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A B S T R A C T

Background: In humanitarian contexts, ensuring access to safe, nutritious, good quality and culturally appro-
priate food in the right quantity at the right time and place during an emergency or a protracted crisis is an
enormous challenge, which is likely to increase given uncertainties such as climate change, global political and
economic instability and emerging pandemics like COVID-19. Several international organizations and non-
government organizations have well established systems to respond to food security emergencies. However, the
role of food science and technology in humanitarian response is not well understood and is seldom considered in
humanitarian circles.
Scope and approach: The role of food science and technology in humanitarian response and the importance of
addressing the requirements of the local consumers within the local food systems are discussed.
Key findings and conclusions: Humanitarian food aid policies focus on immediate and short-term assistance to
save lives. The implementation of emergency programs and projects tends to induce dependency on aid, rather
than strengthening local food systems and ensuring resilience. Transformative change must embrace innovation
across the whole food system with an increased emphasis on food science and technology that addresses local
food security, generates employment and contributes to the local economy. There needs to be a move beyond
rehabilitating and increasing agricultural production to addressing the whole food system with a view to link
humanitarian assistance and longer-term support to sustainable livelihoods and resilience.

1. Introduction

1.1. Humanitarian context and key concepts

Many people around the world are affected by natural disasters,
internal or cross-boundary conflicts or large-scale economic turmoil
(Reliefweb, 2019). Providing these people with sufficient quantities of
safe foods necessary for healthy and sustainable diets at the right time,
in the right place, and on a consistent basis, is challenging. Further-
more, with emerging pandemics such as COVID-19, there will be a
significant impact on local and global food systems and food security
with the poorest people being the most affected. Therefore, urgent ac-
tion must be taken by all stakeholders in mitigating this impact (CFS-
HLPE, 2020).

The Right to Food Guidelines (Food and Agriculture Organisation
(FAO, 2005) sharply extended this notion by linking humanitarian as-
sistance to conditions where emergency interventions account for
longer-term rehabilitation and development objectives, as well as for
concerns for food security, food safety, food culture, local production of
food and recipient needs.

The 2018 Report on the State of Food Security and Nutrition in the
World (FAO et al., 2018), illustrates the scale of the problem. The report
shows that the key drivers for a severe food crisis leading to food in-
security were climate-related shocks and conflicts. Hunger and under-
nutrition are significantly worse where conflicts are prolonged and
local institutional capacities are weak. It therefore requires a conflict-
sensitive approach that aligns actions, immediate humanitarian assis-
tance, long-term development and sustained peace.
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In the Sahel region in Africa, the worst humanitarian crisis since
World War 2 has seen more than 30 million people in four countries
facing starvation and famine in 2017 with 3.8 million children under
five years of age suffering from severe acute malnutrition and 5.6
million suffering from moderate acute malnutrition. More than 2 billion
people worldwide were affected by micronutrient deficiencies mostly
due to changes in diets related to economic development (e.g., changes
in food production).

The World Food Programme (WFP) of the UN has been very active
in delivering food assistance to 91.4 million people in more than 83
countries in 2017, with 80% of WFP resources being allocated to con-
flict environments; 3 million metric tonnes (Mt) of food were purchased
from 101 countries; 3.8 Mt of in-kind food donations were received by
WFP from donor countries and 3.5 Mt of food were delivered to more
than 70 countries by WFP.

Although many international organizations such as the WFP and
various non-government organizations (NGOs) are well equipped to
source and distribute food aid to those affected by food security related
crises, very often this food is procured from different countries. As such,
this food may not conform to the local sensory and cultural preferences
or food habits and/or risks potentially undermining local food systems.
Food science and technology (FST) can play a key role in the production
of foods for affected populations using local raw materials with context
appropriate robust technologies while fulfilling nutritional, micro-
biological, sensory, cultural, environmental and quality requirements.

However, it is important to highlight that a multidisciplinary ap-
proach is required so that humanitarian activities remain human-
centred rather than technology-driven (Passino, 2016). Here, we sug-
gest that ‘humanitarian’ be understood as ‘concerns and behaviours that
translate into human-centred activities aimed at mitigating the short- and
long-term adverse effects of shocks on individuals and communities and
promoting their lasting recovery’. This will apply to both emergencies and
development contexts and, therefore, could also help to support the
prevention-relief-rehabilitation-development-peace nexus. In this re-
gard, humanitarian food science and technology (HFST) should be
considered as a people-centric approach aimed at applying FST to
prepare for, respond to and sustainably recover from any external
shocks. In this context we can define HFST as ‘the application of food
science and technology to enhance food security, health, and economic
prosperity for global humanitarian purposes’.

However, the role of FST in humanitarian response is still not well
understood or addressed (sections 2.1). It is also important to recognise
that food systems in affected areas are often not sustainable and that
FST could contribute to strengthening local resilience (i.e. ‘ability to
prevent and mitigate disasters and crises as well as to anticipate, absorb,
accommodate or recover and adapt from them in a timely, efficient and
sustainable manner. This includes protecting, restoring and improving live-
lihood systems in the face of threats that impact agriculture, nutrition, food
security and food safety’, FAO, 2013a) and increasing the adaptability of
such systems, by creating short to long-term opportunities, in particular
for the employment of youth and women.

Although some evidence on the relevance of post-harvest inter-
ventions as a source of livelihoods and revitalisation of local economies
is available (Hodges et al., 2011), no systematic attention has been
given so far to elicit guiding principles for their adoption, adaptation,
replication and/or upscaling, especially for agro-food processing.

There are opportunities to develop HFST-based solutions and re-
sponses to enhance the effectiveness of current humanitarian response
as well as contributing to lasting food security in the context of internal
conflicts, climate change, other natural hazards, increasing poverty,
accelerated urbanisation, widespread migration and pandemics. To find
effective, innovative, long term solutions to such incidences of food-
related shocks across the globe, it is important that industry, NGOs, the
research community, consumers, aid organizations and donors work
together. It is also important that adequate training is given to those
engaged in HFST activities in order to develop the required skills. We

present here the current status of the role of FST in humanitarian re-
sponse, together with current gaps.

1.2. Methodology

Literature specifically addressing the role of HFST is very limited.
There is extensive literature on food sustainability and food policy and
some literature in the use of technology in disaster management and the
use of innovation in humanitarian responses. Moreover, effects of food
systems disruption due to conflict and climate-related disasters on food
insecurity and malnutrition have been addressed in the Global Report
on Food Crises (FSIN, 2018). However, the published work rarely refers
to the use of innovation or the role of FST in humanitarian response.
Most of the published work in food security focuses on agriculture to
increase on-farm production and productivity and there is less focus on
the importance of post-farm processing. Eade and Williams (1995) of
Oxfam provide a good analysis of the situation regarding development
and relief operations.

One of the main limitations in effectively using FST expertise in
addressing global humanitarian feeding situations is the lack of
awareness and adequate information and training of personnel from
different stakeholders working in humanitarian preparedness and re-
sponse. This limitation, together with the limited published information
on HFST, prompted the organisation of an international symposium on
HFST in Sydney, Australia in 2017, where key stakeholders from seven
countries representing UN agencies, NGOs, academia, research in-
stitutes, the private sector and governments participated (AIFST, 2017).
This symposium was followed by a workshop where contributors to the
symposium and other experts in HFST discussed current problems and
identified potential opportunities where FST could contribute to hu-
manitarian response. Following this workshop, a global HFST group,
representing key stakeholders was formed and this group (which in-
cludes the authors) has disseminated relevant information to increase
awareness of HFST (AIFST, 2017).

The framework that we used for making our recommendations is
based on a literature review, the outcomes from the international HFST
symposium and workshop and the expertise and experience of the
global HFST Group (Fig. 1).

2. Contribution of food science and technology in improving
humanitarian food security

There are three factors that are not clearly understood by policy
makers and by most humanitarian actors. i.e:

a) How FST could contribute to go beyond nutritional requirements by
developing foods that are ‘fit for purpose’, i.e., satisfying consumer
expectations in terms of convenience, taste, shelf life, enjoyment,
preparation, cultural appropriateness, acceptability and value

b) How the application of FST could better control the quality and
safety of diets and food during processing and along the humani-
tarian supply chain, while minimizing wastes and energy losses, and

c) How FST could contribute to strengthen food systems in disrupted
environments and make them more resilient to shocks and inclusive
by bringing value to destitute and vulnerable communities

As a prerequisite, it is important to recognise that the im-
plementation of any new FST solution, especially in fragile food sys-
tems, should be preceded by a careful needs assessment in the affected
areas. Some of the issues to consider are: What is the targeted popu-
lation? What are their nutritional needs and what are their food habits
(What and when do people eat? Where and how is food produced/
procured/processed? What local foods should be considered? What FST
related experiences, skills and resources exist and who should be sup-
ported to do what?).

Some examples on how FST has contributed or might contribute to
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Fig. 1. Methodology used in making the recommendations in this study.

Table 1
Contribution of Food Science and Technology in the development of nutritious local foods.

Objectives Examples of local adaptability References

Development of new nutritious foods/improving existing foods Reformulation:

• Replacing peanut paste in ready-to-use supplementary foods
(RUSF) with locally available nuts or pulses (almonds or
chickpea - WFP, Pakistan); cashew nuts (Ivory Coast) and
Bambara nuts.

• Replacing soy proteins or animal proteins with under-exploited
plant proteins (chickpea - WFP RUSF ‘Wawa Mum’); leaf
proteins

• Evaluating plant proteins; pseudocereals (quinoa, teff and
amaranth grains, leaves)

UNICEF-WFP-USAID (2016); WFP
(2011)
Bounie et al. (in AIFST, 2017); WFP
(2011)
Akande et al. (2017); Michaelsen
et al. (2009); Shumoy and Raes
(2017); Rathore (2010)

Adapting to local food habits and varying the taste of common
Ready to Use Supplementary Foods (RUSFs) and blended
flours; adding aroma and spices

• Equinut project; Nutriset ‘(Plumpynut’); developing new
textures (extruded pillows filled with nutritious paste made by
Nutriset; gellified bars)

• Producing locally RUSF adapted to local resources and tastes

• Developing RUSFs with intermediate water activity and
improved osmolality, minimizing diarrheal side effects; decrease
need to drink safe water when eating lipid-based RUSFs

AKDN (2016) and Seye (in AIFST,
2017)
Sheeran (2009)
Webb et al. (2011)

Improving the nutritional and health value of Special Nutritious
Foods (SNFs)

Improving bioavailability by reducing phytase activity; improving
nutrient density of fortified blended flours using appropriate
processes (extrusion cooking, germination, use of alpha-amylase) to
reduce consistency improving swallowing ability to achieve fullness
in the stomach in infants
Adding functional ingredients (probiotics, anti-diarrheal
constituents e.g. new products developed by Nutriset)

Harvestplus (2019); Van Hoan et al.
(2010); Webb et al. (2011)
Nutriset (2018)

Improving shelf-life of SNFs using traditional antioxidant products
or antioxidant rich natural ingredients or new combined
processes

Kemin Industries Inc. operates in more than 60 countries with
manufacturing facilities in Belgium, Brazil, China, India, Singapore,
South Africa, Thailand and the United States providing advice on
health and nutritional solutions to agrifoods, food ingredients, pet
food and human health and pharmaceutical industries

WFP (2008)

Improving convenience of SNFs i.e. reduced re-humidification
during storage, auto heating products, design of more ready-to-
use foods

WFP has provided ‘Specialized Nutritious foods' sheet as a reference
for the various types of formulated foods made available to address
undernutrition.

WFP (2013)

Understanding and better control of the operating conditions when
producing SNFs locally

Control and optimisation of degree of cooking (which affects
digestibility) when producing precooked extruded blended flours;
selecting the appropriate process for efficiently cooking blended
flours; extrusion cooking vs. drum drying or Infra-Red roasting

Van Hoan et al. (2010); WFP (2019)

Designing and developing appropriate equipment (low cost, easy to
operate and maintain, resistant to wear)

Containerized food processing units, using alternative energy (solar
energy, biogas from waste, biochar)

Bounie (2018); Fellows (in AIFST,
2017)

Improving the safety and quality of foods: Use of Hazard Analysis
Critical Control Points (HACCP) methodology, traceability
systems, rapid-analysis system for on-site quality assessment

The ‘Blue Box’ to assess in the field the aflatoxin content of maize
developed for WFP

Webb et al. (2011); WFP (2012)
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the development of foods that fulfil these requirements are outlined in
Table 1 and discussed further in sections 2.1, 2.2. and 2.3.

2.1. Innovation and the use of technology

Although there has been some activity recently on innovation and
the use of new technologies and systems in humanitarian response, the
focus of innovation in humanitarian processes and practices has been
on incremental improvements and it appears that the application of FST
in humanitarian response is limited. Ramalingam et al. (2009) point out
that in innovations within existing humanitarian practices, policies and
processes, there is some reluctance to change because of a potential
conflict with pre-defined practices and methods.

In a policy paper by the UN Office for the Coordination of
Humanitarian Affairs (OCHA), Betts and Bloom (2014) discuss the role
of innovation in a humanitarian context. They discuss the challenges in
introducing innovation, the innovation cycle for products, processes
and technologies, and the importance of collaboration (the human
ecosystem). They claim that a better understanding of the potential and
purpose of the innovation cycle and developing an innovative mindset
could bring significant benefits to the humanitarian system.

In the WFP publication Revolution: From Food Aid to Food Assistance -
Innovations in Overcoming Hunger (Omamo, Gentilini, & Sandstrom
2010), several papers discuss innovation in a humanitarian context,
including the role of information and communications technology and
logistics to deliver innovations in complex environments in food assis-
tance.

Several recent initiatives have put innovation at the heart of hu-
manitarian action, including the Global Alliance for Humanitarian
Innovation (GAHI) (GAHI, 2016) and WFP's ‘Innovation Accelerator’
(WFP, 2018).

Although innovation has been acknowledged as important in the
humanitarian agenda through these initiatives, it should be noted that
some of them are no longer operating, are not scalable or are poorly
addressing specific HFST concerns. This is unfortunate because
Research and Development (R&D) has always been strong in the food
industry and the academic sector and therefore, resources for R & D
should be solicited more by HFST to these stakeholders with the aim of
finding new solutions to existing problems (Webb et al., 2011).

A report from the World Economic Forum (2018) has identified 12
key technology applications that may accelerate food systems trans-
formation “to sustainably and nutritiously feed more than 9 billion
people while providing economic opportunities in both rural and urban
communities”. These pioneering technologies, using digital tools, ro-
botics, biotechnologies and genomics, are presented as having, until
now, poorly disseminated into current food systems but offering pro-
mising results. Their application in humanitarian contexts is not ad-
dressed, which once again demonstrates that humanitarian situations
are not considered as a potential beneficiary from such a transformative
program.

2.2. Optimizing product and process development in humanitarian response

FST plays a key role in product and process development in hu-
manitarian response. Sheeran (2009) discusses the importance of FST in
the preparation of convenient to consume, non-perishable foods and
examples given to produce ready-to-eat fortified sweet paste in India
(with chickpeas and milk powder), high energy biscuits in Thailand,
and fortified date bars in Egypt. The importance of public-private
partnerships and WFP's role in humanitarian feeding is also highlighted.

Guimon and Guimon (2012) discuss how ready-to-use therapeutic
foods (RUTFs) changed the treatment of child malnutrition since the
turn of the 21st century and explore the historical development of
RUTFs with respect to technological innovations in the 1980s to testing
and large-scale dissemination in the late 1990s. RUTFs are now routi-
nely used to treat malnutrition in children and have many advantages

over the use of fortified milk powder. However, this paper does not
discuss the vital role played by FST in the development of RUTFs.

Ryan et al. (2014) discuss the optimisation of formulation of low
cost RUTFs from locally available raw materials using linear program-
ming and De Pee et al. (in Omamo et al., 2010) highlight the im-
portance of nutrition when developing new food products for food as-
sistance. The paper by Michaelsen et al. (2009) was one of the first
instances where nutritionists referred to the importance of food tech-
nology when choosing foods and ingredients for moderately mal-
nourished children.

The most relevant publication with respect to HFST that is in the
public domain is by Bounie et al. (in Omamo et al., 2010). This paper
discusses how food technology is used at WFP to support different
corporate units and country offices to enable the production of safe and
nutritious food for humanitarian aid to comply with WFP's mandate and
strategy. Several examples of producing such food in different countries
are given and processes used to produce nutritious, convenient, safe
food are explained (including the use of containerized food production
units). This paper also outlines the methods used by WFP at that time to
manage product safety and quality as well as traceability.

2.3. Managing food safety and quality through the humanitarian food
supply chain

The improvement of the safety and quality of foods is an important
factor in reducing hunger. Food that is safe and of good quality results
in improved access to markets, reduced food loss and waste, improved
food security and reduced burden of foodborne diseases. This issue
disproportionally affects the least developed and developing nations,
namely in Africa and Asia. The World Health Organisation (WHO) es-
timated that the global burden of foodborne diseases by the main
foodborne hazards was 33 million Disability-Adjusted Life Years
(DALYs) in 2010 and 40% of this burden was among children under five
years of age (WHO, 2015). Despite these figures and its effects on socio-
economic development, ensuring food safety and quality in developing
countries with poor public-sector regulatory enforcement remains a
challenge that is only exacerbated by climate change, conflict and other
external shocks, such as pandemics.

Much work in quality control systems in the supply chain of hu-
manitarian feeding systems has been carried out by WFP, UNICEF and
Médecins Sans Frontières (MSF). Relevant technical and other in-
formation is available in the dedicated WFP Food Quality and Safety
web site (WFP, 2019) and the publication ‘Managing the Supply Chain of
Specialized Nutritious Foods’ (WFP, 2013). The topics covered in this
publication include determining the demand, food quality, procure-
ment, logistics and distribution to the identified population.

Although there have been some problems in the past with respect to
maintaining the quality of food in such a complex supply chain, WFP
has taken the lead by introducing a ‘quality culture’ in the supply chain
by changing the approach at WFP to moving from a procurement only
(at lower price) approach to a modern ‘Food Quality and Safety’ ap-
proach (Menage & Salvignol, 2010). However, there were some product
quality incidents and possible causes for quality problems in the supply
chain which have been listed (WFP, 2013). A major food safety concern
in 2012 led to a multi-stakeholder collaboration for clarifying specifi-
cations and to facilitate process changes by suppliers in order to comply
with these new specifications (FAO-WHO, 2016). This also highlighted
that the main distributors of these products were not ready to handle
major food incidents.

The actions taken by WFP include the implementation of a corpo-
rate FSQMS (Food Safety and Quality Management System) and
proactive FIMS (Food Incident Management System) decision making
process (i.e. Initiate-Detect-Estimate-Act-Learn (IDEAL), (Bounie, 2012;
WFP, 2013). This approach has significantly increased the reporting of
incidents and over time reduced the number of food safety and quality
incidents. These actions require a committed food safety culture, the
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full and coordinated effort of every stakeholder along the whole food
supply chain and the provision of appropriate resources. Therefore, it is
recommended that donors should do more to support and advocate the
maintenance of product quality and safety throughout the supply chain.
In addition, quality control should be an independent function from
procurement and logistics, in order to avoid any conflict of interest or
misunderstanding on quality requirements.

3. The design of new humanitarian food science and technology
solutions

3.1. Humanitarian food science and technology solutions for enhancing
resilience to shocks

3.1.1. Long term development and sustainability
The emphasis of most current aid policies is on immediate and

short-term assistance where the focus is on coping mechanisms. The
implementation of these policies in protracted emergency environments
tends to induce dependency on aid (Alonso et al., 2012). Instead, aid
policies should go much further and foster sustainable self-reliance. In
this regard, solutions should help the beneficiaries, not only by the
provision of relief foods that they need, but also by strengthening local
food systems and supporting sustainable interventions. Some examples
have recently been published showing the link between sustainable
energy and food security in humanitarian contexts (Caniato et al.,
2017).

Humanitarian interventions are often a result of significant disrup-
tion of daily life that affects food security and nutrition in the popu-
lation and needs a timely and targeted response. Depending on the
severity of the situation and whether the event is considered acute or
chronic (FAO, 2018), available resources are mobilized with a focus
more on immediate relief rather than post-emergency recovery. Local
food systems, already weakened or disrupted, may be affected for a long
time by interruption of external drivers that may bring additional dis-
ruptive blows.

Today there is a consensus that humanitarian interventions should
be included into a larger prevention-relief-rehabilitation-development
continuum, which would result in mitigating future crises by building
longer term sustainable solutions. This should be based more on the
resilience capacity of the population concerned than on their coping
mechanisms. Therefore, the FST components of any humanitarian re-
sponse should account as much as possible, on the main re-
commendations by FAO (2017) for ‘increasing availability, afford-
ability, and consumption of diverse, safe, nutritious foods and diets,
aligned with dietary recommendations and environmental sustain-
ability’. Some of these issues have also been addressed by Keding et al.
(2013).

3.1.2. Assessing economic feasibility
Only a few documents are available that evaluate the economic

feasibility of FST projects implemented in humanitarian contexts. Most
technical and economic feasibility assessment reports that are available
are internal reports, produced by international agencies or NGOs sub-
mitting their projects to donors. When investing in humanitarian pro-
jects, there should be a balance between avoiding ‘white elephants’ that
have so often resulted in undesirable outcomes from humanitarian in-
terventions (e.g. not adapted to local market requirements, local re-
sources not used, not scalable beyond localized pilots), while still pro-
moting local initiatives that would foster the recovery and longer term
development of affected communities.

Harper et al. (2015) have shown that in development contexts, such
demand-based and inclusive value chains may be developed and di-
rectly benefit the poorest by increased incomes while increasing their
resilience capacities and access to safe, nutritious, convenient foods that
are available locally. Ritchie, 2018 has shown that promoting en-
trepreneurship in refugee settings may boost self-resilience and female

empowerment while fostering new socio-cultural dynamics and human
security. In such fragile and conflict-affected settings, the 5 years re-
search program ‘Human Security in Fragile States’ at the IS Academy,
Wageningen has attempted to understand the socio-economic recovery
at the intersection of strategies to rebuild people's lives, institutional
change and aid interventions (IS Academy, 2014).

Transferring such initiatives to humanitarian contexts would re-
quire a shift in aid interventions from relief-only to recovery and re-
habilitation activities aiming at seeding incentives that would have a
leveraging effect on sustainable development schemes. This is an ex-
citing outlook where food scientists and micro, small, and medium
enterprises could collaborate to develop new and appropriate processes
and use technologies that are accessible to local communities, resulting
in positive economic and social outcomes. It should be mentioned,
however, that there are significant challenges in setting up and oper-
ating local food processing operations, including:

• Little to no access to sufficient financing for start-up businesses

• Lack of reliable power

• High cost of production equipment

• Need for intensive management and employee training in both
technical and business skills

• Potential lack of adequate and continuous local sources of some raw
materials, packaging and spare parts, necessitating imports

• Distribution problems due to poor transport infrastructure

In a humanitarian context, it is not always possible to quantify the
economic feasibility of FST interventions, especially when only short-
term impact factors are used. However, such interventions could often
be justified because of significant social benefits and of the expected
long-term decline in aid dependency. Overall feasibility should be as-
sessed in terms of multi-dimensional cost-benefit analyses, while ex-
isting good FST practices in the field should be identified, reviewed,
supported and utilized.

3.2. Multi stakeholder partnerships

As the world becomes more complex, the best solutions are often
planned and delivered through multi stakeholder partnerships and
participatory approaches. A good example in a humanitarian context is
public-private partnerships because the private sector has significant
expertise and resources in food processing, quality control and man-
agement, food safety, nutrition, packaging, logistics and R & D that the
humanitarian sector could adapt. Therefore, there is potential for the
humanitarian agencies and NGOs to develop partnerships with the
private sector and utilise its expertise and the private sector could
benefit from the untapped demand and potential commercial oppor-
tunities of the humanitarian sector. Even though such partnerships are
largely encouraged today by major humanitarian agencies and are well
documented in development media, there is not much information in
the literature on private-public partnerships in emergency situations,
except the conference in Australia in 2009, organised by the Crawford
Fund (Sheeran, 2009).

Two other sectors where the humanitarian sector could develop
partnerships with and transfer knowledge for mutual benefit are the
military and space programs. R&D undertaken in the development of
foods for combat forces, astronauts and for populations in humanitarian
feeding systems has many similarities with respect to issues of quality,
nutrition, safety, stability, shelf-life and packaging. However, a key
difference between the applications in military and space programs and
the humanitarian sector is that the food for humanitarian feeding must
be significantly more cost effective. Another difference is that target
groups are much more diverse in the humanitarian sector, requiring
tailoring to a wider range of nutritional and cultural needs.

The U.S. Army's Combat Feeding Directorate at the Natick Soldier
Research, Development and Engineering Center (NSRDEC) and the
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Defence Science and Technology Group in Australia (DSTG) are ad-
dressing the possibility of using the expertise that they have in FST and
logistics for humanitarian purposes. At NSRDEC, a first comprehensive
study (Briggs et al., 2007) was funded by USAID for developing an
emergency food product with a focus on product and packaging spe-
cifications. Barrett and Cardello (2012) published a systematic review
of U.S. military's approach to the development of ready-to-eat self-
heating foods with respect to processing, packaging, testing, and dis-
tribution methods with in-depth information on reducing weight, nu-
trient optimisation and shelf-life extension. Beagley (in AIFST, 2017)
has reported the link made by DSTG between combat rations and hu-
manitarian feeding.

The National Aeronautics and Space Administration in the United
States has extensive expertise in developing foods for astronauts on
long-range space missions and this expertise may be relevant for hu-
manitarian feeding (e.g. extended shelf life, nutritional density of low
weight rations, sensory acceptability over long-time consumption). The
development of food for astronauts and its multifaceted nutritional and
processing challenges, has been reported by Cooper et al. (2011).

Thus, it is important that the humanitarian agencies have closer
indirect collaborations with the military through scientific institutions
and with space research agencies so that expertise in food science,
technology and nutrition could be transferred from these agencies to
the humanitarian sector. Sakai et al. (2014) highlight different multi-
stakeholder initiatives (civil society, military, state institutions and
media) that have been developed in the Asia-Pacific region for re-
sponding to disasters. Corresponding mechanisms of coordination in
such contexts at central, regional and local levels are described by
OCHA (2013). These examples advocate for improved multidisciplinary
coordination, but the FST dimension is still poorly addressed. It is also
very important that effective partnerships are developed between na-
tional and local governments.

3.3. Reshaping humanitarian food systems

FAO and CFS (Committee on World Food Security) were among the
first to highlight the importance of the concept of a food system for
understanding the many drivers and interactions that contribute to the
incremental shaping of our foods, from field to plate: ‘A food system
encompasses all the people, institutions and processes by which agricultural
products are produced, processed and brought to consumers' (FAO, 2013b).
In 2014, CFS sharpens this definition by integrating the inputs and
outputs of such activities as well, ‘including socioeconomic and environ-
mental outcomes’ (CFS-HLPE, 2014). In a recent report, CFS also high-
lights the importance of agroecological and other innovative ap-
proaches for sustainable agriculture and food systems that enhance
food security and nutrition (CFS-HLPE, 2019). This holistic approach
clearly outlines the different levels where FST may contribute in im-
proving food safety, quality and acceptability.

In humanitarian contexts, where food insecurity is at its highest, it is
crucial to look at all local foods and every level of the value chain (from
production, processing and delivery to consumption and end-of-life).
This goes far beyond looking at the impact of food systems on the nu-
tritional value of foods alone and advocates for investigating how to
account for other attributes of food quality (safety, taste, convenience)
that may affect food availability, acceptability, utilization and stability.
In the same way, inclusive nutrition-sensitive value chains should in-
clude representatives not only of smallholders but of all the stake-
holders involved in the value chain: producers, processors, transporters
and retailers (CFS, 2016). Through the direct benefit that they may find
in maintaining the value chain, they all bring their own contribution to
strengthening local food security and the sustainability of the con-
cerned Humanitarian Food Systems (HFS), an emerging concept that we
propose to define as described in Fig. 2.

HFSs require specific attention because they operate quite differ-
ently from traditional food systems, some of the main differences being

their fragile and disruptive environment and being driven by donors
rather than beneficiaries. This has often been a conflicting issue when it
questions the competition among NGOs for funding and the inclusive-
ness of beneficiaries. However, this should not justify why HFSs have
been so poorly studied. This opens promising perspectives for using the
need for inclusive and resilient HFSs as a comprehensive conceptual
framework for studying the potential interest of FST in humanitarian
contexts.

HFSs should not be abstract concepts which evolve aside traditional
food systems: both systems should benefit from each other.
Humanitarian situations foreshadow those that industrialized countries
may soon encounter due to the upsurge in climatic, environmental,
economic and migratory crises they regularly face today as well as
emerging pandemics such as COVID-19 and this could be best addressed
by challenging the current HFSs. It is interesting to note the current
revival of small and decentralized food systems that are revitalizing
local food production through processing, with the objective of opti-
mizing better the ‘local unused capacities’ (Gwin & McCain, 2017). This
so-called ‘missing link in sustainable food systems’ could inspire and
benefit HFSs on how they too should invest more in food processing and
how these initiatives could be financially viable.

Most of these key issues of HFST could be captured under the ca-
tegories of ‘products’, ‘processes’ and ‘people and systems’, en-
capsulating different attributes in each category, as summarised in
Fig. 3.

4. Conclusions and recommendations

As a result of natural disasters and economical and political unrest,
the world is facing a humanitarian crisis in an unprecedented scale and
millions of people are food insecure and this problem is likely to worsen
with emerging pandemics such as COVID-19.

UN agencies and a range of NGOs are well equipped to source and
distribute food to those in need in current humanitarian situations,
resulting in significant benefits to affected people. However, the role of
FST and the contribution that it could make in addressing some of the
problems within the global humanitarian food system is not well un-
derstood by relief workers, NGOs, donors, governments, academia or
the R&D community because this topic has not been sufficiently or
methodically explored. In addition, the FST community is not aware of
the challenges and opportunities in humanitarian feeding. It is also
apparent that the vast expertise of the private sector in the food supply
chain is not used to its full potential in current humanitarian supply
chains.

It is important to take an innovative, multidisciplinary, multi-sta-
keholder partnership approach in humanitarian food systems not only
to cope with emergencies in the short term, but also to build resilience
of local communities so that they could secure sufficient, safe and nu-
tritious food in the long term. Food scientists and technologists could
make a significant contribution to this initiative. Such an approach will
enable less dependency on food aid from donors and more reliance on
local sources of agricultural commodities, post-harvest processing and
inclusive human capacities.

The proper implementation of innovative solutions for humani-
tarian systems through multi stakeholder partnerships involving re-
levant UN agencies, donor organizations and NGOs, together with the
research community and the private sector, is likely to result in tangible
outcomes to affected people with significant positive economic, social
and environmental impact to the local communities.

It is recommended:

1) To increase awareness of the critical role and importance of FST in
humanitarian response among humanitarian stakeholders and con-
versely of the challenges and opportunities of humanitarian issues
among food scientists and technologists.

2) That policy makers, donors, governments, NGOs and other
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humanitarian stakeholders recognise that FST plays a key role in
food systems and it should be systematically included in relief and
rehabilitation strategies aiming at sustainable and resilient food
systems. Furthermore, food security interventions need to go beyond
food aid and support to farmers and be expanded throughout the
whole value chain. Such an approach will enable local food security
issues to be addressed in humanitarian response, as well as reducing
food waste, creating local employment and increasing local resi-
lience through the application of FST.

3) That adequate resources are allocated, and investments made in

capability strengthening focused on the application of FST to ad-
dress humanitarian response problems with appropriate, innovative
solutions.

4) That HFST is recognized as a new academic sub-discipline that
should be investigated to build comprehensive multi-disciplinary
curricula and new teaching programs. These programs should be
taught at a high level to train humanitarian stakeholders implicated
in the design and implementation of resilient and inclusive huma-
nitarian food systems, with a strong focus on low-cost, robust and
appropriate food technologies.

Fig. 2. Conceptual framework for Humanitarian Food Systems.

Fig. 3. HFST at the intersection of Products, Processes, People and Systems.
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