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The example that | am
showing is bad,
but for references :

Herve.this@inrae.tr




Sciences of nature explore
the mechanisms of phenomena




With
experiments




Through
experiments
we avoid
divagations

"Un bon moyen pour atteindre la vérité,
c'est de préférer 1'expérience a
n'importe quel raisonnement,
puisque nous sommes slrs que lorsqu un
raisonnement est en désaccord avec
l'expérience 1l 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 l1a 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«

Galilée (1564-1642)




But the world is written in
mathematical language

* "La philosophie est écrite dans ce livre immense perpétuellement
ouvert devant nos yeux (je veux dire l'univers), mais on ne peut le
comprendre si 1'on n'apprend pas d'abord a connaitre la langue et les
caracteres dans lesquels 1l est écrit. Il est écrit en langue
mathématique et ses caracteres sont des triangles, des cercles, et
d'autres figures geométriques, sans l'intermédiaire desquels 1l est
humainement impossible d'en comprendre un seul mot".




Molecular and Physical Gatronomy,
as any science, looks for the
mechanisms of phenomena




For all phenomena




One
of the first
discovery

(right
application
of the
scientific
approach

Air
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The downward approach
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About « food »




What is food ?




All this

changes the flavour
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Molecular and Physical
Gastronomy
is a small part of Food Science

——— Pharmacy
Chemistry
Physico-chemistry ﬂ M@ l SCIZ::ZS > Cuisine
Physics
— Cosmetics
Other

“Chemical arts”



Science is not
technology




Technique, technology, science
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One first application
of Molecular
Gastronomy :

Molecular Cooking



Molecular cooking / Molecular
cuisine




«New
tools »

« New
ingredients

« New methods



One meal in HK
(Molecular Cuisine)

SEREERRLERTES




With Uwe Opocensky
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Or better, 1 invention per month
for 26 years

Hervé This

INVENTIONS CULINAIRES

gastronomie
moléculaire




Liebig




Priestley
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Eggs at 6X °C




Salad a la Nollet




Wind crystals







Chocolat 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,
par¢s, parmentiers, pasteurs, peliggots, poiseuilles,
pravaz, priestleys, quesnays, roux, thenards,
vauquelins, wohler, wurtz, dalton, dumas...







Let's move
toward the future

Synthetic Cooking




A short history







Why barrels made from wood ?

http://www.youtube.com/watch?v=T71eTKICpwg& feature=related


http://www.youtube.com/watch?v=T7ieTKICpwg&feature=related

ecause of lignine...
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... and its degradation products
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In particular this one!

CHO

OH



Impredictible results




Also for this one

OH




And this is why...
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La chimie et la physique
de la cuisine
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The origin :
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>10 billions people




An energy crisis




1/3 is wasted!




For reasons to analyse




Is it wise to transport
water ?
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Synthetic cooking :
building food from
compounds
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All traditional food o~

ingredients oo
. are mixture of compounds

valine
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0 ™
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What when such a mixture is not
convenient ?




Compounds are added
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Where shall we
find
the
ingredients?



Mixtures can be fractionated




An old strategy



At the farm




In order to enrich farmers




Hence the idea of Note by Note
Cooking




Much more possibilities




For food, you have to build...

* Shapes

* Consistencies
* Colors

* Tastes

e Odors

* Trigeminal sensations

* Nutritional properties



Note by Note Cuisine
Is already here !



The first Note by Note dish served in a
restaurant,
with Pierre Gagnaire, 24 April 2009




How much work done since 2009 !

!:r"
J
Ln,il.-l

CB | Note a Note - Trial #4 Joue de Boeuf,




In the mean time

16 2cl









Launching the
International Year of Chemistry

N D |
Peates Loy Tiole Dirrers
















The Corbon Bleu Paris,
11 October 2011
















Montreal, Canada (April 2012)
















| skip hundreds of examples




Julien Binz, Alsace, 2018




Le Monde, Athens, 2018




Le Monde, Athens, 2018




Le Monde, Athens, 2018




Let’s finish with an example
about the importance of science
for technology



A formal description

Four symbols :

\ : dispersion

+ : coexistence of phases, mixture

* (@ : inclusion
* o : superposition (according to X,y,z)
X : Intermeshing

Four Kkind of phases : Four kind of object:

* G:gas DO
* W : solution D1
* O:oill D2

* S1,S2, ... :solids D3



How many gels ?




Here they are for class 1

phase :=[W, O, S];

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

for dim1 to 4 do

for phasl to 3 do

for ope to 4 do

for dim2 to 4 do

for phas2 to 3 do

if phasl <> 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;




16, only 16

DO(0)/D3(S)
DO(W)/D3(S)
D1(0)/D3(S)
DI1(W)/D3(S)
D2(0)/D3(S)
D2(W)/D3(S)
D1(0)xD3(S)

D1(W)xD3(S)

D2(0)xD3(S)
D2(W)xD3(S)
D3(0)xD3(S)
D3(W)xD3(S)
D1(0)@D3(S)
DI1(W)@D3(S)
D2(0)@D3(S)

D2(W)@D3(S)




| [DOCW)XDOCW)|XDS)

| [DOWIXDO(W))DA(S)
[BOWIXDO(O)XD3E)
[DOCWIXDO(O))D3(S)
[DOCWIXDO(S)|XD3(8)
[DO{WIRDO(S))/D3(S)

[DO(WIXD 1 (W)]/D3E)
[DOCWIXD1(O)) XD 3(5)
[DO(WIRDID/DA(S)
[DOWIRDLSHXD(E)
[DO(WIXD1(8)]/D3S)
[DOCW)XD2WXD3(S)
[DOOWIXD2(W)]/D3(S)
[DO(WINDHD)RDIS)
[DOTWIEDOVDIE)
[DOCWIXD2(SHXDA(S)
[DO(WIXD2(S))/D3E)
[DOCW)XD3(W)IXD3E)
[DO(W)IXD3I(W)]/DA(S)
[DO(WIXDIC))XD3(S)
[DO(WIXD3(0))/D3(S)
[DOWIRDA(SIEDS)
[DOCWIND3(S)]/D(S)
[DOCWVDOCW)]XD3(E)
[BOMWDBCAN] DS
[DOCW)DO(O)]XD3(S)
[DO(W)DOCHIDI(S)
[DOWH/DDE) DS
[DOCW)/DB(S)]D3(E)
[DOCW)DI W) XDA(S)
[DOIW)/DR1WH)DE)
[DO{WHDIOEDE(E)
[DO(WHD1(0))/D3(8)
[DOCWHD1(E)] XD 3(E)
[DOTWIDISH/DIHS)

[DOCWIXD1 (W] XD(E)

Class 2: 1489

[DIW)DI(W)]XDIS)
[DOCWI/D20W)] (D 3(E)

[DOCWIDA0)XD3(E)
[DOCWHD2AO/D3(S)

DOCW D) XD3(5)

DOCW)DS))D3(S)

DO(WIDI(W)]XD3(S)
[DOCWHD3W)I/D3(E)

[DOCW)/D3(O)]ED3(S)
[DOCW)/D3{0))/D3(S5)

DO(AND3(S)]XD3(S)

DO{WH/D3(S)])/DI(S)

DO{W)@D0(W)]XD3(5)
[DICWHEDI(W)}/D3(S)
[DO(W)@DO(D)]XD3(S)
[DOCWIEDO(D)]/D3(S)
DO(WI@B0(S)IXD3(S)
DOCW)@DO(S))/D3(S)
DOCW)EDI(W)IXD3(S)
DOCWIE@D 1 (W))/D3(S)
[ DO(WH@D1(0)]XD3(8)
DOTWIED1(D)D3E)
DOCWIED (S| XD3(S)
Joll DI(S)D3S)
DOCWI@D2(W)HED3(S)
DO(W)@D2(W)}/D3(S)
[P0 HRD HENEDEE)
[DO(W@DA0)]/DIS)
[DOWI@D2(E))ED3(S)
BOCWIEDASDIS)
DO{W)ED3(W)]XD3(S)
[DOCWIEDIWINDS(S)
[DOWH@D3(0)]XD3(S)
[DO(WHEE (0D 3(E)
DO(WI@DI(5)]ND3(S)
DOCW)IEDI(S))/D3(S)
DO(W)aDI(W)]XD3(S)

[BOWioDhW)ID3(5)
[LOfWIs Do) XD3(S5)
[COOWieDD) D3}

[BOTW)eDO(S)| XD 3(5) _

[DOCW)eDO(S))/D3(S)
[DOCW) DI (WHIXD3(S)
[DO(WIaDI(W)I]/D3(S)
[DOCW)GD1(O)]XD3(S)
[PO{W)IoD1(D)]/D3(E)
[DO{WIeDIE]XDAE)
[DOCWHGDIEDEHE
[DO(W)IoD2(W)]XD3(S)
[DO(WiGDI(W)]/D3(S)
(DO(W)IGD2(0)] XD 3(5)
[DO{W)oD2(0)]/D3(S)
[DO(W)eDAS)RDIS)
[DOTW)IGD2(SIDEE)
[DOTW)aD3(W)IXD3(S)
[DOCW)eD3W)D(S)
[DO{W)eD3(0)| XD3(E)
[DO{W)oD3(0)]/D3(S)
[DO(W)aD3(EIED3E)
[DOOWIGDI(S)DEE)

[DOCWHDOOW)|XD3(S) -

[DOCW+DOCW))ID3(S)
[COCW DRI} XD3(E)
[DOCW+D0(D))/D3(5)

[DOCW)+DO(S)] XD3(5)

[DOCA DO D E(S)
[DO(WHD1 (W) XD3(S)
[DOCWH+D1(W)]D3(S)
[DOCW DI XD3(E)
[BOTW DO/ D3(S)
[DOCW D ST

[DOCW+DI{S1/D3E)
[DOCWHDIW)XDAS)
[DO(W ' D2(W)]/ID3(E)
[DOOW D20 XDE(E)
[BO(WHDHO))DI(E)
[DOCWHD2(5)]XD3(S)
[DO(WH+D2S)/D3E)
[DO(W+D3(W)]XD3(S)
[DOCW - DIOW)]/D3(E)
[DOCW+D3(O)]XD3(S)
[DOCWHD3(O)DI(S)
[DO(W)+D3(5)]XD3(S)
[DO(W+D3(5)]/DAS)
[DO(O)XDO(W)]) XD3(S)
[E0(0)XDOCWH)/D3(S)
[LO(0)XDO(O)IND3(E)
[DOO)EDIO/D3E)
[DO(OIXDOS)]XD(S)
(DO(O)XDO(S))/D3(E)
[DO(OIXD (W) XD3(S)
[DO(0)XD1(WI]/D3(S)
[DO(O)XD1(0]]XD3(5)
[DOFO)XDI(O)/D3(S)
[DOOIXDI{S)]XD3(8)
[DO(OIXD1(S))/D3(8)
[DO(O)XDAW))XD3(S)
[DO(O)XDAW)D(S)
[BO(O)XDXO)]XD3(S)
[DO@XDAOIVDIS)
[DO(O)XD2(S)) XD3(S)
[DO(O)XD2(S))/D3{S)
[DO(O)XD3(WH]XD(S)
[DO(O)XD3(WH)/D3(S)
[DO(0)XD3(0)]XD3(5)
[DO(O)XD3(0))/D3(S)
[DO(O)XD3(S) XD 3(S)
[D0(0)XD3(S))/D S

[DO(O)DI(OYXD3(H)
DOO)DOON/D()
DO(O)DO(H)XD3(S)
[DE(O)DO(S1/D3(8)
[DOOYDI(WHXDIE)
[DOOYDIWI/D3(S)
DOOYD1{D)]XD3(5)
DO(O)D1(0))/D3(5)
DO{O)/DI(ENXDI(E)
[DAOYDE))/D3E)
[DBOYD2AWINDI(SE)
[DO(OYD2(W)]/D3(E)
[DO(O)YD D] XD3(H)
[DO(OYD2OI/DIE)
[DO(O)YDE)XD3(E)
[DO(OVDASIID3(E)
[DO{ONDIWIIXD3(S)
[DORNDIW)IDI(S)
[DOOYDID)]XD3(E)

[ DOOVD3O))/D3E
[DO(OYDIENEDIE)
[DHONDIE)DHS)
[DO(OHEDUWIXDI(S)
[DO(OH@DOW))/D3(S)
[DO{O@DOONXDI(S)
[DAOH@DOCI)/D3(S)
[DO{O)@DO(SHXDI(S)
{DO(D)@D0(S)]/D3(E)
[DODY@DI(W)XDI(E)
[DO(OHED W) D3(S)
[DO(O)@DOIXDI(S)
[DOOYEDI{ODIE)
[DODMEDIS)]XD3(E)
[DO(O)ERD(S)]/DI(S)
[DODHEDIW)ND(E)
[DO(OYBD2(WI/D3(E)
[DOOHEDAOIXDI(S)

[Do{O)@D2(0D3E)
[DO(O)ED2($)]XD3(S)
[DOOIEDAS))/D3(E)
[DO(O)@DI(W)]XDA(S)
[DOOY@D3W)DIE) -
[DO(O)EIDI(O)]XD5(3)
[DUOX@D30))/D3(S)
[DO(ONRD3{S)) XD 3(S)
[DO(O}@D3(5))/D3(S)
[DO(O)eDOWIIXD3(S)
[BO(O)aDIWIIDIE)
[D0{0)cD0(D)] XD3(E)
[DO{C)aD(0)]/DIE)
[DO{D)oDUEXDIE)
[DOO)eDOE))/DIE)
(DD I (WIXDA(S)
[DO(O)GDITWIND3(S)
[DO(Q)aDI{O)]XD3(E)
[BO(O)aD1(0))/DA(5)
[DOC)eDIS) XD 3(S)
[ROO)cDI{S))/D3(5)
(DO WIXD3E)
[DO(Q)eD2WID3(E)
[DO(D)oD{D)XDAIE)
[BO(O) D AOND3E)
[DOC)oDASIXDI(E)
[DHO)D2S/DIE)
(DN IWIXDI(E)
(BT IWIDIHS)
[DO(O)aD (O] XD3(E)
[B0(O)aD3(O)]fD3(E)
[BOO)aDHS)XDAS)
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[LO(0)XDO(O)IND3(E)
[DOO)EDIO/D3E)
[DO(OIXDOS)]XD(S)
(DO(O)XDO(S))/D3(E)
[DO(OIXD (W) XD3(S)
[DO(0)XD1(WI]/D3(S)
[DO(O)XD1(0]]XD3(5)
[DOFO)XDI(O)/D3(S)
[DOOIXDI{S)]XD3(8)
[DO(OIXD1(S))/D3(8)
[DO(O)XDAW))XD3(S)
[DO(O)XDAW)D(S)
[BO(O)XDXO)]XD3(S)
[DO@XDAOIVDIS)
[DO(O)XD2(S)) XD3(S)
[DO(O)XD2(S))/D3{S)
[DO(O)XD3(WH]XD(S)
[DO(O)XD3(WH)/D3(S)
[DO(0)XD3(0)]XD3(5)
[DO(O)XD3(0))/D3(S)
[DO(O)XD3(S) XD 3(S)
[D0(0)XD3(S))/D S

[DO(O)DI(OYXD3(H)
DOO)DOON/D()
DO(O)DO(H)XD3(S)
[DE(O)DO(S1/D3(8)
[DOOYDI(WHXDIE)
[DOOYDIWI/D3(S)
DOOYD1{D)]XD3(5)
DO(O)D1(0))/D3(5)
DO{O)/DI(ENXDI(E)
[DAOYDE))/D3E)
[DBOYD2AWINDI(SE)
[DO(OYD2(W)]/D3(E)
[DO(O)YD D] XD3(H)
[DO(OYD2OI/DIE)
[DO(O)YDE)XD3(E)
[DO(OVDASIID3(E)
[DO{ONDIWIIXD3(S)
[DORNDIW)IDI(S)
[DOOYDID)]XD3(E)

[ DOOVD3O))/D3E
[DO(OYDIENEDIE)
[DHONDIE)DHS)
[DO(OHEDUWIXDI(S)
[DO(OH@DOW))/D3(S)
[DO{O@DOONXDI(S)
[DAOH@DOCI)/D3(S)
[DO{O)@DO(SHXDI(S)
{DO(D)@D0(S)]/D3(E)
[DODY@DI(W)XDI(E)
[DO(OHED W) D3(S)
[DO(O)@DOIXDI(S)
[DOOYEDI{ODIE)
[DODMEDIS)]XD3(E)
[DO(O)ERD(S)]/DI(S)
[DODHEDIW)ND(E)
[DO(OYBD2(WI/D3(E)
[DOOHEDAOIXDI(S)

[Do{O)@D2(0D3E)
[DO(O)ED2($)]XD3(S)
[DOOIEDAS))/D3(E)
[DO(O)@DI(W)]XDA(S)
[DOOY@D3W)DIE) -
[DO(O)EIDI(O)]XD5(3)
[DUOX@D30))/D3(S)
[DO(ONRD3{S)) XD 3(S)
[DO(O}@D3(5))/D3(S)
[DO(O)eDOWIIXD3(S)
[BO(O)aDIWIIDIE)
[D0{0)cD0(D)] XD3(E)
[DO{C)aD(0)]/DIE)
[DO{D)oDUEXDIE)
[DOO)eDOE))/DIE)
(DD I (WIXDA(S)
[DO(O)GDITWIND3(S)
[DO(Q)aDI{O)]XD3(E)
[BO(O)aD1(0))/DA(5)
[DOC)eDIS) XD 3(S)
[ROO)cDI{S))/D3(5)
(DO WIXD3E)
[DO(Q)eD2WID3(E)
[DO(D)oD{D)XDAIE)
[BO(O) D AOND3E)
[DOC)oDASIXDI(E)
[DHO)D2S/DIE)
(DN IWIXDI(E)
(BT IWIDIHS)
[DO(O)aD (O] XD3(E)
[B0(O)aD3(O)]fD3(E)
[BOO)aDHS)XDAS)
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Can one make such a gel ?
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January 2003 : robots
to make dishes




(G+O+SH







May 2003, Franckfurt :
the « pianocktail »




Cocktails « sur mesure »




November 2003 :
« Pianocktail» for homes




The core microreactor




Another ally for synthetic cooking
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Let's not forget the Goal !
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