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Abstract 

Ethanol can be found in the gaseous atmosphere at the beginning of industrial scale malting, indicating 
fermentative metabolism. While it is neither possible nor necessary to avoid the fermentative phase 
completely, a prolonged fermentative phase may increase malting losses and impair malt quality. This work 
was undertaken to study the effect of processing conditions on the oxygen deficiency in barley. Ethanol 
production was always detected at the beginning of malting, in all steeping conditions. During the steeping 
phase, germinating barley suffered from oxygen deficiency despite continuous aeration. Germinating barley 
also reacted to low external oxygen concentrations. The timing of the oxygen deficiency determined its 
effect on germination: the later oxygen deficiency occurred, the more it retarded germination. Aeration of the 
first steep water did not appear to relieve the oxygen deficiency in the barley grain, which is probably due to 
the impermeable seed coat. In industrial practice, aeration during the first wet steep may therefore serve 
more as remover of CO2 than as “oxygeniser” of barley. 
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Introduction 

Seeds are generally considered to suffer from oxygen deficiency at the beginning of germination, before the 
growing embryo protrudes from the covering layers of the seed (1). This is known to apply also for 
germinating barley grains. Several findings indicate that the testa and pericarp limit the oxygen availability 
of the barley embryo during the time between imbibition and completion of germination (2). Barley reacts to 
oxygen deficiency by expressing alcohol dehydrogenase (Adh) enzymes (3) and the product of fermentation, 
ethanol, has been detected in the gaseous atmosphere prevailing industrial malting conditions (4).  
 
Barley kernels can survive for days without oxygen (5). This survival is largely dependent on the constitutive 
alcohol dehydrogenase enzyme Adh1, which is found in the dry barley seed. When barley is subjected to 
oxygen deficiency, two other Adh enzymes are induced: Adh2 and Adh3 (5). Although barley kernels cope 
well with oxygen deficiency, they will not germinate in the complete absence of oxygen. While it may not be 
possible or necessary to avoid the fermentative phase completely, a prolonged fermentative phase may 
increase malting losses by augmenting carbohydrate consumption and impair malt quality through its effect 
on enzyme synthesis. The aim of this work was to study the effect of malting conditions on the oxygen 
deficiency of germinating barley. 
 
Methods 

Barley (Scarlett, crop 2004) samples (300 g) were malted in a controlled atmosphere malting equipment. 
Samples were steeped (18°C) for 8 h, followed by a 16 h air rest (20°C) and a second steep (2-3 h, 18°C). 
The barley was germinated for 5 days (16°C) and kilned. The FTIR multicomponent gas analyser Gasmet® 
with a heated, flow-through, 5 m path length sample cell was used to monitor the main volatile organic 
components in the head space of the malting drums. The percentage of germinated grains was calculated 
daily. Samples were taken during malting for in gel Adh activity assay. Gel electrophoresis and Adh activity 
staining was performed as described by Harberd and Edwards (5) without mercaptoethanol in the extraction 
buffer.  
 
The following special treatments were applied to cause more or less oxygen deficiency during malting: 
- sample 1 was a normally aerated control 
- sample 2 was sparged with N2 gas during the first steep  



- sample 3 was sparged with N2 gas during the first half (8 h) of the air rest 
- sample 4 was sparged with N2 gas during the 2nd half (8 h) of the air rest 
- sample 5 was steeped in 0.5 g/l H2O2 (first steep only) 
 
Results 

Ethanol was always detected in the gas atmosphere during the first three days of malting regardless of 
malting conditions. H2O2 in the first steep water affected the rate at which ethanol disappeared from the head 
space of the malting drum (Figure 1). 
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Figure 1.  The effect of H2O2 and N2 treatment during 1st steep. 

 
Barley responds to oxygen deficiency by expressing Adh2 and Adh3 isoenzymes, while Adh1 is present in 
large amounts in the mature grain. The different Adh isoenzymes form dimers that can be separated by 
native gel electrophoresis based on differences in charge (Figure 2). 
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Figure 2.  Separation of Adh dimers by gel electrophoresis. 

 
Ungerminated barley contained mainly Adh1·Adh1 isoenzymes but also small amounts of Adh1·Adh2. 
During steeping, Adh2 isoenzymes were induced in all malting conditions. Adh3 was induced in all N2-
sparged samples and also in the aerated control. This indicates that barley is indeed experiencing oxygen 
deficiency during malting, despite continuous aeration. 
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Figure 3. The effect of timing of oxygen deficiency on grain germination. 
 
Oxygen deficiency (in this case accomplished by sparging N2) did not impair germination when applied at 
the beginning of steeping (first wet steep). However, when oxygen deficiency was applied at the end of the 
air rest it slowed down germination significantly (Figure 3). Therefore, aeration of the grain bed is more 
important during the air rest than during the first wet steep.  
 
 

Conclusion 

Germinating barley suffered from oxygen deficiency at the beginning of malting despite continuous aeration. 
Germinating barley also reacted to externally applied oxygen deficiency. In this study oxygen deficiency was 
created by sparging N2 gas through the barley bed. In industrial practice, oxygen deficiency may occur in 
parts of the steeping vessel as a consequence of air channelling. The timing of the oxygen deficiency 
determined its effect on germination: the later the oxygen deficiency occurred, the more it retarded 
germination. Aeration of the first steep water did not appear to relieve the oxygen deficiency in the barley 
grain. In industrial practice, aeration during the first wet steep may therefore serve more as remover of CO2 
than as “oxygeniser” of barley. 
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