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Condensed matter. Cooking science  invites us to look at cooking, gastronomy and nutrition 
through the scientist’s eyes and see them as a truly cultural activity which brings a wealth of 
knowledge into play. Challenging the predominance of visual culture, our eating habits and the 
pleasure of food privilege the senses of taste, touch, smell and even hearing. Smell is capable 
of filling a sensory space with as much or more force as any other sense. Taste awakens a 
complex anatomy in which our genes play a part in predisposing us to follow a more or less 
healthy diet. Cooking also shapes the landscape, and the landscape in turn, with its specific 
geography and climate, determines the basic features of our diet. Perception and landscape 
define our cooking, but cooking also has a component of reflection and innovation based on 
scientific and technological research. Informed by this awareness, the new Catalan cuisine as 
exemplified by the Fundació Alícia is a major force for culinary innovation. Cooking transforms 
matter to and from its states of solid, liquid and gas to make it not only edible but also creative, 
surprising and suggestive. Nutrition and gastronomy work according to a phase diagram with a 
soft and ductile condensed matter which can trap gas in a liquid or liquid in a solid, reducing that 
liquid to a highly concentrated form. 

Condensed matter. Cooking science  turns the Laboratory space into a place of experience at 
all levels — a chance to take part in scientific research into why things taste bitter or the 
olfactory memory, to sample wine preserves and honeys, to feed your curiosity with a web site 
accessible to mobile phones and QR bar codes or to do some virtual cooking with the 
ingredients in the exhibition. The project also includes a range of activities such as workshops 
and lectures designed to raise our awareness of all the science there is in the kitchen.  

 
���������	�
��
������������� ���!"##���$��%&�"���"'"##( �

�
)$�*+*'�!)&$�,!-�%*#.��� ���!� /-�

���������	����	����� �0!-�%*#.�!&� �!�$&1"�2"'��� ��

�

�'!����$!���3$)����#�2&'�!&'.� �����������

�
�'&�*�"��2.�� 
�����
	�
���	�

�����	���������
�������
	��������� �
��

��	�

���
��
�
��

�
)�����4
�������5���� �  ��
����

�
����������!
�"�����#�
����



�
��	�
���
�$
����
���������	#�	����	#�
	��
����� ���

�
��	
����
�	���������#��

���#�	���

������������
 �
�	�����
��

�����
���%������
�
��������		�$
���

���
���������
 
&

�	�$�����
������
�
���	
���

���
�����"����

&��	�$ �����
�����

�
�
���	
��
%�	�
��	�����

����
��� �

�

�



� � �

��%	
���	�
�)�
����
�
GUIDED VISITS | CONDENSED MATTER. COOKING SCIENCE 
 
JULY AND SEPTEMBER, 2010 
From Tuesday to Friday at 07:00pm 
Saturdays and Sundays at 01:00pm and  07:00pm 
Lenght: 1h 
Free guided visits that include a bitter taste test  and a jam and wine sweet as honey 
tasting 
Free admission | Limited places 
�
��
�
ROUND-TABLE  | Textures and Soft Matter? 
 
Wednesday, 8 July 2010 | 19:00 pm | Meeting Hall  
With the participation of Mariana Koppmann , president of the Asociación Argentina de 
Gastronomía Molecular, and Davide Cassi,  professor of Physics of Matter at the Università di 
Parma 
Culinary creations can be explained in scientific terms. The matter physicists see is soft, in that 
both its state and its properties can easily be transformed. At the same time many aspects of 
the world of textures being explored by today’s new chefs are still in need of a better 
understanding of the physical and chemical processes involved. The speakers will introduce us 
to this perspective on the world of cooking and the new lexicon it is generating. 
Admission free | Limited places 
 
&�

FAMILY WORKSHOPS | The states of matter in cooking 
10 july, 2010 | 12:00a.m. 
 
How would you turn a liquid into a solid in the kit chen? What is so important about the 
viscosity and density of cooked liquids? How would you trap the bubbles in a glass of 
cava?  
 With Mariana Koppmann , president of the Asociación Argentina de Gastronomía Molecular, 
and Pere Castells , Head of Research at the Fundació Alícia 
Length:  1 hr. 30 mins. 
 
Free admission. By order of arrival, until places are filled 
 
Organized by: Arts Santa Mònica Science area and Fundació Alícia 
In conjunction with: Arts Santa Mònica Science area and Fundació Alícia 
 
-  
 
FAMILY WORKSHOPS | Emulsify, Gel and Spherify  
Sundays, 19 and 26 September and 3, 17 and 24  October 2010 | 12.00 a.m. 
Can you mix oil and water? Would you like to turn fruit juice into a gel? Do you dare to make 
pea caviar or yogurt ravioli? Experience at first hand the culinary techniques that make 
impossible combinations possible, transform liquids into soft solids and unite solids and liquids 
in the same food. 
Length: 1 hr. 30 mins. 
(Admission free, by order of arrival, until places are filled) 
 
- 
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WORKSHOPS FOR SUMMER CAMPS | Kitchen garden and cooking at the Santa Mònica  

Tuesdays, 13, 20 and 27  July 2010  | 11:00 pm 
Do you know how to make milk mayonnaise? And what about jam? Discover culinary 
techniques for transforming and mixing liquids, solids and gases, and learn to recognize the 
plants in the kitchen garden and make compost from recycled organic matter. 
(Advanced booking at tel. 935 671 110 and email ciencia_artssantamonica@gencat.cat) 
Length: 2 hrs. 
- 
 
SESSIONS FOR TEACHERS 
 
Workshops aimed at teachers who want to experiment with cooking techniques which involve 
physical and chemical processes of interest to students, from emulsifying to spherifying, by way 
of gelling and measuring the acidity of different foods. This workshop is useful as a preparation 
for the schools workshops in September and October. 
Thursday, 15 July 2010  | 11.00 a.m. 
Cooking as a tool for teaching science  
With Claudi Mans,  Delegate of the Rector responsible for coordination of the Torribera Food 
Campus and Professor Emeritus of Chemical Engineering, Universitat de Barcelona 
Length: 2 hrs. 
 
Thursday, 22 July 2010  | 11.00 a.m. 
Science as a tool for cooking  
With Pere Castells , Head of Research at the Fundació Alícia 
Length: 2 hrs. 
(Advanced booking at tel. 935 671 110 and email ciencia_artssantamonica@gencat.cat) 
- 

SCHOOLS WORKSHOPS | Emulsify, Gel and Spherify  

From 14 September to 28 October 2010 | Tuesdays, Wednesdays and Thursdays 
Sessions: 10.00 a.m. and 11.30 a.m. 
Can you mix oil and water? Would you like to turn fruit juice into a gel? Do you dare to make 
pea caviar or yogurt ravioli? Experience at first hand the culinary techniques that make 
impossible combinations possible, transform liquids into soft solids and unite solids and liquids 
in the same food. 
 
(Advanced booking at tel. 935 671 110 and email ciencia_artssantamonica@gencat.cat)  
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Offers considerable resistance to changing its form, shrinks and contracts a little with changes 
of temperature and pressure, and usually presents an orderly structure in a reticulum. 

 
������ �� ��� ��� ��� ���� �� �

Composed of molecules that can move freely without the tendency to separate from each other. 
�

!��!��!��!��� �� �

Group of molecules that are loosely linked to one another by the forces of cohesion and always 
completely and uniformly fill the receptacle containing them. 
 
�"#$%�"#$%�"#$%�"#$%&'"()&'"()&'"()&'"()� �� �

Phase of matter characterized by the total absence of viscosity; so it flows endlessly without any 
friction. 
�

��� �%(#'$%(#'$%(#'$%(#'$�#*(+,�#*(+,�#*(+,�#*(+,� �� �

Conditions of temperature and pressure in which the solid, liquid and gaseous states of matter 
coexist. 
 
�%(,(-.'�#*(+,�%(,(-.'�#*(+,�%(,(-.'�#*(+,�%(,(-.'�#*(+,� �� �

End point of a curve that separates two different states of matter which specifies the specific 
conditions of temperature and pressure starting from which two states of matter become 
indistinguishable. 
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Device with water in it that regulates the temperature of the products placed in it through an 
electrical element. 
 
���������
	���

Used for cooking evenly, at stipulated times and temperatures. 
�
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Boiled eggs are cooked at 62 and 65ºC, meat between 65 and 70ºC, fish between 50 and 60 
ºC, fruit and vegetables between 80 and 90ºC. 
The name Roner comes from a combination of the surnames of chefs Joan Roca and Narcís 
Caner. 
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Device that measures the resistance of a fluid to movement. 
�
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Used for classifying and determining if the fluid is a soup, a purée, a marmalade or a sauce. 
�
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There is no clear consensus when establishing whether a product is a highly viscous liquid or 
an amorphous solid also called a soft solid. The viscosity of a fluid does not only change 
according to the temperature, the mechanical forces can increase or diminish its viscosity by 
shaking it or beating it. 
One of the types most used these days is the Brookfield. The device featured in the exhibition is 
an old model from the UB Physics Faculty that works with forces and resistances of torsion. In 
1932, while he was completing his studies at MIT, Dan Brookfield said to his father “I can create 
a better world”. He was referring to the viscometer. In 1934 the first line of viscometers was 
commercialized. The product was to become the standard all over the world. 
�
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A device that, at low temperatures and very low pressures, obtains a distillate from a solution. 
The liquid distilled is the result of a process of evaporation and subsequent condensation. The 
substance remaining is reduced with a dense concentration with its less volatile components. 
 
���������
	���

Makes it possible to obtain liquid distillates from solids like cocoa, coffee, earth and also 
alcoholic products. The process of reduction allows us to obtain a concentrate of fruit, sweet 
wine or others. 
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The name rotaval comes from the fusion of the term ‘Alícia’ and the word ‘rotavap’ (rotary 
evaporator), a similar device but used in chemistry laboratories. It was used for the first time in 
cooking in 2004. 
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The exhibition allows us to taste reductions of sweet wines from the 11 denominacions d’origen 
in Catalonia. Distillation extracts the alcohol so that the resulting reduction becomes a dense 
and concentrated liquid free of alcohol. 
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Cava, like champagne and other sparkling wines, keeps the carbon dioxide bubbles generated 
in the process of fermentation in the liquid, and the gum xantana, due to its effect as an elastic 
thickener, makes the retention even more obvious. 
 
���������
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Xantana does not change the taste of the product and makes it possible to taste the cava as a 
bubbly sauce in preparations like oyster in cava sauce, strawberries with pink cava. 
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Xantana comes from the fermentation of the bacteria Xanthomonas campestris and thickens the 
cava through reaction with the sugar chain. The product is also called “solid cava” even though 
it is only a thickened liquid. 
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A device that extracts the water from a product by subjecting it to a strong vacuum at 
temperatures between -50ºC and -80ºC. The device sublimates the water from the substance 
making it pass directly from a solid to a gaseous state. 
 
���������
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Makes it possible to extract the water from fruit, vegetables and in general from any product. 
Once it has been lyophilized, the food can be transformed into a powder. 
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Lyophilized products are used widely on extreme campaigns and expeditions, like in the high 
mountains, given that this represents a notable reduction of the load to be transported. Space 
missions also use these products for the simple fact of not containing water and thus avoiding 
conservation problems, for example preparations for soups and rice dishes. 
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Cutting instrument that consists of a blade with a sharpened edge, with a handle and at times 
forming a single piece with the blade. 
 
���������
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The serrated knife tears substances with a high resistance to penetration like bread lengthwise. 
The non-serrated knife penetrates and slices crosswise making a very clean cut, as in meat and 
fish. 
 
������
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It is said that the Greek wise man Democritus managed to discover atoms, the constituent 
elements of matter, through just philosophical arguments and by observing how a knife cuts an 
apple, without using today’s electron microscope. 
The sharper the blade, the more efficient the transmission of the force applied to the handle will 
be. The pressure on the product can be huge if the edge of the blade is very sharp. The first 
stone knives are not only the earliest evidence of cooking that we have; they are also the first 
human technology and therefore 
evidence of complex cultural behaviour that we know of. 
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Vessel with a hemispherical cavity in which by exerting intense pressure certain substances it is 
wished to pulverize or reduce to a paste are crushed or ground. 
 
���������
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Reduces to powder grains of wheat, cloves of garlic and others. Reduces to a pulverized paste 
a solid or liquid. Mixes immiscible liquids like water and oil. 
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By crushing a few cloves of garlic to a paste and slowly adding olive oil to it we get the waters 
and oils to mix; this is called “aioli”, and it is an example of an emulsion like mayonnaise, picada 
or romesco. 
The historical origins of the mortar date back to the Bronze Age in Europe, from 1800 BC, and 
the instrument has evolved towards grinders as far as the modern handblenders and 
mincers/crushers, which aside from pressure also work with the forces of friction and cutting. 
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Colloidal systems of a solid in a liquid that appears in the form of a gelatinous mass and 
behaves like an elastic solid. 
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Gels give texture to the products in confectionery, vegetable conserves (jams, jellies, 
marmalades, etc.), rendered meat products, ice creams, fresh cheese, coverings of fish 
conserves and semiconserves, soups, sauces, marzipans and many others. 
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The gelling agents, agar-agar, carragenates come from seaweed; pectins come from fruit and 
fishtail gelatin is animal in origin. 
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Culinary technique defined scientifically as controlled jellification that makes it possible to give 
external rigidity to a liquid food product with a gelling agent, usually alginate. This external 
jellification only takes place in the presence of calcium. 
 
���������
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A culinary technique of external jellification has been developed that keeps the substance in a 
liquid state inside and solid in the external shell, marketed in the form of small spheres called 
caviar, and in larger ones called ravioli. 
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In 2003 at the restaurant ElBulli the product was applied with alginate in a calcium bath and was 
called basic spherification. The first ones were done with apple, melon and pea. In 2005, also at 
ElBulli, the product was applied with calcium in an alginate bath and called inverse 
spherification. This evolution preserves for a long time the solid part in the external shell and the 
liquid one inside. The first inverse spherifications were done with liquid of olives and dairy 
products. The spherical shape acquired is due to the effects of the product’s surface tension. 
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SCIENCE AND COOKING COURSE / HARVARD SCHOOL  
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1st session:  “Historical overview of the relation between science and cooking”. Main 
movements in the history of cooking; People that contributed to explain cooking from a 
scientific perspective; Most celebrated contributions; Understanding of cooking through 
science; Scientific method; Using scientific knowledge to improve and explore new 
kinds of cooking. 
September 7, by  Ferran Adrià and Harold McGee  
 
 
2nd session:  “Simple materials: Fluid and solid states”. Water as an example: ice to 
liquid to vapor; Parameters that determine the state (phase) of the material: pressure, 
temperature, density (composition); Transitions between states (freezing, boiling); 
Concept of thermal energy; Examples: Pressure cooking and steaming.  
September 14, by Joan Roca  
 
 
3rd session:  “Basic units (composition) and energetics of food”. Basic units: atoms to 
simple molecules to macromolecules – the concept of a polymer; sugars to 
carbohydrates and cellulose; fats (oils; saturated and non-saturated fats); amino acids 
to peptides and proteins; enzymes. 
September 21, by José Andrés  
 
 
4th session:  “Texture, viscosity, mouth feel - Basic rheology”. Rheology of fluids and 
solids. How thickeners work. Viscoelastic properties of polymer melts. Examples: From 
flour to starch; rheological properties of bread dough; effect of polysaccharides on 
viscosity, e.g. guar gum, Xanthan gum (the super thickener). 
September 28, by Carles Tejedor  
 
 
5th session : “Cooking time - Non-equilibrium processes”. Heat transfer through food: 
diffusion, convection, radiation (diffusion of light; leiden-frost effect). Fast vs. slow 
cooking. Effect of kinetics processes on the texture of food. Science of chocolate. 
Crystal size matters for texture, e.g. bloomed chocolate. 
October 5, by Enric Rovira and Bill Yoses 
 
 
6th session : “Self-assembling structures: surfactants & micelles, crystals, colloids and 
polymer melts”. Interfaces. Examples: Micelles in milk, gluten network in bread. 
October 12, by Grant Achatz  
 
7th session : “Foams and emulsions - Introduction”. What is an emulsion and a foam; 
Coarsening and the concept of stability; Examples: Vinaigrette sauce and sauces in 
general, mayonnaise, whipping cream, meringue. 
October 19, by Nando Jubany  
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8th session : “Gelation”. Gelation as a transition between states. Ways to form a gel: 
covalent linkage, electrostatics, etc. From gelatin to agar; Alginate ; Examples: Cheese; 
warm gelatin. 
October 26, by José Andrés 
 
 
9th session:  “Complex Phase changes”. Frying; Caramelizing and the Maillard 
reaction. Oxidations. Packing. 
November 2, by Carme Ruscalleda 
 
 
10th session : “Foams and emulsions – Advanced concepts”. How to stabilize foams 
and emulsions; Emulsifiers (Lecithin); How to stabilize without egg: culinary foams; 
surfactants; Example: Culinary foams (“airs”). 
November 9, by Willy Dufresne 
 
 
11th session:  “Fermentation and microbial modifications of food”. How microbes 
change the structure (texture) and flavor of food. Examples include: Gas: Bread, 
emmenthaler cheese; Lactic acid: cheese, yogurt, pickles; Polysaccharides: Natto, 
xanthan gum; Enzymes: Natto, cheese; Wine and beer (yeast). 
November 12, by Dan Barber  
 
12th session:  “Neurobiology of taste, smell and the feel of textures. How do we sense 
what we eat?”. Basic flavors; Perceptions: taste, texture, and smell; solubility & 
volatility; Taste receptors; Example: Miracle berries contain proteins that bind to sour 
receptors, making lemons taste sweet. 
November 23 
 
���������
	��

The course is part of the General Education Program intended for Harvard 
undergraduate students from all concentrations. The course provides an introductory, 
but demanding, overview of the science of soft matter, covering topics ranging from 
foams and emulsions to gelation and polymer melts. 
 
�
�
����

The course will have two 2 hour meetings each week. In the first meeting, David Weitz 
and Michael Brenner will give a 45 minute introduction to the scientific theme for the 
week. The invited chef will then give a 1 hour lecture. The last fifteen minutes will 
consist of give and take on scientific content between the faculty, the class and the 
chefs.  The second class each week will be for two hours and focus on the science; this 
will include both lectures on the science as well as demonstrations. 
Each week there will be a section of ~1.5 hours, perhaps taking place in a kitchen, in 
which a teaching fellow will lead teams of students through scientific exercises. The 
intent will be to have students answer questions that will be formulated and posted 
beforehand on the science of the week. Examples include (a) why certain substances 
stabilize an emulsion (e.g. making and explaining the physics of vinaigrette salad 
dressing), or (b) understanding why McDonald’s ice cream maintains its shapes even 
when it warms, or (c) understand the scientific underpinnings of carmelization. Each 
team of students will be required to prepare a response to this question: we are 
thinking of experimenting with the form of the response, allowing responses that are 
written, artistic or video. 
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People’s perceptions of bitter tastes vary greatly. The paper strips you have just tasted 
contained a compound called phenylthiocarbamide (PTC). Some people can discriminate the 
taste of PTC, and find it very bitter. In the second test, the strips contained sodium benzoate. 
Perceptions of benzoate also vary widely, and its taste can be perceived as sweet, bitter, 
savoury or sour, or the subject can even fail to perceive any taste. 
 
The differing ability to perceive PTC is determined, principally, by variants in the TAS2R38 
gene, a bitter taste receiver, though other genetic and environmental factors also intervene. 
There are two common variants of the TAS2R38 gene, as well as several less frequent forms. 
Each variant makes the protein slightly different, determining how strongly it can bind with PTC. 
As a result, some people cannot taste PTC, whilst others perceive a medium bitter taste and still 
others find PTC extremely bitter. Although PTC is not found in nature, very similar compounds 
are contained in some vegetables, such as Brussels sprouts. For its part, benzoate is used 
frequently as a preservative and is also found naturally, in such fruits as apples, plums and 
raspberries and spices such as clove and cinnamon, for example. 
A project developed in cooperation with the Genes and Disease Programme at the Centre for 
Genome Regulation, led by Xavier Estivill 
 
�

���%%�
Composition in air in real time of a culinary preparation. We suggest observation using the 
sense of smell, rather than sight, hearing, taste or touch. It is a question of applying knowledge, 
reasoning through the sense of smell to decipher a gastronomic concept. 
First level of perception. Go in and smell the atmosphere in silence. What do you think is being 
made? In your head, try to list the ingredients being used. 
Second level of perception. If your conclusions are not clear, go up to the systems used to 
distribute the aromas and smell each of the ingredients individually. If you wish, complete the 
experience by answering the questionnaire. By Dario Sirerol. 
�
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Created in 1979, Peta Zetas® (also known as Pop Rocks) are small pieces of caramel that are 
gasified during manufacture, by being injected with carbon dioxide gas. When Peta Zetas® 
come into contact with saliva or other liquids, the caramel walls around the small carbon dioxide 
bubbles dissolve, freeing the gas they contain, which is released to the exterior with a popping 
noise, the explosive sound these sweets make. This is a truly innovative use of the gas, which 
is frequently used in the sparkling and soft drinks industry. The inspiration behind Peta Zetas® 
are the small deflagrations that occur in ice at the poles, which retains air in the interior. 
 
 
�
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Denis Papin (1631)  A New Digester or Engine for softening Bones 
 
Nicholas Appert (1810) L’Art de conserver pendant plusieurs années toutes les substances 
animales et végétaux  
   
Frederick Accum (1821) Culinary Chemistry Exhibiting 
 
Jean Anthelme Brillat Savarin (1825) Physiologie du gout 
 
Justius Liebig (1848) Researches on the Chemistry of Food 
 
Elaine Kellogg  (1892) Science in the Kitchen    
 
Arthur Grosser  (1981) The Cookbook decoder 
 
Harold McGee  (1984)   On Food and Cooking: The Science and Lore of the Kitchen  
 
Colin Dence  (1985) Season to taste 
 
Harold McGee  (1990) The Curious Cook 
 
Tina Seeling  (1991) The Epicurean Laboratory: exploring the science of cooking 
 
Herve This (1993) Les secrets de la casserole 
 
Joseph Julicher (1993) Cooking and science 
 
Vicky Cobb  (1994) Science experiments you can eat 
 
Kelly Julicher (1995)  Cooking and Science for Elementary Students 
 
Herve This (1995) Révélations gastronomiques 
 
A. Coenders  (1996) Química culinaria  
 
Shirley Corriher  (1997) Cookwise: The secret of cooking revealed 
 
Joaquín Pérez Conesa (1998)  Cocinar con una pizca de ciencia 
 
Anne Gardiener i Sue Wilson (1998)  Inquisitive Cook  
 
Peter Barham  (2000) The Science of Cooking    
 
Herve This (2002) Casseroles et prouvetes 
 
Herve This (2002) Traite Elémentaire de Cuisine 
 
Joe Shwarcz  (2002) The Genie in the bottle 
 
Alton Brown  (2002) I am just here for the  food 
 
Claudi Mans (2005)  La truita cremada 24 lliçons de Química 
 
Davide Cassi (2005)  Il gelato estemporaneo 
 
VVAA (2006) Lèxic científic gastronòmic 
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Who has not felt a certain amount of anxiety when reading in a recipe: “add a pinch of 
salt”, or “just a dash of pepper”? Who has not become exasperated with their own 
mother or grandmother when not managing to obtain from them the exact formula for 
the wonderful Christmas cannelloni? Who has not cursed such ambiguous comments 
like “you’ll see that it’s cooked if you prick it with the fork …”, when asking how long you 
have to leave the chicken in the oven? And if, finally, the result did not live up to what 
you were expecting, who has not justified him or herself with excuses like the 
peculiarities of the oven or the subtlety of using a different type of water? The lack of 
quantitative precision in the most diverse or unimaginable facets is what makes us feel 
vulnerable when faced with the great complexity of the physicochemical reactions and 
processes of cooking. Everyone’s extreme sensitivity with regard to the parameters 
involved makes the process fragile and enormously variable. So, why can’t we 
understand cookery also as a complex laboratory of experience and knowledge more 
akin to science? The science of cookery grows with the desire to retain and critically 
analyse the intuitive wisdom of the gas rings. Cookery attracts the curiosity of the 
scientist and makes him observe the physicochemical processes involved in the 
preparation of organic and nutritive matter. It obliges him, therefore, to find in it the 
chemistry, the biology and the physics involved as added value to the mere nutritional, 
gastronomic fact, and to the pleasure of the senses it triggers off. We merely have to 
focus on the course of the 19th century to become aware of the richness of the existing 
interrelationships between cookery and science. 
 
For example, in 1810 Nicholas Appert, the French pastry chef and inventor of the bain-
marie as a technique for preserving food published the book L’Art de conserver 
pendant plusieurs années toutes les substances animales el végétales. The 
gastronome Jean Anthelme Brillat-Savarin, with the treatise Physiologie du goût in 
1828, investigated the anatomy of the palate of the Parisian diner and reflected on the 
senses in a first act before continuing with taste, the aromas, coming finally to the 
chemistry of culinary preparations, all of it seasoned with philosophical reflections. The 
book was even republished with an appendix by Honoré de Balzac entitled Traité 
des excitants modernes, in reference to alcohol, coffee, tobacco, sugar and tea. Brillat-
Savarin’s initiative passed the baton on to the Swiss chef Joseph Favre, who edited the 
journal La Science Culinaire in his desire to enlighten and democratize the secrets of 
haute cuisine from 1877 onwards. Over and above what we might understand as the 
strict world of cookery and quite close to the terrain allotted to science, we find the 
German chemist Friedrich Accum, known for being one of the introducers of the gas 
lamp. In 1821 he published in London a treatise with a wholly explicit title: Culinary 
Chemistry, exhibiting the scientific principles of Cookery, with concise instructions for 
preparing good and wholesome Pickles, Vinegar, Conserves, Fruit Jellies with 
observations on the chemical constitution and nutritive qualities of different kinds of 
food. Justus von Liebig, another German chemist known for the introduction of nitrogen 
in fertilizers or for the disputes with Louis Pasteur over the mechanisms of 
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fermentation, was especially interested in finding ways of cooking meat that would 
preserve its nutritional qualities.  
The 1847 publication Über das Chemische Untersuchung Fleisch (Investigation 
of the Chemistry of Food) described a particular “meat extract” prepared from soup of 
lean meat at a low evaporation pressure, “especially valuable for the sick, wounded 
and undernourished”. Or a little later, in 1892, Elaine Kellogg, nurse, dietician, 
nutritionist and wife of the founder of the pioneering Battle Creek health centre, wrote 
Science of the Kitchen, which includes scientific principles of cooking, nutrition and 
advocates vegetarianism with a series of recipes. 
And we could go on like this until we reached the present day, but we could also go 
back. Denis Papin, an Anglo-French physicist, presented the “digester” that “softens” 
bones and speeds up the cooking process to his colleagues at the British Royal 
Society in 1681, but he did not manage to attract the interest of cooks. The device was 
nothing more than what today we call a pressure cooker, capable of cooking without 
coming to the boil. We could find many other examples at different moments in history 
but, going back in time, we would inevitably arrive at the knife or the mortar, utensils 
that play astutely with the mechanical forces of friction and pressure to cut and slice or 
pulverise and emulsify, respectively. Tools are considered the origins of cookery for 
their capacity to modify matter for the purpose of making it edible in the Palaeolithic, 
the Chalcolithic and the Bronze Age; in other words, thousands of years before Christ. 
They are, in fact, the earliest traces of complex cultural behaviour (note: cultural) 
that we know of. 
Therefore, the science that is cookery seeks above all to understand and learn about 
the matter prepared. Very often it also endeavours to innovate technically and 
technologically in order to optimize the procedures and processes developed. It does 
so by monitoring the culinary processes with a rigorous methodology. It exerts an 
exhaustive control over it more appropriate to the science laboratory than to the 
cookery of pinches and of the dashes of inspiration with which culinary creation plays 
and must continue playing. Science meticulously registers parameters of temperature, 
pressure, cooking, concentration, density, and even, lately, viscosity. Careful studies 
make it possible to establish, then, a narrative and descriptive technique of the 
preparation with a scientific bent. As a result of the analysis, the chef finally receives a 
recipe list full of quantities that correspond to the most diverse sizes involved in the 
physicochemical cooking processes. In this way the chef has available an almost 
perfect capacity to reproduce the culinary preparations. 
This interpretation, so analytical, abstract and perhaps excessively idealistic, runs into 
and has run into several difficulties, chiefly communicative. On one hand, for a long 
time the scientific training of professional chefs has been very poor or non-existent. 
The intuitive knowledge accumulated over the years in the kitchen takes priority over 
any other option of a more introspective or calm sort. Furthermore, the language of 
cooking has lived and grown creating its own jargon, difficult to understand for non-
experts, among whom one must obviously include the scientists. And finally, the work 
in the kitchen is essentially irreversible, dizzying, with little room for manoeuvre. 
Whether at home or in a restaurant, the food has to be served up in a short period of 
time and this immediacy is detrimental to the reflection necessary for systematizing the 
procedures.  
The dearth of books on cookery and science in the first half of the 20th century is most 
strange. Perhaps due to the wars and the economic crises, the culinary developments 
juxtaposed, hybridized or given a boost by scientific innovations are relatively few in 
number. Despite this, among the technological precedents of a new impetus we could 
mention the microwave, the theoretical grandson of the photoelectric effect in quantum 
physics in 1905 and the unexpected child of the Second World War. The magnetron 
was designed to confuse the German bombers flying over Great Britain. In 1945 when 
testing a new model of magnetron, Percy Spencer realised that the bar of chocolate in 
his pocket had melted. Aware of the possibilities of this accident, he patented the 
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invention as the microwave oven, far removed from its initial military use. A symptom of 
the low intensity of the relationship between science on the edges of technology and 
cookery during the 20th century is the title of the book by Arthur Grosser, The 
Cookbook Decoder, published in 1981, which once again links up with chemistry. The 
cook’s jargon advances along one pathway, but, above all, scientific language evolves 
in very many directions, in a highly technical way and at such a rate that it is difficult for 
them to rediscover a common idiom enabling them to tell each other about their new 
findings. Since the publication of books in dictionary format like On Food and Cooking: 
The Science and Lore of the Kitchen, in 1984, by the current gastronomy columnist in 
the New York Times Harold McGee, we could say that the trend has begun to go 
strongly into reverse. Science and cookery or cookery and science are once again 
reaching out for one another intensely. In it the driving force and precursor Harold 
McGee states that “temperature, time, and geometry are the basic ingredients of 
cooking,” ingredients relative to cooking but also typical of science. We were saying 
that Grosser basically linked cooking with chemistry, but there is above all an important 
and influential precedent in the world of science dating from 1969. That year the Oxford 
physicist Nicholas Kurti gave a by now legendary lecture at the Royal Society in 
London entitled The Physicist in the Kitchen, which caused a sensation within the 
scientific community. The speech was illustrated with demonstrations given by Kurti 
and his daughter Camilla, in which they created a vacuum to extract the water vapour 
from meringue or presented a loin of pork softened with pineapple juice, a fruit that 
contains bromelain, an enzyme that breaks down the proteins of pork. Their 
demonstrations appeared later on the BBC and it was then when the general public 
became aware of the ties between science and cooking. As McGee says in his blog, 
in 1991 Kurti was the first person responsible, along with Elizabeth Cawdry Thomas, 
for the creation of a totally new stable workshop on science and gastronomy held on a 
yearly basis in the Sicilian town of Erice. Its headquarters is the Ettore Majorana centre 
and foundation for scientific culture, typically given to programming meetings in the 
field of multidisciplinary physics. In the second year, McGee and Hervé This, a French 
physical chemist, joined in, and it was here that the controversial term “molecular 
gastronomy” was reportedly used for the first time in public. 
 
In 1992 the experimental cooking of Kurti’s demonstrations, but also of many other 
contributions mentioned above from previous centuries, had still not made any impact 
on haute cuisine, as is the case today. In Spain, the first book on this subject appeared 
in 1998: Cocinar con una pizca de ciencia, by Joaquín Pérez Conesa. And in relation to 
cooking and gastronomy, the mixture did not catch on until well into the 21st century, 
when it did so drastically in so-called creative or experimental cuisine. The boom has 
been accompanied by the appearance of great star chefs with a heavy media presence 
who have popularized haute cuisine. It was precisely then when institutions in different 
places began to be promoted, as is the case with the Catalan Alícia Foundation, 
backed by the Fundació Caixa Manresa, which does an important job of giving 
scientific backing to new culinary ventures. “Cooking Science: Condensed Matter” 
makes its appearance on this scene when the story of the relationship has still not 
been wholly told and there is still much to do. It emerges at a time when scientific 
hyper-specialization is making room for the effort to share knowledge in order to 
advance. Cooking and the phenomena that take place in it then take on a 
multidisciplinary look in which only through dialogue is it possible to experiment, 
innovate and create, in the most radical sense. The exhibition project invites us to 
interpret cookery, gastronomy and food through scientific eyes and champions them as 
genuinely cultural activities with a host of flavours in the mix. The project revolves 
around three axes: perception, landscape and matter. 
Over and above the predominance of visual culture, eating habits and gastronomic 
pleasure heighten the senses of taste, touch, smell, and even hearing. Smell is capable 
of filling a sensitive space with the same power or more than any other sense. 
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Unfortunately, the creators in this window of perception are not given the consideration 
they deserve. Many of them wish to enter the cultural scene as one more active 
member to impress us and make us reflect like a writer, a filmmaker or a visual artist 
does. 
On the other hand, taste, a sense essential in cookery, awakens a complex anatomy. 
We focus on the bitter taste because we tend to reject food for its bitterness and 
biology explains this in terms of evolution. The bitter taste is related to poisons or the 
toxicity that typically comes from vegetables. Today, genetics is showing us how 
certain molecules are perceived as creating bitterness by one part of the population 
and hardly or not at all by the other. From an evolutionary point of view, the scientific 
hypothesis that those who notice the bitter taste are better prepared for survival is 
the subject of debate. However, evolutionary preparation over thousands of years 
comes up against a contemporary society that is swimming in the overabundance of 
food. Bitterness stops us consuming certain vegetables. It forces us to eat other food 
that is not as healthy and, thus, it upsets the balance of our diet. It is a case of 
beginning “in situ”, in the exhibition, the quest to endorse this working hypothesis or 
not. The visitor will be able to participate in scientific research instigated by the world of 
cookery and culture. In this section, the crackle of the peta zetas (sherbet fizz) 
demonstrates in a light-hearted way that all the senses are called into play with 
regard to food and gastronomy, hearing included. Cookery also fashions the landscape 
and at the same time the landscape marks the basic characteristics of our food with its 
specificities of climate, geography or the soil. The environment that surrounds us, 
however, has its rules and they have to be learnt in order to take maximum advantage 
of its fruits. And in the mixture of the global and the ultra-local worlds we live immersed 
in there is a search for high-quality varieties of vegetable restricted to very specific 
places in the geography of Catalonia: clementines from the Terres de l’Ebre, calçots 
(similar to leeks) from Valls, artichokes from El Prat de Llobregat, strawberries from El 
Maresme, blanquilla pears from Lleida, tomatoes from Mura, little beans from Santa 
Pau, potatoes from Gòsol. 
 
Thanks to cookery we have the ability to halt time. A clear example, going back a long 
way, of a preservation process that creates a fantastic new product is that of jams, 
jellies and marmalades. The natural surroundings tamed by mankind cannot stop a lot 
of products being marked by the seasons in which they are at their best. Marvellous 
vessels, jam jars, have been made to be opened precisely when this product is not 
available or, simply, when it is in a precarious state. Moreover, as if that was not 
enough, the end preparation is miraculous – and delicious. That is cookery too. These 
magical preparations let us in on the secrets of preserves, hand in hand with science, 
with the measured control of the sugar and acidity, two basic elements for the correct 
action of the pectin and, therefore, for the ideal formation of the product. The periodic 
table of preserves that appears in the exhibition pays tribute to the chemist Dmitri 
Mendeleev. Above all, it represents a metaphor of the scientific systematization that 
makes it possible to place in order and therefore to know. The table is based on the 
same underlying ideas in the table of chemical elements. As a result, it also contains its 
contradictions, but these are far from being detrimental; they rather spur on debate and 
encourage us to learn more. It is our magical intention that, every day of the exhibition, 
it should be possible to eat that fruit captured at its best and transported in time to our 
particular instant. 
Perception and landscape are elements that define our cookery, but cookery also adds 
a component of innovation and reflection based strongly on scientific and technological 
research. The new Catalan cuisine and the Alícia Foundation are driving forces of 
culinary innovation under these coordinates. Cookery transforms the states of matter, 
in solid, liquid and gaseous phases, to make it not just edible but creative, surprising 
and intriguing. 
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Food and gastronomy work on a diagram of stages of soft ductile condensed matter. 
To stress this idea, the visitor walks over the diagram of phases of matter. And what’s 
more, this will be soft, a nod to the field of physics that studies the processes that are 
also involved in cookery. 
It could be said that soft condensed matter is that which drastically changes state or 
properties with ease. This includes, therefore, culinary preparations. A series of kitchen 
trolleys show us techniques and tools that make it possible to make matter edible. 
Cooking itself subverts the classic chart of 19th-century thermodynamics, which 
portrays three quite different states. 
 
In cookery, it is difficult to find an isolated state; we taste combined states, whether it 
be a gas trapped in a liquid, a solid so soft it is almost a liquid, a liquid in a solid, a 
union of immiscible liquids, a sublimation or a reduction through a process of 
distillation, among many other possibilities. Cookery allows us to better know and 
reflect on matter and its states. The chef’s mastery when it comes to travelling and 
crossing the frontiers between the different states is of great interest in the physics of 
condensed matter. This field of knowledge, with subsections like rheology or 
microfluidics, works with gels, foams, emulsions or the encapsulation of particles. It 
deals with solids that have so little structure that they end up being mistaken for highly 
viscous liquids, or liquids that have the properties of a gas. This is, currently, the 
principal and most promising point of contact between science and cookery. And this is 
the chief reason for programming an haute cuisine course designed by the Alícia 
Foundation and the prestigious Harvard University, in which the teachers will be 
famous chefs but also scientists of renowned prestige and the audience will be 
preferably scientific. Thus “Cooking Science: Condensed Matter” makes the laboratory 
a place of experience on all levels, where one can take part in scientific research into 
the bitter taste or the olfactory memory, taste preserves and wine honeys, feed one’s 
curiosity with a website accessible with QR codes and mobile telephones or cook 
virtually with the elements presented in the exhibition. The project also has a group of 
activities like workshops and lectures that are intended to make us aware of the 
scientific value hidden behind cookery. To end with, we would just like to remember 
that the Greek wise man Democritus demonstrated that matter is composed of atoms 
using a cooking utensil, a knife with which he was cutting an apple. Thousands of 
years before the electron microscope was invented, science and cookery had already 
found one another. We just have to preserve and make the relationship walk along new 
pathways. We cooked, we cook, and we have to continue cooking science. 
 

 
Pere Castells - Josep Perelló 

 
Curators of  

CONDENED MATTER. COOKING SCIENCE 
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Arts Santa Mònica presents in the Laboratory, the forum devoted to the relationships 
between the arts and sciences, the project “Cooking Science: Condensed Matter”, with 
the qualified, privileged and prestigious collaboration of the Alícia Foundation. We 
share with it many impulses and ways. Not for nothing, our corporate visual identities 
were created by the same communicator, whereupon, in our case, we gave ourselves 
the epithet Arts, multiplying the arts with science and communication, and, in its case, 
the foundation was named after the girl who lives in a world of transformations: 
Alícia (Alice), namely alimentació i ciència (nutrition and science). Also, the  
architect who conceived this singular building in La Rambla in Barcelona, where there 
is no distinction between the interior and the exterior either, left his mark with the neon 
sign on the front whose design is the smile of Alice’s cat. Finally, our laboratories are 
set in real convents, one dedicated to Saint Monica, in Barcelona, and the other to 
Saint Benedict, not far away, in the comarca of El Bages, both of them now turned into 
cultural spaces. All this is to say that our systems share creativity above and beyond 
disciplines, innovation in methodological thoroughness, the preservation of the original 
natural materials, rooted and primitive, unprecedented transformation through learning 
and the use of the new technologies and, in short, aesthetic enjoyment as a source of 
knowledge. The fact that this project on condensed matter should have been led jointly 
by a physicist, from a place for culture, and a chemist, from a place for cooking, is in 
itself a sign of how valuable science is for artistic creativity and culture, as is 
technology and, in the exhibition, the spatial contribution of the architecture. As is also 
the fact that both have been collaborating in the seminars that KRTU (Culture, 
Research, Technology, Universals) and the La Caixa de Catalunya Foundation have 
been organizing for some years now dealing with the frontiers of science, art and 
thought: in Física de l’estètica (Physics of Aesthetics) with Sara Pérez, in Intel·ligència 
col·lectiva (Collective Intelligence) with Oriol Balaguer, in Fora d’equilibri (Out of 
Equilibrium) with El Celler de Can Roca, in En ressonància (In Resonance) with Carme 
Ruscalleda and in Certesa simulada (Simulated Certainty) with Enric Rovira. Those 
and these collaborations here expressed place Catalan cuisine on a very high level of 
creativity and international prestige, as was the poetry and the cuisine of the 
troubadours in the Middle Ages or the art of the Surrealists in the avant-garde period. 
Marvellous innovations on the eye and the tongue of matter transformed, painted, 
combed and savoured; and very fine condensed expressions of matter, combined, 
given rhythm and made to rhyme; and the smoothest pleasures and delectations. 
I should like to remember, when having an aperitif with Ferran Adrià by the bay of 
Cadaqués, me carrying under my arm a copy of the journal Minotaure, from 1933, in 
which Dalí published the article “De la beauté terrifiante et comestible, de l’architecture 
modern ‘style’”, he told me that he didn’t mind if automatism led to stereotype, or if the 
print was small or difficult to read, because everybody was used to going to the oculist, 
or the dentist, but that there was a long way to go in the universities, because no one 
went to the doctor for reasons of taste or smell. Indeed, how ignorant we are about our 
taste. The work that Adrià, president of the Advisory Board of the Alícia Foundation, 
has done for scientific knowledge has been enormous. The prestigious Catalan chef 
has seen his art applauded by being chosen at Documenta 12, in Kassel, and his 
science by being made Doctor ‘Honoris Causa’ by the University of Barcelona. That 
Harvard University should be closing the essay we are presenting here is an example 
of the long road we are setting out on. Physicists ask chefs for their experience in the 
laboratory in order to understand the laws of transformation; and we put science and  
cooking together as an art over and above the representation of the visual. In alchemy, 
like Ramon Llull, and in the avant-garde.  Our thanks to the Actar publishing house, 
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which had already published the extraordinary book by Ferran Adrià, Food For 
Thought. Thought for Food, in which he presented, in the manner of a complete works 
or a catalogue raisonné, the archive of over 1,500 dishes that range, in their 
relationship with art, from state-of-the-art to neo-conceptual cuisine, from inexpressive 
and deconstructive art to techno-art and cyber-art. If, in that book, elBulli is the set 
table, in this one it is with the Alícia Foundation that we form a laboratory. 
�
�
�
�
�
�

Vicenç Altaió 
Arts Santa Mònica director 
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With every day that passes, scientific and culinary knowledge are establishing closer 
ties in order to consolidate a stable relationship. It should be pointed out that not so 
long ago they were two fields largely unrelated, from the point of view of cookery and 
science working together. Just a few exceptions from the world of science, albeit 
notable ones, like for example Nicholas Kurti, had truly devoted themselves to trying to 
understand, from their discipline, the series of states and processes hidden in every 
culinary preparation. 
Curiously, even though it is such an essentially technological activity, from the kitchens 
no real widespread interest had been shown either in the valuable help that scientific 
knowledge can provide with regard to culinary construction and reconstruction.  But for 
some time now, the world of cookery has shown increasing interest in learning and 
gaining greater knowledge of itself, and it has focused on science as yet another 
element for making advances in cuisine. This line of action has encouraged, among 
many other factors, a creative revolution in cooking, which has become especially 
important in recent years, and here Catalan cuisine has played a predominant role in 
culinary research and innovation, managing to consolidate its international reputation. 
Obviously, the cookery of this country does not restrict itself to creative cuisine only – 
traditional cooking also needs the support of scientific knowledge in order to 
understand and thus better master its processes. Put simply, research and knowledge 
will help to produce and reproduce in the kitchen, with precision and delicacy, 
indispensable classics that form an essential part of our heritage. 
Moreover, the use made of cookery by science in order to explain scientific phenomena 
is a tool that may become crucial to spreading interest in science among the 
population. Some scientific phenomena are extraordinarily difficult to explain and 
cookery has shown itself to be an efficient vehicle for making them understood. 
When, in 2006, I presented a synthesis of my cookery, point number seven said: “As 
has happened throughout history in the majority of the stages of human evolution, the 
new technologies act as a support for the progress of cookery.” 
And the last point in the manifesto, number twenty-three, stated: “Knowledge and/or 
collaboration with experts in the different fields (gastronomic culture, history, industrial 
design, etc.) is of prime importance for the advancement of cookery. In particular, 
cooperation with the food industry and science has provided a fundamental boost. The 
sharing of knowledge among professional chefs has contributed to this development.” 
The degree honoris causa from the University of Barcelona, as proposed by the 
Chemistry Faculty, that I am so excited to receive; the recent books on science and 
cookery – for some of which I have had the privilege of writing the foreword; the 
University of Harvard’s proposal of organizing, jointly with Alícia, a Science and 
Cookery course. All these things demonstrate the reliability of this approach, 
increasingly understood as an element of progress. 
In this context, the Alícia Foundation has been working for some time now as a 
research centre devoted to technological innovation in cookery in order to bring about 
important improvements for our society, and on the educational side to arouse interest 
in science among the population. Arts Santa Mònica is a fantastic vehicle for 
establishing dialogue between disciplines in order to invigorate and spread the word 
about knowledge and culture. I am sure that now, with the exhibition “Condensed 
Matter. Cooking Science”, in its emblematic building in Les Rambles, it will make 
this encounter more intense for the benefit of everybody. 

Ferran  Adrià 
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Food is a sensory experience that is typically described in terms of smell, sight, touch, 
and taste. Importantly, these characteristics result from the physical and material 
properties of the food; deeper knowledge of such properties can thus enhance the 
ability of a chef to innovate in the kitchen. Here we describe how foods familiar to 
Catalan cuisine, such as Escudella i carn d'olla, Allioli, The Liquid Olive, and Culinary 
Foams, can be described within the framework of the science of soft matter including 
Fluids, Emulsions, Gels, and Foams. 
 
INTRODUCTION 
Food can be manipulated into diverse structures, each with its own touch and feel. This 
makes cooking a creative art replete with a plethora of tastes and textures: egg whites 
are whipped into an airy foam, oil and garlic are whirred into a smooth and creamy 
sauce, an alginate solution is crafted into tiny gel spheres. Like many other everyday 
materials such as soaps, gels, and creams, foods are soft materials that are easily 
deformed by very small forces, either by the squeeze of your fingers, or by the bite of 
your teeth: you can easily bite into a carrot, but imagine trying to bite the pan in which 
you cook it; the amount of force required to dent the pan is over one million times larger 
than that needed to chew a carrot. What is common to the architecture of such soft 
materials is that they consist of self-organizing structures which are larger than the 
atoms or molecules that make up the food. It is these intermediate or mesoscopic 
structures that give rise to the overall bulk properties of the material, and that make 
foods so easy to deform with such small forces, allowing us to both cook and eat them. 
For example, a large number of individual molecules assemble around an entrapped 
air bubble within a foam; the mechanical properties of the entire foam are determined 
by the nature of the interactions among these molecules as well as the size and 
stability of the bubbles. 
 
The unique structure of soft materials gives rise to a rich array of physical properties 
and behaviors that can be exploited by the creative chef. Take, for example, the 
fascinating properties of foams: a foam typically consists of gas and a liquid. A gas will 
spread throughout the room in which is contained, while a liquid will spread and flow on 
the floor on which it is spilled. However, when the gas is encapsulated in the liquid to 
make bubbles, the resultant foam neither spreads nor flows: It is a solid! Importantly, 
such physical properties contribute to the taste and texture of culinary creations. 
Therefore, deeper knowledge of food as soft materials can enhance the ability of a chef 
to innovate in the kitchen. For example, tuning the interactions between molecules in a 
particular food can help to tailor how foods change in response to external factors, 
such as temperature or chewing. Moreover, understanding the physical properties and 
behaviour of food enhances our knowledge of the science of soft materials. 
Herein we describe four classes of food common to Catalan cuisine, and use the 
science of soft materials to help better understand their properties. We discuss 
Escudella i carn d'olla and Fluids; Allioli and Emulsions; The Liquid Olive and Gels; and 
Culinary Foams. 
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EscudElla i carn d'olla & FLUIDS 
The base of the traditional Catalan stew, Escudella i carn d'olla, is made by slow-
cooking meats, bones, and animal parts together in a large pot. What makes such a 
rich stew or stock thick and unctuous? The resistance of a liquid to flow, or its viscosity, 
is central to the texture and mouthfeel of many types of foods and liquids. Different 
liquids have distinct viscosities; the more viscous a fluid, the slower it flows: For 
example, honey has a higher viscosity than olive oil. The viscosity of a fluid depends on 
the nature of the interactions among its constituent molecules. Changing the 
temperature can alter the viscosity; alternatively, specific classes of molecules can be 
added to change the viscosity independent of temperature. For example, molecules 
that consist of a large number of atoms are commonly added as thickeners as they 
interact with each other and increase the overall viscosity of a fluid. Such 
‘hydrocolloids’ include gelatin, agar, and xanthan gum. This effect helps to explain the 
richness and viscosity of a stew or stock prepared from animal bones and ear: the 
protein, gelatin, forms due to breakdown of the larger protein collagen, which is 
essential for the elastic properties of bone and other tissues, and is extracted from 
such animal parts during cooking. 
 
allioli & EMULSIONS 
Grinding small amounts of garlic into a paste and slowly adding olive oil makes the oil 
become a solid; this is called allioli and is an example of an emulsion. How can garlic 
transform liquid oil into a solid? While liquids are materials that flow, emulsions are 
mixtures of two fluids that in some cases behave as a solid. A common example is 
mayonnaise, a mixture of water, oil and egg, where tiny oil droplets are dispersed in 
water (Figure 1).  
The solidlike behavior of such emulsions is the result of the large number of interfaces 
between the drops that make up the emulsion; these interfaces are squeezed together, 
making the two liquids behave as a solid. While oil and water naturally want to separate 
from each other, oil can be mixed with water by shaking to form drops, as anyone who 
has mixed oil and vinegar to make salad dressing knows. However, these drops are 
not stable, and the oil quickly separates from the vinegar. To prevent the liquids 
from separating and make the emulsion stable, additional ingredients can be added: 
mustard can be used to stabilize a vinaigrette, whereas in mayonnaise it is the egg. 
Such ingredients contain molecules that accumulate at the boundary between the oil 
and water because they are amphiphilic: these molecules have both hydrophilic parts, 
which have an affinity for water, and hydrophobic parts, which have an affinity for oil 
(Figure 1). Amphiphilic molecules can act as surfactants or emulsifiers and are added 
to improve the emulsion’s stability and prevent phase separation on timescales of 
 

 
 
 
Figure 1. Emulsions. How garlic transforms liquid oil into a solid. left. This amphiphilic molecule 
has parts that have affinity to both water (hydrophilic) and oil (hydrophobic). Molecules with similar 
structures are found in garlic, such as those that comprise the membranes of individual cells. right. 
Surfactants or emulsifiers (amphiphilic molecules) organize themselves at the interface between oil 
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and water phases. Shown in this schematic illustration is an oil-inwater emulsion that consists of 
droplets of oil dispersed in water. The surfactants or emulsifiers help to stabilize the mixture of fluids 
that otherwise prefer to separate from each other. 
 
 
cooking and eating. Fortunately the cells that comprise living matter contain many 
excellent emulsifiers such as the lipids and amphiphilic proteins that comprise cell 
membranes, which provide a boundary between the cell and its exterior. Thus, ashing 
up the cells in a garlic clove releases emulsifying molecules that can stabilize the  
droplets of olive oil in water, yielding the creamy, garlicky allioli sauce. Similarly 
mustard seed and egg yolk contain large proportions of emulsifiers; for example, 
lecithin is a mixture of lipids found in egg yolk and can also be readily extracted from 
soy beans, making it a common food additive. Emulsions are ubiquitous in the chef’s 
palette, and in addition to allioli and mayonnaise, include a variety of sauces, butter, 
and milk. 
 
THE LIQUID OLIVE & GELS 
How can liquid be molded into the shape of an olive? The ability to shape liquid into 
tiny solid, spheres has heralded a new era of creativity in the culinary world, bringing us 
the liquid olive. This is spherification, pioneered by Ferran Adrià; it offers novel textures 
and flavors to the table in the form of gel particles. Underlying the creation of such 
small gel spheres on demand is the process of gelation, whereby individual molecules 
crosslink to each other resulting in a material that is largely water, but has solid  
characteristics. Alginate is a typical choice for spherification: in this case the individual 
molecules are polysaccharide chains derived from seaweed; the salt, calcium chloride, 
increases interactions between the individual molecules, and leads to gelation by 
crosslinking them together to form a network (Figure 2). The mechanical properties or 
stiffness of the gel can be tuned by adjusting the degree of interaction among the 
individual constituents by adjusting the salt concentration. 
Gels of various forms, shapes, and flavors, ranging from headcheese to Jello salads, 
have graced kitchens for centuries. While spherification uses a similar process of 
gelation, it relies on simple physical principles to mold small spherical particles: a liquid 
droplet naturally forms a sphere, the lowest energy shape which minimizes the amount 
of its surface area. 
Using the drop as a template, the alginate solution is immersed in a bath of calcium 
chloride, which initiates gelation; this results in the formation of gel particles whose size 
is determined by the size of the drop. Tuning the salt concentration generates gels of 
different stiffness; varying the time the sphere is left in the salt bath yields spheres with 
a stiffer gels. Moreover, fabrication can be controlled so that only the outer surface 
undergoes gelation, resulting in a sphere with a solid gel shell, but a liquid interior. 
 
 
The birth of such a liquid-core solid structure has gained fame as the liquid olive. While 
alginate is a common choice for spherification, proteins or even the casein in milk, the 
particles that make milk appear white, can crosslink to form a gel; gelation can be 
induced by temperature, pH, or changes in composition of individual molecules by 
enzymatic modification. 
 
THE CULINARY FOAM 
What makes a foam light and airy? A foam is gas entrapped in a solid or liquid matrix, 
and is central to the texture of myriad foods. Foams are ubiquitous in foods such as 
bread, mousse, beer, cappuccino, and whipped cream; culinary foams comprised of 
beet or licorice root were introduced into the gastronomy world by Adrià. Typical foams, 
such as whipped cream, consist largely of gas in an aqueous phase. The origin of the 
solid-like behaviour of a gas in a foam is the same as the origin of the solid-like 
behavior of a liquid in an emulsion: the gas in a foam is formed into bubbles, which are 
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squeezed together deforming their interfaces and making them solidlike. A major 
challenge in using foams in cooking is that they are not stable: their structure changes 
over time as density differences between the gas bubbles and the liquid in which they 
are suspended leads to drainage of liquid to the bottom of the foam. Moreover, the 
pressure within bubbles varies with their size: it is preferable to form larger bubbles, as 
smaller bubbles have higher pressures and therefore the smaller bubbles gradually 
shrink while the larger ones grow, leading to overall growth in the bubble size. 
 
 
 

 
 
Figure 2. Gels: How liquids can be molded into an olive. A solution of individual molecules (left) are 
linked together either by salt ions, or by chemical means, to form a network (right). The resultant 
gel largely consists of water, but has characteristics of a solid material. In the case of liquid olive 
spherification, alginate is the polymer typically used; the salt calcium chloride is used to crosslink 
the alginate to form a network. 
 
 
There are various approaches to stabilizing culinary foams. To hinder drainage, the 
liquid’s viscosity can be increased: adding molecules to the fluid to increase its 
viscosity (such as hydrocolloids or thickeners) can help to impart foam stability. Foam 
stability can also be achieved by solidifying the continuous phase: bread and 
meringues are good examples of how temperature can be used to create solid foams; 
mousse is a foam whose solid characteristics are imparted by gelation. 
 
THE FUTURE OF SOFT MATTER PHYSICS AND COOKING 
 
We show here how basic concepts of soft matter physics can be used to better 
understand the origins of the material properties of foods using dishes common to 
Catalan cuisine. There are two major motivations for a deeper understanding of the 
physics underlying the properties of foods: first, better knowledge of the physical 
properties of foods such as allioli and the liquid olive may help innovation of novel, 
creative approaches to cooking. Also, such knowledge enriches our understanding of 
the mechanical properties and behavior of soft materials. Such understanding is 
crucial for manipulating and (re)inventing foods and advancing the art of cooking. 
Partnership between scientists and chefs exploring the world of food as soft materials 
is bound to be an exciting and fruitful adventure.  
 

Amy Rowat i David Weitz 
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