UDC 619:616.98:579.861.2 https://doi.org/10.31548/ujvs2021.01.005

A STUDY OF THE EFFICIENCY OF CULTURE
MEDIA FOR THE RECOVERY OF LYOPHILIZED
PATHOGENIC BACTERIA

V. 0. USHKALOV, Doctor of Veterinary Sciences, Professor
https://orcid.org/0000-0001-5694-632X
E-mail: ushkalov63@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
L. M. VYGOVSKA, Doctor of Veterinary Sciences, Research Fellow
https://orcid.org/0000-0001-6745-5753
E-mail: Invygovska@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
A. V. USHKALOV, Candidate of Veterinary Sciences
https.//orcid.org/0000-0001-8317-7909
E-mail: vetdocman@gmail.com
Main Administration of State Service of Ukraine on Food Safety and Consumer
Protection in Kharkiv region, Kharkiv, Ukraine
S. 0. BOIANOVSKYI, Junior Research Fellow
https://orcid.org/ 0000-0002-4621-5192
E-mail: sboyanka@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
A. V. HRANAT, Junior Research Fellow
https://orcid.org/0000-0003-3273-903X
E-mail: andriy.hranat@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
S. A. TERESHCHENKO, Junior Research Fellow
https://orcid.org/0000-0002-5786-8711
E-mail: kelas1993@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
L. O. DAVYDOVSKA, Engineer of the 3rd category
E-mail: li.davydovskaya@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

40 | ISSN 2663-967X Ukrainian Journal of Veterinary Sciences Vol. 12, N2 1, 2021



LlocnioaceHHs eheKmusHOCMI KyslbmypasibHUX cepedosull, 0115 8I0HOB/EeHHS Mi0GiNi308aHUX...

Yu. Yu. VISHOVAN, Junior Research Fellow
https://orcid.org/0000-0003-1128-593X
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
E-mail: anatomi1991@gmail.com

Abstract. Today, the most appropriate way of long-term storage of most
microorganism strains in collections is their lyophilization. The rate and quality of the
recovery of biological properties in lyophilized bacterial cultures depend on the quality
of culture media used for this purpose. The purpose of this study was to investigate the
effectiveness of culture media for the recovery of lyophilized pathogenic bacteria.

The strains of Salmonella typhimurium, Pasteurella multocida, Yersinia
pseudotuberculosis, and Staphylococcus aureus from the collection of the Ukrainian
Laboratory of Quality and Safety of Agricultural Products of the National University of
Life and Environmental Sciences of Ukraine were used in the study. In order to restore
lyophilized bacterial cultures, several variants of culture media were used: meat-peptone
broth (Pharmactive, Ukraine) with the addition of 5% equine serum and 0.5% glucose;
meat-peptone broth (Pharmactive, Ukraine) with the addition of 5% bovine serum and
0.5% glucose; meat-peptone broth (Pharmactive, Ukraine) with the addition of 5% bovine
serum and 0.5% glucose; brain-heart infusion broth (HiMedia, India) and tryptone soya
broth (HiMedia, India). Faibich protective medium was used as a cryoprotectant. It was
found that in the process of sublimation and cryopreservation of cultures of Salmonella
typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, and Staphylococcus
aureus, the loss of viable microbial cells was 99.91-99.98%. The concentration of viable
microbial cells in lyophilized cultures of Salmonella typhimurium, Pasteurella multocida,
Yersinia pseudotuberculosis, Staphylococcus aureus was recorded in the range of
1.4 x 10°-1.7 x 10° CFU/cm?’. During a single passage on different culture media,
obtained biomass of the studied cultures was in the initial titer x x 10°. The highest
productivity in recovered cultures was obtained using brain-heart infusion broth
manufactured by HiMedia, India (concentration of live microbial cells in experimental
cultures was recorded in the range of 5.7—6.4 x 10° CFU/cm’).

Keywords: Salmonella, Pasteurella, Yersinia, Staphylococcus, nutrient media,
lyophilization

Introduction

In order to preserve the activity of
microorganism strains, several main
methods are used: lyophilization, cryo-
preservation, freezing of agar media
grown bacterial cultures at -70 °C, peri-
odic reseeding on nutrient media, culti-
vation in appropriate biological systems

(chicken embryos, cell culture, etc.)
(Cherkasskiy et al., 1988; Osadchaya
et al., 2002; Holovko et al., 2004; Aky-
menko, 2007; Vygovska et al., 2007,
Ushkalov et al., 2009).

To date, the most appropriate way
of long-term storage of most microor-
ganism strains in collections is their ly-
ophilization (Akymenko, 2007; Vygov-
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ska et al., 2007). For cryopreservation
and subsequent freeze-drying, it is rec-
ommended to use cells in the stationary
phase of growth, when the highest level
of bacterial accumulation is reached,
the intensity of metabolic processes de-
creases, there is an increase in cell resis-
tance to freezing and drying (Vygovska
et al., 2007; Vyigovskaya et al., 2008).

The choice of a protective suspension
medium is important for effective lyo-
philization. Colloidal solutions are used
for this purpose. The components of the
suspension protective media, as a rule,
introduce substances that reduce the crys-
tallization point of water; this prolongs
the cooling time of the cells and creates
conditions for minimizing the negative
effects of ice crystals, as well as in some
way provides a protective effect during
freeze-drying (Emtsova et al., 1991;
Osadchaya et al., 2002; Akymenko,
2007; Romanko, 2010; Hordiienko et al.,
2011; Romanko et al., 2012; Holovko et
al., 2015; Hordiienko et al., 2018).

For bacteria, cryopreservation and
subsequent freeze-drying under vacuum
are stressors that affect the cell due to
increased osmotic pressure, temperature
shock, changes in intracellular pH, high
salt concentration. They lead to the accu-
mulation of non-lethal and lethal damage
to the structures (cells) of the biological
object (Osadchaya et al., 2002; Holovko
et al., 2004; Romanko et al., 2006; Vy-
govska et al., 2007; Ushkalov et al.,
2008; Hordiienko et al., 2011).

Non-lethal damage and the result-
ing changes in the properties of bacterial
cultures are usually reversible and are re-
stored to normal under appropriate condi-
tions and with the use of certain methods.
The rate and quality of the recovery of bi-
ological properties in lyophilized bacteri-
al culture depend on the quality of culture
media used for this purpose. Some au-

thors recommend adding specific compo-
nents to the culture media intended for the
cultivation and recovery of certain micro-
organism species (Ushkalov et al., 2008;
Kovtun et al., 2013; Holovko et al., 2015).
The effectiveness of the used culture me-
dia determined by comparing the biolog-
ical properties of bacterial cultures at the
stage of laying for long-term storage, after
lyophilization of the culture, and after its
recovery in the appropriate culture medi-
um (Postoienko et al., 2011; Hordiienko
etal., 2011; Kovtun et al., 2013; Holovko
etal., 2015).

Purpose. To investigate the effec-
tiveness of culture media for the recov-
ery of lyophilized pathogenic bacteria.

Materials and methods
of research

The Salmonella typhimurium, Pasteu-
rella multocida, Yersinia pseudotubercu-
losis, Staphylococcus aureus $trains from
the collection of Ukrainian Laboratory of
Quality and Safety of Agricultural Prod-
ucts of the National University of Life and
Environmental Sciences of Ukraine (UL-
QSAP of NUBIP) isolated during micro-
biological studies of pathological material
from animals in the research department
of ULQSAP of NUBIP of Ukraine, were
used in the study.

Cultural and protective media were
prepared and controlled in accordance
with ISO 11133:2014 “Microbiology
of food, animal feed and water. Prepa-
ration, production, storage and perfor-
mance testing of culture media”.

Faibich protective medium was used
as a cryoprotectant (gelatin — 1.0%, su-
crose — 10.0%, distilled water — 89%)
in a ratio of 1:1 with the broth of 24-
hour cultures of Salmonella typhimuri-
um, Pasteurella multocida, and Staph-
vlococcus aureus. Each test culture
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was packaged 1.0 cm?® into 5 cm? vials.
Before lyophilization (cryopreservation
and subsequent sublimation), three vi-
als were taken from each experimental
batch to determine the typicality, ho-
mogeneity, and concentration of bacte-
rial mass in the suspension (CFU/cm?).
Cryopreservation of cultures was car-
ried out in a freezer Forma 700 Series
Thermo Scientific (USA) at -70 °C.
Sublimation drying was performed in
an LP-3 apparatus from TelStar (Spain)
with a deep vacuum of 0.17 mB and a
condenser temperature of 45-50 °C.
After lyophilization, the typicality, ho-
mogeneity, and concentration of viable
microbial cells (CFU/cm®) were deter-
mined in the experimental samples. In
order to establish the concentration of
viable microorganisms, samples were
prepared in accordance with ISO 6887-
1:2003 “Microbiology of food and an-

imal feeding stuffs. Preparation of test
samples, initial suspension and decimal
dilutions for microbiological examina-
tion. Part 1. General rules for the prepa-
ration of the initial suspension and dec-
imal dilutions”.

The biological properties of the stud-
ied strains were determined before lyo-
philization and in cultures recovered on
different nutrient media. The studies were
performed according to ISO 6888-1:1999/
Amd 1:2003 “Microbiology of food and
animal feeding stuffs — Horizontal method
for the enumeration of coagulase-positive
staphylococci  (Staphylococcus — aureus
and other species) — Part 1: Technique
using Baird-Parker agar medium; EN
12824:1997 « Standard Details « Micro-
biology of food and animal feeding stuffs
— Horizontal method for the detection of
Salmonella”; Metodychni rekomendatsii
z diahnostyky, profilaktyky ta zakhodiv

1. Culture media for bacterial cultures

Strain Nutrient media Manufacturer
Pharmactive
Meat-peptone broth (MPB) o
Salmonella Ukraine
typhimurium Brain-hearth infusion broth (BHIB) HiMedia(India)
Tryptone soya broth (TSB) HiMedia (India)
MPB culture media with the addition of 5% equine Pharmactive,
serum and 0.5% glucose Ukraine
Pasteurella MPB with the addition of 5% bovine serum and Pharmactive,
multocida 0.5% glucose Ukraine
Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)
Pharmactive
Meat-peptone broth MR
Yersinia pseudo- Ukraine
tuberculosis Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)
MPB culture media with the addition of 5% equine Pharmactive,
serum and 0.5% glucose Ukraine
Staphylococcus MPB with the addition of 5% bovine serum and Pharmactive,
aureus 0.5% glucose Ukraine
Tryptone soya broth HiMedia (India)
Brain-hearth infusion broth HiMedia (India)
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borotby z pasterelozom (kholeroiu) ptytsi.
(Stehnii et al., 2009); Metodicheskie uka-
zaniya «Epidemiologicheskiy nadzor i
profilaktika psevdotuberkuleza i kishech-
nogo iersinioza» (2009).

In order to restore lyophilized bacte-
rial cultures, several variants of culture
media were used (Table 1).

Results of the research and their
discussion

At the beginning of the experiment,
the studied culture biological properties
of the matrix broods of Salmonella typh-
imurium, Pasteurella multocida, Yersin-
ia pseudotuberculosis, Staphylococcus
aureus were determined (Table 2).

The studied cultures were charac-
terized by population homogeneity and
corresponding for each species typical-
ity by morphological, cultural, and bio-
chemical properties.

Culture of S. typhimurium on bismuth
sulfite agar (BSA) medium (Pharmac-
tive, Ukraine) formed black S-shaped
colonies with a metallic luster, rounded,

regular shape, 3—4 mm in diameter, the
color of the medium around the colonies
became black-gray. S. typhimurium fer-
mented (with the formation of acid and
gas) glucose, arabinose, mannitol, malt-
ose, sorbitol, dulcite; reduced nitrates
to nitrites, isolated H,S. The culture of
S. typhimurium was agglutinated with
O-complex sera 1, 2 and monoreceptor
H-agglutinating serum of the 1st phase
and the 2nd phase — 1, 2, 5, 6.

Culture of Y. pseudotuberculosis on
plate count agar medium (HiMedia, India)
formed R-colonies at a temperature of 37
°C, diameter 3-4 mm, large, irregularly
shaped, with uneven edges, hilly, opaque,
greenish-cream color, esculin, fermented
glucose, a-arabinose, mannose, xylose,
rhamnose, maltose, mannitol.

The culture of P. multocida on plate
count agar medium (HiMedia, India)
formed homogeneous S-colonies with a
diameter of 0.7-1.2 mm, rounded, con-
vex, shiny, with a smooth clear edge,
milky white, translucent; fermented
with the formation of acid without sug-
ar: glucose, mannitol, sucrose.

2. Biological properties of the studied cultures (matrix cultivation)

Determined indicator | Salmonella typh- | Yersinia pseudotuber- | Pasteurellamul- | Staphylococcus
(n=15) imurium culosis tocida aureus
Concentration of 9 o 9 o
viable broth bacteria 4.5x10 2.8x10 1.6 x 10 6.6 x 10
(MPB), CFU/cm®
Concentration of via-
ble cells (broth culture 2.1 x10° 1.4 x10° 0.9 x 10° 33x10°
+ protective medium,
1:1), CFU/cm?
Typical growth on Typical of the Typical of the species Typical of the Typical of the
solid nutrient media species species species
Homogeneous Homogeneous H
h . omogeneous
. Homogeneous gram-negative cocci | small gram-neg- o
Homogeneity of the i d ovoids. 0.8-12 i gram-positive
microorganism pop- gram-negative anc ovouds, 1.0 atve coccl, size
ulation rods in size 0.5-0.8 um in size, mo- | ovoids, size 1.0-1 x 1.5-2.0
2-4x0.5-0.8 um | bile at 23 °C, immobile | 0.5-1 x 0.5-0.8 ’ e
at37°C um Hm
Biochemical properties Typ;;zlcifg; the Typical for the species Typ;;a;lcf(e); the Typ;;zél(:ifgsr the
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Fig. 1. Culture of S. typhimurium on bismuth sulfite agar (BSA) medium
(Pharmactive, Ukraine)

Culture of S. aureus on Baird-Parker The studied cultures were lyophilized.
Agar medium (HiMedia, India) formed Viability was determined in lyophilized
S-colonies, 1-2 mm in diameter, black, shiny,  cultures: population homogeneity, growth
surrounded by a zone of enlightenment (Iec-  typicality on solid nutrient media and con-
ithinase activity); coagulated rabbit plasma,  centration of viable cells. The research re-
fermented to form mannitol acid, glucose. sults are shown in Table 3.

Fig. 2. Culture of Y. pseudotuberculosis R-colonies at a temperature of 37 °C
on Yersinia isolation agar (HiMedia, India)
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Fig. 3. Culture of S. aureus on Baird-Parker agar medium (HiMedia, India)

It was found that cultures subjected to
lyophilization had a changed morpholo-
gy: in smears of rehydrated lyophilizates
of S. typhimurium, Y. pseudotuberculo-
sis, P multocida cultures recorded small
polymorphic gram-negative structures:
ovoids, rods; in smears of S. aureus —
small gram-positive cocci, ovoids. On

solid nutrient media after the appropri-
ate incubation period, the rehydrated
cultures formed colonies typical for the
respective species of microorganisms.
There was a significant decrease in the
concentration of viable microbial cells
in cultures after lyophilization. Thus,
the concentration of viable microbes in

3. Viability of lyophilized cultures

Determined indi- Salmonella | Yersinia pseudo-| Pasteurella Salmonella
cator (n =5) typhimurium tuberculosis multocida typhimurium
Concentration
of viable cells 1.9 x 10° 1.8 x 10* 1.4 % 10* 1.7 x 10°
after lyophiliza-
tion, CFU/cm?
Homogeneity Small polymor- | Small polymor- | Small polymor-
of the phic gram-neg- | phic gram-neg- | phic gram-neg- Smftlll\l/ grc at)rzléli)os-
microorganism ative structures: | ative structures: | ative structures: ovoids ’
population ovoids, rods ovoids, rods ovoids, rods
zr};ps gﬁllg; 1?;‘;2 }rllt Typical for the | Typical for the | Typical for the | Typical for the
media species species species species
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cells of a lyophilized culture of P. multo-
cida was 1.4 x 10* CFU/cm?®, Y. pseudo-
tuberculosis — 1.8 x 10* CFU/cm?, S.
typhimurium 1.9 x 10° CFU/em?®, S. au-
reus — 1.7 x 10 CFU/cm?, which is from
baseline 0.09%, 0.013%, 0.016%, and
0.05%, respectively. Rehydrated cultures
were inoculated into appropriate culture
media (Table 4). After the appropriate
incubation period in the studied cultures,
the homogeneity of the population of
microorganisms and the concentration
of viable cells were determined. From
daily broth cultures made sowings on the
corresponding solid nutrient media. Af-
ter the appropriate incubation period, the
typical growth of inoculated cultures was
determined. The studied populations of

cultures had homogeneous cell morphol-
ogy, during incubation on solid nutrient
media formed typically for the species
colonies. The results of determining the
concentration of viable cells in microor-
ganism populations on different culture
media are shown in Table 4.

The obtained results indicate that the
biomass of the studied cultures in the initial
titer x x 10° was obtained by a single pas-
sage on different culture media. The high-
est productivity in recovered cultures was
obtained with the use of BHIB, (HiMedia,
India) (the concentration of live microbial
cells in the experimental cultures was re-
corded in the range of 5.7-6.4 x 10° CFU/
cm?). The productivity of S. syphimurium
culture with the use of MPB and TSB was

4. Concentration of viable cells in recovered cultures

Culture media

Concentration of viable cells, CFU/cm?

Salmonella typhimurium

Meat-peptone broth 2.1 x10°

Brain-hearth infusion broth 6.0 x 10°

Tryptone soya broth 2.6 x 10°

Yersinia pseudotuberculosis

Meat-peptone broth 1.8 x10°

Brain-hearth infusion broth 5.7 % 10°

Tryptone soya broth 2.1 x 10°

Pasteurella multocida

MPB culture media with the addition of 5% 15%10°
. o .

equine serum and 0.5% glucose

MPB with the addition of 5% bovine serum and o
o 1.1 x 10

0.5% glucose

Brain-hearth infusion broth 6.1 x 10°

Tryptone soya broth 1.0 x 10°

Staphylococcus aureus

MPB culture media with the addition of 5% o
X o 2.3 x10

equine serum and 0.5% glucose

MPB with the addition of 5% bovine serum 20 10°

and 0.5% glucose )

Brain-hearth infusion broth 6.4 x 10°

Tryptone soya broth 4.1 x10°
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Fig. 4. The process of lyophilization

lower by 65 and 57%, respectively. The
productivity of Y. pseudotuberculosis cul-
ture with the use of BHIB and TSB was
lower by 68 and 63%, respectively. The
productivity of P multocida culture with
the use of MPB with 5% equine serum and
0.5% glucose, MPB with 5% bovine serum
and 0.5% glucose and TSB was lower by
75%, 82, and 84%, respectively. The pro-
ductivity of S. aureus culture with the use
of MPB with 5% equine serum and 0.5%
glucose, MPB with 5% bovine serum and
0.5% glucose, TSB was lower by 64%,
69, and 36% respectively.

Conclusion and future
perspectives

1. It was found that in the process of
sublimation and cryopreservation
of Salmonella typhimurium, Pasteu-
rella multocida, Yersinia pseudotu-

berculosis, Staphylococcus aureus
cultures, the loss of viable microbial
cells was 99.91-99.987%.

2. The concentration of viable microbial
cells in lyophilized cultures of Sal-
monella typhimurium, Pasteurella
multocida, Yersinia pseudotubercu-
losis, Staphylococcus aureus was re-
corded in the range of 1.4 x 10*-1.7
x 10° CFU/cm?.

3. During a single passage on different
culture media, the biomass of the
studied cultures was obtained in the
initial titer x x 10°.

4. The highest productivity in recovered
brain-hearth infusion broth manufac-
tured by HiMedia, India (concentra-
tion of live microbial cells in exper-
imental cultures was recorded in the
range of 5.7-6.4 x 10° CFU/cm?).
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AHomauyia. Ha cbo200Hi Halibinbw OouyineHUM crnocobom 0oszompusanozo 3b6epieaHHA
binbwocmi wmamie MikpoopaaHiamie y KoneKkuisax € ix nioginizayis. LLlsudkicme ma sxicme
8i0HO8n1eHHA GionoeiyHUX enacmusocmeli nioginizosaHux bakmepianeHUx Kyaemyp 6azamo
3an7exums 8i0 AKOCMI KynbmypanbHUX cepedosuw, WO BUKOPUCMOBYIOMb 3 Ui€l0 Memoro.
Memoto 6yno Oocnidumu eghekmusHicmb KynbmypanbHUX cepedosuw, 071 Bi0HOBMAEHHSA
niogpinizosaHux namoaeHHUXx 6akmepild.

Y pobomi sukopucmosysanu wmamu Salmonella typhimurium, Pasteurella multocida,
Yersinia pseudotuberculosis, Staphylococcus aureus 3 Konekyii YkpaiHcokoi nabopamopii akocmi
i 6e3neku npodykyii AMK HayioHanbHo20 yHisepcumemy 6iopecypcie i npupodoKopucmysaHHs
YKpaiHu. [na e8i0HOoBnAeHHA nioginizosaHuUx b6akmepianbHUX Kysaemyp euKopucmosysanu
OeKinbKa eapiaHmie KysbmypanbHUx cepedosuw: Maco-nenmoHHuli bynelioH (Papmakmus,
YkpaiHa) 3 0odasaHHAM 5% cuposamku Kpogi koHA ma 0,5% entoKosu; mrAco-nenmoHHul
bynblioH (Papmakmus, YKkpaiHa) 3 0odasaHHAM 5% cuposamKu Kposi sesnukoi poeamoi xydobu
ma 0,5 % enwoKo3u; cepyeso-moskosuli bynvlioH (HiMedia, India) ma mpunmot-coesuli
bynblioH (HiMedia, India). B akocmi kpionpomeKkmopa 8UKopucmosysanu 3axucHe cepedosulye
@alibuya. BcmaHosneHo, wo 8 npouyeci cybaimayii ma KpiokoHcepsauyii Kynemyp Salmonel-
la typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus
smpamu Humme3zoamHux MIKpObHUX KaimuH cmaHosunu 99,91-99,98%. KoHueHmpayito
HUMME3OAMHUX MIKPOOHUX KAIMUuH y nioginizosarHux Kynemyp Salmonella typhimurium,
Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus peecmpysanu e
mexax 1,4x10°-1,7x10° KYO/cm?. 3a 00HOKPamMHO20 nacamcy8aHHA Ha Pi3HUX Ky/abmypanbHUX
cepedosuwax bysn0 ompumaHo biomacu 00CniOHcy8aHux Kysnemyp y euxioHomy mumpi X x
10°. Hatlisuwy npodykmueHicme y 8iOHO8MAeHUX Kyabmyp 6in0 ompumMaHo 3a 3aCMOCy8aHHA
cepyeso-mMo3K08020 bynblioHy supobHuymea komnarii HiMedia, India (koHueHmpauyito #usux
MIKPOBHUX KAimUuH y 00CAIOHUX Kysbmyp peecmpyeanu 8 mexax 5,7—6,4 x 10° KYO/cm?).

Knrouoei cnoea: Salmonella, Pasteurella, Yersinia, Staphylococcus, noxcusHi cepedosuwa,
nioginizayis
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