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Abstract This study reports the impact of Ca,Fe,O5
porous powder on the yeast Candida utilis—as a
fungal model—at different phases of growth, i.e.,
early exponential (6 h), mid-log (11 h), and station-
ary (17 h) phases. Ca,Fe,O; inhibited the cell growth
in a time-dependent manner. After 120 min incuba-
tion, the fungicidal activity of porous powder was
observed, i.e., log reduction of 2.81 and 2.58 for 11
and 17 h cultures, respectively, reaching the maxi-
mum of 4 log reduction after 7 days. Nevertheless,
the 6 h culture of C. utilis showed enhanced resist-
ance to Ca,Fe,O5 with a<0.4 log reduction during
the 7 days exposure. Our results not only showed that
Ca,Fe, 05 has the potential to effectively eliminate the
C. utilis cell growth but also indicated the importance
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of the yeast culture physiological state for resist-
ance to Ca,Fe,Os. To the best of our knowledge, this
is the first study that evaluated the fungicidal activ-
ity of Ca,Fe,05 porous powder on C. utilis and the
impact of the C. utilis phase of growth on the cell
susceptibility.
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Introduction

Fungal infections represent a global health problem,
due to the health risk and conventional drug resist-
ance, especially for immunocompromised patients
(Wisplinghoff et al. 2004; Coad et al. 2014; Shi-
vadasan et al. 2016; Abdelhamid et al. 2016, 2020;
Mishra et al. 2021). Candida species are the most
common fungi isolates that cause nosocomial infec-
tions (e.g., hospital-acquired infections) (Mukher-
jee et al. 2004; Wisplinghoff et al. 2004; Abdel-
hamid et al. 2016; Mishra et al. 2021). Nowadays,
rare fungal species of low pathogenic potential, or
even species never described as a cause of disease,
are being more commonly detected in healthcare
settings (Valenza et al. 2006; Cabral et al. 2013).
Thus, intensive research and development of novel
antifungal agents are of current interest (Coad
et al. 2014; Shivadasan et al. 2016; Abdelhamid
et al. 2016, 2020, 2021; Mishra et al. 2021). Can-
dida utilis yeast (i.e., unicellular fungi reproducing
by budding or fission (Russell et al. 2003; Buerth
et al. 2011) is an anamorphic form of Pichia jadinii,
known for its industrial applications and is generally
classified as generally recognized as safe (GRAS)
by regulatory authorities and rarely associated
with the disease (Hazen et al. 1999; Buerth et al.
2011; Scoppettuolo et al. 2014; Watanasrisin et al.
2016; Krahulec et al. 2020). Although, cases of
the fungemia, bloodstream, urinary tract, and ocu-
lar infections (Hazen et al. 1999; Lukic-Grli¢ et al.
2011; Scoppettuolo et al. 2014; Shivadasan et al.
2016; Watanasrisin et al. 2016) caused by this yeast
(a type of fungus) in humans have been reported

among different fungal pathogens. Recently, there
has been a growing interest in applying metal and
metal oxide-based agents against Candida species
(Table 1).

One of the most important factors influencing the
fungus’ resistance to antimicrobials is the phase of
growth. Extreme resistance of Candida glabrata to
oxidative stress has been shown for stationary-phase
cells. It was suggested that stress-related transcription
factors Yaplp, Skn7p, and Msn4p (Cuéllar-Cruz et al.
2008) were played the main role in this effect. Yet,
stationary phase Candida albicans yeast cells show
properties of better adherence, virulence, and elevated
drug resistance. This phenomenon was explained by
the fact that many C. albicans genes associated with
virulence, drug resistance, and cell-wall biosynthesis
were expressed only at the stationary phase (Uppu-
luri et al. 2007). Another study reported that the C.
albicans culture at the stationary phase regulates the
oxidative stress by releasing protective molecules into
the surrounding medium. At the same time, oxidative
stress would commonly kill actively growing cells
(Westwater et al. 2005). The microscopic observa-
tion of C. albicans cells in the assay with propidium
iodide showed that batch cultures became more resist-
ant to the action of chlorhexidine during the transition
from exponential growth to the early stationary phase
(Suci et al. 2003). At the late stationary phase, C. uti-
lis cells appear to become more adaptive to environ-
mental stress (Roy et al. 1998). In the study with C.
utilis, among 37 identified proteins, 17 proteins were
exclusively present in the stationary phase, whereas
3 proteins were specific to the exponential growth
phase (Buerth et al. 2011).

Table 1 Summary of some available metal and metal oxide-based agents active against Candida species

No. Material Organisms Concentration Efficiency References
CeMOF C. albicans 40 pg mL™! 93.3% Abdelhamid et al. (2020)
2 ZnO-chitosan nanocom- C. albicans 300 ug mL™! 90% Dananjaya et al. (2018)
posite
3 Al,O; NPs? C. albicans, C. dubliniensis, 766.6+205.4— MFC? Jalal et al. (2016)

C. glabrata, C. tropicalis,
C. parapsilosis
4 Nano CuO embedded in
polyol-polyester matrix
6  Ni-doped ZnO NPs
7  Ag@Fe,04

C. albicans, C. tropicalis,
C. glabrata, C. krusei

C. albicans

C. albicans

1866.6+188.5

100-1300 pug mL™! MICy,*  Sharmin et al. (2017)
400 pg mL™! 100% Kumar et al. (2016)
60 ug mL™! MIC? Kulkarni et al. (2017)

*MFC- minimum fungicidal concentration, MIC-minimum inhibitory concentration
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Many materials have been studied and tested
for use in antimicrobial applications. Antimicro-
bial activity has been reported for various metal and
metal oxide-based agents. Calcium ferrite Ca,Fe,Os
with brownmillerite crystal structure has received
a particular interest in recent years and was applied
in catalysis (Hirabayashi et al. 2006; Vanags et al.
2021), photocatalysis (Vanags et al. 2019), thin films
(Vanags et al. 2019), and oxygen ionic transporta-
tion (Shaula et al. 2013; Sun et al. 2018; Karki et al.
2020). Our recent study demonstrated Ca,Fe,O; to be
effective in water disinfection by growth inhibition of
Gram-negative bacteria Escherichia coli and Gram-
positive bacteria Staphylococcus aureus (Vanags
et al. 2021). Importantly, bacteria and fungi represent
two distinct biological domains with substantially dif-
ferent cellular physiology and structure (Coad et al.
2014). Data from the literature indicate that antimi-
crobial materials that are active against bacteria can
show no or low effect on fungi, It has been reported
that zinc oxide nanoparticles (NPs) are more toxic to
prokaryotic cells than eukaryotic cells (Coad et al.
2014). But silver NPs hadn’t significant toxic effects
on yeasts compared to bacteria (Dorobantu et al.
2015).

In this study fungicidal effect of Ca,Fe,O5 was
evaluated. We hypothesized that Ca,Fe,O5 porous
powder (PP) would exhibit the fungicidal effect on C.
utilis cells, with the different outcomes on the yeast
culture being in various phases of growth. To the best
of our knowledge, this is the first study to show the
fungicidal activity of Ca,Fe,O5 PP to C. utilis and
the impact of the C. utilis phase of growth on the cell
susceptibility. In this work, the C. utilis was exposed
to PP in deionized (DI) water to minimize speciation-
related effects on toxicity results (Suppi et al. 2015).

Experimental details
Chemicals and synthesis of Ca,Fe,O5 porous powder

Iron (iii) nitrate nonahydrate [Fe(NO;);+9H,0,
>98%, Merck], calcium nitrate tetrahydrate
[Ca(NO;),+4H,0, >98%, Sigma-Aldrich], citric acid
monohydrate (C¢HgO;,-H,0, >99%, Merck), ammo-
nia solution (NH,OH, 25%, Sigma-Aldrich) were
used for the Ca,Fe,O5 PP synthesis as purchased
without further purification. Sodium chloride (NaCl,

>99%, Centro-Chem), Yeast Extract (Biolife), Tryp-
tone (Biolife), and Agar (Merck) were used for the
antifungal tests. DI water was used for the synthesis
and antifungal tests.

Ca,Fe,05 PP was synthesized by the sol-gel auto-
combustion method described in our previous works
(Vanags et al. 2019, 2021).

Ca,Fe, 05 porous powder characterization and
instruments

Crystalline phases and purity of the synthesized PP
were analyzed by Rigaku MiniFlex X-ray diffractom-
eter (XRD) with Cu Ko (A 1.540593 A) radiation in
the scan range 5-90°. The morphology, particle and
poresize distribution of synthesized PP were char-
acterized and measured using a scanning electron
microscope (SEM, Lyra, Tescan). To examine PP col-
loidal stability and surface charge, the average hydro-
dynamic diameter (dh) and zeta ({) potential of PP
(50 mg L) in DI water were measured using Zeta-
sizer Nano ZS (Malvern Instruments, UK).

Yeast strain and cultivation conditions

Candida utilis LMKK45 was obtained from the
Microbial Strain Collection of Latvia(MSCL). The C.
utilis was cultivated in the RTS-1 bioreactor (Biosan
Ltd., Latvia), which operates based on the patented
Reverse-Spin technology (Fig. S1). The optical den-
sity of the culture was measured automatically every
20 min at a wavelength of 850 nm, using a near-infra-
red optical system. The cultures were grown aerobi-
cally in 50 mL CORNING® mini-bioreactor tubes
(NY, 14,831, Mexico) with a vented cup contain-
ing 10 mL of yeast extract peptone dextrose (YPD)
broth (containing per L: peptone — 20 g; yeast extract
— 10 g; dextrose — 20 g), with the agitation speed of
250 rpm, reverse spin interval of 2 s, at 30 °C. Bio-
mass was harvested after 6 h, 11 h, and 17 h of cul-
tivation. Afterwards, cells were washed by centrifu-
gation at 10,000 rpm for 5 min and resuspended in
sterile DI water with the final cells concentration of
10° colony forming units (CFU) mL~!. More addi-
tional information and experiment visualization (Fig.
S1) is found in the Supplementary Material (SM).
Each experiment was performed at least in triplicate.
Stock suspensions of Ca,Fe,O5; PP were prepared in
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DI water without ultrasonication and before fungi-
cidal testing, were vigorously vortexed.

The K.« was calculated by plotting ODygs/(time)
data into In(ODgs)/time graph. Maximal linear slope
of [In(ODgs,)/(time)] curve is equal to the maximal
growth rate and denoted as K(max)(1/h). Doubling
time corresponds to In2/K. Other data outside K ,,
site of [In(ODgs()]/(time) curve represents the growth
rate and is named K(1/h) [Eq. (1)].

1y _ ODgso(n) o
K(E>—ln<0D850(n_1)>/(t(n) -1 (1)

where K—growth rate; (n) and (n—1)—time
interval.

In vitro Testing of fungicidal activity

Testing was performed in a 96-well microplate with
150 pL cell suspension and 150 puL Ca,Fe,O5 PP (1 g
L~! in DI water) per well. The control (non-exposed)
set contained 150 pL cell suspension and 150 uL. DI.
All variants were performed in triplicate. The micro-
plate was incubated at 23 °C for 24 h without shak-
ing in the dark. Cell viability was assessed by plating,
making decimal dilutions in DI from 107! to 107>,
The cell suspension was plated onto solidified YPD
medium. The CFU were counted after 24 h incuba-
tion at 30 °C. Log reduction was calculated using the
following equation [Eq. (2)]:

N,
Log reduction = log,, <NO> )

where N and N are the numbers of CFU before and
after treatment.

Microscopic examination of yeast cells by light
microscopy

The analysis of samples preparations and measure-
ments of the lengths of 100 randomly selected C. uti-
lis cells were carried out under the light microscope
Motic (China), using 100x oil-immersion objective
lens and Motic Images Plus 2.0ML software.

Statistical analysis

The cultivation experiments and antifungal tests
were performed in triplicate. The data presented
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in the figures have been expressed as the mean
value + standard deviation. The differences between
the treatments were assessed by the Student’s z-test
and one-way analysis of variance (one-way ANOVA)
in Microsoft Excel and Office365.

Results
Ca,Fe, 05 porous powder characterization

The morphologyof the Ca,Fe,O; PP was studied
using SEM (Fig. 1A-D), the particle and pore size
distribution was estimated by measuring the diameter
of 100 pores (Fig. 1E) and particles (grains) (Fig. 1F).
A particle size distribution histogram determined
from the SEM images shows a considerable varia-
tion in the size, with an average particle length of
~129 nm (Fig. 1F). The hydrodynamic diameter of
Ca,Fe,05 PP in DI water (0 h) was 3364.5+76 nm
with a polydispersity index (PdI) of 0.47 and
{-potential (0 h) — 6.54+1.94 mV, which means
the formed highly polydisperse colloidal system is
quite unstable (Ardani et al. 2017). However, there
were not observed significant {-potential changes
after 120 min — 8.06+4.74 mV of PP incubation in
DI water compared with as-prepared (0 h) samples.
Stock suspensions pH~7.5 visualization (Fig. S2) is
in the SM.

The XRD studies showed the formation of a phase-
pure Ca,Fe,O5 belonging to the brownmillerite group
(database code ICDD 00-047-1744) after annealing
at 800 °C for 20 min (Fig. 2). Its structure consists
of iron oxide octahedra and tetrahedra where calcium
ions are located at the interstitial sites. (Sun et al.
2018; Vanags et al. 2021)

Growth kinetics of Candida utilis

The culture of C. utilis has been harvested after 6 h,
11 h, and 17 h of cultivation, which corresponded to
different stages of the culture growth. The shape of
a growth curve of the C. utilis culture is presented
in Fig. 3A. The growth rate expressed as (AODgsy/
At) was equal at the 6th and 17th hour (0.11), while
at the 11th, the value achieved 0.61 (Fig. 3B). Two
linear parts on the plot of InODygs, were determined
at time intervals from [5.37 to 7.05 h] and from
[7.05 to 10.07 h], with R*=0.9974 and R*=0.9991,
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Fig. 1 SEM images (A-D) of Ca,Fe,O5 porous powder at dif-
ferent magnifications. The size distribution histograms, with
normal distribution curves, show: E pore size distribution; F

(141)

200) (502
(202)

Relative Intensity (a.u.)

Experimental Ca,Fe,0 ICDD 00-047-1744

Lk L l L X l.l N i A
Simulated Ca,Fe,O5

20 40 60 80
2-Theta (Degree)

Fig. 2 X-ray diffraction pattern of Ca,Fe,O5 PP annealed at
800 °C for 20 min (database code ICDD 00-047-1744)

respectively (Fig. 3C, D). The trendline in a time
interval from [5.37 to 10.07 h] also showed a
quite high R?*=0.9909. However, a more precise

2
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g
=10 Mean = 99.50
3 SD=53.19
S1o
5 y/%/
0 /A//”, ),
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Pores Size, nm

Mean = 128.97
SD =45.20
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particle size distribution. The mean value and standard devia-
tion (SD) are reported

determination of linear intervals during the exponen-
tial phase of growth (as shown in Fig. 3C, D), prob-
ably, indicated to the diauxic growth, when at 7.05 h
(ODgs5,=0.43) the maximal growth rate has changed
from K=0.72 h™! to K=0.45 h™!. This effect can be
caused by substrate limitation in YPD broth (e.g., O,
or L-serine). The values of K for 6 h, 11 h, and 17 h
cultures were 0.88 h™', 0.36 h™!, and 0.02 h™, respec-
tively. The doubling time for these cultures was found
to be 0.79 h, 1.91 h, and 37.30 h, respectively.

Effect of Ca,Fe,O5 on the log reduction of Candida
utilis cells

The log reduction of C. utilis in the presence of a
Ca,Fe,O5 PP is shown in Fig. 4. Thus, for 11 and
17 h old cultures, the trend of CFU reduction was
similar and gradually increased with time from 0.34
to 0.87 after 15 min up to 4.22 and 4.10 log—after 7
days’ exposition, respectively. It was also evident that
the most resistant cells to Ca,Fe,Os PP were detected
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Fig. 3 Growth kinetics of the Candida utilis culture. A growth
curve; B growth rate; C and D time intervals with the maxi-
mum growth rate, determined from the slope of a linear fit

in the 6 hold culture, which exhibited a log reduction
of < 1.0 for exposition periods from 15 min up to 7
days (Fig. 4).

Changes of the yeast cell length after culture
incubation with Ca,Fe,05

The physiological response of yeast cells to the pres-
ence of antimicrobial materials might have resulted in
morphological changes. In this respect, the length of
cells was measured after 60 min incubation either in
DI water (control) and DI with Ca,Fe,O5 to compare
the effect of PP on the yeast cells being in different
physiological states. Yeast cell preparations are visu-
alized in Fig. 5, while Fig. 6 summarizes the data on
cell length measurements. Microscopic examination
of the cells showed cell shrinkage for all three tested
cultures (i.e., 6 h, 11 h, and 17 h) after 60 min (see
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function. Colorless markers in the curves and arrows above—
sampling time, i.e., 6 h, 11 h,and 17 h

Fig. 5D-F) and 7 days (data not shown) in response
to Ca,Fe,O5 PP. Figure 6 represents the mean lengths
of 100 randomly selected yeast cells of C. utilis after
60 min and 7 days of cultivation in DI water (control)
and DI water with Ca,Fe,0O5 (1 g L™!). The changes
in cell length were statistically significant (p <0.05).
At the same time, a comparison of cells morphol-
ogy incubated in DI water, harvested at 6 h, 11 h, and
17 h, did not reveal any statistically significant dif-
ferences in cells length after 60 min and 7 days. Sig-
nificant (p <0.05) differences were detected between
Ca,Fe, 05 exposed cells, particularly 6 h- versus 17 h
old cultures after 60 min exposition and 6 h- versus
11 h old cultures after 7 days exposition (Fig. 6).

As shown in Fig. 5, preparations of yeast suspen-
sions in the DI water represent the evenly distributed
cells (Fig. 5A-C, while preparations with Ca,Fe,05—
conglomerates of cells and PP (Fig. SD-F).
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Fig. 4 Mean log reduction of 6 h, 11 h, and 17 h culti-
vated cells of Candida utilis exposed to 1 g L™' Ca,Fe,O;
PP compared with controls. Period of cells incubation with
Ca,Fe,05—15 min, 30 min, 120 min, and 7 days. The mean
value of three repetitions + standard deviation (SD) is reported.
Experiment visualization is in the SM (Fig. S3)

Discussion

According to our previous work, the driving mecha-
nism of Ca,Fe,O; disinfection performance has been
identified as the formation of the highly reactive -OH
radicals (ROS) in suspension without light activa-
tion—catalysis in the dark. These -OH radicals are
formed due to charge imbalance introduced by the
rapid Ca** leakage from the Ca,Fe,Os structure. The
produced radicals can partially or wholly degrade
organic contaminants, including microbes (Vanags
et al. 2021). It is known that in eukaryotic cells, cal-
cium ions (Ca*") function as an intracellular signal
molecule regulating many different biological pro-
cesses, including proliferation, muscle contraction,
neurotransmitter release, programmed cell death,
gene expression, etc. (Cui et al. 2009). Regarding
yeast cells, in response to rapid increases in extracel-
lular Ca?", cytosolic free Ca>* levels rapidly rise and
fall with complex dynamics. Due to these changes,
the universal Ca’** sensor protein calmodulin can
bind and activate the protein phosphatase calcineurin,

Fig. 5 Light microscopy of Candida utilis cells harvested after 6-h (A, D), 11-h (B, E), and 17-h (C, F) cultivation, and cells treated

with 1 g L™! Ca,Fe,05 PP for 60 min (D-F). Bar 10 pm
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Fig. 6 Mean length of cells
in the cultures of Candida
utilis, harvested after 6 h,
11 h, and 17 h cultiva- aC
tion. Control—cells in DI T
water; Ca,Fe,Os—cells

in DI water with 1 g L™
Ca,Fe,05. Small letters are
attributed to a comparison
of the control and treated
cells, while capital letters

- treated cells of different
culture age and period of
exposition, respectively.

[e)}

Cell length, mm
S

The mean value of three 2

repetitions + SD is reported.

Statistically significant

(p<0.05) differences are

indicated with the same 0

letter = Control 6h
Ca2Fe205

1h exposure

cBC

bB dAE
fDE

eAD

11h 17h 6h 11h 17h

7 days exposure

Age of yeast culture and period of exposure to NPP

which inhibits the function of Vcx1 and induces the
expression of Pmcl and Pmrl via activation of the
Crzl transcription factor. These calcineurin-sensitive
adaptations appear critical for the proliferation of
yeast cells in high-calcium environments (Cui et al.
2009; Chen et al. 2020) reported that the intracellu-
lar ROS accumulation in C. utilis cells leads to the
imbalance of intracellular redox state, the elevation
of mitochondrial ROS and cytoplasmic Ca>", damage
of mitochondrial mass, and conversion between the
reduced and oxidized cytochrome c.

he results presented here show the C. utilis cell
log reduction in response to Ca,Fe,O5 PP, with dis-
tinct differences in dependence on the culture culti-
vation time. The data on the highest resistance to
Ca,Fe,05 of the 6 h culture of C. utilis, compared
with 11 and 17 h cultures, -do not corroborate with
a recently existing concept. Specifically, it is consid-
ered that eukaryotic cells (e.g., yeast) entering the
stationary phase are characterized by increased resist-
ance to various environmental stresses. The entry
into resting states is typically accompanied by a dra-
matic decrease in the overall growth rate (Herman
et al. 2002). The decrease in metabolic functions of
yeast cells at higher cell densities are supposed to be
caused by components of the external medium, e.g.,
carbon dioxide, oxygen, carbon sources, and others
(Janda et al. 1985; Ordaz et al. 2001; Tobajas et al.
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2003). Besides, the growth kinetics and physiologi-
cal state of the C. utilis culture are dependent on the
physical parameters of cultivation, and the physi-
ological state of the inoculum (gestékové et al. 1979).
The growth kinetic parameters for the batch culture
of C. utilis were determined by Tobajas and Garcia-
Calvo (2000). Thus, the Kmax of C. utilis in a min-
eral medium varied from 0.37 h™! to 0.49 h™! at ini-
tial glucose concentrations of 7.9 g L™ and 8.6 g L7,
respectively (Tobajas et al. 2000). The earlier studies
of batch cultures of C. utilis, which were grown with
tuna juice-derived sugars, also showed the depend-
ence of Kmax on the initial concentration of sugars
(0.39 h™' and 0.47 h™' at sugar concentrations of
33.48 g L' and 10.77 g L™, respectively (Paredes
Lopez et al. 1976). Analysis of growth kinetics in our
study showed two linear intervals within the exponen-
tial phase, where at 7.05 h (ODgs,=0.43), the maxi-
mal growth rate has changed from K=0.72 h™! to
K=0.45 h™! (Fig. 3C, D). Most probably, the culture
harvested after 7.05 h would exhibit a lower resist-
ance towards Ca,Fe,O5 than the 6 h culture. However,
this hypothesis needs to be checked in further experi-
ments. In our experiments, the Kmax was consider-
ably higher than that reported for C. utilis in the batch
culture (Paredes et al. 1976; Tobajas et al. 2000). This
effect can be explained by specific cultivation condi-
tions used in this study. First, the broth composition is
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crucial in determining the growth kinetics. The YPD
broth contains peptone, which makes it rich in nutri-
ents compared to a mineral medium. Second, the cul-
tivation of C. utilis in RTS-1 bioreactor can result in
different growth kinetics compared with conventional
bioreactors, because of a reverse spin during agita-
tion. Third, aeration conditions influence the growth
rate. The Corning® mini bioreactor tubes with vented
cups were used in our experiments. Yet, the ratio of
liquid and air phase 1:4 undoubtedly favored the aera-
tion upon culture growth. All these factors could con-
tribute to the enhanced growth rate. In this respect,
further studies on the variability of yeast cell resist-
ance to antimicrobials should focus on the test cul-
ture’s physiological state. Moreover, not only liquid
cultures but also biofilms should be tested. Thus, in
the study on C. albicans, the cell resistance to azoles
was compared for biofilm and planktonic popula-
tions of exponentially and stationary-phase cultures.
The higher resistance was shown for biofilms, where
a subpopulation of highly tolerant cells (“persisters”,
which are not mutants but phenotypic variants of the
wild type) can survive at killing doses of antimicrobi-
als and re-growth (LaFleur et al. 2006).

Changes in the cell size upon culture incuba-
tion with Ca,Fe,O5 PP can be evidence of the stress
conditions. Other authors have already reported the
changes in yeast cell size, likely to be an indicator of
stress conditions. Thus, in the study with Saccharo-
myces cerevisiae, a rapid temperature shift from 33 to
43 °C resulted in an immediate reduction of growth,
followed by an increasing subpopulation of signifi-
cantly smaller cells and loss of viability (Tibayrenc
et al. 2010). Lirova et al. (1978) observed that at alka-
line pH 7.8 values of the growing medium, the whole
cellular organization of C. utilis was disordered: the
cells were larger, the size of vacuoles increased, and
the structure became heterogeneous, but at acid pH
values, the cells were smaller than in the control.
Nevertheless, the mechanisms of the fungicidal effect
of Ca,Fe,0O5 and other antimicrobials remain poorly
understood and need further studies regarding risk
assessment and new aspects of yeast physiology.

Conclusion
The Ca,Fe,O5 PP exhibited the time-depended fungi-

cidal activity towards C. utilis cells for 11 and 17 h
cultures. The 6 h culture of C. utilis showed enhanced

resistance to Ca,Fe,Os PP. Incubation of C. utilis
cells in the presence of Ca,Fe,Os PP resulted in a
significant (p <0.05) decrease of the cell length com-
pared to the control. The most pronounced changes
were detected in an 11-h culture after 7 days of incu-
bation, with40% reduction of the cell size and a 4-log
reduction of C. utilis.
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