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Review of Barley Proteins Affecting the Stability of Beer Foam 

 

 Foam stability is an important aspect of beer quality that contributes to both flavor, by reducing 

oxidation of beer components from oxygen in the air [8], and consumer preference [3].  The stability of 

beer foam can be thought of as the length of time that the foam lasts.  It is well known that the stability 

of beer foam differentiates between different beer styles.  For example, a main characteristic of stout 

and porter beers are their thick, frothy and long lasting foam.  On the opposite end of the spectrum are 

everyday lagers that typically do not show large amounts of foam at all, let alone foam that is stable.   

Beer foam stability is largely dependent on two factors, both of which are within control of the 

brewer.  The first factor is the malted barley (Hordeum vulgare) variety that may be included in a given 

recipe [3].  The stability of the beer foam will largely be dictated by the variety of grain incorporated in 

the recipe and the proteins and enzymes contained within that variety. The second contributing factor is 

the temperature in which the wort is boiled; the next paragraph will explain what wort is [10].  Many 

barley proteins will be unchanged during the boil phase of brewing but some will be denatured to a new 

form that affects foam stability [10].  Lipid transfer protein 1 (LTP-1) is an important protein that does not 

affect foam stability until after it is heat denatured [8].  Other known foam stabilizing proteins include: 

protein Z, avenin-like protein (ALP), and barley dimeric alpha amylase inhibitor 1 (BDAI-1) [3] [4].  This 

paper will review the effect of different barley proteins and their effect on beer foam stability. 

It will be important to understand the basic process of beer brewing in order to better follow 

the methods described throughout this paper.  The process of brewing involves three major steps: 

malting, mashing, and fermenting.  Although the actualities of these processes are complex, only a basic 

understanding of the principles are necessary for the purpose of this paper.  The two step process of 

malting is an integral part of brewing because it allows for the breakdown of barley starches into 

polysaccharides.  First, barley is soaked in water for a given amount of time.  After soaking, the water is 
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removed and the barley is placed in a high humidity area.  During the period of resting in high humidity, 

the barley will begin to develop an acrospire (embryo) and begin producing enzymes.  These barley 

seeds will begin to develop into mature plants if their growth is not terminated.  In order to arrest the 

barley growth, the seeds will be kilned at various temperatures and lengths of time.  This variation 

allows for the development of different flavor profiles by reactions such as the Maillard reaction [6].  

Maillard reactions involve an amino group and a simple sugar, leading to browning and crosslink 

formations.  Different flavors can be achieved through this process by changing the reaction 

temperature, time of reaction, pH, and water content [9].  Mashing is the process in which water soluble 

constituents of the germinated barley will be extracted via warm water.  It is during this phase that the 

enzymes produced during malting will go to work and begin cutting down the water soluble 

polysaccharide molecules into simple sugars.  These simple sugars, mostly maltose, will be the driving 

energy source for yeast during fermentation.  The water extraction will be considered wort once the 

mash has been completed.  Fermentation is the biologic process in which yeast convert sugars in the 

wort into alcohols [6].  Now that the basics of the brewing process have been covered, it is time to look 

further into beer foam. 

 Researchers at UC Davis conducted and experiment that aimed at comparing different types of 

malt and the height of the foam developed after mashing.  Chicken egg white albumin (CEWA) was 

added to ultra-filtered wort in order to test the presence of foam negative molecules in different malted 

cereals.  Chicken Egg White Albumin is important because it is known to be a foaming protein.  To 

control for differences in beers, the same brewing method and recipe was used in each batch of brew.  

The only difference between brews was the type of malt used.  If an extract (wort) contains foam 

negative agents then that sample will develop less foam than a water and CEWA control.  The wort was 

ultra-filtered to remove any large molecular weight particles that may interfere with the foam stability.  
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The method used to measure foaming activity involved shaking the wort in a tall cylindrical glass tube 

and measuring the height of the foam produced [1]. 

 Grains that were exposed to longer and hotter malting conditions produced the most foam 

promoting agents [1].  As a side note, this study also shows that wheat malt is better at promoting foam 

than is pale barley malt.  Pale malt proved to contain foam negative species by the addition of CEWA, 

meaning that the foam height was lower than the water and CEWA control [1].  The definition of Pale 

malt is that it is kilned for the shortest period of time at low temperatures [6].  This study proved that 

using highly malted barley varieties allowed the brewer to extrapolate more foam into a beer.  Maillard 

reactions have been proven to induce crosslinking within proteins [9] and crosslinked proteins tend to 

have higher heat stability and are able to keep from denaturing during the boil phase of mashing [10].  

Denatured proteins will not have the foam promoting effect as native state proteins [10]. 

           The first important protein affecting beer foam stability is 

barley lipid transfer protein 1 (LTP1).  The native LTP1 protein acts 

as an antimicrobial agent for raw barley.  LTP1 incorporates a non-

polar lipid binding site that destroys microbial membranes and 

results in lysis and death of the microbial cells.  Figure 1 is a 

picture of the crystalline structure of barley LTP1 found on the 

protein data bank website and can be found by searching 3GSH.  

Because LTP1 exhibits an antimicrobial activity, it has been 

suggested that this particular protein is inhibitory toward yeast 

proliferation.  The most important part of the brewing process is 

fermentation, in which yeast (Saccharomyces cerevisiae) is added 

to the sugar extraction of barley and the sugars are converted to alcohols through biological means.  

Alternatively, it has been proven that LTP1 is an important protein in promoting strong beer foam 

PDB: 3GSH 

Figure 1: Ribbon structure of LTP1.  

This figure shows that the non polar 

binding site is where the black ball 

and stick representation of oxylipin 

molecule is seen.  Oxylipin was used 

as a non polar molecule for 

demonstration purposes. 
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stability due to its ability to bind lipids that may appear in beer.  Lipids are known to break the surface 

tension of bubbles and greatly diminish foam stability.  Since LTP1 is a known foam promoting protein, 

the question here is both how can the researchers efficiently purify LTP1 and what are the effects of 

LTP1 on yeast [7]. 

 A five step purification technique for LTP1 was designed which incorporates extraction, 

precipitation and filtration.  The first step is a hot water extraction of soluble constituents in barley.  

Proteins are precipitated using ammonium sulfate, this method increases the ionic strength of the 

solution and the proteins lose their solubility and crash out of solution.  The precipitant is then filtered 

through a Sephadex G25 gel filtration column in which particles are separated by size.  The LTP1 

containing fraction will be run through a CM Sepharose 2B column to fine tune molecular size per 

fraction and separated by charge via cation exchange chromatography.  The final purification step 

involved running the LTP1 containing fraction through a Sephadex G50 gel filtration column, this column 

differs from the Sephadex G25 by particulate size allowed through.  The proteins were able to be 

extracted at a ratio of 880mg of LTP1 per kg of barley and 720 mg LTP1b per kg of barley [7]. 

 Eluent of each chromatographic separation step was collected in fractions.  The absorptions of 

the fractions were analyzed via UV spectroscopy at 280 nm so that the researchers could determine 

protein containing fractions.  This wavelength is important because it is where aromatic rings have an 

absorbance maxima.  Proteins containing tyrosine or tryptophan contain aromatic rings, therefore any 

fraction with an adsorption at 280nm is considered to contain proteins.  All protein containing fractions 

were separated by SDS-PAGE gels in order to find the fraction containing LTP1 resides [7].   

 Two forms of LTP1, LTP1 and it lipid bound isoform LTP1b, were discovered through this 

purification technique and were defined by Mass spectroscopy.  Standard LTP1 was found to have an 

atomic mass of 9 kDa while the lipid bound isoform was found to have a mass 294 Da higher.  The 

circular dichroism (CD) of both compounds was measured via circular dichroism spectroscopy (CDS) to 
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determine the secondary structure of the two LTP1 forms [7].  CDS measures the circular dichroism (CD) 

of a molecule at different wavelengths of a monochromatic light source after passing through a sample.  

The data produces a measure of elipticity.  Elipticity includes measuring both left handed CD and right 

handed CD and then calculating the spin angular momentum of the photons.  One may monitor the 

secondary structure of a protein over time to follow a protein as it unfolds [8].  Both forms of LTP1 exhibit 

mainly α-helix secondary structures as observed in their characteristic CD spectrum [7].  

 By growing cultures of yeast in the presence of both LTP1 forms, the effects of the protein on 

yeast viability was determined.  The effects of purified LTP1 on yeast were quickly identified when the 

cultures ceased to proliferate, most likely through the lytic actions of the protein.  However, changes in 

yeast behavior were not detected in the presence of LTP1b.  This study incorporated the two forms of 

LTP1 found in the mash prior to boiling.  It is later noted that the initial water extraction of barley (wort) 

was boiled, as is necessary for the brewing process, and the concentration of LTP1 diminished as it 

transformed into its yeast friendly isoform LTP1b [7].   

A different study tested the effects of reducing agents during the mash boil phase of brewing on 

Lipid Transfer Protein 1 (LTP1) conformations.  The native barley seed form of LTP1 (nsLTP1) has no 

effect on beer foam stability; only after mash boiling (~100° C) does LTP1 unfold to a form that promotes 

foam stability.  Reducing agents naturally occur in barley and are responsible for LTP1’s ability to remain 

slightly unfolded after boiling.  The effect of reducing agents on barley LTP1 unfolding has never been 

analyzed [8].  

The protein LTP1 was separated from barley, wort, and beer by size exclusion chromatography.  

Mass spectroscopy was employed on the chromatography fractions to deduce three isoforms of LTP1.  

The third isoform, LTP1c, is similar to LTP1b and only differs by the molecular weight of the lipid adduct.  

The secondary structure of all three conformations of LTP1 were analyzed at different points of the 
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brewing process by circular dichroism spectroscopy (CDS).    The elipticities of different brew samples 

were measured both with and without the reducing agent sodium bisulfite [8]. 

The report concludes that the different isoforms of LTP1 do not show any differences in 

unfolding patterns.  However, the availability of reducing agents during boiling will greatly effect the 

final conformation of LTP1.  LTP1 in the presence of reducing agents will successfully break disulfide 

bonds and have the ability to positively effect bear foam as LTP1b.  The absence of reducing agents 

during boiling will allow LPT1 to be heat stable at 100° C.  This means that LTP1 will revert to its native 

conformation after boiling and will have no effect on beer foam stability.  A brewer must ensure that 

reducing agents are present in the mash to ensure positive effects on beer foam.  Luckily for all of the 

brewers, barley contains sufficient water soluble reducing agents to fulfill LTP1’s unfolding potential [8]. 

A research group at Sapporo Breweries studied the effects of barley dimeric α-amylase inhibitor-

1 (BDA-1) and avenin-like protein (ALP) concentrations on beer foam.  The first objective of the project 

was to extract and purify both BDAI-1 and ALP from beer to be used for further experimentation. The 

researchers used three steps in the purification process that include: ammonium sulfate precipitation, 

anion exchange chromatography, and 2D gel electrophoresis.  The second objective was to add the 

purified protein to beer and test the beer foam stability at differing concentrations of protein [3]. 

Anion chromatography makes use of the differing charges that proteins exhibit.  A gradient of 

different pH buffers are put through a column over time allowing differently charged particles to elute at 

different pH levels.  The proteins were desalted on PD-10 columns after separation.  The purified protein 

fractions were analyzed by a 2D electrophoresis gel to ensure purity.  Two dimensional electrophoresis 

(2DE) first separates proteins by their pI.  Separation occurs when an electric current passes through a 

gel with a pH gradient.  Secondly the proteins are separated by their size; this separation is done 

perpendicular to the first separation.  Size separation is done by denaturing the proteins with SDS, this 

will also give all proteins a negative charge, and then applying an electric current.  The current causes 
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the charged proteins to move toward to positive end of the gel at different rates depending on their 

size.  A size standard is typically ran side by side with unknown samples to be used as a molecular weight 

scale [3].   

Foam stability was measured by the NIBEM method in this study.  The NIBEM method measures 

the time it takes for foam to collapse by 30 mm in terms of seconds.  The results for this study were 

different for the two different proteins.  ALP showed either no effect or a detrimental effect on foam 

stability.  BDAI-1 additions always showed a positive change to the stability of foam, meaning it took 

longer for the foam to fall.  Higher concentrations of BDAI-1 had a much greater effect on stability than 

did low concentrations.  This resulted in linear growth of foam stability dependent on the concentration 

of BDAI-1 in the test sample [3]. 

 The last protein discussed in this paper will be barley protein Z.  This protein belongs to the 

serine protease inhibitor family or otherwise known as a serpin.  The protease inhibiting duty of this 

protein is to defend against pathogens in native barley.  It has been previously proven that three 

isoforms of protein Z exist in barley and that only one isoform is able to survive through the boiling 

process of brewing.  This protein is known as barley protein Z7 [5]. 

 The secondary structures of barley protein Z7 (BSZ7) were measured both before and after 

boiling by circular dichroism (CD).  Purified BSZ7 was diluted down to 0.5 mg/mL with deionized water 

and spectroscopy in the far-ultraviolet range was employed.  The results of both the pre boil and post 

boil samples differed by less than 10% α-helix secondary structure elements present.  Proving that BSZ7 

has a high tolerance to denaturation in aqueous boiling temperatures (100   ͦC) [5]. 

 The hydrophobicity index of BSZ7 was determined by measuring fluorescent intensity of a probe 

against different concentrations of BSZ7.  Multiple dilutions were made with 0.02 M PBS buffer and 

were placed into a 96 well plate.  A fluorescent probe, 8-anilino-1-napthalenesulfonate (ANS), is added 

to each sample.  This probe includes a hydrophobic region that bonds with hydrophobic regions on the 
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surface of proteins.  A protein with a highly hydrophobic surface will attract more probe molecules and 

the fluorescent intensity will be higher.  As a control, a duplicate of each sample was analyzed for 

fluorescent intensity without the fluorescent probe.  This will allow for intensity corrections based upon 

differences one would expect from differing concentrations of BSZ7 [5]. 

 Multiple barley proteins were analyzed for their hydrophobicity index by this method.  BSZ7 

exhibited the highest hydrophobicity of any protein tested.  A protein with such a high hydrophobicity 

does not diffuse into an aqueous environment very well.  Due to this, most of the BSZ7 in barley is left 

behind in the grains during the mashing process.  This is unfortunate to brewers because it has been 

proven that a protein with high hydrophobicity will greatly promote beer foam stability [5]. 

 Although the exact mechanism for these protein’s effect on beer foam stability is not 

understood, correlations to their effect have been made in this paper.  The proteins discussed here are 

the more prominent proteins known to affect beer foam stability to date yet there are many other 

proteins that have shown to have an effect on foam stability.  The combined effects of these different 

proteins on beer foam have not yet be studied.  The perfect combination of these proteins may be able 

to produce the most stable beer foam possible.  Though having the recipe of proteins may not be useful 

to brewers since there are only so many varieties of malted barley available.  If the perfect combination 

of proteins were to be discovered, the first step would be to breed strains of barley that contain the 

correct concentrations of the desired proteins.    

 If a brewer wishes to brew a beer with a high foam stability there are many aspects that must be 

considered.  The brewer must ensure that the wort is boiled for a sufficient amount of time so that the 

native LTP1 protein has time to convert to its foam promoting form.  There must also be a sufficient 

amount of reducing agents in the wort for the denatured LTP1 protein to retain its heat stable form.  If 

the brewer wishes to capture a higher amount of the hydrophobic barley Z protein, one option is to 

filterer the wort through the barley grain for an extended period of time.  Filtering wort through barley 
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grain is a process known in the brewing industry as laughtering [6].  The largest consideration a brewer 

must take into account is that of which varieties of malted barley to use.  It will be important to use 

varieties that have been kilned for longer periods of time since these tend to include higher 

concentrations of foam promoting heat stable proteins.  More heat stable protein means that more 

proteins will stay intact through the wort boil phase of brewing.  Finally, having a higher concentration 

of foam promoting protein in the product will ensure that the resulting beer has a high foam stability.  
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