supply Is Crucial 
for Guiding Food Loss 
and Waste Reduction While 
Mitigating Potential Feedback 
Loops and Cascading Effects 
of Food Loss and Waste 
Reduction that Create Trade-
Offs Between Food Security, 
Environmental Sustainability, 
and Socioeconomic Welfare 
(Chap. 10)

This book positions a food systems approach as 
central to addressing FLW, essential for sustain-
able and healthy food system transformations. 
Although strategies to address FLW may some-
times appear conflicting, such as the trade-offs 
between food security and environmental 
impacts, we advocate for a multidimensional 
approach to conceptualize FLW and find solu-

1.3  Key Takeaways from the Book
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tions that promote both. Chapter 10 outlines a 
FLW policy agenda that calls for increasing 
demand for nutritious foods, supporting value 
addition innovations, enhancing market coordi-
nation, and considering environmental trade-offs 
while prioritizing food security. By addressing 
both the demand and supply sides of food sys-
tems, collaboration between UN agencies and 
national governments to establish evidence-based 
guidelines will create enabling environments that 
support interventions addressing specific FLW 
drivers and mitigate potentially negative cascad-
ing effects and feedback loops.

For FLW interventions to succeed, govern-
ment and private sector actors must see clear 
value in investment, even though their priorities 
may sometimes conflict. Stimulating demand for 
safe and nutritious foods is critical for incentiv-
izing private sector FLW reduction and increas-
ing the supply of quality foods. To do so requires 
policies that promote healthy diets, improve food 
safety standards and practices to build consumer 
trust, and establish clear date labeling require-
ments. Additionally, private sector-driven inno-
vations in value addition, such as expanding cold 
chain infrastructure, promoting processing of 
perishable foods, and increasing the marketabil-
ity of “ugly” foods, can help keep nutritious 
foods in the food value chain. Alongside these 
efforts, public sector policies and initiatives to 
invest in infrastructure and financial services to 
improve market access and to encourage collab-
orative partner networks that balance risk 
between different value chain actors will be criti-
cal for equitable food system transformations. 
Finally, government policies must directly 
address food security and environmental trade-
offs, partly by following evidence-based guide-
lines from UN agencies on emerging topics, such 
as sustainable food packaging, and by distin-
guishing management of physical FLW for dif-
ferent nonfood destinations. A common 
framework for conceptualizing FLW and priori-
tizing data collection will enable both public and 
private food systems stakeholders to identify 

critical pathways for intervention. Implementing 
comprehensive and collaborative approaches that 
address these pathways will be essential for 
reducing FLW and promoting sustainable and 
healthy food systems.
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2Navigating Food System 
Transformations for Healthy Diets

2.1	� Introduction

Understanding and addressing food loss and 
waste (FLW) requires a comprehensive under-
standing of food systems. This chapter provides 
an overview of the key elements and activities 
within food systems, from production to con-
sumption. We explore how these elements inter-
act and are influenced by various factors, such as 
economic development, technological advance-
ments, and consumer preferences.

By examining how food systems transform 
and how food markets become increasingly con-
nected, we gain insights into the specific chal-
lenges and opportunities associated with making 
healthy and sustainable diets available and acces-
sible to all. As food systems transition from tradi-
tional to modern systems, there are significant 
shifts in production practices, consumption pat-
terns, and distribution networks, in response to 
shifting consumer preferences. In particular, we 
highlight the challenges associated with diversi-
fying into nutritious foods, particularly, those 
with high perishability, which are most at risk of 
FLW, as value chains grow longer and more intri-
cate. This chapter provides a foundation for sub-
sequent discussions on the extent, causes, and 
potential solutions to FLW by introducing key 
food systems concepts. By understanding the 
complex dynamics of food systems, we can 
develop effective strategies to reduce FLW and 

achieve sustainable and healthy food systems 
transformations.

2.2	� Food Systems Elements 
and Framework

A food system is composed of elements (food 
supply chains, food environments, and consumer 
behaviors) and activities that are involved in the 
production, processing, distribution, preparation, 
and consumption of food, as well as the output of 
these activities, including socioeconomic and 
environmental outcomes (HLPE 2014). Although 
the flow of food products moves from production 
systems to consumers, food systems drivers 
affect each element of the food system, as these 
elements and processes vary over time and space 
(HLPE 2017). A sustainable food system is one 
that ensures food security and nutrition for all 
people, in such a way that the socioeconomic and 
environmental bases to generate food security 
and nutrition for future generations is not com-
promised (HLPE 2017). Reducing FLW to opti-
mize resource use and minimize environmental 
impact is a potential strategy to contribute to this 
transformation and achieve these outcomes 
(Willett et al. 2019).

A food value chain is a complex network of 
processes and actors that bring food products 
from production to consumption or disposal 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_2&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_2#DOI
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(Hawkes and Ruel 2012). Value chains can vary 
widely in structure and complexity. Generally, 
they are divided into three main stages: upstream, 
midstream, and downstream (Reardon 2016). 
Upstream stages involve input provision (for 
example, seeds, fertilizers, finance, and knowl-
edge), production (for example, farming), and 
initial aggregation (for example, farmer organi-
zations, transporters, small traders). Midstream 
activities encompass processing and trading, 
where raw materials are transformed into finished 
products and moved through the value chain. 
Downstream stages include retailing and con-
sumption (Reardon 2016). Value addition activi-
ties can increase a product’s economic value, 
generate economic value captured by value chain 
actors, and/or enhance perceived benefits relative 
to price for buyers (Hawkes and Ruel 2012). 
Therefore, value chains can be defined by the 
types of value added, the stages at which value is 
added, and the specific activities and actors 
involved in these processes (Tan 2001).

A food environment is where consumers inter-
face with the food system. The interface can be in 
natural or built spaces, including wild and culti-
vated or informal and formal markets, respec-
tively. These spaces are embedded in sociocultural 
and political environments and ecosystems that 
influence the availability, affordability, quality, 
promotion and sustainability of foods (Downs 
et  al. 2020). Food environments can also be 
described by their scope, including community 
food environments, which focus on the geo-
graphic distribution of food outlets; organiza-
tional food environments, which influence 
specific groups of people; consumer food envi-
ronments, which relate to retail food outlets; and 
informational food environments, which encom-
pass media and advertising at various levels, from 
national to local (Ohri-Vachaspati and Leviton 
2010; Tonumaipe’a et al. 2021).

Consumer behavior encompasses the factors, 
choices, and decisions that individuals and house-
holds make about food, including acquisition, 
storage, preparation, consumption, and allocation 
within the household (HLPE 2017). Food envi-
ronments have substantial impact on these behav-

iors by influencing factors, like food access, 
affordability, marketing, and quality (Caspi et al. 
2012; Swinburn et al. 2014; Hawkes et al. 2015b). 
Ultimately, consumer behaviors directly influ-
ence dietary patterns, affecting the quantity, qual-
ity, diversity, and safety of food consumed (HLPE 
2017).

2.3	� Structural Transformation 
and Changing Food Systems

Structural transformation, a process of economic 
development, involves the shift from agriculture-
dominated economies to industrialized ones 
(Timmer 2009). This transition is marked by 
increased agricultural productivity, urbanization, 
the growth of industrial and service sectors, and 
demographic changes (Timmer and Akkus 2008). 
As agricultural productivity rises, rural workers 
migrate to urban areas for employment opportu-
nities, leading to a decline in the agricultural sec-
tor’s share of gross domestic product (GDP) and 
employment.

The broader economic transformation is inter-
connected with the structural transformation of 
food systems, mutually influencing how food 
systems are organized and how activities within 
them are conducted (Reardon and Timmer 2014; 
Reardon 2016). Food systems are influenced by 
and, in turn, influence external factors such as 
environmental conditions, technological innova-
tions, political and economic policies, sociocul-
tural norms, and demographic trends (HLPE 
2017). The transformation process involves 
downstream shifts in consumer demand, such as 
urbanization and dietary changes; upstream 
changes in agricultural production, including 
farm technology, commercialization, and product 
composition; and intermediating developments 
that connect rural and urban areas, facilitating the 
movement of food from farms to consumers 
(Reardon and Timmer 2014).

Food systems are complex, transforming 
along a continuum and varying across global and 
local scales. Typologies can help to categorize 
and understand these diverse systems, identifying 
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common patterns across countries and potential 
intervention strategies suitable for a given con-
text (Ericksen et al. 2010; Marshall et al. 2021). 
Food systems transform from traditional to mod-
ern systems, with the number of categories vary-
ing depending on the specific categorization 
approach (IFPRI 2015; HLPE 2017; Marshall 
et  al. 2021). Transformations typically start in 
urban areas, beginning with large cities, and dif-
fuse to small and medium cities, followed by 
rural areas.

Although some typologies rely on conceptual 
frameworks, other approaches aim to use empiri-
cal data to classify different types of systems, 
using indicators including agricultural productiv-
ity, diversity of food supply, economic accessibil-
ity of food or level of development of the modern 
retail sector, and urbanization demographics 
(IFPRI 2015; Marshall et  al. 2021). Although 
national-level typologies may not capture local 
food system variations, this approach that consid-
ers multiple variables, beyond income group 
alone, can be helpful for identifying priority 
actions (Marshall et al. 2021).

2.3.1	� Urbanization Drives 
Increasing Food Demand 
and Diversification

As the world becomes increasingly urbanized, 
the demand for food in cities is rapidly growing, 
coinciding with rising per capita incomes. Over 
half of the global population now resides in urban 
areas, a figure projected to reach 68% by 2050 
(UN 2019, Fig. 2.1 shows population growth and 
urbanization trends across regional income 
groups in comparison to global trends. 
Urbanization encompasses the movement of peo-
ple from rural areas to both large cities and 
smaller urban centers, including towns and small 
to medium-sized cities. While urbanization in 
high-income countries (HICs) and upper-middle-
income countries (UMICs) is expected to slow, it 
will accelerate in lower-income countries (LICs) 
and lower-middle-income countries (LMICs), 
leading to significant population shifts toward 
urban areas in these regions (UN 2019).

As urbanization occurs and incomes rise, indi-
viduals tend to spend a smaller proportion of 
their income on food, while diversifying their 
diets to include more nutritious foods, including 
fresh fruits, vegetables, and animal-source foods 
(ASF), as well as less nutritious processed foods 
(Pingali 2007; Godfray 2011; Imamura et  al. 
2015). Factors, such as changes in women’s labor 
force participation, improved infrastructure, and 
increased access to markets and food storage 
technologies contribute to these dietary shifts 
(Global Panel 2017; Pandey et  al. 2020). For 
example, access to household-level refrigeration 
can influence consumer purchasing decisions for 
nutritious, perishable foods. With refrigeration, 
consumers can store more of these foods at home 
for extended periods (Box 2.1). Therefore, 
changes in storage capacity and duration, which 
impacts both the demand for and the handling of 
perishable foods, may also influence the location 
and magnitude of FLW.  While smaller urban 

Fig. 2.1  Urban populations as a percentage of total 
population

Note: Bar chart represents the total population accord-
ing to the left y-axis. Line graph shows the percent of total 
population residing in urban areas according to the right 
y-axis

Source: UN (2018)
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areas may retain strong rural connections, they 
often face challenges related to infrastructure and 
service provision, which are often concentrated 
in larger cities and capital regions (Reardon 
2016; de Bruin et  al. 2021). Therefore, careful 
attention to the relative increases in demand for 
diverse food commodities, particularly, nutri-
tious, perishable foods in both urban and rural 
areas, is important for assessing supply and 
demand gaps and ensuring that food systems can 
provide healthy diets for all (Zhou and Staatz 
2016; Pingali et al. 2019).

As women become more involved in work 
outside of the home, their opportunity cost of 
time increases, leading to a shift in consumer 
preferences toward more convenient, easy-to-
prepare, and easy-to-consume foods (Senauer 
et al. 1986; Kennedy and Reardon 1994; Reardon 
et al. 2021b). Food processing can be beneficial, 
extending the shelf life of fresh products, elimi-
nating harmful pathogens, and preserving nutri-
ents (Miller and Welch 2013). However, the rise 
of processed foods, high in unhealthy fats, sug-
ars, and salt, is a growing concern in both rural 
and urban areas (Gómez and Ricketts 2013; 
Global Panel 2017; Monteiro et al. 2018).

2.3.2	� Changes in Food Production, 
Rural–Urban Linkages, 
and Food Environments

As economies develop and undergo structural 
transformation, continued investment in agricul-
ture contributes to increased agricultural produc-
tivity and higher incomes for farmers, enabling 
them to participate in new market opportunities 
(Pingali and Rosegrant 1995; Carletto et  al. 
2017). Higher agricultural productivity is impor-
tant for generating food surpluses for markets 
and freeing labor for off-farm employment. As 
food production systems commercialize, produc-
ers diversify their production into higher value 
foods to meet growing consumer demand for 
diversified diets (Pingali and Rosegrant 1995). 
Further, agriculture-producing households 
increasingly purchase food from the market and 
become net consumers.

Low-productive agricultural systems are char-
acterized by low yields, labor-intensive practices, 
and limited crop diversity, often relying heavily 
on staple crops, while the availability of perish-
able, nonstaple crops is seasonally limited 
(Pingali et al. 2015). With investment and mod-
ernization of agricultural systems, there is 
increased productivity in staple grains. Although 
improvements in rural infrastructure and demand 
for diverse diets drive changes in agricultural 
production, the relative price of micronutrient-

Box 2.1 Household Cold Food Storage

Refrigeration is a critical component of 
modern food systems, particularly, for pre-
serving fresh, perishable foods. Both access 
to refrigeration technology and reliable 
electricity are essential for proper cold 
storage at the household level. However, 
access to refrigeration varies widely across 
global income regions. Although nearly all 
households in the United States and Europe 
have refrigerators, access rates in India and 
sub-Saharan Africa are notably lower, at 
around 30% and 17%, respectively 
(Efficiency for Access Coalition 2019). 
Lack of reliable household refrigeration 
can limit consumer choices, particularly, 
the frequency and amount for fresh, perish-
able foods purchased (Global Panel 2017). 

Further, rapid urbanization can outpace 
improvements in electricity infrastructure, 
leading to unreliable power supply, espe-
cially, in densely populated areas 
(Efficiency for Access Coalition 2019). 
Therefore, it is important to consider both 
rural–urban disparities in electricity infra-
structure, as seen in regions like sub-
Saharan Africa and South Asia (Efficiency 
for Access Coalition 2019), and intra-urban 
disparities within cities, as these factors 
can impact access to household refrigera-
tion and, consequently, dietary choices.
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rich foods, fruits, vegetables, and ASF remains 
high compared to staples (Pingali 2010). In fully 
commercialized systems, high productivity and 
specialization in various agricultural products, 
including staples, horticulture, and livestock, 
increase the diversity of food products entering 
food value chains (Pingali and Rosegrant 1995).

In addition to the quantity of food produced, 
shifts in food quality also emerge. Farmers do not 
receive premium prices for variety and quality 
differentiation in contexts with limited market 
options; where production costs, rather than mar-
ket demand, drive crop selection; or where qual-
ity premiums are insufficient to incentivize 
investment (Minten et al. 2013; Hernandez et al. 
2015; Anissa et al. 2021; Reardon et al. 2021a). 
Farmers may capture premium prices for quality 
when there is strong market competition or when 
they implement value addition approaches 
(Liverpool-Tasie et  al. 2017; Reardon et  al. 
2021a). As food systems transform, so do the 
quality standards and expectations, including the 
desired attributes, the responsible parties for 
setting standards, and those accountable for 
adhering to them. Therefore, understanding the 
market context is necessary for evaluating how 
food quality loss influences producer decisions 
and incentivizes them to minimize such losses.

To increase market connectedness between 
growing cities and urban markets to rural food-
producing areas, food value chains elongate, and 
the arrangements of value chain stages, the inter-
actions between, and the types of products made 
available to consumers all change along complex, 
nonlinear pathways (Gómez and Ricketts 2013; 
Reardon et  al. 2021a). A critical component of 
rural-to-urban linkages is the development of 
midstream segments, including wholesalers, 
logistics operations, and processors, which facili-
tate movement of food from rural producers to 
urban consumers, influencing the quantity, qual-
ity, and diversity of food accessible to consumers 
(Reardon et al. 2021a).

As urbanization rises, wholesale markets 
emerge to link rural production areas with grow-
ing urban demand, facilitated by investments in 
connective road infrastructure (Reardon et  al. 
2021a). Although expanded road networks can 

facilitate the lengthening of food value chains, 
the quality of the roads, particularly, in rural 
areas, is important for ensuring efficient transpor-
tation of perishable foods to minimize FLW 
(HLPE 2014). In traditional food systems, local 
markets and rural brokers are important for con-
necting smallholder farmers with rural consum-
ers across relatively short distances (Gómez and 
Ricketts 2013; Reardon et  al. 2021a). As rural 
towns and small cities grow and governments 
invest in rural road development, the periodic, 
local markets begin to evolve into permanent 
rural markets, and rural–urban brokers become 
key intermediaries in connecting rural producers 
with urban wholesalers (Reardon 2015; Reardon 
et al. 2021a).

Eventually, small and medium-sized enter-
prises (SMEs) emerge in growing cities and sup-
ply food to central markets in major cities 
(Reardon et al. 2021a). As food volumes increase 
and value chains become more complex, consoli-
dation occurs, leading to specialization in logis-
tics and other value addition services (see Box 
2.2) (Reardon et  al. 2021a). As consolidation 
continues, retailers increasingly source directly 
from farms and food processors, or through 
medium and large, contracted wholesalers 
(Reardon 2015; Reardon et al. 2021a).

Box 2.2 A Closer Look at Midstream Value 
Addition

Improved market connectivity and longer 
food value chains requires investments in 
infrastructure and value-added activities to 
ensure the delivery of safe and nutritious 
food to consumers. Value-added activities 
in the midstream segment, such as process-
ing, packaging, and cold chain services, 
facilitate the movement and accessibility of 
food products.

Food processing transforms foods to 
extend shelf life, enhance consumer accept-
ability, improve nutrient content and food 
safety, and reduce time and energy for 
preparation (Miller and Welch 2013; HLPE 
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As countries progress through structural trans-
formation, the food environments that consumers 
have access to transition from natural settings, 
where food is sourced directly from wild or culti-
vated environments, to built environments, which 
rely on informal and formal markets (Downs 
et al. 2020). Informal markets, such as street ven-
dors and wet markets, are characterized by low 
capital investment and often operate outside of 
formal regulations (FAO 2003; Reardon et  al. 
2003; Downs et  al. 2020). In contrast, formal 
markets, including supermarkets, grocery stores, 
and online retailers, are subject to private and/or 
public regulations, and typically, offer a wider 
range of products at standardized prices (Downs 
et al. 2020). Downs et al. (2020) described a final 
food environment pattern, one that integrates cul-
tivated environments and formal markets, to sup-
port sustainable diets and planetary health, which 
has yet to be demonstrated at a national scale.

The transition from informal to formal mar-
kets is driven by changes in consumer demand 
and value chain dynamics. As incomes rise and 
urbanization accelerates, consumers increasingly 
demand diverse, safe, and convenient food 
options. Increased trade, foreign direct invest-
ment, and advancements in logistics and procure-
ment have enabled formal value chains to meet 
this growing demand (Reardon et al. 2003). The 
rise of formal, private retailers has led to the 
development of private food standards. These 
standards can serve various purposes: ensuring 
compliance with minimum public standards, fill-
ing gaps in weak or nonexistent public regula-
tions, or differentiating products through higher 
quality standards (Reardon et  al. 2003; Henson 
and Reardon 2005). The impact of food quality 

2014). Along with food processing tech-
nologies, food packaging offers opportuni-
ties to extend the shelf life and protect 
food, as well as to provide information to 
consumers on food packaging labels 
(HLPE 2014). Therefore, processing and 
packaging stages offer opportunities to 
reduce FLW.  As food systems transition 
from traditional to modern, the role of food 
processing also evolves. In traditional sys-
tems, most food is processed at the house-
hold level (Reardon 2015; Reardon et  al. 
2021a). However, with increasing urban-
ization and changing consumer prefer-
ences, SMEs emerge to produce minimally 
processed foods and processed culinary 
ingredients (Monteiro et al. 2018; Reardon 
et al. 2021a). These SMEs may initially sell 
unpackaged products, but later transition to 
branded, packaged foods. In contrast, 
large-scale food processors benefit from 
economies of scale, offering a wide range 
of processed and packaged foods at com-
petitive prices to both urban and rural con-
sumers (Gómez and Ricketts 2013; 
Reardon 2015; Reardon et al. 2021a). Over 
time, these large-scale processors often 
dominate the market in modern food 
systems.

Effective cold chain management pre-
serves the quality and safety of perishable 
food products and requires maintaining 
lower temperatures throughout the value 
chain (Kitinoja 2013). Although high-
income regions like the United States and 
the European Union have well-established 
cold chain infrastructure, it is more limited 
elsewhere (Kitinoja 2013; HLPE 2017). 
For comparison, the refrigerator storage 
capacity in developed countries was found 
to be 200 cubic meters per 1000 inhabit-
ants, compared to 19 cubic meters in devel-
oping countries (Kitinoja 2013). When 
cold chain infrastructure is limited, higher 
value products are often prioritized but still 
lack sufficient coverage. In India, for 

example, less than 25% of perishable fruits 
and vegetables (mostly for potato storage) 
and 34% of meat are covered by cold chain 
logistics (Minten et al. 2016; IIFIIR 2019). 
In contrast, nearly 95% of perishable food 
value chains in the United States and 
Europe are supported by cold chain infra-
structure (IIFIIR 2019).
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standards on avoidable FLW varies, depending 
on the specific quality attributes prioritized. Food 
safety standards, by their nature, aim to remove 
unsafe food from the value chain, which is impor-
tant for public health. In contrast, cosmetic stan-
dards, such as those that reject produce based on 
“ugly” appearances, can lead to unnecessary 
FLW of food that is safe and edible.

As formal markets mature and expand, they 
offer a wider range of food products to a wider 
range of consumers. Initially, formal markets 
often offer shelf-stable, processed, and packaged 
foods at lower prices, compared to informal 
retailers, benefitting from economies of scale 
(Reardon et al. 2003). When expanding into fresh 
food, formal markets start, typically, with less 
perishable items (for example, potatoes), and 
gradually, introduce more perishable products, 
including fresh fruits, vegetables, and ASF 
(Reardon et al. 2003). The geographic expansion 
of formal markets typically follows a pattern, 
starting in larger cities before extending to 
medium-sized and small cities. Similarly, the 
socioeconomic reach of these markets often 
begins with higher income groups, and then 
extends to middle- and lower-income communi-
ties (Reardon et al. 2003). Over time, the formal 
retail sector shifts from domestic toward multina-
tional chains (Reardon et al. 2012).

2.3.3	� Diet Transformations: Supply, 
Demand, and Dietary 
Recommendations

Although urbanization, rising incomes, and 
changing food value chains have contributed to 
dietary transitions, these changes have led to 
increased consumption of nutritious perishable 
foods and to unhealthy processed foods. For 
example, unhealthy processed foods, formulated 
to be highly palatable, may compete with health-
ier minimally processed and freshly prepared 
foods, in terms of taste, convenience, and price, 
among other attributes (Monteiro et  al. 2018). 
Therefore, the extent to which these dietary shifts 
align with dietary recommendations depends on 
the availability, accessibility, and consumption 

across different food groups and the specified 
dietary guidelines. The affordability of healthy 
diets often improves as food systems transform 
(Fig. 2.2). However, within a given food system, 
inequalities contribute to disparities in access to 
healthy diets.

Food-based dietary guidelines provide con-
sumers with recommendations for healthy diet 
patterns and may inform national food, nutrition, 
and health policies and programs (Herforth et al. 
2019). Dietary recommendations encourage the 
consumption of fruits and vegetables (excluding 
starchy roots and tubers), specifying minimum 
intake amounts and frequencies (for example, 
grams or portions per day). In contrast, recom-
mended intakes for ASF are typically based on 
adequacy and depend on the health and nutrition 
linkages to the consumption of specific types of 
ASF. Therefore, consumers are encouraged to 
limit or moderate their intake of certain ASF, 
such as fish high in mercury, red meat, and pro-
cessed meat, with diet messages tailored to local 
food cultures (Herforth et  al. 2019). The avail-
ability, accessibility, and consumption of nutri-
tious, perishable foods depend on factors such as 
production, efficient food value chains, and con-
sumer preferences. These factors ultimately 

Fig. 2.2  Comparison of affordability of a healthy diet 
across food system types

Note: The ratio compares the cost of the least expensive 
diet that meets dietary guidelines to the total amount spent 
on food per person per day. Ratios closer to 0 indicate a 
more affordable healthy diet. Ratios farther from 0 sug-
gest a less affordable healthy diet

Source: The Food Systems Dashboard (GAIN et al.  
2023)
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shape dietary patterns, which may or may not 
align with dietary recommendations.

A major challenge in achieving adequate fruit 
and vegetable consumption is the insufficient sup-
ply of fruits and vegetables, globally and in most 
countries (Siegel et al. 2014; Mason-D’Croz et al. 
2019; Kalmpourtzidou et  al. 2020). Among the 
countries with sufficient supply, intakes may still 
not meet diet recommendations. For example, a 
review by Kalmpourtzidou et al. (2020) found that 
very few countries meet recommended vegetable 
intake levels. While Asia has the highest vegetable 
intake, with 29% of countries meeting recommen-
dations, despite only 61% having sufficient supply, 
Africa lags behind last with only 13% of African 
countries having adequate supply and 7% meeting 
intake recommendations. Therefore, increasing the 
supply of perishable fruits and vegetables is a cru-
cial first step to improving consumption. However, 
additional strategies are needed to bridge the gap 
between supply and consumption, even when suf-
ficient supply is available.

As countries urbanize and incomes rise, ASF 
consumption often increases. ASF represents a 
diverse food group that can provide important 
sources of quality protein and bioavailable nutri-
ents. Therefore, meeting diet adequacy recom-
mendations can improve nutrient intakes and 
reduce undernutrition. However, excessive con-
sumption of certain types of ASF, particularly, 
processed meats and red meat, can have negative 
health consequences (Godfray et al. 2018; Troell 
et al. 2019; Beal et al. 2023).

At later stages of transformation, consumption 
of ASFs plateaus. However, unlike fruits and veg-
etables, where consumption often falls short of 
minimum recommendations, ASF consump-
tion—particularly, meat—can exceed dietary ade-
quacy in HICs (Godfray et  al. 2018; Gouel and 
Guimbard 2019; Naylor et al. 2021b), prompting 
some dietary guidelines to recommend substitut-
ing fish or poultry in place of red meat (Herforth 
et al. 2019). Naylor et al. (2021b) pointed out that 
poultry seems to have already become the major 
substitute for beef in global diets.

The relationship between aquatic animal 
food consumption, income growth, and urban-

ization is less clear, compared to livestock 
source foods, and the lack of clarity is likely 
due to the greater diversity of aquatic spe-
cies and data limitations (Naylor et al. 2021b; 
Pounds et al. 2022). Over the last two decades, 
growth in aquatic animal food production has 
been driven by aquaculture production in South 
and Southeast Asia, dominated by China, for 
both domestic and export markets (Naylor 
et  al. 2021a). Although countries at earlier 
stages of structural transformation experience 
growth in aquatic animal food production and 
consumption, the starting production baseline 
is small (Naylor et  al. 2021a). Meanwhile, 
countries at later stages of structural transfor-
mation produce the majority of aquatic ani-
mal foods from capture production, which has 
declined over the last several decades (FAO 
2023). Similar to livestock source foods, per 
capita consumption of aquatic animal foods 
peaks at later stages of development (Naylor 
et al. 2021b; OECD and FAO 2023).

To meet the growing demand for high-value 
foods and enable consumers to meet diet rec-
ommendations, food systems must adapt 
through changes in production and post-pro-
duction processes. While economic growth is 
crucial for increasing fruit and vegetable pro-
duction in lower income regions, including sub-
Saharan Africa and South Asia, investments in 
research and development are also essential for 
improving productivity and post-production 
technologies, organization, and policy to bridge 
the gap between supply and demand (Alston 
and Pardey 2008; Mason-D’Croz et  al. 2019). 
Although increased meat production has been 
driven by both increased animal numbers and 
improved productivity, the expansion of live-
stock production may lead to land-use changes, 
particularly, in areas closer to urban centers. 
(Thornton 2010; Latino et al. 2020). Finally, in 
the case of aquatic animal food production, the 
vast majority has shifted to aquaculture, which 
has a range production systems, and are pre-
dominantly managed by households or SMEs 
(Tidwell 2012; Hernandez et  al. 2018; Naylor 
et al. 2021a).
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2.3.4	� Trade Contributes 
to Globalized Food Systems

Food systems interact at local, regional, national, 
and global levels. Rising incomes, urbanization, 
and technological innovations act as drivers of 
trade, as food is moved from surplus to deficit 
regions, based on regional comparative advan-
tages of production and consumer demand (FAO 
2024). Although trade can, therefore, expand food 
security of diverse foods where there are domestic 
shortfalls, in reality, there have been mixed results 
with sometimes rising food costs and lower food 
quality (Ambikapathi et al. 2022). Therefore, the 
impacts of trade can vary depending on the value 
chain actors involved, the types of foods traded, 
the countries participating in trade, and the con-
sequences for both consumers and local food sys-
tems in exporting and importing regions.

Liberalization of trade policies, foreign direct 
investment, and technology advancements in 
value chain logistics have contributed to increas-
ingly open markets and globalized food systems 
(FAO 2024). Trade liberalization policies include 
those that aim to reduce financial and regulatory 
barriers; harmonize or increase transparency of 
food regulations; invest in trade infrastructure 
and capacity; and ensure fair competition 
between domestic and foreign food businesses in 
public food procurement (Hawkes et al. 2015a). 
Large companies have leveraged trade liberaliza-
tion to consolidate their position through vertical 
and horizontal integration of value chains pro-
curement (Hawkes et al. 2015a).

Regional variations in climate and resource 
endowments create comparative advantages for 
the production of specific crops. For example, 
although temperate climates are well-suited for 
grain production, warmer climates are more con-
ducive to a diverse range of fruits and vegetables 
(FAO 2024). From 1995 to 2018, LICs experi-
enced increases in imports for meat and fish, fruits 
and vegetables, and grain that outpaced increases 
in exports, whereas increases in exports of dairy 
and eggs and processed foods outpaced increases 
in imports (FAO 2020). During this same period, 
LMICs and UMICs experienced increases in 
imports of meat and fish, fruits and vegetables, and 

processed foods that outpaced increases in exports, 
whereas increases in the export of dairy and eggs 
and grain outpaced the increase of imports (FAO 
2020). In contrast, HICs, generally, had smaller 
increases in export and imports across all foods 
groups between 1995 and 2018, relative to other 
country income groups (FAO 2020). Looking for-
ward, the comparative advantage of regions in pro-
ducing certain crops and participating in trade may 
shift due to the impacts of climate change on agri-
food production (Cui et al. 2018).

Depending on food product composition and 
properties, some foods are more or less easy to 
trade, contributing to food value chains that geo-
graphically elongate. Although trading perishable 
foods requires more infrastructure investment—
such as cold chain, to protect food quality—shelf-
stable and processed foods are generally easier to 
transport, store, and trade (Kitinoja 2013; 
Bradford et  al. 2018). Thus, processed foods, 
shelf-stable foods, and durable raw ingredients, 
like grains and oils, are more accessible to regions 
with limited cold chain infrastructure. Regional 
trade agreements and phytosanitary standards can 
create technical barriers to trade certain types of 
food, resulting in the facilitation of imports of 
unhealthy, processed foods (FAO 2024). 
Therefore, while trade increases the diversity of 
available foods, it also leads to a significant 
increase in the import of processed foods, com-
pared to domestic production (FAO 2024).

Another feature of internationally traded food 
is that exporting regions must often adhere to the 
food quality and safety standards of importing 
countries, which can be challenging for regions 
with weaker regulatory frameworks (Jaffee et al. 
2019). Therefore, the ability of value chain actors 
to meet stringent importing food quality stan-
dards can influence market access, the types of 
food products exported from a region, and the 
extent of FLW due to rejections. Once products 
are exported, they may be rejected by the import-
ing region for failing to meet standards and are 
typically destroyed, diverted to other food mar-
kets with less strict requirements, or diverted to 
other nonfood markets and uses (for example, 
animal feed) (Rico-Sole 2012; Fonseca and Njie 
2014; Fonseca and Vergara 2014).
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2.4	� Increasing Market 
Connectedness 
and Sustainable Food 
Systems Transformations

Food system transformations involve changes 
across multiple dimensions, including value 
chains, food environments, and consumer behav-
ior. Increasing market connectedness at different 
levels, from regional to global, can have positive 
impacts on food system outcomes, as well as 
unintended negative impacts on food security and 
diet quality, the environment, and livelihoods 
(HLPE 2020). Therefore, modern food systems, 
which are highly connected, are not necessarily 
the end goal of food systems transformations; 
each food system type and associated knowledge 
systems are valuable to the delivery of healthy 
diets (HLPE 2017).

Although individual countries may exhibit 
several types of food systems (Marshall et  al. 
2021), it is useful to consider the broader geo-
graphic distribution of food system types and 
illustrate stylized descriptions of each type: tradi-
tional, transitional, and modern systems. 
Traditional food systems, though less prevalent, 
persist in remote and challenging agroclimatic 
regions (Reardon et al. 2021a). Transitional food 
systems dominate in sub-Saharan Africa and 
South Asia, while modern food systems are more 
prominent in Southeast Asia, East Asia, Latin and 
North America, and Europe. Emerging modern 
food systems account for approximately 20–25% 
of the food systems in Africa and South Asia 
(Reardon et  al. 2021a). As food systems trans-
form from traditional to modern, the organiza-
tional, financial, technological, and policy 
changes impact food value chains, food environ-
ments, and consumer behaviors (Hawkes 2009).

Food systems have a critical role in supporting 
human and planetary health and are interconnected 
to the Sustainable Development Goals. To inform 
decision-making and guide actions towards sus-
tainable food system transformations, the Food 
Systems Countdown to 2030 Initiative was 

launched in 2021 (Schneider et al. 2023).1 This 
interdisciplinary collaboration aims to fill moni-
toring gaps, track progress annually until 2030, 
and provide evidence-based insights. The initia-
tive currently tracks 50 indicators to assess prog-
ress toward global development, health, and 
sustainability goals (Schneider et al. 2023).

2.4.1	� Traditional Systems

Traditional food systems are characterized by 
spatially short, fragmented value chains wherein 
consumers procure food from natural, predomi-
nately cultivated, food environments, as well as 
informal markets (Gómez and Ricketts 2013; 
HLPE 2017; Downs et  al. 2020; Reardon et  al. 
2021a; Marshall et al. 2021). At the production 
level, smallholder farmers dominate and focus on 
producing staple crops for home consumption 
and local marketing (HLPE 2017; Marshall et al. 
2021). Lack of adequate road, storage, and tech-
nology infrastructure limits the transportation 
and storage of perishable foods that are produced, 
restricting their distribution and reducing shelf 
life (Gómez and Ricketts 2013; Marshall et  al. 
2021). These constraints can discourage farmers 
from diversifying into the production of perish-
able, nutrient-rich crops, thus, limiting their 
availability in local markets (Gómez and Ricketts 
2013; Marshall et  al. 2021). Additionally, fresh 
food availability is often seasonal, with preserva-
tion techniques like drying used to extend shelf 
life (HLPE 2017). Although guidelines for staple 
food micronutrient fortification may exist 
(Marshall et al. 2021), there are few quality con-
trol or formal food safety standards for foods sold 

1 The Food Systems Countdown Initiative (https://www.
foodcountdown.org/) “is a collaborative effort to monitor 
global food systems. It brings together indicators that 
span food systems and provides annual analysis to inform 
policy, business, and NGO priorities and actions. It sup-
ports the transformation of food systems, so they become 
equitable, sustainable, and resilient and positively contrib-
ute to achieving the 2030 SDGs and other global goals.”
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in the local informal markets (HLPE 2017). Only 
a small percentage of food produced and con-
sumed is linked to international food trade 
(Marshall et al. 2021).

2.4.2	� Transitional Systems

Transitional food systems are characterized by 
dynamic changes along different food value 
chains and food environments, as food produc-
tion commercializes and incomes rise, coinciding 
with urbanization and shifts in consumer food 
behaviors. From the early to late transitional 
stages, there are generally more rapid transfor-
mations among shelf-stable products, including 
staple foods and processed foods, and slower 
transformations among fresh, perishable prod-
ucts, which require more developed storage and 
transport infrastructure (Reardon et  al. 2003; 
Gómez and Ricketts 2013; HLPE 2017; Marshall 
et al. 2021).

In early transitional stages, the use of 
improved production inputs enables smallhold-
ers to become more productive, particularly, in 
staple grain production, which helps lower prices 
of staple foods and increase producer incomes 
(Pingali 2010). As supply chains lengthen and 
make food more accessible to growing urban 
areas, SMEs proliferate to coordinate storage 
and transport logistics (Reardon et al. 2021a). At 
the same time, food processing SMEs emerge 
and produce shelf-stable, convenience food 
products that can withstand transport and stor-
age, meeting growing urban demand for foods 
that are ready-to-eat and faster to prepare. 
Transport and storage infrastructure is still lim-
ited to support of mostly shelf-stable products 
while value chains for perishable foods remain 
underdeveloped. Built food environments 
become increasingly dominant, with a mix of 
informal and formal markets. Formal markets, 
often concentrated in larger cities, are typically 
more accessible to higher- and middle-income 
consumers. Initially, formal markets primarily 

offer shelf-stable products, like staples and pro-
cessed foods. As they expand, they may incorpo-
rate fresh produce, including fruits, vegetables, 
and ASF. However, informal markets continue to 
be important for many urban consumers, espe-
cially, in smaller cities, towns, and rural areas, 
for accessing fresh produce. Concurrently, food 
processors connect with informal retailers to 
offer affordable, shelf-stable packaged foods 
year round, expanding their reach into smaller 
cities, towns, and rural areas (Gómez and 
Ricketts 2013). Few food quality and safety 
standards exist for most foods, particularly, for 
unbranded, unpackaged foods.

In later transitional stages, diversified food 
production is undertaken by both smallholder 
farmers and larger producers, who rely more on 
mechanization and labor-saving technologies. 
Improved post-production and distribution infra-
structure, including cold storage, facilitates the 
rapid development of value chains for fresh, per-
ishable foods, extending their availability beyond 
seasonal limitations. However, infrastructure 
improvements often lack equity, with rural and 
lower income areas facing limitations (Reardon 
et al. 2021a).

Food supply chains become more spatially 
extensive, with third-party logistics providers 
assuming a greater role in distribution (Reardon 
et al. 2021a). Processed and packaged foods, pro-
duced by SMEs and larger enterprises, remain 
widely available. Formal markets expand, reach-
ing more consumers in smaller cities and towns. 
Although formal markets may procure some 
products from smallholder farmers—especially, 
high value, perishable foods—informal markets 
continue to be a primary source of affordable 
fresh, perishable produce for lower income con-
sumers. Therefore, differences in food quality 
between formal and informal markets can depend 
on the effectiveness of public food safety and 
quality standards. While formal markets often 
rely on private sector enforcement of quality 
standards, enforcement of public standards may 
be inconsistent.

2.4  Increasing Market Connectedness and Sustainable Food Systems Transformations
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2.4.3	� Modern Systems

Modern food systems are characterized by con-
solidation and the dominance of formal markets. 
While value chains remain spatially long, food 
production is increasingly concentrated among 
both smallholder and large-scale, capital-
intensive farms. Large enterprises dominate pro-
cessing and distribution midstream stages, 
leveraging advanced technologies to optimize 
value chain efficiency. Developed infrastructure, 
including roads, storage facilities, and cold 
chains, increases the market connectedness 
between value chain actors and enables the distri-
bution of fresh, perishable foods. Globalized 
food systems facilitate the year-round availability 
of a wide range of fresh and processed foods. 
Widespread household refrigeration further sup-
ports the purchase and consumption of perishable 
items.

Although formal markets offer a diverse range 
of products, including fresh and processed foods, 
access may vary across income groups and geo-
graphic locations. Lower income areas, both 
urban and rural, may have limited access to mar-
kets that carry a variety of fresh produce, neces-
sitating longer travel distances or reliance on less 
diverse, often processed food offerings that are 
shelf-stable. Robust public food safety and qual-
ity standards are typically enforced in modern 
food systems. Additionally, private brands often 
implement their own standards, which may 
exceed public requirements.

2.5	� Conclusion

In this chapter, we explored the complexities of 
food systems, describing their elements, transfor-
mations, and contribution to supporting nutrition 
and health outcomes. Food value chains, com-
posed of upstream, midstream, and downstream 
stages, play a pivotal role in adding value and 
facilitating the flow of food products. Food envi-
ronments, both natural and built, influence con-
sumer choices and access to diverse food options. 

Consumer behavior, driven by a diverse set of 
factors, ultimately determines the demand for 
specific foods.

This chapter also highlighted the impact of 
structural transformation on food systems. As 
economies develop and urbanize, markets 
become more connected to meet changing con-
sumer demands and shifting dietary patterns. 
Consumers increasingly demand diverse foods, 
including processed foods and high-value, per-
ishable products. Although processed foods typi-
cally have greater shelf stability, perishable 
products generally consist of fresh, nutritious 
foods, such as fruits, vegetables, and animal-
based products, which are inherently more sus-
ceptible to FLW.  This evolving demand drives 
changes in the types of foods produced, the type 
of food processing, and the connections between 
rural producers and urban consumers. Monitoring 
food systems transformations across multiple 
domains, including nutrition and health, environ-
ment, livelihoods and equity, governance, and 
resilience, will be important for public and pri-
vate stakeholders to make evidence-based deci-
sions on minimizing FLW to support 
transformations toward healthy and sustainable 
food systems.
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3A Globally Applicable Definition: 
A Framework for Food Loss 
and Waste

3.1	� Introduction

In 2011, a study carried out by the Food and 
Agriculture Organization of the United Nations 
(FAO) reported that an estimated that one-third of 
all food produced for human consumption was 
lost or wasted globally (FAO 2011). Over 
10  years later, United Nations (UN) agencies 
started reporting updated estimates. FAO esti-
mated that 13.8% of food produced in 2016 was 
lost from the farm up to, but not including, before 
the retail stage (FAO 2019). The UN 
Environmental Programme (UNEP) estimated 
that 19% of food that reaches consumers is lost at 
the retailer, food service, or household levels 
(UNEP 2024). Each of these estimates are based 
on different food loss and waste (FLW) defini-
tions. Therefore, the estimates are not compara-
ble and, in the case of the most recent estimates 
from FAO and UNEP, cannot be combined into a 
complete value chain estimate from farm to 
consumer.

The first step to addressing FLW issues is to 
define the problem using consistent terminology 
for a common understanding of what is being 
measured, compared, and addressed. 
Unfortunately, there is no harmonized FLW defi-
nition. In 2014, the High Level Panel of Experts 
(HLPE) on Food Security and Nutrition recom-
mended that stakeholders agree on a definition 
for FLW to improve data collection and knowl-
edge sharing (HLPE 2014). At the same time, the 

FAO’s Global Initiative on Food Loss and Waste 
Reduction sought to harmonize a global FLW 
definition and published a detailed definitional 
framework of food loss (FAO 2014).

Yet, there continue to be many, varied defini-
tions and approaches to conceptualizing FLW. In 
this chapter, we summarize the current state of 
FLW definitions by examining major sources of 
FLW data and how FLW is defined according to 
an analytical framework specific to FLW defini-
tions. We then explore definitional elements to 
identify opportunities for harmonization and 
present a comprehensive FLW pathways frame-
work. We aim for a FLW pathways framework 
that is comprehensive and universally applicable, 
providing clarity and consistency as to how FLW 
is defined and how FLW impacts food systems 
outcomes and impacts.

3.2	� Current State of Food Loss 
and Waste Definitions: 
Divergent and Inconsistent 
Approaches

Consistency in FLW definitions and terminology 
would allow for a common starting point from 
which FLW estimates can be compared and inter-
preted. However, the current lack of a harmo-
nized FLW definition contributes to 
inconsistencies in terminology and data compa-
rability, with terms used interchangeably, but not 
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referring to the same concepts (FAO 2014; 
Delgado et al. 2017; Kitinoja et al. 2018).

Food loss and waste may be sharply distin-
guished into food loss and food waste, based on 
the supply chain stage or segment where loss 
occurs (Parfitt et  al. 2010; HLPE 2014; FAO 
2019; Fabi et al. 2021; UNEP 2024). In contrast, 
food loss and waste may be used as a single term, 
with food waste considered to be an important 
part of food loss but with different underlying 
reasons for wasting food compared to unintended 
food loss (Lipinski et al. 2013; FAO 2014). Food 
waste can also refer to losses along the entire 
supply chain, from farm to consumer (Östergren 
et al. 2014; Bellemare et al. 2017).

Other terms have been proposed to be broad in 
scope, such as potential food loss and waste 
(Schuster and Torero 2016), or more specific to a 
supply chain stage—preharvest loss, farm loss 
and waste, postharvest loss and waste, or con-
sumer waste (Xue et  al. 2017; Kitinoja et  al. 
2018). Finally, surplus food may refer to food 
diverted to nonfood uses (ReFED 2021), whereas 
food surplus may refer to food that is redistrib-
uted for human consumption, used for animal 
feed, or used for bio-based materials or biochem-
ical processing (UNEP 2024).

A critical barrier to arriving at a harmonized 
FLW definition is the overall recognition that 
FLW definitions reflect how stakeholders per-
ceive the problem and their objectives for FLW 
measurement and management (Chaboud 2017). 
Adopting a definition is often seen as the first 
step in developing a measurement framework 
with FLW, with separate FLW definitions for 
individual objectives (Koester 2017; Fabi et  al. 
2021). Yet, different approaches to defining FLW 
contribute to the lack of clarity in exactly what 
the FLW data represents, limiting the interpreta-
tion and comparability of results.

Food loss and waste is typically approached 
by two different perspectives: a waste perspective 
that focuses on environmental sustainability 
objectives, and a food perspective that focuses on 
food security and nutrition objectives (HLPE 
2014; FAO 2019). Ideally, a harmonized FLW 
definition is independent of stakeholder perspec-
tives. Stakeholder objectives for FLW measure-

ment and prevention are most useful in driving 
measurement and intervention frameworks.

Food loss and waste definitions are based on 
five major categories: (1) food value chain bound-
aries; (2) edibility and intended use; (3) quality 
dimensions, including nutrition, aesthetics, and 
shelf-life; (4) nature of food use (for example, 
nonfood use, productive use, etc.); and (5) food 
destination (Chauhan et al. 2021). An analytical 
framework presented by Chaboud and Daviron 
(2017) identifies key FLW definitional elements: 
timing, scope, terminology, criterion, perspec-
tive, and type. The framework is useful for com-
paring existing FLW definitions to understand 
where definitions agree or disagree and to iden-
tify challenges with comparing or aggregating 
loss estimates.

3.2.1	� Major Food Loss and Waste 
Data Sources and Definitional 
Frameworks

To help track the state of FLW, FAO developed 
the Food Loss and Waste database, an online col-
lection of FLW data across food products, value 
chain stages, and geographic areas (FAO 2022). 
The text-mining machine learning tool, used to 
identify relevant sources and extract and organize 
information, did not differentiate FLW defini-
tions with respect to destinations and use of 
diverted food (Fabi et al. 2021). The database has 
sourced over 20,000 data points from over 480 
openly accessible publications and reports (FAO 
2022). Based on the dataset, 65% of FLW data 
come from the African Postharvest Losses 
Information System (APHLIS) online database, 
which is specific to FLW of cereal grains in sub-
Saharan Africa (Fig. 3.1).

The major FLW data sources cover different 
geographic areas. Therefore, differences in how 
FLW is defined are associated with specific geo-
graphic areas. Most FLW data (75%) come from 
low-income and lower middle-income countries, 
following the APHLIS focus on sub-Saharan 
Africa (Table 3.1). Nearly all (96%) of data for 
low-income countries come from APHLIS.  In 
lower middle-income countries, 74% of FLW 
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Fig. 3.1  Summary of data sources and source avail-
ability across food loss and waste data points 
(n = 21,786) reported in Food Loss and Waste Database 
from 2004 to 2021

Data source availability is indicated by colors, as 
shown in the legend. Each rectangle outlined in solid 
black lines represents a unique data source. The size of 
each rectangle corresponds to the share of FLW data 
that is contributed to the dataset. Data sources that con-
tribute at least 4% of the data are indicated with white 
text and the percentage of data contributed shown in 
parentheses

No source, n = 21 (0.1%); Incomplete source, n = 896 
(4.1%); Full text not found, n  =  124 (0.6%); Full text 
available, n = 2696 (12.4%); Online database, n = 15,014 
(68.9%); FAO Sources, n = 3035 (13.9%)

Abbreviations: APHLIS, African Postharvest Losses 
Information System; FAO, Food and Agriculture 
Organization of the United Nations; USDA ERS, United 
States Department of Agriculture’s Economic Research 
Service; ICAR–CIPHET, Indian Council of Agricultural 
Research–Central Institute of Post-Harvest Engineering 
and Technology

Data from: FAO (2022), accessed 8 Dec 2021. Figure 
published in Boiteau and Pingali (2023)

Table 3.1  Data sources across all food loss and waste data points by country income groupa

Data source
Low-income n 
(%)

Lower middle-income n 
(%)

Upper middle-income n 
(%)

High-income n 
(%)

APHLIS 9233 (95.7) 3945 (58.4) 884 (41.9) 0 (0.0)
FAO sources 83 (0.9) 319 (4.7) 994 (47.1) 1639 (50.2)
USDA ERS 0 (0.0) 0 (0.0) 0 (0.0) 952 (29.2)
ICAR–CIPHET 0 (0.0) 1063 (15.7) 0 (0.0) 0 (0.0)
Other, full text 192 (2.0) 809 (12.0) 147 (7.0) 485 (14.9)
Incomplete/no 
source

142 (1.5) 624 (9.2) 87 (4.1) 188 (5.8)

Data from FAO (2022), accessed on 08 Dec 2021
Note:
Abbreviations: APHLIS, African Postharvest Losses Information System; FAO, Food and Agriculture Organization of 
the United Nations; USDA ERS, United States Department of Agriculture’s Economic Research Service; ICAR–
CIPHET, Indian Council of Agricultural Research–Central Institute of Post-Harvest Engineering and Technology
a 2018 World Bank Income Classifications

data come from APHLIS and the Indian Council 
on Agricultural Research—Central Institute of 
Post-Harvest Engineering & Technology (ICAR–
CIPHET) combined (still dominated by 
APHLIS). FAO sources become common FLW 
data sources in upper middle-income and high-
income countries, contributing 47% and 50% of 
the data in each group, respectively. In high-
income countries, 29% of data is sourced from 
the US Department of Agriculture Economic 
Research Service (USDA ERS).

3.2.2	� Comparison of Definitional 
Elements Across Sources 
Relevant to Sustainable 
Development Goal Target 12.3

In 2014, the FAO’s Global Initiative on Food 
Loss and Waste Reduction sought to harmonize a 
global FLW definition (FAO 2014). Using this 
FLW definitional framework as a starting point, 
Table 3.2 summarizes the comparison of cross-
definitional elements for major FLW data sources 

3.2 � Current State of Food Loss and Waste Definitions: Divergent and Inconsistent Approaches

https://www.fao.org/platform-food-loss-waste/flw-data
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(APHLIS, USDA ERS, and ICAR–CIPHET), as 
well as the definitional frameworks for the cur-
rent Sustainable Development Goal (SDG) Target 
12.3 indicators, the Food Loss Index (FLI) and 
Food Waste Index (FWI).

APHLIS and FAO (2014) definitional frame-
works both consider quantitative and qualitative 
FLW from the time that products are ready for 
harvest or slaughter to the time that food is either 
consumed or is removed from the food value 
chain. Food that entered the food value chain and 
was diverted to nonfood uses is considered to be 
FLW (Hodges 2013; FAO 2014).

The USDA ERS defines FLW as the edible 
portion of food starting at the postharvest stage 
(Buzby et al. 2014). Food diverted away from the 
supply chain to a nonfood use is considered to be 
FLW. Food waste is a part of food loss, and spe-
cifically, covers loss at the retail and consumer 
stages. The USDA ERS definition only considers 
quantitative losses (Buzby et al. 2014).

The ICAR–CIPHET survey (Nanda et  al. 
2012; Jha et al. 2015) indicates that food losses 
occur from the start of harvest operations through 
processing and marketing stages. Quantitative 
losses are defined as reductions in the weight of 
crops or commodities available for human con-
sumption; thus, the scope is considered to be the 
human food value chain and criterion for loss are 
nonfood uses. Although the survey does not mea-
sure FLW beyond the marketing stages, the defi-
nitional framework recognizes losses at the 
consumer stage (that is, kitchen loss and plate/
table loss). The ICAR–CIPHET approach also 
acknowledges quality deterioration and food 
value loss, aligning with qualitative types of FLW 
(Nanda et al. 2012; Jha et al. 2015).

At the time that SDG target 12.3 was included 
in the Global Indicator Framework, the target 
12.3 indicator was classified as a Tier III indica-
tor, meaning the measurement methodology 
needed to be developed and validated (Fabi and 
English 2019). After determining that the mea-
surement methods would differ for supply-
oriented and demand-oriented food chain stages, 
two sub-indicators were developed, the Food 

Loss Index (FLI) and the Food Waste Index 
(FWI), led by FAO and the United Nations 
Environment Programme (UNEP), respectively 
(Fabi and English 2019; UNEP 2021). The FLW 
definition used in the FLI builds on the FAO 2014 
definitional framework (FAO 2014; Fabi and 
English 2019). While the conceptual framework 
strives for completeness, the FLI uses an opera-
tional framework, which is a modified FLW defi-
nition, aiming to produce consistent measurement 
(Fabi and English 2019). The FLW definition 
used in the FWI uses the Food Loss & Waste 
Protocol Accounting and Reporting Standard 
(FLW Standard) to specify the definitional ele-
ments (Hanson et al. 2016; UNEP 2021).

The FLI and FWI both take broad perspectives 
and associate FLW with food security, environ-
mental, and economic outcomes. Using the oper-
ational definition, the FLI defines the scope as 
human-edible commodities (Fabi and English 
2019), whereas the FWI defines the scope as 
intended for human consumption (UNEP 2024). 
The FLI and FWI align with supply chain stage 
breakdown specified in SDG target 12.3, using 
the terms food loss and food waste, respectively. 
The FLI considers food loss at the on-farm, post-
harvest up to, but not including, retail levels. The 
FLI also clarifies that preharvest stage losses are 
excluded from the SDG 12.3 target indicator, not-
ing that policies to improve supply chain efficien-
cies cannot address unpredictable extreme events 
and natural disasters (Fabi and English 2019). 
Instead, these preharvest losses are captured in 
SDG indicator 1.5.2—direct agricultural losses 
attributed to disasters. Preharvest losses that are 
not due to extreme events or natural disasters 
remain, in effect, undefined and uncounted. The 
FLI and FWI both consider quantitative losses 
based on nonfood, noneconomically productive 
loss criteria. Destinations including animal feed 
and biomaterial and processing are beyond the 
scope of food loss and food waste. Unlike other 
definitions, the FLI and FWI consider the com-
modity as a whole and include both edible and 
inedible portions.

3  A Globally Applicable Definition: A Framework for Food Loss and Waste
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3.3	� Clarifying Food Loss 
and Waste Pathways Using 
a Practical and Globally 
Applicable Framework

The FLW pathways framework proposed for this 
book and illustrated in Fig. 3.2 are based on the 
FLW definition published by the FAO’s Global 
Initiative on Food Loss and Waste Reduction 
(FAO 2014), and summarized as: Food loss and 
waste is a reduction in the quantity or quality of 
the edible portion of food intended for human 
consumption when food is redirected to nonfood 
uses or when there is a decrease in the nutritional 
value, food safety, or other quality aspect from the 

time food is ready for harvest or slaughter to 
consumption.

Based on the definition, we distinguish edible 
foods and food parts from inedible food parts 
(Fig. 3.2). Edible foods are intended to eventually 
be eaten by humans, thus contributing to diets. In 
contrast, inedible foods are directed to nonfood 
uses at a different point on the value chain. We 
use the overarching term FLW, which can occur 
at any point along the edible food value chain 
within a defined boundary (described in this sec-
tion). To further distinguish the two types of 
FLW, (1) food redirected to nonfood use and (2) 
a decrease in quality aspects, we use the terms 
physical food loss and waste (pFLW) and food 
quality loss (FQL), respectively. Acceptability 
thresholds of limiting food attributes connect 
FQL and pFLW (discussed in the next section).

FLW occurs within the context of food sys-
tems. Therefore, FLW pathways are affected by 
the same categories of drivers of food system 
changes: biophysical and environmental; innova-
tion, technology, and infrastructure; political and 
economic, sociocultural, and demographic driv-
ers (Ingram 2011; HLPE 2017). Since the struc-
ture of food value chains depend on the type of 
food system and food commodity, common 
stages anchor the general value chain flow, as 
depicted in Fig. 3.2: when food is ready for har-
vest, has been harvested, reaches consumers, and 
is eaten. The relative impact of drivers of food 
systems changes on FLW and food system out-
comes depends on the food system context, type 
of FLW, and pathways. Food loss and waste path-
ways and drivers are discussed in more detail in 
Part II of this book.

This section focuses on the core elements of 
FLW pathways: pathway boundaries; food desti-
nations; and food quality and acceptability 
thresholds. These elements are influenced by the 
food systems within which FLW pathways are 
embedded and contribute to final nutrition, 
health, environmental, economic, and social out-
comes of diets and pFLW.

Fig. 3.2  Food loss and waste conceptual framework
FLW pathways begin after food production, once food 

intended for human consumption reaches market maturity 
and is ready for harvest or slaughter. As edible food moves 
through the value chain, FLW pathways involve FQL of 
edible food/food parts (green) and pFLW events (red). 
FLW pathways end when food is eaten, or when it is 
diverted to nonfood destinations. Inedible food parts 
(blue) that enter food value chains are directed to nonfood 
destinations at different points along the value chain (light 
blue). The proportion of edible to inedible parts and length 
and width of the pathways are illustrative, as each path-
way will depend on the food commodity and value chain 
context

3.3 � Clarifying Food Loss and Waste Pathways Using a Practical and Globally Applicable Framework
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3.3.1	� Food Loss and Waste 
Boundaries

The boundaries of FLW pathways denote which 
agricultural products are considered within the 
scope of FLW and at what points along food value 
chains FLW can occur. Agricultural products con-
sidered for FLW are those originally intended for 
human consumption, following the Codex 
Alimentarius definition of “food” (FAO and WHO 
2019). Human-inedible agricultural products 
include nonfood parts that are not intended for 
human consumption and, therefore, fall outside 
the scope of FLW (FAO 2014). Human-edible 
agricultural products originally intended for non-
food uses (for example, animal feed, industrial 
uses) also fall outside the scope of FLW.

3.3.1.1	� Food Intended for Human 
Consumption

Worldwide, on a mass basis, there are differences 
in the use allocation of different agricultural 
products according to food group (Fig.  3.3). 
Using data from FAO Food Balance Sheets, we 
divide the amount of food, by group, allocated to 
human food or animal feed by the sum of all pro-
ductive uses for that food group (specifically, 
human food, animal feed, and other nonfood 
uses). Over 90% of fruits, vegetables, and animal-
source foods (ASF) produced are allocated to 
human food value chains. In contrast, cereal 
grains and, to a small extent, starchy roots, cur-
rently have between 20–40% of production allo-
cated to animal feed.

Early in the value chain, the intended use of 
human-edible agricultural products may yet to 
be determined. This is most relevant for cereals 
and, to a lesser extent, starchy roots (Fig.  3.3). 
Statistical information on the fraction of the prod-
uct which, in a specific region and year, finally 
enters human food value chains can be used to 
determine the share of product that falls within 
the scope of FLW pathways (FAO 2014; Hanson 
et al. 2016). The decline in share of global sup-
ply of cereals allocated for human food and rising 
share allocated to animal feed coincides with diet 
transitions away from staple grains and increased 
dietary diversity, including ASF (Fig. 3.3).

3.3.1.2	� Edible Foods and Food Parts
Conceptually, edibility is based on technical and 
cultural norms. Technical edibility refers to 
whether the food part is safe to eat. Cultural edi-
bility refers to whether the food part is acceptable 
to eat in a given geography or culture (Muth et al. 
2018; Nicholes et al. 2019; Moreno et al. 2020). 
Whole foods can be composed of edible, poten-
tially edible, and inedible food parts based on 
technical and cultural criteria. Moreno et  al. 
(2020) explained that food parts that are never 
edible include those that are considered unsafe to 
eat (for example, rhubarb leaves) or lack obvious 
examples of edible uses (for example, egg shells). 
Food parts are potentially edible if they are safe 
to eat and there is some consumption precedent 
in a given context (for example, melon rinds) 
(Moreno et al. 2020).

The composition of animal feed includes 
human-inedible and human-edible products 
(Mottet et al. 2017; Mottet and Tempio 2017). 
For example, in 2010, the majority of global 
livestock feed rations were composed of human-
inedible products, including grass and leaves 
(46% of feed material) and crop residues (19% 
of feed material), compared to 14% of the feed 
ration from human-edible feed material (Mottet 
et al. 2017). In the same year, over half of global 
poultry feed rations were composed of human-
edible material (58% of feed rations were from 
cereal grain) (Mottet and Tempio 2017).

Fig. 3.3  Global share of commodity supply allocated 
to human food or animal feed, by food group (2011 
and 2021)

Source: FAO Food Balance Sheets
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3.3.1.3	� Points along the Value Chain
The timing of when FLW is considered, up to 
when food is either consumed or removed from 
the human food value chain, marks the starting 
and ending boundaries of FLW pathways. The 
starting point of FLW pathways begins on the 
farm, when plants and animals intended for food 
reach market maturity and are ready for harvest 
or slaughter (Hodges 2013; Östergren et al. 2014; 
FAO 2014; Hanson et  al. 2016; Delgado et  al. 
2017; Fabi and English 2019), setting FLW apart 
from production losses and yield gaps. The tim-
ing for some ASF begins at clear, specific 
moments, including when milk is drawn from the 
udder, eggs are laid, or wild fish or game are 
caught (FAO 2014). In contrast, the timing for 
crops and other ASF begins when crops or ani-
mals are considered ready for harvest or slaugh-
ter/catch (FAO 2014), which can be value 
chain-specific. Because individual stages are spe-
cific to each food value chain, the FLW pathways 
framework is anchored at three key moments 
once food is ready for harvest: when harvest is 
complete, when food reaches consumers, and 
when food is eaten. Therefore, FLW pathways 
cover all stages at the farmgate and post-farmgate 
(from preharvest through marketing), as well as 
the final consumer stage.

3.3.1.4	� Worked Examples of Food Loss 
and Waste Pathways

Comparing Tomato and Rice: To illustrate the 
application of the FLW pathways framework to 
examine food-focused and waste-focused sus-
tainability objectives, Fig. 3.4 provides a worked 
example of fresh tomatoes and rice, which are 
produced for human consumption and separated 
by edible food and inedible plant parts. Indicators 
of harvest maturity of both products are based on 
the edible food part (tomato fruit and rice grain, 
respectively). Inedible plant parts are removed 
from the food value chain at different value chain 
stages, requiring different management strate-
gies. Physical FLW along each value chain 
reduces the final amount of edible food product 
that is eaten by consumers.

Using a hypothetical example of 100 kg edi-
ble food ready for harvest in India, data and 

assumptions are applied for each FLW path-
way described in Fig.  3.4. We use national-
level data from India showing pFLW at harvest 
and at postharvest operations through retail 
storage channels for each food (Jha et  al. 
2015). There is a scarcity of consumer-level 
FLW data (Agarwal et  al. 2021), and, to our 
knowledge, no recent study disaggregates con-
sumer-level FLW by edible portion and food 
group (UNEP 2024). We therefore apply the 
FAO (2011) estimates of FLW to calculate the 
pFLW between when food reaches the con-
sumer and when food is consumed.

Tomato fruit are the edible parts of a tomato 
plant. National-level data from India indicate 
pFLW of 3.2% at harvest and 9.3% at postharvest 
operations through retail storage channels (Jha 
et al. 2015). At the consumption end, pFLW of 
perishable fruits and vegetable are estimated at 
7% (FAO 2011).

Fig. 3.4  Worked examples of simplified food loss and 
waste pathways: Fresh tomato and rice in India

Green straight arrows represent edible food parts 
remaining in the food value chain. Red curved arrows 
indicate physical FLW of edible food parts. Blue straight 
arrows indicate inedible food parts remaining in the food 
value chain. Light blue curved arrows indicate inedible 
food parts removed from the value chain. Following a 
hypothetical 100-kg edible food ready for harvest, the 
share of pFLW up to the point of “reaches consumer” is 
based on data from Jha et al. (2015). Physical FLW from 
“reaches consumer” to “food is eaten” stages are based on 
FAO (2011)
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The majority of the inedible tomato plant 
parts remain on the field, unharvested with the 
edible part. Tomato plants each produce mul-
tiple tomatoes that grow and ripen at different 
times throughout a growing season. Therefore, 
each tomato plant is harvested several times and 
left intact after each harvest. Proper harvest-
ing technique indicates that tomatoes should 
be harvested with the inedible pedicel and 
sepal attached (the small, secondary stalk hold-
ing the individual tomato along with modified 
leaves) (Naika et  al. 2005). Postharvest and 
until tomatoes reach consumers, the pedicel and 
sepal plant parts may fall off or be intentionally 
removed. Otherwise, consumers remove these 
inedible parts prior to consumption.

Estimating the mass of inedible tomato plant 
parts required to produce tomatoes requires data 
on the mass of tomato plants after all tomatoes 
have been harvested; to our knowledge, this fig-
ure is not documented. Tomato plant growth and 
productivity are based on several factors, includ-
ing the planting geometry, density, and fertilizer 
use (Mali et al. 2016). For illustrative purposes, 
we assume the ratio of total tomato fruit to one 
tomato plant is 1:1 by mass and that 3.9% of the 
inedible plant part is composed of the pedicel 
and sepal.

Rice grains (composed of germ, bran, and 
endosperm) are the edible food parts of the rice 
plant (also referred to as paddy). National-level 
data from India indicate a pFLW of 2.1% at har-
vest and 3.5% at postharvest operations through 
retail storage channels (Jha et al. 2015). Before 
reaching consumers, rice grains may be refined 
into white rice. When rice is polished into white 
rice, usually 10% by weight of edible portion 
(bran and germ) is removed during milling and is 
considered as pFLW (Juliano and Tuaño 2019). 
At the consumption end, pFLW of cereals in this 
region are estimated at 7% (FAO 2011).

The majority of inedible rice plant parts are 
harvested with the rice grains. Rice plants pro-
duce multiple grains of rice on each plant. The 
entire rice plant is harvested once rice grains 
reach harvest maturity. Rice is harvested by cut-
ting the mature top part of the plant (containing 
the edible rice grains) as well as the straw above 

the ground (IRRI 2024). Some inedible plant 
parts are left in the ground, below where the cut 
was made for harvest. Postharvest, the rice grain 
is separated from the rest of the cut crop and 
cleaned to remove inedible material, including 
the grain husk (IRRI 2024). We assume a 1:1.05 
ratio of rice grain to rice straw harvested (IRRI 
2024) and a 4:1 ratio of rice grain to husk 
(Juliano and Tuaño 2019). For illustrative pur-
poses, we also assume that for every 105 kg of 
rice straw harvested, 20 kg of inedible rice stub-
ble is left unharvested. In-field rice straw man-
agement and off-field rice straw management 
have different environmental implications (IRRI 
2024).

Box 3.1 Distinguishing Edible and Inedible 
Parts to Meet Sustainable Food System 
Objectives
The FLW pathways framework (Fig.  3.2) 
identifies two distinct pathways for edible 
and inedible plant/animal parts, emphasiz-
ing that FLW only applies to the edible 
components intended for human consump-
tion while recognizing the significance of 
managing inedible parts.

Inedible plant/animal parts, never 
intended to be eaten by definition, are 
removed at different value chain stages. For 
example, tomatoes are harvested multiple 
times per plant, with inedible parts like the 
pedicel and sepal attached to the harvested 
tomato fruit. In contrast, rice plants are har-
vested once, but most of the plant is cut, 
including edible grains and inedible straw. In 
both cases, inedible plant parts remain unhar-
vested, the tomato plant and rice stubble. The 
environmental impact of inedible food parts 
depends on where and how they are handled 
throughout the food supply chain.

Although the edible portions are rela-
tively easy to identify, the accurate estima-
tion of the inedible parts requires data on 
factors like plant mass, harvest methods, 
and processing techniques, which may not 
be available.
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3.3.2	� Food Destinations Determine 
What Counts as Physical Food 
Loss and Waste

Once ready for harvest, food intended for food 
value chains is either consumed as food (by 
humans) or diverted to nonfood destinations. 
Food diverted to nonfood destinations may fol-
low two general pathways: recovered for non-
food uses or disposed of to landfills, sewers, or 
litter/discards (Bellemare et  al. 2017). There is 
lack of consensus as to which nonfood destina-
tions are considered pFLW (Hodges 2013; Buzby 
et  al. 2014; FAO 2014; Hanson et  al. 2016; 
Bellemare et al. 2017; Fabi and English 2019).

Based on the proposed FLW pathways frame-
work (Fig. 3.2), pFLW pathways originate from 
edible food without quality loss or edible food 
with quality loss and lead to a nonfood destina-
tion. Food may be diverted accidentally or inten-
tionally, the latter based on acceptability 
thresholds, described in the next section of this 
chapter. Food and/or associated inedible parts 
that are removed from the food value chain may 
be transformed, recycled, or valorized into non-
food products, including animal feed, soil amend-
ments, products for industrial uses, and biomass 
for energy (FAO 2014, 2019; Hanson et al. 2016).

Some of the nonfood products are used as 
inputs in agricultural production. Although 
diverted food, which is valorized into agricultural 
inputs, “reenters” the food production system, 
the diverted food is still considered pFLW, 
because there is no direct feedback loop within 
the boundary of FLW pathways. Keeping track of 
nonfood destinations is important for assessing 
outcome trade-offs between keeping healthy and 
safe food in human food value chains and valo-
rizing diverted food to productive uses.

For example, unmarketable food and inedible 
food parts are sometimes used as valuable alter-
native inputs for animal feed. Globally, feed 
materials from harvest wastes, second-grade 
crops, or other food discards are minor feed 
materials (Mottet et al. 2017; Mottet and Tempio 
2017). However, animals not only serve as a food 
source, when ASFs enter the human food value 
chain to supply essential macro- and micronutri-
ents, but animals also contribute to agricultural 

productivity (for example, manure and draft 
power) and can be used as a source of income 
generation (Mottet et al. 2017).

Box 3.2 Using Nonfood Use Criterion to 
Distinguish Prevention Versus Valorization 
Trade-Offs
The criteria used to define FLW must also 
differentiate between food and nonfood 
uses to inform measurement frameworks 
for estimating FLW to inform stakeholders 
of design FLW regulations and increase 
efficiencies (Buzby et al. 2014).

For example, in an analysis of global 
protein supply gap, Guo (2021) found that, 
when possible, FLW prevention is pre-
ferred because feed applications have a low 
protein conversion ratio and, from a cli-
mate change perspective, animal produc-
tion is not favorable. When FLW is 
unavoidable, the chicken feed application 
strategy is recommended when FLW is 
suitable to be used as feed (Guo 2021).

Dou et  al. (2018) examined the cost–
benefit of different management options 
for consumption-stage FLW and found that 
animal feed is the least costly option, com-
pared to composting, biogas generation, 
incineration, and landfill use. Although 
incorporating feeds derived from 
consumption-stage FLW is cost-effective 
for livestock producers, the management 
strategy may not be economically self-
sustaining (Dou et al. 2018).

Using panel survey data of rural Chinese 
households from 1991 to 2009, Qi et  al. 
(2021) examined the linkages between 
household-level FLW and livestock systems 
over a period of market liberalization and 
government policies that encouraged live-
stock intensification. They found that house-
holds raising livestock—with many of the 
households using uneaten food for animal 
feed—generated more FLW than non-rais-
ing households during the period prior to 
these policies, but experienced significantly 
greater FLW reductions after the onset of 
livestock intensification (Qi et al. 2021).
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3.3.3	� Food Attributes 
and Acceptability Thresholds

For food to successfully move through the value 
chain from farm to consumer stages, it must be 
acceptable to each value chain actor. People gen-
erally evaluate food based on the assigned value, 
quality, and utility of the product (Tijskens and 
Schouten 2014). Although individuals may per-
ceive value, quality, and utility attributes differ-
ently, there is a shared process of evaluating these 
elements and determining which foods are 
acceptable (Fig. 3.5).

Food acceptance hinges on value chain actor 
awareness and prioritization of different food 
attributes. Food with FQL continues moving 
through food value chains and is either eaten or 
diverted to nonfood destinations, the latter link-
ing FQL to pFLW pathways based on food 
acceptability decisions (Fig.  3.2). The search, 
experience, credence (SEC) framework is useful 
for distinguishing food attributes based on 
observability (Nelson 1970, 1974; Darby and 
Karni 1973):

•	 Search attributes—those that are easily identi-
fied before consumption or use.

•	 Experience attributes—those that are identi-
fied at consumption or use.

•	 Credence attributes—those that cannot be 
immediately identified by direct experience.

3.3.3.1	� Value Attributes Based on Food 
Availability and Accessibility

Market conditions determine the cost of making 
food available and physically accessible to con-
sumers, as well as the price that value chain 
actors must be able and willing to pay and the 
price value chain actors are willing to sell food 
for to consumers. Value attributes are typically 
either search or credence attributes. For example, 
prices are known prior to use or consumption, but 
costs in terms of environmental impacts are not 
immediately observable. Value chain actors 
assess food value based on food attributes, such 
as accessibility, price, cost, and prior experience, 
with respect to the market conditions and weigh 
these attributes against quality and utility attri-
butes (Tijskens and Schouten 2014).

For value chain actors upstream to consumers, 
value attributes are linked to their livelihoods and 
success in their given business. At the start of 
food value chains, producers evaluate food value 
attributes to make decisions at the farmgate that 
affect the availability of food moving post-
farmgate. Post-farmgate value chain actors oper-
ate as both food buyers and sellers to assess food 
value attributes that affect food accessibility in 
terms of which foods reach certain markets and 
the food price for consumers.

For end consumers, value attributes are linked 
to purchase and consumption behaviors. 
Consumers assess food affordability based on 

Fig. 3.5  Food acceptance based on 
quality, value, and utility attributes

Food acceptance is determined by how 
value chain actors (from producer to con-
sumers) perceive quality attributes of the 
food product, value attributes based on mar-
ket conditions, and utility attributes based on 
social circumstances, and set acceptability 
thresholds of limiting attributes

Adapted from Tijskens and Schouten 
(2014)
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value attributes within market context, including 
the physical food accessibility and food price. At 
the consumer level, food acceptance begins at the 
point of purchase when consumers determine 
their ability to afford and their willingness to pay 
for the food product. Post-purchase, when food 
reaches the consumer, value attributes are also 
weighted with quality and utility attributes to 
determine final food acceptance, when food is 
eaten.

From farm to retail, value chain actors can 
enhance value attributes through value addition 
practices that target quality and utility attributes. 
Value addition can be used to enhance or pre-
serve quality attributes, such as food safety and 
attributes associated with perishability, as well 
attributes related to how food was produced, pro-
cessed, packaged, or marketed. Value addition 
can also address market conditions directly, such 
as formalizing quality standards.

3.3.3.2	� Quality Attributes Based 
on Food Properties

Food quality is a complex human construct in 
which individuals perceive food properties 
(physical, chemical, and sensorial) and interpret 
them as quality attributes (Abbott 1999; Tijskens 
and Schouten 2014). The relationship between 
food quality attributes and properties is complex, 
particularly when food quality attributes are 
based on several food properties.

Although the SEC framework is often used to 
explore end-consumer preferences and behav-
iors (Kapoor and Kumar 2015; Ariyawardana 
et al. 2017; Uribe et al. 2020), each value chain 
actor behaves as a consumer with respect to the 
previous actor and sets their own acceptable 
food quality attributes and criteria, which vary 
by context, personal expectations, and needs 
(Abbott 1999). The extent of observability of 
each type of quality attribute affects an individu-
al’s ability to confirm information about the 
product. Generally, the level of information 
asymmetry between a supplier and consumer is 
low for search attributes, high for credence attri-
butes, and initially high for experience attributes 
but declines with experience over time (Comyns 
et al. 2013).

Food search quality attributes are easy to con-
firm and primarily include appearance attributes, 
such as shape, size, color, odor, firmness, and evi-
dence of injury, damage, or contamination (for 
example, blemishes, bruises, insect parts). 
Appearance attributes are particularly important 
for foods that are sold to consumers loose or in 
transparent packaging. Search attributes are often 
used to determine acceptable quality limits, under 
which food products are either redirected to 
lower quality food market channels or rejected 
and diverted to nonfood channels (Kyriacou and 
Rouphael 2018). Food grade and quality labels 
based on search attributes may be used for high-
value foods as a marketing strategy to add value 
through product differentiation (USDA n.d.).

Food experience quality attributes include 
taste, texture, convenience, and preparation, 
among others. Although experience attributes are 
those identified at the time of product consump-
tion or use, producers and retailers may signal 
experience quality attributes through labels and 
advertising. Consumers make repeat food pur-
chases and can draw upon their previous experi-
ences and update their perceptions on product 
quality, perhaps favoring the same brands or 
retailers (Caswell and Mojduszka 1996).

Finally, credence quality attributes may fall 
under health attributes, including nutritious and 
safe foods, which are related to nutrient content 
and food hazard properties of the food. Credence 
attributes, such as ethical and sustainable, relate to 
product properties determined by production and 
marketing activities (Moser et al. 2011). Unique to 
credence attributes, consumers cannot verify these 
attributes, even after consuming or using the prod-
uct. Therefore, the level of information asymmetry 
is high, and consumers must rely on supplier-pro-
vided information. Added value comes from repu-
table private or public certification mechanisms to 
communicate accurate information to consumers 
(Caswell and Mojduszka 1996).

Food safety is a subset of food quality and is 
distinguished from other food quality attributes 
because of the potential effects of food hazards 
on human health (Henson 2008). In some situa-
tions, food safety can be considered an experi-
ence attribute when consumption of a food hazard 
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causes acute illness that is traceable to the spe-
cific unsafe food source (Adalja et  al. 2023). 
Most often, food safety is a credence attribute 
often arising from the uncertainty regarding spe-
cific food hazards and unsafe food sources.

Quality attributes are either intrinsic or extrin-
sic attributes. Intrinsic quality attributes refer to 
those that change based on changes to physical, 
chemical, and sensorial product properties (Olson 
and Jacoby 1972; Linnemann et  al. 2006; 
Fernqvist and Ekelund 2014). Extrinsic quality 
attributes are fixed, product-related attributes, 
often related to how food was produced and mar-
keted, that are meant to add value to the product 
without directly affecting the product properties 
(Olson and Jacoby 1972; Linnemann et al. 2006; 
Schreiner et al. 2013).

Desirable and undesirable changes to intrinsic 
food attributes occur throughout the production 
and post-production value chain. Food perish-
ability describes the potential for undesirable 
quality changes that lead to food spoiling, dete-
riorating, or becoming unsafe for consumption. 
Fruits, vegetables, and ASF are among the more 
perishable food groups and are, therefore, more 
susceptible to FQL.

Within the FLW boundary, FQL occurs once 
food is ready for harvest. Preharvest, intrinsic 
quality attributes are important for determining 
when food reaches commercial maturity and is 
ready for harvest or slaughter (Watada et  al. 
1984). Undesirable quality changes occurring 
during the production stage fall outside the 
boundary of FLW.  However, production-side 
quality changes can lead to pFLW when lower 
quality food is left unharvested or harvested and 
immediately diverted to nonfood destinations.

Edible food may also be diverted to nonfood 
uses due to undesirable extrinsic quality attri-
butes. Food may be diverted to nonfood destina-
tions when supply of foods with specific extrinsic 
quality attributes exceeds demand, for example, 
during food recalls of food from a specific origin 
due to risk of food safety. Undesirable changes in 
extrinsic attributes, which do or do not affect the 
food itself, may also cause food to be diverted to 
nonfood destinations—for example, in the poten-
tial for damaged packaging to affect intrinsic 
food quality attributes.

3.3.3.3	� Utility Attributes
Within a social context, value chain actors con-
sider the usefulness or benefit of food products, 
based on utility attributes, including preferences, 
intended use, and social status (Tijskens and 
Schouten 2014). As food moves along the value 
chain, actors at each stage consider trade-offs 
between which attributes are most useful for their 
activities and how their processes and procedures 
impact favorable attributes-related consumer 
preferences.

Food quality attributes may be considered 
useful attributes for multiple value chain actors. 
For example, fruit size consistency for protective 
packaging can prevent bruising and accelerated 
decay. However, some quality attributes are not 
necessarily useful, but may have a perceived ben-
efit at the consumer stage. For example, cosmetic 
attribute standards may be used for value addi-
tion and product differentiation (De Hooge et al. 
2018), which consumers may perceive as a useful 
benefit.

Cosmetic attributes generally refer to search 
attributes that are not essential for maintaining 

Box 3.3 Examples of Intrinsic and Extrinsic 
Quality Attributes Using the SEC Framework
Intrinsic Quality Attributes
•	 Search attributes: Color, firmness, 

shape.
•	 Experience attributes: Flavor, texture.
•	 Credence attributes: Nutritional value, 

food safety, ingredients (for example, 
natural, artificial).

Extrinsic Quality Attributes
•	 Search attributes: Packaging, branding, 

labeling.
•	 Experience attributes: Convenience, 

preparation.
•	 Credence attributes: Organic, fair trade, 

designation of origin.
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experience and credence quality attributes (for 
example, maintaining taste, performance, nutri-
tive value, or food safety), and often include 
natural variations in the size, shape, and color 
of foods (De Hooge et  al. 2018). Food stan-
dards based on cosmetic attributes can narrow 
the variation appearances presented to consum-
ers as “normal.” Suboptimal food, also referred 
to as imperfect or “ugly” food, describes food 
that has cosmetic attributes deviating from 
average or common cosmetic attributes (Xu 
et al. 2021).

Along the value chain, utility attributes also 
include the potential to upcycle foods that are 
below marketable grades and food by-products of 
other food processes. Before unmarketable foods 
and by-products are removed from human food 
value chains, they may be upcycled into food 
ingredients and final food products for human 
consumption (Upcycled Foods Definition Task 
Force 2020). The transformation of edible foods 
and food parts (including edible by-products) 
into upcycled foods means food has not left the 
edible food pathways. Upcycled foods can also 
be made out of inedible food parts (including 
inedible by-products), and the now edible prod-
ucts enter the food intended for human consump-
tion pathway (Fig. 3.2).

3.3.3.4	� Attributes Limiting Product 
Acceptance

Although there are seemingly infinite individual 
food attributes, the impact of FLW on food sys-
tems outcomes are based on a smaller number of 
attributes and their acceptability thresholds. 
Attributes that limit food acceptance are context-
dependent, may be predefined or depend on spe-
cific conditions, and can shift from one set of 
attributes to another (Tijskens and Polderdijk 
1996). Therefore, value chain actors use one or a 
combination of quality, value, and utility food 
attributes to decide on the acceptance of a food 
product.

Which food attributes are prioritized as limit-
ing attributes generally follows structural trans-
formation and food systems transformations (see 

Box 3.4 The Definition and Scope of 
Upcycled Foods

In 2020, the Upcycled Foods Definition 
Task Force1 developed a comprehensive 
definition of upcycled foods and identified 
definitional elements. According to the def-
inition, “upcycled foods use ingredients 
that otherwise would not have gone to 
human consumption, are procured and pro-
duced using verifiable supply chains, and 
have a positive impact on the environment” 
(Upcycled Foods Definition Task Force 
2020). To facilitate a common understand-
ing of the definition, five elements further 
elaborate on the definition. Upcycled 
foods:

	1.	 are made from ingredients that other-
wise would have ended up in a food 
waste destination;

	2.	 are value-added food products;
	3.	 are for human consumption;
	4.	 have an auditable supply chain; and,
	5.	 indicate which ingredients are upcycled 

on their labels.
Upcycled foods are inherently novel 

foods because they are made from ingredi-
ents that would have otherwise been 
diverted away from food value chains. 
Therefore, upcycling specifically refers to 
the process of transforming an unusable 
food or food part into a usable ingredient. 
As an upcycled food becomes common or 
widespread, value chains for that product 
become more established and inputs are no 
longer considered unmarketable foods or 
by-products (Upcycled Foods Definition 
Task Force 2020).

1 The Task Force included the Upcycled Food Association, 
Natural Resources Defense Council, ReFED, Harvard 
Law School Food Law and Policy Clinic, Drexel 
University Food Lab, and the World Wildlife Foundation.

3.3 � Clarifying Food Loss and Waste Pathways Using a Practical and Globally Applicable Framework



46

Chap. 2). Value chain actors assess trade-offs 
between food attributes to select limiting attri-
butes that optimize each of their objectives 
related to livelihoods and diets. At earlier stages 
of food systems transformation, limited market 
connections and lower consumer incomes influ-
ence limiting attributes that tend to focus on 
value attributes (for example, cost and price). As 
food systems elongate and connections become 
more complex, quality attributes are increasingly 
prioritized, particularly for high value, perishable 
foods. At later stages of food systems transforma-
tions, food is more affordable, and limiting attri-
butes focus on those related to value addition and 
product differentiation, tapping into consumers’ 
preferences and status. Limiting attributes may 
also suddenly shift in response to shocks, such as 
collapse of food prices or foodborne disease 
outbreaks.

Acceptability thresholds delineate the point at 
which food no longer meets formal or informal 
requirements for a limiting attribute, depending 
on which limiting attribute first becomes unac-
ceptable. Food with or without FQL that fails to 
meet acceptability thresholds is intentionally 
diverted to nonfood destinations (Fig.  3.2). 
Alternatively, food that fails to meet acceptability 
thresholds for limiting attributes in one value 
chain may be redirected to other food value 
chains with different limiting attributes and/or 
acceptability thresholds. Food that reaches con-
sumers and is eventually eaten represents food 
with or without FQL that has been accepted by 
value chain actors (Fig.  3.2). Depending on 
which attributes are limiting in a certain context, 
food with FQL may reach consumers and be 
eaten—for example, when food becomes unsafe 
to eat but is still consumed because food safety 
attributes were either not detected or not 
prioritized.

Food quality standards emerge, set by both 
public and private entities and implemented 

throughout the value chain. As food retail 
becomes more concentrated, public and private 
standards focus on food quality attributes (Lee 
et al. 2012). Public standards emerge when gov-
ernments set minimum requirements that are 
typically focused on food safety (Lee et al. 2012; 
Unnevehr and Ronchi 2014). Private voluntary 
standards for food safety are used to protect the 
reputation of private brands (Fulponi 2006; Lee 
et al. 2012). As food production and manufactur-
ing become more concentrated, private standards 
tend to go beyond the minimum public food qual-
ity standards and focus on value-added quality 
attributes (for example, appearance, taste, and 
convenience), following consumer demand and 
preferences for higher quality and diversified 
products in particular market channels (Fulponi 
2006; Lee et  al. 2012; Unnevehr and Ronchi 
2014).

The extent to which public or private food 
quality standards impact FLW pathways 
depends on the quality attributes defined in the 
requirement, as well as the implementation and 
enforcement of the standard. Compared to low- 
and middle-income countries, high-income 
countries typically have more rigorous stan-
dards that overemphasize cosmetic food quality 
attributes, thus removing foods from the value 
chain that could be safely consumed (HLPE 
2014; Kader 2010).

Governments can set and enforce labeling 
standards to help ensure messaging is truthful 
and credible, particularly, for those that directly 
impact public health and nutrition (Caswell and 
Mojduszka 1996). Private brands, third party cer-
tifications, and other labels may also exist outside 
of government standards and rely on consumer 
confidence in the certification process and over-
sight. Brands, themselves, may signal product 
credence attributes, such as food safety, as they 
meet consumer needs and establish trust 
(Lassoued and Hobbs 2015).
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3.4	� Outcomes and Impacts 
of FLW Pathways: Diets 
and Nonfood Destinations

Attention to FLW has gained momentum as a 
threat to sustainable and healthy food systems 
because of potential negative impacts on food 
security, environmental, and livelihood out-
comes. FLW pathways end once food is either 
eaten or once food is diverted to a nonfood desti-
nation (Fig.  3.2), contributing to broader food 
system nutrition and health outcomes and social, 
economic, and environmental impacts (HLPE 
2017).

Diets consist of individual foods that people 
consume and can be characterized based on the 
quantity, diversity, quality, and safety of different 
foods (Hu 2002; HLPE 2017). As part of the food 
system, FLW pathways influence the quantity, 
diversity, quality, and safety of foods that reach 
consumers and are eaten by consumers. Diets are 
directly linked with nutrition and health out-
comes, as healthy diets are required for prevent-
ing malnutrition and diet-related diseases. 
Additionally, demand shifts for certain diets 
impact environmental outcomes related to food 
production and consumption practices, economic 
outcomes related to income and employment for 
value chain actors, and social equity outcomes 
related to food distribution (HLPE 2017).

Nonfood destinations of FLW pathways also 
contribute to food system impacts, depending on 
where and how food is diverted from food value 
chains. Sending food intended for human con-
sumption to nonfood destinations may impact the 
economic livelihoods of value chain actors. 
Different nonfood destinations can have different 
environmental impacts, which have been ranked 
from most preferred to least preferred, based on 
benefits to the environment and to a circular 
economy (US EPA 2023). Impacts to social 
equity outcomes relate to who stands to benefit or 
lose out most when food is diverted to nonfood 
destinations and how diverted food is handled.

Although preventing FLW may lead to multi-
ple outcomes, these may not all be beneficial. 
Therefore, it is important to understand the cas-
cading effects and feedback loops involving FLW 

pathways and food systems outcomes to evaluate 
potential synergies, trade-offs, and negative 
effects that may result from FLW reduction 
strategies.

3.5	� Conclusion

Estimating FLW at the global level requires 
aggregation of FLW data from many sources 
reaching across value chain stages, food com-
modities, and geographies. The lack of a harmo-
nized FLW definition presents a major challenge 
to interpreting, comparing, and aggregating FLW 
data. The majority of data on quantitative FLW 
(65%) comes from the APHLIS database, which 
covers staple foods in sub-Saharan Africa. Yet, 
the FLW definition used in APHLIS does not 
align with FLW definitions used in the SDG 12.3 
indicators (Food Loss Index and Food Waste 
Index). After examining definitional elements, 
we find that the FLW definition from FAO’s 
Global Initiative on Food Loss and Waste 
Reduction is comprehensive and globally appli-
cable. In summary, FLW is a reduction in the 
quantity or quality of the edible portion of food 
intended for human consumption when food is 
redirected to nonfood uses or when there is a 
decrease in the nutritional value, food safety, or 
other quality aspect from the time food is ready 
for harvest or slaughter to consumption.

In this chapter, we use this definition as the 
basis to describe FLW pathways, which serves as 
a guiding framework for the book. FLW is an 
overarching term that encompasses two types of 
FLW—FQL and pFLW. Distinguishing FLW that 
is based on the type rather than the value chain 
stage is important for identifying the pathways 
and linkages, as food flows from farm to con-
sumer. Within this framework, FLW pathways 
only involve the edible portion of food, because 
once food reaches the consumer, only the edible 
portion is reasonably eaten.

The FLW pathways framework also sets clear 
boundaries of when pathways begin and end, 
aligning with the FLW definition. FLW pathways 
begin once food is ready for harvest or slaughter 
and ends once food is either eaten or is diverted 
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to a nonfood destination. This clear boundary 
becomes important for demarcating pFLW as any 
food that is diverted to nonfood uses. Even when 
nonfood uses are considered productive, the 
diverted food remains outside the FLW pathways 
boundary. For example, when food is diverted to 
be used as animal feed, this productive use is 
considered an input either for food production 
(that is, ASF) or for another value chain involving 
animals (for example, animal labor).

This chapter also details how food value, qual-
ity, and utility attributes are an essential compo-
nent of FLW pathways. Food quality attributes 
have different levels of observability and either 
change over time or remain fixed. FQL pathways 
involve undesirable changes in intrinsic food 
quality attributes. Physical FLW pathways are 
based on acceptability thresholds for limiting 
attributes. Once foods fail to meet a minimum 
acceptability level for a given attribute, food may 
be diverted to nonfood destinations. The limiting 
attribute and acceptability thresholds can each 
change, depending on the value chain stage, 
actor, food commodity, and food system context.

FLW is one of many factors that impact food 
systems nutrition, health, environmental, and 
social outcomes. FLW pathways contribute to 
diet outcomes, based on the food that becomes 
available and accessible to and eaten by consum-
ers. Additionally, where, when, and how food is 
diverted to nonfood uses have different environ-
mental, economic, and social outcomes. The 
FLW pathways framework presented in this 
chapter offers a tool to understand, compare, and 
address FLW problems and evaluate trade-offs 
between food systems outcomes.
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4From Data to Action: Building 
Evidence on Food Loss and Waste

4.1	� Introduction

Since the 2030 Agenda for Sustainable 
Development recognized food loss and waste 
(FLW) as a global issue (UN 2015), efforts have 
been initiated to identify and define indicators, as 
well as collect, compile, and share data to effec-
tively address this issue. A comprehensive FLW 
data value chain is needed for understanding the 
extent of FLW at different scales and for trans-
forming information into actionable decisions. 
Establishing such a data value chain requires set-
ting clear priorities, identifying critical data gaps, 
and determining the platforms and institutions 
that will provide and use the information (Piwoz 
et al. 2019).

Data plays a pivotal role in driving informed 
decision-making and effective interventions to 
reduce FLW. By collecting, analyzing, and inter-
preting relevant data, stakeholders can gain valu-
able insights into the factors contributing to FLW, 
identify areas for improvement, and monitor 
progress toward reduction goals. A robust data 
ecosystem, composed of government agencies, 
regional and international organizations, civil 
society, and the private sector, is essential for 
ensuring that data are collected, shared, and used 
effectively, based on harmonized standards and 
methods (Global Partnership for Sustainable 
Development Data 2016).

Open-access FLW platforms that gather and 
share data are required for enhancing information 

accessibility and enabling evidence-based 
decision-making. However, a significant chal-
lenge lies in the coordination of the multitude of 
modeled estimates of primary data in existing 
databases, including the Food Balance Sheets 
(FBS) of the Food and Agriculture Organization 
of the United Nations (FAO), the Food Loss and 
Waste Database (FAO), and the Food Waste Atlas 
developed by a multi-stakeholder partnership that 
includes United Kingdom’s Waste and Resources 
Action Programme (WRAP), the World 
Resources Institute (WRI), and Walmart 
Foundation. The lack of coordinated efforts for 
data collection raises concerns about the quality 
and comparability of new primary data, which is 
often resource-intensive to obtain. While facing 
significant data gaps, FAO has used a modeling 
approach to calculate the Food Loss Index (FLI), 
assessing loss trends (Fabi and English 2019; 
Mingione et  al. 2021). In contrast, the United 
Nations Environment Programme (UNEP) has 
deemed a modeling approach insufficient for cal-
culating the Food Waste Index (FWI) to assess 
waste trends and is awaiting the availability of 
sufficient primary data before proceeding with 
the index calculation (UNEP 2024).

This chapter examines the data requirements 
for addressing FLW and identifies outstanding 
knowledge gaps. It explores the existing global 
indicators for measuring physical FLW (pFLW), 
including the strengths and limitations of the FLI 
and the FWI, and identifies gaps in current 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_4&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_4#DOI
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Fig. 4.1  Food loss and 
waste data value chain 
roadmap

measurement approaches. Additionally, the chap-
ter examines the need for a broader range of indi-
cators to capture the complex nature of FLW, such 
as food quality loss (FQL) and associated factors 
in determining FLW, and the challenges for stan-
dardized measurement methods. Finally, we dis-
cuss the limitations of existing databases and the 
difficulties in translating and disseminating accu-
rate FLW estimates using current data and statisti-
cal approaches. To address these challenges, we 
propose a data value chain roadmap (Fig. 4.1) to 
guide the use of data for informing policies, inter-
ventions, and monitoring efforts. This chapter 
aims to contribute to a more informed and effec-
tive data-driven response to the FLW problem.

4.2	� Data Prioritization

At the global level, Sustainable Development 
Goal (SDG) Target 12.3 calls for reducing per 
capita food waste at the retail and consumer lev-
els by 50% and reducing food losses along pro-
duction and supply chains. Stakeholders are 
motivated to reduce FLW based on the potential 
linkages with other SDGs, which are focused on 
food security, natural resources, and the environ-
ment (FAO 2019). Sustainable food systems 
objectives influence FLW data priorities, includ-
ing food products targeted, stages of the food 
chain considered, geography, and measurement 
and reporting methodologies (Chaboud 2017; 
Cattaneo et al. 2021). Identifying data priorities 
is the first step in the data value chain to define 
indicator categories and operational guidance 
needed to understand the causes of FLW, formu-
late policies, design interventions, and monitor 
progress (Piwoz et al. 2019).

Quantifying pFLW has been, and continues to 
be, the indicator category prioritized for FLW 
reduction attention and efforts. The SDG Target 
12.3 indicators, the FLI and the FWI monitor 
trends in pFLW at national and global levels. 
Without global FQL indicators, efforts to fill 
knowledge gaps primarily focus on measuring 
and estimating pFLW, and few studies measure 
FQL (Kitinoja et  al. 2018a; Parfitt et  al. 2021). 
Information on pFLW and FQL is needed to link 
FLW pathways to other food systems indicators 
and to inform comprehensive policies on FLW 
reduction to achieve desired sustainable food sys-
tems outcomes. Narrowly prioritizing pFLW data 
may ignore broader policy objectives and fail to 
allocate resources in the most cost-effective way 
to reach overarching goals to improve nutrition, 
enhance food safety, and minimize environmental 
impacts (Rutten 2013; Sheahan and Barrett 2017).

4.2.1	� Food Loss Index

As the custodian agency, FAO is responsible for 
global monitoring and reporting of the FLI, the 
SDG Target 12.3 indicator used to track food 
losses along production and supply chains from 
farm to retail. The FLI is a country-level index 
calculated as the ratio of the Food Loss Percentage 
in the current year and that in the base year. The 
Global Food Loss Index (GFLI) is calculated 
based on the weighted average of country-level 
FLIs and is used for global monitoring. The FLI 
and GFLI summarize the complexities of food 
loss, indicating trends in the share of agriculture 
production that does not reach the retail stage 
compared to the base year (Fabi and English 
2019). The Food Loss Percentage is an indicator 
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of the extent of loss and informs the magnitude of 
the problem.

Calculating the Food Loss Percentage requires 
data on pFLW and production (both expressed in 
kgs and tonnes). Loss percentages for each com-
modity are calculated using cumulative loss to 
account for losses at each value chain stage from 
postharvest to retail (with an option to include the 
harvest stage at the country level) (Fabi and 
English 2019). The Food Loss Percentages can 
be disaggregated by commodity and value chain 
stage and used for comparison across countries. 
FAO guidance on data collection calls for increas-
ing data availability of primary food loss data and 
imputing losses using an estimation model when 
primary data is unavailable (Fabi and English 
2019). Baseline estimates require two or three 
consecutive years of data to avoid bias of using a 
single year. Then, data at critical loss points 
should be collected every three to five years (Fabi 
and English 2019).

4.2.2	� Food Waste Index

As the custodian agency, UNEP is responsible 
for global monitoring and reporting of the FWI, 
the SDG Target 12.3 indicator used to track per 
capita food waste at retail and consumer levels. 
The FWI is a country-level index calculated as 
the ratio of Per Capita Food Waste in the current 
year and that in the base year. Per Capita Food 
Waste is disaggregated individually at retail, food 
service, and household stages. The country-level 
FWIs are kept disaggregated at each stage and 
are not combined into a single, country-level 
FWI (UNEP 2024). To our knowledge, the UNEP 
has not published an approach for calculating a 
Global FWI, but has referred to the potential to 
aggregate the FWI at the subregional, regional, 
and global levels, provided sufficient country-
level data are available (UNEP 2021a).

Calculating Per Capita Food Waste requires 
data on the total mass of food waste (edible and 
inedible portions), rather than specific food com-
modities. The requirement is a major limitation to 
using the FWI to assess diet and environmental 
outcomes that require disaggregation at the food 
group level. UNEP guidance on data collection 

calls for national-level data collection every two 
years and prioritizes direct measurement of food 
waste for reporting on the FWI to accurately form 
national baselines, inform reduction policies, and 
track progress (UNEP 2021b; UNEP 2024). 
Additional data on the share of edible and inedi-
ble food waste, waste destination, and food losses 
at the manufacturing stage not captured by the 
FLI are not included in the FWI, but provide addi-
tional information for policy and program deci-
sion-making at the country level (UNEP 2024).

Box 4.1 Comparing the Food Loss Index and 
the Food Waste Index Indicators
Although the FLI and FWI appear to be 
complementary, the former covers farm to 
retail stages and the latter covers retail and 
consumer stages. The two indices cannot 
be directly compared or summed due to 
differences how the indicators are 
composed:
Food Loss Index (FLI) is a country-level, 

fixed-base index (base 100) that aggre-
gates losses of ten key commodities in 
five main food groups (two commodi-
ties per food group), using economic 
weights (value of production in the base 
year). Lower values indicate a decrease 
in losses from the farm level to retail.

Global Food Loss Index (GFLI) is a 
weighted average of countries’ Food 
Loss Indices.

Food Loss Percentage is the average share 
of production that is lost before reaching 
the retail stage, based on a weighted 
sum across commodities.

Food Waste Index (FWI) is a country-
level, fixed-base index (base 100), based 
on total mass of food waste per capita, 
disaggregated at the retail, food service, 
and household stages. Lower values 
indicate a decrease in waste at each spe-
cific sector.

Per Capita Food Waste is the total mass 
of food waste (edible and inedible parts) 
per capita, disaggregated at the retail, 
food service, and household stages.

4.2 � Data Prioritization
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4.2.3	� Food Quality Indicators 
Linked with Food Loss 
and Waste

Food quality aspects of FLW are not captured in 
SDG Target 12.3. Food quality loss indicators are 
important to identify causes of pFLW related to 
acceptability and to identify quality losses of 
food eaten that negatively affect health and nutri-
tion outcomes. Although there are no global 
indicators for FQL, value chain actors use differ-
ent quality indicators that typically summarize a 
group of food quality attributes. Most important 
is how food quality indicators communicate 
accurate and useful information with consensus 
between value chain actors to make marketing, 
purchase, and consumption decisions that deter-
mine which foods remain in the food value chain 
and are eaten. In this section, we review food 
quality indicators that have been used to assess 
food quality in the context of FLW.

Grades and standards are specific systems 
for sorting food into different categories defined 
by sets of quality attributes, including food safety, 
cosmetic and experiential attributes, and other 
extrinsic quality attributes, based on established 
classification and measurement procedures set 
either by convention or regulation (Doumeizel 
2019; Giovannucci and Reardon 2000). Standards 
for food safety are directly connected to con-
sumer health and welfare, whereas standards for 
other quality attributes are used to describe a 
product for marketing purposes (Giovannucci 
and Reardon 2000). To assess FLW, several 
approaches have been used to create quality 
grade indicators based on groups of quality attri-
butes and intended end uses (Compton et  al. 
1992; Hodges 2013; Ali et  al. 2021; Delgado 
et  al. 2021b). Using grades as a FQL indicator 
not only requires consistent terminology and 
consensus in selection and assessment of quality 
attributes, but also that intrinsic quality attributes, 
which change over time, are used to define 
categories.

Food safety standards can be mandatory or 
voluntary, with several standard-setting systems 
developed by different entities including interna-
tional organizations, national governments, non-

government organizations, and the private sector 
(Doumeizel 2019). Foodborne hazards are not 
synonymous with foodborne disease risk. 
Hazards may cause harm in the absence of con-
trol, whereas risks are the likelihood that food-
borne disease will occur with public health 
consequences dependent on several population 
factors (Roesel et  al. 2015). Although interna-
tional and national sets of food safety indicators 
have been developed (for example, food hazard 
occurrence, foodborne disease burden), there is 
still a lack of harmonized food safety indicators, 
particularly that can be adapted to the informal 
sector (GAIN 2020; Schneider et al. 2023).

Date labels serve as a signal of food quality, 
indicating FQL as the labeled date approaches or 
passes. Food date labels are often based on 
ambiguous terminology, which causes confusion 
in the marketplace and for consumers (Newsome 
et al. 2014). Misinterpretation of date labels often 
involves the distinction between food safety and 
other food quality attributes, sometimes leading 
retailers and consumers to discard food that is 
still consumable but is past a date label (Leib 
et al. 2013; Gruber et al. 2016; Wilson et al. 2018; 
Neff et  al. 2019). The Codex Alimentarius 
Commission (2018) sets international food stan-
dards for food labeling of prepackaged foods, 
including date labeling reference guides, which 
are not enforceable (see Box 4.2). Individual 
countries and regions may have labeling stan-
dards, either voluntary or mandatory, which often 
follow similar date labeling phrases as the Codex. 
When public requirements do not exist, date 
labeling is typically left to the private sector. The 
lack of consensus and understanding of food date 
labels make date labeling a poor FQL indicator.

Box 4.2 Lack of Consensus on Date Labeling 
at the International and National Levels
The Codex Standards for the Labeling of 
Prepackaged Foods offers guidance on sev-
eral date marking approaches to prepack-
aged foods (Codex Alimentarius 2018). 
“Date of Manufacture” and “Date of 
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Nutritional value FQL can occur without 
correlated pFLW, for example, when nutri-
ents degrade or leach from food that will be 
eaten or when specific edible food parts that 
are nutrient-rich are removed (HLPE 2014). 

Indicators of nutrient adequacy and diversity 
often rely on food composition tables (Remons 
et  al. 2014; Gustafson et  al. 2016; Ahmed 
et  al. 2022). However, changes in nutritional 
value, based on nutrient composition, are not 
indicative of other changes related to nutri-
tional qualities, such as processing, bioavail-
ability, and other food matrix effects (Delgado 
et  al. 2021a). A comprehensive nutritional 
value FQL indicator should incorporate nutri-
ent composition as well as other nutritional 
quality attributes to inform policy decisions, 
including food labels, health claims, and diet 
recommendations.

Finally, food price has been used as a FQL 
indicator, based on the assumption that price dif-
ferences within a food commodity reflect quality 
differences (Delgado et al. 2021b). Using price as 
an indicator for quality differences requires that 
everything else is kept equal (for example, market 
conditions and structure, time and season, etc.) 
(Delgado et al. 2021b). However, quality attributes 
reflected in price are not necessarily well-defined, 
and this approach relies on constant variance over 
time in the difference between the best price for 
ideal quality foods and the actual price. For exam-
ple, consumers may interpret price-reduced foods 
as food with inferior health or taste qualities, even 
when the price reduction is based on cosmetic 
attributes (Aschemann-Witzel et al. 2017). Price is 
best considered as an indicator for food value attri-
butes that, in addition to food quality and utility 
attributes, influences an individual’s acceptability 
of and willingness to pay for a certain food prod-
uct (see Chap. 3).

Packaging” do not indicate the food prod-
uct durability, but rather provide informa-
tion about when the ingredients were 
transformed into the food product and 
when it was packaged, respectively. “Best 
Before Date” and “Best Quality Before 
Date” are meant to provide information on 
the date by which the product should retain 
its intended food quality attributes, exclud-
ing food safety (as the product should be 
acceptable to consume after the date). 
“Use-by Date” or “Expiration Date” are 
meant to signal the date by which the prod-
uct should not be consumed because of 
food quality degradation, including food 
safety (Codex Alimentarius 2018).

Food date labeling in the United States. 
The United States’ federal law only requires 
that infant formula be labeled with a 
“Use-By” date to indicate safety and nutrient 
content; all other labels are left to the discre-
tion of manufacturers or fall under individual 
US state food labeling laws (USDA FSIS 
2019). Legislation first proposed in 2021 and 
most recently reintroduced in 2023 intends to 
create two distinct labels: “Best if Used By” 
to indicate food is at peak quality before the 
date, and “Use By” to indicate potential food 
safety concerns if used beyond the date (US 
Congress 2023).

Food date labeling in the United 
Kingdom. In the United Kingdom, pack-
aged products must either display a “best 
before” or “use by” date, where “use by” 
indicates a safety issue with eating the food 
after the date indicated (Government of the 
United Kingdom 2022). Thus, it is illegal 
for retailers to sell products past their “use 
by” dates (Government of the United 
Kingdom 2022).

Box 4.3 Identifying Food Quality Loss 
Indicators Remains an Outstanding Priority
Food quality indicators are an important 
but missing component in FLW data priori-
tization. Although the SDG Target 12.3 
focuses on physical FLW, FQL is also nec-
essary for understanding FLW and its 
impact on delivery of healthy and sustain-
able diets.

4.2 � Data Prioritization
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4.3	� Data collection

Generating high quality data using standard-
ized approaches to reduce FLW requires 
robust, time-relevant data on the extent and 
causes of FLW across different contexts, com-
modities, and value chain stages. The lack of a 
consistent FLW definition, inconsistent data 
collection methods, opaque reporting prac-
tices, and the limitations of secondary data 
sources often lead to gaps in FLW data, mak-
ing it difficult to compare, aggregate, and 
interpret (Chaboud 2017; Kitinoja et  al. 
2018b). To ensure widespread acceptance, a 
unified definition of FLW must be accompa-
nied by consistent methods for applying the 
definition to standardized data collection and 
reporting. This will help address concerns 
about data gaps and ensure compatibility with 
other statistical definitions (FAO 2019). 
Comprehensive FLW measurement and report-
ing approaches should clearly outline the spe-
cific methods used to collect data, including 
the representativeness of the data, standardized 
measurement techniques, explanations of the 
chosen indicators, the nature of the data (units, 
etc.), and the timeframe (Östergren et al. 2014; 
Hanson et al. 2016a; Chaboud 2017).

Developing standardized FLW data collection 
approaches is central to the FLW data value 
chain, providing evidence for the design, imple-
mentation, and monitoring of targeted and 
informed policies and programs aimed at address-
ing key FLW challenges. Operationalizing a 
common framework for measuring and reporting 
FLW must be aligned with current FLW targets, 
especially SDG Target 12.3 (FAO 2019). 
However, operational realities can limit data col-
lection and impact the generalizability of FLW 
estimates (Delgado et al. 2017). Three key chal-
lenges must be addressed to ensure consistent 
FLW measurement and production of adequate 
data for prioritized indicators:

	1.	 Systematically distinguishing food safety and 
cultural dimensions of edibility;

	2.	 Standardizing measurement and reporting 
methods for pFLW to generate comparable 
primary data across value chain stages, food 
groups, and time periods; and

	3.	 Identifying the key quality attributes that limit 
food acceptance and the data sources that use 
standardized methods to assess intrinsic food 
quality attributes.

4.3.1	� Edibility is a Complex Concept 
That Involves Food Safety 
and Cultural Dimensions

To define the scope of FLW, as discussed in Chap. 
3, it is necessary to distinguish between edible 
and inedible food parts. Defining edibility 
involves examination of both food safety and the 
cultural dimensions of what is considered fit for 
human consumption, which can vary across time 
and context (Rutten 2013; HLPE 2014). Edible 
food that becomes unsafe due to FQL and associ-
ated foodborne hazards should be removed from 
the food value chain as pFLW. Culturally inedi-
ble food parts are more challenging to identify. 
Inedible parts that are technically safe to eat 
could refer to a range of food parts, such as stems, 
cores, and peels of fruits and vegetables, to bones, 
skin, and separable fat of meat, fish, and poultry 
(Muth et  al. 2018). For example, in a study of 

Food quality indicators help identify 
causes of FLW related to acceptability and 
assess quality losses in consumed food. 
While these indicators often rely on grades 
and standards, date labels, nutritional 
value, and price, their application to com-
prehensive FQL indicators presents several 
challenges. These challenges include the 
need for standardization, adaptability to 
diverse contexts, the integration of various 
quality attributes, and the identification of 
which attributes limit food acceptability. 
By addressing these barriers and develop-
ing robust FQL indicators, complex FLW 
pathways can be more effectively measured 
and managed.
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pFLW in tomato sauce processing, tomato skin 
and seeds were considered inedible (Secondi 
et al. 2019).

The importance of classifying foods as edible 
or inedible depends on context-specific informa-
tion about culturally inedible parts or those typi-
cally not consumed at the start of the food value 
chain. Differences in edibility categorizations, 
as broad as the institutional level and as narrow 
as the individual level, can impact FLW quan-
tification. For example, Moreno et  al. (2020) 
compared the edibility categorization of 69 food 
items and found that categorizations used in the 
United States (USDA National Nutrient Database 
for Standard Reference) are more restrictive and 
consider more food parts as inedible than those 
used in the United Kingdom’s WRAP. The gen-
eralizability of these classifications to other con-
texts, particularly in LMICs, remains uncertain. 
Questionnaire-based methods that rely on self-
reported consumption and perceptions of edibility 
can help address the data gap in classifying food 
parts as edible or inedible (Nicholes et al. 2019).

4.3.2	� Standardizing Measurement 
and Reporting Methods 
for Physical Food Loss 
and Waste Across the Food 
Value Chain

Estimates for pFLW, measured in mass or vol-
ume, are derived from (1) direct measurement, 
(2) approximations based on primary data, or (3) 
indirect measurement and calculations using sec-
ondary data. Most available pFLW estimates rely 
on secondary data (Xue et  al. 2017). 
Comprehensive FLW reporting should include 
the units of measure (for example, mass, volume) 
and details about the reported figures (for 
example, cumulative percentages, proportions, 
means, standard deviations, medians, interquar-
tile ranges) for clear interpretation (Kitinoja et al. 
2018b). Guidance documents for the SDG Target 
12.3 indicators provide only broad recommenda-
tions for measurement tools by value chain stage, 
and do not include standardized measurement 
methods (Fabi and English 2019; UNEP 2024).

Standardized data collection methods and 
measurement practices are essential for generat-
ing reliable primary pFLW data. These data can 
help establish baseline estimates, identify effec-
tive policies and interventions, track progress 
toward FLW reduction goals, and inform future 
planning. Several primary data collection meth-
ods exist to directly measure or approximate 
pFLW, as highlighted in Box 4.5. Beyond spe-
cific measurement limitations, operational and 
structural challenges within a given context and 
the stage of development can further affect the 
quality of data collection (Trienekens 2011; 
Hanson et  al. 2016a; Soethoudt et  al. 2021). 
Using mixed methodologies can help to over-
come the weaknesses of specific methods and 
contextual limitations (Kitinoja et al. 2018b).

Standardized reporting is necessary for accu-
rate interpretation and comparability of pFLW 
data. Reporting should clearly outline how esti-
mates are summarized across value chain stages. 
For example, reporting total pFLW as a simple 
sum of estimates across value chain stages differs 
from reporting cumulative loss, which accounts 
for pFLW from each preceding stage. (Kitinoja 

Box 4.4 Edibility Classification Approach
Nicholes et  al. (2019) developed a repro-
ducible classification method, using a scor-
ing system and a threshold score, to 
determine food items that are perceived as 
technically edible and are eaten often or 
always by the majority participants. The 
authors averaged the perception of edibility 
and self-reported consumption scores to 
arrive at the final classification. Among 
consumer participants in the United 
Kingdom, 10 out of 16 food items were 
classified as edible, based on consumer per-
ceptions that 15 food items were technically 
edible and 5 food items were often or 
always consumed. This approach can be 
replicated and adjusted (for example, 
threshold scores, food proxies, food list 
subsamples) to determine location- or 
cultural-specific edibility classifications 
(Nicholes et al. 2019).

4.3 � Data collection
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et  al. 2018b). While the FLW Standard offers 
guidance on practical and consistent accounting 
and reporting (for example, time frame, material 
type, destination, and boundary), and describes 
the quantification method used (Hanson et  al. 
2016a), there are still underlying limitations due 
to the lack of a unified FLW definition and stan-
dardized data collection approaches.

The transformation of single food commodi-
ties into processed foods complicates pFLW 
measurement. Single food commodities are han-
dled between the time the food is ready for har-
vest to when harvest is completed. Postharvest, 
processing can occur at different stages, from 
minimal to ultra-processing, before reaching 
consumers. Households may also process and 
mix food as part of food preparation before con-
sumption. The type and extent of processed foods 
accessible to the consumer are influenced by the 
stage of food systems transformation (see Chap. 
2) and affect the amount of consumer preparation 
needed. Therefore, measuring pFLW of individ-
ual food commodities becomes more difficult as 
foods move farther down the value chain.

Physical FLW measurement approaches must 
disaggregate individual food groups and their 
edible and inedible parts to understand which 
foods are removed from the value chain, espe-
cially for evaluating nutrition and environmental 
outcomes. The FLI methodology uses Technical 
Conversion Factors to convert data between pri-
mary and secondary equivalents (for example, 
live animal to meat) for processed foods (Fabi 
and English 2019). However, no such conversion 
factors exist for retail, food service, or household 
stages covered by the FWI. To avoid duplication, 
pFLW measurement methodologies might con-
sider expanding and adapting existing reposito-
ries of food lists, recipes, and ingredients (often 
used in dietary data collection) to serve as con-
version factors at these stages. The Global Food 
Matters Database is an example of such an open 
access online repository (Intake 2022).

tions of FLW through questionnaires, 
interviews.

•	 Diaries in which respondents keep a log 
of FLW, as it occurs in real time, with or 
without weighing.

•	 Records of data collected for other pur-
poses used to estimate FLW.

•	 Observation by visual method or count-
ing to approximate volume and convert 
to weight.

Box 4.5 Primary Data Collection Methods for 
Physical Food Loss and Waste
Primary FLW estimation methods are wide-
ranging in terms of data collection time, 
cost, accuracy, objectivity, and reliability 
(Hanson et al. 2016b; Chaboud 2017; Xue 
et al. 2017). Direct measurement methods, 
while highly accurate and objective, are 
less frequently used, compared to approxi-
mations, due to their time and resource 
demands (Hanson et al. 2016b; Xue et al. 
2017; Kitinoja et  al. 2018a). The FLW 
Protocol offers guidance on selection and 
implementation of data collection meth-
ods, but falls short of providing systematic 
approaches for each method (Hanson et al. 
2016b; Kitinoja et al. 2018b).

Methods that are resource-intensive, 
with high objectivity, accuracy, and reli-
ability include:

•	 Direct weighing using a calibrated 
scale.

•	 Waste composition analysis of food 
physically separated from other material 
in waste streams.

•	 Volume assessment to determine 
weight of a product in a specified con-
tainer or physical space based on a den-
sity factor.

Methods that largely depend on personal 
perceptions and subjectivity of observers 
or respondents include:

•	 Surveys collecting information on per-
ceptions, behaviors, and approxima-
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Technological innovations can reduce the cost 
and complexity of implementing standardized mea-
surement and reporting methods for 
pFLW.  Smartphone apps can expedite crowd-
sourced data collection at different value chain 
stages, and implementation must include training 
and data quality assurance. The FAO Food Loss 
App (FLAPP) is a recent tool designed to collect 
crowdsourced data from farmers to analyze where 
and why farm-level FLW occurs (FAO 2024a). On 
the consumer side, smartphone apps that allow 
users to share photographs of food selection, pFLW, 
waste reasons, and destinations are promising tools 
for measuring pFLW during food preparation, eat-
ing, and discarding stored food (Roe et al. 2020). 
When deciding to use technology for data collec-
tion, it is important to consider the potential for 
excluding certain populations, which can introduce 
biases and limitations in the data.

4.3.3	� Identifying Limiting Quality 
Attributes and Sourcing 
Standardized Data

The diversity and complexity of food quality 
indicators requires different approaches to iden-
tify appropriate types and sources of food quality 
data for assessing FQL. While individual food 
quality attributes, food safety analysis, and food 
nutrient analysis are broad fields, this section 
focuses on data collection methods and data 
sources most relevant to FLW.

Food quality indicators that consider multiple 
attributes, such as grades, standards, and date 
labels, require data on which attributes limit 
product acceptance and the methods used to 
assess each attribute. Human perception and 
instrumental methods are used to assess individ-
ual food quality attributes. Human perception, 
while complex, cannot be perfectly replicated by 
instruments (Lawless and Heymann 2010). 
However, instrumental methods can objectively 
detect quality attributes, especially credence 
attributes (for example, food safety and nutrient 
content) that are imperceptible to humans. 
Measurement objectives should guide the selec-
tion of measurement methods to quantify impor-
tant quality attributes at critical points in the 
value chain (Barrett et al. 2010; Shewfelt 2014).

The relative importance of individual quality 
attributes varies depending on the food product, 
the value chain stage, and intended use (for 
example, fresh or processed) (Kitinoja and Kader 
2002; Barrett et  al. 2010; Shewfelt 2014). 
Standardized surveys can help identify which 
attributes are prioritized in assessing food quality 
across different food commodities and value 
chains. Delgado et al. (2021b) proposed an attri-
bute method (A-method) in which value chain 
actors define the percentage of their produce 
affected by FQL for specific appearance, texture, 

Box 4.6 Standardized Physical Food Loss 
and Waste Data Collection Approaches in 
India
The ICAR–CIPHET studies conducted 
between 2005 and 2012 contributed meth-
odologies for quantifying pFLW nation-
wide in India (Nanda et al. 2012; Jha et al. 
2015). These studies evaluated major crops 
across all food groups, including cereals, 
pulses, oilseeds, fruits, vegetables, planta-
tion crops, spices, and animal-source foods 
(ASFs). The studies covered food value 
chain stages from harvest to on-farm post-
harvest activities, transportation, and stor-
age channels (for example, farm, godown/
warehouse, wholesale, retail, and process-
ing) at a national scale, across all agrocli-
matic zones. Data were collected using 
surveys and measurements (direct weigh-
ing and counting) over a one-year crop 
cycle. FLW was estimated as the percent 
loss at each value chain stage, with overall 
pFLW calculated as the sum of these losses 
(Nanda et  al. 2012; Jha et  al. 2015). Jha 
et al. (2015) compared their 2012 estimates 

with those from the previous 2005–2007 
study (Nanda et al. 2012), finding signifi-
cant increases and decreases in FLW for 
specific products.

4.3 � Data collection
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and flavor attributes. Additionally, published 
grades and standards or documented reasons for 
rejection (Box 4.7) can provide data on priori-
tized quality attributes. For date labels, primarily 
used for packaged foods, shelf-life studies 
focused on food safety or other food quality attri-
butes (for example, color, aroma, taste, texture) 
determine how long the product can last under 
specified conditions before falling below food 
safety or other food quality standards.

Intrinsic search and experience attributes of 
food products fall under three main categories: 
appearance (visual), texture (feel), and flavor (taste 
and aroma) (Pearson 1994; Kader 2002; Barrett 
et al. 2010; Su et al. 2017; Delgado et al. 2021b). 
Although there is extensive literature on measur-
ing these attributes in controlled environments 
(Lawless and Heymann 2010; Nicolaï et al. 2014; 
Shewfelt 2014; Su et al. 2017), assessing them in 
real-world settings varies, based on available 
resources and value chain requirements. The com-
bined knowledge can inform surveys on specific 
quality attributes of intrinsic quality attributes to 
develop FQL indicators.

High quality, timely data are crucial for assess-
ing food safety-related FQL to identify where, 
when, and how food safety hazards arise along 
the food value chain. Efforts to address data gaps 
include improving accessibility of analytical test-
ing, identifying common foodborne disease 
sources, and identifying high-risk foods and 
environments. Analytical testing methods deter-
mine the presence and extent of food hazards 
(Ismail and Nielsen 2017). Rapid screening 
methods are often used initially, followed by lab-
based methods (Ismail and Nielsen 2017). High 
costs associated with lab-based analyses can be a 
barrier in resource-limited contexts (Choi et  al. 
2019; Saloni Sharma et  al. 2020). Emerging 
point-of-care technologies, using a device inte-
grated with a smartphone app, offer promising 
alternatives for food safety monitoring in such 
settings (Choi et  al. 2019; Saloni Sharma et  al. 
2020). Source attribution methods determine 
where in the food value chain the human disease 
burden of foodborne infections can be attributed 
to specific sources (Pires et al. 2009; Hald et al. 
2016). The WHO Foodborne Disease Burden 

Epidemiology Reference Group (FERG) pro-
vides estimates of the burden of foodborne dis-
ease using food source attribution methods 
(Hoffmann et  al. 2017). Identifying high-risk 
foods and environments can guide additional data 
collection efforts. For example, the US Food and 
Drug Administration (FDA) Food Traceability 
List identifies foods requiring additional trace-
ability records (US FDA 2024).

The nutritional value of food changes over 
time due to storage and handling conditions and 
due to processing. Lab-based methods are used 
to measure changes in specific nutrients as food 
is stored fresh, frozen, or canned, and then pre-
pared for eating in controlled settings (Rickman 
et  al. 2007a; Rickman et  al. 2007b). However, 
less is known about how nutrient content changes 
in fresh foods under real world storage and han-
dling conditions in different value chain con-
texts. Food composition databases provide 
information on nutrient content of foods, but 
they vary in data sources and update frequency 
(Delgado et  al. 2021a). Current challenges in 
evaluating food composition for evidence-based 
decision-making include reproducibility and 
standardization, representation and quantifica-
tion, and accessibility (Ahmed et al. 2022). The 
Periodic Table of Food Initiative aims to apply 
standardized tools for mapping food composi-
tion across the food system and sharing this 
information in an accessible database (Ahmed 
et al. 2022).

Box 4.7 Using Food Rejection Data to 
Identify Limiting Quality Attributes
Food can be rejected at various stages of 
the value chain due to noncompliance with 
quality indicators. Data on rejected food 
can identify limiting quality attributes and 
critical loss points.

Border rejection data provide a broad 
overview of noncompliance trends across 
traded food products, exporting countries, 
and destination markets. High-income 
countries collect disaggregated border 
rejection data across agri-food products 
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4.4	� Data Curation and Analysis

Given the complexity of FLW indicators, data 
curation is important for creating useful datasets 
that can be analyzed for evidence-based decision-
making. It involves aggregating, structuring, and 
synthesizing data to create analytical tools and 
models that generate insights. This section 
focuses on data curation and analysis for estimat-
ing pFLW, as global goals and data priorities pri-
marily center on this area.

Calculation-based FLW estimation methods 
using secondary data sources include mass-
balance modeling and proxy and literature data 
(Hanson et al. 2016b; Chaboud 2017; Xue et al. 
2017). Mass-balance methods estimate FLW by 
measuring inputs, outputs, and stock changes to 
food weight (Hanson et al. 2016b). Modeling can 
generate provisional data that can be updated 
with more primary data, but it risks oversimplify-
ing complex food value chains and their contexts 
(Affognon et al. 2015). Estimation methods using 

proxy and literature data are less costly but may 
have limited scope and representativeness (for 
example, focusing on certain crops, regions, and 
production processes), potentially overestimating 
country averages (Fabi et al. 2021).

The quality and accuracy of FLW estimates 
depend on the quality and comprehensiveness of 
primary data sources, statistical tools, and esti-
mation models. Inconsistent definitions, mea-
surements, and reporting of FLW create 
challenges in data curation and analysis. A review 
of 202 publications reporting FLW data found 
that over half used only secondary data, high-
lighting uncertainties in the global FLW data 
landscape and the need for more consistent data 
that are interoperable across geographies, food 
groups, and food value chain stages (Xue et al. 
2017). Due to differences in estimation 
approaches, global estimates from FAO (2011), 
FAO (2019), and UNEP (2024) are not 
comparable.

4.4.1	� Open Access Food Loss 
and Waste Data Sources: Food 
Balance Sheets, Food Loss 
and Waste Database, 
and the Food Waste Atlas

Food loss and waste estimation typically requires 
multiple calculation-based methods, which draw 
upon data from different sources. For example, 
the widely cited FLW estimates from FAO (2011) 
are based on mass-balance estimates, using data 
from FAOSTAT (food volumes produced and 
mass flows) and literature data on loss weight 
percentages (Gustavsson et al. 2013). The accu-
racy of calculation-based estimation methods 
depends on the quality and comprehensiveness of 
the data used for pFLW quantities and model 
parameters (Xue et  al. 2017). Since the FAO 
(2011) report, efforts to increase FLW data cura-
tion and analysis have emerged, including two 
open access databases that are specific to FLW: 
the Food Loss and Waste Database and the Food 
Waste Atlas.

and time (Henson and Olale 2011). 
However, only a small portion of imported 
food is inspected at the border, and there 
may be nonrandom subjectivity in border 
inspections (Henson and Olale 2011). 
Rejected food may be returned to the coun-
try of origin, destroyed, or diverted to 
another destination (Henson and Olale 
2011).

Data on rejection rates between domes-
tic value chain actors is less available. As a 
leading food waste organization in the 
United States, ReFED (https://refed.org/) 
uses expert interviews to determine buyer 
rejection rates, the breakdown of final des-
tination for rejected food, and the reasons 
for rejection (Powell and Curtis 2020). 
Expert interviews could also collect data 
on specific noncompliance with 
requirements.

4.4 � Data Curation and Analysis
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Box 4.8 African Postharvest Loss 
Information System
The APHLIS database, launched in 2009, 
and openly available online, focuses on 
pFLW estimates for nine cereal crops in 
sub-Saharan Africa and is expanding to 
include pulses, roots, tubers, and bananas 
(Rembold et al. 2011; Stathers et al. 2018; 
APHLIS 2022a). Loss estimates are based 
on data from peer-reviewed literature (for 
postharvest loss profiles) and local experts 
(for contextual factors) (Rembold et  al. 
2011; Hodges et al. 2014). Table 4.1 sum-
marizes the literature used for 2021 esti-
mates by supply chain stage.

APHLIS provides guidance to scientists 
for rapid, systematic approaches, based on 
visual scales and questionnaires, to collect 
new FLW data for inclusion in the default 
loss profiles (Hodges 2013). The quality of 
secondary data is assessed based on the data 
collection method (Hodges et al. 2014). To 
estimate losses when data are missing, 
APHLIS models available data, clustered by 
climate and crop (Hodges et  al. 2014). 
APHLIS provides a postharvest loss calcu-
lator, by which users can calculate FLW 
with their own figures to estimate FLW 
under different contextual factors (Rembold 
et al. 2011; APHLIS 2022b).

Table 4.1  Number of references contributing to 
the African Postharvest Losses Information 
System’s postharvest loss profiles across all coun-
tries for all crops in 2021, by value chain stage

Year Number of publications
1970–79 3
1980–89 17
1990–99 18
2000–09 6
2010–19 6

Data from aphlis.net (https://perma.cc/
H8S5-CNDD)

Fig. 4.2  Share of food loss and waste data from 
2000–2022 by data collection method, Food Loss and 
Waste Database

Data from FAO (2024b), accessed on June 25, 2024

The Food Loss and Waste database (https://
www.fao.org/platform-food-loss-waste/flw-data/
en/) was developed by FAO, using machine 
learning to automatically identify relevant 
sources and extract information on FLW (Fabi 
et al. 2021). However, the database does not dis-
tinguish studies with different FLW definitions 
(Fabi et al. 2021), which could affect the quality 
of data, if definitions are not compatible. As of 
November 2021, the database contained over 
29,000 data points from over 700 openly acces-
sible publications and reports (FAO 2022). The 
vast majority of data in the FLW database comes 
from modeled estimates using secondary data 
(Fig. 4.2). As discussed in Chap. 3, data from the 
African Postharvest Losses Information System 
(APHLIS) dataset (see Box 4.8 for details) con-
tribute significantly (more than half of data 
points) to the FLW Database. The FLW Database 
offers various filter options to visualize data by 
region, food categories, commodities, stages in 
the food value chain, and data collection meth-
ods. Users can also choose the reporting year 
range. Importantly, data can be downloaded for 
further analysis.
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Box 4.9 Food Loss and Waste Data in the 
United States
The Economic Research Service (ERS) of 
the United States Department of Agriculture 
(USDA) monitors FLW at the retail and 
consumer levels using ERS’s Loss-
Adjusted Food Availability (LAFA) data 
series, which is open access and download-
able. LAFA data are derived from food 
availability data after adjusting for food 
spoilage, plate waste, and other losses 
(USDA ERS 2020). The primary purpose 
of LAFA data is to estimate the loss-
adjusted amount of food available for con-
sumption (Buzby et  al. 2014). Therefore, 
FLW estimates using LAFA data are con-
sidered preliminary, pending further 
improvements to food loss assumptions 
and estimates. More details of the method-
ology used to create the LAFA data series 
can be found at USDA ERS (2021).

Starting in 2018, the US Environmental 
Protection Agency (EPA), US Food and 
Drug Administration (FDA), and US 
Department of Agriculture (USDA) began 
a formal agreement with the NGO partner, 
ReFED, to collaborate on efforts to cut 
food loss and waste in the United States by 
50 percent by 2030 (US EPA 2019; US 
EPA et  al. 2020). To measure progress in 
reducing FLW, federal agencies will part-
ner with ReFED. ReFED’s Insights Engine, 
an online tool, provides data and solutions 
related to FLW. The data is based on mod-
eling estimates. For more details on 
ReFED’s methodology, including defini-
tions, sources, and data quality, see Powell 
and Curtis (2020).

Table 4.2  Share of data entries on the Food Waste Atlas 
sourced from the Food and Agriculture Organization’s 
Food Balance Sheets in select countries

Country
Total 
records

Food Balance 
Sheets 
records

Share of records 
from Food Balance 
Sheets source

United 
States

2495 1777 71.2%

Mexico 1860 1857 99.8%
China 5233 5124 97.9%
India 2258 2253 99.8%
Australia 1250 1216 97.3%
UK 1716 1412 82.3%
Kenya 1475 1474 99.9%
Brazil 2011 1986 98.8%

Data retrieved from thefoodwasteatlas.org/records (Food 
Waste Atlas 2024)

The Food Waste Atlas (https://thefoodwaste-
atlas.org/), a global online database cofounded 
by the UK’s WRAP and the WRI, with funding 
from WRAP and the Walmart Foundation, and 
support from UNEP, tracks global FLW across 

food types, value chain stages, and geographies. 
Data for the database come from several sources, 
including FAO, academic literature, businesses, 
and national governments. Entities interested in 
submitting data to the Food Waste Atlas are 
encouraged to follow the FLW Standard. 
However, the Food Waste Atlas does not provide 
a guarantee that submitted data are in full compli-
ance with all reporting requirements.

The Food Waste Atlas contains over 150,000 
records from organizations worldwide. 
However, the platform currently limits users to 
viewing only 10,000 entries at a time. Without 
a download option, users can only analyze a 
small portion of the data. While the SDG Target 
12.3 uses the term “food waste” to focus on 
retail, food service, and household consumer 
levels, only 1,400 records in the Food Waste 
Atlas cover these stages, representing less than 
1% of the total data (Food Waste Atlas 2024). 
To identify the primary data sources for indi-
vidual countries, records were filtered by coun-
try and FAO’s FBS data. Table 4.2 lists the total 
entries for several countries, revealing that FBS 
data constitutes the majority of available infor-
mation. However, the database‘s search limita-
tions hinder users to fully assess data availability 
and the unique contributions of different 
sources.

4.4 � Data Curation and Analysis
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4.4.2	� Existing Data and Modeling 
Approaches for SDG Target 
12.3 Indicators

Due to limited primary data, FAO calculates the 
FLI using modeled estimates based on the FBS 
framework (Fabi and English 2019). The current 
modeling approach supplements the 7% of offi-
cially reported loss data (from FBS) with data 
from literature review, data from the FLW 
Database, and a dataset of over 200 potential 
explanatory variables (Mingione et al. 2021). FAO 
has estimated global food loss percentages for 
2016, 2020, and 2021, comparing them to the base 
year of 2015 to calculate the GFLI.  Although 
improvements to the modeling approach have 
been identified, they require more primary data for 
most commodity groups (Mingione et al. 2021).

Unlike the FLI, the FWI emphasizes the need 
for primary data on food waste at the national 
level for tracking changes over time and inform-
ing policy decisions (UNEP 2024). Currently, 
UNEP has only reported modeled estimates of 
per capita food waste at retail, food service, and 
household levels for 233 countries and areas. 
These estimates are based on literature review 
and extrapolations from estimates in other coun-
tries (UNEP 2024). Due to the uncertainty of this 
evidence and the limitations of modeled esti-
mates for tracking food waste over time, UNEP 
has not published an FWI (UNEP 2024).

Box 4.10 A Closer Look at Loss Data on Food 
Balance Sheets
The FBS provide open access agrifood data 
for nearly all countries, with annual data dat-
ing back to 1961. Data are available on the 
FAOSTAT website, allowing public access to 
explore global, regional, and country trends 
in the supply and utilization of hundreds of 
primary and processed food items. The FBS 
methodology was updated in 2020, creating 
two datasets: Food Balances (2010–) and 
Food Balances (−2013, old methodology and 
population). Accounting and adjusting for 
potential inconsistencies across datasets is 
important when combining data from these 
datasets to avoid skewed trends (Vonder-
schmidt et al. 2024).

FAO collects loss data, primary or esti-
mated, from countries using the Agriculture 
Production Questionnaire and the newer 
Food Losses from Production to the Retail 
Stages Questionnaire (FAO 2024c). These 
data are used to create FBS.  Countries are 
encouraged to carry out targeted surveys to 
gather official loss data. When official data 
is unavailable, loss data are imputed or esti-
mated using several approaches (FAO 2020).

The FLI is designed to align with FAO’s 
annual Agriculture Production Question-
naire and the FBS framework (Mingione 
et al. 2021; FAO 2024d). The index defines 
food loss as “human-edible commodity 
quantities” (Fabi and English 2019), which 
is consistent with the “Loss” variable in the 
Agriculture Production Questionnaire. This 
variable encompasses “all quantity losses 
along the supply chain for all utilizations 
(food, feed, seed, industrial, other)” until 
the retail stage, including edible and ined-
ible parts (FAO 2024c). However, the FBS 
loss data may not be exclusively related 
to food intended for human consumption. 
The proportion of human-edible food com-
modities used for food versus feed varies 
by food group (for example, fruits and veg-
etables compared to cereals, see Chap. 3).

Box 4.11 Data Gaps in Physical Food Loss 
and Waste Data Curation
Open access databases have revealed 
significant gaps in primary pFLW data. 
The FLW Database and the Food Waste 
Atlas, both online repositories, aggregate 
FLW data. Despite containing thousands of 
data points, most of the data in both data-
bases are calculated estimates rather than 
primary data. FAO’s FLW Database, while 
extensive, relies heavily on modeled esti-
mates and may have data quality issues, 
due to varying definitions. A large share of 
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4.4.3	� Developing an Integrated 
Approach to Analyze Food 
Loss and Waste

Addressing FLW to support sustainable food sys-
tems requires a robust data infrastructure. 
Currently, limitations exist. To improve the avail-
ability and accessibility of FLW data, UN agencies 
must take a more coordinated approach that 
includes increasing primary data collection, estab-
lishing comprehensive data reporting mechanisms, 
and standardizing statistical methods used to esti-
mate FLW. While FAO and UNEP currently serve 
as custodian agencies for monitoring and reporting 
on SDG 12.3, broader collaboration among UN 
agencies will be necessary as they look beyond the 
2030 Agenda for Sustainable Development.

Global initiatives focused on FLW need to pri-
oritize data curation and accessibility, by promot-

ing data interoperability, so that data from 
different sources can be easily integrated and 
analyzed together. Open access platforms that 
complement each other, avoiding redundancy, are 
also key. Finally, establishing clear and consis-
tent global guidelines on when estimated FLW 
data is sufficient and when primary data is neces-
sary for informing policy and strategy decisions 
would promote support for an integrated approach 
(Xue et al. 2017).

Effective decision-making requires robust ana-
lytical tools and clear guidance. User-friendly 
tools and guides can empower decision-makers to 
analyze FLW data effectively. Furthermore, priori-
tizing data collection that allows analysis by food 
type, value chain stage, and final destination of 
FLW can offer valuable insights into the specific 
context of FLW issues. Integrating FQL indicators 
into FLW analysis is also essential for a holistic 
understanding of the problem. Structured guid-
ance on how to do this is needed.

Exploring the potential of technology to 
improve food traceability offers encouraging 
possibilities for increased transparency within 
the food chain (Resende-Filho and Hurley 2012; 
Tripoli and Schmidhuber 2018). Strengthening 
global capacity to analyze FLW data and trans-
late insights into actionable information for poli-
cymakers at all levels is another key priority. 
Initiatives like the ReFED Insights Engine 
(https://insights.refed.org/), a comprehensive 
open access online portal for FLW data and solu-
tions in the United States, serve as useful exam-
ples of how collaboration and data sharing build 
platforms for informed decision-making.

4.5	� Translation 
and Dissemination

The final stage of the FLW data value chain 
involves translating insights into actionable pro-
grams and policies to inform evidence-based 
decision-making, requiring effective knowledge. 
While reports like the State of Food and 
Agriculture 2019 (FAO 2019) and the Food Waste 
Index Report 2024 (UNEP 2024) track progress 
on SDG Target 12.3 indicators, the limitations in 

data on the FLW Database come from the 
APHLIS database. The Food Waste Atlas 
offers a vast amount of data but is limited 
by its user viewing capacity and lack of 
download functionality. Among data that 
can be viewed, it appears that most data 
on the Food Waste Atlas are sourced from 
FAO FBS.

SDG Target 12.3 Indicators use dif-
ferent methods to calculate their respec-
tive indices. The FLI uses the food loss 
percentage, a proportion of food produc-
tion lost. Due to data limitations, FAO 
used a modeling approach to calculate the 
FLI for 2016, 2020, and 2021, using 2015 
as the baseline (Mingione et  al. 2021). 
Conversely, the FWI focuses on per capita 
food waste. Although UNEP has used mod-
eling for estimations, this approach is not 
suitable for tracking changes over time, 
and no FWI has been reported yet (UNEP 
2024). UNEP recommends countries mea-
sure food waste and plans to collect primary 
data through the United Nations Statistical 
Division (UNSD)/UNEP Questionnaire on 
Environmental Statistics.

4.5 � Translation and Dissemination
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FLW data estimation are often not adequately 
communicated (Box 4.12).

This can be further compounded by outdated 
information on online platforms. For instance, 
the SDG 12 Hub, managed by the One Planet 
Network currently displays progress on the Food 
Loss Index and Food Waste Index from 2020 
(One Planet Network 2024). The One Planet 
Network implements the 10-Year Framework on 
Programmes on Sustainable Consumption and 
Production and works toward achieving SDG 12: 
ensuring sustainable patterns of consumption and 
production. Serving as the secretariat of the 
10-Year Framework on Programmes, the UNEP 
facilitates the One Planet network. The SDG 12 
Hub lags behind the FAO SDG Indicators Data 
Portal with 2021 FLI data (FAO 2024e), and even 
behind UNEP’s FWI reports from 2021 and 2024 
(UNEP 2021b; UNEP 2024).

To enhance the FLW data value chain and 
enable more effective policy decisions, UN agen-
cies must prioritize ensuring consistent access to 
up-to-date FLW indicator data across various 
platforms. Additionally, integrating evidence and 
data on food quality into policy-oriented commu-
nications on FLW and food systems outcomes, 
particularly nutrition and health, will help to 
highlight the critical role of food quality in 
addressing FLW and its broader implications for 
food systems. Addressing these areas to build a 
more robust and actionable FLW data value chain 
will effectively support the development and 
implementation of programs and policies to 
reduce FLW.

Box 4.12 Data Influencers: Oversized 
Statements with Undersized Discussions
Since FAO’s 2011 report revealed that 
approximately one-third of global food 
production was lost or wasted (FAO 2011), 
headline-grabbing statistics on FLW have 

become common. For nearly a decade, the 
“one-third” figure dominated discussions 
on FLW. However, in recent years, this nar-
rative has evolved with the release of 
updated estimates by both FAO and 
UNEP. In 2019, FAO reported revised fig-
ures for FLW from postharvest up to retail 
stages (FAO 2019), and in 2021, UNEP 
provided updated estimates from the retail 
to consumer stages (UNEP 2021b).

Headlines now feature these updated 
number. For example, UN News reported: 
“Some 19 percent of food available to con-
sumers was lost overall at retail, food ser-
vice, and household levels. That is in 
addition to around 13 per cent of food lost 
in the supply chain, as estimated by the UN 
Food and Agriculture Organization, from 
post-harvest up to the point of sale” (UN 
2024).

The translation of current FLW esti-
mates from FAO and UNEP often over-
looks crucial distinctions between 
estimation approaches and the quality and 
availability of underlying data, which can 
lead to misleading interpretations and com-
parisons. For instance, while the terms 
“food loss and waste,” “food loss,” and 
“food waste” are often used interchange-
ably, they are defined using slightly differ-
ent concepts, making it challenging to 
combine or compare estimates. Moreover, 
the representativeness of global FLW esti-
mates is limited by data gaps across value 
chain stages, food groups, and geographies. 
Effective knowledge dissemination on 
FLW should not be confined to high-level 
figures but must provide a comprehensive 
understanding, including the limitations 
and assumptions inherent in the data, to 
facilitate accurate interpretation and 
informed decision-making.

4  From Data to Action: Building Evidence on Food Loss and Waste
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4.6	� Conclusions

Since the recognition of FLW as a global chal-
lenge in the 2030 Agenda, significant strides have 
been made in developing indicators, collecting 
data, and sharing information to address this 
issue. However, a comprehensive data value 
chain is still needed to fully understand the extent 
of FLW and inform effective interventions.

A robust data ecosystem is essential for col-
lecting, sharing, and using data effectively. Open 
access FLW platforms can enhance information 
accessibility and enable evidence-based decision-
making. However, the reliance on modeled esti-
mates at the global and national levels, with the 
lack of coordinated data collection efforts, pose 
significant challenges.

In this chapter, we examined the data require-
ments for addressing FLW and identified key 
knowledge gaps. By developing a data value 
chain roadmap and addressing these challenges, 
broader collaboration among UN agencies can 
improve stakeholder understanding of FLW and 
inform more effective policies and interventions 
beyond 2030.

One critical area that requires further attention 
is the development of robust FQL indicators. 
Although existing indicators can provide valu-
able insights, a more comprehensive approach is 
needed to capture the complex nature of FQL, 
including factors such as food safety, nutrient 
degradation, sensory attributes, and consumer 
acceptability. Developing and implementing a 
core set of standardized FQL indicators will 
enable governments to better understand the fac-
tors contributing to FLW and identify targeted 
policy interventions and investments to create 
enabling environments for loss reduction.

Strengthening international cooperation and 
collaboration is essential for addressing the 
global challenges of FLW. This includes support-
ing partnerships between governments, interna-
tional organizations, academic institutions, and 
the private sector to develop and implement 
effective data-driven strategies. A comprehensive 
approach to reducing FLW requires sufficient 
data that is relevant and reliable, with clearly 
defined indicators that collectively address com-

plex FLW pathways, along with improved coop-
eration across data stakeholders. Investment in 
these areas will improve the understanding of 
FLW, inform effective interventions, and ulti-
mately deliver healthier and more sustainable 
diets for all.
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5Protecting the Harvest: Farmgate 
Loss Pathways Linked to Food 
Availability

5.1	� Introduction

Diversifying food production and increasing the 
supply of nutritious foods are essential first steps 
toward transforming food systems to deliver 
healthy diets. However, production alone will not 
be enough. Maintaining the quality and quantity 
of nutritious foods throughout the postproduction 
process is equally crucial. For food systems to 
deliver healthy diets, sufficient quantities of 
nutrient-rich and staple foods must be readily 
available to enter food value chains and become 
accessible to consumers (Global Panel 2020a; 
HLPE 2020). This requires both the production 
of a diverse variety of nutritious foods and the 
prevention of food loss and waste (FLW) at the 
farmgate.

FLW pathways at the preharvest and harvest 
stages determine the food supply composition 
available for post-farmgate stages. Physical 
food loss and waste (pFLW) before and at the 
time of harvest reduces the mass or volume of 
food entering value chains. Foods that have food 
quality loss (FQL) at the farmgate stages may be 
diverted as pFLW or may enter food value 
chains, lowering the food supply quality. FLW 
feedback loops occurring throughout the value 
chain are linked to food availability when per-
ceived FLW risks influence production deci-
sions and when quality tolerance limits influence 
producers’ capacity to invest in and manage 
FLW.

FLW at the farmgate impacts the composition 
of the food supply available for post-farmgate 
stages. Physical FLW reduces the quantity of 
food entering value chains. Global pFLW of total 
agricultural production intended for human con-
sumption at the farmgate was estimated at 8.3% 
at harvest and an additional 7.0% at postharvest 
stages (Parfitt et al. 2021). FQL is a factor in food 
acceptability, which contributes to agency in 
food preferences. Food acceptability is influ-
enced by the perceived quality of a food, its value 
in a given market, and its usability and intended 
use, all of which are shaped by social and market 
conditions (Tijskens and Schouten 2014). 
Therefore, FQL of limiting attributes contributes 
to farmgate pFLW when quality falls below 
acceptable thresholds. Alternatively, FQL can 
result in lower quality food entering food value 
chains. The impact of this result depends on the 
specific quality attributes affected and the stan-
dards of the relevant value chain.

This chapter focuses on identifying FLW 
pathways at the farm level that significantly 
impact the availability of nutritious, perishable 
foods entering both fresh and processed food 
value chains. We begin by examining the current 
state of global FLW data at the farm level, high-
lighting persistent measurement challenges and 
knowledge gaps. Subsequently, we present evi-
dence from the literature to describe the factors 
and processes that influence FQL and pFLW, and 
the availability and accessibility of technologies, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_5&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_5#DOI
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knowledge, and infrastructure that shape pro-
ducer decision-making. When discussing differ-
ent food commodity groups, we use the terms 
“preharvest” and “harvest” to refer to the farm-
level stages, as defined in Chap. 3. Additionally, 
we include postharvest processing and storage 
activities that occur on-farm.

5.2	� Farmgate Food Loss 
and Waste in the Context 
of Regional Food Production 
and Diet Recommendations

Food systems must prioritize a diverse, nutritious 
food supply, ensuring sufficient production and 
efficient distribution to support healthy diets. 
However, a significant gap exists between the 
global availability of foods and those required for 
meeting diet recommendations (KC et al. 2018; 
Global Panel 2020b). Optimizing food produc-
tion and minimizing FLW to close the gap 
requires sufficient and timely data on food pro-
duction and pFLW once food is ready for harvest. 
Existing data approaches often overlook key 
farmgate stages, limiting our knowledge of food 
production and FLW (Flanagan et al. 2019; Parfitt 
et al. 2021).

Determining the exact point where food pro-
duction ends and the FLW boundary begins can 
be challenging (see Chap. 3). Classifying FLW at 
the farm level depends on when foods are consid-
ered ready for harvest (that is, the preharvest 
stage), when foods are harvested, and the specific 
postharvest activities performed on-farm versus 
off-farm, all of which change with food system 
transformation (Parfitt et al. 2021). The diversifi-
cation of food production systems and the grow-
ing complexity of food value chains affect the 
timing of commercial maturity and harvest, par-
ticularly, for perishable foods. Additionally, post-
harvest activities, such as processing and sorting, 
shift away from on-farm operations and contrib-
ute to growing off-farm rural employment (Parfitt 
et al. 2021; Reardon et al. 2021).

Although farm-level activities are important 
contributors to global FLW, existing measure-
ment frameworks often start at the postharvest 

stages, overlooking the preharvest and harvest 
stages. National production data frequently only 
report on harvested products, excluding any edi-
ble food that remained unharvested or discarded 
during harvest. For example, many FLW esti-
mates, including the Food Loss Index (FLI), rely 
on data from the Food Balance Sheets (FBS) of 
the Food and Agriculture Organization of the 
United Nations (FAO) (Box 5.1), with different 
approaches to using the data based on the FLW 
definition and estimation approach (Kummu 
et al. 2012; Gustavsson et al. 2013; Aragie et al. 
2023). The FLI framework focuses on the post-
harvest stages, in alignment with the FAO FBS 
framework (Fabi and English 2019). Therefore, 
there is a lack of data, particularly, in-field mea-
surements of how much edible food is lost at the 
preharvest and harvest stages (Johnson et  al. 
2018a, 2018b), posing a challenge for assessing 
farmgate FLW pathways (Parfitt et  al. 2021; 
Aragie et al. 2023; Boiteau and Pingali 2023).

Box 5.1 Spotlight on Food Production and 
Loss Data from FAO Food Balance Sheets
FAO Food Balance Sheets (FBS) provide 
open access agrifood data, including losses, 
for most countries. Production volumes are 
reported for total domestic production of 
primary crops, livestock items, primary 
fish items, and production of processed 
commodities (FAO 2001). Production at 
the farm level includes primary crops, 
excluding harvesting losses, and livestock 
items. Losses are reported to include all 
quantity losses along the supply chain up to 
retail and to exclude losses during prehar-
vest and harvesting stages.

FBS data report on agricultural com-
modities, including those intended for 
human consumption and those not (for 
example, feed, seed, industrial uses) (FAO 
2001). This means that losses reported in 
the FBS encompass a broader range than 
just loss of food intended for human con-
sumption. Consequently, FLW estimation 
approaches that rely on FBS data, like the 
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A comprehensive assessment of the postpro-
duction food supply at the farmgate requires 
considering preharvest and harvest losses. In 
Fig. 5.1, we analyze the balance between regional 
food production (before any pFLW) and the com-
ponents of healthy diets, expanding upon the 
work of KC et al. (2018). Using FAOSTAT pro-
duction data from 2016 to 2020, we average the 
figures to account for annual variation (Kummu 
et al. 2012; Aragie et al. 2023). We apply an allo-

cation factor to estimate the portion of production 
intended for human consumption, following FAO 
(2011), and using Kummu et al. (2012) as a refer-
ence. To address in-field and harvest losses, we 
adjust FAO production statistics using regional 
loss factors (FAO 2011). Similar to Kummu et al. 
(2012), we do not convert agricultural production 
to edible weight as this does not affect calorie 
content. Finally, we calculate the total food pro-
duction for each food category in terms of dietary 
servings, as in KC et al. (2018). Comparing this 
distribution to the Healthy Diet Bundle (Herforth 
et  al. 2022), we can evaluate the alignment 
between food production and the nutritional 
requirements of a healthy diet.

Globally, production of starchy staples and 
oils and fats surpasses the dietary recommenda-
tions of the Healthy Diet Bundle, while produc-
tion of nutrient-rich, perishable foods (fruits, 
vegetables, protein-rich foods) falls short 
(Fig.  5.1). The imbalance persists across most 
regions, despite variations in per capita produc-
tion levels. Consequently, all global regions 
struggle to produce enough nutritious food to 
support balanced, healthy diets—even before 
losses occur. As countries modernize, consumer 

Fig. 5.1  Global and regional food production of food 
intended for human consumption

Bar widths are proportional to the number of servings/
per capita/week of food produced that is intended for 
human consumption. Bar heights represent the percent of 
total food production of all commodities for the indicated 
region, before any physical FLW. The dashed line repre-

sents Healthy Diet Basket recommendations (Herforth et 
al. 2022), from KC et al. (2018). Cool colors (blues) are 
used for high- and middle-income regions; warm colors 
(reds and oranges) are used for low-income regions 
according to FAO (2011). Production data (harvested 
weight) was calculated from FAOSTAT 2016–2020 
(FAOSTAT 2024)

Food Loss Index, may include losses of 
commodities not strictly intended for 
human consumption.

Another limitation of using FBS data is 
the scarcity of officially reported loss data. 
Although countries are encouraged to con-
duct specific surveys to collect loss infor-
mation, FAO often relies on estimated or 
imputed data when official figures are 
missing. As a result, only a small fraction 
(approximately 7%) of the loss data in the 
FBS is officially reported (Mingione et al. 
2021).

5.2 � Farmgate Food Loss and Waste in the Context of Regional Food Production and Diet…
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Fig. 5.2  Farmgate physical food loss and waste by 
food group as a share of total food produced for human 
consumption, by income region

Bar widths are proportional to farm-stage food losses 
in terms of number of per capita servings/week. Bar 

heights represent the percent of total food production 
intended for human consumption indicated for the income 
region and commodity. Production data (harvested 
weight) was calculated from FAOSTAT 2016–2020 
(FAOSTAT 2024)

Box 5.2 The Potential for Climate Change 
Impacts on Farm-Level Food Loss and Waste
Although climate change impacts on food 
loss and waste (FLW), especially in terms of 
greenhouse gas emissions, are well recog-
nized (IPCC 2019), the effects of climate 
change on FLW itself, particularly, at the 
farm level, are less well explored. Changes 
in temperature and precipitation can influ-
ence FLW by affecting the timing of harvest, 
the quality of harvested food, and the risk of 
spoilage. Adapting to these changes will 
necessitate both technical and institutional 
interventions to enhance farm resources and 

demand for diversified diets increases, but agri-
cultural production has not matched the demand. 
To facilitate healthy dietary shifts, production 
systems must diversify to increase perishable 
food production while simultaneously managing 
or reducing FLW.

Using the latest loss percentages from Parfitt 
et al. (2021), we estimate farmgate pFLW for dif-
ferent food categories based on the production 
data in Fig.  5.1. The analysis of Parfitt et  al. 
(2021) provides the most updated pFLW esti-
mates (including animal losses, unharvested 
crops, and postharvest losses) for commodities, 
as a percentage of total food production intended 
for human consumption in different income 
regions. Due to data limitations, our analysis is 
restricted to income regions.

In Fig. 5.2, we compare the absolute total per 
capita servings lost at the farm level and the per-
centage of total production lost across commodi-
ties and income regions. Contrary to expectations, 
Fig.  5.2 does not show a clear correlation 
between farm-level pFLW and regional income 
level or food perishability. Higher absolute 
pFLW values are often due to greater overall 
production (Parfitt et al. 2021). At the same time, 
the stage of food system transformation influ-
ences the structure of specific food commodity 

value chains, which, in turn, influence both the 
capacity and incentives to prevent pFLW at the 
farm level, particularly, in the context of chang-
ing climates (Box 5.2).

Regarding FQL, there is a significant knowl-
edge gap at the farm level. Parfitt et al. (2021) did 
not include FQL, due to insufficient studies mea-
suring it at the farm stage. As discussed in Chap. 
4, the difficulties in assessing FQL contribute to 
the lack of comprehensive FQL data throughout 
the value chain.

5  Protecting the Harvest: Farmgate Loss Pathways Linked to Food Availability
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5.3	� Perishable Fruits 
and Vegetables

The relationship between plant life cycles, physi-
ological changes, and quality attributes is a criti-
cal factor in preventing FLW of fruits and 
vegetables. Starting from the time they are ready 
for harvest, numerous factors influence the fresh-
ness, shelf life, and overall quality of perishable 
produce. The ability of fresh fruits and vegetables 
to withstand exposure to different farm-level 
stressors depends on harvesting timing, posthar-
vest handling, and the underlying physiological 
processes that occur during growth and 
development.

5.3.1	� Plant Life Cycles, Physiological 
Changes, and Quality 
Attributes

Plant life cycles and physiological changes reflect 
their botanical classification, not their culinary 
definition. Botanically, a fruit is the edible part 
of a plant that contains the seeds and surround-
ing tissue. This definition differs from the culi-
nary one for vegetables, which encompasses any 
edible plant part—including roots, tubers, bulbs, 
stems, leaves, flower buds, or botanical fruits 
(Yahia 2019). To avoid confusion, in this section, 
we will use the term “fruit–vegetable” to refer to 
foods that are botanically fruits but are typically 
consumed as vegetables. For example, a tomato 
is a fruit–vegetable.

As illustrated in Fig. 5.3, fruits and vegetables 
undergo various stages of development, each 
affecting their quality attributes. The growth 
phase is characterized by changes in physical 
properties (for example, size, shape) and ends 
when the produce reaches its final size on the 
plant (Watada et al. 1984; Yahia 2019). The matu-
ration stage overlaps with the end of growth and 
continues until the plant or plant part is physio-
logically mature. Variations in growing condi-
tions can lead to natural, uneven maturation 
within a field (Tijskens and Schouten 2014; 
Johnson et al. 2018b). Changes in color, texture, 
and sweetness in ripening occurs during physio-
logical maturity and after maturation (Kader 
1996; Prasanna et al. 2007; Tijskens and Schouten 
2014; Yahia 2019). Even after harvest, fruits and 
vegetables may continue to develop (for exam-
ple, rooting, sprouting, seed germination, and 
fiber development), which can be undesirable 
and classified as FQL (Kader 1992; Kitinoja and 
Kader 2015).

market access, thereby influencing harvest 
decisions and immediate postharvest han-
dling. Discussions on FLW and climate 
change should not only consider the impact 
of FLW on emissions but also the strategies 
needed to sustainably meet nutrient demands 
through both increased production and 
reductions in FLW, especially for nutritious, 
often perishable, foods.

Fig. 5.3  Usage of fruits and vegetables relative to the 
physiological stages of development

Adapted from Watada et al. (1984)
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Table 5.1  Examples of climacteric and non-climacteric fruit. (From Kitinoja and Kader 2002)

Climacteric fruits Non-climacteric fruits
Apples
Avocado
Banana
Blueberries
Breadfruit
Cherimoya
Durian
Feijoa
Fig
Guava
Kiwifruit
Mango

Muskmelon
Papaya
Passion fruit
Pears
Persimmon
Plantain
Quince
Sapodilla
Sapote
Soursop
Stone fruits
Tomato

Berries
Cherries
Citrus fruits
Cucumber
Dates
Eggplant
Grapes
Lychee
Okra

Peas
Peppers
Pineapple
Pomegranates
Strawberry
Summer squash
Tamarillo
Watermelon

Senescence is the final stage, marked by natu-
ral degradation and loss of desirable attributes 
(Yahia 2019). Fruits and vegetables, while gen-
erally perishable, vary in their perishability rates 
due to respiration (Kader 1992). Respiration is 
the process by which produce consumes stored 
energy and releases heat, accelerating perish-
ability (Kader 2002; Dodd and Bouwer 2022). 
Stress factors, which will be discussed in this 
section, can influence respiration rates and has-
ten senescence.

Producers, the initial decision-makers in the 
food value chain, must evaluate produce quality 
within the context of the targeted market to deter-
mine optimal harvest timing. The producers must 
be aware of and respond to fluctuating prices and 
the often conflicting quality demands from trad-
ers, retailers, and consumers—all of which can 
vary due to factors, including seasonality, supply, 
and intended use (Shewfelt 2014; Bollen and 
Prussia 2022).

Fruits and vegetables are considered ready for 
harvest when they reach commercial maturity 
(Fig.  5.3), which depends on the stage of plant 
development and desired quality attributes 
(Watada et al. 1984; Shewfelt 2014). For exam-
ple, leafy greens may be harvested as “baby” 
greens (tender and delicate) or as fully grown 
leaves (tougher, fibrous) (Lucier et  al. 2004; 
Yahia et  al. 2019). Postharvest ripening, regu-
lated by ethylene, is an important factor in har-
vest timing of some fruits and fruit–vegetables. 
Climacteric fruits and fruit–vegetables can ripen 
after harvest, while non-climacteric ones cannot 

(Kader 2002; Fan et  al. 2022). Table  5.1 lists 
examples of both types.

Search attributes, such as size, shape, color, 
firmness, aroma, and leaf changes, are often used 
as indicators of commercial maturity (Kader 
2002; Barbosa-Cánovas et  al. 2003; Shewfelt 
2014; Tijskens and Schouten 2014). Producers 
may also assess compositional factors, including 
soluble solids, starch content, acidity, and inter-
nal ethylene concentration (Barbosa-Cánovas 
et al. 2003; Kader and Barrett 2005). The selec-
tion of limiting quality attributes and assessment 
methods depends on the target market, producer 
knowledge, access to information, and available 
resources (Chap. 4).

5.3.2	� Stress Factors 
and Physiological Changes 
Drive Food Quality Loss

As food systems transform, and food production 
diversifies into perishable fruits and vegetables, 
producers face new challenges and incentives to 
reduce FLW associated with fresh produce spoil-
age. Fruits and vegetables are living tissues that 
undergo biological processes, both before and 
after harvest, posing challenges for producers 
and subsequent value chain actors in managing 
FQL arising from both natural development and 
stress factors (Yahia 2019; Vázquez-Hernández 
et al. 2019). Therefore, producers’ decisions and 
resources at every stage of farm operations 
impact the amount of FLW that occurs on-farm 
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and the quantity and quality of produce that 
becomes available in post-farmgate value chains.

Categorizing stress factors into environmental 
(temperature, air composition, moisture, light), 
biological (pests, pathogens), and physical (sur-
face injuries, bruising) categories helps to assess 
specific FQL pathways (Kader 1992; Yahia et al. 
2019), which are also dependent on initial pro-
duce quality and the intensity and duration of 
stress factor exposure (Lichtenthaler 1996). 

Different categories of stress factors can interact 
and increase the susceptibility of produce to other 
factors, making identification of effective inter-
vention points for reducing FQL more challeng-
ing. Therefore, while stress factors may occur at 
the farm level, observable effects on FQL may 
not become apparent until later in the value chain.

Table 5.2 summarizes the physiological pro-
cesses involved in FQL and their relationship 
with stress factors.

Table 5.2  Physiological processes involved in food quality loss

Physiological 
process Natural life cycle development Response to stress factors Potential food quality loss
Respiration Stored energy is broken down 

and releases heat. The 
commodity moves toward 
senescence as energy stores are 
depleted.

Lower temperatures slow 
the respiration rate.
Higher temperatures 
increase the respiration 
rate.

Loss of flavor quality 
(especially sweetness), loss of 
salable dry weight; reduced 
energy value.

Ethylene 
production

A plant hormone that regulates 
many aspects of growth, 
maturation, ripening, and 
senescence. The extent to 
which production increases 
with maturity at harvest 
depends on the type of 
commodity.

Rate of ethylene 
production rises in 
response to physical 
injury, disease, elevated 
temperatures, water 
stress.
Rate of ethylene 
production decreases in 
response to low 
temperature, low oxygen 
concentration, elevated 
carbon dioxide 
concentration.

There is no consistent 
relationship between the 
ethylene production capacity 
of a given commodity and its 
perishability.
Exposure of most commodities 
to ethylene accelerates their 
senescence (and the FQL 
associated with this 
development stage).

Compositional 
changes

The rate of development is 
linked with the rate of 
compositional changes.
Loss of chlorophyll (green 
color) and development of 
carotenoids (yellow, orange, 
red, and pink colors) and 
anthocyanins (red and blue 
colors).
Conversion of starch-to-sugar 
and sugar-to-starch; breakdown 
of pectin/polysaccharides; 
increased fiber.
Changes in flavor quality and 
production of flavor volatiles 
over the life cycle.

Oxidation of damaged 
plant tissue results from 
physical injury.
Elevated temperatures, 
sunlight, and physical 
injury linked with 
micronutrient 
degradation.

Pigments: Loss of green color
Phenolic compounds: 
Oxidation of damaged tissue 
causing browning
Carbohydrates: Sugar-to-
starch ratio; softening from 
pectin/polysaccharide 
breakdown; toughening from 
increased fiber content.
Nutritional quality: Nutrient 
degradation
(note: These attribute changes 
are desirable or undesirable, 
depending on the commodity 
and desired commercial 
maturity)

Transpiration and 
water loss 
(evaporation of 
water from plant 
tissues)

Fruits and vegetables have 
natural outer protective 
coverings that regulate water 
loss. The shape and maturity 
stage influence the 
transpiration rate.

Elevated temperatures, 
lower atmospheric 
moisture, physical injury 
accelerate water loss.

Appearance: Wilting and 
shriveling.
Texture: Softening, flaccidity, 
loss of crispness and juiciness.
Nutritional quality: Nutrient 
leaching.

(continued)

5.3 � Perishable Fruits and Vegetables



82

Table 5.2  (continued)

Physiological 
process Natural life cycle development Response to stress factors Potential food quality loss
Physiological 
breakdown 
disorders

Not part of natural 
development.

Preharvest nutritional 
imbalances result from 
production-side 
environmental stress 
factors, including 
fertilizer application, soil 
nutrients, and water 
quality.
Chilling/freezing injury 
results from exposure to 
low temperatures, above 
or below freezing point, 
depending on the 
commodity.
Heat injury results from 
exposure to high 
temperatures or direct 
sunlight.

Preharvest nutritional 
imbalances: Tissue 
breakdown; surface and 
internal discoloration 
(browning); pitting; softening.
Chilling/freezing injury: 
Surface and internal 
discoloration (browning); 
pitting; water-soaked areas; 
uneven ripening or failure to 
ripen; off-flavor development; 
susceptibility to surface molds 
and decay.
Heat injury: Bleaching; 
surface burning or scalding; 
uneven ripening; excessive 
softening; moisture loss.

Pathological 
breakdown 
disorders

Not part of natural 
development. Fruits and fruit–
vegetables become more 
susceptible to pathogens with 
the onset of ripening. 
Vegetables become more 
susceptible to pathogens at 
senescence.

Bacteria and fungi come 
into contact with the 
commodity.
Physical injury provides a 
site for pathogen 
infection. Moisture and 
warm temperatures 
provide a suitable 
growing environment.
Physiological breakdown 
disorders lower fruit and 
vegetable pathogen 
resistance.

Deterioration and spoilage; 
visible discoloration and 
decay; off-odors and flavor.

Data sources: (Kader 1992; Prusky 2011)
Note: For more information on postharvest fruit and vegetable physiology and biochemistry, refer to Yahia and Carillo-
López (2019). Kader and Barrett (2005) offer a detailed analysis of compositional changes after harvest

Harvesting fruits and vegetables with multiple 
growing seasons requires careful timing (Johnson 
et al. 2018b; Boiteau and Pingali 2022). Picking 
too soon or too late in a season can expose pro-
duce to stress factors, shorten shelf life, and 
reduce quality compared to mid-season harvests 
(Kader and Barrett 2005). Some vegetable crops, 
like root vegetables and cabbage, are typically 
harvested at the same time, but variations in field 
conditions can cause variations in maturity 
(Johnson et  al. 2019). Delays in harvesting can 
expose mature produce to in-field stress factors, 
increasing the risk of over-maturing and deterio-
ration (Fig. 5.3 and Table 5.2), which can lead to 
lower quality harvests or preharvest losses, if 
producers decide to leave some or all the affected 

produce unharvested. Therefore, producers must 
carefully align their production schedules with 
market demand to ensure that they have commer-
cially mature produce ready to harvest when 
there is sufficient demand.

Even when producers identify produce as 
ready for harvest, unforeseen obstacles can arise. 
Preharvest factors like bad weather, labor short-
ages, or equipment breakdowns can delay or pre-
vent harvesting. Postharvest challenges, such as 
inadequate transportation or storage, or market 
fluctuations, can also hinder the process (Neff 
et al. 2018; Johnson et al. 2019; Filimonau and 
Ermolaev 2021; Surucu-Balci and Tuna 2021). 
Moreover, a lack of knowledge or training among 
harvest laborers in recognizing maturity can lead 
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to marketable produce being left in the field 
(Kitinoja and Kader 2015).

Fruits and vegetables are particularly prone to 
physical damage during harvest. Mechanical har-
vesters are limited for many perishable commod-
ities, and even when available for specific, 
high-value crops (grapes, baby greens, blueber-
ries), they may not be accessible or affordable 
(Huffman 2012; Brondino et  al. 2021; Calvin 
et  al. 2022). Therefore, manual harvesting is 
common across all food system types, but the 
quality of the process impacts FQL, especially 
for delicate produce. For example, harvest work-
ers can unintentionally damage plants and pro-
duce with tools (knives, clippers, spades), or even 
with their jewelry (Kitinoja and Kader 2015; 
Kasso and Bekele 2018). Tender or soft produce 
is easily damaged by rough handling, especially 
when placed in containers that are rough or bro-
ken (Kitinoja and Kader 2015). Tree fruit, for 
example, might be thrown from several meters 
onto the ground (Kasso and Bekele 2018). 
Implementing food quality standards can incen-
tivize improved harvesting techniques, which can 
minimize damage and reduce losses (Box 5.3).

For fruits and vegetables that have just been 
harvested, every step in the postharvest process 
increases the risk of FQL, with specific factors 
depending on the value chain context. 
Immediately after harvest, temperature is a criti-
cal factor in preserving the quality of fruits and 
vegetables. Freshly harvested produce contains 
residual field heat and continues to release heat 
through respiration. Therefore, minimizing expo-
sure to farmgate stress factors, such as sunlight, 
poor ventilation, and improper storage condi-
tions, is crucial. Rapid cooling to remove field 
heat and limiting exposure to sunlight are essen-
tial for slowing down enzyme activity, respira-
tion, the growth of spoilage organisms, water 
loss, and sprouting (Hardenburg et  al. 1986). 
However, the cooling efficiency depends on the 
method (simple, nonelectric to advanced, elec-
tric), produce density, air circulation, surface area 
in the container, and relative humidity (Kitinoja 
and Kader 2015; Dodd and Bouwer 2022). 
Therefore, producers must have both the knowl-
edge and resources to properly cool their har-

vested produce. For example, excessively low 
temperatures can cause chilling or freezing 
injury, reducing quality (Table 5.2). For a com-
prehensive list of optimal storage temperatures, 
refer to Dodd and Bouwer (2022).

Postharvest, produce can also be contami-
nated by bacteria, fungi, or pests due to inade-
quate containers, storage practices, or handling 
environments. Physical damage from harvest or 
postharvest activities can increase produce sus-
ceptibility to spoilage by allowing soil bacteria or 
other pathogens (for example, from contaminated 
containers) to enter the produce, leading to accel-
eration of the decay process (Kasso and Bekele 
2018; Yahia et al. 2019). This is why sorting out 
damaged produce is important to prevent it from 
contaminating other, better quality produce. At 
the same time, rough handling during activities, 
like cleaning, sizing, grading, and sorting, can 
cause physical damage (Shewfelt 2014). 
Therefore, effective postharvest incentives are 
essential to prevent FQL due to poor handling, 
just as they are for harvesting.

Box 5.3 Quality Standards and Incentives: A 
Tool for Reducing Food Loss and Waste in 
Transitional Food Systems
Implementing food quality standards and 
incentivizing adherence can reduce farm-
level food loss and waste (FLW) of perish-
able fruits and vegetables. In Indonesia, 
Perdana et al. (2023) compared FLW in tra-
ditional and modern vegetable value chains. 
Although both types of producers faced 
similar challenges, like rot, pests, diseases, 
and harvesting damage, contract farming 
governance led to lower FLW than informal 
market governance. Modern market pro-
ducers operate in coordinated value chains 
with agreed upon quality and ripeness stan-
dards, using price-based contracts, thereby 
incentivizing them to harvest only mature, 
high quality vegetables and to sort them in 
the field to minimize losses. In contrast, 
informal value chains lack such standards, 
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5.3.3	� Cosmetic Quality Standards 
Drive Farmgate Physical Food 
Loss and Waste as Food 
Systems Modernize

Cosmetic quality standards, which prioritize 
appearance attributes, can contribute to farm-
level pFLW.  Although production-side factors, 
like stress and natural variations, can influence 
undesirable produce qualities, modern food sys-
tems increasingly emphasize cosmetic attributes 
like uniformity, size, and color. This emphasis 
can conflict with policies aimed at increasing 
fruit and vegetable production (Messner et  al. 
2021). Yet, producers in modern food systems 
often have limited options for produce that does 
not meet strict cosmetic standards, unlike those 
in traditional or transitional systems with greater 
flexibility of acceptable cosmetic attributes and 
multiple marketing channels (Gómez and 
Ricketts 2013; Göbel et al. 2015; Beausang et al. 
2017; Neff et  al. 2018; Chaboud and Moustier 
2021). Therefore, increasing fruit and vegetable 
production, while adhering to stringent cosmetic 
standards in modernizing food systems, remains 
a challenge. Food rescue initiatives have emerged 
across food value chain stages, including at the 
farm level, to redirect edible food that is not sold 
back into human consumption value chains, 
thereby reducing pFLW.  The decision to leave 
crops in the field versus redirecting them for food 
rescue is influenced by perceived trade-offs and 
optimal resource use (see Box 5.4).

Contracts, a key feature of modern food sys-
tems, can become the primary marketing channel 
between producers and post-farmgate value chain 
actors, including organized retailers. Producers 

of perishable foods often cite contracts as a cause 
of farm-level pFLW, especially when they must 
overproduce to meet contract commitments but 
also account for fluctuations in harvest quality 
and quantity (Gillman et  al. 2019). However, 
contracts do not always contribute to pFLW if 
alternative markets or better information sharing 
are available. For example, small producers in 
Scotland had more flexibility in handling sur-
pluses due to multiple sales outlets, while larger 
producers, often tied to contract farming, bene-
fited from improved communication with retail-
ers regarding surplus and shortage issues 
(Beausang et al. 2017).

leading to a single price for all quality 
grades. This disincentivizes producers from 
being selective in harvesting and packag-
ing, resulting in lower quality produce mov-
ing post-farmgate. The presence of low 
quality or rotten vegetables can contami-
nate otherwise high quality produce, con-
tributing to overall food quality loss.

Box 5.4 Balancing Producer Priorities with 
Farm-Level Food Rescue
Preventing on-farm pFLW involves mini-
mizing the diversion of edible food to non-
food uses. Producers aiming to optimize 
resource use may prioritize strategies that 
reduce their financial losses, even if these 
strategies contribute to pFLW. When fruits 
and vegetables are unsold due to market 
issues or cosmetic defects, they may still be 
suitable for human consumption but have 
lower value. Some producers choose to till 
such produce into the soil, along with 
unsalvageable food, as a disposal method. 
Producers may perceive this approach as 
cost-effective and environmentally benefi-
cial (Gillman et al. 2019). However, it does 
not prevent pFLW and may not be the most 
optimal use of resources for improving soil 
health (Messner et al. 2021).

Food rescue, including donations to food 
banks and gleaning operations, offers pro-
ducers an alternative for reducing farm-
level pFLW of edible produce. Although 
producers often recognize the value of food 
rescue, financial constraints, logistical chal-
lenges, and concerns about liability can hin-
der their participation (Ceryes et al. 2023). 
Food rescue organizations also face obsta-
cles, such as transportation costs and capac-
ity limitations, especially when dealing 
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5.4	� Animal-Source Foods

Animal-source foods (ASF) are a diverse and 
perishable group of foods that are sources of 
quality protein, omega-3 fatty acids, and bio-
available micronutrients (Godfray et  al. 2018; 
Troell et  al. 2019). As food systems modernize 
and diets diversify, ASF are becoming a larger 
part of many people’s diets (Chap. 2). ASF can 
originate from farmed animals or wild sources 
and are classified into aquatic and livestock cate-
gories, each with distinct production systems, 
value chains, and quality attributes.

FLW of ASF occur at various farmgate stages, 
from animal maturity (slaughter, milk produc-
tion, egg laying, aquaculture harvest, hunting) to 
postharvest handling (FAO 2014; Pérez Roda 
et  al. 2019). Although the FAO (2011) report 
included breeding and rearing stages in FLW 
estimates, we consider these as production-side 
losses (Chap. 3). However, production-side fac-
tors can still cause FLW.  Unlike plant-based 
foods, FLW pathways for ASF are also influ-
enced by animal welfare concerns, alongside 
food security, environmental, and economic con-
siderations (Klaura et al. 2023).

5.4.1	� Aquatic Animal Foods

From wild fisheries to aquaculture farms, aquatic 
animals including fish, crustaceans, and mollusks 
are an important part of diets across many food 
systems (Thilsted et al. 2016). As of 2020, 89% 
of total fish production was consumed directly by 
humans (FAO 2022a). These animals offer a vari-

ety of nutrients, and their nutritional quality 
depends on the specific species produced (Hicks 
et al. 2019). Although the natural physiology of 
aquatic animals affects FLW similarly across 
production systems, the specific ways that FLW 
occurs can vary due to different stress factors.

Since the 1990s, aquaculture has been the pri-
mary driver of global growth in fish production 
(Fig. 5.4). However, this growth is uneven across 
regions (FAO 2022a). Despite being local opera-
tions in coastal waters that use basic technology, 
small-scale fisheries contribute approximately 
40% of the global annual fish catch (WEF 2024). 
Global fish production is expected to continue 
expanding, primarily fueled by aquaculture, 
while wild-caught fish remains relatively stable 
(Troell et  al. 2019; FAO 2022a). However, the 
most recent analysis of global FLW of aquatic 

with unpredictable food supplies (Axmann 
et al. 2024). Addressing these diverse barri-
ers requires a multifaceted approach, 
involving various interventions and policies 
to support food rescue initiatives that align 
with producer financial interests (Neff et al. 
2018; Ceryes et al. 2023).

Fig. 5.4  Capture fisheries and aquaculture produc-
tion by World Bank income group

Data source: FAO: Fisheries and Aquaculture, https://
www.fao.org/fishery/en. Accessed August 4, 2023

Given their status as top producers in their respective 
income groups (high income, upper middle income, and 
low income), the United States, China, and Indonesia are 
presented individually in the graphs. Data from FAO 
(2023a), accessed 4 August 2023
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foods by the World Economic Forum (2024) did 
not include FLW estimates from processing at 
sea, aquaculture production, or small-scale fish-
eries, due to lack of reliable data. Addressing 
these data gaps also requires examining differ-
ences in how men and women are involved in fish 
production systems and value chains (Box 5.5).

Fish enter food value chains in different forms, 
each with their own unique FLW pathway. 
Although some live fish are sold, especially in 
East and Southeast Asia, most fish are processed 
after being caught (FAO 2022a). Desirable fish 
qualities include freshness indicators; attributes 
that affect processing, cooking, and eating qual-
ity; and safety assurances against harmful bacte-
ria, parasites, or chemicals (Huss 1995a).

Discards at sea and at-sea processing are two 
major contributors to FLW of wild-caught fish 
before the fish reach the landing site (WEF 2024). 
The decision to discard fish as pFLW depends on 
their quality attributes, market value, and catch/
harvesting method. In addition to catching target 
species intended for human consumption, capture 
fisheries often unintentionally catch nontarget 
species, which may be used for food or feed 
(Kelleher 2005; Davies et  al. 2009; Pérez Roda 
et al. 2019; Sun et al. 2023). During capture, fish 
experience stress and injury from environmental 
factors (for example, temperature, pressure) and 
mechanical factors (for example, collisions with 
vessels or fishing gear) (Pérez Roda et al. 2019). 
Fish mortality, whether it occurs at sea or upon 
reaching a landing site, is a significant contributor 
to pFLW in the early stages of the aquatic ASF 
value chain (Pérez Roda et al. 2019; Papageorgiou 
and Moutopoulos 2023; WEF 2024).

After being caught, fish stiffen, as their mus-
cles go through a natural process called rigor mor-
tis (Huss 1995b). Properly timing the processing 
activities around the onset of rigor mortis is 
important for maintaining fillet quality. The time 
it takes for rigor mortis to occur depends on the 
type of fish, how stressed it was during capture, 
and the temperature at which it is stored (Huss 
1995b; Hamada-Sato et  al. 2005; Borderías and 
Sánchez-Alonso 2011). Once rigor mortis passes, 
the fish muscles soften and relax, as enzymes 
break down fatty acids. Eventually, chemical 

changes lead to rancid odors and discoloration 
(Huss 1995b; Hamada-Sato et al. 2005).

Primary processing can help extend shelf life 
and reduce FQL from temperature and handling 
abuses, but it can also contribute to pFLW if not 
done properly. At-sea fish processing primarily 
removes inedible parts, which may be discarded 
at sea or retained for later use as by-products if 
they have commercial value (WEF 2024). The 
level of spoilage bacteria affects how long the 
fish stays fresh; fish with too much bacteria may 
be rejected (Huss 1995b). Bacteria can contami-
nate fish through contact with unclean surfaces or 
unsanitary handling (FAO 2023b). Physical dam-
age, such as abrasions or skin damage, can accel-
erate tissue breakdown and discoloration, leading 
to faster spoilage (Huss 1995c; FAO 2023b). 
While washing and gutting can help reduce bac-
terial and enzymatic spoilage, especially in larger 
fish (Borderías and Sánchez-Alonso 2011), 
proper cooling is crucial to slow down enzyme 
activity and bacterial growth, thereby preventing 
spoilage (Huss 1995b).

Aquaculture producers carefully select and 
breed fish species for specific traits, including 
rapid growth and disease resistance (Global Panel 
2021). These fish are primarily raised for human 
consumption (FAO 2022a). Unfortunately, some 
mature farmed fish die before they can be har-
vested, leading to preharvest pFLW.  The main 
causes of mortality include environmental factors 
like poor water quality, algal blooms, temperature 
fluctuations, and extreme weather; biological 
threats like predators and parasites; and chemical 
issues like misused veterinary drugs (FAO 2023b).

Box 5.5 A Gender Lens on Fish Production 
and Early-Stage Food Loss and Waste
Varying gender roles within fish value 
chains can influence the degree of FLW at 
different stages, depending on levels of par-
ticipation and resource access (Kruijssen 
et al. 2020). Gender roles play a significant 
part in fish value chains. Although men 
often dominate fishing activities, women’s 
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5.4.2	� Livestock-Sourced Foods

As populations grow, and incomes rise, the 
demand for livestock-sourced foods (LSF) 
increases, leading to shifts in production systems 
(Chap. 2). Over the next decade, dairy and meat 
consumption is projected to rise significantly. In 
many low- and middle-income countries, fresh 
dairy products (unprocessed, pasteurized, or fer-
mented) are the primary forms of milk consumed, 
unlike in high income countries where processed 
dairy products (for example, cheese) are more 
common (OECD and FAO 2023). Poultry, pri-
marily broiler chickens, currently accounts for 
the largest share of meat production and con-
sumption globally and is expected to grow fur-
ther (Parlasca and Qaim 2022; OECD and FAO 
2023).

To meet increasing LSF demand in low- and 
middle-income countries, the number of animals 
increases before productivity gains, especially 
for poultry and pigs (Steinfeld et  al. 2006; 

Herrero et  al. 2021). The expansion of animals 
puts pressure on the early stages of the value 
chain, where the health and well-being of ani-
mals, the conditions under which they are raised, 
the slaughter process, and immediate post-
production handling all factor into the extent of 
FLW at the farm level.

Livestock destined for meat production are 
exposed to numerous preslaughter stressors that 
can negatively impact food quality. From exces-
sive heat exposure on farms and in transport vehi-
cles to the chaotic environment of slaughterhouses, 
these animals face challenges that can compro-
mise their health and well-being, and ultimately, 
their meat quality (Miranda-de La Lama et  al. 
2014). Veterinary care, feed, and stocking density 
all influence animals’ vulnerability to stress (Ritz 
et al. 2005). Improper handling practices, such as 
overcrowding, harsh environments, prolonged 
transport, and rough treatment, can further exac-
erbate stress levels (Nijdam et al. 2004; Delezie 
et al. 2007; Xing et al. 2019; Bethancourt-Garcia 
et al. 2019; Pirompud et al. 2023).

Preslaughter mortality of market-ready ani-
mals can occur when animals are deemed unfit 
for human consumption or when animals die 
from disease, injury, or stress. For example, in 
poultry, heat stress, physical trauma, and disease 
are the primary causes of preslaughter mortality 
(Nijdam et  al. 2004; Ritz et  al. 2005; Kittelsen 
et al. 2018). The rate of pFLW can also serve as 
an initial indicator of animal welfare (Jacobs 
et al. 2017).

Heat stress, a physiological stressor, creates 
an ideal environment that facilitates microbial 
growth and colonization, contributing to animal 
illness and potential meat quality issues (Zhang 
et al. 2020). Handling-related stressors, such as 
overcrowding and unsanitary conditions, further 
exacerbate the problem by increasing the trans-
mission of pathogens among animals (Ritz et al. 
2005). Behavioral responses to stress, including 
aggression and agitation, can lead to injuries 
from human handling or animal interactions, fur-
ther compromising meat quality, such as discol-
oration (Oppen and Løkketangen 2008). Acute 
heat stress can also have detrimental effects on 
meat quality, causing changes in color, texture, 

involvement varies, depending on factors 
like production systems and cultural norms. 
For example, Kaminski et al. (2020) dem-
onstrated that, in Zambia, women’s house-
hold responsibilities, such as farming and 
childcare, can hinder their participation in 
traditional fishing. Among women who par-
ticipated in fishing, there were differences 
in fishing gear between men and women. 
Men primarily used nets and handlines 
from canoes, while women fished with bas-
kets in shallow waters during specific sea-
sons. In contrast, aquaculture, especially 
backyard pond farming, offers women a 
more accessible way to engage in fish pro-
duction (Kawarazuka and Béné 2010). To 
effectively identify critical loss points in 
fish value chains, comprehensive gender-
sensitive value chain mapping (FAO 2018) 
must consider variations in production sys-
tems and their unique FLW pathways, 
including at early stages, to address existing 
data gaps (Kruijssen et al. 2020).
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Table 5.3  Livestock production systems

High income Upper-middle income Lower-middle income Low income
Chicken Backyard 0.03 0.26 0.51 0.08

Broiler 5.04 5.95 3.76 0.11
Layer 2.18 5.4 1.36 0.05

Bovine Grassland 3.77 3.27 0.99 0.51
Mixed 9.71 6.71 9.8 0.65
Feedlot 1.54 0.83 0.04 –

Small ruminant 
meat

Grassland 0.22 0.35 0.26 0.25
Mixed 0.42 0.46 0.81 0.23

Pork Backyard 0.03 1.791 0.63 0.11
Intermediate 0.25 3.3 0.4 0.02
Industrial 5.59 6.22 0.29 0.02

Meat production by regional income group and production intensity in millions of tons. Production volumes measured 
in terms of protein. Data from the Global Livestock Environmental Assessment Model (FAO 2022b)

and fluid loss (Mir et al. 2017; Xing et al. 2019; 
Zhang et al. 2020).

Livestock transport is a particularly stressful 
experience for animals, influenced by factors 
such as species mixing, disease risks, transport 
duration, vehicle size, arrival timing, and slaugh-
terhouse conditions (Oppen and Løkketangen 
2008). For example, mammals and birds have 
diverse physiological responses to heat, making 
it essential to manage these factors to minimize 
stress (Silanikove 2000; Gregory 2010; Gonzalez-
Rivas et al. 2020). Therefore, the transportation 
requirements and value chain actors’ ability to 
control these factors are influenced by the scale 
of their production systems and underlying infra-
structure, such as road conditions and networks.

The role of different meat production systems 
varies across regional income groups (Table 5.3). 
While intensive and industrial systems often 
expose animals to stress from high stocking den-
sities, prophylactic antibiotic use, and animal 
welfare concerns, extensive systems also have 
their challenges, including heat stress and lower 
access to feed, water, and veterinary services 
(Parlasca and Qaim 2022). Climate change can 
exacerbate stress factors in livestock production 
systems with varying impacts, depending on the 
type of system (Nardone et al. 2010). However, 
more comprehensive data is needed to fully 
understand the role of production systems in 
farmgate FLW of livestock foods, as well as the 
potential benefits and risks of valorizing crop-
based pFLW as animal feed to support increasing 

livestock production (Pinotti et  al. 2021; 
Boumans et al. 2022).

Quality evaluation of both live animals and 
postmortem meat depends on the type of stan-
dards used and how strictly they are enforced. 
Informal traders, lacking formal grading systems, 
rely on subjective assessments of live animals, 
based on visual inspection, estimated live weight, 
and perceived health. Large processing compa-
nies, in contrast, use more detailed and objective 
grading standards that consider factors like ani-
mal type, age, live weight, fat characteristics, and 
injuries (Alarcon et  al. 2017). At slaughter, 
rejected meat may be completely removed from 
the value chain (pFLW) or may be rejected from 
certain markets, potentially leading to diversion 
to local markets with less stringent quality 
requirements (Gregory 2010; Miranda-de La 
Lama et al. 2014; Mir et al. 2017; Forseth et al. 
2023). For example, improper slaughter tech-
niques, such as mishandling of organs, can lead 
to fecal contamination and rejection during 
inspection (Jaja et al. 2018; Njoga et al. 2023). As 
slaughtered meat is prepared to move to the post-
farmgate value chain, the post-slaughter chilling 
period is crucial for maintaining food safety and 
quality attributes (Savell et  al. 2005; Mir et  al. 
2017).

In addition to meat, milk and eggs are also 
important livestock products vulnerable to FLW 
due to their perishability. In dairy production, 
microbial spoilage, even under refrigerated con-
ditions, is a primary contributor to FQL, result-

5  Protecting the Harvest: Farmgate Loss Pathways Linked to Food Availability
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ing in off-flavors, odors, and textures (Martin 
et al. 2021). Physical FLW of milk, typically due 
to spills or accidents related to infrastructure or 
management issues, does not necessarily involve 
quality loss (March et al. 2019). However, anti-
biotic residues in milk, often from treating dis-
eases like mastitis in dairy cattle, pose a 
significant food safety concern and lead to pFLW 
when detected above permissible levels (March 
et al. 2019). Poor hygiene, sanitation practices, 
and mechanical milking can increase the risk of 
mastitis, particularly in systems where subclini-
cal cases go undetected (Motaung et  al. 2017; 
Bari et  al. 2022). For eggs, heat stress in egg-
laying birds can compromise shell quality, lead-
ing to reduced thickness, increased breakage, 
and a higher risk of foodborne pathogen contam-
ination (Lara and Rostagno 2013; Gautron et al. 
2022).

5.5	� Conclusions

This chapter underscores the critical role of farm-
level FLW in ensuring the availability of nutri-
tious, perishable foods within food value chains. 
Although diversification and increased produc-
tion of healthy foods are essential, effective man-
agement of FLW at the farm level is equally 
crucial for delivering healthy diets. Current pro-
duction of high-value, nutritious foods is not suf-
ficient globally to meet the dietary needs of all 
people. Physical FLW at farmgate stages, some 
of which is due to FQL, further reduces the 
amount of fruits, vegetables, and ASF that enters 
food value chains to be made accessible to 
consumers.

For fruits and vegetables, FLW pathways 
begin once produce reaches a marketable matu-
rity. Understanding the relationship between 
plant life cycles, physiological changes, and 
quality attributes is essential for minimizing 
FLW.  Stress factors, including environmental 
conditions, pests, and physical damage, can sig-
nificantly impact produce quality and shelf life. 
Producers must manage FLW by carefully select-
ing harvest timing, implementing proper han-
dling practices, and ensuring appropriate 

postharvest storage. However, the challenges of 
balancing cosmetic quality standards with the 
need to minimize FLW in modern food systems 
remain.

FLW pathways of ASF are more diverse than 
those for fruits and vegetables due to the wide 
range of products within this category, including 
aquatic animals, landed animals, and dairy and 
egg products. From production to postharvest 
handling, ASF face risks, such as preslaughter 
stress, disease, and improper handling. Ensuring 
proper hygiene, sanitation, and veterinary care is 
crucial for minimizing FLW of mature livestock. 
In aquatic animals, factors, including capture 
methods, handling practices, and storage condi-
tions, impact FLW. Addressing these challenges 
requires a comprehensive approach to improve 
animal welfare, production practices, market 
linkages, and infrastructure.

Addressing FLW at the farm level requires a 
comprehensive approach that involves improved 
production practices, enhanced infrastructure, 
strengthened market linkages, policy interven-
tions, and knowledge and capacity building. By 
addressing these challenges, we can significantly 
reduce farm-level FLW to increase the quantity 
of good quality produce made available to food 
value chains.
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6Enhancing Value: Post-farmgate 
Loss Pathways Linked to Food 
Access

6.1	� Introduction

Sustainable food systems must support house-
hold food access to diverse foods in order to 
deliver healthy diets. Food access is a dimension 
of food security that refers to economic, social, 
and physical access by which an individual or 
household has the means to acquire food for an 
adequate diet that meets their preferences (HLPE 
2020). As economies develop and undergo struc-
tural transformation, rising consumer incomes 
lead to shifting food preferences, which are met 
through diverse value-added approaches. Post-
farmgate food value chains involve various oper-
ations, such as processing, logistics, and 
marketing, to bring food to consumers (Fanzo 
et al. 2017).

Post-farmgate, food moves along the value 
chain, becoming physically accessible to con-
sumers at increasingly farther distances. Non-
staple foods, especially perishable and nutritious 
ones, require investments in cold chains, packag-
ing, and distribution to meet the growing demand 
of urban populations. As consumer demands for 
food quality and safety rise, so do standards, 
driving product differentiation beyond the basic 
requirements. The globalization of food trade has 
intensified this trend, with varying standards 
between countries influencing FLW pathways 
and determining which consumers have access to 
specific foods. Understanding these post-
farmgate challenges is important for identifying 

strategies to enhance food quality, reduce losses, 
and ensure that nutritious food is accessible and 
affordable for all.

This chapter explores the intricate relationship 
between FLW and the diverse post-farmgate 
value chains that serve various consumer popula-
tions. The lack of FLW data is particularly salient 
in the post-farmgate value chain stages. 
Therefore, in this chapter we discuss the post-
farmgate pathways that we expect based on cur-
rent evidence. We focus on high-value, perishable 
food groups, which are typically sold fresh. By 
examining the distinct characteristics of transi-
tioning food systems, we explore how infrastruc-
ture and market dynamics influence the types of 
foods that are accessible. We also delve into how 
quality standards for traded food can shape mar-
ket access for value chain actors and consumers, 
as well as discuss the destinations of food that 
does not meet these standards. Finally, we iden-
tify the unique features of FLW pathways at the 
household consumer stage.

6.2	� Post-farmgate Value 
Addition and Shifts 
in Consumer Demand 
Patterns

As countries move through structural transforma-
tion, typically, on-farm productivity gains reduce 
farmgate food prices. Rising incomes and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_6&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_6#DOI
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urbanization shift food demand patterns toward 
diversified diets, leading to increased demand for 
products with improved attributes when consum-
ers value different food properties, experience 
changes in market conditions and social circum-
stances (Chap. 3), and are willing and able to pay 
higher prices (Fanzo et al. 2017)

Post-farmgate value addition grows faster 
than farm value output, as demand increases for 
improved food packaging, preparation, preserva-
tion, quality control, storage, transport, and dis-
tribution (Yi et  al. 2021). When value addition 
focuses on improving food safety and reducing 
spoilage, it can positively impact FLW by ensur-
ing that high quality food reaches consumers. 
However, value addition strategies, which priori-
tize product differentiation based on cosmetic 
attributes or limited supply, can inadvertently 
increase FLW when edible food is discarded.

Packaging, in some form, is used throughout 
the entire food system, safeguarding products, 
streamlining logistics, and serving as a commu-
nication channel with consumers (Lindh et  al. 
2016). Bulk packaging—encompassing bags, 
boxes, crates, and cartons—facilitates the effi-
cient transportation of large quantities of both 
packaged and unpackaged food during distribu-
tion. Tailored to specific food environments, 
products may be offered to consumers in smaller 
formats, such as plastic bags, wraps, cans, or jars, 
or in a loose state, displayed in crates, baskets, or 
trays at retail (Verghese et al. 2015). In the past, 
food packaging materials consisted primarily of 
glass, metal, paper/cardboard, and plastics. 
Today, plastics have become the dominant mate-
rial in food packaging (Fig.  6.1). The balance 
between minimizing FLW and mitigating envi-
ronmental impact is particularly acute when con-
sidering the widespread use of single-use plastics 
in consumer packaging (Box 6.1). Therefore, 
packaging must fit the purpose, with its added 
value contingent upon the target market and 
desired product attributes (Lewis 2012). By 
adhering to these principles, packaging can effec-
tively protect food from FLW while preventing 
issues stemming from packaging-related factors.

Fig. 6.1  Trends in global food packaging material, 
2009–2023

Data source: Euromonitor International (2024a)

Box 6.1 The Plastic Paradox in Food 
Packaging
Consumer food packaging safeguards 
products, ensuring that they reach consum-
ers in acceptable conditions and preventing 
FLW at the distribution, retail, and house-
hold stages (Grönman et al. 2013). Single-
use plastics, as their name implies, are 
designed for one-time use and are meant to 
be discarded or recycled after a single use. 
Only 9% of plastic waste has ever been 
recycled (UNEP 2018). Food and beverage 
packaging are among the most common 
single-use plastics found in the environ-
ment (UNEP 2018). Therefore, the tension 
between minimizing FLW through 
enhanced packaging and mitigating the 
environmental impact of plastic food pack-
aging is a pressing concern. More data are 
required, both on the extent of FLW and 
data on single-use plastics, to design pack-
aging alternatives that minimize FLW and 
minimize the use of environmentally prob-
lematic plastics (Grönman et  al. 2013; 
UNEP 2018; White and Lockyer 2020).
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Closely related to packaging, food processing 
is critical to adding value by enhancing food 
quality, safety, and convenience to align with 
consumer preferences and market demands. Food 
processing can be divided into two main types: 
(1) primary processing, which prepares raw 
ingredients for consumption or use in other foods, 
and (2) secondary processing, which turns 
primary-processed foods or ingredients into new 
products (Parfitt et  al. 2010; Park et  al. 2014). 
The extent to which food processing affects per-
ishability depends on the specific processing 
methods and techniques used. Food processing 
techniques can be simple or complex, but they 
usually involve one or more of the following: 
cleaning, cutting, heating, cooling, fermenting, 
adding enzymes, and pressing (Park et al. 2014; 
Monteiro et  al. 2017). Processed foods are fre-
quently packaged in consumer-friendly packag-
ing formats to increase convenience.

Increased consumption of processed foods is a 
feature of dietary transitions that occur with 
structural transformation of economies (Chap. 2). 
Efforts to classify food processing consider the 
extent of change from the state at harvest, nature 
of change, place of processing, and purpose of 
processing (van Boekel et al. 2010; Sadler et al. 
2021). Although most classification systems 
focus on how commercial processing affects 
health, critics argue that the definitions are incon-
sistent and fail to include important value chain 
stages, including storage, transportation, or home 
preparations (Sadler et al. 2021).

FLW can occur throughout the food process-
ing stages, from the preparation of raw materials 
to after packaging (Darlington et al. 2009; Eičaitė 
et  al. 2023). During the preparation and trans-
formation of ingredients, losses can result from 
factors such as power outages, equipment mal-
functions, and inadequate facilities (Darlington 
et al. 2009; Raak et al. 2017; Akintola et al. 2022). 
These inadvertent losses are in contrast to inher-
ent food losses that occur when edible parts of 
raw materials are considered by-products and not 
used in the final product (Darlington et al. 2009; 
Raak et al. 2017). Food processing can inadver-
tently compromise quality attributes including 
shape, texture, or color, as well as food safety 

(Box 6.2). Unacceptable finished products may 
be removed from the value chain at any point, 
both before and after packaging.

Box 6.2 Using Solar Drying Approaches for 
Food Preservation
When food is dried, the removal of mois-
ture helps prevent it from spoiling, making 
it safer and longer lasting. There are many 
different drying techniques, each with its 
own equipment and operational require-
ments (Cohen and Yang 1995). Some foods 
can be prepared (for example, cut, salted, 
fermented, or cooked) before they are dried 
(Doe and Olley 2020; Natarajan et  al. 
2022).

Solar drying is a common food preser-
vation method in low- and middle-income 
countries (LMICs). There are two main 
types of solar drying: open sun drying, 
which uses direct sunlight, and convection 
drying, which uses sunlight to heat air that 
then dries the food (Bourdoux et al. 2016). 
Although solar drying can improve food 
safety and shelf life, it can also lead to 
losses in food quality. In open sun drying, 
food is exposed to the elements, making it 
difficult to control temperature and humid-
ity, as well as insects and pests, which can 
increase the risk of spoilage and contamina-
tion (Bourdoux et al. 2016; Udomkun et al. 
2020; Matavel et  al. 2022)). Convection 
dryers protect food from contaminants and 
dry it more quickly (VijayaVenkataRaman 
et al. 2012; Bourdoux et al. 2016; Natarajan 
et  al. 2022). However, both methods can 
cause changes in texture and flavor, and 
discoloration, depending on the food being 
dried (Nijhuis et  al. 1998; Calín-Sánchez 
et al. 2020; Natarajan et al. 2022).

Whereas drying is a standard posthar-
vest process to preserve durable foods like 
legumes, seeds, nuts, and grains 
(Manandhar et al. 2018), drying perishable 
foods, like fruits, vegetables, meats, and 
fish, depends on the context (Kim et  al. 
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Table 6.1  Major constraints affecting food cold chain 
performance in transitioning food systems

Infrastructure •  Lack of cold storage
•  Shortage of refrigerated carriers
•  Poor logistics infrastructure
• � Unavailability of power and 

water
Technological • � Lack of awareness about the use 

of information technology
• � Lack of modern processing and 

packing methods
•  Improper traceability

Operational • � Lack of integration between 
stakeholders

• � Improper handling
•  Lack of information sharing
•  Inadequate education of farmers
•  Large number of intermediaries

Regulatory and 
economic

•  Government regulations
•  Lack of standardization
•  Lack of customer knowledge
• � High cost of technology and 

operations

Adapted from Shashi et al. (2018)

2009; Natarajan et al. 2022; Morris 2023). 
Although drying can extend the shelf life of 
perishable foods, the higher moisture con-
tent of these foods presents unique chal-
lenges for preserving quality during solar 
drying.

As food value chains lengthen, the availability 
and accessibility of cold chain infrastructure 
becomes important for maintaining the quality of 
fresh, perishable foods and reducing post-
farmgate FLW. Cold chain infrastructure, encom-
passing temperature-controlled storage and 
transportation from farm to consumer, is essential 
for extending the shelf life and maintaining the 
quality of fresh, perishable products (Brondy 
2019). By slowing down degradation processes, 
cold chains reduce FQL and enable greater flexi-
bility for value chain actors, including consumers 
(Heard and Miller 2016). At the same time, cold 
temperatures can lead to quality losses, such as 
off-flavors and changes in texture, depending on 
the specific product, processing methods, packag-
ing, and storage conditions (Bonat Celli et  al. 
2016).

The implementation and maintenance of cold 
chains present significant challenges, particularly 
in transitional food systems (Table  6.1). The 
availability of clean water, reliable power, well-
maintained roads, and appropriate transport vehi-
cles and storage facilities are fundamental 
requirements for effective cold chains. Despite 
their benefits, the initial investment and ongoing 
operational costs can be substantial, particularly, 
for small-scale producers (Brondy 2019). 
Moreover, the lack of food safety standards and 
demand for perishable foods can create barriers 
to entry and hinder the development of efficient 
and reliable cold chain systems, reinforcing FLW 
of nutritious foods. The high costs involved, lim-
ited access to finance for small and medium 
enterprises, inadequate government regulations, 
and insufficient consumer demand often impede 
the development and adoption of cold chain 
infrastructure (Brondy 2019).

6.3	� Fruit and Vegetable Value 
Chains

Fruits and vegetables reach consumers in both 
fresh and, to a lesser extent, processed forms. The 
post-farmgate stages determine the market chan-
nels, and value addition occurs through various 
product differentiation strategies. As food sys-
tems transform, the attributes used to differenti-
ate products and limit acceptance shift, influenced 
by changes in packaging, processing, storage, 
and distribution.

In early stages of food system transformation, 
preventing quality losses in fresh fruits and veg-
etables, including food safety issues, deteriora-
tion, and spoilage, enhances product value. 
Processing into shelf-stable forms adds value by 
extending shelf life and mitigating food safety 
hazards. As food systems modernize and FQL 
prevention related to food safety and spoilage 
become common, other quality attributes, such as 
cosmetic attributes for fresh produce and mini-
mal processing for convenience, become attri-
butes for product differentiation.
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6.3.1	� The Dynamics of Food Quality 
in Fruits and Vegetables 
and Adding Value

Fresh fruits and vegetables remain physiologi-
cally active throughout storage and distribution. 
As food value chains lengthen and become more 
complex, the risk of exposure to environmental, 
biological, and physical stressors, which can 
compromise the quality of fresh produce, 
increases. Although fresh fruits and vegetables 
require specific conditions to maintain quality, 
processed products have their own unique 
requirements. Value chain actors must be cogni-
zant of these distinct needs to effectively manage 
FQL, according to the target market.

Consumers prioritize distinct quality attri-
butes in fresh and processed fruits and vegeta-
bles, often valuing sensory qualities like freshness 
and appearance in fresh produce, while prioritiz-
ing convenience and shelf life in processed prod-
ucts. Similarly, processors may seek raw 
materials with specific characteristics that are 
most appropriate for processing to ensure desired 
product attributes in the final product. These 
characteristics may differ from than those desired 
in produce intended for fresh markets (Bonat 
Celli et  al. 2016). Desirable attributes between 
value chain actors and consumers may conflict, 
requiring innovative solutions, such as use of 
storage or packaging (Verghese et al. 2015).

Processors may source lower quality produce 
from fresh markets based on available supply and 
market prices, particularly, in traditional and tran-
sitional food systems (Subramanian 2016; Boiteau 
and Pingali 2022). In the tomato processing indus-
try, for example, using tomato varieties intended 
for fresh markets, which are less suitable for pro-
cessing, can necessitate the addition of ingredients 
like sugar to compensate for acceptable quality 
attributes in the final product (Subramanian 2016; 
Schreinemachers et al. 2022).

Bulk packaging is a critical component of 
the value chain for fresh fruits and vegetables, 
facilitating their movement from farm to mar-
ket. The selection of appropriate bulk packaging 
for post-farmgate stages is influenced by pack-
aging options, quantity of produce, and suscep-

tibility to damage during storage, handling, and 
transportation.

The quality and rate of deterioration of fresh 
fruits and vegetables, as discussed in Chap. 5, 
is contingent upon providing adequate protec-
tion, ventilation, and temperature control through 
packaging (Verghese et  al. 2015). Even when 
appropriate packaging is used, improper handling 
practices, such as failing to sort produce by ripe-
ness, type, or odor sensitivity, can lead to quality 
deterioration, resulting in produce that is overly 
ripe, soft, or exhibits unpleasant flavors or odors 
(Kasso and Bekele 2018; Perdana et al. 2023).

Packing damaged produce with undamaged 
produce and overfilling containers can lead to 
cross-contamination, decay, and reduced market-
ability (Surucu-Balci and Tuna 2021; Perdana 
et al. 2023). Although bulk packaging practices, 
such as mixing, mishandling, and overpacking 
fresh produce, can contribute to FQL and subse-
quent pFLW, addressing these issues requires a 
combination of knowledge and incentives to 
implement improved practices. For example, 
value chain actors may be more incentivized to 
invest in improved packaging to reduce FQL 
when they receive higher prices for higher qual-
ity produce in the market.

Limited transport and storage capacity or ded-
icated facilities can challenge the effective sepa-
ration of produce, leading to quality variations, 
premature ripening, softening, off-flavors, and 
deterioration (Kasso and Bekele 2018; Schudel 
et al. 2023). For example, fresh produce may be 
stored in bulk before processing, but lack of stor-
age capacity can lead to FQL (Subramanian 
2016). As food value chains lengthen and become 
more complex, risk of exposure to environmental 
factors, including sunlight, adverse weather, and 
unsuitable temperatures and atmospheric condi-
tions, increases. Therefore, bulk packaging 
requirements need to be considered alongside 
transport factors, such as transport distance, road 
conditions, vehicle type, and season, which influ-
ence the timing and conditions of transportation 
between value chain stages and can be challenged 
by delays, high costs, poor handling, and infra-
structure deficiencies (Surucu-Balci and Tuna 
2021).

6.3 � Fruit and Vegetable Value Chains
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Fig. 6.2  Global vegetable volumes and revenues by 
form, estimated from 2018 to 2029

Source: Statista Market Insights (2024)

Processing fruits and vegetables expands 
their availability beyond seasonal constraints 
and market accessibility. Processed fruits and 
vegetables can be categorized into three broad 
segments based on storage temperature: ambient 
(for example, dried products, canned or jarred 
preserves, and juices); chilled (for example, 
packaged, peeled, fresh-cut fruits and vegeta-
bles); and frozen (Mena et  al. 2011; Garrone 
et al. 2014). As overall vegetable consumption is 
projected to rise, fresh vegetables are likely to 
remain the dominant form of supply, compared 
to processed and frozen varieties (Fig.  6.2). 
Additionally, fresh vegetables are expected to 
maintain lower prices than their processed and 
frozen counterparts. However, in the United 
States, where processing and cold chain infra-
structure are well developed, there is not a con-
sistent pattern in which one format (fresh, 
canned, or frozen) is more or less expensive—a 
situation most likely due to factors, such as 
grower prices, processing costs, handling prac-
tices, and spoilage rates (Stewart et al. 2024).

Processing methods for ambient storage can 
vary widely, from traditional drying and canning 
techniques to modern technologies, each with 
their own financial, technical, and operational 
requirements (Hasan et al. 2019; Schreinemachers 
et al. 2022; Machala et al. 2022). The quality of 
the preserved product can differ depending on the 
chosen method. The chemical and physical trans-
formations from drying or canning can impact 
the texture, flavor, appearance, and handling of 
fruits and vegetables, depending on the technique 
(Nijhuis et  al. 1998; Raak et  al. 2017; Calín-
Sánchez et al. 2020; Natarajan et al. 2022).

Post-processing, dried and canned fruits and 
vegetables require a dry storage environment to 
prevent moisture-related spoilage (Surucu-Balci 
and Tuna 2021). Although warm and dry condi-
tions are acceptable, cold and dry environments 
are optimal for extending shelf life (Bradford et al. 
2018). Damaged packaging can let in moisture, 
damaging dried products. Additionally, moisture 
can compromise packaging integrity, as is the case 
for canned products that are susceptible to rust and 
seal failure when exposed to moisture, thereby 
facilitating contamination. Maintaining dry stor-
age conditions can be difficult in hot and humid 
climates of LMICs in the Global South.

The emergence and later expansion of reliable 
cold chains facilitate the growth of minimally 
processed produce markets, responding to the 
increasing demand for convenient, ready-to-use 
fruits and vegetables among growing urban, 
middle-class populations (Mir et  al. 2018). The 
processing methods for ambient and frozen prod-
ucts act on plant physiological activity to slow 
deterioration and prevent microorganism growth 
(Rickman et  al. 2007). Minimal processing 
involves techniques, such as cutting, peeling, 
washing, cooling, and moisture removal (Barrett 
et al. 2010). However, processing physiologically 
active plant tissue can induce stress responses, 
including elevated respiration, ethylene produc-
tion, browning, and water loss (Brecht 1995; 
Perera 2020).

Several factors can contribute to FQL during 
the processing of refrigerated and frozen pro-
duce, including pretreatment methods, freezing 
conditions, packaging, storage, and thawing pro-
tocols (Bonat Celli et al. 2016). For frozen prod-
ucts, in particular, the formation and size of ice 
crystals, as well as the denaturation and inactiva-
tion of enzymes, significantly impact the final 
product’s quality attributes, such as texture, color, 
flavor, and nutrients (Bonat Celli et  al. 2016). 
Balancing consumer demand for convenient, 
ready-to-use produce with processor and retailer 
priorities for extended shelf life requires innova-
tions in processing and packaging solutions 
(Verghese et al. 2015).

Processing inefficiencies can contribute to 
FLW, even without direct impacts on food qual-
ity. Physical FLW occurs during processing when 
edible food parts, such as skin, seeds, and pulp 

6  Enhancing Value: Post-farmgate Loss Pathways Linked to Food Access



103

are removed, according to the desirable attributes 
for the final product (Secondi et  al. 2019; Pop 
et al. 2021). Material loss during production line 
changes or cleaning, noncompliance with com-
mercial standards due to production errors, and 
packaging defects can contribute to additional 
pFLW (Dora et al. 2020; Eičaitė et al. 2023).

6.3.2	� Fresh Fruit and Vegetable 
Food Environments

Effective coordination among value chain actors 
is important for successful value addition strate-
gies, encompassing production planning, market 
dynamics, packaging, and quality control. 
Although both formal and informal markets con-
tribute to access to fresh fruits and vegetables, 
their market shares shift as food systems modern-
ize and urban populations grow. Formal markets 
prioritize efficiency, marketing, and quality stan-
dards, while informal markets often serve geo-
graphically dispersed populations, offering 
convenience and affordability (Cadilhon et  al. 
2006).

Informal and formal markets often have dis-
tinct approaches to quality grading and stan-
dards for fresh produce. Retailers and vendors 
in informal markets frequently sort produce into 
different quality grades, offering discounted 
prices for lower quality items (Minten and 
Reardon 2008; Boiteau and Pingali 2022). By 
separating lower quality produce that is at risk 
of spoilage, this approach can minimize FLW 
and enable consumers to more easily purchase 
products that have acceptable attributes, includ-
ing quality and value.

In contrast, formal markets enforce more 
stringent quality standards, including cosmetic 
attribute standards, to offer often one quality 
grade to customers. However, the enforcement of 
these cosmetic attribute standards can contribute 
to pFLW of otherwise edible fruits and vegeta-
bles. Recent efforts to sell produce with lower 
grade cosmetic attributes in modern retail have 
attracted consumers who value environmental 
sustainability and those seeking more affordable 
options (Aschemann-Witzel et  al. 2018). 
However, the increasing prevalence of packaged 
fresh fruits and vegetables can challenge con-
sumers’ ability to assess product attributes and 
retailers’ efforts to prevent pFLW of unsold pro-
duce (Box 6.4).

Box 6.3 Controlling Post-farmgate 
Environments of Perishable Fruits and 
Vegetables
Fruits and vegetables, whether fresh or 
frozen, require a reliable cold chain to pre-
vent spoilage. Chilling fresh produce slows 
down its respiration, extending shelf life. 
Maintaining freezing temperatures of frozen 
produce is necessary for preventing qual-
ity issues associated with thawing, or with 
repeated freezing and thawing cycles. In 
modern food systems, robust cold chains are 
essential for supporting fresh-cut (refriger-
ated) and frozen fruits and vegetables, offer-
ing consumers time savings in preparation 
and, particularly, for frozen produce, nutri-
ent retention (Barrett et al. 2010).

Relative humidity is closely linked to 
temperature. Lower temperatures reduce 
water loss in produce, while excessive 
humidity can lead to microbial growth and 
decay (Kader 1992). However, when rela-
tive humidity is too low, produce may wilt, 
shrivel or shrink, lose weight, and become 
less firm. Low-tech methods like adding 
water or using vapor barriers can help adjust 
humidity, but these methods may also intro-
duce microbial pathogens, depending upon 
the quality of water and materials (Kasso 
and Bekele 2018). Although advanced 
technologies offer more precise control of 
relative humidity in storage and packaging, 
they often require additional resources and 
specialized knowledge.

6.3 � Fruit and Vegetable Value Chains
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6.4	� Animal-Source Food Value 
Chains

Animal-source foods (ASF) are rich in bioavail-
able nutrients including protein and micronutri-
ents, but their perishability makes them 
vulnerable to FQL issues that can compromise 
their safety and desirability. Relative to plant 
foods, biological hazards are particularly chal-
lenging for ASF that can lead to contamination, 
spoilage, and foodborne illness (Barbut and 
Leishman 2022). Therefore, to meet growing 
demand for safe ASFs, value chain actors must 
prioritize addressing time, temperature, and han-
dling challenges that arise throughout the stages 
of processing, storage, and distribution. However, 
data on FLW in ASF value chains is limited 
(Karwowska et al. 2021; WEF 2024).

Understanding FLW pathways is crucial for 
identifying instances where FQL of ASF leads to 
pFLW, such as when unsafe food is removed, and 
for determining where to focus efforts on pre-
venting FQL. Processing is included in many of 
these pathways since most ASF requires process-
ing before it is marketable to consumers. This 
includes removing parts and cutting carcasses, as 
well as further processing, like butchering and 
combining ingredients (Rørå et al. 2001; Mahler 
et al. 2015; Barbut 2020). Processing choices can 
affect food hygiene and consumer acceptance in 
different target markets (Mahler et  al. 2015; 
Barbut 2020).

6.4.1	� Animal Meat

After land animals have been slaughtered, includ-
ing primary processing to remove organs (which 
may be edible, see Box 6.5) and the carcasses 
washed, the extent of secondary processing 
required for consumer acceptability depends on 
the animal and desirable quality attributes, 
including tenderness, flavor, and texture 
(Maddock 2014). Red meat, from larger animals, 
like beef, pork, lamb, and goat, is typically cut 

Box 6.4 Consumer Shopping Experiences 
Shape Food Loss and Waste Pathways at the 
Retail Stage
Consumer shopping experiences, in addi-
tion to quality standards, can influence 
FLW pathways at the retail stage. Loose 
produce allows consumers to select indi-
vidual items, enabling them to inspect and 
choose products that meet their desired 
quality attributes. However, variations in 
how retailers grade produce and differ-
ences in consumer preferences can result in 
unsold produce, when consumers have 
selectively chosen items. The handling of 
unsold produce, including sorting out 
spoiled items and regrading edible pro-
duce, can vary between informal and for-
mal markets, influencing the amount of 
food diverted to nonfood uses.

While informal markets often sell fresh 
produce loose, on display in open-air set-
tings without consumer packaging, formal 
markets are increasingly offering both 
loose and prepackaged produce in plastic 
or cardboard containers, displayed for sale 
in indoor or shaded areas (White and 
Lockyer 2020; Downs et  al. 2020). 
Consumer packaging can extend the shelf 
life of fresh produce but also makes it 
harder for retailers to identify and discard 
spoiled items (Verghese et  al. 2015). 
Formal markets often use packaging with 
additional product information that influ-
ences consumer choices. Date labels, visi-
ble flaws, and damaged packaging can 
result in price reductions and pFLW 
(Lebersorger and Schneider 2014). Formal 
retailers in transitional food systems face 
the challenge of balancing quality demands, 
which can increase prices and lead to slow 
turnover, with the need to compete with 
traditional markets, where produce often 
appears fresher (Cadilhon et al. 2006).
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into halves or quarters after slaughter (Maddock 
2014). The meats are then further processed into 
smaller pieces for sale to commercial or house-
hold buyers. Poultry, being smaller, are often sold 
whole, cut into parts, or ground (Smith 2014). 
Raw meat can be further processed through 
methods, such as heating, freezing, curing, fer-
menting, drying, or adding ingredients (Smith 
2014).

Raw meat is marketed to consumers in three 
general forms: hot-fresh, chilled-fresh, and fro-
zen (Zhou et al. 2012). Hot-fresh meat, from ani-
mals slaughtered and sold on the same day, is 
prevalent in smaller cities and rural areas, and 
typically, sold at informal markets (Zhou et  al. 
2012; Liu et  al. 2017). Chilled-fresh meat 
requires immediate cooling, and a cold chain is 
more common in larger cities and formal markets 
(Liu et  al. 2017). Frozen meat, processed and 
stored at freezing temperatures, is also found in 
formal markets, with cold chains that include 
freezers (Liu et al. 2017).

The timing of slaughter, purchase, and con-
sumption is critical in preventing FQL, particu-
larly, bacterial growth and spoilage, especially, in 
regions lacking cold chain infrastructure. In tran-

sitional food systems, animals are often slaugh-
tered without prearranged buyers, leading to 
potential mismatches between slaughter timing 
and consumer preferences (Alarcon et al. 2017). 
After slaughter, meat in informal value chains 
can move through complex channels, including 
multiple actors, to reach consumers in both rural 
and urban areas (Alarcon et  al. 2017; Wilson 
2018; Snel et al. 2021). Without refrigeration or 
immediate customers, slaughtered meat is 
exposed to ambient temperatures for extended 
periods, accelerating quality deterioration and 
compromising food safety.

In transitional food systems with inadequate 
food safety standards or enforcement, meat with 
FQL may remain accessible to consumers. 
Although this accessibility reduces pFLW, meat 
with FQL related to food hazards may pose risks 
to consumer health and safety, challenging the 
provision of safe and nutritious diets. When ade-
quate standards and enforcement exist, meat por-
tions with FQL can be removed during inspection 
if they fail to meet quality standards (Mahler 
et  al. 2015; Barbut and Leishman 2022). To 
minimize pFLW, processors can transform edible 
trimmings and lower quality cuts into value-
added products like sausages or mince, making 
them available to retailers and consumers in 
lower income communities (Alarcon et al. 2017).

Packaging meat products helps to prevent 
both external contamination during storage, 
transportation, and distribution, as well as cross-
contamination with other foods. Packaging also 
serves as a communication tool, informing con-
sumers about product quality through features, 
like grades and inspection marks. Inspections 
become standard practice in processing firms that 
supply high quality meat to high-income con-
sumers in formal markets. For example, the 
United States Department of Agriculture has sev-
eral labels to indicate quality grades, value-
addition, and official inspection (USDA 2022). 
However, consumer preferences for packaged 
versus unpackaged meat may also be based on 
cultural context rather than level of economic 
development (Table 6.2).

Box 6.5 Variety Meats Are Not Necessarily 
Globally Acceptable
The issue of cultural acceptability arises 
when discussing edible offal, also known 
as “variety meats,” which specifically 
refers to the edible internal organs of ani-
mals. The specific organs considered edible 
can vary depending on cultural preferences. 
Variety meats are often sold at lower costs 
than skeletal muscle meat and can be pro-
cessed into ground products, used in soups 
or stews, or served as traditional table 
meats, especially when they have larger 
portions of muscle (Schaefer and Arp 
2017).
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Share of packaged meat of total 

retail volume (%)

2013 2023 Change

China 2.5 7.5 +5.00

India 2.0 3.5 +1.50

Japan 80.3 81.3 +1.00

Vietnam 7.2 9.0 +1.80

Russia 63.0 71.2 +8.20

Brazil 56.3 58.5 +2.20

Mexico 43.4 45.7 +2.30

South Africa 21.0 29.0 +8.00

United States 67.4 75.2 +7.80

France 81.2 83.9 +2.70

Italy 39.0 41.1 +2.10

Spain 36.5 39.6 +3.10

United Kingdom 63.0 65.7 +2.70

Table 6.2  Comparison of packaged meat across selected 
countries, 2013 and 2023

Meat is either packaged or unpackaged at retail. Packaged 
meat retail volume is highlighted in gray when it consti-
tutes at least 50% of the total retail volume. Source: 
Euromonitor (2024b)

6.4.2	� Aquatic Animal Foods

The expansion of aquatic food production over 
the last few decades has been concentrated in 
aquaculture production in Asia, in contrast to 
Africa where production has expanded but still 
remains small (Chap. 5). In Asia, rising incomes 
have fueled a surge in domestic demand for 
aquatic foods (Belton et  al. 2018; Hernandez 
et al. 2018). The development and expansion of 
transportation networks, wholesale markets, and 
retail channels have facilitated the supply of 
domestically produced fish—primarily whole 
fresh fish—to urban areas (Hernandez et  al. 
2018). In contrast, while the demand for aquatic 
foods in Africa is increasing due to rising 

incomes, domestic fish production often falls 
short. Inadequate infrastructure and logistics hin-
der the accessibility of both inputs and markets, 
limiting domestic fish production and making 
domestically produced fish, particularly fresh 
fish, an expensive product (Belton et  al. 2018; 
Liverpool-Tasie et al. 2021).

Specific fish species have unique quality attri-
butes and distinct value chains based on their 
market value. Accessible fish are those typically 
marketed locally or regionally, while fish classi-
fied as a luxury food, often have a wider reach, 
targeting higher income consumers (Henriksson 
et  al. 2021). In traditional and transitional food 
systems, low- and medium-value species domi-
nate domestic supplies, while high-value species 
are often limited (Belton et  al. 2018). Fish 
intended for fresh, international export usually 
benefit from well-organized value chains, with 
access to cold chain infrastructure to ensure qual-
ity standards (Odoli et al. 2019).

The market value of fish, distance to markets, 
and availability of transportation impact deci-
sions on whether fish is sold fresh, frozen, or 
shelf-stable (Kaminski et  al. 2020). Traditional 
processing methods like drying and smoking 
extend shelf life without requiring cold storage. 
With the development of cold chain infrastruc-
ture, higher value fish are often sold fresh or fro-
zen, while lower value fish are more likely to be 
processed. In regions with limited infrastructure, 
processed fish are often more accessible to con-
sumers (Liverpool-Tasie et  al. 2021). However, 
despite growing demand for fresh fish, dried and 
smoked fish remain popular in Africa, even 
among higher income consumers (Liverpool-
Tasie et al. 2021).

Spoilage is the primary pathway for fish qual-
ity loss, especially in regions with inadequate 
cold chain infrastructure. The time between har-
vesting aquatic foods and processing or chilling 
is crucial for minimizing quality deterioration. 
Even in areas with cold chain infrastructure, 
improper handling and application of a cold 
chain can contribute to quality issues in fresh fish 
(Odoli et  al. 2019; Kaminski et  al. 2020). 
Therefore, small-scale fisheries lacking cold stor-
age during fishing or harvesting are limited in 
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their ability to sell fish over long distances, 
restricting their sales to nearby communities to 
minimize quality loss (Odoli et al. 2019). Supply 
fluctuations can further strain existing capacity, 
leading to challenges in accommodating seasonal 
availability. Aquaculture, compared to capture, or 
wild, fisheries, offers greater production control 
and less variability (Belton et al. 2018).

Open-air drying is a common, traditional 
method for preserving low-value fish. However, 
fish size presents unique challenges. Larger, fatty 
fish require longer processing times for smoking 
and drying, compared to smaller fish. Although 
smaller fish dry more quickly, they are more sus-
ceptible to breakage (Kaminski et  al. 2020). 
Drying time is a critical factor for quality, because 
prolonged exposure to weather, insects, and ani-
mals increases the risk of FQL, as well as pFLW 
(Esser et  al. 2007; Akintola et  al. 2022). Once 
drying is completed, maintaining a dry chain is 
essential for preventing quality loss in the final 
product. However, poor handling, packaging, and 
transportation practices can expose dried fish to 
moisture, leading to spoilage (Kaminski et  al. 
2020). For example, charging transport costs per 
sack can incentivize overpacking, which can 
damage dried fish (Akande and Diei-Ouadi 
2010).

Seasonal weather changes can impact fish 
quality. During dry seasons, hot weather can 
accelerate spoilage in fresh fish, especially dur-
ing holding and transportation (Akande and Diei-
Ouadi 2010). Long distances between value 
chain stages, bargaining processes, and inade-
quate infrastructure can worsen quality loss 
(Akande and Diei-Ouadi 2010). Therefore, 
prompt chilling of fish is even more essential at 
this time to reduce quality loss, especially for fish 
intended for fresh markets. At the same time, too 
much rain can contribute to incomplete drying of 
low-value fish, making them vulnerable to 
insects, mites, and mold, which can contaminate 
unaffected products when mixing old and new 
stocks of processed fish (Akande and Diei-Ouadi 
2010; Akintola et al. 2022).

Similar to other ASF value chains, fish with 
FQL may be downgraded and sold at lower prices 
rather than discarded as pFLW. Downgraded pro-

cessed fish are often sold at a discount in infor-
mal markets with minimal infrastructure, making 
fish more affordable for lower income consumers 
(Akande and Diei-Ouadi 2010; Kruijssen et  al. 
2020).

6.4.3	� Dairy

Rising incomes and urbanization have increased 
the demand for milk, both in terms of quantity 
and quality, and consumers rely more on retail 
outlets than household production (Janssen and 
Swinnen 2019). Value addition in dairy value 
chains focuses on keeping dairy products free 
from food hazards and extending the shelf life of 
raw milk using processing and cold chains. Milk 
processing includes heating for pasteurization 
and transforming milk into other products (for 
example, yogurt, cheese, butter). Pasteurized 
milk often has longer value chains, involving 
traders, processing companies, and distributors 
that connect farmers to urban retailers (Minten 
et al. 2021).

The location of producers in rural, peri-urban, 
and urban areas influences their market options 
(Headey et al. 2024). Small-scale dairy produc-
ers, especially those in rural areas without access 
to modern markets, may rely heavily on informal 
value chains (Janssen and Swinnen 2019; Kumar 
et al. 2019). Informal chains with limited chilling 
or processing are geographically short and 
involve fewer actors between producers and 
households due to the perishability of raw milk 
(Kiambi et al. 2018; Janssen and Swinnen 2019; 
Kumar et al. 2019; Minten et al. 2021). Efforts to 
enhance market access have included sourcing 
milk from urban producers to reduce transporta-
tion distances, establishing marketing bodies for 
milk aggregation, and public–private sector 
investments in infrastructure, such as chilling 
units and processing facilities (Headey et  al. 
2024).

In response to growing demand for high qual-
ity dairy products, marketing bodies, such as 
milk collection centers, cooperatives, and pro-
cessing centers (domestic and multinational), 
have emerged, serving as intermediaries between 
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producers and retailers and consumers (Kiambi 
et al. 2018; Van Campenhout et al. 2021). Milk 
collection centers, operated by cooperatives or 
private companies, are important hubs for aggre-
gating milk in bulk, often chilling it before trans-
portation to processors and consumer markets 
(Van Campenhout et  al. 2021). Although milk 
collection centers typically mark the beginning 
of the cold chain (Van Campenhout et al. 2021), 
the availability of chilling facilities can vary 
depending on their size (Kiambi et al. 2018).

Milk producer groups and cooperatives add 
value by conducting testing to screen milk for 
acceptance at collection centers, determining 
payment systems, and implementing grading sys-
tems (Draaiyer et al. 2009). However, establish-
ing collection centers without providing 
information or incentives for improved safety 
and quality at the farm or collection center levels 
can create gaps in FQL prevention (Janssen and 
Swinnen 2019).

Village-level milk collection centers are stra-
tegically located near clusters of rural dairy pro-
ducers to minimize transportation distances and 
the time between milking, chilling, and process-
ing (Kiambi et  al. 2018; Janssen and Swinnen 
2019; Kumar et al. 2019; Van Campenhout et al. 
2021). Reducing these distances is important for 
minimizing FQL, because most milk producers 
lack their own chilling or processing facilities 
(Janssen and Swinnen 2019). Therefore, small 
traders and transporters play an important role in 
transporting milk from farms to collection cen-
ters (Van Campenhout et  al. 2021). In contrast, 
large-scale milk producers often supply milk 
directly to processing plants, where dairy compa-
nies collect milk on-farm (Janssen and Swinnen 
2019). Contracts between dairy producers and 
buyers may be used, depending on the specific 
context (Kiambi et al. 2018; Janssen and Swinnen 
2019).

The timing of milking, chilling, and process-
ing significantly influences FLW in both formal 
and informal dairy value chains. Maintaining liq-
uid milk in a chilled state until use or consump-
tion is essential to minimize microbial growth 
(Chap. 5). However, value chain actors may lack 
appropriate transportation or refrigeration facili-

ties, delaying the movement of milk to subse-
quent value chain stages. For example, in Kenya, 
traders in both formal and informal chains have 
reported transporting milk without refrigeration, 
either by foot for short distances or in plastic con-
tainers placed under passenger seats in public 
vehicles for longer distances (Kiambi et al. 2018). 
Seasonal variations in milk production can fur-
ther create imbalances between supply and 
demand, leading to excess milk that may not be 
consumed, stored, or processed into other dairy 
products (Minten et al. 2021).

The choice of packaging material can also 
promote or slow down FQL in liquid milk. Plastic 
containers, especially scratched ones, are diffi-
cult to clean and can heat up easily (such as in the 
sun), promoting microbial growth and accelerat-
ing spoilage (Van Campenhout et  al. 2021). 
Therefore, midstream actors in formal value 
chains typically require improved packaging 
materials like stainless steel or aluminum cans 
that prevent FQL (Charad et al. 2019). Yet, even 
when governments set regulation and licensing 
requirements, actors in informal dairy value 
chains often face difficulty complying due to lim-
ited infrastructure and resources (Alonso et  al. 
2018). Advanced processing and packaging inno-
vations for creating shelf-stable liquid milk (Box 
6.6) often require substantial resources, limiting 
their accessibility to modernized dairy processors 
and higher income consumers.

Milk rejected due to quality issues may be 
sold to alternative markets, including fresh or 
processed markets, at discounted prices. 
However, rejected milk continues to deteriorate 
over time, especially if not promptly chilled or 
consumed. Milk that falls below acceptable qual-
ity thresholds, such as spoiled milk, may be 
diverted to nonfood uses like animal feed (Kiambi 
et al. 2018). In dairy value chains serving large 
multinational corporations, milk is typically pur-
chased at the farm and received at the factory 
gate, with strict private practice standards for 
time limits between milking, chilling, and pro-
cessing to prevent spoilage (Charad et al. 2019). 
These companies may not track the final destina-
tion of milk lost in transit or rejected due to qual-
ity issues at the factory (Charad et al. 2019).
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6.5	� Trade

Food trade is a key component of food system 
transformation, creating new market opportuni-
ties for value chain actors and potentially contrib-
uting to more stable access to diverse diets. Fresh, 
nutrient-rich foods are valuable exports, account-
ing for half of the total value of food and agricul-
tural exports from low-income countries (LICs) 
(Unnevehr 2000; Maertens et  al. 2012). The 
impact of food trade on livelihoods and food 
security is influenced by the value chain actors 
involved, the types of foods traded, and the 
effects on local food markets. The FLW path-
ways associated with trade encompass quality 
loss along different food value chains in the pro-
ducing country, transportation and distribution 
challenges during trade, and the food quality, 
standards, and reporting requirements imposed 
by importing countries.

6.5.1	� Food Quality Standards 
for Traded Foods

Food trade links countries with varying food 
safety and quality standards and capacities 
(HLPE 2017). As consumer preferences for 
improved food quality increase with rising 
incomes, food safety and quality standards are 
established and enforced more rigorously. The 
level of development of a country often correlates 
with the effectiveness of institutions responsible 
for quality control and standards (Swinnen and 
Vandemoortele 2008). Eventually, countries with 
industrialized and consolidated food systems 
have well established public and private food 
safety and quality standards, primarily focused 
on promoting and communicating food quality to 
consumers (Trienekens and Zuurbier 2008; 
HLPE 2017).

Global, regional, and national regulations may 
impose specific food quality standards for traded 
food (Trienekens and Zuurbier 2008; Herzfeld 
et al. 2011). At the global level, the World Trade 
Organization’s Sanitary and Phytosanitary 
Measures (SPS) Agreement recognizes the Codex 
Alimentarius as the international standard-setting 

Box 6.6 Trade-Offs of Ultra-High 
Temperature Milk and Packaging
Ultra-high temperature (UHT) processing 
rapidly heats milk to high temperatures, 
virtually eliminating microbial loads. This 
process enhances food safety and enables 
ambient storage in aseptic containers. 
Therefore, this processing and packaging 
combination allows for liquid milk to be 
shipped and stored without the need for 
refrigeration. Despite its advantages, UHT 
processing and packaging limitations can 
contribute to FLW and environmental 
impacts.

One of the challenges associated with 
UHT processing is the potential for off-
flavors and browning that can develop dur-
ing the high-temperature treatment (Shah 
et al. 2016). Skilled operators are essential 
to minimize these undesirable changes. 
Compared to pasteurized milk, which is 
heated to a lower temperature and requires 
refrigeration, changes in UHT milk flavors 
may not be as well received by consumers. 
This may influence consumer preferences 
toward pasteurized milk over UHT milk, 
particularly, where consumers have year-
round availability of pasteurized milk 
(Shah et al. 2016).

Aseptic packaging, while required for 
maintaining the shelf stability of UHT milk, 
can contribute to pFLW and present recy-
cling challenges. Packaging design factors, 
such as folding at the bottom, corrugations 
in the internal wall, lid type, container 
shape, and seal-breaking methods, can 
influence the amount of milk that remains 
trapped within the package (Meurer et  al. 
2017). The coextruded film material com-
monly used in this packaging is not only 
difficult to recycle but also lacks value in 
other industrial processes, leading to land-
fill disposal (Aparicio-Peralta et al. 2020). 
Therefore, when implementing FLW reduc-
tion strategies, it is important to consider 
the potential environmental trade-offs asso-
ciated with packaging innovations.
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body for food safety. The Codex Alimentarius 
develops international food standards, guide-
lines, and codes of practice through an interna-
tional consensus process, aiming to harmonize 
standards among countries (Unnevehr 2015).

Voluntary standards, often going beyond gov-
ernment regulations, are a powerful tool for 
enhancing food quality and filling the gaps in 
public rules (Trienekens and Zuurbier 2008; 
Herzfeld et al. 2011; Unnevehr 2015). These stan-
dards are streamlined by benchmarking organiza-
tions. To differentiate their products, individual 
companies may set even stricter standards 
(Trienekens and Zuurbier 2008). Multinational 
retailers can effectively make private standards 
mandatory, forcing producers and other value 
chain actors to meet a range of requirements in 
order to access modern markets (Unnevehr 2015).

High-income countries (HICs) are frequently 
the destination for high-value, nutritious food 
products sourced from LMICs (Herzfeld et  al. 
2011). These imports often necessitate quality 
certification. Therefore, organized retailers in 
HICs can exert considerable influence over value 
chains in LMICs, imposing specific standards on 
exporters and producers (Dolan and Humphrey 
2004; Maertens et  al. 2012). However, not all 
producers and midstream actors can keep pace 
with the escalating demands of these standards. 
Those who successfully achieve compliance, cer-
tification, and access to high-value export mar-
kets are most likely to benefit. This can lead to 
exclusion among value chain actors who lack the 
information and resources to adopt quality stan-
dards for timely access to new international mar-
kets (Henson et al. 2011; Herzfeld et al. 2011).

Higher quality standards in export value 
chains may not always benefit local and regional 
value chains. Although there are examples of 
positive spillover, such as upgraded domestic 
dairy value chains in Uganda (Van Campenhout 
et al. 2021), traditional and transitional food sys-
tems often lack the resources and consumer 

demand needed to adopt and achieve these higher 
standards (Unnevehr 2015).

6.5.2	� Foods That Fail to Meet Trade 
Quality Standards

Importing countries reject food products that do 
not meet quality standards. Only a small share of 
firms in LMICs have a competitive advantage by 
meeting stringent food safety standards of 
importing countries (Jaffee et al. 2019). As new 
firms enter the export market, border rejections 
increase due to their inability to meet quality 
requirements, allowing firms with competitive 
advantages to capture the high-value export mar-
ket and consolidate their position (Jaffee et  al. 
2019). Compliance issues vary across different 
food products, often leading to border rejections 
(Box 6.7).

Reputational spillover effects can also con-
tribute to increased import refusals. Analyzing 
US import refusals, Jouanjean et al. (2015) found 
that the likelihood of an exporting country facing 
at least one import refusal rose by over 100% if a 
neighboring country experienced a refusal for the 
same product in the previous year. Further, the 
odds of refusal increased by 62% if the same 
country had a previous import refusal for a related 
product.

Rejected food imports may be destroyed, 
diverted to markets with lower standards, or 
repurposed for nonfood uses (Rico-Sole 2012; 
Fonseca and Njie 2014; Fonseca and Vergara 
2014). Import refusals alone do not fully indicate 
trade compliance capabilities, as exporters that 
fail to meet food quality standards may not export 
at all, avoiding refusals (Jouanjean et al. 2015). 
Unnevehr (2015) found that exporters consis-
tently trade lower quantities to countries with 
stricter quality standards, often diverting lower 
quality food to markets with less stringent 
requirements.
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6.6	� Consumer-Level Food Loss 
and Waste

FLW pathways at the household stage are unique 
because consumers are the final stage of the value 
chain. Therefore, the causes of FLW involve 
technical aspects as well as consumption deci-
sions, rather than consideration of sending food 
to another value chain stage. Despite the need for 
additional data (see Chap. 4), current estimates of 
consumer-level FLW indicate that household 
pFLW is similar across country income groups, 
and there is no apparent relationship between per 
capita food loss and waste and a country’s GDP 
(UNEP 2024; Hermanussen and Loy 2024).

Household FLW is often influenced by con-
sumer routines and habits, rather than inten-
tional practices (Schanes et  al. 2018). 

Socioeconomic and demographic factors, linked 
to current or past experiences of scarcity and 
food insecurity (primarily related to affordabil-
ity), may influence household FLW 
(Hermanussen and Loy 2024). Individual fac-
tors can influence food-related household 
behaviors and practices across planning, shop-
ping, storage, cooking, consumption, and dis-
posal stages (Principato et al. 2021).

Household-level FLW pathways differ from 
other stages of the value chain, as consumers rep-
resent the ultimate endpoint. Food quality losses 
can accumulate throughout the value chain, 
impacting the quality and perishability of food 
that reaches households. This is why pFLW 
occurring at the household stage is connected to 
FLW pathways that reach across the entire value 
chain, and are not just isolated to the consumer 
stage. Local circumstances influence the options 
available to consumers for unwanted food, such 
as donation and food rescue organizations. For 
food diverted to nonfood uses, local factors deter-
mine the availability and accessibility of produc-
tive applications. Nonetheless, uneaten food is 
most commonly disposed of through garbage and 
composting (Giordano and Franco 2021).

Cold chain infrastructure continues to contrib-
ute to FQL reduction at the household level. 
Refrigeration at home allows households to store 
fresh and perishable foods for longer, thus reduc-
ing food waste and safety risks, especially for 
ASF. Access to refrigeration requires both a 
refrigerator and reliable electricity. As incomes 
rise, households can afford to invest in refrigera-
tion, which influences their food purchases, 
increasing consumption of nutritious foods and 
potentially replacing less nutritious staples 
(Heard et al. 2020; Martinez et al. 2021).

Shopping habits and cultural storage practices 
can impact the connection between household 
refrigeration, dietary outcomes, and FLW path-
ways. Although perishable foods are often more 
expensive than shelf-stable foods, household 
refrigeration can facilitate economies of scale by 
enabling less frequent purchases in larger quanti-
ties, thereby reducing transportation costs, shop-
ping time, and potentially securing bulk discounts 
(Martinez et al. 2021; Headey 2023).

Box 6.7 Compliance Challenges in Agri-Food 
Exports to the European Union and the 
United States
Compliance performance data for agri-
food exporters to the European Union (EU) 
and the United States is published in the 
Rapid Alert System for Food and Feed 
(RASFF) and the Operational and 
Administrative System for Import Support 
(OASIS), respectively. The EU’s major 
compliance issues involve food hazards 
such as mycotoxins in nuts, pathogens in 
poultry and fish, pesticide residues in fruits 
and vegetables, and heavy metals in fish 
(Henson and Olale 2011; Pigłowski 2020). 
In the United States, fishery and seafood 
products, along with vegetables and fruits, 
are problematic food imports. Sanitary vio-
lations are the most common reason for 
rejecting seafood and fruits at the border, 
while pesticide residues are the primary 
concern for vegetables (Henson and Olale 
2011; Bovay 2016). The United States has 
since implemented the Food Safety 
Modernization Act, which includes a sys-
tem for inspecting foreign food-producing 
facilities (Bovay 2016).

6.6 � Consumer-Level Food Loss and Waste
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6.7	� Conclusions

This chapter delves into the complex linkages 
between FLW and post-farmgate value chains for 
perishable, nutritious foods. As food systems 
transform, consumer preferences shift toward 
diversified diets, driving demand for value-added 
products. Post-farmgate operations, including 
processing, packaging, and distribution, play a 
crucial role in meeting these demands. However, 
the choice of value addition strategies can impact 
FLW, with a focus on cosmetic attributes poten-
tially leading to increased losses.

Fruit and vegetable value chains are domi-
nated by fresh products, rather than processed or 
frozen, and require specific conditions to prevent 
FQL. Fresh fruits and vegetables can be exposed 
to stress factors that contribute to spoilage at vari-
ous stages of the post-farmgate value chain. 
Capacity limitations in bulk packaging, inade-
quate storage conditions, insufficient transporta-
tion, and processing can lead to quality 
deterioration. While cold chains can help to slow 
down degradation, building a comprehensive 
cold chain requires significant resources and 
coordination among value chain actors, as well as 
supportive infrastructure.

The challenges of timing, temperature, and 
handling in ASF value chains are particularly 
critical for preventing food safety hazards. As 
value chains lengthen and processing increases, 
the risk of FQL rises due to inadequate tempera-
ture and hygienic controls, especially the lack of 
cold chain infrastructure. While stricter quality 
standards and enforcement can lead to an initial 
increase in pFLW, investing in capacity improve-
ments such as cold chain infrastructure can help 
prevent FQL and, therefore, pFLW.

Higher quality standards for exports to HICs 
may not benefit local value chains in LICs. 
Although there are positive examples, most value 
chain actors in transitional food systems often 
lack the resources to meet these standards. 
Therefore, lack of capacity to prevent FQL can 
contribute to FLW in domestic value chains, as 
well as limited market opportunities for high-
value markets. Among exported products, 

rejected food imports may be destroyed, diverted 
to lower quality markets, or repurposed.

Household FLW is unique, as consumers are 
the final stage of the value chain. Losses at this 
stage are influenced by the quality of food that 
reaches consumers, consumer habits, socioeco-
nomic factors, and individual behaviors. Despite 
the need for more data, household FLW appears 
to be similar across income groups. Cold chain 
infrastructure reduces FQL at the household 
level, but access to refrigeration is not universal.

Effective coordination among value chain 
actors is essential for implementing successful 
value addition strategies that reduce FLW, in both 
informal and formal markets. Understanding the 
complex interplay between FLW and post-
farmgate value chains for nutritious, perishable 
foods is critical for developing effective strategies 
to reduce FLW and ensure access to healthy diets.
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7Keeping Food Safe and Nutritious: 
The Role of Food Quality Loss

7.1	� Introduction

Safe and nutritious foods are a requisite for 
achieving food security. Food quality loss (FQL) 
pathways may directly impact dietary quality 
when food becomes unsafe or loses specific 
nutrients but remains within the food value chain. 
As countries progress through structural transfor-
mation, food value chains become more sophisti-
cated and complex. Food systems modernization, 
including investments in infrastructure and 
improved practices, can reduce FQL issues asso-
ciated with transitioning value chains. At the 
same time, new issues with food safety and nutri-
ent loss emerge, as food value chains become 
more complex and deal with higher volumes of 
perishable foods over longer distances.

Food safety risks are multifaceted, stemming 
from various hazards introduced at any stage of 
the food value chain. Safeguarding food safety 
requires understanding market incentives, value 
chain capacity, and governance. Food hazards 
can be biological, chemical, or physical, and they 
can be transmitted through various pathways. 
These hazards can cause foodborne disease 
(FBD) and pose risks to human health. Identifying 
the primary routes and sources of these hazards is 
critical for developing effective interventions and 
allocating resources to minimize quality loss and 
enhance food safety.

Sustainable food systems must also deliver 
nutritious foods to support healthy diets and pre-

vent nutrient deficiencies. In addition to diversi-
fying diets to increase consumption of nutritious 
foods, understanding nutrient loss pathways may 
also contribute to supporting healthy diets. 
Nutrient losses occur throughout the food value 
chain, from harvest to consumption. Factors like 
processing methods, storage conditions, and 
cooking techniques can affect nutrient retention. 
While some nutrient losses may be inevitable and 
have minimal impact on overall dietary quality, 
elucidating these pathways and identifying criti-
cal points of nutrient loss can inform assessments 
of FLW intervention trade-offs.

In this chapter, we use examples from the lit-
erature to describe the pathways through which 
FQL occurs from farm to consumer while food 
remains in the supply chain for human consump-
tion. We focus on food safety and nutrient loss 
pathways that directly affect food security. We 
first examine the different food hazards and cur-
rent evidence on FBD.  We then consider how 
food safety issues are linked with diet transitions, 
market incentives, and food system stakeholder 
capacities. Shifting the discussion to nutrient loss 
pathways, we focus on micronutrients, describ-
ing how they are lost from farm to consumer, and 
examine how to contextualize the potential link-
age between nutrient losses and diet quality. 
Finally, we consider the trade-offs between dif-
ferent FQL pathways involving food safety and 
nutrient loss.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_7&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_7#DOI
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7.2	� Food Safety Loss Pathways

Food safety is the assurance that food will not 
harm consumers when it is prepared and eaten 
(WHO 2008). Food quality loss pathways directly 
impact diet quality when food becomes unsafe 
but remains in the value chain and is eaten. 
Ensuring the food safety aspect of food security 
requires understanding market incentives related 
to consumer willingness to pay, value chain 
capacity and incentives for improved food safety, 
and governance capacity regarding public and 
private standards and enforcement (Nordhagen 
et  al. 2022; Unnevehr 2022). As food systems 
transform, changes in market incentives and gov-
ernance capacity influence FQL pathways linked 
to food safety.

7.2.1	� Food Hazards: Hazard Types, 
Food Exposure Routes, 
and Disease Burden

Food safety risks are multifaceted, stemming 
from various hazards introduced at any stage of 
the food value chain. Foodborne hazards can be 
biological, chemical, or physical (Grace 2017). 
Biological hazards include viruses, parasites, 
bacteria, and fungi. Chemical hazards can be 
either natural or artificial. Natural chemicals can 
include toxic metals and chemicals formed when 
food is heated, while artificial chemicals often 
come from industrial sources, such as environ-
mental contaminants and pesticides. Toxins pro-
duced by biological compounds, such as 
mycotoxins from molds, can be classified as 
either biological or chemical hazards. Physical 
hazards include visible fragments that are sharp 
or choking hazards, as well as tiny particles invis-
ible to the human eye (for example, nanomateri-
als and radionuclides) (Grace 2017).

Food hazards can be transmitted through food 
alone, or in combination with other pathways, 
such as environmental (water, soil, air), human-
to-human, and animal-to-human contact 
(Havelaar et  al. 2015). The prevalence of these 
transmission routes varies across different stages 
of the food supply chain. Identifying the primary 
routes and sources is necessary for developing 

effective interventions and allocating resources 
to minimize FQL and enhance food safety. 
Figure 7.1 illustrates common food hazard path-
ways at various stages of the supply chain. Food 
hazards can originate at the same or different 
stages of the value chain where they are detected. 
While FLW pathways start at the time food is 
ready for harvest or slaughter, food quality can be 
affected by hazards introduced as early the pro-
duction stage (Fig. 7.1).

Food hazards can lead to FQL and potentially 
pose risks to human health (Box 7.1). However, the 
actual risk depends on both the severity of the haz-
ard and the likelihood of it causing adverse health 
effects (Roesel et al. 2015; Grace 2023). FBD can 
cause acute poisoning or chronic illnesses, leading 
to long-term disability and death. Foodborne ill-
ness outbreaks often go unreported due to delayed 
symptoms, difficulty in identifying the contami-
nated food, and the lack of significant public health 
or economic consequences (Grace 2017; Jaffee 
et  al. 2019). Factors like age and immune status 
influence the severity of FBD, which can have 
impacts on health and physiology (Nordhagen 
et  al. 2022). Even when food is initially safe, 
improper consumer storage and handling can intro-
duce hazards and compromise food safety. This 
can lead to missing or unreliable data on FBD out-
breaks (Havelaar et al. 2015; Jaffee et al. 2019).

Box 7.1 Key Food Safety Terms
Food hazard: A biological, chemical, or 

physical substance, or characteristic in 
food that has the potential to harm 
human health, regardless of whether it 
actually does (Grace 2023).

Foodborne disease: Illness caused by con-
suming food that is contaminated or 
contains naturally occurring hazards 
(Grace 2023).

Food safety risk: A combination of the 
potential harm of a hazard and the prob-
ability of it causing harm to human 
health (Grace 2023).

Food safety: The assurance that food will 
not harm consumers when it is prepared 
and eaten (WHO 2008).

7  Keeping Food Safe and Nutritious: The Role of Food Quality Loss
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Fig. 7.1  Food hazard transmission pathways from 
production to consumption

Source: Elaborated from Grace (2017)
The stages in dark gray are within the scope of FLW 

pathways. While food hazards that occur during agricul-

tural production (light gray) fall outside the scope of FLW 
pathways, contamination with biological or chemical haz-
ards can still lead to FQL from the time food is ready for 
harvest or slaughter onward

Identifying high-risk foods and hazards in spe-
cific regions is essential for controlling food haz-
ards. WHO established the Foodborne Disease 
Burden Epidemiology Reference Group (FERG) 
to assess the global burden of FBD. In their initial 
estimates, published in 2015, FERG identified 12 
hazards as exclusively foodborne and 19 as trans-
mitted through food and other pathways (Havelaar 
et al. 2015; Hald et al. 2016). The vast majority 
(98%) of the documented health burden from 
FBD occurred in low- and middle-income coun-
tries (LMICs), with biological hazards accounting 
for the 97% of this burden (Havelaar et al. 2015; 
Waage et  al. 2022). Attention to the connection 
between nature and food safety hazards in food 
systems is growing (Box 7.2). A process to update 
these estimates was announced in 2021, with 
expected completion in 2025 (WHO 2021).

Most FBD cases result from consuming fresh 
animal-source foods (ASF) and fresh fruits and 
vegetables (Grace 2015). Although less likely to 
contain biological hazards, food safety risks of 
processed foods are more likely to be chemical 
hazards (Grace 2015). Modern food systems with 
intensive production systems have also experi-

enced food safety issues related to the emergence 
of new human diseases (Grace 2015).

Source attribution for the global burden of FBD, 
when analyzed by specific food categories, shows 
that the implicated food sources vary based on the 
type of food hazard (Hoffmann et  al. 2017). For 
example, vegetables were estimated to contribute to 
60–80% of FBD caused by parasites in most regions 
worldwide, whereas beef was estimated to contrib-
ute 40–55% of FBD caused by Shiga toxin-produc-
ing E. coli in most global regions (Hoffmann et al. 
2017). The burden of FBD caused by chemical haz-
ards was highly localized but was not included in 
estimates of the source attribution by food type 
(Havelaar et al. 2015; Hoffmann et al. 2017).

Li et al. (2019) analyzed the global burden of 
FBD linked to ASF, finding that these foods con-
tributed approximately 35% of the total global 
burden. The lower burden of FBD from in high-
income regions, compared to LMICs, combined 
with the availability of control measures for 
many ASF hazards, suggests that current control 
methods may have reached their limits, and that 
effective ASF safety systems are linked to eco-
nomic development.

7.2  Food Safety Loss Pathways
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7.2.2	� Capacity and Food Safety 
Issues Across Food Systems 
Transformation

Urbanization and dietary shifts, driven by eco-
nomic growth, have reshaped food value chains 
and the challenges associated with FBD. As food 
systems become geographically longer and more 
complex, patterns in the burden and sources of 
FBD emerge (Jaffee et al. 2019), as illustrated in 
Fig. 7.2. Growing public awareness and private 
sector investments in food safety, together, drive 
improvements in food safety standards in domes-
tic markets of LMICs (Jaffee et  al. 2019; 
Unnevehr 2022). However, in early stages of 
transition, market incentives and governance 

Fig. 7.2  Foodborne hazard sources by food system 
types

Adapted from Jaffee et al. (2019)
Eight foodborne hazard sources relevant to food safety 

loss are ranked in terms of the scale of the FBD burden 
across four food system types. The scale of the FBD bur-
den is intended to be illustrative of the direction of change 
across each FBS source at different stages of the food 
safety cycle and does not represent specific quantitative 
data

Box 7.2 Climate Change as a Growing Threat 
to Food Safety
Climate change presents a major challenge 
to global food safety. Rising temperatures, 
severe droughts, and unseasonal heavy 
rainfall can exacerbate the prevalence of 
biological hazards, particularly, zoonotic 
diseases transmitted from animals to 
humans. Addressing food safety in trans-
forming food systems requires a compre-
hensive approach, which considers both 
climate change impacts and shifts in live-
stock, human, and wildlife interactions 
(Unnevehr 2022). For example, evidence 
has linked higher temperatures with higher 
incidences of Salmonella spp. and 
Campylobacter spp., two common food-
borne pathogens, in various global regions 
(FAO 2020). Moreover, water scarcity, a 
consequence of droughts, can prevent the 
implementation of adequate food safety 
controls and hygienic practices throughout 
the food value chain. In contrast, excessive 
rainfall, coupled with elevated tempera-
tures, can create conditions ideal for pests, 
fungi, and other biological hazards to grow 
(FAO 2020).

Market-based approaches can present 
an opportunity to align zoonotic disease 
knowledge with effective food safety ini-
tiatives by increasing consumer demand 
and willingness to pay for food safety attri-
butes. These approaches require invest-
ments in public infrastructure and training 
to support food safety and handling prac-
tices, consistent enforcement of food safety 
standards, and consumer education (Aiyar 
and Pingali 2020). Additionally, integrating 
market-based strategies with investments 
in FBD surveillance and data integration 
requires enhancing local traceability capac-
ity to enable more robust global data shar-
ing and monitoring (Aiyar and Pingali 
2020).
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capacity may lag, leading to inadequate food 
safety measures and the presence of unsafe food 
in the value chain that is eventually eaten. In later 
stages, the FBD burden tends to decrease as 
infrastructure for prevention of food hazards and 
responses to remove unsafe foods improves. 
Therefore, the burden of FBD often follows an 
inverted U-shaped curve, increasing initially, and 
then, decreasing as food systems modernize 
(Grace 2015; Jaffee et  al. 2019). For readers 
interested in more details of the food safety cycle, 
we encourage them to look at Jaffee et al. (2019).

In the early stages of structural transforma-
tion, staples form a substantial portion of diets. 
Strategies to enhance staple crop productivity 
contributed to shifts in staple consumption, as 
maize, rice, and wheat replaced coarse grains like 
sorghum, millets, and pulses (Pingali 2012; 
Khoury et  al. 2014; Pingali and Sunder 2017). 
Aflatoxins, naturally occurring food toxins and 
type of mycotoxin, are associated with both acute 
and chronic health problems (Williams et  al. 
2004). Biological and environmental factors at 
harvest, storage, handling, and processing stages 
all affect aflatoxin contamination and accumula-
tion (Neme and Mohammed 2017; Bradford 
et al. 2018). Despite differences in susceptibility 
to aflatoxin among staple foods, various staples 
likely contribute to dietary aflatoxin exposure, 
with the extent of contribution based on the local 
food system (Wenndt et  al. 2020; Meijer et  al. 
2021). Credence attributes, such as aflatoxin con-
tamination, can create information asymmetry 
regarding potential food safety risks (Ricker-
Gilbert et  al. 2022). However, this information 
asymmetry may be mitigated when search attri-
butes can serve as proxies for these credence 
attributes (Hoffmann et al. 2021).

To meet changing consumer demands, food 
producers adapt by shifting away from staples 
production toward more perishable, high-value 
foods. Although this production shift supports 
dietary diversity, it also increases the risk of FQL 
due to the perishability of these products (see 
Chaps. 5 and 6). The specific types of fruits, veg-
etables, and ASF contributing to the FBD burden 
vary, based on consumption patterns and produc-

tion systems (Li et  al. 2019; Richardson et  al. 
2021; Waage et al. 2022). As value chains become 
more complex and handle larger volumes of per-
ishable food, there are more points at which 
lapses in food safety management can occur 
(Unnevehr 2022). Therefore, effective manage-
ment and coordination within perishable food 
value chains are important, particularly, for navi-
gating changes in the number of value chain 
actors that initially increases before consolidat-
ing in later, more modern stages (see Chap. 2).

As diets transition, convenience emerges as an 
important food attribute, particularly, as the 
opportunity cost of time rises. Although process-
ing can enhance convenience, it may also increase 
microbial contamination, as demonstrated by a 
comparison of raw vegetables to value-added 
purees (Sinayobye and Saalia 2011). However, 
the risk associated with processed foods can vary 
depending on factors, including handling, stor-
age, and intended use. Foods requiring further 
cooking may have lower risks, as long as they are 
heated to temperatures that kill pathogens. In 
contrast, ready-to-eat vegetables, despite per-
ceived freshness, can pose significant food safety 
risks (Box 7.3). These minimally processed prod-
ucts have been linked to numerous foodborne 
outbreaks worldwide (Stephan et  al. 2015; Mir 
et al. 2018).

Although food safety standards are typically 
implemented in formal food environments (Downs 
et al. 2020), discrepancies can remain between the 
availability of nutritious perishable foods in formal 
retail outlets, as well as consumer retail outlet pref-
erences. In transitional food systems, small retail-
ers often offer more shelf-stable items and less 
fresh produce, compared to traditional markets and 
modern supermarkets (Gómez and Ricketts 2013; 
Wertheim-Heck et al. 2019). As food systems mod-
ernize, informal markets decline, starting with 
small shops that carry a range of fresh and pro-
cessed products, followed by wet markets and 
informal fresh produce outlets (Reardon et  al. 
2010). Particularly, in transitional food systems, 
consumers may still prefer to purchase fresh, per-
ishable produce from informal markets over formal 
markets (Wertheim-Heck et al. 2019).

7.2  Food Safety Loss Pathways
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Market failures, particularly, information 
asymmetry and coordination problems, contrib-
ute to FQL pathways that may put consumers at 
risk of food safety hazards (Unnevehr 2022). 
Lack of information about the presence of food 
hazards in specific products makes it challenging 

for consumers to use food quality as a limiting 
food attribute in determining acceptability. At the 
same time, value chain actors may not have the 
capacity or incentives to prioritize food safety. 
This combination of factors can lead to unde-
tected food safety hazards, allowing unsafe food 
to remain in the value chain. Addressing food 
safety in FQL pathways requires incentivizing 
value chain actors to supply safe, quality food by 
fostering consumer willingness to pay a premium 
price and enhancing food safety capacity.

As consumer income rises, food safety emerges 
as a key quality attribute that can influence prod-
uct acceptance. Consumer perceptions of food 
safety risks can significantly influence purchasing 
decisions. However, consumers’ willingness to 
pay for safe food is limited by the fact that poten-
tial hazards are not directly visible. Individuals 
who perceive a food as unsafe often demonstrate 
decreased willingness to buy it (Machado Nardi 
et  al. 2020). Perceptions of food safety risk are 
shaped by various factors, including trust, knowl-
edge, individual characteristics, and sociodemo-
graphic attributes (Machado Nardi et  al. 2020). 
Understanding food safety risks and trade-offs is 
an ongoing process, which evolves as practices 
and innovations, like plastic packaging, change 
(Box 7.4).

The information asymmetry along the food 
value chains limits consumer knowledge about 
food production, processing, and handling at the 
point of purchase or consumption (Jaffee et  al. 
2019). Consumer trust in both government and 
value chain actors shapes perceptions of food 
safety. Competent, transparent, ethical, and 
accountable practices, coupled with clear com-
munication regarding food safety and contamina-
tion, are essential for building consumer trust and 
confidence in food products (WHO 2018; Jaffee 
et  al. 2019; Machado Nardi et  al. 2020). Once 
established, trust is often maintained through 
repeat purchases from familiar sources (Jaffee 
et al. 2019; Lee et al. 2022).

Box 7.3 Ready-to-Eat Foods Are High in 
Convenience, But Carry Food Safety Risks
The rise of ready-to-eat foods, both in for-
mal and informal markets, reflects a shift 
toward convenience foods and food con-
sumed away from home. While formal 
markets include restaurants, supermarkets, 
and online platforms, informal markets 
rely primarily on street vendors and mobile 
food carts (Downs et al. 2020).

Ready-to-eat foods, particularly those 
sold in informal markets, face several food 
safety risks. Unsafe ingredients, improper 
preparation, and inadequate handling prac-
tices can lead to contamination (Alimi 
2016). Improper storage and temperature 
control create ideal conditions for bacterial 
growth, such as when foods are prepared in 
batches and kept at ambient temperatures 
for extended periods during sale (Alimi 
2016). Additionally, cross-contamination 
with contaminated ingredients or handlers 
can further increase the risk.

Food safety risks can also be present in 
ready-to-eat foods that are sold in formal 
markets. In the United States, restaurants 
accounted for 64% of FBD outbreaks and 
44% of associated illnesses in 2017, with 
sit-down dining establishments being par-
ticularly vulnerable (CDC 2019). 
Norovirus, a virus often transmitted 
through improper handling, was responsi-
ble for 35% of outbreaks and 46% of ill-
nesses (CDC 2019).
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Additionally, consumers may be more risk 
averse toward certain foods, such as ASF, com-
pared to plant-based foods, based on their knowl-
edge of foods that are more or less susceptible to 
food hazards (Machado Nardi et  al. 2020). 
However, consumer perceptions may not always 
accurately reflect actual risks, potentially leading 
to unnecessary avoidance of certain foods or 
retailers. This can contribute to pFLW of safe and 
consumable products.

The extent that FQL pathways increase food 
hazard risks within value chains is determined, in 
part, by public and private sector governance 
capacity to establish and enforce food safety stan-
dards to build trust among consumers. Food safety 
standards differentiate the formal and informal 
markets, where formal markets are distinguished 
by their licensing and adherence to food safety 
regulations (Downs et al. 2020). The private sec-
tor plays an important role in setting and enforc-
ing food safety standards, including implementing 
public standards (Reardon et  al. 2010). Public 
food safety and hygiene standards are among the 
incentives attracting foreign direct investment in 
modern retail markets that are selling fresh, per-
ishable produce (Pingali and Abraham 2022).

In contrast, informal food markets, which are 
particularly important for access to nutritious 
foods for low-income consumers, often lack stan-
dardized food safety guidance (Downs et  al. 
2020). However, informal and formal food supply 
chains may be interconnected, particularly, in 
transitional food systems, allowing products to be 
exchanged between the two (Oguttu et al. 2014; 
Alarcon et al. 2017). Yet, global food safety guid-
ance for informal food markets remains largely 
limited to street-vended food and lacks standard-
ization (DeWaal et al. 2022). To effectively imple-
ment food safety standards in informal markets at 
regional and local levels, governments are recom-
mended to comprehensively assess implementa-
tion challenges to identify the necessary capacities 
to promote food safety among food suppliers 
(DeWaal et al. 2022).

Box 7.4 Food Safety Trade-Offs: The Case of 
Plastic Packaging
Efforts toward achieving sustainable food 
systems have focused on the environmental 
impacts of plastic packaging, creating 
complex expectations to protect food and 
the environment (Kasza et al. 2022). Plastic 
packaging physically protects food from 
contamination, moisture, and physical 
damage that can lead to food safety haz-
ards. Therefore, plastic packaging has 
enabled value chain actors to preserve food 
safety and quality. However, packaging has 
become a highly visible sustainability 
issue. Consumers focus on the negative 
environmental aspects, potentially overes-
timating these impacts, while overlooking, 
and underestimating the role of food pack-
aging in reducing FQL (Kasza et al. 2022; 
Croad et al. 2024).

At the same time, new evidence is draw-
ing attention to potential food safety haz-
ards that food packaging introduces. 
Humans are exposed to numerous food 
contact chemicals through food packaging 
and other food contact materials. Many of 
these chemicals have hazard properties of 
concern or have not been adequately tested 
for toxicity (WHO 2015). A recent system-
atic mapping of chemicals from various 
food contact articles, including food pack-
aging, revealed widespread human expo-
sure to these substances (Geueke et  al. 
2025). Many of these chemicals pose health 
risks due to their hazardous properties. 
Despite existing data gaps, the available 
evidence supports the need for policies that 
eliminate the use of hazardous chemicals 
that migrate from food packaging into 
foods to protect public health (Geueke 
et al. 2025).
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The local supply of safe foods can be affected 
by international trade between countries with dif-
ferent food quality standards. International trade 
of high-value food exports from LMICs to high-
income countries (HICs) has led to the implemen-
tation of third-party certified process controls to 
ensure food safety compliance (Unnevehr 2022). 
In countries with weak public food safety regula-
tions, private and public standards may contribute 
to improving local food safety practices and pre-
venting the diversion of substandard products to 
domestic markets (Hawkes et al. 2015).

Although international food safety standards can 
create trade barriers due to compliance costs and 
capacity constraints, they can also motivate invest-
ments in upgraded food safety management sys-
tems to facilitate market entry (Global Panel 2020). 
In LMICs, food safety monitoring and controls are 
often prioritized in export supply chains to meet the 
stringent quality requirements of HIC importers 
(Jaffee et al. 2019). However, adapting food safety 
management systems from HICs to LMIC contexts 
can be challenging and limit market access (Hawkes 
et al. 2015).

Food value chains directed to domestic food 
markets often lack robust food safety policies and 
enforcement measures (Reardon et al. 2010). As a 
result, food products that fail to meet export stan-
dards may be diverted to the domestic market, 
potentially increasing the risk of food safety haz-
ards (Narrod et  al. 2009; Matumba et  al. 2015). 
The public health costs of food safety far exceed 
the losses in international trade caused by disrup-
tions or stringent compliance requirements, which 
prevent or redirect the export of high-value food 
products, such as ASF, fruits, and vegetables, from 
LMICs (Jaffee et al. 2019; Unnevehr 2022).

High-value food exports from LMICs to other 
LMICs have grown at a faster pace than those to 
HICs (Unnevehr 2022). The direct and indirect 
costs from formal cross-border trade have con-
tributed to the sustained prevalence of small-
scale and informal cross-border food trade in 
LMICs (Lesser and Moisé-Leeman 2009; Afrika 
and Ajumbo 2012). The problem with informal 
cross-border trade is that it reduces the gover-
nance capacity to enforce food safety policies. At 
the same time, informal food trade is important to 
supply informal markets with ASF, fruits, and 

vegetables to those who rely on the informal sec-
tor for both livelihoods and food access (Hara 
et al. 2017). Therefore, evaluations of FQL path-
ways involving food safety and other aspects of 
food security must also consider informal trade.

7.3	� Nutrient Loss Pathways

Micronutrient deficiencies, often referred to as 
“hidden hunger,” are a pressing concern in many 
LMICs where diets commonly lack minerals, 
such as iron, zinc, iodine, magnesium, and cal-
cium; water-soluble vitamins, such as folate and 
vitamin B12; and fat-soluble vitamins A and E 
(Pinstrup-Andersen 2007; Beal et al. 2021; White 
et  al. 2021; Passarelli et  al. 2022). To prevent 
micronutrient deficiencies, food systems must 
prioritize the production and preservation of a 
diverse range of nutritious foods (Miller and 
Welch 2013). We focus the discussion on the nat-
ural nutrient losses of individual foods, excluding 
any added nutrients through fortification or 
enrichment.

7.3.1	� Nutrient Losses from Farm 
to Consumer

The extent to which nutrient loss, especially, of 
essential micronutrients, contributes to dietary 
deficiencies, particularly, among those with lim-
ited food diversity, remains uncertain due to the 
lack of comprehensive data on the nutritive value 
losses (see Chap. 4). By examining FLW path-
ways and considering the nutritional value of 
diverse food sources, we can identify critical 
points at which nutrients are lost and prioritize 
areas for data collection and intervention to 
address these FQL pathways.

When foods are harvested, they are separated 
from their natural nutrient sources. As they move 
through processing, storage, transportation, and 
preparation stages, different nutrients are affected 
to varying extents based on factors, such as the spe-
cific food, the nutrients involved, conditions like 
time, temperature, handling, and the environment. 
Figure  7.3 illustrates that the primary causes of 
nutrient loss between harvest and consumption are 
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Fig. 7.3  Nutrient loss pathways from farm to con-
sumer stages

Lower nutrient content at the agricultural production 
stage is not considered FQL, because the source of varia-
tion occurred throughout production, not just at the time 

product was ready for harvest or slaughter. Compiled 
based on Barth and Zhuang (1996), Rickman et al. (2007a, 
b), Hansen et  al. (2012), Smith and Myers (2018) and 
Sonar et al. (2019)

degradation and leaching. Vitamins are particularly 
susceptible to degradation, while minerals and 
water-soluble vitamins may be lost through leach-
ing (Rickman et al. 2007a, b; Barrett et al. 2010).

Certain food preservation, processing, and 
preparation techniques may be more common for 
certain food groups, and therefore, have more spe-
cific nutrient loss implications. Heating, a com-
mon step in canning, freezing, and certain drying 
processes, can influence the extent of nutrient deg-
radation based on the duration and temperature 
(Rickman et al. 2007a; Swada et al. 2016). When 
food is packaged, the packaging also influences 
exposure to environmental factors, such as sun-
light and oxygen, which can contribute to nutrient 
degradation (Barth and Zhuang 1996; Sonar et al. 
2019). Throughout the entire value chain, from 
farm to consumer, foods are stored and prepared in 
various ways, including ambient, refrigerated, and 
frozen storage, as well as cooking, reheating, or 
serving raw, each of which impact the extent of 
nutrient degradation and leaching.

In more specific processes, nutrient loss can 
occur when portions of a food product are physi-
cally removed, such as in refining. An example is 

the loss of nutrients during rice polishing, a pro-
cess that removes the bran from brown rice to 
produce white rice (Hansen et al. 2012). The bran 
contains essential minerals, including iron and 
zinc, which are lost during polishing, leading to a 
less nutritious final product (Hansen et al. 2012).

Legumes are valuable sources of protein and 
essential micronutrients, including folate and 
non-heme iron. Drying is commonly used to pre-
serve legumes, which then require cooking prior 
to consumption. Although cooking reduces anti-
nutrients, compounds that interfere with nutrient 
absorption, and improves the bioavailability of 
micronutrients (Fabbri and Crosby 2016), water-
soluble micronutrients can leach into soaking or 
cooking liquid, and micronutrients can degrade 
during heating (Dang et al. 2000; Carvalho Lucia 
et al. 2012). Although canned or frozen legumes 
offer convenience, these processing methods can 
result in greater nutrient leaching, compared to 
home cooking dried legumes (Stea et  al. 2007; 
Czarnowska and Gujska 2012; Margier et  al. 
2018). Therefore, FQL pathways for legumes are 
influenced by factors such as cooking method 
(for example, boiling, pressure cooking, or 
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steaming), cooking time and temperature, and 
whether the cooking liquid is consumed along-
side the legumes (Dang et  al. 2000; Stea et  al. 
2007; Ferreira et al. 2014; Coe and Spiro 2022).

ASF are essential sources of vitamin B12, a 
nutrient naturally found only in animal products. 
Thermal processing, such as pasteurization and 
cooking, is important for minimizing foodborne 
hazards in ASF. Although some vitamin B12 may 
be lost during food processing and heat treat-
ment, the concentration per edible portion in 
cooked meat is often similar or higher than in raw 
meat due to the loss of moisture and lipids during 
cooking (Gille and Schmid 2015).

As food systems transform and the distance 
between producers and consumers grows, the 
adoption of milk pasteurization and advanced 
packaging becomes increasingly important to 
meet growing consumer demand for high quality 
milk (Grace et  al. 2020). Refrigerated milk is 
typically flash pasteurized and packaged in card-
board cartons, plastic bags, or plastic or glass 
bottles, ensuring refrigerated stability for 
3–21 days, depending on the quality of the raw 
milk (Melini et al. 2017). Ultra-high temperature 
(UHT) milk undergoes a more intense heat treat-
ment and is packaged in aseptic containers, mak-
ing it shelf-stable at ambient temperatures for 
3–12 months (Melini et al. 2017). Both pasteur-
ized and UHT milk experience minimal losses of 
essential micronutrients and amino acids (Claeys 
et al. 2013; Melini et al. 2017). However, in the 
production of fermented milk products, the fer-
menting bacterial strains can consume vitamin 
B12, resulting in a reduced B12 content in the final 
product (Gille and Schmid 2015).

Fruits and vegetables are essential components 
of healthy diets, providing fiber, vitamins, miner-
als, and phytochemicals, like beta-carotene and 
phenolics. Unlike cereal grains and legumes, fruits 
and vegetables are consumed either raw or cooked. 
Due to their high perishability, fresh produce 
requires efficient value chains when preservation 
technologies are limited. Canning, drying, refrig-
eration, and freezing are strategies to extend shelf 
life and manage seasonal fluctuations in supply.

Nutrient loss in fresh fruits and vegetables is 
influenced by factors, including acidity, maturity 

at harvest, time since harvest, postharvest tem-
perature management, and cutting methods 
(McCarthy and Matthews 1994; Goldman et al. 
1999; Lee and Kader 2000; Beaulieu and Lea 
2007; Barrett et al. 2010). Water-soluble vitamins 
and phytochemicals can begin to degrade imme-
diately after harvest, but refrigerated storage 
slows this process, compared to ambient storage 
(Rickman et al. 2007a). Fiber and mineral con-
tents generally remain stable during fresh stor-
age, while beta-carotene levels can increase or 
decrease depending on the specific fruit or vege-
table (Rickman et al. 2007b).

Due to its sensitivity to degradation and leach-
ing, vitamin C is often used as an indicator of over-
all nutrient degradation and freshness (Barrett et al. 
2010). However, vitamin C may not accurately rep-
resent the loss of all micronutrients, especially 
those less sensitive to degradation or following dif-
ferent degradation pathways. Changes in micronu-
trients can be inconsistent and difficult to interpret 
(Box 7.5), potentially due to factors, including the 
reporting basis or variations in plant variety 
(Rickman et al. 2007b; Zhan et al. 2019).

Box 7.5 Measurement Point as a Factor of 
Micronutrient Changes
Nutrient loss pathways can be complex and 
nonlinear, and changes in nutrient content 
may vary depending on the measurement 
point. Adkison et  al. (2018) found that 
canned or frozen apricots often have simi-
lar or higher nutrient content than fresh 
apricots when measured on a dry weight 
basis. However, the timing of nutrient mea-
surements reveals underlying trends. 
Immediately after canning, beta-carotene 
and total phenol levels increased, while 
ascorbic acid content decreased. After 3 
months, total phenols and ascorbic acid 
remained relatively stable, but beta-
carotene content declined to levels similar 
to fresh apricots. In contrast, frozen apri-
cots had higher levels of beta-carotene and 
total phenols than fresh apricots, both 
immediately after freezing and after 3 
months of storage (Adkison et al. 2018).
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Nutrient degradation and leaching in fresh pro-
duce can occur when the produce is damaged, either 
intentionally or unintentionally. Rupturing the cells 
of fresh produce exposes them to oxygen and fluid 
leakage, contributing to micronutrient losses (Lee 
and Kader 2000). Unintentional mechanical inju-
ries, such as bruising, abrasions, and cuts, can hap-
pen during harvest and postharvest handling (Lee 
and Kader 2000). The same factors that influence 
nutrient loss also affect the susceptibility of produce 
to mechanical injury, including maturity, harvest 
time, and time since harvest (Hussein et al. 2020). 
Cutting and trimming produce, while offering con-
venience to consumers, is also a form of mechanical 
injury. Refrigerated fresh-cut fruits have been found 
to lose both water-soluble and fat-soluble vitamins 
within 6–9 days, with light exposure accelerating 
some losses (Gil et  al. 2006). Relying on search 
quality attributes may not accurately indicate nutri-
ent loss in fresh-cut produce because visual changes 
can occur before significant nutrient degradation 
(Gil et al. 2006).

Nutrient loss in dried, canned, or frozen fruits 
and vegetables depends on factors, including pre-
treatment, storage temperature, and storage time 
(Rickman et  al. 2007a, b; Zhan et  al. 2019). A 
comprehensive review by Rickman et al. (2007a) 
found that initial heat treatment during process-
ing is primarily responsible for the loss of water-
soluble and oxygen-sensitive vitamins (for 
example, vitamins C and B). In canned products, 
these nutrients remain relatively stable during 
storage due to the absence of oxygen. In contrast, 
frozen products experience less nutrient loss dur-
ing processing, compared to canned products, 
due to shorter heating times, but can lose nutri-
ents during long-term storage due to oxygen 
exposure (Rickman et al. 2007a). Although min-
erals are generally heat-stable, leaching and 
absorption of minerals in canned and frozen 
foods can vary, depending on processing condi-
tions (Rickman et  al. 2007b). When fruits and 
vegetables are dried, pretreatment using lower 
temperatures, or using vacuum or freeze-drying 
methods, can minimize nutrient losses, but also 
requires more advanced equipment compared to 
methods such as sun drying (Sablani 2006; Bhatta 
et al. 2020).

When fruits and vegetables reach consumers, 
household storage can further contribute to nutri-
ent loss, particularly, among produce requiring 
cold chain storage. Freezing fresh produce can 
cause structural damage and nutrient loss, par-
ticularly of water-soluble vitamins, in addition to 
other quality attributes, including taste and tex-
ture (Bulut et al. 2018). Although nutrient leach-
ing can occur during thawing, frozen fruits and 
vegetables often retain similar nutrient levels to 
fresh or refrigerated ones, depending on the spe-
cific food and micronutrient (Li et al. 2017).

7.3.2	� Contextualizing Nutrient 
Losses

The potential to mitigate nutrient losses and 
improve dietary intake depends on various fac-
tors, including dietary context, extent of nutrient 
losses, and types of foods in which nutrient losses 
occur. While nutrient losses can occur throughout 
the value chain, considering the contribution of 
individual nutrients to overall dietary requirements 
is important in determining whether such losses 
are consequential (Melini et al. 2017). Analyzing 
nutrient losses in a single nutrient or food type 
may not provide a comprehensive understanding 
of overall nutrient losses in a particular food or 
process (Rickman et al. 2007a). Therefore, exam-
ining both important food sources and overall 
dietary composition are necessary to understand 
how nutrient loss affects diet quality.

Since nutrient content is a credence attribute, 
consumers must rely either their own knowledge 
of general nutritional value of different foods or, 
when available, on food labeling and nutrient 
content claims. As food systems modernize, 
packaged foods increasingly feature labels with 
nutrition facts that provide details on select 
micronutrients. However, food packaging, label-
ing practices, and regulatory requirements vary 
across different food systems, particularly, for 
whole and fresh food products. For example, the 
United States Food and Drug Administration 
(FDA) mandates food labels indicate information 
on vitamin D, calcium, iron, and potassium (FDA 
2022).

7.3  Nutrient Loss Pathways



130

To effectively assess relevant nutrient losses, 
it is important to identify key sources of specific 
micronutrients in foods and understand how their 
content varies with time, temperature, and pro-
cessing. The Codex Alimentarius Commission 
(1997) outlines minimum nutrient reference val-
ues per serving for foods to be considered 
“sources of” or “high in” certain nutrients (for 
example, protein, vitamins, minerals, and dietary 
fiber). For example, solid foods must contain at 
least 15% or 30% of the nutrient reference value 
per 100 g to be classified as a “source of” or “high 
in” a specific vitamin or mineral, respectively 
(Codex Alimentarius Commission 1997).1 These 
minimum criteria can be useful for evaluating 
and prioritizing nutrient losses across different 
foods.

Although losses of several nutrients can occur 
during food processing, storage, and cooking, 
analyzing nutrient loss pathways for key micro-
nutrient sources is important for identifying FQL 
pathways in which nutrient losses result in food 
that render it less nutritious. For example, while 
pasteurization of dairy milk degrades vitamin C 
and folate, these nutrients are naturally present in 
low quantities in milk, and the loss of these vita-
mins during processing has a minimal impact on 
the overall nutritional value of the milk (Melini 
et  al. 2017). Figure  7.4 compares the nutrient 
content of fresh, fresh-cooked, frozen-cooked, 
and canned spinach. While raw spinach is “high 
in” iron, folate, and vitamin C, frozen and canned 
spinach are downgraded to “sources” of iron and 
folate due to nutrient losses (Fig. 7.4).

Nutrient losses along the food value chain do 
not necessarily mean consumers cannot meet 
their nutritional needs or will experience defi-
ciencies. Measuring nutrient loss at every post-
harvest stage is impractical and inefficient. 
Dietary diversity is a key factor in ensuring ade-

1 Alternatively, 5% (10%) of nutrient reference value per 
100  kcal or 15% (30%) of nutrient reference value per 
serving is necessary to be considered a “source of” (“high 
in”) a vitamin or mineral.

quate nutrient intake (Luckett et  al. 2015). 
Understanding general nutrient loss pathways 
and potential issues can become part of assessing 
diet quality and food security, especially in popu-
lations with limited dietary diversity. The nutrient 
losses associated with different food forms (for 
example, fresh, canned, frozen, stored) can 
inform dietary assessments that rely on food 
composition databases, the accuracy of which 
depends on factors, including when and where 
food samples are collected (see Chap. 4).

Fig. 7.4  Comparison of selected micronutrients in 
spinach (per 100 g spinach, fresh weight)

Micronutrient content of different forms of spinach are 
taken from USDA FoodData Central (USDA 2024). 
Pointed lines represent thresholds for “source of” the 
micronutrient; long dashed lines represent the threshold 
for “high in” the micronutrient (per day). Thresholds are 
calculated using the Recommended Dietary Allowance 
for healthy adult nonpregnant, nonlactating females (IOM 
2000) and the Codex guidelines for use of nutrition claims 
(Codex Alimentarius Commission 1997). We applied a 
moisture correction and converted nutrients, based on 
boiled or canned weight to fresh weight, following Li 
et al. (2017)
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7.4	� Weighing Food Safety 
and Nutrient Loss Trade-Offs

The intersection of food safety losses and nutri-
ent losses primarily occurs during food handling, 
processing, and storage throughout the supply 
chain. Food safety losses pose a more immediate 
threat to food security, due to the risk of FBD that 
can also contribute to undernutrition (Walls et al. 
2019).

Inadequate product handling and storage can 
compromise both food safety and nutritional 
value. Physical damage, such as broken skin and 
bruising, can contribute to both food safety issues 
and nutrient losses as water is leached, nutrients 
are oxidized, and biological hazards increase. 
Additionally, storage temperature, humidity, and 
duration can affect both food safety and nutrient 
retention.

As food value chains lengthen and the dis-
tance between production and consumption 
grows, commercial food processing becomes 
more common. Food processing can be classified 
based on the degree of change from the natural 
food, the types of changes and added ingredients, 
the location of processing (for example, commer-
cial or home), and the processing objectives (for 
example, food safety, taste, appearance) (Sadler 
et al. 2021). Processed foods play an increasingly 
important role in providing nutrients in transi-
tional and modern food systems, particularly, as 
urban and peri-urban populations increase 
(Herforth et al. 2014; Cumming et al. 2014). For 
example, processed fruits and vegetables (such as 
frozen, canned, and dried) are important sources 
of fiber and micronutrients in US diets (Dwyer 
et al. 2012).

Food processing is often prioritized to increase 
shelf life and prevent FQL related to food safety 
issues in nutritious, perishable foods, but it can 
also impact food nutrient content. Many pro-
cesses involve heating, which offers several ben-
efits, including the inactivation of foodborne 
pathogens, extended shelf life, and improved 
nutrient digestibility and bioavailability (van 
Boekel et  al. 2010). However, processing can 
also lead to the formation of chemical hazards, 
nutrient losses, and undesirable sensory attributes 

(van Boekel et al. 2010; Forde and Decker 2022). 
Additionally, packaging materials can pose food 
safety risks (vom Saal and Hughes 2005; Onyeaka 
et  al. 2022). As noted by Sadler et  al. (2021), 
nutrition messaging or guidelines that emphasize 
the potential drawbacks of food processing could 
be misinterpreted as discouraging the consump-
tion of processed foods. This could lead consum-
ers to seek out unprocessed foods or attempt to 
process foods at home without adequate food 
safety measures. Therefore, prioritizing specific 
FQL pathways that directly impact the delivery 
of safe and nutritious foods must consider the 
food system context and relevant trade-offs to 
determine the most effective approaches to 
reduce FQL and deliver healthy diets.

7.5	� Conclusions

In this chapter, we examined food safety and 
nutrient loss pathways. The specific causes and 
characteristics of these pathways vary depending 
on the stage of food system transformation. 
Perishable ASF, fruits, and vegetables are partic-
ularly vulnerable to FQL, especially, food safety. 
The extent of nutrient losses and impact on diet 
quality remains less clear and depends on spe-
cific nutrients and food sources. For both food 
safety and nutrient loss, more data is needed to 
better elucidate the linkages between FQL for 
these attributes and the immediate impact on diet 
quality.

Food safety is a crucial aspect of food secu-
rity, and it involves understanding and addressing 
various food hazards throughout the food value 
chain. FBD can have significant health conse-
quences, and the burden is often higher in LMICs. 
Urbanization and dietary shifts have made food 
value chains more complex and created FQL 
challenges associated with food safety. Time, 
temperature, and handling are the major factors 
across value chains that contribute to food 
becoming unsafe. Although food safety standards 
are important, challenges remain in informal 
markets and with cross-border trade, in which 
food safety standards either are not available or 
are not enforced. Addressing food safety in FQL 
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pathways necessitates enhancing capacity, incen-
tivizing value chain actors, and building con-
sumer trust and demand for safe food.

Although nutrient loss pathways are less 
immediate threats to food security when com-
pared to food safety losses, they can negatively 
impact diet quality. As foods move through the 
value chain, natural nutrient content can change 
positively or negatively. The extent and timing of 
nutrient loss depend on various factors, including 
cultivar, processing, storage, handling, and prep-
aration. More research is needed to fully under-
stand the impact of nutrient losses on nutrient 
intake, especially considering the changing 
dietary patterns across different stages of food 
system transformation. Ultimately, diverse diets 
rich in nutrient-dense foods are required for 
meeting nutritional needs. To effectively address 
FQL and ensure safe, nutritious food, it is essen-
tial for governments to consider the specific food 
system context and weigh the trade-offs between 
food safety and nutrient loss pathways.
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8Unlocking Potential: Identifying 
Critical Loss Points and Driving 
Change

8.1	� Introduction

To address high-level objectives (for example, 
food security, economic efficiency, environmen-
tal impacts), interventions to reduce and manage 
food loss and waste (FLW) must fit the food sys-
tem context and investment priorities. All food 
systems have challenges and limitations that may 
block potential pathways to support healthy, sus-
tainable diets. Examining the critical loss points, 
the causes of FLW, and food system investment 
priorities are essential for setting appropriate and 
specific FLW reduction targets and interventions 
for action to achieve higher-level objectives.

To effectively address FLW, it is to identify 
critical loss points where food quality is affected 
and food is removed from the value chain. While 
previous chapters explored methods for measur-
ing physical food loss and waste (pFLW) and 
assessing food quality loss (FQL), this chapter 
focuses on identifying critical loss points for 
pFLW across different value chain stages and 
food commodities, and their implications for 
achieving broader FLW reduction objectives. The 
lack of FLW data remains a challenge, and 
attempts to identify critical loss points highlight 
the ongoing need for definitional and measure-
ment frameworks that align FLW reduction activ-
ities to broader sustainable food systems 
objectives. For example, FLW was not included 
as an indicator in the Food Systems Countdown, 
a collaborative initiative to monitor global food 

systems (see Chap. 2) due to lack of sufficient 
country-level data to track and inform food sys-
tem transformation (Schneider et al. 2023).

As described in Chaps. 5–7, the FLW path-
ways are complex, and the causes of FLW are 
often interrelated. Therefore, the causes of FLW 
along different pathways require consideration of 
the different levels (HLPE 2014):

•	 Micro-level: causes at the same stage involv-
ing individual entities in a particular food 
value chain.

•	 Meso-level: structural causes involving larger 
groups of actors in the food value chain.

•	 Macro-level: systemic causes involving the 
broader food system, institutional or policy 
conditions, and enabling environment.

Different stakeholders within food systems 
have varying perspectives on the causes and con-
sequences of FLW, which can influence measure-
ment and prevention strategies. While previous 
chapters focused on stage-specific causes of 
FLW, this section delves deeper into the meso- 
and macro-level factors that drive FLW and cre-
ate feedback loops within food value chains. By 
understanding these broader technical, infra-
structural, regulatory, and environmental drivers, 
we can identify potential entry points for effec-
tive interventions.

Experts on food security and nutrition have 
identified key investment priorities for transition-

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_8&domain=pdf
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ing food systems toward sustainability and health 
(HLPE 2017). For traditional food systems, 
early-stage investments in production, storage, 
and distribution are crucial for increasing food 
quality, safety, and food affordability. In contrast, 
transitional and modern systems require signifi-
cant investments in mid-to-downstream stages, 
including processing, packaging, and marketing. 
As food systems modernize, investment priorities 
are required for promoting demand for healthy 
diets in addition to improving access to nutritious 
foods. This chapter explores how addressing 
FLW can align with these investment priorities to 
achieve food security and nutrition goals.

Identifying incentives for FLW reduction 
across public and private sectors is necessary for 
feasibly addressing FLW. These points may not 
always align with the stages where losses occur. 
For instance, addressing upstream issues like 
overproduction or inefficient harvesting practices 
can prevent downstream losses. Additionally, 
trade-offs may exist between different sustain-
ability objectives, such as food security and envi-
ronmental impact.

To effectively address FLW, it is crucial to 
accurately identify critical loss points and under-
stand the complex interplay of factors driving 
FLW.  This knowledge, combined with a clear 
understanding of stakeholder incentives and pub-
lic–private partnerships, can inform the develop-
ment of targeted interventions that support 
sustainable food systems and promote healthy 
diets.

8.2	� Critical Loss Points Across 
Foods and Food Systems

Pinpointing critical loss points or “hotspots” 
within food systems is essential to prioritize poli-
cies and investments aimed at effectively address-
ing FLW.  Understanding the extent and 
distribution of FLW across regions, food value 
chain stages, and commodities enables deeper 
examination of the underlying causes and devel-
opment of targeted strategies. However, identify-
ing critical loss points is not an end in itself; it 
must be evaluated within the broader context of 

FLW reduction objectives, including improved 
nutrition and food security, environmental 
impacts, and economic efficiency. This section 
will focus on the critical loss points of pFLW.

In the FLW literature, hotspot analyses have 
primarily focused on pFLW, using different 
units depending on the specific objective and 
scope of the analysis (Guo et al. 2020; Gatto and 
Chepeliev 2024). Physical FLW is quantified in 
terms of mass or volume (as detailed in Chap. 4). 
These physical units can be converted into other 
metrics, such as nutritional values (for example, 
calories, macronutrients, micronutrients) or  
environmental indicators (for example, green-
house gas emissions, embedded land use, water 
use), to examine linkages between the amount of 
pFLW and specific impacts.

Converting pFLW from physical units to 
nutritional value metrics can introduce bias and 
obscure important details related to healthy diets. 
Recent studies have reported nutritional value 
metrics to analyze FLW in the context of nutri-
tion and food security (Spiker et  al. 2017; van 
den Bos Verma et al. 2020; Guo et al. 2020; Gatto 
and Chepeliev 2024). Although calorie-based 
metrics are most commonly used for analyses, 
followed by those based on macronutrients, 
micronutrient-based assessments are less fre-
quent. However, focusing solely on macronutri-
ents can overlook micronutrient-rich and 
perishable foods, such as fruits and vegetables 
that are not macronutrient-dense. To address this 
limitation, a food-based approach is more infor-
mative for comparing the impact of pFLW on 
healthy diets. Food groups are also more practi-
cal for cross-context comparisons, due to varying 
core food baskets worldwide (Fabi and English 
2019).

Examining pFLW through several environ-
mental units provides insights into how reducing 
pFLW can contribute to different environmental 
sustainability objectives. For example, Cattaneo 
et al. (2021) highlighted the varying environmen-
tal impacts and resource use efficiency implica-
tions of reducing pFLW at different value chain 
stages. Similarly, Gatto and Chepeliev (2024) 
demonstrated how identifying the top 10 country 
pFLW hotspots changes, depending on the unit of 
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comparison used (for example, million tonnes, 
grams/capita/day; embedded land use; water 
use). This research underscores the importance of 
considering differences across food groups, value 
chain stages, and environmental indicators when 
identifying critical loss points that are most rele-
vant in a specific context.

To effectively identify critical loss points in 
the food system, detailed estimates of pFLW are 
needed for each value chain stage, beyond simple 
aggregation into postharvest and retail/consumer 
stages. Previous studies (FAO 2011; Gatto and 
Chepeliev 2024) have categorized pFLW across 
five value chain stages: agricultural production; 
postharvest handling and storage; processing and 
manufacturing; distribution and retail; and con-
sumption. These more specific value chain stages 
have different characteristics based on the food 
system type and commodity. Therefore, disag-
gregating pFLW estimates by value chain stage is 
important for gaining valuable insights into the 
specific activities and actors involved in the FLW 
pathways (Fabi and English 2019; Parfitt et  al. 
2021).

As diets shift with transforming food systems, 
economic and environmental factors can influ-
ence production patterns and value chain opera-
tions, potentially shifting the location of critical 
loss points over time. The percentage of pFLW 
for each commodity group is a useful indicator 
for identifying critical loss points across different 
geographies and value chain stages (Fabi and 
English 2019). While the absolute value of pFLW 
may fluctuate with changes in production levels, 
the percentage indicator remains useful for iso-
lating critical loss points. Therefore, the pFLW 
percentage indicator helps identify changes in 
how different food value chains are organized 
and function. Meanwhile, the absolute values of 
pFLW are essential for assessing the potential 
impact on diets and environmental indicators, 
ultimately determining acceptable pFLW per-
centages for each commodity group in a given 
context.

Contextualizing critical loss points is essential 
for identifying which value chain actors, both at 
the loss point and at upstream and downstream 
stages, have incentives to reduce pFLW or main-

tain current practices. Although one stage may 
have the highest share of pFLW, it is important to 
consider the relative contributions of other stages, 
the underlying causes of pFLW leading to the 
critical loss point, and the potential consequences 
of intervening at different points in the value 
chain. As explored in previous chapters, FLW 
pathways for the same commodity can vary sig-
nificantly, depending on the specific food system 
context.

A significant limitation in identifying critical 
loss points is the ongoing lack of primary data for 
pFLW across various commodity groups and 
value chain stages. As discussed in Chap. 4, 
numerous data gaps exist, particularly, for perish-
able foods. While the Sustainable Development 
Goal (SDG) 12.3 Indicators, the Food Loss Index 
and Food Waste Index, aim to address data gaps, 
limitations persist in terms of coverage across 
value chain stages and comparability issues aris-
ing from different definitions and estimation 
approaches (see Chaps. 3 and 4). Harmonizing a 
single FLW definition and establishing a FLW 
data value chain are crucial steps toward accu-
rately identifying critical loss points at various 
scales.

Gatto and Chepeliev (2024) recently com-
piled a country-level database to address data 
gaps in the FLW database (2019) of the Food 
and Agriculture Organization of the United 
Nations (FAO) and to assess the magnitude, 
composition, and geographic distribution of 
pFLW across global value chains. The authors 
contextualize critical loss points within the 
framework of food trade, highlighting that 
approximately 15.7% of global FLW in 2014 
was associated with traded food (Gatto and 
Chepeliev 2024). Consequently, as food trade 
between exporting low- and middle-income 
countries (LMICs) and importing high-income 
countries (HICs) increases, trade plays an 
important role in FLW pathways, exacerbating 
pFLW in LMICs, particularly, at the farm level.

Figure 8.1 summarizes the estimates of pFLW 
by global region and perishable food group, along 
with the corresponding data sources. Most data 
for fruits and vegetables is sourced from the FAO 
database, while estimates for animal-source foods 
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Fig. 8.1  Share of physical food loss and waste of total 
food weight by food group and global region

Note: Data from Gatto and Chepeliev (2024). The 
striped pattern on the bars indicates unavailable data, the 
lack of which was replaced with a consistent gap-filling 
methodology based on pFLW in comparable regions, 
commodities, and stages of the food value chain (hence, 
labeled “assumption”). An absence of pattern in the color 
bars (that is, solid-colored) indicates the data came from 

the FAO FLW database (2019). The dotted pattern in the 
bars indicates other sources were used, based on the 
authors’ literature review

Abbreviations: WE (Western Europe); EE (Eastern 
Europe); NAO (North America and Oceania); HIA (High-
Income Asia); MENA (Middle East and North Africa); 
LAC (Latin American and Caribbean); SEA (Southeast 
Asia); SSA (Sub-Saharan Africa)

(ASF) and consumer stages, especially in LMICs, 
rely on literature review and assumptions. Given 
the limitations of the FAO database, additional 
literature, and the overall scarcity of data in the 
literature, significant data gaps persist across per-
ishable commodities, stages, and regions.

8.3	� Meso- and Macro-level Food 
and Loss Waste Drivers

Higher-level drivers of FLW, including environ-
mental factors, market conditions, policies, and 
social norms are distinct from more proximate, 
micro-level pressures that directly lead to FLW 
(Spang et al. 2019). These meso- and macro-level 
drivers involve nonhuman factors (for example, 
weather, pests, natural variations, and life cycle), 
economic, social, and structural factors based in 
institutional and organizational arrangements 
(Gille 2012). Meso- and macro-level causes of 

FLW affect value chain actors and other food 
systems stakeholders differently, leading to pos-
sibly conflicting incentives and interests, particu-
larly, in terms of public versus private sectors. 
Challenges, such as limited access to technology 
and knowledge, inadequate infrastructure, insuf-
ficient resources, and a complex regulatory envi-
ronment, can hinder the implementation of FLW 
reduction strategies and the ability of value chain 
actors, especially, small-scale producers, to adopt 
effective practices and technologies (HLPE 2014; 
Xue et al. 2017; Soethoudt et al. 2021). Therefore, 
FLW is not solely caused by lack of sufficient tech-
nology or inefficiency, but also from risk avoid-
ance, value generation, and uncertainty along food 
value chains (Gille 2012; Croad et al. 2024). As 
food systems modernize, these higher level driv-
ers can shift FLW pathways. Instead of losing food 
with clear market value due to FQL, food may be 
discarded due to stricter quality standards that are 
intended to create value (Croad et al. 2024).
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8.3.1	� Technologies and Practices

Technology and practices are often connected 
with FLW pathways at the micro-level, as dis-
cussed in Chaps. 5–7 of this book. Therefore, 
approaches to address FLW often look toward 
technology innovations. For example, a review of 
276 innovations, focused on nutrient-dense 
foods, FLW, and food safety, identified 154 
(56%) as products or technologies, while 55 
(20%) were practices (Webb and Shrestha 2023). 
Meso- and macro-level factors influence the 
availability and access to technologies, practices, 
information, and resources required for decision-
making, as well as the incentives and enabling 
environments to use technologies or implement 
best practices. The entry points for intervention 
prioritize the potential economic gains that can 
be achieved if the causes at different levels are 
addressed.

Technological advancements within food 
value chains encompass tools and equipment 
designed to optimize specific stages, such as har-
vesting, storage, and processing. These technolo-
gies primarily aim to minimize FQL through 
methods like cold chain storage, packaging, and 
enhanced coordination across value chain stages. 
The availability of certain technologies in a given 
context is influenced by factors, including inno-
vation and distribution channels (Soethoudt et al. 
2021). The design, level of advancement, and 
quality of these technologies can also impact the 
extent to which pFLW is embedded in their rou-
tine operation. For example, food manufacturing 
and processing equipment may generate pFLW 
during regular use and maintenance (Raak et al. 
2017; Rösler et al. 2021).

Among processed products, technical and 
human error can lead to incorrect product specifi-
cations. Products may be discarded when they 
fall outside of the attribute specifications, such as 
when there is physical damage of smaller pro-
duce rolling around in packaging (Gillman et al. 
2019), or when packaging breaks from the prod-
uct exceeding its package capacity (Surucu-Balci 
and Tuna 2021). Additionally, technology errors 
or user errors can lead to FQL and pFLW, such as 
errors in packaging that lead to breakage or inad-

equate protection during subsequent stages of the 
value chain (Eičaitė et al. 2023).

Technology accessibility is influenced by fac-
tors, such as affordability and ease of use. The 
ability of value chain actors to invest in available 
technology depends on entity characteristics (for 
example, size, activities), labor costs, and access 
to financial resources. The lack of financial ser-
vices, including funding and credit at the meso-
level, can obstruct investments in technology that 
could help minimize FLW (Soethoudt et  al. 
2021). Without adequate training and knowledge 
in proper technology use and maintenance, value 
chain actors may not fully realize the potential 
for technology to address existing inefficiencies 
that contribute to FLW.

Similar to technology, best practices for mini-
mizing FLW often require access to information 
through training and knowledge sharing. While 
some best practices require specific technical 
skills for equipment operation, processing, and 
communication, others focus on behavior 
changes, handling procedures, and strategic 
approaches to management and marketing 
(Kitinoja and Kader 2015; Soethoudt et al. 2021; 
Vos and Cattaneo 2021). The lack of meso-level 
support and investment in training materials, pro-
grams, and knowledge-sharing platforms can 
prevent the dissemination of information on best 
practices, limiting their impact on reducing FLW.

As food systems modernize, changes in the 
meso- and macro-level drivers, related to the use 
of technology and improved practices, can have 
feedback loops that exacerbate existing FLW 
pathways or create new pathways. At the same 
time, using technology and best practices that 
minimize FLW at one stage can inadvertently 
lead to cascading effects that push FLW down-
stream. This often occurs with the introduction of 
technology at midstream packaging and process-
ing, as well as downstream changes in consumer 
income and preferences for convenience.

Bulk and consumer food packaging becomes 
an increasingly important technology as food 
systems modernize, particularly, for high-value, 
perishable products. Beyond protecting food and 
providing information, packaging can also influ-
ence upstream food quality specifications, such 
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as produce shape and size—leading to the down-
grading of edible food that no longer meets the 
functional requirements for the packaging 
(Gillman et  al. 2019). Depending on market 
channels and processing requirements, food that 
does not meet fresh value chain standards may be 
diverted to processing value chains. Therefore, 
while packaging is meant to reduce FLW, it can 
also become a reason for food value loss or com-
plete diversion to nonfood destinations.

Consumer packaging can specifically influ-
ence the extent of pFLW at the consumer stage. 
For example, packaged foods have predetermined 
units that can lead consumers to purchase greater 
quantities than they require (Aschemann-Witzel 
et al. 2017; Wilson et al. 2017). Food packaging 
can also prevent consumers from using sensorial 
cues to determine food quality, leading to pur-
chase of food with qualities that do not meet their 
preferences (Barbut and Leishman 2022).

Processing can absorb lower quality products 
initially intended for fresh food value chains. 
However, as quality standards for both fresh and 
processed foods increase, the raw material 
requirements for the processing sector may limit 
its capacity to absorb lower quality produce, 
effectively restricting an alternative value chain 
and potentially increasing pFLW of unmarket-
able products (Redlingshöfer et al. 2017). More 
advanced processing and packaging technologies 
often have narrower tolerances for food product 
variations. For example, mechanized meat pro-
cessing requires specific size, shape, orientation, 
and density standards for animal tissues (Barbut 
2020). When considering trade-offs between 
acceptable levels of FLW and other factors, such 
as occupational hazards in food processing, a 
comprehensive approach is necessary.

8.3.2	� Infrastructure Organization

Value chain actors operate within the constraints 
of their environment. Organizational drivers of 
FLW affect the enabling environment, or lack 
thereof, related to distribution and service net-
works and infrastructure that are essential for 
efficient food value chains. As the distances 

between rural producers and urban consumers 
increases, so does the importance of adequate 
storage, transport, and communication infra-
structure. Organizational issues that act as meso- 
and macro-level drivers of FLW include both 
private and public infrastructure.

Food value chains depend on the availability 
and access to rural infrastructure, including qual-
ity roads, reliable electricity, storage facilities, 
and telecommunications. Socioeconomic factors 
that drive FLW in Africa, Latin America, and 
developing Asia are not only related to country 
wealth, but also to agricultural machinery, trans-
portation, and telecommunications (Krishna 
Bahadur et  al. 2016). Depending on the FLW 
pathway, there may be one or more infrastructure 
constraints, such as rural and feeder road access, 
electricity supply, temperature-controlled storage 
access, and wholesale market development (Vos 
and Cattaneo 2021).

The limiting infrastructure may depend on 
the food product, value chain stage, and activi-
ties carried out. In the case of fresh perishable 
products, particularly, fruits and vegetables, 
poor roads and lack of adequate transport vehi-
cles at the farm level, together, create inade-
quate transport conditions, leading to FQL, 
particularly, in value chains without cold chain 
storage and transport (Kader and Rolle 2004). 
In contrast, the level and variability of energy 
costs related to inadequate energy infrastruc-
ture may be particularly salient for food proces-
sors and distributors whose key functions rely 
on consistent and affordable access to electric-
ity (Vos and Cattaneo 2021). For example, the 
decisions on processing techniques of perish-
able foods are dictated by the availability, 
access, and profitability of each technique. 
Cooling preservation methods, such as refrig-
eration and freezing, require consistent electri-
fication, which becomes a major limitation in 
contexts with limited infrastructure and high 
energy costs (Hasan et al. 2019). Although dry-
ing is more energy intensive than cooling pres-
ervation methods on an absolute basis, energy 
from the sun is a practical energy source if elec-
tricity supply is limited or unaffordable 
(Machala et al. 2022).
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Nonhuman factors combine with human-
factors in FLW pathways when fluctuations in 
food supply exacerbate the lack of coordination 
between actors. The seasonal production of per-
ishable foods contributes to the technical, finan-
cial, and operational challenges of processing, 
what Machala et al. (2022) refer to as “seasonally 
stranded” processing facilities. The unstable sup-
ply of fresh perishable foods suitable for process-
ing can either lead to an inadequate supply of 
low-cost raw material or an oversupply of raw 
material that exceeds storage and processing 
capacity (Subramanian 2016; Akintola et  al. 
2022; Schreinemachers et  al. 2022). Seasonal 
production also becomes an issue when perish-
ables with overlapping harvest seasons compete 
for limited available processing capacity 
(Beausang et al. 2017). The lack of coordination 
and communication between value chain actors 
can also contribute to capacity issues, for exam-
ple, when production sizes exceed trader packing 
facilities, leading to improper storage conditions 
(Surucu-Balci and Tuna 2021; Perdana et  al. 
2023).

In addition to changes in storage and transport 
infrastructure requirements, longer physical dis-
tances between value chain stages make it more 
difficult for sharing information through in-
person interactions. As a result, there is an 
increasing reliance on information and communi-
cation technologies, which require access to the 
Internet and mobile phone services (Vos and 
Cattaneo 2021). For rural actors who are more 
isolated, including smallholder producers, access 
to telecommunications and knowledge of its use 
can provide important information about market 
requirements and prices, enabling the smallhold-
ers to make informed decisions that can impact 
FLW pathways.

Private and public sectors have different 
objectives for investing in infrastructure. The 
private sector may invest in roads, electrifica-
tion, telecommunication, or marketing infra-
structure, because these specific investments are 
required to support their operation or as part of 
other aspects of their business strategy (for 
example, corporate social responsibility) 
(Feyaerts et al. 2020). In contrast, public invest-

ment in similar infrastructure may be specific to 
an area to attract private investment in a particu-
lar food industry and export or, more broadly, to 
improve socioeconomic development and resil-
ience (Feyaerts et  al. 2020; Vos and Cattaneo 
2021). Improved infrastructure, particularly, for 
high-value perishable foods, can incentivize 
additional investment with spillover benefits to 
support “spontaneous clusters” of downstream 
small- and medium-sized enterprises and local 
value chains (Feyaerts et  al. 2020; Vos and 
Cattaneo 2021). Public investments in rural 
infrastructure also support objectives to support 
inclusive market development.

8.3.3	� Public and Private 
Regulations

FLW pathways are influenced by public and pri-
vate regulations, particularly, those governing 
food quality attributes. Regulations set standards 
and requirements for different food attributes, 
which then become limiting attributes for prod-
uct acceptance (see Chap. 4). FQL may be impli-
cated in limiting attributes, but pFLW can occur 
with or without FQL of a limiting attribute. These 
regulations can improve food quality for consum-
ers and enhance value for value chain actors but 
may also contribute to pFLW of food suitable for 
human consumption. Therefore, a closer exami-
nation of the role of regulations in FLW pathways 
is important for interpreting critical loss points 
and understanding how to minimize FQL of lim-
iting attributes or keep food fit for human con-
sumption in food value chains.

As discussed in Chap. 7, FQL can directly 
affect diet quality, particularly, when unsafe 
food reaches consumers. FQL can also be con-
sidered a meso-level cause of pFLW when FQL 
that occurs at one or multiple stages eventually 
leads to pFLW at another stage. Moreover, FQL 
is also closely linked to market value loss. 
When FQL results in noncompliance with qual-
ity standards, marketable food items may be 
diverted to lower value channels or rejected 
entirely, ultimately exiting the food value chain 
and diverted to nonfood uses or landfill. Quality 
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standards may include different limiting attri-
butes for several marketable grades or may take 
a binary approach in which foods must meet all 
limiting attributes for a specific market, each 
affecting FLW pathways differently (Gillman 
et al. 2019).

At the macro level, government institutions 
set quality standards for different commodity 
groups. Government standards for food safety 
attributes typically emerge first and are treated 
separately from other food quality attributes. 
Public food safety standards are legal require-
ments that must be met to enter a market, with 
entry denied for goods that to not comply with 
these standards (Unnevehr and Ronchi 2014). 
In traditional and transitional food systems, 
informal food sectors are prevalent and lie 
outside of food safety regulatory control 
(Hoffmann et  al. 2019). When foods fail to 
meet food safety standards set in modern retail 
outlets, food may be resold through informal 
outlets (Roesel and Grace 2015; Hoffmann 
et al. 2019).

Over the last few decades, there has been a 
noticeable rise in food and nutrition regula-
tions, especially, those concerning food safety 
and quality (Fig. 8.2). While food safety stan-
dards prioritize public health, quality stan-

dards based on search attributes primarily aim 
to enhance market competitiveness in trade 
(De Hooge et  al. 2018; Porter et  al. 2018; 
Walsh 2022). This results in a misalignment 
between the objective of the standards criteria 
and the intended outcome. However, macro-
level cosmetic regulations may inadvertently 
imply that food is unsuitable for human con-
sumption when natural variations fall outside 
of specified parameters (Porter et  al. 2018). 
Consequently, public regulatory objectives 
may be misaligned when nutritious foods are 
removed from the food value chain, worsening 
the nutrient supply gap.

Quality standards established by private sector 
actors, including processors and retailers, aim to 
differentiate and add value to their products. 
These standards frequently exceed government 
regulations, if they exist, and are linked with 
shifts in power dynamics as value chains consoli-
date (Box 8.1). Retailers in formal food environ-
ments, particularly, supermarkets, prioritize 
search attributes like size, shape, color, and ripe-
ness when setting and enforcing quality stan-
dards, rather than experience or credence 
attributes (Beausang et  al. 2017; Gillman et  al. 
2019; Messner et al. 2021).

Value chain actors may implement their own 
quality requirements to prevent FQL downstream 
(Box 8.2) or to present themselves as high quality 
suppliers in the market (De Hooge et al. 2018). 
For example, when buyers reject entire loads 
based on a small percentage of products being of 
borderline quality, producers respond with 
increased caution and effectively apply a more 
stringent quality threshold than is specified 
(Gillman et al. 2019).

Although informal market wholesalers and 
retailers lack formalized quality standards, they 
may rely on search attributes to distinguish food 
quality, based on the potential returns from qual-
ity improvements in specific products and mar-
kets (Vandeplas and Minten 2015). However, 
when farmers and local traders receive the same 
price for their product, regardless of the quality 
level, they are disincentivized to invest in grad-
ing, sorting, or other efforts to reduce FQL 

Fig. 8.2  National legislation, policies, and agreements 
on food and nutrition by specific topic areas from 1970 
to 2023

The x-axis is the year of original text or, if amended, the 
year last amended. (Source: FAOLEX database (FAO  
2024))
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(Cadilhon et al. 2006; Perdana et al. 2023). The 
incentives to minimize FQL depends on the 
types of quality attributes that are deemed impor-
tant and derive market value. In their study of 
perishable food markets in India, Fafchamps 
et al. (2008) found that price premiums for some 
quality attributes stop midstream, implying that 
attributes important for wholesalers are not 
important for processors and retailers, who are 
more consumer-facing. Food ownership also 
influences these incentives and financial risks 
that can change, depending on the value chain 
actors who are responsible for moving food 
along the value chain without assuming owner-
ship of the food. The lack of policy and regula-
tion or enforcement of important FQL factors 
through licenses and monitoring can contribute 
to value chain power imbalances that perpetuate 
FQL.

Producers often serve as the initial gate-
keepers in adhering to quality standards, as 
many of these attributes are established or ini-
tiated preharvest (for example, size, shape, 
color, and ripeness). Private standards can 
influence producers’ production, harvest, and 
postharvest practices, even among factors that 
are outside of producers’ control. Nonhuman 
factors, including weather and pests, can con-
tribute to FQL of search attributes that do not 
affect the edibility of the food itself (Beausang 
et al. 2017; Gillman et al. 2019). To meet these 
standards, producers may choose to leave fresh 
produce unharvested, sort it out in the field, or 
divert edible produce to lower value channels, 
such as processing (Pietrangeli and Cicatiello 
2024). Failure to meet these standards can also 
lead to post-farmgate rejection. Retailers and 
processors may reject product even after pro-
ducers have invested in packing and transport-
ing the product (Soma et al. 2021). The value 
of the fresh produce continues to drop and the 
cost to the value chain actor who has owner-
ship increases as the need arises to transport, 
store, and find a new buyer, or cover the cost of 
disposal (or diversion to nonfood use) (Gillman 
et  al. 2019; Soma et  al. 2021; Boiteau and 
Pingali 2022).

Box 8.1 Value Chain Consolidation and Shift 
in Power Dynamics
Power dynamics between value chain actors 
change as food systems transform and the 
midstream value chain actors consolidate to 
create market structures with few processors 
and retailers that connect many suppliers and 
consumers. This consolidation strengthens 
the influence that post-farmgate value chain 
actors have to set and enforce private stan-
dards and their power to shift the risks of 
supply and demand fluctuations to producers 
(Gille 2012; Rindt and Mouzas 2015; 
Gillman et al. 2019). Additionally, consoli-
dation narrows market access for producers, 
leaving few, if any, alternative mass distribu-
tion channels (Messner et al. 2021).

Private sector actors, such as retailers and 
processors, often influence quality standards 
according to their business objectives. These 
standards, particularly for search attributes, 
like size and color, can be subject to fluctua-
tions based on supply and demand. When 
supply surpasses demand, quality specifica-
tions are narrowed to the point that there 
may be no market for low-grade produce, 
leading to pFLW of perfectly edible food. 
This happens, particularly, during peak sea-
son for lower quality products that would 
otherwise have economic value in nonpeak 
seasons (Messner et al. 2021). Supermarkets 
may create alternative markets through dis-
counts or packaging strategies, but this often 
requires producers to adapt their practices to 
align with shifting market demands 
(Messner et al. 2021).

Since producers depend on securing and 
retaining buyers, processors and retailers 
protect themselves from market uncertain-
ties using requirements for consistent vol-
umes that meet specific quality standards 
(Gille 2012). Producers in modern food 
systems, in particular, often view farmgate 
pFLW as acceptable compared to post-
farmgate pFLW, based on perceptions of 
resource use (Beausang et al. 2017).
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8.3.4	� Environmental Changes

Although climate and environmental issues are fre-
quently part of the FLW conversation, it is often 
with regard to the impacts of FLW on the environ-
ment. How climate change can be a driver of FLW 
is less discussed. Higher temperatures, changes in 
rainfall, and increased frequency and intensity of 
extreme weather events can all impact each stage of 
food value chains, contributing to FQL and 
pFLW. Regions in the Global South, which are par-
ticularly vulnerable to climate change also have 
transitional food systems that are susceptible to 
various meso- and macro-level FLW drivers, dis-
cussed throughout this chapter (FAO 2018b). For 
example, higher temperatures will increase the need 
for adequate cold chain transport, storage, and dis-
tribution to prevent FLW of perishable foods. 
Additionally, extreme weather events, such as 
floods, can disrupt timely food transportation, par-
ticularly, in regions with inadequate road infrastruc-
ture and vehicles. Further research is needed to fully 
understand the role of climate change as a driver of 
FLW within the context of other macro- and meso-
level factors and to identify effective interventions.

8.4	� Leverage Points 
and Investment Priorities

FLW and its linkage to food security has been a 
globally recognized issue since the 1970s (Shen 
et  al. 2023). Interest in FLW was renewed after 
the FAO (2011) report estimated global FLW at 
33% of total production, highlighting its impact 
on nutrition, food security, the environment, and 
economic efficiency. Currently, the 2030 Agenda 
for Sustainable Development, adopted in 2015, 
has set the current global targets to reduce food 
waste by 50% by 2030. While it has set a target 
for reducing postharvest food loss, a quantitative 
reduction target has not been specified (UN 2015). 
Reaching these targets will require both public 
and private investments (Lipinski et al. 2017).

Box 8.2 Balancing Functional Quality 
Attributes with Consumer Preferences
Important food quality attributes encom-
pass those that align with consumer pref-
erences and those that serve specific 
functional purposes. Functional quality 
attributes and their acceptable thresholds 
are determined by the value chain struc-
ture and access to infrastructure that sup-
port minimizing FQL. Attributes can 
often overlap, meeting both value chain 
actors’ needs and consumer preferences. 
For example, consumer preferences for 
fruit firmness align with firmness as a 
functional quality attribute to withstand 
transportation and handling. However, as 
fruits naturally soften during ripening, 
they may become overly soft, increasing 
susceptibility to physical damage, decay, 
and spoilage of other produce. To avoid 
this, value chain actors may remove still-
edible fruit that does not meet their firm-
ness criteria, based on anticipated quality 
changes during distribution (Gillman 
et al. 2019).

Although cosmetic specifications are 
often perceived as consumer preferences, 
they may actually reflect a buyer’s poten-
tially limited, interpretation of consumer 
acceptance (Porter et  al. 2018; Gillman 
et  al. 2019; Messner et  al. 2021). When 
retailers offer products with specific qual-
ity attributes, consumer experiences can 
create feedback loops, as they associate 
search and experience attributes of foods 
based on a narrow range of search attri-
butes. As a result, limited exposure to 
“abnormal” produce in the market can 
hinder the broadening of consumer pref-
erences and acceptance (Porter et  al. 
2018).
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8.4.1	� Sustainable Development 
Goal 12.3 Drives Public 
Institution Reduction Targets

While commitment to the UN SDGs are 
legally nonbinding, governments are encour-
aged to establish national frameworks for 
policies, plans, and programs, including 
progress monitoring. Most of the countries 
that have prioritized FLW reduction as a 
national strategy are HICs (see Box 8.3). As 
of 2021, 13 countries and regional blocs,1 
covering about 55% of the global population, 
have committed to specific targets in align-
ment with SDG 12.3 (Lipinski 2022). 
Additionally, United Nations regional com-
missions in Latin America and the Caribbean 
and the Near East and North Africa Region 
have outlined regional strategic frameworks 
for reducing FLW (FAO 2015a, b).

Countries have adopted various approaches 
to institutionalize national FLW frameworks 
and actions. The chosen indicators and actions 
for FLW reduction often reflect institutional 
priorities. For example, India’s SDG national 
indicator framework uses per capita food avail-
ability as an indicator for food loss before and 
up to the retail stage, and postharvest losses in 
central and state government wheat and rice 
stockpiles as an indicator for food waste at the 
retail and consumer level (Government of India 
2023). The African Union’s Malabo Declaration 
commits to reducing postharvest losses by 50% 
by 2025 (African Union 2014). However, 
global coverage of country-specific FLW 
reduction targets aligned with SDG 12.3 
remains insufficient to achieve the 2030 goal 
(Lipinski 2022).

1 African Union, Argentina, Australia, China, European 
Union, Indonesia, Japan, Malaysia, South Africa, United 
Arab Emirates, United Kingdom, United States, and 
Vietnam.

To leverage the private sector’s role in 
achieving national FLW targets, public–pri-
vate coalitions have formed to mobilize action, 
build capacity, and publicize commitments. In 
the United States, the US Food Loss and Waste 
2030 Champions, a group of 50 food businesses 
across retail, foodservice, processing, and man-

Box 8.3 National-Level Food Loss and Waste 
Reduction Policies
FLW legislation at the national level is 
quite limited. In a systematic review of 
national-level FLW reduction policies, 
Shen et al. (2023) found only eight coun-
tries (Germany, Norway, the United 
Kingdom, United States, Argentina, South 
Korea, Japan, and China) that have enacted 
anti-FLW laws. With regard to specific 
laws directly targeting FLW, the authors 
found a total of five laws across three 
European countries (France, Italy, and 
Spain) and China, the majority of which 
apply to the entire food value chain and use 
penalties (versus encouragement) as the 
main policy approach (Shen et  al. 2023). 
Most recently, legally binding targets have 
been proposed for EU member states for 
FLW reduction by 10% at processing and 
manufacturing stages and 30% (per capita) 
at retail and consumption stages by 2030 
(Lipinski 2023). Some national govern-
ments (United States, Italy, Argentina, 
Czech Republic, and France) have laws to 
encourage or require food donation, either 
through tax incentives or liability disclaim-
ers (Shen et  al. 2023). In addition to 
national-level approaches, some major cit-
ies have anti-FLW initiatives, including 
London, Milan, Seoul, Cape Town, and 
several cities in the United States (Lipinski 
2023).
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ufacturing stages, have committed to reduc-
ing FLW in their operations by 50% by 2030, 
with periodic public reporting (USDA 2023). 
Although this initiative encourages the use of 
the FLW Protocol and Reporting Standard to 
track progress, it lacks a standardized definition 
of FLW, leaving individual companies to define 
it for themselves (Hanson et al. 2016). At a more 
global scale, Champions 12.3 is a coalition of 
executives from public and private institutions 
that are actively involved in FLW reduction 
(Champions 12.3 2023). As part of their initia-
tives, over 10 of the world’s largest food retailers 
and food service providers collectively operate 
in over 80 countries, engaged with over 200 of 
their suppliers to reduce FLW by half by 2030 
(WRI 2020). To fully leverage the potential of 
public–private partnerships, a shared definition 
of the FLW problem is necessary.

8.4.2	� The Business Case for Food 
Loss and Waste Reduction

While the private sector is involved in all stages 
of the food value chain, commitment to FLW 
reduction varies. As of 2021, 39 of the 50 larg-
est global food companies had set FLW reduc-
tion targets (Lipinski 2022). Although most 
manufacturers and retailers have established 
targets, the remaining companies, primarily 
involved in food production and distribution, 
have not. Greater coordination among value 
chain actors is necessary to support FLW 
reduction goals.

A strong business case for FLW reduction 
is essential for influencing public and private 
sector decision-makers involved in food value 
chains. Although the potential positive impacts 
on food security, environmental sustainability, 
and economic conditions are generally rec-
ognized, the specific benefits and costs vary 
across contexts. For example, Hanson and 
Mitchell (2017) analyzed 1,000 business sites 
across 17 countries and found that 99% of sites 
in the processing and food service/retail sectors 
could achieve a positive return on investment 
from FLW reduction efforts, with a median 

benefit–cost ratio of 14:1. The companies with 
higher benefit–cost ratios were often those that 
had not previous implemented significant FLW 
reduction measures, or required only minor 
adjustments to best practices or minimal capi-
tal investment (Hanson and Mitchell 2017). To 
gain deeper insights into the costs and benefits 
across various FLW pathways and levels of 
loss, more comprehensive data on FLW across 
different value chain stages are needed.

The cascading effects and feedback loops of 
FLW can create complex financial incentives 
for private and public sector entities. For exam-
ple, public–private interventions in the United 
Kingdom to reduce FLW have shown that the 
financial costs were shared between the private 
sector (manufacturers and retailers) and the 
public sector (national and local governments) 
(Britton et al. 2014; Hanson and Mitchell 2017). 
While both sectors benefited from these interven-
tions, the primary financial benefits were realized 
by individual households (Britton et  al. 2014; 
Hanson and Mitchell 2017).

In addition to financial benefits, nonfinancial 
motivations can drive FLW reduction efforts for 
both public and private sector entities. These 
motivations, often related to food security, 
environmental sustainability, stakeholder rela-
tionships, and social responsibility, can be par-
ticularly important for consumer-facing food 
companies that are seeking to differentiate their 
brands in a competitive market.

The underlying motivations and food sys-
tem context influence the prioritization of FLW 
management approaches. Messner et  al. (2020) 
described the “Prevention Paradox”, in which 
governments and food companies publicly sup-
port FLW prevention but their actions are more 
focused on FLW management. For example, 
common strategies like diverting surplus food 
to donation or rescue organizations, educating 
consumers to reduce waste, and aiming for zero 
waste to landfill often fail to address the root 
causes of FLW (Messner et al. 2020). Diverting 
surplus food may not address overproduction, 
educating consumers overemphasizes individual 
responsibility, and zero waste to landfill may still 
result in nonfood uses.
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Power dynamics between value chain actors 
can influence the distribution of responsibil-
ity for FLW reduction. For example, retailers 
may implement corporate social responsibility 
(CSR) initiatives to reduce FLW at the retail 
level, such as redirecting rejected produce to 
food rescue organizations. However, these ini-
tiatives may not address underlying causes of 
FLW and can shift the burden onto upstream 
actors. In their study of Australian food retail-
ers, Devin and Richards (2018) found that 
retailers often redirected rejected produce to 
food rescue organizations before taking own-
ership of the food. This meant that producers, 
not the retailers, bore the financial burden for 
the rejected produce, highlighting the impor-
tance of considering the entire value chain 
when developing FLW reduction strategies. By 
leveraging efforts to build inclusive and resil-
ient food systems, we can better understand 
differences in critical loss points, identify gaps 
in access to and adoption of technologies and 
information, and assess the trade-offs associ-
ated with FLW reduction strategies (Box 8.4).

Addressing FLW across the entire value chain 
requires sufficient data across stages, including 
data from private companies. As of 2021, only 
19 countries,2 representing 12% of the global 
population, had measured pFLW across entire 
food value chains (Lipinski 2022). Similarly, 
while 28 of the world’s 50 largest food compa-
nies were measuring pFLW, only 19 publicly 
reported their data (Lipinski 2022). Gille (2012) 
suggests that risk-avoidance strategies and 
incentives to keep FLW hidden have contrib-
uted to this data gap. While upstream drivers of 
FLW are well-understood, downstream factors 
remain less explored. Further research is needed 
to identify effective intervention points and to 
consider the potential trade-offs between FLW 
reduction and inclusivity (Spang et  al. 2019; 
Gaupp et al. 2021).

2 Argentina, Australia, Canada, Colombia, Denmark, 
Israel, Italy, Japan, Finland, Mexico, the Netherlands, 
New Zealand, Norway, Saudi Arabia, Slovenia, Spain, 
Sweden, the United Kingdom, and the United States.

Box 8.4 Leveraging Efforts for Inclusion for 
More Targeted FLW Reduction
Inclusive and resilient food systems are 
essential for ensuring stable and equitable 
livelihoods among value chain actors. Food 
value chains involve diverse actors, offer-
ing opportunities for both inclusion and 
exclusion. Truly inclusive food systems 
empower marginalized groups to partici-
pate in value chain activities and earn fair 
wages that support livelihoods, and enable 
food security for all people (Vos and 
Cattaneo 2021; Gaupp et  al. 2021). 
Addressing FLW presents a significant 
opportunity to enhance food system inclu-
sivity. However, it is crucial to consider 
how different groups are affected by the 
drivers of FLW.

Vulnerable groups often face systemic 
and institutional constraints that contribute 
to FLW.  In sub-Saharan Africa and lower 
income Asia, 25% of rural employment is 
tied to midstream food value chains (Vos 
and Cattaneo 2021). Organizational chal-
lenges, such as inadequate infrastructure 
for transportation, electricity, and telecom-
munications, can limit the ability of rural 
value chain actors to connect with urban 
markets. As demand for higher value, per-
ishable foods grows, inclusive FLW reduc-
tion approaches can support economic 
development and provide additional 
income opportunities for rural value chain 
actors.

In addition to rural and smallholder 
value chain actors, women’s status, in par-
ticular, requires closer examination as to 
how gender and gender equity issues are 
linked with FLW pathways. Women play a 
significant role in food value chains, con-
tributing to both farm-level and postharvest 
activities, processing, and informal retail 
(Nordhagen 2021). However, they often 
face barriers related to access to resources 
and information, which are also drivers of 
FLW.  Although the extent to which FLW 
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8.4.3	� Limiting Environmental 
Impact Trade-Offs

Minimizing environmental impacts is a key 
objective of FLW reduction. As discussed in 
Chap. 3, edible and inedible food parts have dis-
tinct pathways from farm to consumer stages. 
Preventing FLW ensures that edible food remains 
suitable for human consumption and is eventu-
ally eaten. However, when edible food is diverted 
to nonfood uses, the specific environmental 
impacts vary depending on the end use. Therefore, 
there are trade-offs between the environmental 
impacts of preventing FLW and managing it. 
These trade-offs differ from those associated 
with inedible food parts, which are never intended 
for human consumption and follow separate 
pathways to nonfood uses.

Priorities for FLW reduction vary, depending 
on which FLW reduction outcomes are priori-
tized. In their study on FLW-associated green-
house gas (GHG) emissions (accounting for 
edible food parts only), Guo et al. (2020) found 
that while vegetables and fruits accounted for 
nearly half of total FLW in 2017, they contrib-
uted only 16.8% to total FLW-associated GHG 
emissions. In contrast, bovine meat, though rep-
resenting a smaller portion of total FLW (0.7%), 
contributed 16.3% of FLW-associated GHG 
emissions. The emission intensity (emissions per 
unit of food produced) is a useful metric to pro-

vide a standardized measure (Nash et  al. 2017; 
Gromko and Abdurasulova 2019).

Changes in pFLW and resulting shifts in food 
supply and demand can have significant environ-
mental implications. Evaluating the environmen-
tal impacts of FLW reduction interventions 
requires understanding adjustments to food sup-
ply and demand, identifying where along the 
value chain environmental impacts occur and the 
extent of impact, where along the value chain 
FLW occurs and the extent of FLW, and the 
potential for FLW reduction (Cattaneo et  al. 
2021). Additionally, the geographic scope of 
environmental impacts can vary, ranging from 
localized effects (for example, land and water 
use) to global impacts (for example, GHG emis-
sions). When leveraging environmental objec-
tives to promote FLW reduction, it is essential to 
consider current and future food needs to ensure 
that efforts to reduce FLW do not compromise 
food security. This can be assessed by measuring 
resource use efficiency to compare the food con-
sumed or lost to different environmental impacts 
of food produced (Gatto and Chepeliev 2024).

8.5	� Conclusions

To effectively reduce FLW, tailored interventions 
must address critical loss points within specific 
food system contexts. Understanding the com-
plex linkages of economic, social, and environ-
mental factors driving FLW is essential. This 
chapter explores approaches for identifying criti-
cal loss points, analyzing underlying causes, and 
leveraging opportunities to improve food secu-
rity, environmental sustainability, and economic 
efficiency.

Identifying critical loss points is essential 
for developing effective FLW reduction strate-
gies. Careful consideration of FLW indicators, 
including how pFLW is measured and converted 
into nutritional or environmental units, is impor-
tant for understanding the relationship between 
FLW and nutrition and environmental outcomes. 
Disaggregating FLW by food commodity group 
can help identify these linkages and improve 

impacts women differently from men 
remains unclear due to data limitations, 
gender-sensitive approaches are essential 
to address these disparities. Such 
approaches involve mapping value chains 
to identify gender-specific loss points, 
understanding gender-based constraints, 
and developing targeted interventions 
(FAO 2018a). Addressing the root causes 
of gender inequality is important to ensure 
that FLW reduction strategies are effective, 
inclusive, and sustained (Farhall and 
Rickards 2021).
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cross-regional comparisons. Both absolute values 
and percentages of pFLW are necessary to moni-
tor trends and assess impacts. However, significant 
data gaps persist, particularly, across regions, com-
modities, and value chain stages, hindering our abil-
ity to accurately identify critical loss points.

Developing FLW reduction strategies also 
requires comprehensive understanding of FLW 
drivers that act on food value chains at different 
levels. Although technologies and best practices 
can play a role in reducing FLW, their effective-
ness is influenced by several factors, including 
access, affordability, and appropriate implemen-
tation. Inadequate transportation, storage, and 
communication infrastructure, particularly, in 
rural areas, can hinder the efficient movement 
and storage of food products or the adoption and 
implementation of technologies and best prac-
tices. Public and private regulations on food qual-
ity standards can affect FLW pathways differently, 
depending on which quality attributes serve as 
limiting attributes. Regulations can also alter 
power dynamics within food value chains. 
Finally, affecting all food systems is the role of 
climate change and how increased temperatures, 
altered rainfall patterns, and extreme weather 
events contribute to FQL and pFLW.

While the SDG 12.3 target has prompted 
national governments to commit to some FLW 
targets, the private sector will also need to be lev-
eraged for achieving global FLW reduction goals. 
Therefore, leveraging the business case to incen-
tivize public and private sector investments will 
require comprehensive assessments of potential 
cascading effects and feedback loops associated 
with different FLW reduction approaches and 
intended food security, environmental, and eco-
nomic outcomes.
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9Navigating the Complexities: 
A Deeper Dive into Food Loss 
and Waste Interventions

9.1	� Introduction

Taking action to address food loss and waste 
(FLW) requires careful selection of specific inter-
ventions that are appropriate for the reduction 
target and food system context. Also important is 
how intervention success is defined. As discussed 
throughout this book, FLW reduction is not the 
ultimate goal. Rather, addressing FLW issues is 
intended to contribute to sustainable food system 
transformations that improve food security, 
reduce environmental impacts, and support 
livelihoods.

Interventions to prevent FLW can be catego-
rized based on their level of implementation, the 
involvement of food system actors, and the spe-
cific intervention elements (HLPE 2014; 
Soethoudt et al. 2021). Higher level actions, such 
as supportive policies and incentives, can create 
enabling environments to facilitate intervention 
implementation (HLPE 2014). The involvement 
and impact of different value chain actors vary 
depending on the specific intervention and the 
broader food system context. As food systems 
transform, the characteristics of value chain 
actors and their roles in FLW mitigation may 
change. This chapter summarizes approaches to 
mitigate FLW, reviews the types of interventions, 
and examines the evidence on FLW interventions 
in low- and middle-income countries (LMICs), 

including their objectives and evaluation 
methods.

Considering the leverage points and invest-
ment priorities, discussed in Chap. 8, we explore 
the criteria for intervention adoption in which 
value chain actors are supported and motivated to 
participate in FLW reduction. Critically, properly 
matching interventions to food system contexts 
requires the recognition of the diversity of value 
chain actor characteristics and their goals 
(Vernooij et al. 2022). To do so requires, in part, 
making the “business case” to motivate value 
chain actors whose livelihoods depend on how 
the value chain functions. In this chapter, we 
explore how a value chain approach can be used 
to design and assess FLW interventions, consid-
ering the costs and benefits to different value 
chain actors and prioritizing inclusive approaches 
to FLW mitigation.

For FLW interventions to succeed and contrib-
ute to healthy, sustainable diets, they must be 
context-specific, positively impact food security, 
and last beyond external support. Although FLW 
is an important indicator for assessing food sys-
tem sustainability, data limitations hinder its 
inclusion in current frameworks. This chapter 
highlights the interconnectedness of FLW with 
different aspects of sustainable development, 
extending beyond the traditional focus on eco-
nomic and environmental impacts.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_9&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_9#DOI
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9.2	� Food Loss and Waste 
Interventions and Objectives

This book has explored the complex factors con-
tributing to FLW across diverse food value chains 
and systems. To effectively address FLW, is it 
critical to design and evaluate interventions that 
consider the interconnectedness of food systems, 
including cascading effects and trade-offs. This 
design requires a two-pronged approach: (1) 
direct interventions focused on preventing or 
managing FLW, and (2) broader systemic inter-
ventions that address underlying inefficiencies 
and have FLW reduction as a secondary benefit. 
Cattaneo et  al. (2021) referred to these as first-
order and second-order interventions, 
respectively.

The overarching goal of FLW interventions is 
to enhance food system sustainability outcomes 
across multiple dimensions: nutrition and health 
(including food security), economic and social 
well-being, and environmental impact. FLW pre-
vention aims to maintain food quality and reduce 
the quantity of food deemed unacceptable and 
removed from food value chains. FLW manage-
ment aims to minimize the negative impacts of 
physical food loss and waste (pFLW), particu-
larly, environmental consequences. The effec-
tiveness and availability of prevention strategies 
relative to management strategies can influence 
both the choice of approach and potential trade-
offs between different food system outcomes 
(Rolker et al. 2022).

Prevention interventions can be categorized 
into two general approaches: minimizing food 
surplus and maximizing the recovery of surplus 
food for human consumption (De Laurentiis 
et  al. 2020). ReFED (2021) defined “surplus 
food” as food intended for human consumption 
that is not sold or eaten. To avoid overlap with the 
definition of pFLW (food intended for human 
consumption that is never eaten), we refine the 
definition of surplus food as food that exceeds 
demand and goes unsold or uneaten within a spe-
cific value chain. This distinction allows us to dif-
ferentiate between strategies to reduce surplus in 
marketable value chains and those focused on 

recovering food for consumption through alter-
native channels.

Whether demand is met or there is a shortfall 
depends not only on the quantity of food pro-
duced and moved through the value chain but 
also on the quality attributes of the products rela-
tive to the quality attributes that are in demand. 
The reasons for food surplus are often linked to 
market factors, such as production levels, limit-
ing quality attributes, and processing by-products 
(ReFED 2021). Strategies to recover surplus food 
often involve redirection to donation channels, 
which face their own challenges (Box 9.1). 
However, the costs associated with food donation 
may deter value chain actors from redirecting 
surplus food to these food channels, especially, if 
the perceived benefits, such as reputational gains 
or potential tax incentives, are not significant 
enough to outweigh the costs (Chauhan et  al. 
2021). Focusing on the balance between supply 
and demand, as well as the root causes of surplus 
generation, can lead to more targeted prevention 
strategies that account for outcome trade-offs and 
feedback loops.

Box 9.1 Challenges with Food Donation to 
Support Access to Nutritious Foods
Food redistribution, a strategy to prevent 
pFLW, involves recovering food from the 
value chain and redirecting it to people at 
risk of poverty or social exclusion, often 
through food banks. Although this approach 
addresses food security issues, it is impor-
tant to note that food redistribution chan-
nels face management challenges that can 
introduce potential points of food loss. 
Food quality may decline, and food may be 
removed from the value chain as pFLW 
before reaching consumers or before being 
eaten. Evaluating the trade-offs between 
different FLW prevention strategies 
requires a comprehensive understanding of 
value chain challenges and the entire FLW 
pathway.
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A common oversight in the discussion of FLW 
management interventions is the failure to differ-
entiate between edible and inedible food parts 
(see Chap. 3). Inedible parts are inherently des-
tined for nonfood uses and, therefore, always 
require appropriate management to minimize 
negative environmental and economic impacts. 
In contrast, diverting edible food parts away from 
human consumption represents pFLW, which has 
nutrition and health impacts, in addition to envi-
ronmental and economic impacts. Therefore, 
comprehensive assessments of management 

interventions should consider the distinct trade-
offs associated with edible food parts (for exam-
ple, prevention versus management, different 
management approaches) and inedible parts (for 
example, different management approaches). See 
Box 9.2 for a more detailed discussion on upcy-
cling and valorizing strategies.

Akkerman et  al. (2023) identified key 
challenges in food bank supply chain man-
agement, including supply-side issues like 
insufficient and irregular food donations, 
nutrition quality of donated food, compet-
ing uses for surplus food, and donor con-
cerns. Demand-side challenges include 
reaching beneficiaries, accommodating 
diverse dietary needs, and addressing the 
impact of global shocks. Matching supply 
and demand is further complicated by fac-
tors, such as food perishability, food safety, 
volunteer labor, technology, logistics, and 
coordination (Akkerman et  al. 2023). 
Although this review focused on three 
countries with modern food systems, the 
identified challenges are relevant to FLW 
pathways we have discussed in earlier 
chapters.

Additionally, there are concerns about 
whether food redistribution through dona-
tion is an effective strategy to support vul-
nerable consumers without exacerbating 
social and economic inequalities. Some 
have argued that food donation may simply 
be a mechanism for economic and material 
efficiency rather than a genuine social ben-
efit (Midgley 2014). Therefore, efforts to 
develop sustainable and inclusive food sys-
tems must also consider broader questions 
of food access, including affordability and 
alternative mechanisms like food donation, 
to address social implications.

Box 9.2 Upcycling and Valorizing Food
Food upcycling and valorizing represent 
two divergent market-based strategies for 
addressing FLW.  Following the definition 
of “upcycled food” presented in Chap. 3, 
upcycling food leverages technology and 
innovative practices to transform food 
parts, which would otherwise be wasted, 
into new food products. These upcycled 
products are then reintroduced to the mar-
ket for consumer purchase.

In some cases, inedible plant parts are 
upcycled into edible food products. 
However, according to the FLW defini-
tional framework used in this book, this 
approach does not directly reduce 
FLW. Inedible plant parts, by definition, are 
not intended for human consumption, and 
thus, do not fall within the scope of 
FLW. Once these parts are transformed into 
edible food products, they enter the FLW 
pathway, where they can either be con-
sumed or become pFLW.

Some technologies and practices focus 
on valorizing food removed from the food 
value chain (pFLW) for alternative uses, 
such as animal feed, compost, and energy. 
While valorization recovers resources, 
effectively addressing FLW requires 
weighing the trade-offs between preventing 
FLW and utilizing pFLW for nonfood uses. 
This process stands in contrast to the man-
agement of inedible food parts that are 
inherently not used as food. The specific 
food product, market conditions, and rea-
sons for discarding the food will influence 
the optimal approach to achieving specific 
food systems outcomes.
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Individual FLW interventions broadly fall into 
three groupings: technology-based, practice-
based, or those that address elements of enabling 
environments (Table  9.1). Innovators develop 
technologies, including physical tools, equipment, 
machinery, or materials, that are distributed by 
intermediaries and adopted by value chain actors 
at specific stages. Practices grounded in knowl-
edge sharing include training programs, capacity 
building, peer-to-peer learning, and participatory 
approaches to adopt new methods, modify 

behaviors, and increase awareness of resources 
and benefits available. Individual decisions to 
adopt technologies and practices depend on coor-
dination across the value chain and broader food 
system, which support value chain actors’ FLW 
reduction objectives. Enabling environments, 
including finance and investment, organization, 
economics, and policy, facilitate the implementa-
tion of technology-based and practice-based inter-
ventions at the meso- and macro-levels. Leveraging 
a socio-technical innovation bundling approach 
alongside strengthening the enabling environment 
will be necessary for effectively targeting FLW 
objectives (Barrett et al. 2020).

9.3	� Assessing Intervention 
Success

As discussed in Chap. 8, determining an optimal 
level of FLW is complex due to the intricate and 
sometimes competing relationships between 
FLW and food system outcomes. Evaluating the 
success of FLW interventions is similarly chal-
lenging, requiring assessment of both FLW 
reduction (food quality loss [FQL] and/or pFLW) 
and broader food system impacts. The interpreta-
tion of success depends on the specific outcomes 
selected, the intervention’s scale, and the level at 
which impacts are measured.

Two recent systematic reviews have synthe-
sized the evidence of individual evaluations of 
FLW interventions (Stathers et al. 2020; Rolker 

Table 9.1  Categories of interventions to prevent or manage food loss and waste

Intervention category Intervention aspects Intervention types
Technology • Innovation

• Distribution
• Adoption and implementation

• Physical tool/equipment
• Machine
• Material

Practices • Knowledge sharing
• Capacity building
• Adoption of best practices/methods
• Behavior change

• Training programs
• Peer-to-peer learning
• Workshops
• Education/awareness campaigns

Enabling environment • Finance and investment
• Organization
• Economics
• Policy

• Infrastructure
• Grades and standards
• Market demand and access
• Contracts and agreements
• Finance/credit access

Adapted from De Laurentiis et al. (2020), Soethoudt et al. (2021) and Rolker et al. (2022)
Note: The intervention types are not an exhaustive list, but are those most often reported in the literature

For example, Latka et al. (2022) exam-
ined the interdependencies between 
reducing consumer pFLW and valoriz-
ing plant-based food waste as pig feed 
within the context of the European Union 
(EU). Their study highlights the trade-
offs between these two approaches. While 
reducing consumer food waste can lead to 
significant greenhouse gas (GHG) emission 
savings, compared to valorization, valoriz-
ing food waste as animal feed also offers 
benefits, depending on the market context. 
Therefore, the choice between these strate-
gies depends on factors, such as the relative 
cost of animal feed sources and potential 
impacts on producer incomes. As the EU 
strives for a more sustainable food system, 
understanding these trade-offs is crucial for 
prioritizing effective interventions.
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et al. 2022). While Stathers et al. (2020) exam-
ined all food groups and Rolker et  al. (2022) 
focused on perishable foods, both reviews found 
that FLW interventions predominantly rely on 
technology-based approaches to reduce posthar-
vest loss and prioritize economic and environ-
mental impacts.

Of the 334 studies (comprising 1565 interven-
tions) that Stathers et al. (2020) included in their 
review, 175 studies (780 interventions) specifi-
cally targeted perishable root and tuber crops, 
fruits, and vegetables. Within this subset, the 
majority of interventions (696) relied on techno-
logical, tool-based, or equipment-based 
approaches. A smaller proportion focused on 
modifying handling practices (82 interventions), 
while a minimal number addressed road infra-
structure improvements (2 interventions) 
(Stathers et  al. 2020). When examining FLW 
measurements within these 780 perishable food 
interventions, pFLW was assessed in 60% (468 
interventions), and FQL was evaluated in 73% 
(568 interventions) (Stathers et  al. 2020). 
Notably, this emphasis on food quality assess-
ment in intervention studies contrasts with FLW 
assessment studies, which predominantly focus 
on pFLW and often overlook food quality indica-
tors (Kitinoja et al. 2018).

Only about 13% of the 334 total studies con-
sidered economic, social, or environmental out-
comes, with the majority focusing solely on 
economic impacts, particularly, for durable food 
commodities (Stathers et al. 2020). Notably, none 
of the studies addressed gender-specific out-
comes, highlighting the critical evidence gap in 
understanding how gender considerations can be 
integrated into the design, implementation, and 
evaluation of FLW reduction strategies and inter-
ventions (FAO 2018). While only five studies 
investigated factors influencing the adoption of 
FLW reduction interventions for cereals, many 
others proposed potential barriers and facilitators 
without providing empirical evidence (Stathers 
et al. 2020).

Recognizing the historical emphasis on FLW 
interventions targeting cereals, Rolker et al. (2022) 
aimed to fill knowledge gaps for perishable foods. 
Their analysis of 88 studies primarily examined 

interventions aimed at preventing or managing 
pFLW in fruits, vegetables (including roots and 
tubers), animal-source foods (ASF), and mixed 
food products, considering when food value chain 
actors would be involved in the intervention. The 59 
preventive interventions tended to target earlier 
value chain stages, from production to processing, 
while 29 interventions focused on managing exist-
ing pFLW were applied at later stages, such as at 
wholesale, retail, and consumption stages (Fig. 9.1).

Similar to Stathers et al. (2020), Rolker et al. 
(2022) found that preventive interventions focused 
on technology-based solutions, compared to prac-
tice-based approaches (for example, method 
changes, training), or interventions addressing 
enabling environmental factors. In contrast, man-
agement interventions tended to be more balanced 
in the application of technology-based and prac-
tice-based approaches. No study examined both 
preventive and management interventions, high-
lighting a missed opportunity to explore comple-
mentary strategies (Rolker et al. 2022).

Preventive interventions primarily focused on 
economic and social well-being, while manage-
ment interventions considered economic, social, 
and environmental impacts (Rolker et al. 2022). 
Few studies examined nutrition and health 
impacts. However, lack of sufficient data was 

Fig. 9.1  Food loss and waste interventions by value 
chain stage, type, and aim of intervention

Note: Studies often included multiple interventions. 
Technology includes machines and materials; practices 
include methods and people; and environment represents 
factors for an enabling environment

Data from Rolker et al. (2022)
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also a limitation across studies for comparing 
FLW outcomes between intervention and control 
groups. Additionally, stakeholder participation 
was limited, and many interventions were con-
fined to controlled settings, limiting their real-
world applicability. Moreover, only two studies 
formally assessed barriers and enablers to inter-
vention adoption (Rolker et al. 2022).

The challenges to link FLW outcomes with 
different food system outcomes depends on 
where, when, and how FLW targets are defined, 
implemented, and assessed. A common definition 
of FLW (Chap. 3) and standardized measurement 
approaches (Chap. 4) are essential for consistent 
evaluation of FLW interventions. However, the 
absence of robust methods to assess the effective-
ness of prevention interventions hinders the iden-
tification and prioritization of promising 
strategies (De Laurentiis et al. 2020).

Patinha Caldeira et  al. (2019) presented an 
evaluation framework to consistently assess the 
performance of FLW prevention interventions. 
This framework quantifies intervention effective-
ness, measuring the reduction in FLW relative to 
the intended target, and efficiency by evaluating 
the capacity to achieve the target with minimal 
input resources (time, cost, effort). To comple-
ment this quantitative analysis, additional qualita-
tive criteria are incorporated to assess the quality 
of intervention design, long-term sustainability, 
transferability, scalability, and intersectoral col-
laboration. By examining both quantitative and 
qualitative aspects, this framework aims to pro-
vide a comprehensive evaluation to identify facili-
tators and barriers to intervention success.

To assess successful FLW reduction interven-
tions through a food systems lens, government and 
civil society evaluators must consider not only 
their impact on loss reduction but also potential 
trade-offs with other food system outcomes. These 
outcomes often focus on net economic or environ-
mental benefits, which can be calculated based on 
avoided costs or impacts associated with produc-
ing and distributing food up to the point of where 
pFLW is avoided, diverting food to nonfood desti-
nations, and implementing the intervention itself 
(Patinha Caldeira et al. 2019; De Laurentiis et al. 
2020). For example, expanding cold chain net-

works to prevent FLW incurs economic and envi-
ronmental costs (for example, equipment, energy 
consumption, and emissions). Technological 
advancements can shift cost–benefit calculations 
over time, making the trade-offs between FLW 
reduction and other factors more dynamic. This is 
exemplified by ongoing efforts to scale “clean cold 
chains,” powered by renewable or alternative 
energy sources (Kitinoja et  al. 2019). Similar 
debates of the trade-offs with FLW and different 
packaging are still unresolved (Box 9.3).

Although often underemphasized in favor of 
economic and environmental concerns, diet and 
nutrition outcomes are important, as FLW path-
ways are linked to various aspects of food secu-
rity (Chaps. 5–8). Recognizing that various 
indicators within and across nutrition, environ-
ment, and economic categories have an impact, 
entities monitoring intervention implementation 
can identify potential synergies and trade-offs in 
FLW reduction strategies.

Box 9.3 A Closer Look at the Environmental 
Impact of Food Packaging
As food production and distribution sys-
tems become more complex, the impor-
tance of effective packaging increases. 
However, the life cycle of packaging mate-
rials, from production to disposal, has 
important environmental implications 
(Grönman et al. 2013). While various mate-
rials, including glass, metal, paper, and 
cardboard, are used for food packaging, 
plastics have become increasingly preva-
lent due to their versatility and cost-
effectiveness (Otto et al. 2021).

The share of the environmental impact 
of food packaging relative to the whole 
food product–package combination is gen-
erally small, but does depend on the prod-
uct and type of packaging (Grönman et al. 
2013; Otto et al. 2021). Still, food and bev-
erage packaging accounts for between 10% 
and 20% of plastics products, often with 
very short lifespans and containing chemi-
cals associated with health and environ-
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9.4	� Connecting Food Loss 
and Waste Intervention 
Benefits Across the Value 
Chain

To effectively scale FLW interventions and 
improve food systems, enabling environments 
are necessary for value chain actors to be suffi-
ciently motivated to adopt and sustain technology 
and practice-based changes. Desirable impacts of 
addressing FLW include ensuring adequate sup-
ply and reducing the cost of nutritious food and 

supporting the livelihoods of value chain actors. 
These impacts, however, manifest at various 
stages and scales. To realize the broader food sys-
tems benefits of FLW reduction, evaluations 
should consider the specific impacts on value 
chain actors directly involved in prevention and 
management strategies and to ensure an enabling 
environment.

Individual-level interventions to address 
FLW often require broader value chain changes 
to achieve sustainable benefits. As discussed 
throughout this book, many drivers of FLW 
stem from a lack of coordination within the food 
value chain. Moreover, FLW at one stage often 
results from the actions and decisions of actors 
at other stages (HLPE 2014). The absence of 
concerted action can itself contribute to FLW, as 
discussed in Chap. 8. For example, when pro-
ducers lack financial incentives for producing 
higher quality produce, they may neglect grad-
ing and sorting processes. Consequently, a value 
chain approach must consider the motivations 
and responses of each actor in FLW interven-
tions, as well as their potential impact on the 
overall system.

The success and sustainability of FLW inter-
ventions depends on how the costs and benefits 
are distributed. While the costs and benefits of 
FLW interventions can occur at individual, value 
chain, and societal levels, they may not be evenly 
distributed. The optimal level of FLW for sustain-
able food systems may diverge from individual 
perceptions of acceptable levels of loss, particu-
larly, among those who bear the highest costs. 
Further, value chain actors respond to changes in 
other parts of the system, necessitating a value 
chain approach to FLW intervention design. This 
approach aims to balance societal benefits with 
individual incentives, considering who gains and 
who loses, with particular attention to whether or 
not benefits accrue to marginalized value chain 
actors and consumers. Box 9.4 provides insights 
into the complex interplay between FLW and 
value chain actors, highlighting the importance 
of considering feedback loops and cascading 
effects.

mental hazards (Yates and Deeney 2024). 
Identifying sustainable packaging solu-
tions requires a careful assessment of the 
trade-offs between reducing FLW and min-
imizing the environmental impact of pack-
aging materials, from production to 
disposal, and prioritizing packaging for 
products with high environmental foot-
prints (Otto et al. 2021; Yates and Deeney 
2024). However, to make informed deci-
sions, more data on FLW and the environ-
mental impact of different packaging 
materials is needed for civil society organi-
zations and governments to develop 
evidence-based recommendations and pol-
icies that promote safe, sustainable, and 
effective packaging solutions.

While some packaging is recycled 
within countries, a significant portion is 
exported or disposed of through incinera-
tion or landfilling. For example, in Europe, 
26.3% of post-consumer plastic was recy-
cled inside Europe, and 6.2% was exported 
in 2018, representing 7.7 and 1.8 MT of 
plastic, respectively (PlasticsEurope 2019). 
These disposal methods can have signifi-
cant environmental and social implications, 
especially in low-income regions where 
open burning is common (Periathamby and 
Law 2020; Velis and Cook 2021).
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Table 9.2  Categories of adoption criteria for food loss 
and waste interventions

Logistical • Availability and (physical) 
accessibility of the intervention 
technology or services
• Availability of extension services to 
facilitate knowledge sharing

Sociocultural • Acceptable to value chain actor and 
wider society
• Awareness of the intervention and its 
benefits
• Participatory approach to involve 
local stakeholders in the decision-
making process

Economic • Affordable to all people targeted for 
the intervention
• Resources available at the local level

Technical • Technically feasible to implement in 
the context
• Adaptable to current and changing 
environment/infrastructure
• Scalable for widespread adoption
• Time to impact (initial effect and 
duration)

Source: Adapted from Soethoudt et al. (2021)

Box 9.4 Modeling Approaches to Assessing 
Food Loss and Waste Reduction Impacts 
Across the Value Chain
To effectively reduce food loss and waste, a 
multifaceted approach is necessary, involv-
ing individual actions, value chain coordi-
nation, and supportive policies. Value chain 
actors must be motivated to implement and 
sustain actions that reduce food loss. For 
producers to retailers, this often involves 
balancing costs and benefits, and ensuring 
that the sale price exceeds the purchase 
price. For consumers, lower food prices 
can enhance affordability and access.

To model the economic impacts of FLW 
reduction, de Gorter et al. (2021) evaluated 
three economic models to examine how 
public and private interventions influence 
food markets and trigger cascading effects 
across the value chain (production; trans-
portation, handling and storage; process-
ing; food service; retail; and consumption). 
The study highlights that the potential syn-
ergies and conflicts between policy goals, 
such as food security, environmental 
impact, economic impact, and social 
impact, are influenced by market structure. 
These findings underscore the importance 
of adopting a value chain perspective to 
fully comprehend the interactions between 
stages and the potential trade-offs between 
policy objectives.

The success of FLW interventions is deter-
mined by achieving performance targets and 
ensuring sustained adoption. However, the imple-
mentation of FLW interventions, how strategies 
are introduced, adopted, and sustained, is rarely 
considered in overall intervention design (Rolker 
et al. 2022). While a priori evaluations often nar-
rowly focus on economic impact and affordabil-
ity, adoption failures can stem from a broader 
range of factors, including stakeholder engage-
ment, technical feasibility, market dynamics, and 
environmental and infrastructure constraints 
(Soethoudt et al. 2021). Soethoudt et al. (2021) 

reviewed the literature to identify key factors and 
propose 11 criteria likely to influence the adop-
tion of FLW interventions in LMIC contexts 
(Table 9.2). To learn more about the criteria and 
explore case studies on intervention evaluation, 
we encourage readers to consult Soethoudt et al. 
(2021).

While many FLW interventions prioritize 
technology-based solutions, experts argue that 
addressing information and knowledge gaps is 
an important starting point to prioritize (HLPE 
2014). By providing information about FLW, 
potential solutions, and their associated bene-
fits, value chain actors can make informed deci-
sions and adopt effective strategies. This 
communication aligns with the criteria for suc-
cessful intervention adoption, which emphasize 
the importance of information and knowledge 
dissemination (Soethoudt et  al. 2021). 
Achieving a common conceptualization of how 
FLW is defined and measured is critical to 
building evidence of the benefits of specific 
interventions and consistently communicating 
the FLW issue and intervention benefits to 
value chain actors.
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As food systems transform, shifts from infor-
mal to formal value chains, increasing value 
chain length, and the consolidation of actors 
influence market dynamics, motivations, and 
power relationships. To ensure successful FLW 
interventions that support inclusive food systems, 
the design and evaluation of FLW interventions, 
including those focused on enabling environ-
ments, must consider how value chain actors are 
intentionally included or excluded.

The informal sector, operating largely outside 
formal systems, plays a significant role in food 
systems, particularly, in LMICs. Midstream and 
downstream food value chain stages are domi-
nated by small, informal businesses that play a 
critical role in distributing perishable and nutri-
tious foods from farms to retail outlets. Research 
by de Steenhuijsen Piters et al. (2021) indicated 
that over 90% of domestically produced fruits 
and vegetables in LMICs are traded through the 
informal midstream sector. Women, in particular, 
are key contributors to food security, both within 
households and through their involvement in 
agricultural production and marketing (Doss 
et al. 2018). To effectively address FLW in a way 
that leads to positive impacts supporting sustain-
able food systems that deliver healthy diets to all, 
FLW interventions must explicitly incorporate 
strategies to include informal value chain actors, 
especially women, in the design, monitoring, and 
evaluation.

Small- and medium-sized value chain actors, 
particularly, those involved in perishable foods, 
face challenges due to economies of scale and 
limited bargaining power. Although value chain 
actors may express interest in specific technolo-
gies, scaling these interventions requires careful 
consideration of factors, such as production lev-
els, market demand, and the enabling environ-
ment. For instance, Debnath et al. (2021) found 
that Indian value chain actors were not interested 
in investing in local milk chillers and processing 
equipment, as the limited scalability of milk pro-
duction hindered the potential benefits of reduced 
spoilage. Similarly, Obanubi et al. (2020) high-
lighted the impact of business models, scale, and 
the enabling environment on the financial viabil-
ity of technology-based FLW interventions in 

Nigeria’s tomato value chains. While much of the 
focus on FLW prevention is to support value 
chains for growing urban populations, it is also 
important to address rural food security and mar-
ket inclusion (Box 9.5).

As discussed throughout this chapter, most 
FLW interventions rely heavily on technology-
based solutions. This narrow focus limits the 
integration of practice-based interventions and 
socioeconomic considerations necessary for cre-
ating inclusive enabling environments. For exam-
ple, Benyam et al. (2021) found that the adoption 
of digital agricultural technologies to reduce 
FLW is limited by factors, such as investment 
costs and the digital divide.

More data across value chain stages is needed 
to design more inclusive interventions. For exam-
ple, gender-sensitive data collection, such as gen-
der-sensitive mapping, can help identify and 
address gender-specific barriers to FLW reduc-
tion (Doss et  al. 2018; FAO 2018). By under-
standing social norms and traditions, FLW 
interventions can be tailored to the specific needs 
and contexts of value chain actors. Further, 
understanding how the benefits and costs of FLW 
interventions change with scale is essential for 
anticipating the long-term sustainability and 
impact of these interventions.

Box 9.5 Inclusion of Rural Markets to 
Enhance Stable Access to Nutritious Foods
As food systems transform, the transitional 
stages are marked by rapidly expanding 
and changing food value chains that aim to 
reach growing urban markets and interna-
tional markets (Chap. 2). At the same time, 
goals for developing sustainable and equi-
table food systems must consider the ongo-
ing trade-offs that emerge from transitioning 
food systems, particularly, with regard to 
supporting rural value chains through the 
transformation.

Cooper et  al. (2021) used a systems 
dynamics modeling approach to examine 
the potential of producer aggregation 
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9.5	� Connecting Sustainable 
Development to Food Loss 
and Waste

This chapter distinguishes between preventing 
and managing FLW, as well as managing inedible 
food parts. Although Sustainable Development 
Goal (SDG) Target 12.3 focuses on FLW reduc-
tion, these three interconnected pathways will 
collectively contribute to achieving sustainable 
consumption and production patterns (SDG 12). 
Additionally, the objectives for reducing FLW 
and managing pFLW are linked to broader food 
system outcomes. Progress in addressing FLW 
can contribute to multiple SDGs, including hun-
ger, food security, and nutrition (SDG 2), waste 
management, water and land resources, climate 
change (SDGs 6, 11, 13, 14, and 15), and poverty, 
livelihoods, and equality (SDGs 1, 8, and 10) 
(FAO 2019).

At the same time, policies targeting other 
SDGs have the potential to reduce FLW as a sec-
ondary benefit when the goals address underlying 
inefficiencies. For example, progress on SDGs, 
including gender equality (SDG 5); affordable 
and clean energy (SDG 7); infrastructure, indus-
try, and innovation (SDG 9); and partnerships 
(SDG 17) may support FLW interventions 
through building enabling environments, depend-
ing on the context and linkage (FAO 2019). 

Therefore, addressing FLW is an iterative process 
by which changes in other food system aspects 
can enable the feasibility, effectiveness, and sus-
tainability of FLW-specific technologies and 
practices.

The transformation to sustainable food sys-
tems is required for achieving the SDGs. The 
recent Food Systems Countdown Initiative (see 
Chap. 2) uses an indicator framework to track 
progress toward global development, health, and 
sustainability goals, encompassing diets, nutri-
tion, and health; environment, natural resources, 
and production; livelihoods, poverty, and equity; 
and governance and resilience (Schneider et  al. 
2023). Although the initiative aims to align indi-
cators with the SDG indicator framework, the 
SDG 12.3 FLW indices (Food Loss Index and 
Food Waste Index) are currently not included in 
the Food Systems Countdown due to data limita-
tions. Addressing these data gaps is essential to 
fully understand the linkages between FLW and 
other sustainable development indicators and 
identify synergistic opportunities for progress.

9.6	� Conclusions

The chapter examined the complexities of FLW 
interventions, emphasizing the need for a compre-
hensive approach that considers the interconnect-
edness of food systems. Effectively addressing 
FLW requires both direct interventions targeting 
prevention and management as well as broader 
systemic changes addressing underlying ineffi-
ciencies. Prevention aims to maintain food quality 
and reduce waste of edible food parts, while man-
agement focuses on minimizing the negative 
impacts of edible and inedible waste. The balance 
between supply and demand, as well as the root 
causes of surplus generation, are critical factors to 
consider in designing effective prevention strate-
gies. Further, the differentiation between edible 
and inedible food parts is necessary to more con-
sistently articulate the types of interventions and 
their associated trade-offs.

To evaluate the effectiveness of interventions, 
robust methods are needed to assess both FLW 
reduction and broader food system impacts. 
While technology-based interventions have dom-

schemes to increase the availability of 
nutritious fruits and vegetables in smaller 
Indian markets while improving producer 
profitability. Their findings suggest that a 
combination of strategies, including aggre-
gation, cold storage, and demand-side 
interventions, is necessary to achieve this 
goal. Relying solely on aggregation proved 
insufficient. This study emphasizes the 
importance of bundling interventions and 
considering the role of technology, prac-
tices, and enabling environments, particu-
larly, in smaller markets that may be 
overlooked compared to more profitable 
markets in more distant urban areas.
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inated the field, a more balanced approach is 
needed, incorporating practice-based interven-
tions and addressing enabling environmental fac-
tors. To ensure the success and sustainability of 
FLW interventions, entities designing evalua-
tions must consider factors including stakeholder 
engagement, social and cultural, and the specific 
context of implementation. Therefore, a compre-
hensive evaluation approach should consider 
economic, environmental, and social outcomes, 
as well as potential trade-offs between different 
intervention strategies.

In both the design and assessment of FLW 
interventions, it is crucial for intervention evalua-
tions to consider the entire food value chain. 
Although individual-level interventions can 
address FLW, broader value chain changes are 
necessary for sustainable impact. However, the 
distribution of costs and benefits from FLW inter-
ventions can be uneven, with potential conflicts 
between societal goals and individual incentives. 
Therefore, a value chain approach is essential to 
balance these interests and ensure that FLW 
interventions are inclusive and sustainable. This 
approach involves considering the motivations 
and responses of each actor, as well as their 
potential impact on the overall system. The com-
plex interplay between FLW and value chain 
actors informs the design of interventions that 
address information and knowledge gaps, pro-
mote the adoption of effective strategies, and 
support the inclusion of informal value chain 
actors, particularly women.

The ultimate goal of FLW interventions is to 
enhance food system sustainability across multi-
ple dimensions, including nutrition, health, eco-
nomic well-being, and environmental impact. 
Understanding of the interconnectedness of 
actions on FLW with other aspects of sustainable 
development is important to identify synergies in 
supporting sustainable food systems transforma-
tions. However, data gaps currently prevent FLW 
from being included as an indicator in compre-
hensive food system indicator frameworks. 
Filling FLW data gaps requires harmonizing the 
FLW definition, developing a data value chain 
that is inclusive across value chains and actors, 
and comprehensively evaluating progress on 
FLW reduction and management.
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10The Way Forward: Setting a Food 
Loss and Waste Policy Agenda

10.1	� Introduction

Effectively addressing FLW requires defining 
success metrics and carefully selecting appropri-
ate interventions tailored to reduction targets and 
food system contexts. As explored throughout 
this book, reducing FLW is not an end goal but a 
means to achieve broader sustainable food sys-
tems transformations. These transformations aim 
to enhance food security and nutrition, mitigate 
environmental impacts, and support livelihoods. 
Designing and implementing relevant FLW inter-
ventions requires a collaborative effort between 
the public sector and private value chain actors to 
align their respective strategies and decision-
making processes. This chapter presents a FLW 
policy agenda, which addresses the demand for 
nutritious foods, supports innovations in value 
addition, enhances market coordination, and con-
siders environmental trade-offs, while prioritiz-
ing food security outcomes (Fig. 10.1).

Considering the leverage points and invest-
ment priorities discussed in Chap. 8, we explore 
the mechanisms and conditions in which value 

chain actors are supported and motivated to par-
ticipate in FLW reduction. Critically, properly 
matching interventions to food system contexts 
requires the recognition of the diversity of value 
chain actor characteristics and goals (Vernooij 
et  al. 2022). This requires, in part, making the 
business case to motivate value chain actors 
whose livelihoods depend on how the value chain 
functions. This chapter explores the strategies 
and policies needed to create enabling environ-
ments that foster the integration of FLW reduc-
tion into core business practices.

For FLW interventions to effectively contrib-
ute to healthy, sustainable diets, they must be 
contextually relevant, positively impact food 
security, and be sustainable beyond external sup-
port. This contrasts with costly strategies that 
may not be practical or sustainable in specific 
contexts (Soethoudt et  al. 2021). This chapter 
identifies policy approaches that can address bar-
riers to implementing various FLW reduction 
strategies across different food systems, aligning 
with investment priorities to prevent and manage 
FLW.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-97411-3_10&domain=pdf
https://doi.org/10.1007/978-3-031-97411-3_10#DOI
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Fig. 10.1  Policy 
agenda to address food 
loss and waste for 
sustainable and 
healthy food systems

10.2	� Policies for Incentivizing 
Supply: Increasing Demand 
for Safe, Nutritious Foods

Reducing FLW is a critical step toward building 
sustainable food systems that deliver healthy 
diets. Following the FLW pathways, discussed 
throughout this book, minimizing FLW of perish-
able foods aims to increase the availability, phys-
ical accessibility, and affordability of nutritious 
food. Ultimately, the goal is to ensure that ade-
quate quantities of quality food reach all consum-
ers and are consumed, thereby contributing to 
healthier diets in a sustainable way.

The potential price and income effects of 
increasing food supplies are important consider-
ations for the success of sustained FLW interven-
tions. To effectively increase food availability 
and affordability, FLW reduction strategies must 
target losses that occur before the consumption 
stage (FAO 2019). However, there is a concern of 
negative impacts from feedback loops, such as 
decreased demand and lower incomes for value 
chain actors (FAO 2019). Producers, in particu-
lar, often face risks, including information asym-
metry, product specialization, and power 
imbalances, which can lead to overproduction 
and loss of perishable foods that cannot be stored 
for long periods (Messner et al. 2021). To miti-
gate price decreases below profitable levels, pro-
ducers may choose to leave harvest-ready 
produce unharvested, further exacerbating FLW 
of nutritious foods (Gillman et  al. 2019; Soma 

et al. 2021). Therefore, policies are necessary to 
address these risks by encouraging demand for 
healthy diets and creating an enabling environ-
ment for scaling up FLW reduction interventions. 
To encourage healthier diets, the private sector 
needs to market and sell nutritious foods, while 
the public sector must use procurement, incen-
tives, and regulations to stimulate demand at the 
individual and household levels (Carducci and 
Oh 2024).

10.2.1	� Adopt and Strengthen Food-
Based Dietary Guidelines

Focusing on nutritious, perishable food value 
chains offers the most promising approach to 
increase the supply and affordability of these 
foods, thereby supporting healthy diets. Globally, 
and in many countries, there is not enough nutri-
tious food available to meet current population 
nutrient requirements (Siegel et al. 2014; Krishna 
Bahadur et al. 2018; Wang et al. 2023). The dis-
tribution of micronutrient-rich food availability 
often correlates with the level of food system 
modernization, with more modern food systems 
generally offering greater availability to these 
foods (Marshall et al. 2021; Wang et al. 2023). In 
contrast, calorie and protein availability is gener-
ally adequate or even in surplus in many regions, 
including the United States, Canada, and Europe 
(Wang et al. 2023). Although progress has been 
made in increasing the production of 
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micronutrient-rich foods (Beal et  al. 2017; 
Schmidhuber et al. 2018; Bell et al. 2021), future 
projections suggest that micronutrient availabil-
ity gaps will persist in many regions through 
2050, particularly, as income growth and climate 
change impact food systems (Nelson et al. 2018).

With insufficient supply, a healthy diet—one 
that provides adequate nutrients and long-term 
health—is unaffordable for three billion people, 
primarily in Southern Asia and sub-Saharan 
Africa, regions with predominantly traditional 
and early transitional food systems (Herforth 
et al. 2020; Marshall et al. 2021). The low afford-
ability of perishable produce is linked to lower 
consumption (Miller et  al. 2016). Over 80% of 
the cost of a healthy diet comes from perishable, 
nutrient-rich foods, like animal-source foods 
(ASF), fruits, and vegetables (Herforth et  al. 
2020). In contrast, a calorie-sufficient, but micro-
nutrient-deficient, diet based on starchy staples is 
three to eight times less expensive (Herforth et al. 
2020).

Policies that stimulate demand for healthy 
diets require foundational guidelines that specify 
the particular food groups, nutrients, and dietary 
patterns needed at a population-level. These 
guidelines inform other critical policy areas, 
including food production priorities, marketing 
and labeling regulations, public food procure-
ment practices (Box 10.1), and public nutrition 
education initiatives within a national context. 
Although food-based dietary guidelines exist for 
90 countries, which encourage the consumption 
of fruits, vegetables, and ASF, there is a need to 
refine current and future guidelines to better align 
with WHO global guidance, incorporate environ-
mental sustainability, and address sociocultural 
factors influencing dietary transitions (Herforth 
et al. 2019). Therefore, adopting and strengthen-
ing food-based dietary guidelines is a necessary 
component of comprehensive interventions to 
increase demand for nutritious, often perishable 
foods, which can incentivize FLW reductions 
along the value chain.

Box 10.1 Food Loss and Waste in Public 
Food Procurement Systems
As part of Sustainable Development Goal 
(SDG) 12 to ensure sustainable consump-
tion and production patters, Target 12.7 
calls for the promotion of public procure-
ment practices that are sustainable, in 
accordance with national policies and pri-
orities (UN 2015). Public food procure-
ment, also referred to as institutional food 
procurement, includes school meals pro-
grams and purchase of food for public hos-
pitals, prisons, universities, public building 
cafeterias, and other social programs 
(Swensson and Tartanac 2020). Similar to 
private procurement, public food procure-
ment can suffer from organizational drivers 
of FLW, including inflexible procurement 
requirements and contracts, as well as 
issues of demand fluctuation and inventory 
management (Flanagan et  al. 2019; 
Swensson and Tartanac 2020). Unlike pri-
vate procurement, public food procurement 
is subject to specific public procurement 
regulatory frameworks that govern the 
entire process, including what, how, and 
from whom to purchase (Swensson and 
Tartanac 2020).

The lack of a supportive regulatory 
framework is a major barrier to leveraging 
public food procurement for driving more 
sustainable diets (Swensson and Tartanac 
2020). FLW is a recognized issue in public 
food procurement, often framed primarily 
in terms of environmental sustainability 
within recommended tendering and con-
tracting processes (European Commission 
et  al. 2019; Day Farnsworth et  al. 2019). 
However, a food systems approach requires 
considering the nutritional, social, and 
environmental impacts of food procure-
ment, including the potential trade-offs 
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10.2.2	� Improve Food Safety of Fresh 
Foods

In alignment with public health goals, public pol-
icies, which prioritize inclusive approaches to 
ensure that safe food reaches all consumers, must 
address two key FLW pathways. First, preventing 
FQL ensures that safe food remains safe. Second, 
identifying and removing unsafe food from the 
food value chain, even if it generates pFLW, is 
necessary for protecting public health. Consumer 
demand for improved food safety can influence 
decision-making, such as opting for processed 
foods over fresh, nutritious foods, due to per-
ceived food safety concerns associated with fresh 
foods (Carducci and Oh 2024). Governments and 
the private sector share an interest in building 
consumer trust and stimulating demand for food 
safety as a required quality attribute by improv-
ing food safety through FQL prevention and the 
identification of unsafe food.

Institutional policies that establish and enforce 
evidence-based food safety standards are neces-
sary for setting clear guidelines on food safety. 
As food systems transform, food safety standards 
and practices may change and require additional 
training and certification, such as updated safety 

standards or expanding to export markets (Pingali 
2015). Public investments may be required to 
support specific value chain actors in complying 
with these standards, as noncompliance can hin-
der market access, particularly for high-value, 
nutritious foods. To promote participation, policy 
interventions that facilitate knowledge sharing 
and training on food safety standards and prac-
tices can aim to create equitable enabling 
environments.

Further, investment in public infrastructure, 
such as access to clean water and hygienic mar-
ket facilities, plays a role in reducing FQL and 
maintaining food safety. Clean water is essential 
for sanitizing food, equipment, and surfaces 
throughout the value chain, minimizing the risk 
of foodborne hazards. Additionally, policies that 
enforce hygienic market facilities are important 
for maintaining food safety standards where con-
sumers interface with food value chain actors. 
Policies include promoting best practices for 
handling animals, livestock, and fresh produce, 
as well as maintaining sanitary conditions in 
market areas.

10.2.3	� Establish Clear Date Labeling 
Requirements

Food labeling on retail and consumer packaging 
provides information to consumers. Certain label 
information may be mandatory or voluntary, and 
specific nutrition and health claims may be regu-
lated (Cheftel 2005). Packaging design can also 
influence consumer perceptions and purchasing 
decisions, potentially leading to increased FLW, 
if it obscures important product information or 
observable attributes. Therefore, innovative food 
packaging and labeling can work together to pro-
vide consumers with clear and accurate food 
safety information.

Issues with date labels and damaged food 
packaging can contribute to FLW, based on 
unclear or incorrect information that consumers 
associate with FQL, particularly food safety 
risks. Confusion of date labels is often a cause of 

between the outcomes associated with spe-
cific procurement criteria (Casonato et al. 
2024). Such considerations are important, 
particularly, for programs serving diverse 
populations with varying nutritional needs, 
as they can lead to different trade-offs 
between environmental, nutritional, and 
socioeconomic impacts (Casonato et  al. 
2024). Therefore, evidence-based public 
food procurement policies that define what 
food is to be purchased will benefit from 
improved understanding of FLW and 
robust data generation to achieve sustain-
able food procurement programs that 
deliver diverse, nutritious, and culturally 
appropriate food.
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pFLW, when food that is safe and edible is dis-
carded, particularly, for perishable foods (Leib 
et al. 2016). Consumers often struggle to under-
stand vague and unclear date label terminology, 
making it difficult to determine whether the label 
is related to food safety, quality, or neither 
(Wilson et al. 2017; Neff et al. 2019). Consumers 
may also interpret packaging errors or damaged 
packaging (for example, dented cans) as contam-
ination cues, even when there is no FQL (White 
et  al. 2016; Aschemann-Witzel et  al. 2018). 
Therefore, public institutions should collaborate 
to develop consistent policies for clear date label-
ing requirements that differentiate between 
safety-based and quality-based labels to contrib-
ute to building consumer demand and confidence 
in foods that are safe to consume, to improving 
decision-making around food purchases, and to 
avoiding unnecessary household-level FLW.

10.3	� Policies for Innovations: 
Supporting Value Addition 
to Keep Nutritious, 
Perishable Foods in the Food 
Value Chain

Time and temperature are critical factors in pre-
venting FLW, particularly, for perishable foods. 
While production diversification into high-value, 
nutritious foods is already happening in many 
food systems, the availability and adoption of 
technologies and best practices to maintain food 
quality along the value chain remain significant 
challenges. This section explores three key areas 
of FLW reduction technologies: cold chain, pro-
cessing, and cosmetic standards. The viability of 
investing in these technologies depends on fac-
tors, such as business models (for example, 
ownership, leasing, service-based) and market 
context (Obanubi et  al. 2021). To encourage 
innovation, policies should create an enabling 
environment that supports the development and 
adoption of technologies that address time and 
temperature issues to preserve food quality.

10.3.1	� Expand Cold Chain 
Infrastructure Development

Cold chain technology has been instrumental in 
reducing FLW of perishable fresh foods, particu-
larly, as value chains extend and consumer 
demand for out-of-season produce increases. By 
reducing FQL and enabling the transportation 
and storage of produce over longer distances, 
cold chains add value and expand market oppor-
tunities. However, policies should also encourage 
demand for seasonal produce, when feasible, to 
minimize the need for extended cold storage.

Cold chain interventions, both mechanical and 
nonmechanical, aim to slow the degradation of 
perishable foods along the value chain. While 
mechanical technologies, like refrigeration and 
freezing, are effective, they require significant 
investments in infrastructure and energy, which is 
expensive to establish, operate, and maintain. 
Nonmechanical technologies, such as shaded 
coverings and evaporative cooling, offer more 
affordable options, especially in rural areas 
(Brondy 2019; Soethoudt et al. 2021). However, 
the cost of implementing and maintaining cold 
chain solutions, whether mechanical or nonme-
chanical, is often passed on to consumers, par-
ticularly, for high-value products that are 
prioritized for cold storage (Brondy 2019). 
Therefore, inclusive policies should prioritize 
ensuring equitable access to cold storage bene-
fits, especially, in relation to food security and 
livelihoods of marginalized groups.

Policies that promote knowledge sharing and 
education on the benefits and best practices of 
cold chain technologies can empower value 
chain actors to make informed decisions and 
maximize their investments. However, cold 
chain technologies cannot completely eliminate 
FQL. Ideal cooling conditions vary by product 
and require specific temperature and humidity 
settings (Brondy 2019). Therefore, the choice of 
cold chain technology will depend on factors, 
such as availability, accessibility, and the spe-
cific foods.
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The effectiveness of cold chains in slowing food 
quality loss depends on their integration throughout 
the entire value chain, from harvest to consumption. 
Although cold storage is often the primary focus of 
cold chains, cooling at early stages, especially for 
ASF, is important for food safety and quality pres-
ervation. For example, cold chain infrastructure 
is needed on fishing vessels and at landing sites 
to prevent deterioration and spoilage (Odoli et al. 
2019). Additionally, maintaining consistent tem-
peratures during transportation is vital to prevent 
fluctuations that can accelerate food degradation. 
Cold chain infrastructure at later stages, including 
retail, food service, and consumer storage, employs 
different refrigeration and freezing equipment to 
maintain food quality.

Public infrastructure, particularly electrifica-
tion, is essential for the integration of cold chain 
technologies. Value chain actors, who act as 
buyers at different scales, may face limitations 
in their ability to procure and store perishable 
goods due to constraints in cold chain infra-
structure and timing. Therefore, public policies 
should consider the flow of food and market 
connections when designing electricity distribu-
tion utilities. Additionally, policies that facili-
tate the adoption of off-grid solar solutions (Box 
10.2), such as energy buy-back or credit pro-
grams in which excess electricity produced is 
sold to the energy grid for profit or credit, can 
incentivize private investment and increase the 
availability of clean, affordable energy for cold 
chain operations.

Box 10.2 Spotlight on the Availability of 
Off-Grid Solar Innovations for Food Value 
Chains
In 2020, globally, 733 million people were 
living without access to electricity 
(Lighting Global/ESMAP et al. 2022). Off-
grid solar technologies and markets are 
rapidly expanding, offering promising 
solutions for achieving universal access to 
electricity in many regions. Among the sev-

eral technologies, off-grid solar appliances 
are energy-efficient, solar-powered appli-
ances that include household/small busi-
ness appliances and larger commercial 
appliances (Lighting Global/ESMAP et al. 
2022).

Uninterrupted energy supplies are 
essential for operating food appliances, 
including refrigerators and cooking equip-
ment like pressure cookers, as well as com-
mercial food processing. Despite 
advancements in solar technology, the 
availability of off-grid solar appliances var-
ies widely, ranging from conceptual 
designs to commercially available products 
(Lighting Global/ESMAP et  al. 2022). 
Solar inverters, which can serve as backup 
power sources, are commercially available 
and can be useful for powering appliances 
during power outages. Off-grid solar tech-
nologies for small-scale commercial food 
applications are still under development. 
While early versions of walk-in cold stor-
age solutions exist, other products like milk 
chillers, ice makers, electric chiller vehi-
cles, and agro-processing equipment are 
still in the pilot phase (Lighting Global/
ESMAP et al. 2022).

Despite recent advancements, chal-
lenges hinder widespread and sustainable 
adoption of off-grid solar technologies for 
food applications. Although recent innova-
tions have made solar-powered refrigera-
tors and freezers more efficient and 
affordable, they still remain relatively 
expensive for household and small busi-
ness use (Lighting Global/ESMAP et  al. 
2022). Moreover, concerns have been 
raised about the environmental impact of 
off-grid solar products, particularly, with 
regard to their short lifespan, end-of-life 
disposal, and the potential for lead expo-
sure as these technologies become more 
widespread (Kinally et al. 2022).
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10.3.2	� Encourage Processing 
of Perishable Foods

The seasonal production of nutritious, perishable 
foods and their short shelf life pose significant 
challenges in ensuring year-round availability 
and access. Food processing is a valuable strat-
egy for extending the shelf life of these products. 
Although processing can impact certain quality 
attributes, it can also prevent pFLW by preserv-
ing food beyond its natural shelf life. Policies that 
stimulate demand for nutritious foods can also 
encourage the demand for safe and nutritious 
processed food products that align with food-
based dietary guidelines.

At the earlier stages of food system transfor-
mation, shelf-stable products, including dried, 
canned, or jarred foods, provide consumers access 
to perishable foods, especially in regions with 
limited cold chain infrastructure. Innovations in 
processing facilities, such as multi-seasonal use 
facilities (Machala et  al. 2022), offer strategies 
to overcome technical, financial, and operational 
barriers often faced by small- and medium-sized 
enterprises (SMEs) involved in seasonal pro-
duce value chains. Public policies that invest in 
infrastructure to support processing facilities, 
including reliable energy and transportation infra-
structure, can help reduce barriers to entry and 
enable the scalability of processing approaches.

As cold chain infrastructure expands, particu-
larly, in high-value markets, refrigeration and 
freezing technologies can be used to extend the 
shelf life of perishable products even further. 
Increasing the access and affordability of cold 
chain infrastructure can support minimal pro-
cessing methods for fresh foods, such as trim-
ming and cutting fruits and vegetables—and thus, 
adding value by making these products more con-
venient to use and consume, while also maximiz-
ing nutrient content relative to other processing 
methods. Attention should be paid to what other 
ingredients are added to products, as these can 
alter the nutrient profile of the final product, par-
ticularly, in terms of sugar, salt, and fat content.

Although certain food qualities may be desir-
able for fresh consumption, they might not be 
ideal for processing. For example, the increasing 

demand for tomato-based products in India has 
led to a need for larger volumes of consistently 
high quality tomatoes (Subramanian 2016). To 
address this demand, there has been growing 
interest in developing dual-purpose cultivars 
that are suitable for both fresh consumption and 
processing (Subramanian 2016). Therefore, poli-
cies that support research and innovation in seed 
development and processing technologies can 
create new opportunities for both fresh and pro-
cessed food markets.

10.3.3	� Broaden Cosmetic Standards 
to Increase Markets for “Ugly” 
Foods

Typically, in modern food systems, institutional 
policies set cosmetic food quality standards to 
add value. Cosmetic attributes generally refer to 
attributes that are based on the natural variations 
in the size, shape, and color of foods that do not 
affect the taste, nutritive value, or food safety (de 
Hooge et al. 2018). Suboptimal foods, sometimes 
referred to as “ugly” foods, are those with cos-
metic attributes deviating from average or com-
mon cosmetic attributes (Xu et al. 2021). Export 
markets in transitioning food systems must then 
adapt to these standards, which can present chal-
lenges related to logistics, pricing, and competi-
tion (de Hooge et  al. 2018). These challenges 
arise as businesses seek to integrate new quality 
standards into existing models and market 
conditions.

However, simply removing cosmetic quality 
standards can have unintended consequences for 
value chain actors, as some cosmetic attributes 
also serve functional purposes in packaging, 
transport, and processing (Raak et  al. 2017; de 
Hooge et  al. 2018). When cosmetic attributes 
overlap with functional quality attributes, FLW 
reduction strategies must consider the potential 
trade-offs in value chain efficiency. To address 
these trade-offs, interventions may focus on value 
chain improvements to separate cosmetic and 
functional attributes. Technological innovations 
or shifts in consumer demand can expand the 
range of acceptable quality standards while main-
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taining efficiency and minimizing food quality 
loss along the value chain.

One strategy to mitigate FLW stemming from 
implementation of cosmetic standards involves 
expanding market opportunities for “ugly” pro-
duce. This expansion can be achieved through 
price differentiation within existing retail outlets 
or by creating alternative channels, such as dedi-
cated retailers who specialize in cosmetically 
imperfect produce. However, using price differ-
entiation has several challenges (Box 10.3). 
These suboptimal products may have minor 
blemishes, be close to their expiration date, or 
have minor packaging damage that does not com-
promise food safety (Aschemann-Witzel et  al. 
2015; Hartmann et  al. 2021). Implementing 
price-differentiation strategies requires clear and 
effective communication with consumers. This 
communication should positively frame “ugly” 
produce, emphasizing its safety and acceptability 
for consumption (Hartmann et al. 2021).

Changes in market conditions can influence 
perceptions of what constitutes suboptimal food 
(see Chap. 8). Additionally, the demand for 
extrinsic attributes like organic, fair trade, and 
animal welfare certification can further compli-
cate consumer decision-making and influence 
their perception of acceptable food quality attri-
butes. One strategy to address this is to position 
suboptimal foods as environmentally friendly 
options. Policies that support market diversifica-
tion can create channels for both optimal and 
suboptimal foods, serving consumers at different 
income levels while promoting environmentally 
friendly FLW reduction strategies. An alternative 
to creating separate market segments for subopti-
mal foods involves using evidence-based 
approaches to broaden the acceptable range of 
cosmetic qualities, such as identifying consumer 
tolerance for mixing “ugly” produce with stan-
dard produce (Qi et  al. 2022). Successfully 
increasing the acceptability of suboptimal foods 
will require public policies that support ensuring 
food safety can give consumers confidence that 
foods in the marketplace, regardless of shape, 
size, or color, are safe to consume. This approach 
also called for clear product labeling and messag-
ing to consumers.

Box 10.3 Pricing Challenges for “Ugly” Foods
Determining the appropriate pricing for 
suboptimal foods presents a challenge for 
retailers. They must satisfy consumer 
demands for value and quality food while 
also striving to minimize FLW. To mitigate 
FLW, retailers may use price differentiation 
strategies, offering varying prices based on 
specific quality attributes. However, the 
chosen attribute(s) for price reduction can 
impact consumer perception and potential 
for success. For example, price reductions 
based solely on cosmetic imperfections 
may be more readily accepted than those 
based on attributes that directly affect food 
safety or sensory attributes, such as food 
with reduced storage life.

Retailers encounter several challenges 
and opportunities when offering price-
reduced “ugly” foods (Aschemann-Witzel 
et al. 2017). While offering price reductions 
can generate revenue and avoid the costs 
associated with the disposal of food, they 
also present inherent costs for retailers, 
including inventory management, dedicated 
storage space, and marketing efforts to pro-
mote these products. Moreover, the intro-
duction of “ugly” foods may inadvertently 
decrease sales of higher-priced, “normal” 
items that meet more stringent cosmetic 
standards. While reducing FLW may be a 
sustainable practice, the impact on retailer 
brand image and consumer perception 
depends on the target market and the extent 
to which environmental and social consid-
erations contribute to brand value. Price 
reductions for “ugly” foods may inadver-
tently diminish overall consumer percep-
tion of product quality offered by the retailer 
(Aschemann-Witzel et al. 2017).

Consumer concerns regarding the quality 
of “ugly” foods remain a significant obstacle 
to the successful development of market 
channels for these products (Hartmann et al. 
2021). When consumers lack familiarity 
with “ugly” foods, or have limited knowl-
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10.4	� Policies for Market 
Coordination: Facilitating 
Efficient Transactions 
and Improving Market 
Linkages

Addressing the complex interconnections within 
FLW pathways requires collaboration across the 
entire food value chain. Implementing policies 
that support the inclusion of SMEs in high-value, 
perishable food markets can create economic 
opportunities and incentivize investments in food 
quality and standards (Vorley et  al. 2009). 
Improvements in public infrastructure, such as 
transportation and storage facilities, are essential 
for expanding market access and enabling FLW 
reduction initiatives. Transparent governance and 
equitable partnerships can further strengthen 
market linkages and mitigate risks for all 
stakeholders.

10.4.1	� Invest in Infrastructure 
to Improve Market Access 
for High-Value, Perishable 
Foods

Improving market access for high-value, perish-
able foods can indirectly contribute to FLW 
reduction by facilitating the timely movement of 
products from farm to consumer. As discussed 
throughout this book, factors such as timing, dis-
tance, and transportation conditions significantly 
impact FLW. To optimize these conditions, inter-
ventions are needed at multiple food value chain 
stages, from production to consumption.

Public investments in durable quality roads 
are important for reducing transportation time 
and minimizing physical damage to food prod-
ucts (Akande and Diei-Ouadi 2010; Odoli et al. 
2019). Road infrastructure networks, including 
motorways, rural roads, and urban roads, signifi-
cantly impact the efficiency and environmental 
emissions of transportation (Soysal et al. 2014). 
Policies that consider the trade-offs between 
optimizing transportation networks and minimiz-
ing environmental impacts, while accounting for 
the relationship between road conditions, vehicle 
types, and load size, can help reduce 
transportation-related FLW.

Improvements in communication infrastruc-
ture, such as cellular networks, will be important 
for facilitating the dissemination of information 
on FLW reduction approaches and technologies, 
as well as market prices (Affognon et al. 2015; 
Pingali 2015). By improving information flow, 
value chain actors may be empowered to make 
informed decisions, diversify targeted markets, 
and optimize storage and transport strategies 
(Akande and Diei-Ouadi 2010). Additionally, 
increased access to reliable communication can 
foster collaboration and networking among value 
chain actors to improve the organization and effi-
ciency between value chain stages.

edge about food production and quality, they 
may be unclear and concerned about which 
specific quality attributes are suboptimal. 
Addressing these concerns requires increas-
ing the availability of “ugly” foods to 
enhance consumer familiarity, providing 
education on food quality evaluation, and 
effectively communicating quality informa-
tion through clear labeling and informative 
messaging. Offering taste samples and pre-
senting “ugly” foods in an appealing and 
visually attractive way may also improve 
consumer acceptance. However, an out-
standing challenge is the lack of field experi-
ments that translate consumer preferences 
for “ugly” foods into real-world market set-
tings, limiting the development of effective 
marketing strategies and evidence-based 
policies (Hartmann et al. 2021).
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Expanding access to financial services is 
essential for creating enabling environments that 
promote equitable access to FLW reduction tech-
nologies and knowledge. By supporting a diverse 
range of financial providers, policies can facilitate 
investment in FLW reduction initiatives and con-
nect value chain actors to markets (Soethoudt et al. 
2021). Given the limited data available on FLW, it 
is difficult to define the equity challenges and iden-
tify solutions related to financial barriers of specific 
groups. Therefore, public investment in financial 
institutions should prioritize equity indicators to 
ensure that marginalized groups have opportunities 
to benefit from FLW reduction strategies.

10.4.2	� Encourage Market Linkages 
and Collaborative Networks 
for Smallholder Producers 
and Small- and Medium-Sized 
Enterprises

Policies to create incentive structures that support 
collaborative partner networks are important, 
particularly, for perishable foods that require 
traceability and have higher food safety risks 
(Vorley et al. 2009). By supporting market link-
ages and equitable access to FLW reduction strat-
egies for smallholder producers and SMEs, 
policies can foster competition, leading to higher 
producer incomes and lower consumer prices 
(Pingali 2015).

Institutional interventions that enable small-
holder producers to adopt and scale FLW reduc-
tion technologies and best practices are essential 
for their participation in high-value, perishable 
food markets, which demand good quality pro-
duce. Aggregation models, such as producer 
organizations and cooperatives, can facilitate 
access to finance, reduce risks associated with 
investing in FLW reduction strategies, and 
enhance bargaining power. Additionally, lead 
farmer models can provide valuable knowledge, 
technology, and market access to networks of 
smallholder producers. By empowering small-
holders, these strategies can help them participate 
in high-value food markets and reduce FLW.

Policies that address power imbalances related 
to pricing, quality standards, and contractual 

agreements will require transparent governance 
and clear communication to help mitigate infor-
mation asymmetry and align incentives among 
value chain actors. Consistent pricing systems 
that reward quality can incentivize investments in 
FQL reduction (FAO 2014). Further, public qual-
ity standards can establish minimum benchmarks 
for food safety, nutrition, and other attributes 
used for marketing. Formalizing food markets for 
perishable foods, through registration and licens-
ing of SMEs, can support improvements in food 
quality and FLW reduction, when combined with 
policies that ensure equitable access to resources 
for meeting regulatory requirements.

Private standards, primarily set by food pro-
cessing and retail sectors, aim to differentiate 
products and meet specific consumer prefer-
ences. However, these standards can lead to the 
rejection of food that does not meet strict criteria 
for limiting attributes, even when the food is still 
safe to consume and may be acceptable to a con-
sumer (De Hooge et  al. 2018). To minimize 
waste, policies can encourage the adoption of 
innovative contract arrangements, such as 
“whole-crop contracts,” in which retailers com-
mit to purchasing entire yields, including subop-
timal produce (Hezarkhani et  al. 2024). This 
approach can help reduce food loss and provide 
more stable markets for producers.

10.5	� Policies for the Environment: 
Examining Environmental 
Trade-Offs in Food Loss 
and Waste Reduction 
and Management

The environmental impacts of FLW are multifac-
eted, arising from both prevention and manage-
ment strategies. When assessing the environmental 
impact of FLW prevention interventions, it is essen-
tial for evaluations to consider the trade-offs related 
to increased production to meet growing demand 
for nutritious food, methods for preventing FLW, 
and diversion of food intended for human con-
sumption to nonfood uses. Beyond these consid-
erations, evaluations of the environmental impact 
of pFLW management must examine the trade-offs 
between different nonfood destinations.
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10.5.1	� Manage Food Security 
and Environmental Trade-Offs

Food system transformations have not consis-
tently led to the availability, accessibility, and 
consumption of healthy diets for all (Ambikapathi 
et al. 2022). At the global level, the quantity and 
quality of food made available and accessible for 
human consumption are based on food produc-
tion and FLW. At the regional level, food produc-
tion, trade, FLW, and other stock changes 
determine the quantity and quality of food made 
available and accessible for human consumption. 
While aiming for zero FLW is neither realistic 
nor optimal (Kader 2005; Sheahan and Barrett 
2017), efficient food systems require a balance 
between producing sufficient food to meet global 
demand and effectively managing the postpro-
duction movement of food to minimize waste 
(Ellison et al. 2019).

Nutritious, perishable foods, especially, fruits, 
vegetables, and ASF, are often high-value com-
modities that have the most potential for 
FLW. Across all food systems, increasing demand 
for fruits and vegetables can support healthier 
diets. However, policies promoting ASF should 
be carefully considered to avoid promoting 
overconsumption, which may have negative 
health and environmental consequences. 
Therefore, determining optimal production levels 
and FLW reduction strategies require compre-
hensive understanding of the specific food value 
chain and dietary context.

The consumer stage presents a unique oppor-
tunity for FLW prevention and management, as 
it is the final point of control within the food 
value chain. Institutional policies should focus 
on collecting data on FLW at consumer stages to 
better understand the complex drivers of loss at 
this stage. To identify optimal FLW reduction 
strategies, it is important to consider consumer-
level food waste to avoid shifting the burden of 
waste from earlier stages of the food chain onto 
consumers. Therefore, a value chain approach 
will be useful for examining FLW pathways and 
the impacts of different interventions and 
accounting for interactions between each stage. 
This includes evaluating redistribution pro-
grams aimed at reducing FLW, with consider-

ation of the unique characteristics and needs of 
target consumers.

10.5.2	� Establish Guidelines 
for Sustainable Food 
Packaging

Food packaging protects food from quality loss 
to extend the product’s shelf life. The widespread 
and increasing use of plastics raises concerns 
about food safety (Chap. 7) and environmental 
sustainability (Chap. 9). Maximizing the benefits 
of packaging while minimizing negative impacts 
calls for innovative packaging materials, com-
bined with appropriate handling and packing 
techniques and promotion of sustainable end-of-
life package management. Therefore, evidence-
based policies on sustainable food packaging 
must address potential impacts of human health, 
including worker safety, as well as the entire life-
cycle of packaging, including disposal and 
export, to ensure equitable distribution of the 
environmental and social costs. Such guidelines 
can help drive private sector investment to 
develop packaging materials, designs, and prac-
tices, which are sustainable throughout their life-
cycle, from formation to disposal.

Retail and consumer packaging is more visi-
ble to the public than bulk packaging used 
throughout the value chain. Although packaging 
is often associated with processed foods, bulk 
packaging is essential for protecting both fresh 
and processed products during transport and stor-
age. Smaller retail and consumer packaging can 
help preserve the quality of perishable foods, 
which continue to undergo biochemical changes 
after harvest.

Bulk packaging protects food during handling 
and transportation, minimizing damage from fac-
tors like light and moisture. However, damaged 
packaging can compromise food safety and qual-
ity. Innovations in packaging materials, such as 
transitioning from raffia baskets to stackable 
plastic crates, can enhance efficiency and reduce 
damage. Additionally, advanced technologies 
like modified atmosphere packaging and coatings 
can further protect food. To ensure safe and effi-
cient handling, institutional policies should con-
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sider the impact of packaging innovations on 
labor conditions, particularly regarding manual 
labor and exposure to hazards, such as manually 
lifting and handling heavy loads. Policies that 
prioritize worker safety and well-being support 
transformations toward more sustainable and 
equitable food systems.

Food packaging also serves as a platform for 
food labeling. Improvements in bulk packaging 
can make it suitable for labeling, providing valu-
able information for value chain actors and facili-
tating traceability, a tool that can be used for 
monitoring food safety. Public investments in 
infrastructure, such as improved Internet connec-
tivity, can support the implementation of labeling 
systems for bulk packaging traceability, stream-
lining processes, and reducing costs.

The extent to which retail and consumer food 
packaging is used for fresh foods varies signifi-
cantly across different markets (Chap. 6). 
Although food packaging has become a signifi-
cant sustainability concern, the role of consumer 
packaging in reducing FLW is relatively less vis-
ible (Croad et al. 2024). For example, public per-
ception of sustainable packaging tends to focus 
on factors like recyclability and natural materials 
(Otto et al. 2021), rather than its impact on food 
waste reduction.

The increasing use of single-use and flexible 
plastics in retail and consumer food packaging is 
a major environmental concern. Mitigating the 
negative environmental impacts of plastic waste 
requires reductions in plastic waste disposal. This 
can be achieved by minimizing plastic packaging 
usage, maximizing reuse, and enhancing recy-
clability to establish a circular economy for pack-
aging materials. Although much attention has 
focused on plastic bags, with policies, such as 
bans and fees/taxes, encouraging consumers to 
adopt reusable alternatives (Dey et al. 2021; Borg 
et al. 2022), a more comprehensive approach is 
needed. Such an approach requires shifting the 
focus beyond point-of-sale bags to addressing the 
use of plastic packaging for individual food 
items. Prioritizing which plastic packaging 
streams to address requires an understanding of 
FLW pathways and the associated trade-offs 
related to packaging. For example, packaging for 
fresh meats is important in preventing cross-

contamination and minimizing foodborne haz-
ards, whereas single-use plastic bags for 
unpackaged produce may be less essential. 
Further research is needed to identify the most 
effective strategies for reducing different types of 
plastic food packaging usage while simultane-
ously increasing reuse and recyclability.

Looking toward the future, efforts are ongoing 
to develop sustainable alternatives to single-use 
plastic food packaging. Effectively transitioning 
away from single-use plastic will require a com-
prehensive understanding of packaging func-
tions, including how packaging minimizes FLW, 
while also considering the value chain actors’ 
and consumers’ preferences for factors like infor-
mation display, brand recognition, aesthetic 
appeal, convenience, and traceability (Diprose 
et al. 2023). Ongoing research in green chemistry 
aims to develop bio-based alternatives to conven-
tional plastics, derived from renewable resources, 
and designed for easier recycling and enhanced 
biodegradability (Sheldon and Norton 2020). 
Therefore, evaluating the trade-offs between the 
health and environmental impacts of packaging 
and FLW will be an ongoing iterative process.

10.5.3	� Apply Context-Driven 
Environmental Scales 
to Manage Physical FLW

The environmental and climate change impacts 
of FLW come from the resources used in both the 
production and postproduction stages of food 
that, ultimately, is not eaten, as well as the man-
agement of pFLW (Muth et  al. 2019). These 
impacts can affect climate, water, air, and land, 
and often are interconnected (Muth et al. 2019). 
Addressing the environmental impacts associated 
with food production and postproduction can be 
second-order policies, which not only improve 
the sustainability of food that is eaten but also 
reduce the potential environmental burden related 
to pFLW. Policies directly targeting the environ-
mental impact of pFLW must focus on effective 
management. Additionally, the management of 
inedible food parts can have environmental 
implications. These parts may be managed sepa-
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rately or alongside pFLW, depending on the spe-
cific context.

When pFLW and inedible food parts are dis-
posed of (incinerated without energy capture or 
sent to landfill), this creates a linear path for food 
nutrients. Environmental policies that promote a 
circular economy in food systems prioritize effi-
cient strategies to recycle pFLW into circular 
pathways, in which food nutrients are used for 
nonfood purposes (for example, anaerobic diges-
tion, composting, and animal feed) (Wang et al. 
2021). For example, using pFLW as animal feed 
recycles nutrients back into feed production, and 
composting and anaerobic digestion recycles 
nutrients back to the soil.

Evidence-based guidance prioritizes pFLW 
management strategies with the lowest environ-
mental impact. The US Environmental Protection 
Agency’s Wasted Food Scale, an update to the 
Food Recovery Hierarchy, ranks common pFLW 
management pathways in the United States, pri-
oritizing strategies that avoid landfills and incin-
eration (US EPA 2023). Assessing the 
generalizability of such environmental scales can 
inform the development of tailored strategies for 
different contexts, as the choice of pFLW man-
agement approach can have different climate 
change impacts (Box 10.4).

Box 10.4 Environmental Benefits of 
Preventing Physical Food Loss and Waste 
from Going to the Landfill
In their systematic review, Wang et  al. 
(2021) found that managing pFLW through 
animal feed and composting can effectively 
minimize GHG emissions, compared to 
anaerobic digestion, incineration, and land-
filling. Although anaerobic digestion, 
incineration, and landfilling can reduce 
GHG emissions through energy recovery, 
globally, landfills are common destinations 
with low gas capture rates, making their 
use a less environmentally friendly option. 
Additionally, several challenges exist for 
prioritizing pFLW for nonfood uses, 

including food safety, nutrient content con-
cerns for animal feed, and technical limita-
tions for composting and anaerobic 
digestion.

Livestock production and feed require-
ments vary significantly, based on species, 
feed sources, land use, and the extent to 
which livestock consume resources that 
could be used for human food (Mottet et al. 
2017; Parlasca and Qaim 2022). Assessing 
the sustainability of using recycled pFLW as 
animal feed requires evaluating its suitabil-
ity for animal consumption and determining 
the environmental benefits of diverting it 
from other nonfood uses or disposal (Pinotti 
et  al. 2021). For example, leftovers from 
cereal-based food processing (such as bread, 
pasta, confectionery products, and salty 
snacks) can offer a sustainable alternative to 
traditional feed ingredients, while posing a 
low risk to animal health (Pinotti et  al. 
2021). Factors such as the distance, quantity, 
and intensity involved in processing and 
transporting discarded food for nonfood 
purposes are also important considerations 
(Parlasca and Qaim 2022).

As the demand for sustainable fuels 
grows amid depleting fossil fuel resources, 
Sridhar et al. (2021) reviewed technologies 
converting pFLW into fuels, identifying 
environmental and logistical hurdles. 
Various approaches, such as composting, 
anaerobic digestion, pyrolysis, biochemical 
conversion, incineration, and landfilling, can 
generate energy from pFLW. However, tech-
nological feasibility, economic viability, and 
societal behaviors and attitudes pose signifi-
cant challenges. Ensuring safety is crucial, 
considering the nutrient requirements for 
conversion processes and the potential pres-
ence of hazardous, bacterial, or chemical 
contaminants. To make informed decisions 
within a circular economy framework, fur-
ther research is needed to assess the environ-
mental trade-offs and feasibility of different 
pFLW-to-fuel strategies.
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A key concern with current FLW management 
hierarchies is their failure to account for rebound 
effects, which occur when benefits from reduced 
FLW are offset by additional consumption, either 
directly on the same products or indirectly on 
other products or services (Albizzati et al. 2022). 
For example, Hegwood et  al. (2023) examined 
the direct rebound effects of avoided FLW, where 
reduced waste lowers prices, leading to increased 
food consumption and offsetting the environmen-
tal benefits of avoided waste, creating a trade-off 
between improved food security (higher calorie 
intake at lower prices) and potential negative 
environmental impacts. Therefore, to effectively 
address FLW, comprehensive policies must 
incorporate strategies to mitigate potential 
rebound effects. To do so necessitates a nuanced 
understanding of the trade-offs between food 
security and environmental impacts, and consid-
eration of which environmental impacts are 
assessed, which foods become more accessible to 
promote dietary diversity and consumption of 
healthy diets, and the specific FLW pathways and 
prevention approaches discussed throughout this 
book.

10.6	� Conclusion

Throughout this book, we have examined the 
complexities of FLW pathways, considering both 
quality loss and physical removal of food from 
value chains. We have addressed challenges in 
defining FLW and highlighted data gaps. To 
inform evidence-based guidelines for policies 
and initiatives, we propose a comprehensive 
framework and a data value chain approach and 
call on the UN to take a more coordinated lead. 
We then explored the connections between food 
quality, pFLW, and the dimensions of food secu-
rity, while considering environmental and socio-
economic trade-offs. By identifying the drivers of 
FLW at various levels, stronger collaboration 
between UN agencies and national governments 
can align policies and regulations for FLW reduc-
tion and management goals with broader sustain-
able food system objectives.

Looking ahead, comprehensive FLW reduc-
tion strategies must use several types of interven-
tions applied at different levels to leverage both 
technical and behavioral changes and incentivize 
actors across the value chain. Food systems 
stakeholders have many objectives that, at times, 
overlap, and at times, conflict. Multiple FLW 
interventions can work together within a FLW 
strategy, but also require assessment of potential 
trade-offs and issues of inequity. Therefore, a 
comprehensive policy agenda is required to cre-
ate an inclusive and enabling environment in 
which FLW reduction strategies and FLW man-
agement approaches can be optimized to support 
food security, environment, and socioeconomic 
outcomes.

Policies that encourage consumer demand for 
healthy diets can incentivize value chain actors to 
increase the supply of nutritious, perishable foods 
by implementing FLW reduction strategies. 
Strong food safety standards and traceability sys-
tems are important for building consumer trust 
and minimizing FQL, and later, pFLW. Moreover, 
creating market opportunities for diverse cos-
metic standards can prevent the unnecessary dis-
posal of edible food and improve accessibility to 
various consumer needs and income levels.

Reducing FLW requires collaboration across 
the entire food value chain. Expanding access to 
financial services can empower smaller produc-
ers and SMEs to invest in FLW reduction tech-
nologies and practices. Investing in infrastructure, 
like transportation and storage facilities, is essen-
tial for expanding market access and reducing 
FLW.  This will require transparent governance 
and equitable partnerships to strengthen market 
connections and mitigate risks across value chain 
actors.

Finally, balancing food security and environ-
mental impacts of FLW is crucial as urban popu-
lations grow and diet preferences shift. 
Sustainable food systems transformations must 
address these challenges by innovating to sus-
tainably increase production of nutritious, 
perishable foods and reduce FLW to make food 
value chains more efficient. This will involve 
identifying optimal FLW levels and implement-
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ing circular economy approaches to minimize the 
environmental impact of food waste. A compre-
hensive approach to FLW is necessary for FLW 
reduction and management initiatives to effec-
tively support sustainable food systems and 
ensure healthy diets for all.
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