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Data: RecipeNLG

RecipeNLG dataset, partly based on the 
Recipe1M+ dataset, and providing over 
1 million new, preprocessed and 
deduplicated recipes

Michal Bien, Michal Gilski, Martyna Maciejewska, Wojciech Taisner, Dawid Wisniewski, Agnieszka Lawrynowicz, RecipeNLG: A Cooking Recipes 
Dataset for Semi-Structured Text Generation. INLG 2020: 22-28 



Ontologies: FoodOn + PATO + ONS

Dooley, D.M.; Griffiths, E.J.; Gosal, G.S.; Buttigieg, P.L.; Hoehndorf, R.; Lange, M.C.; Schriml, 
L.M.; Brinkman, F.S.L.; Hsiao, W.W.L. FoodOn: A harmonized food ontology to increase 
global food traceability, quality control and data integration. NPJ Sci. Food 2018, 2, 23.



Ontological models



What ingredient to substitute? 
Generic substitution
WhatToMake ontology
 (HEALS project)

Sola S. Shirai, Oshani Seneviratne, Minor Gordon, Ching-Hua Chen, Deborah 
L. McGuinness: Identifying Ingredient Substitutions Using a Knowledge Graph 
of Food. Frontiers Artif. Intell. 3: 621766 (2020)



What ingredient to substitute, why and how?

Diet

Technology Tastiness

Context:

Constraints: allergy, diet, health condition, lack of 
ingredient, …

Goals: exclude a specific product for health reasons, 
increase the intake of a particular nutrient, make a 
dish less dense, ...



Example substitution (recipe for pancakes)



How to model substitutes for ingredients in food 
recipes? 

• What related concepts should be taken into account to define the 
substitution’s context (e.g., conditions, goals)? 

• How to link the proposed model to existing food models and 
recommended design patterns? 



Recipe ingredient substitute: binary or n-ary 
relation?



Recipe ingredient substitute: binary or n-ary 
relation?

Modeling ingredient substitutes - two major settings: 
1. without context, i.e., as general substitutes 
2. taking into account the context of a specific recipe and its food 

technological aspects and other factors, such as dietary 
constraints, goals, and technological conditions 

In the latter case, relation expressing substitution may become n-ary  
To model n-ary relation using OWL, we may reify it to a class 
Substitution and attach all „attributes” to it



Recipe ingredient substitution: process or 
specification?

• Food recipe specifies a procedure on how to prepare a dish
• It is not a process per se (spanning a time period) but rather a (plan) 

specification of a process to be performed to prepare a dish
• A major modeling decision: to model ingredient substitution in 

recipes on the level of specification rather than processes



Ingredient specification

• A complex entity:
• food items (materials)
• quality measure of unit and quantity

• A simple one or a complex one:
• disjunction of ingredients (goat or sheep meat or both)
• conjunction (dill and fennel, green and dry onions) or combinations of 
spices)
• optional -> ’empty’ substitution?



FoodOn recipe model 

Lange, M.; Dooley, D.; Weber, M.; Ibanescu, L.; Chan, L.; Soldatova, L.; Yang, C.; Warren, R.; Shimizu, C.; McGinty, H.K.; et al. Food Process 
Ontology Requirements. Available online: http://www.semantic-web-journal.net/content/food-process-ontology-requirements (accessed 
on 15 December 2021).



Food Recipe Ingredient Substitution 
Ontology Design Pattern 

Agnieszka Ławrynowicz, Anna Wróblewska, Weronika T. Adrian, Bartosz Kulczynski, Anna Gramza-Michalowska.
Food Recipe Ingredient Substitution Ontology Design Pattern. Sensors 22(3): 1095 (2022)



Is this the only right solution? 

What about finding another (binary?) role/relationship 
that connects two things that can substitute one another 
so they have the same role to products instead of „has 
food product analog”? 



Modeling substitutes - FoodOn curation 
workgroup*

• food product //OR// food by quality 
• milk food product  
• non-diary milk food product

• plant milk product
• nut milk product 
• …

*joint modeling effort of FoodOn curation workgroup 
(with Damion Dooley, Rhiannon Cameron, Magalie 
Weber, Kai Blumberg, other FoodOn curators)



• For example natural or artificial „vanilla”: differences 
in provenance of the material, but also differences in 
organoleptics  

• Let’s think about „vanilla taste” role
• Both could then have the same aromatic role 

*joint modeling effort of FoodOn curation workgroup 
(with Damion Dooley, Rhiannon Cameron, Magalie 
Weber, Kai Blumberg, other FoodOn curators)



What about using „quality”? 
E.g. „milk quality”? 
But then we may have:

 „milk quality” with respect to taste
„milk quality” with respect to nutritional value?

*joint modeling effort of FoodOn curation workgroup 
(with Damion Dooley, Rhiannon Cameron, Magalie 
Weber, Kai Blumberg, other FoodOn curators)



What about using „quality”? 
E.g. „milk quality”? 
But then we may have:

 „milk quality” with respect to taste
„milk quality” with respect to nutritional value?

„milk organoleptic quality”, „milk fat quality”, …

*joint modeling effort of FoodOn curation workgroup 
(with Damion Dooley, Rhiannon Cameron, Magalie 
Weber, Kai Blumberg, other FoodOn curators)



Named entity recognition 
models



TASTEset - Recipe Dataset and Food Entities 
Recognition Benchmark
Tagset:
•  FOOD as the name of an ingredient (e.g. bread, mayonnaise, salt, tomato),
• QUANTITY as a quantity (usually expressed by digits or a float),
• UNIT as a unit of measurement (e.g. bunch, cup, grams, jar, millimeters, slices, stalks, tablespoon, teaspoon)
• PROCESS as the attribute of the ingredient, usually referring to an action to be taken to prepare the 

ingredient (e.g. chopped for parsley, crushed for garlic, grated for ginger, minced for garlic),
• PHYSICAL QUALITY as the characteristic of the ingredient (e.g. boneless for chicken breast),
• COLOR as the color of the ingredient,
• TASTE as the flavour (e.g. bittersweet, butter-flavoured, sweet, semi-sweet),
• PURPOSE as the purpose of using the ingredient in the recipe (e.g. for dusting about flour, for garnish about 

sunflower seeds, for frying about canola oil, and as topping about sour cream),
• PART as a part of the ingredient required by the recipe (e.g. yolks and whites as parts of the eggs).

Anna Wróblewska, Agnieszka Kaliska, Maciej Pawlowski, Dawid Wisniewski, Witold 
Sosnowski, Agnieszka Lawrynowicz: TASTEset - Recipe Dataset and Food Entities 
Recognition Benchmark. CoRR abs/2204.07775 (2022) https://arxiv.org/abs/2204.07775

https://arxiv.org/abs/2204.07775


TASTEset: entity examples



TASTEset

• 700 recipes with more than 13,000 entities to extract
• manual annotation covered 3,788 ingredients of varying complexity 
• state-of-the-art baselines of named entity recognition models



Named Entity Recognition - results



Knowledge graph 
construction



FoodOn recipe model - example

Lange, M.; Dooley, D.; Weber, M.; Ibanescu, L.; Chan, L.; Soldatova, L.; Yang, C.; 
Warren, R.; Shimizu, C.; McGinty, H.K.; et al. Food Process Ontology Requirements. 
Available online: http://www.semantic-web-journal.net/content/food-process-
ontology-requirements (accessed on 15 December 2021).



Modeling alternative ingredients



What instances (not) to create

OWL has been designed to distinguish between a class and an 
instance

Consider: carrots (cooked, diced) and that we have classes carrot 
food product, cooked (quality), diced (quality)

Should we thus create in a knowledge graph new instances for each 
„attribute” of an ingredient (e.g. for sweet and diced)?  
It would be inefficient to copy these „classes” with just one new 
instance each time



What instances (not) to create: punning

OWL designed to distinguish between a class and an instance
Solution: punning



Entity linking - LexMapr

green onions (chopped) 

['onion (chopped):FOODON_03316397', 'scallion (whole, 
raw):FOODON_03311340'] Component Match



Could we ask LLM for adding missing 
information?
green onions (chopped) 
Use existing tags in a prompt



Entity linking with LLM and logical reasoning
Active labeling (augmentation) using human annotators as „strong experts” (gold 
coprora) and LLM as „weak expert” (silver copora)



Ontology / KG authoring 

Logic based Test-Driven Development of ontologies/knowledge graphs
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