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Introduction. Due to the wide antimicrobial spectrum, silver
nanoparticles (AgNPs) have great potential for use in the food
industry to control foodborne pathogens.

Materials and methods. The culture supernatant and cell-free
aqueous extract from biomass Saccharomyces cerevisiae M437 were
used for the synthesis of AgNPs. The fact of the synthesis of biogenic
AgNPs was confirmed by analysing the absorption spectra of the
samples in the range of 200-700 nm. The size and zeta potential of
AgNPs were determined using Zetasizer Nano ZS. The morphology
of nanoparticles was examined using electron microscopy.

Results and discussion. Using spectral analysis in the UV-
visible region, it was confirmed the formation of AgNPs in the
investigated solutions. A pronounced absorption peak of AgNPs
obtained using a cell-free aqueous extract from S. cerevisiae M437
was recorded in the wavelength range from 300 to 540 nm with a
peak at 425 nm. For nanoparticles obtained using the supernatant, a
widening spectral range of absorption was observed, which may be
associated with the aggregation of AgNPs.

AgNPs synthesized using the supernatant S. cerevisiae M437
had a spherical shape with a diameter of about 15 nm. The
polydispersity index (Pdl) of AgNPs solutions was 0.3, and the zeta
potential was 13.6 mV. After storage for 45 days at 4 °C, the PdI
value increased 1.6 times, and the zeta potential increased by 11.7%.
This may indicates a possible change in the shape of AgNPs, the
formation of an agglomerate, or other processes that takes place in a
colloidal solution during storage.

AgNPs that were obtained using a cell-free aqueous extract
from biomass of S. cerevisiae M437 had an oval shape with a size of
21.3x14.2 nm. The Pdl and zeta potential values were similar to the
nanoparticles obtained using the supernatant. However, after
storage, these values differed significantly: the value of Pdl
increased 1.3 times, and the zeta potential decreased by 29%. So, the
solution of silver nanoparticles obtained in this way is more stable
after storage under the specified conditions.

Conclusions. The possibility of extracellular synthesis of
silver nanoparticles using the yeast Saccharomyces cerevisiae M437
has been shown. The shape, size, and zeta potential of biogenic
AgNPs are described and their stability after storage is proved.
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Introduction

Silver nanoparticles (AgNPs) have great potential to be used in the food industry due to
a wide range of antimicrobial activity against foodborne pathogens such as Listeria
monocytogenes (Du et al., 2019; Amer et al., 2021), Campylobacter (Silvan et al., 2018),
Vibrio parahaemolyticus, Escherichia coli, Salmonella typhimurium (Du et al., 2019;
Chandhru et al., 2019), Staphylococcus aureus (Yahya et al., 2021; Reddy et al., 2021),
Klebsiella pneumoniae (Huang et al., 2020), and fungi of the genus Aspergillus (Bocate et
al., 2019).

AgNPs can be used for the manufacturing of packaging materials for food products —
nuts (Tavakoli et al., 2017), apricots (Shahat et al., 2020), strawberries (Oliveira et al., 2021),
bell peppers (Kandasamy, 2020), shrimps (Paidari et al., 2021), poultry meat (Zhao et al.,
2021), and pork (Kuuliala et al., 2015). Such packaging prolongs the shelf life of food and
prevents the development of pathogenic bacteria (Sachdev et al., 2021).

The use of AgNPs in nanobiosensors allow increasing the sensitivity of detection in
food and drinking water of bacterial pathogens such as Escherichia coli (Zhou et al., 2015;
Qiao et al., 2021), Staphylococcus aureus (Gasparyan and Bazukyan, 2013; Hovhannisyan
et al., 2017), and Salmonella typhimurium (Ma et al., 2021).

One of the potential uses of AgNPs is winemaking. Traditionally, sulfur dioxide is used
as a preservative in winemaking, which poses certain risks for some groups of consumers.
AgNPs, due to their antimicrobial action, reduce the use of sulfur dioxide in winemaking
(Gil-Sanchez et al., 2019; Loira et al., 2020).

Another area of application of AgNPs in the food industry is their use as nanocatalysts,
in particular, to accelerate the decomposition of starch due to the immobilization of a-
amylase on the surface of AgNPs (Ernest et al., 2012; Krishnakumar et al., 2018).

Given the wide range of applications for AgNPs in the food industry, the demand for
AgNPs is also growing. At the same time, the problems of economic and environmentally
safe synthesis of AgNPs remain unresolved. There are various methods for the synthesis of
AgNPs: chemical and physical methods, as well as biogenic synthesis. Due to a number of
disadvantages inherent in the chemical and physical synthesis of nanoparticles — the use of
aggressive, toxic and expensive reagents, high synthesis temperature or pressure, negative
impact on the environment (Lekha et al., 2021; Halder et al., 2021), based on the above, the
biological synthesis of nanoparticles provides promising alternative (Gaurav et al., 2019).

Plants, filamentous fungi, bacteria and yeast cells can be used for biogenic synthesis of
nanoparticles (Kumar et al., 2021). The choice of each of these objects for the biosynthesis
of nanoparticles has its advantages and disadvantages. Among the disadvantages of using
plants are the use of large areas for their cultivation, the duration of growth, the cost of
collecting plants and the extraction of biomolecules involved in the synthesis of
nanoparticles. (Castillo-Henriquez et al., 2020). The main disadvantage in usage of
filamentous fungi is in the long cultivation time (Bahrulolum et al., 2021). The use of bacteria
compared to plants and fungi has a number of advantages. But it should be noted that bacteria
are prokaryotes, so the products of their metabolism will be less biocompatible compared to
eukaryotic models. Bacteria lack a system of capping and polyadenylation that protect
biomolecules and nanoparticles from degradation and formation of toxic compounds in the
body (Liu et al., 2021). Among the advantages of using yeast compared to bacteria is that
yeast, unlike most bacteria, is simpler and safer to work with, since it does not require specific
biosafety measures (Grasso, 2020).

Depending on the choice of biological producer, it’s cultivation conditions, as well as
the parameters of biogenic synthesis, AgNPs of different sizes and shapes can be formed.
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That will affect their further biological properties and applicability in the food industry. That
is why the purpose of our work was to study the synthesis of silver nanoparticles using the
culture fluid supernatant and a cell-free aqueous extract of the yeast Saccharomyces
cerevisiae M437 and to check the stability after storage.

Materials and methods

Culture media and chemicals

Medium 1. Saburo medium (dextrose — 40.0 g/l, bacteriological agar — 15.0 g/l, a
mixture (1:1) of fermented animal tissue and pancreatic casein hydrolysate — 10.0 g/I, pH =
5.6). This medium was used to store and passivate the culture of S. cerevisiae M437 (in test
tubes on agar slant).

Medium 2. YPD medium (glucose — 20.0 g/l, peptone — 20.0 g/l, yeast extract —
10.0 g/I). This medium was used for the cultivation of S. cerevisiae M437 for further
biosynthesis of silver nanoparticles.

Silver nitrate salt (AgNOs3, 99.99%) Sigma-Aldrich (Steinheim, Germany).

Cultivation of Saccharomyces cerevisiae M437

The culture of S. cerevisiae M437 from the collection of live cultures of the Department
of Biotechnology and Microbiology of the National University of Food Technologies was
maintained in a test tubes on agar slant at 4 °C. To prepare the inoculum, the culture was
washed from the surface of the agar slant (the amount of inoculum with a titer of 10* to 10°
cells/ml was 5% of the volume of the medium), and added to 150 ml of sterile YPD medium.
Cultivation was carried out in 750 ml flasks with 150 ml of medium at 30 °C, 200 rpm for 24
hours. Cultivated until reaching ODsgo = 2.

Biosynthesis of silver nanoparticles

Obtaining of supernatant. After 24 hours of the yeast culturing, the following
procedure was performed: the culture fluid was centrifuged at 5.000 rpm for 30 min to
separate the cells. The supernatant was separated from the cells by pouring into a sterile flask.
Obtained supernatant was filtered through a sterile 0.22 pm syringe filter.

Obtaining of a cell-free agueous extract. The culture fluid was centrifuged at 5000
rpm for 30 minutes. The supernatant was drained, and the cell pellet was washed three times
from residual nutrient medium with sterile double-distilled water. The washed cells were
resuspended in 150 ml of sterile double-distilled water and incubated at 30 °C, 320 rpm for
72 hours. After incubation, centrifugation was performed at 5000 rpm for 30 minutes. The
precipitate was separated and the supernatant was used for further studies as a cell-free
extract. The obtained cell-free extract was filtered through a sterile syringe filter with a pore
diameter of 0.22 um.

Biosynthesis conditions. A solution of silver nitrate was added to the supernatant or
water extract to a final concentration of 1 mM. The samples were kept at 45 °C under static
conditions for 72 hours. A 1 mM aqueous solution of silver nitrate, a YPD nutrient medium
supplemented with 1 mM silver nitrate, an aqueous cell-free extract without the addition of
silver nitrate solution, and a supernatant without the addition of silver nitrate solution were
used as control samples. The control samples were incubated under the same conditions as
the experimental ones.
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Isolation of silver nanoparticles was performed as follows: centrifugation at 14.000 rpm
for 20 min, the supernatant was drained, and the precipitate of nanoparticles was washed with
deionized water. These steps were repeated three times (Jalal et al., 2018).

UV-vis spectroscopy of synthesized silver nanoparticles

The absorption spectra of the samples were measured using a UV-Vis (Thermo
Spectronic UV300, Spectronic Unicam, England) spectrophotometer in the wavelength range
of 200-700 nm (Hashim et al., 2020). The measurements were carried out in quartz cuvettes.
Absorbance was measured with a resolution of 2 nm. Measurements were carried out 24, 48,
and 72 h after the addition of silver nitrate to the test samples (cell-free aqueous extract,
supernatant). Double distilled water was used as a blank experiment.

Analysis of the silver nanoparticles size and zeta potential

Analysis of nanoparticle's size were performed by determining the hydrodynamic
diameter (HD) (Foujdar et al., 2021). The HD was monitored by dynamic light scattering
(DLS) using a two-angle particle and molecular size analyzer Zetasizer Nano ZS (Malvern,
UK). We performed all measurements at a constant temperature (25 °C) in a neutral medium
(pH = 7.0) three times. For statistical calculations, we used Stat Plus Pro 5.9.8 software.
Software and STATISTICA, version 8.0 (StatSoft, Inc. 2007).

Electron microscopy

Nanoparticle sizes and their general morphology were determined by electron
microscopy (Kthiri et al., 2021). To achieve this, we prepared alcohol suspensions of
nanoparticles, dried them at room temperature, and applied to copper grids with a carbon
coating. Subsequently, we analyzed the samples using a transmission electron microscopy
(JEM-1400 Jeol, Japan) at an accelerating voltage of 80 kV and an instrumental
magnification of 50000 — 100000x.

Statistical analysis

All results are presented as the median of the values with interquartile range — Me [LQ —
UQ], where Me = median (50% percentile), LQ = 25% percentile and UQ = 75% percentile.
We tested the null hypothesis using the nonparametric Mann-Whitney test and the Wilcoxon
matched pairs test (WMP-test). The difference between the compared groups was considered
statistically significant at a value of p < 0.05 (Fay and Malinovsky, 2017). Calculations of
median values with interquartile range with Microsoft Office Excel, 2019, and all statistical
calculations — with Stat Plus Pro 5.9.8 software. Software and STATISTICA, version 8.0
were provided (StatSoft, Inc. 2007).

Results and discussion

Synthesis of Silver Nanoparticles and UV-Vis Spectral Analysis

After the addition of silver nitrate to the cell-free aqueous extract of S. cerevisiae M437,
the color of the reaction mixture began to change from transparent to light brown and turned

dark brown until the end of biosynthesis (72 h at 45 °C under static conditions) (Figure 1, A).
When silver nitrate was added to the supernatant of S. cerevisiae M437 culture liquid, the
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color of the reaction mixture at the end of biosynthesis changed from light brown to almost
black (Figure 1, B). The color change is the first evidence of a successful biogenic synthesis
of silver nanoparticles (Kthiri et al., 2021). The indicated color change of the reaction mixture
(cell-free aqueous extract, supernatant) upon addition of silver nitrate is explained by the
excitation of surface plasmon resonance (SPR), which indicates a decrease in silver ions
(Ag®) and their bioreduction to AgNPs (Rosman et al., 2020).

A

Figure 1. AgNPs biosynthesis. A: cell-free aqueous extract of S. cerevisiae M437 1 —with AgNO3,
2 —without AgNQs; 3 — solution of AgNQO:s.
B: culture fluid supernatant of S. cerevisiae M437 1 — with AgNO3, 2 — without AgNO3;
3 —YPD medium with AgNO3

The formation of silver NPs in the solution was confirmed by UV-Vis spectral analysis
(Figure 2). As shown in the spectra, the absorption intensity increased with time without
shifting the wavelength at which the maximum absorption was observed. This indicates a
continuous decrease of the concentration of silver ions and an increase of the concentration
of AgNPs, as well as a uniform distribution of nanoparticles in size (Xue et al., 2016; Win et
al., 2020).

When a cell-free aqueous yeast extract was used for the biosynthesis of AgNPs
(Figure 2, A), a pronounced absorption peak was observed in the wavelength range from 300
to 540 nm with an average wavelength at which a peak took place at about 425 nm. A similar
surface plasmon resonance peak is described for AgNPs smaller than 50 nm (Win et al.,
2020). When the supernatant of S. cerevisiae M437 culture fluid was used for the
biosynthesis of AgNPs, an expansion of the absorption spectra was observed (Figure 2, B).
This may be due to the aggregation of AgNPs or an increase in their size (Kumari et al.,
2020).

Other authors have also shown the possibility of biosynthesis of AgNPs using yeast.
When using psychrotrophic yeast Yarrowia lipolytica NCYC 789, the maximum absorption
peak was 410 nm and the average nanoparticle size was 15 nm (Apte et al., 2013). The
absorption peak of AgNPs during their synthesis using extremophilic yeast (genus and
species were not indicated by the authors) was 420 nm, and the size was 4-15 nm (Mourato
et al., 2011). While using Saccharomyces cerevisiae for the biosynthesis of AgNPs, obtained
nanoparticles with a similar absorption peak, and sizes of 60-110 nm were obtained
(Badhusha and Mohideen, 2016). It is considered that the shift of the light absorption peak
towards the red spectral range indicates an increase in the size of AgNPs (Win et al., 2020),
however, the following experimental data do not always confirm this. Thus, at a peak of 430
nm, the size of AgNPs synthesized using Saccharomyces cerevisiae was 2-20 nm
(Korbekandi et al., 2016) and 60-80 nm (Saravanan et al., 2013), at the peak of 440 nm — 10-
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60 nm (Sowbarnika et al., 2018), at the peak of 450 nm — 10 nm (Roy et al., 2015). Using the
yeast Candida sp. VITDKGB, synthesized AgNPs had a size of 87 nm, and the absorption
peak was at 430 nm (Kumar et al., 2011). When using the yeast Rhodotorula sp. ATL72 for
the biosynthesis of AgNPs the nanoparticles with a size of 8-21 nm were received, and the
light absorption peak was at 450 nm (Soliman et al., 2018).
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Figure 2. UV-vis spectra of biosynthesized AgNPs using a cell-free yeast extract (A)
and culture fluid supernatant (B)
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Size, zeta potential and stability of biosynthesized silver nanoparticles

The primary results obtained with the DLS are the particle intensity distribution values.
The value of the intensity of the distribution of particles in solution is proportional to the
value of the square of the molecular weight. This distribution is used to determine the increase
in particle size in the sample. To analyze the reliability of the formation of nanocomplexes,
we compared the Pdl (polydispersity index) and Z-Average (average semi-variant) indices.
Z-average is the main and most stable parameter of this method. It defines the average particle
size as "the average value of the harmonic average particle diameter”. The polydispersity
index can determine the distribution of particles by size or mass. Pdl is defined as the ratio
of weight average molecular weight to number average molecular weight. This is a
dimensionless value of the width of the particle size distribution. The calculations used for
the determination of size and PDI parameters are defined in the 1SO standard documents
13321:1996 E and 1SO 22412:2008 (Worldwide, 2011). PDI value which is higher than 0,7
indicates that the sample has a very wide particle size distribution and is probably not suitable
to be analysed by the dynamic light scattering (DLS) technique (Danaei et al., 2018). The
higher the Pdl value, the less monodisperse nanoparticles are in solution. Based on this, the
lower the Pdl value, the less capable of aggregation of nanoparticles in the sample and their
size is in a narrow range of values (Skora et al., 2021).

The isolated nanoparticles were dispersed in double-distilled water at neutral pH and
studied using Zetasizer Nano ZS. The size of AgNPs, which was synthesized using the
supernatant of the culture medium of S. cerevisiae M437, was determined. The major part of
nanoparticles has a size of 152.2 nm, which is close to the value of Z-average (Table 1).
When testing the correctness of the null hypothesis using the Wilcoxon test, it was found that
the values of the size distribution in Peak 1 and Z-average differ significantly (p < 0.05). The
value of Pdl is 0.3, which corresponds to a rather narrow range of particle size distribution.

Table 1
Characteristics of synthesized AgNPs using supernatant of culture medium S. cerevisiae M437

Index Measurements were performed immediately after biosynthesis
Peak 1 Peak 2 Peak 3
Size, nm 152.2 [146.1; 154.2] | 4848.0[4519.0; 4997.0] 0.0[0.0; 13.1]
Volume, % 94.4[91.2; 96.2] 5.1[3.9;7.2] 0.0[0.0; 1.9]
Z-average, nm 129.6 [127.5; 132.0]
Pdl 0.3[0.3; 0.4]
Measurements were performed after 45 days of storage at 4 °C
Peak 1 Peak 2 Peak 3
Size, nm 204.4 [176.5; 229.1] | 3779.0 [2448.5; 4504.0] | 0.0[0.0; 2148.0]
Volume, % 91.2 [80.7; 91.9] 8.8[8.2; 15.6] 0.0[0.0; 3.8]
Z-average, nm 156.1 [153.3; 163.8]
Pdl 0.5[0.5; 0.6]

In addition, the stability of dispersed in double-distilled water nanoparticles after 45
days storage at 4 °C was evaluated (Table 1). After storage, some changes in AgNPs size
were observed. When testing the correctness of the null hypothesis using the Wilcoxon test,
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it was found that the size distribution in Peak 1 and Z-average value was not differing
significantly (p > 0.05). This indicates that after storage at these conditions, AgNPs have a
spherical shape. The Pdl value was 0.5, which corresponds to the average range of the
nanoparticle size distribution range. Therefore, AgNPs after storage were likely to be
degraded, or there were continuous transformation processes in the suspension, which led to
an increase in the range of hydrodynamic diameter values. It should be noted that after saving
the volume distribution changed a little (Table 1) and these changes were insignificant
(p > 0.05). However, there was a significant (p < 0.01) increase in Pdl by 40%, which directly
indicated the increase in the range of hydrodynamic diameter values. This in turn confirms
the presence of disintegration reactions and aggregation of the formed nanoparticles.

After storage, the hydrodynamic diameter of the synthesized AgNPs (Peak 1, Figure 3)
increases by 25.5% (p < 0.05) and the Z-Average value increases by 17% (p < 0.01).
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Figure 3. Sizes of only synthesized (A) AgNPs using S. cerevisiae M437 supernatant and after
storage for 45 days (B)

Characteristics of AgNPs that were obtained using cell-free aqueous extract of
S. cerevisiae M437 are given in table 2. The value of the distribution of nanoparticles in size
in Peak 1 and Z-Average do not differ significantly (p > 0.05). The Pdl value corresponds to
a narrow range of particle size distribution. After storage of AgNPs for 45 days, there were
some changes in the size and distribution of nanoparticles (Table 2). The value of Pdl after
storage increases by 25%, but this increase is not significant (p > 0.05). This suggests that
AgNPs remain stable in colloidal solution.

When comparing the sizes of AgNPs obtained using a cell-free aqueous extract of
S. cerevisiae M437 before and after storage (Peak 1, Figure 4), we see that the change in their
hydrodynamic diameter is statistically insignificant (p > 0.05). The Z-Average decreases by
7% (p > 0.05), which is also unreliable. That is, there are no changes in the shape of the
nanoparticles.
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Table 2
Size distribution of AgNPs obtained using cell-free aqueous extract of S. cerevisiae M437

Index Measurements were performed immediately after biosynthesis
Peak 1 Peak 2 Peak 3
Size, nm 163.4 [144.2; 186.1] 0.0 [0.0; 4444.5] 0.0[0.0; 0.0
Volume, % 100.0[97.8; 100.0] 0.0[0.0; 2.2] 0.0[0.0; 0.0
Z-Average, nm 143.6 [138.4; 164.1]
Pdl 0.3[0.3;0.4]
Measurements were performed after 45 days of storage at 4 °C
Peak 1 Peak 2 Peak 3
Size, nm 175.7 [173.7; 183.9] 4561.0 [343.0; 4714,0] | 0.0[0.0; 2485.5]
Volume, % 95.2[90.8; 96.4] 4.8[3.6; 6.1] 0.0[0.0; 1.6]
Z-Average, HM 133.3[132.0; 133.9]
Pdl 0.4 [0.4; 0.4]

N
o
o

[EEN
(2}
o
|

120 W Peak 1

O Z-Average

Hydrodynamic diameter, nm
(o]
o

IN
o

A B

Figure 4. Sizes of synthesized (A) AgNPs using a cell-free aqueous yeast extract and after
storage for 45 days (B)

Comparing the sizes of biogenic AgNPs obtained using the above two methods, it was
evident that the value of their hydrodynamic diameter did not differ statistically (Figure 5).
The difference between the Z-average values was significant (p < 0.01). This suggests that
the shape of AgNPs obtained by different methods was different, which was confirmed by
the TEM data.
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Figure 5. Hydrodynamic diameter of AgNPs obtained using supernatant (A) and cell-free
aqueous extract (B) S. cerevisiae M437

We also compared the characteristics of AgNPs obtained using cell-free aqueous extract
or supernatant of S. cerevisiae M437 after storage for 45 days at 4 °C (Figure 6). The
hydrodynamic diameter of nanoparticles and the Z-average value were not statistically
different (p > 0.05).
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Figure 6. Hydrodynamic diameter of AgNPs obtained using supernatant (A) and cell-free
aqueous extract (B) from S. cerevisiae M437 after storage for 45 days
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Comparing the polydispersity of the studied AgNPs shows that the nanoparticles
obtained using a cell-free aqueous extract from S. cerevisiae M437 are 27.2% (p < 0.01) less
polydisperse than the nanoparticles obtained using the supernatant of the S. cerevisiae M437
culture liquid (Tables 1 and 2). This indicates a more uniform distribution of nanoparticles
in size after storage under the specified conditions.

Zeta potential is an important indicator of the surface charge of nanoparticles (Kthiri
et al.,, 2021). The surface charge of AgNPs is related to their dispersity and stability (Leo
et al., 2013). The high value of the negative zeta potential indicates long-term stability and
dispersion, lack of flocculation and the tendency to form agglomerates of biogenic AgNPs
due to the repulsion of negatively charged particles (Skoglund et al., 2017; Win et al., 2020;
Foujdar et al., 2021).

The value of the zeta potential for AQNPs obtained using the supernatant of the culture
liquid of S. cerevisiae M437 was -13.6 [-13.8; -13.1] mV. After 45 days of storage at 4 °C,
the zeta potential increased by 11.7% and was -12.0 [-12.6; -11.0] mV. For AgNPs obtained
using the cell-free aqueous extract from S. cerevisiae M437, the value of the zeta potential
was -13.7 [-14.5; -13.5] mV, and after storage it was -19.3 [-20.1; -18.6] mV. That is a 29%
decrease in the zeta potential.

Obtained results indicate that negatively charged ions are present on the surface of
AgNPs. Due to the repulsion between them, biogenic AgNPs were stable in solution for 45
days of storage. At the same time, nanoparticles obtained using a cell-free aqueous extract
from S. cerevisiae M437 were more stable due to the more negative charge of their surface.

Electron microscopy

The morphology and size of biogenic AgNPs were examined by transmission electron
microscopy (TEM). Silver nanoparticles were relatively homogeneous and close to a
spherical shape (Figure 7) with dimensions of less than 30 nm and tended to form groups or
aggregates.

The median size of nanoparticles and their aggregates was calculated according to the
internal scale mark (bar) indicated on the microphotographs (Table 3).

Table 3
Size of biogenic silver nanoparticles

Origin of the Aggregate Separate nanoparticle
nanoparticles Width, nm Length, nm | Width, nm | Length, nm
Offgg'ggge‘éi;‘% )f‘tfaec't' 39.1 32.0 213 14.2
from S. cerevisiae MA437 [23.1; 69.2] [23.1; 47.9] | [14.2;24.9] | [14.2; 21.3]
Obtained using the
supernatant of the 237.6 109.2 15.6 15.6
culture liquid of [132.0; 257.4] | [60.6; 195.0] | [10.8; 32.4] | [10.8; 27.0]
S. cerevisiae M437
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Figure 7. Electronic micrographs of AgNPs obtained using cell-free aqueous extract (A) and
supernatant of culture liquid S. cerevisiae M437 (B)

There are no significant differences in size between AgNPs synthesized using the
supernatant and using a cell-free aqueous extract of the studied yeast (Table 3). During the
synthesis of AgNPs using a cell-free extract, there is a tendency to the formation of
nanoparticles close to oval, and during the synthesis of AgNPs using the supernatant, they
are close to spherical. It is also noticeable the feature of AgNPs synthesized using the
supernatant S. cerevisiae M437 to form relatively large aggregates of nanoparticles.

It was previously reported that when using the supernatant of the culture liquid Candida
utilis NCIM 3469, no biosynthesis of AgNPs was observed when AgNO; was added to a
final concentration of 2 mM at a temperature of 30 °C (Waghmare et al., 2015). At the same
time, using the supernatant of Candida glabrata at room temperature of biosynthesis, it was
possible to obtain AgNPs of spherical and oval shapes with sizes of 2-15 nm (Jalal et al.,
2018). An interesting study is where S. cerevisiae BY4741 was grown under the influence of
a moderate static magnetic field, after which the culture broth supernatant was used for the
biosynthesis of AgNPs. The resulting nanoparticles were mostly spherical and had a size of
2-12 nm (Kthiri et al., 2021).

Using a cell-free extract of red yeast Phaffia rhodozyma, quasi-spherical AgNPs with a
diameter of 4.1 nm were obtained. The silver nitrate was added to the reaction mixture at a
final concentration of 0.1 M (Ronavari et al., 2018). Synthesis of AgNPs using cell-free
aqueous extract of S. cerevisiae was shown by Skora with co-authors. The authors obtained
spherical AgNPs with an average diameter of 20.1 nm. The temperature of biosynthesis was
60 °C (Skora et al., 2021).
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Thus, depending on the choice of conditions for biogenic synthesis of nanoparticles, it
is possible to obtain different sizes of AgNPs. The sizes of AgNPs, which were determined
using TEM, were smaller than sizes determined using the Zetasizer Nano ZS. This can be
explained by the presence of surface proteins, carbohydrates, and other cellular compounds
that can participate in the stabilization of biogenic nanoparticles, which were measured by
Zetasizer. However, these compounds are not fixed when using the TEM method, since they
cannot be retained on the surface of nanoparticles in vacuum under an electron beam (Xue et
al., 2016). Also, it should be said that the Zetasizer Nano device cannot differentiate
individual nanoparticles from their aggregates, therefore it perceives a separate aggregate as
a separate particle.

The obtained different values of the sizes of biogenic AgNPs can be explained by the
constantly running processes of decomposition and formation of new aggregates of
nanoparticles occurring simultaneously. This hypothesis can be refined in future studies
using stabilizers and the study of samples using the Zetasizer Nano in dynamics for a long
time.

Conclusions

The possibility of mediated synthesis of AgNPs by the Saccharomyces cerevisiae M437
yeast strain from the collection of live cultures of the Department of Biotechnology and
Microbiology of the National University of Food Technologies have been shown. In this case,
the synthesis of AgNPs was observed both when using the culture fluid supernatant and the
cell-free aqueous extract from S. cerevisiae M437. The size and shape of the nanoparticles
that were obtained using these two methods did not actually differ. But we found a difference
in the specific sizes of AgNPs using different methods (Zetasizer Nano ZS and TEM).
Perhaps this difference is due to organic compounds involved in the formation and
stabilization of nanoparticles. However, these compounds are not fixed when using the TEM
method, since they cannot be retained on the surface of nanoparticles in vacuum under an
electron beam. A difference in the stability of biogenic AgNPs after storage in solution for
45 days was also observed. At the same time, the nanoparticles obtained with the use of a
cell-free aqueous yeast extract turned out to be more stable. In the future, the antimicrobial
activity of biogenic AgNPs with a view to their further use in the food industry will be
studied.
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