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ABSTRACT
Serial repitching of beer brewer’s yeast plays an important role in the beer industry as an ineluct-
able economic factor. In this study, the viability and vitality changes, as well as strains’ anti-auto-
lytic abilities during serial beer fermentation with typical ale and lager yeast strains, were
investigated. While measuring the survival rate of yeast cells is not sufficient for evaluating and
predicting the yeast fermentation capacity, physiological status determination of brewer’s yeast
reflects the vitality and quality of yeast in serial beer fermentations. Accumulation of reactive oxy-
gen species in yeast causes cell damage, leading to a decline in cell vitality and viability. Aged
yeast cells, after several repitchings, can result in leakage of intracellular compounds into the fer-
mented liquor. The lager yeast (Pilsner) examined, which harbors the partial genome from S.
eubayanus, showed better robustness and higher activity than the ale yeast strain M79 examined,
during serial fermentation. A holistic approach, including more indicators, should be applied in
evaluating the fermentation performance of brewer’s yeast.

KEYWORDS
Autolysis; beer brewer’s
yeast; cell morphology;
serial repitching; vitality

Introduction

The quality and flavor of beer is determined by raw materi-
als including malt, hops, yeast, and other adjuncts used in
brewing. Yeast, an agent requiring special handling, trans-
forms the raw materials into the product and significantly
affects the quality of beer. The fermentable sugars in wort
are consumed by yeast cells and transformed into flavor
compounds, resulting in final beers with pleasant tastes.[1]

However, the autolysis of yeast cells due to declined viability
and vitality of yeast strains can cause destructions of flavor,
foam, and colloidal stability of the beer.[2,3] In the industrial
beer brewing process, yeast cells are exposed to multiple
stressors including hyperosmosis at the beginning of fermen-
tation, oxidative stress during fermentation, and the toxic
effects of alcohol at the end of fermentation.[4] Moreover, as
an important economic factor in the brewing industry, the
yeast is reused numerous times until the viability of the
yeasts no longer meet the requirements of beer brewing.
Therefore, it is important to accurately evaluate and monitor
the physiological status of the brewer’s yeast during beer
fermentation.

Strong and physiologically stable yeasts are essential for
producing high quality beer, and serial repitching of brew-
er’s yeasts causes a decline in the quality of yeast and thus
impairs fermentation processes.[5,6] Evidence shows that
accumulation of dead cells and the decreasing accumulation

of neutral lipids in cells could be reasons for the decline in
the fermentation performance of yeasts during serial repitch-
ing.[7,8] Therefore, yeast cells are usually not used for an
excessive number of cycles and when the death rate reaches
an unacceptably high level, the yeast is discarded.[2] Unlike
in wine fermentations, dead brewer’s yeast cells left in the
fermented liquor can result in final beers with unpleasant
flavors such as a “yeasty” taste.[3,9] The intracellular com-
pounds released into the beer can influence the flavor stabil-
ity, colloidal stability, and foam stability of the beer.[2,3] On
the other hand, oxidative stress is reported to be one of the
key stressors throughout the brewing process. The imbalance
of reactive oxygen species (ROS) generation and elimination
results in the ROS accumulation in cells, and can lead to
protein inactivation,[10] lipid peroxidation,[11] damage to
nucleic acids and to the mitochondria of yeast cells.[12]

Damage occurs to the cells gradually and affects the vitality
of the yeast, leading to a decline in fermentation
performance.

There are methods available to evaluate the physiological
quality of yeast cells. For example, ABER units are widely
used to measure the number of viable yeast cells to manage
accurate pitching.[13] Generally, cell viability is defined as
the percentage of live cells in an entire population. Autolysis
of yeast can occur at the end of the stationary phase,[2] mak-
ing it difficult to define the actual number of live cells. Cell
vitality reflects the physiological capabilities of cells, which is
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an important parameter in estimating the physiological sta-
tus of cells under various stressors.[14] It is important to
note that both cell viability and vitality are required to
evaluate cell functions.[15] During serial beer fermentation,
the variable environment can cause damage to the interior
of cells as well as to the surface morphology of the yeast,
while the cell itself may still be alive. Therefore, in this study
the aim was to evaluate the physiological status as well as
the anti-autolytic ability of brewer’s yeasts during serial beer
fermentations. The results showed that both of the two
strains of yeast tested, one ale and one lager yeast, went
through morphological shrinkage during serial beer fermen-
tation, which was proportional to decreasing vitality and
accumulation of ROS. Yeast strains with better anti-autolytic
ability exhibited higher vitality and less accumulation of
ROS in cells. The results help us to further understand the
physiological status of brewer’s yeast during serial beer fer-
mentation regarding cell morphology, vitality, and fermenta-
tion performance.

Experimental

Yeast strains and beer fermentation

Two brewer’s yeasts, one labelled “Pilsner” and one “M79,”
were used in this work. The Pilsner was a typical lager yeast
strain, and the M79 strain originated from an industrial ale
yeast strain. Both strains were obtained from breweries in
China and stored in the author’s laboratory. All chemicals
utilized were analytical grade.

Lager yeast strain Pilsner was fermented in 12�P wort for
6 days at 11 �C, and ale yeast strain M79 was fermented in
12�P wort for 4 days at 20 �C. Yeast cells were first cultured
in 10mL of 12�P wort for 24 h at 28 �C and then transferred
to 50mL 12�P wort at a 1% (w/v) inoculum size for 24 h at
28 �C. Finally, 2� 107 cfu/mL cells were inoculated into a
3 L Erlenmeyer flask containing 2 L of 12�P wort. The main
fermentation was conducted according to the characteristics
of the two strains. The yeast slurry collected from the first
batch of fermentation was named the zero-generation (G0)
yeast. The yeast cells collected from zero-generation (G0)
were then re-pitched to a second batch of fermentation,
from which the first-generation (G1) yeasts were collected.
Yeasts of six generations (G0-G5) were individually collected
from the serial beer fermentations.

Analysis of cell viability and vitality

Measurement of yeast cell viability was conducted as
described by Kwolek-Mirek and Zadrag-Tecza.[14] Yeast cells
collected from each fermentation batch were suspended in
100mM phosphate buffered saline (PBS, pH 7.0). The reac-
tion solution contained 100lL sample and 100 lL methyl
violet solution [0.1% (v/v) stock solution, dissolved in a
0.1mol/L glycine solution, pH 10.6] and incubated at room
temperature for 5min. Cells were counted using a micro-
scope (OLYMPUS CX-21), with at least 300 cells in a hemo-
cytometer, where viable cells appeared colorless and dead

cells violet. The number of viable cells was expressed as the
percentage of the total population.

Yeast cell vitality was determined with BactTiter-GloTM

Microbial Cell Viability Assay according to the manufac-
turer’s protocol (Promega)[14] based on quantitation of
adenosine triphosphate (ATP) generated from the yeast cells
during fermentation. The yeast cells were suspended in
100mM PBS (pH 7.0), and a 100 lL sample of 107 cfu/mL
yeast cells was used for the luminescence measurement. The
luminescence was recorded with BioTek CytationTM3 imag-
ing reader after 40min of reaction time to ensure that the
yeast cells were completely lysed. The luminescent signal
measured was in direct proportion to the ATP released from
yeast cells, which was proportional to the number of cells.

Measurement of anti-autolytic index

The anti-autolytic index of brewer’s yeast was evaluated as
described in our previous study.[16] A 2 g aliquot of fresh
yeast slurry from each cycle of the beer fermentation was
collected and statically incubated in 200mL of citrate buffer
(10.51 g/L citric acid and 14.71 g/L sodium citrate, pH 4.0)
at 28 �C for 72 h. After centrifugation at 3000 g for 5min,
yeast cells were collected for mortality analysis and the
supernatants were used for measurement of absorbance at
260 nm (A260) and 280 nm (A280). The anti-autolytic index
was counted with the ratio of (A260/A280) and mortal-
ity rate.

Measurement of reactive oxygen species (ROS)

The steady-state levels of reactive oxygen species (ROS) gen-
erated from the yeast cells during autolysis were measured
every 12 h with 20,70-dichlorodihydrofluorescein diacetate
(DCFH-DA). The DCFH-DA was dissolved in dimethyl sulf-
oxide (DMSO) to make a 10mM stock solution and kept
frozen at �20 �C. Briefly, cells collected from citrate buffer
were suspended in a 100mM PBS buffer, with a 1mL sam-
ple of 107 cfu/mL cells used for the ROS measurement. Five
mL of the DCFH-DA solution was added to the suspension
and the reaction was conducted at 37 �C for 30min. The
fluorescence of the 20,70-dichlorofluorescein (DCF) formed
in the process was monitored in a Tecan InfiniteVR M200
fluorescence mode microplate reader.[17] The measurement
conditions were: kex¼ 485 ± 10 nm and
kem¼ 530 ± 12.5 nm. The steady-state level of ROS was
expressed as relative fluorescence unit (RFU).

Scanning electron microscope (SEM) and transmission
electron microscopy (TEM) analysis

The surface morphology of the yeasts was measured using a
scanning electron microscope (SEM) as described in a previ-
ous study.[18] Yeast cells were collected by centrifugation at
1500 g for 10min after serial fermentations. Samples were
fixed and finally dried and sprayed with gold crystal.[19,20]

The shapes and appearances of 100 cells were observed at
7000X magnification.[21]
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The cell wall structures of the two yeasts were analyzed
using transmission electron microscopy (TEM). Cells were
fixed with 2.5% (w/v) glutaraldehyde-PBS buffer (0.1mol/L,
pH 7.2) overnight at 4 �C, and then rinsed with the same
buffer 6 times and post-fixed with 1% (w/v) osmium tetrox-
ide for 2 h at 4 �C. After dehydration with ethanol and acet-
one, the samples were embedded in Epon812 and
polymerized. Ultrathin sections of the samples were pre-
pared with a diamond knife and examined with a
QUANTA200F TEM.[21] The thickness of the cell walls was
measured in cells where the cell wall structures could be
clearly observed, indicating that the cell wall was cut per-
pendicular to the cell surface.[22] The cell walls of 100 cells
from each strain, which were unbudded, were measured at
50,000X magnification.

Results and discussion

Measurement of cell viability of two strains during
serial beer fermentation

Brewer’s yeast is classified into two types, namely ale and
lager. For both types of beer, brewer’s yeasts are usually
reused for numerous cycles until the cells are no longer fit
for fermentation due to their decreased viability and
unpleasant flavors effects. Using two typical ale and lager
beer brewing strains, the performance of these two strains
during serial beer fermentation was analyzed. Cell surviv-
ability can be assessed based on methylene blue staining at
neutral or weak alkaline condition. Under these conditions,
methylene blue can be difficult to be taken into yeast cells
and cell survivability may be overestimated. It has been
reported that measurement is more sensitive when the stain-
ing solution is alkaline (pH 10.6).[23,24] The results have
been strongly correlated with the budding index of cells
under the microscopic field,[23] and alkaline staining meth-
ods have been used for yeast cell viability and to predict fer-
mentation performance.[24] As shown in Figure 1, the cell
viability of the Pilsner yeast decreased from 98.9% at the
end of first batch of fermentation (G0) to 95.8% after six
cycles, a loss of 4.2% of live cells from the beginning cycle.
The viability of the M79 yeast rapidly decreased from 96.2
to 80.3% after four cycles, losing 19.7% of live cells from the
beginning cycle. Autolysis tests were performed with the
yeast cells collected from each batch of fermentation. Results
showed that the viability of the Pilsner strain decreased
slowly in the first 12 h and became faster afterwards. Greater
drops were found in yeast cells collected from G4 and G5.
After 48 h of culture in citrate buffer, the cells collected
from G0, G1, G2, G3, G4, and G5 showed a loss of 15.8,
33.3, 35.6, 38.8, 48.3, and 56.8% live cells, respectively.
However, the viability of M79 showed a different trend com-
pared with the Pilsner yeast with a faster decline in viability
in the first 12 h of autolysis. The viability of cells collected
from G0, G1, G2, and G3 decreased by 17.8, 38.5, 44.3, and
58.0% after 48 h of culture in citrate buffer, respectively. The
differences in the cell viabilities between Pilsner and M79 at
the beginning of autolysis could be caused by the different
fermentation temperatures between Pilsner (11 �C) and M79

(20 �C). Higher temperatures cause more stress for yeast
cells, resulting in a decreased viability of the cells after fer-
mentation. However, during the autolysis process, where
yeasts were placed under starvation stress, the differences in
the viability losses between the two strains during the
autolysis process suggested a higher robustness for the
Pilsner than for the M79 strain. The relatively large differen-
ces in the genetic background of two strains make this dis-
tinction unsurprising. Lager yeast harbors two sub-genomes
including S. cerevisiae and S. eubayanus.[25] S. eubayanus,
which was discovered in Patagonia, South America, is cryo-
tolerant,[26] suggesting that the lager yeast strain might be
more tolerant to a stressful environment than the ale yeast
strain. Pilsner yeast collected from the G5 fermentation lost
about half of the live cells after 48 h of culture in citrate buf-
fer and a similar occurrence was found for the M79 cells
collected from the G3 fermentation.

ATP based cell vitality measurement of two
yeast strains

Cell viability is a commonly used assessment for the impact
of various stressors on microbes in industrial studies.[14]

The cell vitality of yeast is defined as the physiological cap-
ability of yeast cells. Cell viability and vitality represent two
different aspects of cell functions, and both are required in
order to evaluate the physiological status of a cell.[14] The
intracellular ATP level of a cell is closely related with the
cell’s metabolic activities,[27] and using luminescent meas-
urements, the intracellular ATP levels of the two yeast
strains was determined. The initial intracellular ATP levels
of the Pilsner and M79 collected from G0 were similar, 5470
RFU and 5121 RFU, respectively. It can be seen from Figure
2 that the ATP level of both yeasts decreased along with the
autolysis process. During the first cycle of the autolysis pro-
cess, the ATP level of the Pilsner and M79 strain decreased
by 60.09 and 86.23%, respectively. The ATP declines of the
Pilsner were 75–83% during 6 cycles of autolysis, while the
ATP declines of the M79 strain were 86–95% during 4
cycles of autolysis. Moreover, in contrast with the mild
decline in the cell viabilities during serial beer fermentation,
the vitalities of the Pilsner and M79 cells decreased by
almost 55 and 90% from G0 to G3, respectively. It is well
known that the abandonment of adenosine triphosphate
synthesis causes the degradation of intracellular existing
ATP. This feature makes ATP a useful marker for cell
physiological activity evaluation.[28,29] The faster descent of
the ATP levels in both strains reflected the stress upon the
yeast cells during autolysis. Lager yeast appeared to be more
robust and showed a slower downward trend in ATP levels
compared with the ale yeast. ATP supplies the majority of
chemical energy for cells, and it is mainly generated in the
mitochondria. Mitochondria participate in many key meta-
bolic reactions including oxidative phosphorylation, signal-
ing cascades, and apoptosis.[30–32] The activity of the
mitochondria has been shown to be very important in yeast
vital activities.[33] Shortly after cell death, cells lose their
ability to synthesize ATP and at the same time the
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endogenous ATPase hydrolyzes the ATP, resulting in the
decrease of intracellular ATP levels. The decline of ATP
content during serial fermentations indicates a decrease in
yeast cell vitality.[14]

The decrease in vitality of the yeast causes deficiency in
fermentation performance. As shown in Table 1, the real
attenuation of the Pilsner’s fermented liquor at G0 was
63.02%, increased to 64.86% at G2, decreased to 52.92% at
G3 and 42.36% at G5. The slight increase of real attenuation
indicated a period of improved adaptive response of the
Pilsner from G0 to G2 and then a downward trend from G3.
On the other hand, the real attenuation of the M79 fermented
liquor at G0 was 65.48%, and this decreased to 45.79% at G2
and 34.79% at G3. It is suggested that the yeast loses partial

physiological activity after several cycles, resulting in inad-
equate fermentation capability. It has been reported that a
holistic approach is required to evaluate the vitality of brew-
er’s yeast due to the variability of fermentation conditions.[15]

Viability is not sufficient to evaluate or predict the fermenta-
tion capacity of brewer’s yeast as additional parameters are
needed to estimate the brewer’s yeast physiological status and
fermentation performance in industry.

Measurement of yeast morphology during serial beer
fermentation

The morphological changes of yeast cells during serial fer-
mentations were examined with scanning electron

Figure 1. Measurement of cell viability of the Pilsner and the M79 yeast strains during the autolysis process in serial beer fermentations. G0: Initial batch, also
known as the zero generation, G1: first generation, G2: second generation, G3: third generation, G4: fourth generation, G5: fifth generation, (a) Pilsner; (b) M79.
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microscopy (SEM) and transmission electron microscopy
(TEM). Severe damage was observed in both strains. As
shown in Figure 3, the Pilsner strain cells were plump and
round with obvious budding scars at the end of G0, while
the cells of strain M79 began to show wrinkles on their sur-
face at the end of G0. Along with the increase in repitching
times, the cell surface of the Pilsner strain became rough
and some cells were broken. At the end of G5, some

intracellular compounds were leaking into the culture
medium. The shape of the M79 cells changed dramatically
after several repitchings, and the cells became wrinkled at
the end of G3. Intracellular components were released into
the culture medium, causing an increase of amino acids and
fatty acids in the culture medium (data not shown).
Regarding intracellular damage, TEM analysis was per-
formed on both strains (Figure 4). The boundary between
the membrane and the cell wall of both strains was smooth
and clear at G0 (Figure 4a, d) and then gradually became
blurred (Figure 4b, c, e). Moreover, there was diffuse bleb-
bing of the plasma membrane in M79 (Figure 4e), because
the overall appearance of the cells has already collapsed
(Figure 3e). The Pilsner cell wall was thicker than M79,
reflecting a better robustness during serial fermentation.[34]

The electron-transparent inner layer of the cell wall reflects
a higher concentration of b-glucan in the cell wall of the
yeast. Strains with higher mannoprotein concentrations usu-
ally exhibit a denser outer layer of cell wall structure.[35] As
shown in Table 2, the concentrations of b-glucan and man-
nan in the Pilsner yeast were relatively 10–20% higher than

Figure 2. Intracellular adenosine triphosphate (ATP) changes of the Pilsner and the M79 strains during the autolysis process in serial beer fermentations. (a) Pilsner;
(b) M79.

Table 1. Fermentation performance of the Pilsner yeast strain and the M79
yeast strain during serial fermentations (mean ± SD, n¼ 3).

Strain Generation Real attenuation (%) Ethanol (%, v/v)

Pilsner G0 63.02 ± 2.31 4.47 ± 0.01
G1 64.24 ± 1.95 4.57 ± 0.06
G2 64.86 ± 2.46 4.71 ± 0.02
G3 52.92 ± 2.07 4.03 ± 0.01
G4 47.93 ± 1.19 3.20 ± 0.01
G5 42.36 ± 2.01 2.76 ± 0.02

M79 G0 65.48 ± 2.68 4.89 ± 0.02
G1 63.97 ± 3.07 4.67 ± 0.01
G2 45.79 ± 2.28 3.25 ± 0.02
G3 34.79 ± 1.87 2.65 ± 0.01
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in M79. As is known, b-glucan, mannan, and chitin are the
main structural polymers of yeast cell walls, and an
increased amount of polysaccharides in the cell wall benefits
the thickness and rigidity of the yeast cell wall.[36] Yeasts are
exposed to various stressors during industrial production,
including oxidative stress, osmotic stress, ethanol, pH, tem-
perature, and starvation.[4] The yeast’s stress resistant ability
is one of the important parameters of an industrial yeast. A
previous study has shown that yeast strains that possessed
higher amounts of b-glucan showed better resistance to

NaCl, ethanol, and micafungin.[18] Chitins are usually found
at the budding scars of the cell wall, and commonly �2% of
chitin is found in the lateral walls of the cell.[37] However,
under cell wall stress, chitin can be attached to b-1,3-glucan
and b-1,6-glucan through Crh1 and Crh2 transglycosy-
lases;[21,38] thus, a higher amount of chitin would be
expected.[37] Consistent with our previous studies, the higher
concentrations of polysaccharides of the Pilsner yeast
ensured the robustness of this strain when used for
more cycles.

Figure 3. SEM images (7000�) of the Pilsner and the M79 strains during serial beer fermentations. a,b,c) Pilsner; d,e) M79; a,d) G0; b,e) G3; c) G5.
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Figure 4. TEM images (7000�) of the Pilsner and the M79 strains during serial beer fermentation. a,b,c) Pilsner; d,e) M79; a,d) G0; b,e: G3; c) G5.
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Accumulation of reactive oxygen species and damage to
the cells

Reactive oxygen species (ROS) are usually generated in
eukaryotic cells in response to various stimuli.[39] Normally,
intracellular ROS will be maintained at a steady-state, because
they are continuously produced and eliminated during cellu-
lar respiration.[40,41] In some cases such as cell self-oxidation,
metabolic disorder, or external ion radiation stimuli, the yeast
cells can accumulate an extra amount of ROS due to the
imbalance between ROS generation and elimination.[6] The
excess amount of ROS can lead to damage to DNA, proteins,
and lipids.[42,43] As shown in Figure 5, both the Pilsner yeast
and the M79 showed increased ROS accumulation during
autolysis analysis, in serial cycles. Consistent with previous
results, lower ROS levels were found in the Pilsner yeast,
while higher ROS levels were seen in the M79 strain at every
time point. The highest ROS level of the Pilsner yeast was
5170 RFU, while the highest ROS level of M79 was 13002
RFU, over twice the level of the Pilsner yeast. High amounts
of ROS generated in the cell suggest a direct effect on aging
of the cell, leading to DNA damage and autolysis of the cell.
This suggests that fewer cycles of the M79 cells should be
used in beer fermentations. The exact cause of oxidative stress
during the fermentation process has not been clearly demon-
strated, but it appears to be more related to starvation during
post-fermentation.[6] During the autolysis process, where cells
were kept at starved condition, the Pilsner yeast, which had
higher anti-autolytic ability, could better balance the gener-
ation and elimination of ROS, resulting in less ROS accumu-
lation in the cell. The DNA damage degree of the two yeast
strains as ROS, which induces the cell damage, was meas-
ured.[44] It was found that the DNA damage of the Pilsner
yeast was about 12.6% at G0, increased to 67.1% at G3 and
95.8% at G5. The degree of DNA damage of the M79 was
already 54.4% at G0 and increased to 87.8% at G3. The dif-
ferences between ROS accumulations in the Pilsner and the
M79 cells correlated with the different levels of DNA damage
in the two strains. As is reported, damage in DNA is usually
associated with cell aging, including replicative and chrono-
logical aging.[7] The ROS accumulated during serial repitch-
ing, probably directly caused the intracellular injuries of yeast
cells, resulting in an irreversible decrease of cell vitality.

Analysis of the anti-autolytic index

Yeast autolysis can be considered as a lytic event in the cell
and it is an irreversible process caused by intracellular

enzymes. The development of autolysis generally takes place
at the end of the stationary phase of growth and is usually
associated with cell death.[45] It has been shown that the
autolysis of brewer’s yeast during beer production has a sig-
nificant effect on the quality of the final product.[2,3] Using
a method developed previously,[16] the anti-autolytic index
of two strains during serial beer fermentation was measured.
As shown in Figure 6, the anti-autolytic index of the Pilsner
yeast was more than two times that of M79. The relatively
higher anti-autolytic index of the Pilsner yeast indicated a
better anti-autolytic ability. For yeast cells of each gener-
ation, the anti-autolytic indices of both strains dropped to
about 10% after 72 h in the citrate buffer. The anti-autolytic
index, which was calculated as “(A260/A280)/mortality
rate,”[16] has a crucial linkage with cell viability. Meanwhile,
the release of nucleic acids, caused by autolysis, has a close
connection with the decrease in cell vitality. Therefore, the
anti-autolytic index could reflect both viability and vitality
of a yeast strain. Moreover, strains with a higher anti-auto-
lytic index were reported to be more stable during fermenta-
tion.[18] The Pilsner yeast exhibited better anti-autolytic
ability and showed lower proteinase A secretion during ser-
ial fermentation. The M79 yeast secreted about ten times
more proteinase A compared with the Pilsner yeast
(Figure 7). Secretion of proteinase A into the culture
medium can significantly affect the quality of the beer,

Table 2. The concentration of b-glucan, mannose, and chitin of the cell wall
of the Pilsner yeast strain and the M79 yeast strain (mean ± SD, n¼ 3).

Strain Generation b-Glucan (mg/g) Mannan (mg/g) Chitin (mg/g)

Pilsner G0 60.29 ± 2.00 37.25 ± 1.71 0.11 ± 0.03
G1 56.81 ± 2.11 36.34 ± 2.02 0.13 ± 0.01
G2 52.91 ± 2.03 37.47 ± 2.01 0.12 ± 0.01
G3 40.61 ± 2.09 36.65 ± 1.52 0.11 ± 0.02
G4 37.36 ± 1.95 37.97 ± 1.36 0.11 ± 0.00
G5 35.76 ± 1.62 36.99 ± 1.61 0.09 ± 0.01

M79 G0 47.01 ± 2.01 25.30 ± 2.21 0.10 ± 0.00
G1 43.71 ± 2.13 26.11 ± 2.09 0.10 ± 0.01
G2 40.1 ± 2.01 24.4 ± 1.31 0.09 ± 0.00
G3 39.1 ± 2.31 25.2 ± 2.17 0.07 ± 0.01

Figure 5. Intracellular ROS level changes of the Pilsner and the M79 strains dur-
ing the autolysis process in serial beer fermentations. (a) Pilsner; (b) M79.
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because it can degrade foam proteins during post-fermenta-
tion and beer storage.[46,47]

Autolysis of yeast has different consequences regarding
different products. In wine production, the autolysis of yeast
can yield a wine with butter and bread flavors.[9,45,48] In
beer production, yeast autolysis can leave an unpleasant fla-
vor in the final product. A number of compounds including
diacetyl, a-acetolactic acid, amino acids, oxidized a-acid,
ethyl decanoate, long chain fatty acids, lipids, oxidized poly-
phenols, proteins, peptides, mannan, b-glucan, and alkaline
substance are released from the yeast cells after autoly-
sis.[49,50] The diacetyl and a-acetolactic acid result in a
diacetyl flavor, amino acids and oxidized a-acid can cause
bitterness in the beer, ethyl decanoate can result in a yeasty
taste in the beer, and oxidized polyphenols can result in an
astringent taste.[51] All affect the flavor stability of the final
beer. Long chain fatty acids and lipids can accelerate beer
aging, while decreasing the foam stability of the beer.[52,53]

Compounds such as mannan, b-glucan, and alkaline sub-
stances can significantly influence the beer’s colloidal stabil-
ity.[54] Moreover, the cellular contents released into the
fermented liquor supply a nutrient rich environment for
bacteria, allowing for easier microbiological contamination.

Thus, a strain with better anti-autolytic ability suggests
increased benefit for beer fermentations.

Conclusions

In conclusion, because the brewer’s yeast aged during serial
beer fermentations, the cell surface of the yeasts changed
from smooth to wrinkled along with the increase in repitch-
ing cycles. The lager yeast strain, Pilsner, exhibited better
robustness than the ale yeast strain M79. Despite only a
moderate decline in cell viability, the intracellular ATP of
both yeasts decreased dramatically. Anti-autolytic ability was
an important parameter regarding the activity of the brew-
er’s yeast, which was also strain dependent. The yeast strain
with better anti-autolytic ability showed higher cell vitality
and lower intracellular ROS accumulation during serial fer-
mentation cycles, as well as under starvation conditions. The
intracellular ATP and ROS levels of the yeast strains
reflected their metabolism. Activities differed between the
two strains during serial beer fermentation, and these
parameters could be applied as additional indices in evaluat-
ing the fermentation performance of brewer’s yeast. Of note,
only two strains were evaluated to date, one ale and one

Figure 6. Measurement of anti-autolytic index of the Pilsner and the M79
strains during the autolysis process in serial beer fermentations. (a) Pilsner;
(b) M79.

Figure 7. Measurement of proteinase A activity of the Pilsner and the M79
strains during the autolysis process in serial beer fermentations. (a) Pilsner;
(b) M79.
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lager strain. Further work should be conducted evaluating
additional ale and lager strains.
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