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Flow cytometric methods for determining yeast viability are currently available. For effective
analysis of yeast in breweries it is important that the light scattering properties of the sample
medium (wort) do not interfere with that of target yeast cells. For this reason, a number of wort
samples were analysed for their light scattering and autofluorescent properties, as well as their
ability to bind the yeast viability dye, oxonol. Worts were found to produce light scattering that
was sufficiently different from yeast, such that the two were clearly distinguishable by flow
cytometry. Although oxonol bound to wort particles, computer software techniques allowed

determmination of yeast viability in worts.
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INTRODUCTION

There is a requirement in the brewing industry for a
rapid and reliable yeast viability assay. Current assay
methods are either slow or unreliable. The plate count
technique, for example, requires at least two days
incubation. Although considered the “gold standard”
for viability determination, this method does not detect
cells that have lost replicative ability, but still maintain
fermentative activity®. The methylene blue assay,
selected for determining veast viability at many
breweries throughout the world, is comparatively rapid.
However, it is only reliable when the population is
highly viable!3. This method is also inconsistent, with
reports of methylene blue significantly overestimating
numbers of live cells®. Others have concluded the
opposite!”. Further, many of the current methods,
including methylene blug, are tedious and susceptible to
operator error?.

Flow cytometry is a technology that allows tens of
thousands of cells to be individually analysed within
seconds!>. With the use of appropriate fluorescent
stains, yeast viability can be reliably determined2s10.11,
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Further, since the analysis is robotic, and data
accumulation electronic, there is a significant decrease
in opportunities for operator error.

Yeast is present in breweries in wort during
propagation and beer after fermentation. For the
successful application of flow cytometry in the
brewery, it is important to establish the level and
variability of background noise existing in these
liquids, against which signals from yeast must be
detected (signalinoise). If the light scattering and
fluorescence of these background liquids were to be
similar to that of yeast, a flow cytometric assay for
detection, and subsequent viability analysis of yeast,
would be significantly more complex. Therefore, a
variety of different wort and beer samples were
obtained from a brewery, and characterised in terms
of fluorescence and light scatter signals by flow
cytometry. Fluorimetric analysis of worts was also
conducted to ascertain their spectral properties. The
ability of worts to bind the fluorescent dye
oxonol, that is optimal for determination of yeast
viability!!, was also examined. Live and dead
brewer’s yeast was combined with wort and oxonol,
to determine the ability to analyse yeast of varying
viabilities in the brewery setting,.
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MATERIALS AND METHODS

Organism and growth conditions

The brewer’s yeast strain used in this study (strain A)
was Saccharomyces carlsbergensis, obtained from Carlton
and United Breweries (CUB), (Kent Brewery, Sydney,
NSW, Australia). It was grown for 3 days at 30°C, and
maintained at 4°C on GYP agar slopes (1 g of D-glucose,
0.5 g of yeast extract, 1 g of bacteriological peptone, 0.3 g
of KH,PO,, and 1.5 g of agar per 100 mL). A loopful of
slope culture was inoculated into 5 mL of GYP liquid
medium, and incubated at 30°C with shaking at 180 rpm
to an Ay of 7. To heat kill yeast, half of this culture was
exposed to 80°C for 10 minutes.

Wort samples

Wort samples were obtained from CUB. These were
High Gravity Bitter (HGB), High Gravity Resche’s Bitter
(HGRB), High Gravity Foster’s Light Ice (HGFICE),
High Gravity Kent (HGK), and High Gravity Cold
Filtered Bitter (HGCFB). All worts were obtained from
the wort chiller, after the kettling stage. Five separate
HGB wort samples were collected over a time period of
eight months.

Fluorimetry

APerkin Elmer LS-50B luminescence spectrophotometer
(Perkin Elmer, Sydney, NSW, Australia) was used in the
cuvette reader configuration. A four-sided polished
quartz cuvette was used for all sample analyses. The
fluorescent dye utilised was oxonol (DiBAC,(3) - Bis-
(1,3-dibutylbarbituric acid) trimethine oxonol), obtained
from Molecular Probes Inc., Eugene, Or., USA.

Wort (400 pL), oxonol (4 uL - final concentration of 0.5
pg mL-1), and yeast (125 pL - final concentration of 106
cells/mL), alone or in mixtures, were made up to a total
volume of 4 mL with distilled water. Distilled water and
GYP medium were used separately as blank solutions.
Samples were read at 1500 nm min-!, with a slit width of
5 nm. The excitation wavelength chosen was 488 nm, the
standard argon laser line used in most cytometers.
Emission was read between 500 nm and 750 nm. All
samples were analysed in duplicate. Data capture and
analysis was performed with the FlWinLab program
(Perkin Elmer).

Flow cytometric staining and analysis

Flow cytometry was performed on a FACSCalibur
cytometer (Becton-Dickinson, Sydney, NSW, Australia).
Threshold was on forward scatter (FSC), and was set to
300. FSC and side scatter (SSC) detector voltages were E-
1 and 273 respectively. Fluorescence detectors were
adjusted to 400. No compensation was used. Sheath
fluid (Osmosol, Lab Aids Pty Ltd, Sydney) was passed

through a 0.22 pM filter in the FACSCalibur. For
staining, Falcon tubes (Becton-Dickinson) were filled
with combinations of 100 pL of yeast suspension (final
concentration of approximately 3 x 10¢ cells/mL), 100 pL
of wort, and 1 pL of oxonol (final dye concentration of
0.5 ug mL1), with the tubes made up to ImL with sterile
distilled water. Tubes were incubated for 10 minutes at
21°C prior to flow cytometric analysis. 10,000 events
were collected. Data was analysed with CellQuest
software (Becton-Dickinson).

RESULTS

Fluorimetry

When wort samples were excited at 488 nm,
autofluorescence peaked in the green end of the spectrum
(around 525 nm) (Fig. 1 and Table I). Worts gave a range
of 34 to 68-fold greater autofluorescence than distilled

“water (Table I). The addition of the fluorescent yeast
viability dye, oxonol, increased by more than 10-fold the
fluorescence of worts (Fig. 1 and Table D).
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FIG. 1. Emission spectra of HGB wort, HGB wort combined

with oxonol, and oxonol alone when excited at 488 nm. Y-axis
is emission peak intensity (arbitrary values).

Combinations of HGB wort with oxonol are shown in
Figure 1, whilst Table I also includes live and dead yeast.
Medium in which yeast had been grown (GYP) was also
analysed and gave a low level of autofluorescence. Live
yeast stained with oxonol produced a similar peak to
oxonol alone, as did GYP with oxonol. This confirmed
the high viability of these yeast, as oxonol does not stain
viable yeast. When dead yeast was combined with
oxonol, the peak intensity more than doubled, due to the
dye staining these cells. A similar confirmation of the
viability of yeast was illustrated when yeast were
combined with HGB and oxonol. Replacing the live
yeast with heat killed yeast resulted in a significant
increase in fluorescence intensity of oxonol stained wort
(Table I). This peak (~94) was lower than the sum of the
individual peaks - dead yeast and oxonol (~85),
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