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Abstract The method of yeast propagation has an influence on yeast physiology, fermentation ability, flocculation rate, and
taste stability of beer. In order to find optimal conditions for propagation, several parameters were investigated in
combinations. The bottom brewing yeast grown at 10°C indicated that a higher flocculation capacity during the 1%
fermentation. However, the taste stability and the aroma profile were not affected by parameters of propagation investigated.
The beer quality was rather affected by storage duration. In addition, a correlation between tasting and chemiluminescence
was found at the beer, which was produced using bottom brewing yeast. The propagation at 10-25°C with addition of zinc ion
indicated the best condition to improve fermentation ability, flocculation rate, and filterability for bottom brewing yeast,
whereas the propagation at 30°C with addition of zinc ion showed the best condition to increase fermentation ability for top

brewing yeasts.
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Introduction

The correct and modern propagation of pure culture yeast
are a base condition for a faultless beer quality (1). Hence,
the propagation is an important procedural step in an
industrial brewery because confident fermentation, prevention
of contamination, and production of constant beer quality
can be guaranteed only by means of vital yeast (2-6). In the
brewing industry, it is observed problems during the
fermentation and aging, which lead to prolongation of
fermentation time or to deficient degradation of by-
products of fermentation. Sometimes a poor foam stability
and deterioration of beer flavour can be occurred (1,7). It
is also often reported that a strongly flocculating yeast
strain will be become a weakly flocculating yeast in the 1*
fermentation proportional compared to further fermentations.
Weak flocculation yeast strains are not suitable in
conventional beer production because they cause unwanted
flavors and filtration difficulties (6,7). These total problems
are attributed to bad quality of pitching yeast, which is
connected with the propagation of pure culture yeast. The
characteristic of yeast is fixed genetically, on the other
hand the chemical and physical environment can also
cause the changes of yeast character during propagation (8,
10-12). The environmental factors that report to affect
yeast physiology are wort composition, aeration rate,
temperature, and CO» level (10,13-17). Consequently it is
important how the each yeast strains should be propagated
so that a strong pitching yeast is produced which maintaing
its original character and leads to constant fermentation
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process, and to faultless beer quality (18,19). Thus it is
needed a standardized propagation procedure of brewing
yeast. The aim of this study is to find optimal conditions of
propagation method for bottom and top brewing yeast
strains and thus providing information useful for contrel of
industrial beer production. The applied method of
propagation based on batch method (1) in which the yeast
is cultured and used for pitching whole yeast propagated.

Materials and Methods

Strain of yeast Three strains of Saccharomyces cerevisiae
were used in this study. Strain Rh is a bottom flocculent
fermentation brewing yeast; Strain 160 is a top fermentation
brewing yeast (called alt brewing yeast). Strain 127 is also
a top fermentation brewing yeast (called wheat brewing
yeast). All strains were obtained from the Brewing and
Research and Teaching Institute (VLB) in Berlin.

Preculture All yeasts were inoculated into of 200-mL
Erlenmeyer flask containing 50 mL of wort and incubated
at 25°C for 48 hr.

Propagation of yeast Fifty mL of preculture were inoculated
in a 10-L stirred conical glass flask that contained 5 L of
sterile wort, and propagated with agitation at 100 rpm at
20°C for 48 hr. The sterile wort contained (mg/L) total
nitrogen 1.018, and free amino nitrogen 186, zinc 0.10, and
the content of fermentable extract was 12%.

Fermentation Under various propagated yeasts wete
pitched 5-L glass tube fermentor containing 2.5 L of 12%
wort for fermentation tests and then fermented at 20°C for
6 days. After fermentation, the yeast was harvested and
used again for the next fermentation test.
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Viability test Viable cells were measured with a microscope
after staining with Mg-1-aniline-8-naphthalene-sulphuric
acid (ANS, Sigma-Aldrich, St. Louis, MO, USA). Viability
was calculated by dividing the number of viable cells by
the total number of cells, with results given as percentages.

Taste analysis The tasting was accomplished according
to the method reported by Pfenninger (20). This method is
based on Mitteleuropaeische Brauerei Analytik Kommision
(MEBAK), in which is demonstrated about taste analysis.

Chemiluminescence The test was based on modified
method of Wackerbauer et al. (21). Each light content was
detected which is released by chemiluminescence at
oxidative radical reaction in the beer deterioration. It is
obtained a graphic diagram of intensity allocation over
reaction time. The point of appearance of second intensity
maximum is important. It was measured using CLD-100 as
chemiluminescence detector and CLC-10 as impulse
counter, and chemiluminescence amplifier (Tohoku Electronic
Industry, Japan). Absorption and converting of data were
carried out over IBM compatible PC (type PC-9801 VM).
Unit of display was occurred over digital plotter VP-6803A
(Panasonic, Osaka, Japan). Experimentally, S0 mL of beer
is decarbonated under cooling and elimination of light in
ultra sonic bath. The sample remains masked for 4 min for
back-formation of foam. Thereafter 12 mL is pipetted into
the measuring cell. The measurement is carried out in
measuring cell at 60°C.

Absorption integral The analytical method is modification
of the method presented by Klein ef al. (22). It was
predominantly to detect furan and furanose. The 100 g
chilled beer is weighed and 0.5 mL silicon antifoam (Ruehl
puromer, Germany) is added. The sample is given into the
distillation equipment of water vapour. Distillate is catched
in chilled volumetric flask (50-mL) and temperated, and
filled up to marker. It is measured using spectral photometer
(Spectronic AquaMate; Merck, Damstadt, Germany) at
200-350 nm.

Analytical methods The analysis for wort and beer was
determined according to the method reported by Pfenninger
(20). The original gravity, apparent extract and alcohol in
beer were analyzed using beer analyser of Anton Paar with
autosampler, (SP-1; Burkard Scientific, Middx, UK). The
extract was determined during the fermentation using
Biegeschwinger (DPR Y; Anton Paar, Toledo, IL, USA),
which determines the extract by measuring its density. The
aromatic compounds such as ester, higher alcohols were
analyzed gas chromatography (GC) using a Hewlett
Packard 6890 GC fitted with a flame ionize (FID). Two pL
of the solution was injected onto a carbowax column (50 m
x0.2 mm 1.d., 1/4 inch o.d., Perkin-Elmer, Lombard, IL,
USA) with 65°C isothermally for 4 min, then increased by
9.5°C/min to 180°C, and held at 180°C for 25 min. The
injection temperature and detector temperature were
200°C. Nitrogen was used as the carrier gas (1 mL/min).
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Fig. 1. Changes of yeast growth under various propagation
conditions in bottom brewing yeast.
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Fig. 2. Changes of fermentation ability (A) and number of cells
in suspension (B) under various propagation conditions in
bottom brewing yeast.

Results and Discussion

Optimization of conditions for propagation by bottom
brewing yeast Yeast growth during propagation:
Changes of yeast growth under various propagation
conditions in bottom brewing yeast are shown in Fig. 1.
The temperature played a decisive role for cell growth rate,
but had no effect on maximum yeast yield. The maximum
yeast growth was seen within 48 hr at the samples of
propagation above 20°C, whereas at 10°C this was
achieved after 100 hr. This is supportive to the results of
Maemura et al. (23). The addition of zinc ion (0.5 ppm)
during propagation and the aeration rate had no influence
either on speed of cell growth or on maximum cell yield.
So the yeast growth was not affected by combination of
various propagation factors. The viability of cells tested
after propagation were 99%, which was the same as the
results of Cheong et al. (13).

Fermentation curve and changes of number of yeast cells
in suspension: Supplementation of zinc ion to growth
medium led to high growth and increased fermentation
activity (Fig. 2), in which was showed an improved
flocculation rate. At 10°C, the yeast growth were not
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Table 1. Beer analysis after 1* fermentation under various propagation conditions in bottom brewing yeast
Parameters" 10°C with 15°C with 20°C with 25°C with 25°C with
10 L/hrfor 96 hr 10 L/hr for 52 hr 10 L/hr for 48 hr - 10 L/hr for 24 hr 1 L/hr for 24 hetZn
Original gravity (%) 11.74 11.63 11.67 11.35 11.65
Apparent extract (%) 1.95 1.77 1.92 1.83 1.91
Real extract (%) 3.82 3.66 3.79 3.65 3.77
Alcohol {(%evol) 5.20 5.23 5.17 5.04 5.16
Apparent attenuation (%) 83.30 84.70 83.50 83.90 83.50
pH value 428 423 424 442 431
Color (EBC) 5.90 6.10 6.10 4.70 5.60
Viscosity (12%) 1.45 1.63 .65 1.65 1.65
Bitterness unit (BE) 34.00 32.60 3440 29.50 34.90
Free amino nitrogen (mg/L) 89.00 87.00 83.00 78.00 85.00
Foam (R&C} 126.00 121.00 128.00 117.00 123.00
Diacetyl (ppm) 0.03 0.03 0.03 0.03 0.02
Higher alcohols (ppm) 85.00 95.80 85.90 84.70 89.60
Ester (ppm) 20.70 2220 20.00 20.50 23.50
Fatty acids (ppm) 9.30 10.20 10.00 9.10 10.40

DOriginal gravity, density of wort; apparent extract, apparent final gravity; real extract, real final gravity; apparent attenuation, apparent degree of
fermentation.
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Fig. 3. Tasting {A) and absorption integral (B) over 4 weeks
under various propagation conditions in bottom brewing
yeast.

significantly changed, but showed a pronounced flocculation
ability, which supported the results of Hamersveld ef al. {(24)
and Garsoux er al. (25). The effectiveness of 10°C-
propagation on the flocculation was found independent on
variation of propagation conditions. The influence of
temperature on the flocculation process may be complex.
Low temperature cells had probably a more hydrophobic
cell wall as was shown by Van lersel ef o/, (7). These results
are important for the brewing industry, because the filtration
problem after 1™ fermentation can be solved. The influence
by addition of zinc ion or by cold temperature (10°C}) on the
fermentation activity and the flocculation rate were stronger
than the variation of temperature, aeration rate, and aeration
time. No interactions between propagation conditions
mvestigated were found in optimal study.
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Fig. 4. Chemiluminescence curve from fresh beer (A) and after
4 weeks at 28°C (B) under various propagation conditions in
bottom brewing yeast.

Beer analysis: The beer analysis after the 1% fermentation
yeast grown under different propagation conditions in
bottom brewing yeast is shown in Table 1. It was observed
that the sample grown under 10 L/hr aeration at 15°C for
96 hr indicated a slightly higher level of higher alcohol
than those of other propagation conditions. The yeast
grown under | L/hr aeration at 25°C for 24 hr with addition
of zinc ion showed a higher level of ester and higher
alcohol. The sample propagated under 10 L/hr without
addition of zinc ion at 25°C indicated the worst foam
stability. The difference among the samples was regarding
aroma profile insignificant.

Taste stability: Samples grown under 10 L/hr aeration at
20°C for 48 hr preferred to other samples with regard to the
propagation conditions in tasting (Fig. 3A). When samples
aged for 4 weeks at 28°C, very low in tasting were seen,
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conditions in alt brewing yeast.

compared to other samples. The beer quality was not
dependent on variation of propagation conditions, but was
changed rather by storage duration. The samples which
was stored fresh and for 4 weeks at 0°C, respectively,
indicated no significant difference in the investigation
using absorption integral (Fig. 3B). In addition, the sample
which were stored over 4 weeks at 28°C showed a higher
value compared with those of other samples independent
on propagation conditions. The investigation using
chemiluminescence showed that all samples indicated a
same curve (Fig. 4A). Samples which were stored over 4
weeks at 28°C was lost resistance power opposite to
oxidation compared to other samples (Fig. 4B), which one
can find maximum of intensify. A similar result was also
observed by another researcher (11,26,27). From the results
of this experiments, it was concluded that the propagation
for bottom brewing yeast should be carried out under
continuous aeration with addition of zinc ion at 10-25°C.
Thereby vital pitching yeast which has a positive effect on
fermentation can be produced without any influence on
beer quality.

Optimization of conditions for propagation by alt
brewing yeast Yeast growth during propagation of
yeast: Changes of yeast growth at various propagation

C. Cheong et al.
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Fig. 6. Changes of fermentation ability (A) and number of cells
in suspension (B) under varisus propagation conditions in alt
brewing yeast.

conditions for alt brewing yeast are investigated. As shown
in Fig. 5, a considerable difference in the yeast growth
among the samples was seen, in which the samples with
30°C propagation showed the fastest cell growth during
propagation as expected. The samples grown at 20°C
showed the maximum of yeast growth between 30 and 40
hr in propagation, whereas this was reached already
between 20 and 30hr in propagation at the samples
propagated at 30°C. The maximum of cell yield reached
was among the samples very similar (100-120 million/
mL). It was also obtained that the addition of zinc ion had
no effect on cell yield.

Fermentation curve and changes of number of yeast cells
in suspension: The samples with addition of zinc ion
during propagation showed a higher fermentation activity
during 1* fermentation from 1 day up to 5 days in which
was also obtained a higher yeast growth (Fig. 6A). The

Table 2. Beer analysis after 1™ fermentation under various propagation conditions in alt brewing yeast

Parameters’ 26°C with 20°C with 20°C with 30°C with 30°C with
1 L/hr for 38 hr - 10 L/hr for 50 hr 1 L/hr for 38 hr+Zn 10 L/hrfor 36 hr 1 Li/hr for 24 hrtZn
Original gravity (%) 11.48 11.61 11.57 11.57 11.32
Apparent extract (%) 1.38 1.48 1.41 1.51 1.45
Real extract (%) 331 341 335 3.49 3.34
Alcohol (%vol) 5.34 5.37 5.37 5.33 522
Apparent attenuation (%) 87.90 87.20 87.80 86.90 87.10
pH value 438 4.57 429 432 456
Color (EBC) 6.00 5.80 6.40 5.30 530
Viscosity (12%) 1.62 1.61 1.61 1.61 1.61
Bitterness unit (BE) 26.80 28.50 28.60 29.40 22.80
Free amino nitrogen (mg/L) 79.30 97.20 75.10 104.30 89.80
Foam (R&C) 108.00 106.00 117.00 109.00 101.00
Diacety! (ppm) 0.04 0.05 0.04 0.03 0.06
Higher alcohols (ppm}) 109.30 100.50 114.20 90.40 96.70
Ester (ppm) 25.10 21.70 21.20 24.50 27.50
Fatty acids (ppm) 11.80 10.20 11.60 10.50 12.10

YOriginal gravity, density of wort; apparent extract, apparent final gravity; real exiract, real final gravity; apparent attenuation, apparent degree of

fermentation. )
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effectiveness of zinc ion was also here confirmed. The
variation of temperature, aeration rate, and aeration time
did not play role on fermentation activity. The samples
with addition of zinc ion during propagation indicated a
later sedimentation and sedimented fast at the end of
fermentation (Fig. 6B).

Beer analysis: The samples grown at 20°C led to higher
level of higher alcohols compared to those of the samples
propagated at 30°C (Table 2). It was also noted that the
samples which was aerated strongly led to low level of
fatty acids independent on temperature of propagation. The
sample grown with addition of zinc ion at 20°C indicated
the best foam stability. However, there was no significant
difference among the samples regarding aroma component
and non-biological stability.
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Taste stability: There was no significant difference among
the samples of fresh beer regarding propagation conditions
in tasting (Fig. 7A). The samples which were stored for 4
weeks at 0 and 28°C, respectively, indicated also no
significant difference among the samples by means of
propagation conditions. However, the sample which was
stored over 4 weeks at 28°C showed a higher value
compared to those of other samples independent on
propagation conditions using absorption integral (Fig. 7B).
From the results of this experiment, it was concluded that
die propagation for alt brewing yeast should be
accomplished under continuous aeration with addition of
zinc ion at 30°C. Thereby vital pitching yeast which has a
positive effect on fermentation can be produced without
any influence on beer quality.

Table 3. Beer analysis after 1* fermentation under various propagation conditions in wheat brewing yeast

Parameters"” 20°C with 20°C with 20°C with 30°C with 30°C with
1 L/br for 38 hr 10 L/hr for 50 hr 1 L/hr for 38 hrtZn 10 L/hr for 36 hr 1 L/hr for 24 hrtZn
Original gravity (%) 11.55 11.81 11.93 11.58 11.94
Apparent extract (%) 1.98 1.97 2.05 1.71 1.96
Real extract (%) 3.80 3.85 3.94 3.60 3.86
Alcohol (%vol) 5.08 5.22 5.25 523 5.30
Apparent attenuation (%) 8§2.90 83.20 82.80 85.20 83.60
pH value 4.10 4.12 4.05 4.28 4.11
Color (EBC) 4.50 4.80 5.50 4.80 5.40
Viscosity (12%) 1.65 1.66 1.66 1.64 1.64
Bitterness unit (BE) 25.20 26.50 28.70 25.90 28.70
Free amino nitrogen (mg/L) 32.00 40.00 37.00 58.00 47.00
Foam (R&C) 120.00 125.00 136.00 123.00 132.00
Diacetyl (ppm) 0.11 0.15 0.09 0.18 0.14
Higher alcohols (ppm) 228.30 21270 240.50 207.10 223.60
Ester (ppm) 36.80 14.00 28.40 18.00 30.10
Fatty acids (ppm) 7.40 5.90 7.00 7.00 7.30

Original gravity, density of wort; apparent extract, apparent final gravity; real extract, real final gravity; apparent attenuation, apparent degree of

fermentation.
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Optimization of conditions for propagation by wheat
brewing yeast Yeast growth during propagation of
yeast: The progress of yeast growth dependent on various
propagation conditions was occurred like at alt brewing
yeast (data not shown). So the addition of zinc ion and
aeration rate during propagation had no influence on yeast
growth. Interaction among the propagation conditions was
not also obtained.

Fermentation curve and changes of number of yeast cells
in suspension: 1t was noted that the sample propagated
with addition of zinc ion showed higher veast growth and
increased fermentation activity during 1% fermentation
(Fig. 8A). This trend was also obtained during 2™
fermentation (data not shown). Hence the positive effect of
zinc ion on the fermentation activity was observed for
wheat brewing yeast. The samples indicated a different
sedimentation rate during fermentation, but sedimented at
the end of fermentation the same (Fig. 8B).

Beer analysis: The wheat beer yeast indicated a typical and
characteristical value with a content of higher alcohols
(Table 3). The sample grown by aeration rate increased
during propagation led to a low level of ester and fatty
acids. The sample grown with addition of zinc ion at 20°C
showed the best foam stability like in the alt brewing yeast.
The difference among the samples regarding aroma
component and non-biological stability were insignificant.
Tuste stability: It was showed in tasting that the
propagation conditions had on direct effect on beer quality
(Fig. 9A). This was determined not only in the fresh beers
but also in stored beers. In addition, the quality of beer
which was stored for 4 weeks at 28°C was deteriorated
considerably compared to those of the other samples. No
significant difference was found among the samples
regarding propagation conditions and store duration in the
investigation by absorption integral (Fig. 9B). From a
practical point of view, it was concluded that the wheat
brewing yeast should be propagated under continuous
aeration with addition of zinc ion at 30°C.

C. Cheong et al.
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