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BIOTECHNOLOGICAL POTENTIAL OF MICROALGAE:
STORAGE METHODS AND NON-CRYOGENIC FACTORS
OF CRYOPRESERVATION EFFICIENCY

The review considers the prospects for the use and preservation techniques for microalgal collection samples. Microalgae
have significant biotechnological potential in the food, pharmaceutical, environmental and energy sectors. The paper
analyzes and summarizes current methods of maintaining microalgae cultures with a focus on their stability, preservation
of biological properties, and long-term storage capabilities. The work includes a comparison of different approaches to
microalgae preservation, including batch subcultivation, lyophilization, and cryopreservation. Particular attention is paid
to cryopreservation as an effective method of long-term storage of genetically stable cultures, which minimizes the risk
of losing valuable biotechnological characteristics. The influence of the stage of culture development, cell concentration
in the suspension, cold adaptation, and centrifugation on the survival of microalgae after cryopreservation was determi-
ned. The results obtained are important for the development of biotechnological and environmental programs related
to the use of microalgae.
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Microalgae have a wide geographical and ecocli-
matic distribution in the world, characterized by
high levels of divergence of biological and genetic
properties, different potential for endurance in ag-
gressive environments (more than 70 thousand
species with different resistance to pH, temperature
and salinity have been described). Their consider-
able species diversity and ability to synthesize bio-
logically active substances make them a promising
research object in the fields of biotechnology, food
and processing industry, medicine, agriculture,
cosmetology, production of energy substrates, de-

velopment of “green technologies”, and organic
production. They can also be a valuable model or-
ganism for toxicity studies.

Microalgae present a group of diverse photosyn-
thetic microorganisms (cyanobacteria, diatoms,
unicellular green algae, and some other types of al-
gae) that inhabit soils, fresh and salt water bodies,
and are an integral part of both moderately tradi-
tional and extreme biocenoses. These microorgan-
isms can survive in difficult agroclimatic conditions
and produce a number of compounds useful for
biotechnology: lipids, proteins, carbohydrates, hor-
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mones, vitamins, flavonoids, and others. They are
also a source of indicator and bioactive pigments
(5,7,9,26,28,36,45,52, 53,61, 62, 64,72, 73]. The
particular interest is presented by application of
microalgae as organisms capable of accumulating
solar energy during the process of photosynthesis,
since their energy conversion efficiency is much
higher than that of higher plants [61, 71, 73]. Also,
their ability to absorb carbon dioxide from the at-
mosphere and release hydrogen has the potential
to reduce greenhouse gases and generate alterna-
tive energy [31]. The study of microalgae, including
extreme tolerant and extremophilic species, opens
up new horizons for developing biotechnological
approaches and new areas of their application. Cur-
rent research focuses on ecological adaptation and
studying the potential of using microalgae in bio-
technology, emphasizing their ability to produce
biologically active compounds under stress [11]. As
reported by P. Ledo et al. [40], the extremophilic
microalgae can significantly increase biomass pro-
duction and reduce the risks of environmental pol-
lution in large-scale systems by biodegrading con-
taminants of organic origin. This suggests that ex-
tremophilic microalgae have great prospects for use
in the food, pharmaceutical, cosmetic, and biofuel
industries, offering sustainable and effective alter-
natives to traditional resources [60].

Currently, more than 72,500 potential microal-
gae species have been morphologically character-
ized, of which approximately 30,000 have been
identified by molecular genetic profiles [24]. Their
application for industrial, medical and environ-
mental purposes is possible only due to the unique,
genetically programmed characteristics of these
biological objects [25, 31, 52]. Achievements in the
industrial use of microalgae emphasize the impor-
tance of stable long-term preservation of their cul-
tures in their original state (without phenotypic
and genotypic modifications). This is due to the fact
that genetic changes can lead to a distortion of the
productivity and biological activity of these micro-
organisms, which, in turn, will cause a loss of their
biotechnological value [39]. Throughout the his-
tory of biotechnological research, various methods
of preserving microalgae have been developed, in-
cluding batch subcultivation, lyophilization, and
cryopreservation [24].

The aim of the study was to analyze current ap-
proaches to the biotechnological use of microalgae,
to consider the methods of storing collection sam-
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ples, and to assess the impact of non-cryogenic fac-
tors on cryopreservation efficiency. Particular at-
tention was paid to the role of physiological state of
cells and preparatory procedures to improve the
post-thaw viability of microalgae.

The use of microalgae in biotechnology. The
best-studied genera of microalgae include Arthro-
spira, Chlorella, Chlamydomonas, Coccomyxa, Du-
naliella, and Galdiera. The biochemical composi-
tion of microalgae varies depending on the genus
and species. A particularly important aspect of
biotechnology is the production of -carotene, a
yellow terpenoid pigment, the demand for which
is growing due to its wide range of applications on
the market [27, 55, 60]. Among the known pro-
ducers of B-carotene, the green algae Dunaliella
salina should be noted. This species is extremely
halotolerant, growing in the marine environment
and inland salt lakes, making it the most halotoler-
ant eukaryote discovered to date [33]. The produc-
tion of carotenoids can reach a concentration of up
to 14% of dry weight, in addition, microalgae of
the genus Dunaliella contain astaxanthin and can-
thaxanthin) [7, 11, 28, 35]. Carotene-synthesizing
microalgae include the freshwater psychrophilic
species Mesataenium berggrenii, whose cells syn-
thesize -carotene, neoxanthin, violaxanthin, lu-
tein, zeaxanthin, but not a-carotene. The use of
microalgal carotenoids as textile dyes has expand-
ed the biotechnological potential of both species
beyond the food industry. This underscores the
relevance of research on extremophilic microor-
ganisms and illustrates their promising application
in various industries.

The application of microalgal biomass in the
food industry faces several challenges, including
the need to comply with strict governmental food
safety regulations, high production costs, scalabil-
ity of processes, and consumer acceptance of [30].
Overcoming these obstacles requires significant ef-
forts in biotechnology research.

An important aspect of the microalgae applica-
tion is their antagonistic, antimicrobial, and pes-
ticidal properties. This determines the prospects
for their use in the field of pest control in compli-
ance with organic production standards in the
food and processing industry, agriculture, and
health care [5, 64].

A promising area for the use of microalgae is the
development of environmental safety assurance
systems. Field trials have shown that microalgae in
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industrial pools and meanders can remove up to
99% of dissolved and particulate metals [21]. It
should be noted that wastewater treatment plants
account for approximately 15% of the total 6.4 tons
of cadmium that are released into the aquatic envi-
ronment annually. Cadmium is a heavy metal de-
scribed as an important environmental contami-
nant known for its high toxicity even at low con-
centrations. However, there are studies describing
the extremophilic green microalgae Chlamydomo-
nas acidophila to be tolerant and capable of seques-
tering cadmium in its vacuoles, which emphasizes
its importance in phytoremediation of water re-
sources contaminated with heavy metals [2, 3, 57].

Researchers also consider microalgae to be a
source of biogas and other types of biofuels, which
also determines their biotechnological prospects
in the green technologies segment [2, 3, 9]. One
of the biggest challenges is the development of ef-
ficient and cost-effective systems for the produc-
tion and supply of energy from microalgae, which
requires increasing the productivity and efficiency
of biomass utilization [10].

The wide variety of applications of extremo-
philic and extreme-tolerant microalgae can lead
to the creation of environmentally friendly prod-
ucts: biofuels, bioplastics, cosmetics, biofertilizers.
Investing in research and biotechnological devel-
opment based on microalgae and their products
is promising for the development of many indus-
tries and the improvement of environmental safety
standards [61].

In order to ensure the biotechnological value of
microalgae strains and cultures, a deep and com-
prehensive study of their biological properties is
required. In addition to the selection of produc-
ers of useful substances, it is important to pre-
serve and maintain the stability of their productiv-
ity characteristics during the constant cultivation
and storage of microorganisms. It is important to
identify and certify the biological characteristics
of industrial strains and clones, their biotechno-
logically promising traits, and to collect evidence
of the stability of these characteristics in passages
during cultivation [56].

METHODS OF STORAGE
OF MICROALGAE COLLECTION SAMPLES

The most famous collections containing micro-
algal strains are: The Culture Collection of Algae
and Protozoa (UK), founded in 1947; the Cul-
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ture Collection of Algae at the University of Texas
(USA), founded in 1976; the Culture Collection of
Algae at the University of Gottingen (Germany),
founded in 1953, and the Culture Collection of Al-
gae at the Laboratory of Algology (Czech Repub-
lic), founded in 1979 [4].

The most common way to preserve microalgal
cultures is to keep samples under controlled en-
vironmental conditions. Conventional batch seed-
ing is performed using aseptic microbiological
techniques and involves transferring the inoculum
from the late stationary phase of the culture to
fresh culture medium [45]. This ensures the main-
tenance of the culture in a metabolically active
state. The purpose of storing collection cultures is
to maintain them in healthy physiologically, mor-
phologically, genetically, and biochemically homo-
geneous population. It should be borne in mind
that different ages of subcultures can be character-
ized by different stages of the life cycle of a spe-
cies (for example, in addition to green motile cells
that divide at the early stationary phase, cultures of
Haematococcus pluvialis Flowtow contain orange/
red aplanospores) [53].

The main limitations of the constant reseeding
of microalgal cultures are the selective and artifi-
cial origin of the nutrient medium and incubation
regimes, aligned with their ecological character-
istics. Cultivation under laboratory conditions
can lead to the loss of important biological and
biotechnological characteristics. Examples of in-
stability include a decrease in the size of diatoms
branches, changes in morphology in Micractinium
pusillum Fresenius, and loss of normal pigment
composition in many algae [1]. Additional limita-
tions include the possibility of contamination and
infection of the primary (axenic) culture, misla-
beling, or other errors that can occur with con-
stant manipulation of sterile samples [23]. Studies
have shown that the continuous subcultivation
of algae from different taxonomic groups led to
a number of serious phenotypic changes and loss
of the ability to produce commercially important
metabolites [19], which is likely due to changes in
microenvironmental factors and possible genetic
rearrangements.

In continuous cultivation, conditions can
change dramatically over time, even if the exter-
nal environment remains unchanged and the al-
gae culture has not exhausted any of the required
nutrients. For example, the pH often changes if
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there is no suitable buffer, or some nutrients are
oxidized or otherwise gradually altered, especially
during excessive light exposure [72]. In addition,
conventional batch subculturing is a laborious
and costly process that limits the ability to main-
tain a large number of collection samples and to
maintain multiple microbial lines simultaneously.
There are also risks of interlineage contamination
and loss of pure cultures. To minimize those risks
of conventional subcultivation of vegetative forms,
alternative approaches to the ex situ preservation
strategy for algal and cyanobacterial cultures have
been developed, including freeze-drying and cryo-
preservation.

Lyophilization of microalgae includes 3 phases:
freezing, primary drying, and secondary drying
[25]. The cell culture is first exposed to tempera-
tures of about —40 °C in the freezing phase, then
subjected to vacuum drying at this temperature for
2 hours to induce freeze-drying to remove mois-
ture, and finally, additional dehydration is per-
formed in the secondary drying phase by increas-
ing the temperature to 0 °C. The whole process is
completed by replacing the atmosphere with inert
gases such as nitrogen [34]. Cultures preserved in
this way are stable at room temperature for a shelf
life of up to 5 years and are highly resistant to bac-
terial and fungal contamination due to their low
moisture content [14]. In addition, the samples
have a small volume factor required for lyophi-
lized cultures, and resources are used efficiently by
reducing storage space, energy consumption, and
transportation costs.

W. Daily and J. McGuire [17] laid the founda-
tion for the preservation of microalgae by lyophi-
lizing 32 species of microalgae, of which viability
was observed for 24 species. While studying the
preservation of microalgae after lyophilization, O.
Holm-Hansen in 1963 conducted parallel work
with cryopreservation of samples. He determined
the effect of cooling rate and storage temperature
on the viability of post thaw cultures. It was shown
that for most microalgal cultures, slow cooling
rates and storage temperatures not exceeding
—-100 °C were effective [32]. This was the first ever
study related to the cryopreservation of microal-
gae, which allowed to obtain a viable culture of
blue-green Nostoc muscorum after 5 years of stor-
age. The importance of this discovery is that it was
the longest storage period ever achieved at that
time for Cyanobacteria. However, for green eu-
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karyotic microalgae, the viability at the first stages
of cryobiological research did not exceed 1-5%
[48]. Therefore, since the 70s of the last century,
research on long-term storage has been aimed at
developing technologies for cryopreservation of
microalgae.

CRYOPRESERVATION AS AN EFFECTIVE
WAY OF LONG-TERM PRESERVATION
OF GENETICALLY STABLE SAMPLES

OF CULTURES AND PRODUCTION
STRAINS OF MICROALGAE

Cryopreservation is a technology that is currently
used to preserve biological objects in a viable state
for a long time at cryogenic temperatures, usually
from -80 to —196 °C. At these temperatures, a state
is maintained in which any biological activity, in-
cluding biochemical reactions that could lead to
cell death, is effectively stopped [36, 37, 65]. The
main objective of any preservation strategy is to
guarantee that the organism is representative of its
original forms, as far as possible, without changes
in biological characteristics [16, 19, 20].

Over the past 40 years, centers for biological
resources and biotechnologists have been devel-
oping the methods for cryopreservation of mi-
croalgae. This mostly concerns cyanobacteria,
and for many eukaryotic algal taxa, cryopreser-
vation has either not been applied at all or has
not allowed for a high level of viability of cryo-
preserved samples [18, 66].

Some microalgae, especially Cyanobacteria, can
be preserved frozen under uncontrolled cooling
by directly placing samples in freezers at tempera-
tures from -20 to -70 °C [27]. However, accord-
ing to some researchers, the shelf life of all studied
microalgae under such conditions does not exceed
one month [24, 38]. The maximum shelflife of flag-
ellated algae, such as Chlorella minutissima, Chlo-
rella stigmatophora, Isochrysis galbana, Dunaliella
tertiolecta, with the addition of 5—10% DMSO or
methyl alcohol, does not exceed 5 days, and with-
out the addition of cryoprotectants, they lose their
viability within a few hours [67]. The work of K.
Vozovik et al. [70] showed that storage of Chloro-
coccum dissectum was impossible in a household
freezer (at —18 °C); after 24 hours, viable cells
were completely absent. When a cell suspension of
this microalgae was placed in freezers at —40 and
-70 °C, a significant decrease in the ability of its
cells to form colonies was observed; medium-term
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storage of collection samples is possible for no lon-
ger than 20 days. It is possible that ice recrystalli-
zation and/or intracellular chemical activity cause
a gradual decrease in viability, so that many strains
lose viability within a few days of storage at low
negative temperatures.

Chemical activity and crystal growth during
the cooling phase virtually cease at temperatures
below -130 °C [24]. It is generally accepted that a
population of living organisms is able to survive
cooling-heating processes and can be stored indef-
initely at temperatures below the glass transition
temperature without significant loss of viability
[43]. There is little empirical data on the long-term
low-temperature storage of microorganisms. It
has been shown that bacteria and fungi can retain
high viability after 30 years of continuous cryos-
torage [17, 20]. Most microalgae species, even with
a high level of preservation immediately after the
cooling-warming stage, are not viable after a year
of liquid nitrogen storage [24].

There are a number of critical factors (those that
ensure viability during storage and restoration of
tull functionality afterwards) that can affect the
outcome of cryopreservation, and they differ from
organism to organism [17, 19, 66]. Non-cryogenic
parameters before and after low-temperature stor-
age (culture age, cell concentration, culture tem-
perature, osmotic potential, and composition of
the growth/recovery medium) can affect viability
in the same way as cryogenic parameters (cryopro-
tective mixture composition, cooling and thawing
modes) [17, 19, 29]. Therefore, the development
of effective cryopreservation protocols should in-
clude a detailed assessment of such factors.

INFLUENCE OF THE GROWTH STAGE
OF MICROALGAE CULTURES AND CELL
CONCENTRATION ON VIABILITY
AFTER COOLING AND WARMING

To obtain high viability rates of microalgal cells, a
number of specific parameters must be taken into
account, such as the age of the culture.

Intact cultures in the active phase of growth
(early stationary phase) tend to show higher vi-
ability rates than those in the late stationary or de-
caying phase. At the same time, it was found that
the age of microalgal cell culture is an important
factor affecting the effective cryopreservation of
many species. Out of 17 strains of the genus Chlo-
rococcales, 11 showed high viability after thawing

when cells at the stationary growth phase were
used [46]. Similar results were obtained for 5 spe-
cies of marine microalgae and for the freshwater
Chlorella vulgaris. A higher level of viability was
observed in post thaw cultures that were in the sta-
tionary phase of growth before cooling [50]. This
fact may be due to the fact that older cultures often
lack vacuoles, while the content of lipids, carbohy-
drates and other high molecular weight substances
in the cells increases, which probably contributes
to better results of sample cryopreservation [46].

Cryopreservation procedures for algae usually do
not provide for a certain cell density in the culture
during freezing. An analysis of scientific literature
published before the 2000s revealed the absence
of such information. However, recent articles have
hightighted that the efficiency of cryopreservation
of most species depends on cell concentration in
the culture. No significant difference in the viabil-
ity of cryopreserved samples of green microalgae
at a concentration of 1 to 10 x 10° cells/ml was
shown, but an increase in their number up 20 to
50 x 10° cells/ml led to a significant decrease in
the studied indices. Currently, this is explained by
the fact that during freezing and/or heating into
the medium, one or more specific substances are
released from the cells that reduce the viability
of post thaw culture [8, 54]. Toxic substances are
likely released from cell walls as a result of enzy-
matic processes. This assumption is supported by
the fact that when cryopreserving strains with no
cell wall, no correlation was observed between the
number of cells in the sample and viability. Sec-
ondly, if an extract obtained from cultures with a
cell wall damaged by repeated immersion in liquid
nitrogen was added to the cell suspension before
the cooling stage, then after heating, they showed
a very low number of viable microalgae [8].

Preliminary data obtained by gel chromato-
graphy indicate that the harmful substances re-
leased by cells into the culture medium during
cryopreservation are small (molecular weight
<1.5 kDa), water-soluble, thermostable, organic
compounds [57].

Our studies have demonstrated that the effec-
tiveness of cryopreservation of cells of the halotol-
erant microalgae D. salina, which does not have
a rigid cell wall, depends on both the cultivation
conditions and their concentration in the suspen-
sion (Figure). Ata concentration of 1 x 10° cells/ml,
the survival rate was higher in the culture grown
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The viability of D. salina microalgae cells after cooling to
liquid nitrogen temperature depending on the initial con-
centration of cells in suspension on Ramaraj and 4M Ra-
maraj media (with an increased concentration of sodium
chloride): 1 — control, 2 — Ramaraj media, 3 — 4 M Ra-
maraj media

in Ramaraj’s medium [58] compared to the variant
with a concentration of 1 x 107 cells/ml, respec-
tively. When cells were cultivated in this medium
with an increased sodium chloride content (up to
4 M), the cell concentration did not significantly
affect the preservation level of the cryopreserved
samples. The deterioration of the preservation rate
may be due to an increase in cell density, which
leads to uneven freezing, uneven ice formation, as
cell clusters can cause the formation of large ice
crystals that damage cell walls, changes in osmotic
conditions during cooling.

It can be concluded that the optimal cell con-
centration of some species before cooling is an
important factor for increasing their survival after
heating. This should be taken into account when
preserving microalgae collection samples for fur-
ther use in biotechnology, the food industry, etc.

THE ROLE OF COLD ADAPTATION

OF MICROALGAL CELLS IN

THE DEVELOPMENT OF EFFECTIVE CRYO-
PRESERVATION METHODS

The ability of algae to adapt for extreme conditions
has evolved over time. Recent metabolic studies in-
dicate that plants have developed various strategies
to restructure their metabolism under stressful con-
ditions, but the full range of their adaptation mech-
anisms remains poorly understood [15, 41].

The cellular reactions that chlorophytes and
other microorganisms use to survive at low tem-
peratures have been actively studied only in recent
years, mainly on psychrophilic species [13, 42].

It is obvious that different groups of algae share
common genetically determined defense mecha-
nisms that are activated in response to stress fac-
tors. Thanks to these mechanisms, they are able
to withstand short-term exposure to unfavorable
chemical and physical conditions, including low
temperatures [44, 62]. Our results have shown that
under the influence of cold stress on Dunaliella
salina cell culture, carotenoids and lipid globules
accumulate, which increases the efficiency of cryo-
preservation of this microalgae [11].

The main processes of adaptation include the
synthesis of carotenoids, the production of cold
shock proteins, and the activation of the pentose
phosphate pathway [22, 63]. At the same time,
even a short-term temperature drop of up to 3 °C
can be lethal for the vegetative cells of the blue-
green algae Anacystis nidulans and Chlamydomo-
nas reinhardtii [59, 68]. It has been reported that
the filamentous green alga Cladophora sauteri is
not able to adapt to cold, as its ecological niche is
water bodies where the temperature does not fall
below 10 °C and does not rise above 25 °C [19].
Other algae (e.g., Haematococcus pluvialis) dem-
onstrated the ability to tolerate desiccation and
low temperatures (4—8 °C) during their normal
life cycle. The freezing resistance of the freshwa-
ter alga Klebsormidium flaccidum was significantly
increased by cold adaptation at 2 °C for 2—7 days.
The cell viability after exposure to low tempera-
tures (from -10 °C) was 55 and 85%, respectively,
depending on the number of days of acclimatiza-
tion, which significantly exceeded the viability rate
(10%) obtained from the culture grown at 18 °C
[51]. Biochemical changes accompanying freez-
ing tolerance include the accumulation of soluble
carbohydrates, amino acids, glycosides, as well as
changes in the number and size of starch grains in
chloroplasts, a decrease in vacuole size, and an in-
crease in the size and number of chloroplasts and
cytoplasmic space [19, 69]. On the contrary, culti-
vation in non-acclimatizing conditions or in con-
ditions that promote deacclimatization can lead to
a decrease in cryotolerance.

Thus, the ability of microalgae to tolerate low
temperatures is determined by their taxonomic
features and morphofunctional characteristics.
The study of the impact of cold and other stress-
ors on certain types of algae is extremely relevant,
as, on the one hand, it can help increase the pro-
duction of beneficial metabolites, and on the other
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hand, it can help avoid cell death in culture due to
excessively harsh conditions. According to the lit-
erature, researchers have shown the importance of
cultivating algae at suboptimal temperatures (cold
acclimatization), which led to better cell viabil-
ity after cooling-warming of both freshwater [46]
and marine microalgae [6]. In particular, G. Mor-
ris [47] suggested that the high level of viability of
hardened samples after thawing might be due to
an increase in the percentage of unsaturated fatty
acids in the membrane phospholipids.

Thus, the cold adaptation of most algae affects
their resistance to low temperatures, which can be
used to improve the efficiency and effectiveness of
cryopreservation.

Centrifugation of microalgae cells as one of
the stages of preparation for cryopreservation.
As one of the stages of sample preparation for
cryopreservation, we should consider the meth-
od of sedimentation to concentrate cell biomass.
In laboratory conditions, this cell sedimentation
is performed by centrifugation. Samples of many
microalgae can be centrifuged or, as in the case
of filamentous taxa, thalli can be separated before
treatment with a cryoprotectant [19]. The contri-
bution of these preparatory steps is often over-
looked by researchers. However, the common
practice of concentrating cultures by centrifuga-
tion before freezing and/or removing cryopro-
tectants by pelleting cells before replacing the
supernatant with fresh medium can cause sig-
nificant stress to microalgal cells. Although the
preparatory steps have not been shown to cause
lethal stresses, it is believed that they can make
the organism more susceptible to cryopreserva-
tion [18], as centrifugation creates certain shear
forces that can damage algal cells after warming,
when they are still very vulnerable [69]. In the
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BIOTEXHOJIOTTYHV TIOTEHIIIAJT MIKPOBOJIOPOCTEN: METOIV 3BEPITAHHA
TA HEKPIOTEHHI YMHHMKM EQEKTMBHOCTI KPIOKOHCEPBYBAHHSA

B orsApni po3rsAHYTO IepCIeKTUBY BUKOPUCTAHHSA Ta METOAM 30epexKeHHA KOMIeKIITHUX 3pa3kiB MiKpOBOLOpOCTeI,
AKi MaIOTh 3HAYHMII 6i0TEeXHOIOTIYHNIT TOTEHIa/ Y Xap4oBilt, papMalleBTUYHilT, eKOIOTiuHili Ta eHepreTUYHil ramysx.
Y pobori ImpoBeieHO aHaIi3 Ta y3araJbHeHO Cy4acHi MeTOIM IiATPUMaHHA Ky/IbTYp MiKpOBOJOPOCTell 3 POKyCOM Ha
IXHIO CTabIIbHICTD, 30epeXKeHHs 610/IOTiYHIX BIACTUBOCTENT Ta MOXK/IMBOCTI JOBTOCTPOKOBOTO 30epiraHusA. JocmimKeHHA
OXOIUIIOE MOPIBHAHHA Pi3HUX IMiIXOAIB O 36epe>KeHHH MiKpPOBOJOpPOCTEN, 30KpeMa cepiliHe cy61<yanMByBaHH;1,
modinizaniio Ta kpiokoHcepByBaHHA. OCcO0O/MMBY yBary NpyujileHo KpiOKOHCePBYBaHHIO AK e()eKTUBHOMY METOLY
[IOBIOTPMBA/IOro 36epiraHHA FeHeTUYHO CTabiIbHUX KYIbTYP, L0 ZO3BOMAE MiHiMi3yBaTH BTpaTu LiHHKMX GioTex-
HOJIOTiYHMX XapaKTepUCTHK. Bu3Ha4eHO BI/IMB CTa/jil PO3BUTKY KyNbTyPy, KOHIIEHTpallii KJIiTUH y CyCIIeH3ii, X0nmooBoi
apanranii, neHTpudyryBaHHA Ha BIDKMBAHICTh MIKpOBOZOPOCTel Iic/A KpiokoHcepByBaHHA. OTpuMaHi pesyibraTu
MAIOTh BOX/IVBE 3HAYEHHsI /IS PO3SBUTKY 6i0TEXHOIOTIYHNUX Ta €KOIOTIYHNX IIPOTPaM, OB SI3AHMX 3 BUKOPUCTAHHIM
MiKpOBOJOPOCTEIL.

Kniouosi cnosa: mixpoBonopocTi, 6ioTexHO/Oris, KpPiOKOHCepBYBaHHS, Miodinisalis, Ky/IbTUBYBaHHS, aJalITALIisL.
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