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1. Introduction
Both nutrition and food safety researchers are increasingly concerned with providing safe and
nutritious food to people in the face of rapid population growth, urbanisation, increasing food
consumption and climate change (Lake et al. 2012), but working in disciplinary silos prevents
effective collaboration with integrated data collection, analysis and interpretation. This results in
incomplete evidence of the linkages between the fields, a failure to understand the integrated
nature of the food systems-nutrition-health complex, lost opportunities and, in the worst case,
policies that improve one aspect while impairing the other. Collaboration between food safety
specialists (e.g. animal health or veterinary public health experts, or food technologists) and
nutritionists is increasingly common, but often constrained due to limited understanding of
disciplinary paradigms. This article seeks to assist those from the two communities collaborating on
the integration of food safety and nutrition research in animal source foods (ASFs) by presenting a
conceptual approach for the systematic integrated assessment of food safety and nutrition and
discussing disciplinary approaches and their epistemological characteristics. Such work is timely, as
the recently published Work Programme of the United Nations Decade of Action on Nutrition 20162025 highlights that “food safety needs to be integrated into the global food security and nutrition
agenda to make significant progress in improving nutrition” (CFS OEWG-Nutrition 2017).
In many poor human population groups, the consumption of cheap energy-dense and
nutrient-poor foods can cause a triple burden of malnutrition (Pinstrup-Andersen and Watson II
2011) with coexistence of calorie deficiency, micronutrient deficiency and over-nutrition within the
same population, with negative health impacts (Agyei-Mensah and de-Graft Aikins 2010; Delisle et
al. 2012; Hawkes and Ruel 2011; Vorster et al. 2011; Pingali 2015). These problems can be
exacerbated by food-borne infectious diseases and chemical and physical hazards in food. Diarrhoeal
diseases are one of the main causes of morbidity and mortality from infectious diseases (Murray et
al. 2012) and the global burden of food-borne disease in 2010 was estimated at 33 million Disability
Adjusted Life Years (Havelaar et al. 2015). The majority of the identified diarrhoeal disease burden is
caused by zoonotic pathogens including salmonella, Escherichia coli, campylobacter, and helminths
(Murray et al. 2012; WHO 2015). Non-typhoidal salmonellosis causes an estimated 94 million cases
of gastroenteritis and 155,000 human deaths each year, and the majority (86 %) of these infections
is thought to be food-borne (Majowicz et al. 2010). Apart from the debilitating consequences of
people’s food-borne illness, substantial economic costs also accrue due to the reaction of public and
private institutions to disease. Public health and animal health services, industry bodies, farmers
and consumer organisations aim to limit the losses by avoiding, containing, reducing, or removing
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hazards from food value chains, all of which require the use of scarce resources. Infection can
contribute to under-nutrition by increasing the requirements for nutrients during an illness while
also causing loss of appetite, reduced food intake, malabsorption and metabolic losses of nutrients
(Gross et al. 2000). Fears of food-borne disease may discourage people from purchasing or
consuming ASFs in both high (ILRI 2010) and low income settings (Cornelsen et al. 2016; Grace
2015). In countries where there are no substitution possibilities for the foods in question, consumers
either put themselves at risk of food-borne disease when consuming the food due to the lack of
alternatives, or they may increase the risk of malnutrition by excluding nutritious foods from their
diets. For example in Egypt, a rise of human stunting was reported following the avian influenza
outbreak in 2006 due to decreased poultry supply (and less dietary diversity) following mass culling
of poultry to contain the outbreak (Kavle et al. 2015). Such dynamics can cause a vicious cycle of
undernutrition and infection as malnourished individuals are increasingly susceptible to infections.
Although various studies highlight the potential trade-offs between food safety and nutrition
outcomes, there is no conceptual guidance available that supports the concurrent assessment of
nutrition and food safety in food systems. One study evaluated highly pathogenic avian influenza
control measures in Indonesia considering the reduction of animal protein availability due to culling
of poultry (Iannotti et al. 2008). Another study examined the relationship between the microbial
status of complementary foods and disease and nutritional status in children in Bangladesh (Islam et
al. 2012). That study assessed the nutritional impacts of the food safety risk, finding contaminated
foods were correlated with increased frequency of diarrhoea and malnutrition (as measured by
anthropometry) in children. A joint Food Agriculture Organisation (FAO)-WHO meeting in 1995
evaluated the nutritional and disease effects of fermentation of milk and concluded fermentation
could be an important method of increasing food safety (Motarjemi and Nout 1996). In this case,
nutrition and disease outcomes were not opposing; fermentation was also found to be a method of
increasing the nutritional value of food, primarily due to degradation of anti-nutritional factors. In
contrast, an evaluation of the benefits and risks of seafood consumption in the United States
considered both negative and positive impacts of contamination and nutrition on health (Committee
on Nutrient Relationships in Seafood 2007). There the specific nutrient needs of vulnerable groups
were compared to the potential negative consequences of exposure to seafood (potentially
contaminated with heavy metals and residues) and intake recommendations were proposed taking
into account the vulnerabilities of defined target groups (e.g. pregnant women, children < 12 years
of age, adolescent males). Likewise, impacts of specific food hazards on nutrition have been
measured, such as the effect of exposure to aflatoxins on stunting. Aflatoxins are contaminants
produced by fungi present in staple foods when conditions for growth are suitable (high moisture
3
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content and high temperature) due to improper management and climatic conditions (Villers 2014).
In people, acute aflatoxin poisoning (aflatoxicosis) can cause acute hepatotoxic disease, whereas
chronic subsymptomatic exposure is known to have nutritional and immunologic consequences
(Grace et al. 2015; Smith et al. 2015; Williams et al. 2004). Any dose of aflatoxin can have
carcinogenic effects (Williams et al. 2004). Studies in animals showed reduced protein and
micronutrient absorption due to chronic exposure to aflatoxins (Zain 2011). Furthermore, Vitamin A
deficiency was identified in chicken and camels fed with contaminated food while studies in humans
have failed to show an association between Vitamin A and zinc deficiency and aflatoxin exposure
(Gong et al. 2004). A longitudinal study conducted in West Africa in post weaning children over eight
months of age showed an inverse correlation between the height for age score and exposure to
aflatoxins; the difference in height gain between different groups of exposure was 1.7 cm (Gong et
al. 2004). While these studies illustrate multiple links between food safety and nutrition outcomes,
they remain isolated examples in a complex system and there is a dearth of scientific evidence on
the systematic examination of these linkages.
We hypothesise that the interactions between food safety, nutrition and health outcomes
are difficult to quantify in an integrated way due differing paradigms and methods used. To facilitate
collaboration and communication between different food safety and nutrition communities and
sectors we propose an approach to integrate six dimensions for the systematic simultaneous
assessment of food safety and nutrition in livestock and fish value chains. In each step, key
disciplinary paradigms and methodological characteristics that can cause pitfalls for integration are
reviewed and explained. Then, recommendations for joint assessments are provided. This article is
of relevance for both nutrition and food safety professionals to help them gain an understanding of
approaches in the other discipline or sector and recognise opportunities for collaboration and the
design or assessment of research or implementation projects.

2. Overview of the linkages between food safety and nutrition in livestock
and fish value chains
The development of livestock and fish value chains, also commonly called ASF value chains, has been
identified as a method to support the nutrition and livelihoods of rural and urban poor in developing
countries (Dubé et al. 2012; Gelli et al. 2015; ILRI et al. 2011; Lee et al. 2012; World Bank 2007).
Value chain approaches are increasingly utilised to characterise the dynamic and complex
interactions and linkages within food production systems (Rich et al. 2011). Livestock and fish value
chains include activities from production to consumption, involving natural resources and inputs
(e.g. land, water, feed, veterinary drugs); primary production (e.g. livestock, fish); harvesting,
4
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processing and retailing (e.g. slaughter, food manufacturing) and finally the use of goods and
services (e.g. ASF) by consumers. Apart from people, activities, and flows in the value chain, the
value chain analysis also captures services and infrastructure (e.g. transport, financial services,
veterinarians, government officials), legislation, standards, formal and informal rules, and socioeconomic factors and constraints. Different levels of value are realised when products or services
change hands from suppliers to customers. These value chains have the potential to contribute to
health and nutrition by increasing the availability and affordability of nutrient-rich ASF as well as
improving nutrient content and decreasing foodborne disease risks (Gelli et al. 2015). Value chain
approaches are increasingly promoted as a tool sensitive to nutritional concerns and to achieve
nutritional goals (de Brauw et al. 2015). Moreover, they have been described as a suitable approach
to inform food safety risk analysis in food systems (Kariuki et al. 2013; Taylor and Rushton 2011).
The key purpose of food systems is to produce safe and nutritious foods for the benefit of
people; the ultimate outcomes being nutrition and health. Using the UNICEF framework of
determinants of malnutrition, food safety can be conceptualised as a factor influencing both intake
and disease, whereas food security influences intake (Fig. 1). Food safety refers to the conditions
and processes that are applied to the food system to prevent foodborne illness and avoid severe
health hazards. The food security concept was defined by the World Food Summit in 1996 as a
situation that “exists when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food preferences for an active and
healthy life“. This definition led to the establishment of the four pillars of food security, namely,
availability, accessibility, utilisation and stability, facilitating their assessment. Food safety influences
intake and disease in ASF value chains and ultimately nutrition and health in the following manner
(see Fig. 2 and 3).
Impact on the availability of food, defined as “the availability of sufficient quantities of food
of appropriate quality” (FAO 2006):


Changes in the micro- or macro levels of nutrients from ASF along the value chain through
manipulation, such as preservation (e.g. longer shelf life increases availability of ASF due to
reduction in wastage), fortification (e.g. addition of micronutrients improves food
composition), or adulteration (e.g. addition of water dilutes nutrients)



Unhygienic practices in the value chain (e.g. contamination of ASF with foodborne
pathogens or chemical contaminants or spoilage bacteria) can lead to ASF carrying health
hazards and waste due to spoilage. Moreover, risk management measures implemented to
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manage food safety (e.g. recall of unsafe products) can lead to a decrease in the availability
of ASF
Impact on the access to food, defined as “access by individuals to adequate resources
(entitlements) for acquiring appropriate foods for a nutritious diet. Entitlements are defined as the
set of all commodity bundles over which a person can establish command given the legal, political,
economic and social arrangements of the community in which they live” (FAO 2006):


Transformation of ASF, such as preservation (e.g. canning, pasteurisation) can lead to an
increased value (reflected in a higher price) and therefore exclusion of poorer population
groups from its consumption



Avoidance of certain ASF when people fear the consequences for their own health of
diseases potentially contracted from contaminated food products, or have ethical concerns
related to the consumption of certain foods



Employment in the ASF value chain generates income or gives people the possibility to
acquire food more cheaply or as a form of payment
Impact on the utilisation of food, defined as “utilisation of food through adequate diet, clean

water, sanitation and health care to reach a state of nutritional well-being where all physiological
needs are met” (FAO 2006):


Risk of infection with foodborne disease that impacts on the way nutrients are absorbed by
the human body



Inadequate preparation (e.g. overcooking of products) can lead to loss of nutrients
Impact on the stability of food, defined as “adequate food at all times [...] not risk losing

access to food as a consequence of sudden shocks [...] or cyclical events [...]” (FAO 2006):


Transformation of ASF, such as preservation (e.g. canning, pasteurisation) can lead to a
longer shelf life and less vulnerability to seasonal fluctuations



Foodborne pathogens can have cyclical (seasonal) patterns and therefore affect health and
consequently nutrition at different magnitudes throughout the year.
These food safety related changes in the ASF value chains can either have a direct impact on

nutrition (e.g. foodborne diarrhoea leading to malabsorption and weight loss, or adulteration
reducing nutrient intake) or an indirect impact (e.g. wastage of food leading to a decrease in supply
and thereby an increase in price, i.e. a reduction in access due to reduced affordability). Food
security and nutrition assessments provide information on food availability, access, utilisation and
stability as well as nutrient adequacy, the importance of a food product in peoples’ diets and
6
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nutritional status. These assessment protocols have been developed within disciplinary paradigms of
the nutrition community and differ from food safety assessment protocols developed by food safety
experts. Consequently, quantitative information on the linkages described in Fig. 2 is largely lacking.
To be able to address this knowledge and evidence gap, it is important to understand the tools,
approaches and metrics used by the relevant disciplines and to discuss how these could be
combined in joint research. In the next section, six relevant analytical dimensions are described to
facilitate integration in research for food safety and nutrition.

3. Analytical dimensions and their integration
It is proposed to embed traditional risk analysis and nutrition assessment methods into a value chain
analysis to improve understanding of the trade-offs between nutrition and food safety and to inform
investment planning through the most promising interventions that promote nutrition and food
safety simultaneously in ASF value chains (Fig. 2). With this information, policy makers can prioritise
strategies depending on the risk preferences for affected stakeholders (e.g. farmers, retailers,
consumers) and comparative advantages in implementing policies that reduce risks and promote
benefits. Thereby, unintended consequences due to uni-disciplinary or uni-sectoral assessments can
be avoided and resources be allocated efficiently.
The following analytical dimensions are described below: 1) identification of the system of
interest; 2) value chain analysis; 3) food safety risk assessment; 4) nutrition assessment; 5)
integrative analysis and assessment of risk management options; and 6) recommendations for
decision-makers.

3.1 Dimension 1: Identification of the system of interest
For an integrated assessment of food safety and nutrition, it needs to be clear in what context it
occurs and which components of the context it involves. The boundaries of the system determine
what is included in the research. A deliberate focused drawing of boundaries, i.e. choosing which
entities are inside the system and which are outside, is an essential first step in the analysis and
should include consideration of geographical space, populations, time, biology, as well as the
governance space.
The relevant ASF value chains and products of interest may be identified in several ways
depending on the specific objectives of the assessment; potential criteria include the magnitude of
production systems, specific nutritional deficiencies, foodborne pathogens, socio-economic
characteristics, access to products, or health outcomes. When considering nutrition and health
outcomes, the target populations are consumers of the ASFs; this may include people along the
7
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value chain as well as the general population. In nutrition studies, the primary focus commonly lies
on specific population groups that are considered to be nutritionally vulnerable (Barrett 2010).
Particularly children under five, pregnant and lactating women and/or elderly people are considered
the most relevant groups to assess outcomes of nutrition studies and establish the nutrient needs of
a population. Similarly, in a risk assessment for food safety, the target population may be a specific
sub-population at highest risk for the hazard, such as pregnant women, immuno-deficient, allergic or
nutritionally deficient people. Nonetheless, a general population approach is also possible. For
example, studies directed at the general population can help to identify pockets of malnutrition
(Chalimbaud et al. 2015) or to assess food safety risks to the general population. If data exist, a
literature review can help to identify and prioritise vulnerable target populations by collating and
assessing existing health and nutrition indicators. In the absence of such information, a general
population focus may be deemed appropriate.

3.2 Dimension 2: Value chain analysis
Traditional value chain analysis includes four main components: a) mapping and characterising the
people involved in the chain, b) assessing governance within the chain and the rules people use for
making decisions, c) analysis of opportunities for upgrading within the chain, and d) the distribution
of benefits and incomes among different value chain actors (Kaplinsky and Morris 2000). In addition
to identifying geographical and temporal patterns, the people and businesses involved, and animal
and product flows, quantities and prices, this analysis provides insight into the economic, social,
cultural and regulatory factors and constraints that determine the dynamics of the chain (Taylor and
Rushton 2011). This goes beyond the farm-to-fork approach1 traditionally used in food safety, which
aims to ensure that food safety issues are addressed in a continuum that includes all stages of
production in the food chain including primary production, harvesting, storage, processing,
packaging, sales, and consumption. It commonly focuses on the technical aspects in the food chain.
A value chain approach however, can be used to understand the motivations behind behaviours
affecting the safety and the nutrient contents of the product, barriers to change (e.g. lack of market
access, lack of knowledge, lack of inputs), as well as to identify groups that may be
disproportionately bearing health risks or benefiting from the food product. According to Taylor and
Rushton (2011), a value chain analysis provides a map of the organisation and flows of people,
products, and processes; describes main points of production, spatial dimensions, infrastructure,
markets and institutions involved; and summarises key statistics such as production, trade and
consumption volumes, values, prices, and quantities. Moreover, the inclusion of information on

1

Also known as “stable to table”, “farm to table” or “boat to throat” (for aquatic animals)
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practices, rewards, cultural preferences, education and training of the people involved as well as the
governance and equity of the chains allows identifying behavioural patterns that can impact on the
food safety of ASF and nutrition risks in the value chain.
An example of this approach is work carried out to assess different ASF value chains in low
and middle income areas of Nairobi, Kenya. There, the mapping of ruminant food systems following
this approach allowed understanding of how the system functions, and identification of structural
deficiencies and vulnerabilities, as well as opportunities for policy interventions thereby providing
information for policy makers and institutions to discuss tailored improvement plans (Alarcon et al.
2017). A value chain framework was also applied to the broiler chicken meat system of Nairobi,
producing key information about the system characteristics, governance and sanitary risks along the
chain; this work formed the basis for a food safety assessment in the chain (Carron et al. 2015).
Food security and nutrition research has traditionally focused approaches and methods on
the investigation of consumers, either at individual or household levels. Only in the past decade has
a shift been observed to support and understand the coordination between different people in the
value chain and how coordination and value addition affects nutrition (Hawkes and Ruel 2011). For
example, to improve nutritional outcomes, this information can be used to upgrade specific food
supply chains to increase the availability and access of nutritious and healthy food products.
Additionally, value chain analysis can provide insight into what types of value can be added to
increase consumer demand for nutritious foods and how nutritional improvements such as biofortification can affect consumer demand.
There is scope in value chains to promote the efficient production of nutrient-rich foods,
nutrition-sensitive food processing, the reduction of food waste and increase in food safety
simultaneously (McDermott et al. 2015) through an understanding of the economic, social, cultural
and regulatory factors and barriers as well as opportunities to value addition in the chain. Without
such an approach, there is a risk that sectoral policies may have negative consequences in other
sectors. For example, the large scale culling of poultry to control avian influenza outbreaks in seven
countries in Africa in 2007 had severe impacts in terms of livelihoods and food security for many
families (Sonaiya 2007). Similarly, enforcing regulations to limit the sale of food produced in unsafe
environments may limit the availability of nutrient-rich food and discourage entry into the industry.
Increasing food production without effective, feasible and accepted health regulations and support
can increase the incidence of foodborne disease and the burden of non-communicable diseases
(Webb and Block 2012) and/or trigger the emergence of risky consumption practices. For example,
in the Democratic Republic of Congo and Tanzania, pigs heavily infected with the zoonotic Taenia
9
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solium parasite were excluded from formal markets with health regulation enforcement and
consumed at home or sold on informal markets thereby putting people at risk of foodborne disease
(Ngowi et al. 2004; Praet et al. 2010).

3.3 Dimension 3: Food safety assessment in the value chain
A traditional risk assessment as defined by the Codex Alimentarius Commission, a body jointly
established by the WHO and FAO to harmonise food standards and codes of practice (WHO/FAO
2012), assesses the probability and consequences of introducing biological, chemical and physical
hazards into food products. It can be adapted to be used in livestock and fish value chains as
proposed previously (Taylor and Rushton 2011). For example, a value chain mapping including
people and product profiling (involvement and interactions of people and products), geographical
flows (routes of animals and products) and temporal mapping (seasonal fluctuations) provided the
necessary data for a risk-based approach for targeted biological sampling for campylobacter in
poultry value chains in Nairobi, Kenya (Carron et al. 2015).
The Codex Alimentarius Commission adopts a risk analysis approach to food safety,
consisting of three stages: risk assessment, risk management and risk communication. The process
of assessing risk is divided into four steps to determine the risks of a hazard to human health
(WHO/FAO 2012):
1. Hazard identification: Identification of biological, chemical or physical agents present in a
specific food or food type that can cause adverse health effects,
2. Hazard characterisation: Evaluation of the nature and severity of adverse health effects caused
by these agents; this should include a dose-response assessment when appropriate,
3. Exposure assessment: Evaluation of the likely intake of the identified agents through food, and
4. Risk characterisation: Estimation of the probability of occurrence and the severity of potential
adverse health effects in a population based on hazard identification and characterisation and
the exposure assessment. These steps are applied throughout the food chain to determine the
risks of a hazard to human health and capture the dynamics in the chain as suggested in Fig. 2
and Fig. 3.
Data for the risk assessment can be gathered from surveillance, survey and quality standard
data, such as ISO-standards or Hazard Analysis and Critical Control Point (HACCP) data. Active and
passive surveillance systems for a variety of foodborne and zoonotic pathogens are in place in both
developed and developing countries (e.g. Racloz et al. 2012; Vrbova et al. 2010) and at times
combined in international reporting platforms. Animal health surveillance is the systematic
10
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(continuous or repeated) measurement, collection, collation, analysis, interpretation, and timely
dissemination of animal-health and welfare data from defined populations essential for describing
health hazard occurrence and to contribute to the planning, implementation, and evaluation of riskmitigation actions (Hoinville et al. 2013). Such data are a useful source for food safety risk
assessments and can be complemented by further data collection where there are data gaps.
Nevertheless, in countries with limited resources, infrastructure and veterinary service capacity,
many foodborne pathogens that do not cause clinical symptoms in animals and therefore
productivity losses are not part of formal surveillance systems. In such cases, primary data need to
be collected in the value chain.
The Codex Alimentarius Commission adopted the HACCP system to identify food hazards and
measures for control (FAO 1997). This process is a legal requirement in many countries and is
designed to assess and manage risks through the food chain, from production to consumption.
Further guidelines have been developed to adapt it to small businesses and developing countries
(FAO/WHO 2004). These methods evaluate the likelihood and impact of adverse events relating to
specific food safety hazards in order to determine where to focus disease management strategies.
The Codex Alimentarius Commission also established principles and guidelines for nutritional
risk analysis following the Codex Working Principles for Risk Analysis. This structured approach to
assess public health and safety risks from food and food supplements provides a basis for food
regulators and policy makers to establish risk management measures for characterised risks.
Contrary to food safety hazards, nutritional risk analysis needs to take into account the probabilities
of adverse health effects from both inadequate as well as excessive nutrient intake. This process
identifies nutrient-related hazards present in specific foods that have the potential to cause adverse
health effects if an inadequate or excessive amount is consumed and assesses the intake of these
nutrients in a specific population and the probability and severity of resulting health problems
(Richardson 2014). This method can be used to establish guidelines for minimum and maximum daily
dietary intake. In addition, the Codex procedural manual advises risk-risk analysis to assess “risk
associated with a significantly reduced or entirely avoided consumption of a nutritious, staple food
in response to a dietary hazard such as a contaminant present in that food” (FAO/WHO 2013).
Extending the use of the risk assessment framework to consider both food safety and nutrition can
be used to provide a more balanced assessment of the health benefits and costs associated with a
specific food product.
The desired outcome of the risk assessment is a measure of the probability of effects on
human health attributable to a specific hazard, food, process, region, distribution pathway or some
11
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combination. Depending on the expertise of the team, limitations in theory or data obtainable,
breadth of application, speed, transparency, the stage of the analysis, a desire for consistency of the
approach and the responsiveness of risk characterisation measures to new evidence, risk assessment
methods can range from qualitative through semi-quantitative to fully quantitative (FAO/WHO
2009). In any case, the risk assessment will require gathering data on the nature, frequency and
severity of adverse effects detected at different levels of intake in different population groups as
well as data on the frequency and quantity of intake of individual and defined population groups.
In resource scarce and/or informal settings, the latter being characterised by “non-linear,
unregulated, heterogeneous and self-organising food value chains” (Grace et al. 2010), the
integration of participatory methods (e.g. stakeholder analysis, outcome mapping, power mapping)
and gender analysis in the risk assessment is recommended (Grace et al. 2010, 2008). The inclusion
of participatory methodologies in risk assessments allow revealing unusual practices and insights,
while gender analysis helps to assess incentive structures and capacities for risk management (Grace
et al. 2008).

3.4 Dimension 4: Nutrition assessment in livestock and fish value chains
Table 1 summarises tools that can be used to assess nutrition and food security directly or indirectly.
In nutrition, anthropometry and biomarker indicators are the most accurate measurement tools to
assess nutrition outcomes, based on measurements of individual body dimensions and nutrient
levels respectively. It is important to complement the anthropometric indices or blood or urine
measurements with food security metrics and other information for a better understanding of the
specific determinants of malnutrition and to design cost-effective interventions (Gerber and Torero
2013). Anthropometric and biomarker measurement are logistically burdensome and require
experienced enumerators, and biomarkers are invasive and expensive. These indicators are the
result of a number of factors, and other intermediate indicators may be more suited to assess the
impact of value chain interventions.
Several data collection methods exist to assess individual dietary intake, such as keeping
food records or diaries with portion size weight or estimation, conducting 24-hour recalls and food
frequency questionnaire surveys. The information from these assessments can be used to calculate
nutrient intakes directly or to create individual dietary diversity scores, which are a proxy of the
micronutrient adequacy of the diet (Arimond et al. 2010; Ruel et al. 2010). Challenges related to data
collection for individual dietary intake include respondent bias (over- or under reporting), recall bias,
measurement error, and behaviour modification.
12
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To calculate nutrient intake directly, food composition tables are commonly used. These
food composition tables are specific to countries, regions or populations consuming a similar diet,
listing all common foods. However, despite the standardised process of developing food
composition tables and analysing nutrient contents of food samples, there are high degrees of
variation in nutrient composition due to variations in crop and animal production and processing and
storage methods (Greenfield and Southgate 2003). For example, beef cattle fed on grass were found
to have significantly higher levels of total omega-3 (n-3) and long chain n-3 fatty acids in their meat
compared to grain-fed groups (Ponnampalam et al. 2006). Similarly, wild salmon showed a higher
proportion of long chain n-3 fatty acids over the total lipid content in comparison to farmed salmon,
which is attributed to the crustacean and marine fish diet (Henriques et al 2014). However, farmed
salmon presented a higher absolute lipid content due to their diet, production system and
physiology, which also included a higher absolute content of long chain n-3 fatty acids compared to
wild species (Henriques et al. 2014). Post-production, processing methods (e.g. cooking, additives
and storage practices) can cause substantial changes in the nutrient content of the final product;
these changes in nutrient content can be measured using laboratory tests or be estimated from
existing databases such as the USDA National Nutrient Database (USDA 2011). However, this level of
detail is frequently not reflected in the usual dietary assessment as specific details can be difficult to
obtain, both from the respondent and from the available food composition tables, leading to
estimation errors. In addition, many countries do not have specific databases and some of their local
food products do not exist in other databases (e.g. bush animals, specific breeds, specific types of
meat or dairy products, etc.).
Food consumption scores that measure the number and frequency of specific foods
consumed over a period of time (1 day to 7 days maximum), provide a measure of food security and
access to these food products (FAO 2008). Food consumption scores can be calculated using the
WFP methodology of scoring, which integrates food frequency data and nutritional importance of
the food consumed (Wiesmann et al. 2009). Within this assessment, the individual food
consumption score is compared with regional data in order to assess whether the diet is poor,
borderline or adequate and likely to meet micronutrient needs.
In order to determine household food security, measurement tools like the FANTA
Household Food Insecurity Access Scale (HFIAS), Coping Strategies Index, and Household Economy
Approach are commonly used to measure food access (WFP 2009). The FANTA HFIAS survey
measures uncertainty and anxiety over food access, perceptions of insufficient food quality and
quantities and reported reductions of food intake and consequences of reduced intake (Coates et al.
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2007; IPC Global Partner 2008). The Coping Strategies Index measures coping strategies in response
to decreased food security, such as dietary changes from preferred foods, reduction of meal
numbers, methods of food acquisition, migration and rationing strategies (Maxwell and Caldwell
2008). The Household Economy Approach estimates food gaps by comparing resources, such as
income and food sources, against food and essential need requirements (Save the Children UK
2000). This can include very detailed quantitative assessments (WFP 2009), simplified participatory
assessments (WFP 2002) and rapid assessments based on interviews with key informants on how
food access has changed in response to a crisis (SMART 2007). Months of adequate household food
provisioning (MAHFP) can be used to determine food availability over the past 12 months (Bilinsky
and Swindale 2010).
Other types of assessments employ participatory rural appraisal techniques; compiling
community focus groups, interviewing key informants and conducting transect walks to determine
the food security status of the community or target population (Beerlandt and Huysman 1999;
ENCU/DPPA 2006; IFRC 2006; WHO 1995). Further, market analysis techniques that assess market
structure, conduct and performance, have been applied to input and food markets as an early
warning system for famines and food security crises by identifying potential factors limiting access to
and availability of food (Kizito 2008).
Apart from the data collection methods described above to estimate the different indicators,
other sources of (secondary) data can be used. For example, national statistics on the availability of
food based on aggregated data can help to identify general trends such as food shortages, demand
projections, and define objectives for agriculture production (Jones et al. 2013). Demographic and
Health Surveys may include nutrition indicators and be used for long term monitoring of trends (e.g.
UNICEF 2013) and the WHO’s Nutrition Landscape Information System (NLiS) provides information
on nutrition and development in the form of country profiles.

3.5 Dimension 5: Integration of data and information and assessment of risk management
options
The information from the risk assessment, the nutrition assessment and the value chain analysis
allows us to identify points in the system where nutrients may be lost, how hazards enter the chain
and where opportunities exist to increase the nutritional value, including food safety. By looking at
the different dimensions described above, it is possible to recognise the interconnections between
key components and to understand how they influence one another. It is at this stage where tradeoffs and/or co-benefits in terms of food safety and nutrition interventions and the direction of the
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effects becomes apparent. Moreover, it allows the identification of unintended consequences
resulting from an action, e.g. a price increase related to improvement of food hygiene. Such
information will help to describe the promising points of intervention that might lead to improved
outcomes.
Ideally, unidirectional effects of interventions are identified that both improve or decrease
food safety and nutrition and provide suitable entry points for effective risk management. For
example, to reduce health and nutrition outcomes due to aflatoxins, an intervention strategy
avoiding the build up of aflatoxin in grains (e.g. improved grain storage) would benefit human health
and nutrition directly by reducing chronic and acute aflatoxicosis from the consumption of
contaminated grains and derivatives in ASFs and indirectly through increased production and safety
of ASFs because animals are not given contaminated feed. Similarly, dairy development projects
have used value chain approaches to link smallholder dairy farmers and other value chain actors to
increase the availability of dairy products for producers and consumers (Hawkes and Ruel 2011).
These projects had the additional benefit of increasing incomes of producers, indirectly contributing
to improved nutritional status within households and communities. They should be further
investigated to account for the changes in foodborne disease risk due to increased exposure and
changes in handling and storage practices. Generally, if nutrition and food safety goals appear to be
conflicting, interventions can be designed to minimise negative consequences, such as through
consumer education programmes.
An important aspect to consider when collating the different streams of information is the
divergence in the analytical dimensions, as illustrated in Table 2. While food safety risk assessments
are commonly concerned with the frequency of consumption and quantity consumed over a
prolonged time period (e.g. average number of times a product is consumed per year), food security
and nutrition assessments commonly focus on data collection over rather short time spans (e.g. 24
hour recall) and repeat data collection for longer term information is required. Another major
difference is that food safety approaches tend to focus on one or a few commodities only, while
food and nutrition assessments embrace the whole of the diet or focus on final outcomes (i.e.
nutrition). Finally, food safety activities take a farm-to-fork approach, while nutrition research
traditionally addresses the outcomes of value chain activities at the individual or household level. If
these differing dimensions are to be bridged, it is important to identify data links and how these can
be connected effectively.
Information from value chain analyses, such as the geographical patterns, nodes and animal
and food product flows and quantities can be used to map the processes and identify critical control
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points. Additionally, data on the profitability of different activities within the value chain and the
social, cultural and regulatory factors that influence decision-making can be used to identify
incentives and disincentives for people in the value chain as a basis for the development of
measures to improve food safety or increase nutritional content. The combined information allows
designing intervention strategies that take into account the food system context and are potentially
effective, feasible, holistic and acceptable. Once potential feasible interventions have been
identified, the direct and indirect impacts such as changes in nutritional content and disease risks, or
changes in consumer perceptions of acceptability, or changes in affordability through price or
income changes, should be estimated.
The benefits of potential interventions include economic benefits, such as increased profits
to value chain actors, and non-monetary benefits, such as the prevention of human morbidity and
mortality or improved livelihoods. The costs of potential interventions include monetary costs of
implementing the intervention and any associated health costs, such as a decrease in the nutritional
content of the food or expected changes in consumption and demand. The costs and benefits of any
potential intervention can be combined in cost-benefit or cost-effectiveness analysis, showing either
the economic or health benefits of each dollar spent.

3.6 Dimension 6: Recommendations for decision-makers
To encourage uptake of the research results, information should be presented to policy makers in an
integrated manner, showing all expected monetary and non-monetary costs and benefits of
proposed interventions. The most frequently reported barriers to uptake of evidence by policy
makers were described as “poor access to good quality relevant research, and lack of timely research
output” (Oliver et al. 2014). There is an increasing body of evidence available about the effectiveness
of knowledge synthesis and translation as well as evidence-based implementation (Grimshaw et al.
2012). An increasing number of guidelines exist about what to communicate, to whom, by whom
and how (e.g. https://www.publicengagement.ac.uk/how/guides/engaging-policymakers). In any
case, data used and any data gaps should be clearly communicated and sensitivity analysis
conducted to test the robustness of any assumptions. To facilitate interpretation of results, the
findings may be presented by component followed by recommendations based on the integrated
findings.

4. Discussion
By explicitly addressing nutritional and foodborne disease outcomes in combination with value chain
analysis, policies and interventions can be targeted to improve the overall health and well-being of
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people working in the chain and consumers. In this paper, we address the term “safe” commonly
seen in food security definitions and translate the ‘‘One Health’’ concept into a practical approach
that helps to bridge the gap between the Veterinary Public Health world, which is mainly concerned
with food safety, animal health and productivity issues at a farm level, and the Nutritionist world,
which is more focused on nutrition outcomes. Although the measurement of food and nutrition
security often includes food safety from a conceptual point of view, the indicators for food safety are
rarely included or considered, or only in a general, rather unspecific manner (Herforth et al. 2016).
The overview of the linkages between food safety and nutrition (Section 2) outlines the
complex relationships that exist between food safety and nutrition. Multiple frameworks emerging
in the food system, nutrition and health nexus describe similar complex and evolving relationships
and the challenges and opportunities related to interdisciplinary working (Picchioni et al. 2017). With
an increasing pressure on policymakers to generate co-benefits and efficiency (Picchioni et al. 2017),
integrated studies are valuable to decision makers and should be an inherent part of any projects
that look at leveraging agricultural value chains for nutrition. The integration of the analytical
dimension described (in Section 3) should be done in cooperation between epidemiologists,
veterinarians, medical doctors, economists, anthropologists, nutritionists, and social scientists in the
spirit of interdisciplinarity benefiting from true closer cooperation across multiple sectors.
Although the conceptual approach presented here is designed to address many of the
complex relationships between food safety and nutrition, it is not entirely comprehensive. The
primary factor effecting food utilisation (i.e. “utilisation of food through adequate diet, clean water,
sanitation and health care to reach a state of nutritional well-being where all physiological needs are
met” (FAO 2006)) is individual health status. Illness and disease can lead to loss of appetite and poor
absorption of the nutrients ingested. Child caring practices are another important component of
food security for children as they are reliant on parents and other caretakers to provide safe and
nutritious food.
As most of the steps require data collection, the whole approach may be costly and not
always be feasible to undertake. Hence, it is advised to use secondary data where appropriate (e.g.
national food surveys, existing value chain analysis) and focus data collection on the most relevant
gaps identified. Participatory approaches are also useful in generating information rapidly and at low
cost. Alternatively, it may be recommendable to target efforts at the most immediate needs, with
additional analysis added over time to gain a more complete picture.
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Similar approaches, using a diverse set of metrics to represent economic and other criteria,
have been used to evaluate environmental consequences of land use decisions (Bateman et al.
2013). Combining metrics from various disciplines allows decision makers to capture the full picture
and evaluate which criteria are a priority, which in turn helps to take informed decisions on the best
use of scarce resources. We anticipate that this article will contribute to the enhancement of the
food safety aspect in nutrition research in livestock and fish value chains and to the promotion of an
effective research and policy dialogue.
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FIGURE CAPTIONS
Fig. 1 Overview of how food safety and food security link to the immediate causes of malnutrition
Fig. 2 Overview of the linkages between food safety and nutrition in livestock and fish value chains
*Food-borne hazards can be microbiological, biochemical, or physical. Microbiological risks emerge,
enter, and spread in value chains. **Disease control measures in animals (e.g. culling of infected
animals) can reduce food safety risks, but also influence negatively the provision of animal source
food. For reasons of clarity, these relationships are not illustrated in the figure
Fig. 3 Entry of food-borne hazards, influencing factors, and potential data sources to inform a risk
assessment in animal source food value chains
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Table 1 Main characteristics, advantages and disadvantages of nutrition and food security measurement tools. Compiled based on Barrett (2010), Gerber and Torero (2013), Jones et al.
(2013) and Vhurumuku (2014). HH = household.
Tool / metric /
indicator
Anthropometry

Dimension

Definition - characteristics

Purpose

Advantages

Disadvantages

Nutrition

Assess individual nutritional status
(growth) and determine prevalence
of malnutrition; identify groups at
risk; monitor nutrition changes;
evaluate nutrition impact of
interventions

Gold standard to monitor growth;
accurate estimation of intra-HH
differences can help to understand
food allocation and utilisation;
suitable to assess nutritional impact
of interventions

Does not provide information on
food intake (or underlying factors
thereof) and therefore needs to be
combined with other metrics;
laborious/time/resource intensive

Biomarkers

Nutrition

Assess individual response to
dietary intake; determine
prevalence of malnutrition; identify
groups at risk; monitor nutrition
changes; evaluate nutrition impact
of interventions

Gold standard to asses
micronutrient status (specific tests);
support evidence-based clinical
guidance and effective health
interventions and policies

Do not provide information on food
intake (or underlying factors
thereof) and therefore need to be
combined with other metrics;
laborious/time/resource intensive;
ethical concerns

Dietary intake
assessment

Nutrition

Measurement of different body
dimensions to calculate several
indicators; weight for height, height
for age, weight for age, upper arm
circumference and body mass index
are the most commonly used. They
measure the degree of acute or
chronic malnutrition. There are
other less frequently used such as
head circumference or skinfolds.
Child growth indicators are
generally used by comparing to a
reference population
Biological samples from body fluids
such as blood plasma, urine, milk or
saliva that can provide information
on nutritional status with respect to
intake or metabolism of dietary
constituents. They can be the
dietary nutrients themselves or
end-products of the dietary
substances
Measurement of nutrient intake
through surveys, including 24 hour
records or recalls, with weighing or
estimation of portion sizes and use
of food composition tables to
calculate the nutrient content of
each food

Assess individual nutrient intake;
identify adequacy of diet and
groups at risk; monitor nutrition
changes; evaluate nutrition impact
of interventions

Measures quantity of food
consumed; can identify HH food
demand and intra-HH food
distribution if applied to different
HH members; determines changes
in consumption and dietary quality

Individual Dietary
Diversity Score
(IDDS): Women
Dietary Diversity

Nutrition

Questionnaire based 24 hour recall
survey. Children are targeted from
6 to 23 months as well as women

Assess the diversity of foods (but
not the amount) at the level of the
individual. Validated against
micronutrient (density) adequacy

Proxy for diet adequacy for
micronutrients; less labour and
resource intense than
measurement of dietary intake

Laborious and resource intense, as
requires dietary intake data
collection as well as food
composition tables when they are
unavailable, and comparison with
reference groups. Prone to
respondent and recall bias,
measurement error, and behaviour
modification
No information about quantity
consumed or frequency of
consumption of food groups
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Score (WDDS), Child
Minimum Dietary
Diversity
Household Dietary
Diversity Score
(HDDS)

Food Consumption
Score (FCS)

Food
security

Questionnaire based 24 hour recall;
unit of investigation is the HH. It is
validated against HH calorie
acquisition and provides an
estimate of food security. It also
gives information about the variety
of diets that according to several
studies is associated with improved
health outcomes

Food
security

Questionnaire based survey. The
FCS is an indirect indicator based on
consumption frequency
information that uses weighted
categories to measure food
security/insecurity

for micronutrients it provides an
indirect measure of micronutrient
adequacy of the diet
Assess the dietary diversity of the
HH. Validated against HH calorie
acquisition it provides a measure of
food security

Assess dietary diversity of the HH as
a measure of food security

Proxy for HH food access / energy
availability; less labour and
resource intense than
measurement of dietary intake;
provides information on diversity of
different food groups and data can
be disaggregated by sex of HH
head, strata and other areas of
interest; suitable for monitoring of
changes due to interventions (e.g.
impact on HH’s dietary habits)
Frequency of consumption and
diversity of diet allows determining
risk of micronutrient deficiencies
and of severe food access issues;
minimal data collection and
information is straightforward to
collect; straightforward calculation
of the indicator; positive association
with nutrient quality of diets and
child anthropometry

No information about quantity,
frequency of consumption of food
groups nor a weight on these
according to the nutritional value;
non-context-specific – it is advisable
to adapt indicators to contextspecific data for food groups and
weighting; measurement challenges

No information about seasonal
changes and intra- HH food
distribution; does not capture
changes in food consumption;
depends on determination of cutoffs that may over or
underestimate food security; noncontext-specific – it is advisable to
adapt indicators to context-specific
data for food groups and weighting;
measurement challenges
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Coping Strategies
Index (CSI/rCSI)

Food
security

Participatory adaptation-based
measure that uses participatory
rural assessment to capture
quantity and quality of food
consumed
An analytical framework used in
poverty and vulnerability
assessments that uses participatory
rural assessment methods

Assess consumption behaviours as
a monitoring tool to inform
development programmes and
guide aid targeting

Assess consumption behaviours,
sufficiency and psychological
factors. It provides a simple tool for
targeting, monitoring, and
evaluation
Assess consumption behaviours and
extreme insufficiency

Household
Economy Approach
(HEA)

Food
security

Household Food
Insecurity and
Access Scale
(HFIAS)

Food
security

Experience-based indicator that is
used to assess and monitor
prevalence of HH food insecurity

Household Hunger
Scale (HHS)

Food
security

Household
Consumption and
Expenditure
Surveys

Food
security

Experience-based indicator to
assess and monitor prevalence of
hunger
Poverty measure that uses
consumer price indices and HH
socio-economic status

Assess consumption behaviours and
livelihood information

Assess food acquisition

A reduced version that limits the
strategies to 5 is reported to lose
the context value, but being useful
to compare food security status
across context
Context specific; provides in-depth
understanding of the nature of food
security; can predict the effect of
potential hazards on livelihood and
food security (vulnerability)
Positive association with HH
socioeconomic indicators, dietary
diversity, lower risk of
undernutrition

On its own, it is not very meaningful

Captures more severe behaviours;
simple to use

Reduced metric that lacks wider
dimensions of food security, such as
quality
Assumes that food acquisition
equals food consumption; food
expenditure data only capture
monetary value of food; does not
account for individual consumption,
food wasted or food consumed that
does not need to be paid for

Properly collected data allow for
population-level estimate of diet
quality; less costly and time
consuming than other methods

It is not designed to produce a
quantifiable output

Insufficient quality (includes variety
and preferences of the type of
food)

Table 2 Comparison of key characteristics in food safety and nutrition research
Food safety research
Food chain; often following products from farm to fork/stable to
table/boat to throat

Nutrition research
Human populations; individual level

Purpose

Assess risk of foodborne hazards, identify points of intervention to
improve food safety

Data collection

Primary (including biological sample collection and laboratory
testing) and secondary data collection at multiple levels including
hazards (e.g. review of biological characteristics), animals (e.g.

Assess the nutritional status of an individual or a population, which is the
result of many inter-related factors, including dietary intake, physical
activity and disease
Direct data collection at individual individuals (often those nutritionally
more vulnerable, e.g. children and women). Indirect data related to
potential for consumption (i.e. food security) can be informative (at

Unit of analysis
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Methods and
measures



prevalence, incidence, outbreak data), food and the food chain
(e.g. contamination levels of equipment, facilities, products etc.
and risk mitigation measures in place) as well as consumers (e.g.
dietary consumption data; consumer food storage and handling
practices; public health measures like incidence, prevalence,
outbreaks, disability adjusted life years; capacity and
implementation of risk mitigation measures)

household level, at village level, at country level)

Literature reviews and analyses of primary and secondary data
listed above in a qualitative or quantitative way to estimate
the probability of the intake of an identified and characterised
undesired hazard and the size of the consequences following
intake in a given population. A hazard can be biological,
chemical or physical. For the quantitative analyses,
probabilistic modelling is often used

ABCD methods of nutritional assessment:

Anthropometric measurements (of body composition),

Biochemical measurements in people (i.e. nutrient levels,
generally in blood or urine),

Clinical assessment (specific symptoms, pathognomonic of
nutrient deficiencies)

Dietary assessment (e.g. recall, weighed records, etc.)

Regular through food chain and public health surveillance or
sporadic through targeted surveys

Regular through surveillance and monitoring systems or sporadic through
targeted surveys


Data collection
mechanisms
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