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Not just froth and bubble! 
By Dr Evan Evans, TIAR, University of Tasmania, Hobart, Tasmania, Australia, 

and Prof Charlie Bamforth, UC Davis, California, USA 
 

The aesthetic of drinking beer is to an extent subliminal.  The presentation of the beer in the glass in 

terms of its foam head, clarity/brilliance and colour conjure Pavlovian anticipation for the 

perceptive drinker. There is no disputing the logic that “a beer drinker drinks as much with his or 

her eyes as with their mouth”.[3] 
 

 

That foam is perhaps one of the most appealing 

beer qualities is perhaps not surprising since the 

foam acts as an efficient gas exchange surface 

pitching aromas towards the drinkers olfactory 

sensors. [7]  As such, it provides a drinker’s first 

tantalizing entrée as to the quality of the beer’s 

flavour, freshness, refreshingness and 

wholesomeness.  Foam is also tactile to the lips 

and impacts mouthfeel through its stability and 

its structure (bubble size).  In part, this 

experience is modulated by the degassing of the 

beer in the mouth, which in turn is a function of 

beer carbonation or nitrogenation ([24], Figure 

1). 
 

Some may counter, “most beer is drunk from a 

bottle”.  Well, yes it is, and beer bottles are often 

attractive and convenient in their own right, 

although the drinker is largely missing out on the 

flavour cues extolled above.  Bottles being glass 

Nitrogenated                    Carbonated 
 

Figure 1: Comparison of the small bubble size 

from nitrogenated foam vs the coarser bubble 

formed with carbonated beer. 

 

are not opaque, particularly with the current fashion for clear and green varieties, so that they allow 

the drinker to clearly view foam formed as a result of the drinking action.  In Belgium in particular, 

with branding of glassware, glass shape and material,[7] the glass has become an art form that 

almost supplants the bottle. Lastly, in attempting to compare beer with wine, in at least more up 

market settings, it would certainly be considered to be passé or uncouth to drink wine from the 

bottle! 
 

No brewer can afford to have their carefully crafted company or brand image downgraded by poor 

customer experiences.  Given that the budget line for most brewers in the traditional beer countries 

is being expanded primarily by the provision of high margin premium beers, drinkers are perhaps 

more likely to pour the contents of the bottle in to a glass to saviour the benefits outlined above.  If 

not from direct experience, “alpha-beer drinkers” who do pour their beer into a glass or customers 

who have purchased their beer dispensed off tap (draught) may prejudice their colleagues brand 

perception based on perceived excellent or poor experiences.  Thus insurance of an excellent 

experience for these influential drinkers and occasions is paramount in maintaining brand appeal. 
 

But what are the features of good foam quality?  Typically, this is defined by a combination of its 

stability, quantity, lacing (glass adhesion or cling), whiteness, “creaminess” (small homo-disperse 

bubbles) and strength. Here “beauty” is definitely in the eye of the beholder as consumers 

discriminate between beers based on their foam characteristics.  These choices have been found to 

diverge between genders, race or even region.[1, 22]  Again, Bamforth [1] concludes that “there is a 

divide between consumers who like to see stable (but not excessive) head or foam but a clean glass 

at the end of drinking and those who favour a lacing pattern on the glass”.  More recently, it was 



demonstrated that men generally rate foam lacing higher than women.[21]  This quandary can 

perhaps be simply outlined pictorially as shown in Figure 2. 
 

   
Beer drinker 1 (a Belgian?): 

“Lively beer with good head” “Flat beer” “Great lacing, top beer!” 

   
Beer drinker 2 (a Londoner?): 

“Ripped off, foam is not beer!” “That is more like it, a full 

measure of beer” 

“A dirty glass” 

   
Beer drinker 3 (a Lady?) 

“Will this foam stick to my lip 

and wreck my make-up?” 

“Not very lively and 

appealing beer” 

“This glass has not been properly 

cleaned before filling” 
 

Figure 2:  The perceptions of three different drinkers of beer foam quality 
 

The basis of foam stability is agreed to be the result of the interaction between proteins contributed 

by malt and hop--acids.  The proteins identified include protein Z4, LTP1 (lipid transfer protein 1) 

and other protein species.  Australian varieties such as Gairdner and the new varieties Flagship and 

Baudin have high levels of protein Z4 compared to older varieties such as Schooner and Stirling.  

For LTP1 however no genetic association has yet been found.[8]   

 

Isomerised hop--acids, which provide the bitter taste of beer, have been demonstrated to be foam 

promoting, especially in their hydrogenated forms such as “Tetra” hop.[10]  This improvement 

extends to the to the amount of lacing as demonstrated in Figure 3.  Exclusive use of tetra hop in the 

lacing index test produces a lace that is highly adherent to the glass, so much so that the foam 

adheres from the top point of foaming and then at the subsequent “sip” points in the test (Figure 3 

left).  This provides a “curtain-like” lacing effect on the glass.  Even a relatively small proportion of 

tetra hop with respect to isomerised hop is sufficient to provide this adherence although there the 

curtain effect is less pronounced and associated with a lower lacing index, thus providing distinct 

lacing rings down the side of the glass (Figure 3, centre).  Finally, when only isomerised hop is 

used there is a distinct “slippage” of the foam adherence from the sipping point (Figure 3, right).  

As such, hop selection provides a useful means for brewers to tailor their beer brands to their 

customers preferences.  In this, brewers in their beverage development and market targeting need to 

keep in mind that male drinkers typically appreciate lacing more than do female drinkers.  

However, these foams can look dry or even unnatural in appearance, particularly after collapse of 

excessively foamed beer (Figure 4).[8]  The tetra hop form was primarily developed to provide 

“light struck” stability (sulphury aroma) for beers packaged in less protecting but attractive 

clear/green glass bottles. 

 



 
“Tetra” hopped beer 

(11 BU “tetra”) 

Iso - “tetra” hopped beer 

(23 BU, ~5 BU “tetra”) 

Iso-hopped beer 

(41 BU) 

Figure 3: Pictures of the lacing index test glass at the completion of the test using commercial beers 

hopped in a variety of ways.  The arrows indicate the “sip” marks on the glass.  

  
Cylinder pour test of tetra hopped beer 

showing: “whipped egg-white, ice-

bergs” of powdery lace and foam. 

Cylinder pour test of an iso-hopped beer: at 

the beginning and completion of test. 

Figure 4: Comparison of the impact of hop form in the Cylinder pour test. 



Other strategies for promoting foam stability involve the 

use of extraneous devices added to the package or included 

in the glass.  The most technically simple is the use of 

nucleated glassware such as the “headkeeper’ style[18] 

that can be found in many Australian pubs, which 

improves foam stability by promoting bubble nucleation, 

hence foam replenishment. 
 

While most beers are naturally and conventionally 

carbonated, the use of a portion of nitrogen gas has been 

shown to substantially improve foam stability.  In part the 

benefit of nitrogen is that it has a lower partial pressure 

compared to CO2, which results in the production of 

smaller bubbles ([6, 11], Figure 1).  However, this physical 

characteristic of nitrogen makes the formation of bubbles 

less likely than with CO2.  Therefore nitrogen is typically 

used in conjunction with widgets (in-package foam 

generating device) or as “bar gas” (typically 25% nitrogen, 

75% CO2) for the draught dispense of beer via the delivery 

orifice that ensures the proper level of bubble formation.  

The smaller nitrogenated bubbles are also more stable 

because nitrogen has a lower aqueous solubility compared 

to CO2, leading to less gas diffusion, an inhibition of 

bubble coalescence and subsequent collapse.[2, 6, 16]  The 

addition of nitrogen into the beer also changes the foams 

mouthfeel to a “creamy” texture, however the lower CO2 

content leads to beer with less “prickle” (acidic and bubble 

collapse) on the palate[6] making the beer taste flat and 

watery.  Other investigations have found that in comparing 

blind-folded with sighted judging of conventionally 

carbonated beers the visual impact of the foam head on a 

glass of beer is more important than the tactile impact on 

beer flavor and mouth feel.[14].  Consequently, the 

acceptability of nitrogen as a palliative option will depend 

on the beer style and consumer preferences. 
 

The use of the widget is relatively widespread in some 

styles of beer.  It is either attached to the base of the 

package or floats within it (Figure 5, top). These 

characteristics reduce the appeal of the widget in the more 

desirable marketing vehicle, namely the bottle, presumably 

because the sight of a widget floating or attached to the 

bottom of a bottle is somewhat disconcerting for the 

consumer.  In cans, the widget can be commonly found in 

the less carbonated stout and bitter ale style beers of the 

United Kingdom,[4, 5] such as in cans of Guinness, 

Boddingtons ale or Newcastle Brown ale, but has not 

found acceptance in other regions or beer styles.  The 

widget, combined with the inclusion of nitrogen gas was 

designed to emulate the draught style UK pub presentation 

in small pack.  Widgets work as nitrogen foam nucleating 

devices.  In some cases the widget can also form bubbles 

from its nucleated surfaces. The widget also provides a  

 

Figure 5: Top: A selection of foam 

generating widgets.  Middle: Small 

amount of fob formed at the opening 

of widgeted can (ie Guinness). 

Bottom: Initial pour of widgeted can 

providing the theatre of numerous 

small bubbles rising to form head. 



degree of theatre on package opening with a characteristic rumble of the gas being released through 

the widget vent to produce a slight fob at the package opening (Figure 5, middle) and pour 

associated with the rise of a multitude of tiny bubbles (Figure 5, bottom) to a creamy head. A wide 

range of widget designs have been developed.[4, 5]  The more modern floating widgets (spherical), 

produce the foam in the ideal place, at the top of the beer.  The reliance on nitrogen links the widget 

to both the benefits and disadvantages of nitrogenated foam as described above.  The main 

downside of widgets is that they are considered by the industry to be expensive both in terms of 

capital and consumable costs. 
 

Certain additions can result in the improvement of foam.  The most widely use is propylene glycol 

alginate (PGA).[12, 17]  These authors conclude that PGA primarily protects against the deleterious 

impacts of lipids. The addition of PGA is reputed to increase foam stability by around 5-10% and 

many brewers rely on it to provide satisfactory foam quality for some of their products.[9]  It is also 

likely that it acts as a foam stabilising agent in its own right. In this regard, the foam stability results 

reported by Lusk et al.,[15] showed that PGA could also compensate for the loss of protein due to 

papain treatment.  These authors also suggested that the presence PGA could contribute to foam 

density.   Similarly, patented exogenous lipid binding proteins vectored via yeast[13] could be 

added to beer to mop up foam damaging lipids.  These preparations are/likely to be effective at 

removing lipids from beer given time (~24+ hrs) for them to bind the lipids.[20]  As a consequence 

of this time-dependence, such remedies will not be effective in binding foam destroying lipids that 

enter beer at dispense or from the consumer (ie lips, lipstick, crisps or chips).  There are however, 

some undesirable consequences for adding PGA in that it may be perceived as a “foreign chemical” 

by consumers, is expensive costing around U.S.$6/t of malt to add to beer, and has the disadvantage 

of promoting the formation of undesirable storage haze.[9] 
 

The last critical point in providing the consumer with the desired foam quality is dispensing the 

beer into its serving container, typically but not always glass.  At this stage there are factors that are 

not always controllable by the brewer such as when they do not own the retail outlet or even more 

problematic, dispense by the consumer into glasses that may not have been suitably cleaned.  With 

these challenges the brewers only recourse is to use concerted and well-targeted education 

campaigns.  The necessity for proper cleaning procedures for draught dispense has long been 

known and its tenets are well summarised by Ross[19] who also stated the obvious truism that 

“cleanliness is next to Godliness when it comes to dispensing beer”.  Such attention to ensure the 

proper cleaning and subsequent removal of detergent residue is not only necessary for good beer 

foam quality but flavour.  The more universal requirement, for all beer dispense practioners, is that 

the glass which receives beer is clean.  Recently, Stillman[23] with his “fit to fill” criteria of the 

glass being free rinsing, visually bright, odour free, disinfected and, cool and dry provided an 

exemplary discourse for all on how a glass should be cleaned. 
 

Foam quality, however, is not just about “quick” fixes such as the inclusion of widgets (Figure 3), 

ever greater levels of “tetra” hop, PGA or gas composition (inclusion of nitrogen) but attention to 

the beer making process.  Brewers also have a range of palliative options such as additives, gas 

composition, widgets and methods for dispense that can be used if suitable to the style of beer being 

produced.  The main game is to use these options to optimise the foam quality of their brands and to 

consistently meet the expectations of the consumers that the brewer is targeting. 
 

Extracted from the forthcoming book: 

Evans, D.E., and Bamforth, C.W., Beer foam: Achieving a suitable head, In Handbook of alcoholic 

beverages, Bamforth, C.W., Russell, I., and Stewart, G.G., Editors. Elsevier. ISBN 978-0-12-

669201-3, pp. In press,  2007. 
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