The Physics of Foaming and Flow
Surface tension is the force that holds drops of liquid (such as water) together. The molecules in the liquid are attracted to one another, which drives the tendency to make the surface as small as possible. Therefore, drops are round. Anything that stresses a surface to become bigger (such as foaming) is in opposition to surface tension. As soon as the driving force is removed, surface tension restores the liquid to its original condition.

Viscosity is the resistance of liquids to flow. It is caused by friction between adjacent molecules in the liquid. If the molecules next to one another interact strongly, then viscosity is high. If they don't, then viscosity is low. Honey is a highly viscous liquid; water isn't.

The rate of disproportionation is also lower for gases of lower solubility. For instance, nitrogen is only sparingly soluble in water. Inclusion of just 20–50 mg of nitrogen gas per liter of beer leads to foam with very small bubbles, a foam that is therefore extremely creamy and stable.

Of course, when bubbles are formed in a liquid, the effect is to increase the surface area. This opposes the forces of surface tension, and for this reason pure liquids can't give stable foams. Materials must be present that are able to get into the bubble wall to stabilize it. In beer, the backbone material for bubbles is protein, which comes from the malt. In particular, it is those proteins that have a relatively high degree of “hydrophobicity” (waterhating character) that preferentially migrate into the head. There they encounter other substances with high hydrophobic character, notably the molecules from hops that give beer its bitterness (see hereafter). The interactions between the proteins and the bitter substances hold the bubbles together. This interaction is not spontaneous and proceeds over a period of minutes. As it happens, the texture of the foam changes from being liquid to almost solid, in which state foam can adhere to the glass surface, a phenomenon known as “lacing” or “cling.” The longer you delay slurping your beer, the greater the opportunity for the textural transition to occur and therefore the better the lacing.

Just as there are materials in beer that promote foam, there are other substances that interfere with it by getting in between the protein molecules and preventing them from interacting. These materials include ethanol (mentioned earlier) but are primarily lipids (which include fats), which, like the proteins, can originate from the malt. However, good brewing practice should ensure that very low levels of lipids survive in the beer. It is much more likely that these types of substance will get into the beer when it is in the glass and destroy the foam. Any grease or fats associated with food are bad [image: image1.wmf]Include your highlights 
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 for beer: if you eat potato chips, the oils associated with them easily kill foam. Lipstick, too, contains waxy substances that will pop bubbles, and the detergents and rinse aids used to wash glasses also tend to be foamnegative. When beer glasses are washed, the detergent must always be washed from the glasses using clean water and the glasses preferably allowed to dry by draining. If the glasses are wiped on a kitchen cloth, it must be a clean one.

Before leaving the topic of foam, we should remember that it isn't always good news. From time to time foaming occurs spontaneously when a can or bottle is opened. In extreme examples, as much as two-thirds of the contents spew forth in a wild and uncontrollable manner. Most people find this to be somewhat irritating. There may be several reasons for the phenomenon, which is called gushing. The first, of course, is that the package has been ill treated, dropped, or shaken. Brewers take great care when shipping beer to avoid unnecessary agitation of the beer. And provided a beer is given an hour or two to settle after being dropped or shaken, then the beer won't be wild when the can or bottle is opened.

Unfortunately, gushing is sometimes caused by substances that promote the phenomenon and that originated in the raw materials. Barley grown in wetter climates is susceptible to infection by a fungus called Fusarium. This produces a very small protein molecule that gets into malt and, from there, into beer, where it acts as a very active nucleation site for bubble formation. Another type of molecule, an oxidation product of hops that is found from time to time in certain preparations used to bitter beer, can act in the same way.
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