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> Context and issues

Decision support systems based on the scientific literature (e.g., bioprocess
efficiency / packaging solutions comparison) where following issues must be
taken into account:

 Scientific data heterogeneously in terms of vocabulary and structuration (
textual, tabular and image format);

e Data reliability due to the way experiments have been conducted.
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> Proposal

Decision Support Systems (DSS) workflows which deals with the preceding
issues in order to:

1. Extract, represent and integrate in standardized database table format
qualitative and quantitative experimental data by using ontologies and
table & text-mining

2. Assess data source reliability

Depending on targeted decision support

 Compute and visualize indicators which take into account data imprecision and
reliability

* Rank solutions based on mandatory and optional criteria
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> Example 1: Architecture of the Decision Support System (DSS) for
bioprocess efficiency comparison
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5
® Multicriteria Decision Support System for Bioprocess Efficiency Comparison (Loustau-Cazalet et al. 2016)
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> Example 2: Architecture of the Decision Support System (DSS) for
food packaging selection

____________________________________________________________________________________________
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® Food packaging decision support system architecture (Guillard et al. 2015, Pignéres et al. 2025)

EcoBioCap - Optimize permeabilities

Packaging geometry

Current database content : 785
packaging solutions (3518
packaging characteristics)

https://ico.iate.inrae.fr/EcoBioCap
Querying/
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Food properties

IApricot Bergeron v I
Mass (ka): 0.5

Shelf life (day): 7

Temperature (°C): ———]

Optimal atmosphere value:

02 (%): 3
CO2 (%): 2
Respiration properties:
RRO2 max 0.415
(mmole/ka/h):

RQ (RRCO2 / RRO2): 0.78
KmO2 (Pa): 4500
KiCO2 (Pa):

Preferences associated with criteria

Surface (cm?):

Volume (I):

756

run simulation
clear

Permeance 02 L411684e-11

{mol.m-2.5-1.Pa-1)
Permeance CO2
{mol.m-2.5-1.Pa-1)
Permeability 02
{mol.m-1.5-1.Pa-1-50 pm)
Permeability CO2
{mol.m-1.5-1.Pa-1-50 pm)

1.29492e-10

7.058419e-16

6.474602e-15

allow the ranking of packagings with unknown values for mandatory criteria

enlarge min
02 permeance 9.881786e-12
CO2 permeance 9.064443e-11
Temperature 14
Biodegradability
Transparency transparent
translucent
opaque
rank packagings
Packagings ranking
ranking name
H 1 Polyethylene HD
H 2 Lupolen 2420 F
H 3 Corn-zein coated PP films
H 4 Myofibrillar proteins
H 5 Corn-zein coated PP films

min

1.270515e-11

max

1.552852e-11

1.165428e-10 | |1.424412e-10
18 2

type
Polyolefin
Polyolefin
Proteins
Proteins

Proteins

enlarge max mandatory optional
1.835189e-11 1 []
1.683397e-10 1 []
26 1 []
L] 1
L] ]

% known value
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> Key ideas to integrate data

* Representing knowledge in ontologies using international standards to
gulde extraction of data (semantic web languages as OWL/RDF)

* Assessing data source reliability

* Developing end-user oriented Web applications for ontology and data
management based on semantic web languages

* Designing table & text-mining workflow to extract data from scientific
litterature

INRAZ

Représentation et extraction de données de la littérature dans le domaine de la transformation des agro-ressources
29/9/2025 P. Buche et M. Lenstchat



> Key ideas to integrate data

* Representing knowledge in ontologies using international standards
to guide extraction of data (semantic web languages as OWL/RDF)

* Assessing data source reliability

* Developing end-user oriented Web applications for ontology and data
management based on semantic web languages

* Designing table & text-mining workflow to extract data from scientific
litterature
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"> naryQ Onto Terminological Resource (OTR) with BIOREFINERY specialisation
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> A relation concept representing milling unit operation

Output flow
Milling solid Milling
gty output e
hasOutput hasinput
Input flow Control parameters
haslnput
haslnput
4 Treatment
b IIEEE ¢ ——duration _—
haslnput
haslnput
haslnput
— - Milling rotation
Biomass
: T Speed
uantit y
Total pretreatment
SN - - (-1
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> naryQ Onto Terminological Resource (OTR) with TRANSMAT specialisation

/ Conceptual component (OWL) Terminological component (SKOS)
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> A relation concept representing packaging 02 permeability measurement

Packaging O2Permeability

hasOutput
hasinput Thickness

hasinput

hasinput Temperature

hasinput

Diff_Partial_Pressure
hasinput

Relative_Humidity
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> Key ideas to integrate data

. Representing knowledge in ontologies using international standards to guide
extraction of data (semantic web languages as OWL/RDF)

* Assessing data source reliability

* Developing end-user oriented Web applications for ontology and data
management based on semantic web languages

* Designing table & text-mining workflow to extract data from scientific litterature
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> @Web platform: Data source reliability assessment

Document’s general information @

Document's name : Authors :
Wet disk milling pretreatment without sulfuric acid for Akihiro Hideno, Hiroyuki Inoue, Kenichiro Tsukahara,
enzymatic hydrolysis of rice straw Shinji Fujimoto, Tomoaki Minowa, Seiichi Inoue, Takashi

Endo, Shigeki Sawayama
Associate topic : Bioref-PM-PC-PS

Journal : Bioresource Technology
Associate ontology : IC2ACV

Year : 2009
Accepted Tables : 3

Volume : 100
Rejected Tables : 1

Document's criteria values

Criterion age and citation number

Citation Number : more than 40
Age : 3 to 8 years old

Reliabilly

Age : 3to 8 years old

Top Citation - top 10% model
Reliability results @

Criterion source type Low expectation : 1.5 ; High expectation : 4.98

Source Type : journal article
Known criteria values rate : 100.0 %

Criterion Sugar analysis method
Sugar analysis method : HPLC

Last assessment date : 2015-01-28

Criterion Energy measure reproducibility

Energy measure reproducibility : unknown

Criterion Enzymatic hydrolysis reproducibility
Enzymatic hydrolysis reproducibility - average

Criterion Biochemical and physico-chemical analysis reproducibility
I N R A@ biochemical and physico-chemical analysis repetition : average
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> @Web platform: Annotated table using several relation concepts

@We b o

*@ Comparison of ene .
@ Comparison of som
- Dilute acid pretreati

0 Effect of nitric acid

@ Effect of torrefactiol

0 Effects of biomass | - c::)tl‘l’:t
@ Effects of different y Ea—
O Enhanced enzymat size

£ Enzymatic hydrolys Unit : mm
0 Enzymatic hydrolys (1 2.000e+0

O Ethanol Production = 2
O Impact of pretreatm |3
- @ Improvement of sac
@ Low Temperature a
O Organosolv pretrea
@ Pretreatment of rice
0 The effect of organ:
4@ Wet disk milling pre

2.000e+0

Treatment

Cutting milling 1.000e+0
Drying 1.000e+0
Hot water treatment 1.000e+0

Enzymatic hydrolysis treatment 1.000e+0

Cutting milling 2.000e+0
Drying 2.000e+0
Hot water treatment 2.000e+0

Enzymatic hydrolysis treatment 2.000e+0

- RN T S

1l |

- & Biomass compos
- & Enzymatic cockt:

s/ Process descrip

! MRS Avmlaniae meade

INRAZ

Process description (table 1)

— Biomaz?tt?l;antity
1.000e+0 Rice straw 3.000e+1
2.000e+0 Rice straw 3.000e+1
3.000e+0 Rice straw 3.000e+1
4.000e+0 Rice straw [ 4.000e-2 ; 6.000e-2 ]
1.000e+0 Rice straw 3.000e+1
2.000e+0 Rice straw 3.000e+1
3.000e+0 Rice straw 3.000e+1
4.000e+0 Rice straw [ 4.000e-2 ; 6.000e-2 ]
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Login :

patrice

Password : eeesccee

Sign in

Total
pretreatment
energy
Unit : MJ/kg

Treatment
duration
Unit : min

Rotation speed
Unit : min-1

[ 0.000e+0 ; inf] 0.000e+0 [ 0.000e+0 ; inf] [ 0.000e+0 ; inf]

[ 0.000e+0 ; inf] [ 0.000e+0 ; inf] 3.000e+"

5.700e+0 3.000e+2 [ 0.000e+0 ; inf ] 3.000e+1 3.000e+
[ 0.000e+0 ; inf] 4.320e+3 [ 2.900e-

[ 0.000e+0 ; inf] 0.000e+0 [ 0.000e+0 ; inf] [ 0.000e+0 ; inf]

[ 0.000e+0 ; inf] [ 0.000e+0 ; inf] 3.000e+"

6.600e+0 3.000e+2 [ 0.000e+0 ; inf] 3.000e+1 3.000e+
[ 0.000e+0 ; inf] 4.320e+3 [ 2.700e-

3




> @Web platform: Editing an annotated table using a relation concept

& Management

™ Bioref-PM

™ Bioref-PM-PT-E._ ..
™ Bioref-PM-PT-PS
™ Bioref-PM-PT-UFM
™ Bioref-PM-PT-U.._.
™ Bioref-PM-UFM

™ Biorefinery ~ Original table C 7
™ MapOptTopic —
- PackPermeability Tablelll. Oxygen Permeability of the Various Samples at 0% RH and at 80% RH and Estimated Diffusion and Solubility Coefficients at 80% RH for the Blends

[+]

[+

Manual Annotation of Oxygen Permeability of the Various Samples at 0% RH and at 80% RH and Estimated Diffusion and Solubility...

o oo

[ +]

o

o

=
= B8 Application of ... 3 2 3 2 2 lso m3m | =
y sample PO, (m”mm®s PO, (m”m/m*DO , (m 5 =
" Current appli... Pa) 24°C, 0% RH ||s Pa) 80% RH |is) 80% RH | pa) 80% RH P
# Main charact. . a a11+001/2
PHB-Blend a -19]" 5.2 +0.004 e A= 47+x005e
= BB Characterizatio._. 42 +0.0005e _10 R _12 _7
£ ili -
02 Permeablhty (1466 19 )
= BB Combined effec. .. o
£ Oxygen trans. . (40e )
£ w r b b
oAl | (19NanoterPHB-Blend b382+03e™" [P3gr01e 0| 13002 30202e | _

= B DonnA®©es Car._.

" andconditions ~ Annotated table 7Ta%
= B Morphology an_ . Unit : mm Unit : °C Unit : % ging Unit : Pa Unit : m3.m/(m2.s.Pa

(+_Oxygen Perm__) 1 [1.000e-1;9.000e-1] 2.400e1 0.000e0 Polyhydroxybutyrate/Polycaprolactones [ 0.000€0 ; 1.013e5] [4.199e-19 ; 4.200e-19 ]
-Nanoconlposite... 2 [1.000e-1;9.000e-1] 2.400e1 0.000e0 (1%Nanoter) Polyhydroxybutyrate/Polycaprolactones [ 0.000e0 ; 1.013e5] [ 3.500e-19 ; 4.100e-19 ] |
:E:'l“’(fityiia;‘:‘;‘“ 3 [1.000e-1;9.000e-1] 2.400e1 0.000e0 (4%Nanoter) Polyhydroxybutyrate/Polycaprolactones [ 0.000€0 ; 1.013e5 ] [ 2.100e-19 ; 2.700e-19 ] i
.Polzirnideésiiic._-_-. 4 [1.000e-1;9.000e-1] 2.400e1 0.000e0 Polyhydroxybutyrate [ 0.000e0 ; 1.013e5] [ 2.298e-19 ; 2.302e-19 ]

8 PropaFresh P2G 5 [1.000e-1;9.000e-1] 2.400e1 0.000e0 (4%Nanoter) Polyhydroxybutyrate [ 0.000e0 ; 1.013e5] [ 1.500e-19 ; 2.100e-19 ]
8 structuredprope_ .. 6 [1.000e-1;9.000e-1] 2.400e1 0.000e0 Polycaprolactones [ 0.000e0 ; 1.013e5] 5.800e-18
:, ;‘jﬁi:z 7 [1.000e-1;9.000e-1] 2.400e1 0.000e0 Polyethylen Terephthalate [ 0.000€0 ; 1.013e5] 3.300e-19
8 [1.000e-1;9.000e-1] 2.400e1 8.000e1 Polyhydroxybutyrate/Polycaprolactones [ 0.000e0 ; 1.013e5] [ 5.196e-19 ; 5.204e-19 ] v

“4 garbage

P mninenhin
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> Key ideas to integrate data

. Representing knowledge in ontologies using international standards to guide
extraction of data (semantic web languages as OWL/RDF)

* Assessing data source reliability

* Developing end-user oriented Web apr)lications for ontology and data
management based on semantic web [anguages

* Designing semi-automatic table & text-mining workflow to extract data from
scientific litterature

INRAZ
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> N-Ary relation extraction workflow (pho thesis, december 2021)

phase 1
POP Ciment nstances \ 7 @ PpFiteing of 5 « Corpora:
from the text / argument instances, E
w | o i i
| Workflow to enrich the - .html and open access articles
, knowledge base PHASE 1:
Argument ° 15 articles
- instances
EQ texts « 3 annotators
- Re.aﬁons\§ o 1772 annotated argument instances
Instanciation)
= /O - PHASE2:
N _— e . expert o 10 articles
Scientific articles tables Guides H | H
f | . | Vaiaton | e 1 annotator, 3 validators
N H oot by § \ 7 « 31 tables, 331 partial relations made
; . mstandaﬁon\ g M )P knovledge bas of 779 argument instances
E 9 P of partial / meo
| n-Ary relations v - FINAL:
E » B from tables / h 2 -
: phase « 10articles

o 1 annotator using previous two
corpora

e 331 reconstituted relations
containing 1547 argument instances

INRAZ
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> Main challenges
« The oxygen permeability of sorbitol-starch—water films (SSW) were studied.
Sorbitol had an antiplasticisation effect for contents below 21% (wt), as
indicated by a drop in oxygen permeability 1.43 » 107 cm® cm/cm? s Pa for the

sample not containing sorbitol and 0.15 # 1077 cm® cm/cm? s Pa for the sample
containing sorbitol at a relative humidity value of 30%. »

« Format heterogeneity

o Data heterogeneity (e.g., symbolic, quantitative)

o Terminological variations (e.g., ‘oxygen permeability’ / ‘permeability to oxygen’)
o Argument instances scattering

o Multiplicity of argument and relations instances

e “misleading” argument instances
INRAZ
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2 Argument instances recognition from the text

« PHASE | : Ontology driven process

Variations
Extraction

FAst Syntactic Term
(N Recognizer

Acronyms recognition

Measure Units variations

Segment

ESSTESTa

Sentence

. Window | :

Value

“Attached™

" Document Value

Instances
Extraction

Texte

Processing Disambiguation

Low density polyethylene

Spacy, Tokenisation

Stanza, dependency
parsing

Stanza, sentence spliting

434 + 1.03

cm’pum*-2 d"-1 kPa

Segments identification
and classification

e Problem : high recall (.85) but low precision (.41)

INRAZ
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> Relevance filtering

e Multi criteria approach relying on SciPuRe features:

— Ontological (Target, Node)

— Lexical (Original and Attached Values)

— Structural (Sentence, Segment, ...)

e Three scores:
—~ Term Frequency

- Inverse Category Frequency

—  Conceptual Distance

o Different strategies for

different arguments

INRAZ
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> Data table extraction and annotation guided by the OTR (Buche et al. 2013)

Table 1. Water vapour permeability (WVP) at 25°C of PE films coated with chitosan I Disti ngu ISh betwee n numeric & sym bO | ic CO| umns I
compared to chitosan self standing films prepared with different casting solvents and

plasticizers. -

Sample A RH 70% A RH 45% ARH 33% . L. .
Computation of the similarity scores between terms
WVPx10713 (g/msPa) WVPx10713 (g/msPa) WVPx10713 (g/msPa)
of the ontology and terms from the table

PE 4.62+0.73f 5.55+0.23f 7.72+2.58f
CScoated PE ~ 12.37+1.14f 6.67+0.23f 7.88+2.39f - .
PECSEinv 9.14+1.09f 6.41+3.28f 2.85+0.34f
CSA 4161.31+656.17a,b 2199.80+1048.33d.e 25.71+2.20f Finding the type of symbolic Finding the type of numeric
CSE 4100.77+588.88a,b 2884.37+346.43b,cd.e 38.71+2.61f columns columns
CSAGLY 5410.08+1543.67a 1905.39+149.64e 26.14+1.24f
CSEGLY 3481.46+343.88b,c.d 2635.38+414.28c,d,e 105.17+6.57f l l

PE, polyethylene; CS coated PE, chitosan (CSE) coated polyethylene; PESCEinv, coating exposed to I F In d I ng t h ere I ations re p rese nted Int h eta b I € I

dry compartment; CSA, chitosan film prepared with aqueous acid solvent; CSE, chitosan film

prepared with hydroalcoholic acid solvent; CSAGLY and CSEGLY, glycerol plasticized samples. .

Different letters (a—f) indicate significant differences between formulations (p<0.05). I I nstan Ciati n g t h ere I atl ons fO r eac h row Of t h e ta b | e I

INRAZ
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> Data table extraction and annotation (cont.)

o Automatic
extraction of partial
relation instances

— Based on existing

approach (Buche &al.,

“Fuzzy Web Data Tables
Integration Guided by an
Ontological and Terminological
Resource”)

— Modified to handle
different table
formats

— Produce a relation
representation
factorizing argument
representations

INRAZ
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StaRe (Scientific Table Representation)

Descripteur Valeur
L Relation H20_Permeability_Relation
8 Result_Argument SciPure
O Target Node Original_Value Attached_Value
@) H20_Perm. H20_Perm. 1.27 % 10° Water Perm.
(—D’ ecm>mm—2s thar
— Target Node Original_Value  Attached_Value
(ZD Packaging Chitosan Chitosan films  Chitosan films
Method 0 0 0
Arguments g ; g ;
Temperature  Temperature 25°C Temp. (°C)
Thickness ? 0 0
—  Table Table 3
;Dj Caption Water permeability of tested packaging at 25°C
— Segment Results and Discussion
n . . .
Document Barrier properties of chitosan coated polyethylene
DOI 10.1016/j.memsci.2012.02.037

p. 24
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> Relation reconstitution

e Three steps to add an

Relation partielle

(A) Construction des

argument InStance: Candidﬁtspour (B) Fusion des (C) Discrimination
3 Sl doublons . - des candidats : n,54:
A) Select candidates instances : : : : ; .
.m E ) ) : : , E :
B) Detect duplicates - - . S
C) Rank candidates — o ,
Repeat ;)

Instances d’arguments

« The ranking of a candidate depends of its association with every existing
argument instances in the partial relation

o Different ranking strategies:

— Structural - distance from original table and expert guide
- Frequency - associate instances that appear together

- Word embedding similarity - associate instances from similar context
INRAZ
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> Relation reconstitution

o Different approaches for different strategies

Method Criteria Number of candidates

1 3 5 10
Structural proximity .35 .56 .58 .65
Structural +expert guide |.45 .56 .61 74
Frequency Jaccard 48 .54 .61 .66
Frequency PMI 44 .53 .60 .68
Word embeddings |roberta 40 .59 .64 .70
Word embeddings |scibert .39 57 .65 .70

« Web app: https://gitlab.softwareheritage.org/eskode/webapp_ ARTEXT4LOD

INRAZ
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https://gitlab.softwareheritage.org/eskode/webapp_ARTEXT4LOD

2> Conclusion
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> Conclusion

* Design and implementation of a generic workflow for manual or semi-automatic
annotation of scientific data from the literature

 The method takes into account 1) textual data, 2) data in tables and
figures, 3) qualitative and quantitative data

* Design of 2 DSS and a CO2 solubility in food prediction model to demonstrate the
reuse of annotated scientific data

* Data source reliability assessment used for visualization and ML training set
modification (tested on microfiltration unit operation data)

e Resources: 3 OTR: TRANSMAT, BIOREFINERY, MICROFILTRATION and 6 data papers
including 2 papers dedicated to text-mining approach
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> Conclusion (cont.)

Limitations, Hypothesis :

* Data table annotation heuristic is based on the assumption that arguments of
n-ary relations are expressed in columns

e Data annotation is guided by OTR which requires to define in terms of n-ary
relations which data will be extracted and annotated

* Table & text mining performance depends on OTR domain content
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>What’s next ?
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> What next?

 Publication in 2026 of a book dedicated to knowledge engineering approaches
applied to agro-resource transformation (QUAE edition) including a

summarization of this work

* Revisiting the approach taking into account LLMs
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> Thank you for your attention :-))

Any questions ?

patrice.buche@inrae.fr, martin.lentschat@univ-tlse2.fr
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> Key ideas to integrate data

Representing knowledge in ontologies using international standards to guide
extraction of data (semantic web languages as OWL/RDF)

Assessing data source reliability

Developing end-user oriented Web apfolications for ontology and data
management based on semantic web [anguages

Designing table & text-mining workflow to extract data from scientific litterature
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2 Revisiting the approach using LLMs

* Necessity to divide the extraction in sub-tasks
* Models deployed locally :

— Are not able to process full documents

— Need to be ‘put on a leash’ (no-chat and greedy mode with a
determined max number of new tokens)

* The argument instance extraction is approached as a text annotation
task with few-shot examples

— Difficulties with distant or multiple value-units pairs
» Tables need restructuring / standardization before annotation

* The argument instances relevance task is hard to design (might be
ignored ?)

* Relation reconstitution present argument instances in (various) context
\and ask for a related/not-related output
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> Evaluating data source reliability (Destercke et al. 2013)

IC2ACV 's domain values' reliability judgements
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source type
> Book -+

> Conference proceeding = “

> Encyclopedia article

> Journal article ++ I

> Patent ?

> Report g \

> Web page - “

> Thesis

> Technical sheet [+,++]
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> @Web platform: Data source reliability assessment

Document’s general information @

Document's name : Authors :
Wet disk milling pretreatment without sulfuric acid for Akihiro Hideno, Hiroyuki Inoue, Kenichiro Tsukahara,
enzymatic hydrolysis of rice straw Shinji Fujimoto, Tomoaki Minowa, Seiichi Inoue, Takashi

Endo, Shigeki Sawayama
Associate topic : Bioref-PM-PC-PS

Journal : Bioresource Technology
Associate ontology : IC2ACV

Year : 2009
Accepted Tables : 3

Volume : 100
Rejected Tables : 1

Document's criteria values

Criterion age and citation number

Citation Number : more than 40
Age : 3 to 8 years old

Reliabilly

Age : 3to 8 years old

Top Citation - top 10% model
Reliability results @

Criterion source type Low expectation : 1.5 ; High expectation : 4.98

Source Type : journal article
Known criteria values rate : 100.0 %

Criterion Sugar analysis method
Sugar analysis method : HPLC

Last assessment date : 2015-01-28

Criterion Energy measure reproducibility

Energy measure reproducibility : unknown

Criterion Enzymatic hydrolysis reproducibility
Enzymatic hydrolysis reproducibility - average

Criterion Biochemical and physico-chemical analysis reproducibility
I N R A@ biochemical and physico-chemical analysis repetition : average
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Evaluating data source reliability (Destercke et al. 2013)

« Use meta data to evaluate (biorefinery) data source
reliability

* Model with belief functions (flexibility, subset combination,

ability to model ignorance)
* Output=estimated reliability [& ]E_d](Lower, upper

expectations)
» Usefulness: interval comparison and ranking on reliability

KR I

Journal paper [1 40,4. 66]
d2 (79,3) Yes Journal paper [4.67,4.97]
ds - No Technical sheet [1.05,1.40]

INRAZ

Représentation et extraction de données de la littérature dans le domaine de la transformation des agro-ressources
29/9/2025 P. Buche et M. Lenstchat

P39



