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JlenTocnipo3 € OJHUM i3 HAHMONIIMPEHINHNX 300HO-
3HMX 3aXBOpIOBaHb y cBiTi. [lokazHuKM Horo po3smo-
BCIO/DKEHHS Ta KUIBKICTh CIajlaXiB MOMITHO 3pOCTAlOTh
y Oarathox Kpainax csity [8, 9]. Lle, B cBoro dyepry,
3aBIa€ 3HAYHUX CKOHOMIUHHX 30HTKIB CLIBCHKOMY TO-
CIIOZAPCTBY, OCKUIBKH 3HWXKYEThCS HApODKYBaHICTh
Ta MPOMYKTHBHICTh TBAPWH, a TAKOXK 301IBIIYETHCS 1X
CMepTHICTH [3].

JlenTocnipu AOCTaTHLO UYTIMBI JO IONIKOJ-
Kyrodoi mii ¢i3uKo-XIMIiYHHX (PaKTOpiB — MOMIpHO
BUCOKUX Temmeparyp (45-55°C), kuciux Ta JIyxX-
HuX 3HaueHb pH [7], ’K0oBYi Ta IUTYHKOBOTO COKY [6],
nesindexranTis [1, 2].

[MuTaHHs AOBrOCTPOKOBOrO 30epiraHHs JIENTOCIIP
HaOyBa€ BaKJIMBOTO 3HA4YEHHS Ui j1aboparopHoi aiar-
HOCTHUKH JICITOCIIPO3y Ta PO3POOKU BaKIIMHHUX IIpe-
mapariB. Y TpoIeci JOBrOCTPOKOBOTO KYyJTETHBYBAaHHS
JENTOCHIP HA PIIKAX KUBHILHUX CHPOBATKOBUX Ce-
penoBUINaxX iX MaTOTeHHICTh Ta IMyHOT€HHICTh 3HAYHO
3HIKYIOTBCSL [6]. 3acTOCyBaHHS PIAKOTO a30Ty 3a0e3-
negye 30epeskeHHs iX O10JOTIYHUX BIAacTHBOCTEH [5].
BceraHoBneHO, 10 JENTOCHIpH BOJIOJIIOTH JOCTaTHBO
HHU3BKOIO Kplope3HucTeHTHicTIo [4]. Ha Hamry mymky,
BIIPOBA/KCHHST KPIOKOHCEPBYBAHHS JICNITOCIIpP Ta Mif-
0ip edeKTHUBHHUX KpPiOMPOTEKTOPiB JacTh 3MOIY BH-
PIIINTH OCHOBHE NHTAHHS LIONO KYJIBTUBYBAHHS JICII-
Tocmip (30epekeHHS] IMYHOTCHHMX BIACTUBOCTEH Ta
3IATHOCTI JI0 anIIOTHHALIT).
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Leptospirosis is one of the most common zoonotic
diseases in the world, the incidence rates and the
outbreak number of which are noticeably increasing in
most countries worldwide [1, 3]. It causes significant
economic losses in agriculture, affecting animal fertility,
decreasing productivity, and also due to increasing the
mortality rate [7].

However, Leptospira is very sensitive to the altering
effects of physical and chemical factors including
moderately high temperatures (45-55°C), acidic and
alkaline pH values [6], bile and gastric juice [5],
disinfectants [2, 9].

The question of long-term storage of Lepto-
spira is important for the laboratory diagnosis
of leptospirosis and for the vaccine preparations
development. During the long-term Leptospira cul-
tivation on liquid nutrient media containing sera,
their pathogenicity and immunogenicity signifi-
cantly decreased [5]. The usage of liquid nitrogen
could ensure the preservation of their biological
characteristics [4]. It was established that Lepto-
spira considered to be a low cryoresistant material
[8]. In our opinion, the applying of Leptospira cryo-
preservation and selection of effective cryopro-
tectants will allow to resolve the main issue for the
microorganism cultivation particularly the prese-
rvation of immunogenic properties and ability to
agglutination.
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Merta naHoi poOOTH — HAYKOBO-CKCIIEPUMEHTAIbHE
OOTPYHTYBaHHS 3aCTOCYBaHHS IEMHUTHICYIb(OKCHIY
Ta DILEPUHY Y SKOCTI KPiOMPOTEKTOPIB I 30epiranHs
JIETITOCIIP Y PiIKOMY a30Ti.

JocnipkeHHss MPOBOAMIM 3 BUKOPHCTAHHSIM aH-
TUTCHIB BOCBMHU CEPOTPYI MATOTEHHHX JIeToCHip: Se-
roe (wtam 493 Poland), Hebdomadis (uram Kabura),
Tarassovi (mram Perepelicyni), Pomona (muram Pomona),
Grippotyphosa (mram Moskva V), Canicola (mram
Hond Utrecht V), Icterohaemorrhagiae (uram M 20),
Australis (mram Yez bratislava). BuxigHa KoHIIEHT-
paitist KoXkHOI ceporpynu craHoBmia (80 + 5) MitH Ki1/cM?.
Jani KylbTypH MIKpOOpraHi3MiB BHJIUICHI, Tacrop-
TH30BaHI Ta 30epiraroTeCsi y My3ei MiKpOOpraHizMiB
IacturyTty Betepunapuoi mequunan HAAH (M. Kuis).

BukopucranHs DIinepuHy Ta JUMETHICYIb(OK-
cuny (AMCO) y xonuentpauisx 1,0; 2,5; 5,0; 10,0 Ta
20,0% oOymoBJeHe iX [elIeBU3HOI Ta OEe3MEeYHICTIO
i1 yac poOoTH.

OTpumaHi po3BEICHHS KPIOKOHCEPBYIOUHX PCUOBHH
BHOCHIIM B aMITyJld 10 2 CM?, 3 KOXXHOTO PO3BEICHHS
BHKOPHCTOBYBAIH 10 ABI amiryian. CrodaTrky OXOJOA-
JKCHHSI TIPOBOIIUIN Y XOJOAWIGHUKY 33 TEMIIepaTypu
4°C mpu excriosuiii 60 XB, 1aji 3aMOPOXYBaIN Y MO-
po3mibHIN Kamepi 3a Temmeparypu —20°C mpu exc-
mo3utlii 60 XB; OXOJOKYBAIIM y Mapax PiJIKOro a3oTy
npotaroMm 20 XB; HA OCTAHHBOMY €Tarll 3aMOPOXKYBaJIH
y nocynuHi Jlproapa (Ha Bech TEpPMiH JOCIiAy — OIWH
KajgeHaapHuil pik). Ilepen mociBoM Ha >XKUBHJIBHE Ce-
peloBHUIE 32 KiIMHATHOI TEMIEPaTypud PO3MOPOKY-
Banu ammynu npotsirom 20 xB. J[ist mocisy jgo 1,0 om®
PO3BeleHOT KYIbTYpU JojaBaiu 9 cm® cepenoBuIa
Koptroda (pH 7,3), sike Mictuth 5% Kponsdoi cupo-
BaTKU KpPOBI, Pe3yJbTaTH OTpuMyBaiu uepe3 10 mi0
(tabm. 1).

Pesymprari kxpiokoHCEpBYBaHHS KYJIBTYp BOCBMH Ce-
pOrpyn MaTOTeHHUX JISITOCIIP 13 TIIIEPUHOM ITOKa3aJIH,
10 JUIsl JAaHOT PEYOBUHU HANOLIBII MPUIATHOIO € KOH-
neHTpaiis 10 % (tabm. 1). 3a iHIIKUX KOHIIEHTpAIIIH TITi-
uepuny (1,0; 2,5; 5,0 Ta 20%) HakomW4eHHS KYJIBTYp
nentocmip OyJo 3HAYHO MEHIIMM a0o B3araji He CIIOo-
ctepiranocs. Cepen ceporpyn JENTOCHIp BUSBISLTUCS
MTOOMHOKI MIKPOOPTaHi3MU y TEMHOMY TIOJIi 30py MiK-
pockora.

Pesynprati  KpiOKOHCEPBYBAaHHS KYJBTYP BOCBMH
MTaMiB TATOTEHHUX JIEMTOCHIpP 13 BUKOPHCTAHHSIM
JIMCO mokazanu, 1o HaWOUIBII TPUIATHOK € KOH-
neHTpais 5,0 % (tabn. 1). 3a konmentpamii 20%
JAMCO pict nenrocmip He cmocTepirascs, a 3a 1,0;
2,5 Ta 10% Bigmidanocs HaKOMHMYECHHS JIETITOCIIp
Big 10-20 mutH KiI/cM?, 1110 CBIIYMTH PO HU3BKY 30¢-
PEXKEHICTh KyIbTypH IHicJIsI KPIOKOHCEPBYBAHHS 3
JIMCO.
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The purpose of this work was scientific and
experimental evaluation of dimethyl sulfoxide and
glycerol using as cryoprotectants for Leptospira
storaging in liquid nitrogen.

Investigations were performed using antigens of
eight serogroups of pathogenic Leptospira: Sejroe
(strain 493 Poland), Hebdomadis (strain Kabura),
Tarassovi (strain Perepelicyni), Pomona (strain Po-
mona), Grippotyphosa (strain Moskva V), Canicola
(strain Hond Utrecht 1V), Icterohaemorrhagiae (strain
M 20), Australis (strain Yez bratislava). The initial
concentration of each was (80 + 5) million cells/cm?.
These cultures of microorganisms were isolated,
passportized and stored in the Museum of Mic-
roorganisms of the Institute of Veterinary Medicine of
the National Academy of Agrarian Sciences of Ukraine
(Kyiv).

The usage of these chemical compounds was
based on low cost and safety during operation. As
cryoprotectants there were used glycerol and dimethyl
sulfoxide (DMSO) at concentrations of 1.0; 2.5; 5.0;
10.0% and 20.0%.

The obtained dilutions of cryoprotectants were
inoculated into ampoules of 2 cm® volume, from each
dilution two ampoules were used. First cooling was
carried out in a refrigerator at 4°C for 60 min; then it
was frozen in the freezer at —20°C for 60 min; subse-
quently cooled in liquid nitrogen vapor for 20 min;
at the last stage, the material was frozen in a Dewar
vessel (for the experiment duration of one calendar year).
Before inoculation of the medium, the ampoules were
thawed for 20 minutes under room temperature con-
dition. For microbiological culturing 1.0 cm® of a diluted
culture was supplemented with 9 cm® of Kortgoff me-
dium (pH 7.3) (containing 5% rabbit blood serum) and
after 10 days the results were observed (Table 1).

The cryopreservation results for the cultures of eight
serogroups of pathogenic Leptospira with glycerol
(Table 1) revealed that 10% concentration was the most
suitable for this substance. With other concentrations of
glycerol (1.0; 2.5; 5.0, as well as 20%) the Leptospira
cultures accumulation was significantly less or not
observed at all. Among the leptospiral serogroups,
the single microorganisms were observed in the dark
field of view of microscope.

The cryopreservation results of cultures of eight
pathogenic Leptospira strains using DMSO showed
(Table 1) that the 5.0% concentration was the most
appropriate. With 20% DMSO concentration, there was
no growth of Leptospira, and at concentrations of
1.0; 2.5 and 10% there was observed the Leptospira
accumulation from 10 to 20 million cells /cm?, which
indicated low preservation rate of the Leptospira
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Tabnuus 1. Pe3ynstatn HakonMyeHHs BOCbMUW Ceporpyn NatoreHHUX NenTocnip Micns KpiokoHCepBYBaHHSA
3 posymHom midepuHy Ta IMCO, %

Table 1. Results of accumulation of eight serogroups of pathogenic leptospires after cryopreservation
with glycerol and DMSO solution, %

KoHueHTpauia posunHis
Solution concentration
LLTam nenTtocnip
Leptospira strain 1,0 2,5 5,0 10 20
niuepuH AMCO niuepuH aAMCoO niuepuvn | OAMCO niuepvH aOMco niuepuH OMCO
Glicerol DMSO Glicerol DMSO Glicerol DMSO Glicerol DMSO Glicerol DMSO
493 Poland - 10 - - 40 60 10 - -
Kabura - 10 - - 40 50 10 - -
Perepelicyni * 20 - 10 - 60 60 20 - -
Pomona * 10 - - 50 50 30 - -
Moskva V - 10 10 10 40 60 20 * -
Hond Utrecht IV - 10 - - 40 60 * - -
M 20 * - - - 50 60 10 - -
Yez bratislava - 10 - - 50 50 10 - -

MpumiTtka: «—» — BigCYTHICTb NenTocnip y noni 30py Mikpockona; «*» — NOOAUHOKI nenTocnipy y noni 3opy Mikpockona; 10—60 — nokasHuk

HaKOMUYeHHs nenTocnip, MIH Kr/cm®.

Note: «<—» — absence of Leptospira in the field of view of microscope; «*» — single Leptospira in the field of view of microscope; 10—

60 — index of Leptospira accumulation, million cells/cm?.

[licns BCcTaHOBIEHHS ONTHUMANBHHUX KOHIICHTpA-
it JIMCO (5,0%) ta rrinepuny (10%) mamu Oymno
BHMBUCHO AHTWUTEHHI BIACTHBOCTI IITaMiB MAaTOTCHHUX
JISTITOCIIP MICJsl JOBTOTPHUBAJIOTO KYJbTUBYBaHHS
(pix) 3a HU3BKUX Temmepatyp. Ilicas orpumanus Ta
HaKOMWYEHHS MPHIATHOTO JUIsl TPOBEJCHHS CEepoJIo-
rigHOi peakiii Marepiany (He menme 70 MIH Ki/cMm?)
KYJIBTYpPH JENTOCHIp, MiAlaHi JOBTOTPUBAJIOMY 3aMO-
POXXYBaHHIO, TIEPEBIPsIIN 3a JJOMIOMOTOI0 peakIlii Mik-
POAnTIOTHHAIIT 3 TOMOJOTIYHHMH anTIOTHHYKOYHMU
JMENTOCIIPO3HUMHU CUPOBATKAMHU 3 BHUKOPUCTAHHSIM
KoMepIiiiHoro Habopy «HabGop CHIBOPOTOK TpyIImo-
BBIX AarrTIOTHHHPYIOIUX JIENTOCIHPO3HBIXY («Ap-
MaBHUpckas Ouodadpukay, Pocis). Po3Beneny cupo-
BaTKy, B SKii cIrocrepirajiacs IOJOBHHHA arjio-
THUHAIiS JICTITOCHIp, Opajdl 3a TUTP AHTUTCHA, SIKUH
JIOCITKYBaBCSI.

3 METOI0 TMOpIBHSIHHS AHTUTEHHMX BIIACTUBOCTEH
TaKoXK Oy/nu MepeBipeHi BUXIHI IITaMU JIENTOCHIp, SIKi
30epirajucsi mpoTArOM POKYy B yMOBax Oe3lepepBHOIO
KYJIBTHBYBAaHHS Ha PiJJKOMY KHBIJIBHOMY CEpPEIOBHIII 3
nonaBaHHAM 10% cHpoBaTKH KPOBi OBEIb (CepeIOBHILE
Koptroda) (nepioguunicth mnepeciBiB cTaHoBuia 10—
14 ni6) (Tadm. 2).

[Toka3HUKK BUXITHUX THTPIB IITaMiB JICHITOCIHID
xomuBasucs Big 1:16 000 (Kabura) no 1:64 000 (Mosk-
va V Ta Yez bratislava). Uepes pik miciist 6e3nepepBHOToO
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culture during cryopreservation with DMSO.

After establishing the optimal concentrations of
DMSO (5.0%) and glycerol (10%), we studied the
changes in pathogenic Leptospira strains antigenic
properties during long-term cultivation (one year) at
low temperatures. After obtaining and leptospira cul-
ture accumulating in amount required for serological
test (at least 70 mln cells/cm?), after long-term freezing,
the cultures were controled by microagglutination test
using homologous agglutinating leptospirosis sera from
the commercial kit ‘Set of agglutinating Leptospira
groups sera’ (‘Armavir Biofactory’, Russia). The diluted
serum, where observed the half-agglutination of lep-
tospires, was taken for the titration of the studied an-
tigen.

In order to compare the antigenic properties, the
parent Leptospira strains were also tested, which
persisted for a year under continuous cultivation on a
liquid nutrient medium supplemented with 10% sheep
blood serum (Kortgoff medium) (subculture term was
10-14 days) (Table 2).

Indices of the initial titers of Leptospira strains ran-
ged from 1:16 000 (Kabura) to 1:64 000 (Moskva V
and Yez bratislava). One year after the continuous
cultivation of Leptospira on a liquid serum medium,
the agglutination titers to Leptospira decreased by
4.2 times on average. In our opinion, this is due to
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Tabnuua 2. ArnioTUHaLiHI TUTPU 40 WTamiB NaToreHHNX nenTocnip 3a pisHNX yMoB 36epiraHHs
(3amMopoXXyBaHHS Ta KyrnbTUBYBaHHS Ha PidKOMY CMPOBATKOBOMY CepeaoBuLLi)
Table 2. Agglutinating titers of pathogenic Leptospira strains under various storage conditions
(freezing and cultivation in liquid serum medium)

ArnoTuHaUiHi TUTpu
Agglutinating titer

Ceporpyna nentocnip BuixigHuit TuTp
Leptospira serogroup Starting titer
3amMopoXyBaHHA 3 AoAaBaHHAM | 3aMOpPOXYBaHHA 3 [OAaBaHHAM Eei‘?g&&iﬁyKcy:pb;::g:i?m
0 0, i
. 5% .ﬂMCOO .10 % _rmuepomny_ Continious recultivating
Freezing with 5% DMSO Freezing with 10% glicerol in liquid medium
493 Poland 1:32000 1:32000 1:16000 1:8000
Kabura 1:16000 1:16000 1:16000 1:4000
Perepelicyni 1:32000 1:32000 1:32000 1:8000
Pomona 1:32000 1:32000 1:32000 1:4000
Moskva V 1:64000 1:32000 1:32000 1:16000
Hond Utrecht IV 1:32000 1:32000 1:32000 1:16000
M 20 1:32000 1:32000 1:32000 1:8000
Yez bratislava 1:64000 1:64000 1:64000 1:16000

KyJIBTHBYBaHHS JIEITOCIIP Ha PiIKOMY CHPOBAaTKOBO-
MYy CEPEOBHIII arTOTHHALINHI TUTPH O JEMTOCIIp
y cepeanboMy 3HM3uNKCS B 4,2 paza. Mu BBaxaeMo,
[le IMOB’SI3aHO 3 TaKUMH (aKTOpaMH: IHCOIlIaIIEr0
JIETITOCIIIP, 3MIHHUM CKJIaJJOM JKUBHIIBHOTO Cepeso-
BUIA (3aCTOCOBYIOThCS Pi3HI cepii cHpOBaTOK Kpo-
Bi KpoJiB a00 OBellb), HECBOEYACHUM MEPECIBOM Ta
KOHTAKTOM KyJIbTypH 3 KuCHeM. Ha mymky Garatbox
JMOCTIAHHUKIB, aHTUT€HHICTh Ta arIIOTHHAOEILHICTH
JISTITOCIIIP € OJHI€I0 3 HaWOLIbII BapiaOenbHUX Bila-
CTUBOCTEH JICHITOCIIIP.

Ha BiamiHy Bix Oe3mepepBHOrO Croco0y KyJbTH-
BYBaHHsS JICMITOCIIP dYepe3 PIK Micsl 3aMOpPOKyBaH-
HS KYJBTYp 13 PI3HHMH KpIOIPOTEKTOPAMH 3HAYHOTO
3HIDKCHHS arTIOTHHAIIHHUX THUTPIB JIO JICNITOCIIp HE
cnoctepiramu. Tak, mix 9ac 3aMOpPOXKYBaHHS KyJIBTYD
nenroctip i3 nmomaBaHHsM 10% TIiNEpUHY arTIOTH-
HaliiHi THTpU 3HU3WIHCS (y 2 pasu) JHIIE y INTaMiB
493 Poland (ceporpyma Sejroe) Ta Moskva V (cepo-
rpyna Grippotyphosa). ¥ Bumaaky 3acTrocyBaHHs Kpio-
nporekropa JIMCO ammoTuHAIIAHI TUTPU 3HU3KINCS
(y 2 pasm) nume y mrami Moskva V (ceporpyma Grip-
potyphosa). He3HauHe 3HWKEHHS arTIOTHHAIITHAX TUT-
piB IITaMiB JICHITOCHIP MijJ Yac JOBrOTPUBAJIOTO 3aMO-
POXKyBaHHSI MOKHA TIOB’SI3aTH 3 THM, III0 HaM HEOOX1JTHO
OyJI0 MPOBECTH 3 MepeciBU KyJAbTYp JEHTOCHIp Ha PiJl-
KOMY CHPOBAaTKOBOMY CEPEIOBHUINI 3 METOI0 HAKOIH-
YEHHSI, IPUIATHOTO IS TIOCTAHOBKH CEPOJIOTIYHOT pe-
akmii (He menmie 70 MIH KJ1/cM?).

OTtxe, 3a pe3ylbraTaMy MPOBEJICHUX JIOCHIKCHb,
MH MOXEMO CTBEPDKYBATH, L0 3 METOIO JOBIOTPH-
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some factors: dissociation of Leptospira, variable com-
position of the nutrient medium (different series of rab-
bit or sheep blood sera were used), untimely reculti-
vating and contact of the culture with atmospheric
oxygen. According to many researchers opinion, the
antigenicity and agglutinability of Leptospira is one
of the most variable properties of the microorganism.
In contrast to the continuous method of Leptospira
cultivation, one year after the cultures freezing with
different cryoprotectants, no significant decrease in
agglutination titers was observed. Thus, during the
freezing of Leptospira cultures with 10% glycerol,
the agglutination titers decreased (by two times) only
for strains 493 Poland (Sejroe serogroup) and Mosk-
va V (Grippotyphosa serogroup). When using the DMSO
cryoprotectant, agglutination titers decreased (by two
times) only for Moskva V strain (Grippotyphosa sero-
group). Insignificant decrease of agglutination titers
of Leptospira strains during long-time freezing can
be attributed to the fact that we had to carry out 3
cultivations of Leptospira cultures on a liquid serum
medium in order to obtain the accumulation required for
a serological test (at least 70 million cells/cm?).
According to our findings, we can state that for
the long-term storage of Leptospira, it is necessary to
conduct low-temperature freezing of cultures using
glycerol and DMSO as cryoprotectants. This method of
long-term storage of Leptospira will help to avoid the
issues associated with a decrease of antigenic properties
of Leptospira, which, in turn, will significantly reduce the
worktime for Leptospira antigenicity recovery (perio-
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Bajioro 30epiraHHs JIENTOCIIp HEOOXiTHO TPOBOIAMTH
HU3BKOTEMIICPATYpPHE 3aMOPOXKYBAaHHS KYJIBTYp i3 BH-
KOPHCTaHHSAM Y SIKOCTI KPiONIPOTEKTOPIB IMIIEPHUHY Ta
AMCO. Lie#t meTo JOBTOTPHUBAIOTO 30€piraHHs Jer-
TOCHIp J03BOJMTH YHUKHYTH NpoOJIeM, MOB’SI3aHHUX
31 3HM)KEHHSIM aHTUTEHHUX BJIACTUBOCTEH JIENTOCIIp,
110, Y CBOIO 4Yepry, 3HAYHO 3MEHIIUTH OOCAT poOiT i3
IJIBUIIIEHHST aHTUTEHHOCTI Jienrrochip (mepiogudHe
3apa)XCHHS JTA0OPaTOPHUX TBAPHH) 1 MEPECiBY JICHTO-
CIip, a TaKOK 3HU3UTH IMOTCHIIIHHI PU3UKH 3apa)KeHHS
JICNITOCIIPO30M TPAaIliBHUKIB J1a00paTopii.

TakyM 9HOM BCTAHOBIICHO, IO JJIs1 KPIOKOHCEPBY-
BaHHS KyJbTYp JIENTOCIIP MaJIOTO PSIy HaWOLIbII
MIPUAATHOIO € KOHIICHTPAISI PO3UUHY IS TTILEPUHY —
10 %, a g JIMCO — 5,0 %.

Pesynomamu 0ocnioscens 6ydymo uxopucmari 0si Kpio-
KOHCEep8YBamHs Kyibmyp 1enmocnip, sAxi 36epiearomvcs y 1abo-
pamopii 1enmocniposy 3 My3eem Mikpoop2auizmie Incmumymy
eemepunapHoi meouyunu HAAH.
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dically passaging through laboratory animals) and cul-
tivation of Leptospira, as well as reduce the potential
risks of infection with leptospirois of laboratory staff.

Thus, it was established that for cryopreservation
of Leptospira cultures of a small diagnostic selection,
the most suitable concentration is 10.0% for glycerol,
and 5.0% for DMSO.

These findings will be used for cryopreservation of
Leptospira cultures, which are stored in the laboratory
of leptospirosis with the Museum of Microorganisms of
the Institute of Veterinary Medicine of the National Academy
of Agrarian Sciences of Ukraine.
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