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Abstract

The Saccharomyces cerevisiae yeast is one of the most widely used eukaryotes in a large variety of
industrial processes such as ethanol production. Alcoholic fermentation is one of the critical points. There
are salient differences between the yeast strains employed for neutral spirits and those used in whisky, rum,
and brandy fermentation. The former white spirit processes aim to minimize the synthesis of volatile
compounds. Five commercial strains of Saccharomyces cerevisiae were compared for ethanol production.
The appearance and rehydration, bacterial contamination, reproductive ability, fermentation activity and
metabolism of yeast were studied. A significant difference was established in the total, viable and dead cell
counts: between 15.71x10° and 58.59x10° total cells.g? dry product. The levels of bacterial cells were
considerably below the permissible limits. Similar reproduction and fermentation activities were found but
there were differences in the fermentation dynamics, which is very important for this production. The
coefficients of sugar conversion into alcohol were between 0.574 and 0.595. The differences in the substrate
utilization and synthesis of certain higher alcohols and acetic acid were established. Some of the
commercial strains studied were recommended for wheat ethanol production on the basis of the results of
the study.
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Introduction

The Saccharomyces cerevisiae yeast is undeniably
the best studied and one of the most widely used
eukaryotes in a large variety of industrial processes
such as ethanol production (Parapouli et al 2016).
Currently, the annual production of alcohol
worldwide is over 100 billion liters, S. cerevisiae
being the predominantly used industrial
microorganism for ethanol production (Walker et al.
2018).

The importance of the Saccharomyces genus in the
technological  development of fermentation
processes and as a model in scientific studies is
unguestionable; however, little is known about its
evolution. Each species is in a direct relationship
with the natural environment since populations that
coexist in the same habitat develop phenotypic
convergence. These interactions define metabolic
traits and survival strategies, and a determining
factor is the different use and availability of
resources in each environment (Liti et al. 2009; Spor
et al. 2009; Fernandes et al. 2022).

Alcoholic fermentation is one of the critical points
in the production of alcoholic beverages (Tsvetanov
et al. 1990; Fugelsang et al. 2007). As a result of the
metabolic processes in yeast cells, during its growth
on a certain substrate yeast forms the main products
of alcoholic fermentation, i.e. ethyl alcohol and
carbon dioxide, along with a number of intermediate
products (Mukhtar et al. 2010), higher alcohols
accounting for about 50% of all volatile metabolites
(Lakatosova 2016). This leads to the accumulation
of a number of substances in the medium that affect
both aroma and taste. Some of these substances
have a positive effect, whereas the effect of others,
even in low concentrations, is negative (Herraiz et
al. 1993; Thomas et al. 1993; Bambalov 1998;
Torrea et al. 2003; Barbosa et al. 2009)

The production of neutral distilled spirits is
increasing worldwide due to the popularity of
beverages such as vodka and gin. There are salient
differences between the yeast strains employed for
neutral spirits and those used in whisky, rum, and
brandy fermentation. The former white spirit
processes aim to minimize the synthesis of volatile
compounds, whilst the opposite is valid for the latter
(Black et al. 2023).

Although in spirit production the spirit composition
can be influenced by the application of certain
distillation and  rectification  modes, the

fermentation process and yeast metabolites are
essential for the quality of the spirit and the products
obtained from it (larovenko et al. 2002).

Some small-scale distilleries have adopted
spontaneous fermentation relying on wild yeast and
bacteria; however, this applies to specific products
since a lot of secondary metabolites accumulate
after fermentation. This is not a good practice in the
production of neutral spirits, and although other
microorganisms may be present in the medium, the
lead should be Saccharomyces cerevisiae (Pauley et
al. 2017; Walker 2017).

The requirements concerning yeast used in the
production of neutral spirits are as follows: fast
utilization of the substrate in the medium, high
alcohol yield at the end of the fermentation,
thermotolerance and tolerance to osmotic stress,
low production of congeners (Black et al. 2023).
Yeast strain purity, viability, and vitality are key
analytical parameters that can ensure consistent
fermentation (Walker 2012).

The fermentation conditions (aeration intensity,
sugar concentration, acidity, temperature) and yeast
specificity should be aimed at maximum
alcohologenic capabilities of the yeast and low
concentrations of the secondary metabolites
produced (Kosaric et al. 2001; Jacques et al. 2003).
Higher alcohols, fatty aldehydes, volatile fatty acids
with a high molecular mass, volatile sulfur
compounds, as well as some simple and complex
esters, have a negative impact on the aroma and
taste of the spirit. As for glycerin, it is a metabolic
product of yeast fermentation, the synthesis of
which can lead to corresponding losses in ethanol
yields (about 4%) (Nissen 2000). Aalst et al. (2022)
described the procedure of reducing or eliminating
this synthesis while increasing ethanol yield.

The presence of the above components in the spirit
cannot be completely eliminated; however, the
possibilities of reducing their concentrations in the
fermented wort should be explored (Franceschin et
al. 2008).

The aim of this study was to conduct a comparative
investigation of commercial preparations of dry
yeast strains of Saccharomyces cerevisiae for use in
the production of alcohol from wheat.

Materials and Methods

Materials. The study involved the commercial dry
yeast preparations listed below. All of the yeast
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strains were in compressed dry form.

1. Fali active dried alcohol yeast, AB Mauri,
United Kingdom

2. Fermiol dry yeast Saccharomyces cerevisiae
DY 7221 for the production of distilled spirits,
DSM Food Specialities B.V., France

3. Ethanol Red dry ethanol yeast for the industrial
ethanol industry, Leaf by Lesaffre, France

4. Conferm Rouge dry yeast for red wine
alcoholic fermentation, Begerow, Germany

5. Saf Instant Red baker's dry yeast, Lesaffre
Yeast Corporation, France

For comparison, a K-32 control strain from the
collection of the Wine and Beer Technology
Department was also included.

The other materials used were: industrial
saccharified wheat grain mash with dry matter
concentration of 27%, grape juice agar, MRS agar,

nutrient medium with actidione, WLD and
glucoamylase enzyme (1,4-alpha-D-glucan
glucohydrolase, EC  3.2.1.3),  Novozymes
Switzerland AG.

Microscopic examination. Microscopic

examination of the appearance and rehydration of
the dry yeast products was made according to the
OIV regulations (OIV 2023);

The total cells’ concentration. The total
concentration of cells in the dry preparation was
determined by diluting the rehydrated samples and
counting in a Biirker chamber. The concentration of
viable cells in the preparations was determined by
inoculating the rehydrated preparations after they
had been diluted into two complex nutrient media
(grape juice-agar; MRS medium-agar) run in
triplicate, and the dead cell count was obtained as
the difference between the two values (Ivanov et al.
1979).

The bacterial contamination. The bacterial
contamination in the dry preparations was
determined by dilutions of the rehydrated samples
and inoculation into selective nutrient media (grape
juice agar + actidion 20 mg.dm?® and WLD
medium), each in run in triplicate (Ivanov et al.
1979);

The reproductive ability. Sterile grape juice was
used to determine reproductive ability. The dry

preparations were rehydrated in advance under
standard conditions, and the control strain was
activated in sterile grape juice. The sterile grape
juice was inoculated in 10 cm? test tubes with the
respective volumes of inoculum from the rehydrated
suspension and the broth culture in order to provide
about 1x10° cells.cm. The samples were cultured
in a thermostat at 25°C, and the yeast cell
concentration was determined daily using a Biirker
counting chamber (lvanov et al. 1979).

The fermentation activity. The fermentation
activity of the studied yeasts was determined using
the gravimetric method. The dry preparations were
rehydrated under standard conditions, and the
control strain was activated in grape juice. The
samples were seeded with amounts providing about
2x10% cells.cm™. In order to approximate the real
conditions of alcohol production, saccharified
wheat grain mash with a dry matter concentration of
27%, sterilized in a Koch steam sterilizer for 20
minutes, was used as a substrate. For additional
saccharification, after the sterilization the
glucoamylase enzyme was divided into doses
recommended by the manufacturer (0.35 kg.t*
starch) and kept for 1 hour at 60°C. In the
experiment, two replicates of each variant were
included, along with a sample where no enzyme had
been dosed in order to determine the enzyme
influence during fermentation. The concentration of
fermentable sugars in the starting material was 185
g.dm in the samples with added enzyme and 160
g.dm? in the sample without enzyme addition. In
this part of the experimental work, the main
metabolites in the fermented samples were
determined. The sugar to ethanol conversion rates
and the alcoholic fermentation efficiency (the
percentages of metabolized sugars used for ethanol,
and the by-products and native biomass,
respectively) were calculated (Ivanov et al. 1979).

The metabolism study. For the study of the
metabolism of the experimental yeast preparations,
industrial saccharified wheat mash, sterilized and
with glucoamylase added, was used again. The
concentration of fermentable sugars in the
saccharified mash was 168 g.dm?3. Again, the
inoculum was 2% of the liquid culture and of the
100-fold diluted rehydrated preparations. The
experimental samples prepared in two replicates
were placed in flasks in a 0.4 dm? volume, and the
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fermentation was carried out at a temperature of 25-
27°C.

The alcohol amount was determined by
pycnometry; the volatile acids were separated by
steam distillation and titrated using standard sodium
hydroxide; the reducing sugar content was defined
using the Schoorl method (lvanov et al. 1979). The
principal volatile substances (acetaldehyde, ethyl
acetate, n-propanol, isobutyl alcohol, isoamyl
alcohol, acetic acid) were determined by gas
chromatography according to the OIV regulations
(OlV 2023).

Statistical analysis. The results are the
values of three determinations, and the
coefficients of variation expressed as the
percentage ratios between the standard deviations
and the mean values were found to be <5 % in all
cases. The means were calculated using Microsoft
Excel™ at a 95 % confidence level (Donchev et al.
2007).

mean

Results and Discussion

Appearance and  rehydration of dry
preparations. The dry yeast preparations were
similar in nature. There were differences in the size
of the individual particles, their color and the

adhesion between the individual structural
elements. In the Fermiol preparation, the particles
were very pale, while in the Fali, Saf instant Red and
Ethanol red preparations they were creamy, and in
the Conferm Rouge preparation they were beige to
light cream. Most preparations consisted of medium
shaped rods, only the Fermiol preparation particles
were rounded. Stronger adhesion was found with
the Fali and Conferm Rouge preparations. During
the rehydration under standard conditions, the Saf
instant Red yeast formed a higher foam volume with
bubbles larger than the others, which formed a fine-
grained, medium foam volume. Almost all
preparations exhibited very easy rehydration; after
homogenization, homogeneous yeast milk was
formed, the cells were suspended very easily and
remained stable in a dispersed state.

Concentration of viable, dead cells and bacterial
contamination in the dry preparations. The
results have been presented in Table 1. The total cell
concentration in the preparations varied greatly and
ranged between 15.71 and 58.59 billion cells per
gram of dry product. The lowest concentration was
found in the Fermiol preparation, and the highest
concentration of cells in the Conferm Rouge
preparation.

Table 1. Viable and dead yeast cell concentration in the active dry yeast products

Yeast cells concentration, x 10°.g° product

Active dry Dead, Viable,
yeast products ]
Total Viable Dead % %

Fali 29.47 £ 0.88 20.10 £ 0.57 9.37+0.28 31.80 62.20
Fermiol 15.71+£0.45 8.77+0.25 6.94+0.22 44.18 55.82
Ethanol Red 35.16 £ 0.89 26.10£0.75 9.06 +£0.24 25.77 74.23
Conferm Rouge  58.59+1.47 35.52+1.01 23.07 £ 0.65 39.38 60.62
Saf instant Red 19.75+0.53  16.15+£0.49 3.60+0.11 18.23 81.77

The results have been expressed in cells, x10°.g™ product + SD of three replicates

The differences between the individual preparations
decreased in the viable cell concentrations. The
Fermiol preparation was characterized by very low
concentrations. It is worth noting that the available
literature indicates quite high differences in the
concentrations of viable cells in dry vyeast

preparations: between 5 and 30 billion cells per
gram of dry product.

The rather high percentage of dead cells in almost
all preparations was impressive: from 18 to 44%.
On the one hand, this could be attributed to the harsh
cultivation conditions, i.e. temperature, aeration,
late generations, applied in order to obtain high cell
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concentrations. A typical example was the Conferm
Rouge preparation. Another reason could be an
unsuitable culture medium and mode, little
trehalose and glycogen amounts accumulated in the
cells, the “hard” drying conditions, and others. In
the Fermiol sample, despite the relatively low cell
concentrations reached, the dead cells amounted to
44%. It should be pointed out that along with the
concentration of viable cells, their fermentation
activity is also of great importance.

The concentrations of infecting bacterial cells in the
preparations studied have been presented in Table 2.

The concentration of infecting bacterial cells in four
of the preparations were significantly below the
permissible limit. According to the regulations, the
tolerance for bacteria is 1x10° bacteria.g? of dry
product. Only in the Fali preparation, the amount of
bacteria found was 4.65x10° bacteria.g of dry
product. The bacteria were lactic acid, rod-shaped.
At higher concentrations of infecting bacterial cells,
the risk of initiation of their growth increases when
the onset of alcoholic fermentation is delayed or
when inhibitory factors are present.

Table 2. Bacterial cell concentration in the active

dry yeast products
Active dry Bacterial cell
yeast products concentration, x10%.g*!

product

Fali 4.65+106.14
Fermiol 5.00+0.16
Ethanol Red 20.00+0.41
Conferm Rouge *
Saf instant Red 5.00+0.12

The results have been expressed in cells, x10%.g*
product £ SD of three replicates.

* Note: The bacterial cell concentration was less than
5x10° cells.g* dry product.

Breeding ability of yeast products. The results for
the breeding ability of the commercial preparations
and the control yeast strain have been presented in
Table 3.

Table 3. Yeast strain breeding in the active dry yeast products

Active Yeast cell concentration, x10%.cm. d!

dry yeast .

products Initially 24 h 48 h 72 h 96 h

Fali 1.01£0.03 10525+3.06 135.00+335 160.00+441 152.50+4.16
Fermiol 066+0.01 7250+2.12  100.00+2.94 110.00+327 107.00+3.27
Ethanol Red 143 +0.04 88.50+237 130.00+3.92 164.00+441 159.72+4.74
ggﬂ;eerm 1094003 11025+3.14 14750+ 4.00 140.00+4.08 144.10 +3.92
gi‘;'”smm 095+0.03 64.50+2.04 97504294  126.50+3.84  130.00 £ 3.76
K-32 098+0.02 4925+148 110004327 122.50+3.67 118.49+3.52

The results have been expressed in cells, x10°%.cm=+ SD of three replicates

The initial cell concentrations differed from one
another but generally followed the trends observed
when determining the cell concentration in the
preparations. The reproduction dynamics (Fig. 1)
was similar for the individual preparations. The
largest amount of cells accumulated between the
24" and the 48" h; the preparations with a lower
total cell concentration (Saf instant Red and

Fermiol) were still lagging behind the others by the
24" h but by the 48" h the differences decreased
significantly. For all variants, the stationary phase
of growth began after the 72" h. The Ethanol Red
and Fali preparations accumulated the maximum
amount of cells. The Fermiol sample remained with
the lowest cell concentration, being about 30%
lower than the first ones. The K-32 control strain
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showed a slow start, lagging considerably behind
most variants, but maintained exponential growth
until the 72" h and reached 123.10° cells.cm®®,

180

40 //// / —=Saf instant Red

2 // —K-32
0 T T T 1

Time. h

5160 -

2

2 140 -

% 120 - ——Fali

g 100 - =a-Fermiol
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Figure 1. Breeding of yeast preparations expected

Fermentation activity of the yeast preparations
studied. The fermentation curves from the
experiment have been presented in Fig. 2. It
indicates that the preparations studied and the

activities. There were minor differences in the initial
stages: between the 24" and 72" h and at the end of
the 144-h period, the amount of CO; released was in
the 12.0-12.5 g range. In the enzyme-free sample, a
slightly lower fermentation rate was noticed and 3 ¢
less CO, was released at the end of the process. This
had been

and was logical in view of the fewer fermentable
sugars due to the lack of additional enzymatic
saccharification. Fig. 3 indicates that the largest
amount of gas was released by the 72" h, and about
95% of the total amount of CO; was released by the
96™ h. The release of gas continued until the 312" h
but the reported amounts were negligible. The
different preparations exhibited differences in the
dynamics of the alcoholic fermentation over the 96-
hour period observed. The onset of the alcoholic
fermentation was the fastest with Ethanol Red and
Fali, which released 32-34% of the total amount of
gas by the 24" h, and the other dry preparations
released between 25 and 28% of CO,. The K-32
control strain was lagging behind at this point, the
gas released being 22% of the total amount.

control strain exhibited similar fermentation
14
.12 . =
=
S 10
=
b g
S 6
-
2
s 4
i)
=)
0« T T ]
72 96 120 144
Time, h
——Fali -=-TFali'
—+—Saf instant Red —Saf instant Red'
—~Fermiol —»—Fermiol'
—~—Coferm Rouge —Conferm Rouge'
Conferm Rouge without enzyme  —+—Ethanol Red
-=-Ethanol Red' K-32
K-32'

Figure 2. Fermentation curves of the experimental products
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Figure 3. Dynamics of the CO- released by the experimental products

In the period until the 48" h, the Fali sample
fermented most actively, the K-32 control sample
caught up and the released gas was within 60-63%
of the total; the Saf instant Red and Fermiol samples
were slightly behind, releasing 55-57% of the total
CO, amount. After 72 h, all samples had released
more than 80% of the total amount of gas, the Fali
preparation still having a slight advantage with
86%. At the 96™ h, the experimental samples and the
control sample were practically equal, the amount
of COzreleased being within the 95-97% range.
Both the Saf instant Red and the Fermiol samples
were slower and released just under 95% of the total
amount of gas.

The dynamics of the alcoholic fermentation and the
rapid and steady substrate degradation in ethanol
production are essential for creating a process flow
that can ensure adequate distillation volumes and
reduce the risk of growth of infectious microflora.
This stimulates the search for yeasts that carry out
faster alcoholic fermentation (larovenko et al.
2002).

Under the conditions of the experiment, this proved
to be the Fali product, and the K-32 control strain
also exhibited a very good result.

It was in this part of the work that the main yeast
metabolites in the fermented samples were
determined. Some process efficiency coefficients
were calculated as well. Table 4 presents the results
on the reducing sugars, ethyl alcohol concentration
and volatile acids in the experimental samples; Fig.4
demonstrates the sugar into ethanol conversion
coefficient, and Fig. 5 shows the percentages of
metabolized sugars used for ethanol and for
secondary products and biomass, respectively.

Fig. 3 shows the amount of released CO; in days, as
a percentage of the total released gas for the
experimental samples, as mean values of the two
replicates.

The alcoholic fermentation in all samples was
complete, as evidenced by the amount of reducing
sugars: below 3 g.dm?®. In the sample without
enzyme addition, more sugars were found, which
could also be attributed to residual dextrins reducing
Fehling's solution. The alcohol content in this
sample, along with the sugars, corresponded to the
lower amount of released CO,. The values of the
volatile acids were practically the same, except for
the Conferm Rouge sample, where they were twice
as high, but nevertheless remained within normal
limits (Table 4).

Spasov et al., 2023

Comparative study on five commercial strains of ...
Page 314



Food Science and Applied Biotechnology, 2023, 6(2), 308-319

Table 4. Physicochemical indicators of the experimental samples

. Alcohol, Reducing sugars, Volatile acidity,
Active dry yeast products % vol. g.dm? g.dm?
Fali 10.55+0.20 1.75+£0.08 0.21 £0.02
Fermiol 10.65+0.24 2.17+0.13 0.28 £0.04
Ethanol Red 10.50 +0.20 2.37+0.10 0.22+0.02
Conferm Rouge 10.75+0.20 2.08 £0.10 0.44 £0.05
Conferm Rouge — without enzyme addition ~ 8.80+0.16 7.08 £0.26 0.42+0.04
Saf instant Red 10.48 +£0.22 2.47+0.12 0.22+0.03
K-32 10.88 £0.22 2.31+0.15 0.26 £0.04

The results have been expressed in % vol and g.dm = SD of three replicates

5 . 100 -

g 0.600 & g8

g 0,505 g 96 -

S 059 £ o

2 0.585 E 90 -

2 0.580 2 88

3 0578 g 56

£ 0570 & ﬁf ]

? 0,565 Fali Femnol Ethanol Confeml Saf
§ 0.560 Red Rouge instant
7 Fali Fermiol Ethanol Conferm Saf K-32 Red

Red Rouge instant
Red

Figure 4. Sugar-alcohol conversion coefficients
of yeast preparations

The alcohol concentrations in the samples varied
between 10.48-10.88 % vol. The K-32 and Conferm
Rouge samples formed the most alcohol, about 3%
more on average than Saf instant Red, the sample
with the lowest alcohol.

The sugar to ethanol conversion coefficients in all
samples were within normal limits of 0.574-0.595
(Fig. 4). The K-32 control strain exhibited the
highest conversion coefficient: about 3.5% higher
than the samples with the lowest conversion
coefficient, i.e. Fali, Saf instant Red and Ethanol
Red. In large fermentation volumes and numerous
cycles, this difference is quite significant, both
technologically and economically. In the
fermentation of 1000 kg of carbohydrates, the K-32
preparation would yield about 23 dm® of 96%
alcohol more.

The K-32 preparation used carbohydrates most

W % for yeast secondary metabolites and biomass production

B % for yeast ethanol production

Figure 5. Yeast substrate utilization efficiency

efficiently: 95-96% of the substrate was used for
ethanol production and only 4-5% for secondary
metabolites and biomass. In addition to the higher
yield, the rectification process itself was facilitated
to some extent, in particular, the separation of the
primary and tail fractions. Fali, Saf instant Red and
Ethanol red used twice as much substrate for
purposes other than ethanol synthesis. For spirit
production purposes, where the target metabolite is
ethanol, this is essential and economically
significant. It is noteworthy that the control strain,
which was a liquid culture and was supposed to have
a better preserved reproductive ability, made very
economical use of the substrate. We attribute this to
the specifics of the strain, and it should be
emphasized that this strain is typically alcoholic and
has been used at the Katunitsa Distillery for years

(Fig. 5).
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Investigation of the metabolism of experimental
yeast preparations in close to real conditions.
Under the conditions of this stage of the study,
which were much more similar to the real ones and
more of an “open vessel” type, the ethanol
concentrations in the samples were in much closer
ranges than under anaerobic conditions. Table 5
presents the results of the determination of alcohol

and reducing sugars and the total determination of
volatile impurities using. The Conferm Rouge
preparation formed the lowest amount, and Fali
formed the highest. However, the difference was
only about 2.4%. The evaporation losses under open
fermentation vessel conditions also led to certain
equalization of the ethanol concentrations.

Table 5. Physicochemical composition of the experimental samples

Active dry yeast Alcohol, RseudgL;Crisrjg T?’:ltli:aﬂicﬁ?,er e-g'([)etl?sl, ald-g(k)l;egles,
products %o vol. g.dm mg.dm mg.dm mg.dm3

Fali 9.69 £0.25 3.01£0.12 235+6 155+5 84 +3
Fermiol 9.51+£0.23 2.94 £0.09 241 +9 266 + 7 71+3
Ethanol Red 9.51 £0.20 2.81 £0.09 203 +7 466 £ 10 74 £3
Conferm Rouge 9.46 £0.25 2.87+£0.15 2157 3889 96 + 4

Saf instant red 9.63 £0.22 2.94£0.15 2717 198 £4 96 +4

K-32 9.56 £0.27 271 £0.14 129+3 255+7 382

The results have been expressed in % vol, mg.dm= and g.dm? + SD of three replicates
In all samples, the process was completely finished Table 6 presents the results of the gas

and the sugars were below 3 g.dm=. The values of
the volatile components were within normal limits.
The higher alcohols varied widely from 129 to 271
mg.dm3, the K-32 sample formed the lowest
amount, while Saf instant Red, Fermiol and Fali
formed twice as much as the control sample on
average. The concentrations of aldehydes in the
samples varied less and were in the range of 71-98
mg.dm3. The K-32 control strain formed between
1.8 and 2.5 times less aldehydes than the others. The
concentration of esters was high and varied widely
from 155 to 466 mg.dm=. The increase in esters
could also be attributed to the fact that the
methodology included distillation for their
determination, wherein additional esterification
occurred. Nevertheless, it was evident that the
Ethanol Red preparation formed 1.2 to 3 times as
many esters as the other strains. Conferm Rouge
also formed a significant amount of esters. The
lowest amounts of esters were found in the Fali and
Saf instant Red samples.

chromatographic  determination of individual
representatives of the volatile impurities.

The acetaldehyde concentrations in the samples
varied between 57 and 111 mg.dm® (49%
differences), the ethyl acetate amounts in the
samples were almost identical: between 10 and 16
mg.dm=. The i-amylol concentrations differed by
about 50 % and ranged from 130 to 261 mg.dm;
those of i-butanol differed by about 52%, varying
between 30 and 62 mg.dm=, and of propanol by
about 45 %, between 11 and 20 mg.dm,

The concentration of the individual volatile
components in the individual yeast strains
determined gas  chromatographically  were
consistent with the total concentrations found. Once
again, the acetaldehyde in the K-32 control sample
was in the lowest concentration, the ethyl acetate
amount was the highest in the Fermiol sample, and
the higher alcohols were the highest in Saf instant
Red.
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Table 6. Volatile components in the experimental samples

Active

Acetaldehyde, Ethyl acetate, Propanol, Isobutanol, Isoamylol, Acetic acid,
dry yeast mg.dm3 mg.dm3 mg.dm-3 mg.dm3 mg.dm-3 mg.dm3
products ' ' ' ' ' '

Fali 103+3 12+04 14 +0,5 62+2 238+6 146 £4
Fermiol 84 +2 16 £0,3 20+ 0,4 58+2 227 +7 191 +£6
Ethanol Red 77+2 10£0,3 11+0,3 40+ 1 185+4 117+£2
Conferm 111+3 14+0,5 16+03 5341 20246 23047
Rouge

gzg'”“a”t 100+ 3 11£03 16403 4942 261+7  128+3
K-32 57+2 10+£0.3 19+£04 30+ 1 130+ 4 396+ 10

The results were expressed in mg.dm= = SD of three replicates
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Figure 6. Secondary metabolites concentration in
grain wort
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In general, the lowest amounts of the secondary
products formed were reached by the K-32 control
strain, and they were the highest in the Fali and Saf
instant Red preparations (Fig. 6). The concentration
of acetic acid formed was an exception. Yeast from
K-32 formed 2-3 times more of this metabolite, and
although the absolute acetic acid values were within
acceptable limits, the trend is highlighted (Fig. 7).
A more salient synthesis of acetic acid was also
observed in the Conferm Rouge sample.

Conclusions

The results of the study of the dry yeast preparations
provided can be summarized in the following
directions. In general, the preparations were
relatively close in terms of overall characteristics;
the differences shown were related to individual
indicators or to individual stages of the processes,
and not to their overall duration. The preparations
were similarly rehydrated and easily suspended in
homogeneous yeast milk. This is important for
ensuring optimal contact with the substrate and
avoiding flocculation.

There was a substantial difference in the
concentrations of total, viable and dead cells in the
preparations. In general, preparations with a higher
total number of cells also have more dead cells.
The concentrations of total and viable cells in
the preparations were the highest in Conferm
Rouge. The presence of infectious bacterial
microflora in the preparations remained within
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normal limits, the most bacteria having been found
in the Fali preparation.

The breeding ability of the preparations studied was
similar, and within 96 h, Fali and Ethanol Red
demonstrated the most intensive breeding activity,
while Fermiol demonstrated the weakest.

The fermentation activity of the preparations was
close; therefore, the more cells in the individual
preparations did not lead to intensification of the
course of the process. The Fali preparation was the
most active one, the K-32 control strain also showed
a very good result.

The K-32 preparation used the carbohydrates most
efficiently, produced more ethanol, had a higher
sugar to alcohol conversion coefficient, consumed
less of the substrate for secondary metabolites and
biomass. The Conferm Rouge metabolism was also
effective. In all preparations, the secondary
metabolites were within normal limits; there were
more differences in the amounts of certain higher
alcohols and acetic acid. In total, the secondary
metabolite amounts were the lowest in K-32, and
the highest in the Fali and Saf instant Red
preparations.
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