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MODULE 2: Yeast and Beer 
 
UNIT 2.4: Yeast in Brewing 
 
SECTION 2.4.2: Measurement of Quantity and Quality 
 
ABSTRACT:  Microscopic examination of brewery pitching yeast is a 
rapid way to ensure that there is not a major contaminant or viability 
problem with the yeast. Pitching rate can be determined by 
measuring the yeast quantity by several methods, such as dry 
weight, turbidity, and cell counting (either visually using a 
haemocytometer or electronically). Especially important is also to 
assess viability (the percentage of live cells in a sample) and vitality 
(a function of total cell viability and the physiological state of the 
viable cell population). 
 
LEARNING OUTCOMES: On completion and comprehension of this 
unit you will be able to: 
 
1. Describe the methods used for assessing yeast quantity for 

pitching (e.g. dry weight, turbidity and cell counting. 
2. Explain the terms cell viability and vitality and their importance in 

yeast management. 
3. Understand how cell viability and vitality can be measured. 
 
PREREQUISITE UNDERSTANDING: To have studied Sections 2.1, 
2.4.1 
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2.4 YEAST IN BREWING 

 

2.4.2 MEASUREMENT OF QUANTITY AND QUALITY 

 

2.4.2.1 YEAST PITCHING AND CELL VIABILITY 

 
Microscopic examination of brewery pitching yeast is a rapid way to 
ensure that there is not a major contaminant or viability problem with 
the pitching yeast culture. When a sample of pitching yeast in either 
water, wort or beer is examined under the microscope, it can be 
difficult if not impossible to distinguish a small number of bacteria 
from the trub or other extraneous non-living material. Trub material, 
however, is irregular in size and outline, and dissolves readily in 
dilute alkaline. 
 
A trained microbiologist becomes familiar with the typical appearance 
of the yeast cytoplasm and shape of the yeast cells, whether the cells 
are normally chain formers, or in clumps, etc., and thus one can 
sometimes identify the presence of wild yeasts due to cells with an 
unusual shape or differences in budding or flocculating behaviours. 
 
The use of viability stains such as methylene blue gives a good 
indication of the health of the cells. Although there are a number of 
good stains and techniques available, in experienced hands, 
methylene blue will quickly identify a problem if there is a known 
history of the typical viability of the yeast strain prior to pitching. 
 
Yeast pitching is governed by a number of factors such as wort 
gravity, wort constituents, temperature, degree of wort 
aeration/oxygenation and previous history of the yeast. Ideally, one 
wants a minimum lag in order to obtain a rapid start to fermentation, 
which then results in a fast pH drop, and ultimately assists in the 
suppression of bacterial growth. Pitching rates employed vary from 5-
20 million cells/mL (depending on the original gravity of the wort) but 
10-12 million cells/mL is considered an optimum level by many and 
results in a lager yeast reproducing three to five times. Increasing the 
pitching rate results in fewer doublings, since yeast cells under given 
conditions multiply only to a certain level of cells/unit volume, 
regardless of the original pitching rate. 
 
The pitching rate can be determined by a number of methods such 
as dry weight, turbidimeter sensors, haemocytometer, and electronic 
cell counting. Recently, use has been made of commercially 
available in-line biomass sensors which utilise the passive dielectrical 
properties of microbial cells and can discriminate between viable and 
non-viable cells and trub. The amount of yeast grown is limited by a 
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 number of factors including oxygen supply, nutrient exhaustion and 
accumulation of inhibitory metabolic products. 
 
 

2.4.2.2 METHODS OF MEASURING YEAST CONCENTRATION AND VIABILITY 

 

(a) Yeast Concentration 

 
In the brewery, yeast concentration can be measured by either 
weight or number of yeast cells per unit of volume.  The average 
weight of individual yeast cells varies throughout the course of 
fermentation, so the two methods are not strictly comparable, but the 
discrepancy is slight and for most purposes can be ignored. 
 
 
The most convenient method for determination of yeast dry weight is 
by  spectrophotometric determination of the turbidity of the 
suspension.  To avoid any  difficulties arising from flocculence of the 
yeast, it is customary to wash the suspension in dilute ammonium 
hydroxide solution, usually 5N, and resuspend the centrifuged 
deposit in distilled water to its original volume, and measure the 
turbidity.   
In the case of pitching yeast, and often with samples taken from 
fermentations, the suspension is too turbid for measurement directly; 
a sample must be diluted 1/10, 1/50, or some other dilution as 
appropriate to reach the range of measurement of the 
spectrophotometer.  The yeast concentration can then be read from 
a calibration graph of turbidity (spectrophotometer reading) versus 
yeast dry weight per ml, or number of yeast cells per ml.  
 
 
The definitive assay of yeast concentration, required for preparation 
of the standard graph, is by weighing the dried yeast cells from a 
known volume of suspension.  A suitable known volume of yeast 
suspension is centrifuged and washed with dilute ammonium 
hydroxide solution, washed with distilled water and dried at 105°C to 
constant weight on a weighed watch glass.  For full details of the 
method, consult the Recommended Methods of Analysis published 
by the Institute of Brewing.  
 
For less accurate determinations, it is convenient to measure the 
volume of packed yeast separated from a known volume (e.g. 15ml) 
of suspension in a calibrated centrifuge tube.  
 

(b) Yeast Viability 

It is occasionally useful to know the number of cells per ml of yeast 
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suspension.  This can conveniently be determined by a counting 
chamber, but the normal use of that apparatus in the brewery is for 
determination of the percentage of viable cells in the yeast 
population.  The simplest and commonest method (see 
Recommended Methods of Analysis) depends on the fact that 
methylene blue is taken up only weakly, if at all, by living yeast 
cells.  Dead cells are permeable to methylene blue and, lacking  
metabolic activity, remain blue.  Note that, strictly, methylene blue 
staining demonstrates non-metabolising, rather than dead cells.  It is 
possible that some cells, although metabolically active, are unable to 
reproduce and should not therefore be considered viable.  In 
practice, this error is small when the viability is over 80%, but 
become significant in cultures of lower percentage viability.   
 
Drops of an equal mixture (e.g. 1ml of standard methylene blue + 
1 ml of yeast suspension, accurately diluted if necessary) are applied 
to the ruled grids of the chamber.  By counting the total number of 
cells in a suitable number of squares, and counting the number of 
blue cells in the same group of squares, the percentage of dead cells 
can be calculated giving, by difference, the percentage of viable 
cells.   
For an accurate count, a total of at least 1000 cells should be 
counted over at least 50 squares.  
 
 
A more accurate method, especially for dealing with yeast of low 
percentage viability, is by counting micro-colonies on a slide-culture.  
The yeast sample,  previously adjusted to approximately 107 cells per 
ml,. is mixed with an equal volume of melted culture medium, which 
is then applied to a counting chamber and allowed to solidify.  After 
8h incubation at 20°C, living cells will have multiplied through several 
generations to form micro-colonies.  The proportion of cells which 
have developed into micro-colonies is reported as the percentage 
viability of the  yeast.    
 
 

2.4.2.3 YEAST CELL VIABILITY AND VITALITY 

 
Yeast viability is defined as the percentage of live cells in a sample, 
and yeast vitality is a measure of yeast activity or fermentation 
performance. Yeast vitality has been described as a function of the 
total cell viability and the physiological state of the viable cell 
population. 
 
Many criteria are used to assess yeast cell viability and vitality. 
Consequently, the perceived viability of a yeast sample may vary 
depending on the criteria selected. It is often beneficial to monitor a 
combination of parameters to gain a more complete understanding of 
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 a yeast's physiological state. A number of methods of studying yeast 
cell viability and vitality are summarised below. 
 

(a) Use of Specific Dyes for Assessing Cell Viability and Vitality 

 
Methylene blue is the dye most commonly used for yeast cell viability 
staining. Viable cells are able to reduce this stain making it colorless, 
whereas non-viable cells are unable to reduce the stain rendering 
them a deep blue-purple shade. A viable yeast cell count may be 
completed using a hemocytometer and a light microscope in less 
than ten minutes. When buffered and supplemented adequately, 
methylene blue dye has no effect on yeast cell viability. Methylene 
blue staining is considered to be an accurate method only when 
yeast cell viability is greater than 90%. Other brightfield stains which 
have been used to monitor yeast cell viability include Aniline Blue 
and Crystal Violet. 
 
There are also many fluorescent stains designed to assess yeast cell 
viability and vitality. When fluorescent stains are used in conjunction 
with confocal microscopy or flow cytometry valuable information may 
be obtained on yeast cell growth and metabolic state. 
 

(b) Capacitance 

 
The principle of this method is that the application of a radio 
frequency to a viable cell results in a charge buildup within the 
membrane, and a capacitance is generated. Non-viable cells are 
unable to generate this capacitance. A linear correlation has been 
demonstrated between capacitance and viable yeast biomass. 
 

(c) The Power of Reproduction as a Viability Indicator 

 
Standard plate count measures the ability of yeast cells to proliferate 
and form colonies on nutrient agar. It generally takes three days for 
visible colonies to form and viability is assessed by counting the 
number of colony forming units (CFU). Care must be taken when 
using this method on very flocculent yeast. 
 
Yeast viability by slide culture is also based on the ability of yeast 
cells to proliferate. A drop of yeast culture is placed on a film of 
nutrient agar and after approximately 18 hours of incubation the 
formation of microcolonies is observed under the microscope. Cells 
which have given rise to microcolonies are considered viable 
whereas single cells that have not formed microcolonies are 
considered non-viable. It is relatively less time consuming than 
standard plate counts but still much slower than the staining  
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techniques. An advantage of the slide culture method is that it is 
accurate at relatively low yeast cell viabilities. 
 

(d) Viability and Vitality Methods Based on Cell Metabolic State 

 
Adenosine triphosphate (ATP) 
ATP (adenosine 5' triphosphate) is a good indicator of cell viability 
since it is present in all living cells and is degraded when cells die. 
ATP allows for the detection of viable cells in a short amount of time 
(10-15 minutes) when compared with traditional plating techniques. 
Since the quantity of ATP per cell does not vary significantly for a 
given strain (but varies between strains), it can be inferred that the 
amount of ATP present in a biomass sample is proportional to the 
number of viable cells present of that cell type. Another advantage of 
using ATP as a viability indicator is that the amount of ATP present in 
a cell is roughly independent of the growth rate. Therefore a 
correlation between ATP concentration and the amount of viable cell 
mass can be made. 
 
The "firefly assay" is used to determine the quantity of ATP present 
in a biomass sample. This invasive method involves extracting the 
ATP from the cells and reacting it with firefly luciferin in a two-step 
reaction which is catalyzed by the enzyme firefly luciferase. Light is 
one of the products of this reaction and a stoichiometric relationship 
exists between the amount of light produced and the quantity of ATP 
in the biomass sample. Extractants used to release intracellular ATP 
include boiling in buffers such as tris-EDTA, cationic detergents, 
acids, and organic compounds such as acetone and ethanol. The 
reactions taking place are summarised below: 
 
 
Luciferin  +  Luciferase  +  ATP  +  Mg2+  --►  (Luciferin-Luciferase-AMP)  +  Pyrophosphate 
 

(Luciferin-Luciferase-AMP)  +  O2  ---►  Oxyluciferin  +  Luciferase  +  CO2  +  AMP  +  Light 

 

ATP concentrations as low as 10-12 g in 100 µl volume may be 
detected using the firefly method (Figure 1). 
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Figure 1.  Measurement of ATP-driven bioluminescence: 
(A) Total non-microbial bioluminescence from a mixture of microbial 

and non-microbial cells, 
(B) Total microbial bioluminescence from a mixture of microbial and 

non-microbial cells, 
(C) Total bioluminescence from microbial cells only. 
RLU  =  relative light units. 
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NADH fluorosensor 
NADH has successfully been used as a non-invasive, on-line method 
of monitoring yeast cell metabolism. Viable cells contain nicotinamide 
adenine dinucleotide (NAD) coenzyme whereas non-viable cells or 
spores normally lose their NAD. The oxidised form, NAD+ is used by 
dehydrogenases to accept electrons from their substrates. For 
example, in the enzymatic conversion of malate to oxaloacetate in 
the presence of oxygen, malate dehydrogenase (MDE) first binds to 
NAD+ to form a complex of MDE-NAD+. This complex then combines 
with malate to form a ternary complex MDE-NAD+-malate. From 
here, NADH, H+ ion, and oxaloacetate are released: 
 

           malate  +  NAD+  ↔  oxaloacetate  +  NADH  +  H+  

                    (oxidised)                                                                  (reduced) 

 
The reduced form, NADH, fluoresces while the oxidised form, NAD+, 
does not. NADH is strongly fluorescent with an emission maximum at 
460 nm wavelength. The total NAD is the sum of NADH and NAD+. 
The reducing state is defined as the ratio of the reduced form to the 
total amount of NAD: 
 
                      R  =  [NADH]  /  ([NAD+]  +  [NADH]) 
 
Cell metabolic state determines the reducing state which will remain 
constant unless there is a shift in metabolism. Thus, the influence of 
substrates such as oxygen on the reducing state may be predicted. 
When oxygen is in excess, the reducing state approaches zero 
because NADH is easily oxidised to form NAD+ and H2O, and when 
there is a lack of oxygen available to the cells, R approaches one. 
The concentration of [NADH] as well as the intensity of the 
fluorescent signal are influenced by the number of viable cells, the 
reducing state of the cells and environmental effects. Measuring 
NADH has an advantage over monitoring dissolved oxygen or pH 
because it directly measures, in real time, events occurring within the 
cell rather than changes outside the cell environment. 
 
Specific oxygen uptake rate (BRF yeast vitality test) 
Researchers at the Brewing Research Foundation International 
(BRFI) developed a method to determine the vitality of pitching yeast 
by measuring its specific oxygen uptake rate. Various groups have 
shown a correlation between oxygen uptake rate of yeast and 
fermentation performance if yeast viability is less than 90%. The 
method involves the pitching of yeast into aerated media and the 
measurement of the oxygen uptake rate for one hour. 
 
A reduced oxygen uptake rate parallels other yeast changes such as 
the reduction in yeast lipids, glycogen, acidification power test value, 
and yeast viability. Under these conditions, oxygen uptake rate 
correlates well with yeast fermentation performance. However, other  
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researchers have found that oxygen uptake rate did not correlate well 
with fermentation performance when yeast had been previously acid-
washed. Even though acid-washed yeast showed decreased specific 
oxygen uptake rates, they actually showed better fermentation 
performance than non-acid-washed yeast. 
 
Acidification power 
The acidification power test developed by Opekarova and Sigler 
measures the drop in extracellular pH of a suspension of yeast cells 
after the addition of glucose. This method is useful for detecting large 
differences in yeast metabolic activity, but requires extensive yeast 
washing and multiple sample points. 
 
Intracellular pH (ICP) method 
The ICP method uses a pH-sensitive fluorescent reagent to measure 
the intracellular pH of individual cells and cell mass. It was found that 
the intracellular pH of more active yeast cells does not decrease, 
even if the extracellular pH is low, whereas the intracellular pH of 
less active cells actually decreases under low extracellular pH 
conditions. This test may be capable of detecting more subtle 
changes in yeast cell vitality than acidification power test. 
 
Measurement of yeast vitality by stress response 
As stated earlier, vitality may be considered a measure of yeast 
activity or fermentation performance. It has also been defined as the 
ability of cells to endure or overcome stress. Therefore one could 
relate vitality to the response of yeast cells to stresses such as 
ethanol, heat shock, and high salt concentrations. Methylene blue, 
fluorescent dyes, and standard plate counts may be used to assess 
the ability of cells to remain viable after being subjected to a given 
stress.  
 
Magnesium release test (MRT) 
The magnesium release test is based on the observation that low 
molecular weight species such as magnesium, potassium, and 
phosphate ions are released by yeast immediately following 
inoculation into glucose containing medium. Trials performed on 
Saccharomyces cerevisiae showed that cells which released greater 
quantities of magnesium immediately after inoculation into high 
gravity (16°P) wort had higher vitality and fermentation performance 
than yeast which released lower amounts of magnesium. 
Subsequent fermentations performed using the more vital yeast had 
shorter lag phases, higher cell counts, higher end ethanol 
concentrations, and lower diacetyl levels. The magnesium release 
test takes less than 15 minutes to perform and it uses a commercially 
available magnesium test kit (Sigma) which allows the quantitative 
colourimetric measurement of magnesium in wort before and 
immediately after yeast inoculation. 
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Electrokinetics 
The measurement of zeta potential (electrostatic charge) is very 
sensitive, in fact, it is up to 2.5X103 more sensitive than impedance 
measurements. When electrophoretic mobility is applied to yeast 
cells it can distinguish between living and dead cells. This gives a 
direct measure of viability and, by looking at the size of the charge or 
the zeta potential on the cell, it allows one to make an accurate 
assessment of viability. It can give a precise, easy and rapid direct 
measurement of the number of dead and live yeast calls and 
consequently the viability of the sample. 
 
 
 


