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risk of enrichment of pitching yeast 
with cells whose genomes, both 
nuclear and mitochondrial, contain 
high levels of errors. Consequently 
this leads to an increased likelihood 
of production of batches of product 
whose composition deviates from 
the norm for that particular beer 
quality. Retention of yeast from the 
middle of the cone crop for repitch-
ing reduces these risks. However, 
this approach will only ever be a 
partial remedy and placing an upper 
limit on the maximum permissible 
number of repitchings is essential.

Oxygen and yeast storage

When cropped yeast is held in 
the interval between fermentations, 
its metabolic activity is reduced to 
low levels by the application of chill-
ing. Of course, the key word here 
is ‘reduced’ because it certainly isn’t 
halted. However, even if temperature 
is controlled at the recommended 
2–4ºC, changes in yeast physiological 
condition still occur and these have 
the potential to influence fermentation 
performance and beer flavour.

During storage yeast relies for 
survival on a supply of the reserve 
carbohydrate, glycogen, which is 
accumulated during fermentation. 
It represents a nest egg of car-
bon which is deposited during times 
of plenty to be called upon when 
conditions become less favourable. 
Glycogen can be utilised in different 
ways depending upon the conditions.

Stored pitching yeast comprises 
cells in a resting phase. They are 
depleted in sterols and unsaturated 

fatty acids (UFA) which are essen-
tial components of cell membranes. 
Before pitching yeast can move into 
the growth phase it must synthesise 
a pool of these lipids and insert them 
into cell membranes. This requires 
molecular oxygen. During early fer-
mentation oxygen is provided to 
fulfil this need and because of lack 
of membrane function the carbon 
and energy are supplied by glyco-
gen breakdown. If yeast is exposed 
to oxygen during storage glycogen 
breakdown and sterol and UFA syn-
thesis can proceed. From a yeast 
standpoint this is a sensible strategy 
since it means that should external 
nutrients become available the cells 
will be in a state to utilize them rap-
idly and therefore out-compete other 
not so-well adapted cells.

From a process point of view, 
yeast which has been exposed to 
oxygen during storage will have 
shorter lag time in fermentation. 
Total yeast growth will be higher 
than expected, ethanol yields might 
be reduced and the production of 
beer flavour metabolites whose 
concentrations are influenced by 
growth will also be influenced. 

The remedy is, as far as pos-
sible, to maintain strict anaerobiosis 
during storage and preferably have 
short and consistent storage times. 
The exclusion of oxygen must be 
controlled throughout the entire 
time interval between cropping and 
re-pitching. Particular care should be 
taken when oxygen pick-up is possi-
ble but perhaps not considered, for 
example, during acid washing.

Table 2: Principal fermentation variable relationships

Parameter Effect on fermentation

Temperature
Positive correlation with fermentation rate
Neutral effect on yeast growth extent
Positive correlation with esters and higher alcohols

Wort concentration
Negative correlation with fermentation cycle time
Positive correlation with esters and higher alcohols
Low FAN associated with increased VDK standtimes

Pitching rate
Positive correlation with yeast growth extent 
(at moderate rates) 
Negative correlation with esters

Initial oxygen 
concentration

Positive correlation with yeast growth extent
Negative correlation with esters

Pressure Negative correlation with esters and higher alcohols
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YEAST: FLAVOUR

Open to interpretation?
The relationships between the 

principal fermentation variables, tem-
perature, pitching rate, pressure, 
oxygen concentration and wort con-
centration and the formation of the 
major classes of beer flavour com-
pounds are well known. Developed 
over the last 40 years or so in what 
were frequently laboratory or pilot 
plant fermentations, these ‘rules’ are 
summarized in Table 2.

Manipulation of any of proc-
ess variable should influence the 
extent of yeast growth and beer fla-
vour in predictable ways. However, 
many of these relationships can be 
demonstrated with certainty only 
in laboratory model fermentations 
where the levels of control are 
high but volumes are small (2 – 10 
l)! At production scale, other fac-
tors intervene and things tend to 
become less clear.

No doubt this is why there are 
many conflicting reports in the brew-
ing literature on the influence of proc-
ess conditions on beer flavour and 
aroma. The key element of fermen-
tation control is the requirement to 
establish defined initial conditions. It is 
perhaps here that there is the great-
est opportunity for unsuspected vari-
ability. With laboratory fermentations 
it is possible to pitch and disperse all 
the yeast, more or less instantly, into 
wort and in consequence provide a 
very obvious start point. 

Of course, this luxury is not 
afforded at production scale. Indeed, 

the greatest opportunity for process 
conditions to influence yeast growth 
and beer composition in perhaps 
unexpected ways is the manage-
ment of fermentation; in particular, 
the filling procedures used for large 
capacity conical vessels. With very 
large vessels there is a blurring 
between filling and the actual start 
point. This is particularly the case 
where multiple wort batches are 
used. Here there are obvious choic-
es to be made in terms of when to 
pitch and when to provide oxygen. 
Differences in practice at this point 
will have very far-reaching effects on 
the outcome of fermentation. 

Let us consider an example in 
which a 2000hl conical is required to 
be filled with 4 x 500hl brew lengths. 
Assume that the vessel takes 12h to 
fill and that the oxygen concentration 
is set at 8 mg/l. Typically it might be 
decided to pitch all the yeast with 
the first brew length and dose in oxy-
gen throughout all of wort collection. 
The results of this procedure would 
be that the yeast would be exposed 
to oxygen for something like 12 to 
24h (12h collection time plus time 
for the yeast to utilise oxygen added 
towards the end of collection).

Several other options are pos-
sible. It might be decided to add all of 
the oxygen with the first brew length 
(32 mg/l) and none with the remaining 
three. It might be that all the yeast 
could be pitched towards the end 
of collection or indeed as separate 
aliquots with each brew length. 

Clearly many other variations 
are possible and ostensibly any of 
these would apparently establish 
identical conditions at the comple-
tion of collection and the supposed 
start point of the fermentation. The 
actuality is that the real starting 
conditions and the effect on fer-
mentation and beer analysis would 
be very different.

Why should this be? As soon as 
yeast is exposed to (warm) wort and 
oxygen it begins the transition from 
resting state to active growth. One 
of the readily apparent markers of 
this is an increase in the rate of oxy-
gen uptake which corresponds with 
lipid synthesis. If yeast is pitched 
throughout wort collection the effect 
is that there is a continuum of yeast 
physiologies where that pitched first 
is able to compete for the available 
oxygen much more efficiently than 
that added later in the process. The 
practical outcome is under-pitching. 
Rapid and early pitching is strongly 
recommended with the caveat that 
steps to ensure good dispersal 
should also be taken.

Oxygen and esters

In terms of beer flavour, it is not 
always recognized that oxygen also 
has a molecular signalling function in 
yeast. For example, the transcription 
of the gene (ATF1) for the enzyme 
responsible for ester synthesis – 
alcohol acetyltransferase (AATase) 
- is subject to repression by oxy-
gen (and unsaturated fatty acids). 

Provided oxygen is present, this 
enzyme is not produced because 
the transcription of the gene is 
repressed. In practice, therefore it 
is possible to delay ester synthesis 
by controlling the time that yeast is 
exposed to oxygen.

This is demonstrated in Figure 
1, where the formation of iso-
amyl acetate during fermentation 
is shown where all the oxygen is 
added at the time of pitching or 
during a period of 8h during col-
lection. The explanation being that 
the wort amino acids and sugars 
(which provide the precursors) are 
prevented from forming esters by 
the repression of the necessary 
enzymes. This allows these same 
precursors to be used in other path-
ways such that when the repression 
of the enzyme is lifted by the disap-
pearance of oxygen they are no 
longer available. It may be readily 
appreciated that these effects can 
be mimicked at production scale by 
selection of an appropriate pitching 
and oxygenation regime.

Of course, this is merely a sin-
gle example and many other effects 
are both possible and likely. The 
timing of pitching and oxygenation 
in relation to collection, as well as 
the type of vessel and its location in 
the wort supply system will almost 
certainly influence how much of the 
oxygen is actually used by yeast, 
as opposed to being consumed in 
wort oxidation reactions or simply 
lost to atmosphere. Some of these 
wasteful and potentially deleteri-
ous effects are probably inevitable 
and as with most aspects of fer-
mentation management the watch-
word must be informed selection 
of appropriate procedures coupled 
with an absolutely rigid consistency 
of approach. 
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Figure 1: The effect of time exposure to oxygen on the formulation of iso-amyl acetate during fermentation of a 15ºP 
all malt lager wort




