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The aim of the research was to study the accumulation of yeast lipids in the process of cultivation
of strains Pichia anomala IMB Y-5067 and Rhodotorula gracilis IMB Y-5075 with the use of peat as
growing substrate. The object of researches was strains P. anomala IMB Y-5067 and R. gracilis IMB
Y-5075 from “Collection of strains of microorganisms and plant lines for food and agricultural
biotechnology” of SE “Institute of Food Biotechnology and Genomics of the National Academy of
Sciences of Ukraine”. As a raw material, lowland peat which was preliminarily processed with the help
of cavitation or explosive autohydrolysis was used. The accumulation of lipids over the course of
cultivation P. anomala IMB Y-5067 and R. gracilis IMB Y-5075 on non-food substrate — lowland peat
was shown. The effect of pulp explosive autohydrolysis and pulp cavitation processing on biomass
accumulation and lipids synthesis by strains P. anomala IMB Y-5067 and R. gracilis IMB Y-5075 was
researched. It was found that the maximum lipids accumulation by strains P. anomala IMB Y-5067
(9.7 g/dm3) and R. gracilis IMB Y-5075 (8.9 g/dm3) was over the course of cavitation processing of peat
pulp and additional application of salts and yeast extract into cultivation environment.
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One of the possibilities of solving the
problem of energy independence of the country
can be using the alternative energy resources,
in particular, biofuel. Biodiesel is a perspective
alternative energy resource. Biodiesel is mainly
received from agricultural oils or animal fat
and used for substituting oil diesel fuel [1, 2].

Fats and oils of agricultural, animal and
microbiological origin can be a raw material
for biodiesel. The traditional technology of
receiving biofuel for diesel engines is based on
receiving methylic (ethanol) ethers by means
of the reaction of oil etherification by methyl
(ethanol) alcohol during which the process of
oil triglycerides etherification by methanol
(ethanol) with the use of base or acid catalysts
is taking place [1].

Microbiological synthesis is one of the ways
of receiving lipids as a potential raw material
for biodiesel. The lipids of microbiological
origin received in commercial scales will be
able to substitute agricultural oils and animal
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fats. In order to receive microbiological lipids
in industrial scales, it is necessary to have
productive strains-producers and relatively
cheap non-food substrate. Peat can be one of
the kinds of such a substrate [2].

The aim of the work was to research the
accumulation of yeast lipids in the process of
cultivation of strains P. anomala IMB Y-5067
and R. gracilis IMB Y-5075 with the use of peat
as growing substrate.

Materials and Methods

The subject of researches was yeast
P. anomala IMB Y-5067 and R. gracilis
IMB Y-5075 from “Collection of strains of
microorganisms and plant lines for food and
agricultural biotechnology” of SE “Institute
of Food Biotechnology and Genomics of the
National Academy of Sciences of Ukraine”.

Inoculation material was received on malt
wort with 8.0% dry substances content. In
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order to receive inoculation material, the
culture was reseeded from canted malt agar,
yeast cells in quantity of 0.05 dm?® were
carried to 0.25 dm?® volume flask with sterile
fermentation medium and cultivated in
shaker-incubator BIOSAN ES-20 (Lithuania)
with 240 r/min mixing rate at temperature
31 £1°C during 24 hours. Inoculation
material in quantity 10% was brought into
enzymatic medium.

Lowland and highmoor peat (Dnipro-
petrovsk region) in quantity of 50.0 g/dm?3
with the addition of nutritional and growth
substances pursuant to relevant variants
(g/dm?): I — KH,PO, — 2.0; MgSO, — 0.12;
(NH,),PO, — 10.0; yeast extract — 2.0; II —
KH,PO, — 3.0; MgS0O, — 0.18; (NH,),PO, —
15.0; yeast extract — 3.0; III — KH,PO, —
4.0; MgSO, — 0.24; (NH,),PO,— 20.0; yeast
extract — 4.0, were used as a resource of
carbon in enzymatic medium.

Explosive autohydrolysis [3, 4] and
cavitation [5] were used for peat treatment
processing. The medium acidity was defined
with the help of pH-meter “pH-150M”
(Belarus). The yeast was cultivated by deep-
seated periodic way on shakers (240 r/min) at
temperature 31 = 1 °C during 72 hours.

The quantity of lipids was defined pursuant
to[6]. The quantity of dry biomass was defined
by weight method [7]. The concentration of
sugar in the medium and cultural liquid was
defined by spectrochemical method [8].

All the researches were held in three
repetitions, statistical processing of results
was held pursuant to [9] with the help of
Microsoft Excel program. The difference
between two average values was considered to
be true at P < 0.05.
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Results and Discussion

Peat is a rather compound substrate for
proximate consumption by microorganisms, and
that is why it requires treatment (processing)
[10]. In order to learn the accessibility of peat
pulp macrocomponents for microorganisms
without treatment, the strains R. gracilis
IMB Y-5075 and P. anomala IMB Y-5067
were cultivated on fermentation medium —
pulp with lowland and highmoor peat. The
cultivation of strains R. gracilis IMB Y-5075
and P. anomala IMB Y-5067 on the pulp of
lowland peat is presented on the Fig. 1.

The Fig. 1 shows that strains P. anomala
IMB Y-5067 and R. gracilis IMB Y-5075 have
the ability to accumulate reducing substances
during cultivation. It is shown that the most
accumulation of reducing substances was
during the third day of cultivation for both
cultures, herewith strain P. anomala IMB
Y-5067 accumulated 1.5 g/dm? of reducing
substances and strain R. gracilis IMB Y-5075 —
accumulated 1.6 g/dm?, further cultivation led
to decrease of reducing substances levels.

In order to compare accumulation of
reducing substances on the pulp of highmoor
peat, the cultivation of strains R. gracilis IMB
Y-5075 and P. anomala IMB Y-5067 was held.
The results of the research were presented on
the Fig. 2.

The Fig. 2 shows that accumulation of
reducing substances in cultural liquid over
the course of cultivation of strains P. anomala
IMB Y-5067 and R. gracilis IMB Y-5075 on
fermentation medium with highmoor peat is
less than the one over the course of cultivation
on breeding environment with lowland peat.
The source of energy necessary for life-
sustaining activity of yeast-producers of lipids
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Fig. 1. Using the pulp of lowland peat for P. anomala IMB Y-5067 and R. gracilis IMB Y-5075 cultivation
Hereinafter: as control was a peat without culture
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can be a different carbohydrate containing
raw material in which the main component is
carbonhydrates. Accumulation of reducing
substances (monosugars) in fermentative
mixture says about the capability of yeast to
peat polysaccharides hydrolysis.

In further researches, lowland peat was
chosen as fermentation medium, and the
cultivation of strains P. anomala IMB Y-5067
and R. gracilis IMB Y-5075 on fermentation
medium with lowland peat was held. The
received results are presented on the Fig. 3.

The Fig. 3 shows that strains P. anomala
IMB Y-5067 and R. gracilis IMB Y-5075
accumulated lipids on the substrate with
lowland peat, although the concentration
of lipids was less than 2.0 g/dm3. This can
be conditioned by the fact that peat consists
of inhibitors of microorganisms growth
and development — humic acids and humic
substances [10].

= e
Rl

oN B RN

Concentration of reducing
substances, g/dm*
o o o o

: ‘ :' :

1

In order to decrease their influence
and improve the accessibility of substrate,
preliminary processing of peat pulp
by explosive autohydrolysis was held.
The received product after explosive
autohydrolysis was used as strains cultivation
substrate (Fig. 4).

The Fig. 4 shows that after explosive
explosive autohydrolysis on the third
cultivation day accumulation of reducing
substances increased in comparison with
accumulation of reducing substances onmedium
with unprocessed peat pulp to 2.5 g/dm? for
P.anomala IMB Y-5067 and to 1.5 g/dm? for
R. gracilis IMB Y-5075. Accumulation of lipids
and biomass after explosive autohydrolysis of
lowland peat pulp on the third cultivation day
is shown on the Fig. 5.

The Fig. 5 shows that after explosive
autohydrolysis accumulation of biomass by
strain R. gracilis IMB Y-5075 in comparison
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Fig. 2. Using the pulp of highmoor peat for P. anomala IMB Y-5067
and R. gracilis IMB Y-5075 cultivation
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Fig. 3. Lipids and biomass accumulation by stains P. anomala IMB Y-5067 and R. gracilis IMB Y-5075 during
cultivation on non-treatment lowland peat
Hereinafter: * — P < 0.05 as compared to control; in Fig. 3, 5, 7 there is no control, because control is a native
peat pulp, where there is no biomass and lipids. For the remaining Figs. control is the amount of reducible pulp
materials (water-soluble sugars)
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with accumulation of reducing substances on
the medium of unprocessed peat pulp increased
from 2.6 to 7.0 g/dm® and accumulation
of lipids increased from 0.5 to 1.0 g/dm?*
Accumulation of biomass by strain P. anomala
IMB Y-5067 over the course of cultivation
on the medium with lowland peat pulp after
explosive autohydrolysis was 2 times higher
than the one on the medium with unprocessed
pulp. Accumulation of lipids by strain
P.anomala IMB Y-5067 with the use of lowland
peat pulp before explosive autohydrolysis and
after it was the same (2.0 g/dm?).

In order to raise accumulation of reducing
substances in cultivating medium, strains
P.anomala IMB Y-5067 and R. gracilis IMB
Y-5075 were cultivated on medium with a
different content of salts, growth factors
and peat pulp which went through cavitation
treatment (Fig. 6).

You can see from the Fig. 6 that addition
of salts and yeast extract influenced over
accumulation of reducing substances in e
medium depending on the strain. The culture
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R. gracilis IMB Y-5075 (2.2 g/dm?) over the
course of using medium pursuant to the
variant I accumulated the most quantity of
reducing substances. In return, the culture
P.anomala IMB Y-5067 accumulated 1.3 g/dm?
over the course of using medium pursuant to
the variant II. Accumulation of lipids by strains
P.anomala IMB Y-5067 and R. gracilis IMB Y-5075
on medium with a different content of salts,
yeast extract and peat pulp which went through
cavitation processing was studied (Fig. 7).

After peat cavitation processing
and addition of salts and yeast extract
accumulation of lipids was intensified on the
72-nd cultivation hour. The most accumulation
of lipids over the course of cultivation of
P. anomala IMB Y-5067 (9.7 g/dm?®) and
R. gracilis IMB Y-5075 (8.9 g/dm?) was
received over the course of using processed
pulp of lowland peat by cavitation and addition
of salts and yeast extract in concentrations
pursuant to the variant III. Over the course of
using other concentrations of salts and yeast
extract accumulation of lipids was less.
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Fig. 4. Using of pulp of lowland peat as a substrate after explosive autohydrolysis

—
=

Concentration, g/dm?
= (%] 4= (=) (e

P. anomala

® Lipids
m Biomass

R. gracilis

Fig. 5. Lipids and biomass accumulation by stains P. anomala IMB Y-5067
and R. gracilis IMB Y-5075 during cultivation on lowland peat after explosive autohydrolysis
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Fig.6.P. anomala IMB Y-5067 and R. gracilis IMB Y-5075 cultivation using different salt concentration
and yeast extract
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Fig. 7. Lipids accumulation by yeasts
P.anomala IMB Y-5067 and R. gracilis IMB
Y-5075 using cavitation peat as a medium

Therefore, the results of the research
testify about the opportunity of using
lowland peat as a resource of carbon for
receiving microbic lipids. Using hydro-
dynamic cavitation as a way of preliminary
processing of water-peat mixture and
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BUKOPUCTAHHSA CYBCTPATY
HHU3UHHOT'O TOP®Y
OJIA RYJIBbTUBYBAHHSA NITAMIB
APIKKIB Pichia anomala IMB Y-5067
TA Rhodotorula gracilis IMB Y-5075

T.C. Kanandupeys', B. O. Kpacinvko?,
I.C. Anapiﬂut2, H. €. Beiiko?,
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lHauiOHaannﬁ YHiBEPCUTET XapuoBUX
TexHoJoriit, Kuis, YKpaina
ZI[Y «IHCcTHUTYT XapuoBOi 6i0TEeXHOJIOTIT
iremomixu HAH Vkpaiuu», Kuis
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MeTor0 poboTu 0yJIO JOCTIANTY HAKOIUUEHHS
apiskmsKoBuX Jimigis mrramamu Pichia anomala
IMB Y-5067 ta Rhodotorula gracilis IMB Y-5075
3 BUKOPUCTAHHAM TOPQY IK POCTOBOTO CYyOCTPATY.
06’exTOoM mociimskeHb Oyau mtamu P. anomala
IMB Y-5067 i R. gracilis IMB Y-5075 i3 «Kojek-
mii mramMiB MiKpoopraHisMiB Ta JiHiN POCIUH A
XapuoBoi i CLIBCHKOTOCIIONAPCHKOI 610TeXHOJIOTi »
Y «IHcTuTyT XapuoBoi 6ioTexHOJIOriI Ta reHOMI-
ku HAH Vkpaiau». Ik cupoBUHY BUKOPUCTOBY-
BaJIu HUBUHHUN TOPY, AKUN MOMepeaHbO 00pO-
0JIsIIM 3a JOIIOMOTOI0 KaBiTarii abo BOyX0BOTO
aBTOrigposisy. Byso mokasaHo HAKOMUUEHHS Ji-
nigiB 3a KyabTuByBaHHA P. anomala IMB Y-5067
ta R. gracilis IMB Y-5075 na HexapuoBoMy Cy0-
cTpati — HuU3UHHOMY TOpdi. [locaigiKeHo BILIUB
BUOYXOBOT'O aBTOTiAPOJIiBy MyJabIINM Ta KaBiTalri-
MHOTO 00PO0JIeHHA MYJIbIIN Ha HAKOIMMUYEeHHA 0io-
MmacHu i cunres jginigis mramamu P. anomala IMB
Y-5067 Ta R. gracilis IMB Y-5075. BcranosaeHo,
110 MaKCUMaJIbHe HaKOMMMYEeHHA JiNiiB IITaMmaMu
P.anomala IMB Y-5067 (9,7 r/mm®) Ta R. gracilis
IMB Y-5075 (8,9 1"//IM3) BimOyBaJsocs 3a KaBiTalri-
MHOTrO 00pO0JeHHA NYyabIN TOPQPY i JO0IaTKOBOTO
BHECEHHS CoJIell Ta APisKIKOBOTO eKCTPaKTY B ce-
penoBuille KyJIbTUBYBaHHA.

Knrwouwosi cnosa: poctoBuii cyocTpar, Topd, Jimi-
Iu apiskmkis, mitamu Pichia anomala, Rhodoto-
rula gracilis.

HCIIOJIb30BAHHUE CYBCTPATA
HHU30BOT'O TOPDA
IJIA KYJIbTUBAPOBAHUS IITAMMOB
JTPOKIKEM Pichia anomala IMB Y-5067
U Rhodotorula gracilis IMB Y-5075
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ITesnbro paboTHI OBLIIO MCCIIEIOBATH HAKOILJIEHE
JUNUAOB IIITaMMaMu APosKKel Pichia anomala
IMB Y-5067 u Rhodotorula gracilis IMB Y-5075 ¢
KCITOJIB30BAHNEM B KaueCTBe POCTOBOTO cyOcTpaTa
Topda. O0BeKTOM HCCIeIOBaHNI OBIIN APOKIKUI
P.anomala IMB Y-5067 u R. gracilis IMB Y-5075
u3 «Kojanexknuu mraMMoOB MUKPOOPTAHU3MOB U
JUHUHN PAaCTEeHUH AJIA MUIEBOU U CETbCKOXO03AM-
cTBeHHOII 0uoTexHogorun» I'O «MHCTUTYT IHUILe-
BoIi 6uoTexHosorun u reaomMuku HAH YKpauHEbI».
B KauecTBe chIpbs MCIIOJIB30BaJIU HU30BOU TOP(,
KOTODPBI IIpeABapPUTEIHLHO 00pabaThIBaAIN C IIOMO-
IITbI0 KaBUTAIIMU WJIN B3PBIBHOT'O aBTOTUIPOJIM3A.
BrL10 mOKas3amno HaKOIJIeHNe JUTUA0B IIPU KYJIb-
TuBupoBanuu P. anomala IMB Y-5067 u R. gracilis
IMB Y-5075 ma menuieBom cybcTpaTe — HUBUH-
HOM Top(e. MccienoBano BiausHIEe B3PHIBHOTO aB-
TOTHUAPOJIN3a U KaBUTAITMOHHOIN 00pabOTKY IYJIb-
Il HA HAKOILJIeHWe 01MOMAacChl U CUHTEe3 JIUIIUI0B
aposke:kamu mrammoB P. anomala IMB Y-5067 u
R. gracilis IMB Y-5075. YcTaHOBJIEHO, UTO MaK-
cuMaJbHOe HaKomjJeHue JunugoB P. anomala
IMB Y-5067 (9,7 I‘/,I_IM3) u R. gracilis IMB Y-5075
(8,9 1‘/11M3) MIPOMCXONJIO ITPU KaBUTAI[MOHHOM 00-
paboTke Topdha 1 JOMOJTHUTEIHHOM BHECEHUU CO-
Je U IPOKIKEeBOr0 9KCTPaKTa B Cpefy KYJIbTUBHU-
poBaHUA.

Knarouesvie cnosa: poctoBoii cyberpar, Topd,
JUOUABL OPOXKIKel, mrammbl Pichia anomala,
Rhodotorula gracilis.
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