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The work is devoted to the search and assessment of the possibility of using alternative carbon sources for the
production of exopolysaccharides by yeasts of the genus Rhodotorula sp. Exopolysaccharides (EPS) are high-molecular
polymer metabolites of microorganisms produced on the outside of cells. They have a high ability to gel, emulsify, and
suspend. The ability to synthesize EPS has been found in many microorganisms, but their level varies widely both for
different EPS producers and for one producer under different cultivation conditions. Therefore, the search for active
producer strains, alternative nutrient media, and the development of effective microbial exopolysaccharide technologies
is an urgent task of biotechnology.

The capabilities of three species of the genus Rhodotorula were evaluated: R.rubra, R.minuta, R.glutinis to secrete
and accumulate exopolysaccharides (EPS) on classical Sabouraud's medium with glucose was evaluated. The maximum
amount of EPS in the culture fluid of R. minuta was determined.

Differential diagnostic Hiss media with maltose, lactose and mannitol were used to determine the use of different
carbon-containing substrates by yeast cultures. The ability of all three studied yeast species to use maltose and mannitol
as a carbon source was established. Accordingly, these substrates were added to the Sabouraud medium in the amount
of 20 g/l, 40 g/l or 60 g/I. It was noted that the maximum amount of EPS in the culture liquid of R. rubra and R. minuta
accumulates under the conditions of using 60 g/l of mannitol as a carbon source. For R.glutinis, the highest EPS indicator
was established on a medium with 60 g/l of glucose.

Keywords: Rhodotorula, exopolysaccharides (EPS), Sabouraud medium, Hiss medium with maltose, lactose and

mannitol.

Introduction. In recent decades, biogenic
exopolysaccharides (EPS) of microbial origin have
been intensively studied as potential agents in food
technology and pharmaceutical development.
Although high cost currently limits the production of
EPS, their properties, in particular, low toxicity,
biodegradability, environmental safety, and the
possibility of synthesis from cheap substrates create
the prospect of their use in various industries and
agriculture (Hamidi et al., 2020; Donot et al., 2012).
Changes in the rheological characteristics of water
systems have led to the use of these biopolymers in
the oil and mining, textile, food, pharmaceutical,
chemical, agricultural, and medical industries
(Hamidi et al., 2019). Microbial EPS have a number
of advantages over plant-based polysaccharides.
They can be produced in the required volumes
regardless of the season and climatic conditions. The
economic feasibility of using microbial EPS is due to
their extracellular nature and high synthesis
productivity on cheap substrates. Unlike chemical
polymers (polyacrylamide), microbial EPS are
resistant to temperature, oxidative, and mechanical
degradation, but are subject to biological degradation
and are non-toxic, which makes their use
environmentally safe (Mahapatra and Banerjee,
2013).
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In Ukraine, the industrial production of EPS is not
sufficiently developed and cannot meet the needs of
target consumers. Today, the principle of "reuse” - the
repeated use of resources for the purpose of greening
production - is attracting the attention of society. This
concept can also be applied to biotechnological
industrial production, when various wastes and by-
products are reused as a nutrient medium to obtain
valuable metabolites.

The ability to synthesize EPS has been found in
many microorganisms, but the level of synthesis of
these polymers varies widely both for different EPS
producers and for one producer under different
cultivation conditions (Okoro et al., 2021;
Osemwegie et al., 2020; Leroy and Vuyst, 2016). The
development of highly efficient technologies for the
production of metabolites important for practical use
is based on the targeted regulation of the biosynthesis
process.

The production of microbial EPS, as well as most
secondary metabolites, is determined by the
composition of the culture medium (the nature of the
carbon and nitrogen source, their concentration and
ratio) (Schmid et al., 2016; Pavlova et al., 2004). The
method of substrate supply and the physicochemical
conditions of cultivation, such as temperature, pH,
and aeration level, are important. The duration of the
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cultivation process, its frequency, and the density of
the medium also have a direct impact on the final
result of cultivation. Changing the conditions of
cultivation of the product leads to changes in the
chemical composition of the metabolite spectrum. In
the case of exopolysaccharides, this is manifested in
changes in the molecular weight and ratio of several
polysaccharides, which necessarily affects the
rheological properties of the resulting EPS
(Silambarasan et al., 2019; Sugumaran et al., 2017;
Torres et al., 2012).

The search for the most productive EPS
biosynthetics is carried out among microorganisms
with low growth efficiency, and optimization of the
technology for the production of microbial EPS
should be associated with the correct choice of
substrate (or mixture of substrates) and cultivation
conditions. Most microbial EPS synthetics use
carbohydrates as a source of carbon and energy. In the
industrial production of EPS, products derived from
sugar beet: molasses, sugar syrup, sucrose, or from
corn: starch, hydrolyzed starch, glucose syrup,
glucose are commonly used as substrates (Wang et
al., 2021; Smelcerovic et al., 2008).

In this regard, the search for active producer
strains, alternative culture media, and the
development of effective technologies for microbial
exopolysaccharides is an urgent problem. In our

opinion, the yeast of the genus Rhodotorula deserves
attention, as it synthesizes polysaccharides on typical
substrates and quickly adapts to new cultivation
conditions.

Rhodotorula species are widespread saprophytic
yeasts that can be isolated from many environmental
sources. Rhodotorula belongs to the genus of
imperfect yeasts in the Sporidiobolaceae family,
which are anamorphic yeasts. The vegetative form of
the organisms usually has a single spheroidal, oval or
elongated cell in malt extracts. Colonies are often
reddish, orange, or yellow as a result of carotenoid
synthesis. The genus Rhodotorula includes eight
species, of which R. rubra, R. glutinis and R. minuta
are the most common (Silambarasan et al., 2019;
Bhama et al., 2014; Thakur et al., 2007).

The aim of the work was to evaluate the
peculiarities of EPS secretion and accumulation by
Rhodotorula yeast cultures under the conditions of
using different carbon-containing substrates.

Materials and methods. Cultures of three species
of the Rhodotorula genus served as research material:
R. rubra, R. minuta, R. glutinis (Fig. 1.). The museum
cultures of microorganisms were kindly provided by
the staff of the D.K. Zabolotny Institute of
Microbiology and Virology of the National Academy
of Sciences of Ukraine, for which we express our
gratitude.
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Fig. 1. Photomicrographs of Rhodotorula species (Bhama et al., 2014; Kot A. et al., 2016; Thakur et al., 2007)

The growth of the yeast inoculum lasted for 48 h
at a temperature of 28 °C and intense stirring at 160
rpm on Sabouraud medium containing: 40 g/l of
glucose and 10 g/l of peptone. The main fermentation
was carried out under similar conditions for 120 hours
on Sabouraud medium.

Upon completion of the cultivation, the amount of
exopolysaccharides (EPS) in the culture liquid was
determined. To do this, the yeast biomass was
separated from the culture liquid by centrifugation for
20 min at 3000 rpm on a CM-3M centrifuge. The
amount of exopolysaccharides was determined in the
fugate by ethanol precipitation. For this purpose, 96%
ethanol (in a ratio of 1:2) was added to the fugate. The
resulting precipitate was then washed with ethanol
after centrifugation (10 min at 6000 rpm) and
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centrifuged again and dried until dry weight was
reached, and the value was recorded gravimetrically
(Ziadi et al., 2018).

To determine the ability of yeast to metabolize
different carbon sources, Hiss medium with maltose,
lactose and mannitol was used. For this aim, variants
of the Hiss medium were prepared according to the
prescription. Sterile medium was poured into sterile
test tubes, the column of liquid was 6-7 cm, (10 ml of
medium). In the thickness of the medium, culture was
sown by injection. The color change of the medium
was observed after 3 days of cultivation. The
appearance of a pink-purple color indicates the use of
this carbohydrate as a carbon source by the yeast
culture. Thus, the optimal carbon source for the
studied yeast species was determined.

Biological systems. Vol.15. Is.1. 2023



After determining the carbon source, Sabouraud's
medium was prepared, where glucose was replaced
by either maltose or mannitol. The amount of carbon-
containing substrate was 20 g/l, 40 g/l and 60 g/I.

Yeast cultivation was carried out in 250 ml conical
flasks. The yeast culture was introduced in the
amount of 2.5 ml, having previously standardized it
according to McFarland to 0.5. In each variant of the
study, the EPS content was determined as described
above.

Statistical processing of the results was carried out
using Microsoft Excel software. Differences in the
results discussed in the paper are significant at the
level of reliability p<0.05 according to the Student's
test.

Results and discussion. We carried out measures
to determine the peculiarities of secretion and
accumulation of EPS by cultures of yeasts of the
genus Rhodotorula.

The basis for choosing this yeast is a number of
characteristic ~ features  inherent  in  these
microorganisms: high growth rate, ability to absorb
various carbon substrates, undemanding to the
mineral composition of the nutrient medium,
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synthesis of a wide range of BAR, relatively easy
process of extracting useful metabolites.

We have previously determined the amount of
exopolycharides produced by this yeast under normal
conditions on Sabouraud medium (Fig. 2).

It was noted that among the three studied yeast
species, R. minuta produces the maximum amount of
EPS - 10.35 mg/ml of culture liquid. The minimum
value recorded for R. glutinis is 8.56 mg/ml.

The ability to produce EPS is a typical property of
representatives of various classes of fungi, including
yeast (Osemwegie et al., 2020). And the main
differences in the number under normal cultivation
conditions or under natural growing conditions are
related to the peculiarities of the biology of a
particular species or even a strain of a microorganism.

It is known that the carbon source will have a
direct effect on both the accumulation of yeast
biomass and the production of major metabolites
(Wang et al., 2021; Sugumaran et al., 2017; Torres et
al., 2012). Therefore, our next step was to identify an
alternative carbon source. For this purpose, we used
the Hiss differential diagnostic test with various
carbon-containing substrates: maltose, lactose, and
mannitol (Table 1).

R. rubra

R. minuta

R. glutibis

Fig. 2. Content of exopolysaccharides in the culture liquid of Rhodotorula yeast

Table 1.

The results of cultivation of representatives of the genus Rhodotorula on Hiss differential diagnostic medium
with different carbohydrates
(- missing color, + present color of different intensity)

Variants of the Hiss medium Representatives of the genus Rhodotorula
R. rubra R. minuta R. glutinis
with lactose - - -
with maltose ++ + ++
with mannitol ++ +++ +++
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These components of the Hiss medium are not too
expensive and therefore will not significantly affect
the final cost of the finished product. Also, they can
become a good alternative for obtaining EPS and
replacing glucose in the standard Sabouraud medium.

All three studied yeast species do not use lactose
as a carbon source, the medium did not change color
and remained yellow. The same variants of Hiss
medium, containing maltose and mannitol, changed
the color to a greater or lesser extent to pink-purple,
indicating the use of these carbon sources by all three
species of Rhodotorula yeast.

It is known that the ability to synthesize EPS
varies widely both for different EPS producers and
for one producer under different conditions of its
cultivation (Okoro et al., 2021; Sugumaran et al.,
2017). Therefore, for each yeast species, we
evaluated the ability to secrete and accumulate EPS
in the culture liquid on media with the classical
carbon source - glucose and with alternative sources
- maltose and mannitol. The classical Sabouraud
medium contains 40 g/L of glucose, so we chose this
amount of carbon-containing substrates and also
varied their amount to 20 and 60 g/L.

We obtained the following results. Thus, for R.
rubra, it was noted that the minimum amount of EPS
accumulates in the culture liquid on medium with
maltose (Fig. 3 A).

Regardless of the amount of maltose in the
nutrient medium, the amount of EPS did not exceed 9
mg/ml of the culture liquid. Maltose, also known as
"malt sugar", is a natural disaccharide consisting of
two glucose residues. It is found in large quantities in
sprouted grains of barley, rye and other grain crops.
It is also found in tomatoes, in the pollen and nectar
of a number of plants. Especially a lot of maltose is
contained in malt and malt extracts. Thus, the
production wastes of different types of beer can be
considered as a promising alternative medium for the
production of EPS.

On the classical Sabouraud medium with glucose,
a clear dependence between the amount of EPS and
the amount of substrate added was observed.

Changing the carbon source from glucose to
mannitol led to an increase in EPS accumulation in
the R. rubra culture fluid: 8.69 mg/l at 20 g/l mannitol
and up to 12.67 mg/ml at 60 g/l mannitol.

A similar dependence was found for R. minuta
(Fig. 3B). Under the conditions of using both glucose
and maltose, an almost identical level of EPS
accumulation in the culture liquid was observed.
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Under both conditions, there is a clear dependence
between the concentration of the substrate in the
culture medium and the amount of EPS. An increase
in the substrate concentration does not lead to a
significant increase in EPS. Under the action of both
substrates, the maximum amount of EPS was
recorded at 11 mg/ml of culture fluid.

The addition of mannitol allows to increase this
indicator to a maximum of 14.7 mg/ml, provided that
60 g/l of mannitol is used in the culture medium. This
is significantly higher than the results obtained with
other substrates, as well as with lower concentrations
of mannitol in the medium.

Mannitol is a hexahydric alcohol related to
mannose, an isomer of sorbitol. It is naturally found
in small amounts in almost all vegetables. Thus, plant
meals and sludges after fruit and vegetable juice
extraction can be considered as an alternative source
of carbon for the production of targeted
biotechnological products.

As for R. glutinis, no positive effect of mannitol
was observed for this yeast species (Fig. 3C).

When both mannitol and maltose were used, the
level of EPS was recorded to be the same, ranging
from 6.5 to 7.5 mg/ml of culture fluid. However, the
use of classical Sabouraud medium compositions
with glucose resulted in the maximum amount of EPS
of R. glutinis. Moreover, the introduction of glucose
in the amount of 20 g/l or 40 g/l did not lead to reliable
changes in the amount of EPS, but increasing glucose
to 60 g/l of the medium made it possible to obtain 1.6
times more of the target metabolite.

Therefore, the secretion and accumulation of EPS
in the culture liquid of the yeast genus Rhodotorula
directly depends on both the biology of the species
and the nature of the carbon-containing substrate and
its amount in the nutrient medium.

Our research on the example of yeasts of the genus
Rhodotorula: R.rubra, R.minuta, R.glutinis made it
possible to evaluate the ability of these three species
to secrete and accumulate exopolysaccharides (EPS)
both on the classical Sabouraud medium with glucose
and on mediums containing maltose and mannitol

We are convinced that representatives of the yeast
genus Rhodotorula can become promising producers
of exopolysaccharides. And the use of various
alternative carbon-containing substrates will allow
the development of an effective and economically
viable technology for obtaining EPS both on a
laboratory and industrial scale.
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Fig. 3. Accumulation of EPS in the culture fluid of R. rubra (A), R. minuta (B) and R. glutinis (C) under the
conditions of using different carbon-containing substrates
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Conclusions
1. The ability of three species of the genus

Rhodotorula (R.rubra, R.minuta, R.glutinis) to
secrete and accumulate exopolysaccharides (EPS) on
the classical Sabouraud nutrient medium with glucose
was evaluated. The maximum amount of EPS in the
culture fluid of R. minuta was determined

2. The ability of all three researched yeast species

to use maltose and mannitol as a carbon source was
established using Hiss differential diagnostic media
with maltose, lactose and mannitol.

10.

18

References:

Bhama S., Paul B., Joseph Theodore RB., Sugathan S..
Rhodotorula species from CAPD fluid. J Acad Clin
Microbiol. 2014; | (16) 38.
https://doi.org/10.4103/0972-1282.134465

Cho D.H., Chae H.J., Kim E.Y. Synthesis and
characterization of a novel extracellular polysaccharide
by Rhodotorula glutinis. Appl. Biochem. Biotechnol.
2001; 95: 183-193. DOI: 10.1385/abah:95:3:183
Donot F., Fontana A., Baccou J.C., Schorr-Galindo S.
Microbial exopolysaccharides: Main examples of
synthesis, excretion, genetics and extraction.
Carbohydr. Polym. 2012; 87: 951-962.
https://doi.org/10.1016/j.carbpol.2011.08.083

Hamidi M., Gholipour A.R., Delattre C. et al.
Production, characterization and biological activities of
exopolysaccharides from a new cold-adapted yeast:
Rhodotorula mucilaginosa sp. GUMS16. Int. J. Biol.
Macromol. 2020; 151: 268-277.
https://doi.org/10.1016/j.ijbiomac.2020.02.206
Hamidi M., Mirzaei R., Delattre C. et al.
Characterization of a new exopolysaccharide produced
by Halorubrum sp. TBZ112 and evaluation of its anti-
proliferative effect on gastric cancer cells. Biotech.
2019; 9: 1-8.  https://doi.org/10.1007/s13205-018-
1515-5

Kot A. et al. Rhodotorula glutinis — potential source of
lipids, carotenoids, and enzymes for use in industries.
Applied microbiology and biotechnology. 2016; 100:
6103-6117. https://doi.org/10.1007/s00253-016-7611-
8

Leroy F., De Vuyst L. Advances in production and
simplified methods for recovery and quantification of
exopolysaccharides for applications in food and health.
J. Dairy  Sci. 2016; 99: 3229-3238.
https://doi.org/10.3168/jds.2015-9936

Mahapatra S., Banerjee D. Fungal Exopolysaccharide:
Production, Composition and Applications. Microbiol.
Insights. 2013; 6: 1-16.
https://doi.org/10.4137%2FMBI.S10957

Okoro 0O.V., Gholipour A.R., Sedighi F., Shavandi A.,
Hamidi M. Optimization of Exopolysaccharide (EPS)
Production by Rhodotorula mucilaginosa sp.
GUMS16. Chem Engineering. 2021; 5: 39.
https://doi.org/10.3390/chemengineering5030039
Osemwegie 0.0., Adetunji C.O., Ayeni E.A. et al.
Exopolysaccharides from bacteria and fungi: Current
status and perspectives in Africa. Heliyon. 2020; 6:

3. The dependence between the amount of EPS

accumulated in the yeast culture liquid and the nature
and amount of the carbon source was established. It
was noted that the maximum amount of EPS in the
culture liquid of R. rubra and R. minuta accumulates
under the conditions of using 60 g/l of mannitol as a
carbon source. For R.glutinis, the highest EPS
indicator was established on a medium with 60 g/l of
glucose.

11.

12.

13.

14.

15.

16.

17.

18.

19.

e04205.
https://doi.org/10.1016%2Fj.heliyon.2020.e04205
Pavlova K., Koleva L., Kratchanova M., Panchev I.
Production and characterization of an
exopolysaccharide by yeast. World J. Microbiol.
Biotechnol. 2004; 20: 435-439.
https://doi.org/10.1023/B:WIBI1.0000033068.45655.2a
Schmid J., Farina J., Rehm B., Sieber V. Editorial
microbial ~ exopolysaccharides from genes to
application. Front. Microbiol. 2016; 7: 306-308.
https://doi.org/10.3389/fmich.2016.00308
Silambarasan S., Logeswari P., Cornejo P.,
Kannan V.R. Evaluation of the production of
exopolysaccharide by plant growth promoting yeast
Rhodotorula sp. strain CAH2 under abiotic stress
conditions. International Journal of Biological
Macromolecules. 2019; 121: 55-62.
https://doi.org/10.1016/j.ijbiomac.2018.10.016
Smelcerovic A., Knezevic-Jugovic Z., Petronijevic Z.
Microbial polysaccharides and their derivatives as
current and prospective pharmaceuticals. Curr. Pharm.
Des. 2008; 14; 3168-3195.
https://doi.org/10.2174/138161208786404254
Sugumaran K., Ponnusami V. Review on production,
downstream processing and characterization of
microbial pullulan. Carbohydr. Polym. 2017;173: 573—
591. https://doi.org/10.1016/j.carbpol.2017.06.022
Thakur K., Singh G., Agarwal S., Rani L. Meningitis
caused by Rhodotorula rubra in a human
immunodefiency virus infected patient. Indian J Med
Microbiol. 2007, 25: 166- 8.
https://doi.org/10.4103/0255-0857.32730

Torres C.A.V., Antunes S., Ricardo A.R. et al. Study of
the interactive effect of temperature and pH on
exopolysaccharide production by Enterobacter A47
using multivariate statistical analysis. Bioresour.
Technol. 2012; 119: 148-156.
https://doi.org/10.1016/j.biortech.2012.05.106

Wang Y.-C., Lin F.-Y., Hsu T.-H. Effects of Nitrogen
from Different Sources on Mycelial Biomass and
Polysaccharide Production and Pellet Morphology in
Submerged  Cultures of  Grifola  frondosa.
BioResources. 2021, 16: 2937-2952.
http://dx.doi.org/10.15376/biores.16.2.2937-2952
Ziadi M., Bouzaiene T., M’Hir S. et al. Evaluation of
the Efficiency of Ethanol Precipitation and
Ultrafiltration on the Purification and Characteristics of
Exopolysaccharides Produced by Three Lactic Acid
Bacteria. BioMed Res. Int. 2018; 1896240.
https://doi.org/10.1155/2018/1896240

Biological systems. Vol.15. Is.1. 2023


https://doi.org/10.3389/fmicb.2016.00308

HAKOIIMYEHHSA EK30IIOJIICAXAPUAIB IPIKIKAMU RHODOTORULA SP.

JI. M. Yeban, JI. M. Bacina

Poboma npucesuena oyinyi modicau6ocmi GUKOPUCMAHHA ANbIMEPHAMUBHUX Odicepen KapOOHy O0aa NpOOyKyii
eksononicaxapudie opidxcoxcamu pody Rhodotorula sp. Exzononicaxapudu (EIIC) — 6UCOKOMONEKVAAPHI NOAIMepHI
Memabonimu MIKpOOpeaHizmMie, w0 HpPOOYKYIOMbCA HA308HI Kiimuuu. Bonu 60100itoms 8ucoxkow 30amuicmio 00
2e1eymBOpeHHsl, eMyIbey8anHs, cycnenoysants. 30amuicme 0o cunmesy EIIC susgneno y bazamvox Mikpoopeauismis,
npome ix pisenb KOIUBAEMbCA 8 WUPOKUX Mexcax AK 07ia pisHux npoodyyenmis EIIC, mak i 015 00HO20 npooyyenma 3a
PI3HUX YMOB KyIbmugyeanus. Tomy nouyK akmuGHux wmamie-npooyyeHmia, aiomepHamueHux JCUSUIbHUX cepedosully
ma po3pobka e@peKmusHux MexHON02il  OMPUMAHHA MIKPOOHUX eK30nonicaxapudie € aKxmyamrbHum 3a80AHHAM
OiomexHon02I.

Ouyineno 30amuicmes mpvox eudie pooy Rhodotorula: R.rubra, R.minuta, R.glutinis cexpemyeamu ma HaKonu4ysamu
exzononicaxapuou (EIIC) na knacuunomy cepedosuwyi Cabypo 3 enoxosow. Bemanosneno makcumanvuy xinokicmo EIIC
¥V KyIbmypanvHiu piouni R. minuta.

B pobomi euxopucmarno ougepenyitino-oiacnocmuuni cepedosuwy Iicca 3 Manvmosor, 1aKmo3010 ma MAauimom
3a07151 8CMAHOBIEHH MONCIUBOCI BUKOPUCTNAHHS KYAbMYPAMU OPIdHCONCI8 DIZHUX KApOOHEMICHUX cybcmpamis.
Bcmanosnena 30amuicme 6cix mpvox 00CaioHCy8aHUX U8 OPIdHCONCI8 BUKOPUCTNOBYBAMU K 0JCepeso KapOoHy
Manemo3y ma manim. Bionogiono yi cyocmpamu 6y10 enecero 0o ckaady cepedoguuia Cabypo y kinvkocmi 20 2/n, 40 2/n
yu 60 2/n. Biomiueno, wjo maxcumanvra xinvkicme EIIC y kynomypansHiil piouni R.rubra ma R.minuta nakonuyyemocs
3a ymos suxkopucmaris 60 o/n manimy sk dxcepena kapoony. [na R.glutinis naiisuwui noxasnux EIIC ecmanosnenuil na
cepedosuwyi 3 60 /1 enokosu.

Kmouosi cnosa: Rhodotorula, exzononicaxapuou (EIIC), cepedosuwe Cabypo, cepedosuwa licca 3 manwmosoio,
JIAKMO3010 A MAHIMOM.
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