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Publishable Summary 

To answer questions from the field of food and nutrition security (FNS), including food quality, 
sustainability, and the link between diet and health, various types of data must be gathered, consistently 
integrated, co-analysed and interpreted. This includes, for example, food composition data, food 
authenticity and traceability data, food consumption data and health biomarker data. Considering its 
multidisciplinary nature, the FNS field produces data that can significantly differ in the way the data are 
generated, structured, formatted, and in the way (same) concepts are expressed, which makes the 
integration and joint use of such data by humans as well as its incorporation into FNS cloud information 
platforms challenging. 

The FNS-Cloud aims to provide a platform for collecting, sharing, structuring, harmonizing, matching and 
linking data within and across FNS-related research areas to support integrative data analysis and 
interpretation. As a starting point, a set of defined data requirements (i.e. what type of data and what 
variables are necessary to answer a given research question) and applicability criteria (i.e. when is data 
suitable for harmonization and integration) is needed. 

The goal of Task 3.1 (T3.1) is to provide an operational workflow for the development of data requirements 
and applicability criteria, including an initial set of criteria. Such workflow and initial criteria will help to 
develop information technology tools (e.g. machine learning algorithms) that will facilitate (semi-
)automated data harmonization and integration and enable data interoperability within the FNS-Cloud 
data platform. 

As a first step, an ‘FNS data map’ is created to delineate the FNS field and define FNS-related ‘research 
question spaces’ (i.e. broad research interests or purposes) as well as FNS-relevant data domains and the 
different types of data they entail. Three data domains were found to capture knowledge and research 
foci of the FNS field: The ‘Agrifood’ domain covers all data related to food composition, quality, safety, 
production processes (including farming activities) and sustainability (e.g. food composition data, branded 
food data, agronomic performance data). The ‘Intake of food and lifestyle’ domain covers all data 
generated on the consumers, their food/lifestyle related behaviours and their nutrient/contaminant 
intake (e.g. consumption data, sociodemographic data, and fertilizer residue data). Finally, the ‘Health, 
body function and disease risk’ domain includes data on outcomes/effects of nutrition and of exposure to 
e.g. foodborne contaminants (e.g. health biomarker data, chemical toxicity data, and genomic data). The 
FNS data map provides a first level association between the diverse data available within the FNS field and 
can be used as reference to cluster, organize and tag data in the FNS Cloud. 

In a second step, examples of FNS-relevant data standards, reporting guidelines and ontologies, which can 
aid in data harmonization and integration, are presented and linked to the FNS data domain(s) that they 
apply to. Similarly, all FNS datasets available to the project via the FNS-Cloud consortium are mapped onto 
their associated data domains and data types and linked to potential research questions. This manual 
mapping of FNS data to their respective data domains, data types and most importantly to potential 
research questions reflects processes that will take place ‘in the background’ (internal processing) of the 
FNS Cloud. The FNS data map will allow (a) to identify data requirements in response to inserted user 
questions and (b) to effectively retrieve information for users. 

Based on the analysis of FNS data available via the project consortium, common data gaps, relating 
primarily to study metadata, are discussed and three main sources of inconsistencies between FNS 
datasets identified: (a) inconsistencies in the way concepts are expressed (nomenclature), (b) 
inconsistencies in the way values are measured (i.e. their units, data field types and variable type) and (c) 
inconsistencies in the way the data is saved (data file formats). To address such inconsistencies, 
applicability criteria targeting the harmonization of data nomenclature (nomenclature criteria) as well as 
criteria targeting the harmonization of actual data values (data value criteria) are needed. 
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Two illustrative research question case studies are presented within this report to demonstrate the 
development of data requirements and applicability criteria along two practical case examples. In the case 
studies, we use one single-domain and one cross-domain research question. Research questions are 
defined based on the availability and accessibility of datasets to the project consortium. For the single-
domain question, branded food data from three European countries (NL, CH and SI) are used, whereas for 
the cross-domain question two datasets entailing food consumption and health biomarker data from two 
EU-funded projects (‘Food4me’ and ‘Feel4Diabetes’) are used. Except the Swiss data, datasets are not 
publicly available and were provided by the respective project partners within the FNS-Cloud consortium. 

For each case study, a list of common variables or parameters included in the datasets is defined, which 
are necessary to answer the research questions. These variables are then considered targets of 
harmonization, and thus, are used as candidates for developing data requirements and applicability 
criteria. 

Applicability criteria formalize the process of (a) checking the submitted data for any given parameter 
against standard, agreed upon formats, and (b) applying, where necessary, processing algorithms to 
harmonize the data and enable (semi-)automatic data integration and consolidation. Generic (domain-
independent) criteria are developed to cover the harmonization of generic metadata parameters such as 
‘dataset title’ or ‘date’, whereas domain-specific criteria cover study design, study population or sample 
and data type-specific parameters, such as ‘physical activity’ or ‘food product group’. 

Decision trees to represent the applicability criteria (Parameter (A) fits the defined standard format 
(Yes/No), if not – Parameter (A) can be transformed to defined standard format (Yes/No)) are designed 
for selected variables required to answer the research questions. The developed ‘criteria catalogue’ 
demonstrates the development of applicability criteria for different FNS data, providing a formalized 
framework for automatic data processing procedures that will take place ‘in the background’ to enable 
data integration and interoperability. 

Recommendations regarding the development and application of data requirements and applicability 
criteria are finally provided for three stakeholder groups (target audience): for FNS-Cloud platform 
developers, FNS-Cloud data providers, and FNS-Cloud users. FNS-Cloud developers are advised to map FNS 
data to research questions, data domains and data types and use ontology-based keywords (‘tags’) to 
enable efficient conceptual matching between existing data on the Cloud and user queries. They are 
further advised to develop a comprehensive FNS-Cloud internal ontology for standardized annotation of 
incoming data, and to define a set of minimal requirements for metadata in each data domain and 
preferably even for each data type. Finally, a list of key variables in each dataset, that are required to 
answer research questions of scientific interest, shall be generated with the help of data providers and 
other experts in the consortium. A standard or reference format for each one of these variables for the 
Cloud shall be agreed upon and applicability criteria developed for them in the same way they are 
developed in the present report. 

Data providers, on the other hand, can ease the integration of their data and enable its reuse for new 
questions by providing complete and if possible, ontology-based metadata, as well as following domain-
specific reporting guidelines and checklists. Legal and ethical questions of data sharing must be resolved 
from both sides – data providers and Cloud developers – at the earliest convenience. Finally, data users 
are advised to clearly define their research questions, agree on their data needs to answer the question 
and use, where possible, ontology-based keywords to search for data on the Cloud and identify the most 
suitable datasets. 
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1. Introduction 

1.1 Background and rationale 

Addressing food and nutrition security (FNS), health and sustainability-related challenges involves 
answering complex research questions, which in turn require combining various types of data such as food 
composition data, food authenticity & traceability data, food consumption data and health biomarker 
data. It may further require the (re)use and combined analysis of data from comparable studies to validate 
statistical results, strengthen conclusions, improve generalizability and sometimes lead to new findings 
(Sansone et al., 2012). However, aligning and linking diverse data in a centralised repository of FNS-related 
knowledge faces several obstacles. For instance, each dataset may use its own coding systems (e.g. food 
classification coding). Data from different researchers, sources and laboratories are currently 
heterogeneous and not harmonized, which makes their conjoint use by humans as well as incorporation 
into information systems difficult (Eftimov et al., 2019; Muljarto et al., 2017). 

The FNS-Cloud aims to provide a platform for collecting, sharing, structuring, matching and linking data 
within and across FNS-related research areas to support conjoint data analysis and interpretation. To 
achieve this, the data must be prepared following the Findability, Accessibility, Interoperability, and 
Reusability (FAIR) principles for scientific data management and stewardship (Wilkinson et al., 2016). 
Interoperability means the ability of heterogeneous data from different data sources and laboratories to 
integrate or work together with minimal effort (Nogueira et al., 2016). 

To make data integration (i.e. submission and consolidation of data from different data providers) and use 
(i.e. extraction and combined analysis of stored data by researchers or decision makers) within the FNS-
Cloud possible, data stored in such a platform need to be harmonized, structured, accessible in a 
machine-readable format, and made interoperable. This can be achieved through (a) the availability of 
adequate metadata describing datasets and (b) the use of integrated domain ontologies (i.e. semantic 
data models) for standardized annotation (Ćwiek-Kupczyńska et al., 2016), which ultimately facilitates 
(semi-)automated data harmonization and integration. 

As a starting point to systematically and semi-automatically harmonize, structure and annotate data 
within a data repository such as the FNS-Cloud, a set of defined data requirements (i.e. what type of data 
and what variables are necessary to answer a given research question) as well as a set of applicability 
criteria (i.e. when is data suitable for harmonization and integration) is required. 

1.2 Objectives 

The overarching goal of Task 3.1 (T3.1) is to provide an operational workflow to define data requirements 
and applicability criteria, including an initial set of criteria. Such workflow and initial criteria will help to 
develop information technology tools (e.g. machine learning algorithms) that will facilitate (semi-
)automated data harmonization and integration, and enable data interoperability within the FNS-Cloud 
data platform. 

To achieve this goal, a set of specific objectives are defined: 

- To map the FNS field by identifying FNS-related ‘research question spaces’, research areas or data 
domains and types of data or datasets produced under each domain. 

- To provide an overview of data standards, ontologies (or thesauri) and data reporting guidelines 
relevant for harmonization and standardization of FNS data. 

- To identify gaps (e.g. in metadata descriptions), inconsistencies (e.g. in data nomenclature and 
units) and other data harmonization requirements and to provide guidance on mapping FNS-
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related types of data/ datasets to identified data domains, research questions as well as related 
data standards, ontologies, and reporting guidelines. 

- To develop a consistent initial set of data requirements and applicability criteria along two 
illustrative case studies, where, for two relevant research questions, required input data to 
answer these questions are systematically analysed and compared. Based on the selected 
research questions, data requirements to answer these questions as well as applicability criteria 
that will render the associated datasets interoperable will be developed and discussed. It is 
foreseen to include one question which requires data (datasets) from different research areas or 
data domains (cross-domain question), while the other question pertains to a single research 
area/ data domain (single domain question). This way, interoperability challenges within and 
across research areas and data domains will be highlighted. It is not intended to develop an 
exhaustive list of criteria, but to rather demonstrate the development of data requirements and 
applicability criteria along two practical case examples. 

- To provide a set of recommendations, structured as a list of bullet points, for different stakeholder 
groups to facilitate data harmonization and integration and enable efficient use & reuse of 
available data for new research questions. 

The outputs of this task build on and complement the work done in Task 2.1. A data map for the FNS-Cloud 
is first developed in collaboration between the two tasks’ beneficiaries as a basis for structuring FNS 
data. While a comprehensive review of existing guidelines, data exchange models and thesauri was 
conducted in T2.1 to identify and recommend certain data models and advanced programme 
interfaces for different FNS data domains and types, a short review of data standards, reporting 
guidelines and ontologies was done in T3.1 to demonstrate the process of mapping such resources to 
different FNS data domains and types as the first step to defining data requirements and applicability 
criteria. The work done here is, thus, mainly aimed at proposing and demonstrating the whole 
workflow to define data requirements and applicability criteria for different FNS data domains and 
types as a prerequisite for achieving data interoperability and (semi)-automatically integrating diverse 
data into the FNS-Cloud.   

1.3 Target audience 

As target audience of the present document, we identified three stakeholder groups, which are targeted 
with our criteria catalogue: 

- FNS-Cloud platform developers: this stakeholder group includes academic and technical experts 
developing FNS-Cloud approaches and technologies for handling and (pre-) processing any type 
of data in a (semi-)automated and structured manner. Our data requirements and criteria 
catalogue provide a starting point for and formalize the process of identifying the connections 
across FNS-relevant data types and data domains, mapping data(sets) to related data domains, 
specific user questions, ontologies, standards and guidelines and developing the required 
interfaces and algorithms to semi-automatically harmonize, structure and integrate data for joint 
analysis, interpretation and visualization. 

- FNS-Cloud data providers: this stakeholder group includes academic, industry, regulatory and any 
other users who wish to make their data available for the FNS-Cloud platform under their 
respective licence agreements. Our data requirements and criteria catalogue provide initial pre-
processing recommendations (e.g. metadata descriptions) that can be implemented by the data 
providers themselves, which will ease upload and subsequent machine processing and integration 
of their data in a consistent, standardized and automated way into the FNS-cloud. 

- FNS-Cloud platform users: this stakeholder group includes mainly but is not limited to 
researchers, public and private decision makers, and regulatory agencies, aiming to use various 
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types of data from one or multiple studies to answer questions related to food safety and 
sustainability, nutrition and health. Our data requirements and criteria catalogue help users to 
rapidly and consistently identify, access and interpret available data that can help answer their 
specific research question. 
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2. Delineating the field of food and nutrition security 

2.1 FNS-related research questions, data domains and types of data 

As a starting point, FNS-relevant research questions, as exemplified by WP4 Use Cases and WP5 
Demonstrators, were defined (for more details, see Section 3.1). Research questions were grouped into 
‘research question spaces’, describing primary research themes and interests or research purposes within 
the FNS field. Based on the research question spaces and in close alliance with the ‘data map’ described 
in D2.1 (Presser et al., 2020), three data domains, which capture knowledge areas and research foci of 
the FNS field, were defined (see Figure 1): 

- ‘agrifood’ 
- ‘intake of food and lifestyle’ 
- ‘health, body function and disease risk’ 

Each data domain includes different data types generated and used to answer a variety of research 
questions. The ‘agrifood’ data domain covers all data types related to the food product itself, i.e. its quality 
& safety, its production (e.g. farming activities) and sustainability. The agrifood domain can thus include 
‘traditional’ food nutrient composition data,  agronomic performance data for crop varieties or branded 
food data, as well as more novel food omics data (e.g. proteomic and metabolomic profiles of foods). The 
‘intake of food and lifestyle’ domain covers consumers and consumer behaviour which is captured in 
traditional food intake studies e.g. food consumption data, sociodemographic data, as well as food choice 
and lifestyle data. Finally, the ‘health, body function and disease risk’ domain covers the link between diet 
and health and includes for instance phenotypic data (biomarkers, anthropometry), genotypic data and 
hazard data (e.g. bioaccumulation and toxicity potency of food additives). 

The resulting ‘FNS data map’ presented in Figure 1 provides a first-level association between different 
datasets and their link to the three main FNS data domains.  It also serves as a basis for characterizing 
research questions as cross-domain or domain-specific questions and identifying data requirements (i.e. 
data types and datasets) to answer these questions (Figure 1). 

Some data types are used for multiple purposes, i.e. they’re linked to different questions/question spaces 
(i.e. questions related to the same research field, such as risk assessment, or aspect, such as human 
disease outcomes). For example, food composition data can be used for food quality related questions, 
calculations of nutrient intake, as well as exposure and risk assessments. Elemental data (a subset of food 
composition data) are used for nutrition analysis as well as food traceability. Food consumption data are 
used for defining nutrient intake and dietary recommendations, as well as determining the link between 
nutrition and health outcomes. With the help of e.g. natural language processing technologies, 
components of research questions can be analysed and datasets available within the FNS-Cloud that 
match to new user questions identified and retrieved for analysis. This does not only require that available 
datasets are correctly mapped to their respective data domains and types, but that they’re ‘tagged’ with 
ontology-based keywords to help achieve a conceptual connection between the user’s question and the 
available machine-readable information (Humphreys & Lindberg, 1993). 

Some FNS-relevant research questions may also require or benefit from data lying outside of the FNS field. 
For example, in order to determine the geographical origin of food in food authenticity and traceability 
studies, soil isotope data can complement the stable isotope analysis of food samples (Katerinopoulou et 
al., 2020). The FNS data map can therefore be later expanded to include external domains linked to FNS 
and data mining and integration techniques explored to allow inclusion of external data within the FNS-
Cloud. 
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Figure 1: FNS data map, representing FNS-relevant research question spaces, FNS data domains as well as associated data types. 
Three dots “…” indicate that further elements can be defined for questions and data types. 

 

2.2 FNS-related data standards, ontologies and data reporting guidelines 

Considering its multidisciplinary nature, the FNS field produces data from a variety of scientific disciplines, 
research areas or data domains and, thus, contains heterogeneous data that can significantly differ in their 
structure, format and annotation. Several data standards, reporting guidelines (called hereafter standards 
and guidelines) and shared terminologies/ controlled vocabularies (thesauri) or ontologies have already 
been developed (e.g. Bodenreider, 2004; Dooley et al., 2018; Eftimov et al., 2019; Vitali et al., 2018) with 
the aim to unify data of the same type, harmonize reporting of study results in a given domain (e.g. Lachat 
et al., 2016; Morrison et al., 2007; Pinart et al., 2018; Taylor et al., 2007), standardize annotation and 
encourage good data stewardship and sharing (Sansone et al., 2012). 

Existing standards and guidelines as well as available thesauri and ontologies can be used as a basis for 
harmonizing, structuring and annotating data within the FNS-Cloud. They can thus provide a starting point 
for fulfilling data requirements and applicability criteria, either at the stage of data generation (by the 
researchers or data providers themselves) or at the stage of semi-automated data integration and 
annotation (by the FNS-Cloud systems). 

Table 1 includes examples of FNS-relevant standards and guidelines, while Table 2 presents ontologies and 
thesauri.  The examples selected represent widely known or widely applied standards, guidelines and 
ontologies within the different data domains of the FNS field. All listed resources were linked to the 
respective FNS data domain that they apply to. This initial linking allows data (datasets) of a given type 
that are uploaded to the FNS-Cloud to be automatically mapped to the associated data domains and in 
turn to related guidelines, standards and ontologies. 

Some resources cover more than one FNS data domain and include harmonization recommendations and 
provisions related to multiple data types such as “STROBE-nut”, a guideline for reporting nutrition 
epidemiology and dietary assessment research (Lachat et al., 2016).  Other resources are of an even more 
comprehensive nature, spanning over several research fields (e.g. apply to all the biomedical sciences).  
For example, the ISA-Tab format has been developed to address descriptions for many types of 
experiments and assays and constitutes a general experimental metadata description standard (Sansone 
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et al., 2016). It consists of a set of tab-delimited text files, namely Investigation, Study, and Assay files, that 
are linked to each other to form a hierarchy, and describe different properties of a scientific undertaking 
(e.g. the title, goals, methods, participants, experimental design, environmental conditions and 
treatments). 

Ontologies play a critical role in achieving semantic interoperability as they support automated integration 
and standardized annotation of study descriptors and later enable a more accurate search for required 
data and efficient analysis of data from multiple sources (Eftimov et al., 2018). Ontologies link knowledge 
by defining relations between key concepts and entities of given fields as well as allow the generation of 
new knowledge (Yang et al., 2019). Naturally, in any given ontology certain classes and instances, 
especially those relating to study metadata (e.g. ‘Date’, ‘Title’, ‘Assay’), may be applicable to any FNS data 
domain (and beyond); yet the ontology is assigned only to the specific data domain (field of knowledge) it 
intends to map (see Table 2). Cross-domain ontologies, such as the ONS-ontology (Vitali et al., 2018) or 
the ‘Unified medical language system’-ontology (Bodenreider, 2004; Lindberg et al., 1993), which 
incorporate unique vocabularies and axiomatic linkages from across different FNS-related data domains, 
can be assigned to several domains and constitute excellent candidates for use in the harmonization and 
structuring of data within the FNS-Cloud and integration (import) of concepts into an internal FNS-Cloud 
ontology. 

Ontology look-up services such as the National Center for Biomedical Ontology BioPortal 
(https://bioportal.bioontology.org) and the EMBL-EBI Ontology Lookup Service 
(https://www.ebi.ac.uk/ols/) facilitate the search for and identification of existing ontologies. Additionally, 
the annotator tool (https://bioportal.bioontology.org/annotator) on the BioPortal enables users to search 
for ontologies which include classes and annotations for any ‘concept’ (e.g. nutrient, additive, glucose, 
apple). For example, searching for the concept ‘ethnicity’ provides 35 different ontologies (e.g. 
Neuroscience Information Framework Standard ontology, Medical Subject Headings, Clinical Study 
Ontology, Gender, Sex and Sexual Orientation ontology). FNS-relevant concepts can be imported from 
other ontologies into an FNS-Cloud internal ontology, which will later allow users to store ontology-based 
data. If no suitable matches in existing ontologies are found, new concepts and relationships can be 
defined for the new FNS-Cloud internal ontology. 

Similar to the ontology look-up service, the EQUATOR Network was created as a central repository and 
organization to improve the quality of reporting guidelines. A comprehensive list of reporting guidelines 
is available at their website (http://www.equator-network.org/), together with toolkits and flow charts to 
choose the most suitable reporting guideline for a researcher’s article. 
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Table 1: Examples of relevant standards and guidelines applicable within the FNS field mapped to the three main FNS data domains 

Standard or guideline Standardizing body Description/ main purpose Data domain1 Reference 

Agrifood 
Food intake and 

lifestyle 

Health, body 
function and 
disease risk 

ISA Framework ISA community 

Helps you to provide rich description of the experimental metadata 
(i.e. sample characteristics, technology and measurement types) for 
research related to life science, environmental and biomedical 
experiments 

x+ x+ x+ (Sansone et al., 2016) 

ISO 80000-1:2009 ISO A standard describing scientific and mathematical quantities and 
their units 

x+ x+ x+ (ISO 80000-1:2009) 

EuroFIR Technical Standard EuroFIR 
Describes the framework for the standardisation of food composition 
data carried out by the EuroFIR Network of Excellence x   

 
(Becker et al., 2008) 

 

European standard for food data 
(EN 16104:2012, Food data - 
structure and interchange format) 

BSI 
Specifies requirements on the structure and semantics of food 
datasets and of interchange of food data for various applications 

x   BS EN 16104:2012 

EU Menu Methodology (& data 
schema) 

EFSA 
Indicate methodological principles and protocols for the collection of 
high-quality, harmonized individual dietary information within a pan-
European context for use in dietary exposure assessments 

 x  (EFSA, 2014) 

STROBE-nut: guideline for 
reporting nutrition epidemiology 
and dietary assessment research 

   University of Bern 
Recommendations for reporting nutritional epidemiology and dietary 
assessment research 

 x x (Lachat et al., 2016) 

EFSA Standard Sample Description 
ver. 2.0  

EFSA 

Provides specifications aimed at harmonising the collection of 
analytical data on chemical substances and microbiological agents in 
different matrices of non-human nature (e.g. food, feed, animals, 
water, environmental samples and food contact materials). 

x   (EFSA, 2013) 

MIxS standard 
Genomic Standards 

Consortium 

Standard for reporting of minimum information about any (x) 
nucleotide sequence. It consists of three separate checklists; MIGS 
for genomes, MIMS for metagenomes, and MIMARKS for marker 
genes. 

x  x (Yilmaz et al., 2011) 

Consolidated Standards of 
Reporting Trials (CONSORT) 

The CONSORT 
group 

Guidelines for the reporting of randomised controlled trials in 
healthcare interventions 

  x (Schulz et al., 2010) 

1 if all three data domains are selected and marked with x+, the resource applies to all FNS-relevant data domains and beyond (i.e. generic standards or guidelines, not specific to the FNS 

field, applying to e.g. the natural sciences as a whole) 
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Table 2: Examples of relevant ontologies and thesauri applicable within the FNS field mapped to the three main FNS data domains 

Ontology Acronym 

Description/ Main purpose 

Data domain1 Reference URL 

Agrifood Food intake 
and lifestyle 

Health, body 
function and 
disease risk 

EuroFIR reference type 
thesaurus 

n.a. 
Details of bibliographical references describing documents 
that are sources of data for value, method, recipe, etc. 

x (x)2 (x)2 
(Macháčková et al., 

2017) 
http://www.eurofir.org/our-
resources/eurofir-thesauri/  

EuroFIR value type 
thesaurus 

n.a. Description of the data values or a qualitative description of 
the value when no value can be given 

x (x)2 (x)2 
(Macháčková et al., 

2017) 
http://www.eurofir.org/our-
resources/eurofir-thesauri/  

EuroFIR matrix unit 
thesaurus 

n.a. 
Terms for the amount of the matrix material that has quantity 
reported as the value, usually expressed using the preposition 
‘per'. 

x   
(Macháčková et al., 

2017) 
http://www.eurofir.org/our-
resources/eurofir-thesauri/  

Statistics Ontology STATO 
Describing key statistical measures, such as p value, mean, 
standard deviation 

x+ x+ x+ (ISA-tools, 2014) https://github.com/ISA-tools/stato  

Units of measurement 
ontology 

UO 
Metrical units for use in conjunction with the Phenotype and 
Trait Ontology (PATO) framework for describing qualitative 
and quantitative observations in biology 

x+ x+ x+ (Gkoutos et al., 2012) 
https://github.com/bio-ontology-
research-group/unit-ontology  

EFSA Food classification and 
description system for 
exposure assessment 
(version 2) 

FoodEx2 

A standardised food classification and description system, 
consisting of descriptions of a large number of individual food 
items aggregated into food groups and broader food 
categories in a hierarchical parent-child relationship 

x x  (EFSA, 2014) 
https://github.com/openefsa/catal
ogue-browser/wiki  

Langua aLimentaria LanguaL 
A standardised language for describing foods, specifically for 
classifying food products for information retrieval. 

x x  (Møller & Ireland, 2017) 
https://www.langual.org/Default.a
sp 

Food Ontology FoodOn 

An ontology to represent entities which bear a “food role” 
and develop semantics for food safety, food security, 
agricultural and animal husbandry practices, nutrition and 
chemical ingredients and processes 

x x  (Dooley et al., 2018) 
https://github.com/FoodOntology/
foodon  

ONS Ontology for 
Nutritional Studies  

ONS 
A formal ontology framework for the description of 
nutritional studies 

x x x (Vitali et al., 2018) 
http://bioportal.bioontology.org/o
ntologies/ONS   

ISO-FOOD - Ontology for describing isotopic data within Food Science x   (Eftimov et al., 2019) 
https://bioportal.bioontology.org/o
ntologies/ISO-FOOD 

Systematized Nomenclature 
of 
Medicine - Clinical Terms 

SNOMEDCT 

Provides the core general terminology for electronic health 
records. It includes clinical findings, symptoms, diagnoses, 
procedures, body structures, organisms and other aetiologies, 
substances, pharmaceuticals, devices and specimens 

  x (El-Sappagh et al. 2018) 
https://bioportal.bioontology.org/o
ntologies/SNOMEDCT 

OntoFood OF An ontology with of nutrition for diabetic patient  x x none 
https://bioportal.bioontology.org/o
ntologies/OF 

Unified medical language 
system  

UMLS 
A repository of biomedical vocabularies developed by the US 
National Library of Medicine 

x x x 
(Bodenreider, 2004; 
Lindberg et al., 1993) 

https://www.nlm.nih.gov/research
/umls/index.html  

Quisper Ontology - 
An ontology to capture food and nutrition related data in e-
health systems. It can be used to harmonize personalized 
dietary web services  

x x x (Eftimov et al. 2018) - 
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Ontology Acronym 

Description/ Main purpose 

Data domain1 Reference URL 

Agrifood Food intake 
and lifestyle 

Health, body 
function and 
disease risk 

The Ontology for Biomedical 
Investigations  

OBI 
Provides terms with precisely defined meanings to describe 
all aspects of how investigations in the biological and medical 
domains are conducted 

  x (Bandrowski et al., 2016) http://obi-ontology.org/  

Genomic Epidemiology 
Ontology  

GenEpiO 
Covers vocabulary necessary to identify, document and 
research foodborne pathogens and associated outbreaks of 
infectious diseases. 

x  x - 
http://www.obofoundry.org/ontol
ogy/genepio.html 

Chemical entities of 
biological interest 

ChEBI 

Dictionary of molecular entities 
focused on ‘small’ chemical compounds. The 
molecular entities in question are either natural 
products or synthetic products used to intervene 
in the processes of living organism 

x   (de Matos et al., 2009) https://www.ebi.ac.uk/chebi/  

Environment Ontology ENVO Ontology of environmental features and habitats x   (Buttigieg et al., 2013) 
http://www.obofoundry.org/ontol
ogy/envo.html 

AGROVOC  - 

Controlled vocabulary covering all areas of interest of the 
Food and Agriculture Organization (FAO) of the United 
Nations, including food, nutrition, agriculture, fisheries, 
forestry, environment etc. 

x   (Soergel et al., 2004) 
http://aims.fao.org/vest-
registry/vocabularies/agrovoc  

Open Food Facts Food 
Ontology 

- 
Models the Food domain. It allows to describe ingredients 
and food products. Ontology used by the Open Food Facts 
dataset 

x   - 
https://wiki.openfoodfacts.org/Mai
n_Page 

1 if all three data domains are selected and marked with x+, ontology applies to all FNS-relevant data domains and goes beyond (i.e. generic ontology, not specific to the FNS field, applying to 
e.g. the biomedical sciences as a whole) 

2 EuroFIR thesauri have been developed specifically for the standardization of terminology used in food composition datasets. However, some of them are of a generic nature and can be 
applied to other data domains (e.g. value type or reference thesaurus). They may however require further extensions to better cover other data domains (x). For example, the reference type 
thesaurus includes sources typical for food composition data (e.g. product label). It can be expanded to include e.g. medical records for health data.  
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3. FNS data gaps, inconsistencies, and needs for harmonization 

3.1 Common data and data description gaps 

FNS data or datasets can include hundreds of different measured or computed variables. Data of the same 
type (e.g. food composition data or health biomarker data) often entail a set of commonly measured 
variables, which usually fulfil the main purpose or research interest that the data is generated for. For 
example, food composition data will always – at least – contain a food name (and facet description if 
applicable) and at least one measured component (a nutrient, bioactive or contaminant) and the 
measured value(s). Given that the data collected or the variables measured in each dataset are always 
dependent on the research question and the approach selected by the researcher, there is no standardized 
or mandatory list of variables that must be measured and reported in each dataset of a given data type. 

However, what are often missing (not reported) and for which (mandatory) harmonized checklists may 
exist, are metadata. Metadata is descriptive information about data, i.e. it describes source, content, 
collection methodology and other characteristics/ details about data (GovEx 2016). Scientific metadata 
can include for instance: 

• dataset title (or name) 

• author(s), publisher 

• date created, date modified 

• description 

• keywords  

• contact person 

• access level (public, restricted, non-public) or license agreement 

• written language (e.g. English) 

• reference types (e.g. journal article, book/book chapter, software, webpage)  

• value types (e.g. average, median, weighted, best estimate) 

• experimental design 

• characteristics of the samples and procedures applied 

Metadata helps people find data (via e.g. internet searches) as well as enables correct interpretation of 
data, and thus, data comparability and interoperability (Ćwiek-Kupczyńska et al., 2016). Table 3 presents 
examples of often missing metadata (data gaps) specific to certain FNS data types, which were identified 
by analysing some of the FNS datasets available to the project consortium as well as through direct 
discussions with FNS data providers involved in the project. While often not reported along with the 
published results of experimental studies, this metadata usually relates to key input parameters in 
different types of models or provides relevant information for answering certain research questions 
(Sansone et al., 2016; Taylor et al., 2008). For example, Fantke et al. (2016) provide an extended overview 
of data (parameters) that are often missing in empirical studies on plant bioaccumulation of chemicals, 
yet they represent key parameters relevant for food intake analysis and risk assessment models. 

If (FNS-related) data from multiple sources, studies and laboratories is to be made interoperable, and data 
reuse, interpretation, comparison and joint analysis to be made possible, correct, harmonized and 
complete metadata is a prerequisite. Several initiatives to develop a set of minimum (meta)data reporting 
requirements for studies in a given field follow the hierarchical structure developed by the Investigation, 
Study, and Assay (ISA) Commons (Sansone et al., 2016). These ISA metadata categories establish the 
minimum background information that may help with respect to interpreting results and having a better 
picture of the context of the study as well as the methods used, data collected, and conclusions drawn. 
For example, within the European Nutritional Phenotype Assessment and Data Sharing Initiative 
(ENPADASI), a list of forty-one descriptors of minimal requirements for study data from observational 
nutritional studies was identified adhering to the ISA structure (Pinart et al., 2018).  These requirements 
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facilitate data exchange, data interpretation and data integration into infrastructures such as the FNS-
Cloud. Similarly, the Dublin Core™ Metadata Initiative (DCMI) establishes a common, cross-domain 
metadata vocabulary and provides access to schemas (structure and syntax) defining DCMI term 
declarations (DCMI, 2020). The DCMI has published several standards to describe and standardize its 
metadata specifications  (ISO 15836-1:2017; Z39.85-2012), which can also serve as a basis in developing 
domain-specific, minimal metadata requirements for different data types within the FNS-Cloud 
infrastructure. 

 

Table 3: Examples of common (meta-) data gaps in different FNS-relevant data types 

Data type Examples of data gaps in reported datasets 

Food intake data  • Dietary assessment method used (24-h recall, food frequency questionnaire ... etc.) 

• Physical activity questionnaire applied 

• Description of dietary supplements taken 

Branded food data • Source of data  

• Time point of data collection 

• Food classification system used 

Toxicological hazard data • Endpoint tested 

• Exposure route  

• Unit interpretation (e.g. ppm mass-based or volume-based) 

Meta-genomic data • Platform details  

• Analysis details 

• Diet of sample donors 

 

3.2 Existing data nomenclature, units, and other inconsistencies 

Given the diversity of data types generated and used within the FNS field, significant inconsistencies 
between datasets exist in multiple aspects, the most relevant of which are:  

- the way the data (i.e. measured variables or concepts) are named (nomenclature) 
- the units used for measured variables 
- the variable type (continuous, categorical) 
- the data field type for any given parameter (e.g. text/string, number or date) 

In order to make FNS data from different sources interoperable, harmonized vocabularies and domain 
ontologies need to be applied (or developed) to reach a standardized nomenclature, and differences in 
e.g. units or data field type alleviated with the help of e.g. algorithms (Eftimov et al., 2018). These 
inconsistencies in terminologies and in values/value properties exist not only between different data 
domains and data types, but also within domains and same data types. For example, food consumption 
data can be collected using multiple tools: food frequency questionnaires (FFQs), 24-h dietary recalls, diet 
history or diet records. Each of these data collection tools covers different timeframes, asks different 
questions (e.g. recording of consumed food items or food groups) and returns similar data, yet at different 
aggregation levels and offering different information/content (Thompson & Subar, 2017). To what extent 
is then food consumption data comparable and when (how) can it be compared or even merged? To 
answer these questions, applicability criteria must be developed to help check available data (sets) against 
a standard format (i.e. standard nomenclature and meaning, structure and value type) and transform 
them into the desired standard format where necessary.  Applicability criteria are thus a formal 
representation of the data (pre-) processing that will take place in the ‘background’ to enable (semi-
)automated data harmonization and integration. 
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To address the different inconsistencies among datasets, two types of applicability criteria were defined: 

A. Nomenclature criteria: these criteria relate to the terminology (vocabulary) used for measured 
parameters, as well as the meaning (semantics) of this vocabulary.  Is it ‘food name’ or ‘food item’ 
(and is that the same thing?), is it ‘participant_ID’ or ‘subject_ID’, is it ‘gender’ or ‘sex’? 

 
B. Data value criteria: these criteria relate to all aspects or attributes of the data value itself and how 

it is measured/ given. This includes, the variable type (continuous/ categorical), the value type 
(e.g. mean, median, weighted, 95%-ile, larger than), the data field type (e.g. number, string, 
Boolean or picture) and finally the units used. For a list of possible data field types see D2.1 
(Section 4.3.1) (Presser et al., 2020). 

 

Criteria of both types (nomenclature and data value criteria) must be developed for all commonly 
measured and reported variables that require harmonization and standardization between datasets to 
enable interpretation, comparison, re-exploitation and joint data analysis (Doiron et al., 2013; Sansone et 
al., 2012).  Some of these criteria will be generic or domain-independent, i.e. they apply to all FNS-related 
data types and data domains. Other criteria are domain-specific, meaning they only apply to datasets 
generated within one FNS data domain or even datasets of a specific data type. 

Generic (domain-independent) criteria can be broadly clustered into the following groups: 

A. Generic metadata related criteria: target metadata that is relevant for all FNS datasets, which 
include e.g. study title, country, description, funding body ... etc. These metadata parameters 
pertain mostly to the metadata category ‘Investigation’ of the ISA framework   

B. Food and food description related criteria: capture all aspects of food identification and 
description, which are generic (equal) for all data types which include food entity related 
parameters (e.g. food name, food group, preparation method) 

Domain-specific criteria, on the other hand, can be broadly clustered into the following groups: 

A. Study methods related criteria  
B. Sample or study population related criteria  
C. Data type-specific criteria  

 

Similar to the ‘FNS data map’, a map of the different criteria types and groups is presented in Figure 2.  
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Figure 2: Applicability criteria for FNS data divided into different criteria types and groups 

 

Even though study methods and sample or study population also refer to metadata aspects (mostly 
covered under the metadata categories ‘Study’ and ‘Assay’ of the ISA framework), these aspects (i.e. 
which descriptors are relevant and which values can they assume)  will – unlike food entity related 
descriptors – naturally depend on the specific study and data type. For example, in food composition or 
food authenticity data the study methods parameters can be termed ‘analytical methods’ and the options 
given can include spectrometry (with different possibilities such atomic emission or near infrared 
spectroscopy), chromatography (with different options such as gas or high performance liquid 
chromatography) or calorimetry (e.g. enzymatic, dye binding). For food consumption data, the study 
methods descriptor can be termed ‘dietary assessment tool’ and include the following options: dietary 
record, 24-h recall, FFQ, diet history or other. The same applies to the sample or study population-related 
criteria. Therefore, criteria developed for these variables, which are also metadata descriptors, will 
nevertheless be domain-specific. 

If metadata requirements (checklists) are developed for each individual data type (or for a group of related 
data types), many applicability criteria of the criteria groups ‘generic metadata’, ‘study population or 
sample’ and ‘study methods’ would be already harmonized; potentially in both their nomenclature and 
their value, depending on how elaborate the requirements/ checklists are. 

Finally, data type-specific criteria relate to parameters that are unique to a given data type (‘non-
metadata’). For example, the parameters ‘portion size’ or ‘frequency of consumption’ are routinely 
collected as part of food consumption assessments and are unique to this type of data. Developing criteria 
for data type-specific parameters, which provides a basis for direct data integration or conversion into a 
standard format using different IT approaches, is mostly important for making data of the same type 
collected in different studies, countries, laboratories etc., interoperable (Presser et al., 2018). This is 
particularly important in cases where the same data type is collected and used for different purposes. 

Every variable in a given dataset, that is selected for harmonization, requires a nomenclature criterion 
and one or several data value criteria (see Figure 2).  For example, the parameter ‘glucose’ is typically 
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measured in dietary intervention studies to assess the efficacy of a given treatment or prevention strategy 
for type-2-diabetes. It thus belongs to the data type ‘health biomarker data’ within the data domain of 
‘health, body function and disease risk’. If datasets from different intervention studies are to be compared 
or linked, this parameter must be reported in a harmonized and standardized way. However, the 
parameter may be called differently in each dataset (e.g. ‘blood glucose’, ‘fasting plasma glucose (FPG)’ or 
‘fasting blood sugar level’), depending on the accuracy of vocabulary used (and whether it follows an 
existing ontology or not) as well as the analytical method to measure glucose that was used. From the 
term ‘blood glucose’ alone it is not clear if that is fasting plasma glucose, measured typically the morning 
after 10 hours of fasting, or whether this is random glucose, measured at a random point in time during 
the day. Inconsistencies in semantics make the comparison of that value with FPG from other datasets not 
possible. Similarly, the value measured can be given in mmol/L or mg/dL, or even expressed in categorical 
terms (normal, prediabetes/ insulin resistance or diabetes). Harmonization of the parameter ‘glucose’ will 
thus require several ‘data value criteria’, one related to the variable type (categorical vs. continuous) and 
one related to the data field format (number vs. string). 

Units are unique in that they require a generic and a domain-specific criterion. On the one hand, units 
shall follow the International System of Units (SI) or be convertible into SI units (generic criterion). On the 
other hand, non-SI units are defined in specific domains and require domain-specific standardization. For 
example, the Units of Measurement ontology defines units for measurements within the field of biology/ 
biomedical sciences. Both the nomenclature and the meaning of such domain-specific units must be 
agreed upon. For any given measured variable from a specific data type, a reference unit including matrix 
units (e.g. per 100g, per package) will have to be defined in an FNS-Cloud internal ontology and selected 
as standard unit. Only then can values reported in different units be converted to the standard unit, where 
necessary (domain-specific criterion). Additionally, the ‘meaning’ of units will have to be harmonized, 
again with the help of an FNS-Cloud ontology. Is ‘ppm’ (parts per million) used for a given parameter mass-
based or volume-based? Does % relate to dry weight or wet weight? 

Inconsistencies in data format, nomenclature, variable type, units ...etc. for any given parameter hamper 
data integration and interoperability. Therefore, it is necessary to define applicability criteria for 
commonly reported parameters that are required to answer FNS-relevant research questions, while 
considering both sources of potential inconsistency (nomenclature and actual value). This will be later 
shown along two illustrative case studies to demonstrate the development and application of such criteria 
based on two selected research questions. 

3.3 Other needs for data harmonization 

Aside from data gaps and existing inconsistencies in data nomenclature, data field types and units, the 
format in which the data is saved may require harmonization to allow data transfer and merging without 
loss of information. 

Unstructured data files often include text and multimedia content. Examples include e-mail messages, 
word processing documents, videos, photos, audio files, presentations, webpages and many other kinds 
of business documents, including container formats, such as the Portable Document Format (PDF) and 
onscreen visuals. 

 
This type of data is most difficult to process because FNS entities can be specified in an unspecified way. 
Other tasks in WP3 deal with this type of data by performing so called information extraction on 
unstructured data. 
 
Semi-structured data, on the other hand, does not reside in fixed fields or records, but does contain 
elements that can separate the data into various hierarchies. Examples of semi-structured data are: 

• html page: a text-based format 
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• Fastq.gz: gz is the compressed version of a fastq file 
- Fastq: a text-based format for storing both a biological sequence and its corresponding quality 

scores 
- it can be parsed using specific software  

• CSV: a simple file format used to store tabular data, such as a spreadsheet or database. It can be 
converted to the Excel format 

• JavaScript Object Notation (JSON): is an open standard file format, and data interchange format, that 
uses human-readable text to store and transmit data objects consisting of attribute-value pairs and 
array data types (or any other serializable value). 
- It can be converted to the Excel format 
- It can be converted to the XML format 

• Extensible Markup Language (XML): format that is both human-readable and machine-readable 
- It can be converted to the Excel format 
- It can be converted to the JSON format 

 
This type of semi-structured data is less complex and can be structured. Here, the main problem is to 
match data being described using different description and classification systems. For example, vitamin C 
can be named in one system as VITC, in another as ascorbic acid and in the third one as Vitamin C. To solve 
this problem, we can use an ontology to normalize data, where FNS terms and relations between them 
are described. 

 
Structured data is highly organized and easily understood by machine language. Examples include: 

• Excel: a file format developed by Microsoft to present spreadsheets. It can be converted to CSV format 

• Structured Query Language (SQL) file format: is a format written in ASCII and used by database 
products. An SQL file typically contains queries with data to modify the structure of a relational 
database. Tables from the database can be converted into the Excel format 

• SPSS Statistics File Format: is a proprietary binary format, developed and maintained as the native 
format for the SPSS statistical software application. It can be converted to the Excel format 

• sdf file: a compact relational database saved in the Microsoft SQL Server Compact (SQL CE) format. It 
can be converted to the SQL format 
 

Here, the problem is the same as with the semi-structured data, i.e. data may be described using any 
description and classification system. 
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4. Data requirements and applicability criteria along an illustrative case study 

4.1 Identifying data requirements for research questions 

As seen in Figure 1 FNS data cover a variety of data types characterized by a high degree of heterogeneity. 
Each of the data types can represent hundreds of different datasets with multiple (commonly) measured 
and reported variables or parameters, which are required to answer a multitude of research questions 
related to food, nutrition and health. Even within the same data type there can be significant differences 
in the way the data is represented, documented and saved, which hampers data interpretation, extraction 
(by humans or machines) as well as data integration and interoperability (Sansone et al., 2012; Taylor et 
al., 2008).  

Data requirements define which data types and datasets are needed to answer a given research question, 
while applicability criteria ensure that data (or a selected subset of it) are suitable for (semi-)automated 
data harmonization and integration into the FNS-Cloud, as well as for conjoint use and analysis to answer 
a given research question. Research questions thereby also include any type of user query to find, match, 
combine or compare data. Hence, data requirements and applicability criteria are primarily dictated by 
the research questions addressed within the FNS domain. We therefore analysed datasets available to 
the FNS-Cloud project consortium via WP4 and WP5 (or will be developed during the project) in order to 
map them to (1) the data domains they are linked to as well as the data types they represent and (2) the 
research questions they can be used for to answer, following intentions of WP4 Use Cases and WP5 
Demonstrators (see Table 4 in Appendix 1). WP4 aims to generate novel FNS data through proof-of-
principal Use Cases in all three FNS data domains (Agri-Food, Nutrition and lifestyle, Health, body function 
and disease risk). Existing and new FNS data will then be used for WP5 Demonstrators to test the FNS-
Cloud tools, services and infrastructure, as well as showcase the potential for re-use of data by user 
communities. Data management methodologies to be developed in WP3 to support data upload, 
integration, (co-)analysis and exploitation are guided by the needs of WP4 Use Cases and the feedback 
from WP5 Demonstrators.  

Figure 3 shows one example of datasets from the FNS-Cloud project consortium linked (mapped) to related 
data domains and data types, and, in turn, to a specific research question. It thus formally represents the 
process of determining data requirements for any given user question.  When a user types in a research 
question in natural language, with the help of NLP technologies, the respective data domains and data 
types can be determined and related datasets available on the FNS-Cloud retrieved for analysis. Figure 3 
illustrates this process using several examples. For instance, the use of the words ‘high-bioactive’ and ‘low-
bioactive’ within the question leads to the identification of eplantLIBRA and eBASIS as available datasets, 
as these are composition and biological activity databases for bioactive (non-nutrient) compounds in plant 
foods (eBASIS) and  food supplements (eplantlibra). The use of the word “microbiome” leads to the 
identification of gut microbiome data and metabolomics data. Complete and properly annotated 
metadata about available datasets on the FNS-Cloud, as well as (semi-)automatic pre-processing of the 
data (i.e. mapping datasets to their associated data domains and types), will help match user requirements 
to the existing data. Additionally, available FNS datasets could be tagged with several other keywords that 
help describe their content and purpose and associate them with respective research questions. 

For each research question, specific parameters or variables within the retrieved/selected datasets (i.e. 
only a subset of the available data) will actually be required to answer it. This ‘deeper level’ of data 
requirements will be determined by each researcher or decision maker (FNS-Cloud user) and will be 
dependent on their unique research question. Key variables that are required to answer specific research 
questions constitute targets of harmonization and standardization (i.e. applicability criteria) in order to 
enable data interoperability, reuse and repurposing as well as integrative analysis (see Figure 3).  Examples 
of such key variables requiring harmonization and the applicability criteria developed for them are 
presented along the two illustrative case studies in the following sections.  
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Figure 3: Example FNS data (can be raw and/or pre-analysed data) mapped to related data domains and in turn to a specific 
research question from WP4, Task 4.3 and WP5, Task 5.1.3 

 

4.2 Case study definition (along two selected research questions) 

The selection of two research questions to serve as case studies in T3.1 was primarily dictated by data 
availability and accessibility to the FNS-cloud consortium at the time of deliverable preparation. Datasets 
that are either used or will be generated during the project in WP4 and WP5 were first mapped onto their 
respective data domains and data types (see Table 4 in Appendix 1) and their accessibility/availability 
status determined. This helped identify data types of which several datasets are available and accessible, 
as well as determine potential research questions that can be answered using the available datasets. 

Based on the results of this preliminary, two research questions were selected to demonstrate how 
applicability criteria can be developed to formalize the process of (1) checking submitted data against 
standard, agreed upon formats and (2) applying, where necessary, processing algorithms to harmonize 
the data and enable (semi-)automatic data integration and consolidation. 

The two case studies and results of their respective dataset analysis are presented in the following 
sections. Not all datasets used for the case studies were publicly available, which inhibited the use of any 
specific data examples (i.e. actual values) in this deliverable. The analysis results will be therefore 
presented on a conceptual level with no values presented. 

 

4.2.1 Single-domain question  
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The first selected research question relates to pre-packaged food products and their labelling information 
(e.g. ingredients, nutritional declarations, allergen information or dietary claims). The following research 
question was addressed: 

How does the average total sugar content of selected branded food products within specific food product 
groups differ among European countries? 

To answer this question, branded food data from the ‘Agrifood’ domain is necessary. Using three branded 
food datasets from Slovenia (SI), the Netherlands (NL) and Switzerland (CH), we focused on those 
parameters necessary to answer the research question and identified challenges in data integration and 
co-analysis. Figure 4 summarizes characteristics of the first, single-domain case study. 

In a ‘real-life’ use case, NLP tools can be used to break down components of the research question and 
map it onto associated data domain(s) and data types (i.e. identify data requirements). Datasets within 
the selected domain and of the mapped data type are then extracted/ retrieved from the FNS-Cloud for 
the user to choose the datasets he/ she can use to answer their respective research question (see Figure 
4). 

 

 

Figure 4: Characteristics of the first case study related to a single-domain question. Datasets within the FNS-Cloud are mapped to 
their respective data domain and type. Question component analysis helps map questions to question spaces, data domains and 
types. Available datasets can thus be retrieved for analysis in response to a user query. 

The Slovenian branded food data originates from the ‘Composition and Labelling Information System’ 
(CLAS), created and managed by the Nutrition Institute in Ljubljana, Slovenia (Nutrition Institute, 2018).  A 
CLAS application was created in 2015 to enable the collection of photographs of food labelling, 
incorporation of data into the CLAS database, and digital recognition of EAN codes to speed up the 
database formation and to avoid duplicate entries. Information on a total of 10,674 unique food items 
were collected, including the product name, company, brand, list of ingredients, nutritional values, data 
on allergens and health claims, packaging volume, price, and EAN barcode (Korošec & Pravst, 2014; 
Zupanič et al., 2018). An updated version of the Slovenian branded food data will be made publicly 
available via the FNS-Cloud project. 

The Dutch branded food data comes from the Dutch Food Label Database (LEDA), created in 2007 as 
commissioned by the Ministry of Health Welfare and Sport and maintained by the Netherlands Nutrition 
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Centre (NNC) and the National Institute for Public Health and the Environment (RIVM). This database is 
intended to be used for consumer information by the NNC and for health policy supporting research by 
RIVM. It is thus not made publicly available. The following 5 data providers provided label data to the NNC 
using APIs: GS1 NL, Brandbank NL, PS in Foodservice, Albert Heijn (the largest supermarket in NL) and SIM 
(umbrella organization for a large group of supermarkets in NL). Private label (= supermarket brands) are 
covered by Albert Heijn and SIM, manufacturers brand (e.g. Kellogg’s, Coca cola) are covered by GS1 and 
Brandbank. PS in Foodservice covers catering, hospitality etc. The LEDA currently contains around 100.000 
foods and covers around 75% of the food supply in supermarkets in NL (Westenbrink, 2020). Data have 
been mainly uploaded between 2011 and 2017 using application programming interfaces (APIs), while 
data collection and manual data entry on a smaller scale already started in 2007. 

The Swiss branded food data was part of the Swiss Food Composition Database (Federal Food Safety and 
Veterinary Office, 2020) and was recently removed to have only generic foods in the database. It contained 
information on the composition of approximately 10,500 foods available in Switzerland that have been 
classified into 19 main and 105 sub categories. The data, which are continuously updated and extended, 
are available in four languages (English, German, French, and Italian) and accessible free of charge to all 
interested parties. A subset of the food data comes from companies, i.e. constitutes branded food data. 

To analyse the data in more detail and take a closer look at the relevant parameters requiring 
harmonization, two food product groups were selected as examples: breakfast cereals and soft drinks. 
These two groups constitute common food product categories consumed in almost every food culture in 
Europe, and both are/have been targets for sugar reformulation in several member states. Soft drinks in 
particular are also known to be a major source of sugar in people’s diets (Amoutzopoulos et al., 2020; Ruiz 
et al., 2017; Zupanič et al., 2018). Data focused on these two food product groups were extracted from 
CLAS (SI) and LEDA (NL), whereas the full Swiss food database was provided by the partner (V5.3). 

4.2.2 Cross-domain question 

The following cross-domain research question was selected for the second illustrative case study: 

How high is an individual’s risk of developing type-2-diabetes (T2D) given his or her personal diet, 
lifestyle, sociodemographic and anthropometric characteristics? 

Research questions targeted at identifying links between nutrition and disease outcomes continue to be 
at the heart of investigations within the FNS field. As a major cardio-metabolic risk factor, the importance 
of early detection of T2D and prevention (via e.g. healthier diets) is well-documented (Ekoe et al., 2018; 
Gilmer & O’Connor, 2010). There are many risk scores and indices in the literature, which attempt to 
predict the chances of developing T2D via the incorporation of various risk factors such as age, family 
history, sex, body mass index (BMI), medication, etc.; however only some of them integrate nutrition and 
diet as an explanatory factor (Gray et al., 2010; Hippisley-Cox & Coupland, 2017; Kanellakis et al., 2020; 
Lindström & Tuomilehto, 2003; Schmidt et al., 2005). 

For the purpose of this specific research question within the FNS-Cloud project, two available datasets 
from the ‘Feel4Diabetes’ (Manios et al., 2018) and the ‘Food4me’ (Celis-Morales et al., 2017) study, where 
not only dietary intake but also anthropometric, sociodemographic, lifestyle and biomarker data was 
collected, will be used and jointly analysed to develop a new model (index) which helps predict the risk of 
T2D, and provide personalised feedback for change (WP5, Demonstrator-DE03). Characteristics of the 
second case study are summarized in Figure 5. 
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Figure 5: Characteristics of the second case study related to a cross-domain question. Datasets within the FNS-Cloud are mapped 
to their respective data domain and type. Question component analysis helps map questions to question spaces, data domains 

and types. Available datasets can thus be retrieved for analysis in response to a user query. 

 

The Feel4Diabetes study was an EU-funded project with a duration of 5 years (2015-2019). Its aim was to 
develop, implement and evaluate a school- and community-based intervention to promote healthy 
lifestyle and tackle obesity and obesity-related metabolic risk factors for the prevention of T2D among 
families from low- and middle-income countries and vulnerable populations in high-income countries in 
Europe (http://feel4diabetes- study.eu). The intervention was applied in six European countries (Belgium, 
Bulgaria, Finland, Greece, Hungary and Spain) and targeted dietary and physical activity behaviours. To 
evaluate the impact of the intervention, behavioural and lifestyle indices on drinking, eating, physical 
activity and sedentary behaviours as well as their determinants were self-reported by the participating 
families in standardized questionnaires developed specifically for the Feel4Diabetes study (Anastasiou et 
al., 2020). A detailed description of the methodology of the Feel4Diabetes-study can be found in Manios 
et al. (2018). Variables collected in two stages from study subjects (ca. 20,500 parents in stage 1 and ca. 
3,150 parents in stage two) included the following: 

- Sociodemographic data: e.g. sex, age, educational level, marital status 
- Behavioural indices regarding dietary habits, physical activity and sedentary behaviours: e.g. 

portions of sugary drinks per week, number of meals and snacks during a day, minutes of daily 
vigorous physical activity, time spent in front of computers and television, etc. 

- Anthropometry: height, weight and waist circumference 
- Health biomarker data: blood pressure and fasting plasma glucose (FPG) 

Not all parameters were collected for all study subjects in both stages. 

The data sample used here for the illustrative case study contains a sample (two participants) of the 
Feel4Diabetes data collected in Greece. 

The Food4me study was also an EU-funded project from 2011-2015 with the aim to conduct a multi-
centre, web-based, proof-of-principle study of personalised nutrition (PN) to determine whether providing 
more personalised dietary advice (and at a higher or lower frequency) leads to greater improvements in 
eating patterns and health outcomes compared to conventional population-based advice. The 
intervention took place across seven European countries (Germany, Greece, Ireland, the Netherlands, 
Poland, Spain and UK).  Participants were randomly assigned to one of the following intervention groups 
for a 6-month period: Level 0—control group—receiving conventional, non-PN advice; Level 1—receiving 
PN advice based on dietary intake data alone; Level 2—receiving PN advice based on dietary intake and 
phenotypic data; and Level 3—receiving PN advice based on dietary intake, phenotypic and genotypic 
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data. Details of the study methodology are described elsewhere (Celis-Morales et al., 2015). To compare 
the effect of different levels or types of PN advice, dietary intake, phenotypic and genotypic data were 
collected on study participants (> 1,500 participants). Similar to the Feel4Diabetes study, this included: 

- Lifestyle indices related to dietary habits (food frequency questionnaire and physical activity. 
- Phenotypic data: body weight, body mass index (BMI) and waist circumference. 
- Blood-based biomarkers: blood glucose, total cholesterol, vitamins, carotenoids and fatty acids. 
- Genetic data: information on genetic loci that are linked to specific dietary or phenotypic 

outcomes (e.g. fat intake). 

Integrating the data (on common parameters) from both studies would allow a bigger sample size and 
including more ethnicities and various socioeconomic backgrounds, which would help improve model 
accurateness, statistical validity and generalizability. In WP5 (Demonstrator-DE03) a predictive model for 
cardio-metabolic risk based on these two datasets will be developed. Parameters, which are common 
between both datasets (i.e. were gathered in both studies) and will go into the model, will have to be 
harmonized to enable data integration/ merging and joint data analysis. 

4.3 Generic (domain-independent) data criteria 

Generic (domain-independent) data criteria relate primarily to general study metadata but also to food 
identification and description (see Section 3.2).  They equally apply to all identified FNS data domains and 
represent a set of minimal requirements that should be fulfilled by a dataset (or otherwise achieved with 
the help of advanced IT technologies) in order to integrate the data into the envisioned Cloud 
infrastructure and achieve data interoperability. 

As mentioned in Section 3.2, every single parameter will require a nomenclature criterion (i.e. standard 
terminology/ annotation) and one or more data value criteria (see Figure 2). To take an example of a 
generic (domain-independent) criterion, ‘title of dataset’ is an important general metadata parameter. 
Unless users can directly enter this metadata information into a predefined submission form on the Cloud, 
the descriptor name used within a given dataset for its title will have to match an existing concept within 
the FNS-Cloud internal ontology or be linked to it (nomenclature criterion). For instance, if the dataset title 
is described as ‘dataset name’ this may easily be mapped to the FNS ontology concept ‘title’. Checking 
submitted data against the FNS-Cloud ontology and determining whether data processing is necessary to 
transform incoming data into standard terminology or whether data cannot be integrated automatically 
at all, represents a standard procedure for all nomenclature criteria, regardless which parameter is 
addressed and whether it relates to generic metadata, food identification and description, study methods, 
study population/ sample or any other data type-specific measure. Therefore, a generic decision tree, 
which formally represents the applicability check and harmonization processes for all nomenclature 
criteria, is presented in Figure 6. Instead of ‘dataset title’, any other parameter included in a dataset will 
have to match standard vocabulary (FNS-Cloud ontology) or be otherwise transformed to be integrated 
(taken up) into the FNS-Cloud infrastructure. The decision-making process for checking nomenclature will 
always follow the procedure highlighted in Figure 6. 

Two modes of action have been differentiated: FNS-Cloud development mode and static mode. During 
the construction process of the FNS Cloud infrastructure, as many foreign concepts as possible can be 
identified from available FNS datasets and integrated into an internal FNS-Cloud ontology (FNS-Cloud 
development mode). This activity may be extended well beyond the project end, as ontologies benefit 
from an active community contributing to its continuous growth. However, at any given point in time, a 
new dataset may include concepts which are not yet defined within (and cannot be matched to) the FNS-
Cloud ontology (static mode).  Such parameters will have to be directed to manual integration or rejection 
(see Figure 6). To ensure as many parameters in a dataset as possible are machine-readable and can be 
incorporated into the FNS-Cloud, the FNS-Cloud developers shall strive towards as comprehensive an 
ontology as possible, borrowing concepts from various general and domain-specific ontologies. 
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Figure 6: Generic decision tree for all nomenclature criteria 

Next to nomenclature criteria, for each parameter requiring harmonization, data value criteria will be 
necessary. To take the example from above, the ‘title of dataset’ may be stipulated to have the data field 
type ‘string’ (text). If it is a number instead or a date or an image, it cannot be automatically incorporated 
into the Cloud.  Some parameters will not only require data value criteria to cross-check and harmonize 
their data field type to the standard format, but also their variable type and the categories (or values) they 
may assume. For example, another generic metadata parameter is ‘data sharing policy’. It may be specified 
as a categorical variable within the FNS-Cloud (variable type) and follow strict multiple-choice options (e.g. 
publicly accessible, available upon request, not publicly accessible). 

Data value criteria thus help check submitted values against a pre-defined (e.g. agreed upon between 
work package beneficiaries) reference value format. If the data does not match the reference format, a 
process to check whether it matches any other existing standard format, or whether it is machine-readable 
and can be transformed into the reference format, must take place. If there is no way to match a given 
parameter value to the standard format in the background and thus integrate it into the FNS-Cloud, the 
value must be flagged for manual curation or rejected. Again, each step of this integration or rejection 
process represents an applicability criterion: Parameter X shall match [standard reference]. If not, what 
next? Figure 7, Figure 8 and Figure 9 show examples for generic (domain-independent) criteria that 
address the harmonization of the values assumed by selected parameters. 
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Figure 7: Applicability criteria for the parameter ‘country’, which are generic (domain-independent) and pertain to the data value 

 

Figure 8: Applicability criteria for the parameter ‘food group’, which are generic (domain-independent) and pertain to the data 

value 

The  ‘food group’ constitutes a particularly important parameter for the cross-domain study, as certain 
food groups (e.g. vegetables, fruits, legumes, berries and sugary drinks) were found to be linked with a 
risk of T2D  (Kanellakis et al., 2020; Lindström & Tuomilehto, 2003) and their mean daily intake (in e.g. 
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g/day) represents a candidate parameter to include in the model for linking diet with T2D.  However, the 
FFQ applied in the Feel4Diabetes vs. the Food4me study used different food group names. The FFQ of the 
Food4me study included both food groups (e.g. cream crackers, cheese biscuits, rusks) and food items 
(e.g. white rice), whereas in the Feel4Diabetes FFQ only the consumption of certain food groups was 
asked. A food coding system like LanguaL or FoodEx2 was not used in either of the studies, which hinders 
data merging and interoperability. Translation of food items/groups into the groups of interest 
(vegetables, fruits or e.g. legumes) is one of the challenges, which the FNS Cloud project aims to address 
and offer guidance for. Possible starting points are manual matching (which is very time consuming) or 
using nascent machine learning algorithms (which allows for automated matching workflows) (Eftimov et 
al., 2017; Koroušić Seljak et al., 2018). 

 

 

Figure 9:  Applicability criteria for the parameter ‘date’, which are generic (domain-independent) and pertain to the data value 

Applicability criteria for the parameter ‘date’ may also apply to several other (data type-specific) 
parameters. For instance, the date a food dietary survey was filled out would also have to be in the same 
reference format (or be convertible into the reference format), if this information is to be taken up into 
the FNS-Cloud. 

 

4.4 Additional, domain-specific data criteria 

While generic criteria apply to the various data relevant in both single-domain and cross-domain 
questions, domain-specific criteria only apply to data from the respective domain(s) involved in a given 
single- or cross-domain question. Domain-specific criteria aim to make datasets from a given domain 
interoperable among themselves as well as with datasets from other domains, which may include common 
parameters. In the following, we outline how these criteria are defined and applied for our two example 
questions. 
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4.4.1 Single-domain question: Criteria for the ‘agrifood’ domain 

To determine the average total sugar content (i.e. added and naturally occurring sugars) of selected food 
products within specific food product groups (here: cereals and soft drinks) across different European 
countries, a list of parameters, which are required to answer the research question, was first determined. 
These parameters are: 

- Food name: food item (product) name and identification 
- Food product group 
- Sugar, total (nutrient name or nomenclature) 
- Unit  
- Matrix unit  

 

The above parameters require harmonization and standardization to enable data integration, 
interoperability and co-analysis of all three branded food datasets (SI, CH and NL). 

The food product group first allows selecting all food products within the chosen categories (soft drinks 
and breakfast cereals). While this was a fairly easy task in the SI and NL datasets, as the data related to 
these two specific categories were extracted and made available by partners, the case with the CH dataset 
is not as straightforward. Food product groups in the Swiss dataset represent bigger ‘clusters’ of products 
(e.g. breakfast cereals, bread and bread products). This means that allocating products to the group 
‘breakfast cereals’ requires a data pre-processing step with regards to the Swiss data to filter products 
belonging to breakfast cereals specifically. 

Again, the situation is fairly easy (even with the necessary data pre-processing step) because the products 
‘breakfast cereals’ and ‘soft drinks’ are quite standard categories. However, given that the three datasets 
use their own food product categorization (e.g. national food classification systems), other product groups 
may not actually mean the same thing (represent the same category of food) across the board. For 
example, ‘sausages and cold meats/Boiled sausage products’ will not be equal to the food product 
category ‘processed meats’ in another data set. Using a standardized food product classification system 
(e.g. Brick codes from the Global Product Classification system) or transforming all data to match a 
selected classification system (e.g. LanguaL (Møller & Ireland, 2017) or FoodEx2 (EFSA, 2015)) is the only 
way to ensure interoperability of different branded food datasets. Applicability criteria addressing the 
food product group as an example of a domain-specific data criterion are illustrated in Figure 10. 

As a cross-check (validation) for the selection of food products of a given category, one could check how 
many of the selected products are equivalent in the different markets. It would therefore be beneficial to 
match selected products by their Global Trade Item Number (GTIN). The NL and SI datasets include the 
GTIN, while the Swiss dataset doesn’t. Of course, whenever the GTIN is available matching of same 
products is a straightforward task. However, as exemplified by the Swiss dataset, it is not always included. 
Additionally, some products are quite similar (almost identical) in different markets, yet have diverging 
GTIN/ EAN numbers. Matching food products in different countries via their name, ingredients and other 
product label information may present an option on how to tackle this task, yet it will require data 
processing algorithms to do the matching. However, the Swiss food dataset does not include ingredients, 
which again complicates this matching task. 

Next to harmonized food product groups, nutrient names, as well as nutrient values (data field type, unit 
and matrix unit) need to be harmonized. For the nutrient name (i.e. ‘sugar’), nomenclature criteria again 
follow the general pattern depicted in Figure 6. The concept ‘sugar’ is naturally part of several ontologies 
and thesauri (e.g. FoodOn (Dooley et al., 2018), EuroFIR component thesaurus (Becker et al., 2008)) and 
will inevitably be part of the FNS-Cloud ontology. However, the units used for indicating the nutrient 
content can differ among different datasets. Therefore, next to a unit criterion (unit shall be an SI unit or 
other standardized/ ontology-based domain-specific unit), a unit for reporting nutrient content (e.g. 
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g/100g or 100 mL) shall be agreed upon. Non-matching units will have to be transformed and values 
converted (see Figure 11). 

 

 

Figure 10: Applicability criteria for the parameter ‘food product group’, which are domain-specific and pertain to the data value 

 

 

Figure 11: Applicability criteria for the unit and matrix unit, which are domain-specific and pertain to the data value   
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4.4.2 Cross-domain question: Criteria for the ‘food intake and lifestyle’ & ‘health, body function and 
disease risk’ domains 

The second selected research question related to the link between diet and diabetes risk. At this point in 
time, the exact parameters (variables) from each dataset that will finally be included as explanatory 
variables in the predictive model to estimate an individual’s diabetes risk (DE03) are not known. However, 
previous studies, which have attempted to establish a link between lifestyle and sociodemographic indices 
and cardio-metabolic risk factors (e.g. Gray et al., 2010; Kanellakis et al., 2020), already provide a hint as 
to which parameters will have explanatory power. These studies were therefore used as a basis to identify 
the relevant parameters within the available datasets for which applicability criteria were necessary. 

Parameters which have shown statistical significance in constructing the European Insulin Resistance Risk 
(Kanellakis et al., 2020) as well as the FINDISC T2D risk assessment tool (Lindström & Tuomilehto, 2003), 
i.e. parameters identified as relevant in both publications, were used as a basis. These were: 

- Age 
- BMI (calculated from weight and height) 
- Waist circumference (WC) 
- Sex  
- An indicator of physical activity (e.g. walking or vigorous physical activity)  
- An indicator of certain food/food group intakes (mean daily intake of vegetables, fruits and 

berries)  
- An indicator of certain drinks consumption (daily consumption of sugary beverages)  
 

For the dependent variable in the model, health biomarker data is necessary. Parameters collected in both 
studies and of relevance for the diagnosis of T2D are: 

- Fasting blood glucose (FPG) and 
- Total cholesterol 
- Blood pressure 
 
Applicability criteria are now necessary to harmonize the data on these parameters from the two datasets 
in order to build the model and answer the research question. Age, BMI and waist circumference are quite 
standardized parameters. They were reported in the same way in both datasets (in years, kg/m2 and cm). 
Integrating food intake of certain foods and drinks requires primarily a harmonized food classification 
system to be applied in the different datasets. However, the FFQs used in each study differ in the way they 
classify foods into food groups in the collection phase, and cluster food groups in their analysis and hence 
there may be some difficulty in matching intakes of specific food/food groups that will have to be resolved 
(following a similar decision making process as in Figure 8). Additionally, units for mean daily intake of 
certain foods (e.g. g/day) as well as for FPG and total cholesterol will have to be harmonized. The 
applicability criteria formalizing the harmonization process of these parameters’ units can be designed to 
mirror the applicability criteria for ‘unit of sugar content’ shown in Figure 11. 

Furthermore, categories for daily consumption of drinks will also have to be defined (e.g. 1 cup a day, 2 
cups a day or <250 mL a day, 250-500 mL a day, >500 mL a day). Which categories are to be used for any 
categorical variable will have to be pre-defined (e.g. by data providers or from guidelines and standards). 
For example, for education-related variables categories can be defined using UNESCO’s International 
Standard Classification of Education (UNESCO-UIS, 2012), while the ‘current occupation’ variable can be 
developed using the International Labour Organization’s International Standard Classification of 
Occupations (ILO, 2012). 

The same goes for the variables gender or sex and physical activity (PA). To demonstrate examples of 
applicability criteria for categorical variables (data value criteria) Figure 12 and Figure 13Figure 12 
illustrate decision trees for gender or sex and PA. 

http://www.fns-cloud.eu/


Food Nutrition Security Cloud 

D3.1 Data requirements and applicability criteria 

Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme (H2020-EU.3.2.2.3. – A 
sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-cloud.eu 34 

 

 

 

 

Figure 12: Applicability criteria for the parameter ‘gender’ (or ‘sex’), which are domain-specific and pertain to the data value 

 

Figure 13: Applicability criteria for the parameter 'physical activity' , which are domain-specific and pertain to the data value 
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Like food intake, alignment of measurements of PA are also challenging. There is no commonly agreed 
best practice method to assess physical activity. In Feel4Diabetes the hours per day and days per week of 
vigorous physical activity, moderate activity and walking was recorded, using a questionnaire developed 
for this study. In Food4me, the Baecke questionnaire for PA (Baecke et al., 1982) was used, which classifies 
sport activity into low, medium and high intensity and then asks for the hours per week and months per 
year.  Can vigorous, moderate and walking be translated 1:1 into low, medium and high intensity activity, 
using e.g. Metabolic Equivalent Tasks (METs)? While this example may still enable data integration, if we 
assume that the three categories from one questionnaire are equivalent to the categories of the other 
(yet integration rather by a human expert and not automated), other datasets which categorize PA in e.g. 
a Boolean way (more or less than e.g. 30 minutes a day of PA’ (Yes/No)) would make such merging 
impossible. 

 

5. Recommendations for different stakeholder groups (target audience) 

5.1 FNS-Cloud platform developers 

As primary target group of D3.1, the FNS-Cloud platform developers will rely on several advanced IT 
solutions to fulfil the developed applicability criteria, render submitted data interoperable and integrate 
datasets in a (semi-)automated way into the FNS-Cloud. 

Based on the analysis of FNS data(sets) available through the project consortium, as well as the identified 
data inconsistencies and harmonization needs and the two performed case studies, a list of 
recommendations for FNS-Cloud developers was abstracted. These recommendations represent a kind of 
‘action list’, as they include necessary steps towards data interoperability and establishing the envisioned 
FNS-Cloud infrastructure. 

Our recommendations for FNS-Cloud developers are: 

• All FNS data(sets) to be uploaded on the Cloud shall be linked to their respective data types (e.g. 
‘tagged’) and mapped onto FNS data domains and FNS-relevant research questions or research 
question spaces (i.e. themes or research interests). Linking or assigning datasets to their respective 
data types can be done manually by asking data providers when uploading their data to select suitable 
data types from a pre-defined list of FNS-relevant data types. Alternatively, it can be done ‘in the 
background’ in an automated way by analysing dataset title, content ... etc. and assigning a suitable 
data type and ultimately data domain. Additionally, datasets can be tagged with several ontology-
based keywords (again, either selected manually by the data provider or assigned automatically) which 
will facilitate achieving a conceptual connection between users’ questions and available machine-
readable information. 

• A set of minimum requirements for metadata descriptors (e.g. information on study design, data 
ownership, study measurements, ethical issues) shall be developed for the FNS-Cloud or be adapted 
from previous efforts, such as ENPADASI, to enable data integration and interoperability, as well as 
efficient data querying, interpretation, comparability, (re)use and repurposing.  Accurate 
representation of the content of available information sources is key to making data findable, 
interoperable and reusable. 

It is advisable to create a pre-defined data submission form where data owners fill in such metadata 
in an already standardized/ harmonized way. It is further recommended to specify minimum 
metadata requirements for each individual FNS-relevant data type or group of closely connected 
data types (e.g. for food composition data, health biomarker data or omics data), as several metadata 
descriptors – and the values they assume – are specific to a certain data type or research field  (see 
for instance Pinart et al., 2018 for minimum requirements for nutritional studies). In developing such 
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data type-specific metadata requirements, the ISA-Tab format (http://isa-tab.sf.net) offers a 
promising framework. Already existing domain-specific or data type-specific minimal reporting 
requirements and ‘checklists’ shall be adopted (for examples of such reporting requirements or 
checklists see Section 5.2). 

• The process of developing applicability criteria demonstrated on the two illustrative case studies in 
Chapter 4 shall be repeated for multiple use cases: 

1. Using a set of example FNS-relevant research questions (e.g. as defined in WP4 Use cases and WP5 
demonstrators, see Table 4, Appendix 1) a list of variables, which are required for answering 
these research questions, must be defined. Data providers within the consortium may also be 
asked to agree on a list of key variables (variable catalogue), required to answer research 
questions of current scientific relevance in their respective research domain, which will then be 
targeted for applicability criteria and harmonization (‘target variables’). 

2. Reference or standard formats for reporting values of the target variables shall be decided upon 
in agreement with data providers and other experts within the consortium. Ontologies, which 
provide a community vetted language, shall also be selected or developed for standardized 
annotation of all selected variables, thereby fulfilling all nomenclature criteria. It is necessary to 
arrive at a consensus on relevant variables (e.g. weight), their ‘meaning’ and definitions (e.g. 
measured weight), and format (weight in kg) (Doiron et al., 2013). 
International and commonly used guidelines and data standards (see Table 1) can be used to 
decide on a reference or standard format for any of the target variables. Where applicable, 
recommended ontologies, controlled vocabularies and data exchange models shall be adopted 
from D2.1 (Presser et al., 2020). 

With the help of processing algorithms, submitted FNS data(sets) collected by different researchers 
can be checked against the selected reference or standard formats and transformed into the FNS-
Cloud standard format where necessary. 

• An FNS-Cloud internal ontology, covering all concepts related to FNS data domains, FNS metadata 
(study descriptors) as well as FNS target variables (i.e. variables required to answer FNS-relevant 
research questions or variables that allow integration of a dataset with another), shall be developed. 
The ontology would provide a coherent means of data annotation to achieve semantic 
interoperability. Concepts which already exist in available ontologies (see Table 2) can be imported. 
 

• Once an FNS-Cloud design (pooled vs. federated) is clear/ agreed upon, its technical and other 
boundary conditions should be clarified that will influence harmonization needs and standardization 
efforts. This goes hand in hand with clarifying ethical and legal data sharing aspects and data access 
rights. Datasets already available to the FNS-Cloud project consortium as well as datasets to be later 
uploaded/submitted to the Cloud should undergo a ‘clearance’ process, addressing issues such as: 

- Is study metadata going to be made publicly available? 
- Is raw or aggregated study data going to be shared? Who has the rights to share this data? 
- Are there any ethical-legal constraints to sharing and reusing the data? 

 

5.2 FNS-Cloud data providers 

For FNS-Cloud data providers, the following list of recommendations was defined: 

 

• Existing reporting guidelines and data standards, as well as ontologies or thesauri (see Table 1 and 
Table 2) , which can help produce data in an already standardized/ harmonized way, and in turn a 
“Cloud-compatible”/ machine-readable or easy to transform way, shall be identified and used early 
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on in the study period.   Software tools can also present useful resources if they e.g. provide a template 
to fill out, containing already standardized parameters (e.g. dietary intake survey software) and can 
be used when performing studies. 

• Correct, complete and, if possible, ontology-based documentation of study metadata is paramount if 
data is to be made interoperable. We recommend using the above-mentioned ISA-Tab structure for 
experimental metadata collection and exchange. It is further recommended to search for data type-
specific minimal requirements or checklists developed for a respective research field, containing 
assay-specific recommendations such as: 

- Minimal requirements for joint data analysis in nutritional epidemiology (Pinart et al., 2018) 
- Minimum information for biobank data sharing (Merino-Martinez et al., 2016) 
- Minimum information required for a glycomics experiment (Kolarich et al., 2013) 
- Minimum Information about a Genome/Metagenome Sequence checklist (MIGS/MIMS) (Field et 

al., 2008). Furthermore, to cover the description of phylogenetic and functional marker genes an 
extended standard, the Minimum Information about a MARKer gene Sequence (MIMARKS) 
checklist (http://gensc.org/gc_wiki/index.php/MIMARKS) has been developed (Yilmaz et al., 
2011) 

- Reporting recommendations for protein data (MIAPE) (Taylor et al., 2007) 
- Requirements for the description of transcriptomic data (MIAME/Plant) (Zimmermann et al., 

2006) 
- Rules concerning metabolomics observations (Fiehn et al., 2007; Goodacre et al., 2007; Morrison 

et al., 2007) 
 

• Data sharing rights and legal and ethical issues shall be clarified at the earliest convenience and 
included in the study metadata. 

5.3 FNS-Cloud platform users 

Regardless of the specific user group (researchers, policy makers, industry... etc.), the following 
recommendations were defined: 

• The research questions shall be clearly defined (reduce ambiguity, use keywords), as well as data 
requirements (data types and specific variables) in order to perform efficient queries and identify 
suitable data on the FNS-Cloud. Ideally ontology-based language is used to express research questions 
to facilitate matching and connecting concepts between available information sources and user 
information needs 

• Data licensing agreements shall be read carefully and respected 

• Metadata associated with any given dataset shall be read carefully at the start to avoid data 
misinterpretations or misuse 

• ‘True’ comparability of studies as well as data quality shall be checked 
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6. Conclusions 

The overarching goal of T3.1 was to demonstrate the process of identifying data requirements and 
developing applicability criteria as the basis for developing information technology tools that will enable 
semi-automated data integration and interoperability within the FNS-Cloud data platform. As a starting 
point, an ‘FNS data map’ that represents FNS-related ‘research question spaces’ as well FNS-relevant data 
domains and data types, was developed. The data map can be used to predetermine the categories (types) 
of data that will included on the Cloud and subsequently cluster and ‘tag’ submitted FNS data(sets) to 
enable efficient identification of suitable datasets in response to user queries. 

In a second step, typical inconsistencies between different FNS data (sets) in e.g. nomenclature 
(vocabulary used), units, data field types, file formats etc. were identified and discussed. Two illustrative 
case studies, using one cross-domain and one single-domain research question, were then used to 
demonstrate the development of generic (domain-independent) and domain-specific applicability criteria. 
With the help of existing FNS datasets used to answer the research questions, it was possible to identify 
all variables requiring harmonization in order to co-analyse the different datasets and answer the research 
question at hand. Applicability criteria were then developed for these variables to help formalize data 
processing procedures, which will have to take place ‘in the background’ to enable semi-automated data 
integration and harmonization within the Cloud. 

Platform developers can follow the demonstrated procedure and the example criteria provided to define 
further data requirements and develop more applicability criteria for all types of data that will be included 
on the FNS-Cloud. This will directly feed into their efforts in other tasks of WP3 to develop automation 
algorithms as well as other data processing tools to enable automated data harmonization and integration. 
Additionally, identified harmonization requirements and developed criteria help data providers (e.g. WP4 
use cases and WP5 demonstrators) in generating already standardized (machine-readable) data consistent 
with existing data standards and reporting guidelines. 

The two case studies have further illustrated the difficulties and challenges of harmonizing datasets from 
different sources or research labs and achieving data interoperability. To answer complex FNS-relevant 
research questions, it is necessary to combine and conjointly analyse data of different types and from 
different data (or research) domains. The process of developing applicability criteria for key variables that 
require harmonization will have to be repeated for multiple other datasets to clearly determine what data 
processing steps are required and what IT solutions are needed for. It remains to be seen how well-
developed solutions (e.g. machine learning algorithms) will allow (semi-)automatic data integration and 
consolidation into the Cloud. 
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8. Appendix 

Appendix 1: Overview of FNS datasets mapped to data domains and potential research questions 

Table 4: FNS data1 available to project consortium mapped to the associated data domains, data types and potential research questions addressed in WP4 and WP5 
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FoodEXplorer EuroFIR x 
   

  
    

  
    

  What are differences in the nutritional quality of the food supply in 
selected EU MS across food categories and for whole-country 
samples? 

FoodWasteEXplorer EuroFIR   
   

x 
    

  
    

   

ePlantLIBRA EuroFIR x 
   

  
    

  
  

x 
 

   

eBASIS (Bioactive Substances in Food Information 
Systems) 

EuroFIR x 
   

  
    

  
  

x 
 

   

SCaRES - Seafood Study Ireland UCD   
   

  x x x 
 

  
    

  How are consumer behaviors linked to dietary intake and how do 
such associatons in UK, IE and DE compare to Western Balkan 
countries? 

Food4me UCD   
   

  x x x 
 

  
 

x 
  

x How high is the cardiometabolic disease risk given a certain 
personal diet/ dietary intake and lifestyle? 

Gut microbiome dataset QIB   
   

  
    

  
   

x   What are the effects of a high-bioactive complex diet and a low-
bioactive diet on the composition and function of the gut 
microbiome as well as other clinical and disease markers? 

Food and associated glucose data QIB   
   

  
    

  
 

x 
  

   

Metabolomics data QIB   
   

  
    

  
   

x    

EFSA Comprehensive European Food Consumption 
Database 

Hylo   
   

  x 
   

  
    

   

LFCT-AUTH/ATR-FTIR spectroscopic dataset AUTH x x               

NEVO Dutch food composition database RIVM x                
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LEDA Dutch branded food database (not publicly 
available) 

RIVM  x               

Slovenian branded food database Nutris, 
JSI  x              

How does a branded food composition/ labelling dataset collected 
via a standard Food Monitoring Survey in one EU MS (SI) compare 
to a dataset developed with the support of crowdsourcing? 

Tomappo garden plans dataset Lifely     x            

Contaminants_simplified_SSD2_BE-
FPS_Nickel_FNS 

UGent 

x               

What is the total diet combined exposure to multiple chemicals & 
what is the associated risk? 
For what substances are exposures (a) over the legislated limits, 
and (b) close to the legislated limits?  

Belgian food consumption data 2014-2015 UGent      x  x         

Feel4Diabetes study_High risk adults_baseline_GR HUA      x x  x   x     

Isotopic data FEM   x              

WikiPathways UM               x  

CNR_IBBA_TBP-based dataset CNR     x            

CNR_ISPA_Salmon mass spectrometric dataset CNR   x              

CoFID IMDEA 
Food 
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FooDB IMDEA 
Food 

x    x        x  x 
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Food 
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European public assessment reports (EPAR) IMDEA 
Food 
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Drug Bank IMDEA 
Food 

              x 
 

Drugs.com IMDEA 
Food 

              x 
 

Medscape. com IMDEA 
Food 

              x 
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Rxisk.org IMDEA 
Food 

              x 
 

NutriChem 2.0 IMDEA 
Food 

              x 
How does a given drug interact with specific food/ a specific diet? 

Webmd IMDEA 
Food 

         x     x 
 

ClinicalTrials  IMDEA 
Food 

              x 
 

dailyMed IMDEA 
Food 

              x 
 

CNR_ISPAAM_bovine milk_thermal 
treatment_peptides 

CNR   x             How can the authenticity and quality of milk be judged? 

CNR_ISPAAM_bovine milk_thermal 
treatment_proteins 

CNR   x              

CNR_ISPAAM_bovine milk_thermal treatment 
adulteration_peptides 

CNR   x              

CNR_ISPAAM_bovine milk_thermal treatment 
adulteration_proteins 

CNR   x              

CNR_ISPAAM_buffalo milk_freezing 
overtime_proteins 

CNR   x              

CNR_ISPAAM_BoMiProt CNR   x              

CNR_ISPAAM_bovine milk bioactive 
peptides_MBPDB 

CNR   x              

CNR_ISPAAM_bovine milk bioactive 
peptides_MBPDB 

CNR   x              

CNR_ISPAAM_caprine milk bioactive 
peptides_MBPDB 

CNR   x              

CNR_ISPAAM_human milk bioactive 
peptides_MBPDB 

CNR   x              

CNR_ISPAAM_AGEs-containing proteins CNR   x              

CNR_ISPAAM_lactosylated proteins CNR   x              
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Dataset 

Data 
owner/ 
Project 
partner 

Data domain 

Potential research questions2 

Agri-food Food intake and lifestyle Health, body function and 
disease risk 
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CNR_ISPAAM_carbonylated proteins CNR   x              

CNR_ISPAAM_milk metabolites_MCDB CNR   x              

The Serbian National Food Consumption Survey CAP      x x  x x       

Folate intake among Serbian women of 
reproductive age 

CAP      x x  x        

Swiss food composition database V6.1, 2019 and 
previous versions 

PMT 
x x               

LFCT-AUTH/virgin olive oil phenol composition 
dataset 

AUTH   x             What is the geographic origin of a given olive oil sample 
(product)? 

LFCT-AUTH/quantum chemically calculated values 
of indices characterizing the radical scavenging 
activity of virgin olive oil phenols dataset 

AUTH 
  x             

 

Chemical dissipation half-lives in food crops and 
other plants 

DTU 
    x           

 

Dietary intake of people aged 65+ TUM, 
UoR 

     x x         What are dietary habits of vulnerable populations (65+ years) and 
how do they affect health outcomes? 

ESRC Cognitive Food Choice UoR        x  x       

eNutri (Quisper 2019 EatwellUK2 study) UoR      x x   x       
1 Some resources such as Pubmed and Arxiv were not included in the table, as they are repositories/ search engines for literature but not data. They can nevertheless be searched for 

published literature/ data. 

2 Example of questions addressed in WP4 and WP5 of the FNS-Cloud project (see description of work for more details). The questions will be answered solely on the basis of the dataset 
they’ve been assigned to in this table or will require the combination of multiple datasets to be answered (but were only mentioned once in relation to one of those dataset 

  

http://www.fns-cloud.eu/
http://www.fns-cloud.eu/


Food Nutrition Security Cloud 

D3.1 Data requirements and applicability criteria 

Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme (H2020-EU.3.2.2.3. – A sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-
cloud.eu 48 

Appendix 2: Summary slides 
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