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Abstract. The goal of the study is to optimize the mode of
disruption of the yeast Phaffia rhodozyma KNH 1 by a
vibration-resonant low-frequency cavitator (VLC). The
destruction of the cell biomass of yeast culture P.rho-
dozyma strain KNH 1 was carried out in VLC with water
cooling, the capacity of 800 W, and resonant frequencies of
vibrations of 30 Hz, 35 Hz, 37 Hz, 37.8 Hz, 39 Hz, 50 Hz,
and in the presence of nitrogen in the reaction medium. Our
data suggest that the yield of processed biomass by the
treatment of yeast culture in VLC depends on the culture
age and the mode of the treatment. Thus, for the six-day
culture, we got the highest yield by its processing in VLC at
35 Hz for 75 min. The highest yield from the five-day cul-
ture was obtained after the treatment in VLC for 1 h at
37-37.8 Hz. The lowest yield of the disrupted yeast cells
was obtained after 5 h of treatment in VLC at 37.8 Hz. The
high level of yeast cell disruption can be used for the prepa-
ration of glucans aqueous solutions. Our data show that for
such a level of disruption to treat five-day culture of P.
rhodozyma in VLC at 37 Hz resonance frequency with
nitrogen gas, bubbling through the reaction medium is
economically profitable. For the first time, this study demon-
strates the established optimal mode of destruction of yeast
cells of P. rhodozyma strain KNH1 for the action of the vi-
bration-resonance low-frequency cavitator or VLC. Analysis
of the presented data indicates that the claimed method is
convenient, efficient, and technologically justified.

Keywords: yeast, Phaffia rhodozyma, vibration resonant
low-frequency cavitator.

1. Introduction

Yeast biomass Phaffia rhodozyma, enriched with
carotenoids, is often used as a probiotic for health care
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purposes.'™ However, their tough cell wall makes it diffi-
cult to release the carotenoids.”” Damage to the branched
glucans of the cell wall and the formation of pores in yeast
cells improves the bioavailability of carotenoids in the
organism. Moreover, beta-glucans of different origins
(plants, microorganisms) are used as sorbents of toxins.'"
" Thus, it is important to search for methods of destroying
yeast cells, which promote the facilitated release of caro-
tenoids from biomass and the simultaneous formation of
pores in the beta-glucan layer’s structure.

The basis for stable self-disturbance vibratory
resonance and for the long-lasting cavitation process in
liquids is a periodic energetic influence on cavitation ini-
tiation points, which always exist in liquids. This influ-
ence takes place with a frequency that is equal to or a
multiple of the natural oscillation frequencies of cavitation
initiation points and an amplitude that exceeds their
size."" The advantage of vibration resonant low-fre-
quency cavitators (VLC), along with energy saving, is that
the processed fluid is exposed to magnetic processing by
powerful variable magnetic fields simultaneously with
cavitation, providing a significant synergistic effect on the
quality of final products. The saturation of liquid with
gases increases the number of cavitation initiation points
and thus reduces the strength of intermolecular bonds,
lowering the threshold for spontaneous cavitation phe-
nomena. Cavitation processing of fluids is conducted
mainly in closed-type cavitators without access to the air.
This leads to the degasification of the treated liquid, which
results in a rapid reduction in the number of cavitation
initiation points decreasing the intensity of the cavitation
field and the efficiency of cavitation processing. In order
to reduce the duration of the VLC use and energy con-
sumption in the technical process, it was proposed to per-
form a cavitation processing of liquid under the applica-
tion of gas."” The molecules of dissolved gas significantly
reduce the strength of intermolecular bonds in the liquid,
which leads to the increased formation of cavitation initia-
tion points. The mechanisms of the synergistic action of
gas in the cavitation field have been described by Shev-
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chuk et al.”® The authors suggested that individual clusters
of molecules and atoms of dissolved gas form an inde-
pendent oscillatory system separated from the liquid, i.e.,
invisible micro-bubbles. The system of oscillating micro-
bubbles in the liquid needs to be put into a so-called reso-
nance mode by the external periodic energy influence of
about the same vibration frequency; this is accompanied
by an active increase in the intensity of the micro-bubble
movements in the liquid. With available technology, it is
difficult to keep a volume of liquid in a steady and stable
resonant mode due to the structure of water, which is
closer to being quantum than a molecular one. At the
instant when the bubble becomes a cavitation initiation
point, instantaneous pressure changes occur inside the
bubble, provoking its collapse, which is accompanied by
the formation of a shock wave. If an external energy in-
fluence supports the resonance phenomenon, and new
dissolved gas molecules compensate for degasification,
the process becomes self-sustaining, creating a cavitation
field. In this case, the amount of energy required to main-
tain the micro-bubbles steady resonant vibration cavitation
state is significantly less than in the case when resonance
phenomena do not appear.

The aim of our research is to establish the optimal
mode of disruption of yeast Phaffia rhodozyma KNHI1 by
a vibration-resonant low-frequency cavitator.

2. Experimental

2.1. Materials

The carotenoids-overproducing strain KNH1 was
selected from the wild-type P. rhodozyma NRRL Y-
17268 and generated in our laboratory by ultraviolet- and
nitrosoguanidine-induced mutagenesis. Erlenmeyer
flasks (0.5 L) filled up to 20-24 % with culture medium
(0.9 g/L (NH4),SO4; 1.0 g/ KH,PO4; 0.5 g/L MgSOyx
x5H,0; 0.1 g/l CaCl,xH,0; 2.0 g/L yeast extract (Rea-
nal); 20 g/L glucose; 50 mL of mash concentrate (from
Lviv Brewery)) were inoculated with 0.2 g yeast cells per
liter of medium. The flasks were incubated on a shaker
(200 rev/min) at 293 K for 4, 5, and 6 days. For titration
cells were seeded on a medium supplemented with 2 %
agar.

2.2. Methods

Disruption of the P. rhodozyma KNH1 was carried
out for different time periods in a VLC (800 W) with
water cooling in the reaction medium saturated with nitro-
gen at resonant frequencies 30 Hz, 35 Hz, 37 Hz, 37.8 Hz,
39 Hz, or 50 Hz. Nitrogen was supplied throughout the
process of cavitation at a speed of 0.2 cm’/s. Analysis of
survival (%) and destruction (%) of cells was performed
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by sowing 5 % mash-agar medium of titers of intact and
processed cells for different duration of ultrasonic cavita-
tion. Each experiment was repeated three times.

Scanning electron microscopy and X-ray micro-
analysis based on the raster microscope electronic — the
REMMA-102-02 microanalyzer (SELMI, Ukraine).
Scanning of the sample surface was carried out with the
use of a beam with a diameter of several nanometers and
electron energy of 0.2-40 keV.'"” We used a computer
based on Intel Pentium 1.6 GHz with Windows operating
system ("Microsoft", USA). Plotting graphs and statistical
analysis of data were performed using the program
OriginPro 8.5 and Excel according to generally accepted
algorithms.

3. Results and Discussion

We found that treatment of the six-day culture of P.
rhodozyma KNH1 for 15 min at a resonant frequency of
35 Hz caused 2.6 times increased growth when compared
to the control untreated cells (Fig. 1a). It is possible that a
35 Hz resonant frequency destroys clusters of the cells
while the viability of individual cells is still preserved.
Cell survival was strongly decreased (from 259.1 % to
2.55 %) after 1 h of the culture treatment at the same fre-
quency of 35 Hz (Fig. 1b).

Similar tendencies we observed in the case of
short-term treatment of five-day P.rhodozyma KNHI1
culture at resonant frequencies 37.0-37.8 Hz (Fig. 1).
Such treatment also activated biomass growth, but this
was less pronounced (Fig. 1). The growth-stimulating
effect of short-term (up to 30 min) ultrasonic treatment
can be explained by dispersion phenomena.' The hydro-
phobic zone between cells in clusters is destroyed, which
leads to greater penetration of water and nutrients into the
cell. Under these conditions, the increased number of
vegetative cells dominates the destructive processes of
destruction and active biomass growth takes place.

Thus, a comparison of the durations of P. rho-
dozyma KNH1 treatment in VLC revealed the efficient
cell damage at the frequencies of 30-35 Hz and 37-50 Hz,
while at the frequency range of 35-37 Hz cell growth was
enhanced after 30 min of treatment (Fig. 2).

The destruction of the cells by treatment with VLC
at the 30-39 Hz resonant frequency range averaged 99 %.
In contrast, treatment of six-day culture in VLC at 50 Hz
damaged only 93 % of cells as was estimated by the loss
of their ability to grow on the 5 % mush-agar medium.

In addition, the role of culture age in the sensitivity
of yeast cells to the treatment in VLC was studied. We
found that in the four-day culture 99.7 % of yeast cells
were disrupted after 30 min treatment at 30 Hz. Prolonga-
tion of the treatment for 1 h increased the number of dam-
aged cells to 99.9 % (Fig. 3).
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Fig. 6. Scanning electron microscopy the 6-day P. rhodozyma KNGI cells:
(a) control — intact cells; and treated cells at 39 Hz; (b) 30 min; (c¢) 60 min; (d) 90 minutes.
The range of change is a multiple of 10-300,000, the resolution is about 5.0 nm
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Treatment of the five-day culture in VLC for 15
min at 37 Hz resonant frequency led to 96 % destruction
of the cells (Fig. 4). However, after an additional 15 min
of treatment at frequencies 37 Hz and 37.8 Hz, the effi-
ciency of cell disruption decreased by 57 and 73 %, re-
spectively, and the cell survival rate hovered around 27
and 43 % (Fig. 4).

Treatment of the six-day P. rhodozyma KNH1 cul-
ture in VLC at 39 Hz resonance frequency for 15 min
disrupted 93 % of the cells and reached 98-99.99 % of cell
disruption after a longer time (Fig. 5). At higher frequency
(50 Hz), treatment of this culture for 30 min and 1 h de-
creased the number of damaged cells to 96 % and 93 %,
respectively (Fig. 5). The cell disruption reached 98-99 %
level after 1.5-2 h of treatment (Fig. 5).

The breaking of the cell clusters under 39 Hz was
confirmed by scanning electron microscopy and X-ray ana-
lysis (especially noticeable after 60 min in VLC) (Fig. 6).

The combination of ultrasound and nitrogen gas,
bubbling through the reaction medium, provided a syner-
gistic effect enhancing cell disruption and reducing proc-
essing time.'**°

Cell survival was less than 0.27% after 5 min
treatment of five-day P. rhodozyma KNHI culture in
VLC at 37 Hz resonance frequency with nitrogen gas,
bubbling through the reaction medium, and after 1 h of
treatment, it was further lowered by 2 orders of magnitude
(up to 0.0027 %) (Fig. 7). Treatment of the six-day culture
under the same conditions resulted in multidirectional
dynamics. Thus, after 15 min of treatment in VLC cell
disruption reached 99.6 %, whereas after treatment of the
yeast culture for 30 min and 45 min we observed a notice-
able cell growth from 3.6 % to 6.3 %. Prolongation of the
ultrasonic cavitation in the presence of nitrogen to 60 min
and 75 min reduces again cell survival to 0.36 % and
0.13 % respectively. After treatment of the culture for 1.5 h
yeast cell survival was 1.38 %.
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Fig. 7. Cell disruption dynamics (%) of P. rhodozyma KNH1 in
the presence and absence of nitrogen

Differences in the levels of cell disruption during
the ultrasonic treatment in the presence of bubbling nitro-
gen, which we observed between five-day and six-day
yeast cultures, can be explained by different resonant
properties of the oscillating system due to technical issues
and/or by the changes in the cell wall of the yeast at dif-
ferent ages.

We treated yeast P. rhodozyma KNHI1 cultures
with VLC at various modes of cavitation and analyzed the
level of cell disruption (Table).

During 30 min of treatment at 50 Hz we observed
only cavitation-induced disturbance in the reaction me-
dium without foam formation. Treatment at 37-37.8 Hz
created foam, which remained stable even at the end of
treatment (after 1.5 h). Foaming was accompanied by the
increase in biomass of cell culture in the bioreactor. The
efficiency of cell disruption was higher at 37.8 Hz reso-
nant frequency, as it generates the same yield of processed
biomass (1.7 g x L™ x h™") as the treatment at 50 Hz but
for a twice shorter time.

Table. Productivity (g x L™ x h™) and destruction (%) cell after treatment of yeast cultures of P. rhodozyma KNH]1

strain for the resonant frequencies of 30-50 Hz in VLC

VLC treatment mode, Age of culture, Dry mass yield, Productivity, % of destruction
time h g x L of medium gx L' xh'
30Hz,2h 96 2.9 1.45 99.9
35Hz 1,25h 144 2.5 2.0 99.6
37Hz,1,5h 118 1.6 1.1 99.6
37.8Hz 5h 120 0.18 0.18 99.9
378Hz,1h 118.5 1.7 1.7 99.8
37Hz+N,, 1.5h 120 0.3 0.2 99.9
37Hz+N, 1.5h 144 2.05 1.37 98.6
39Hz, 1.5h 144 1.5 1.0 99.9
50Hz, 2h 144 3.4 1.7 99.8
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4, Conclusions

The process of biomass disruption of P. rhodozyma
KNHI1 in the field of acoustic low-frequency cavitation
has been studied. It has been shown that this method is
economically advantageous and environmentally friendly.
Our results suggest that the yield of the processed biomass
by the treatment of yeast culture in VLC depends on the
culture age and mode of the treatment. The highest yield
from the five-day culture we got after its treatment in
VLC for 1 h at 37-37.8 Hz. The lowest yield of disrupted
yeast cells was observed after 5-hour treatment in VLC at
37.8 Hz. The results of our experiments show that for such
a level of disruption economically profitable is to treat
five-day culture of P. rhodozyma in VLC at 37 Hz reso-
nance frequency with nitrogen gas, bubbling through the
reaction medium.

In addition, it is important to study further the ef-
fect of cultivation time prolongation on the level of yeast
cell disruption at 37 Hz frequency in the presence of ni-
trogen gas. For example, the six-day culture gave 7 times
higher yield of processed biomass than the five-day one
under the same conditions. Another issue, which also
needs to be clarified is the growth stimulation of the six-
day P. rhodozyma KNHI1 culture by 15 min treatment in
VLC at 35 Hz.

These results can be used both for biotechnology
processes and for the disinfection of liquid effluents (or-
ganic matter) in industry.
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PYWUHYBAHHSA KJAITUH JAPLKIXKIB Xanthophyllo-
myces Dendrorhous (Phaffia Rhodozyma) 3A 111
BIBPOPE3OHAHCHOI'O HU3bKOYACTOTHOI'O
KABITATOPA

Anomauin. Memoio docniodicenns )0 6CmMaHOBUMU ONMu-
ManeHuil  pedxicum pyUuHysamms Kiimun opiocodcie  P. rhodozyma
wmamy KNH 1 3 600simum oxonoooicennsm, nomyoicricnio 800 Bm
ma pe3oHaHcHuMu yacmomamu 3a Oii 6iOPOPE3OHAHCHO2O0 HUZbKO-
uacmommoeo xagimamopa (BHK). Pyiinyeanms iuimunnoi Giomacu
Kynomypu opidxcoxcie P. rhodozyma wmamy KNH 1 30iticneno y
8i6pope3oHancHomy  Husbkovacmomuomy kaeimamopi (BHK) 3
600sIHUM 0X0N100%CeHHsIM, nomydichicmio 800 Bm ma pezonanchumu
uacmomamu xonueansv 30 Iy, 35 'y, 37 Iy, 37,8 ['y, 39 I'y, 50 ['y ma
3a HaseHocmi asomy 6 pearyiviHomy cepedosuwi. Hawi Oani

cgiouamob npo me, wo Guxio biomacu, nepepobneHoi OpirHcONCo8or

KYbMYpPU 3a1edICUms i0 iKY KVIIbMypu ma pexcumy oopooku. s
weCmuOeHHOI Kylbmypu HAtObWull 6UXIO 3DYUHOSAHUX KIIMUH MU
ompumanu, o6pobnsiouu it 6 BHK 3a donomoecoro 35 'y npomsicom
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75 xe. Haviguwuii 6uxio 3 n’simudeHHoOl KyJlomypu Ompumano nicis
o06pobru 6 BHK npomseom 1 eoounu 3a 37-37,8 I'y. Havinuocuuii
BUXIO 3PYIUHOBAHUX OPINCONCOBUX KIIMUH 00EPAHCAHO NICIsL 5 200UH
o06pobru ¢ BHK 3a 37,8 I'y. Bucoxuii pieenv pyliHysanHs Opidico-
JHCOBUX KIIMUH MOXHCE CHPUAMU NONIEUEHOMY BUBLTLHEHHIO KapOmi-
HOIOIg 13 Giomacu ma, OOHOYACHO, YMEOPEHHIO NOp Y CMPYKMYpI
b6ema-enioxanosozo wapy kiimut. Hawi Oani nokazyioms, wo ons
MaKozo pieHsi NOULKOOJICEHH s eKOHOMIYHO BUZIOHA 06pobKa n’smu-
Oennoi kynomypu P. rhodozyma ¢ BHK na wacmomi pezonancy 37 'y
2azono0i6num azomom, bapbomasicem uepes peaxkyiiine cepeooguuge.
Lle docnioxcenns enepuie OeMOHCMpPYE BCMAHOBNEHUI ONIMUMATILHULL
pedcum  pyiiHysants Opidicodcosux kiimun P. rhodozyma wmamy
KNH 1 3a 0ii’ 6i6payiiino-pe30HanCcHO20 HU3bKOUYACTONHO2O KAaGi-
mamopa. Ananiz npedcmasiienux OAHUX 6KA3YE, Wo 3asA61eHUI CNOCIO
€ 3PYUHUM, eHeKMUBHUM MA TMEXHONIOLIYHO BUNPABOAHUM.

Knrouosi cnosa: Opidicodci, Phaffia rhodozyma, ei6payiii-
HULL Pe30HAHCHULL HU3bKOYACMOMHULL KA8imamop.



