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Consumers don’t understand complex chemical labels 
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World Health Organization  
has classified 

  

Sodium Nitrite  
 

found in processed meats 
as TYPE 1 CARCINOGEN 
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Ingredio is a tool that makes ingredients easy to understand 

photo 

send 

learn 
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Ingredio: Users can check if the product has ingredients with 
potential hazards for human health  
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* Information sourced from 
institutional databases 

Unique	scientific	
algorithms	&	scoring	

function	

Level	of	hazard	per	
ingredient*	
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Workflow 
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Step 1 

Step 2 
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Feature 1 
  

Develop text mining and 
Machine Learning algorithms 

to extract OpenAIRE data 
linking chemical ingredients of 
food &cosmetics to potential 

health hazards 



Workflow 
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Feature	2	
		

Support	the	curation	of	the	
data	with	appropriate	

metadata	schemas	for	efficient	
integration	of	information	in	
the	OpenAIRE	Research	Graph	

Merge	with	
Ingredio	

database	of	
8,500	chemicals	

Use	metadata	
schemas	to	link	
to	OpenAIRE	

Incorporate	to	
Ingredio	app	

Upload	as	an	
entity	registry	in	

OpenAIRE	

JSON	schemas	
for	dump		
entities	

Meeting	with	
OpenAIRE	

Step 5 Step 1,2 

Step 6 Step 3 

7



OpenAIRE Integration 
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Input	(single	JSON	record	in	a	single	line):	
	
{"id":	"50|dedup_wf_001::00a9849ddb1168ffca2d599d316a7b19",	"abstract":	"Some	abstract"}	
{"id":	"50|dedup_wf_001::03f197b3ba4270d7ca7d677f604f3e35",	"abstract":	"Different	abstract"}	
{"id":	"50|dedup_wf_001::0262bfa18da0451870d7d9e62aea6ed1",	"abstract":	"Yet	another	abstract"}	
	
and	expected	output	(again,	single	JSON	record	in	a	single	line):	
{"id":	"50|dedup_wf_001::00a9849ddb1168ffca2d599d316a7b19",	"label":	"some_mesh_class_label1",	"confidenceLevel":	0.5}	
{"id":	"50|dedup_wf_001::03f197b3ba4270d7ca7d677f604f3e35",	"label":	"some_mesh_class_label1",	"confidenceLevel":	0.9}	
{"id":	"50|dedup_wf_001::0262bfa18da0451870d7d9e62aea6ed1",	"label":	"some_mesh_class_label1",	"confidenceLevel":	0.1}	
	
Where	confidenceLevel	values	are	in	the	<0,1>	range.	
	

Execution	scheme:	
The	script	will	be	run	relying	on	streaming	approach	(provided	by	oozie)	so	an	inline	equivalent	of	what	is	going	to	happen	on	
each	one	of	32	data	nodes	would	be	just:	
	
cat	input.json	|	python	classify.py	
	
producing	JSON	records	at	stdout.		
	

Input/Output	records:	
		

Mesh_label	=	"Toxic	Actions"			



Ensuring Interoperability with OpenAIRE 
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ü Followed the OpenAIRE semantic layer with the OpenAIRE- CERIF XML 
format  

ü  OpenAIRE semantic linkage and input from supervisor was used for all 
entities  

ü Constructed a dataframe with the articles containing useful information  

ü Transformed our dataset based on the “DataSource” core entity of the 
OpenAIRE data model 

ü We followed the OpenAIRE JSON schema for dumped entities 

ü 10 JSON files have been uploaded keeping the provenance of 
information (ready for d/l) 



Workflow  
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Build		
Training	Set	
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Step 1 
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Step 4 

Step 5 

Feature 3 
  

Identifying new chemical 
ingredients from the OpenAIRE 

data to enrich the OpenAIRE 
research graph & the Ingredio 

database 



Example of identifying new chemical ingredients from biomedical text   
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Other	examples	of	candidate	compounds	found	from	predicting	articles	
classified	in	phase	2:	
{'lumbar',	'propylene',	'anabolic',	'nicotine',	'xylan',	'thalidomide',	
'acetaminophen',	'carvone'…}	

Text:		
Genetic	disruption	of	thioredoxin	reductase	1	protects	against	
acetaminophen	 (APAP)	 toxicity.	 To	 determine	 the	 role	 of	 the	
thioredoxin	 system	 on	 xenobiotic	 metabolism	 we	 challenged	
wildtype	and	 txnrd1liver-null	mice	with	acetaminophen.	Adult	
male	 wildtype	 and	 txnrd1	 liver-null	 mice	 (C57BL6/J)	 were	
treated	with	either	 saline	 (PBS)	or	100mg/kg	APAP.	 Liver	RNA	
was	 harvested	 eight	 hours	 after	 challenge	 and	 processed	 for	
microarray	analysis.	Comparison	of	2	treatment	conditions	in	2	
genotypes,	biological	replicates	in	triplicate.	



Ingredio Main Features 
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Data	collection	

Text	Encoding	

Input	
Transformation	

Classification	
Model		

Optimization	

Causality	labeled	
datasets	

BERT	Tokenizer	

Pytorch	tensors	

AdamW	
optimizer	

BERT	pre-trained	
on	biomedical	

corpus	

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Feature 4 
  

Understanding the relationship 
of chemical ingredients with 
hazards using the provided 

information – 
Building causal relationships 



Example of finding causal relationships 
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Precision	 Recall	 F1-score	

Non-causal	 0.90	 0.88	 0.89	

Causal	 0.91	 0.92	 0.91	

Accuracy	 0.90	

Macro	avg	 0.90	 0.90	 0.90	

Weighted	avg	 0.90	 0.90	 0.90	

	
[PubChemID:	6579,	Adverse	Effect:	'neurotoxicity’,	Sentence:	'acrylamide	(acr)	is	known	to	induce	
neurotoxicity	in	humans	and	occupational	exposure	to	acr	has	an	effect	on	human	health.’,	
Probability:	0.99]	



Onboarding Ingredio to EOSC 
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ü A	dedicated	server	was	provided	by	NI4OS-Europe	(BAS	-	Bulgaria)	with	
one	NVIDIA	V100	on	24.1.2021	

ü A	web-server	was	developed	and	uploaded		in	https://ingredio.ni4os.eu/		

ü Web-server	has	been	onboarded	in	NI4OS	



Ingredio Main Features 
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Feature 1 
 Develop text mining and 

Machine Learning algorithms to 
extract OpenAIRE data linking 
chemical ingredients of food 

&cosmetics to potential health 
hazards 

Feature	2	
	Support	the	curation	of	

OpenAIRE data	with	
appropriate	metadata	
schemas	for	efficient	

integration	of	information	in	
the	OpenAIRE Research	

Graph	

Feature 3 
Identifying new chemical 

ingredients from OpenAIRE 
data to enrich the OpenAIRE 

research graph & the 
Ingredio database 

Feature 4 
 Identify causal 

relationships of chemical 
ingredients with hazards 

using the collected 
information 



Ingredio FAIR practices: Findability and Accessibility 
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Ingredio	code	and	data	are	publicly	available	at		
https://ingredio.ni4os.eu/		
https://github.com/ingredio/NLP_utils		
		



Ingredio FAIR practices - Interoperability 

q 	Metadata	schemas	used	in	Ingredio	follows	
OpenAIRE	schemas:	

q 	Exported	and	appended	to	a	file	each	publication	in	
JSON	format		

q 	Mapping	directly	as	an	OpenAIRE	internal	Oaf	
model,	specifically	for	publications	

q 	Outputs	classified	documents	in	the	following	
schema:	

q {"id":	"some	form	of	id",	"label":	"relevant",	
"confidenceLevel":	0.52}	

q 	Vocabulary	used:	Medical	Subject	Headings	(MeSH)		
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Ingredio FAIR practices – Reusability: License 
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Ingredio FAIR practices – Reusability: Video Example 
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Ingredio FAIR practices – Reusability: User Manual 
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Ingredio FAIR practices – Reusability: Training Material 

q 	Information	in	NI4OS-Europe	Agora:	
https://catalogue.ni4os.eu/?_=/resources/7cc4118c-e637-4463-
a841-92831e897368		

q 	Access:	https://ingredio.ni4os.eu/		

q 	Training	Material:	
https://training.ni4os.eu/mod/scorm/view.php?id=1182		
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Thanks	for	your	attention!	
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