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Executive Summary 

This report will in time describe the scope of the semantic resources needed for the food chain. To 

begin with we have focused on the semantic resources required to connect the activities of the 

TITAN project. The report will include the description of the evaluation of these resources and the 

criteria used, in particular on points such as their potential i) to formalize food chain concepts ii) to 

be aligned with other resources to constitute a coherent set for the food chain. In other words, their 

ability to link data from different user cases and these resources should allow actors to harmonize 

information exchanges and avoid ambiguities. It should also take into consideration the need that 

arises for reference standards due to evolving regulatory reporting obligations, the monitoring 

thereof and the vocabulary to describe it. The report will also describe what level of finesse the 

resources must have to be able to be adopted and taken in hand by users but also by software 

agents in order to efficiently support the digital food chain. It is import to keep in mind that the 

semantic resources and the domains mentioned in this document are dynamic and as a result the list 

of resources, the resources themselves, the domains and the needs of the actors will continue to 

evolve over time.   
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Introduction 
The European Green Deal is the central strategy of the European Union to transform European society 
with a modern, resource-efficient and competitive economy, while addressing climate and 
environmental challenges. The Farm to Fork strategy follows the path traced by the European Green 
Deal, while responding to increased public awareness and the growing demand for a Food System 
capable of providing healthy, sustainable and affordable food. All players in the Food Value Chain are 
called upon to contribute to this goal thanks to recent technologies and recent discoveries in the 
sector. Farm to Fork aims at setting a global standard that can overturn the current paradigm 
consisting in air, water and soil pollution, loss of biodiversity and climate change and excessive 
consumption of natural resources.   
For such an agrifood system to flourish, consumers must have better access to healthy, sustainable 
and affordable food, with transparent information about the integrity and true value of a food, so that 
they can make the better food choices that are necessary to increase demand. Enhancing transparency 
is an essential element in achieving this goal. Without transparent (and preferably immutable) proof, 
sustainability claims run the risk of becoming hollow marketing phrases, instead of useful information 
that all the actors in the value chain (producers, sellers, consumers) can use to make choices that align 
with their values.   
TITAN intends to leverage transparency and digital innovations in the food sector to pursue this 
paradigm shift: transforming the food system into a demand-driven economy that provides consumers 
with healthy and sustainable food. To achieve this goal, TITAN will provide a broad platform for the 
development of pre-identified technologies and pilots that will be selected during the project through 
an open call for proposals, also by facilitating the involvement of primary and secondary stakeholders 
in this process, analyzing current policy to set up a set of recommendations and finally setting up an 
inventory to identify current digital innovations and future challenges.  
 

As one of the work packages of TITAN, WP3 (Digital technologies) aims to create an inventory of 

technologies and validated approaches to overcome cross-cutting challenges for transparency. This 

inventory will grow and adapt to the needs of and developments in the food chain. This deliverable 

contributes to the aims of WP3 by providing a broad set of semantic tools and resources that can be 

integrated to make the food chain data understandable, interoperable and machine readable to all 

the actors in the food chain and make the goal of transparency in the TITAN project a reality. The 

network of semantic resources that is created will also play a vital role in enabling actors in the field 

chain to comply to evolving reporting regulations with greater ease and streamline other processes 

that would benefit from data sharing. It even has the potential to bridge the gap between activities 

and industries previously isolated from one another.  

Objectives of the document 

This deliverable aims to create and evaluate a fframework of semantic resources and tools in order 

to enable data interoperability along the supply chain. 

Associated Tasks 

This deliverable is the second deliverable of WP3 Digital Technologies.  It is related to task (T3.4): 

Framework of semantic resources enabling data interoperability along the supply chain. We will 

investigate a semantic data interoperability framework description for the supply chain.  
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How to read this document 
A preliminary list of the relevant semantic resources is provided, including a description and 

evaluation of the resources. The proposed list of resources provides a basis for dealing with data 

of various pillars of the food chain. Subsequently, a preliminary mapping is provided to indicate how 

the resources could be or are already linked. Following this, a list of questions that the data in the 

food chain would have to answer have been compiled to start the process of creating a functional 

semantic system that truly meets the needs of the food chain as represented by the pilots in the 

TITAN Project. Finally, a layout of domains that still need to be investigated and linked to the 

network, domains that would be required to represent the entirety of the food chain and 

considerations surrounding regulated reporting. 

 

Clarification of terminology used in this document: 

Semantic resources: Resources that provide the definitions of terms and their organisation. In this 

document we are restricting semantic resources to resources that are machine readable. 

Semantic resources in this document may include: 

Thesauri: Lists of words in groups of synonyms and related concepts (intensional meanings) for 

grouping resources with similar characteristics. Example: “part of” a hand is part of the human 

body. Thesauri enable machines to find and use data. 

Ontologies: Are enriched data schemas (a form of data organisation) with definitions and properties. 

They are a relevant way to standardize data. Ontologies can be combined and associated in order to 

meet the needs of a domain. They take data management a step further. 

Knowledge Graphs (KG): Are a combination of data and knowledge. They are composed of data 

organized according to ontologies. 

Knowledge representation languages: 

SKOS: A language that allows us to manage terminologies such as thesauri or dictionaries. 

RDFS and OWL: Languages used to structure and formalize semantic resources (e.g. ontologies or 

thesauri). 

 

 

 

 

 

 

 

 

 

 

https://www.google.com/search?sca_esv=b6ab7d9e5410acba&rlz=1C1CHBF_frFR1043FR1043&sxsrf=ACQVn0_h8wVGAEVnNaeUK22cRxrgkTHjqw:1708961585044&q=synonyms&si=AKbGX_q870E3DK3nJ7cu3BOD7pxCbQXM_xeOSoTR-rd2K1pp3DPbXZsN1y4kqzqyl48vW0Hkt6JfII2ycoblZMhHx9767t3VfxWUZr3PVtcUZaSKcokbXP4%3D&expnd=1
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1. General Semantic Resources Required across fields 

A list of relevant wide ranging semantic resources is provided to cover general non-specialized 

terminology that all the partners in TITAN could potentially need to complete their semantic system. 

All of these resources are well developed, widely used and easily integrable. 

 

Table 1 General semantic resources that most actors in the food chain would use 

 

2. Descriptive List of Domain Specific Semantic Resources 
 

2.1  AgroPortal (Repository) 
Is a semantic resource repository for the agronomical domain. It re-uses the biomedical domain’s 

semantic tools and insights to serve agronomy, but also food, plant, and biodiversity sciences. It 

offers a portal that features semantic resource hosting, searching, versioning, visualisation, 

commenting, and recommendation; enables semantic annotation; stores and exploits semantic 

Semantic 

Resources
 Short Description Location

Friend Of A 

Friend (FOAF) 

A lightweight ontology used to describe 

people and social relationship on the Web
https://sparontologies.github.io/foaf/current/foaf.html

MarineTLO 
 A knowledge graph for the marine domain 

(also applicable to the terrestrial domain).
https://projects.ics.forth.gr/isl/MarineTLO/#releases

Good Relations

A lightweight ontology used to describe 

products sold online. It is especially useful to 

online stores with a great diversity of 

products.

https://www.w3.org/wiki/GoodRelations

The 

Organization 

Ontology

An ontology that adds classification of 

organizations and roles, as well as extensions 

to organizational activities.

https://www.w3.org/TR/vocab-org/

Semantic 

Sensor Network 

Ontology

An ontology used to describe sensors and 

their observations, the involved procedures, 

the studied features of interest, the samples 

used to do so, and the observed properties, as 

well as actuators.

https://www.w3.org/TR/vocab-ssn/

Time Ontology 
An ontology used to describe the temporal 

properties of resources in the world 
https://www.w3.org/TR/owl-time/

Wikidata

An open knowledge graph that covers all the 

structured data of its Wikimedia sister 

projects including Wikipedia https://www.wikidata.org/wiki/Wikidata:Main_Page

TaxRef

A knowledge Graph on the taxonomy of 

fauna and flora of metropolitan France and 

overseas territories
https://inpn.mnhn.fr/programme/referentiel-

taxonomique-taxref?lg=en

NCBI Taxology
An ontology for  all of the organisms in the 

public sequence databases (including micro 

organisms) https://www.ncbi.nlm.nih.gov/taxonomy
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resources alignments; and enables interoperation with the semantic web. It specifically satisfies 

requirements of the agronomy community in terms of semantic resource formats (e.g., SKOS 

vocabularies and trait dictionaries) and supported features (offering detailed metadata and 

advanced annotation capabilities).  

AgroPortal contains several semantic resources that are vital for the TITAN project and has the 

added benefit of indicating where and how these resources are aligned which increases the ease of 

tailoring semantic resources for specific use: 

 

2.1.1 AGROVOC Multilingual Thesaurus 
AGROVOC is a multilingual thesaurus designed to cover concepts and terminology under the FAO's 

areas of interest, such as food, nutrition, agriculture, forestry, fisheries, names of animals and plants, 

environment, biological concepts, techniques of plant cultivation, etc. The thesaurus is hierarchically 

organised under 25 top biological concepts. It is a large Linked Open Data set available for public 

use, and its highest impact is through facilitating the access and visibility of data across domains and 

languages.                                             

Evaluation of AGROVOC (SKOS):    Relevance to TITAN: All pilots  

Readiness for use: Well developed and maintained 
Adoption: Widely adopted and used 
Spectrum covered: Wide  
Potential to formalise food chain concepts: Excellent 
Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 
Level of finesse required for adoption: Low  
 
 

 
 

Figure 1 Schematic representation of AGROVOC’s connections to other ontologies 
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2.1.2 Plant Trait Ontology (TO) 
A set of ontologies that describes phenotypic traits in plants. Each trait is a distinguishable feature, 

characteristic, quality or phenotypic feature of a developing or mature plant. This will be used to 

describe produce in TITAN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evaluation of TO (OWL, OBO):     Relevance to TITAN: WP5 and 6 

Readiness for use: Actively developed and maintained 

Adoption: Limited adoption 

Spectrum covered: Domain specific 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

 

 

 

 

Figure 2 Schematic representation of TO’s connections to other ontologies 
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2.1.3 Phenotype and Trait Ontology (PATO) 
An ontology of phenotypic qualities (properties, attributes or characteristics). It has ties to the Plant 

Trait Ontology but is more specialised. This is very relevant to TITAN as the products in the food 

chain, such as tomatoes, rice and almonds must be described according to their phenotypical traits. 

When distinguishing between different varieties of the same product there can be several 

phenotypical markers of a specific variety.  

 

Figure 3 Schematic representation of PATO's organisation. Taken from: Evolutionary Characters, Phenotypes 

and Ontologies: Curating Data from the Systematic Biology Literature, Wasila M Dahdul et al, 

https://www.researchgate.net/publication/44633412_Evolutionary_Characters_Phenotypes_and_Ontologi

es_Curating_Data_from_the_Systematic_Biology_Literature 

 

Evaluation of PATO (OWL, JSON, OBO):                 Relevance to TITAN: WP5 

Readiness for use: Developed and maintained 

Adoption: Adopted and used 

Spectrum covered: Specialised  

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

 

2.1.4 FoodOn 
FoodOn is a consortium-driven project to build a comprehensive and easily accessible global farm-

to-fork ontology about food, that accurately and consistently describes foods commonly known in 

cultures from around the world. This ontology is central to the concept of the TITAN project as it 

covers the concepts of the foodchain. It is expected to be a key ontology for most of the pilots. 

Figure 4 Schematic representation of FoodOn’s organization 

https://www.researchgate.net/profile/Wasila-Dahdul?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19
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Evaluation of FoodOn (OWL):     Relevance to TITAN: All pilots 

Readiness for use: Under development and maintained 

Adoption: Adopted and used 

Spectrum covered: Wide 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

 

2.1.5 Process and Observation Ontology (PO2) / TransformOn  
PO2 is an ontology for modelling transformation processes in food products and their observations. 

PO2 is part of an interdisciplinary project called Delicious concerning the production and 

transformation processes in food science. The project combines data from different disciplines like 

food composition, food structure, sensorial perception and nutrition. 

TransformOn is an ontology on food and bio product processing and characterisation. The ontology 

is a specialisation of the PO2 ontology.  
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Figure 4 Schematic representation of PO2 and TransformOn’s connections to other ontologies 

Evaluation of PO2 (OWL):  

Relevance to TITAN:                              Any food product undergoing transformation in the food chain. 

Readiness for use: Developed and maintained 

Adoption: Adopted and used 

Spectrum covered: Specialised  

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  
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2.1.6 Environment Ontology (ENVO) 
ENVO is an ontology which represents knowledge about environments, environmental processes, 

ecosystems, habitats, and related entities. ENVO is available on both AgroPortal and BioPortal. 

 

Figure 5 ENVO’s feature hierarchy includes classes. Taken from : The Environment Ontology: contextualising 

biological and biomedical entities, Pier Luigi Buttigieg et al, 

https://www.researchgate.net/publication/259315952_The_Environment_Ontology_contextualising_biolog

ical_and_biomedical_entities 

 

Evaluation of ENVO (OWL, JSON, OBO):    Relevance to TITAN: All pilots 

Readiness for use: Under development and maintained 

Adoption: Adopted and used 

Spectrum covered: Broad 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

2.1.7 Sensor, Observation, Sample and Actuator ontology (SOSA) 
This ontology is based on the SSN Ontology by the W3C Semantic Sensor Networks Incubator Group 

(SSN-XG), together with considerations from the W3C/OGC Spatial Data on the Web Working Group. 

SOSA acts as a central building block for the SSN but emphasises light-weight use and the ability to 

be used standalone. 

 

Figure 6 Overview of the SOSA classes and properties (sampling perspective) 

https://www.researchgate.net/profile/Pier-Luigi-Buttigieg?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNpZ251cCIsInBhZ2UiOiJwdWJsaWNhdGlvbiJ9fQ
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Evaluation of SOSA (OWL):     Relevance to TITAN: All pilots 

Readiness for use: Completed 

Adoption: No known users 

Spectrum covered: Specialised 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

2.1.8 Sustainable Development Goals Interface Ontology (SDGIO) 
This ontology was developed to support the realisation of the SDGs by providing a semantically 

coherent representations of relevant entities. 

 

Figure 7 Schematic representation of SDGIO’s organization, taken from: Sustainable Development Goals Interface 
Ontology paper by Mark Jensen, University at Buffalo, https://ceur-ws.org/Vol-1747/IT202_ICBO2016.pdf 

Evaluation of SDGIO: (OWL)     Relevance to TITAN: All pilots 

Readiness for use: Completed 

Adoption: Adopted 

Spectrum covered: Specialised but broad 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  
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2.2 BioPortal (Repository) 
The world's most comprehensive repository of biomedical semantic resources. 

 

2.2.1 Ontology for Nutritional Studies (ONS) 
Ontology for Nutritional Studies (ONS) is the first systematic effort to provide a formal ontology 

framework for the description of nutritional studies. 

 

Figure 8 Schematic representation of ONS’s connections to other ontologies taken from : ONS: an ontology 

for a standardized description of interventions and observational studies in nutrition, Francesco Vitali et al, 

http://creativecommons.org/licenses/by/4.0/ 

Evaluation of ONS (OWL):                 Relevance to TITAN: WP 4, 6 

Readiness for use: Under development and maintained 

Adoption: No known adoption 

Spectrum covered: Specialised but broad 

Potential to formalise food chain concepts: Good  

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

2.2.2 Food Matrix Ontology for Predictive Microbiology (FMPM) 
An ontology for food matrices to be applied to predictive microbiology. Predictive microbiology 

models are intended to represent microorganism behaviour in food matrices and provide accurate 

mathematical predictions for predictive models.  

https://genesandnutrition.biomedcentral.com/articles/10.1186/s12263-018-0601-y#auth-Francesco-Vitali-Aff1-Aff4
http://creativecommons.org/licenses/by/4.0/
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Evaluation of FMPM (OWL):     Relevance to TITAN: WP4 

Readiness for use: Completed 

Adoption: No known adoption 

Spectrum covered: Specialised  

Potential to formalise food chain concepts: Good  

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

 

2.3 Other Resources 
 

2.3.1 CropOntology (CO) 
The Crop Ontology, in combination with the crop trait dictionaries, provides a tool to foster 

phenotypic and genotypic data curation and annotation by the communities of practice (CoP) of 

several crops using validated common trait names, particularly breeders' traits, protocols, and 

scales. It ties into the Trait Ontology mentioned earlier in the deliverable. 

 

Figure 9 Schematic representation of Crop Ontology’s connections to other ontologies -- Unchanged from ©Creative 
Commons: https://creativecommons.org/licenses/by/4.0/deed.en 

Evaluation of CO (SKOS):     Relevance to TITAN: WP 4, 5, 6 

Readiness for use: Well developed and maintained 

Adoption: Widely adopted and used 

Spectrum covered: Specialised but broad 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

https://sites.google.com/a/cgxchange.org/cropontologycommunity/home/guidelines-for-the-trait-dictionary-template-v-5
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2.3.2 ERA Railway  
Is an thesaurus governed by the European Union Agency for Railways to describe the concepts and 

relationships related to the European railway infrastructure and the vehicles authorised to operate 

over it. Since the project centres around traceability in food chains there are a lot of logistics that 

will need to be covered to keep track of the movements of the products from their origin to the final 

consumer. 

 

 

Figure 10 Schematic representation of ERA Railway’s organization -- Unchanged from ©Creative Commons: 
https://creativecommons.org/licenses/by/4.0/deed.en 

 

Evaluation of ERA Railway (SKOS):             Relevance to TITAN: All pilots 

Readiness for use: Well developed and maintained 

Adoption: Widely adopted and used 

Spectrum covered: Specialised but broad 

Potential to formalise food chain concepts: Excellent 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Excellent 

Level of finesse required for adoption: Low  

https://www.era.europa.eu/
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2.3.3 DiTECT / Food Safety Ontology (FSO) 
This ontology covers food safety analysis technologies and methods for non-invasive and rapid 

assessment of safety and authenticity of food products. The ontology maximally reuses well-known 

concepts from widely used reference ontologies related to the domains of measurement, 

agriculture, food and biochemical analysis. It was originally developed for the Horizon 2020 DiTECT 

project (https://ditect.eu/). The subject matter of this ontology is very relevant to the work of WP4 

but since the ontology is incomplete and no longer being developed it is unclear how useful it will 

prove to be. 

 

Figure 11 Food safety concepts of the DiTECT Ontology and their relations, taken from: FSO: Food Safety Monitoring 
Ontology Arif Yilmaz et al., Maastricht University, https://ceur-ws.org/Vol-3415/paper-5.pdf 

https://ditect.eu/
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Evaluation of DiTECT (OWL):               Relevance to TITAN: WP 4, 5 

Readiness for use: Incomplete and development has halted. Authors gave permission for others to 

continue expanding it. 

Adoption: No known adoption 

Spectrum covered: Specialised  

Potential to formalise food chain concepts: Good 

Potential to be aligned with other resources to constitute a coherent set for the food chain. Excellent 

Level of finesse required for adoption: Low  

 

2.3.4 The Nutrition and Activity Ontology (NAct) 
This ontology is designed to represent personalised nutritional and physical activity 

recommendations and effectively support healthy living, to support a reasoning-based AI decision 

support system. NAct coalesces nutritional, medical, behavioural and lifestyle indicators with dietary 

and physical activity directives. It was originally developed in the premises of the H2020 IA project 

PROTEIN (https://protein-h2020.eu/). The alignments for this ontology are currently unknown. For 

this reason, it is possible that this ontology will be replaced by the Compositional Dietary Nutrition 

Ontology (CDNO) in the future. 

 

 
Figure 12 Schema of the top level concepts of the NAct ontology, taken from: NAct: The Nutrition & Activity 

Ontology for Healthy Living, Dorothea Tsatsou et al., https://www.researchgate.net/figure/The-top-level-

concepts-of-the-NAct-ontology_fig1_353546890 

 

 

Evaluation of NAct (OWL):               Relevance to TITAN: WP4 

Readiness for use: Developed  

Adoption: Unknown 

Spectrum covered: Specialised but broad 

Potential to formalise food chain concepts: Good but existing connections to other ontologies are 

unknown 

Potential to be aligned with other resources to constitute a coherent set for the food chain: Good 

Level of finesse required for adoption: Intermediate  

 

 

https://protein-h2020.eu/
https://www.researchgate.net/publication/353546890_NAct_The_Nutrition_Activity_Ontology_for_Healthy_Living?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/353546890_NAct_The_Nutrition_Activity_Ontology_for_Healthy_Living?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
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2.3.5 FEDeRATED 
FEDeRATED is a higher ontology that will enable official bodies, such as customs, to access and query 

digital data that is associated with a freight of goods.  

They are creating a network of platforms that will use data and provide services to one another 

through a EU data sharing grid - a EU Mobility Data Space - that would most likely change the way 

logistic operators experience the internet. With the advent of things like navigation apps, transport 

monitoring and container and cargo tracking systems, situational awareness and smart mobility 

Apps such a shared data environment is of increasing importance. It also serves to facilitate 

eEnforcement, eCustoms and eCompliance.  

Aligning semantic resources from other domains with FEDeRATED will allow for relevant information 

to become accessible to authorities which would be the most effective way of creating transparency 

in food chains. 

 

2.3.6 GEVES (Not a Semantic Resource – a referential resource) 
The Official French Catalogue (national list) of species and varieties of cultivated crops contains 
over 9000 varieties and 190 species. It is overseen by the French Ministry of Agriculture, which 
publishes decisions on the registration and withdrawal of varieties in the Official Journal of the 
French Republic, based on proposals from the Technical Committee for Plant Breeding (CTPS). This 
online catalogue is a consolidation of those official decisions. 

For all varieties registered in the Catalogue, you will find the official decision published in the Official 
Journal and, depending on the species, the variety description (used to distinguish a variety from 
other varieties) and VCUS test results (for agricultural species). The variety description is often of 
importance to TITAN and food chain transparency in general. 

Any variety registered in a National Catalogue is included in the Common Catalogue of the European 
Union, and can thus be marketed on the territory of the European Union. 

 

 

 

 

 

 

 

 

 

 

 

https://www.geves.fr/about-us/the-ctps/
https://ec.europa.eu/food/plant-variety-portal/


 

 

 

2.4  Summary of Domain Specific Semantic Resources 
 

Semantic      
resource 

Area of Interest WP 
 

Location 
 

AgroPortal Ontology repository     

AGROVOC FAO's areas of interest 4,5,6 https://agroportal.lirmm.fr/ontologies/AGROVOC 

PTO Plant traits 4,5,6 https://agroportal.lirmm.fr/ontologies/TO 

PATO Phenotypic qualities 5 https://agroportal.lirmm.fr/ontologies/PATO 

FoodOn Broad ontology for entities which bear a “food role” 4,6 https://agroportal.lirmm.fr/ontologies/FOODON 

PO2 Modeling transformation processes and their observations 4,5,6 https://agroportal.lirmm.fr/ontologies/PO2    

PO2/TransformOn Food transformation processes 4,5,6 https://agroportal.lirmm.fr/ontologies/TRANSFORMON 

ENVO Environment 4,5,6 https://agroportal.lirmm.fr/ontologies/ENVO 

 SOSA Sensor, Observation, Sample and Actuator ontology 4,5 https://agroportal.lirmm.fr/ontologies/SOSA 

SDGIO Sustainable Development Goals Interface Ontology 5 https://agroportal.lirmm.fr/ontologies/SDGIO 

BioPortal Ontology repository     

ONS Nutritional studies 6 https://bioportal.bioontology.org/ontologies/ONS 

FMPM Food Matrix Ontology for Predictive Microbiology 4 https://bioportal.bioontology.org/ontologies/FMPM 

Other       

CropOntology  Phenotypic and genotypic data curation and annotation  5 https://cropontology.org/ 

ERA Railway European railway infrastructure and the vehicles ontology 4,5,6 https://data-interop.era.europa.eu/era-vocabulary/ 

DiTECT/FSO Food safety analysis technologies and methods Ontology 4 https://github.com/ditect-eu/ontology/ 

NAct The Nutrition and Activity Ontology 6 https://nutritionactivityontology.github.io/nact/ 

GREVES The Official French Catalogue (national list) of species and varieties  5 https://www.geves.fr/catalogue-france/ 

FEDeRATED 
A higher ontology related to official bodies and their requirements 4,5,6 

https://github.com/Federated-BDI/FEDeRATED-Semantic-
Model/ 

Table 2 Summary of domain specific semantic resources
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https://bioportal.bioontology.org/ontologies/FMPM
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https://github.com/ditect-eu/ontology/
https://nutritionactivityontology.github.io/nact/
https://www.geves.fr/catalogue-france/
https://github.com/Federated-BDI/FEDeRATED-Semantic-Model/
https://github.com/Federated-BDI/FEDeRATED-Semantic-Model/


 

2.5 Mapping 
In order to cover the entire scope of the TITAN project, we need to combine general semantic 

resources that cover every day concepts along with domain specific resources that can cover more 

specialised terminologies and meanings. A network of interconnected resources is then formed by 

aligning these resources. This is achieved by defining the relationships between related intentional 

meanings. There are several ways to define these relationships, most commonly where they have 

the same or equivalent intentional meanings that overlap, also known as an “exact match”. They 

could also be defined by using a property between intentional meanings that indicates the 

relationship between them such as more specialised (“narrower”) or “broader”. Below is a visual 

representation of the existing alignments between the domain specific semantic resources in TITAN. 

In this case the alignments are lexical exact matches, which would mean that more work will have to 

be done to confirm if the intentional meanings are in fact exact matches. Other relational properties 

between the intentional meanings will also have to be defined to create a fully functioning data 

management schema. Semantic resource repositories play an important role by automatically 

detecting lexical similarities between semantic resources that alignments could take place on, and 

offer the option for the resource creators to define other alignments themselves and depositing 

them in alignment repositories, speeding up the process of alignment between resources greatly. 

 

Figure 13 Schema that depicts the existing lexical alignments between the semantic resources suggested for the TITAN 
project 
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3. Examples of Competency Questions for TITAN 
Competency questions are a list of the questions that you or the other users would want your 

dataset to be able to answer. With this list of questions, we can create a list of terms needed to 

describe the data of the food chain and the relationships between the terms in the datasets so that 

the datasets can be queried and return answers that take the relationships between the words into 

account. These relationships may be clear to humans but need to be specified to machines in order 

for them to give nuanced and accurate responses.   

Crops 

• Which crops are cultivated? 

• What is the general name? 

• What variety is it? 

• What is the use of the crop (e.g., human consumption, animal feed, etc.)? 

• They are produced organically? 

• Are the crops are irrigated? If yes, with how much water? 

• Which crop operations are carried out? 

• What information is available on crop operations and machinery usage? 

• What was the yield in tons? 

• Which categories (mineral or organic) fertilisers were used? 

• How many treatments were applied? 

• Which DNA sequences uniquely identify the variety? 

• Is the DNA the same at every step in the supply chain? 

• Is it possible to produce the quantity of oil from the quantity harvested? 
 

 
Fisheries 

• What is the Latin name of the species of the product? 

• What is the geographic area of capture or cultivation of the product? 

• What type of fishing gear or aquaculture method is used? 

• What are the capture or harvest dates of the product? 

• Who are this product's main players in the supply chain (fishermen, processors, 
distributors)? 

• What sustainability certifications does the product have? 

• What is the capture or production volume for a given batch? 

• What processing stages does the protein undergo from the point of capture (for animal 
feed) to the consumer? 

• What is the unique identification code for each batch of the product? 

• What measures are taken to ensure the quality and food safety of the product? 

• Harvest date? 

• How was the soil prepared? 

• How was the harvest carried out? 

• How is the harvest stored locally?  
 

Logistics 

• Where does it originate from? 

• When was it transferred? 

• Is there any control of temperature, humidity, or other environmental parameters during 
storage? 

• Who are the actors in the food chain? 
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• What type of event is it? 

• Is there any kind of processing, before or after initial storage?  

• Is there any sorting, before or after initial storage?  

• Size, color, other characteristics, etc.?  

• Is the entire crop dispatched in a single day?  

• What types of packaging are used on the farm?  

• What information does the packaging contain?  

• How do they attach information to the packaging? 

• What means of transportation are used?  

• Transportation size, open/closed, cooled, etc.)? 

• Distance and travel time to the next jump(s) in the value chain? 

• Are the packages always sealed?  

• If so, how is it sealed? 
 
Greenhouse Gas Emissions 

• Can the carbon footprint be calculated? 

• How much CO2 was produced? 

• Which materials are or can be recycled at each stage of production and logistics? 

• Can the storage of atmospheric carbon in the soil be calculated? 
 
Food Allergens 

• Which undeclared food allergens are present in the incoming raw materials? 

• Which food allergens used by the food producer can contaminate the production lines? 

• Which food allergens have been found to inadvertently contaminate the production lines? 

• What is the frequency of contamination with each of the allergens that have been found to 
contaminate or are present (but undeclared) in incoming raw materials? 

• Can incidents be predicted using AI analysis, e.g. based on frequency of occurrence? 

• Which food allergens can be detected using DNA analysis at which processing level in a 
factory? 

Nutrition 

• What ingredients go into the meal? 

• What are the quantities of each ingredient in the meal? 

• How are the ingredients produced? 

• Are the ingredients processed in anyway prior to arriving at the restaurant/canteen 
premises?  

• What is the nutritional content of the ingredients? 

• How are the ingredients packaged? 

• What are the transport requirements of the ingredient? 

• What are the environmental impacts of the ingredient? 

• Tell me 2 recipes that we can prepare using vegetable peelings? 

• What should the ideal breakfast contain and why? 

• What is Vitamin B useful for? 

• What is Vitamin E useful for? 

• What is Vitamin K useful for? 

• What is Potassium useful for? 

• What is Calcium useful for? 

• What is Magnesium useful for? 

• What is Iron useful for? 



 

Deliverable x.x – Lorem ipsum v1  Page 25 of 27 

• What is phosphorus useful for? 

• What are triglycerides and cholesterol useful for? 

• What is the use of essential fatty acids? 

• What is iodine useful for? 

• What is protein useful for? 

• What is folic acid useful for? 

• What are carbohydrates useful for? 

• What is fiber useful for? 

• What is the use of antioxidants?" 

• What problems does sustainable food solve? 

Safety 

• Are there contaminants present? 

• If so, which contaminants are present? 

• What type of contaminant is it? 

• Is it life threatening? 

• Is it a known allergen? 

• What are the quality standards? 

• Does it conform to quality standards? 

• What else is produced at the same location? 

• Is it for human consumption? 
 

4. Upcoming work and further considerations 
There are domains related to the TITAN project that have not been researched thoroughly enough to 
be able to make semantic resource recommendations as of yet. Research will continue on these 
domains which include ethics, social economics and genetics. Once the entire scope of the TITAN 
project has been covered, we will progress to other domains in the food chain that are not currently 
addressed in the TITAN project, such as animal and insect products. 
 
Recent developments in regulatory requirements also requires investigation into whether the 
appropriate semantic resources exist or will need to be developed in order for actors in the food 
chain to respond to rapidly changing reporting obligations.  
 
Examples of relevant regulations: 
 

• Deforestation (EUDR) – for cacao, coffee, soy, oil palm and cattle (meat)  

• The Taxonomy Regulation 

• Corporate Sustainability Reporting Directive (CSRD)  

• Carbon Border Adjustment Mechanism -- in relation to the imports of fertilisers 

• Nature Preservation Law (Has not passed yet) 

• Corporate Sustainable Due Diligence Directive (Has not passed yet) 
 

All of which requires the consideration of definitions and standardisation / harmonisation of 
vocabulary related to the relevant domains to the value chain. 
 
Considering that electronic reporting systems are foreseen to streamline the enforcement of said 
regulations, a network of semantic resources with required reference standards will become a 
necessity.  
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 5. Conclusion 
In the food chain data originates from many sources. In order for machines to be able to recognise 

similar instances, events, concepts and entities as well as the relationships between them, a network 

of semantic resources need to be aligned in order to cover the scope of the terms and the 

interactions between them. General, every-day semantic resources are combined and aligned with 

domain specific semantic resources to create an interconnected latticework of lexical and semantic 

meaning. The result of actors connecting their data to this semantic network by specifying the 

alignment of the concepts in their data to the concepts in the semantic network, is interconnected 

data or data integration. The data that is made available by the actors are now also readable and 

understandable to machines, ready to be queried and answer the questions other actors, authorities 

and consumers have about their data. In this document we have compiled a preliminary list of 

semantic resources that are relevant to the TITAN project. It is a dynamic list that will continue to 

evolve to meet the needs of our partners as the project develops. We will endeavor to keep 

expanding and adjusting the network and include as many domains related to the food chain as 

possible during the TITAN project. New regulatory requirements also need to be kept in mind to 

attempt to harmonise data in a way that eases the burden of reporting and the monitoring of 

compliance. This document also serves to highlight the importance or semantic resource 

repositories, as the existing alignments between said resources are also safeguarded by these 

repositories, increasing the ease and speed with which they can be aligned as demonstrated in the 

mapping section. In conclusion, traceability and transparency which are the main goals of the TITAN 

project will only be achievable with the use of an interconnected network of semantic resources.  
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