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ABSTRACT
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The use of active dry yeast (ADY) in the brewing industry is
becoming increasingly attractive due to several key features,
including its capacity to be stored conveniently and to be pre-
pared rapidly for use. However, some studies have reported that
undesirable effects may occur when employing lager strains in
the ADY form, such as abnormal flocculation, haze formation
and a less stable foam structure. These effects have been linked
to reduced viability, caused by cell death during the drying and
rehydration processes. It is known that the means by which yeast
is rehydrated is important to maintain membrane integrity and to
prevent potentially lethal damage from occurring. In order to
determine the impact of rehydration conditions on yeast viabil-
ity, three industrially manufactured ADY strains were examined.
Each strain was rehydrated using a variety of parameters and
monitored for cell viability using slide culture and a variety of
brightfield and fluorescent stains.

INTRODUCTION

Active dried yeast (ADY) is widely used in industrial
processes; in particular within the wine, distilling and
baking industries, as well as the craft brewing sector.
Some of the benefits associated with ADY include its ca-
pacity to be stored for extended periods of time and the
speed at which it can be prepared for use. Furthermore,
ADY has the potential to be used for primary and secon-
dary (conditioning in bottle) fermentations, and to facili-
tate practices such as seasonal beer production and fran-
chise brewing. Despite these characteristics, widespread
adoption of ADY by larger brewing companies has not
occurred due primarily to the absence of a driving force
towards changing current practice within the brewing in-
dustry. In addition, this has been contributed to by previ-
ous studies which have suggested that some undesirable
effects may be associated with the use of dried lager
strains*!'. Although several reports have suggested that
ADY performs in a similar fashion to brewery yeast
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slurry>” others have indicated that during laboratory scale
fermentations, employing ADY may lead to abnormal
flocculation, haze formation and a less stable foam struc-
ture!!. These effects have been attributed to the reduced
viability of ADY!! and improvements to this parameter
are important in order to increase consumer confidence in
this product as a form of yeast supply.

The removal of water from yeast cells is a popular
method of culture preservation but the process by which
this is achieved can influence the viability of a yeast cul-
ture. Fluidised bed drying is the most common means of
producing ADY for direct use in industrial fermentations,
however other forms of drying such as freeze-drying and
spray drying also exist. Freeze-drying consists of the re-
moval of water by sublimination of a frozen culture under
vacuum'8. Viability of yeast preserved in this manner is
sometimes as low as 0.1%** and consequently yeast pre-
served in this way is only appropriate for long term stor-
age of strains. Spray-drying utilises a stream of hot air to
rapidly dry droplets of a slurry solution, producing a pow-
der”. Whilst industrial scale spray-drying is common for
some bacterial species®?S, it is not widely used for brew-
ing yeast as it also produces low viability cultures®. Dry-
ing using a fluidised bed system*'" is less stressful to
yeast cells than both freeze and spray drying and is fur-
thermore capable of producing large quantities of bio-
mass. A preliminary water removal stage based on vac-
uum filtration is used to convert yeast cream to a cake
(approximately 30-32% dry weight) which is then ex-
truded into noodle-like structures of approximately 0.2
mm in diameter. The remaining water is then removed in
the fluidised bed drier, whereby a constant flow of dry air,
maintaining the product at 35-37°C, is used to remove
water until the dry weight of the yeast culture is approxi-
mately 93-95%.

Whilst the mode of dehydration can influence the ca-
pacity of a yeast cell to recover from desiccation, the
process of rehydration is equally significant. Previous
studies have investigated the effect of temperature®, me-
dia composition and rehydration protocol’*®** on the re-
covery of ADY. However, these studies have focused on
the analysis of wine and baking yeast strains, which are
typically more tolerant to stresses imposed by dehydration
and rehydration than brewing yeast, and optimisation of
the rehydration procedure for brewing yeast strains has
only been the subject of limited investigation'*'*. In this
study we determine the effect of rehydration time and
temperature on the viability of yeast cultures after rehy-
dration and, in conjunction, assess methods to estimate
live cells in rehydrated ADY cultures.
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MATERIAL AND METHODS

Yeast strains

Three strains of ADY brewing yeast; LALI1 (lager type
yeast, commercial name Diamond), LAL2 and LAL4
(both ale type yeasts, commercial names Nottingham and
Munich respectively) were provided by Lallemand Inc.
(Montreal, Canada). Each strain was propagated using the
industry standard protocol, involving batch and fed-batch
growth on molasses based medium'*!”, before drying us-
ing a fluidised bed drier. ADY was provided in 20 g pack-
ets sealed under vacuum (LALI1) or 11 g nitrogen flushed
packets (LAL2 and LAL4) and stored unopened at 4°C
until required.

Growth media

YPD broth was composed of 1% [w/v] yeast extract,
2% [w/v] neutralised bacteriological peptone and 2%
[w/v] glucose media. If required, YPD medium was so-
lidified using 1.2% agar [w/v].

Rehydration

Rehydration was performed based on the manufac-
turer’s guidelines (Lallemand Inc, Montreal, Canada) and
samples for viability testing were recovered in triplicate at
specific intervals. In each instance 1 g of ADY was sprin-
kled onto 10x its weight (10 mL) of temperature equili-
brated (either 25 or 30°C as described below) tap water
(pre-sterilised by autoclaving at 121°C and 15 psi for 15
min) in a 30 mL universal tube. The ADY was left to ab-
sorb water slowly for 15 min, mixed gently to form a
slurry, and left undisturbed for a further 45 min. The tem-
perature was maintained at either 25°C or 30°C through-
out rehydration to determine the effect of this parameter
on the viability of the final product once prepared for use.
Samples for viability testing were recovered in triplicate
immediately on suspension in water (Sample Point A),
after initial mixing (Sample Point B) and subsequently at
15 min intervals for 1 h (Sample Points C1-C4).

Viability testing

The number of live cells in each population was esti-
mated by microscopy using brightfield and fluorescent
stains. In addition, a direct evaluation of the replicative
capacity of cells was determined by slide culture. Irre-
spective of the method employed, triplicate samples were
assessed and a minimum of 100 cells per sample were
enumerated. The number of live (viable) cells is expressed
as a percentage of the total population.

Methylene blue was dissolved in sodium citrate solu-
tion (2% w/v)® to a final concentration of 0.01%. Yeast
cells were enumerated using a haemocytometer and di-
luted to a concentration of approximately 1 x 107
cells/mL. Yeast suspension (0.5 mL) was mixed with me-
thylene blue (0.5 mL) and examined microscopically after
a static incubation of 5 min at room temperature. Non-
viable cells were stained blue and viable cells remained
unstained.

MgANS (8-anilino-1-naphthalene-sulfonic acid hemi-
magnesium salt hydrate) staining was performed accord-
ing to the method of McCaig et al.>> A 0.3 g aliquot of
MgANS was dissolved in 2 mL of absolute ethanol and
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diluted in 98 mL of sterile water producing a final con-
centration of 0.3% (w/v). This was used as a stock con-
centration and stored at 4°C in a light protected container.
Yeast cells were enumerated using a haemocytometer and
diluted to a concentration of approximately 1 x 107
cells/mL. Yeast suspension (0.5 mL) was mixed with
MgANS solution (0.5 mL) and incubated statically in a
dark environment for 5 min at room temperature. Cells
were examined using a fluorescence microscope (Op-
tiphot-2, 100 W mercury lamp light source and a triple
pass filter set for DAPI-FITC-TRITC, Nikon, Japan) at
x400 magnification. Non-viable cells appeared green and
viable cells remained unstained®.

Oxonol [bis-(1,3-dibutylbarbituric acid) trimethine
oxonol (Dibac,(3))] viability assessment was determined
following the method of Lloyd and Dinsdale’’. A 1 mg
aliquot of oxonol dye (Invitrogen) was dissolved in 1 mL
absolute ethanol and stored at —20°C in a dark environ-
ment. A 10 pL of the stock solution was diluted in 1 mL
water to produce a working solution of 10 pg/mL. A 1 x
107 cells/mL yeast suspension (0.9 mL) was mixed with
100 pL of working solution of oxonol and incubated in a
dark environment at room temperature for 5 min. Cells
were examined using a fluorescence microscope (x400
magnification). Non-viable cells appeared green and vi-
able cells remained unstained?'.

The slide culture technique used to assess viability was
adapted from the American Society of Brewing Chemists
Recommended Methods of Analysis®>. In this instance
YPD agar was used in preference to MYGP (malt extract,
yeast extract, glucose and peptone) media. Using a pi-
pette, 1 mL molten YPD agar was dispersed evenly over a
3 x 1 inch slide, previously sterilised by flaming. Once
the agar had solidified, 10 pL yeast cell suspension (1 x
109 cells/mL) was pipetted onto the surface and a cover
slip placed on top. Slides were incubated at 25°C for ap-
proximately 18 h. Cells were examined using a light mi-
croscope and individual cells giving rise to microcolonies
were deemed viable, while single cells were scored as
non-viable.

RESULTS AND DISCUSSION

The viability of industrial ADY cultures is believed to
be dependent on multiple factors including the strain em-
ployed®, the method of drying'>?, the temperature of
drying®, the temperature of rehydration®**°, and the rehy-
dration media®'. In order to determine the effect of rehy-
dration conditions on brewing yeast cells, the impact of
rehydration time and temperature on the viability of three
industrially manufactured dried brewing yeast strains was
determined.

The effect of rehydration time on estimated
cell viability

Typical protocol requires yeast to be rehydrated for up
to an hour before utilisation. Because of operational con-
straints this practice is often not adhered to when ADY is
employed on an industrial scale. To determine the effect
of rehydration time on the viability of the subsequent cul-
ture, rehydration was conducted according to the protocol
outlined above. The viability of each culture was assessed
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Fig. 1. Viability during rehydration of LAL1 at 25°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).
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Fig. 2. Viability during rehydration of LALI at 30°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).
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Fig. 3. Viability during rehydration of LAL2 at 25°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).

at specific time points using slide culture, bright field and
fluorescent stains.

Analysis of samples at time point A revealed that al-
though some variation in viability was observed according
to the method employed (as discussed below). Viability
was exclusively lower (25-50%, 40-55% and 20-55% for
strains LAL1, LAL2 and LAL4 respectively) than at sub-
sequent sample points for each of the strains analysed
(Figs. 1-6). At sample point C4, when rehydration was
deemed to be complete, the viability was observed to
range from approximately 65-75% for strain LAL1 (Figs.
1 and 2) to 75-85% for strains LAL2 and LAL4. This
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Fig. 4. Viability during rehydration of LAL2 at 30°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).
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Fig. 5. Viability during rehydration of LAL4 at 25°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).
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Fig. 6. Viability during rehydration of LAL4 at 30°C. Mean
viabilities of ADY populations (triplicate samples with standard
error shown).

suggests that the use of viability tests to assess ADY qual-
ity before rehydration has been completed may provide
unreliable data and a more accurate estimation of cell
viability can only be obtained once a culture has been
fully rehydrated. However, it is also important to consider
that the lower apparent viability at Sample Point A may
indicate that there are differences in the physiological and
metabolic state of yeast populations at this stage of the
process. Viability analysis by means of slide culture, as
well as the different staining methods, demonstrated an
increase in the estimated number of live cells throughout
rehydration (Figs. 1-6). Consequently, although it was
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evident that cells were able to recover their capacity to
replicate when fully rehydrated, these data suggest that
yeast cells at an early stage of rehydration may not be
able to respond to the change in environmental conditions
required for viability assessment, perhaps reflecting the
fragile condition of the cell membrane at this point. This
hypothesis is supported by previous data indicating that
direct pitching of yeast into wort can be detrimental and
that pre-incubation is important to ensure fermentation
performance (unpublished data). While the current re-
ported data indicates that a shorter incubation period than
previously suggested by the manufacturer (20-60 min)
may be possible for the strains analysed here, it should be
noted that the current measure of yeast condition (viabil-
ity) does not guarantee fermentation performance'. Al-
though viability did not appear to change significantly
during the latter stages of rehydration, it is possible that
this time period is required to remove the products of de-
hydration stress response, such as trehalose, which can
cause inhibition of yeast metabolic pathways'*¥. Conse-
quently, although the precise benefits of allowing yeast to
slowly acclimatise to the environment have not been di-
rectly assessed here, it is suggested that this period may
play a significant role in determining how ADY performs
in industrial scale fermentations.

Furthermore, while the data presented here indicates
that the ADY populations in their dry form and during the
initial stages of rehydration may demonstrate different
physiological properties to fully rehydrated or wet yeast
slurries, it is suggested that they should not immediately
be considered to be non-viable, as the apparent viability
increases during rehydration. Whilst drying results in cells
in a dormant state that have non-viable characteristics,
viable characteristics can be recovered during rehydration.
This highlights the difficulties in assessing viability as an
absolute phenotype. Practically, this is of significance
given that an accurate assessment of the viable state of
yeast cultures is important to ensure that the correct pitch-
ing rate is achieved. It is proposed that measurements of
ADY viability should be treated with caution if taken at an
early point during the rehydration process. A more
accurate estimation can only be achieved once the yeast
has been fully rehydrated.

The effect of rehydration temperature on cell
viability

Laroche and Gervais® suggested that survival during
rehydration is determined by the osmotic pressure and
temperature of the yeast cell and the surrounding medium,
and that rehydration across an unstable membrane is a
significant cause of cell death. In order to determine the
effect of rehydration temperature on cell viability, each
yeast strain was rehydrated at both 25°C and 30°C and
analysed using the techniques described above.

For the lager strain LAL1, it can be seen that cell sur-
vival was dependent on the temperature of rehydration,
with a greater viability at time point C4 (complete rehy-
dration) when 25°C was applied compared to rehydration
at 30°C (Figs. 1 and 2). Although some variation was ob-
served according to the method by which viability was
estimated, at 25°C a viability of approximately 73% could
be achieved compared to that of 67% at 30°C. This pat-
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tern of results was not observed for the other strains ana-
lysed, with the ale strain LAL4 exhibiting a higher viabil-
ity when rehydrated at 30°C (approximately 80%) than at
25°C (approximately 72%). Interestingly, the viability of
ale strain LAL?2 did not appear to be as temperature de-
pendent, with similar viabilities observed at both 25°C
and 30°C (approximately 75% and 78% respectively).

The temperature of rehydration is believed to be par-
ticularly important in avoiding structural damage as a re-
sult of phase transition events (characterised by a loss of
fluidity) within the plasma membrane*. Such events may
be avoided by rehydration at a temperature above the
phase transition temperature of the cell membrane®,
which may lead to improved viability in certain yeast
strains. However, thermal tolerance in yeast is also known
to be strain dependent and determined by factors such as
the presence of protectants® and synthesis of heat shock
proteins®”. Therefore the benefit of increased rehydration
temperatures in terms of membrane stability may be re-
duced in some yeast strains due to poor heat resistance.
Lager yeast are known to have an optimum growth tem-
perature that is considerably lower than those of ale yeast,
the former being unable to grow at temperatures of above
34°C*, This suggests that the optimum temperatures for
not only yeast function, but also rehydration, may be
lower for lager strains than for ale yeast. This hypothesis
is supported by our observation that higher viabilities
were obtained for LALI1 (lager strain) at 25°C, while
strains LAL2 and LALA4 (ale strains) were able to be rehy-
drated with good results at the higher temperature of
30°C. As a consequence, it is proposed that the rehydra-
tion temperatures selected for ADY should be aligned
with the optimum functional temperature of each yeast
strain and that deviation from these temperatures may
adversely affect viability, a key factor in achieving a suc-
cessful fermentation. Furthermore, it is anticipated that
correct preparation of ADY may prevent excessive cell
death (some cell death must be anticipated when using
ADY) and that as a result the abnormal characteristics
reported to be associated with using yeast in this form
may be alleviated.

Methods for assessing ADY viability

The basic criterion for a yeast cell to be considered vi-
able is that it has the ability to reproduce. Although tech-
niques based on cultivation are able to directly assess the
capacity of cells to divide, such methods are typically
time consuming. Alternative methods based on cell stain-
ing are frequently adopted within industry as a means of
estimating brewing yeast viability. Staining protocols are
typically used to provide an indication of viability based
on either membrane exclusion, the staining of cellular
compounds, or by the ability of cells to convert or degrade
the stain during cellular metabolism. Consequently, al-
though such stains do not directly determine the capacity
of cells to divide, they assess specific aspects of the cell
which are critical to function and as such may be used as
a measure of viability3.

Despite its widespread use within the brewing industry
for viability assessment, methylene blue is known to be
inaccurate for the assessment of cultures with a viability
of less than 90%'%?%35 and may not represent the most



appropriate test for use with ADY, while other stains such
as Oxonol and MgANS may be more suitable. Oxonol is a
potentiometric fluorescent stain that is excluded from vi-
able yeast, but enters cells when the trans-membrane po-
tential is lost?’. On entry, the dye binds to intracellular
lipids and proteins and fluoresces, indicating that the cell
is non-viable’. The dye MgANS is excluded from viable
cells by the cell membrane, but can enter dead cells,
where it binds to cytoplasmic proteins forming a highly
fluorescent complex®. With the differing modes of action
for each of these methods, it was anticipated that the re-
sults obtained might provide a more accurate reflection of
the viable state of ADY cells.

Analysis of samples at time point A revealed that a
large variation in viability was obtained when different
methods were applied (Figs. 1-6). This variation may
reflect the period of most change within the yeast cells,
and population as a whole, which displays greater varia-
tion with respect to viability assessment. As suggested
previously, this indicates that the use of viability tests to
assess ADY quality before rehydration has been com-
pleted may yield unreliable data, and a more accurate esti-
mation of cell viability can be obtained once a culture has
been fully rehydrated. At sample point C4, when rehydra-
tion was deemed to be complete, the discrepancies be-
tween the percentage viability when different assessment
techniques were applied was considerably reduced. Irre-
spective, although the means by which the viability of the
yeast slurry was determined indicated variation between
methodologies, no specific trends were observed and no
individual technique gave consistently high or low esti-
mates. Consequently no single viability technique can be
recommended for analysis of rehydrated ADY cultures.
This was perhaps surprising given that the mode of action
of each of the methods employed differed, however the
current data suggests that standard viability techniques
employed in breweries are adequate for analysis of ADY,
as long as the yeast population is completely rehydrated,
as discussed earlier.

CONCLUSIONS

ADY cultures have been reported to exhibit lower cell
viabilities than wet yeast populations of the same strain,
leading to altered fermentation performance. Conse-
quently it is important to ensure that ADY viability is
maximised prior to inoculating a fermentation vessel. It is
clear from this study that the method of rehydration may
play a particularly important role in maintaining popula-
tion health and yeast slurry viability. Specifically, incom-
plete rehydration, or rehydration at a sub-optimal tem-
perature, is likely to result in impaired viability. While the
current study has focused on the rehydration of yeast un-
der laboratory conditions, these results may indicate that
directly pitching ADY into wort (particularly cooler, lager
type worts) could potentially result in viability loss and
negatively influence fermentation performance. Further-
more, it is suggested that the optimum temperature of
rehydration should be determined for each individual
ADY strain and that these guidelines should be applied in
the brewery in order to help ensure yeast viability and
final product quality.
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