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What is Gastronomy?

A scientific definition of all that relates to man as a feeding animal, which 
oversees the preservation of man by means of the best possible food.

Jean Anthelme

 

Brillat-Savarin, 1825



The Original Nouvelle Cuisine

Every year nouvelle cuisine,
Because every year tastes change;

And every day there are new stews:
So be a chemist, Justine.

1759



A History of Science and Food

Denis Papin
Marie-Antoine Carême

Count Rumford
Justus von Liebig

Louis Pasteur
Louis Camille Maillard



Cooking: Craft, Art, or Science?

“In a word, cookery, whilst continuing to be art, will become scientific and 
will have to submit its formulas, which very often are still too empirical, to 
a method which leaves nothing to chance”.

Auguste Escoffier (1907)



Science: The Bridge Between Craft and Art

What is molecular gastronomy?

A branch of science that studies the physicochemical transformations of edible materials during 
cooking and the sensory phenomena associated with eating them. 

Hervé

 

This, 2002

The scientific exploration of the technical, artistic & societal components of cooking

Hervé

 

This, 2007



In a Nutshell…

Molecular Gastronomy is a science.

Science produces knowledge.

Technologists use knowledge to
develop new products and
techniques.

Chefs apply technique to refine old
dishes or create new ones.

Molecular Gastronomy is not a style
of cooking



One Step Forward, Two Steps Back…
•

 

Motivation: in the pursuit of new 
techniques, we’re still working 
with the same old products; 
whether to come up with new 
ideas or to simply refine old ones, 
it’s imperative to better 
understand our ingredients!

•

 

All products have the same 
gastronomic value, regardless of 
their cost

•

 

The aim is always to preserve the 
purity of the original flavor

Ferran

 

Adria, from Synthesis of El Bulli

 
Cuisine



RestaurantsRestaurants

Fine cookingFine cooking

Material ScienceMaterial Science

Food scienceFood science

Science-Assisted Cooking…







Why Milk?

•
 

Milk is symbolic, in both psychological and physiological 
ways

•
 

Milk (with the exception of honey) is only article of diet 
whose sole function in nature is food. It is not surprising, 
therefore, that the nutritional value of milk is high, and the 
functionality of its components are thus easy to understand and 
exploit in our cooking.

•
 

Milk is a substance of humbling complexity



What is Milk?

An approximate composition of milk can be given as:

Water 87% 
Fat 4% 
Nonfat solids 9% 

Protein 3.25% (Caseins and Whey)
Lactose 4.6% 

Minerals 0.65% (Ca, P, Mg, K, Na, Zn, Cl, Fe, etc.) 
Acids 0.18%  (Citrate, Formate, Acetate, Lactate, Oxalate) 
Enzymes (Peroxidase, Catalase, Phosphatase, Lipase) 
Vitamins  (A, C, D, Thiamine, Riboflavin, etc.)

Gases (Oxygen, Nitrogen) 



Milk: The Sum of Its Parts
Not only is the composition important in determining the properties of 
milk, but the physical structure must also be examined. Due to its role in 
nature, milk is in a liquid form. This may seem curious if one takes into 
consideration the fact that milk has less water than most fruits

 

and 
vegetables. Milk can be described as: 

•
 

An oil-in-water emulsion with the fat globules dispersed in 
the continuous serum phase 

•
 

A colloidal suspension of casein micelles, globular proteins 
and lipoprotein particles 

•
 

A solution of lactose, soluble proteins, minerals, vitamins 
other components.



Food Microstructure
 The Colloidal State of Matter

Colloid: Chemical mixture where one substance is 
dispersed evenly throughout another.
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Complex Dispersed Systems

The idea of CDS compels us to look at ingredients, as well as 
their finished products, not as isolated, solitary things, but as 
substances that can be broken down into sub units. From there, 
we can better understand the ingredient by understanding the 
functionality and structure of these subunits. This is also 
referred to as materials science.

Focus on precisions allows a disentanglement of complex 
recipes into their fundamental steps (i.e. simpler cooking).

Enables the creation of new dishes with novel texture, 
appearance, and/or functionality.



By defining

G (for gas); 
O (for oil, or fat); 
W (water);
S1

 

, S2

 

, S3

 

… (solids of any kind); 
A, B, C (phases)

Complex Dispersed Systems Formalism
 (Hervé

 

This, 2005)

And operating with: 

/ (dispersed into);
+ (mixed with);
- (removed from);
@ (included into);
σ (superposed on);

O/W + G → (G+O)/W

Ocr
(ø>0.25)/W + G                              (G⊃Ocr

 

)/W
4° C

mdg

formulas can be constructed to describe most physical systems.



Goff & Vega, 2007



The Next Step…

[(G(φ=0.33) @Ocr)+Wcr
 

(φ=0.33)] / [(S1+S2+S3 +S4)/W](φ=0.34)�



Production: From Cow to Bottle

Pasteurization

Sterilization (UHT)

Homogenization

Packaging

Processing



A Range of Products



Whip It



What is Cream?

Typical Composition for Cream Products

Half and Half Light Cream Heavy

 

Cream
Water 80.5% 73.8% 57.7%

Fat 11.5% 19.3% 37.0%
Carbohydrate 4.3% 3.6% 2.8%

Protein 3.0% 2.7% 2.0%
Ash 0.7% 0.6% 0.5%



What Happens as it Whips?

Fat Destabilization/Agglomeration

While homogenization

 

is the principal method for achieving stabilization of the fat 
emulsion in milk,

 

fat destabilization is necessary for structure formation in butter, 
whipping cream

 

and ice cream. Fat destabilization refers to the process of clustering 
and clumping (partial coalescence) of the fat globules which leads to the 
development of a continuous internal fat network or matrix structure in the product.

Flocculation
(Stoke’s

 

Law)

Partial coalescence

Coalescence



The Transformation from Liquid to Solid

A Short Note on Rheology

Newtonian vs. Non-Newtonian Fluids
Shear-Thinning

Shear-Thickening
Thixotropic



The Structure of Whipped Cream
As the fat partially coalesces, it 
causes one fat-stabilized air bubble to 
be linked to the next, and so on. The 
whipped cream soon starts to become 
stiff and dry appearing and takes on a 
smooth texture. This results from the 
formation of this partially coalesced 
fat structure stabilizing the air 
bubbles. The water, lactose and 
proteins are trapped in the spaces 
around the fat-stabilized air bubbles. 
The crystalline fat content is essential 
(hence whipping of cream is very 
temperature dependent) so that the fat 
globules partially coalesce into a 3-

 
dimensional structure rather than fully 
coalesce into larger and larger 
globules that are not capable of 
structure-building. This is caused by 
the crystals within the globules that 
cause them to stick together into 
chains and clusters, but still retain the 
individual identity of the globules.



Fat+Temperature+Speed+Time



Tempering



Phase Inversion

If cream is…

an oil-in-water emulsion with the fat globules 
dispersed in the continuous serum phase…

then a water-in-oil emulsion with the serum 
dispersed in a continuous fat phase is…



Butter

Coalescence: 
an irreversible increase in the size of fat globules and a loss of 
identity of the coalescing globules 

Clumps of globules begin to associate with air bubbles so that 
a network of air bubbles and fat clumps and globules form 
entrapping all the liquid and producing a stable foam. If 
beating continues the fat clumps increase in size until they 
become too large and too few to enclose the air cells, hence air

 bubbles coalesce, the foam begins to "leak" and ultimately 
butter and butter milk remain. 



Temperature Cycling, Part Two

The Fritz and Senn Method

Involves rapidly cooling 42% fat cream to 8ºC and holding for 
2 hours, then raising the temperature to 20–21ºC for 2 hours 
and cooling to 16ºC, or the churning temperature. The 
tempering process reduces the level of mixed fat crystals in the

 milkfat
 

globules, ensuring that the high melting point 
triacylglycerols

 
crystallise

 
as pure fat crystals. This improves 

the spreadability
 

of the butter, particularly when the milkfat
 has a low iodine value 



Protein

Concentration of Proteins in Whole Milk

Grams/Liter %

Caseins 26 80

Whey Proteins 6.5 20

Total Proteins 32.5 100



Crispy Milk

As in the case of egg white foams it is the 
protein molecules that are responsible for milk 

being able to be foamed…



Aggregation

Although milk proteins are fairly stable, there are four major 
ways in which aggregation can be induced: 

Heat

Acid

Chymosin
 

-
 

rennet or other enzymes

Age gelation



Milk Skin



Cultured

Acid

•

 

Cream Cheese, Crème Fraiche/Sour Cream

•

 

Yogurt: Lactic acid is produced by the bacterial fermentation of

 

the sugar 
lactose into lactic acid. The starter culture

 

for most yogurt production in 
North America is a symbiotic blend of Streptococcus salivarius subsp. 
thermophilus (ST) and

 

Lactobacillus delbrueckii subsp. bulgaricus (LB). 



Micro-Sponge



Curds and Whey

Heat-Acid Treatment

Heat causes denaturation
 

of the whey proteins. The denatured 
proteins then interact with the caseins. With the addition of 
acid, the caseins precipitate with the whey proteins. In rennet 
coagulation, only 76-78% of the protein is recovered, while in 
heat-acid coagulation, 90% of protein can be recovered. 
Examples of cheeses made by this method include Paneer, 
Ricotta, and Queso

 
Blanco. 



Ricotta



A Diversion…



The Possibilities of Phase Separation

0.1% -
 

0.15% Locust Bean Gum



It Does the Body Good…

Most important vitamins and all 22 minerals considered to be 
essential to the human diet are present in milk. These include 
calcium.

The calcium content of whole milk lies within the range of 
1100-1300 milligrams per liter. 





Spherification



Alginate-Calcium Primer
Spherification is a cooking technique which consists of the controlled gelification

 
of a liquid. When one liquid submerged in a bath, the reaction forms spheres, 
ravioli, caviar, etc. 

There are two methods: Basic Spherification (submerging a liquid with alginate 
into a bath of calcium) and Reverse Spherification (submerging a liquid with 
calcium into a bath of alginate). In Basic Spherification, with some ingredients it is 
necessary to use sodium citrate to correct the acidity; in Reverse Spherification, 
xanthan gum or a modified starch is generally used for thickening.





Color is Flavor



The Maillard
 

Reaction

The Maillard

 

reaction is, to put it simply, a reaction between an amino acid

 and a sugar. This phenomenon is responsible for countless aromas

 

and 
flavors in cooked foods. The mechanism and results were discovered and 
studied by French scientist Louis Camille Mallaird

 

in the early 20th

 

century.



The Necessities for Browning

•
 

Protein (amino acids)

•
 

Reducing sugar (glucose, fructose, or lactose)

•
 

Removal of water

•
 

Increase of temperature

•
 

Increase of pH



The Role of Brown Butter
Financier

The financier is made up of five 
simple ingredients: brown butter, 
finely ground almonds, flour, 
sugar, and egg whites. A 19th 
century Parisian pastry shop, 
developed their own particular 
version of the cake; the shop was 
located quite close to the Bourse, 
or the Paris stock exchange. In a 
savvy marketing move, the shop 
baked the cakes in small 
rectangular molds, which 
resembled gold bricks, just like 
those the financiers traded down 
the street.



The Ice Cream Challenge



Doing the Math
Ice Cream Formula/Composition

Milkfat: 8%

Egg yolk fat: 1% 

Milk solids-not-fat (MSNF): 11% 

Sucrose: 14% 

Glucose solids: 4% 

Stabilizers: 0.2% 

Emulsifiers: 0.2% 

Water: 62% 



Identifying the Variables

Milk and cream supply water, fat, and solids, including sugar, in
the form of lactose.

Dry milk supplies solids and water

Eggs supply water and solids (fat and nonfat solids)

Sugars supply solids and water

In standardizing an ice cream recipe, the composition
of these various ingredients used must be known.



A Solution in Numbers



The Pursuit of Technique

Increase of milk solids using cream…



Applying Maillard
 

Elsewhere…

The reduction of cream 
immediately reminds us of 
dulce de leche. But what 
makes dulce de leche so 
much more complex than, 
say, a simple caramel sauce?



Yet Another Analogy

Sweetened Condensed Milk:

26% Water, 72% Solids (42% added Sugar, 9% Fat, 23% MSNF)

Valrhona Ivoire
 

White Chocolate:

30% Cocoa Butter, 43.5% Sugar, 6.5% Milk Fat, 20% MSNF



Caramelized White Chocolate



Evolution of Modern Pastry
Presentation
Technique

Ingredients/Flavors
Sophistication/Refinement



Another Lesson from Scientific Thinking

…Few, very few, people actually sit down to consider the basic questions…

 

It may 
be worth asking these questions if, when we find the answers, we

 

can cook better 
and cook more easily, or even just cook differently, to produce different effects.  

Heston

 

Blumenthal, 2001



Thinking Like a Scientist

Be curious
Be skeptical

Play with your food

Harold McGee



Building a Better Mous(s)e
 

Trap 

•
 

Less sugar, more flavor, 
but…

•
 

Cooked sugar adds 
structure in the form of 
pate a bombe

•
 

And, well, that’s just the 
way it’s done…





Revision

320g hazelnut gianduja, chopped
320g milk chocolate couverture, 

chopped
30g egg whites
60g pasteurized egg yolks
200g granulated sugar
Water, as needed
7 sheets gelatin, bloomed
90g crème anglaise, warm 
700g heavy cream (35% fat), 

whipped to soft peak

320g hazelnut gianduja, chopped
320g milk chocolate couverture, 

chopped
263g water
63g nonfat dry milk
63g glucose syrup
250g pasteurized egg yolks
7 sheets gelatin, bloomed
700g heavy cream (35% fat), 

whipped to soft peak



Further Study

Food Science

Textbooks, Research
Papers and Nutrient
Data

Patents

History, Cultural Studies





Conclusion

Chefs are not food scientists

Tread lightly. The pitfalls…

Refinement over avant garde

Maintaining integrity, delicousness

Experimentation

Lifelong pursuit of knowledge

In the end, making people happy!
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