Counting yeast cells

The development of automatic pitching systems

In modern breweries, all the
ingredients that go into the
process are carefully measured
to obtain a more consistent
fermentation process. In the
case of yeast, the live cell
concentration has been
traditionally quantified by direct
counting of cells using a
microscope and
haemocytometer or indirectly by
centrifugation and determination
of the spun solids content of
yeast slurries.

by John Carvell
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I n both cases the viability is determined by
staining cells with an exclusion dye such as
methylene blue. These methods are time
consuming and require skilled personnel for
their performance. Furthermore the precision
and repeatability of these methods is poor and
there can be a lot of variation between
operators in the interpretation of viable versus
non-viable cells.

With knowledge of the live yeast
concentration, it is possible to calculate the
quantity of yeast slurry to be added to the
fermenter to achieve a desired yeast dosing or
pitching rate. This maybe a manual operation
where the live yeast cell concentration from a
single sample is entered into the PLC and a
programme calculates the volume or weight of
yeast that needs to be added to the fermenter.
The combination of the sample not being
representative of the complete batch of yeast
(typically the yeast is heterogeneous) and the
variation in manual analysis can lead to errors
in pitching as high as 50%.

Automatic yeast pitching
Alternatively, automatic yeast pitching
systems can be used to provide a more precise
control of the yeast pitching rates but these
systems will require an accurate on-line sensor
to measure the yeast concentration. The
methods used for cell counting in the
laboratory are not suitable for measurement in
real time and the earliest automatic systems
used two turbidometric probes or a single NIR
sensor to measure the yeast concentration.
These systems did provide greater consistency
in pitching rates but tended to pitch fewer
yeast cells compared to conventional
techniques. This was mainly because the
optical techniques have no correction for
viability. They also tended to be prone to
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Figure 1: How the Compact Yeast Monitor
works...showing live cell polarised by radio-
frequency field.

significant errors when used with flocculent
yeasts and will also record the varying levels
of trub in the wort line as live yeast.

On-line sensors based on measuring the
radio-frequency impedance properties of yeast
cells and deriving the live cell bio-volume,
were first investigated as early as 1987 and the
application for measuring the live cell
concentration in a brewing yeast slurry was
commercialised by Aber Instruments in the
UK. It is now known in the industry as the
‘Yeast Monitor’. When the Yeast Monitor, has
been incorporated as part of an automatic
yeast dosing system, breweries have benefited
from much more consistent fermentations.
This might be reported as an increase in
brewing velocity, more consistent
fermentation times, more consistent
fermentation rates resulting in and a less
variable and an improved Real Degree of
Fermentation” It follows that any
improvements in the consistency of
fermentation will result in an improvement in
quality of the final beer. The Yeast Monitor is
now an integral part of the yeast dosing
process in many breweries throughout the
world.

The Yeast Monitor

measurement principle

The Aber Yeast Monitor system incorporates
an on-line probe with a four electrode sensor.
The two outer electrodes produce a radio
frequency electric field and the two inner ones
measure the voltage. The electric field causes
ions in the suspending medium (e.g. wort or
beer) and the cytoplasm of yeast cells to
migrate towards the two respectively
oppositely charged electrodes. As the yeast
plasma membrane is non-conducting and ions
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Figure 2: Aber Instruments Yeast Monitor 720
for up to four measuring points.

cannot freely move across it, a build-up of
charge occurs and the yeast cells become
polarised causing them to act as tiny
capacitors.

Non-viable cells or cells with a damaged
membrane do not interfere since the
movement of ions across such membranes is
not impeded and therefore these cells do not
become polarised and there is no build up of
charge. Trub and other non-yeast solids also
have no effect on the capacitance signal as
they do not possess a polarisable membrane.
Figure 1 shows a cartoon of live yeast cells
polarized under the influence of a radio-
frequency field.

Only live bio-mass is measured and the
instrument shows this as a % Live Solids or
this can be converted to show the result as Live
Cells/millilitre. The measured capacitance due

Figure 3: Futura Biomass Monitor - used in
brewing development laboratories.
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Table 1: Comparison of three generations of Yeast Monitors.

Yeast Monitor Number of Probe Relative Size/Enclosure/ Protection of electronics Typical Breweries
Version yeast Strains style Price Human Interface on pipework using instrument
Model 316B&320 6 Gold/Pt pinned $2.4x* 19” rack mount needed Stove enamelled Large multi-national
(1st Generation) Electrodes additional enclosure. aluminium enclosure Mainly above 1 million hL
Monocrome LCD
with screw
Model 710 8 Pt pinned $1.3x Large Integral Enclosure Stove enamelled As Model 720 but a
(2nd Generation) electrodes Monochrome LCD aluminium enclosure few smaller breweries
with buttons
Model 720 8 Pt pinned $2.2x Large integral enclosure. Stove enamelled Large multi-national
(2nd generation) electrodes Monochrome LCD aluminium enclosure Mainly above 1 million hL
with buttons
Compact 20 Integral probe $x Small compact enclosure. Compact stainless Large breweries but also
(3rd generation) tip with colour touch screen steel housing regional and large
flush electrodes micro-breweries and
pilot plants.
Compact Adapt 20 Flush Electrodes $x Small compact enclosure. Compact plated Mainly for use with
(3rd generation) colour touch screen polymer enclosure propagators and fermenters.
Research fermenters

Figure 4: Compact Yeast Monitor introduced
in 2011.

to intact yeast cells is directly proportional to
the amount of viable yeast within the sample.
Output is linear over a wide concentration
range.

History of on-line Yeast Monitors
The first generation Yeast Monitor (Model
316) was introduced in 1991 and Professor
Chris Boulton (University of Nottingham,
UK) who was then at Bass Brewers was
closely involved in the development and
testing of the product. Over 300 of these
instruments, (including an updated Model
320) were produced and many of these are
still being used in the large brewing groups
across the world with some breweries
investing in over 60 of the instruments. The
model 320 was replaced by the second
generation Model 720 (see Figure 2) in 2005;
this version incorporated an in-built
multiplexer allowing up to four yeast mains
(and eight different yeast strains) to be
monitored.

All the earlier instruments had three distinct

Figure 5: Image of the four flush electrodes
used with the Compact Yeast Monitor.

components:

e aremovable probe

* a head amplifier that connects directly to the
probe

e the main instrument incorporating a
transmitter.

The 25mm probe fits into a modified
Tuchenhagen Varivent (or equivalent)
stainless steel instrument housing. The probe
is composed of an inert plastic resin that is
resistant to brewery CIP processes such as hot
caustic cleaning and steaming. Attached to the
probe is an IP65 rated head amplifier.

The amplifier and probe assembly are
connected to the main electronics module via
a special cable that can be extended up to 100
metres. The yeast concentration output can be
via a 4-20ma current loop, Profibus or an
RS232 serial link for connection to a PLC for
use in a control system. Additional outputs are
provided which allow the controlling PLC to
detect various alarm conditions indicative of
malfunction or process irregularities.
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Figure 6: Compact Adapt designed to fit a
25mm port or the GEA ‘Varinline’ housing/

Introduction of the

Compact Yeast Monitor

Although Aber instruments is known within
the brewing industry for providing an on-line
solution for measuring the live yeast cell
concentration, the company is also providing
applications within the much smaller
bioreactors used in biopharmaceutical
production. In development laboratories many
of the bioreactors are now between 250mL
and 10L and so the technology was scaled
down in 2010 to allow much smaller head
amplifiers to be connected to the probe. (see
image of Futura Biomass Monitor in Figure
3). These systems are now being used in many
brewing development laboratories throughout
the world.

In brewing production, there was need for a
much more robust solution. The ‘Compact’
Yeast Monitor, introduced in 2011 (see figure
4), incorporates the new electronics in a
stainless steel housing above the probe. The
previous generation of instruments have used a
four pin electrode design that should be
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Figure 7: A typical yeast pitching run with the Compact Yeast Monitor. Yeast consistency is

calibrated in viable spun solids.

changed on an annual basis. In practice
breweries often change the probe every two
years and some probes have lasted over five
years. With the Compact instrument, a
different CIP resistant, FDA approved plastic
is used to support four flush platinum
electrodes (see Figure 5). Accelerated testing
has shown that this new design should last in
excess of five years so the costs of
maintenance are reduced.

During beta testing, the original Compact
Yeast Monitor was targeted at the larger
micro-breweries or smaller breweries with up
to two yeast strains. It soon became clear that
there was a strong demand for this product in
most of the large international breweries so the
specification of the instrument was changed to
deal with all applications. As the ‘Compact’ is
designed to fit the GEA “Varinline”
instrument housing, a system was also
developed that could be used with
conventional 25mm Ingold style ports on the
side of a fermenter (see Figure 6). The typical
data from the Compact Yeast Monitor during
yeast pitching is show in Figure 7. In this case
the consistency of the yeast measure with the
Compact Yeast Monitor (in viable % spun
solids) and conductivity (in mS/cm) are
constant during the pitching process showing
good mixing of the yeast in the storage vessel
but in some brewery processes there is a
distinct change in consistency due to
stratification of the yeast.

Comparison of three generations
In Table 1 opposite, the three generations of
instruments are compared and it shows how
the technical specifications particularly,
improvements in robustness and size as well
as price have changed over the years. The first
two generations of instruments were mainly
supplied to large breweries in Europe and
USA. The deployment of the Compact yeast
Monitor is quite different; many of the
breweries with the first generation instrument

have now switched over to the Compact but
there are also larger micro-breweries
incorporating the product into the process.

Future developments
The concept of using capacitance based
probes for yeast pitching rate control has not
radically changed since the introduction of the
first generation of instruments. However the
latest instruments are more sensitive and lower
in cost and easier to set up so the technology is
being exploited in a wider variety of
applications within the brewery. This includes
monitoring of fermentations and propagations,
krausening and yeast injection into bottles.
The latest Yeast Monitor utilises a single or
a dual frequency measurement to derive the
cell concentration but there is evidence that
multi-frequency capacitance measurements
could be used to monitor how cells change
under stress in both viability and cell size .
Ongoing development work on an instrument
that can provide more information on the
health of yeast based on the complete radio-
frequency spectrum looks promising and the
concept is already being used in
biopharmaceutical processes with other cell

types.
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