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The emerging data science of food, flavors, and health
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Computational Gastronomy is a data science
that blends food, data, and computation for
data-driven food innovations
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Cooking is
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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 combine ingredients
in our recipes the way we dor
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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).



o w | Recipes & Ingredients
@ Animal product

Beverage

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

2543 Traditional Indian Recipes (TarlaDalal)
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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).






PubChem
Fenaroli’s Handbook

HO O 0 OH
OI‘\NW‘Q
0 OH

CH, o,

H3CO _
- CH :O/\/
b el
C—C HO
H

© Ganesh HBagler e




M Recipe 1 Recipe 2 Recipe i Recipe n
\_/’ \_/ @ \—/

-y

- @ —

D .

P

(C
o
O
o
O
L

Food Pairing
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“' The Taste of India
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y from the arXiv

A View from Emerging Technolod
. . MIT
2 Mining Indian Technology
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Best of 2015: Dat
New Food Pairing

Recipes Reveals
Phenomenon Best of 201
| MIT Technology Revie?v
By studying the network of links between Indian
. recipes, computer scientists have d'\scovered that
inspices makes a meal much
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MICRO-CHIPS THE TINDU

The scoop on computational gastronomy

2019 will observe food culture having a heightened taste
for tech and data too

: SUNALINI MATHEW
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food, uoiion, cure  0010010101001010010101
computational gastronomy

P » )
brings all of these together 6kl ey ) 1 1(
to record recipes, track in-
gredients, and make in-
sightful deductions of what
we eat traditionally, and
“why we eat what we eat,”
as Prof Ganesh Bagler from
IIT-Delhi, puts it. The idea
came about when he was
teaching network science
in UT jJodhpur, and spoke
to the students about the
concept of a flavour net-
work, that Yong-Yeol Ahn
had studied, “of whether
there are any general pat- A bite out of data Computational gastronomy is designing the
terns that determine thein-  future of food sseeciAL ARRANGEMENT
gredient  combinations
used in food today, or prin-
ciples that transcend indi-
vidual tastes and recipes,”

{combining favours that
aren’t similar to each other,
in a dish), Western cuisine

and publishing data on the
health  associations  of

ingredients.
as the paper says. is based on complementary Cognizant of both covert
To the scientist then, or uniform food pairing biases (like conflict of inter-
computational gastronomy  (flavours in a dish close to

is the study of ingredients,
and how and why they are
used with one another,

est) and overt biases (like
‘safe’ studies added to the
scientific body that are un-

each other).
There are two initial legs

to the process: recipe data  likely to rock the boat}, Prof
where each ingredient “be-  compilation and ingredient  Bagler is trying to come up
comes a bowl of flavour mo-  (flavour) data compilation.

lecules”. It is looking at It's not easy to identify ‘set’ for the bias. He is also con-
food as not just art, craft  recipes in India because ev-  scious of reductionism and
and skill, but also as a ery family may cook, say  over-simplification of food
science. Which means the dal, in a different way, and  practices, and says as the
subject brings together data  through time the same re-  science grows, the complex-
scientists and researchers, cipe may have evolved to ity and layers of the subject
chefs, nutritionists, agricul- take into account modern will also grow. Take turmer-
turists, and people from the  practices. Prof Bagler start-  ic: we know it's good for
food industry, with the op-  ed with Tarla Dalal’s reper-  health. But how much, in
portunity to bring about toire, butis happytotakein what quantity, in what way
synergies. In terms of how  as many recipes, provideda it was farmed, what ingre-
far the science has deve- person is making them reg-  dient bumps up its potential
loped, “We stand at 19th-  ularly at home. — all these are still to be stu-
century physics," he says. In terms of flavour mole-  died. Going back to why we
Some things will still be in  cules, datais compiled from  eat what we eat, Dr Bagler
the realm of art. the PubMed and Medline says that it could be a mat-
Prof Bagler specifically databases, which means re-  ter of taste, but it could also
wants to look at Indian cui-  search papers for 70-odd  be because of the protective
sine at the present, and un-  years are available. Infor- and sometimes medicinal
derstand food pairing, or mation on ingredients has  value of our foods, but we
the way in which ingre- been extracted from these. need a deeper understand-
dients are put together. The

with strategies to discount

There are about 1000 ingre-  ing of our food culture.
chief insight so far hasbeen  dients so far, with 192 un-
that while Indian food has  ique ones, in the database.  Byte-sized play-by-plays of rech
contrasting food pairing They will soon be compiling ~ conceprs



Data-driven investigations of culinary patterns in traditional recipes across the world
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Navjot Singh and Ganesh Bagler* (2018), IEEE International Conference on Data Engineering, DECOR, Paris (2018).
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FlavorDB

i ¢ http://cosylabijiitd.edu.in/flavordb/ = *



Trending Flavors

2 fruity ~’vanilla »“mousy
~’balsamic s"sweet ~"apple

Ingredient Categories

VIEW ALL INGREDIENT CATEGORIES
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Computational Food
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The Food Maker’s Guide to the Galaxy ° e
How Machine Learning and Big Data can help chemists search SRl
the vast chemical universe for better 'food
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Taste Classification & Prediction
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R Tuwani, S Wadhwa, and Ganesh Bagler*, ‘BitterSweet: Building machine learning models for predicting the bitter and sweet taste of small molecules’, Scientific Reports (2019). Accepted.
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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).



DietRx: An integrated resource for health impact 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).



Gut Microbes

Blood tests

Questionnaires

Body Mass Index

Food diary

Personalized Nutrition
Predictor

it

Design personalized diet to
lower glucose levels

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
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Food-Beverage Pairing

Taste/0Odor Prediction

01010101010101010

#$0101010101010101010 [:u|||'|a|"y F|ngerpr'|ntlng

101010101010101010

010101010101010101010101010

$010101010101010101010101010 [hEtEFYlﬂtEFVEHﬂUﬂS

01010101010101010101010101(
01010101010101010101010101 . .
101010101010101010101010 F-["]d E BEVEFHQES DESigI'I
01010101010101010101014 - |
0101010101010101010Q /
A1010101010101010

G 10104010 Sustainable Food Innovations .

© Ganesh [



€6 A
The discovery of a new dish confers
more happiness on humanity, than the

discovery of a new star. ’ ,

Jean Anthelme Brillat-Savarin



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