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

The strains of Salmonella typhimurium, Pasteurella multocida, Yersinia 
pseudotuberculosis, and Staphylococcus aureus from the collecƟon of the Ukrainian 
Laboratory of Quality and Safety of Agricultural Products of the NaƟonal 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 (PharmacƟve, Ukraine) with the addiƟon of 5% equine serum and 0.5% glucose; 
meat-peptone broth (PharmacƟve, Ukraine) with the addiƟon of 5% bovine serum and 
0.5% glucose; meat-peptone broth (PharmacƟve, Ukraine) with the addiƟon of 5% bovine 
serum and 0.5% glucose; brain-heart infusion broth (HiMedia, India) and tryptone soya 
broth (HiMedia, India). Faibich protecƟve medium was used as a cryoprotectant. It was 
found that in the process of sublimaƟon and cryopreservaƟon of cultures of Salmonella 
typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, and Staphylococcus 
aureus, the loss of viable microbial cells was 99.91–99.98%. The concentraƟon of viable 
microbial cells in lyophilized cultures of Salmonella typhimurium, Pasteurella multocida, 
Yersinia pseudotuberculosis, Staphylococcus aureus was recorded in the range of 
1.4 × 104–1.7 × 106 CFU/cm3. During a single passage on different culture media, 
obtained biomass of the studied cultures was in the iniƟal Ɵter x × 109. The highest 
producƟvity in recovered cultures was obtained using brain-heart infusion broth 
manufactured by HiMedia, India (concentraƟon of live microbial cells in experimental 
cultures was recorded in the range of 5.7–6.4 × 109 CFU/cm3).

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

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 ºC, 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 
et al., 2011; Kovtun et al., 2013; Holovko 
et al., 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 strains 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-
ylococcus aureus. Each test culture 
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was packaged 1.0 cm3 into 5 cm3 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/cm3). 
Cryopreservation of cultures was car-
ried out in a freezer Forma 700 Series 
Thermo Scientific (USA) at -70 ºC.

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 ºC.
After lyophilization, the typicality, ho-
mogeneity, and concentration of viable 
microbial cells (CFU/cm3) 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

Salmonella 
typhimurium

Meat-peptone broth (MPB) Pharmactive, 
Ukraine

Brain-hearth infusion broth (BHIB) HiMedia(India)
Tryptone soya broth (TSB) HiMedia (India)

Pasteurella 
multocida

MPB culture media with the addition of 5% equine 
serum and 0.5% glucose

Pharmactive, 
Ukraine

MPB with the addition of 5% bovine serum and 
0.5% glucose

Pharmactive, 
Ukraine

Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)

Yersinia pseudo-
tuberculosis

Meat-peptone broth Pharmactive, 
Ukraine

Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)

Staphylococcus 
aureus

MPB culture media with the addition of 5% equine 
serum and 0.5% glucose

Pharmactive, 
Ukraine

MPB with the addition of 5% bovine serum and 
0.5% glucose

Pharmactive, 
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 H2S. 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 
ºC, diameter 3–4 mm, large, irregularly 
shaped, with uneven edges, hilly, opaque, 
greenish-cream color, esculin, fermented 
glucose, α-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 
(n = 5)

Salmonella typh-
imurium

Yersinia pseudotuber-
culosis

Pasteurella mul-
tocida

Staphylococcus 
aureus

Concentration of 
viable broth bacteria 
(MPB), CFU/cm3

4.5 × 109 2.8 × 109 1.6 × 109 6.6 × 109

Concentration of via-
ble cells (broth culture 
+ protective medium, 
1:1), CFU/cm3

2.1 × 109 1.4 × 109 0.9 × 109 3.3 × 109

Typical growth on 
solid nutrient media

Typical of the 
species Typical of the species Typical of the 

species
Typical of the 

species

Homogeneity of the
microorganism pop-
ulation

Homogeneous 
gram-negative 

rods in size
2–4 x 0.5–0.8 μm

Homogeneous 
gram-negative cocci 

and ovoids, 0.8–1.2 × 
0.5–0.8 μm in size, mo-
bile at 23 ºC, immobile 

at 37 ºC

Homogeneous
small gram-neg-

ative
ovoids, size 

0.5–1 x 0.5–0.8 
μm

Homogeneous 
gram-positive 

cocci, size 
1.0–1 x 1.5–2.0 

μm

Biochemical properties Typical for the 
species Typical for the species Typical for the 

species
Typical for the 

species
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Culture of S. aureus on Baird-Parker 
Agar medium (HiMedia, India) formed 
S-colonies, 1-2 mm in diameter, black, shiny, 
surrounded by a zone of enlightenment (lec-
ithinase activity); coagulated rabbit plasma, 
fermented to form mannitol acid, glucose.

The studied cultures were lyophilized. 
Viability was determined in lyophilized 
cultures: population homogeneity, growth 
typicality on solid nutrient media and con-
centration of viable cells. The research re-
sults are shown in Table 3.

Fig. 1. Culture of S. typhimurium on bismuth sulfite agar (BSA) medium 
(Pharmactive, Ukraine)

Fig. 2. Culture of Y. pseudotuberculosis R-colonies at a temperature of 37 ºC 
on Yersinia isolation agar (HiMedia, India)
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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 

Fig. 3. Culture of S. aureus on Baird-Parker agar medium (HiMedia, India)

3. Viability of lyophilized cultures

Determined indi-
cator (n = 5)

Salmonella 
typhimurium

Yersinia pseudo-
tuberculosis

Pasteurella 
multocida

Salmonella 
typhimurium

Concentration 
of viable cells
 after lyophiliza-
tion, CFU/cm3

1.9 × 105 1.8 × 104 1.4 × 104 1.7 × 106

Homogeneity 
of the
 microorganism 
population

Small polymor-
phic gram-neg-
ative structures: 

ovoids, rods

Small polymor-
phic gram-neg-
ative structures: 

ovoids, rods

Small polymor-
phic gram-neg-
ative structures: 

ovoids, rods

Small gram-pos-
itive cocci, 

ovoids

Typical growth 
on solid nutrient 
media

Typical for the 
species

Typical for the 
species

Typical for the 
species

Typical for the 
species
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cells of a lyophilized culture of P. multo-
cida was 1.4 × 104 CFU/cm3, Y. pseudo-
tuberculosis – 1.8 × 104 CFU/cm3, S. 
typhimurium 1.9 × 105 CFU/cm3, S. au-
reus – 1.7 × 106 CFU/cm3, 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 × 109 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 × 109 CFU/
cm3). The productivity of S. typhimurium 
culture with the use of MPB and TSB was 

4. Concentration of viable cells in recovered cultures

Culture media Concentration of viable cells, CFU/cm3

Salmonella typhimurium
Meat-peptone broth 2.1 × 109

Brain-hearth infusion broth 6.0 × 109

Tryptone soya broth 2.6 × 109

Yersinia pseudotuberculosis
Meat-peptone broth 1.8 × 109

Brain-hearth infusion broth 5.7 × 109 
Tryptone soya broth 2.1 × 109

Pasteurella multocida
MPB culture media with the addition of 5% 
equine serum and 0.5% glucose 1.5 × 109

MPB with the addition of 5% bovine serum and 
0.5% glucose 1.1 × 109

Brain-hearth infusion broth 6.1 × 109

Tryptone soya broth 1.0 × 109

Staphylococcus aureus
MPB culture media with the addition of 5% 
equine serum and 0.5% glucose 2.3 × 109

MPB with the addition of 5% bovine serum 
and 0.5% glucose 2.0 × 109

Brain-hearth infusion broth 6.4 × 109

Tryptone soya broth 4.1 × 109
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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 × 104–1.7 
× 106 CFU/cm3.

3. During a single passage on different 
culture media, the biomass of the 
studied cultures was obtained in the 
initial titer x × 109.

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 × 109 CFU/cm3).
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Анотація. На сьогодні найбільш доцільним способом довготривалого зберігання 

більшості штамів мікроорганізмів у колекціях є їх ліофілізація. Швидкість та якість 
відновлення біологічних властивостей ліофілізованих бактеріальних культур багато 
залежить від якості культуральних середовищ, що використовують з цією метою. 
Метою було дослідити ефективність культуральних середовищ для відновлення 
ліофілізованих патогенних бактерій. 

У роботі використовували штами Salmonella typhimurium, Pasteurella multocida, 
Yersinia pseudotuberculosis, Staphylococcus aureus з колекції Української лабораторії якості 
і безпеки продукції АПК Національного університету біоресурсів і природокористування 
України. Для відновлення ліофілізованих бактеріальних культур використовували 
декілька варіантів культуральних середовищ: м›ясо-пептонний бульйон (Фармактив, 
Україна) з додаванням 5% сироватки крові коня та 0,5% глюкози; м›ясо-пептонний 
бульйон (Фармактив, Україна) з додаванням 5% сироватки крові великої рогатої худоби 
та 0,5 % глюкози; серцево-мозковий бульйон (HiMedia, India) та триптон-соєвий 
бульйон (HiMedia, India). В якості кріопротектора використовували захисне середовище 
Файбича. Встановлено, що в процесі сублімації та кріоконсервації культур Salmonel-
la typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus 
втрати життєздатних мікробних клітин становили 99,91–99,98%. Концентрацію 
життєздатних мікробних клітин у ліофілізованих культур Salmonella typhimurium, 
Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus реєстрували в 
межах 1,4×104–1,7×106 КУО/см3. За однократного пасажування на різних культуральних 
середовищах було отримано біомаси досліджуваних культур у вихідному титрі х × 
109. Найвищу продуктивність у відновлених культур біло отримано за застосування 
серцево-мозкового бульйону виробництва компанії HiMedia, India (концентрацію живих 
мікробних клітин у дослідних культур реєстрували в межах 5,7–6,4 × 109 КУО/см3).

Ключові слова: Salmonella, Pasteurella, Yersinia, Staphylococcus, поживні середовища, 
ліофілізація


