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SUMMARY
INTRODUCTION

The Nucleocounter YC-100 instrument and the brewing
industry standard method (haemocytometer + methylene
blue) for the determination of yeast viability (ale and lager
yeast) have been compared. There was generally good
agreement between the yeast viabilities determined with the
Nucleocounter and with the haemocytometer. However,
some inaccuracies were observed at the lower end of the
viability range, which can probably be attributed to
over-estimation of dead cell counts when using the methylene
blue method (it is well-known that the staining method is not
very accurate when the dead cell count is high). The accuracy
of the two methods was comparable.

Chemometec A/S manufactures the Nucleocounter YC-100
(Picture 1) for enumeration and viability testing of yeast
populations. The company approached BRI to assess the
usefulness of the instrument to the brewing industry.
The measurement of yeast concentration and viability are
important routine analyses used in breweries throughout the
world. Currently, the standard method for the determination
of cell concentration is by counting yeast cells under the
microscope using a haemocytometer. The number of dead
cells is determined by methylene blue staining. This method
has been criticised as subjective and inaccurate at lower
viabilities.

The reproducibility of measurements taken on different
Nucleocounter instruments was good. Due to its simplicity
this instrument can safely be used by a range of personnel as
was demonstrated here. This means that the method could
be employed directly by brewery personnel.

The Nucleocounter YC-100 counts individual cells in
suspension using fluorescence imaging technology. This is
carried out by detecting the fluorescence signals of
propidium iodide-stained DNA within the cell nuclei. The
stain is only taken up by non-viable, dead cells having a
damaged cell membrane. The concentration of yeast in a
suspension can be determined by disrupting the cell
membranes of viable yeast using a lysis buffer.

In summary, the Nucleocounter YC-100 is a useful tool as it
determines yeast viability and total cell count more rapidly
and with greater ease than the traditional method. Further, the
time-advantage is of particular interest when testing
numerous samples. The savings in measuring time can be
converted into cost savings even when taking into account the
expense of the consumables required for the Nucleocounter.

In this work a number of yeast suspensions covering a range
of viabilities were measured using the traditional methylene
blue method as well as the Nucleocounter YC-100 and the
two compared. This was carried out using BRI’s lager and
ale yeast strains. Also, samples were run on two different
Nucleocounter YC-100 instruments to assess repeatability
and reproducibility. Finally, to determine whether a range of

This robust instrument is potentially a useful tool in any
brewery for the determination of pitching yeast viability and
cell counts as well as for assessing in-process samples.

Picture 1.

The Nucleocounter YC-100.
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personnel can use the instrument, an untrained operator was
asked to measure the concentrations and viabilities of a set of
yeast suspensions using the Nucleocounter YC-100.

All measurements were carried out in triplicate.

EXPERIMENTAL

Lager yeast

BRI’s lager yeast (BRYC 32) was propagated aerobically
(shaken) to 100ml volume using standard wort. The yeast
culture was split in two and both fractions centrifuged at 5000
rpm for 5 minutes. The pellet of one fraction was resuspended
in phosphate buffered saline (PBS) representing the viable
cell suspension. The other fraction was incubated in 100%
ethanol for 15 mins following which it was centrifuged and
resuspended in PBS. This resulted in a 0% viable suspension
(confirmed by methylene blue staining). Dilutions were
prepared using the live and dead yeast stocks to prepare a set
of 8 yeast suspensions covering a range of viabilities between
100% and 0%. The cell concentration and viability of the 8
suspensions were determined either by counting cells under
the microscope using a Neubauer haemocytometer and
staining with methylene blue or using the Nucleocounter
YC-100.

The cell concentrations of the 8 yeast suspensions of varying
viability were approximately 1x108 cells/ml. Comparison of
the total cell concentrations determined by haemocytometer
and Nucleocounter indicated that both methods had similar
error in their measurements (measurements in triplicate).
The Nucleocounter appeared to give slightly lower values for
total cell counts, this effect being more pronounced at higher
cell concentrations (~15% lower cell count at 1.5x108
cells/ml). Analysis of the dead cell counts using both
methods again revealed that the Nucleocounter appeared to
give lower values than the standard methylene blue method
(~25% lower dead cell count at 1.2x108 dead cells/ml). This
effect was most noticeable with the samples containing a
higher dead cell content. The correlation between the dead
yeast cell concentrations using both techniques was
relatively high (r2=0.96). A comparison of the calculated yeast
viabilities for each yeast suspension using the
Nucleocounter YC-100 instrument and the traditional
haemocytometer + methylene blue method is shown in
Figure 1 for the case of lager yeast.

RESULTS

Viability (%) - Haemocytometer+MB

For the microscopic determination, the suspensions were
diluted 100-fold with PBS (resulting in a ‘countable’ cell
concentration) and then diluted 1:1 with methylene blue stain.
Samples were vortexed and an aliquot introduced into the
counting cham ber of the haemocytometer. The
haemocytometer was placed under the microscope and total
cells and dead (blue) cells counted in the marked area. Yeast
cell concentration and viability were calculated.
For the measurement by Nucleocounter, most of the
suspensions were diluted 10-fold using PBS so that cell
concentration fell within the ‘measurable’ range (>5x105 cells
ml-1, <6x106 cells ml-1). However, determination of the
numbers of dead yeast cells in the samples with the five
highest viabilities was achieved using undiluted samples due
to the low numbers of dead cells present.
An aliquot of sample was mixed with either PBS (for
determination of dead cells) or the supplied lysis buffer (for
determination of the total cell concentration). Samples were
vortexed and left to incubate for 30 seconds (for cell lysis).
Aliquots of both samples (in PBS or lysis buffer) were loaded
into the Nucleocassettes containing the propidium iodide dye.
The cassettes were slotted into the Nucleocounter YC-100
instrument and measured by simply pressing the ‘Run’
button. The cell count was displayed on the instrument and
data were collected on a computer installed with the
associated ‘Nucleoview’ software. The software allows
calculation of cell concentration in the original suspension,
correcting for dilutions, and determination of viability.
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Fig. 1. Comparison of the Nucleocounter and standard methylene
blue methods for the determination of percentage viability of
the lager yeast BRYC 32. The dotted line is y=x. The
correlation coefficient relates to the solid line that has been
fitted to the experimental data.
Figure 1 indicates a high correlation between the 2 sets of
data. However, the Nucleocounter viabilities were 5 to 10%
higher than for the traditional method. For example, a sample
having a 90% cell viability using the haemocytometer gave
95% viability with the Nucleocounter. The difference was
greater at low viabilities than at high viabilities. This could be
due to inaccuracies with the methylene blue method since it
is well known that the methylene blue method is inaccurate at
lower viabilities. In other words, it is probable that the
Nucleocounter is better at analysing cell viability than the
methylene blue method.

The same procedure was repeated using BRI’s ale yeast
strain (NCYC 1681).
To evaluate the reproducibility of data between
Nucleocounter instruments, a set of yeast suspensions
covering a range of viabilities was analysed on 2 separate
instruments and the data compared.
Finally, an untrained operator was asked to measure the cell
concentration and viability of 4 yeast suspensions on the
Nucleocounter. The samples were measured again by a
trained operator and the data compared.
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Ale yeast
Cells/ml measured on instrument 2

4.E+07

Viability (%) - Haemocytometer+MB

The ale yeast suspensions had concentrations of
approximately 3x107 cells/ml. The cell concentrations
determined by the haemocytometer + methylene blue
method again appear to be higher than those established
using the Nucleocounter. And, similarly to the case of lager
yeast, this effect is especially pronounced at the higher end of
the concentration range. However, the scatter seems to be
greater for the triplicate measurements when employing the
traditional technique. As observed above, the dead cell
counts appear considerably lower for the Nucleocounter
measurements (~30% lower). The viabilities calculated from
cell count values obtained by both methods are depicted in
Figure 2. The correlation between both is high (r2=0.98).
Again, the Nucleocounter consistently displays higher
viabilities than the haemocytometer method, this being more
noticeable over the lower viability range.
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Fig. 3. Comparison of two Nucleocounter instruments for the
determination of cell concentration of the ale yeast NCYC
1681. The dotted line is y=x. The correlation coefficient
relates to the solid line that has been fitted to the
experimental data.
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The reproducibility between machines was good
(correlation: r2=0.88).
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USE OF THE NUCLEOCOUNTER YC-100 BY AN
UNTRAINED OPERATOR
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An important aspect of a new instrument for the
determination of yeast cell concentration and its viability is
the simplicity of use, allowing a range of personnel to use the
equipment. For this purpose an untrained operator was
asked to measure the yeast cell concentrations and
viabilities of 4 lager yeast suspensions. A brief introduction
and demonstration of the Nucleocounter was provided.
Thereafter, the operator was left, with the offer of help if
required. No help was requested and the measurements
appeared to run smoothly. The same samples were
measured again by a trained operator and the correlation
between the two sets of data examined. Figure 4 shows a
good correlation (r2=0.98) between the viabilities obtained by
both trained and untrained operators. This indicates that the
Nucleocounter can be reliably used without extensive
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Fig. 2. Comparison of the Nucleocounter and standard methylene
blue methods for the determination of percentage viability of
the ale yeast NCYC 1861. The dotted line is y=x. The
correlation coefficient relates to the solid line that has been
fitted to the experimental data.
Critically, with both yeasts, viabilities >80% were measured
accurately and reproducibly by both methods. Brewers would
rarely use yeasts with viabilities lower than this.

Viability (%) measured by trained
operator

REPRODUCIBILITY BETWEEN NUCLEOCOUNTER
YC-100 INSTRUMENTS

100

During production, all Nucleocounter YC-100 instruments are
adjusted so that differences between instruments are small.
This calibration is permanent so there is no need for further
sensitivity adjustment by the user.
For this reason Chemometec claims that all their
Nucleocounter YC-100 instruments will give comparable
results when measuring an identical sample. Additionally, the
result will remain stable over time i.e. the instruments will not
show any significant ‘ageing’ effect. The manufacturer feels
that this is a valuable and unique feature of the
Nucleocounter.
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Fig. 4. Comparison of the percentage viabilities of lager yeast
suspensions calculated from measurements taken on the
Nucleocounter by an untrained and a trained operator. The
dotted line is y=x. The correlation coefficient relates to the solid
line that has been fitted to the experimental data.

To assess the reproducibility between instruments, eight ale
yeast suspensions varying in cell concentration and viability
were analysed on two different machines. The results are
shown in Figure 3.
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Table 1. Comparison of procedures and processing times for a viability measurement using the methylene blue method or the Nucleocounter.
Haemocytometer
1.
2.
3.
4.
5.
6.
7.

Setting up of haemocytometer cell
Dilution of yeast suspension
Mixing with methylene blue
Loading of haemocytometer cell
Counting of dyed and undyed cells under the microscope
Calculation of viability
Cleaning of haemocytometer cell

Nucleocounter
1.
2.
3.
4.
5.
6.
7.
8.

Total time required: 5 mins

Dilution of yeast suspension
Mixing with lysis buffer
Incubation for 30 seconds
Loading of nucleocassette
Insert into instrument and measure cell concentration
Repeat steps 1-5 mixing with PBS to determine dead cell concentration
Calculation of viability
Disposal of nucleocassettes
Total time required: 2 mins

instruction. It is noticeable that the data points of the untrained
operator have slightly larger errors; however with some
practice this would likely be reduced.

lysis buffer have to be handled with care, wearing gloves and
glasses to protect against splashes. The fluorescent dye
propidium iodide, although a carcinogen, is only present at
very low concentrations (2.8µg per cassette) and is safely
contained within the nucleocassette so that the user is not
exposed to it. The cassettes have to be disposed of as
biological waste.

Additionally, the untrained operator was requested to give
comments regarding the operation. Generally, comments
were that the Nucleocounter was comfortable to use and that
answers appeared quickly. The operator felt it was somewhat
awkward to achieve the correct dilution to be within the
‘measurable’ concentration rate (however similar dilutions
have to be carried out when using the haemocytometer
method). Also, it was pointed out that there is a temptation to
take the cell count as displayed on the Nucleocounter without
taking into account the dilution (again this is an error which
can just as easily occur using the traditional method).

Regarding maintenance of the Nucleocounter YC-100, very
little is required. Regular cleaning of the cassette insertion
area is recommended and the optical elements should also
be wiped when dirt appears on the image. The cleaning
procedure is described in the accompanying guidebook. As
discussed above, no calibration is necessary since a
permanent adjustment is made on the new instrument.

GENERAL COMMENTS

CONCLUSIONS

In Table 1, the operational steps and processing times are
listed comparing the viability determination by Nucleocounter
and by haemocytometer.

The Nucleocounter YC-100 and haemocytometer +
methylene blue method give yeast viability measurements
that show good correlation with both lager and ale yeasts.
Over the lower viability range the Nucleocounter appeared to
over-estimate the yeast viability. However, this effect may be
more likely due to an over-estimation of the numbers of dead
cells when employing the methylene blue staining method.

Although the Nucleocounter involves more manual steps, it is
quicker than the traditional method. For one sample this time
saving is not very significant. However, when analysing a
number of samples the advantages of using the
Nucleocounter become more obvious. A set of 24 samples
took just under 3 hours to measure by haemocytometer
whereas the processing time using the Nucleocounter was
approximately one hour, which offers a considerable time
saving. Additionally, the Nucleocounter was significantly
more comfortable to use than the microscope, which is tiring
on the eyes and can lead to headaches. As a result accuracy
can suffer.

Data are reproducible between separate Nucleocounter
instruments and its simplicity allows personnel to use it
without intensive training, such as is required for the
methylene blue test.
Additionally, the speed and simplicity of its use may also
result in cost savings when testing large numbers of
samples, as it is considerably faster than the standard
methylene blue method. With simple training, the
Nucleocounter instrument is more amenable to use by
brewery staff whereas the haemocytometer method requires
trained laboratory staff.

From the point of view of running costs, both methods require
similar numbers of tubes and pipette tips. In the case of 24
samples to be analysed using the Nucleocounter, 48
Nucleocasettes are required at a price of 1.80 Euros each,
making a total cost of about 80 Euros. This compares
favourably with the cost of 2 hours personnel time saved.

The Nucleocounter YC-100 is a robust instrument and will be
of interest to breweries for yeast cell counts and viability,
allowing rapid and reproducible results to be obtained.

For both methods a saline diluent is required to attain the
correct cell concentration. When using the Nucleocounter,
50µl of yeast cell suspension is mixed with 450µl of lysis buffer
or 450µl PBS prior to loading into the nucleocassette. The
haemocytometer method requires yeast suspension to be
mixed at a 1:1 ratio (usually 500µl of each) with methylene
blue solution before enumeration of dyed and non-dyed cells
under the microscope. Both methylene blue solution and the
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