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This paper presents the results of an experimental study of nine commercial samples of dry yeast that is
used to produce ethanol from Kazakhstan sweet sorghum syrup. The microbiological purity,
reproduction capacity, fermentation activity, and mass-specific metabolic rate of each yeast strain were
compared. The goal of the experimental study was to determine the effect of difficult conditions of
industrial ethanol production on various strains of commercially available yeast. It was found that the
living and dead cell count could not serve as an indicator of quality of the yeast starter, since it differed
significantly among the samples, while the fermentation activity and reproductive capacity was similar. It
was found that different strains performed differently in laboratory and industrial conditions
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INTRODUCTION
Nowadays, the demand for ethanol is rising
rapidly due to its use in the creation of fuel blends
for motor transport. There are many reasons to
create fuel blends with the addition of ethanol or
even fully based on ethanol, including cleaner
exhaust, energy source diversification, and
avoidance of risks related to the volatile price of
fossil fuels. The greater cost of growing
sugarcane and sugar beet, unstable prices of
molasses, and, ultimately, the unstable price of
ethanol necessitated the search for an alternative
source for the production of ethanol. Sweet
sorghum shows promise as a raw material for the
production of ethanol in fuel equivalent thanks to
its quick grown and early ripening, better water
consumption efficiency, limited requirements to
fertilizers, good total yield, and extensive
adaptability.
Ethanol
producers,
research

institutes, and governments can coordinate their
actions with farmers, with a view to achieving
strategic development that would increase the
utility value of sweet sorghum. Ethanol production
based on sweet sorghum can cut the demand for
oil
significantly,
while
also
minimizing
environmental threat from the burning of fossil
fuels.
Furthermore, the cultivation of an industrial crop
that can potentially be processed into high-quality
automobile fuel can facilitate an additional inflow
of investment in agriculture, thus boosting the
rural economy and improving the living standards
of people in remote agricultural settlements.
Thus, the cultivation and processing of sweet
sorghum into automobile fuel components is an
idea that is attractive for multiple reasons. In order
to utilize all the expected advantages, it is
important to investigate all the “bottlenecks” in the
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process flow, which is the purpose of this study.
One such bottleneck, which is covered in this
study, is the efficiency of carbohydrate
fermentation into ethanol for various yeast strains.
The problem lies in the fact that strains that are
highly effective in laboratory conditions turn out to
be ineffective in difficult industrial conditions,
where they are forced to resist, among other
things, wild strains of yeast fungi and bacteria,
because the raw material for fermentation is not
sterilized, since that would negate the
attractiveness of ethanol as fuel.
This research featured two series of experiments:
experiments in closed vessels using sterilized raw
material and experiments in open vessels, which
best recreate industrial conditions down to the use
of unsterilized raw material. The competitiveness
of industrial yeast strains with the contamination
of the raw material with bacteria and wild yeast
strains is a relevant problem for the industry,
which is why it was studied in several interesting
works (Amorim et al., 2004; Basso et al., 2008;
Stambuk et al. 2009; Lopes, 2010; Kundiyana et
al., 2010).
The quality of alcohol depends not only on the
distillation and rectification regimes; yeast
fermentation and yeast metabolites play a major
role in this process (Hazelwood et al., 2008).
When growing on a specific substrate, yeast
forms a series of intermediate substances besides
the main products of alcoholic fermentation –
ethanol and carbon dioxide. This causes an
accumulation of impurities that affect the aroma
and taste of the product and deteriorates its
quality considerably, see, e.g. (Herraiz et al. 1993;
Thomas et al., 1993; Torrea et al., 2003; Barbosa
et al., 2009). These impurities include higher
spirits, butyraldehyde, volatile fatty acids with a
large molecular weight, volatile sulfur compounds,
and certain ethers and esters.
Since it is impossible to remove the impurities
from alcohol through distillation, it is necessary to
search for possibilities to reduce their
concentration in the fermented brew (Ingledew et
al., 2003).
The choice of appropriate fermentation conditions
(aeration intensity, sugar content, acidity, and
fermentation temperature) in combination with the
maximum alcohol-production capacity of yeast
should provide the maximum yield of alcohol
and minimum concentration of secondary
metabolites (Franceschin et al., 2008).
The most detailed recommendations regarding
the optimal choice of yeast for fermenting the
stem juice of sweet sorghum were presented in

(Hawke et al. 1982; Day et al. 1982; de Mancilha
et al., 1984). In (Hawke et al., 1982), seven
yeast strains of Saccharomyces cerevisiae,
diastaticus, carlsbergensis and chevalier were
selected and recommended. In (Day et al. 1982;
de Mancilha et al. 1984) based on the studies of
up to 64 yeast strains, it was claimed that
Saccharomyces cerevisiae species provided the
highest sugar conversion efficiency. Most modern
researchers follow these recommendations (Banat
et al., 1998; Kundiyana et al., 2010).
The effect of fermentation conditions on ethanol
production from sorghum juice of varying
concentration was described in detail (Sipos et al.
2009; Wu et al., 2010; Kundiyana et al., 2010;
Laopaiboon et al., 2007; Chohnan et al., 2011). In
particular, it was noted that a slightly acid medium
(рН~5.4) was the best option for fermentation (Wu
et al. 2010; Kundiyana et al., 2010). Some
researchers argue that it is necessary to introduce
additional nitrogen-containing compounds (urea)
to the juice in order to improve the ethanol yield
(Laopaiboon et al., 2007), while other studies
(Kundiyana et al., 2010; Sipos et al., 2009)
question this opinion. Japanese S. cerevisiae
strains are claimed not to lose activity for 16
fermentation cycles (Chohnan et al., 2011), such
resistance is intriguing, but raises certain
questions. Kinetic studies show that the fed-batch
fermentation technique has clear advantages over
the standard batch approach, (Laopaiboon et al.,
2007). Researchers generally limit themselves to
using one yeast strain; information about the
activity of yeast of different strains and different
producers is limited see, e.g. (Kundiyana et al.
2010; Laopaiboon et al., 2007).
The natural conditions of Kazakhstan are ideal for
the production of commercial sorghum; the
Kazakh Research Institute of Agriculture and
Plant Growing is actively creating new cultivars of
sorghum. The composition of sorghum juice
extracted from these cultivars was determined
(Zhetkizgenkyzy et al., 2016); an attempt was
made to produce alcohol using Saccharomyces
cerevisiae
(Ethanol
Red,
Fermentis)
(Askarbekov et al., 2015). Unlike our previous
studies (Askarbekov et al. 2015; Zhetkizgenkyzy
et al., 2016) this research focuses on the
comparison of the fermentation activity of various
commercial
dry
yeast
strains
of
the
Saccharomyces cerevisiae and Torulaspora
delbrückii families in the production of alcohol
from sweet sorghum syrup obtained from Kazakh
species in an experiment, the purpose whereof
was to fully recreate the industrial conditions,
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including the use of unsterilized raw materials
with natural levels of bacterial contamination
and wild yeast strains.

Marcq en Baroeul Cedex – France
Tel: + 33 (0)3 20 81 62 75
Fax: +33 (0)3 20 81 62 70
www.fermentis.com
SafSpirit Grain Fermentis division of S.I.Lesaffre
BP 3029 – 137 Rue Gabriel Péri - 59703 Marcq
en Baroeul Cedex – FRANCE
Tel. +33(0)3 20 81 62 75
Fax. +33(0)3 20 81 62 75
SafSpirit Malt Fermentis division of S.I.Lesaffre
BP 3029 – 137 Rue Gabriel Péri - 59703 Marcq
en Baroeul Cedex – FRANCE
Tel. +33(0)3 20 81 62 75 – Fax. +33(0)3 20 81 62
75
Spirit merican Fermentis division of S.I.Lesaffre
BP 3029 – 137 Rue Gabriel Péri - 59703 Marcq
en Baroeul Cedex – FRANCE
Tel. +33(0)3 20 81 62 75 – Fax. +33(0)3 20 81 62
75
SafSpirit М-1 Fermentis division of S.I.Lesaffre
BP 3029 – 137 Rue Gabriel Péri - 59703 Marcq
en Baroeul Cedex – FRANCE
Tel. +33(0)3 20 81 62 75 – Fax. +33(0)3 20 81 62
75
Oenoferm С2 ERBSLÖH
Geisenheim
AG,
Erbslöhstraße 1,
65366 Geisenheim, Germany
In order to obtain the juice, plants (shoots) were
gathered during the milky-wax ripeness stage of
the seed. Leaves were removed from the stems of
the leading and lateral shoots; the stems were
weighed and cut into pieces; the juice was
pressed out of the pieces. The obtained juice was
filtered and simmered to 65% density. Its main
properties are presented in Table 1.
[Table 1 here]

MATERIALS AND METHODS
The commercial dry yeast that was used in
this research included DistilaMax GW and
DistilaMax MW (Lallemand Biofuels & Distilled
Spirits, USA), SafDistil С 70, Ethanol Red,
SafSpirit Grain, SafSpirit Malt, SafSpirit American,
SafSpirit М-1 (Fermentis, France), and Oenoferm
С2 (Erbslöh, Germany). The first eight of them are
strains of Saccharomyces cerevisiae, while the
last one is a strain of Torulaspora delbrückii. The
yeast suspension was prepared with a yeast
content of at least 450 g/l in conditions of 75%
humidity.
All details concerning commercial strains of yeast
can be summarized as follows
Yeast strain
Country of origin
DistilaMax GW VEJLEVEJ 10
• 7000 FREDERICIA, DENMARK
• +45 75 91 50 80 PH
www.lallemandbds.com ©2015 LALLEMAND
BIOFUELS & DISTILLED SPIRITS.
DistiIaMax MW VEJLEVEJ 10
• 7000 FREDERICIA, DENMARK
• +45 75 91 50 80 PH
www.lallemandbds.com ©2015 LALLEMAND
BIOFUELS & DISTILLED SPIRITS.
SafDistil – С 70 Fermentis Division of S.I.Lesaffre
BP 3029 – 137 Rue Gabriel Péri - 59703
Marcq en Baroeul Cedex – France
Tel: + 33 (0)3 20 81 62 75
Fax: +33 (0)3 20 81 62 70
www.fermentis.com
Ethanol Red
BP 3029 – 137 Rue Gabriel Péri
59703
Table 1. Main properties of sorghum mash
3
Sugar content, g/100cm
3
Density, g/dm
by Bertrand
by refractive index
with inversion
without inversion
14. 2±0.3
12.6±1.0
8.9±0.2
1.0632±0.0007
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The living cell count in dry samples was
determined after appropriate dilution and
inoculation on a sorghum juice-agar medium
using an XSZ-2103 bio-microscope (Russia).
The bacterial contamination of all samples was
studied by inoculation on a WLD actidione
medium (Wallerstein Laboratories Differential
Agar). The reproductive capacity of yeast samples
was investigated in a sterile sorghum juice with a
sugar content of 180 g/dm3 sterilized in a Koch
apparatus for 20 minutes.
Dry preparations were exposed to preliminary
rehydration in standard conditions. The yeast
suspension was then diluted tenfold and
inoculated in appropriate volumes so as to provide
a cell content of about 1-2×106 cells/cm3. The
samples were cultivated in a thermostat at 25°C in
duplicate; the yeast cell count was determined
using Bürker counting chambers (Brand,
Germany).
The fermentation activity of yeast was studied in
closed-vessel and open-vessel conditions. In both
cases, the amount of emitted CO2 was analyzed
by weighing. In closed-vessel conditions, the
amount of substrate was taken as 150 ml.
Reducing sugars were determined by refractive
index using an IFR-454B2М refractometer
(Russia). The amount of titrable acids was found
by acid-base titration.
Ethanol content was measured using a Crystal4000-Lux gas chromatograph (Russia). In openvessel conditions, experiments were performed
with non-sterilized sorghum mash at 24% dry
substance concentration. The inoculating amount
was 2% of one-hundred-times diluted rehydrated
preparations.
Test samples in duplicate had a volume of 0.4
dm3. Fermentation was carried out at a
temperature of 25-27°C. After fermentation, the
concentrations of ethers, aldehydes, higher
alcohols, and acids in the fermented sorghum
syrup were determined chromatographically. All
the values presented in this research are the
mean of at least two parallel measurements
RESULTS
Living/dead cell count, bacterial contamination
and reproductive capacity of studied yeasts
The total cell count in most samples did not
differ significantly and ranged from 13 to 36 billion
cells per gram of dry product, varying between
samples (Table 2).
The highest total cell count was found in the
Oenoferm С2 sample, while the lowest one – in

the SafSpirit American sample. The highest living
cell count was characteristic of the Ethanol Red
and Oenoferm С2 samples, whereas the highest
dead cell count was detected in the SafSpirit
American.
Table 2. Infecting bacterial cell count in dry
yeast samples
Bacterial
Sample
cells/g
of dry product
DistilaMax GW
<1000
DistiIaMax MW
2000
SafDistil-С70
<1000
Ethanol Red
1000
SafSpirit Grain
<1000
SafSpirit Malt
<1000
SafSpirit
<1000
American
SafSpirit М-1
<1000
Oenoferm С2
37000
The numbers of living and dead cells
correlated with the total cell count (Fig. 1).

Figure 1. Relations between living, dead and
total cell counts in dry yeast samples.
However, the dispersion of the linear
correlations is quite great and prevents a more
detailed analysis of the obtained dependences.
Nevertheless, it should be mentioned that a
relatively high percentage of dead cells can be
explained by harsh conditions of cultivation
(temperature, aeration, subsequent generation)
aimed at producing high cell counts. On the other
hand, this may be caused by an inappropriate
cultivation
medium
and
regime,
weak
accumulation of trehalose and glycogen in cells,
“severe” drying conditions, etc.
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Infecting bacterial cells play a major role in the
fermentation of yeast. At high concentrations of
bacteria, there is a risk that they will start
developing, and this risk increases either in case
of delayed alcoholic fermentation or in the
presence of inhibiting factors. The infecting
bacterial cell count (lactic acid, rod-shaped) in all
samples with the exception of Oenoferm С2 is

significantly lower than the permissible one, which
is usually taken as 1×106 bacterial cells/g of dry
product.
The dynamics of yeast cell reproduction in
most samples was similar (Fig. 2). Most cells
accumulated between hours 24 and 48.

Figure 2. Reproductive capacity of yeast

Bioscience Research, 2018 volume 15(2): 1048-1062

1052

Askarbekov et al.,

Dry yeast in industrial fermentation, comparative analysis

The exceptions were the DistilaMax GW,
Ethanol Red and Oenoferm С2 samples. These
showed considerable accumulation of cells
(exceeding 100×106/cm3) during the first 24
hours. Such an early start can be presumably
explained by a higher initial cell count (especially
for Oenoferm С2) and a shorter generation time of
these strains. Rapid reproduction of all samples
between hours 24 and 48 decreased the
differences; a delay, in comparison with other
samples, was found in SafDistil– С 70 after ~72
hours; Ethanol Red had the highest count.
Between hours 72 and 96, most cultures

reached stationary conditions; the cell count in
Ethanol Red continued to rise and reached the
highest level of 225×106 cells/cm3. The lowest
cell count (132×106 cells/cm3) by the end of the
observation period was found in SafDistil-С70.
The difference is 41%, which is significant for the
reproductive capacity.
Fermentation activity of yeast in closed-vessel
conditions
In closed vessel studies, the samples
demonstrated similar fermentation activity (Fig. 3).

Figure 3. Anaerobic fermentation curves of the samples studied.
1 – DistilaMax GW; 2 – DistilaMax МW; 3 – SafDistil-С70; 4 – Ethanol Red; 5 – SafSpirit Grain; 6 –
SafSpirit Malt; 7 – SafSpirit American; 8 – SafSpirit М-I; 9 – Oenoferm С2
Bioscience Research, 2018 volume 15(2): 1048-1062
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The earliest start was found in DistilaMax GW,
SafDistil-C70, and SafDistil Grain. The slowest
start was characteristic of SafSpirit American,
coinciding with the lowest active cell count in this
sample. This trend generally persisted until day 3,
after which the samples started “catching up” with
each other and by the end of the ten-day
monitoring period, the amount of emitted CO2
was almost equal. The final amount of CO2

emission was 11.5-11.9 g; at that, SafSpirit Grain
had the highest gas emission rate, followed by
DistilaMax GW, SatDistil-C70, SafSpirit American,
and SafSpirit M-1. Oenoferm С2 emitted the
lowest amount of gas, 10.840 g, which was 10%
less than the highest amount.
Fig. 4 shows the amount of CO2 emission by
days in the percentage of the total amount of
emitted gas.

Fig 4. CO2 emission dynamics in closed-vessel experiments:
1 – DistilaMax GW; 2 – DistilaMax МW; 3 – SafDistil-С70; 4 – Ethanol Red; 5 – SafSpirit Grain; 6 –
SafSpirit Malt; 7 – SafSpirit American; 8 – SafSpirit М-I; 9 – Oenoferm С2

Bioscience Research, 2018 volume 15(2): 1048-1062

1054

Askarbekov et al.,

Dry yeast in industrial fermentation, comparative analysis

The largest volume of gas was emitted within
72 hours; more than 90% of the total CO2 amount
was emitted by hour 96. Gas emission continued
up to hour 216, but the recorded amount of CO2
was insignificant. During the 96-hour monitoring
period, the dynamics of alcoholic fermentation
differed.
The samples with the earliest start of alcoholic
fermentation, DistilaMax GW, SafDistil-C70, and
SafDistil Grain, emitted 28-30% of the total
amount of gas by the second hour; other samples
emitted only 18-20% of the total amount of CO2
by this time. The SafSpirit American sample
emitted the lowest amount of gas, 16% of the total
amount. The fermentation of DestilaMax GW,
SafDistil – C 70, and SafDistil Grain continued to
be the most active up to hour 48: the amount of
emitted gas ranged between 70% and 75% of the
total volume. The fermentation of Ethanol Red
and Oenoferm C2 samples was less active: they
emitted only 52-56% of the total amount CO2.
Most samples emitted more than 80% of the
total amount of gas after 72 hours; at that, the
highest amount (89%) again was characteristic of
the DistilaMax GW sample, followed by SafSpirit
М-1 (86%). At this stage, the lowest amount
(73%) was emitted by the Oenoferm С2 sample.
Most of the studied samples emitted about 90% of

Sample
DistilaMax GW
DistiIaMax MW
SafDistil-С70
Ethanol Red
SafSpirit Grain
SafSpirit Malt
SafSpirit American
SafSpirit М-1
Oenoferm С2

the total amount of gas by hour 96, e.g., 93-95%
for DistilaMax GW and SafSpirit M-1. At this
stage, a considerable delay was found in
Oenoferm С2 and Ethanol Red, which emitted 8286% of the total amount of CO2. This implies that
a high cell count in dry samples does not
guarantee quick and safe fermentation. A higher
cell count is often achieved by reducing the cells’
fermentation activity through increased aeration
that further deteriorates their physiological state.
In alcohol production, the dynamics of
alcoholic fermentation, quick and reliable
substrate disintegration have a significant effect
on the acceleration of the process, accumulation
of an amount of alcohol sufficient for distillation,
and reduction of the infecting microflora
development risk. This means that yeast with
quicker fermentation is more preferable. In
closed vessel conditions, DistilaMax GW and
SafSpirit М-1 yeast demonstrated the quickest
fermentation rate, followed by DistilaMax МW,
SafDistil-С70, and SafSpirit Grain.
At the end of the fermentation process, the
main metabolites in the fermented samples were
determined and certain parameters characterizing
the effectiveness of the process were estimated.
Table 3 shows the content of alcohol, reducing
sugars, and volatile acids in samples.

Table 3. Analytical data for studied samples
3
3
Alcohol (vol. %)
Reducing sugars (g/dm )
Volatile acids (g/dm )
10.35
3.25
0.60
9.85
7.46
0.82
10.45
2.27
0.38
9.75
10.50
0.92
10.65
2.17
0.42
10.20
6.46
0.63
10.30
3.58
0.56
9.95
4.50
0.62
9.55
12.50
0.84
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The amount of alcohol in the samples
ranged from 9.55 to 10.65 vol. %. The
highest concentration was found in the SafSpirit
Grain sample, followed by DistilaMax GW and
SafSpirit American. The lowest concentration of
alcohol was characteristic of the Oenoferm С2
sample. The difference between the highest and
lowest concentrations of alcohol was 9.4%, which
is a significant value (Table 3).
For samples containing less than 4 g/dm3 of
reducing sugars, the alcoholic fermentation may
considered completed. This group includes
DistilaMax GW, SafDistil-С70, SafSpirit Grain,
SafSpirit American, and SafSpirit М-1. The
concentration of non-fermented sugars of about 67 g/dm3 lies within permissible levels. The
concentration of residual sugars in the Oenoferm
С2 and Ethanol Red samples is more than 10
g/dm3. This result corresponds to the lowest
amount of carbon dioxide emitted and the lowest
amount of alcohol produced. The presence of
volatile acids in most samples can be attributed to
fermentation in anaerobic conditions causing the
saturation of the brew with residual amounts of
carbon dioxide, especially for samples that finish
fermentation at later stages.
The exceptions are the SafDistil-C70,
SafSpirit Grain, and, to a certain extent, SafSpirit
American samples, where the concentration of
volatile acids is lower, from 0.38 to 0.56 g/dm3.
As shown in Fig. 5, a fair negative correlation
exists between the amount of accumulated
alcohol on the one hand, and the concentrations
of remaining reducing sugars and formed volatile
acids on the other hand.

Fig 5. Concentration dependencies of
remaining reducing sugars and formed volatile
acids on the amount of accumulated alcohol

This means that in closed-vessel conditions,
the ratio of the target and side reaction rates
remains approximately the same for all kinds of
yeasts studied. However, no correlation exists
between alcohol yields on the one hand and the
living, dead and total cell counts in dry yeast
samples of the other hand. This implies that it is
not the simple number of fermentation centers,
but the specifics of yeasts that plays a major role
in the quality of alcohol.
Ethanol yields in liters per kilogram of sugar
were calculated considering glucose and fructose
the main components of sorghum juice
(Zhetkizgenkyzy et al., 2016; Askarbekov et al.,
2015), while the presence of small amounts of
sucrose
and
other
polysaccharides
(Zhetkizgenkyzy et al., 2016; Askarbekov et al.,
2015) was disregarded. The theoretical ethanol
yield in this case as calculated via equation
C6H12O6→2C2H5OH+2CO2 is 0.51 kg per kg of
sugar or 0.65 liters of absolute ethanol per kg of
sugar. Experimental values range from 0.565 to
0.598 liters per kg for all samples (Fig. 6).
The highest yield was found in SafSpirit Grain,
followed closely by SafDistil-C70, SafSpirit Malt,
and DistilaMax GW. The lowest yield was
characteristic of Oenoferm С2, SafSpirit M-1, and
DistilaMax МW. The difference between the
highest and lowest yields was ca. 6%. At higher
volumes and repeated fermentation cycles, this
difference
becomes
technologically
and
economically significant. For instance, the
fermentation of 1000 kg of carbohydrates with the
SafSpirit Grain sample would produce about 3032 liters of 96% alcohol more than with DistilaMax
МW. Fig. 7 shows the percentage of metabolized
sugars used to synthesize ethanol and to
generate secondary products and yeast biomass,
respectively.
It appears that SafSpirit Grain is the most
effective in converting carbohydrates: 97.6% of
the substrate is used to produce ethanol and only
2.6% is used to produce secondary metabolites
and yeast biomass. SafDistil-C70, SafSpirit Malt,
DistilaMax GW, and SafSpirit American also use a
small amount of the substrate for secondary
metabolites and biomass. Oenoferm С2 and
SafSpirit М-1 yeasts use more than 7% of the
substrate for purposes other than the ethanol
synthesis. In alcohol production, where ethanol is
the target metabolite, this is economically
important and significant.
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Figure 6. Ethanol yield per in liters per kilogram of sugar in studied systems

Figure 7 .Effectiveness of yeast substrate use

Bioscience Research, 2018 volume 15(2): 1048-1062

1057

Askarbekov et al.,

Dry yeast in industrial fermentation, comparative analysis

Metabolite content in mash in open-vessel
conditions
Open-vessel conditions are similar to
industrial ones, which is why this part of the study
is of special interest. The obtained data prove the
trends found in previous stages of the experiment.
Furthermore, it appears that no correlation
exists between the amount of alcohol produced in
anaerobic and aerobic conditions, which means
that in open-vessel studies, the specifics of yeasts
come to the fore. As shown in Table 4, the
concentration of ethanol in the samples lies within
relatively close boundaries (11.5-13.0 vol. %) with
the exception of Ethanol Red and, to a certain
extent, DistilaMax МW samples, in which low
alcohol yields correspond with a higher
concentration of residual non-fermented sugars.
In our opinion, the main reason lies in the low
conversion ability and high amount of
carbohydrates used to synthesize secondary
metabolites and biomass. Other yeasts provide
relatively high concentrations of alcohol, from 12.8
to 13.0 vol. %, with the highest values, 13.00 %,
obtained for SafSpirit Grain and DistilaMax GW
samples, which is 12% higher than Ethanol Red.
A higher alcohol output will improve the
effectiveness of distillation and reduce the cost
price of produced alcohol (Table 4).
In all systems, the remaining sugar content
was less than 2 g/dm3, with the exception of
SafSpirit М-1, DistilaMax МW, and SafSpirit Malt

samples. Interestingly, Oenoferm С2 and Ethanol
Red samples, which did not finish their
fermentation in experiments with the sorghum
juice in the closed-vessel conditions, left no nonfermented sugar in open vessel conditions.
Apparently, these yeasts are more sensitive to
anaerobiosis; cells are probably produced under
more intensive aeration and lose, to an extent,
their ability to assimilate sugar under oxygen
shortage.
In the studied samples, the content of higher
alcohols ranged considerably, from 156 to 310
mg/dm3. DistilaMax MW and SafSpirit M-1
generated the lowest amount of fuel oils, whereas
DistilaMax GW and SafDistil-С70 were most
active in terms of their synthesis. The differences
were ca. 46%. The concentration of aldehydes in
the samples was insignificant (18-37 mg/dm3).
The lowest content of aldehydes was found in the
SafSpirit Malt sample. The concentration of ethers
(ethyl-acetate, ethyl ether, methyl acetate, ethyl
acetate) ranged from 81 to 169 mg/dm3. The
SafSpirit М-1 sample generated more ethers than
other strains did, whereas
SafDistil-С70
accumulated the minimal amount of ethers. Fig. 8
shows that the lowest levels of generated
secondary products were found in the DistilaMax
МW, SafSpirit Malt, and SafSpirit Grain samples,
while the highest levels were characteristic of the
SafDistil-С70, Oenoferm С2, and Ethanol Red
samples (Table 5).

Table 4. Chemical composition of studied samples
Alcohol
Reduced sugars
Higher
Ether
3
3
(vol. %)
(g/dm )
alcohol
(mg/dm )
3
(mg/dm )
DistilaMax GW
13.0
1.60
299
98
DistilaMax MW
12.3
7.36
156
89
SafDistil-С70
12.6
1.60
310
81
Ethanol Red
11.5
1.52
238
89
SafSpirit Grain
13.0
1.52
214
113
SafSpirit Malt
12.8
6.96
151
121
SafSpirit American
12.8
1.74
205
115
SafSpirit М-1
12.7
8.32
165
169
Oenoferm С2
12.9
1.74
228
89
Sample
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22
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18
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24

1058

Askarbekov et al.,

Dry yeast in industrial fermentation, comparative analysis

3

Table 5. Volatile components in studied samples in mg/dm
Sample
AcetDimethylEthyl-acetate Propanol
і-Butanol
aldehyde
ketone
DistilaMax GW
58
10
9
30
62
DistilaMax MW
78
8
58
38
SafDistil-С70
66
11
9
54
128
Ethanol Red
37
6
40
83
SafSpirit Grain
55
10
7
31
71
SafSpirit Malt
46
9
57
51
SafSpirit American
57
6
6
35
82
SafSpirit М-1
56
4
9
61
56
Oenoferm С2
57
5
29
81

і-Amilol
290
164
338
288
232
162
263
183
307

Figure 8. Secondary metabolite concentrations in sorghum brew
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DISCUSSION
The most detailed recommendations regarding
the optimal choice of yeast for fermenting the
stem juice of sweet sorghum were presented in
(Hawke al. 1982; Day et al., 1982; de Mancilha et
al., 1984). In (Hawke et al., 1982), seven yeast
strains
of
Saccharomyces
cerevisiae,
diastaticus, carlsbergensis and chevalier were
selected and recommended. In (Day et al. 1982;
de Mancilha et al., 1984) based on the studies of
up to 64 yeast strains, it was claimed that
Saccharomyces cerevisiae species provided the
highest sugar conversion efficiency. Most modern
researchers follow these recommendations (Banat
et al., 1998; Kundiyana et al., 2010).
The effect of fermentation conditions on ethanol
production from sorghum juice of varying
concentration was described in detail (Sipos et al.
2009; Wu et al., 2010; Kundiyana et al., 2010;
Laopaiboon et al., 2007; Chohnan et al. 2011). In
particular, it was noted that a slightly acid medium
(рН~5.4) was the best option for fermentation (Wu
et al., 2010; Kundiyana et al., 2010). Some
researchers argue that it is necessary to introduce
additional nitrogen-containing compounds (urea)
to the juice in order to improve the ethanol yield
(Laopaiboon et al., 2007), while other studies
(Kundiyana et al., 2010; Sipos et al., 2009)
question this opinion. Japanese S. cerevisiae
strains are claimed not to lose activity for 16
fermentation cycles (Chohnan et al. 2011), such
resistance is intriguing, but raises certain
questions. Kinetic studies show that the fed-batch
fermentation technique has clear advantages over
the standard batch approach, (Laopaiboon et al.,
2007). Researchers generally limit themselves to
using one yeast strain; information about the
activity of yeast of different strains and different
producers is limited see, e.g., (Kundiyana et al.,
2010; Laopaiboon et al., 2007).
The natural conditions of Kazakhstan are ideal for
the production of commercial sorghum; the
Kazakh Research Institute of Agriculture and
Plant Growing is actively creating new cultivars of
sorghum. The composition of sorghum juice
extracted from these cultivars was determined
(Zhetkizgenkyzy et al., 2016); an attempt was
made
to
produce
alcohol
using
Saccharomyces
cerevisiae
(Ethanol
Red,
Fermentis) (Askarbekov et al., 2015).
It has already been mentioned that the amounts of
alcohol produced in anaerobic and aerobic
conditions demonstrate no correlation, which

implies that in open-vessel studies, the properties
of the yeasts themselves are critical for the
alcohol yield. The same is true for the
concentrations or remaining reducing sugars and
higher alcohols. Unlike anaerobic studies, Fig. 5,
no correlation has been found between these
concentrations and the amount of accumulated
alcohol. This means that yeasts performance in
fermentation processes is quite specific, and
determines carbohydrate utilization effectiveness,
production of larger amounts of ethanol, higher
sugar-to-alcohol
conversion
degree,
and
consumption of the smallest amount of the
substrate to produce secondary metabolites and
biomass.
CONCLUSION
We investigated the performance of DistilaMax
GW, DistilaMax MW, SafDistil С 70, Ethanol Red,
SafSpirit Grain, SafSpirit Malt, SafSpirit American,
SafSpirit М-1, and Oenoferm С2 dry yeasts in
producing alcohol from the syrup of Kazakhstan
sweet sorghum. The highest living cell count was
found in the SafSpirit Grain and Ethanol Red
samples. The presence of infectious bacterial
microflora in the samples did not exceed
acceptable levels; the highest bacterial count was
found in the Oenoferm С2 sample. All the studied
samples differed insignificantly in terms of their
reproductive capacity; within 96 hours, the most
intense reproduction was detected in Ethanol
Red, while the least intense – in SafDistil-С70.
The fermentation activity of the samples was
similar, which is why the increase in the active cell
count in certain samples did not intensify the
fermentation process. DistilaMax GW and
SafSpirit М-1 were the most active samples; very
good results were shown by DistilaMax МW,
SafDistil-C 70, and SafSpirit Grain. SafSpirit
Grain, SafDistil-С70, and SafSpirit Malt used
carbohydrates most efficiently, produced more
ethanol, demonstrated a higher alcohol yield, and
used less substrate for secondary metabolites and
biomass. Secondary metabolites were within
normal levels in all obtained fermentation
products; the main differences were in certain
higher spirits. The lowest concentration of
secondary metabolites was found in the
DistilaMax МW, SafSpirit Malt, and SafSpirit
Grain samples, while the highest concentration
was characteristic of SafDistil-С70, Oenoferm
С2, and Ethanol Red samples. Therefore, it is
possible to conclude that SafSpirit Grain,
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SafDistil-С70, and SafSpirit Malt are the best
industrial dry yeast strains for fermenting sweet
sorghum syrup in terms of carbohydrate utilization
effectiveness, production of a large amount of
ethanol, achievement of a higher sugar-to-alcohol
conversion degree, and consumption of the
smallest amount of the substrate to produce
secondary metabolites and biomass.
.
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