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Abstract
Industrial whey processing makes it possible to implement the principles of waste-free technology,
increase the resources of complete food and feed, ensure the profitability of production, and eliminate
environmental pollution. Industrial processing of whey is currently carried out in three main areas:
comprehensive use of all dry residue; extraction and deep fractionation of individual most valuable
components; targeted chemical, enzymatic or biological transformation of individual components to obtain
industrially important derivatives. During the study, the microflora of dairy products was studied, and pure
yeast cultures were isolated. The morphological and cultural properties were determined, and molecular
genetic identification of yeast to species was also carried out. Genetic analysis revealed promising strains
in these samples: Kluyveromyces marxianus SH1, Kluyveromyces marxianus All, and Saccharomyces
cerevisiae M1. The purpose of this work is to study the microflora of lactic acid bacteria and identify yeast
strains to species.
Keywords: yeast, culture, bioethanol, whey, strain.

For the dairy industry in the 21st century, environmental problems are of particular relevance
due to the depletion of resources and the need to preserve the environment. Thus, there is a need
to create an industry-wide system for monitoring key environmental indicators for water
consumption and wastewater disposal, as well as to develop a methodology for the environmental
safety of production.

An analysis of the situation in the dairy industry shows that the most relevant are scientific
research aimed at the integrated waste-free use of dairy raw materials, the development of new
technological production of a wide range of multi-component products for various functional
purposes on a dairy basis, the modernization and creation of new technological equipment, solving
energy problems -, resource saving, greening of dairy production [1].

Both in domestic and international practice, the problem of using whey, which has high
nutritional and biological value and is the largest pollutant of wastewater, has not been solved. In
recent years, a fundamentally new direction in the industrial processing of whey has been actively
and purposefully formed - the production of derivative components that are target products, in
particular alcohol. The main reasons for insufficient whey processing are the seasonal nature of
dairy production and its insufficient concentration [2-3]. Due to difficulties associated with
transportation and processing (declining level of dairy production, rising costs of transportation,
equipment, etc.), part of the whey is not used and ends up in sewage systems, and in emergency
cases (as well as in the absence or imperfection of treatment systems) - into the environment. The
cost of treatment facilities and the harm caused by draining whey into water bodies make the
problem of its industrial processing urgent. Industrial processing of whey makes it possible to
implement the principles of waste-free technology, increase the resources of complete food and
feed, ensure the profitability of production and eliminate environmental pollution [4-5].

In connection with the above, we can conclude that it is necessary to carry out greening of
dairy production, associated with solving the problem of using secondary raw materials in this
industry.
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Materials and methods of research

Study of the microbial diversity of fermented dairy products and method for isolating pure
yeast cultures

The microbial diversity of the dairy products was determined by the inoculation method
(Koch's method) in dense nutrient media. The essence of the method is to count germinated
colonies by inoculating the suspension under investigation in a Petri dish into a solid nutrient
medium (Fig. 7). According to Koch's principle, each colony is considered to be the result of the
multiplication of one cell. By seeding a known volume of the test suspension into solid nutrient
medium, the number of germinated colonies can be used to determine how many cells the
microorganism contained in its original composition. Results of microorganism quantification
using the Koch method are often reported as colony forming units (CFU) rather than cell counts.

Seeding consists of 3 steps: preparation of the dilution, inoculation into a Petri dish on
nutrient dense media, counting of germinated colonies.

Preparation of the dilution. The dilution is prepared in sterile tap water using a constant
dilution factor, usually 10. To prepare the dilution, 9 ml of sterile tap water was poured into sterile
dry tubes. Then 1 ml of the original suspension obtained with a sterile pipette was transferred to a
test tube containing 9 ml of sterile water, this was the first dilution, 1:10. The suspension obtained
from the first dilution was mixed with a new sterile pipette. The 1 ml of the suspension was
obtained with this pipette and transfered it to a second tube, this was the second dilution, 1:100.
The remaining dilutions were prepared in the same way.

Inoculation into a Petri dish. The suspension can be inoculated by either the pour plate or the
spread plate inoculation method. Before inoculation by the spread plate method, 20-30 ml of the
dissolved nutrient medium was poured into sterile Petri dishes. Inoculation was carried out from a
known dilution. Using a sterile pipette, 0.1 ml of the appropriate dilution was inoculated. The
suspension was spread over the surface of the nutrient medium using a Drigalsky spatula. Plates
were incubated for several days at 28-30 °C in a thermostat.

Count the overgrowth colonies. Depending on the growth rate, the number of colonies grown
in a Petri dish is counted on the 1-15 days after sowing. Determined the average number of colonies
in the dish, then by using the next formula the number of cells in 1 ml was calculated:
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where M — is number of microbial cells in 1 ml; a — average number of microbial colonies
in a Petri dish; 10 — dilution factor; n — serial number of dilutions in which inoculation was
performed; V — volume of suspension taken for inoculation [6].

Method for the study and identification of morphological and cultural properties of yeast
cultures

Yeast cultures were identified by determining the direct nucleotide sequence of the ITR
(intergenic transcribed region), followed by determination of nucleotide identity with sequences
stored in the international gene bank database.

Genomic DNA was isolated from daily bacterial cultures using the Purelink Genomic DNA
Kit according to the manufacturer's protocol (Invitrogen, Carlsbad, USA). DNA concentration in
samples was determined on a Qubit® 2.0 fluorimeter using the QubitTM dsdna HS Assay Kit (Life
Technologies, Oregon, USA). A 16S rRNA gene site was used as a genetic marker. For
amplification of the 16S rRNA site, 25 ul of reaction mixture was prepared: 12.5 ul of Q5® hot
Start High-Fidelity 2x Master Mix (New England Biolabs Ins., USA); a pair of universal primers:
8F (5-AGAGAGTTGATCCTGCTCAG-3) and 806r (5-GGACTACCAGGGTATCTAAT-3)
[Vegas E.Z.S., Nieves B., Araque M., Velasco E., Ruiz J., Vila J. Outbreak of infection with
Acinetobacter strain RUH 1139 in an intensive care unit // Infection Control and Hospital
Epidemiology. - 2006. - Vol. 27. - P. 397-404.] 1.2 pl at a concentration of 10 uM; DNA matrix
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and water up to 25 pl. The application regime consisted of the following cycles 95°C for 5 min,
then 95°C for 30 s, 55°C for 40 s, 72°C for 50 s for 30 cycles; elongation at 72°C for 10 min.

PCR products were purified using CleanSweep™ PCR Purification (Life Technologies,
Carlsbad, CA).

Sequencing of bacterial 16S rRNA gene fragments was performed using the Big Dye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) according to the
manufacturer's protocol (BigDye® Terminator v3.1 Cycle Sequencing Kit Protocol Applied
Biosystems, USA) and then fragments were separated on a 3500 DNA Genetic Analyzer (Applied
Biosystems, Hitachi, Tokyo, Japan).

The sequencing results were processed using SEQ software (Applied Biosystems).
Homologous nucleotide sequences of 16S rRNA genes were searched using BLAST (Basic Local
Alignment Search Tool) in the Gene Bank international database of the US National Center for
Biotechnology Information.

Phylogenetic analysis was performed using MEGA 6 software [Kumar, S., K. Tamura, and
M. Nei. MEGAS: integrated software for molecular evolutionary genetics analysis and sequence
alignment. Brieffings in bioinformatics.\Vol. 5 No 2. 150-163. June, 2004. [PubMed]. Nucleotide
sequence alignments were performed using the ClustalW algorithm. Phylogenetic relationships
were determined using the BLASTN Neiighbor-Joining (NJ) Altschul method [7].

Study of the growth dynamics of yeast cultures in milk whey

In the study of the growth dynamics of yeast cultures over a period of 7 days, the total
number of germinated yeast cultures was determined by the Koch method.

A cell culture has certain optical properties that can determine its density, state, etc. In the
case of bacterial or eukaryotic cell cultures, measuring the optical density within 600 nm indicates
the concentration of cells in the medium. The optical density is measured using a
spectrophotometer.

The 1 ml of the strain suspension was obtained by pipetting and transferred into the cuvette.
When measuring the optical density of the strains Torulopsis kefyr var kumis T17, Kluyveromyces
marxianus SH1, Kluyveromyces marxianus All, Saccharomyces cerevisiae M1, the wavelength
was 585 nm [24].

The Bradford method is a colourimetric method for the quantitative determination of
proteins in solution. It was recommended by the biochemist Marion Bradford in 1976. The Marion
Bradford method: a sample volume is made up to 0.5 ml with water; 0.5 ml of reagent is added:;
mixed and waited for colour development; measured at a nanometre OD600 [6].

Statistical processing method

An important indicator of research is its efficiency. High values can be achieved if the
effectiveness of the work is suitable for generalisation and contributes to the acquisition of new
information. The effectiveness of the conducted research is largely determined by the quality of
planning, designing and conducting the experiment, as well as the depth of analysis of the obtained
results. All of the stages listed above play an equally important role in the conduct of research.

The arithmetic mean, often called the "average", is obtained by adding all the values and
dividing this sum by the number of values in the sample. This can be expressed by an algebraic
formula. The control set of n variables of x can be represented as X1 X2 X3 ..., Xn. The formula for
the arithmetic mean is given by

_ X1+X2 +X3+"‘Xn 4
ST (4)
The more accurate measure of variation or dispersion is the parameter around the arithmetic

mean square. It is based on looking at the deviation of the descriptive values of individual
population units from the arithmetic mean. It uses the method of averaging the deviations of the
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variants from the arithmetic mean, which makes it possible to overcome the difficulties arising
from the fact that their algebraic sum is zero. This approach minimises the calculation of the
squares of the deviations of the variants from the mean, followed by averaging. The mean squared
deviation (o) is the average squared deviation between the calculated values and the actual value

[8]:

— R0
a_\/E_x/—m (5)

Results and discussion

The study of the microbial diversity of fermented milk products and isolation of pure yeast
culture

The milk and fermented milk products are a favourable environment for the development of
many microorganisms. The microflora of dairy products can be divided into specific and non-
specific microflora. The specific microflora of milk and dairy products includes lactic acid bacteria
and propionic acid bacteria, which initiate the processes of lactic acid and propionic acid opening.
In addition, sour milk products contain lactose-degrading yeasts, which are involved in the alcohol
degradation process. The production of fermented milk products is based on microbiological
processes related to the activity of the main microorganisms.

The main types of yeasts found in milk and dairy products are lactose-degrading yeasts -
Saccharomyces lactis, Zygosaccharomyces lactis, Kluyveromyces fragilis, Debaryomyces and
Torulopsis kefir, Torulopsis sphaerica, Candida pseudotropicalis [3].

The microbial diversity of cow's milk and homemade sour cream, kefir, qurt (fermented milk
products) products were studied in the research. The determination of the microflora of dairy
products was carried out in Sabouraud and beef-extract agar nutrient media (Fig. 1).
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Figure 1 - The quantitative and qualitative indicators of total microflora in dairy products

The total microbial diversity of cow's milk and samples of homemade kefir, sour cream and
qurt products was investigated as shown in Figure 1. The total microbial amount of cow's milk
was 4.6x10% CFU/ml, the yeast amount was 3.5x10° CFU/ml, and the total microbial amount of
kefir samples was 3.6x10° CFU /ml, the yeast amount was 2.4x10° CFU/ml. It was found that in
sour cream samples, the total microbial amount was 4.3x10® CFU/m, yeast amount was 2.8x10°
CFU/mI, and in qurt samples, the total microbial amount was 3.5x10° CFU/ml, yeast count was
2.3x10° CFU/m.

The essence of the research is to determine whether yeast is detectable in dairy products, as
a result, the 3 new pure yeast cultures were isolated from the dairy products obtained for the study:
cow's milk, sour cream and qurt.

The study and identification of morphological and cultural properties of yeast cultures
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The morphological and cultural properties of 3 pure yeast cultures isolated from milk and
fermented milk products were studied, the characteristics of the colonies were described, and the
macromorphology and micromorphology were shown (in Table 1).

Table 1 - Morphological and cultural characteristics of yeast cultures isolated from dairy products

Strain Colony morphology Macromorphology Cell morphology

The round shaped p
Surface-smooth @% e
Side view-smooth X
Gloss-transparent ' ﬂe{

Color-white
Edge-smooth
Construction-homogeneous.

All

The round shaped colony,
the color is whitish,

the surface is smooth,

the edge was smooth,

the texture homogeneous.
Cell shape is oval, yeasts

Ml

The round shaped colony,
circle-shaped, size - 1 um,
point, flat, transparency-the
colony is luminous, color-pale
yellow, edge-smooth, wavy.
The structure is fine or coarse-
grained.

consistency-slimy.

T17

Yeast colonies are small,
rounded, whitish in color, and
smooth in surface,

the edge was smooth, the

SH1 texture homogeneous.

Table 1 shows the microscopic picture of the yeast cultures. The microscopy method showed
that the yeast cells are close together and the shape of the cells is oval.

The essence of the study was to determine the presence of yeast in the dairy products
obtained as the object of study. The morphological and cultural characteristics of the isolated yeast
cultures were studied. As a result, yeast strains isolated from the cow's milk product — SH1, qurt —
M1, sour cream — All were obtained as an object of study.

Therefore, the molecular genetic characteristics of 3 pure yeast cultures isolated from
different dairy products were investigated. The identification of species was carried out by PCR.

Polymerase chain reaction (PCR) is a molecular biological technique that allows significant
amplification of low concentrations of certain nucleic acid fragments (particularly DNA) in
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biological material (sample). In addition to DNA amplification, PCR allows many other
manipulations with nucleic acids (insertion of mutations, fusion of DNA fragments) and is widely
used in biological and medical practice, for example, in the diagnosis of diseases (hereditary,
infectious), paternity determination, gene cloning, isolation of new genes [9].

The nucleotide sequences of the ITS region determined during the identification of yeast
cultures are shown.

Kluyveromyces marxianus All

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTATC
AGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCCTG
GAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAAACT
ATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATC
GATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTGAATCAT
CAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTGTTTGAGC
GTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCGGGTTAACT
TGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGA
CTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGCTTGGGTCA
TAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGC
TTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCCGCTGAACTT
AAGCATATCAATAG

Saccharomyces cerevisiae M1

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTATC
AGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCCTG
GAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAAACT
ATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATC
GATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTGAATCAT
CAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTGTTTGAGC
GTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCGGGTTAACT
TGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGA
CTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGCTTGGGTCA
TAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGC
TTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCCGCTGAACTT
AAGCATATCATA

Kluyveromyces marxianus SH1

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTATC
AGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCCTG
GAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAAACT
ATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATC
GATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTGAATCAT
CAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTGTTTGAGC
GTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCGGGTTAACT
TGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGA
CTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGCTTGGGTCA
TAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGC
TTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCCGCTGAACTT
AAGCATATCATA

The phylogenetic analysis was performed and the species of the yeast cultures were
identified (Figures 2, 3, 4).
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KF646170.1:67-717 Kluyveromyces marxianus strain 1-2

MK713494.1:35-681 Kluyveromyces sp. strain PCH397 bunit ribosomae
——— MK713478.1:51-700 Kluyveromyces sp. strain PCH381

@ AL
MT187614.1:38-687 Kluyveromyces marxianus strain Cbm1

MN985331.1:36-685 Kluyveromyces marxianus strain A2

KY103739.1:75-722 Kluyveromyces lactis culture CBS:5669

KF057513.1:51-682 Kluyveromyces dobzhanskii strain LL11 019

0.002

Figure 2 — Phylogenetic tree of Kluyveromyces marxianus All strain

As shown in Figure 2, it was found that the yeast strain All, which was isolated from the
kefir, fermented milk product, belongs to the species Kluyveromyces marxianus.

@ sH1

MN450878.1:41-689 Kluyveromyces marxianus isolate Milk13
MN450867.1:18-666 Kluyveromyces marxianus isolate Milk2
MK973097.1:46-694 Kluyveromyces marxianus isolate JKH7
MK973095.1:46-694 Kluyveromyces marxianus isolate JKH4

MW764711.1:35-681 Kluyveromyces sp. isolate P24-T-5

KY103739.1:75-721 Kluyveromyces lactis culture CBS:5669

KY103761.1:55-697 Kluyveromyces lactis culture CBS:9060

MW710858.1:28-671 Kluyveromyces dobzhanskii strain XZY769-3

0.005

Figure 3 — Phylogenetic tree of Kluyveromyces marxianus SH1 strain.

Figure 3 shows the phylogenetic tree of the yeast strain SH1 isolated from cow's milk. The
yeast culture SH1 was found to belong to the species Kluyveromyces marxianus.

g KJ160631.1:70-796 Saccharomyces cerevisiae strain Y 7-5
T

LCA13776.1:74-797 Saccharomyces cerevisiae [FM 61207

KY 10:5040.1:173-899 Saccharomy ces cerevisiae culture CBS:7539

MH459411.1:100-826 Saccharomyces cerevisiae strain Husl FF7

MT136553.1:34-760 Saccharomyces cerevisiae isolate OM20
@ 1

{ KY 962548 .1:6-729 Saccharomyces cerevsiae isolate FOB

AMS00406.1:33-759 Saccharomyces cerevisiae strain CLUB227 clone

Figure 4 — Phylogenetic tree of Saccharomyces cerevisiae M1 strain.

Figure 4 shows the phylogenetic tree of the yeast strain Saccharomyces cerevisiae. Yeast
culture M1 was found to belong to the species Saccharomyces cerevisiae.

As a result, the 3 pure yeast cultures isolated from dairy products were identified to species
using molecular genetic PCR method and are summarised in Table 2.
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Table 2 — Molecular genetic identification of pure yeast cultures isolated from dairy products

No Strain Name of the strain
1 | Al Kluyveromyces marxianus - All

2 | Ml Saccharomyces cerevisiae - M1

3 | SH1 Kluyveromyces marxianus - SH1

The morphological and cultural characteristics of the yeast cultures were studied by
conventional methods, as well as, the molecular genetic characteristics by PCR analysis.
Therefore, based on the results of these methods the yeast strains were identified to species All -
Kluyveromyces marxianus, M1 - Saccharomyces cerevisiae, SH1 - Kluyveromyces marxianus.

The study of the growth dynamics of yeast cultures in milk whey

Whey is the residual product that remains after the separation and separation of qurd and
cheese in milk processing. The composition of milk whey is about 93% water.

The whey solids consist mainly of lactose or milk sugar. Milk whey contains nicotinic acid,
choline, biotin, vitamins B, A, E, C, calcium and magnesium. Because of its high biological value,
whey can be effectively used as a substrate for industrial purposes [10-12].

In this study the growth dynamics of the pure yeast cultures selected from fermented milk
products - Kluyveromyces marxianus SH1, Kluyveromyces marxianus All, Saccharomyces
cerevisiae M1 and the collection strain of the Department of Biotechnology of KazNU - Torulopsis
kefyr var kumis T17 in normal and optimised milk whey were analysed for 7 days (Fig.5, 6).

1,8
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5 E < marxianus SH1
©3 [ ]
St 1 Torulopsis kefyr var
E «~ 0,8 kumis 717
g S 06 Kluyveromyces
3 ' marxianus All
E 04 Saccharomyces

02 cerevisiae M1

0 o E—
0 24 48 72 96 120 144 168
time/hours

Figure 5 — The growth dynamics of yeast cultures in normal milk whey

Figure 5 shows the growth dynamics of the studied yeast strains in normal milk serum. As
seen in the figure, the most active growth time of the yeast strains was recorded at 96 hours. The
maximum value for the yeast strain Kluyveromyces marxianus SH1 was 1, 37x10° CFU/ml,
Kluyveromyces marxianus All - 1, 43x10® CFU/ml, Saccharomyces cerevisiae M1 - 1, 52x10°
CFU/ml, Torulopsis kefyr var kumis T17 — 1,6x10° CFU/ml.
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Figure 6 — The growth dynamics of yeast cultures in optimised milk whey

The growth dynamics of yeast cultures in optimised milk whey is shown in the figure 6. The
best result were observed in 96 hours for all the yeast strains. The maximum growth observed in
the optimised milk whey for the Kluyveromyces marxianus SH1 strains was 2.6x108 CFU/ml,
Kluyveromyces marxianus All - 2.8x108 CFU/ml, Saccharomyces cerevisiae M1 - 3.1x108
CFU/ml, and for the Torulopsis kefyr var kumis T17 - 3.3x10° CFU/m.

The analysis of the biomass accumulation in the yeast culture in an optimized milk whey
was carried out using shakers at room temperature for a period of 7 days. (Figure 7).

= Control = Control with lactose = Kluyveromyces marxianus SH1

= Saccharomyces cerevisiae M12 m Kluyveromyces marxianus Al1 = Torulopsis kefur var kumis T17

0 24 48 72 96 120 144 168

time/hours

Optical density , nm

Figure 7 — The intensity of the biomass accumulation in the yeast culture in an optimized milk

As shown in figure 7, we can observe that all yeast cultures have the most active biomass
harvesting ability in 96 hours. The most active biomass accumulation ability was 2.03 nm for
Saccharomyces cerevisiae M1 strain.

The study showed that yeast cultures in optimised whey had more active growth dynamics
than those in normal whey.
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In recent years, there has been an increase in the demand for bioethanol due to factors such
as excessive environmental pollution, rising oil prices, and descreasing raw material reserves.
Bioethanol production is currently developing, exploring different production technologies, raw
materials and substrate sources.

Conclusion

Yeast cultures isolated from dairy products and milk whey can effectively be used as research
objects for bioethanol production.

The results obtained from this research allow us to draw several conclusions:

1. The total microflora of dairy products was analyzed. It was found that the total microbial
amount in raw cow's milk was 4.6x10% CFU/ml, with a yeast amount of 3.5x10° CFU/ml. In sour
cream, the total bacterial count was 4.3x108 CFU/ml, and the yeast count was 2.8x10® CFU/m.
The three pure yeast cultures were isolated from these products.

2. The isolated yeast cultures were identified as Kluyveromyces marxianus SHI,
Kluyveromyces marxianus All, and Saccharomyces cerevisiae M1.

3. It was found that the growth dynamics of the Saccharomyces cerevisiae M1 strain in an
optimised yeast culture medium is more active compared to those of the Kluyveromyces marxianus
SH1, Kluyveromyces marxianus All, and Torulopsis kefir var kumis T17 strains.
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W3YUYEHUE JUHAMUKHU POCTA JPOKKEA HA MOJIOYHOM CBIBOPOTKE

AHHOTALUSA

[IpomblmenHass nepepabOTKa MOJOYHOM CBIBOPOTKM IO3BOJISIET PEAIM30BATh IIPUHIIMIIBI
0€30TX0IHON TEXHOJIOTHH, YBEIIMYUTH PECYPCHI TOTHOLEHHBIX MPOAYKTOB TUTAHUS K KOPMOB, 00€CIICUUTD
PEHTa0ENbHOCTh MPOM3BOJCTBA M HCKIIOUWTH 3arpsi3HEHHE OKpyskaromed cpedpl. lIpombinuieHHas
nepepaboTKa MOJIOYHOM CHIBOPOTKM B HACTOAIIEE BpEMs OCYLIECTBIAETCS IO TPEM OCHOBHBIM
HamnpaBJICHUSIM: KOMIUIEKCHOE HCIOJb30BAaHHE BCEr0 CYyXOro OCTaTKa; H3BJICUEHHE M TIIyOOKoe
(pakuMOHUpOBaHME OTIENBHBIX Hauboiee LEeHHBIX KOMIIOHEHTOB; HampaBlicHHAs XHUMHUYECKas,
Q)epMeHTaTI/IBHaSI U 6I/IO.HOI‘I/IT-IeCKaSI TpaHC(i)OpMaHI/ISI OTACIBbHBIX KOMIIOHCHTOB, C LCJIbIO ITOJIYYCHUS
MPOMBIIIUIEHHO Ba)XXHBIX NPOM3BOAHBIX. B Xoze wuccnemoBaHus wH3ydeHa MHKPOGIOpa MOJOYHBIX
NPOAYKTOB M BBIACICHBI YHCTHIE KYJIBTYpHl Apoxokeil. OnpezneneHsl MOp¢OJIOro—KylbTypaabHble
CBOWCTBA, NMPOBEICHA MOJICKYJISIPHO-TCHETHUYECKasi WACHTHU(QHUKALUS IpOXoKed 10 BHAa. | eHeTnueckuit
aHalIM3 BBUIBWJI B AITUX oOpasuax mnepcrnektuBHbie mrammbl — Kluyveromyces marxianus SH1,
Kluyveromyces marxianus All, Saccharomyces cerevisiae M1. Ilenbto qaHHO#M pabOTHI SIBJISETCS H3yICHHE
MHUKPOQIIOPEI MOJIOYHOKHCIBIX OaKTEPUi U MACHTH(HKALUS ITAMMOB APOXOGKEH 10 BUAA.

KaroueBble coBa: 1poXxoku, KyJabTypa, OMO3TaHOI, MOJIOYHAS CHIBOPOTKA, IITAMM.

MPHTH: 34.27.19
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CYT CAPBICYBIHJA AHIBITKDBI JAKBIJIIAPBIHBIH OCY ITUHAMUMKACBIH
3EPTTEY

doi:10.53729/MV-AS.2024.02.12

Tyiiin

CapbICyibl ©HEPKACINTIK OHJEY KaJABIKCHI3 TEXHOJOTHA MPUHLMITEPIH JKy3ere achlpyFa, TOJBIK
a3BIK-TYJIIK TICH JKEMIIIOT PeCypCTaphiH KOOEHTyTe, OHIIPICTIH PeHTA0CTBAUIITIH KAMTAMAaChI3 €TYTe )KoHE
KOpIIaFraH OPTaHBIH JIACTAaHYBIH JKOIOFa MYMKIHAIK Oepermi. CaphICyabl ©HEPKICINTIK OHIEY Kaszipri
YaKBITTa YIII HET13r1 OarbIT OOMBIHINA XKY3€re achIpbUIabl: OapibIK KYPFaK KaJIABIKTHI KeIICH 1 Nalijanany;
JKeKe Oarajpl KOMIIOHGHTTEPHl ally JKoHE TEpeH (pakIusiay; OHEPKOCINTIK MaHBI3IL OHIMICPAl ary
MaKCaThIH/Ia YKEKeJIeTeH KOMIIOHEHTTEPiH MaKCaTThl XUMUSIIBIK, (PepMEHTATHBTI HEMece OUOJIOTHSIIBIK
TYpJIEHYI.

3eprTey OapbIChIHIA CYT OHIMACPiHIH MUKPO(DIOPaCchl 3ePTTENII, Ta3a allbITKbI AaKbUIAAPH! OOTiHIIT
aNbIHIBL.  MOpQOJIOTHSAIBIK—KYIbTYpaBABIK KACHETTEPl 3€pTTENill, ambITKbUIAPAbIH MOJCKYIaIbIK-
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TeHETHKAIIBIK 9JIiC HeT131Hae Typre NeiiH nACHTUPHUKAIUICH XKYpri3ingi. [ eHeTHKanbIK Tangay HoTHXKecl
OOMBIHIIA TIEPCIIEKTUBTI IITaMaapel Typre uaeHTudukamusmanmsr: Kluyveromyces marxianus SH1,
Kluyveromyces marxianus All sxome Saccharomyces cerevisiae M1. Bya >KyMBICTBIH MakcaTbl CYT
KHIMZEPiHIH MHUKPOQIIOPAChIH 3ePTTEy KOHE AIBITKBl IITAMMAAPLIH TYpPre ACHIH HIACHTU(HUKALUIAY
0OJIBII TaObLIAEL.

KinTri ce3aep: ambITKpUIAD, TAKBLT, OMO3TAHOI, CYT CAPBICYHI, IITAMM.

21 FaceIpaarbl CYT OHEPKACIOl YIITIH pecypcTap/IblH TayChLIybIHA KOHE KOpIIaFraH OpPTaHBI
cakTay KaXeTTUIiriHe 0aiaHbICThI SKOJIOTUSIIBIK Ipo0iieMaliap epeKiie ©3eKTi OOIbIN TaOblIabl.
Ochburaiiiia, cyapl TYTBIHY JKOHE CApKBIHIBI CyJdapabl Oypy OOWMBIHINA HETi3Tr1 SKOJOTHSUIBIK
KOPCETKIIITep MOHUTOPHHTIHIH JKallbl cajallblK KYHECiH Kypy, COHAal-aK eHAIpiCTiH
SKOJIOTHSUTBIK KAYITICI3ITIHIH 9IICTEMECIH 931pJiey KaKeTTUIIT TYbIH/Ia Ibl.

CyT eHepkociOiHeT] JKaFIai bl TaNIay CYT MIUKI3aThIH KeIIeH 1 KaJIIBIKChI3 MaigalaHyFa,
oprypimi  (YHKIMOHANABIK MakKcaTTapFa apHalfaH Kemll KOMIIOHEHTTI OHIMIEPHIiH KeH
ACCOPTHMEHTIH JKaHA TEXHOJIOTHUSIIBIK OHIIPICTI JaAMBITYFa OaFbITTalIFaH FRUIBIMU 3EPTTEYIEPIiH
€H ©3€KTI €KEHIH KOPCETEeI1. CYT HEeT131, )KaHa TEXHOJIOTHSUTBIK KaOIBIKTap bl )KaHAPTY KOHE KYPY,
IHEPreTUKAIIBIK MOCEJIeIIep/Ii eIy -, PecypcTap/ sl YHEM/ICY, CYT OHIIPICiH Kackuianaspy [1].
OTaHAbIK XKoHE XaJbIKApAJIbIK TOKipHOene >KoFapbl TaFaMJIbIK JKOHE OMOJIOTHSUIIBIK KYHIBLIBIFBI
Oap KOHE aFrbIHABI CYNIapAbl €H YJKEH JacTaylibl OOJBIN TAOBUIATBIH CapBICYABI MaiaTaHy
Maceneci menaret KoK. COHFBI JKbULIAPhI CaphICYbl OHEPKICITITIK OHJACY/IIH TPUHITUIITI KaHa
OarbIThl OEJICEH Il KOHE MAKCaTThl TYP/AE KaJBINTACThI - MaKCaTThl OHIMJIEP OOJIBIN TaOBLIAThIH
TYBIHJIBI KOMITIOHEHTTEP/I1, aran aluTKaHAa, ajJKoroibal eHaipy. CapbhICynbl )KETKITIKCI3 OHICY/IIH
HEri3ri cebentepi CYT OHIMAEPIHIH MayCHIMJBIK CHUIATHl JKOHE OHBIH KOHIIEHTPAIMSICHIHBIH
JKETKUTIKCI3iri Oombin TaObutanel. TackiManmay MeH eHJeyre OaiIaHBICTHl KHBIHIBIKTApFa
OaliaHpICTHI (CYT OHIIpY JCHIeHiHIH TOMEHeYi, TachIMalayAblH, *KaObIKThIH KYHBIHBIH ©CYi
)KoHe T.0.) capbICynblH Oip Oeiri maijamaHbplIMaiAbl KOHE KOpi3 KyHelepiHae, COHJal-akK
amarThl Karjainapna (CoHAai-aK Ta3apTy KYWeNepiHiH KOKTHIFBI HEMECe >KETUIMETeHJIr) -
KopIaraH oprara. Ta3apTy KypbUIbICTapbIHBIH KYHBI KOHE Cy alflJIbIHIapbIHA CAPBICYAbI aFbI3ylaH
KEJICTIH 3USIH OHBI OHEPKACINTIK OHICY MAceNeciH o3eKTi ereai. CaphICylbl OHEPKICINTIK OHILY
KAJJBIKCHI3 TEXHOJIOTHSI MPUHIUNTEPIH KY3€re achblpyFa, TOJBIK Aa3bIK-TYJIIK MEH >KEeMIIOl
pecypcrapblH KeOelTyre, OHIIpICTIH PEHTA0eNbAUIINIH KaMTaMachl3 €Tyre »oHe KOpIIaraH
OpTaHbIH JaCTaHybIH KOKOFa MYMKIHIIK Oepei [2].

XKorapbina aiiTeuTFaHAapra OaillaHBICTHI, OCBI caiaja KaiiTalaMma IIWKI3aTThl MaliJanany
MOCEJIECIH IIENIyMEeH OalJaHBICTBl CYT OHIIPICIH >KAaChULAAHABIPYIBI JKYPri3y KaKeT e
KOPBITBIH/IBI KacayFa 00IaIbl.

3epTTey MaTepuaaapbl MeH dicTepi

CYT KBIIIKBUIIBI OHIMIIEPAIH MUKPOOTHIK aTyaHTYPJIIITIH 3€PTTEY JKOHE alllbITKbUIAPIBIH
Ta3a JaKbUIBIH Ol ary 9/ici

3eprTey 00BEKTICI peTiHAE aJbIHFaH CYT OHIMIEPIHIH MUKPOOTHIK alyaHTYPJIUIITT THIFBI3
KOPEKTiK opranapra ery ofici (Kox omici) apKbUTbl aHBIKTAIIBI. OJICTIH MOHI 3€pTTENIN OThIPFaH
cycrieH3usiHbl [leTpu TabakiracblHa KAaTThl KOPEKTIK OpTara €ril, 6CKEH KOJOHHUSJIapIbl caHay
6o Tabbutaab! (Cypet 7). KoxXThIH Karuaackl OOHBIHIIIA MYHAFbI 9P KOJIOHHS O1p KIETKaHbIH
Ko0€I0 HOTHKEC] PETiHAC CaHAIa b, 3€PTTENETIH CyCTICH3USIHBIH OCMNT1T KOJIeMiH KaTThl KOPEKTIK
opTara ery apKbUIbl ©CIIT IIBIKKAH KOJIOHUSIIAPBIH CaHbl HET131HAe 0acTanKel KypaMblHIa KaHIIa
MHUKpPOOPTaHU3M KJIETKajapbl OOJFaHIBIFBIH aiiTyra MyMKiHIIIiK Oepeni. Kebinece Kox omici
OOMBIHIIA KYPri3UIr€H MHKPOOPTaHU3MAEP/Al CaHJABIK AaHBIKTAY HOTHIKENEPIH KIIETKa CaHbI
apKbUTBI eMec, Kononus Ty3eTiH Oipiik (KTh) perinne kepceresi.

Ery 3 ke3eHHeH Typanbl: cyWbuiTy naiibiaaay, [letpu TaOakmiacblHa THIFBI3 KOPEKTIK
opTanapra OTbIPFbI3y, 6CKEH KOJIOHUSIIApAbI CaHay.

Cyitpuity naiibinaay. CyWbUITYIBI CTEpHIIBII KYOBIp CYbBIHIA, CYHBUITYIBIH TYPAKThI
kKod(uIeHTIH TmaiigasaHa OTBIPHIN JaWbIHAANABI, omerTe Oy kodddunent 10 caHbiHA TEH.
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CyiipuiTy maiiblHIAy YLIIH cTepuiii KyObIp CybIH CTEpMIIAlI KYpFak NpoOHupKaigapra 9 mi-neH
Kysinbl. OfaH KeiiH cTepuil MUNIeTKaHbIH KOMETIMEH allbIHFaH 0acTamnKbl CYCIEH3USHBIH 1 M-
1H 9 M1 crepuiiai cysl Oap npodupkara Kysiabl, 0y Oipinmii cyitbuiry, 1:10. bipinmi cyiismTynan
aJIBIHFAH CYCIIEH3USIHBI JKaHA CTEPUJIAI MUIEeTKaMeH apanacTbipajbl. OChbl MUIETKAMEH albIHFaH
CyCHEeH3UsHbIH | M anbim, ekiHmi mnpoOupkara kermipenai, Oyi ekiHmi cyitsuity, 1:100.
Ocplnaiiia KaJFaH CYWbIITYIapibl JaibIHIATabl.

[etpu TabakmaceiHa ery. CycrieH3UsHbI OETTTIK XKoHE TEPEHIIK 9/IICTEpMEH eryre 0oaibl.
berrik omicnien ery anasiHna crepuwil [letpu tabakmanapra epitiireH KOpekTik optadsl 20-30
wi-ieH  Kyaael. Erymi Oenrimi  cydibuitynan  okyprizemi. Crepwini NUNETKaMeH —Ccolkec
cyibTynbIH Oenrit kenemid 0,1 v enrizeni. CycnieH3usiHbI KOPEKTiK opTa OeTine Jlpuranbckuit
HImaTeiHig KeMmeriMeH xasapl. Tabakmamapasl TepmocTtatka 28-30 C TemmeparypachiHza
OipHeIIe KYHIe KaJIbIPaJIbl.

OCKeH KOJOHUsUIapAbl caHay. Ocy KbpUIAaMIbIFbIHA OaitmaneicThl [leTpu TabakmackiHa
OCKEH KOJIOHMSUIAP/bIH CaHBbIH JaKbUIAAYABIH 1-15 ToymiriHeH keiliH caHaiabl. Tabakiiagarsl
KIIOHMSUTAPIBIH OpTallla CaHbIH aHBIKTAW Bl Ja hopmyna OolibiHIIa 1 MII-JeTi KIeTKanap CaHbIH
ecenTeinmi:

ax10™
M = 1
=
MyHAarel, M — 1 Mi-Jeri MUKpOOPTaHW3M KJIETKAIapblHBIH caHbl; a — lletpm
TabaKImachIHAAFBl MHUKPOOPTaHMU3MICP KOJIOHUSACHIHBIH opTama caHbl; 10 -  cydbuITy

KO3 HIIEHTI; N — ery JKYpri3uireH CYHbUITYAbIH PETTIK CaHbl; V — eryre ajblHFaH CyCIIEH3HUs
keJemi [23].

AUIIBITKBl  JTaKbUITAPBIHBIH ~ MOPQOJIOTUA-KYIbTYPaJAbIK KAaCHUETTEpIH 3epTTey JKoHE
uaeHTH(DHUKAIUSIIAY 9JTic

AIIBITKB JAaKbUIIapbiH HHACHTHGUKammsu1ay ITS (reHapanblKk TpaHCKPUTIIMsIAHATHIH
alimak) Tikenel HyKJICOTHATEp Ti30eTiH aHbIKTay 9/1iciMeH, coaH keitin Gene Bank xanbikapanbik
JIepekTep 0a3zachlHIa CaKTadFaH TI30CKTEPMEH HYKJICOTHIATIK COMKECTIKTI aHBIKTAY apKbLIbI
KYPrizimi.

I'eromupix JIHK ennmipymriniy xarramacsina (Invitrogen, Carlsbad, USA) coiikec PureLink
Genomic DNA Kit JIHK-HbI oKInaynayra apHanfaH >KUHAKTHIH KOMETIMEH OaKTepusiapbiH
TOYMIKTIK ecipiaauiepinen Oeminmi. Yarutepaeri JIHK konmentpamuscel  Qubit® 2.0
¢anyopumerpinge QubitTM dsdna HS Assay Kit (Life Technologies, Oregon, USA)
JKUBIHTBIFBIHBIH KOMETiMEH aHbIKTaNAbl. [ eHeTukanbik mapkep petinae pPHK-ubiH 16S reninin
OemiMi KonaaHbULAbL. 16s yuackecin kymeiTy ymin PHK 25 Mkt peakiiust KocTiachlH TaiibIHAa b
12,5 pl Q5® hot Start High-Fidelity 2x Master Mix (New England Biolabs Ins., USA); om6¢6an
npaiimepiiep  xkyOer: 8F  (5-AGAGTTTGATCCTGCTCAG-3"') xome  806r  (5'-
GGACTACCAGGGTATCTAAT-3") [Vegas E.Z.S., Nieves B., Araque M., Velasco E., Ruiz J.,
Vila J. Outbreak of infection with Acinetobacter strain RUH 1139 in an intensive care unit //
Infection Control and Hospital Epidemiology. - 2006. - Vol. 27. - P. 397-404.] 10 uM
koHuentpauusaa 1,2 mxir; JIHK marpunace xone cy 25 ul geiiin. Anmnmudukanus pexxuMi keneci
HUKIIepAcH Typabl: 5 munyT imiaae 95°C, comgan keiin: 95°C— 30 cexynn, 55°C — 40 cexyHn,
72°C - 50 cek - 30 nuki; 10 munyT immiage 72°C ke3iHae JIOHTallus.

IITP - enimai Tazapty CleanSweep™ PCR Purification (Life Technologies, Carlsbad, CA)
peareHTiHiH KOMETIMEeH KYPri3iiii.

bakrepusimapaeiy 16S rRNA reHiHiH ¢parMeHTTEpiH peTKe KeNTipy OHIIPYIIiHIH
xaTTamachiHa coiikec Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
AKIII) >kubIHTHIFBIH KOJAaHa OTHIPRIN Kyprizuiai (BigDye® Terminator v3.1 Cycle Sequencing
Kit Protocol komman6ansr Biosystems, AKIII), coman keitin ¢pparmentrepai 3500 DNA Genetic
Analyzer reneTukansik ananuzaropbeiaa 6enai (Applide Biosystems, Hitachi, Tokyo Japan).
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Cexsenupiney Hatmwxkenepi SEQ (konganbansr Biosystems) 6armapnamacsinaa egaeni. 16S
rRNA  rTeHzmepiHiH TOMOJOTHSUIBIK  HYyKJIeoTuAaTik  Tiz0erin  izmey AKII  ¥arTeik
OMOTEXHOJIOTHSIIBIK aKmapaT opTanblFblHBIH Gene Bank Xanbikapanblk gepekrep Oa3achiHaa
BLAST (Basic Local Alignment Search Tool) 6arnapimamacsl apKbUTBI KY3€Tre aChIPBUIIBI.

Owmnorenerukanslk Tangay MEGA 6 OarmapiamManblK jKacaKTaMachlH KOJIAHY apKbLIBI
xyprizinai [ Kumar, S., K. Tamura, and M. Nei. MEGAS: integrated software for molecular
evolutionary genetics analysis and sequence alignment. Brieffings in bioinformatics.Vol. 5 No 2.
150-163. June, 2004. [PubMed]. Hykneotunrep tizoerin typanay Clustal W anroputmin KoiijgaHa
OTBIPBIIN XKyprizingi. @unoreneTukanbK TybicTapasl anbikray BLASTN Neiighbor-Joining (NJ)
Altschul omici apkpuasl xyprizinmi [18].

AIIBITKBI TaKbUTIAPBIHBIH CYT CapBICYbIHA 6CY TMHAMHUKACHIH 3€PTTEY

AUIBITKBI TAaKBULIAPBIHBIH 7 TOYJIIK 6CY TUHAMHUKACKIH 3€PTTEY OapbIChIH/IA, OCKEH aITBITKBI
JAKbUIAPBIHBIH JKaJIbl caHbl KOX 9/1iC1 apKbUTbI aHBIKTAJIJIBI.

Kacymanblk qakbUl ©31HIH THIFBI3ABIFBIH, JKaFIalblH KOHE T.0. aHBIKTAH ajaThlH OENTii
Oip omnTHUKaNBIK Kacuerrepre ue. bakrepmanmpl HeMece SYKapHUOTTHIK JaKbUI Kacyllajaapbl
JKaFJAlbIHA ONTHKAIBIK THIFBIBABIFEIH 600 HM apalbIFbIHIA OIIICYy, OpTaJarbl Kacyliaiap
KOHIICHTPAIUACHIH KopceTeli. ONTUKAIBIK THIFBI3IBIKTHI OJIIIEY CIEKTPO(HOTOMETP KOMETIMEH
KYprizisneni.

Jlo3aTopMeH anbIHFaH IITaMM CYCIICH3MSICHIHBIH KIOBETafarbl Kesemi 1 M Ooimbl.
Totulopsis kefyr var kumis T17, Kluyveromyces marxianus SH1, Kluyveromyces marxianus All,
Saccharomyces cerevisiae M1 mTamaapbIHBIH ONTHKAIBIK THIFBI3ABIFGIH OJIIIEY OaphICHIHIA
TOJIKBIH Y3BIHIBIFBI 585 HM-/1 Kypanasl [24].

bpendopn omici - epiTiHAigeri aKybI3mapAbl CAaHIBIK AHBIKTAYIBIH KOJOPUMETPHSIIBIK
onicrepiniH Oipi. buoxumuk Mepuon Bpeadopa 1976 xbuisl yebiaran. Mapuon bpandopa Oaici:
yirinig kenemi cymen 0.5 mi aeitin kerkizuteni; 0.5 Ml peareHT KOCBUIAJIbI; apaacThIPBLIBII
XoHe 00syabIH AaMybl KyTineni; OD600 nanomerpinze enmenineni [25].

CTaTUCTUKAIBIK OHJICY dIIC]

FrimeiMu-3epTTey JKYMBICBIHBIH MaHBI3/IBl KOPCETKINN OHBIH THIMAUIIIT  OOJBIIT
TaObUIaabl. JKYMBICTBIH THIMALUIIT KalMbUIayFa )KapaMJbl JKOHE KaHA aKmapar ajayFa bIKHal
€TETIH JKaFJaiiapJa >KOFapbl MOHJIEPre KoJ JKeTkKizyre Oomnaapl. JKyprizuireH 3epTreyiepiiH
TUIMIUTITT KeOiHece JKCIEPUMEHTTI JKOcmapiay, KO JKOHE OTKi3y camachiMeH, COHJai-ak
aJBIHFAH HOTWXKENIEpl Taljay TEePEHIITIMEH aHBIKTANIaAbl. 3epTTeYyJepal KYpridyae aTajFaH
OapibIK Ke3eHaep Oipaeii MaHBI3IbI POJT ATKAPAIbL.

Kebinece «opramay aen atajgaThlH opTalia apuMeTHKAIBIK MOH 0apJIbIK MOHAEPIl KOCY
KOHE OCBHl COMaHBbI YJTiJAEeri MOHAEp caHblHA Oeily apKbUIbl ayblHAIbl. MyHBI anreOpaibik
dopMya apKbpUIBI KOpCeTyre 00iaabl. X alHBIMAIBICHIHBIH N OAKbUIAY JKUBIHBIH X1 X2 X3 ..., Xn
TYpiHzae kepceryre Oonaapl. OpTama apupMETUKAIBIK IaMaHbl aHbIKTay (OpMyJIachl Kenecizen
OenruieHeni:

_ X1+X2+X3+"‘Xn
_ Jatabati (g

Bapuanusiael HeMece AUCTIEPCUSTHBI CUTIATTAUTBIH JOJIIPEK KOPCETKINT apu()METHKAITBIK
opTaiia MOHHIH aiHaJIachIHAAFbl OMIIMSA-OpTallia KBAAPAaTTHIK MOH. O MOMYNSLHUSHBIH JKEKe
OIpJIIKTEPIHIH CUNATTaMaIbIK MOHJACPIHIH apu(PMETHKAIBIK OpTajaH aybITKYbIH KapacThIpyFa
Heri3genred. by karnaiina HycKanapaslH apu(PMETHKAIBIK OPTAIIaJaH aybITKYBIH OpTallanay
oMicl KONMaHBUIaABI, Oy ONapablH anreOpaiblK KOCBIHIBICBIHBIH HOJTe TEH OOJybIHA
0aliIaHbICThl KUBIHIBIKTHI )KEHYTe MYMKIHAIK Oepeni. by Tocin azaldiTaTbiH ecenTey KBaaparrap
aybITKYJIap HYCKaJapblH opTaila KeWiHHeH ycpenHeHueM. Opraiia KBaJpaTThIK aybITKY (G) -
JMCTIEPCUSHBIH KBaapat Tyoipi [11]:
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— Vo = 2 GiDf
og=+o= T (4)

Hotu:kesiep :koHe oJ1apAbl TAJIKbLIAY
CYT KbILIKBUIIAB OHIMAEPIIH MUKPOOTHIK alyaHTYPJILIITIH 3€pTTEY KOHE AIlbITKbUIAPIbIH
Ta3a MaKbUIBIH Oein ary

CyT ’koHE CYTKBIIKBUIIBI OHIMIEP]T KONTETeH MUKPOOPTAaHU3MIEP/IIH JaMybIHA KOJIAUITBI
KOpPEKTIK opTa Oomibim Tabbuiampl. CyT eHIMAEPIHIH MUKPO(MIOpachiH CIENU(PUKAIBIK JKOHE
cnenn(UKaIBIK eMec er 0ein KapacTeipyFa 6o1aabel. CyT )KoHE CYT OHIMICPIHIH Cenn()UKaIBbIK
MUKpPOQIIOpachIHa CYTKBIIIKBUIIBIK 5KOHE MPOMUOHKBIIIKBUIIBIK allly MPOLECTePiH KO3IbIPaThIH
CYTKBIIIKBUIIBI OaKTepusiap, MPOMUOH KBIMKBULILI OakTepusiap >kataabl. COHBIMEH KaTap
CYTKBIIIKBUIBI OHIMAEP/E CIUPTTIK ally MPOIECIHIH KO3ABIPFBIIITAPHI JIAKTO3a BIIBIPATYIIIBI
alIBITKBI  CaHBIpAyKYJIAKTap  KEe3JeCei. CYTKBIIKBUIABI ~ OHIMAECPAI  ally  Heri3ri
MHUKPOOPTaHM3MICP/IH OCJICEHAUTINIMEH OalIaHBICTBl MHUKPOOHMOJIOTHSUIBIK — IPOIECTEPTE
HeTi37eNe/.

CyT XoHE CYT 6HIMIEpiHJE KE3JCCEeTIH allbITKbIIAPAbIH HEri3ri TypJepi JiakTo3a
BIIBIPATYIIIBI amIbITKbUIAP - Saccharomyces lactis, Zygosaccharomyces lactis, Kluyveromyces
fragilis, Debaryomyces »xone Torulopsis kefir, Torulopsis sphaerica, Candida pseudotropicalis
xatazsl [3].

3epTTey >KYMBICHIHBIH OapbICHIHIA CUBIPp CYTIHIH JKOHE YH »KarmalblHIa JalbIHIAIFaH
KaiiMak, aipaH, KypT eHIMAEPiHIH MHKPOOTHIK amyaHTypuiuliri 3eprremingi. CyT eHiMIEpiHiH
MukpodopaceiH anbikTay Cadypo xone EITA xopekTik opTanapeiaaa xxypriziami (Cyper 1).

Cyt

mXMC

B AIIBITKBI

Kannbl MEKpoSTHIK can x 108 KTE\ma
o Ll N w BN (8] [e2]

Cyr Aiipan Kypr  Kaiimak
Cyr enimzepi ® AWbITKbl B KMC

Cypert 1 — CyT eHIMIEPIiHIH >KaJIbl MUKPO(DIOPACHIHBIH CaH/IBIK JKOHE CaIlajblK KOPCETKIIITEePl

1 cyperTe KepceTiIreHIel, CUBIp CYTIHIH JXOHE YW KaFlaWblHAa TalbIHIAIFaH aipaH,
KaiiMaK, KypT eHIMAEPIHIH YITUIepiHiH Kbl MUKPOOTHIK alyaHTYpitiri 3eprreningi. Cubip
CYTIHIH aJmbl MUKPOOTHIK CaHbI — 4,6x106 KTB\mu, AIIBITKBIIAPIBIH CaHbI — 3,5x10°% KTB\mu
Kypaca, aifpaH YITinepine Kaamsl MUKpPoOTHIK caH — 3,6X10° KTB\Mi1, allbITKbUIapABIH CaHBI —
2,4x10°% KTB\Mi1 TeH 6OIsL. Kaiitmak ynrinepinae »aiambl MAKPOOTBIK CaHbl — 4,3x10° KTB\mu,
AIBITKBUTAPABIH caHbl — 2,8X10° KTB\mu1, an KypT yirinepinie *ajimbl MUKPOOTBHIK CaHBI —
3,5x106 KTB\mu, AIIBITKBIIAPIBIH CAaHBI — 2,3x108 KTB\MJi1 6OJIaTBIH/IBIFbI AHBIKTAJIIBL.

3epTTey JKYMBICHIHBIH MOHI CYT OHIMJEPIHAE AalIbITKbIIAPIBIH KE3[ECETIHIH aHBIKTAY,
HOTHIKECIH/IE 3epTTEYTe AJIbIHFaH CYT OHIMJICPIHEH — CHBIP CYTi, KaWMaK KoHE KYPTTaH allbITKbI
JAKBUITAPBIHBIH KaHa 3 Ta3a NaKbUTbl OOTIHIM aJTbIH/IBL.

AUIBITKBl  JTAaKBUITAPBIHBIH  MOPQOIOTUSA-KYIbTYPAIABIK KACHUETTEpPIH 3epTTey JKOHE
UIeHTU(DUKAIUSTIAY

CyT ’KoHE CYTKBIIIKBUIABI OHIMAEPACH OONiHIN albIHFaH AalIbITKBUIAPBIHBIH 3 Ta3a
JAKbUTIAPBIHBIH MOP(OJIOTHSIIBIK JKOHE KYJIbTYPAJIbJIBIK KACHETTEPl 3ePTTEiHIIN, KOJOHHSIIAPHI
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epeKIIeNiKTepl CUMATTaJbII, MakpoMmopdosnoruscel MeH Mukpomapdoioruscsl (1-kecrezne)
KOPCETIITEH.

Kecre 1 - CyT eHiMJIepiHEH OOMIHIN abIHFAH AlIBITKBI JAKBUIIAPBIHBIH, MOP(GOIOTHS — KYJIBTYPabIbIK
KacueTTepi

Kiertka

akpl1 | Kosmouust MOpGhoIoruscel Maxkpo MOp(hOTOTHSICHI
Hlax Po P PP MOP(}OJIOTUSCHI

ITimmnixi -nexrenek. beri —
teric. JKaHbIHAH KopiHici
— teric. JKbUITBIPIIBIFBI —
menaip. Tyci — ak. leTi-
teric. Kypbuibichi—
OipTeKTI.

All

Kononus mimini-
JTOHTENICK, TYCi- aKIIbLI,
OerTi- Teric,

HIeTi-Teric, KYPhUIBIMBI-
OiptekTi 6onasl. Knetka
MIITiHI conakma
(dhopMaibl, alIbITKbLIAP

M1

Kosonus MIIIiHi-
JIOHTeTICK, eHoep
Topi3ai. Memmiepi- 1 MM,
HYKTEJIK, TEeric, TOMIIAK,
MOJITipIIiTi- KOJIOHHMSI
JKapKbIparaH,
MOJIIIP.TYCI-aKIIbLI Caphl,
[IETi- TETiC, TOJKBIHIIEL.
KYpBUIBIMBI- yCaK H/e ipi
TYHIPIIIKTI.
Koncucrennuscer-
HIBIPBIIITHI, CO3BUIMABI.
ANIBITKBI KOJIOHUSTAPHI
yCak, MillliHi- JeHTeNleK,
TYCi- aKIbLI, OETi- TeTic,
LIETi-Teric, KYpbUIBbIMBI-
O1pTeKTi OONIIBL.

T17

SH1

l-xecreme  amBITKBl  JAKbUIIAPBIHBIH —~ MHKPOCKOTHSUIBIK ~ KOPIHICI  KOPCETUITEH,
MukpockonTay OapbIChIHAA AIIBITKBl KIETKAJIAPBIHBIH Oip-OipiHe >KaKbIH OpHATACKAHBI JKOHE
KJIETKaIapIbIH (hopMajiapbl COMaKIIa, )KYMBIPTKA TOPi3/i O0JIaTHIHIABIFEI AHBIKTAJIJIBI.

3epTTeyliH MOHI 3epTTey OOBEKTICI peTiHe alblHFaH CYT OHIMIEPIHIE AIIbITKbUIAPIbIH
KE3/IECETIH/IITIH aHBIKTay MaKcaThbIHAA XKYpri3uial. besmiHin ajablHFaH amIbITKBI JaKbLIAapbIHBIH
MOP(]OTOTUA-KYyIBTYypAIIBIK KacueTTepi 3epTreninai. Hotmxkecinme, 3eprey 00BeKTici peTiHmue
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aJIbIHFaH cUbIp cyTi eHiMiHeH —SH 1, kypTTan - M1, kaiimakran - All ambITKe! mTamaapsl OeiHiI
AJBIH/IBI.

OPTYpPIIi CYT OHIMAEpiHEH O6IiHIN albIHFaH allbITKBUIAPABIH 3 Ta3a MaKbLUIAAPBIHBIH
MOJICKYJIAJBIK-TCHTHKAIBIK Kacuerrep 13eprremiin. [ITP omici apkpuisl Typiaepre Aeilin
uACHTH(DUKAIUS KYPTi3UIIi.

[Tormumepasapt Ti30ekTi peakius (ITTP) - Guonorusinsik Matepuanaa (CblHaMaia) HyKJICHH
KBIIKBUTBIHBIH Oenrini 0ip pparmentrepiniy (aram aittkanaa JJHK) marsiH KOHIIEHTPAUSCHIHBIH
alTapJIBIKTal ©cyiHe KOJ )KEeTKI3yre MyMKIHIIK OepeTiH MoJieKyanblk ouosorus omici. JJHK-nbI
Kymentynen 6acka, [ITP Hyk/lenH KbIIKbUIIapbIMEH KONTereH 0acka MaHUTYJISIUSIIAp jKacayra
MYMKiHAIK Oepeni (mytanusiiapasl enrizy, JJHK ¢parmentrepin OipikTipy) KoHE OMOIOTHSIIBIK,
MEAHMIMHANBIK TOXKipuOeae KEeHIHEH KOJNJAHBUIAIbI, MBICATBI, aypyldaplbl TUATHOCTHKAIAY
(TYKpIM KyaJaWTBIH, XYKIAJbl), oK€ OOJyIbl aHBIKTAy, TCHAEPIl KJIOHAAY, >KaHa TeHACPIl
okmraynay [12].

AIIBITKB JTaKbUIIAPBIH HIeHTU(UKanusiay OapbichiHIa aHbIKTanFad ITS aiiMakThIiH
HYKJICOTUATIK Ti30€KTepi KOPCETIITEH.

Kluyveromyces marxianus All

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTAT
CAGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCC
TGGAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAA
ACTATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTC
GCATCGATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTG
AATCATCAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTG
TTTGAGCGTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCG
GGTTAACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAG
TCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGC
TTGGGTCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAG
GCATACGGCTTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCC
GCTGAACTTAAGCATATCAATAG

Saccharomyces cerevisiae M1

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTAT
CAGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCC
TGGAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAA
ACTATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTC
GCATCGATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTG
AATCATCAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTG
TTTGAGCGTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCG
GGTTAACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAG
TCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGC
TTGGGTCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAG
GCATACGGCTTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCC
GCTGAACTTAAGCATATCATA

Kluyveromyces marxianus SH1

CGTCTGAACAAGGCCTGCGCTTAATTGCGCGGCCAGTTCTTGATTCTCTGCTAT
CAGTTTTCTATTTCTCATCCTAAACACAATGGAGTTTTTTCTCTATGAACTACTTCCC
TGGAGAGCTCGTCTCTCCAGTGGACATAAACACAAACAATATTTTGTATTATGAAAA
ACTATTATACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTC
GCATCGATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTG
AATCATCAAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGGGGGCATGCCTG
TTTGAGCGTCATTTCTCTCTCAAACCTTTGGGTTTGGTAGTGAGTGATACTCGTCTCG
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GGTTAACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCAAG
TCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTTTGCGCCAATTCGTGGTAAGC
TTGGGTCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAG

GCATACGGCTTTAACCAAAACTCTCAAAGTTTGACCTCAAATCAGGTAGGAGTACCC
GCTGAACTTAAGCATATCATA

OunoreHUKAabIK TAJIAaY >KYPri3iiil, ambITKbl JaKbUIAaps! Typre Aeiin ansikTanasl (Cyper
2,3, 4).

KF646170.1:67-717 Kluyveromyces marxianus strain 1-2

MK713494.1:35-681 Kluyveromyces sp. strain PCH397 bunit ribosomae
—— MK713478.1:51-700 Kluyveromyces sp. strain PCH381
@ Al

MT187614.1:38-687 Kluyveromyces marxianus strain Cbom1

MN985331.1:36-685 Kluyveromyces marxianus strain A2

KY103739.1:75-722 Kluyveromyces lactis culture CBS:5669

KF057513.1:51-682 Kluyveromyces dobzhanskii strain LL11 019

0.002

Cyper 2 — Kluyveromyces marxianus All mTaMbIHbIH (UIOTCHETHKAIIBIK aFaliibl

2 cypeTTe KepceTinreHjel, aiipan eHiMiHeH OeiHIN anblHFaH All ambITKbl MITaMBIHBIH
Kluyveromyces marxianus TypiHe sKaTaTbIHIbIFbI aHBIKTAJI/IBL.

@ sH1
MN450878.1:41-689 Kluyveromyces marxianus isolate Milk13
MN450867.1:18-666 Kluyveromyces marxianus isolate Milk2

MK973097.1:46-694 Kluyveromyces marxianus isolate JKH7
MK973095.1:46-694 Kluyveromyces marxianus isolate JKH4

MW764711.1:35-681 Kluyveromyces sp. isolate P24-T-5

KY103739.1:75-721 Kluyveromyces lactis culture CBS:5669

KY103761.1:55-697 Kluyveromyces lactis culture CBS:9060

MW710858.1:28-671 Kluyveromyces dobzhanskii strain XZY769-

0.005

Cyper 3 — Kluyveromyces marxianus SH1 mrraMbIHBIH (QUIIOrEeHETHKAIBIK AFAILBI

3 cyperTe cublp CyTiHeH OeiiHin anbiHFaH SH1 ambITKbl MTaMBIHBIH (UIOTEHETHKAIBIK

araribl kepcerinred. SH1 ambITKbl 1akputbiHBIH KIUyveromyces marxianus TypiHe skaTaThbIHIbIFbI
AHBIKTAJIJIBI.
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g KJ1680631.1:70-796 Saccharomyces cerevisiae strain Y 7-5
2 { LCA13776.1-74.797 Saccharomyces cerevisiae [FM 61207
KY 105040.1:173-899 Saccharomy ces cerevisiae culture CBS:7539
MH459411.1:100-826 Saccharomyces cerevisiae strain Husl FF7
MT136553.1:34-760 Saccharomyces cerevisiae isolate OM20
®

{ KY 962548 1:6-729 Saccharomyces cerevsiae isolate FO6
AMO00406.1:33-759 Saccharomyces cerevisiae strain CLIB227 clone 7

Cypet 4 — Saccharomyces cerevisiae M1 mraMbIHBIH (HIOT€HETHKAIIBIK aFaIllbl

4 cyperre Saccharomyces cerevisiae amIbITKbl ITAMBIHBIH (DHIIOTCHETHKAIBIK aFalllbl
KepceriireH. M1 alIbITKbl JaKbUIBIHBIH Saccharomyces cerevisiae TypiHe »KaTaTbIHBIFbI
AHBIKTAJIIBL.

3erTey JKYMBICTAPIbIH HOTIKECIHAC CYT OHIMIEpiHEH OOIIHII aJbIHFaH alllBITKBIIAPIBIH 3
Taza  JaKpUIAapbl  MoJieKyna-TeHeTukanblk [ITP  omictepi  apkpuibl  Typre  JAeHiH
UACHTU(DUKAIUSITAH B, KOPBITBIHIBICH 2 - KECTE/Ie KOPCETIIreH.

Kecte 2 — Cyt eHiMIepiHeH OOiHIN ajbIHFAH AlIBITKBLIIAPIBIH Ta3a NaKbUIIAPBIHBIH —MOJICKYIJIbIK-
TCHETHKAJIBIK, UJICHTH(DUKAIHASCHI

No CrIHaMaHBIH aTaybl Typaix aTaysr
1 All Kluyveromyces marxianus - All

2 M1 Saccharomyces cerevisiae - M1

3 SH1 Kluyveromyces marxianus - SH1

ATIBITKBI JaKbUIAAPBIHBIH MOP(OJIOTUA-KYIBTYPAJIbIBIK KACHETTEPI IOCTYPIIl 9/1iCTED JKOHE
MOJIEKyJIa-TeHETUKAIBIK KacueTTepi [1TP-ananm3i OoibIHIIA 3€PTTENIHIN XKOHE OCBI JMIICTEPIIH
HOTIKeci OoiibiHIIa ambITKel mTamaapbl Kluyveromyces marxianus - All, Saccharomyces
cerevisiae - M1, Kluyveromyces marxianus - SH1 typre aeitin naeHTHUKAIHSITAHIbL.

AUIBITKBI JaKbUIAAPBIHBIH CYT CaphICYBIH/IA 6CY THUHAMUKACHIH 3€pPTTEY

CyT capbICybl — CYTTi ©HJIey apKbUIbl cy30€ MEH ipIMIIIKTI a)XbIpaThil, OOJIN anFaHHAH
KeWiH KaJlaThlH KaIAbIK 6HIM. CYT capbICybIHBIH KypaMbl maMamMeH 93%-bl cyian Typajbl.

CappicyiblH KYpFaK 3aThl HETI3IHEH JIAKTO33aJaH HeMece CYT KaHThlHAH Typansl. CyT
CapBICYBIHBIH KYPaMbIH/Ia HUKOTHH KBIIIIKBUIBI, XOJIUH, 0M0THH, B TOOBIHEIH, A, E, C nopymenaepi
JKOHE Kanbluii, marHuil ke3znmecemi. CyT capbICybIHBIH Oalf OMONOTHSIIBIK KYHIBUIBIFBIHA
0ailTaHBICTHI OHBI OHIIPICTIK MaKcaTTa CyoCcTpaT peTiHAe THIMII naiaananyra 6omams [7].

3eprrey OapbIChiHAA CYT KBINIKBUIABI ©HIMiaepaeH Oeminin aibiaFaH - Kluyveromyces
marxianus SH1, Kluyveromyces marxianus All, Saccharomyces cerevisiae M1 ambITKbl Ta3a
JMakbUIIapbIiHbIH koHe Ka3z¥V OumorexHonorust kadenpachlHBIH KOJUICKIUSIIBIK IITaMbI —
Torulopsis kefyr var kumis T17 KamsIlThl jKOHE ONTHMH3ALHUSIAHFAH CYT CapBICYbIHIA ©CY
JUHAMUKACHI 7 Toyiik 60iisl 3eprreninai(Cyper 5, 6).
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18

16

14
x 12 —o— Kluyveromyces
£ marxianus SH1
sz 1 .
EZ ~—Torulopsis kefyr var
: %08 kumis 717
L§ S 06 Kluyveromyces
£ ' marxianus 411
= 04 Saccharomyces

0.2 cerevisiae M1

0 +—u¢
0 24 48 72 96 120 144 168

yakbIT/car

CprT 5- AIHI:ITKBI JAaKbUIAAPBIHBIH KAJIBIIITHI CYT CAPBICYbIHAA 6CY JUHAMHUKACHI

5 cyperTe 3epTTeyre ajablHFAaH allbITKbl IITAMIAPBIHBIH KaJBIITHl CYT CAPBICYBIHIA ©CY
JTUHAMHKACKl KepceTiired. CypeTTeH KopreHiMi3AeH, alllbITKbI IITaMIaphl YIIIiH €H OeJICeH/ Il ocy
yakbITBl — 96 cararta Tipkenai. Kluyveromyces marxianus SH1 ambITKel IITaMbl YIIiH €H
MakcuManael MoH — 1,37x10°% KTB\wm, Kluyveromyces marxianus AI1 — 1,43x10°% KTB\mu,
Saccharomyces cerevisiae M1 — 1,52x10% KTB\mun, Torulopsis kefyr var kumis T17 — 1,6x10°
KTB\mi kypazpl.

4
3,5
3 / S
e T
2 27//L —— Torulopsis kefyr var

kumis 717
15 / Kluyveromyces
/// marxianus A11
1 Saccharomyces
// cerevisiae M1
0,5 /

0 24 48 72 96 120 144 168

yakbIT/car

MHUKpPOOTBIK KJIETKa CaHBI X 108 KTB\mn

CprT 6— AH.II:ITKI:I AAaKbUIAAPBIHBIH ONITUMU3AlUAJIaHTaH CYT CAPBICYBIH/Id 6CY JTUHAMUKACHL

6 CyperTe ambITKhl JaKbUIAPBIHBIH ONTHMH3AIMUIAHFAH CYT CapbICYbIHIA ©Cy
JTUHAMHUKAChl KOPCETIITeH. AMIBITKBI JaKbULIAPHBIH Oapiblrbl 96 cararra OeliceHnl oecy
JMHAMHKAChIH KepceTTi. OnTumu3anusuianran cyT capbicybinaa Kluyveromyces marxianus SH1
AIIBITKBI IITAMBI YIIiH €H MakcuMaiasl MoH — 2,6x108 KTB\wu, Kluyveromyces marxianus AIl —
2,8x10® KTB\mu, Saccharomyces cerevisiae M1 — 3,1x108 KTB\mn, Torulopsis kefyr var kumis
T17 — 3,3x10° KTB\mxn Kypazs! Kypajsl.
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AI_HBITKBI AAKbULAAPBIHBIH ONTHUMU3aIUWATIaHTaH CYT CapbICYbIHIAd 6HOMacca JKHUHAy
KaOUTeTTIIrl 7-TOyNiK apajbIFbIHAa, O6lMe TeMmIepaTypachlHaa TepOeTKIl JKaFraaibIHaa
xyprizinai (Cyper 7).

® Bakpuiay ® Bakpliay JIaKTO3aMeH = Kluyveromyces marxianus SH1

Saccharomyces cerevisiae M12 m Kluyveromyces marxianus A11 = Torulopsis kefur var kumis T17

OHTI/IKaJ'II:IK TBIFBI3ABIK, HM

——
I
I
s
H
—
I
—
I
H

—
I
I
I

H

0 24 48 72 96 120 144 168
YaKpIT/caF

Cyper 7 — AIIBITKBI TaKbUTIAPBIHBIH ONTUMU3AIMSUIAHFAH CYT CaphICybIHa OMoMacca JKHHAY
KapKBIHIBLTBIFBI

7 cypeTrTe KepceTinreHaeHl, OapiblK ambITKbl JaKbUIIAPBIHBIH 96 cararta eH OenceHml
Omomacca XkMHAy KaOlJIeTTimiriHe me ekeHiH Oaikail amambiz. EH Oencenal Omomacca >KuHAY
Kabijzertiairia - Saccharomyces cerevisiae M1 2,03 am TeH OOJIIBL

3epTTey HOTHIKECIHAC allbITKhl NAKbULAAPBIHBIH KAJBIITHI KaFAalIarel CYT CapbICybIHA
KaparaH/a, ONTHUMH3AlMAJIaHFaH CYT CapbICybIHAa OeNCeHIll ecy AMHAMHUKACBIH KOpPCEeTeTiHi
AHBIKTAJIJIBL.

CoOHFBI KbUTIAPI SKOJIOTUSIHBIH [IaMaJIaH ThIC JTACTaHYBI, MYHall O0aFachIHBIH apTybl KOHE
IIMKI3aT KOPBIHBIH a3ai0bl OMO3TAHOJ OHIIPICIHIH CYpaHBICHIH apTThipyna. Kasipri kesme
OMOATAaHON OHJIPICI JaMbIll, OHBl OHAIPYIIH SPTYPJi TEXHOJOTHSUIAPHI, MIMKI3aT, CyOcTpar
Ke3/1epi TadbuTyIa.

KopbIThIHABI

3eprTey OOBEKTLIEpI PETiIHJAE allbIHFaH CYT OHIMJIepiHCH O6IiHIN ajbIHFaH allbITKbI
JAKBUTAPBIHBIH JKOHE CYT CapbICybIH OMO3TAHOJ OHIIPICIH/IE THIM/II KOJIaHyFa O0mabl.

AJBIHFaH HOTHIKENEP KeJeci KOPBITHIH IBUIAP I J)KacayFa MYMKIHIIK Oepei:

1. CyT eHIMAEpIHIH Xalmbl MHKPOQIOpPAChl 3EPTTENIHIN. CHBIP MUKl CYTIHIH JKaJIIbl
MHUKPOOTHIK canbl - 4,6x10° KTB/Mi, ambITKeInapasH casbl - 3,5x10° KTB/Mn xypamsl, KaiiMak
OHIMIH/IE YKaJIbl MUKPOOTHIK CaHBI - 4,3x10% KTB/m, aIIBITKBIIAPIBIH CaHBI — 2,8x108 KTB/mi
00MaThIHABIFBl aHBIKTANABl. CYT OHIMJAEpIHEH alIbITKBUIApABIH 3 Ta3a AaKbULIApbl OeiHiI
QJTBIH]TBI.

2. Cyr eHiMzepiHeH OeJIiHIN ajblHFaH Ta3a ambITKbl aakbuigapein  Kluyveromyces
marxianus SH1, Kluyveromyces marxianus AIl, Saccharomyces cerevisiae M1 typre neiiin
UICHTU(DHUKAIUSIIAHBI.

3. AmBITKBI JaKbLUIIapPBIHBIH ONTHMHU3AIMSIAHFaH CYT capbicyaa Saccharomyces cerevisiae
M1 mrtambiabiH ocy auHamukacel Kluyveromyces marxianus SH1 men Kluyveromyces marxianus
AL, Torulopsis kefir var kumis T17 mrramaapeiHa Kaparana OelIceH i eKeHi aHBIKTaJI/IbL.
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