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125th Anniversary Review: The Non-Biological 
Instability of Beer 

Charles W. Bamforth* 

ABSTRACT 

J. Inst. Brew. 117(4), 488–497, 2011 

Unlike many alcoholic beverages beer is inherently unstable. In 
chemical (as opposed to microbiological) terms this instability 
can be considered – and is here reviewed – in the categories of 
colloidal instability, foam, gushing, flavour instability and light 
sensitivity 
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INTRODUCTION 
Beer is inherently unstable. Its properties change with 

time, either in a very short period such as during the 
drinking experience (e.g. foam collapse and the appear-
ance of light-struck character) and over rather longer peri-
ods (e.g. haze development and flavour deterioration). 

It is possible to classify beer instability into several 
types: 

Biological 
Physical (haze, turbidity) 
Foam 
Gushing 
Flavour 
Light-struck. 
Biological instability, viz. the growth of micro-organ-

isms in beer, is the subject of a separate 125th anniversary 
review. This paper reviews the current understanding of 
the other forms of instability. The author and others have 
provided reviews on haze9,87,145, foam43, flavour instabil-
ity12,13,15,16,154, gushing29,46,131 and light-struck40,150. The pre-
sent paper will highlight what the author perceives to be 
the most important facets of the literature in each case, 
with an emphasis on more recent findings which post-date 
earlier reviews. 

PHYSICAL INSTABILITY 
Also known as colloidal instability, we can sub-divide 

physical instability9 into the categories of 
Precipitates 
Bits 
Haze 
Invisible haze. 

Precipitates 

Precipitates tend to develop when beer is subjected to 
extremes of temperature. One early report was of a pre-
cipitate comprising β-glucan that arose in a high alcohol 
beer that had been inadvertently frozen48. This report 
highlights the importance of low temperature in driving 
materials from solution101. With the exception of possibili-
ties for freeze concentration and the less extreme “ice 
beer” technology, there is no practical opportunity to 
freeze beer in breweries to boost the removal from solu-
tion of colloidal materials (water swells when frozen and 
that would be undesirable if vessel integrity was to be 
maintained). Equally it is important that beer is not inad-
vertently frozen in transport and storage. Gjertsen’s re-
port48, however, also highlights that it is not only protein 
and polyphenol that must be considered when discussing 
colloidal instability of beer. 

At the other extreme, beer exposed to high tempera-
tures may also develop precipitates. One such example 
was an alcohol-free beer heated to temperatures exceeding 
50°C in a Middle Eastern market, developing a gelatinous 
precipitate as a result of the interaction between isinglass 
fining material and the foam stabilizer propylene glycol 
alginate9. 

Bits 
If not noticed in package (perhaps because much beer 

is in cans as opposed to bottles), precipitates are still a 
problem if beer is subsequently dispensed into glasses, 
because they will disintegrate into bits, discrete particles 
suspended in beer which otherwise has a “bright” back-
ground. 

Such bits are not always associated with precipitate 
formation and, indeed, may be very difficult to see clearly, 
which means that they do not always present an obvious 
problem as does distinct turbidity in a beer, which is ex-
pected to be bright. The surest way to detect bits is to fil-
ter the beer through a filter paper (perhaps a 3.2 cm di-
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ameter paper) and stain with methylene blue. The method 
can be semi-quantified by having comparison papers in 
which different quantities of bits have been stained. 

It is sometimes seen that bits are a problem associated 
with insolubilisation of additions made to beer (e.g. see 
above). Published examples include the famous case asso-
ciated with the demise of the Schlitz brewery and that of 
papain cross-reacting with PGA during pasteurisation. 
However materials endogenous to beer can also be prob-
lematic: Walters et al.160 reported the development of bits 
due to protein and pentosan that arose during the fobbing 
of beer inside packages as they were shipped around the 
globe. This illustrates a second truism: that agitation of 
beer exacerbates clarity problems. 

Haze 

“Haze proper”, namely that which delivers a uniform 
lack of clarity to a beer, can arise from a number of mate-
rials (in addition to the growth of living organisms): 
starch88, pentosans36, oxalic acid51 and of course protein-
polyphenol complexes. Less common causes reported 
have been can lid lubricants130 and dead bacteria mainly 
from malt7,157. Haze is customarily divided into “chill 
haze”, which develops when beer is chilled to 0°C, but 
returns into solution when the beer is warmed to 20°C, 
and “permanent haze”, which is present in beer at all 
practical temperatures. The extent to which visible haze is 
detectable by consumers and how significant it is concern-
ing their preference has been investigated32,132. 

Invisible haze 

Sometimes called “pseudo hazes”74, these are due to 
very small particles (<0.1 µm) that cause high levels of 
light scatter when haze is measured at 90° to incident. 
Identified causes include tiny particles originating in un-
modified regions of the starchy endosperm of barley74, 
retrograded starch163 and polysaccharides sloughed off the 
surface of yeast cells89. 

Proteins, polyphenols and colloidal instability 

Outtrup et al.112,113 highlighted that the most pertinent 
polypeptides in beer with regard to colloidal instability 
are those rich in proline and glutamine and which origi-
nate in the hordein fraction of barley. Outtrup also empha-
sized the importance of hydrophobic amino acid residues 
with regard to the growth of haze particles and it should 
be emphasised that there can be no absolute distinction 
between haze-potentiating and foaming polypeptides, the 
latter being noted for their hydrophobic character (see 
later). Ishibashi et al.71 used immunological techniques to 
show that antibodies raised against haze reacted with pro-
teins classified as haze polypeptides, but also those 
claimed to be foam-stabilizing. 

Monomeric polyphenols, such as catechin, become 
haze-potentiating when they are polymerized through 
oxidation98,111. McMurrough et al.97 suggest that dimers 
represent the most potent entities. 

Siebert and Lynn134,136 presented a model to explain the 
interaction of dimeric polyphenols and proline-rich poly-
peptides in the production of chill haze and noted that pH 
has a significant impact on these interactions133. 

Enhancing the colloidal shelf life of beer 

The whole of the malting and brewing processes can 
be thought of as an exercise in diminishing the levels of 
materials in beer that will tend to come out of solution as 
hazes, bits and/or precipitates. Certainly adequate and 
homogenous malt modification is important if the risk of 
β-glucan-derived turbidity is to be minimized8. This can 
be augmented by the use of low temperature mashing-in 
protocols and possibly the use of exogenous enzymes, 
with combinations of β-glucanases and xylanases being 
especially efficacious127. Adequate calcium to eliminate 
oxalate problems is important27. Two critical stages for the 
removal of colloidally sensitive materials are a vigorous 
rolling boil7 and cold conditioning101. Downstream, sensi-
tive protein can be removed by silica preparations96, tan-
nic acid105, papain42 and prolyl endoproteinase91. Reduced 
input of haze-promoting polyphenols can be achieved by 
the use of low proanthocyanidin barleys117, alkaline steep-
ing of grain38 or even dehusked grain73. Hop extracts are 
devoid of polyphenols64. Downstream, polyphenols may 
be removed by polyvinylpolypyrrolidone109. 

Predicting the colloidal shelf life of beer 

A diversity of methods have been proposed and used in 
an attempt to forecast the physical shelf life of beer. They 
can be divided into methods that (a) measure specific haze 
components (b) “force” the beer, thereby accelerating the 
development of haze (and other elements of colloidal in-
stability notably precipitates and/or bits). Clearly the first 
type of method has serious inadequacies if only one or a 
relatively few are performed. For example, one method 
may not reveal a beer to have a worrisome level of haze-
forming protein – but that says nothing about its content 
of polysaccharides, oxalate and so on. For this reason, 
some brewers have based their predictive techniques on a 
combination of a pair of such methods, e.g. measurements 
of protein and polyphenol, but even that may be inade-
quate. 

The second type of method is more reasonable, as (de-
pending on its precise nature) it should assess the ten-
dency of all colloidally-sensitive materials to “drop” out 
of solution. These methods can be divided into those that 
challenge the beer by extremes of heat or by hot-cold cy-
cling and those that involve adding an agent (notably alco-
hol) that, allied to extreme chilling, will lead to any mate-
rial that has a tendency to leave solution so to do. 

In terms of the former type of method we can include: 
i) for protein: the saturated ammonium sulphate pre-

cipitation limit (SASPL) test and the tannic acid 
precipitation test23,26,128 

ii) for polyphenol: the colorimetric determination of 
total polyphenol, titration with polyvinylpyrollidone 
(PVP) and high performance liquid chromatogra-
phy135. 

Amongst the forcing tests108 are: 
i) The European Brewery Convention (1963 method) 

in which beer is held at 60°C for 7 days then cooled 
to 0°C for 24 hours and the haze measured. 

ii) The Harp method in which the beer is stored for 4 
weeks at 37°C followed by 8 hours at 0°C and the 
haze measured. 
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iii) Various cycling methods, such as the one that holds 
beer for 24 hours at 37°C then for 24 hours at 0°C, 
this supposedly representing the equivalent of one 
month of storage at non-extreme ambient tempera-
tures. 

Perhaps of rather more value are tests in which col-
loidally sensitive materials are forced out of solution. The 
most famous of these is the Chapon test30, in which a sam-
ple of beer is chilled to –8°C without freezing (added 
alcohol prevents freezing) and left for 8 hours before the 
chill haze is measured. This type of test is especially valu-
able because any material that displays a tendency to fall 
out of solution is likely to be detected in this test, which 
combines the very low temperature and the added precipi-
tant (ethanol). 

FOAM STABILITY 
Aesthetics of foam 

Most beer drinkers are inclined to prefer beer display-
ing stable foam11, although there are national and regional 
differences140,141 and a possible gender distinction with 
regard to the preference for seeing foam adhering to the 
side of the glass (cling, lacing)121. 

Foam physics 

The achievement of stable foam on beer is dependent 
upon an understanding and application of best practice 
founded upon physics and chemistry. 

Beers are supersaturated solutions of carbon dioxide, 
but nonetheless foam formation is dependent upon nuclea-
tion phenomena occurring95, which will occur if there are 
particles in beer or scratches on the glass118, but which can 
be induced by vigorous dispense, the use of glasses fea-
turing nucleation sites and in-package devices such as the 
widget86. As foams comprising small bubbles tend to be 
more stable, efforts to generate small diameter bubbles in 
these nucleation events are important14. 

The production of foam represents a huge increase in 
surface area, which is counter to the force of surface ten-
sion120. That this collapse is delayed in beer is due to the 
presence of surface active molecules (see later) that enter 
into the bubble wall and form a framework that holds it 
together. Some of these molecules will also have a ten-
dency to retard the drainage of liquid beer from the foam, 
which also contributes to the longevity of the head. 

The most important physical event leading to foam de-
cay is the collapse of bubbles, due to coalescence and 
(much more importantly) through disproportionation120. 
This is the passage of gas from a small bubble to a larger 
bubble, leading to the collapse of the former and the in-
crease in size of the latter to unappealing proportions. 
This is the primary reason why a uniform distribution of 
small bubbles is desirable for enhanced foam stability. 

Disproportionation is described by the DeVries equa-
tion 

rt
2 = ro

2 – 
θ P

 γRTDS4
 t 

where rt = the bubble radius at time t 
ro = bubble radius at the start 
R = the gas constant (8.3 J K–1 mol–1) 

T = absolute temperature (°K) 
D = the gas diffusion coefficient (m2 s–1) 
S = the solubility of the gas (mol m–3 Pa–1) 
 = the surface tension 
t = time (s) 
P = pressure 
 = the film thickness between bubbles 
This explains the enormous benefits that nitrogen gas 

(much less soluble than carbon dioxide) has for beer foam 
stability10,14,28,104, remembering that nitrogen adversely 
impacts the flavour of many beers63. 

Foam chemistry 

The huge increase in surface area that occurs when 
beer foams is in direct opposition to the force of surface 
tension, which drives water to occupy the lowest possible 
area for a given volume. Stable foam therefore depends 
upon the presence of surface active molecules that enter 
into the head to form a matrix that counters collapse. 

Principal amongst these molecules are the polypeptides 
derived from grain6, 146 and the bitter acids from hops24. In 
each case a principal feature that drives the molecules into 
the foam and which contributes to the stabilizing reactions 
is hydrophobicity, such that the more hydrophobic the 
protein138 or iso-α-acid, the greater is its contribution to 
foaming. In the instance of the bitter acids, this means that 
the reduced iso-acids, tetra and hexa, afford extremely 
stable, albeit coarse, heads43. Minor hop resin components 
may also be important139. 

Of the hydrophobic polypeptides, the most studied 
have been Protein Z66,78 and Lipid Transfer Protein 1 
(LTP1)142. The importance of hydrophobicity was espe-
cially highlighted in the latter instance by the observation 
that LTP1 is not especially foam active when isolated 
from grain, but that its foaming abilities are greatly 
boosted by boiling, with the attendant denaturation and 
exposure of the hydrophobic interior22. In terms of protein 
Z, it seems that the Z4 component correlated with 
improved foam performance, whereas the reverse was 
observed for protein Z765. It has been suggested that 
protein Z and an α-amylase inhibitor correlate positively 
with foam whereas yeast-derived thioredoxin was 
possibly foam negative66,107. 

The foam stability due to proteins reflects a balance 
between the respective levels of polypeptides derived 
from hordein and the albuminoid polypeptides Z and 
LTP117. The former may have an enhanced tendency to 
enter into the bubble wall but, once there, they are not as 
foam-stabilizing as the albumins. Picariello et al.116 used 
immunological approaches to confirm that hordein- and 
albumin-derived polypeptides can be found in foam. 
Wang et al.161 confirmed that barley hordeins have good 
foaming capacity. It is also understood that proteins asso-
ciated with carbohydrates are important for foaming24,115. 
Carbohydrate moieties attached to polypeptides lower the 
extent to which foaming polypeptides such as LTP are lost 
through the brewing process85. 

Polypeptides derived from wheat appear to have supe-
rior physicochemical properties as pertains to foaming79. 
It has long been recognized experientially that the inclu-
sion of wheat in the grist benefits foam, and it is further 
claimed that mashing at increased temperatures72 and 
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lower pH57 is to the advantage of foam stability. Equally, 
it is understood that high gravity brewing is detrimental to 
foam stability35, in part due to stress on the yeast causing 
the release of damaging proteolytic enzymes. 

Other positive contributors to foam stability include 
Maillard reaction products93, divalent metal ions such as 
zinc121 and added foam stabilizers, notably propylene gly-
col alginate76. 

Nonetheless, it has been proposed that the majority of 
foam problems in the trade are not a consequence of a 
shortage of foam-positive materials, but rather the pres-
ence of foam negatives (inhibitors) such as lipids and de-
tergents in inadequately cleaned glassware10. It has been 
proposed that it is generally the case that beers contain 
adequate foam-positive entities and deficiencies in the 
beer per se are more likely to reflect the presence of foam-
negative substances83. 

Measuring foam stability 
No single quantitative procedure can quantify all foam 

attributes. 
Foam stability (head retention) historically has been 

measured by drainage methods based on a simple glass 
apparatus2,34,122. 

The method developed by Klopper82 and marketed as 
instruments under the NIBEM trade name measures foam 
decay based on conductivity detection, while other com-
mercial instruments photometrically measure drainage4,19,119. 
Good correlations were observed between the values de-
termined by diverse methods158. 

Simplest of all are the methods based on shaking80, 
whilst at the other extreme of complexity are those em-
ploying video imaging44 and scanning electron micros-
copy58 to assess parameters such as bubble-size distribu-
tion. 

Lacing can be assessed by gauging surface coverage of 
foam photometrically84 or by the lacing index procedure, 
where laced foam is collected and quantified by ultra vio-
let light absorption75. 

Comparison of beers for their ability to generate foam 
is possible using a nucleation method95. 

GUSHING 
Despite it being a supersaturated solution of carbon di-

oxide, beer does not spontaneously erupt into foam unless 
there is a nucleation phenomenon at play. If a powerful 
nucleation centre is present in beer, then this can lead to 
an unwanted immediate foaming once a container is 
broached49. Most prominent amongst these gushing pro-
moters is the intensely hydrophobic polypeptide hydro-
phobin165, sourced from fungi such as Fusarium that can 
contaminate grain144. In recent times, lactic acid bacteria 
have been deliberately seeded into malt houses to over-
come the growth of Fusarium92. Other gushing potentia-
tors include hop resin degradation products1, oxalate129, 
filter aid breakthrough81, metal ions52, tensides47, uneven 
carbonation164 and of course agitation. 

FLAVOUR INSTABILITY 
Probably the most challenging quality problem that re-

mains for brewers is the achievement of flavour stability. 

However, debate often centres on whether this is more of 
an issue for the brewer than it is for the consumer. It was 
found that brand identity has a major impact on selection 
preferences, apparently rising above the extent to which a 
given beer displays aged character147. Others have shown 
that imported beers tend to be preferred to domestic ones, 
the selection being clearly made on a perceived superior-
ity of such beers, despite the fact that those very beers 
display aged characteristics deplored by brewers53. It truly 
could be argued that a consumer can see quite clearly, for 
instance, whether a beer is “bright” or whether it displays 
inadequate foam performance, but aromas that profes-
sional brewers often regard as unacceptable might be pre-
ferred or, at the least, ignored by drinkers. 

Assuming, though, that the goal of every brewer 
should be to minimize flavour change in a product, the 
challenge is manifest. It can be fairly argued that any 
change in aroma or taste represents flavour instability15. 
As there are literally hundreds of molecules in beer that 
might change in level in amounts at or above their flavour 
threshold, it is a far more complex problem than, say, en-
suring that the relatively limited number of colloidally-
unstable molecules are depleted. Indeed, the flavour 
thresholds of many substances in beer are remarkably low, 
for example E-2-nonenal has a flavour threshold of ap-
proximately 0.1 ppb. 

For this reason it is a more logical approach to adopt 
procedures which minimize changes in the level of all 
flavour active molecules in beer12. Such generic ap-
proaches fundamentally are reduced to eliminating oxy-
gen and its reactive variants, reducing temperature and 
incorporation (where permitted) of antioxidants and bind-
ing agents, of which sulphur dioxide is the most promi-
nent67,68. 

Temperature has a huge impact on the flavour stability 
of beer and it has been stressed that for every 10°C in-
crease in temperature, then the rate of chemical reactions 
leading to flavour change in beer is increased between 
two to three times12. 

Before discussing these changes, it is also important 
to draw attention to the difficulty of drawing firm con-
clusions from much of the extant literature. As high-
lighted by Meilgaard100, the number of sensory studies in 
this field that pass critical examination are few indeed. 
Furthermore, many of the studies reported on flavour 
stability assess differences between trial and control 
brews on the basis of intensity of aged notes. Whilst this 
is not unimportant, far more relevant is measuring the 
time taken for the first appearance of a flavour change, 
whether the loss of a note or the appearance of a note12. 
This is common sense: for a phenomenon that we talk 
about in terms of time (“what is this beer’s shelf life?”), 
we should surely quantify it primarily on the basis of 
units of time. 

Too often, attention is paid to relatively few flavour 
notes associated with ageing and, of these, cardboard or 
wet paper is the most frequently cited. This is hopelessly 
limiting, all the more so when the only chemical entity 
cited is E-2-nonenal. Whilst important in ageing (although 
not always155), E-2-nonenal is just one of numerous 
chemical species that must be considered (see154 for a 
comprehensive list). Saison et al.125 have narrowed the list 
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somewhat, suggesting that cardboard flavour was primar-
ily linked to (E)-2-nonenal. They also confirmed that me-
thional, 3-methylbutanal, 2-furfuryl ethyl ether, β-damas-
cenone and acetaldehyde are key contributors to aged 
flavour, with (E,E)-2,4-decadienal, phenylacetaldehyde, 
2-methylpropanal, diacetyl and 5-hydroxymethyfurfural 
having somewhat lesser roles. It was stressed by 
Vanderhaegen et al.153 that different beers age in different 
ways and that the importance of separate chemical reac-
tions in this context changes, for example from pale lager 
beers to those containing specialty malts. 

Perhaps too many conclusions regarding factors that 
impact flavour stability have been made on the basis of 
chemical or physical measurements rather than on or-
ganoleptic analysis, which is perforce the ultimate gauge 
of whether a process ingredient or stage has an impact on 
flavour. Prominent amongst these analytical procedures is 
the use of electron spin resonance spectroscopy (ESR)152. 
One interesting recent development is the peroxide chal-
lenge test, which gauges a beer’s ability to quench hydro-
gen peroxide102. The greater this capability, the greater the 
flavour stability as gauged both by ESR and organolepti-
cally. 

There is no questioning that oxygen levels in packaged 
beer should be as low as possible if elongated shelf lives 
are to be achieved. It is now recognized that air can leak 
into bottles at the crown cork-neck interface62, driving 
some brewers to revert to pry off crown corks and to in-
vesting in oxygen-scavenging crown corks151. Neverthe-
less, it is clear that beer in a can does not suffer from air 
ingress and neither does a can allow light to encroach. 
Perhaps the worst small pack medium remains plastic 
bottles, despite recent developments in materials whereby 
air ingress through the container wall is now less than in 
earlier plastic formulations59. 

The debate has centred for some years now on the ex-
tent to which oxygen exposure earlier in the process is 
detrimental to flavour stability. Some believe that oxygen 
ingress throughout brewing is important whereas others 
have concluded that air uptake upstream of the fermenter 
is an irrelevance110. 

Those advocating minimum oxygen ingress in the 
brewhouse invoke inter alia the enzyme lipoxygenase as 
being a primary catalyst for the oxidation of unsaturated 
fatty acids, eventually leading to the production of unsatu-
rated carbonyl compounds (such as E-2-nonenal) with 
their pronounced cardboard flavours156. Barleys devoid of 
the capability of making this enzyme have been bred137 
and claimed to benefit shelf life61. 

It has been observed, however, that even in the absence 
of lipoxygenase, unsaturated fatty acids can be degraded 
through the action of reactive oxygen species20. Oxygen 
activation is effected by metal ions, notable iron and cop-
per18, although it has recently been suggested that manga-
nese, derived from malt, may be at least as relevant168. 
Irrespective of whether oxidation of unsaturated fatty ac-
ids is enzyme-driven or non-enzymic, the minimization of 
oxygen levels in the mash would be beneficial. Notwith-
standing, it stands repeating that there is no unequivocal 
published data that establishes absolutely that efforts to 
lessen oxygen uptake in the brewhouse benefit the flavour 
life of beer12. 

The importance of yeast for its ability to produce SO2
67 

and also its predilection to reduce the carbonyl substances 
responsible for aged character114 has been stressed re-
cently123,124,126. Saison et al.123,124,126 found that volatile al-
dehydes were removed almost entirely by yeast in fer-
mentation, again drawing into doubt the significance of 
upstream oxidation from a perspective of flavour instabil-
ity. It has been stressed that there is no advantage in oxy-
genating yeast directly to avoid aerating wort prior to 
pitching – the short contact times of oxygen with wort are 
insignificant41. Others have drawn the opposite conclu-
sion99. Maillard reaction products inhibit lipoxygenase143. 

Apart from unsaturated fatty acids, other potential pre-
cursors of aged character in beer include iso-α-acids56, 
higher alcohols54 and amino acids through the Strecker 
degradation55. It has been suggested that the last of these 
primarily occurs in wort production, and that lower thermal 
loads would lessen its occurrence149. Cortes et al.37 sug-
gest that organic radicals, produced during roasting of 
specialty malts, provoke increased oxidation in mashing 
and more radical production during boiling. In turn this 
leads to reduced antioxidant and sulphur dioxide levels in 
the finished beer. This study seemingly contradicts other 
studies that suggest that Maillard reaction products are 
important antioxidants31, 69. 

Apart from leading to aldehydes that contribute to pa-
pery character, the degradation of the bitter acids can lead 
to the development of lingering harsh bitterness70. Trans 
isomers are less stable than cis isomers39. The α-acids and 
β-acids are more potent radical quenchers than are the iso-
α-acids and polyphenols166. Aldol condensation interac-
tions between different carbonyl compounds can lead to 
different carbonyl substances55. 

Sulphur dioxide undoubtedly provides a substantial 
opportunity to enhance the shelf life of beer, either as 
an antioxidant per se3 or through its ability to bind the 
unsaturated carbonyl compounds responsible for aged 
notes21. However, there is a reluctance to use it in mar-
kets such as the US, as it must be declared on the label 
if present in quantities greater than 10 mg/L. Modified 
lager strains with enhanced SO2 production without 
increased hydrogen sulphide levels have been de-
scribed167. Other antioxidants native to the raw materi-
als of beer include ferulic acid159, colouring agents in-
cluding Maillard reaction products148 and polyphenols5. 
It has been reported that the mode of hopping is very 
significant in respect of the delivery of hop antioxi-
dants into beer103. It has even been suggested that add-
ing hop leaves to the brew kettle can suppress radical 
formation60. Enzymes have been suggested as aiding 
the protection of wort and beer from oxidation, includ-
ing superoxide dismutase33, glucose oxidase106 and 
catalase60. Fredericksen et al.45 suggest however that 
superoxide dismutase and catalase are limited in their 
ability to restrict radical production in mashing. Glu-
tathione has been nominated as the main antioxidant 
found in beer162. Ascorbic acid is generally considered 
not to be especially relevant as an antioxidant in a beer 
context, but Jeney-Nagymate and Fodor77 suggest that 
its addition alongside, surprisingly, the water-insoluble 
α-tocopherol (vitamin E) to cooled wort prior to pitch-
ing, benefits shelf life as gauged by ESR. 
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LIGHT-STRUCK 
Exposure of beer to visible and ultra-violet light leads 

to the degradation of iso-α-acids and the production of 3-
methyl-2-butene-1-thiol, and the (for many but not all147) 
reprehensible aroma of skunk150. It is now understood that 
additional substances are produced in the light struck re-
action94. Brown glass largely (but not entirely) protects 
against the ingress of light at these wavelengths (350–500 
nm), but clear and green glass afford no or little protec-
tion. For those intent on packaging beer in such glass con-
tainers, one defence against the light-struck reaction is the 
use of reduced iso-α-acids, which do not degrade to the 
compounds with the skunk character50. An alternative 
strategy might be to seek to eliminate riboflavin from 
beer, as it is this substance that transfers light energy into 
the skunking reaction25. 

CONCLUSION 
Much is known about the myriad factors that lead to 

the instability of beer. When we consider microbiological 
contamination, foam, physical instability, gushing and 
light sensitivity, it seems that, for the most part, the under-
standing of many of the key issues is relatively compre-
hensive and that reliable strategies are now in place to 
minimize them as major problems. It is flavour instability 
that remains the severest challenge. 

REFERENCES 

1. Amaha, M. and Kitabatake, K., Gushing in beer. In: Brewing 
Science, Vol. 2, J. R. A. Pollock, Ed., Academic Press: NY, 
1981, pp. 457-489. 

2. American Society of Brewing Chemists. Methods of Analysis. 
Total Polyphenols (International Method) Beer-22. 8th edition, 
The Society: St. Paul MN, 1992. 

3. Andersen, M. L., Outtrup, H. and Skibsted, L. H., Potential 
antioxidants in beer assessed by ESR spin trapping. J. Ag. 
Food Chem., 2000, 48, 3106-3111. 

4. Anonymous. Mebak takes up new method for the evaluation of 
foam stability. Brau. Forum, 2007, 22(7), 8-9. 

5. Aron, P. M. and Shellhammer, T. H., A discussion of polyphe-
nols in beer physical and flavour stability. J. Inst. Brew., 2010, 
116, 369-380. 

6. Asano, K. and Hashimoto, N., Isolation and characterization of 
foaming proteins of beer. J. Am. Soc. Brew. Chem., 1980, 38, 
129-137. 

7. Bamforth, C. W., Processing and packaging and their effects 
on beer stability. Ferment, 1988, 1(5), 49-53. 

8. Bamforth, C. W., -Glucan and -glucanases in malting and 
brewing: practical aspects. Brew. Dig., 1994, 69(5), 12-16, 
21. 

9. Bamforth, C. W. Beer haze. J. Am. Soc. Brew. Chem., 1999, 57, 
81-90. 

10. Bamforth, C. W., Bringing matters to a head: the status of re-
search on beer foam. Proc. Eur. Brew. Conv. Congr. Foam 
Symp., Amsterdam, 1999, pp. 10-23. 

11. Bamforth, C. W., Perceptions of beer foam. J. Inst. Brew. 2000, 
106, 229-238. 

12. Bamforth, C. W., A critical control point analysis for flavour 
stability of beer. Tech. Q. Master Brew. Assoc. Am., 2004, 41, 
97-103. 

13. Bamforth, C. W., Fresh controversy: Conflicting opinions on 
beer staling. Proceedings of the Convention of the Institute and 
Guild of Brewing (Asia-Pacific Section), 2004, pp. 63-73. 

14. Bamforth, C. W., The relative significance of physics and 
chemistry for beer foam excellence: Theory and practice. J. 
Inst. Brew., 2004, 110, 259-266. 

15. Bamforth, C. W., Flavour changes in beer: oxidation and other 
pathways. In: Oxidation in Foods and Beverages and Antioxi-
dant Applications, Volume 2, E. Decker, R. Elias, D. J. 
McClements, Eds., Woodhead: Cambridge, 2010, pp. 424-444. 

16. Bamforth, C. W. and Lentini, A., The flavour instability of 
beer. In: Beer: A Quality Perspective, C. W. Bamforth, Ed., 
Academic Press: Burlington MA, 2009, pp. 85-109. 

17. Bamforth, C. W. and Milani, C., The foaming of mixtures of 
albumin and hordein protein hydrolysates in model systems. J. 
Sci. Food Agric., 2004, 84, 1001-1004. 

18. Bamforth, C. W. and Parsons, R., New procedures to improve 
the flavour stability of beer. J. Am. Soc. Brew. Chem., 1985, 43, 
197-202. 

19. Bamforth, C., Kalathas, A., Maurin, Y. and Wallin, C., Some 
factors impacting beer foam. Tech. Q. Master Brew. Assoc. 
Am., 2008, 45, 332-336. 

20. Bamforth, C. W., Muller, R. E. and Walker, M. D., Oxygen and 
oxygen radicals in malting and brewing: a review. J. Am. Soc. 
Brew. Chem., 1993, 51, 79-88. 

21. Barker, R. L., Gracey, D. E. F., Irwin, A. J., Pipasts, P. and 
Leiska, E., Liberation of staling aldehydes during storage of 
beer. J. Inst. Brew., 1983, 89, 411-415. 

22. Bech, L. M., Vaag, P., Heinemann, B. and Breddam, K., 
Throughout the brewing process barley lipid transfer protein 1 
(LTP1) is transformed into a more foam promoting form. Proc. 
Eur. Brew. Conv. Congr., Brussels, IRL Press: Oxford, 1995, 
pp. 561-568. 

23. Berg, K. A., Ding, L. L. and Patterson, R. E., The dangers of 
the SASPL test in chillproofing evaluation. Tech. Q. Master 
Brew. Assoc. Am., 2007, 44, 29-31. 

24. Bishop, L. R., Whitear, A. L. and Inman, W. R., A scientific 
basis for beer foam formation and cling. J. Inst. Brew., 1974, 
80, 68-80. 

25. Borrelli, C., Barsanti, S., Silvestri, D., Manesiotis, P., Ciardelli, 
G. and Sellergren, B., Selective depletion of riboflavin from 
beer using membranes incorporating imprinted polymer parti-
cles. J. Food Process. Preserv., 2011, 35, 112-128. 

26. Buckee, G. K., State-of-the-art instrumentation in the QC lab. 
Brew. Distill. Int., 1994, 25(3), 32-35. 

27. Burger, M, Glenister, P. and Becker, K., Oxalate studies in 
beer. II. Supplementing wort and observations on calcium-ox-
alate relationships. Proc. Am. Soc. Brew. Chem. 1956, 169. 

28. Carroll, T. C. N., The effect of dissolved nitrogen gas on beer 
foam and palate. Tech. Q. Master Brew. Assoc. Am., 1979, 16, 
116-119. 

29. Casey, G., Primary versus secondary gushing and assay proce-
dures used to assess malt/beer gushing potential. Tech. Q. Mas-
ter Brew. Assoc. Am., 1996, 33, 229-235. 

30. Chapon, L., Nephelometry as a method for studying the rela-
tions between polyphenols and proteins. J. Inst. Brew., 1993, 
99, 49-56. 

31. Chapon, L., Louis, C. and Chapon, S., Estimation of the reduc-
ing power of beer using an iron-dipyridyl complex. Proc. Eur. 
Brew. Conv. Congr., Estoril, Elsevier Scientific: Amsterdam, 
1971, pp. 307-322. 

32. Clark, D. T. and Bamforth, C. W., Realistic haze specifications 
for beer. Tech. Q. Master Brew. Assoc. Am., 2007, 44, 160-163. 

33. Clarkson, S. P., Large, P. J. and Bamforth, C. W., Purification 
of a cyanide-sensitive superoxide dismutase from soy beans: a 
food-compatible enzyme preparation. J. Sci. Food. Agric., 
1989, 48, 87-97. 

34. Constant, M., A practical method for characterizing poured 
beer foam quality. J. Am. Soc. Brew. Chem., 1992, 50, 37-47. 

35. Cooper, D. J., Stewart, G. G. and Bryce, J. H., Some reasons 
why high gravity brewing has a negative effect on head reten-
tion. J. Inst. Brew., 1998, 104, 83-87. 

36. Coote, N. and Kirsop, B. H., A haze consisting largely of pen-
tosan. J. Inst. Brew., 1976, 82, 34. 



494   JOURNAL OF THE INSTITUTE OF BREWING 

37. Cortes, N., Kunz, T., Suarez, A. F., Hughes, P. and Methner, F. 
J., Development and correlation between the organic radical 
concentration in different malt types and oxidative beer stabil-
ity, J. Am. Soc. Brew. Chem., 2010, 68, 107-113. 

38. Dadic, M., van Gheluwe, J. E. A. and Valyi, Z., Alkaline steep-
ing and the stability of beer. J. Inst. Brew., 1976, 82, 273-276. 

39. De Cooman, L., Aerts, G., Overmeire, H. and De Keukeleire, 
D., Alterations of the profiles of iso-alpha-acids during beer 
ageing, marked instability of trans -iso-alpha-acids and impli-
cations for beer bitterness consistency in relation to tetrahy-
droiso-alpha-acids. J. Inst. Brew., 2000, 106, 169-178. 

40. De Keukeleire, D., Heyerick, A., Huvaere, K., Skibsted, L. H. 
and Andersen, M. L., Beer lightstruck flavour: the full story. 
Cerevisia Belg. J. Brew. Biotechnol., 2008, 33, 133-144.  

41. Depraetere, S. A., Delvaux, F., De Schutter, D., Williams, I. S., 
Winderickx, J. and Delvaux, F. R., The influence of wort aera-
tion and yeast preoxygenation on beer staling processes. Food 
Chem., 2008, 107, 242-249. 

42. Esnault, E., Beer stabilization with papain. Brew. Guard., 
1995, 124, 47-49. 

43. Evans, D. E. and Bamforth, C. W., Beer foam: achieving a suit-
able head. In: Beer: A Quality Perspective, C. W. Bamforth, 
Ed., Academic Press: Burlington MA, 2009, pp. 1-60. 

44. Ferreira, I. M. P. L. O., Jorge, K., Nogueira, L. C., Silva, F. and 
Trugo, L. C., Effects of the combination of hydrophobic poly-
peptides, iso- α -acids and maltoligosaccharides on beer foam 
stability. J. Ag. Food Chem., 2005, 53, 4976-4981. 

45. Frederiksen, A. M., Festersen, R. M. and Andersen, M. L., 
Oxidative reactions during early stages of beer brewing studied 
by electron spin resonance and spin trapping. J. Ag. Food 
Chem., 2008, 56, 8514-8520. 

46. Garbe, L.-A., Schwarz, P. and Ehmer, A., Beer gushing. In: 
Beer: A Quality Perspective, C. W. Bamforth, Ed., Academic 
Press: Burlington MA, 2009, pp. 185-212. 

47. Gardner, R. J., The mechanism of gushing. A review. J. Inst. 
Brew., 1973, 79, 275-283. 

48. Gjertsen, P., β-Glucans in malting and brewing. I. Influence of 
β-glucans on the filtration of strong beers. Proc. Am. Soc. 
Brew. Chem., 1966, 113-120. 

49. Gjersten, P., Gushing in beer: Its nature, cause and prevention. 
Brewers Digest, 1967, 42(5), 80-84. 

50. Goldstein, H. and Ting, P., Post kettle bittering compounds: 
analysis, taste, foam and light stability. Eur. Brew. Conv. 
Monograph XXII - Symposium on Hops, Zoeterwoude, The 
Netherlands, Fachverlag Hans Carl: Nürnberg, Germany, 1994, 
pp. 154-162. 

51. Greif, P. and Schildbach, R., Investigations on the oxalic acid 
problem in the brewery. Monatsschr. Brauwiss., 1978, 31, 275-
280, 285. 

52. Guggenberger, J. and Kleber, W., Über den Mechanismus des 
Wildwerdens von Bier. Proc. Eur. Brew. Conv. Congr., Brus-
sels, Elsevier Scientific: Amsterdam, 1963, pp. 299-319. 

53. Guinard, J. X., Uotani, B. and Schlich, P., Internal and external 
mapping of preferences for commercial lager beers: Compari-
son of hedonic ratings by consumers blind versus with knowl-
edge of brand and price. Food Qual. Pref., 2001, 12, 243-255. 

54. Hashimoto, N., Oxidation of higher alcohols by melanoidins in 
beer. J. Inst. Brew., 1972, 78, 43-51. 

55. Hashimoto, N. and Kuroiwa, Y., Proposed pathways for the 
formation of volatile aldehydes during storage of bottled beer. 
Proc. Am. Soc. Brew. Chem., 1975, 104-111. 

56. Hashimoto, N., Shimazu, T. and Eshima, T., Oxidative degra-
dation of isohumulones in relation to beer flavour. Report Res. 
Lab. Kirin Brew. Comp., 1979, 22, 1-10. 

57. Haukeli, A. D., Wulff, T. O. and Lie, S., Practical experiments 
to improve foam stability. Proc. Eur. Brew. Conv. Congr., Oslo, 
IRL Press: Oxford, 1993, pp. 365-372. 

58. Hegarty, P. K., Cope, R., Lee, A. H. and Bamforth, C. W., New 
procedures and expert systems for the analysis of foam prob-
lems. Proc. Eur. Brew. Conv. Congr., Zurich, IRL Press: Ox-
ford, 1989, pp. 553-560. 

59. Hertlein, J., Bornarova, K. and Weisser, H., Eignung von 
Kunststoffaschen fur die Bierabfullung. Brauwelt, 1997, 137, 
860-866. 

60. Hioe, M., Goldsmith, M., Lentini, A., Rogers, P., Jontef, M., 
Nyaguy, C., Cozens, J. and Frederiksen, A. M., An enzymatic 
and hop solution to avoid oxidation of wort and improve beer 
flavour stability. Proceedings of the Convention of the Institute 
and Guild of Brewing (Asia-Pacific Section), 2010, 31, 25 p. 

61. Hirota, N., Kuroda, H., Takoi, K., Kaneko, T., Kaneda, H., 
Yoshida, I., Takashio, M., Ito, K. and Takeda, K., Brewing per-
formance of malted lipoxygenase-1 null barley and effect on 
the flavour stability of beer. Cereal Chem., 2006, 83, 250-254. 

62. Hoorens van Heyningen, D. C. E., van de Bergh, H. J., van 
Strien, J. and Loggers, G. J., Permeation of gases through 
crown cork inlays. Proc. Eur. Brew. Conv. Congr., Madrid, IRL 
Press: Oxford, 1987, pp. 679-686. 

63. Hughes, P. S. and Menneer, I. D., The relationship between 
sensory data and the composition of beer. Proc. Eur. Brew. 
Conv. Congr., Maastricht, IRL Press: Oxford, 1997, pp. 579-588. 

64. Hughes, P. S. and Simpson, W. J., Production and composition 
of hop products. Tech. Q. Master Brew. Assoc. Am., 1993, 30, 
146-154. 

65. Iimure, T., Kihara, M., Ichikawa, S., Ito, K., Takeda, K. and 
Sato, K., Development of DNA markers associated with beer 
foam stability for barley breeding. Theor. Appl. Genet., 2011, 
122, 199-210. 

66. Iimure, T., Takoi, K., Kaneko, T., Kihara, M., Hayashi, K., Ito, 
K., Sato, K. and Takeda, K., Novel prediction methods of beer 
foam stability using protein Z, barley dimeric alpha-amylase 
inhibitor-1 (BDAI-1) and yeast thioredoxin. J. Agric. Food 
Chem., 2008, 56, 8664-8671. 

67. Ilett, D. R., Aspects of the analysis, role, and fate of sulphur 
dioxide in beer – a review. Tech. Q. Master Brew. Assoc. Am., 
1995, 32, 213-221. 

68. Ilett, D. R. and Simpson, W. J., Loss of sulfur dioxide during 
storage of bottled and canned beers. Food Res. Int., 1995, 28, 
393-396. 

69. Inns, E. L., Buggey, L. A., Booer, C., Nursten, H. E. and Ames, 
J. M., Effect of heat treatment on the antioxidant activity, color 
and free phenolic acid profile of malt. J. Agric. Food Chem., 
2007, 55, 6539-6546. 

70. Intelmann, D., Haseleu, G., Dunkel, A., Lagemann, A., Stephan, 
A. and Hofmann, T., Comprehensive sensomics analysis of hop-
derived bitter compounds during storage of beer. J. Agric. Food 
Chem., 2011, 59, 1939-1953. 

71. Ishibashi, Y., Terano, Y., Fukui, N., Honbou, N., Kakui, T., 
Kawasaki, S. and Nakatani, K., Development of a new method 
for determining beer foam and haze proteins by using the im-
munochemical method ELISA. J. Am. Soc. Brew. Chem., 1996, 
54, 177-182. 

72. Ishibashi, Y., Kakui, T., Terano, Y., Hon-no, E., Kogin, A. and 
Nakatani, K., Application of ELISA to quantitative evaluation 
of foam-active protein in the malting and brewing processes. J. 
Am. Soc. Brew. Chem., 1997, 55, 20-23. 

73. Isoe, A., Kanagawa, K., Ono, M., Nakatani, K. and Nishigaki, 
M., Evaluation of dehusked malt and its influence on the brew-
ing process and beer quality. Proc. Eur. Brew. Conv. Congr., 
Lisbon, IRL Press: Oxford, 1991, pp. 697-704. 

74. Jackson, G. and Bamforth, C. W., Anomalous haze readings 
due to beta glucans. J. Inst. Brew., 1983, 89, 155-156. 

75. Jackson, G., and Bamforth, C. W., The measurement of foam 
lacing. J. Inst. Brew., 1982, 88, 378-381. 

76. Jackson, G., Roberts, R. T. and Wainwright, T., Mechanism of 
beer foam stabilization by propylene glycol alginate. J. Inst. 
Brew., 1980, 86, 34-37. 

77. Jeney-Nagymate, E. and Fodor, P., Examination of the effect of 
vitamin E and C addition on the beer’s ESR lag time parame-
ter. J. Inst. Brew., 2007, 113, 28-33. 

78. Kaersgaard, P. and Hejgaard, J., Antigenic beer macromole-
cules, an experimental survey of purification methods. J. Inst. 
Brew., 1979, 85, 103-111. 



VOL. 117, NO. 4, 2011   495 

79. Kakui, T., Ishibashi, Y., Kunihige, Y., Isoe, A. and Nakatani, 
K., Application of enzyme-linked immunosorbent assay to 
quantitative evaluation of foam-active protein in wheat beer. J. 
Am. Soc. Brew. Chem., 1999, 57, 151-154. 

80. Kapp, G. R. and Bamforth, C. W., The foaming properties of 
proteins isolated from barley. J. Sci. Food Agr., 2002, 82, 1276-
1281. 

81. Kieninger, H., Gushing des Flaschenbieres. Derzeitiger For-
schungsstand. Brauwelt, 1976, 116, 1633-1636. 

82. Klopper, W. J., Foam stability and foam cling. Proc. Eur. Brew. 
Conv. Congr., Salzburg, Elsevier Scientific: Amsterdam, 1973, 
pp. 363-371. 

83. Kosin, P., Savel, J., Evans, D. E. and Broz, A., Relationship 
between matrix foaming potential, beer composition and foam 
stability. J. Am. Soc. Brew. Chem., 2010, 68, 63-69. 

84. Kunimune, T. and Shellhammer, T., Foam-stabilizing effects 
and cling formation patterns of iso-α-acids and reduced iso-α-
acids in lager beer. J. Ag. Food Chem., 2008, 56, 8629-8634. 

85. Laštovičková, M., Mazanec, K., Benkovská, D. and Bobál’ová, 
J., Utilization of the linear mode of MALDI-TOF mass spec-
trometry in the study of glycation during the malting process. 
J. Inst. Brew., 2010, 116, 245-250. 

86. Lee, W. T., McKechnie, J. S. and Devereux, M. G., Bubble nu-
cleation in stout beer. Phys. Rev. E, 2011, 83, 1609-1609. 

87. Leiper, K. A. and Miedl, M., Colloidal stability of beer. In: 
Beer: A Quality Perspective, C. W. Bamforth, Ed., Academic 
Press: Burlington MA, 2009, pp. 111-161. 

88. Letters, R., Origin of carbohydrates in beer sediments. J. Inst. 
Brew., 1969, 75, 54-80. 

89. Lewis, M. J. and Poerwantaro, W. M., Release of haze material 
from the cell walls of agitated yeast. J. Am. Soc. Brew. Chem., 
1991, 49, 43-46. 

90. Lewis. M. J., Muhleman, D. J. and Krumland, S. C., Beer col-
loid: studies with model systems. J. Am. Soc. Brew. Chem., 
1979, 37, 61-65. 

91. Lopez, M. and Edens, L., Effective prevention of chill-haze in 
beer using an acid proline-specific endoprotease from 
Aspergillus niger. J. Agric. Food Chem., 2005, 53, 7944-7949. 

92. Lowe, D. P. and Arendt, E. K., The use and effects of lactic 
acid bacteria in malting and brewing with their relationships to 
antifungal activity, mycotoxins and gushing: a review. J. Inst. 
Brew., 2004, 110, 163-180. 

93. Lusk, L. T., Goldstein, H. and Ryder, D., Independent role of 
beer proteins, melanoidins and polysaccharides in foam forma-
tion. J. Am. Soc. Brew. Chem., 1995, 53, 93-103. 

94. Lusk, L. T., Murakami A., Nielsen, L., Kay, S. and Ryder, D., 
Beer photooxidation creates two compounds with aromas in-
distinguishable from 3-methyl-2-butene-1-thiol. J. Am. Soc. 
Brew. Chem., 2009, 67, 189-192. 

95. Lynch, D. M. and Bamforth, C. W., Measurement and charac-
terisation of bubble nucleation in beer. J. Food Sci., 2002, 67, 
2696-2701. 

96. McKeown, I. P. and Nock, A. Improved beer stabilization us-
ing silica gel. Brauwelt. Int., 1996, 14, 151-155. 

97. McMurrough, I., Kelly, R., Byme, J. and O’Brien, M., Effect 
of the removal of sensitive proteins and proanthocyanidins on 
the colloidal stability of lager beer. J. Am. Soc. Brew. Chem., 
1992, 50, 67-76. 

98. McMurrough, I. Madigan, D., Kelly, R. J. and Smyth, M. R., 
The role of flavanoid polyphenols in beer stability. J. Am. Soc. 
Brew. Chem., 1996, 54, 141-148. 

99. Marle, L. and Vandenbussche, J., Yeast pre-oxygenation and 
beer flavour stability: first industrial results. Proceedings of the 
Convention of the Institute and Guild of Brewing (Africa Sec-
tion), 2007, 11, 9 p. 

100. Meilgaard, M., Effects on flavour of innovations in brewery 
equipment and processing: A review. J. Inst. Brew., 2001, 107, 
271-286. 

101. Miedl, M. and Bamforth, C. W., The relative importance of 
temperature and time in the cold conditioning of beer. J. Am. 
Soc. Brew. Chem., 2004, 62, 75-78. 

102. Miedl, M., Rogers, P., Day, G. L., Clarke, F. M. and Stewart, 
G. G., The peroxide challenge test: A novel method for holistic 
near-real time measurement of beer flavour stability. J. Inst. 
Brew., 2011, 117, 166-175. 

103. Mikyška, A., Krofta, K., Hašková, D., Čulík, J. and Čejka, P., 
The influence of hopping on formation of carbonyl compounds 
during storage of beer. J. Inst. Brew., 2011, 117, 47-54. 

104. Mitani, Y., Joh, M., Segawa, S., Shinotsuka, K. and Ohgaki, K., 
Dynamic behavior of carbon dioxide gas related to formation 
and diminution of beer foam. J. Am. Soc. Brew. Chem., 2002, 
60, 1-9. 

105. Mussche, R. and de Pauw, C., Total stabilization of beer in a 
single operation. Proceedings of the Convention of the Institute 
of Brewing (Asia-Pacific Section), 1998, pp. 125-130. 

106. Ohlmeyer, D. W., Use of glucose oxidase to stabilize beer. 
Food Technol., 1957, 10, 503-507. 

107. Okada, Y., Limure, T., Takoi, K., Kaneko, T., Kihara, M., 
Hayashi, K., Ito, K., Sato, K. and Takeda, K., The influence of 
barley malt protein modification on beer foam stability and 
their relationship to the barley dimeric alpha-amylase inhibi-
tor-1 (BDAI-1) as a possible foam-promoting protein. J. Agric. 
Food Chem., 2008, 56, 1458-1464. 

108. O’Neill, M., Advances in beer stabilization. Brew. Guard., 
1996, 125(2), 54-58. 

109. O’Reilly, J. P., The use and function of PVPP in beer stabiliza-
tion. Brew. Guard., 1994, 123(9), 32-36. 

110. O’Rourke, T., Brown, J. W., Theaker, P. D. and Archibald, H. 
W., The effect of oxidation during wort production on the 
processing and flavour of beer. Proceedings of the Convention 
of the Institute Brewing (Aust. NZ Section), 1992, pp. 52-58. 

111. O’Rourke, T., Ianniello, R., McMurrough, I. and Springle, A., 
The role of tannoids in the colloidal stabilization of beer. Pro-
ceedings of the Convention of the Institute of Brewing (Asia-
Pacific Section), 1998, pp. 143-146. 

112. Outtrup, H., Haze active peptides in beer. Proc. Eur. Brew. 
Conv. Congr., Zurich, IRL Press: Oxford, 1989, pp. 609-616. 

113. Outtrup, H., Fogh, R. and Schaumburg, K., The interaction 
between proanthocyanidins and peptides. Proc. Eur. Brew. 
Conv. Congr., Madrid, IRL Press: Oxford, 1987, pp. 583-
590. 

114. Peppard, T. L. and Halsey, S. A., Malt flavour – transformation 
of carbonyl compounds by yeast during fermentation. J. Inst. 
Brew., 1981, 87, 386-390. 

115. Petry-Podgorska, I., Zidkova, J., Flodrova, D. and Bobalova, J., 
2D-HPLC and MALDI-TOF/TOF analysis of barley proteins 
glycated during brewing, J. Chromatog. B-Anal. Tech. Biomed 
Life Sci., 2010, 878, 3143-3148. 

116. Picariello, G., Bonomi, F., Iametti, S., Rasmussen, P., Pepe, C., 
Lilla, S. and Ferranti, P., Proteomic and peptidomic characteri-
zation of beer: immunological and technological implications. 
Food Chem., 2011, 124, 1718-1726. 

117. Ponton, I. D., Proanthocyanidin-free malt. Ferment, 1988, 1(1), 
33-39. 

118. Prins, A. and van Marle, J. T., Foam formation in beer: Some 
physics behind it. In: Beer Foam Quality, Monograph 27, Am-
sterdam, The Netherlands, Fachverlag Hans Carl: Nürnberg, 
1999, pp. 26-36 

119. Rasmussen, J. N., Automated analysis of foam stability. Carls-
berg Res. Comm., 1981, 46, 25-36. 

120. Ronteltap, A. D., Hollemans, M., Bisperink, C. G. J. and Prins, 
A., Beer foam physics. Tech. Q. Master Brew. Assoc. Am., 
1991, 28, 25-32. 

121. Roza, J. R., Wallin, C. E. and Bamforth, C. W., A comparison 
between the instrumental measurement of head reten-
tion/lacing and perceived foam quality. Tech. Q. Master Brew. 
Assoc. Am., 2006, 43, 173-176. 

122. Rudin, A. D., Measurement of the foam stability of beers. J. 
Inst. Brew., 1957, 63, 506-509. 

123. Saison, D., De Schutter, D. P., Delvaux, F. and Delvaux, F. R., 
Improved flavour stability by aging beer in the presence of 
yeast. J. Am. Soc. Brew. Chem., 2011, 69, 50-56. 



496   JOURNAL OF THE INSTITUTE OF BREWING 

124. Saison, D., De Schutter, D. P., Overlaet-Michiels, W., Delvaux, 
F. and Delvaux, F. R., Effect of fermentation conditions on 
staling indicators in beer. J. Am. Soc. Brew. Chem., 2009, 67, 
222-228. 

125. Saison, D., De Schutter, D. P., Uyttenhove, B., Delvaux, F. and 
Delvaux, F. R., Contribution of staling compounds to the aged 
flavour of lager beer by studying their flavour thresholds. Food 
Chem., 2009, 114, 1206-1215. 

126. Saison, D., De Schutter, D. P., Vanbeneden, N., Daenen, L., 
Delvaux, F. and Delvaux, F. R., Decrease of aged beer aroma 
by the reducing activity of brewing yeast. J. Agric. Food 
Chem., 2010, 58, 3107-3115. 

127. Scheffler, A. and Bamforth, C. W., Exogenous -glucanases 
and pentosanases and their impact on mashing. Enzy. Microb. 
Tech., 2005, 36, 813-817. 

128. Schneider, J., Raske, W., Drost, M., Meier, H.-U. and 
Pfenninger, H., Prufung der Wirkung von Bierstabilisierung-
smitteln im Labor. Brau. Rundsch., 1997, 108, 227-235. 

129. Schur, F., Anderegg, P., Senften, H. and Pfenniger, H., Brau-
technologische Bedeutung von Oxalat. Brau. Rund., 1980, 91, 
201-207. 

130. Sharpe, F. R. and Channon, P. J., Beer haze caused by can lid 
lubricant. Proc. Eur. Brew. Conv. Congr., Madrid, IRL Press: 
Oxford, 1987, pp. 599-606. 

131. Shokribousjein, Z., Deckers, S. M., Gebruers, K., Lorgouilloux, 
Y., Baggerman, G., Verachtert, H., Delcour, J. A., Etienne, P., 
Rock, J.-M., Michiels, C. and Derdelinckx, G., Hydrophobins, 
beer foaming and gushing. Cerevisia Belg. J. Brew. Biotech-
nol., 2010, 35, 85-101. 

132. Siebert, K. J., Visual versus instrumental perception of haze – a 
review. Tech. Q. Master Brew. Assoc. Am., 2008, 45, 90-98. 

133. Siebert, K. J., The effect of beer pH on colloidal stability and 
stabilization – a review and recent findings. Tech. Q. Master 
Brew. Assoc. Am., 2010, (doi:10.1094/TQ-47-2-0607-01). 

134. Siebert, K. J. and Lynn, P. Y. Comparison of polyphenol inter-
actions with polyvinylpolypyrrolidone and haze-active protein. 
J. Am. Soc. Brew. Chem., 1998, 56, 24-31. 

135. Siebert, K. J. and Lynn, P. Y., Comparison of methods for 
measuring polyphenols in beer. J. Am. Soc. Brew. Chem., 2006, 
64, 127-134. 

136. Siebert, K. J., Troukhanova, N. V. and Lynn, P. Y. Nature of 
polyphenol protein interactions. J. Agric. Food Chem., 1996, 
44, 80-85. 

137. Simpson, V., Beers with enhanced flavour stability. Scand. 
Brew. Rev., 2008, 65(5), 24-26, 28. 

138. Slack, P. T. and Bamforth, C. W., The fractionation of polypep-
tides from barley and beer by hydrophobic interaction chroma-
tography: The influence of their hydrophobicity on foam sta-
bility. J. Inst. Brew., 1983, 89, 397-401. 

139. Smith, R. J. Davidson, D. and Wilson J. H., Natural foam sta-
bilizing and bittering compounds derived from hops. J. Am. 
Soc. Brew. Chem., 1998, 56, 52-57. 

140. Smythe, J. E. and Bamforth, C. W., The path analysis method 
of eliminating preferred stimuli (PAMEPS) as a means to de-
termine foam preferences for lagers in European judges based 
upon image assessment. Food Qual. Pref., 2003, 14, 567-572. 

141. Smythe, J. E., O’Mahony, M. and Bamforth, C. W., The impact 
of the appearance of beer on its perception. J. Inst. Brew., 
2002, 108, 37-42. 

142. Sorensen, S. B., Bech, L. M., Muldberg, M., Beenfeldt, T. and 
Breddam, K., Barley lipid transfer protein 1 is involved in beer 
foam formation. Tech. Q. Master Brew. Assoc. Am., 1993, 30, 
135-145. 

143. Sovrano, S., Buiatti, S. and Anese, M., Influence of malt 
browning degree on lipoxygenase activity. Food Chem., 2006, 
99, 711-717. 

144. Steffenson, B. J., Fusarium head blight of barley: impact, epi-
demics, management strategies for identifying and utilizing ge-
netic resistance. In: Fusarium Head Blight of Wheat and Bar-
ley, K. J. Leonard and W. R. Bushnell, Eds., American Phyto-
pathological Society Press: St Paul MN, 2003, pp. 241-295. 

145. Steiner, E., Becker, T. and Gastl, M., Turbidity and haze 
formation in beer – insights and overview. J. Inst. Brew., 2010, 
116, 360-368. 

146. Steiner, E., Gastl, M. and Becker, T., Protein changes during 
malting and brewing with focus on haze and foam formation: a 
review. Eur. Food Res. Technol., 2011, 232, 191-204. 

147. Stephenson, W. H. and Bamforth, C. W., The impact of light-
struck and stale character in beers on their perceived quality: A 
consumer study. J. Inst. Brew., 2002, 108, 406-409. 

148. Suarez, A. F.,, Kunz, T., Rodriguez, N. C., MacKinlay, J., 
Hughes, P. and  Impact of colour adjustment on flavour stabil-
ity of pale lager beers with a range of distinct colouring agents. 
Food Chem., 2011, 125, 85-859. 

149. Suda, T., Yasuda, Y., Imai, T. and Ogawa, Y., Strecker aldehyde 
production during beer aging. Proceedings of the Convention 
of the Institute and Guild of Brewing (Asia-Pacific Section), 
2008, 30, 10 p. 

150. Templar, J., Arrigan, K. and Simpson, W. J., Formation, meas-
urement and significance of lightstruck flavour in beer: a re-
view. Brew. Dig., 1995, 70(5), 18-25. 

151. Teumac, F. N., The history of oxygen scavenger bottle clo-
sures. In: Active Food Packaging, M. L. Rooney, Ed., Blackie: 
London, 1995, pp. 193-202. 

152. Uchida, M., Suga, S. and Ono, M., Improvement for oxidative 
flavour stability of beer - Rapid prediction method for beer fla-
vour stability by electron spin resonance spectroscopy. J. Am. 
Soc. Brew. Chem., 1996, 54, 205-211. 

153. Vanderhaegen, B., Delvaux, F., Daenen, L., Verachtert, H. and 
Delvaux, F. R., Aging characteristics of different beer types. 
Food Chem., 2007, 103, 404-412. 

154. Vanderhaegen, B., Neven, H., Verachtert, H. and Derdelinckx, 
G., The chemistry of beer aging – a critical review. Food 
Chem., 2006, 95, 357-381. 

155. Van Eerde, P. and Strating, J., Trans-2-nonenal. Eur. Brew. 
Conv. Congr., Flavour Symposium, Monograph VII, Fachver-
lag Hans Carl: Nűrnberg, Germany, 1981, pp. 117-121. 

156. van Waesberghe, J., Aerts, G. and De Cooman, L., Flavour 
stability starts with malt and compensations in the brewhouse 
for LOX and aldehydes in malt. Eur. Brew. Conv. Congr., Fla-
vour Stability Symposium Monograph XXXI, Fachverlag Hans 
Carl: Nűrnberg, Germany, 2001, CD ROM, Contribution 6. 

157. Walker, M. D., Boume, D. T. and Wenn, R. V., The influence of 
malt-derived bacteria on the haze and filterability of wort and 
beer. Proc. Eur. Brew. Conv. Congr., Maastricht, IRL Press: 
Oxford, 1997, pp. 191-198. 

158. Wallin, C. E., DiPietro, M. B., Schwarz, R. W. and Bamforth, 
C. W., A comparison of three methods for the assessment of 
foam stability of beer. J. Inst. Brew., 2010, 116, 78-80. 

159. Walters, M. T., Heasman, A. P. and Hughes, P. S., Comparison 
of (+)-catechin and ferulic acid as natural antioxidants and 
their impact on beer flavour stability. 1. Forced-aging. J. Am. 
Soc. Brew. Chem., 1997, 55, 83-89. 

160. Walters, M. T., Seefeld, R., Hawthorne, D. B. and Kavanagh, 
T. E., Composition and kinetics of particle formation in beer 
post packaging. J. Am. Soc. Brew. Chem., 1996, 54, 57-61. 

161. Wang, C., Tian, Z. G., Chen, L. Y., Temelli, F., Liu, H. and 
Wang, Y. X., Functionality of barley proteins extracted and 
fractionated by alkaline and alcohol methods. Cereal Chem., 
2010, 87, 597-606. 

162. Wang, J. J., Wang, Z. Y., He, X. P. and Zhang, B. R., Construc-
tion of amylolytic industrial brewing yeast strain with high 
glutathione content for manufacturing beer with improved anti-
staling capability and flavour. J. Microb. Biotech., 2010, 20, 
1539-1545. 

163. Wenn, R. V., Wheeler, R. E. and Webb, D. J., The prediction of 
high haze levels in freshly filtered lager beers responsible for 
the generation of ‘invisible’ hazes and of ‘bits’ in fresh bottled 
lager. Proc. Eur. Brew. Conv. Congr., Zurich, IRL Press: Ox-
ford, 1989, pp. 617-624. 

164. Wershofen, T., Gushing Ein überschäumend spritziges Erleb-
nis. Brauwelt, 2004, 35, 1061-1063. 



VOL. 117, NO. 4, 2011   497 

165. Wessels, J. G. H., Fungal hydrophobins, protein that function 
at an interface. Trends Plant Sci., 1996, 1, 9-15. 

166. Wietstock, P., Kunz, T., Shellhammer, T., Schon, T. and 
Methner, F. J., Behaviour of antioxidants derived from hops 
during wort boiling. J. Inst. Brew., 2010, 116, 157-166. 

167. Yoshida, S., Imoto, J., Minato, T., Ouchi, R., Sugihara, M., 
Imai, T., Ishiguro, T., Mizutani, S., Tomita, M., Soga, T. and 
Yoshimoto, H., Development of bottom-fermenting Saccharo-

myces strains that produce high SO2 levels, using integrated 
metabolome and transcriptome analysis. Appl. Environ. Micro-
biol., 2008, 74, 2787-2796. 

168. Zufall, C. and Tyrell, T., The influence of heavy metal ions on 
beer flavour stability. J. Inst. Brew., 2008, 114, 134-142. 

(Manuscript accepted for publication December 2011)

 


	INTRODUCTION
	PHYSICAL INSTABILITY
	Precipitates
	Bits
	Haze
	Invisible haze
	Proteins, polyphenols and colloidal instability
	Enhancing the colloidal shelf life of beer
	Predicting the colloidal shelf life of beer

	FOAM STABILITY
	Aesthetics of foam
	Foam physics
	Foam chemistry
	Measuring foam stability

	GUSHING
	FLAVOUR INSTABILITY
	LIGHT-STRUCK
	CONCLUSION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for submission to The Sheridan Press. Configured for Adobe Acrobat Distiller v8.0 02-28-07.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


