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Leveraging food for better health through data-driven investigations



A not-so-shortest-path from astronomy to gastronomy
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“There are |0 types of people in this world. Those who understand binary and those who don't.” €
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Complex Systems Lab

Our research focus is on study of complex systems, primarily of
biological origin. We are exploring systems architecture of
complex diseases, drug-target networks and brain networks.
Broad areas that we study include computational & systems
biology, bioinformatics, mathematical modeling, network
biology, in silico drug discovery and biomedical data analysis.
Apart from modeling and analysis of complex systems, we aim
to probe for their control mechanisms and design principles.

| am associated with the Center for Computational Biology at
IT-Delhi.  Internship/Thesis Opportunities

Discovery of a new food pairing phenomenon

ipe: Creating novel recipe blends | A model for C. elegans brain r
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Featured as an Emerging Technology in MIT Technology Review, 25 Feb 2015
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@ces form the basis of food pairing in Indian cuisine”, Anupam Jain, Rakhi N K, Ganesh Bagler®, arXiv:1502.03815 (2015@

Spices form the basis of food pairing_in Indian cuisine. India is known to have culinary
history of health-centric dietary practices aimed at disease prevention and promotion of
health. We investigated the molecular basis of Food composition in the Indian cuisine
with rigorous mathematical and computational analysis. We find that the cuisine is
characterized with an exceptional food pairing pattern and spices occupy an unique
position in rendering this unique food pairing pattern. We are focussing on various ways
we could use the knowledge of such culinary patterns.

Featured as an Emerging Technology & Best of 2015 in MIT Technology Review.

Dr. Ganesh Bagler, Center for Computational Biology, Indraprastha Institute of Information Technology Delhi (IlIT-Delhi), India. W Tweot




Complex Systems

A system comprising of large number of sophisticated functional elements,
intricately connected with each other to perform specific tasks,
which otherwise can not be executed by subsets of the system.

SUM OF PARTS
— IS NOT THE SAME AS —
THE WHOLE.




Biological Complex Systems

o Interdisciplinaary Research e
Application of Network Modeling for Biology and Medicine



Knowledge Data

Hypothesis-Driven Questions Structured Databases

Applications

Methods, Tools
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Computational Gastronomy is a data science

that blends food, data, and computation for
data-driven food innovations




Cooking is alchemy



Cooking: Central to evolution of human brain



Cooking is the essence of being human

‘Catching Fire—How cooking made us human’ by Richard Wrangham
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Why do we eat what we eat?



Why do we combine ingredients
in our recipes the way we do?




Food Pairing Hypothesis

Ingredients that taste similar tend to be used together
in traditional recipes

Ahn et. al, “Flavor network and the principles of food pairing”, Scientific Reports (2011).
A Jain, NK Rakhi, G Bagler*, “Spices form the basis of food pairing in Indian cuisine”, arXiv:1502.03815 (2015).



Recipes & Ingredients

2543 Traditional Indian Recipes (TarlaDalal)

. Additive

@ Animal product

. Beverage

O Cereall Crop

O Dairy o
Fish/ Seato

: Flower

O Fruit

O Herb

. Meat

O Nut/ Seed

. Plant

@ P derivative |
. Pulse |
Spice
. Vegetab\e

Regional cuisines: Bengali, Gujarati, Jain, Maharashtrian,
Mughlai, Punjabi, Rajasthani, South Indian.

A Jain, NK Rakhi & G Bagler,* “Analysis of Food Pairing in Regional Cuisines of India”, PLoS ONE, 10(10): e0139539(2015).
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Food Pairing
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Uniform Food Pairing

Western Q Cuisines

1
i
1
i
I
i
Indian é Cuisine

Contrasting Food Pairing



Western cuisines have a
uniform blend of ingredients.

Indian cuisine has a
contrasting blend of ingredients.



Spices are key to the food pairing in Indian cuisine

Food Pairing
12

10 | O

O

O
O

Spice
Vegetable

Fruit

Plant derivative
Nut/seed
Cereal/Crop
Dairy

Plant

Herb

Original recipes

A Jain, NK Rakhi, G Bagler*, “Spices form the basis of food pairing in Indian cuisine”, arXiv:1502.03815 (2015).



The Taste of India




Contribution of ingredient category towards food pairing bias
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Culinary Fingerprints of Regional Cuisines of India

Rajasthan
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A Jain, NK Rakhi & G Bagler,* “Analysis of Food Pairing in Regional Cuisines of India”, PLoS ONE, 10(10): e0139539(2015).
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A View from Emerging Technology fromthe arXiv
s . MIT
Best of 2015: Data Mining Indian Technology
Recipes Reveals New Food Pairing Review
Phenomenon IS
MIT Technology Review
By studying the network of links between ndian
recipes, computer scientists have d'\scovered that
the presence of certain spiceS makes a meal much
|ess likely 1O contain '\ngred'\ents with flavors in
common. Erom February .-

December 30,2015
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“_FlavorDB

Trending Flavors

" fruity ~vanilla »mousy
~"balsamic ~’sweet ~"apple

Ingredient Categories

VIEW ALL INGREDIENT CATEGORIES

Copyright © All rights reserved. /
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Q Computational Food

The Food Maker S Gulde to the Galaxy

How Machine Learning and Big Data can help chemists search ;::.: / i
the vast chemical unlversefolr better _food » - | 5 / A

" ?I-Gé_lllaxy,.' ‘A. Mullard, Nafurlé,'(?b'l?) "_
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Taste Classification & Prediction

Bitter Sweet

“ o
Sucrose, |

1 1000

H,

0

R Tuwani, S Wadhwa and G Bagler*, ‘BitterSweet: Building machine learning models for predicting the bitter and sweet taste of small molecules’ Scientific Reports (2019).



How sweet is that?
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A Sharma, S Jain, R Tuwani and G Bagler*, ‘Predicting sweetness of a compound using machine learning models’ (2019).



Data-driven investigations of culinary patterns in traditional world cuisines

inary Fingerprints of the Woriq ¢, ;.
(@

Navjot Singh and Ganesh Bagler* (2018), IEEE International Conference on Data Engineering, DECOR, Paris (2018).



Culinary Evolution: A Darwinian look at the World Culinary Landscape
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G Bagler*, N Singh, R Tuwani, et. al. (2018).
‘Culinary Evolution: A case for the evolution of cuisines as an integral part of the culture’, Ganesh Bagler, 2018 (Draft Essay).



. Credit: ESA/HubbR 8#NASA; Acknowledgment: Judy Schiidt
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. Why spices? Broad-spectrum benevolence of culinary herbs and spices

““Data-driven analysis of biomedical literature suggests broad-spectrum benefits of culinary herbs and spices,”
Rakhi NK, Tuwani R, Mukherjee J, Bagler G, PLoS ONE 13(5): €0198030 (2018).

VoLuME 73, No. 1 MarcH 1998

THE QUARTERLY REVIEW
of BioLoGgy

ANTIMICROBIAL FUNCTIONS OF SPICES:
WHY SOME LIKE IT HOT

JENNIFER BILLING* AND PAUL W. SHERMAN

Section of Neurobiology and Behavior, Cornell University
\\ Ithaca, NY 14853 USA /

Da]_‘w inian Gastronomy: Humans have borrowed

plants’ chemical “recipes”

Why WC USC SpiCCS for evolutionary survival

for use in cuisine to

Spices taste good because they are good for us combat foodborne

microorganisms and to

Paul W. Sherman and Jennifer Billing reduce food poisoning




DietRx: An integrated resource for health impact of food

EE———— R P D L Dbttty |

R Tuwani, Rakhi NK, N Garg and G Bagler*, Analytics-Under Review (2018); R Tuwani, Rakhi NK, and G Bagler*, Database-Under Review (2018).



Relative Benevolence of Food
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R Tuwani, Rakhi NK, N Garg and G Bagler*, Analytics-Under Review (2018); R Tuwani, Rakhi NK, and G Bagler*, Database-Under Review (2018).




RecipeDB

How To Use

Receptors FAQs Contact Us

A resource for exploring recipes, their culinary, nutritional, flavor and health correlates

SEARCH VISUAL SEARCH STATISTICS HOW TO USE m CONTACT US

ala Oi!
Artichoke Heali

i
ked Artichoke Heart
Can

Beverage
Beverage-Alcoholic
Cereal
Condiment
Dairy

Dish

Essential Oil
Fish

Flower

Fruit

Fungi

Herb

Legume

Maize

Meat

Nuts and Seeds
Plant

Plant Derivative

O ‘e e

TR R
Ahe e

\t\\“a(\(\ 0 ﬁ\"ad(

“{é) gﬁ\ﬁ‘vﬂ?‘“\\\a@
%\;‘f\.\p ooy

1 ann 4
Neat Tenderizer
H6ay White Wine

Pea
gﬁﬂﬂer

mp
B

0 Ketf
Salmon Fiigt P
pser
1f'li/h,';g3'9';f3h
dﬂﬂy Bne

CoSyLab




? RECpE SpRIEE Nueriden Spaes

Cuisine

Continent (6) — Regi¢n (24) — Country (84)

5 Dietary Styles

Dletﬂfy Attribute 1,00,000+ ¢ Recipes

Cooking Process + Utensils

Culinary Attribute

Similar Recipes

JParing with Recipe ped

Ingredients in a Recipe

-
*

30 Ingredient Categories

Nutrition Profile of Ingredient (USDA)

Category 4—@ Bt =St Oty D T NUTRITIONIPROEILE O RECIPE!
Quantity ilnit State |! Nutrition Profile of Ingredients

Temp || Dry/Fresh | Size |_Energy || Carbohydrates | Protein || Fats |

Ji 0 TR .

ﬁf E‘ _ Minerals: Ca, Fe, Mg, P, Na, K, Zn, Cu, Mn, Se |

’;gé Vitamins: C Thiamin, Rlboﬂavm Niacin, |

FlavorDB [
DietRx [
USDA

D, K, B-12, Retinol, Carotene Tocopheral, .

Lipids i Amino Acids -. Anthocyanldms i

Pantothemc acid, Folate, Choline, Betaine, A, |




Gut Microbes

Blood tests i&‘

[m]
. . [m]
Questionnaires \ 8

Personalized Nutrition
Body Mass Index @ Predictor

Design personalized diet to
lower glucose levels

Food diary

ED Sonnenburg and JL Sonnenburg, Nature, 528, 484 (2015).
Zeevi et al., “Personalized nutrition by prediction of glycemic response”, Cell, 163, 1079 (2015).



Computational Gastronomy — Data-driven food innovations
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Food-Beverage Pairing

_ Taste/[dor Prediction

Culinary Fingerprinting

Dietary Interventions

Food & Beverages Design ‘
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Sustainable Food Innovations
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The discovery of a new dish confers
more happiness on humanity, than the

discovery of a new star. , ,

Jean Anthelme Brillat-Savarin
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@ Complex Systems Laboratory, IlIT-Delhi 9

PhD Positions

Opportunities for the PhD
research - Computational
Gastronomy, Machine Learning,
Complex Networks, Data Analytics
for Biomedical Applications, in
silico Drug Discovery,
Chemoinformatics, Systems and
Network Biology.

Skills: Machine Learning, Data
Analytics, Text Mining, Python/R,
Natural Language Processing,
Database & Webserver Design,
Supervised Classification, High-
Dimensional Data Analysis,
Association Rule Learning...

Summer 2019

:: Summer Research Internships :

Culinary fingerprinting

Novel Recipe Generation Algos
Odor and Taste Prediction with
Machine Learning

Making sense of the flavor space
Food-Disease associations
Dietary Interventions Strategies
Chemical Space: in silico chemical
synthesis

Recipe Data Structure Design
Perfume and fragrance analytics
Android Apps: FlavorDB
Premium, DietRx, NutriBot,
Recipe Crowdsourcing Project.







bagler@iiitd.ac.in
http://cosylab.iiitd.ac.in
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