
Emulsion Physics!
An emulsion is a mixture of two or more liquids that are normally immiscible. 
In an emulsion, one liquid (the dispersed phase) is dispersed in the other (the 
continuous phase).!
!An emulsifier is a substance that stabilizes an emulsion by increasing its 
kinetic stability. One class of emulsifiers is known as "surface active agents", 
or surfactants. They consist of a hydrophilic head and hydrophobic tail!

•  Egg yolk – in which the main emulsifying agent is lecithin. In fact, lecithos 
is the Greek word for egg yolk.!

•  Mustard – where a variety of chemicals in the mucilage surrounding the 
seed hull act as emulsifiers!

•  Soy lecithin !
•  Pickering stabilization –particles stabilize the interface between the two 

liquids (Pickering emulsions)!

Micell! Liposom!



Emulsions in Food!
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•  Crema (foam) in espresso – coffee oil in water (brewed coffee), 
unstable emulsion!

•  Mayonnaise and Hollandaise sauce – these are oil-in-water 
emulsions that are stabilized with egg yolk lecithin, or with other 
types of food additives, such as sodium stearoyl lactylate!

•  Homogenized milk – an emulsion of milk fat in water and milk 
proteins!

•  Water-in-oil emulsions are less common in food but still exist:!
•  Butter – an emulsion of water in butterfat!
•  Vinaigrette – an emulsion of vegetable oil in vinegar. If this is 

prepared using only oil and vinegar (i.e. without an emulsifier), an 
unstable emulsion results!



How	  to	  make	  Tofu	  
Soya	  milk	  

highly	  charged	  micelles	  in	  water	  

adding	  salt	  -‐>	  reduce	  charge	  stabiliza<on	  -‐>	  
coagula<on	  of	  suspension	  

V(r) exp( r)∝ −κ



Egg Physics!
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Egg-white: mainly mixture of water (70%) and two proteins (12%), ovalbumim 
(denatures at 61°C) and conalbumim (85 °C)!
At room temperature egg white is clear and viscous, it becomes turbid when the 
first protein denatures. From 84 °C onwards it becomes more rigid, since then 
water gets released from the albumins.!
!
One can denature these proteins also with acid (vinegar, citric acid), since then 
the proteins become charged (polyelectrolytes) and extend.!
Also concentrated alcohol (larger than 60%) works!!
!
Egg-foam is produced by beating the egg-white: the proteins get denatured, 
simultaneously we mix air into the liquid. The denatured proteins stabilize the 
air-water interface!

Egg-yolk: emulsion of water, cholesterol (fat) and lecithin (emulsifier) Pictures From Ref. 1!



Aperol-Caviar!
Alginic acid, also called algin or alginate, is an anionic polysaccharide distributed widely in 
the cell walls of brown algae.!
Sodium alginate (E401) is the sodium salt of alginic acid. Its empirical formula is 
NaC6H7O6. Sodium alginate is a gum, extracted from the cell walls of brown algae.!
!
The Aperol-Alginate solution consists of many negatively charged alginic acid chains, wich 
are extended due to repulsion. This could be steered with addition of salt. !
!
Calcium lactate is a divalent salt (Ca2+) produced by the action of lactic acid on calcium 
carbonate. It is used in foods (as an ingredient in baking powder, E327). It is created by the 
reaction of lactic acid with calcium carbonate or calcium hydroxide. Cheese crystals usually 
consist of calcium lactate, especially those found on the outside, on younger cheese, and 
on Cheddar cheese.!

The Campari-Alginate gets 
physically crosslinked when being 
dipped into the Ca]2 solution, and 
we neeed to remove the drops 
after a short stabalization period.  
If we would leave the drop a long 
time inside then it would be 
crosslinked troughout!

Pictures from Ref 1.!



Sous-‐Vide	  (without	  air)	  

cooking	  =	  denaturiza<on	  of	  proteins	  (change	  of	  their	  structure)	  
sous	  vide:	  slowing	  down	  of	  denaturiza<on	  by	  low	  temperatures	  
	  
advantage:	  avoiding	  of	  crosslinking	  between	  proteins	  -‐>	  
tenderizing	  of	  meat	  

normal	  cooking:	  heat	  of	  
pan	  (180°C)	  is	  used	  to	  
overcome	  the	  poten<al	  
barrier	  between	  coiled	  
to	  denaturized	  state	  	  
-‐>	  fast	  denaturiza<on,	  
crosslinking	  

sous	  vide	  cooking	  at	  
60°C.	  Thermally	  
ac<vated	  process	  to	  
overcome	  residual	  
poten<al	  barrier	  	  
-‐>	  no	  crosslinking	  

Pictures	  from	  Ref	  1.	  



Where does the Meet Taste comes from?!
In 1912 the french chemist Louis-Camille Maillard published a 
paper trying to explain what happens when amino acids react with 
sugars at elevated temperatures. However, it was the chemist John 
E. Hodge (1953) that established a mechanism for the Maillard 
reaction: It results from a chemical reaction between an amino acid 
and a reducing sugar, usually requiring heat. The Maillard reaction 
generally only begins to occur above 140°C. It results in dark 
colors, but more importantly it adds different flavors!
!
Products with Maillard reactions!
!
•  caramel made from milk and sugar!
•  the browning of bread into toast!
•  the color of beer, chocolate, coffee, and maple syrup!
•  self-tanning products!
•  the flavor of roast meat!
•  the color of dried or condensed milk!



M.	  Denny,	  Froth!:	  the	  science	  of	  beer	  (JHU	  Press,	  2009).	  
	  



Bubble	  size	  of	  normal	  beer	  and	  Guinness	  

N2	  less	  soluble	  in	  water	  than	  CO2	  
→	  N2	  bubbles	  are	  smaller	  



How	  to	  get	  nitrogen	  into	  Guinness	  

Floa<ng	  widget	  creates	  N2	  bubbles	  	  

small	  hole	  



E.	  Benilov,	  C.	  Cummins,	  and	  W.	  Lee,	  Why	  do	  bubbles	  in	  
Guinness	  sink?,	  American	  Journal	  of	  Physics	  81,	  88	  (2013).	  
	  



few	  bubbles	  many	  bubbles	  

only	  works	  for	  N2	  bubbles,	  CO2	  
bubbles	  always	  go	  up	  since	  they	  are	  
larger	  !	  

bubbles	  entrained	  with	  liquid	  flow	  



Pint-‐glass	   An<	  Pint-‐glass	  

Deple<on	  of	  bubbles	  at	  edge	  of	  glass	  



Examples of crystals in Nature!
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Examples of Crystals in Food Products 

p. 3 Nestlé / Microprocess and Modelling -  H.J.  Limbach 10.04.2011 

1 www.baking911.com 
2 www.physicalgeography.net 
3 www.helsinki.fi/~serimaa 
4 Marangoni and McGauly 2003 
5 www.wikipedia.de 

Sugar1 
Ice2 

Fat4 

Starch3 

Salt5 



Frozen Tastes!

n  Herbs, olive oil taste different if put into liquid nitrogen 
which has a temparature of -196 C or 77 K.!

n  Olive oil: The olive oil freezes into something 
amorphous. We can chew it easily even in ist very cold 
state since the specific heat of oil is much less than 
water!

n  Herbs: Through the freezing the water inside the herbs 
freezes instantly and no large crystals can form. The 
texture is more rough and brittle. We have access to 
more surface area, and break easily the glassy herbs 
with gum and tongue for a richer taste!



Meringue with Holunder-Nitrobaisers!

n  2 Eggwhite!
n  1 Tablespoon Holunder!
n  Stick with a plastic spoon into liquid nitrogen!
n  Amorphous solidification of the eggwite proteins/

water content!
n  No large ice crystals can form (speed of 

crystallization)!



The Nature of Ice Cream!
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Case Study 2  

Ice Cream Microstructure 

Ice Cream is a 
• Foam 
• Ice crystal suspension 
• Polymer blend 
• Fat particle suspension 

p. 12 Nestlé / Microprocess and Modelling -  H.J.  Limbach 10.04.2011 

Phase Volume % Size [μm] 
Air 50 20 – 100 
Ice Crystals 25 10 – 50 
Non-frozen 20 ~ 20 
Fat particles 5 1 – 10 

Ice Cream is not in 
thermodynamic equilibrium 

• Coarsening of microstructure 
• Lactose crystallization 

Eisner et al. 2005 



Chocolate Icecream!
•  The culinary use of liquid nitrogen (-196 C or 77 K) was first 

mentioned in an 1890 recipe book titled Fancy Ices authored by Mrs. 
Agnes Marshall, but has been employed in more recent times by 
molecular gastronomy in the preparation of frozen desserts, such as 
ice cream. The rapidity of chilling leads to the formation of smaller ice 
crystals, which provides the dessert with a smoother textureand better 
taste. The smaller the crystals the better and morer creamy is the 
taste. Think about the differences of Icecream, Parfait, or Granita (in 
Italian also granita siciliana, is a semi-frozen dessert made from 
sugar, water and various flavorings)!

•  Commercial icecream contains the emulgator Lecithin (Egg yolk) to 
prevent the water from making to big ice crystals The ice is also 
produced under constant stirring to prevent to big crystals, and one 
adds air into the icecream to make it more foamy. !

•  Icecream is basically an emulsion of fat and water  (plus sugar and 
egg yolk as emulagator)!



Literature!

1.  T.A. Vilgis, Molekularküche: Das Kochbuch, Tre Torri 
Verlag, Wiesbaden, 2007!

2.  Icecream insight provided by H.J. Limbach, Nestle 
Cooperation, Lausanne!

19!


