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Abstract 
This investigation seeks to demonstrate and ensure that Australian malt and barley is ‘clean’ and safe.  
Australian has an enviable reputation for ‘bright’ and clean malting barley that infers a relatively low load of 
micro-organisms compared to other international barley exporters.  This is a direct result of the typically 
very dry harvest conditions in our cropping zones.  The microbiota of barley has a significant effect on 
potential malt quality, efficiency of the brewing process and final beer quality. We expect that Australian 
barley does not have a problem in most years with microbial contamination, however in other areas of the 
world this is a significant problem.  The most obvious is the Fusarium/DON/gushing problem in North 
America and Northern Europe.  The problem of premature yeast flocculation during fermentation is also 
increasingly an issue that international brewers are concerned about. This investigation will lead to a set of 
diagnostic tools, based on molecular biology techniques be developed.  Microbial safety and quality 
assurance for Australia’s domestic and international barley and malt customers would be expected to 
enhance Australia’s reputation as a quality grain supplier. 
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Introduction 
The barley grain carries with it a community of micro-organisms referred to as its microbiota.  The 
microbiota of barley consists principally of bacteria, including members of the Eubacteria, and the 
filamentous actinomycetes, filamentous fungi and yeasts [8].  The degree to which the grain in colonised or 
contaminated depends on the field conditions under which the barley is grown and the storage of the grain 
post harvest.  These fungi can be divided essentially into those that dominate in the field, during storage or 
malting.  Flannigan [8] suggests that the microbiotas of different barleys are similar to each other and to 
other cereals, dominated by a relatively small number of species although a range of micro-organisms has 
been isolated.  An extensive listing of the microbial species and genera is displayed in Noots et al., [18].  
These studies have been dominated by grain sourced from the relatively humid, wet harvest climates of 
Northern Europe and North America.  To date, relatively few investigations have been attempted with 
Australian barley that is typically grown under less humid conditions and dry harvest conditions. 
 
Microbial contamination of barley and malt 
During the growing of barley, its storage and the production of malt there are a number of critical points in 
the process that microbes have an opportunity to contaminate or colonise barley/malt.  These are: 

• Field. Barley kernels can be contaminated by airborne bacteria, yeast, fungi and moulds as soon as 
the heads emerge from the enveloping leaf-sheaths [14].  The palea and lemma bracteoles that later 
form the husk, effectively shield the caryopsis from direct contamination.  Therefore much of the 
field microbial contamination is confined to the outer layers of the grain, so that climatic conditions 
such as rain or humidity promote this contamination [10, 26]. Fortunately in Australia, our typically 
dry environment reduces canopy relative humidity and dry harvest conditions, presumably reduce 
the potential grain microbial loads.  Not surprisingly, Australia has an enviable reputation for 
producing ‘bright’, ‘clean’ barley that is sought by both maltsters and livestock feed customers.  
Flannigan [8] concludes that the most important field microbe species are: Alternaria, Epicoccum, 
Fusarium and several other genera. 

• Storage. During storage the principle issue is of water.  The water maybe derived from storage of 
improperly matured/dried grain or from extensive infestation by rodents, insects or mites.  A recent 
Finnish investigation demonstrated that the combination of high temperature (in silo grain bed 
>25ºC) and moisture content above 14% [16] was required to promote storage microbe 
contamination.  In Australia, our generally very hot harvest conditions result in grain moistures 
typically between 9-11%, with moisture greater than 13% not accepted for silo receival.  Australia 
does however, in some seasons/areas, have harvests that are interrupted by rain, thus potentially 



setting up conditions for where microbial contamination could be a problem.  In parts of Europe and 
Canada, it is the norm that barley will be dried post-harvest, often resulting in higher grain moisture 
contents as it is costly to reduce moisture below the acceptable level of 14 %.  Flannigan [8] 
concludes that the most important storage microbes are: Aspergillus, Eurotium and Penicillium 
species. 

• Malting. Malting provides two primary process periods that favour the activation of dormant micro-
organisms and results in a dramatic increase in microbial growth (Figure 1).  The first is the 24 hr 
period of steeping, where the grain is imbibed with water (usually to 42-45%), with two immersions 
generally of approximately of 8 hours interrupted by an 8 hour ‘air rest’.  During steeping, an 
important issue is the reuse of steep water.  For malt houses where the cost of water and its 
subsequent disposal is costly, the reuse of steep water results in the inoculation of the next barley 
batch with higher microbial loads [19].  The second period of the process favouring microbial 
activity is after germination where the germinated barley grows in a water saturated atmosphere for 
4-5 days.  It has also been proposed that excessive microbial growth during malting may stimulate 
the germinated barley to produce antimicrobial proteins and components that can dramatically 
impact on the efficiency of the brewing process [2].  The final 24 hour kilning stage which dries the 
malt to around 4-5% moisture with hot air up to 85ºC, markedly reducing the malt microbe load, 
particularly when sulphur is burned into the air passed through the malt bed [9].  Flannigan [8] 
suggests that the most important microbe species of malting are Fusarium, Aspergillus, Penicillium, 
Pseudomonus, Lactobacillus, and various yeast species. 

 
Figure 1: Viable counts of micro-organisms associated with kernels during commercial production of 
sulphured malt (extracted from Petters et al., [20]). 
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Influence of microbes on brewing 
The impact of high microbial loads on barley and malt is regarded as highly undesirable by the brewing 
industry.  In part, this is due to the potential presence of mycotoxins (Table 1), which have the potential to 
survive the malting and brewing process (see Flannigan, [8] for review).  The Ministry for Agriculture, 
Fisheries and Food (UK, MAFF, 1993, cited [8]) concluded that the consumption of cereals is the main 
source of mycotoxins in the diet.  It has also been observed that moulds may taint beer flavour [11].  Perhaps 
the most dramatic manifestation of microbial contamination is the effect of Fusarium head blight  (primarily 
F. graminearum) on beer quality.  This micro-organism results in a hydrophobic factor [15] being carried 
through to the beer which causes gushing.  Although initially entertaining, consumers are not pleased when 
most of the beer erupts from the package and in severe cases it can literally hit the roof.  This behaviour is 
also a warning sign that mycotoxins such as dexoynivalenol (DON, vomitoxin) and diacetoxyscirpenol [7] 
are present [21, 23].  This is a serious problem for animal health and also potentially human health [17].  Not 
surprisingly, the incidence of Fusarium can cause major losses for farmers with Flannigan [8] estimating the 
total losses for barley and wheat due to Fusarium head blight between 1991-1996 being in the order of $3 



billion dollars in the United States alone.  Fortunately, head blight caused by the F. graminearum is so far 
rarely recorded in the barley growing regions of Australia, due to our dry growing and harvest conditions [3]. 
 
Table 1: Important mycotoxins detected in barley, malt and producing micro-organisms (adapted 
from Noots et al., [18]). * Dose causing 50% fatality when administered intraperitoneally to mice, (MSDS 
Sigma-Aldrich, www.sigmaaldrich.com). 

Fungal species Mycotoxin LD50 (mg/kg body wt)*

Storage fungi
Aspergillus flavus Aflatoxin B1 9.0
Penicillum species Citrinin 35.0
A. ochraceus, P. viridicatum,
P. verrucosum

Ochratoxin A 22.0

Field fungi
Fusarium graminearum, F. culmorum Dexoynivalenol (DON) 43.0
F. graminearum, F. culmorum,
F. sporotrichoides, F. poae

Diacetoxyscirpenol (Das) 7.8

F. sporotrichoides, F. poae T2 toxin 6.5
F. graminearum, F. culmorum Zearalenone (ZER) 5.0

 
Premature Yeast flocculation 
Microbial load has been hypothesised to cause premature yeast flocculation (PYF) that intermittently results 
in incomplete wort fermentation, is a significant problem for some breweries [2]. Yeast fermentation 
performance is central to the brewing process so that any factor that interferes with fermentation will have a 
substantial impact on brewery efficiency and beer quality.  The occurrence of PYF appears to be related to 
certain malt batches and is thought to be an interaction between barley quality, presumably microbial load, 
and the malting process, particularly during steeping (Prof B. Axcell, Sth African Breweries (SABMiller) 
and Dr A. Pringle, Anheuser-Busch (AB), USA, Pers. Comm.).  Interestingly, SABMiller and AB have 
different although related definitions of PYF.  SAB defines acute PYF as early flocculation during primary 
fermentation to produce beer with unacceptably high levels of fermentable sugars (‘gravity’). SABMiller 
also recognises chronic PYF where the cell count in suspension during maturation/secondary fermentation 
drops to sub-optimal so that the removal of undesirable flavour components such as diacetyl (butterscotch 
flavour) is not completed.  It is this chronic PYF type that AB recognizes.  Prediction of PYF has recently 
been achieved on the small scale [25] and SABMiller are now using this test to avoid the problem in their 
breweries. 
 
Axcell et al., [2] suggested that PYF could be linked with the secretion of plant pathogenesis related (PR) 
proteins from malt, presumably in response to microbial challenge.  These putative proteins appear to 
accumulate during the malting and may be extracted by a simple cold water extract of husk or whole malt 
corns [1].  The causal agent of PYF is currently a matter of conjecture.  Currently the consensus of thought is 
that there are two PYF causal agents; a large carbohydrate (presumably an arabinoxylan fragment) – PYF 
factor and an anti-microbial protein – anti-microbial factor [25].  What these factors are and how they 
interact is yet to be defined? 
 
Consequences of microbes on malt characterisitics 
The consequences of micro-organisms on the brewing characteristics of malt are less clear cut.  Adverse 
effects on malt quality have been reported as poorer germination, higher protein modification leading to 
higher wort nitrogen, lower diastatic power, and lower α-amylase levels [11].  Conversely, microbes may be 
responsible for improved barley germination during malting due to the secretion of plant hormones including 
gibberellin and auxin [24].  Other studies have shown the various microbial species may lead to the secretion 
of enzymes such as β-glucanases, xylanases and proteases [11, 18, 22].  While the β-glucanases and 
xylanases may reduce wort and beer viscosity to benefit the efficiency of lautering and filtration stages in the 
brewing process, the presence of xylanase may cause difficulties with yeast performance as xylanase activity 
has recently been linked to the production of the putative arabinoxylan fragments that cause PYF [25].  
Overall, it is surprising given the microbial presence on barley grain and the favourable conditions for their 
multiplication during malting, that there has been relatively little study of their impact on the assessment of 
malt quality characteristics such as wort viscosity, extract, diastatic power. 
 



Malting remedies for microbial contamination 
Grain users including maltsters have a number of remedies to avoid problems associated with microbial 
contamination.  The most simple is to avoid grain that is obviously weathered or showing disease symptoms.  
In normal years, avoidance can be easily implemented but in abnormal years such as 2003 (drought ending 
with damp harvest), the grain users often have less choice.  To cope with these situations in areas in which 
they are a regular occurrence (i.e., Europe) various starter culture measures utilising Lactobacillus, 
Pediococcus and Geotrichum species [5, 12, 13] have been used to suppress Fusarium growth during 
malting.  These measures come at some cost.  In addition, Flannigan [8] observes that even sound, clean 
grain can produce high levels of viable counts.  It is also clear that certain genera or species of microbes are 
more problematic than others.  For instance the incidence of F. graminearum is well known to cause the 
gushing/ DON mycotoxin problem but the causal specie/s of the PYF problem has yet to be determined. 
 
Microbial contamination of Australian barley? 
In Australia we are unaware of any concerted investigation to determine the microbiota of barley grain or 
during malting.  A recent microbial survey of wheat found that aerobic mesophilic bacteria were most 
prevalent in the wheat microbiota with the frequently encountered micro-organisms in the survey being 
Bacillus spp. coliforms, yeasts and moulds [3]. To date most investigations have centred on wheat, 
particularly on the incidence of F. graminearum head blight that is climatically restricted to North-eastern 
Australian cropping zone [3], with the last major outbreak in the mid 1980’s [4, 6].  Surveys of mycotoxins, 
again have mainly centred on wheat  [4, 27], with Webley et al., [27] concluding that in comparison to North 
America and Europe, Australia had a low risk of containing DON and related mycotoxins. Barley is 
primarily grown in the Southern regions of Australia (Tasmania, Victoria, Western Australia, South 
Australia and Southern NSW) so that the risk of F. graminearum head blight infection is low (i.e., low 
temperature at anthesis and early grain filling).  Barley is also covered by a husk which can harbour micro-
organisms and the use of water in the malting process is known to dramatically increase the level of 
microbes contaminating the malt.   
 
Conclusions 
The aim of this project will be to determine the typical microbiota composition and load for Australian malt 
and barley grown in different environments and areas compared to malting barley grown internationally.  
Within this overall aim the more specific objectives are as follows: 

1. Survey the microbiota of international (Europe, Canada, Japan) and Australian malt and barley from 
as wide range of environments and areas by molecular techniques. 

2. Predict what the desirable and undesirable microbial organisms, mycotoxins, and enzymes that are 
likely to be present. 

3. Test the practical effect of these components on the brewing process and beer quality for impacts 
such as premature yeast flocculation (PYF) or unexpected changes in brewing performance. 

Australia has an enviable reputation for ‘bright’ and clean malting barley that infers a relatively low load of 
micro-organisms.  This is most likely a direct result of the typically very dry harvest conditions in Australian 
cropping zone.  The project will assess the microbial composition and load of Australian malt and barley to 
ensure that what is sold is ‘clean’ and safe.  
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