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Towards standardised yeast viability meas-
urement: A critical evaluation and systematic 
comparison of staining parameters
Determining yeast cell viability is critical, as yeast cells serve as both model and production organisms. Viabil-
ity, defi ned as the proportion of living cells to the total cell count, is essential for process monitoring as well as 
optimising processes and product quality. Despite their widespread use, dye-based viability assessments lack 
standardised protocols, and literature reports inconsistencies and debated mechanistic foundations. To ad-
dress this gap, we systematically evaluated the eff ects of staining solution pH (3.0, 7.8 and 10.6), dye concentra-
tion, and yeast strain (baker’s yeast Saccharomyces cerevisiae, and brewer’s yeasts W-34/70, and WB-06) on the 
reliability of image-based methylene blue (MB) and trypan blue (TB) viability assays. Highly alkaline conditions 
(pH 10.6) produced unreliable results, while higher dye concentrations improved discrimination between viable 
and non-viable cells without shifting mean viability. MB and TB exhibited broadly similar behaviour, indicating 
that reported MB inaccuracies are likely method-related rather than dye-specifi c. Across multiple strains, no 
single parameter set was universally optimal, but pooled analysis identifi ed MB at pH 3.0 as the most robust 
and reproducible condition. These fi ndings support acidic MB staining at higher concentrations for automated, 
cross-strain viability assessments and reinforce models in which dye exclusion, rather than intracellular decol-
ourisation, determines viability-dependent contrast.
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1 Introduction

In beer production, product quality depends largely on the physi-
ological performance of the yeast, making consistent yeast quality 
crucial for industrial production [1, 2]. Consequently, the analysis 
of both pitching and harvested yeast is particularly important, es-
pecially during serial repitching [3]. This typically requires assessing 
two criteria: viability and vitality. Viability is defi ned as the proportion 
of living cells in the total cell population, whereas vitality can be 
defi ned as a measure of the physiological state of the living cells 
[4]. A wide variety of methods have been developed to determine 
yeast viability, as summarized, among others, by Heggart et al. [5] 
and Thiele [4]. The methods are based on the determination of 

metabolic activity, the measurement of cellular components, or the 
measurement of the glycolytic fl ux rate or fermentation capacity. 
Among the numerous methods available, the determination of 
intracellular pH, the Acidifi cation Power Test and the measure-
ment of fermentation pressure have gained particular signifi cance 
in both research and practice. The assessment of viability, which 
is the focus of this study, is commonly performed using staining 
methods in combination with cell proliferation assays or by plate 
counting [1], while alternative approaches include fl ow cytometry [6] 
and impedance-based methods [7, 8]. Methylene blue (MB) staining 
has been used for the assessment of yeast cell viability in brewing 
for decades and remains included in established standard refer-
ence methods, such as those published by the European Brewery 
Convention [9]. Trypan blue (TB), although developed primarily for 
mammalian cell assays, has occasionally been adapted to yeast vi-
ability assessment using the same dye-exclusion principle [10, 11].

With regard to the mode of action of MB in distinguishing between 
viable and dead cells, there is a widely accepted theory: MB pen-
etrates both viable and dead cells, but is reduced to a colourless 
leuco form by viable cells, causing them to appear unstained [12–16]. 
Other research groups, however, hold a diff ering view. They argue 
that MB cannot simply penetrate viable cells due to its positive 
charge and hydrophilicity. It is rather converted into a colourless, 
uncharged, lipophilic form by transmembrane reductases on the 
cell surface and only then gets absorbed by the cells [17–19]. Both 
theories contrast with the third theory that MB can only penetrate 
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permeable cells with damaged membranes [9, 20, 21]. Evidence for 
this was provided by experiments conducted by Matsumoto et al. 
[22], in which the coloured supernatant was measured photometri-
cally after centrifugation of the stained cells instead of examining 
the cells themselves. It was shown that the selective staining of 
dead cells with MB is mainly due to the dye penetration into dead 
cells and not to the decolourisation by living cells.

In addition to these mechanisms, the pH value of the staining solu-
tion appears to aff ect dye uptake. In this context, Sami et al. [23] 
proposed that the cell membrane normally prevents the positively 
charged dye MB from entering the cell. However, in an alkaline 
environment, the membrane loses this barrier function because 
the diff erence in hydrogen ions across the membrane is cancelled. 
These observations suggest that both membrane permeability and 
environmental pH contribute to the staining patterns. 

A survey of published staining protocols, however, reveals a per-
sistent reporting gap. In a substantial proportion of protocols, the 
pH value of the staining solution is either not stated explicitly or is 
implicit in the buff er composition in ways that permit a wide range 
of plausible values (Table 1). Where the pH value is reported, values 
span approximately the range from pH 3 to pH 10 without clear 

consensus on which condition yields optimal performance. Ionic 
strength, which depends on buff er composition and is known to 
aff ect cationic dye behaviour in solution [24], is reported even less 
consistently. This heterogeneity makes it diffi  cult for practitioners 
to select a defensible standard protocol, and complicates inter-
laboratory comparison of results.

The European Brewery Convention published an article stating 
that a citrate-buff ered MB staining solution results in stronger 
staining contrasts, which leads to lower measured viabilities com-
pared to a phosphate-buff ered MB solution. Here, viability tends 
to be overestimated due to weaker contrasts (approximately in 
the viability range of 40–90 %). As an explanation, the authors ex-
pressed that ‘in the presence of citrate, the cells dispersed more 
readily and gave more clear-cut staining’ [9]. However, these results 
were discussed only in relation to the buff er system; the pH value 
itself was not reported. While the pH of a potassium dihydrogen 
phosphate solution would be expected to be approximately pH 
4.2–4.5 [25], the pH of phosphate buff ers based on potassium 
dihydrogen phosphate can range from pH 2 to pH 9 [31]. A similar 
issue arises for citrate-buff ered solutions, since these can be based 
on monosodium citrate, resulting in pH 3 solutions [32], or based 
on trisodium citrate, resulting in pH 8 solutions [33]. 

Table 1 Diversity of methylene blue (MB) solutions used for viability staining of yeast cells. All references used dye concentrations 
of 0.01 % (w/v). ‘Comment’ refers to our understanding of the actual pH value of the MB solutions in the referenced works.

 

Buff er system pH value Reference Comment

glycine 10.6 [1] –

glycine 10.6 [12] –

glycine 5.5; 10.6 [23] pH of glycine solution was adjusted to 5.5 and 10.6.

phosphate-buff ered saline 9 [20] –

potassium dihydrogen phosphate 4.2 – 4.5 a) [9] no information on pH; pH is expected to be around 4.2–4.5 [25] 

sodium citrate 7 – 8 a) [1] no information on sodium citrate used, but hint to pH: ‘neutral, citrate-
buff ered methylene blue’

sodium citrate 3 a) [12] upon request: monosodium citrate was used, indicating a pH of around 
3–4

sodium citrate n.a. [26] no information on pH value or sodium citrate used

sodium citrate n.a. [27] no information on pH value or sodium citrate used

sodium citrate dihydrate n.a. [9] no information on pH value or sodium citrate used

sodium citrate dihydrate n.a. [28] no information on pH value or sodium citrate used; [1] refer to this ref-
erence and describe the citrate-buff ered solution as having a neutral pH.

sodium citrate dihydrate n.a. [13] no information on pH value or sodium citrate used

sodium citrate dihydrate n.a. [6] no information on pH value or sodium citrate used

sodium citrate dihydrate n.a. [14] no information on pH value or sodium citrate used

sodium citrate dihydrate n.a. [29] no information on pH value or sodium citrate used

trisodium citrate 8 a) [30] no information on pH, which would be expected to be around pH 8 for 
trisodium citrate

trisodium citrate dihydrate 8 a) [15] no information on pH, which would be expected to be around pH 8 for 
trisodium citrate

trisodium citrate dihydrate 8a) [22] no information on pH, which would be expected to be around pH 8 for 
trisodium citrate

a) pH values were not provided in the original reference, but were inferred by us (see comment column).
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Smart et al. [1] further reported that the use of acidic phosphate-
buff ered MB (pH 4.6) did not allow discrimination between viable 
and dead cells, in contrast to a neutral citrate-buff ered solution. 
When comparing a citric MB solution (upon request: monosodium 
citrate, pH approx. 3–4) with an alkaline MB solution with a pH 
of 10.6, White et al. [12] found that the acidic solution delivered 
higher measured viabilities (in the range of 80–100 %). No clear 
explanation was provided for this observation; it was merely noted 
that the uptake rate of MB into yeast cells increases at alkaline pH 
values. Other researchers also found that a pH value in the range 
of pH 4–6 leads to lower staining contrasts than at an alkaline pH 
value (pH > 10) [23]. This had the eff ect that viability tended to be 
overestimated when acidic MB solutions were used.

In the study by Matsumoto et al. [22], MB staining solutions with 
and without trisodium citrate dihydrate were compared, without 
addressing the pH. However, in the case of trisodium citrate, we 
expect the pH value to be around 8 [33]. In the referred study, the 
authors measured the supernatant from stained cell suspensions 
of diff erent viabilities photometrically, after the stained cells had 
been centrifuged. It was shown that it was not possible to distinguish 
between viable and dead cells when using MB solutions without 
trisodium citrate. However, when using the MB solution contain-
ing trisodium citrate dihydrate, a clear distinction could be made.

Literature further indicates that the conceptual foundations remain 
debated and that inconsistencies question the comparability of 
MB-based viability assessments (see Table 1). 

However, to the best of our knowledge, neither a standardised 
protocol nor a systematic review on this topic has been published 
yet. For this reason, the objective of the present study is to address 
this reporting gap by systematically evaluating the infl uence of pH 
of the dye solutions, dye concentration, and yeast matrix on the 
staining performance of MB and TB across three Saccharomyces 
strains representative of brewing applications. This work does not 
aim to validate the methods against an external biological refer-
ence such as colony-forming-unit (CFU) plating, which has been 
addressed elsewhere in the literature [22], nor to resolve mecha-
nistic questions about dye–cell interactions. Rather, the goal is to 
provide an evidence-based decision framework that supports the 
selection of staining parameters in routine yeast quality control. 
The framework is illustrated with reference to common brewing 
tasks including pitching control, in-process fermentation monitoring, 
and post-cropping assessment, while the experimental evaluation 
itself was performed under controlled laboratory conditions using 
a defi ned unhopped wort matrix.

2 Material & Methods

2.1 Yeast suspensions

Three dry yeasts belonging to the genus Saccharomyces were ex-
amined, including standard baker’s yeast Saccharomyces cerevisiae 
(S. cerevisiae; commercially available, Dr. August Oetker Nahrungs-
mittel, Bielefeld, Germany) and two brewing yeasts Saccharomyces 
pastorianus (SafLagerTM W-34/70, Fermentis by Lesaff re, Marcq 
en Baroeul, France) and Saccharomyces cerevisiae (SafAle™ WB-06, 

Fermentis by Lesaff re, Marcq en Baroeul, France). These three 
yeasts were selected to include the most well-known and widely 
used yeast, baker’s yeast, along with two brewing yeasts chosen 
to represent a bottom-fermenting strain (W-34/70) and a top-
fermenting strain (WB-06). It should be noted that commercial 
dry yeast preparations may contain emulsifi ers such as sorbitan 
monostearate, and a possible infl uence on the staining system 
cannot be fully excluded. 

 The yeasts were suspended in tap water in the fi rst experimental 
plan and in unhopped beer wort (12 °Plato) for the second ex-
perimental plan. In both cases, the dry yeasts were rehydrated 
in the respective liquid for 30 min before further use. The wort 
was prepared from diluted malt extract (Weyermann® Bavarian 
Pilsner, Weyermann Spezialmalze, Bamberg, Germany). Since the 
wort was not subjected to a conventional brewing process, it was 
autoclaved (20 min, 121 °C, 2 bar abs.) to provide a standardised 
heat treatment.  Furthermore, it was centrifuged (10 min, 4612 × g) 
to reduce the amount of larger particles that could interfere with 
the viability analysis, thereby approximating the clarifi cation oc-
curring during wort production. Only the supernatant was used 
for further experiments. The contribution of the ionic strength, 
especially with regard to the wort matrix, is negligible in the pre-
sent study. The cells were assayed in a wort matrix, whose ionic 
strength is already set by its intrinsic inorganic electrolyte load (K⁺, 
Mg²⁺, Ca²⁺, Na⁺, phosphate, chloride and sulfate) derived from the 
malt and brewing liquor.

To generate samples with reduced viability, 50 mL of the cell sus-
pensions were microwaved for 90 s (700 W, 2450 MHz), resulting 
in a stock cell solution with 0 % viability. The eff ectiveness of the 
treatment was confi rmed microscopically by the absence of viable 
cells. In the following, reference will be made to theoretical viabilities, 
meaning that freshly rehydrated dry yeasts relate to a viability of 
100 %, while microwave-treated yeasts have a viability of 0 %. These 
conditions should be interpreted as operational reference states 
rather than absolute biological endpoints. They were used to es-
tablish reproducible lower- and upper-bound conditions within the 
experimental system for the comparison of staining performance 
across diff erent parameters. Although it does not impair the fi ndings 
of the present study, it should be noted that the actual viability of 
rehydrated dry yeast is often below the theoretical value of 100 %, 
since a certain proportion of dead cells is typically present as a result 
of the drying process.  For commercial active dry brewing yeast, 
post-rehydration viabilities of approximately 65–85 % have been 
reported, with values of 65–75 % for a lager strain and 75–85 % for ale 
strains [34]. 

In addition, intermediate viability levels can be generated by mixing 
defi ned proportions of viable and non-viable stock suspensions. 
Such mixtures (25 %, 50 %, 75 %) were prepared for selected con-
ditions to verify the transferability of staining behaviour across 
the full viability range (Supplementary Information; intermediate 
viability levels).

2.2 Staining solutions

Staining solutions were prepared according to table 2 and stored 
in the dark at room temperature for the duration of the experi-
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ment. The evaluated pH values refer to the prepared dye solutions 
prior to mixing with the yeast suspensions. This approach was 
deliberately chosen to refl ect both common laboratory practice 
and the procedures described in the existing literature, where 
staining solutions are typically characterised prior to sample addi-
tion. In practical applications, the fi nal pH after mixing is variable 
and depends on multiple factors, including the composition of 
the sample matrix, the buff ering capacity of the medium, and the 
physiological state and metabolic activity of the yeast cells. By defi n-
ing pH at the level of the dye solution, this study aims to capture 
experimentally controllable input parameters while maintaining 
relevance to real-world application conditions. Furthermore, the 
staining solutions contain a defi ned concentration of buff er ions, 
so the pH remains constant upon mixing. This was confi rmed by 
measuring the pH before and after addition of the staining solu-
tion to the yeast-containing sample, where no signifi cant change 
occurred. All pH values reported hereafter therefore refer to the 
pH of the staining solution.

Based on the device-specifi c requirements of the cell counter, 
which, according to the manufacturer’s manual, requires a higher 
dye concentration than the 0.01 % (w/v) typically used in bright-

fi eld microscopy, this study evaluated two dye concentrations for 
each dye: a ‘high’ concentration (0.1 % for MB; 0.2 % for TB) and a 
‘low’ concentration (0.01 % for MB; 0.02 % for TB). Depending on 
the preparation procedure, dye concentrations were expressed 
either as weight/volume (w/v) when the dye was weighed as a solid 
powder or as volume/volume (v/v) when a commercial liquid stock 
solution was diluted. 

2.3 Analysis

To reduce analysis time and avoid errors caused by subjective per-
ception and interpretation by the analyst, viability measurements 
were performed using a semi-automated image-based cell counter 
[35]. The analysis was conducted using a Countstar® Mira FL (Alit 
Biotech Shanghai, P.R. China). According to the user manual, the 
operating range is 1 × 10⁴ – 3 × 107 cells mL−1. Image acquisition 
and analysis typically require < 20 s per sample. The instrument 
uses a single-use plastic slide containing fi ve chambers. Three of 
these chambers were loaded with 20 μL of each test sample (yeast 
samples mixed with equal volumes of staining solution) in order 
to account for potential variability in cell distribution and chamber 
loading. Because all chambers were fi lled from the same mixed 

suspension, measurements obtained from the 
three chambers represent technical replicates. 
After a sedimentation time of 3 min, the samples 
were imaged and analysed immediately to ensure 
consistent incubation times across all measure-
ments. The parameter settings followed the 
manufacturer’s recommendations: ‘Focal length 
= 1.271’; ‘Consumable = Countstar Slide-8.0X’; 
‘Exposure = 160’; ‘Gain = 0’; ‘Prob = 0.25’; ‘Nms = 
0.25’; ‘Min-Size = 4.0’; ‘Max-Size = 25.0’; ‘Thresh = 
10’; ‘Fit-Min = 5.0’; ‘Fit-Max = 25.0’; ‘Min-Ave-Gray 
= 0.0’; ‘Max-Ave-Gray = 255.0’; ‘Activity = Close’. All 
analyses were performed using these fi xed manu-
facturer-defi ned settings to ensure comparability 
across all experiments. Consequently, the results 
of this study refer specifi cally to measurements 

Table 3 Variable and constant factors and their respective levels in experiment 1

Factor Level

Va
ri

ab
le

Dye type Methylene blue (MB); Trypan blue (TB)

Dye solution concentration High (0.1 % MB; 0.2 % TB); Low (0.01 % MB; 
0.02 % TB)

Dye solution pH value 3.0; 7.8; 10.6

Theoretical viability 0 %; 100 %

Co
ns

ta
nt

Yeast strain Baker’s yeast

Total Cell Density (TCD) stock 
cell solution

1  107 – 3  107 cells mL−1

Yeast matrix Water

Table 2 Details on the preparation of staining solutions at diff erent pH values and concentrations

Dye (concentration) Dye solution pH value Preparation

Methylene blue (MB) solution 
(0.01 % / 0.1 %)

3
Acidic (acetic acid) MB solution (0.25 % aqueous solution, Th. Geyer GmbH & 
Co. KG, Renningen, Germany) was diluted to a concentration of 0.01 % / 0.1 % 
(v/v) with dist. water.

7.8
2 g tri-sodium citrate dihydrate (Merck KGaA, Darmstadt, Germany) were 
dissolved in 100 mL dist. water. 1 mg / 10 mg MB (Merck KGaA, Darmstadt, 
Germany) was added to 10 mL of this solution.

10.6
0.751 g glycine was dissolved in dist. water, the pH adjusted to 10.6 with 1 M 
NaOH, and fi lled up to 100 mL with dist. water. 1 mg / 10 mg MB (Merck KGaA, 
Darmstadt, Germany) was added to 10 mL of this solution.

Trypan blue (TB) solution 
(0.02 % / 0.2 %)

3
Dist. water was adjusted to pH 3.0 using 100 % acetic acid. 2 mg / 20 mg TB 
(Carl Roth GmbH & Co. KG, Karlsruhe, Germany) was added to 10 mL of this 
solution.

7.8 TB (0.4 %, VWR International GmbH, Hannover, Germany) was diluted to a 
concentration of 0.02 % / 0.2 % (v/v) with dist. water.

10.6
0.751 g glycine was dissolved in dist. water, the pH adjusted to 10.6 with 1 M 
NaOH, and fi lled up to 100 mL with dist. water. 2 mg / 20 mg TB (Carl Roth 
GmbH & Co. KG, Karlsruhe, Germany) was added to 10 mL of this solution.
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obtained with the Countstar® Mira FL under these 
defi ned analysis conditions.

The ΔViability parameter was calculated by subtracting 
the means of the triplicate measurements (technical 
replicates) for the 0 % theoretical viability samples 
from those of the 100 % viability samples; these re-
sults were then averaged over three days and three 
yeasts, and the standard deviation was determined.

Data analysis was performed using JMP (version 
18.2.2). Figures were prepared using Python (version 
3.12.1) with NumPy (version 1.26.2), Matplotlib (ver-
sion 3.8.2), and Pandas (version 2.2.3).

 2.4 Experimental design

The experiments and selected parameters were designed in a 
systematic, stepwise manner. In the fi rst experiment, a broad 
overview was obtained by examining baker’s yeast suspended in 
water. This simplifi ed system was intentionally used to evaluate the 
infl uence of staining parameters under controlled conditions with 
minimal matrix interference. In the second experiment, two brew-
ing yeast strains were included, and wort was used as the matrix 
to better refl ect real-world conditions in the brewery application 
fi eld. The use of water in the fi rst experiment was therefore not 
intended to assume equivalence between water-based and wort-
based samples, but rather to provide an initial baseline before 
investigating the staining performance in a more complex and 
application-relevant matrix.

The fi rst experiment was designed as a randomised full-factorial 
combination of the conditions listed in table 3. Two dyes, MB and 
TB, were used, each tested at two concentrations: high (0.1 % MB; 
0.2 % TB) and low (0.01 % MB; 0.02 % TB). Staining was performed 
with staining solutions of pH level 3.0, 7.8, and 10.6. Samples were 
prepared using baker’s yeast suspended in water, with a total cell 
density of 1 × 107 – 3 × 107 cells mL−1. Theoretical viabilities of 0 % and 
100 % were considered to represent dead and live cell populations. 

All analyses were performed using a semi-automated cell counting 
device. The same operator repeated the entire experimental plan 
on three diff erent days within one week. Experiments performed 
on diff erent days were treated as independent experimental rep-
licates, and a fresh yeast suspension was prepared each day. In 
total, this resulted in 72 observations. 

The second experiment was based on a randomised full-factorial 
design combining all the levels shown in table 4. Two dyes were 
tested: MB (0.1 %) and TB (0.2 %). Each dye was applied at two pH 
levels (3.0 and 7.8). Yeast suspensions were prepared in wort with 
a cell concentration of 1 × 107 – 3 × 107 cells mL−1. Three yeast types 
were used: baker’s yeast, W-34/70, and WB-06. To examine diff er-
ent viability conditions, samples with theoretical viabilities of 0 % 
and 100 % were considered. Again, the same operator repeated 
the entire experimental setup on three separate days within one 
week. Comparably to experiment 1, also experiment 2 resulted in 
72 observations. Each day, a fresh yeast suspension was prepared.

The use of the chosen reference states (0 % and 100 % theoretical 
viability) provided clearly separated conditions that enabled a robust 
comparison of staining behaviour across the tested parameter com-
binations. Within this framework, the analysis focused on relative 
diff erences between staining conditions rather than on establishing 
absolute viability values or validating the staining approach itself. 
While such boundary conditions do not permit a direct assessment 
of linearity across intermediate viability levels, additional experi-
ments performed for a representative staining condition (MB, pH 
3.0, 0.1 %) demonstrated that mixtures of viable and non-viable cells 
(25 %, 50 %, and 75 % theoretical viability) resulted in proportional 
combinations of stained and unstained cells (see Supplementary 
Information; intermediate viability levels). The observed trends in 
staining behaviour remained consistent with those obtained for 
the extreme conditions, indicating that the parameter-dependent 
eff ects identifi ed in this study were transferable across the full 
viability range. Based on this consistency, the systematic analysis 
was restricted to the two extreme reference states to allow for a 
controlled and tractable experimental design.

3 Results & Discussion

3.1 First experiment

S. cerevisiae was analysed under varying dye type, varying dye 
concentration, and diff erent pH value of the staining solution. 
Figure 1 summarises the results of experiment 1.

Highlighting the results obtained with MB, deviations in the mean 
values are evident at pH 10.6, compared to the other pH levels. This 
applies in particular to high dye concentrations for both 0 % and 
100 % theoretical viability, while at low concentrations no deviation 
is observed for 0 % theoretical viability. Using TB at pH 10.6 at high 
concentration and a theoretical viability of 0 %, however, resulted 
in a mean viability of 22 %, which is considerably higher than at pH 
3.0 and pH 7.8, with mean viabilities of 1 % and 9 %, respectively. 
At pH 3.0, deviations in the mean values for TB at 0 % viability are 
noticeable compared to the other pH levels, both at low and high 
dye concentrations. In detail, for the low dye concentration we 
found a mean viability of 2 % at pH 3.0 compared to 10 % at pH 
7.8 and 11 % at pH 10.6. 

Table 4 Variable and constant factors and their respective levels in experi-
ment 2

Factor Level

Va
ri

ab
le

Dye type Methylene blue (MB); Trypan blue (TB)

Dye solution pH value 3.0; 7.8

Theoretical viability 0 %; 100 %

Yeast strain Baker’s yeast; W-34/70; WB-06

Co
ns

ta
nt

Dye solution concentration High (0.1 % MB; 0.2 % TB)

Total Cell Density (TCD) stock 
cell solution

1  107 – 3  107 cells mL−1

Yeast matrix Wort
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To further contextualise the role of pH under the applied experi-
mental conditions, the pH of the staining mixtures after combin-
ing dye solutions with yeast suspensions was determined for all 
conditions. Across all strains, the fi nal pH values closely followed 
the initial pH of the staining solutions, with only minor shifts after 
mixing. Diff erences between yeast suspensions in wort (pH 5.2) and 
water (pH 7.8) primarily refl ected their respective initial pH levels 
rather than distinct buff ering eff ects, and strain-specifi c infl uences 
were negligible. Overall, these results indicate that, under the 
conditions applied in this study, the relative pH conditions defi ned 
by the staining solutions are largely maintained after mixing and 
provide a consistent basis for interpreting the observed eff ects.

Summing up the pH-related investigations (Table 5), our results 
support the hypothesis that alkaline MB solutions lead to increased 
staining contrast and underestimated viabilities [12, 22, 23] at high 
dye concentration and 100 % theoretical viability.

Disregarding the discrepancies described above, the results in 
fi gure 1 indicate no substantial diff erences between MB and TB 
staining. Both dyes showed the same general trend in diff erentiat-
ing between viable and non-viable cells. This observation suggests 
that the inaccuracy of MB staining discussed in the literature [36] 
may either also apply to TB or be less attributable to the dye itself 
and more dependent on the analytical method. In contrast to the 
commonly employed bright-fi eld microscopy, our study utilised 
an automated cell counter, which may have reduced some of the 
methodological biases.

Indeed, depending on the chosen reference measurement, there is 
disagreement in the literature regarding whether viability assessed 
using MB staining and bright-fi eld microscopy is overestimated [1, 
28, 36] or underestimated [6], and how this bias depends on the 
underlying viability of the sample [26]. Importantly, these discrep-

ancies are often not solely attributable to the staining procedure 
with MB itself, but rather to the analytical method commonly used: 
bright-fi eld microscopy. Both the inherent limitations of microscopy, 
such as the substantially smaller sample size compared to other 
analytical methods [6], and factors specifi c to MB staining contribute 
to the variability and lack of reproducibility observed. For example, 
faintly blue-stained cells may be classifi ed as either viable or non-
viable depending on the operator’s subjective judgement [1]. This 
highlights the impact of the analysis method on viability assessment.

Furthermore, the similar staining behaviour observed for MB and 
TB may indicate a similar mode of action for both dyes. TB can only 
penetrate and stain cells with compromised membranes [9, 21, 
37]. Accordingly, these results appear to support the hypothesis 
proposed by [9, 20, 21], suggesting that MB only penetrates cells 
with damaged membranes, and that the reduction to the colourless 
leuco form can be neglected in viability staining. This interpretation 
is further supported by recent work [22], which demonstrated that 
living cells do not signifi cantly take up MB, reinforcing the impor-
tance of membrane permeability as the mechanistic key variable. 
Instead, the strong and reproducible discrimination between viable 
and non-viable cells achieved at acidic pH supports models in which 
viable cells largely exclude the dye and staining is primarily governed 
by membrane permeability modulated by the environmental pH 
value. Overall, the fi ndings narrow the set of plausible mechanisms 
and favour permeability-based explanations over those centred on 
intracellular MB conversion.

The concentration of the dye also does not appear to have a clear 
eff ect on the mean viability values within the investigated concentra-
tion ranges (Fig. 1). However, upon closer inspection, the standard 
deviations tend to be lower at higher dye concentrations for pH 3.0 
and pH 7.8. Across both dyes and both pH levels, the mean stand-
ard deviation at high dye concentration was 4 % for 0 % viability 

Fig. 1 Mean (n=9 [3 technical x 3 experimental replicates]) standard deviations of the measured viabilities of Saccharomyces cerevisiae 
under varying conditions. The factors examined were dye type (methylene blue, MB; trypan blue, TB), dye concentration (low: 0.01 % 
MB, 0.02 % TB; high: 0.1 % MB, 0.2 % TB), and pH of the staining solution (left to right 3.0, 7.8 and 10.6). Two theoretical viability levels 
(0 % and 100 %) were used.
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(vs. 8 % at low concentration) and 3 % for 100 % viability (vs. 5 % at 
low concentration). Thus, elevated dye concentrations seemed to 
enhance the distinction between viable and non-viable cell popula-
tions for both dyes, suggesting improved staining effi  ciency and 
clearer discrimination at higher concentrations (Table 5).

This contrasts with the commonly accepted and used MB concentra-
tion of 0.01 % (Table 1), which corresponds to the lower concentra-
tion tested in the present study. We explain this discrepancy by the 
fact that the 0.01 % concentration works best for viability determi-
nation using bright-fi eld microscopy. We, however, performed our 
analyses with an automated cell counter, for which the application 
of higher dye concentration is benefi cial.

3 .2 Second experiment

Based on the fi ndings that pH value 10.6 and low staining concentra-
tions lead to less reliable results (experiment 1), a further experimental 
design was developed. The pH values were now only varied between 
acidic and neutral pH, and the higher dye concentration of 0.1 % 
for MB and 0.2 % for TB was selected. Based on the initial fi ndings, 
the experimental range was now extended to three diff erent yeast 
strains and the experimental conditions for brewing yeasts were 
made more realistic by suspending the yeast in beer wort (autoclaved 
and centrifuged) instead of water (Fig. 2). While wort represents a 
more realistic process matrix, its complex composition (e.g., turbidity, 
background particles, and polyphenolic compounds) may potentially 
infl uence dye behaviour. Therefore, possible matrix-specifi c eff ects 
cannot be fully excluded and should be investigated in future stud-
ies, for example by comparison with established reference staining 
methods such as Carboxyfl uorescein diacetate.

Regarding MB staining, the W-34/70 and WB-06 strains showed 
higher mean viabilities at pH 3.0 in the 100 % theoretical viability 
samples, whereas for baker’s yeast higher viabilities were observed 

at pH 7.8 (87 % vs. 80 % at pH 3.0) (fFigure 2). For samples with 0 % 
theoretical viability, the pH value of the staining solution appeared 
to have no infl uence on the measured viability of baker’s yeast. 
However, for W-34/70, pH 7.8 resulted in lower viabilities (28 % vs. 
33 % at pH 3.0), while for WB-06, lower viabilities were observed 
at pH 3.0 (12 % vs. 16 % at pH 7.8). The TB staining data, however, 
indicate a tendency for measured viabilities to be higher at pH 7.8 
than at pH 3.0, at both 0 % and 100 % theoretical viability. These 
overall results therefore suggest that the measured viability is 
infl uenced by the type of dye, the pH of the staining solution, and 
the yeast strain. Variations in cell wall architecture, membrane 
permeability, metabolic redox capacity, and the degree of cell 
aggregation may infl uence both dye accessibility and intracellular 
reduction of methylene blue, resulting in diff erent staining.

Based on the dye-specifi c results, no combination of parameters 
for reliably assessing yeast cell viability could be recommended 
as generally suitable. We therefore evaluated whether pooling the 
results across all yeast strains (Fig. 3) as an overall mean (n=27) 
could be benefi cial in terms of general statements. This approach 
is based on the premise that an ideal method for yeast viability 
determination should be broadly applicable across diff erent yeast 
strains, without requiring strain-specifi c adjustments.

When considering the overall data (Fig. 3), it becomes apparent 
that the considered pH value between acidic and neutral pH does 
not aff ect the outcome of MB staining. In the case of TB staining, 
higher viabilities of 86 % were observed at pH 7.8 for samples with 
a theoretical viability of 100 % compared to pH 3.0 with a mean 
viability of 69 %. However, it is important to note that for samples 
with a theoretical viability of 0 %, the measurements at pH 7.8 were 
also higher (mean viability of 21 %) than at pH 3.0 (mean viability of 
6 %). Ideally, the measured viability should be as high as possible 
for samples with a theoretical viability of 100 %, and as low as pos-
sible for samples with a theoretical viability of 0 %.

Fig. 2 Mean (n=9 [3 technical x 3 experimental replicates]) standard deviations of the measured viabilities of all replicates under varying 
conditions. The factors examined were dye type (methylene blue, MB; trypan blue, TB), pH of the staining solution (left to right 3.0, 
7.8) and yeast strain (baker’s yeast; W-34/70; WB-06). Two theoretical viability levels (0 % and 100 %) were used.
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 Fig. 3 Mean (n=27 [3 technical x 3 experimental replicates x 3 yeasts]) standard deviations of the measured viabilities over all yeast strains 
(baker’s yeast; W-34/70; WB-06) in wort under varying conditions. The factors examined were dye type (methylene blue, MB; trypan 
blue, TB) and pH of the staining solution (3.0, 7.8). Two theoretical viability levels (0 % and 100 %) were used.

To assess the ability of each staining method to discriminate between 
viable and non-viable cells, we calculated the diff erence between the 
mean measured viability of the 100 % and 0 % theoretical viability 
samples. We defi ned this parameter as ΔViability, which refl ects 
the method’s separation capability. A higher ΔViability indicates 
a better ability to distinguish between viable and dead cells. At 
the same time, a low standard deviation of ΔViability is desirable, 
as it refl ects the precision and reproducibility of the method’s 
discriminatory power.

A corresponding interaction analysis (Fig. 4) revealed just small 
diff erences between the individual parameter settings. However, 

MB staining at pH 3.0 showed the most favourable 
performance (Table 5), characterised by the highest 
mean ΔViability and comparatively low variability 
across all yeast strains. This suggests that MB under 
acidic conditions provides reliable and reproduc-
ible diff erentiation between viable and non-viable 
cells. Considering that TB performed slightly less 
eff ectively and is furthermore classifi ed as a CMR 
substance (Carc. 1B) [38], its routine use should be 
avoided whenever alternative dyes demonstrate 
comparable or superior performance. In this context, 
MB at pH 3.0 appears to represent a less hazardous 
and more eff ective alternative under the tested 
conditions in yeast viability assessment.

4 Conclusion

This study systematically evaluated the infl uence 
of the pH of the staining solutions, dye concentra-
tion, dye type, and yeast strain on the reliability of 
image-based viability measurements using MB and 
TB staining. The fi ndings of this study therefore 
apply to the tested staining parameters within the 

analytical framework of the Countstar® Mira FL and should not 
be interpreted as a general validation of automated image-based 
viability assessment methods. By applying a reproducible experi-
mental design and minimising subjective interpretation through 
automated image analysis, the work provides a comprehensive 
and transparent assessment of key methodological factors that 
have been reported in the literature as sources of inconsistency 
in viability determination. 

Neither dye type nor concentration alone yielded universally supe-
rior performance, but trends emerged. First, highly alkaline staining 
conditions (pH 10.6) yielded implausible and unreliable viability 

Fig. 4 Interaction analysis. Infl uence of dye type (methylene blue, MB; trypan 
blue, TB) and pH of the staining solution (3.0, marked in red; 7.8 marked in 
green) on the mean ΔViability (n=9 [3 experimental replicates x 3 yeasts]) 
and the corresponding mean standard deviations (SD) for ΔViability at high 
dye concentration (0.1 % MB; 0.2 % TB)
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estimates, particularly for MB at high concentration. Second, MB 
and TB exhibited broadly similar staining behaviour, suggesting 
that previously reported MB inaccuracies are likely linked to bright-
fi eld microscopy rather than the dye. Automated image analysis 
mitigated several of these biases.

Dye concentration did not systematically shift mean viability val-
ues, but higher concentrations reduced variability and improved 
the distinction between viable and non-viable cells, enhancing 
staining effi  ciency. Across multiple yeast strains, no single param-
eter confi guration consistently outperformed others, highlighting 
strain-dependent variability and the diffi  culty of defi ning universally 
optimal conditions.

Nevertheless, when data across all strains were pooled – refl ecting 
the requirement for broadly applicable viability methods – interac-
tion analysis identifi ed MB staining at pH 3.0 as the most favourable 
overall condition across the tested yeast strains. This parameter 
combination yielded the highest ΔViability with comparatively low 
variability, indicating reproducible and reliable discrimination 
between viable and non-viable cells. Given TB’s slightly lower per-
formance and CMR classifi cation, MB at acidic pH is a practical and 
safer choice for routine yeast viability measurements.

Overall, this study provides a systematic foundation for selecting 
staining conditions that enhance reproducibility and interpretability 
in yeast viability assessments. The results support the use of MB at 
pH 3.0 and higher dye concentrations for automated image-based 
analysis, applicable across tested strains and viability ranges.

The systematic results obtained in this study also help to evaluate 
the confl icting staining mechanism models discussed in the litera-
ture. The superior reproducibility of staining at pH 3.0, combined 
with the reduced variability observed at higher dye concentrations, 
aligns with models in which MB can only penetrate non-viable 
cells. These fi ndings are consistent with the interpretation that dye 

exclusion rather than intracellular decolourisation is the primary 
factor defi ning viability-dependent contrast.
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