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¥» Challenges & solution

A tour on PO2/TransformON and FermentON



® Food, Bioproducts and Waste engineering in the context of bioeconomy and
global agri-food systems

Socio-economic drivers j
Waste } Enviroprnental drivers
N 4 ~ Nutrition & Health Transformation of
| | s bioresources

Animal and D Marketing & . /' /‘ [\

plant Lo ", \
production processing L /’C'Jv Lo

il 1
\E/

Resource base ) , ,
Towards a circular & sustainable agri-food system

Research challenges /ontology purposes:

* Designing food quality, from agricultural production to the impact of diets on health and the environment

* Designing biomass construction/deconstruction processes for the production of bioproducts and the use of
waste (or residues) generated by human activities.
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2 Knowledge discovery in Food and Bioproducts engineering is challenging

Complex research questions on both process
performances & product usages...

Goal/mV

Processing

A; and effect

Multidisciplinary fields & disciplines : Chemistry,
Physics, Biology, Microbiology, Process engineering,
Analytical chemistry, Sensometrics, ....

<

Heterogeneous experimental data,
multi-source, multi-format, multi-scale,
sometimes incomplete, imprecise...

et

How to reason under uncertainty ??

INRAZ
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Need for
STRUCTURING data

Edable Acccssible |ntcropcrablc Reusable
9%
O do O

[

STANDARDISING metadata

\

QUERYING &
LINKING data (W3C)

VAN

SHARE ------ » Re-USE

~\

N . Semantic
%v .’ Web

STATISTICAL MODELLING &

MACHINE LEARNING

Feedback with rules & constraints KNOWLEDGE DISCOVERY



? How to collect, manage and provide FAIR data (by-design)

Effective collaboration of R ducibil Long-term
research communities Elpltereleetliny preservation of data

Open Science pillars

Build Machine-

Openness Transparency Learning models

In the context of « Data-driven research » and Open Science, we need to
formalize knowledge to make it "explicit" and "shareable"”: not just data but also
information about data (metadata) to share the context and provenance of data

Ontologies are a key solution for interoperability & reusability (I & R)

30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux
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2 Why are ontologies so useful?

Semantic
interoperability

ontologies + Specialized relations, rules

and constraints

thesauri
+ Associative relations

taxonomies + Hierarchical relations

terminology

or
data dictionary

Syntactic
interoperability

List of terms + definitions
(or types of values)

Syntactic interoperability provides a consistent data format
that can be interpreted by different systems.

. 4

Semantic interoperability is unambiguous, leaving few room for
error or misinterpretation.

Semantically interoperable systems share the same conceptual
understanding of what the underlying data conveys, thanks to
ontologies.

There is a broad spectrum of ontologies :
- Upper-level : foundational ontologies
» BFO, DOLCE, ...

- Mid-level : core ontologies, task ontologies
» SOSA/SSN, PROV-O, Time ontology...

- Application level : domain ontologies , termino-ontologies
» Vocabulary specific to the field (labels+ definitions)

» The domain ontologies, PO2/TransformON and
FermentON are based on the PO2 core model

Ontologies allow us to reach Semantic interoperability

30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux
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2 The Process and Observation Ontology (PO2)

A generic model in OWL,

reusing SOSA/SSN concepts

together with other ontologies (BFO, IAO, Time
ontology, QUDT), metadata schemas (DCAT,
Schema.org), and the Unified Code for Units of
Measure (UCUM)

desighed to describe :

+ Processes as a sequence of steps
<+ Input and output components
% Observations with materials and methods

< Results described in data tables at the instance level

» Quantitative and qualitative values in the data tables
conform to the I-ADOPT Variable Design Patterns
(https://catalogue.fair-impact.eu/resources/i-adopt)

INRAZ
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Core model
Contains
se Contains

U
SOSA/SSN /
Y
Use
N

hasMeasure

hasMeasure

hasMeasure

Instance level

Data tables

Ibanescu et al. 2016


https://catalogue.fair-impact.eu/resources/i-adopt

2 A unified vocabulary (TransformON) specializing the PO2 core concepts

Process Part Result Part

¥ PQ2 / Component ¥ P02 / Process ¥ PO2 / Step ¥ POZ / Attribute
| ¥ ralculation cutcome

¥ living organism ¥ physiological process » characterization step

k experimental data attribute

P algae (as living organism) human physiological process F physiclogical process step b LCIA

P animal (as living organism) microbial physiological process ¥ transformation step

¥ nutrnitional score

bacteria (as living organism) plant physiological process » cleaning inherent quality

» fungi (as living organism) ¥ planned process * handling » identification attribute

P characterization process

lichen (as living organism) harvesting # label or labelling claim

k transformation process packaging P physical state

* status of food name

P plant (as living organism)

¥ substance pre-processing

. . . . measurement attribute
P biochemical constituent processing

) k biclogical attribute
P feed slaughtering _
F mensuration

> food storage » physico-chemical attribute

> non-food substance transport ® quantity

P water (generic) * temporality

Observation Part

¥ PO2 / Material ¥ PO2 / Method ¥ PO2 / Scale
» measuring instrument ® analytical method P measurement scale
> processing equipment * assessment method P process scale
computation and modelling

Weber et al. 2023 P.9
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¥ zemi-empiric instrumental method
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standard operating procedure



> Avariety of use cases and research objectives have been addressed

Objective: Predicting the performance of the milk microfiltration process

Process itineraries
Milk microfiltration

. Retentate
Milk Casein micelles
I ™ b‘l
—- o g .
il | Membrane 0.1 um ﬁ

Pression ¥ — =
! '{ . l * Permeate 4
L ]

. Whey proteins

[ ]

Baudrit et al. 2022

Problem to be solved:
* Very heterogeneous and incomplete data
* Existing models limited to a specific range of operating conditions

Objective: optimization of composite food packaging formulation

Process itineraries

Wine shots, wheat straw,
Urban park vegetal waste...

Biomass Filling rate Composite food

composition packaging

—'| Characteristics

young modulus, stress at break, ...

PHA, PHBV, ...
Matrix
characteristics

Minch et al. 2022

young modulus, stress at break, ...

Problem to be solved : find what biomass and what loading rate to
achieve the desired mechanical characteristics

Objective: to study the environmental impacts of cheeses

Milk mass \\\.
. ! Life Cycle Inventories MEANS InOut software
[Energy consumption |
| | e
Transports ! <::|
P ! SimaPro
| LCA data

Process itineraries

INRAZ
Problem to be solved : providing the process flowchart and
inventory data needed for Life Cycle Impact Assessment

Auberger et al. 2022

Objective: to design healthy, sustainable and acceptable food

Relating transformation process, eco-
design, nutritional composition and
sensory quality

‘ Food sensory properties ‘

Food composition data

| LCA data |

Pénicaud et al. 2019

Problem to be solved: integration of heterogeneous data to
provide a global quality score



> What’s next ?

Ongoing project FermentON

INRAZ
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> FermentON : extension of PO2/TransformON to bioprocesses

Scope: key concepts to describe fermentation processes (= using microbial agents) and,
more broadly, biological processes (= using microbial agents and/or enzymes).

C N
Process key parameters .
Operating
A modes Downstream & < /

Upstream
Degree of complexity/diversity of microbial RICERMENYS
community (metabolic pathways)

Examples of questions to be answered :

What combination of substrate/agent/target product and available equipment is needed to choose the
cultivation method?

What products result from metabolic activity (intermediates and/or metabolites)? With which enzymes?

p. 12
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> Use cases in FermentON

Food Wine

fermentation making

A continuous line
from vine to wine &
a multiscale study of

alcoholic
fermentation

(i) cheese,

(ii) mixed dairy and
plant-based yogurts,
and (iii) fermented
vegetables

Fermented food
wee & Beverage

PO2 presentation on Summer webinar Biolndustry 4.0
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Composite Environmental

making biorefinery &
biotech

Production of (i)

PHA/PHBYV for Electrofermentation
composite (ii)
packaging Design of soft
materials SENSOrs

Bioproducts,

matter & energy

P.13



2 Scope to be covered

Roles of microbial agents

Environmental factors

Molecular biology l

Degree of complexity
of the substrate

(meta)genomics
(meta)transcriptomics

(meta)proteomics Substrates { }
4 ) —
Gene
Expression AL
9 ) compounds
i Process key
4 | ) parameters Biochemical
Metabolic composition
pathways
\_ J
Target
Core scope metabolites and
products of
Phenotypes interest
¢ T L J
Degree of complexity/diversity o
microbial community Flavor compounds, biocides, etc.

PO2 presentation on Summer webinar BioNeees

30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux MetabarCOding Metab0|0mics
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> How to produce FAIR by-design and Al-ready data
in practice ?
Deep dive into the ecosystem |



> How to produce FAIR by-design and Al-ready data in

practice ?

Simplified ontology representation VS reality ...

Core model

Contains

Process _

j is Before

Input

Use Contains

l Output

Observations

SOSA/SSN
¥

Actuator / Sensor / ¢
Procedure

Use

Components

hasMeasure
hasMeasure

hasMeasure

Instance level

INRAZ
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PO2:hasProductOfinterest (0..N)~— PO2:hasReplicate

dcat:Catal
log PO2hasStep PO2:haslnput

dcat:dataset = PO2:isComposedOf
PO2:Component
<

PO2:hasOutput

PO2:hasSubStep

time:TemporalEntity

sosa:Platform

sosa:hosts

sosa:phenomenonTime—{isiaskra et E

ssn:hasProperty

osa:madeByActuator sosa:System
sosa:usedProcedure
PO2:hasTemporalEntit

) ssn:hasSubSystem | ssn:hasSubSystem
sosa:phenomenonTime

PO2:hasReplicate

sosa:Procedure sosa:Actuator

sosa:Sensor

sosa:phenomenonTime

sosa:usedProcedure
PO2:hasObservationCoffection sosa:Observation

ssn:Property
sosa:hasMember

et
PO2:hasDimension (0..N)
(all) sosa:hasFeatureOfinterest : String
sl / / (all) PO2:hasRawResult
: (all) sosa:hasFeatureOfinterest m all) PO2:hasCalcResult

& = (all) PO2:hasObjectOfinterest
sosa:ObservationCollection P - PO2:Step

PO2:Component G ” PO2:Process
ssn:Property « [P aSuNRtE *

. :
= Y o
PO2:Component
sosa:Procedure =
*

\

sosa:hasMember

M1V



> How to produce FAIR by-design and Al-ready data in
practice ?

Producing FAIR data requires Ontology driven Information System

These Information System address main needs like
* Data Entry
* Data Querying

... and relies on a Software Architecture who ensure
e Security and Access Management
* Interoperability

INRAZ
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> Data entry

Desktop Application PO? Manager

* Main features
* Data entry with visualization directly through the application
* Import/Export of Excel template files
e Data quality checks

* Terminological consistency checks
» Data checks on allowed value range (including dimensions for Sl units)

e Semantization process i.e remote publication to save and share data

 Benefits

* Ontologies are stored on a centralized database
- One shared vision applied to # context
* Data understanding through visualisation of the studied process
e Standardized vocabulary used but no « Semantics prerequisites » required
* Linked with international W3C standards ®
* (e.g., Semantic Sensor Network Ontology, Time Ontology, ...) WS\J
INRAZ
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> Data entry

PO? Manager User Interface

File Tools  Help
¥ ECOBIOCAP project
¥ ¥ non-food material making process (Composite making process - ECOBIOCAP project)
» 2 ltinerary 1 (WS production)
¥ 2 ltinerary 2 (PHBV Characterization)
| 2mneeuecacs
I > 2 ltinerary 4 (PHBV-CM(20%))
> 2 ltinerary 5 (PHBV-CM(30%))
> 2 ltinerary 6 (PHBV-IM(10%))
b B ltinerary 7 (PHBV-IM(20%))
> 3 ltinerary 8 (PHBV-IM(30%))
> 2 ltinerary 9 (PHBV-BM(10%))
> 2 ltinerary 10 (PHBV-BM(20%))
2 ltinerary 11 (PHBV-BM(30%])
2 Itinerary 12 (OM production)
2 ltinerary 13 (PHBV2-WSF(20%])
2 ltinerary 14 (PHBV2-OM(20%))

online

¥ linerary 3 -- name: PHBV-CM(10%)
Product of interest :

biobased composite

Process itinerary is
shown as a graph

* Black nodes : steps without observation,
" Black/Green nodes : steps with observation.
* Red nodes : compositions.
* Graph tips :
- Use shift key + mouse to add a new link (Step /
Step and Step / Composition),
- Use del key on selected link or step to remove it

B create snapshot | g4 reinit view

PO2 presentation on Summer webinar Biolndustry 4.0
30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux

Red Circle :
Component

Black Circle :
Step

Black + Green:
Observations

p. 19



Data entry

PO? Manager User Interface : link with underlying ontologies

D PO* Manager - Planet-Milling iti ies fora ion of crop byproducts - V ...
File Tools Help
¥ Planet-Milling itineraries for a collection of crop byproducts
v ’ material making process (vegetal powder making process)

v z Itinerary 1 (1-Table 1 - itineraries description for a collection of crop byproducts)
[T mdmfnemling Galmiog et

Q fF1
2 Itinerary 2 (2-Table 1 - Itineraries description for a collection of crop byproducts)
2 Itinerary 3 (3-Table 1 - Itineraries description for a collection of crop byproducts)
Z Itinerary 4 (4-Table 1 - Itineranes description for a collection of crop byproducts)
2 Itinerary 5 (5-Table 1 - Itineraries description for a collection of crop byproducts)
2 Itinerary 6 (6-Table 1 - Itineraries description for a collection of crop byproducts)
z Itinerary 7 (7-Table 1 - Itineranies description for a collection of crop byproducts)
z Itinerary 8 (8-Table 1 - Itineraries description for a collection of crop byproducts)
z Itinerary 9 (9-Table 1 - Itineraries description for a collection of crop byproducts)

Y ¥V VvV v vvvwvvwvyw

2 Itinerary 10 (10-Table 1 - Itineranes description for a collection of crop byproducts)

SOSA System
& SOSA Procedure

Input
Component

Output
Component

PO2 presentation on Summer webinar Biolndustry 4.0
30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux

v Step

Step type :

Date (YYYY-MM-DD) :
Time (hhemmss) :
Time duration (hhemm:ss) :

v Matenials & Methods
milling machine (SWECO)

v Composition --- Type:  Input

Composition | Guideline

- attribute

OMpOSIton ===

Composition | Guideline

# attribute

Description :

attribute
Treatment duration

mass

Step name : )

Composition name :

Flax fibre (1)

p. 20



> Data entry

_POZ_ Manager Uselrulnterface : link with underlying ontologies

File Tools  Help
¥ Planet-Milling ftine £ F crop byproduct
ing itin or a of crop byproducts -
+ £F material making process (vegetal powder making process)
) Observation type : Observation name :
¥ 2 Itinerary 1{1-Table 1 - Kineraries description for a collection of crop byproducts) ) EF1
* = ultra fine milling (Ball milling step 1.1)
= Date (YYYY-MM-DD) : Objects observad =
2017-06-28 | Step - ultra fine milling (Ball milling step 1.1)
P2 Itinerary 2 (2-Table 1 - lineraries deseription for a collection of erep byproduets) e T Ineut e
i ! ition © nput composition - flax fibre (Flax fibre
» 2 itinerary 3 (3-Table 1 - Mineraries description for a collection of arop byproducts) | | 10 Custpnst it e fare: (Flax fibre €2))
. utput compasition - flax fibre (Flax
b 2= ltinerary 4 (4-Table 1 - Mineraries description for a collection of crop byproducts) T T T
b 2 Itinerary 5 (5-Table 1 - Htineraries description for a collection of crop byproducts) [ ]
» 2 Itinerary 6 (6-Table 1 - Mineraries description for a collection of crop byproducts)
» 2 Itinerary 7 (7-Table 1 - ltineraries description for a collection of crop byproducts) o teinksc e bbbk . .
b 3 ltinerory 8 (8-Toble 1 - Hineraries descrption for a collection of crop byproducts] S — O b serva t lon ( 9] I I e Ct lon
1
» Iti B (3-Table 1 - i e oy iption fi Il ion of b od
2, Itinerary @ (3-Table Mineraries description for a collection of crop byproducts) granulometry (standard operating condition - SOP)
» 2 ltinerary 10 (10-Table 1 - Itineraries description for a collection of crop byproducts)
Observation 1 | raw data
[ @ attribute
PO2 Observation
Valume D10
Volume D90
Span
Specific surface
v Observation 2 rawdata ~
Sampling time {min) Volume D50 (pm) Volume D10 (pm) Volume D90 (pm) Specific surface (m...
# & & P & I &
o 328124 81068 1020171
an 135194 14005 T25.032
91.252 10.398 486,668
online TransformOM 75.803 9.248 364788

50.76 217.859

39,139 h 169,538

INRAZ
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Data query
Web application SPO?Q

* Main Features

e Search engine with two modes :
* Simplified for standard data users via classic web forms
* No « technical » knowledge required
* Advanced for « power users »
* Assisted complex query writing
* Fine-tuning of the SPARQL query

* Automatic conversion : querying data with # units of measure
* Save most frequent queries for re-execution
e Query result export (CSV, JSON, ...)

* Benefits
* Controlled vocabularies used to query data

e Query public and private project’s data
e Cross querying between opened data sources

INRAZ
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Data query

SPO2Q User interface : Simple mode

Simple PO? Query

INRAZ

* Planet- by process name : doNotFilter
Milling_itineraries_for_a_collection_of_crop_byproducts
Step type: milling X
| | Filter on a stepina
2kep Moteriat . selected dataset/process
Input component -
QOutput component -
Observation type: Observation -
volume D50 Want to restrict to the set of
O3 Show objects ) < observations associated with
SIL v1(IJ um Add an observation property VOIUme DSO <= 10 |J.m
result to filter on

AN

Observation Material -

Add an observation

PO2 presentation on Summer webinar Biolndustry 4.0
30/08/2024 M. Weber, L. Ibanescu, J. Cufi, S. Dervaux
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Data query

SP0O2Q User interface : Advanced mode

SPARQL Editor

Planet-Milling_itineraries_for_a_collection_of_crop_byproducts

?project_name_1 ?process_1 ’samplnllameLabel 1 ?process_sample_code_1 ?itinerarylabel ?ste

2valueOrigin_prop_111 2unitOrigin_prop_111 W

?itinerary ) p://openc .
?itinerary PO2:h: rst ?stepURI_1.
?itinerary a di LTy ?direct_process_1.
?itinerary skos:preflLabel ararylLabel.
?direct_process os:pre bel ?process

(1 atc >proress N process_1),
?direct_process_1 P02 mpleCode ?process_sample_code_ 1

ional {
?direct_process_1 :
2pro: _sample_name_1

3pru ess_sample_name_1
F mpleNamelLabel 1.
(3‘~amp1erlame1.abel 1), "en"™ )

tional {
?direct_process_1 ?project_name_1

INRAZ
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~ 1000

Simple PO? Query

_1 ?observation_11 ?property_111

SPARQL

SPARQL Templates

PREFIX rdfs: <http://www.w3.org/2088/81/rdf-schemas>
PREFIX P0O2: <http://opendata.inrae.fr/PQ2/core/>
PREFIX rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#>
PREFIX time: <http://www.w3.org/2006/time#>

PREFIX sesame: <http://www.openrdf.org/schemassesames>
PREFIX skos: <http: .w3.0rg/2004/02/skos/core#>
PREFIX sosa: <http:/ .w3.org/ns/sosa/>

PREFIX ssn: <http://www.w3.org/ns/ssn/>

PREFIX xsd: <http://www.w3.org/20el/XMLSchemas>
PREFIX core: <http://opendata.inrae.fr/PO2/core/>
PREFIX qudt: <http://qudt.org/schema/qudt/>

PREFIX schema: <http://schema.org/>

SELECT 2?project_name_1 ?process_l ?sampleNameLabel_l ?process_sample_code_1 ?itinerarylLabel 2st.

Step 1 filtered by type: milling

?itinerary rdf:type <http://opendata.inrae.fr/P0O2/core/Transformation_Process>.
?itinerary PO2:hasForStep ?stepURI_1.
?itinerary sesame:directType 2direct_process_1.
?itinerary skos:preflLabel ?itinerarylabel.
?direct_process_1 skos:preflLabel ?process_l.
FILTER (langMatches( lang(?process_1), "en" ) || langMatches( lang(?process_1), " )).
optional {
?direct_process_1 PO2:sampleCode ?process_sample_code_l .

‘cp‘ticnal {
*direct_process_1 PO2:sampleName 2process_sample_name_1 .
?process_sample_name_1l skos:preflabel ?sampleNamelabel_1.

FILTER (langMatches{ lang(?sampleNameLabel_1), “en” ) || langMatches( lang(?sampleNamelLabel_l.

optional {
*direct_process_1 PO2:projectName ?project_name_1 .
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Security and Access Management

e Data is FAIR but not necessarily immediately
open

—> Possibility of private project creation

* Account management internal LDAP shared
with PO2 Manager and SPO*Q,

* One single account per user

* Flexibility in account creation (not necessarily
institutional)

* Management of read/write access by users
* Querying private and public data
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> What’s next ?

 Collaborative ontology construction

- Share and improve domain ontology by integrating scientific point of views
- Workflow construction based on Git/Gitlab

e Develop and enforce Al applications
- Improve quality checks and user’s feedback

* Large dataset management

— Be able to perform semantic queries on large dataset (Ex : Long times series)

* Proof of Concept « Best of two worlds » in progress
* BigData technology stack for performance
* Semantic technology stack for knowledge representation
- SANSA https://sansa-stack.net/

* Interface improvement (UX design)
INRAZ
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https://sansa-stack.net/

Y In a nutshell
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> PO2/TransformON : An ontology for modelling biomass transformation
process and characterization of food, feed, bioproducts & biowaste

npJ | science of food

Explore content v About the journal v  Publish with us v

nature > npj science of food > articles > article

Article | Open Access | Published: 04 September 2023

PO2/TransformON, an ontology for data
integration on food, feed, bioproducts and
biowaste engineering

Magalie Weber -, Patrice Buche, Liliana Ibanescu, Stéphane Dervaux, Hervé

Guillemin, Julien Cufi, Michel Visalli, Elisabeth Guichard & Caroline Pénicaud
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> Softwares

e Dervaux et al. 2023: PO2 Manager, an annotation tool to edit biomass transformation
and characterization itineraries using the Process and Observation (PO2) Ontology.
(swh:1:dir:b9983f579ca087d946a9c3e4818e4507de395937). (hal-04313202)

e Dervaux et al. 2024: PO2 Engine, an application programming interface associated with
the Process and Observation (PO2) software ecosystem.
(swh:1:dir:076aa8ecc70160ac3c9c333570c8d495d7e2f19). (hal-04387669)

e Dervaux et al. 2024: Simple PO2 Query (SP02Q), a querying tool to retrieve biomass
transformation and characterization itineraries using the Process and Observation
(PO2) Ontology. {(swh:1:dir:360ce0db73073210c9e95ee9ee44cb50fc31d9bd). (hal-

04501660)
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https://archive.softwareheritage.org/browse/swh:1:dir:360ce0db73073210c9e95ee9ee44cb50fc31d9bd
https://hal.science/hal-04501660

Reused standards and ontologies

SOSA/SSN https://www.w3.org/TR/vocab-ssn/
BFO https://obofoundry.org/ontology/bfo.html
IAO https://obofoundry.org/ontology/iao.html

Time Ontology https://www.w3.org/TR/vocab-owl-time-rel/
QUDT https://qudt.org/

UCUM https://ucum.org/

Schema.org https://schema.org/

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

I-ADOPT https://i-adopt.github.io/ontology/
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