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1. Science
is looking for the mechanisms of phenomena
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The first "'leg'":
experiments !

* "Un bon moyen pour atteindre la verité, c'est
e prefeérer 'expérience a
n'importe quel
raisonnement, puisque nous

sommes slrs que lorsqu'un raisonnement est
en désaccord avec l'expérience il contient une
erreur, au moins sous une forme dissimulée. Il
n'est pas possible, en effet, qu'une expérience
sensible soit contraire a la vérité. Et c'est
vraiment la un précepte qu'Aristote plagait
tres haut et dont la force et la valeur dépassent
de beaucoup celles qu'il faut accorder a
l'autorité de n'importe quel homme au
monde«

* Qalilée (1564-1642)
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The second one: calculation

* "La philosophie est écrite dans ce livre
immense perpetuellement ouvert
devant nos yeux (je veux dire
I'univers), mais on ne peut le
comprendre si I'on n'apprend pas
d'abord a connaitre la langue et les
caracteres dans lesquels il est €crit.

Il est écrit en langue

mathematique et ses caractéres
sont des triangles, des cercles, et
d'autres figures géométriques, sans
I'intermédiaire desquels 1l est
humainement impossible d'en
comprendre un seul mot".
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2. Technology

a link between science and technique
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3. Technique

doing things, producing goods and services
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4. Art

"Good'" means ""beautiful to eat"
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ifferents methods, different goals
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For example
with
soufflés
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Etc.
Ad
infinitum
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It iIs now in many countries
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Ireland

‘Thursday, 21 mmnryzm
- University College Cork
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YOUWANT TO CONTRIBUTE TO THE DEVELOPMENT OF

INNOVATIVE, SUSTAINABLE AND HEALTHY FOOD PRODUCTS
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Etc.
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It iIs now in many contexts
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Education (1. primary schools)
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Education (2. high schools)
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Education (3. University)
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Education (4. continuous education)
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Etc.
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Molecular Gastronomy as a research
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In our Group

Le Centre Claude Bernard d'AgroParisTech, a Paris (5€)

INRA

SCIENCE & IMPACT

NoroParisTech

3 e S i LAY INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
ﬂ‘ S PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES




Too many interesting questions
Which one should we choose ?

-Photosynthetic pigments as being transformed during the thermal treatment of plant
tissues

- Release of proteins during animal tissue thermal heating in aqueous solutions

- Green chemistry : thermal treatment at 100°C in aqueous solution of organic
compounds from « food »

- Modification of the color of saffron processed in aqueous solution, with or without light

- Distribution of estragole in the various compartments (water, oil, gas, animal tissues)
during a culinary recipe

- Extraction nutriments from plant tissues

- Why apricots appear sourer after thermal treatment (31P NMR spectroscopy)

- Differences between wines thermally processed at low or high heating power

- « Freshness » of yogurts : an influence of the microstructure ?

- Exchange between plant tissue and aqueous solution during thermal treatment

ng‘O Pd]i[”‘%TGCh International Centre for Molecular Gastronomy
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The issue of scientific strategy
(Where is there a montain?)

Behind us In front of us
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Which direction should we use ?
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Methods, instead of directions ?
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Where is there a montain ?

1.
Looking for mechanisms

(with deception when nothing is new)




What's going on during marinating ?




Almost nothing ?

1710822004




But sometimes...
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Where is there a montain ?

P
Refuting a theory



What goes out from a plant tissue and
how ?
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The old theory
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Diffusion ?
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But there are molecular modifications

40,00
*® Saccharose
O Glucose

35,00 A Fructose

30,00

25,00

20,00 * LJIJ

15,00 #

10,00 $

concentration (mmol/L)

5,00

0,00 B

temps (h)
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But the model is clearly wrong
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A model to improve (quantitatively)
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canal cellules milieu aqueux
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More metabolites in cells,
fast release from cells
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... but validation is needed !
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Where is there a montain ?

3.
Solving a problem



Does fat crystallize differently in emulsions ?
Example of HMFY
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Not, from our experiment
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Where is there a montain ?

4,
A new ""'microscope"’




From q NMR to is ¢ NMR
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Preparing samples: 5 days!

Sampling at different

times
Lyophilization

1.0mL —— Lyophilization —
1.00 mL of brew in D20

v

500.0 puL of sample

RMN

v

Sugars, amino acids et organics acids

quantification
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Here is a carrot stock

Intern Reference

Phanolics region Amino acids

Intensity
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Mainly saccharides
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But plant tissues are gels D (W)/D,(S)...
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Hence quantitative in situ
quantitative NMR

b 14

Analytical & Bioanalytical Chemistry

Comparison of two methods for the determination of

ccharides in carrot (Daucus
carota L) roots: extraction using the standard “modified O'Donoghue” method Collowed
by quantitative praton NMR (g "H NMR) spectroscopy, and direct, whole tissue g 'H
NMR spectroscopy.

LINDA WEBERSKIRCH. ALAN LUNA, SARA SKOGLUND

HERVE THIS™

Fast (10 min), no solvant, no

)
preparation, small samples
precision %o, etc
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Why does drying improve spectra?
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Linda Weberskirch, H. This

Y,

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
e .. PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES

=2ro Parislech =—INRA

SCIENCE & IMPACT



Extraction : beware !

percent relative of saccharides to fresh material [%]

RESULTS

Comparison of the the in situ method and the MOD method

Fru

Suc

in situ

MOD

OMOD
W in situ
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Where is there a montain ?

S.
Any fact, result... should be
considered as a projection of general
cases that we have to invent



Most food is a « gel »
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But gels can be complex
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« Dimensionality »,
an important characteristic

NoroParisTech
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How to distinguish gels

vgro Parislech
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Disperse Systems Formalisms (DSF)

Four symbols :

/ : dispersed 1nto

+ : coexistence of phases, mixture
@ : 1nclusion

G : superposition (according to Xx,y,z)

X : Interdispersion

Four kind of phases :
G:gas; O:o01l; S:solids;  W: aqueous solutions

Four Kind of object:

DO : dimension O ; D1:dimension1; D2 :dimension?2 ;D3 :
dimension 3

ng‘OR Il TGCh International Centre for Molecular Gastronomy




Meat : D1(W)/D3(S)
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Chocolate : D3(O)xD3(S)




Gelatine gel : D3(W)xD3(S)
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Plant tissues : Do(W)/D3(S)
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Conglomeles: artificial plant tissues
Do(W)/D3(S)

vgro ParlsTech

e, INSTITUT u
P . PARIS INSTI



Potato : [Do(S)/Do(W)]/D3(S)
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A macroscopic organization

== NRA

- SCIENCE & IMPACT

vgro Parislech

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
e . PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES



9

For each part
ICroScopic organiza

ion

t

A m

—
i~
<t
a
=
=]
[N W]
—
=
=
O

-—

NoroParisTech

B i

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES



For each part,
a nanoscopic organization
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For each part,
a molecular organization

International Centre for Molecular Gastronomy



And DSF applies to any level

Four symbols :

* /:dispersed into
* +: coexistence of phases, mixture
* (@ :inclusion

[ ]

o : superposition (according to x,y,z)

* X : interdispersion

Four kind of phases : Four kind of object:
* G:gas DO

* W : solution D1

* O:oil D2

* SI1,S2, ... :solids D3

WoroParisTech === INRA
R INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT SCIENCE & IMPACT
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Until today,
all food systems could be described...
But is the system ''complete'’ ?

27062004

(D, 1(W,/S5;,)@D, ,(W,/S,))/D; Do(W;)@Do(W,/S;)/
D,(W,/S,)

Hervé This, Formal description for formulation, in International Journal for Pharmaceutics, 2007, 344 (1-2), 4-8.
doi:10.1016/j.ijpharm.2007.07.046.
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Krom some gels to all gels

phase :=[W, O, S];

dimension :=[DO0, D1, D2, D3];
operateur :== ["X", "/", "@", "&sigma;"];
formule :=""; graine :="";

for diml to 4 do

for phasl to 3 do

for ope to 4 do

for dim2 to 4 do

for phas2 to 3 do

if phas1 <> phas2 then formule := cat(graine, dimension[dim1], "(", phase[phas1], ")", operateur[ope], dimension[dim2], "(",
phase[phas2], ")")

end if
end do
end do
end do
end do
end do;

=INRA

SCIENCE & IMPACT

‘Vgro ParisTech

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
S PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES




\/

=ol

DO(W)XDO(W)]/D3(S)

DO(W)XDO(0)]/D3(S)
DO(W)XDO(S)]XD3(8)
DO(W)XDO(S)]/D3(S)

DO(WIXD1(W)])/D3(S)
DO(W)XD1(0)]XD3(S)
DO(W)XD1(0)]/D3(S)
DO(W)XD1(S)]XD3(8)
DO(WIXD1(8)]/D3(S)
DO(W)XD2(W)]XD3(5)
DO(WIXD2(W))/D3(S)
DO(W)XD2(0)]XD3(S)
DO(W)XD2(0)]/D3(S)
DO(W)XD2(S)]XD3(8)
DO(W)IXD2(S)]/D3(S)

DO(W)XD3(W))/D3(S)
DO(W)XD3(0)]XD3(S)
DO(W)XD3(0)]/D3(S)
DO(W)XD3(S)]XD3(S)
DO(W)XD3(S)])/D3(S)
DO(W)/DO(W)]XD3(S)
DOCW)Y/DOCW)]/D3(S)
DO(W)/DO(0)]XD3(S)
DO(W)/DO(0)]/D3(S)
DO(W)/DO(S)]XD3(S)
DO(W)/DO(S)]/D3(S)
DO(W)/D1(W)]XD3(S)
DOCWY/DL(W)]/D3(S)
DO(W)/D1(0)]XD3(S)
DO(W)/DL(0)]/D3(S)
DO(W)/D1(S)]XD3(S)
DO(W)/D1(S)]/D3(S)

e e I I T O I e I I e e e e O e e e e e

DO(W)XDO(W)]XD3(S)

DOCW)XDO(O)]XD3(S) -

DO(W)XD1(W)]XD3(S)

DO(W)XD3(W)]XD3(E)

ro Parislech
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[DOCW)/D2(W)]XD3(S)
[DOCWY/D2(W)]/D3(S)
[DOCW)/D2(0)]XD3(S)
[DOCWY/D2(0))/D3(S)
[DOCW)/D2(S)]XD3(S)
[DOCWY/D2(S)]/D3(S)
[DOCW)/D3(W)]XD3(S)
[DOCWY/D3(W)]/D3(S)
[DOCW)/D3(0)]XD3(S)
[DOCWY/D3(0))/D3(S)
[DOCW)/D3(S)]XD3(S)
[DOCWY/D3(S)]/D3(S)
[DOCW)@DO(W)]XD3(S)
[DOCW)@DO(W)]/D3(E)
[DOCW)@D0(0)]XD3(S)
[DOCW)H@D0(0)]/D3(S)
[DOCW)@DO(S)] XD3(8)
[DOCW)@DO(E)])/D3(S)
[DOCW)@D1(W)]XD3(5)
[DOCW)@D1(W))/D3(E)
[DOCW)@D1(0)]XD3(S)
[DOCW)@D1(0)]/D3(S)
[DOCW)@D1(8)] XD3(8)
[DOCW)@D1(E)])/D3(S)
[DOCW)@D2(W)]XD3(5)
[DOCW)@D2(W))/D3(8)
[DOCW)@D2(0)]XD3(S)
[DOCW)@D2(0)]/D3(S)
[DOCW)@D2(8)] XD3(8)
[DOCW)@D2(8)])/D3(S)
[DOCW)@D3(W)]XD3(5)
[DOCW)@D3(W))/D3(E)
[DOCW)@D3(0)]XD3(S)
[DOCW)@D3(0)]/D3(S)
[DOCW)@D3(8)] XD3(8)
[DOCW)@D3(E)])/D3(S)
[DOCW)GDO(W)]XD3(S)

[DO(W)aDO(W)]/D3(8)
[DO(W)sDO(O)]XD3(S)
[DO(W)aD0(0)]/D3(S)
[DO(W)eDO(E)]XD3(S)
[DO(W)aD(S)]/D3(S)

[DO(W)GD1(W)]XD3(S) -
[DO(W)GD1(W))/D3(S) -
[DO(W)cD1(0)]XD3(S) -

[DO(W)SDL(0)]/D3(S)

[DO(W)oD1(S)]XD3(S) :

[DO(W)SD1(S))/D3(S)
[DO(W)GD2(W)]XD3(S)
[DO(W)GD2(W)]/D3(S)
[DO(W)D2(0)]XD3(S)
[DO(W)SD2(0)]/D3(S)
[DO(W)SD2(S)]XD3(S)
[DO(W)SD2(S))/D3(S)
[DO(W)GD3I(W)]XD3(S)
[DO(W)GD3I(W))/D3(S)
[DO(W)cD3(0)]XD3(S)
[DO(W)SD3I(0)]/D3(S)
[DO(W)SD3(S)]XD3(S)
[DO(W)SD3(S))/D3(S)

[DO(W)+DO(W)]XD3(S)

[DOCW)+DO(W)]/D3(S)
[DO(W)+D0(0)]XD3(E)
[DO(W)+D0(0)]/D3(S)
[DO(W)+D0(S)]XD3(S)
[DO(W)+D0(S)]/D3(S)

[DO(W)+D 1 (W] XD3(S)
[DO(W)+D1(W)]/D3(S)

[DO(W)+D1(0)]XD3(E)
[DO(W)+D1(0)]/D3(S)
[DO(W)+D1(8)]XD3(S)

[DO(W)+D1(5)]/D3(S)
[DO(W)+D2(W)]XD3(S)
[DO(W)+D2(W)]/D3(S)
[DO(W)+D2(0)]XD3(S)
[DO(W)+D2(0)])/D3(S)
[DO(W)+D2(8)]XD3(S)
[DO(W)+D2(5)]/D3(S)
[DO(W)+D3(W)]XD3(S)
[DO(W)+D3(W)]/D3(S)
[DO(W)+D3(0)]XD3(S)
[DO(W)+D3(0))/D3(S)
[DO(W)+D3(8)]XD3(S)
[DO(W)+D3(5)]/D3(S)
[DO(O)XDO(W)]XD3(S)
[DO(O)XDO(W)]/D3(S)
[DO(0)XD0(0)]XD3(S)
[DO(O)XDO(0)]/D3(S)
[DO(0)XDO(S)]XD3(S)
[DO(0)XDO(S)]/D3(S)
[DO(OYXD (W] XD3(S)
[DO(O)XD1(W)])/D3(S)
[DO(0)XD1(0)]XD3(S)
[DO(O)XD1(0)/D3(S)
[DO(OYXD1(S)]XD3(S)
[DO(O)XD1(S)]/D3(S)
[DO(O)XD2(W)]XD3(S)
[DO(O)XD2(W)]/D3(S)
[DO(0)XD2(0)]XD3(S)
[DO(O)XD2(0)/D3(S)
[DO(0)XD2(S)]XD3(S)
[DO(O)XD2(S)]/D3(S)
[DO(O)XD3(W)]XD3(S)
[DO(O)XD3(W)]/D3(S)
[DO(0)XD3(0)]XD3(S)
[DO(0)XD3(0)]/D3(S)
[DO(0)XD3(S)]XD3(S)
[DO(0)XD3(S)]/D3(S)

[DO(O)/DO(O)]XD3(S)

[D0(0)/D0(0)]/D3(S)

[DO(O)DOE)XD3E)
[DO(OY/DO(S)]/D3(S)

[DO(0Y/D1(W)]XD3(S)
[DO(OYD1(W)]/DI(S)
[DO(O)/D1(O)]XD3(S)
[DO(OY/D1(0Y]/D3(S)
[DO(O)D1(S)]XD3(S)
[DO(OY/D1(S)]/D3(S)

[DO(O)/D2(W)]XD3(S) -
[DO(OYD2(W)]/D3I(S)
[DO(O)/D2(0)]XD3(S)

[DO(0)/D2(QY/D3(S)
[DO(O)D2ASXDIE)
[DO(OY/D2(S)]/D3(S)

[DO(O)/D3(W)]XD3(S) -
[DO(OYDI(W)]/D3(S)
[DO(O)/D3(0)]XD3(E)
[DO(0)/D3(OY]/D3(S)
[DO(O)D3(E)XD3(E)
[DO(OYD3IE)]/DIE) -
[DO(O)Y@DO(W)]XD3(S)
[DO(0)@DO(W))/D3(S)
[DO(O)@D0(0)]XD3(S)
[DO(O)@D0(0))/D3(S)
[DO(O)@DO(E)]XD3(S)
[DO(O)@DO(S)]/D3(S)

[DO(O)Y@D1(W)]XD3(S)
[DO(0)@D1 (W))/D3(S)
[DO(O)@D1(0)]XD3(8)
[DO(O)@D1(0))/D3(S)
[DO(O)@D1()]XD3(S)
[DO(O)@D1(S)]/D3(S)

[DO(O)Y@D2(W)]XD3(S)
[DO(0)@D2(W))/D3(S)
[DO(O)@D2(ONXD3(S)

[DO(O)@D2(0)/D3(S)
[DO(0)@D2(S)]XD3(S) -
[DO(0)@D2(S)]/D3(S)
[DO(O)@D3(W)]XD3(E)
[DO(0)@D3(W)}/D3(S) -
[DO(0)@D3(0)]XDA(S) :
[DO(0)@D3(0))/D3(S)
[DO(0)@D3(S)]XD3(S) -
[DO(0)@D3(S)]/D3(S)
[DO(O)DO(W)]XDI(S)
[DO(O)sDO(W)/DI(S)
[DO(0)sDO(0)]XD3(S)
[DO(0)sDO(0))/D3(S)
[DO(O)sDO(S)]XDI(S)
[DO(O)aDO(S)]/D3(S)
[DO(O)aD1(W)]XDI(S)
[DO(O)sD1(W)/DI(S)
[DO(0)sD1(0)]XD3(S)
[DO(O)sD1(0))/D3(S)
[DO(O)sD1(S)]XDI(S) -
[DO(O)GD1(S)]/D3(S)
[DO(O)GD2(W)]XDI(S)
[DO(O)sD2(W)/DI(S)
[DO(0)sD2(O)]XD3(S) -
[DO(0)sD2(0))/D3(S)
[DO(O)sD2(S)]XDI(S) -
[DO(O)GD2(S)]/D3(S)
[DO(O)sDI(WXD3(S) :
[DO(O)sDI(WI/DI(S)
[DO(0)sD3(0)]XD3(S) -
[DO(O)sDI(O))/D3(S)
[DO(0)oD3(S)]XDI(E)
IDONGDIEDIE
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[DO(W)XDO(W)]/D3(S)

[DO(W)XD0(0)]/D3(S)
[DO(W)XD0(S)]XD3(S)
[DO(W)XDO(S)]/D3(S)

[DO(W)XD1(W)]/D3(S)
[DO(W)XD1(0)]XD3(S)
[DO(W)XD1(0)]/D3(S)
[DO(W)XD1(8)]XD3(S)
[DO(W)XD1(S)])/D3(S)
[DO(W)XD2(W)]XD3(S)
[DO(W)XD2(W)]/D3(S)
[DO(W)XD2(0)]XD3(S)
[DO(W)XD2(0)]/D3(S)
[DO(W)XD2(8)]XD3(S)
[DO(W)XD2(S)])/D3(S)

[DO(W)XD3(W)]/D3(S)
[DO(W)XD3(0)]XD3(S)
[DO(W)XD3(0)]/D3(S)
[DO(W)XD3(8)]XD3(S)
[DO(W)XD3(S)])/D3(S)
[DO(W)/DO(W]XD3(S)
[DO(W)/DO(W)]/D3(S)
[DO(W)/DO(0)]XD3(S)
[DO(W)/D0(0)]/D3(S)
[DO(W)/DO(S)]XD3(S)
[DO(W)/DO(S)]/D3(S)
[DO(W)/D1(W]XD3(S)
[DO(W)/D1(W)]/D3(S)
[DO(W)/D1(0)]XD3(S)
[DO(W)/D1(0)]/D3(S)
[DO(W)/D1(S)]XD3(S)
[DO(W)/D1(S)]/D3(S)

\/

[DO(W)XDO(W)]XD3(E) -

[DO(W)XDO(0)]XD3(E)

[DO(W)XD 1 (W)]XD3(S)

[DO(W)XD3(W)]XD3(S)

=2ro Parislech
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[DO(W)/D2(W)]XD3(S)
[DO(W)/D2(W)]/D3(S)
[DO(W)/D2(0)]XD3(S)
[DO(W)/D2(0)]/D3(S)
[DO(W)/D2(S)]XD3(S)
[DO(W)/D2(S)])/D3(S)
[DO(W)/D3(W)]XD3(S)
[DO(W)/D3(W)]/D3(S)
[DO(W)/D3(0)]XD3(S)
[DO(W)/D3(0)]/D3(S)
[DO(W)/D3(S)]XD3(S)
[DO(W)/D3(S)])/D3(S)
[DOCA)@DO(W)]XD3(S)
[DO(W)@DO(W))/D3(S)
[DOCA)@D0(0)] XD 3(8)
[DOCW)@D0(0)]/D3(S)
[DOCA)@D0(S)]XD3(S)
[DOCW)@D0(S)])/D3(S)
[DOCA)@D1(W)]XD3(S)
[DO(W)@D1(W))/D3(S)
[DOCA)@D1(0)]XD3(8)
[DOCW)@D1(0)]/D3(S)
[DOCA)@D1(8)]XD3(8)
[DOCW)@D1(S))/D3(5)
[DOCA)@D2(W)]XD3(S)
[DO(W)@D2(W))/D3(S)
[DOCA)@D2(0)] XD3(8)
[DOCW)@D2(0)]/D3(S)
[DOCA)@D2(8)] XD 3(8)
[DOCW)@D2(S))/D3(5)
[DOCA)@D3(W)]XD3(S)
[DO(W)@D3(W))/D3(S)
[DOCW)@D3(0)] XD3(8)
[DOCW)@D3(0)]/D3(S)
[DOCA)@D3(8)] XD 3(8)
[DOCW)@D3(8)])/D3(5)
[DO(W)sDO(W)]XD3(S)

And here

[DOW)aDOW)]/D3(S)
[DO(W)sDO(O)]XD3(S)
[DO(W)aD0(0)]/D3(S)
[DO(W)DO(S)]XD3(S)
[DO(W)aDO(S))/D3(S)

[DO(W)GD 1 (W)]XD3(S) -
[DO(W)GD1(W)]/D3(S) -
[DO(W)GD1(0)]XD3(E) -

[DO(W)GD1(0))/D3(S)

[DO(W)oD1(£)]XD3(S) :

[DO(W)GD1(S)]/D3(S)
[DO(W)GD2(W)]XD3(S)
[DO(W)GD2(W)]/D3(S)
[DO(W)GD2(0))XD3(S)
[DO(W)GD2(0))/D3(S)
[DO(W)GD2(S)]XD3(S)
[DO(W)GD2(S)]/D3(S)
[DO(W)GD3(W)]XD3(S)
[DO(W)GD3(W)]/D3(S)
[DO(W)GD3(0)]XD3(S)
[DO(W)GD3(0))/D3(S)
[DO(W)GD3(S)]XD3(S)
[DO(W)GD3(S)]/D3(S)

[DO(W)+DO(W)]XD3(S) -

[DOCW)+DO(W)]/D3(5)
[DO(W)+D0(0)]XD3(S)
[DO(W)+D0(0)]/D3(S)
[DO(W)+D0(S)]XD3(5)
[DO(W)+D0(S)]/D3(S)

[DO(W)+D1(W)XD3(S)
[DO(W)+D1(W)])/D3(S)

[DO(W)+D1(0)]XD3(S)
[DO(W)+D1(0)]/D3(S)
[DO(W)+D1(8)]XD3(S)

[DO(W)+D1(3)]/D3(5)
[DOCW)+D2(W)]XD3(5)
[DOCW)+D2(W)]/D3(S)
[DO(W)+D2(0)]XD3(S)
[DO(W+D2(0)])/D3(S)
[DO(W)+D2(S)]XD3(8)
[DO(W)+D2(3)]/D3(S)
[DOCW)+D3(W)]XD3(5)
[DOCW)+D3(W)]/D3(S)
[DO(W)+D3(0)]XD3(S)
[DO(W+D3(0)])/D3(S)
[DO(W)+D3(S)]XD3(8)
[DO(W)+D3(3)]/D3(8)
[DO(O)XDO(W]XD3(S)
[DO(OYXDO(W)]/D3(S)
[DO(0)XD0(0)]XD3(S)
[DO(O)XD0(0)]/D3(S)
[DO(O)XDO(S)]XD3(S)
[DO(O)XD0(S)]/D3(S)
[DO(OYXD 1 (W] XD3(S)
[DO(OYXD1(W))/D3(S)
[DO(O)XD1(0)]XD3(S)
[DO(O)XD1(0)]/D3(S)
[DO(O)XD1(8)]XD3(S)
[DO(O)XD1(8)])/D3(S)
[DO(O)XD2(W)]XD3(S)
[DO(OYXD2(W))/D3(S)
[DO(0)XD2(0)]XD3(S)
[DO(O)XD2(0)]/D3(S)
[DO(O)XD2(8)]XD3(S)
[DO(O)XD2(S)])/D3(S)
[DO(O)XD3(W)]XD3(S)
[DO(OYXD3(W))/D3(S)
[DO(0)XD3(0)]XD3(S)
[DO(O)XD3(0)]/D3(S)
[DO(O)XD3(8)]XD3(S)
[DO(O)XD3(8)])/D3(S)

[DO(O)/DO(O)]XD3(S)

[D0(0)/D0(0Y]/D3(S)

[DO(O)/DO(E)]XD3(E)
[D0(0)/D0(S)]/D3(S)

[DO(0)/D1(W)]XD3(S)
[DO(OYD1(W)]/D3(S)
[DO(OYD1(O)XD3(S)
[DO(OY/D1(0Y/D3(S)
[DO(O)/D1(8)]XD3(E)
[DO(0)/D1(S)]/D3(S)

[DO(0)/D2(W)]XD3(S) -
[DO(OYD2(W)]/D3(S)
[DO(O)/D2(O)]XD3(S)

[DO(OY/D2(0Y/D3(S)
[DO(O)D2(S)]XD3(E)
[D0(0)/D2(S)]/D3(S)

[DO(0)/D3(W)]XD3(S) -
[DO(OYD3(W)]/D3(S) -
[DO(O)D3(O)XD3(S)
[DO(OY/D3(0Y/D3(S)
[DO(O)/D3(8)]XD3(E)
[DO(OY/D3(S)]/D3E)
[DO(O)@DO(W)] XD 3(8)
[DO(0)@DO(W))/D3(S)
[DO(O)@D0(0)]XD3(S)
[DO(O)@DO(O)]/D3(S)
[D0(0)@DO(S)]XD3(E)
[DO(O)@DO(S)]/D3(S)

[DO(O)@D1(W)]XD3(8)
[DO(0)@D1(W))/D3(S)
[DO(O)@D1(0)]XD3(S)
[DO(O)@D1(0)]/D3(S)
[DO(O)@D1(8)]XD3(E)
[DO(O)@D1(S)]/D3(S)

[DO(O)@D2(W)] XD 3(8)
[DO(0)@D2(W))/D3(S)
[DO(OY@D2(O)XD3IS)

[DO(O)@D2(0)/D3(S)
[DO(0)@D2(S)]XD3(S) -
[DO(0)@D2(S)]/D3(S)
[DO(O)@D3(W)]XD3(E)
[DO(0)@D3(W)}/D3(S) -
[DO(0)@D3(0)]XDA(S) :
[DO(0)@D3(0))/D3(S)
[DO(0)@D3(S)]XD3(S) -
[DO(0)@D3(S)]/D3(S)
[DO(O)DO(W)]XDI(S)
[DO(O)sDO(W)/DI(S)
[DO(0)sDO(0)]XD3(S)
[DO(0)sDO(0))/D3(S)
[DO(O)sDO(S)]XDI(S)
[DO(O)aDO(S)]/D3(S)
[DO(O)aD1(W)]XDI(S)
[DO(O)sD1(W)/DI(S)
[DO(0)sD1(0)]XD3(S)
[DO(O)sD1(0))/D3(S)
[DO(O)sD1(S)]XDI(S) -
[DO(O)GD1(S)]/D3(S)
[DO(O)GD2(W)]XDI(S)
[DO(O)sD2(W)/DI(S)
[DO(0)sD2(O)]XD3(S) -
[DO(0)sD2(0))/D3(S)
[DO(O)sD2(S)]XDI(S) -
[DO(O)GD2(S)]/D3(S)
[DO(O)sDI(WXD3(S) :
[DO(O)sDI(WI/DI(S)
[DO(0)sD3(0)]XD3(S) -
[DO(O)sDI(O))/D3(S)
[DO(0)oD3(S)]XDI(E)
IDONGDIEDIE




[DO(W)XDO(W)]/D3(S)

[DO(W)XD0(0)]/D3(S)
[DO(W)XD0(S)]XD3(S)
[DO(W)XDO(S)]/D3(S)

[DO(W)XD1(W)]/D3(S)
[DO(W)XD1(0)]XD3(S)
[DO(W)XD1(0)]/D3(S)
[DO(W)XD1(8)]XD3(S)
[DO(W)XD1(S)])/D3(S)
[DO(W)XD2(W)]XD3(S)
[DO(W)XD2(W)]/D3(S)
[DO(W)XD2(0)]XD3(S)
[DO(W)XD2(0)]/D3(S)
[DO(W)XD2(8)]XD3(S)
[DO(W)XD2(S)])/D3(S)

[DO(W)XD3(W)]/D3(S)
[DO(W)XD3(0)]XD3(S)
[DO(W)XD3(0)]/D3(S)
[DO(W)XD3(8)]XD3(S)
[DO(W)XD3(S)])/D3(S)
[DO(W)/DO(W]XD3(S)
[DO(W)/DO(W)]/D3(S)
[DO(W)/DO(0)]XD3(S)
[DO(W)/D0(0)]/D3(S)
[DO(W)/DO(S)]XD3(S)
[DO(W)/DO(S)]/D3(S)
[DO(W)/D1(W]XD3(S)
[DO(W)/D1(W)]/D3(S)
[DO(W)/D1(0)]XD3(S)
[DO(W)/D1(0)]/D3(S)
[DO(W)/D1(S)]XD3(S)
[DO(W)/D1(S)]/D3(S)
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[DO(W)XDO(W)]XD3(E) -

[DO(W)XDO(0)]XD3(E)

[DO(W)XD 1 (W)]XD3(S)

[DO(W)XD3(W)]XD3(S)
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[DO(W)/D2(W)]XD3(S)
[DO(W)/D2(W)]/D3(S)
[DO(W)/D2(0)]XD3(S)
[DO(W)/D2(0)]/D3(S)
[DO(W)/D2(S)]XD3(S)
[DO(W)/D2(S)])/D3(S)
[DO(W)/D3(W)]XD3(S)
[DO(W)/D3(W)]/D3(S)
[DO(W)/D3(0)]XD3(S)
[DO(W)/D3(0)]/D3(S)
[DO(W)/D3(S)]XD3(S)
[DO(W)/D3(S)])/D3(S)
[DOCA)@DO(W)]XD3(S)
[DO(W)@DO(W))/D3(S)
[DOCA)@D0(0)] XD 3(8)
[DOCW)@D0(0)]/D3(S)
[DOCA)@D0(S)]XD3(S)
[DOCW)@D0(S)])/D3(S)
[DOCA)@D1(W)]XD3(S)
[DO(W)@D1(W))/D3(S)
[DOCA)@D1(0)]XD3(8)
[DOCW)@D1(0)]/D3(S)
[DOCA)@D1(8)]XD3(8)
[DOCW)@D1(S))/D3(5)
[DOCA)@D2(W)]XD3(S)
[DO(W)@D2(W))/D3(S)
[DOCA)@D2(0)] XD3(8)
[DOCW)@D2(0)]/D3(S)
[DOCA)@D2(8)] XD 3(8)
[DOCW)@D2(S))/D3(5)
[DOCA)@D3(W)]XD3(S)
[DO(W)@D3(W))/D3(S)
[DOCW)@D3(0)] XD3(8)
[DOCW)@D3(0)]/D3(S)
[DOCA)@D3(8)] XD 3(8)
[DOCW)@D3(8)])/D3(5)
[DO(W)sDO(W)]XD3(S)

And here

DO(W)aDO(W)]/D3(S)
DO(W)cD0(O)]XD3(S)
DO(W)aDO(0)]/D3(S)
DO(W)DO(S)]XD3(S)
DO(W)aDO(S))/D3(S)

DO(W)GD1(0))/D3(S)

DO(W)GD1(8)])/D3(S)
DO(W)GD2(W)]XD3(S)
DO(W)GD2(W)]/D3(S)
DO(W)gD2(0)]XD3(S)
DO(W)GD2(0))/D3(S)
DO(W)oD2(S)]XD3(S)
DO(W)GD2(S)])/D3(S)
DO(W)GD3(W)]XD3(S)
DO(W)GD3(W)]/D3(S)
DO(W)oD3(0)]XD3(S)
DO(W)GD3(0))/D3(5)
DO(W)oD3(S)]XD3(S)
DO(W)GD3(S)])/D3(S)

DOCW)+DO(W)]/D3(S)
DO(W)+D0(0)]XD3(S)
DO(W)+D0(0)]/D3(S)
DO(W)+D0(3)]XD3(8)
DO(W)+DO(S))/D3(S)

DO(W)+D1(0)]XD3(S)
DO(W)+D1(0)]/D3(S)
DO(W)+D1(S)]XD3(8)
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DO(W)oD1(W)]XD3(S) -
DO(W)oD1(W)]/D3(S) -
DO(W)oD1(0)]XD3(S) -

DO(W)GD 1 (£)]XD3(S) :

DO(W)+DO(W)]XD3(S) -

DO(W)+D1(W)]XD3(S)
DO(W)+D1(W)])/D3(S)

[DO(W)+D1(3)]/D3(5)
[DOCW)+D2(W)]XD3(5)
[DOCW)+D2(W)]/D3(S)
[DO(W)+D2(0)]XD3(S)
[DO(W+D2(0)])/D3(S)
[DO(W)+D2(S)]XD3(8)
[DO(W)+D2(3)]/D3(S)
[DOCW)+D3(W)]XD3(5)
[DOCW)+D3(W)]/D3(S)
[DO(W)+D3(0)]XD3(S)
[DO(W+D3(0)])/D3(S)
[DO(W)+D3(S)]XD3(8)
[DO(W)+D3(3)]/D3(8)
[DO(O)XDO(W]XD3(S)
[DO(OYXDO(W)]/D3(S)
[DO(0)XD0(0)]XD3(S)
[DO(O)XD0(0)]/D3(S)
[DO(O)XDO(S)]XD3(S)
[DO(O)XD0(S)]/D3(S)
[DO(OYXD 1 (W] XD3(S)
[DO(OYXD1(W))/D3(S)
[DO(O)XD1(0)]XD3(S)
[DO(O)XD1(0)]/D3(S)
[DO(O)XD1(8)]XD3(S)
[DO(O)XD1(8)])/D3(S)
[DO(O)XD2(W)]XD3(S)
[DO(OYXD2(W))/D3(S)
[DO(0)XD2(0)]XD3(S)
[DO(O)XD2(0)]/D3(S)
[DO(O)XD2(8)]XD3(S)
[DO(O)XD2(S)])/D3(S)
[DO(O)XD3(W)]XD3(S)
[DO(OYXD3(W))/D3(S)
[DO(0)XD3(0)]XD3(S)
[DO(O)XD3(0)]/D3(S)
[DO(O)XD3(8)]XD3(S)
[DO(O)XD3(8)])/D3(S)

[DO(0)/DO(O)]XD3(S)
[D0(0)/D0(0)]/D3(S)
[DO(O)/DO(S)]XD3(E)
[D0(0)/D0(S)]/D3(S)
[DO(0)/D1(W)]XD3(S)
[DO(O)/D1(W)]/D3(S)
[DO(O)/D1(O)]XD3(S)
[DO(0)/D1(0Y/D3(S)
[DO(O)/D1(S)]XD3(E)
[DO(0)/D1(S)]/D3E)
[DO(O)/D2(W)]XD3(S) -
[DO(O)/D2(W)]/D3(S)
[DO(O)/D2(O)]XD3(S)
[DO(0)/D2(0Y/D3(S)
[DO(O)/D2(S)]XD3(E)
[D0(0)/D2(S)]/D3(S)
[DO(O)/D3(W)]XD3(S) -
[DO(O)/D3(W)]/D3(S) |
[DO(O)/D3(O)]XD3(S) -
[DO(0)/D3(0Y/D3(S)
[DO(O)/D3(S)]XD3(E)
[DO(0)/D3(S)]/D3E)
[DO(O)@DO(W)] XD 3(8)
[DO(0)@DOCW))/D3(S)
[DO(O)@D0(0)]XD3(S)
[DO(O)@DO(O)]/D3(S)
[DO(O)@DO(S)]XD3(E)
[DO(0)@DO(S)]/D3(S)
[DO(O)@D1(W)]XD3(8)
[DO(0)@D1(W))/D3(S)
[DO(O)@D1(0)]XD3(S)
[DO(O)@D1(0)]/D3(S)
[DO(O)@D1(S)]XD3(E)
[DO(O)@D1(S)]/D3(S)
[DO(O)@D2(W)]XD3(8)
[DO(0)@D2(W))/D3(S)
[DO(CYED2(O)XDIS)

[DO(D)@D2(0)]/D3(S)
DO(0)@D2(S)]XD3(S) -
DO(0)@D2(S)]/D3(S)
DO(0)@D3(W)]XD3(S)
DO(0)@D3(W)]/D3(S) -
D0(0)@D3(0)]XD3(S) |
DO(0)@D3(0))/D3(S)
DO(0)@D3(S)]XD3(S) -
DO(0)@D3(S)]/D3(S)
DO(0)eDO(W)]XD3(S)
DO(O)sDO(WI]/D3(8) -
DO(0)sD0(O)]XD3(S)
DO(0)sDO(O)])/D3(S)
DO(0)oDO(S)|XD3(8) -
DO(0)D0(S)]/D3(S)
DO(0)oD1(W)]XD3(S)
DO(0)aD1(W)]/D3(S)
DO(0)oD1(0)]XD3(S)
DO(0)sD1(0)])/D3(S)
DO(0)oD1(S)]XD3(8) -
DO(0)oD1(S)]/D3(S)
DO(0)eD2(W)]XD3(S)
DO(0)sD2(WI]/D3(8) -
DO(0)cD2A(0)]XD3(S)
DO(0)sD2A(0))/D3(S)
DO(0)oD2(S)|XD3(8) -
DO(0)oD2(S)]/D3(S)
DO(0)sD3(W)]XD3(S) :
DO(0)eD3(W)]/D3(S) :
DO(0)cD3(0)]XD3(S)
DO(0)eD3(0))/DI(E) -
DO(0)oD3(S)]XD3(S) :
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[DO(W)XDO(W)]/D3(S)

[DO(W)XD0(0)]/D3(S)
[DO(W)XD0(S)]XD3(S)
[DO(W)XDO(S)]/D3(S)

[DO(W)XD1(W)]/D3(S)
[DO(W)XD1(0)]XD3(S)
[DO(W)XD1(0)]/D3(S)
[DO(W)XD1(8)]XD3(S)
[DO(W)XD1(S)])/D3(S)
[DO(W)XD2(W)]XD3(S)
[DO(W)XD2(W)]/D3(S)
[DO(W)XD2(0)]XD3(S)
[DO(W)XD2(0)]/D3(S)
[DO(W)XD2(8)]XD3(S)
[DO(W)XD2(S)])/D3(S)

[DO(W)XD3(W)]/D3(S)
[DO(W)XD3(0)]XD3(S)
[DO(W)XD3(0)]/D3(S)
[DO(W)XD3(8)]XD3(S)
[DO(W)XD3(S)])/D3(S)
[DO(W)/DO(W]XD3(S)
[DO(W)/DO(W)]/D3(S)
[DO(W)/DO(0)]XD3(S)
[DO(W)/D0(0)]/D3(S)
[DO(W)/DO(S)]XD3(S)
[DO(W)/DO(S)]/D3(S)
[DO(W)/D1(W]XD3(S)
[DO(W)/D1(W)]/D3(S)
[DO(W)/D1(0)]XD3(S)
[DO(W)/D1(0)]/D3(S)
[DO(W)/D1(S)]XD3(S)
[DO(W)/D1(S)]/D3(S)

\/

[DO(W)XDO(W)]XD3(E) -

[DO(W)XDO(0)]XD3(E)

[DO(W)XD 1 (W)]XD3(S)

[DO(W)XD3(W)]XD3(S)
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And finally here

[DO(W)/D2(W)]XD3(S)
[DO(W)/D2(W)]/D3(S)
[DO(W)/D2(0)]XD3(S)
[DO(W)/D2(0)]/D3(S)
[DO(W)/D2(S)]XD3(S)
[DO(W)/D2(S)])/D3(S)
[DO(W)/D3(W)]XD3(S)
[DO(W)/D3(W)]/D3(S)
[DO(W)/D3(0)]XD3(S)
[DO(W)/D3(0)]/D3(S)
[DO(W)/D3(S)]XD3(S)
[DO(W)/D3(S)])/D3(S)
[DOCA)@DO(W)]XD3(S)
[DO(W)@DO(W))/D3(S)
[DOCA)@D0(0)] XD 3(8)
[DOCW)@D0(0)]/D3(S)
[DOCA)@D0(S)]XD3(S)
[DOCW)@D0(S)])/D3(S)
[DOCA)@D1(W)]XD3(S)
[DO(W)@D1(W))/D3(S)
[DOCA)@D1(0)]XD3(8)
[DOCW)@D1(0)]/D3(S)
[DOCA)@D1(8)]XD3(8)
[DOCW)@D1(S))/D3(5)
[DOCA)@D2(W)]XD3(S)
[DO(W)@D2(W))/D3(S)
[DOCA)@D2(0)] XD3(8)
[DOCW)@D2(0)]/D3(S)
[DOCA)@D2(8)] XD 3(8)
[DOCW)@D2(S))/D3(5)
[DOCA)@D3(W)]XD3(S)
[DO(W)@D3(W))/D3(S)
[DOCW)@D3(0)] XD3(8)
[DOCW)@D3(0)]/D3(S)
[DOCA)@D3(8)] XD 3(8)
[DOCW)@D3(8)])/D3(5)
[DO(W)sDO(W)]XD3(S)

[DOW)aDOW)]/D3(S)
[DO(W)sDO(O)]XD3(S)
[DO(W)aD0(0)]/D3(S)
[DO(W)DO(S)]XD3(S)
[DO(W)aDO(S))/D3(S)

[DO(W)GD 1 (W)]XD3(S) -
[DO(W)GD1(W)]/D3(S) -
[DO(W)GD1(0)]XD3(E) -

[DO(W)GD1(0))/D3(S)

[DO(W)oD1(£)]XD3(S) :

[DO(W)GD1(S)]/D3(S)
[DO(W)GD2(W)]XD3(S)
[DO(W)GD2(W)]/D3(S)
[DO(W)GD2(0))XD3(S)
[DO(W)GD2(0))/D3(S)
[DO(W)GD2(S)]XD3(S)
[DO(W)GD2(S)]/D3(S)
[DO(W)GD3(W)]XD3(S)
[DO(W)GD3(W)]/D3(S)
[DO(W)GD3(0)]XD3(S)
[DO(W)GD3(0))/D3(S)
[DO(W)GD3(S)]XD3(S)
[DO(W)GD3(S)]/D3(S)

[DO(W)+DO(W)]XD3(S) -

[DOCW)+DO(W)]/D3(5)
[DO(W)+D0(0)]XD3(S)
[DO(W)+D0(0)]/D3(S)
[DO(W)+D0(S)]XD3(5)
[DO(W)+D0(S)]/D3(S)

[DO(W)+D1(W)XD3(S)
[DO(W)+D1(W)])/D3(S)

[DO(W)+D1(0)]XD3(S)
[DO(W)+D1(0)]/D3(S)
[DO(W)+D1(8)]XD3(S)

[DO(W)+D1(3)]/D3(5)
[DOCW)+D2(W)]XD3(5)
[DOCW)+D2(W)]/D3(S)
[DO(W)+D2(0)]XD3(S)
[DO(W+D2(0)])/D3(S)
[DO(W)+D2(S)]XD3(8)
[DO(W)+D2(3)]/D3(S)
[DOCW)+D3(W)]XD3(5)
[DOCW)+D3(W)]/D3(S)
[DO(W)+D3(0)]XD3(S)
[DO(W+D3(0)])/D3(S)
[DO(W)+D3(S)]XD3(8)
[DO(W)+D3(3)]/D3(8)
[DO(O)XDO(W]XD3(S)
[DO(OYXDO(W)]/D3(S)
[DO(0)XD0(0)]XD3(S)
[DO(O)XD0(0)]/D3(S)
[DO(O)XDO(S)]XD3(S)
[DO(O)XD0(S)]/D3(S)
[DO(OYXD 1 (W] XD3(S)
[DO(OYXD1(W))/D3(S)
[DO(O)XD1(0)]XD3(S)
[DO(O)XD1(0)]/D3(S)
[DO(O)XD1(8)]XD3(S)
[DO(O)XD1(8)])/D3(S)
[DO(O)XD2(W)]XD3(S)
[DO(OYXD2(W))/D3(S)
[DO(0)XD2(0)]XD3(S)
[DO(O)XD2(0)]/D3(S)
[DO(O)XD2(8)]XD3(S)
[DO(O)XD2(S)])/D3(S)
[DO(O)XD3(W)]XD3(S)
[DO(OYXD3(W))/D3(S)
[DO(0)XD3(0)]XD3(S)
[DO(O)XD3(0)]/D3(S)
[DO(O)XD3(8)]XD3(S)
[DO(O)XD3(8)])/D3(S)

[DO(O)/DO(O)]XD3(S)

[D0(0)/D0(0Y]/D3(S)

[DO(O)/DO(E)]XD3(E)
[D0(0)/D0(S)]/D3(S)

[DO(0)/D1(W)]XD3(S)
[DO(OYD1(W)]/D3(S)
[DO(OYD1(O)XD3(S)
[DO(OY/D1(0Y/D3(S)
[DO(O)/D1(8)]XD3(E)
[DO(0)/D1(S)]/D3(S)

[DO(0)/D2(W)]XD3(S) -
[DO(OYD2(W)]/D3(S)
[DO(O)/D2(O)]XD3(S)

[DO(OY/D2(0Y/D3(S)
[DO(O)D2(S)]XD3(E)
[D0(0)/D2(S)]/D3(S)

[DO(0)/D3(W)]XD3(S) -
[DO(OYD3(W)]/D3(S) -
[DO(O)D3(O)XD3(S)
[DO(OY/D3(0Y/D3(S)
[DO(O)/D3(8)]XD3(E)
[DO(OY/D3(S)]/D3E)
[DO(O)@DO(W)] XD 3(8)
[DO(0)@DO(W))/D3(S)
[DO(O)@D0(0)]XD3(S)
[DO(O)@DO(O)]/D3(S)
[D0(0)@DO(S)]XD3(E)
[DO(O)@DO(S)]/D3(S)

[DO(O)@D1(W)]XD3(8)
[DO(0)@D1(W))/D3(S)
[DO(O)@D1(0)]XD3(S)
[DO(O)@D1(0)]/D3(S)
[DO(O)@D1(8)]XD3(E)
[DO(O)@D1(S)]/D3(S)

[DO(O)@D2(W)] XD 3(8)
[DO(0)@D2(W))/D3(S)
[DO(OY@D2(O)XD3IS)

[DO(O)@D2(0)/D3(S)
[DO(0)@D2(S)]XD3(S) -
[DO(0)@D2(S)]/D3(S)
[DO(O)@D3(W)]XD3(E)
[DO(0)@D3(W)}/D3(S) -
[DO(0)@D3(0)]XDA(S) :
[DO(0)@D3(0))/D3(S)
[DO(0)@D3(S)]XD3(S) -
[DO(0)@D3(S)]/D3(S)
[DO(O)DO(W)]XDI(S)
[DO(O)sDO(W)/DI(S)
[DO(0)sDO(0)]XD3(S)
[DO(0)sDO(0))/D3(S)
[DO(O)sDO(S)]XDI(S)
[DO(O)aDO(S)]/D3(S)
[DO(O)aD1(W)]XDI(S)
[DO(O)sD1(W)/DI(S)
[DO(0)sD1(0)]XD3(S)
[DO(O)sD1(0))/D3(S)
[DO(O)sD1(S)]XDI(S) -
[DO(O)GD1(S)]/D3(S)
[DO(O)GD2(W)]XDI(S)
[DO(O)sD2(W)/DI(S)
[DO(0)sD2(O)]XD3(S) -
[DO(0)sD2(0))/D3(S)
[DO(O)sD2(S)]XDI(S) -
[DO(O)GD2(S)]/D3(S)
[DO(O)sDI(WXD3(S) :
[DO(O)sDI(WI/DI(S)
[DO(0)sD3(0)]XD3(S) -
[DO(O)sDI(O))/D3(S)
[DO(0)oD3(S)]XDI(E)
IDONGDIEDIE




Plus ""dynagels'’

If E is the binding energy,

The proportion of linked ends at
one end at a temperature T is :
K exp(-E/kBT)
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What shall we do with all this




Food is not simple a
physical/chemical system :
"bioactivity'' is fundamental !

fll
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And other laws...

How many Kinds ? Which Kinds ?
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Looking for ""bioactivity"'

2,3,5,10
2 segments, separation by 2 (red), 5 (blue), 10 (green) esments
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Can we do this ? (yes)

A

Quantité de composé bioactif libérée

temps

‘Vgro ParisTech

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
S PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES

SCIENCE & IMPACT



Without forgetting chemistry !




And the main issue of bioactivity

{formula}

|

{Physical systems}

|

{Chemical and physical
properties: odorant release, taste
molecule release, optical
properties...}

=" SCIENCE & IMPACT



Many friends contributed

Valérie Michaut, Raphaé&l Haumont, Syvie Verrier, Vincent Pajot, Matthieu Maesani, Laurent Vincent, Camille Grémillet, Aurélie
Morgen, Violaine Pistre, Rachel Edwards-Stuart, Anne Cazor, Johannie Martin, Anne Matignon, Anne Bouysse, Juan Valverde,
Christine Liénard, Cécile Daniel, Fabien Hennion, Antoine Mathurin, Marie Geoffroy, Pierre Coeurdeuil, David Trinh, Lise Le
Berre, Audrey Tardieu, Laure-Armandine Gomot, Francois Boyer, Jérdme Klingenfus, Robert Méric, Michel Dhanens,
Coppélia Marincovic, Laure Menville, Gabrielle Petit de Leudeville, Quentin Bellier, Delphine Bayon, Chloé Lesage, Jérdme
Klingenfus, Ondine Suavet, Agnés Portejoie, Guillaume Cheviron, Jérdbme Bosano, Quentin Dudebout, Emma Lefevre, Clotilde
Farah-Moussa, Vianney Delplace, Grégoire Seizilles de Mazancourt, Julie Faucher, Emilie Hsieh, Clémence Wable, Céline
Tabary, Grégoire Lebrun-Taugourdeau, Nicolas Laurent, Mireille Bramant, Mélissa Boultadakis-Arapinis, Anne-Laure Bequet,
loulia Gorokhovik, Eloise Giraud, Marie Jarousse, Agathe Souffrin, Sara Bessin, Sidarin Phana, Elisa Chiquet, Alice Guerez,
Elisa Chiquet,. Jean-Baptiste Sauvet, Meihing Chhan, Vianney Delplace, Blanca Escudero Lopez, Vérane Chardonnet, Bastien
Néel, Thomas Delaunay, Elise Bouthenet, Héléne Duval, Vanessa Robert, Charlotte Poplawskyj, Gaélle Sicaud, Pauline
Dominé, Jill Pardini, Lucie Bedon, Delphine Rossi, Marion Plassais, Loic Raban, Fanny Jacot-Blais, Alan Luna, Clément Feyt,
Meihing Chhan, Linda Weberskirch, Romain Bouteille, Agathe His, Sara Skoglund, Stéphanie Calafat, Célia Daix, Cécile
Chauviere, Elise Yang, Arslane Kchkar, Mingmin Fan, Emmanuelle Baron-Louise Alexandrine, Sylvain Loye, Tiphaine
Bourgeteau, Jeanne Perez, Arianna Lugani, Ludivine Ferey, Julius Henne, Lucie Legros-Audenaert, Elsa Bauchard, Marcia
France, Joris Autran, Guillaume Pichot, Farid Khifer, Anne Cécile Buis, Manon Dassy, Marion Gaudet, Jérdbme Langon, Claire
Fior, Marion Gaudet, Jérébme Langon, Indira Fabre, Laetitia Bisiaux, Arthur Bricq, Emilie Carpentier, Julie Cheong, Charly
Carriére, Marie Antony, Mathilde Sayegh, Guillaume Duc, Mathias Pietance, , Romain Brulard, Isabel Barbosa, Ricardo
Cardoso,Alberto Gonzalez Jordan, René Enderlein, Heikki Aisala, Alice Meignié, Juliette Deweirdt, Valérie Ory, Audrey
Delissey, Julie Mathon, Lena Coutrot, Marie Pothier, Hélene Pasco, Patricia Bolle, Aurélie Meunier, Manuela de Buhan, Marine
Migné, Marie Prim, Elham Tehrani, Morgane Bussy, Maxime Boutier, Yugi Wu, Ebe-Tiya Edinguélé, Vincent Faugeras, Laetitia
Le Falher, Yann Le Fur, Héléne Bisi, Tsz Wing Lui, Siting Liu, Camille Doyen, Daisy Pitoux, Laetitia Le Falher, Nadia Bastide...
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How to study this question in practice
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Mai 2003, Frankfurt, Germany
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Cocktails, sauces, dishes
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November 2003 :
home ''pianocktail"’
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500 billions of possibilities
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Applications
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First, Molecular Cooking since 1980
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The definition :
Molecular Cooking means using new tools
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ne invention per month since 1999

PIERRE GAGNAIRE OCCIDENT ORIENT LALEFTRE
ESPRIT GAGNAIRE LI ATRE VT PIERRE & HERVE

PIERRE & HERVE

TRAVAUX e
PRECEDENTS Beurre Feuilleté

Belifre Feulllets < jus omnge et cirotte /ananas, citrop vert aclde drique
T 4T W I
Beufre Feulllet? ‘ Pistachie [ café
LT T - e

AERLIE DELARUARKE Baurie Feullleté: pite de crasson | geniéyre

L L

.v\}
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The egg at 6X °C

"ecette de menage
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Priestley

NoroParis
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Salade a la Nollet
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hocolate Chantilly
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And many others...

Avogadros, lavoisier, baume, berzelius, braconnot,
cailletets, caventoux, chaptals, chateliers, chevreuls,
debyes, descartes, diracs, faradays, ficks, faradays,
florys, gay-lussacs, gauss, de gennes, goefroys,
gibbs, graham, kesselmeyer, laplaces, liebigs,
maillards, mendeleievs, metchnikoffs, nollets, onnes,
pares, parmentiers, pasteurs, peliggots, poiseuilles,
pravaz, priestleys, quesnays, roux, thenards,
vauquelins, wohler, wurtz, dalton, dumas...
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The latest, with my friend Pierre

Plars 2018

Beurre Fouillete
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Note by Note Cooking
was first proposed in 1994
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The idea:
instead of meat, fish, vegetables and

fruits, use
COMPOUNDS
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A comparison with music
in order to make it more obvious
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Analyzing organizations

o
(0]
Ho/\ OH
K, OH  cthanol HO
"o OH o
malic acid
NH, o
valine alanine

HQ, OH HO

HO

NH,
leucine

HO
glucose
[0}
= 0
|
(0]
I .
succinate
| OH
| it o o
P
I e o )J\/\
HO isoleuci
isoleucine 0 Ho y
¥ ’ \/\)J\ =
I, =
oH H,N =
[¢] oH NH, NH, '
threonine alanine asparagine

gamma aminobutyric acid

sucrose
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And synthesis
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The future is clear
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Why ?
Because we have to prepare the future
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Some species disappear




We cannot eat anything
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What can we eat ?
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A possible energy crisis
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Perhaps 10 billion people !




1/3 is spoiled!
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Reasons and hope
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Can we avoid transporting water ?

=95 % eau

=85 % eau
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Yes : let's fractionnate
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Using already existing techniques
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HO/\

ethanol

.YOUu can find the ingredients here

HO I‘.
HO : i
o o '. aspartic acid
= A ®
NH, 7
. OH
leucine
glucose o ™
acetic acid -
O i = - | L
O
Oho
0] 4
succinate
OH HO
glutamine ¢
o) 0 ructose
INH, i OH NH,
1soleucine o)
HO
0 oH NH,, NH,
threonine . B crose gamma aminobutyric acid alanine asparaginc
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HO//A\\\

ethanol

... L he same compounds (or others)

HO OH

NH, o)
: : aspartic acid
T HO COO . 0]
NH, .
. OH
leucine OH
- o)
N H
NH»>
N X X

O alanine
OH HO
0]
succinate
OH HO OH
fructose
HO
O
threonine O

SuCros¢



We can enrich farmers
and improve sustainability

] LE] TAJ*—*“ ‘—‘“

M tpPELN"E

ﬂ I "
. 3 - A TOE
== | Y

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT SCIENCE & IMPACT
T, .. PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES



The number of possibilities is
INFINITE !
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Note by Note Cooking
a new Art
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We can now learn to build food with new:

* shapes

* consistencies
* colors

* tastes

* odors
* trigeminal sensations (fresh, pungent...)

* Nutritional properties
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Everything is possible
From seasoning to fully note by note

l‘;ﬁm INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
] S PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES

(i
N

i



2009 : the first note by note dish ever
served in a restaurant

gro PdI‘ISTGCh International Centre for Molecular Gastronomy
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ordon bleu Paris (2010)
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2011 : for the opening banquet of the
International Year of Chemistry
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Le Corbon Bleu Paris,
11 octobre 2011
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Montreal, Canada
April 2012
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Copenhagen, Denmark,
April 2014
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Winner of the 2015 International Contest
for Note by Note Cooking
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Winner 2014
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In Japan, by Guillaume Siegler
(chet of the Cordon Bleu)
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A note by note meal at Pierre Gagnaire
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saiacol and 2.,4,6-triisobutyl-3,--
dihydro-4H-1,3,5- dithiazine
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2-acetylthiazole
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Piperine
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benzaldehyde
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And the International Contest for
Note by Note Cooking
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