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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ACOUSTIC VIBRATION EFFECT ON GENUS SACCHROMYCES
YEAST POPULATION DEVELOPMENT

Abstract. The intensive development of yeast populations determines the technological and economic effi-
ciency of food and microbiological productions. Because of this, a large number of methods for the microbial
biomass accumulation processes intensification have been developed and applied in industrial practice. The literature
data analysis demonstrates that for the activation of biological, biochemical or other nature objects, the use of various
types of effects is proposed: electromagnetic waves and electric field, laser and X-rays, electron-ion processing, mic-
rowave energy, ultrasound, ultraviolet rays, photoactivation, mechanical-acoustic treatment. However, the effect of
inoculating yeast pretreatment by acoustic vibrations — by the audible range sound — with a fixed frequency prac-
tically has not been studied. The aim of our work was to determine such influence on the development of bottom-
fermenting brewer's yeast populations and, subsequently, their technological characteristics.

For processing of the yeast with the audible range sound, a 3-watt PC column was used, which, in addition to
acoustic, also generated electromagnetic vibrations.

To take into account their impact on the monitored indicators, a comparison variant was used in which the yeast
was exposed only to electromagnetic oscillations, for which purpose the same column with a damaged diffuser was
used. The yeast was treated with a sound of fixed frequency using the “Generator” program for a certain time with an
amplitude of 100% and a sinusoidal waveform. The distance between the speaker and the object to be processed was
3 cm. The processing of the experimental variant was carried out in a soundproofed cell at room temperature. Yeast
that was not subjected to sound and/or electromagnetic vibrations was used as a control. To assess the effect of
acoustic and electromagnetic vibrations on yeast, the yeast populations of all three variants were cultivated - the
control, experimental, and comparison — on a 5% sucrose solution for 3 days at 25-28 °C. Immediately after sub-
stratum inoculation, every day, and also at the end of cultivation, the total cell titer, the percentage of dead cells and
the concentration of solids were determined. As a result of the research, a significant effect of acoustic treatment on
the yeast populations development was revealed, and depending on the frequency of the sound, such treatment can be
either positive or negative. The treatment only by electromagnetic vibrations had an effect on controlled indicators
that was less pronounced and, at many frequencies, was different from that in sound processing, both in magnitude
and in direction. It was established that the acoustic impact at rational parameters can be technologically expediently
for yeast generation and for the activation of the main fermentation.

Keywords: treatment of yeast with a sound of audible range, treatment of yeast with electromagnetic
vibrations, increasing the total titer of yeast cells, intensifying the utilization of dry matter, reducing the number of
non-viable cells.

Introduction. When conducting technological processes based on the use of yeast, the intensification
of the microbial population and/or increasing its productivity development (if yeasts are used as a
producer of certain target substances) is the important task.
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The traditional approaches to ensuring the specified result are supporting the optimal composition of
the nutrient medium, its microbiological purity, rational values of temperature and pH, the use of
stimulants/growth promoters. However, at present, when working with well-studied yeast strains, the
potential of such approaches is almost exhausted. Genetic modification, which improves the yeast’s
desired technological characteristics, opens up significant prospects, but the use of genetically modified
yeasts and, more generally, GMOs in food production causes a wary attitude among a number of food
products consumers.

Because of this, in the last decades research on the possibility of yeast populations development
activating by pretreatment with impacts of different types are being conducted. In particular, it can be
wave/field effects. The aim of our work was to study the results of the effect of the audible range sound
with a fixed wavelength on the technological characteristics of the brewing yeast.

Literature review. Information about the results of the some types of waves and fields impact on
different levels of organization objects is quite extensive. Thus, it is reported about the possibility of
accelerating the barley grains germination due to pretreatment with ultrasonic waves [1]. Barley certainly
belongs to a different level of living matter organization compared to yeast, however, the data presented in
the paper prove the possibility of biological objects ultrasonic treatment not only for the purpose of their
structures suppression or destruction [2, 3], but, on the contrary, to activate their metabolic processes. The
possibility of such treatment effective use, including for the seeds stimulation before sowing, is confirmed
by data published in a number of other sources [4-6].

The yeast ultrasonic processing used in alcohol production have been studied, also [7]. It has been
established that at constant ultrasound power and frequency, by varying only the duration of exposure, it is
possible, by treating the yeast biomass before seeding, to activate the population development, and at the
end of the process by repeated (longer) ultrasound treatment to reduce the number of viable cells
significantly.

The food production thermotechnical processes in the electromagnetic field of ultra-high frequencies
(microwave) are studied. It has been established that the yeast microwave processing efficiency used in
the fermented beverages production may be high, but it depends “on the selectivity of the electromagnetic
field energy extraction” by the yeast biomass [8]. In order to maximize the yeast enzymes activity during
the alcoholic fermentation cycle and the finished product quality, the brewing yeast pressed mass was
subjected to heat treatment for T = 6-15 s in the electromagnetic field of the microwave (frequency 2375
MH?z) to a temperature of 283+3080 K. It is shown that the brewing yeast treatment with microwave range
waves increases their fermentation activity by 265% compared with the control and is significantly more
efficient than heating in a thermostat, while it has a much shorter duration. It was established experimen-
tally that the microwave electromagnetic field effect enhances the alcoholic fermentation enzymes
synthesis, weakens the yeast cells respiratory enzymes synthesis. According to the authors of the work, the
developed method can be used in any industry related to fermentation processes [8]. It is important to note
that in order to achieve a positive result, careful selection of microwave treatment parameters is necessary,
since the same type of effect with other conditions can be used to effectively suppress of microbial, pri-
marily yeast cells development [9].

A method has been developed for treating brewer's yeast, which stipulates exposure to electro-
magnetic oscillations of the millimeter wavelength range. It is reported that the fermentation time compa-
red with the control decreased 1.3 times, the fermentation activity increased 1.3 times, the concentrations
of diacetyl and aldehydes in the green beer of the experimental irradiated variant were about 1.2 times less
than in the control one [10]. The method disadvantages include the possibility of irradiating a yeast
suspension small amount in one session only, as well as its complexity.

In another research, it was found that after a seven-time (daily, exposure time 2 hours) exposure to
electromagnetic radiation with a wavelength of about 6 mm (frequency is about 50 GHz) of a genus
Endomycopsis fungus, an increase in culture activity was observed by 50%. Similar results were obtained
for brewing yeast: exposure to electromagnetic radiation with a wavelength of about 6 mm non-thermal
power level resulted in an yeast fermentation activity increase of 1.2-1.5 times compared to the control
(non-irradiated) sample. After a tenfold irradiation with electromagnetic radiation with a wavelength of
6.4 mm of a genus Aspergillus fungus suspension, an increase in the activity of the culture in 2-2.5 times
was observed [11].
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At the same time, a method has been developed to effectively suppress the vital various micro-
organisms activity with pathogenic properties in relation to the human body, based on the object
irradiation with electromagnetic radiation with a frequency of 20-95 GHz with a power flux density of not
more than 10 uW/cm2 for at least 20 minutes [12].

The microorganisms biological activity changes that were exposed to magnetostatic wave (MSW)
radiation with various parameters for 5 to 60 minutes were studied [13]. Dry baker's yeast and
Saccharomyces bayanus strain LW 185-25 were subjected to irradiation. It was established that during
irradiation in one interval of the MSW the yeast biomass increment increases, while in the other interval it
decreases. The increase in the biomass volume in comparison with the control (untreated) sample can be
as high as 25%, while the decrease can be equal to 15%. The ultrasound multidirectional effects on
microbial cells are confirmed by other authors [14].

The literature provides information [15] on the method of accelerating the microorganisms growth
and increasing the microbial biomass yield when cultured on ordinary nutrient media by treating the
microbial suspension with laser radiation with a certain power, impulse duration and wavelength.

A patent has been issued for [16] a method for producing highly active streptomycetes strains —
avermectin producers by irradiating a spore of a Streptomyces avermitilis culture at least once with short-
impulse X-rays with certain parameters. It can be assumed that with this method of action, it is not the
enzyme systems microorganism-producer activation take place, but mutations in which positive changes
in the genome are fixed in cell generations, ensure the production of highly active strains.

A method has been developed to activate the wine yeast populations development as a pretreatment
with infrasonic oscillations result [17]. For this, a yeast suspension mixture with a sterile wort is treated by
vibration action with a frequency of 5-11 Hz with an oscillation amplitude of 4-5 mm for 15-30 minutes at
a yeast suspension and wort ratio 1: 40-50, respectively. The source of vibration action is placed in the
volume of the mixture at a distance of 1/3 + 2/3 from its surface. This provides an increase in the pure
yeast culture cells mass and an increase in the number of active (living) cells in the finished yeast starter,
allowing to speed up the wort fermentation process, which leads to a decrease in the duration of the
winemaking process.

It should be noted also an indirect method — the use of electrochemically activated systems/solu-
tions — which allows to solve such problems as improving the brewing barley quality, activating malt
enzymes, the effect on grain microflora [18].

Another way to affects the biochemical and biological objects in order to improve their characteristics
is the acoustic treatment by the sound of the audible range.

As a wave, sound is characterized by amplitude and frequency spectrum. Usually, a person hears
sounds in the frequency range from 16-20 Hz to 15-20 kHz. Among the audible sounds should also be
distinguished phonetic, speech sounds and phonemes (of which oral speech consists) and musical sounds
[19]. Published results prove the possibility of changing the biological objects characteristics at various
levels of organization as a result of the action of certain musical compositions or simply voiced fragments
of the text, individual words [20-22], and these changes in living systems can have as positive and
negative character [23]. The musical composition is based on the use of a broadband frequency range, the
individual frequencies of which, hypothetically, can coincide with the resonant frequencies of various
biological objects, including cells. From our point of view, it is impossible or, at least, extremely difficult
to systematize the effect of acoustic vibrations on biological objects by studying the effects of melodies.

The possibility of changing the raw materials technological parameters and semi-products of various,
including food, industries with fixed-frequency sound was demonstrated by a number of studies [24-26].

The reasonability of studying the audible range sound effect on the yeast is confirmed, in our opinion,
by the research results previously conducted at the Moscow State University of Food Production [27-30].
Based on them, it was concluded that sound processing with frequencies from the range of 20-20,000 Hz
provides a significant increase in the target enzymes activity microbial enzyme preparations, hop and light
barley malt extractability. Additional confirmation of the yeast activation method perspectivity by sound
treatment ares data [31], according to which the positive effect was achieved by treating the cell
suspension with a sound with frequencies of 20-20,000 Hz in a rotary pulsation apparatus together with
the use of the activation medium.
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A priori, modern technologies assume the presence of complex process solutions. This applies to the
technology of drinks from animal and vegetable raw materials, general and special purpose. Accordingly,
there is a need to expand the scope of evaluation criteria of quality [32-41].

It seemed to us expedient to assess the effect on the Saccharomyces cerevisiae yeast population, used
for the production of bottom-fermenting beer, of the fixed frequency sound of the audible range only.

Methods. Dried yeast Saccharomyces cerevisiae species S was used as test objects.

A sterilized 5% sucrose solution was used as a nutrient medium.

The yeast was cultured in flasks of 250 cm® with 100 cm’® of the nutrient medium statically, without
stirring at 2628 °C.

The development of populations was evaluated by the change in cultures of the yeast cells total titer,
the solids content, and by the non-viable cells proportion, also. The controlled characteristics values in the
experimental variants were expressed in relation to the control (unprocessed by sound), taken as 100 %.

Dried yeast was processed by sound in a soundproofed cell for 60 min (unless otherwise indicated) at
room temperature.

The sound of a certain frequency was generated using a 3-watt PC speaker using the “Generator
program”; the waveform was sinusoidal.

In view of the fact that sound was generated in the PC speaker due to electromagnetic oscillations, the
acoustically processed object was also subjected to the effects of these electromagnetic oscillations
(EMO). In order to evaluate the contribution of the EMO to possible changes in the controlled charac-
teristics of the processed yeast, comparison samples were used, which were similar weights of yeast,
which were located at the same distance as in the experimental sample, near the PC speaker with a
purposely damaged diffuser that did not generate sound.

The yeast cells total titer was determined by counting in the Gorjaev’s chamber.

Non-viable cells were determined by staining with methylene blue solution (Fink suspension).

The concentration of dry matter (DM) in solutions was determined pycnometrically.

The replication of experiments at all stages of the experiment — not less than 3. The results of
experimental studies were processed by methods of mathematical statistics using Student's criterion.

Results. The preliminary acoustic treatment effect on the dried Saccharomyces cerevisiae species S
brewer's yeast populations development was studied. The acoustic treatment impact on the yeast
populations development in the first series of experiments was assessed by the change in dry matter
concentration in the nutrient medium, the increase in total yeast cell titer and the non-viable yeast cells
proportion.

At the first stage of our research, the problem of determining the presence or absence of the fixed
frequencies sound influence from the range of 20-20,000 Hz generated by an acoustic column, as well as
electromagnetic oscillations (EMO) arising for the generation of certain frequency sound on the popula-
tion brewing yeast development in a model nutrient medium (5% sucrose solution) was solved. In case of
revealing the existence of such an effect, the goal was to determine the most effective for yeast population
activation frequencies. In these experiments, the following calculation was used to assess the change
(decrease) in the sugar concentration in the culture medium: the sucrose concentration decreases in the
experimental sample (pre-pitching sound processing of yeast) and a reference sample (pre-pitching
processing by EMO) for the entire cultivation period (3 days at 25-30 °C) were expressed as a percentage
relative to the value of the same indicator in the control (pitching yeast, not subjected to any processing),
taken as 100% (table).

Based on the experimental data, a significant dependence of the controlled parameters on the
processing of pitching yeast both by sound and electromagnetic oscillations was revealed. Depending on
the frequency, the preliminary processing under the experimental conditions led to both intensification and
inhibition of the development of the brewing yeast population. The greatest decrease in the sucrose
content in the cultivation medium in comparison with the control was recorded in the samples after sound
processing with frequencies of 6000, 8000, 9000, 12000, 17000 and, especially, 19000 Hz. The largest
increase in total cell titer compared with the control was observed in the experimental samples obtained
after exposure to sound with frequencies of 8000, 9000, 12000 and 17000 Hz.

However, at most of the sound frequency indicated values, an increase in the non-viable cells pro-
portion was observed compared to the control. In addition, in the experimental sample obtained after
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The effect of sound processing of pitching yeast on the cultural fluid indicators after 3 days of cultivation

The decrease in the concentration of DM, The increase in cell titer, Non-viable cells,
Freqﬁfz:ncy, % of the control % to control % of control
Sound EMO Sound EMO Sound EMO

20 84.2+2.6 110.5+£3.3 111.3+£6,2 23.542.2 113.6+£3.3 179.0£3.1
1000 40.7+1.7 100.0£1.9 56.1+3.1 45.543.2 59.2+1.8 111.743.3
2000 65.0+£2.2 77.5£2.0 105.4+4.8 76.6£3.5 95.6£2,6 89.4+2.4
3000 107.3£3.4 107.3£2.3 111.4+4.1 101.4£5.1 74.3£3.1 72.8+£2.6
4000 88.4+3.0 53.6+1.4 86.6+3.4 80.8+3.9 86.0+3.7 89.8+3.3
5000 51.7+2.1 117.2+£3.4 117.7+4.4 117.7+4.1 61.0+3.1 57.1£2.1
6000 143.1+4.1 92.2+3.0 84.4+3.7 118.1+4.3 86.7+2.9 97.243.2
7000 94.9+£2.2 179.5+4.1 76.4+4.3 99.5+£3.9 92.0£2.8 85.5+3.4
8000 118.4+5.9 120.4+1.2 145.9+4.4 160.5+5.3 92.0+3.2 113.6£2.7
9000 128.9+4.3 133.3+£3.3 133.34£5.9 141.545.1 95.6+2.9 83.9+2.7
10000 45.5+0.9 54.6£1.9 79.4+3.7 88.6+3.8 110.4+3.3 108.6+3.1
11000 68.2+£1.4 90.9£2.1 115.74£5.0 99.0£3.6 88.8+2.7 93.0£2.9
12000 300.0+4.7 115.843.4 142.4+4.8 138.2+4.4 103.8+2.6 97.1+2.8
13000 85.7+1.7 117.9+£3.2 119.0+5.2 116.7+4.1 108.9+3.1 115.1£1.9
14000 88.9+2.3 100.0+2.8 113.1+4,1 151.4+4.9 129.6+3.9 109.3£0.7
15000 100.0£1.7 225.0+4.7 92.9+3.2 97.1£2.8 96.2+£2.8 101.242.2
16000 78.9+£2.0 73.7+0.9 86.4+2.7 100.4+3.7 101.8+3.0 95.4+1.9
17000 178.6+3.4 121.4+2.0 123.14£5.6 127.8+4.5 113.1+2.7 105.1£2.4
18000 70.0+1.1 60.0£1.5 93.1+4.9 78.5+3.5 104.3£1.9 101.1£3.6
19000 310.0+4.6 180.0+4.1 80.5+£3.7 108.3+4.2 95.1£2.1 98.1+1.8
20000 107.7+£3.2 46.24+2.3 93.84£3.6 82.7+3.7 103.4+2.2 101.4+£2.6

preliminary sound processing at the frequency of 3000 Hz there was an improvement in all three
controlled indicators, although it was not as significant as the increase in individual characteristics of other
samples mentioned above. It should be noted that the pitching yeast EMO processing was on average less
effective than sound one.

Because of this, at the next stage of work, it was decided to carry out clarifying experiments, the
conditions of which were similar to the previous one, except that the cultivation period was 4 days. Besi-
des, it was decided to refuse to set comparison samples (preprocessing by EMO). The value of the DM
concentration loss in the experimental sample was expressed as a percentage relative to the value of a
similar indicator in control sample on the same day of cultivation, and not at the end of the process. The
sound processing was performed at the frequencies of 3000, 8000, 9000, 12000, 17000 and 19000 Hz. The
results are shown in figure 1-3.

This series of experiments results, from our point of view, show that the most expedient is the
preliminary sound processing of pitching yeast at frequency of 3000 Hz (curve 1). In this case after 4 days
of cultivation the most intensive sucrose utilization from the nutrient medium was observed, as well as the
smallest non-viable cells proportion, although from the point of view of biomass accumulation, sound
effects with frequencies of 8000 and 12000 Hz (curves 2 and 4, respectively). Because of this, it was
decided to use the sound frequency equal to 3000 Hz at the next stages of our work as a “starting point”
when searching for rational parameters of pitching yeast acoustic processing in order to intensify the
development of their population.

To solve the problem, experiments were carried out in which different parameters of acoustic treat-
ment were varied. Under the experimental conditions, the best results were ensured by the sound
processing of dry pitching yeast with the following parameters: sound frequency 2765 Hz; processing time
30 minutes; the distance between the processed sample of the yeast and the sound source is 5 cm; the
amplitude of sound vibrations is 100%.
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Figure 1 — The effect of processing by the different frequencies sound on the change
in the dry matters concentration in the nutrient medium
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)

The increase in
total titer of yeast,
% of control

- ™ . e000cceg, 2 I
133 RS ST
128 - L~ .\‘ RO - o
- = /./ ‘—“ ----- ‘-\-?:_~~‘~ ~—-——__A 4
123 = SN R *
118 — = AN IS / L
”¢¢’ ..........- \ \\s {
113 ot T~ '\/'4,//“\ 3
~. ~
108 — T
103 5 —
98
93 o6 —
e o s o o emmm o @ ¢ emm— . — « o e o
88 ~— : : = : ]

The duration of cultivation, days

Figure 2 — The effect of processing by the different frequencies sound on the change in the yeast cells total titer increase
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)
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Figure 3 — The effect of processing by the different frequencies sound on the change
in the non-viable yeast cells proportion
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)

Discussion. Analyzing all the above experimental data, we can make a number of conclusions:

An audible range sound generated by a device for converting electrical signals into acoustic signals
and emitting them into the surrounding space, used for yeast processing before introducing them into the
nutrient medium, in particular, beer wort, can have both positive and negative effects on the development
of a bottom-fermenting yeast population, as well as on the ethanol accumulation in the alcoholic
fermentation process; The direction and intensity of influence depends on the sound frequency and some
other parameters of acoustic processing.

Electromagnetic oscillations applied to the pitching yeast processing also have a multidirectional
effect on the results of cultivation the microbial population, however, for the most part, less pronounced
than the audible sound.

The results of the discussed and previous studies, as well as literature information suggest that at least
one of the sound influence mechanisms is a change in conformation and, as a consequence, the enzyme
molecules activity involved in the yeast metabolic processes, in particular, the alcohol fermentation cycle
enzymes.

Acoustic processing parameters that determine its effectiveness in terms of yeast population
development activating are the sound frequency and its amplitude, the processing time and the distance
from the sound source to the object being processed.

The audible range sound acoustic processing while establishing rational parameters of its imple-
mentation can provide both technological and economic effect during yeast generation or at the stage of
main fermentation of the brewing industry. It is also of great importance in other fermented beverages
technology, including on vegetable raw material beverage [32, 33].
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1. B. Kapnemcol, M. B. FepHeTl’z, E. B. KplOKOBal, H. H. Fpnﬁlconaz,
JI. E. Hypmyxan6erosa®, J. K. Aceméaena’

'«Mockey MeMIIEKETTIK TaFaM OHIpici YHUBEPCHTETi»
®Denepanabl MEMIIEKETTIK OIODKETTIK JKOFaprBI Oi1iM Oepy Mekemeci, Mackey, Peceid,
*ByKinpeceiiik chipa KaiHATY, alKOr0JIbCi3 KOHE Iapall OHEPKACiOi FHUTBIMH-3¢PTTEY HHCTUTYTHI —
OMBC ¢umuansr B. M. I'op6aToB aTeIHAaFbI «A3BIK-TYIIK 6HIMAEPiHIH (eaepaiablK FEIIBIMH OPTaIbIFsDy PFA,
Mackey, Pecei,
3 AJIMaThI TEXHOIOTHAIIBIK yHHuBepcureTi, Anmatsl, Kazakcran

AKYCTHUKAJIBIK TEPBEJICTEPAIH ALIBITKbBI Saccharomyces TYbICBIHBIH
nonyJjaAanusaCbIHA 9CEPI

AHHOTAUMA. ATIBITKB! TOMYIAIUSUIAPBIHBIH KAPKBIHABI TaMYBI a3bIK-TYIIK KOHE MUKPOOHOIOTUSIIBIK OHIIpic-
TEPAiH TEXHOJOTHSIIBIK KOHE SKOHOMHUKAJIBIK THIMIUIITIH aHbIKTaiapl. OChIFaH opail, eHAIpICTIK ToXKipubeae MUK-
pPOOTHIK OMOMacca >KUHAKTAy YACPICTEepiH KYMICHTYMiH KONTETeH OMICTEepl O3ipJeHII JKOHE KOJIAHBUIIBL OeOu
MOJIIMETTEpli TajiayFa OHOJIOTHSUIIBIK, OMOXMMUSIIBIK HeMece OacKa TabuFaT HbICaHAapbIH OeJICEHIIPY YLIIH TOJKbIH
HEMECe epic dCepiHiH IPTYPii TYpJiepiH KOJNJaHy YCHIHBUIAABL. JlereHMeH, TYKbIMHBIH allbITKbLIIAPBIH OCariii Oip
JKUUTIKTETT €CTUICTIH JMana30H JhIOBICBIMEH ANJBIH ajla ©HJIEY ocepi 3epTTeNMErcH. bBi3miH KYMBICHIMBI3IBIH
MAaKCaThl OCBI JCEpJICPIIiH alIbITyla ChIpa AIIBITKBICHIHBIH IMOMYJSAIMACHH JaMBITyFa JKOHE ONaH opi, ONapIIbIH
TEXHOJIOTHSUTBIK, CHITaTTaMajlapblHA OCEPiH aHBIKTAy OONABI. AINBITKBIHBI SCTUICTIH JMANa30HMEH OHJEY YIIiH
aKyCTHKAJIBIKIICH KaTap KOCBIMINA TeHEepalMsUIaibl JKOHE IJIEKTPOMArHHUTTIK aybITKyldapra Kyarel 3BT mepbec
KOMITBIOTEp KOJOHKAChl KOITaHBULABI. OnapaslH OakpIIaHATHIH KOPCETKIMITEpre 9cepiH ecKepy VIIiH, aIllbITKbLIap
TEK 3JEKTPOMArHUTTIK TepOericrepre FaHa yiiblparaH 3apapianran aud¢ysopsl Oap Oip OaraHIbl CalBICTHIPY
HYCKAchl KOJIAHBUINBL. ToxipueOenik HyCKaHBI OoHIEY OenMe TeMmIepaTrypachlHAa OBIOBIC ©TKi30EHTIH YAIIBIKTa
Kyprizinai. bakpuiay perinie IbI0bIC XKoHE/HEMeCe IEKTPOMArHUTTIK aybITKYJIapFa YIllbIpaMaraH alllbITKbI Maliaaa-
HBUIIbI. AKYCTHKAJIBIK )KOHE JICKTPOMATHUTTIK TepOeTicTep/IiH allbITKbIFa dcepiH Oaranay yIIiH OapiblK YII HYC-
KaJIaFbl alllbITKbI TOMYJSIIUACH — OaKbLUIay, TOKIpUeOeiK xaHe calbIcThipy — 25-28 °C temmneparypana 3 KyH OOibI
5% caxapo3a epitiHziciaae exaenai. KopekTik oprara eriireHHeH KeliH KYH CaiiblH, COH/Iali-aK ecipy asKTaJFaHHaH
KeifiH Jepey *aJllbl JKacyla TUTPI, eJli )KacyllalapblH MaibI3bl )KOHE KYPFaK 3aTTap KOHIECHTPALMSCH aHBIKTAJIJIbI.
3epTTey HOTHKECIH/IE aKyCTUKAIIBIK OHICY/IIH allbITKbI MOMYJISLUUIAPbIH 1aMbITyFa alTapiIbIKTail acepi aHbIKTa bl
JKOHE IBIOBICTHIH JKUIJIIriHe OaiilaHbICTBl MYH/IAH ocep OH JK9HE Tepic OOMybl MYMKIH. DJIEKTPOMarHuTTIK TepOertic-
TEp apKbUIbl OHJIEY TeK OaKbUIaHATBIH KOPCETKILITEpre 9CEepiH THTI3i, ajaliia oJapblH KOMIIUIIr XKHULTIKTE jKoHe
KeyeMze e, OarpITTa Ja IBIOBICTHI OHICYACH epeKIIeNneHAl. PalnoHanIsl KOpCeTKIMTepAeri aKyCTHKAIBIK acep
TEXHOJIOTHSUTBIK, TYPFBIIAH allbITYAbl TeHEepalusiay YIIiH KOHE HETIi3Tl almbITyOblH OeNCeHIIpyl MyMKiH eKEHIri
AHBIKTAIIIBL.

TyiliH ce3aep: amBITKBUIAPABI ABIOBICTH THATA30HMEH OHJIEY, aIlIBITKBIHBI IEKTPOMArHUTTIK TepOemicTepMer
OHJICY, allIBITKbI JKacylIaJapbIHbIH JKANIbl TUTEPIH apTThIPY, KYPFAK 3aTTap/bl Koere »®aparylbl apTThIpy, emipre
KaOiIeTTi eMec jkacymraJapAblH CaHBIH a3auTy.

. B. Kapﬂemcol, M. B. FepHeTl’z, E. B. KmeOBal, H. H. Fpuﬁxonaz,
1. E. Hypmyxan6eropa®, J. K. Aceméaena’

'MDenepanbHOE roCyIapCTBEHHOE GIOKETHOE 06Pa30BATEILHOE YUPEHKICHHE BBICIIEr0 0OPA30BAHMS
"MoCKOBCKUI rocy1apCTBEHHBIN YHUBEPCUTET MUIIEBHIX IPou3BOACTB", MockBa, Poccus,
*BeepoccHiickuil HayHO-HCCIIeI0BATENbCKHIT HHCTHTYT MIMBOBAPEHHOI, 6€3a/IKOTONbHOI i BUHOE/TbUECKOH
MIPOMBIIUICHHOCTH — (hrtnan PenepalisHOro0 roCyAapCcTBEHHOTO OI0KETHOTO HAYYHOTO YUPEKACHHS
«®PenepasbHBIA HayYHBIH LEHTp NHUIIEBHIX cucteM uM. B. M. I'opbarosa» PAH, Mocksa, Poccus,

3 ATIMaTHHCKH# TeXHOIOrHYECK i YHUBEpCcHTET, AnMaThl, Kazaxcran

BJIMSAHUE AKYCTUYECKHUX KQJIEBAHI/IFI
HA PA3BBUTHUE NONIYJIAIUU JPOXKIKEHN POJIA Saccharomyces

AnHoTanus. VIHTCHCHBHOE Pa3BUTHE APOXOKCBBIX MOMYIIUA OOYCIABIMBACT TEXHOIOTHYECKYI0 U IKOHO-
MHYECKYI0 3()()EeKTHBHOCTE psAa MHUIIEBBIX W MHUKPOOHOJIOTHYECKHUX MPOHM3BOACTB. B cmiry 3Toro paspaboraHo u
MPUMEHSETCS B MPOMBIIUICHHOW MpPaKTHUKE OOJBIIOE KOJMYECTBO CIOCOOOB MHTEHCH()MKAIIMHA MPOIECCOB HAKOII-
JIeHUs] MUKPOOHO# OroMacchl. AHAIIM3 JIMTEPATyPHBIX JaHHBIX JIEMOHCTPUPYET, YTO JJIsl aKTUBAIUU OObEKTOB OHO-
JIOTHYECKOH, OMOXMMUYECKON MIIM MHOW MIPUPOABI MPEIaraeTcsl HCIOIb30BAaHNE PA3JIMYHBIX THUIIOB BOJHOBBIX HITH
MOJIEBBIX BO3AEHCTBHA. OIHAKO BO3/IEHCTBHE IPEABAPUTEIBHON 00pabOTKH 3aCEBHBIX IPOXKIKEH 3BYKOM CIBIIIIIMOTO
JMana3oHa ¢ (pUKCMPOBaHHOW YaCTOTOM NMPAaKTHYECKH He u3y4dajoch. Llenbro Hamieil paGoThl ObUIO OIpeneneHHe
TaKOTO BO3JICHCTBUS HA PA3BUTHE MOMYJISIUN MUBHBIX IPOXOKEH HU30BOTO OPOXKCHHS M, B JAJbHEHIIIEM, UX TEXHO-
JIOTHYECKUE XapaKTepucTuku. J[ist mpoBeneHus: 00pabOTKU APOAOKEH 3BYKOM CIIBIIIIMMOTO JHANa30Ha UCIIOIb30BaIN
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kosoHky Jutsi [TK mMomHOCThIO 3 BT, KOTOpas MOMHUMO aKyCTHUECKUX, TeHEPUPOBAIa eIl U JeKTPOMArHUTHBIE KOJIe-
Oanust. Jlyis yuera ux BO3ACHCTBUS HA KOHTPOIUPYEMBbIC MOKA3aTeIH MCIONIb30BaIM BAPUAHT CPABHEHHUS, B KOTOPOM
JIPOMOKU TOJIBEPTaiv BO3JCHCTBUIO TOJBKO 3JIEKTPOMATHUTHBIX KOJICOAHMHM, AJISI Y€ro HWCIOJIb30BAIM TAKYIO XKe
KOJIOHKY C MOBPE&XICHHBIM I dy30poM. OOpabOTKy ONBITHOTO BapHAHTA IPOBOAWIH B 3BYKOM3OJIMPOBAHHON STUEH-
K€ MPHU KOMHATHOHM Temrieparype. B kauecTBe KOHTpOISI HCIIONB30BAIN JPO}OKH, HE TOJBEpraBiiecs o0paboTke
3BYKOM W/WJIM DIIEKTPOMArHUTHBIMU KoJieOaHusMH. J[JIsl OLIEHKH BIMSHUSI aKyCTHYECKHX M AIIEKTPOMAarHUTHBIX
KOJIE0aHUH Ha JPOXOKU MPOBOIMIM KYJBTHBHPOBAHUE JIPOMOKEBBIX MOMYJISIMNA BCEX TPEX BAapHAHTOB — KOHTPOJIb-
HOTO, OITBITHOTO M CPaBHEHMS — Ha 5 %-HOM pacTBope caxapo3sl B TedeHue 3 cyTok mpu 25-28 °C. Cpa3sy mocine 3a-
CEBa HPITaTeJ'l];HOﬁ Cpeabl, KaXXAbIC CYTKH, a TAKXC IO OKOHYAHWU KYJIbTUBUPOBAHUA OIIPCACIIAIN 06LlII/Iﬁ TUTP
KJIETOK, NPOUCHT MCPTBLIX KJIETOK U KOHHCHTPALUIO CYXUX BEHICCTB. B pe3ynbTare I/ICCJIeI[OBaHI/lﬁ 6])1.]'[0 BBISIBJICHO
CYIICCTBEHHOE BIMSIHUAC aKyCTHUECKOW 00paOOTKU Ha Pa3BUTHE JPOXKIKEBBIX MOMYJISIUN, IPUYEM B 3aBUCHMOCTH OT
9acTOTHI 3BYKa TaKO€ BO3ICHCTBHE MOXET OBITh KaK ITOJIOXKHUTEIBHBIM, TaK M OTpUIaTebHBIM. OOpaboTKa TOIBKO
AIIEKTPOMATHUTHBIMU KOJICOAHUSMHU OKa3bIBajla Ha KOHTPOJIMPYEMBIC IMOKa3areind dPQEeKT, MEeHee BBIPAKCHHBIA
MPU MHOTHX YaCTOTaX OTIMYHBIA OT TAKOBOTO MPH 0OPa0OTKE 3ByKOM Kak 10 BEJIMYHMHE, TAK W 10 HAMPABICHHIO.
YcTaHOBIIEHO, YTO AKyCTHYECKOE BO3ACHCTBHE MPH PALMOHAIBHBIX MapaMeTpax MOXKET ObITh TEXHOJIOTHMYECKU
LeNIeCO00Pa3HBIM IS IPONOKETCHEPALIMN | JJIsl AKTHBALMH TIIABHOTO OPOXKEHUSL.

KaroueBbie ciioBa: 00paboTKa ApPOXOKEH 3BYKOM CIIBIIIMMOIO JAMana3oHa, oOpaboTka ApOXIKEH 3JIeKTpo-
MarHUTHBIMH KOJEOAHUSIMH, YBEJIHMYCHHE OOIIEr0 TUTPa KIETOK JIPO}OKeH, MHTEHCU(DHKAIMS yTHUIN3AlUU CyXUX
BEILIECTB, CHU)KEHHE KOJIMYECTBA HE)KU3HECTIOCOOHBIX KIIETOK.
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