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Abstract

As a result of the study, the best viability of monocultures and associations under freeze drying
has been determined. The best two protective media during storage and their composition are the
following: media No.1 includes (%) sodium acetate - 2.5; sodium citrate - 2.5; sucrose - 10.0; and
protective media No.2 containmrn (%) sucrose 8.0; gelatin - 1.5; skim milk - 5.0. Thus the titer of
bacteria equaled to values of 6.0x10° and 4.2x10° CFU / g, respectively.

When determining the stability of dried preparations during storage of probiotic bacteria and
their association, the best protective medium is No. 2 (sucrose 8.0%; gelatin - 1.5%; skim milk -
5.0%).

The antagonistic activity of monocultures (lactic acid bacteria Lactobacillus plantaruml,
Streptococcus salivarius  20n, Lactobacillus fermentum 15, propionic acid bacteria
Propionibacterium shermanii 34) and associations based on these monocultures is preserved
practically at the initial level upon freeze drying.

A probiotic based on lactic acid and propionic acid bacteria can be used as a therapeutic and
prophylactic agent against dyspepsia for farm animals. At the same time, there is no need for the use
of antibiotics and other antibacterial agents for the treatment of diseased animals.

Key words: probiotics, bifidobacteria, lactobacilli, antagonism, immunostimulating effect,
antibiotics, polyresistance, dysbiosis, intestinal infections, extra-intestinal infections.

Introduction

Infectious diseases of animals are urgent problem for many countries of the world. This
increases the risk of human infection through animals, as well as food contamination. In this situation,
disease prevention with probiotics can play an important role. Currently, a large number of probiotics
1s known, consisting of lactic acid and bifidobacteria, which are the main protective group of intestinal
microorganisms, harmless to humans and animals [1-7]. However, the known probiotics have not
become an alternative to antibiotics, since they have an insufficiently broad antimicrobial spectrum
of action and are used mainly to restore normal intestinal microflora. Often, the use of recommended
medicines is not effective, since it does not take into account the nature of the infection.

The probiotic developed by us is based on lactic acid and propionic acid bacteria, it differs from
the known ones in a wide spectrum of antimicrobial action against pathogenic and relatively
pathogenic stirrers of intestinal diseases due to the targeted selection of strains of lactic acid bacteria
in its composition - antagonists to the most common pathogens. The composition of the drug contains
propionic acid bacteria, which stimulate the antagonistic activity of lactic acid bacteria, reduce their
dependence on composition of the nutrient medium, and also enrich the drug with B- group vitamins.
This ensures high preventive and therapeutic efficacy of the drug not only against colibacillosis and
salmonellosis, but also against mixed intestinal infection, typical for most cases of diseases. The data
presented indicate a wide range of biological activity of the developed drug and the prospects for
research on the development of technology for its production.

The main task of producing dry preparations is use of effective methods of maintaining the
viability of cultures during long-term storage. For this, it is necessary that the least number of cells
die during the drying process. The most modern and reliable way of long-term storage of
microorganisms is freeze-drying (or lyophilization). It is based on the fact that water at a reduced
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atmospheric pressure evaporates from the frozen material which is to be dried, turning into vapor,
bypassing the liquid state. At the same time, the temperature of the dehydrated material during the
entire period of free moisture removal remains below the freezing point, as a result of which the
proteins are not exposed to the denaturing action of increased concentrations of electrolytes. In
addition, with the freeze drying method in vacuum, the temperature is not higher than 30 degrees, and
moisture is removed after freezing, at a time when microorganisms are in a state of anabiosis and are
most resistant to various adverse effects. The freeze dryer has excellent distinctive features: low
temperature mode; long shelf life of the product (only cryogenic freezing is longer); the original
product remains alive in the literal sense, while maintaining biological characteristics and structural
integrity; the most important thing is that the moistened product, after drying, restores all its original
properties [8].

The lyophilization of bacteria, requires protective media that contain sugars and protein
compounds. Without the addition of such substances, bacteria usually do not withstand lyophilization.
Bacteria die when water or saline solution are used for lyophilization of cell suspensions. It is known
that the sugars in protective media, penetrate into the cell and create a high osmotic pressure there,
preventing formation of ice crystals and cellular destruction during the freezing process. Protein
components of the protective environment do not penetrate into the cell, but force the cell membrane
to adhere more tightly to the cytoplasm, which is important during thawing [9].

The main criterion for the selection of media were: the availability of components; good survival
of bacteria when dried; stability when freezing and drying; the appearance of the dried preparation
(the formation of a dense "tablet"); good solubility (rehydration) of the lyophilisate. Skim milk has
good protective properties. Microorganisms, when dried in milk, retain a high survival rate:
Staphylococcus and E. coli - up to 70%, phytopathogenic bacteria - up to 60-80% Past. pestis - up to
60% [10,11].

Materials and methods

The objects of research were lactic acid bacteria Lactobacillus plantarumli, Streptococcus
salivarius 20n, Lactobacillus fermentum 15, propionic acid bacteria Propionibacterium shermanii 34
and association: L. plantarum 1+S. salivarius 20n+L. fermentum 15+P. shermanii 34.

Cultivation of lactic acid and propionic acid bacteria, as well as associations, was carried out in
MRS nutrient medium with the addition of 1 mg% cobalt chloride in a thermostat at a temperature of
30-32°C for 20 hours.

The following protective media were used in freeze drying of cultures: 1) protective media No.
1, which includes (%): sodium acetate - 2.5; sodium citrate - 2.5; sucrose - 10.0; 2) protective media
No. 2 (%), which includes (%): - sucrose 8.0, gelatin - 1.5, skim milk - 5.0; 3) separated skim milk -
5%; 4) serum - 5%; control (without protective components).

After adding these components, liquid cultures were poured into 5 ml penicillin vials and frozen
for 6 hours at -30°C and -60°C. Drying was performed in a Liobeta-35 freeze dryer. Product drying
temperature 30°C for 6 hours. In the preparations before and after drying, the number of viable
bacterial cells was determined by plating cultures from appropriate dilutions in Petri dishes on solid
MRS culture medium. To determine the stability of dried preparations during storage, an accelerated
method was used, in which dry preparations were heated at 60 ° C for 15 minutes, and then the number
of surviving bacteria was determined.

The tables show the average results from at least three replicates.

Results and Discussion

It is known that the quality of freeze-dried microbial preparations depends to a large extent on
protectors used for drying.

Studies have shown that L. plantarum [ culture (table 1) survives freeze-drying with all
protective media taken into the study. At the same time, dry preparations contain from 1.8 to 3.4
billion viable cells / g, and in the case of using protective medium No. 2, the number of viable cells
reaches 1.7x10'° CFU / g.
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Table 1 - Freeze drying of lactic acid and propionic acid bacteria cultures with different

protectors
Bacteria cultures Liquid The content of bacterial cells in dry preparations with various
culture protectors, CFU / g
titer, CFU / 1 2 3 4 5
ml

L. plantarum 1 1,5x10° 3,4x10° 1,7 x10'"° 2,0 x10° 1,8x10° 1,5 x10°

S. salivarius 20n 1,4 x10° 3,2x10° 3,2 x10" 2.2 x10° 1,5x10° 1,4 x10°

L. fermentum 15 1,6 x10° 4,6x10° 1,7 x10' 3,7 x10° 1,7x10° 1,3 x10°

P. shermanii 34 2.4 x10° 4,0x10° 4,5 x10° 2,5x10° 1,8x10° 1,5x10°

Association 2,6 x10° 6,0x10° 4,2 x10° 5,5 x10° 2,7 x10° 2,5 x10°

Note: 1) protective media No. 1, which includes (%): sodium acetate - 2.5; sodium citrate - 2.5; sucrose -
10.0; 2) protective media No. 2 (%), which includes (%): sucrose 8.0; gelatin - 1.5; skim milk - 5.0; 3)
saturated skim milk - 5%; 4) serum - 5%; 5) control (without protective components)

The culture of S. salivarius 20n retained better its viability during drying also in the variant
with protective medium No. 2 (3.2 x10'%), and with protective media No. 1, 3, 4 (from 1.5 to 3.2 x10°
CFU / g). The culture of L. fermentum 15 had a bacterial titer in dry preparations with protective
media No. 1, 3, 4 (from 1.7 to 4.6 x 10° CFU / g), with protective medium No. — 1.7 x 10'° CFU /
g. Similar results were obtained with the propionic acid bacteria P. shermanii 34 (PCB). The titer of
bacteria in the variants was 1.8-4.5 x10° CFU / g. The association, consisting of 4 cultures of
microorganisms, retained viability during freeze drying better with protective media No. 1 and No. 2
(6.0x10'% and 4.2x10'° CFU / g, respectively). With protective media No. 3 and No. 4, the titer of
microorganisms ranged from 2.5 to 5.5 x10° CFU / g.

The best viability of monocultures and associations under freeze drying is obtained with
protective media No. 1, which includes (%) sodium acetate - 2.5; sodium citrate - 2.5; sucrose - 10.0
and No. 2, which contains (%) sucrose 8.0; gelatin - 1.5; skim milk - 5.0, with detected bacterial titer
6.0x10'° and 4.2x10'° CFU / g, respectively.

To determine the stability of dried preparations during storage, an accelerated method was used,
in which dry preparations are heated at 60 ° C for 15 minutes, and then the number of surviving
bacteria was determined. The results are shown in Table 2.

Table 2 - Content of viable cells in freeze-dried preparations after heating

Bacteria cultures Liquid The content of bacterial cells in dry preparations with various
culture protectors after heating, CFU / g
titer, CFU / 1 2 3 4 5
ml

L. plantarum 1 1,5x10° 2,6x107 1,2 x10'"° 9,1 x108 5,7x10° 5,5x10°

S. salivarius 20n 1,4 x10° 5,1x107 1,4 x10° 8,2 x108 3,3x10° 1,8 x10°

L. fermentum 15 1,6 x10° 3,4x107 1,1 x10" 9,5 x108 2,1x10° 1,7 x10°

P. shermanii 34 2.4 x10° 5,1x107 5,8 x10® 7,8 x107 2,3x10° 5,6 x10°

Association 2,6 x10° 4,2x108 3,2 x10'° 9,1 x108 3,75x10° 2.4 x10°

Note: 1) protective media No. 1, which includes (%): sodium acetate - 2.5; sodium citrate - 2.5; sucrose -
10.0; 2) protective media No. 2 (%), which includes (%): sucrose 8.0; gelatin - 1.5; skim milk - 5.0; 3)
saturated skim milk - 5%; 4) serum - 5%; 5) control (without protective components)

When determining the stability of dried preparations during storage of probiotic bacteria and
their association, the lowest result of the survival was revealed when serum was used as a protective
medium. In this case, the titer of bacteria did not exceed n x10° CFU / g. Also, high result wasn’t
obtained when using protective medium No. 1 (sodium acetate - 2.5; sodium citrate - 2.5; sucrose -
10.0%), the titer was n x107, although the association titer was one degree higher and amounted to
4.2x10% CFU / g. An indicator of the viability of bacteria was obtained as a result of the use of a
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protective medium No. 3 (saturated skim milk - 5%), represented by a titer of 8,2-9,x10% CFU / g,
with the exception of the propionic acid bacteria dried strain tier (7.8x107 CFU / g).

During storage, bacteria survive better in preparations dried with protective medium No. 2, both
monocultures and their association, the titer was for L. plantarum 1 1.2 x10'°, S. salivarius 20n - 1.4
x10°, L. fermentum 15 - 1.1 x10'°, P. shermanii 34 - 5.8 x108, associations - 3.2 x10'°CFU / g.

When determining the stability of dried preparations during storage of probiotic bacteria and
their association, the best protective medium is No. 2 (sucrose 8.0%; gelatin - 1.5%; skim milk -
5.0%).

To check antimicrobial activity preservation of monocultures and associations based on them,
a comparison was made of the activity before and after drying, which was carried out with a protective
medium No. 2. Antimicrobial activity of probiotic cultures and associations before drying is presented
in Table 3.

As can be seen from table No. 3, the antagonistic activity of both monocultures and associations
based on them is preserved during freeze-drying at practically the same level. So, the growth
inhibition zone of Salmonella typhimurium test culture with strain L. plantarum [ before drying was
19.0 mm after drying 19.1 mm; test cultures of Sa/monella enteritidis up to 17.0 mm, after 17.2 mm;
test cultures of Salmonella gallinarum up to - 18.0 mm, after - 18.3 mm; test cultures - Shigella
flexneri 11 up to - 10.0 mm, after - 10.2 mm; Shigella sonnei — up to 8.0 mm, after - 8.1 mm; test
cultures - Proteus vulgaris up to - 8.0 mm, after - 8, 2 mm,; test cultures - Citrobacter sp. before - 16.0
mm, after - 15.7 mm; test cultures - Edwardsiella sp. before - 14.0 mm, after - 13.9 mm; test cultures
-up to 16.0 mm, after - 13.9 mm. The antagonistic activity of L. plantarum I against Yersinia sp. and
Escherichia coli remained at the same level before and after drying, the growth inhibition zones were
16.0 and 18.0 mm, respectively.

The antimicrobial activity of S. salivarius 20n strain remained at the same level before and after
drying against the following test cultures - Salmonella typhimurium, Salmonella gallinarum, Shigella
sonnei, Proteus vulgaris, Edwardsiella sp., Yersinia sp. and Escherichia coli, the diameter of the
growth inhibition zones was 14.0; 10.0; 9.0; 9.0; 18.0; 17.0; 15.0 mm, respectively. Zones of growth
inhibition of test cultures by this strain of lactic acid bacteria Shigella flexneri 11 and Citrobacter sp.
were 13.0-13.1 and 18.0-17.9 mm, respectively.

The antimicrobial activity of L. fermentum 15 strain remained at the same level before and after
drying against the following test cultures - Salmonella typhimurium, Salmonella enteritidis,
Salmonella gallinarum, Proteus vulgaris, Edwardsiella sp., Yersinia sp. the diameter of the growth
inhibition zones was 16.0; 20.0; 15.0; 11.0; 14.0; 18.0 mm, respectively. The zones of inhibition of
the growth of test cultures by this strain of lactic acid bacteria Shigella flexneri 11, Shigella sonnei,
Citrobacter sp., Escherichia coli were 10.0-10.3; 11.0-10.8; 18.0-17.8; 19.0-18.7 mm, respectively.

Strain of propionic acid bacteria P. shermanii 34 did not show antagonistic activity before and
after drying to six test cultures, namely Shigella flexneri 11, Shigella sonnei, Proteus vulgaris,
Citrobacter sp., Edwardsiella sp., Yersinia sp. The antimicrobial activity of P. shermanii 34 strain
remained at the same level before and after drying in relation to the following test cultures -
Salmonella typhimurium, Salmonella enteritidis, Salmonella gallinarum, Escherichia coli, the
diameter of growth inhibition zones was 10.0; 11.0; 10.0; 11.0 mm, respectively.

The antimicrobial activity of the association remained at the same level before and after drying
against eight of the following test cultures - Salmonella typhimurium, Salmonella enteritidis,
Salmonella gallinarum, Shigella sonnei, Citrobacter sp., Edwardsiella sp., Yersinia sp. and
Escherichia coli, the diameter of the growth inhibition zones was 22.0; 23.0; 19.0; 13.0; 20.0; 21.0;
20.0; 23.0 mm, respectively. The zones of growth inhibition of the test cultures of this association,
Shigella flexneri 11 and Proteus vulgaris, were 15.0-15.3 and 12.0-12.1 mm, respectively.

The antagonistic activity of both monocultures and associations based on them is retained
during freeze drying almost at the initial level.
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Conclusions

As a result of the study, the best viability of monocultures and associations with freeze drying
is obtained with protective media No. 1, which includes (%) sodium acetate - 2.5; sodium citrate -
2.5; sucrose - 10.0 and No. 2, which contains (%) sucrose 8.0; gelatin - 1.5; skim milk - 5.0, with
detected bacterial titer 6.0x10'° and 4.2x10'° CFU / g, respectively.

When determining the stability of dried preparations during storage of probiotic bacteria and
their association, the best protective medium is No. 2 (sucrose 8.0%; gelatin - 1.5%; skim milk -
5.0%).

The antagonistic activity of both monocultures (lactic acid bacteria Lactobacillus plantaruml,
Streptococcus  salivarius  20n, Lactobacillus  fermentum 15, propionic acid bacteria
Propionibacterium shermanii 34) and associations based on them is preserved practically at the initial
level upon freeze drying.
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okazaimuch  Nel, B cocraB koTtopod BXxoaar (%) HaTpuil YKCYCHOKHMCIBIM - 2,5; HaTpui
JUMOHHOKHUCIBIN - 2,5; caxaposa - 10,0 u Ne2, B coctaB kotopoit BxoasT (%) caxaposa 8,0; xenaTun
- 1,5; oGe3KupeHHoe MOJIoKo - 5,0, mpu 5ToM TUTp GaxTepuii pasHsacs 6,0x101° u 4,2x10'° KOE/r,
COOTBETCTBEHHO. [Ipu ompeneneHun YCTOMYMBOCTH BBICYIICHHBIX MPENapaTtoB MPU XpaHEHUU
MpOOHOTHYECKUX OAKTEePHii U X acCOLMAIIUK JyYIlel siBisieTcs 3amuTHas cpefa Ne2 (caxaposa 8,0
%; xematuH - 1,5%; obezxkupeHHOe MOJ0KO - 5,0%). AHTaroHucTHyeckas aKTHBHOCTH Kak
MOHOKYJIBTYp (MoJouHOKUCIbIe Oaktepuu Lactobacillus plantarumli, Streptococcus salivarius 20m,
Lactobacillus fermentum 15, nponnonoBokwucisie 6aktepuu Propionibacterium shermanii 34), tak u
accollMallid Ha WX OCHOBE COXPAHSETCS TPU JUOPWIBHOM BBICYIIUBAHUU MPAKTUYECKH Ha
HCXOJHOM ypOBHE.

[TpoOMOTHK HA OCHOBE MOJIOYHOKHCIBIX M IPOIMMMOHOBOKHCIBIX OAaKTEpUH MOKET OBITh
UCIIOJIb30BaH B KauecTBE JIeYeOHOTO M MPOPUIAKTHUECKOTO CPEJCTBA MPOTHB AUCIEIICUU IS
CEIIbCKOXO3SUCTBEHHBIX JKUBOTHBIX. [Ipm 3TOM oOTHamaer HEOOXOAMMOCTh B TPUMEHEHUU
aHTHUOMOTHKOB U IPYTHX aHTHOAKTEPUAIBHBIX CPENICTB AJIs JIeUeHHUS 3a00IEBIINX )KUBOTHBIX.

Kntouegvie cnosa: IlpoOuotuku, OupumodOaKTepuu, JaKTOOAKTEPUH, aHTAarOHHU3M,
MMMYHOCTUMYJUpYIOIIee  JAeWcTBUE, AaHTUOMOTHUKH, TMOJHPE3UCTEHTHOCTh, JAMCOAKTEpPHO3,
KHIIICYHbIC HH(DEKITNHN, BHCKUIIICYHBIC HHPCKITUH.
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AYBLI HTAPYALIBIJIBITBI JKAHYAPJIAPBI YIITH APAJIAC IIIEK
NHOEKIUACBIHA KAPCBI DKOJOI'UAJBIK TA3A KYPFAK TIPOBUOTHUK
IIPEITAPATBIH AJ1Y IHAPTTAPBIH TAHIAY

AHnoamna

3epTTey HOTHXKECIHE TMOPMIIB/I KENTIpy Ke31H/le MOHOKYJIBTYpajlap MEH acCOLMalUsIap IblH
€H JKaKChl OMipIIeH i1 aHbIKTan sl Cakray Ke3iHZe eH KaKChl KOPEeKTiK oprackl Nel OoJibl, OHBIH
KypambiHa (%) cipke KbIIIKbUIBI HATPHUH - 2,5; TMMOH KBIIIKbUIBI HATPUH - 2,5; caxaposa-10,0 xone
Ne2, onbrg Kypambiaa (%) caxaposa 8,0; xenatus-1,5; Maiicei3 cyT-5,0,am GakTepusIapabIH TUTPI
6,0x10'° Ten Gonapl xoue coiikecinme 4, 2x10'° IITE — morslp Ty3y Gipmiri. TIpoOGHOTHKAIBIK
OakTepusIapAbl JKOHE OJIapJblH acCCOLMAIMACHIH CaKTay Ke3iHJAe KEeNTIpUIreH NpenapaTTapiblH
TYPaKTBIIBIFBIH aHbIKTAY Ke3iHae Ne2 KopraHbIC OpTachl €H >KaKchl 00kl Tabbu1aab! (caxaposa 8,0
%; kenatud - 1,5%; maiice3 cyT - 5,0%). MoOHOKYIBTYpatapblH aHTArOHUCTIK OeJICeHAUTIr (CYT
KBIIIKBUTBI OakTepusnapbl Lactobacillus plantarumli, Streptococcus salivarius 20m, Lactobacillus
fermentum 15, MponMOH KBIIKBUIBI OaKkTepusiinapsl Propionibacterium shermanii 34) >xoHe oJlapablH
HEeT131HJIer1 accouanusiap Jnopuibai KenTipy Ke3iHae OacTamnkbl IeHreiie cakTanaibl.

CyT KBIIIKBUIBI JKOHE NPONUOH KBIIIKBUIBI OakTepusiapblHA HETI3EIreH NPOOMOTHKTI
aybUIIIApYalIbUIBIK JKaHyapjapblHa apHaJFaH TUCIETCUSFa Kapchl eMJIK OHE COHBIMEH KaTap
npodunakTUKaIbIK areHT peTiHAe Nainananyra 6onanpl. by skarmaiina aypy skaHyapiapAbl eMJiey
YILiH aHTHOMOTUKTEp MeH Oacka GakTepHsiFa Kapchl IpenapaTTap/ibl KoJI1aHy KaKeTTUTIIr )KOFaIabl.

Kinm ce30ep. llpoOuotukrep, Oudumobakrepusiap, JaKTOOAKTepUsIap, AHTArOHU3M,
UMMYHOCTUMYJISITOPIBIK ~ 9CE€p,  AHTUOMOTHMKTEp,  MOJMUPE3UCTEHTTUNK,  JUCcOMO3,  1IIeK
MH(pEKUMsIIaphl, 1IIEKTeH ThIC HH(EKIMsIIap.
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