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IHmeHcudbikauia pubHuymea noe’sizaHa 3 60pombb0OK Ma NPoghinakmMuKo xeopob cmaeosoi pubu 3apasHoi ma He3a-
pasHoi emionoeii. Ocobnuse micue 8 emiornoeii xaopob cmasosux pub 3alimaromb X8opobu napazumapHoi emionoaii, wo
CrPUYUHIOOMb 8eruKi MamepianbHi 36umku 0nsa 2ocriodapems. [enbMiHMU enueaome Ha nonynsayilo pub, crnpuyuHio-
Ko4U X 3aMPUMKy y pocmi ma po38UMKY, MOPyWeHHsT 8i0MBOPEHHS, 3HUXEHHST 820008aHOCMI ma mosapHUX skocmed,
a makox rpu eesukili iHmeHcUBHOCMI iHBa3ii 8UKIUKalomb 3azubernib. HeocmaHrHio Yyepey 6 3abesneyeHHi po3sumky pub-
Huymea 3almae i OisinbHICMb Cy6u 8emepuHapHoi MeQUUUHU, 8 3aedaHHs SKoi exo0umb 3abe3reYeHHsT SIKICHO ma
6e3neyHoro MpoOyKUi€Er aksaKynbmypu crnoxusadie. Y pobomi guknadeHi pesynbmamu npogedeHo2o aHanisy 6ionoaidyHo20
Yukny possumky 36yOHuKa ghinomempoidosy cmaegosux pub Philometra luisiana. HasedeHa iHghopmayis 3 Haykosux dxeper
w000 pPO3MoBCIOOXEHHS 3aX80PIO8aHHS, KIIHIYHUX O3HaK, Namoo2o-aHamoMiYHUX 3MiH, po3pobreHux 3acobig fiKyeaHHs
ma npocgpinakmuku. B pubHuyskomy eocriodapcmei YepHieiscbkoi obracmi npu npoeedeHi MnaHo8020 8uosy Kopona ons
020 peanizauii 8 mopeieenbHili Mepexi, Ha 308HIWHIX NMOoKpusax Koporna byriu euseneHi NUYUHKU HemMamoO siKi Manu eul-
Hego-4ep8oHuli Korip, dosxuHor 6id 70 do 90 mm, wo bynu gidHeceHi 0o sudy Philometroides lusiana. B nodarnbwomy
6ynu pospaxoeaHi eKCmeHcugHicmb ma iHmeHcusHicmb iHeasii. EkcmeHcugHicms iHeasii no cepedHill npobi kopona cknana
72,72 %, a cepedHsi iHmeHcugHicmb iHea3ii cknana 2,45.

Buxods4u 3 ecmaHoeneHHs1 GiagHosy Ha binomempoido3 8 eocriodapcmei byro nposedeHe fikyeaHHs pubu 6id iro-
Mempoido3y 3 sukopucmaHHaM ripenapamy Puborik. JlikysanbHa dob6osa 0o3a fiKysannbHO-KOpMOo8oi cymiwi dns eodolimu
cmanosuna 1,5% 6id pospaxyHkoeoi macu pubu. TeparnesmuyHy do3y nodinanu Ha 5-nopuid, siki BHOcUnu y Micys 200y-
8aHHs1 3 iHmepeanom 1-2 200uHu, 32i0HO iHCMpyKyii 0o npenapamy.

3anponoHosaHi eemepuHapHi ma opaaHisayiliHo-20crnodapchki 3axo0u bopombbu 8 pubHuybKOoMy 20crodapcmei:
y Hebnazorony4Hux Oxepenax ecmaHosunu rpamu, Wo obmexyrms 3axid xeopoi pubu, i obnawmyseanu fiwaHo-2pasitiHi
hinbmpu 0151 inbmpaujii 600U, AKi 3ampuMyrOmb NPOHUKHEHHS IH8a308aHUX NPOMIXHUX Xa3siHie —yukronie. B pesyrb-
mami nposedeHo20 JliKysaHHA ompuMaHi 0aHi, Wo c8id4amb Mpo U020 e(heKMUBHICMb, @ caMe 3HUXEHHSI CepeOHb020
MoKasHUKa ekcmeHcusHocmi iHeasii 3 72,72 % 00 9,09 % ma 3HUXeHHs cepedHb020 MOKa3HUKa iHmeHcusHocmi iHeasii
32,45 80 0,09. [aHul npenapam rokasag 8UCOKY e(heKmMUBHICMb 8 BUPOBHUYUX yMO8ax ma Moxe bymu pekomeHAo8aHul
AK echbekmusHul 3acib npu nikysaHHi pubu 8id ghinomempoioosy.

Knrovoei crioea: cmasosa puba, iHeasiliHi xeopobu, ghinomempoidos, nikysaHHs, Pubonik, npoginakmuka.

DOI https://doi.org/10.32845/bsnau.vet.2022.2.1

Beryn.

AkBakynbTypa € HambinbLL LWBMAKO3POCTAKYMM CEKTO-
pOM BMPOBHMLTBA XapyoBWX NPOAYKTIB Y CBITi, i3 cepeaHbo-
piYHMM Temnom 3pocTaHHs 5,3 % npotarom 2001-2018 pp.
CaiToBE BMPOOHWULTBO akBakynstypu gocsarno 82,1 minb-
oHa ToH y 2018 poui, 3 SKMX BHYTPILLHA akBaKynbTypa
Bupobuna 51,3 minbioHa ToH (62 %), Togi sk npubepexHa
Ta Mopcbka akBakynberypa gana 30,8 minbiioHa ToH (38 %)
(FAO, 2022). Yepe3 cnpuatnmBi €KOMOrivYHi Ta KMiMaTuyHi
YMOBW aKBaKynbTypa iHTEHCUBHO PO3BMBAETLCA B Pi3HUX
perioHax, ane BoHa TakoXX MacoBO PO3MOBCIOAKEHA B PErio-
Hax 3 NOMIPHMM KniMaToMm, B TOMY uuncni i B YkpaiHi (KepHa-
cok 10. B., 2021).

Ha cborogHilwHin geHb B CBITi iCHYIOTb (hakTopu Lo
nepeLLKoAXKatoTb MOCTa4aHHI puby Ta NpodyKuii akBakysib-
Typv Bia BMpoBHukiB fo cnoxusadie. Cnanax COVID-19 mas

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

BENMKWIA BNIMB HA NaHLIOMM NOCTaBOK MOPENpOAYKTiB Ta
akBakynbTypu. 3axogm 3axucTy Big nowmpeHHs COVID-19
6esnocepeaHbO BNIMHYNM HA KOXKEH eTan BWIIOBY, Mapke-
TWUHIY Ta eKCropTy pubu, Lo MOXe MigipBaTh EKOHOMIYHY
XUTTE3AATHICTE [AHOr0 CEKTOpY EKOHOMikM. Y BCbOMY
CBITi CEKTOP aKBaKynmbTypu OMWHMBCA Nig 3arpo3oio vepes
COVID-19, wo npusBeno Ao pisHWX Hacmigkis, BKIKYAKUM
puHku mopenpogykTie. Kpusza COVID-19 mae psag Hecnpu-
ATAMBMX HACMigKIB AN PUHKOBMX JAHLIOXKKIB MPOAYKLii
aKBakynsTypu. 3pewToto, BriokyBaHHS Yepes naHaemito 3
nepebosiMu B TPaHCMOPTi Ha BHYTPILUHLOMY Ta MiXHapod-
HOMY TpaHCnopTi Ta 0OMEXEHHSMI Ha NOZOPOXI NPU3BENK
[0 CKOPOYEHHSI MOXITMBOCTEWN MapKETWUHIY NpoayKLii aksa-
kynsTypu (Plaganyi E. et al., 2020).

Benukui HeraTBHWIA BNNWB Ha PO3BUTOK aKBaKynbTypu
Ta TOpriento npogyktamu pubHULTBa Mae BilCbKOBa arpe-
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cis Ta akTmBHi 6oioBi aii Pociicbkoi ®epnepaldii Ha Teputo-
pii YkpaiHu. BegeHHs1 BiHU YHEMOXIIMBIIOE NPOBEAEHHS
3axofiB OO0 rocnogapchbKoi AisnbHOCTI ANs BUPOLLYBAHHS
Ta noBy pubu Ha TMMYaCOBO OKYMOBaHUX TEPUTOPISIX Ta B
30Hax 6onoBux Ain. Bubyxu, notpannsaHHa ximikaTis, nanve-
HO-MaCTUNbHUX MaTepianiB Ta iHWKWX OTPYNHUX PEYOBUH Y
BOZY MOripLUye EKOMOriYHy CUTyauilo, MPUHOCUTL MaTtepi-
anbHi 36UTKK, | TAKOX HEraTUBHO BMNMBAE Ha HEPECT pubu,
npo Lo 3asBnsie YkpaiHcbka NpMpOSOOXOPOHHa rpyna (4).
lMpoaykuis akBakynsTypy € OAHIEI0 3i CKNaAoBMX HaLioHasb-
Hoi Besneku Ta cnyrye Ans nigsuLLeHHs 06opoHO34aTHOCTI
HaLWOi KpaiHW. ToMy akTyanbHUM NOCTAE NUTAHHSA PO3BUTKY
BHYTpPiLWHbOT akBakynsTypu (Lapuno 10.€. Ta iH. 2016).

BupoluyBaHHs CTaBOBOI pubu € O4HUM 3 AaBHIX 3aHATb
yKpaiHUiB i Mae icTopuyHi kopeHi. Mpoaykuis pubHuuTBa
3aBXU KOPUCTYETLCS Cepen CNoXunBaYiB cTabiflbHUM nonu-
TOM, Ta NpeacTaBnse LiHHe pxepeno 6inkis, xupis, BiTami-
HiB, MaKpo Ta MikpoenemeHTiB (AueHko I.B. Ta iH., 2017).

B puBHMUBKMX rocnofapcTBax, A€ 34INCHIONTb iHTEH-
CYBHE pPO3BEOEHHS Ta BMPOLLYBaHHS KOPOMIiB, PeecTpy-
l0Tb 3axBoptoBaHHs inometpoino3 (Ctmbens B.B. Ta iH.,
2016). dinomeTpoinos — uUe renbmiHTO3Ha xBopoba kopo-
niB, casaHiB Ta ix ribpuais, WO BUKMMKAETLCA HEMATOLO
Philometroides lusiana poguHu Philimetroidae (Vismanis,
1966). 3a paHumu pagy JocniaHukiB inoMeTpoifo3 Kopo-
MiB 3apeecTpoBaHU B CTABKOBUX rocnogapctaax YkpaiHu
(MeTtpos PB., 2011.; MeTtpos PB., 2014; Katioxa C.M. Ta
iH., 2016), a TakoX B PUBHMLIEKMX rOCMOZapPCTBAX CYMiX-
HuX kpaiH binopyci (Bonkoea A.M. Ta iH., 2019), Pociicbkoi
®epnepadii (bopucosa M.H. ta i, 2009).

[NocnigpxeHHs nepebiry dinomeTpoigosy y koponis npo-
BOAMIIOCS AOCNIAHWMKAMU MO Pi3HUM HanpaeneHHaMm. [utax-
HSMW BUBYEHHSI reMaTonOriyHUX MOKA3HUKIB, @ TakoX T- i
B- kniTuHHOrO iMyHiTETY KOpONa 3a (inoMeTpoigosy 3anma-
nucs BYeHi 3 lMofinbCbKoro AepXXaBHOrO arpapHo-TEXHIY-
Horo yHiBepcutety (Koctaw B. ta iH., 2020). BoHu B cBOilA
poboTi BU3Hauunu, Lo nepebir ¢hinoMeTpoigosy BMKNUKaE
BIpPOriAHE 3HWKEHHS KINbKOCTI T-aKTUBHWMX MiMGOUMTIB Y
kpoBi pub Ha 15,76 %, a Takox T-3aranbHux NiMcoLmnTiB Ha
12,84 %; T-xennepis Ha 17,70 %, T-cynpecopis Ha 35,31 %
MOPIBHSIHO 3 HeypaxeHoto puboto. MokasHuku B-nimcounTis
npu iNOMETPOIN03i Y ypaxKeHin pubi LOCTOBIPHO 3HWXKYBa-
nucs B cepeaHbomy Ha 10,55 %.

OcobnuBocTaM BeTepuHapHO-CaHITapHOI OLiHKM MpK
¢inonomeTpoigosi koponis npucesyeHa poboTa gocnig-
Huka 3 CyMCbKOro HaLioOHanbHOro arpapHoro yHisep-
CUTETY, B SIKiM BiH 3a3Hadvae, WO iHBa3yBaHHA Koponis
36ygHukoMm Philometroides lusiana cynpoBOLXY€eTbCS
KOHTaMmiHaLieto TKaHuH pubu 30yaHUKaMK TOKCMKOIHGEK-
ui E. coli Ta Proteus vulgaris, 10 CTBOPIOE [0OQATKOBI
NOTEHUIVHI Hebe3nekn AN CNOXWUBaYiB ypaxeHoi pubu
(Metpoe P.B., 2014).

CrarteBo3pini rensmiHtn Philometroides lusiana noka-
Ni3ylOTbCA B M'SI30Bill TKaHWHI pubW, a NUYMHKU NoKani3y-
0TbCSA Y BHYTPILUHIX opraHax: neviHui, HWpKax, nnasasib-
HOMy Mixypi, roHagax. 3a 6ygosoto 30yAHWMK BiZHOCMTHCA
[0 Hemarof, Kpyrimx YepBiB, Mae poOXXeBO-4EPBOHUI KOMip,
nepegHi kpan 36yoHuMKa Mae KOHyconogibHy dopmy, Ha
AKOMY € YOTUPWU HEBENWKMX ropbuka, MK HUMW Hasie-

HUA POTOBMIA OTBIP. 3a POTOBMM OTBOPOM PO3TaLLOBaHMI
cTpaBoxig i kuweyHuk. KyTukyna 36yOHWKa Mae COCOYKM
6inoro konbopy. XBOCTOBUM KiHELlb Mae 4YOTUpW HeBenu-
kux cocovku. Camku Philometroides lusiana matoTb [OB-
XuHy 8-12,5 cm, wnpuHy 0,8-1 MM, camui MatoTb JOBXUHY
2,9-4,5 mm Ta wupuHy 0,035-0,046 mmM. Camui matoTb ABi
CMiKynu OLHAaKOBOrO PO3Mipy, a camka Mae MaTky MiLlKo-
nogibHol chopmK, WO 3anoBHeHa KpyrnuMu, ApiGHUMK
(0,032-0,042 mm) snuamu. Camka napasuta BigHOCUTBCS
[0 XuBopoaawwmx. JInunHkM napasvuTa matoTb NOLOBXKEHY,
LmnonogibHy gopmy posmipom 0,4-0,5 mm

3a umknom po3suTKy 36yAHWMKM (HINOMETPOifo3y BiA-
HocsaATbC A0 OGiorenbMiHTiB. [ediHiTBHUM rocrnogapem
BUCTYNalOTb KOPONW, ca3aHu, kapaci, MpOMKHUMK rocno-
fapsmu BucTynatoTb uuknonu Cyclops strenuus. Uukn
PO3BUTKY PO3NOYMHAETLCSH BECHOK MPU JOCATHEHHI TeMne-
paTtypu Boau noHag 16-18 °C, ctateBo3pini camku BUCTaB-
NSAOTb Yy BOAY 3a[HI0 YaCTWHY CBOrO Tina i nig gieto pisHuLi
OCMOTWUYHOTO TWUCKY TiNO CaMKU NONaETbCs, B pe3ynbrari
yoro BuainawTees y Bogy Ao 250 Tuc. nuumHok. Cama
caMKa npu UbOMy ruHe. JIumHku napasvTa 36epiraloTb
CBOK XUTTE3AATHICTb A0 10 i, BOHW NPUKPINOTLECA A0
BOLOPOCTEN, POCNIMHHOCTI Ta iHWKX npeameTie. B noganb-
LIOMY NWYMHKM Napasuta 3akoBTyTb Uuknonu Cyclops
strenuus, B opraHiami sikux BigbyBaeTbCsa X noganbLUni
po3BUTOK, e ABivi BiabyBaeTbCa NMUHbKA i Yepes 7-8 nib
BOHW CTatoTh iHBa3iiHUMK. Puba (koponu, kapaci) 3apaxa-
€TbCS NPV NOiAaHHI iHBA30BaHMX LMKNONIB. 3 KMLWEYHMKa
p1bM NINYMHKU NPOHUKAKOTb B MOPOXHUHY TiNa, MirpyloTh y
BHYTPILLHI OpraHu (NeyviHka, HPKW, roHaau), Ae NUHSIOTb B
TperTin pas. MNoTiM BOHM NOTpannsoTb B NnaBanbHUii Mixyp,
NUHSKOTb YeTBEPTUI pa3 i Yepe3 35-40 aib gocsaraoTs cTa-
TeBoi 3pinocTi. [licnsa 3annigHeHHs camui MMHYTb, @ Camku
MirpyloTe B M’'A3u. TpuBanicTb xutTs camuis 13-14 wmic.
camMok — 14-16 mic. Y nyckoBux KuLLeHbKax napasuTu nepe-
ByBatoTb B Nepiof 3 KiHUS CeprnHs [0 TpaBHS HACTYMHOro
poky. 3a el Yac napa3uTh JocaraloTb CTaTeBO3PiNoi ctaail
(Ctnbens B.B. 1a iH., 2016).

®inomeTpoifo3 peecTpyoTb NpU BUPOLLYBaHHI pubu B
CTaBOBUX rocnofapcTBax, TakoX BUNAAKW LibOro 3axXBOpHo-
BaHHS BiAMIYalOTb B NPUPOOHUX BOAOMMULLAX. 3apaXeHHs
MasbKiB NoYMHaeTbes 3 7-8-0060B0oro Biky. HanbinbLl yacTo
3apaxaroTbCs ManbKu Y Billi 2-3-TWUXHI, @ Y ABOX- | TPUPIYHKX
0COOMH 3apaxeHicTb Moxe gocsratn 40-50 renbMiHTIB Ha
ekzeMnnsap pubu. KniHiyHi 03Haku XBOpobU NposBRAOTLCS
MOYMHAIOYM 3 TPABHS MiCALS 4O KiHUA niTa.

JInuvHkn Philometroides lusiana npu mirpauii noLiko-
[DKYIOTb  KPOBOHOCHI CYAWHW, TKAHWHW HUPOK, MNeEYiHKK,
nnasanbHOro Mixypa. |HOAI BOHM CMPUYMHIOTL PO3PUB
nnasanbHOro Mixypa y ManbkiB, SKUA NPpUM3BOAWUTL 4O NOPY-
LUEeHHs KoopAuHaLlii pyxis i ix 3arnbeni.

HabyTa pe3ncTeHTHICTb Npu dinoMeTpoifosi BupaxeHa
cnabo. lMpu dinomeTpoifosi y pubu HasiBHUIA BIKOBUI iMY-
HiTeT.

lNposiB cumnToMiB XxBOPOOY 3anexuTsb Bif Biky. [ocTpun
nepebir xBopoby CNoCTepIraeTbCs y MarnbkiB 2-3-TUXKHEBOTO
BiKY, LL|O CYNPOBOAXYETbCS BiCTaBaHHSAM B POCTI | PO3BUTKY,
MarnopyxnmBocTi. YpaxeHa puba TpumaeTbes 6insg noBepxHi
BOOM, Y HEl NopyLIyeTbCA pyxoBa akTMBHICTb. HasiBHICTb
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Ginbwe 10 — 15 NUYMHOK Ha OOHOrO ManbKa B MOPOXHUHI
Tina npu3BoauTb 4O Moro 3armben.

XpOHiuHMI nepebir BiaMIiYaeTbCs y ABOX Ta TPbOXPIHOK.
3axBoptoBaHHS CYNPOBOAXKYETLCS BUCHAXEHHSIM, aHEMIED
356ep, NPUNYyXNiCTIO NYCKOBUX KULLEHLOK, Ha Tifni pubu 3'sas-
NSATbCA ropbuky | NOYEPBOHINI AINAHKW. 3aBaAsKW LibOMY,
y pubun 3HWXKYETbCA TOBapHa LiHHICTL i Ti HANpaBnsloTb Ha
BUOpaKyBaHHsa. XBopi Ha inomeTpoigo3 Koponu BiacTa-
l0Tb Y POCTI Bif HeypaxeHux y cepegHbomy Ha 30 % Baru
(Auenko I.B. Ta iH., 2017).

Mpu dinomeTpoifosi BigMiHaTL XapakTepHi NaTtonoro-
aHaTOMIiYHi 3MiHW: B MOPOXHUHI Tina HasiBHAN KPOB'SHACTUI
eKkcynart, neviHka mae 6nigui, rMUMHUCTOTO KOMbOpY; HUPKK
30inblueHi 3a po3MipoM, KPOBOHAMOBHEHI; 36inblLUeHUI
XXOBYHUI MiXyp, @ TakoX MOTOBLLEHI CTiHKM MnaBanbHOro
Mixypa. JIMuMHKM npu mirpauii, CNpUUYMHAKTE MeXaHiyHi
MOLLKODKEHHS 30BHILLHIX MOKPWBIB, BHYTPILLHIX OpraHiB Ta
TKaHWH. [Mpy LbOMY BigMIYaETLCA KOHTaMiHaLiS TKAHWUH BTO-
PUHHOK MiKPOIOpOL0, LU0 MOXE HECTU NOTEHLHY Hebes-
neky ans cnoxusadis (Metpos P.B., 2011). JInunHukm renb-
MIHTIB, LLO MirpyoTb 3anuiuatoTb nicnsa cebe xoam B HUPKaX,
KULLIEYHMKY Ta cenesiHLi.

[iarHo3 Ha inoMeTpoifo3 BCTAHOBMIOKTL KOMMIEKCHO.
Mpy UBOMY BPaxoBYKTb AdaHi eni3ooTonoriYHoro obere-
XXEHHS, KNiHIYHI O3HaKM Ta pesynsratit NapasnuToNorivYHMX
pgocnigxkeHb. [na nigTBepmxeHHs AdiarHo3y BaXMBUM €
BUSIBMEHHS NWYMHOK 30yOHMKa B MnaBanbHOMY Mixypi Ta
napeHxiMaTo3HUX opraHax. Y Aopocnmx pub NUYUHKKU BUSIB-
NSATb Nig NycoyKamu B AiNSHLi ronoBu, Ta B iHWWX AinNsgH-
Kax Tina, NIMYMHKM TakoX MOXYTb NoKanisyBatucs nig Lwiki-
poto abo B M'Ai3ax Ta B CTiHKax nnaBanbHOro Mixypa, Ans
LibOro BHYTPILUHI OpraHn pubu JOCHIAXY0Tb KOMNPECOPHUM
METOLOM.

Ons npodinaktukn Tta 6opoTbbu 3 inomeTpoigo3om
BUKOPUCTOBYIOTb KOMMNIEKC NiKyBamnbHWUX i NpodinakTuyHmx
3axofiB: BiH CKNagaeTbCs 3 PO3AiNbHOIO BUPOLLYBaHHS prbu
Pi3HUX BIKOBUX rpyn, Npu LbOMY NOTPIBHO He AonyckaTu
KOHTaKTYy XBOPUX Ta 300POBUX pWB; 34INCHIOIOTE KOHTPOMb
3a [pKkepenamu Bogu B CTaBKax, Tak siKk B HUX MOXYTb OyTu
iHBa30BaHi LWMKMONM, WO ChpUSTUME PO3NOBCIOMKEHHIO
iHBa3Il; OTpUMaHHsA Monogi pubu 3aBoACHKMM MeTogoM, abo
OTpUMaHMX 3 GNarononyyHUx BOAOMM, LLO BWKIOYAE KOH-
TaKT 3 XBOPOI pubOI0; OCYLLYBaHHS CTaBKIB MiCNs BUMOBMIO-
BaHHS pubu, He CNyCKHi AinsHKM obpobnsaTb HeraweHum
abo xnopHuM BanHoM (15). AnsTepHaTUBHUM METOAAM 3He-
3apaXeHHs Ha cTaBiB nicns ix cnycky 6e3 3acTocyBaHHS
XIMIYHUX PEYOoBUH NPUCBAYEHA MpaLs KOMeKTUBY HayKoB-
uiB 3 CyMCbKOro HauioHanbHOrO arpapHOro YHiBepcuTeTy
(Nazarenko S.M. et al., 2020).

3abopoHeHo BignyckaTM Ha3ag Yy BoOZoOWMY pub, ski
BWINOBMEHI BOCEHW i SKi HE AOCAIMMN BiANOBIAHUX KOHAWLIIN,
Taki pubu WBMaLLe 3a BCe € HOCIIMM MapasuTiB i CNPUSTb
noAanbLUIoMy 3apaxeHHto BCiel pubu.

[ns 6opotbbn 3 hinomMeTpoiao3oM 3anponoHOBaHO i
BUKOPUCTOBYETLCS A NiKyBalnbHUX 3aX04iB CNpSMOBaHUX
B GiNbLUOCTI BUNaAKiB Ha 3HWLLEHHA CTAaTeBO3PINMX 0COBMH
30yaHUKIB hinomMeTpoifo3y abo BNAMBAKYM Ha LMKN po3-
BUTKY napasuta nepepmsaroymn Moro, Ans LbOro BUKOPUCTO-
BYETbCS 3HULLEHHS MPOMDKHMX FOCNoAapiB — LMKIIOMIB.
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Y pUBHMLTBI TaKOX BUKOPUCTOBYIOTL BionoriyHi metoau, Ta
dhapmakonoriyHi 3acobu Ans 0300pOBNEHHS Hebnarononyuy-
HWX CTaBKIB.

[ns 6opotbbu 3 napasutamu 3rigHo 3 «IHCTpYKLUiEO NO
60poTbbi 3 thinomeTpoigo3om pub B CTaBKOBMX rocrnogap-
ctBax» (15) pekoMeHOoBaHO BUKOPUCTOBYBATM 3acib XxIo-
podoc, KM NOBUHEH BHOCUTICS B BOAY TPUPA30oBo 3 iHTep-
Banom B 10 Ai6 npu koHueHTpauii noro Bctasky 0,325 r/m?,
3abesnevytoun BiACYTHICTb NPOTOYHOCTI BOAWM Ha nepiog
06pobku. Tak sk nepiog MacoBOro BWUIYNMEHHS NUYUHOK
3a3Buyali cnisnagae 3 HEPECTOM, TOMY NMigHUKIB 06pobns-
10Tb 40 HepecTy. [is xnopopraHiyHnx Cronyky HanpaeneHa
Ha 3HULLEHHS LMknoniB. 3aCTOCYBaHHS LMX CMOMyK Hece
BenuKy Hebesneky Ans OOBKINMS Ta eKonoriyHoi 6esneku
(Wu C. etal., 2014).

[ns nikyBaHHS BUKOPUCTOBYKOTL MNpenapaTtu 3 rpynu
imigoTiasonis (TeTpamison, nesamison). 3acTOCOBYIOTH IX
BIITKY, Aodak04M Jo KoMBikopMy nepen rpaHynsuieto 2,5-3 r/
Kr, | 3rofoBYIOTb MPOTArOM TPbOX AHIB NOCNifb. 3aCTOCOBY-
I0Tb TaKOX cneliasnbHi BaHHW 3 nesamizonom (1 mr/n sogw),
B SIKUX BUTPUMYIOTb puby npoTtarom 1 gHs. 3rybHo fie Ha
napaauTis TpixnopdoH (0,5 Mr/kr kopmy). Moro 3rogosytoTs
koxeH feHb npotarom 10 gnis (Ctubens B.B. 1a iH., 2016).

2. Marepianu i meTtogu pocnipkeHb. [ocnimKeHHs
npoBoaunuch Ha 6asi kadeapu BeTCaHEKCNepTU3M, MIKpo-
Gionorii, 3ooririeHn Ta 6e3nekun i AKOCTi NPOAYKTIB TBApUH-
HUUTBa hakyneTeTy BeTepuHapHOi MeguumHu CyMCbKoro
HaLlioHanbHOro arpapHoro YHIBEPCUTETY Ta B pUOHULIEKOMY
rocnogapcTsi YepHiriBcbkoi obnacri.

[liarHo3 B cTaBkoBoi pubu hinomeTpoigo3 BCTaHOBMIO-
Banu KOMMNMEKCHO Ha niAcTaBi eni300TOMNOriYHMUX, KIiHiY-
HUX, NaTonoro-aHaTOMIYHUX AaHWX Ta pesynbratis nabo-
paTopHux gocnigxeHb B 2021-2022 poui. [Ina npoBeaeHHs
Napa3vTomnoriYHOro JOCHIMKEHHS puby BUKOPUCTOBYBAM
MeTof NOBHOMO NapasvuTONoriYHOr0 PO3TUHY, AaHWUA METOoS
HaJae MOXIMBICTb 34JINCHUTU KiNIbKICHU Ta SKICHUA 0Bnik
yCiX napasuTiB, KOTPUMM ypaxeHa [ocnigkyBaHa puba
(Mwukutiok M1.B. Ta iH., 2009).

B cBoemy gocnifi BukopucTanu npenapar BiTYM3HSHOMO
BUpOOHMLTBa Prbonik, Skuin B CBOEMY cknafi B 1 © MiCTUTD:
npasiksaHteny — 35 wr;, peHbeHgasony — 70 mr; neesami-
3ony — 20 mr. Pubonik BigHOCMTLCSA A0 rpyny npoTunapasu-
TapHWX NpenapaTiB LUMPOKOro cnekTpy Aii. KoxHuin komno-
HEHT npenapary Mae OKpeMmy [ito: NpasikBaHTen € NoXigHow
CMOMYKOK XiHOMIHY, Lo 3abe3neyye NiABMLLEHHS MPOHUKHI-
CTi KNITUHHUX MeMBpaH AN iOHIB KanbLjlo Y napasuTis npu
Liectogax Ta TpeMaTofo3ax, Lo B CBOK Yepry CNpUsie reHe-
panisoBaHOMY CKOPOYEHHIO M’A3iB, napanivy renbMmiHTIB Ta
ix 3arnbeni; peHbeHgason npurHivye epMeHTHy cuctemy
napasuTiB, YUM CMPUSIE MOPYLLEHHIO EHEPreTUYHOTO 0BMIHY
Ta 3arubeni renbMiHTIB; NEBaMi30N MPUrHiYye aueTunxo-
niHecTepasy, L0 BMNMAWBAE Ha HEPBOBO-M’A30BY CUCTEMY
renbMiHTIB, L0 CMOHYKae [0 CKOPOYEHHS M’'A3IB renbMiHTIB
i BUKMUKAE napaniy, TakoX AaHUA KOMMOHEHT npenapaty
Bonogie iMyHOCTUMYynoUMMK BnacTuBocTaMu (bepesos-
cbkuit A.B. Ta iH, 2005, Bepe3oscbkuii A.B. Ta iH., 2013).

3. Pe3ynbrati BNacHUX AoCniaXeHb.

Bnitky 2021 poky B pubHULBbKOMY rocnogapcTsi YepHi-
riBcbkoi obnacti 6yB NpoBeAEHUIA NIaHOBUIA BUIIOB Kopona
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Ans 1noro peanisavii B ToprienbHin mepexi. lMicna uboro
6yB nposeneHuid Binbip Npob Ana AoChifKEHHS SKOCTi Ta
6e3neyHocTi pubu. Mpu gocnimKkeHHi, Ha 30BHILLHIX NOKPU-
Bax kopona Oynu BMSBNEHI MUYMHKM Hematond ki manu
BULLHEBO-4YEPBOHUI KoMip, AoBXuHOW Big 70 oo 90 mm.
Hawwvmu gocnimxeHHAMM BCTaHOBMEHA iXHS MpUHanex-
HiCTb — Philometroides lusiana. B noganbLiomy 6ynu pos-
paxoBaHi eKCTEHCUBHICTb Ta IHTEHCUBHICTb iHBa3ii (Tabn. 1).

EkcTeHcuBHICTL iHBa3ii No cepeaHin npobi cknana
72,72 %, a cepedHs iHTEHCUBHICTb iHBa3il cknana 2,45.
Buxogsum 3 BCTaHOBMEHHS [AdiarHo3y B rocnofapcrei Ha
chinometpoino3 6yno nposeaeHe nikyBaHHA pubwu Big, dino-
MeTpoifo3y 3a gonomMoroto npenapaty Pubonik. [ns uboro
roTyBasnu nikysanbHO-KOPMOBY CyMiLLl, e 40 1 kr npenapary
Pubonik gogasanu 99 kr komM6ikopMy Ta peTensHO nepemi-
wysanu. JlikyBanbHa fobosa Aosa nikyBanbHO-KOPMOBOT
cyMmiwi ans sogoimu ctaHosuna 1,5% Big po3paxyHKOBOI
macu pubu. TepaneBTWYHY O3y MOAINSANM Ha S-nopuiw,
SIKi BHOCUNM Yy MiCLl rOAYBaHHS 3 iHTepBasnom 1-2 roguHu.
Kpim nikyBanbHux 3axogis B rocnogapctsi Ans 60poteom 3
(hinomMeTpoifo30M NpoBenu HacTyrHi rocnogapcbko-opra-
Hi3aUinHi 3axoau: y HebnarononyyHux dxepenax BCTaHO-
BUMK r'paT, WO obMexytoTeb 3axig xsopol pubu, i obnaiu-
TyBanu niwaHo-rpaBinHi cinsTpn Ans dinbtpavii Boau, ski
3aTPUMYIOTb MPOHUKHEHHS IHBA30BaHMX MPOMIKHUX Xassli-
HIB —LIMKNONIB.

B noganbwomMy Ha HacTynHUI pik nicns Bunosy pubu
rocnogapcTey PEeKOMEHAOBaHO CrycTUTU BOZY, NPOBECTM
[Oe3iHDEKLil0 HeraweHMM BanHoM AiNsiHOK, Ae Le HEMOX-
n1BO 3pobuTy.

Mpu BUNOBI TOBapHOi pubun Ha HaCTynHUI pik, ByB Npo-
BedeHu Biabip npob i oTpUMaHi HacTynHi pesyneTat, Lo
npencrtaenexi B Tabnuui 2.

B pesynbrati npoBeaeHOro nikyBaHHS OTpUMaHi AaHi,
IO cBigYaTb NPO MOro eheKTUBHICTb, @ CaMe 3HUKEHHS
CepenHbOro NoKasHWKa eKCTEHCUBHOCTI iHBasii 3 72,72 % Ao
9,09 % Ta 3HWXEHHS! CepeaHbOro NOKa3HWKA iIHTEHCUBHOCTI
iHBaaii 3 2,45 go 0,09.

Mpenapat Pubonik nokasaB BMCOKY €(PEKTUBHICTL B
BMPOOHMYMX yMOBax Ta Moxe ByTu pekoMeHOOBaHUiA K
edekTuBHUI 3acib npu nikyBaHHi pubun Big inomeTpo-
inoasy.

4. O6roBopeHHsA. bopoTtbba 3 xBopobamu napasuTap-
HOi eTionorii JOoCi 3anuwwaeTbCs akTyanbHOW npobnemoro
cyyacHoro pubHuutBa. B pmbBHMUBKMX rocnogapcTeax
[0BOfi YaCTO 3 HEAOCTATHLO KOMMMEKCHO NPOBOAATL 030~
poBYi 3ax0fiB, 3 TPUBANMM BUKOPUCTaHHSAM Npenaparis, sk
MatoTb HWU3bKY NiKyBaribHy e(eKTUBHICTb, L0 NPU3BOAUTL
[0 MosIBU pe3ucTeHTHOCTi B 36yaHukiB xBopob pub. Tomy
icCHye HeobXigHICTb MepioauyHOro MOHOBMEHHS X acop-
TUMEHTY 3a paxyHOK HOBWX XiMiOTEpaneBTUYHMX 3acobiB
(Oninnuk O.B., 2016).

Tabnuus 1
EkcTeHCMBHICTb Ta iHTeHCUBHICTb iHBa3ii Philometroides lusiana B 3pa3kax kopona B 2021 p.
Ne 3pa3ky Bara pu6u, kr | KinbKicTb BUABNEHMX IMMMHOK EKCTeHCUBHICTb iHBa3ii IHTEeHCUBHICTb iHBa3ii
1 0,720 5
2 0,630 3
3 0,740 4
4 0,580
5 0,710 -
6 0,630 2 72,72 % 2,45
7 0,680 3
8 0,690 -
9 0,735 5
10 0,580 6
11 0,705 1
Tabnuus 2

EkcTeHCMBHICTb Ta iHTEHCUBHICTb iHBas3ii Philometroides lusiana B 3pa3kax kopona B 2022 p.
nicnsa npoBeAeHOro nikyBaHHsA

Ne 3pasky Bara pubwm, kr

KinbkicTb BUSIBNEHUX NMUYMHOK

EKCTEeHCUBHICTb iHBa3ii IHTEeHCUBHICTb iHBa3ii

1 1,050 -

1,035 -

1,150 -

0,980 1

1,200 -

1,100 -

9,09 % 0,09

0,930 -

0,950 -

Ol |Nojobd|lw N

0,990 -

1,040 -

-
o

1,030 -
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B pesynbraTi gocnimKkeHb BCTaHOBNEHa BUCOKA edek-
TUBHICTb Npenapaty Pubonik npu 60potebi 3 ¢inomeTpo-
i0030M Lo 3a6e3ne4nnm 3HKEHHS! CepeaHbOro NoKasHMKa
€KCTEHCMBHOCTI iHBa3ii 3 72,72 % 10 9,09 % Ta 3HUXEHHS
cepenHbLOro MoKasHWKa iHTEHCUMBHOCTI iHBasil 3 2,45 go
0,09. Mpo ecbekTVBHE BMKOPUCTaHHSA npenapaty Pubonik
npw iHBa3iNHUX 3aXBOPIOBAHHSX CTAaBOBOI pubu 3a3HavaloTb
pocnigHukm (Katioxa C.M. Ta iH., 2019), Wwo ekcnepumeH-
TanbHO JOBENW BUCOKY TepaneBTUYHY eheKTUBHICTb nikap-
CbKO-KOPMOBOI CyMilLlli i3 ;aHUM NpenapaToMm LWo4o MOHO- Ta
3MiLlLaHMX renbMiHTO3iB Kopona, CpUYMHEHUX 36yaHUKamu
BoTpiouedanbosy, kaBiody, kapioginbosy o 100 % Ta
¢inometpoigosy — 96,5 %. Kpim Toro, octaHHiM Yacom 3'sB-
NSATHCA HAYKOBI MOBIZOMIIEHHS NPO NOr0 BUCOKY epeKTuB-
HICTb Wogdo 36yaHukiB aunnoctomosy ska gocsrae 100 %
(KossiTuHebkui €.B., 2010; Katioxa C.M. Ta iH., 2017).

5. BucHoBku.

1. B pesynbrati gocnigxeHb npu BWIIOBI KOponiB B
puborocnogapcTsi YepHiriscbkoi obnacti BusiBneHa puba
3 HasIBHICTIO MIMYMHOK HEMATOA BULLHEBO-YEPBOHUIA KOMIp,
foexuHoto Big 70 o 90 mM. ypaxeHa hinoMeTpoigosom.
BcTaHoBneHa ixHs npuHanexHictb — Philometroides lusiana.
CepenHa eKCTeHCUBHICTb iHBasii no cknana 72,72 %, a
cepenHs iIHTEHCUBHICTL iHBaaii 2,45.

2. 3acTtocyBaHHs npenapaty «Pubonik» Ta NpoBeAeHHSs
NPOMINaKkTUYHUX 3aXOfiB CPUANM 3HUKEHHIO CepeaHbOro
MoKa3HWKa eKCTEHCUBHOCTI iHBasii 3 72,72 % no 9,09 % Ta
3HWKEHHIO CEPEeaHbOro NOKa3HWKa iIHTEHCUBHOCTI iHBa3ii 3
2,45 0o 0,09.

B nepcnektMBi nnaHyeTbcs po3pobuTM HOBUIA KOMM-
neKkcHWUI npenapart ans 6opoTbbu 3 ekTonapasuto3amm cTa-
BOBOI pnbu.
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Combat with philometroidose of pond fish

the intensification of fish farming is related to the fight against and prevention of pond fish diseases of infectious and
non-infectious etiology. A special place in the etiology of fish diseases is occupied by diseases of parasitic etiology, which
cause great material losses for farms. Helminths affect the fish population, causing a delay in their growth and development,
reproductive disorders, a decrease in fattening and marketable qualities, and in case of a high intensity of infestation, they
cause death. Last but not least in ensuring the development of fish farming is the activity of the veterinary medicine service,
whose task is to provide consumers with high-quality and safe aquaculture products. The paper presents the results of the
analysis of the biological cycle of the development of the causative agent of philometroroidosis in standing fish Philometra
luisiana. Information from scientific sources on the spread of the disease, clinical signs, pathological-anatomical changes,
developed means of treatment and prevention is presented. In the fishery of the Chernihiv region, during the planned catch
of carp for its sale in the trade network, nematode larvae were found on the outer covers of the carp, which were cherry-
red in color and 70 to 90 mm long. Our research established their affiliation — Philometroides lusiana. In the future, the
extensiveness and intensity of the invasion were calculated. The extent of invasion in the average sample was 72.72%, and
the average intensity of invasion was 2.45.

Based on the diagnosis of phyllometroidosis in the farm, fish were treated for phyllometroidosis with the drug Rybolik.
The therapeutic daily dose of the medicinal and feed mixture for the reservoir was 1.5% of the estimated weight of the fish.
The therapeutic dose was divided into 5 portions, which were applied to the feeding places with an interval of 1-2 hours.

Proposed veterinary and organizational and economic measures for combating fish farming: gratings were installed
in unhealthy sources that limit the entry of sick fish, and sand and gravel filters were installed for filtering water, which
delay the penetration of infested intermediate hosts — cyclops. As a result of the treatment, data indicating its effectiveness
were obtained, namely a decrease in the average indicator of the extensiveness of invasion from 72.72% to 9.09% and a
decrease in the average indicator of intensity of invasion from 2.45 to 0.09. This drug has shown high efficiency in production
conditions and can be recommended as an effective tool in the treatment of fish from phyllometroidosis.

Key words: pond fish, invasive diseases, phyllometroidosis, treatment, fish medicine, prevention.
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Salmonella Pullorum (S. Pullorum) is one of the host-restricted serotypes causing systemic infection in poultry. After
S. Pullorum infection, chicks and turkeys usually have acute systemic infection. The main clinical symptoms are white
dysentery and dyspnea, and the mortality can be as high as 100%. In adult chickens, local and chronic infections are the
most common without obvious clinical symptoms, and can be transmitted vertically to offspring through ovary. Although the
use of antibiotics reduces the death of sick chickens, it can not completely eliminate the pathogenic microorganisms in hosts,
and is prone to public health problems such as drug resistance and drug residues. No study has ever reported the role of
steE in HD-11 cells infected by S. Pullorum. The growth and biochemical characteristics of S. Pullorum AsteE were similar
to that of S. Pullorum. Furthermore, we also observed the effects of steE on cell proliferation and apoptosis in S. Pullorum-
infected HD-11 cells.In order to define the pathogenicity of steE gene of S. Pullorum, the steE deletion strain of S. Pullorum
and its complemented strain were successfully constructed, and then its characterization were analyzed. S. Pullorum was
preserved by the microbiology laboratory of the college of animal science and veterinary medicine, Henan Institute of
Science and Technology. The pKD4, pKD46 and pCP20 or pBR322 plasmids were used for the A-Red recombination system
or complementary strain. The biological characteristics of S. Pullorum AsteE were consistent with those of its parent strain
S. Pullorum and complementary strain S. Pullorum AsteE (pBR322-steE). Construction and confirmation of the AsteE strain.
To identify the roles of steE in S. Pullorum, the steE deletion mutant of S. Pullorum was correctly constructed. The virulence
test showed S. Pullorum AsteE decreased the proliferation and apoptosis of HD-11 cells compared to that of S. Pullorum
and S. Pullorum AsteE (pBR322-steE). Taken together, our data demonstrate that the deletion of steE in S. Pullorum had
no effect the growth and biochemical characteristics, but its proliferation ability decreased significantly in HD-11 cells, which
decreased cell apoptosis, indicating that steE was closely related to virulence of S. Pullorum. Altogether, our research
suggest that the steE gene was required for S. Pullorum virulence, which laid a foundation for further related research in
S. Pullorum vaccine strains.

Key words: Salmonella Pullorum, steE, biological characteristics, HD-11 cells, apoptosis, virulence.

DOl https://doi.org/10.32845/bsnau.vet.2022.2.2

Introduction. Chicken pullorum disease is an important | important cause of disease commonly existing in modern
bacterial infectious disease caused by Salmonella enterica | intensive chicken farms. After S. Pullorum infection, chicks
serovar Pullorum (S. Pullorum) (Ding et al., 2021). It is an | and turkeys usually have acute systemic infection. The main
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clinical symptoms are white dysentery and dyspnea, and the
mortality can be as high as 100%. In adult chickens, local
and chronic infections are the most common without obvi-
ous clinical symptoms, and can be transmitted vertically to
offspring through ovary (Fei et al., 2020; Matos et al). There-
fore, the prevalence of S. Pullorum has brought serious eco-
nomic losses to the poultry industry.

At present, there are few reports on the pathogenic
mechanism of S. Pullorum. The current effective measures
to prevent and control S. Pullorum are biosafety control
and purification measures, mainly to eliminate the diseased
chickens, continuously monitor the healthy chickens and cut
off the route of transmission (Ter et al., 2022; Islam et al.,
2020). However, the full implementation of these measures
is difficult and costly in many developing countries (Vaid et
al., 2021). Although the use of antibiotics reduces the death
of sick chickens, it can not completely eliminate the patho-
genic microorganisms in hosts, and is prone to public health
problems such as drug resistance and drug residues. There-
fore, it is very necessary to explore prevention and control
measures including new vaccines. As a new virulence phe-
notype, steE is encoded by Gifsy-1 through the regulation
of type Ill secretion system 1 and 2 (T3SS1 and T3SS2)
(Brodsky et al., 2020). steE plays an important role in the
evolution of Salmonella host specificity. In a mouse infection
model, steE increased the virulence of Salmonella and the
expression of anti-inflammatory cytokines (Johnson et al.,
2018). However, the role of steE in Salmonella pathogene-
sis needs to be further studied.

So far, most studies on steE have mainly relied on
S. Typhimurium infection models, whereas little work has
been performed in chicken infection models (Panagi et al.,
2020). No study has ever reported the role of steE in HD-11
cells infected by S. Pullorum. In this study, we success-
fully constructed the steE deletion strain of S. Pullorum by
A-Red recombination system. The growth and biochemical
characteristics of S. Pullorum AsteE were similar to that of
S. Pullorum. Furthermore, we also observed the effects of
steE on cell proliferation and apoptosis in S. Pullorum-in-
fected HD-11 cells.

Materials and methods. Strains and pasmids.
S. Pullorum was preserved by the microbiology laboratory
of the college of animal science and veterinary medicine,
Henan Institute of Science and Technology. The pKD4,
pKD46 and pCP20 or pBR322 plasmids were used for
the A-Red recombination system or complementary strain.
S. Pullorum was cultured in Luria-Bertani(LB)broth. The
LB broth was supplemented with ampicillin (Amp; 100

pg/mL) or kanamycin (Kan; 50 yg/mL) as required. The
pBBR1MCS2-Tac-mCherry plasmid carrying the mCherry
gene was transformed into the wild type (WT) or S. Pullorum
AsteE (AsteE) strain to provide the red fluorescence in
S. Pullorum, respectively.

Cells culture and primers. HD-11 cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Solarbio, Bei-
jing, China) supplemented with 10% fetal bovine serum, 100
pg/mL penicillin, and 100 ug/mL streptomycin. The sequence
of the kanamycin resistance cassette (KanR) was amplified
from pKD4 plasmid, including 46-bp homology extensions
at the 5" and 3' ends of the steE gene. According to the pub-
lished sequence of S. Pullorum (GenBank: LK931482.1),
the primers were designed to amplify the gene from the
S. Pullorum using PCR method (Table 1). The above prim-
ers were synthesized in the study by Sangon Biotech Co.,
Ltd (Shanghai, China).

Small letter: KanR cassette amplification; *A
1089/683/2169 bp fragment was obtained by PCR method
from WT, AsteE and AsteE::kan strains, respectively;
1Underlined nucleotides denote the Xhol restriction site;
2Underlined nucleotides denote the BamH | restriction site.

Generation of the steE-deficient S. Pullorum and its com-
plementation. The steE deletion mutant of S. Pullorum was
constructed by A-Red recombination system as previously
described (Ho et al., 2021). Briefly, the kanamycin resist-
ance cassette (KanR) was amplified from pKD4 plasmid
using the primers P1/P2. The PCR products were purified
and transferred into S. Pullorum containing pKD46 plasmid
by electroporation. The steE gene was replaced to con-
struct the S. Pullorum AsteE::kan strain, and then the AsteE
strain was obtained through FLP recombinase expressed by
pCP20 plasmid. The AsteE strain was comfirmed by PCR
method using the primers CX1/CX2 or N1/N2. The steE
gene fragment was amplified by PCR method using prim-
ers steE-F/steE-R, and then cloned into pBR322 plasmid
to construct the pBR322-steE plasmid. The pBR322-steE
recombinant plasmid was then transformed into the AsteE
strain to construct the S. Pullorum AsteE (pBR322-steE).
The AsteE (pBR322-steE) strain was confirmed by PCR
method using primers CX1/CX2 or N1/N2.

Identification of growth curve and biochemical char-
acteristics of the AsteE strain. The WT, AsteE and AsteE
(pBR322-steE) strains were inoculated into LB broth at 37
°C with shaking at 180 r/min for 15 h and subcultured 1:100
into LB broth as previously described (Yin et al., 2016). At a
starting time point (0 h), the optical density was measured to
achieve an approximate concentration (OD600 = 0.01). The

Table 1
The primers used in this study
Primer Sequences (5'-3') F IR Size (bp)
P1 CGGGTGGCGATTTTAACGCCAGTGCGACGTTAGTCGTGGATTACCAgtgtaggctggagcetgcttc 1567
P2 | AACATTACGCCTCCGATCAAATGCCCGGCAGTTTGAAAAATACGGTcatatgaatatcctecttag
Y | ATTCAGGGAACCACCACCAT/ACGCCAATCGCAAAACCACT 1089/683/2169*
N1/N2 | ACGGTGAAATGCTGGAGGTC/CGTGCCGTTCTGTTGAAGTT 224
steE | CCTCGAG'ATGATGGAGAGATTCATAGTG/CGGGATCC*AGACCATTGGTAATCCACCTGTAACG 507
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OD600 nm value of the bacterial cultures was measured
at 2 h interval for 14 h by the Biodrop spectrophotometer
(BioDrop, Cambridge, England). Biochemical characteris-
tics of the WT, AsteE and AsteE (pBR322-steE) strains were
performed, following the manufacturer’s protocol, including
glucose, lysine decarboxylase, sucrose, mannose, manni-
tol, sorbitol, lactose, maltose, malonate, ornithine decarbox-
ylase, urease, arabinose and hydrogen sulfide.

Analysis of HD-11 cells apoptosis. HD-11 cells were
seeded on 6-well plates at a density of 1 x 105 cells/well and
cultured for 18-20 h and reached 80%-90% confluence as
previously described (Wang et al., 2016). Briefly, the over-
night cultured of mCherry-WT and mCherry-AsteE strains in
LB broth with kanamycin (50 mg/mL) were washed with PBS
for 3 times to adjust the concentration of bacteria. HD-11
cells were infected with the indicated S. Pullorum at a multi-
plicity of infection (MOI) of 10:1. The cells were incubated for
3 h at 37 °C and then were fixed in 4% paraformaldehyde,
and were stained with 4’,6-diamidino-2-phenylindole (DAPI)
staining. Staining was assessed by laser scanning confocal
microscopy.

HD-11 cells infection assay. HD-11 cells were seeded
on 6-well plates at a density of 1 x 105 cells/well and cul-
tured for 18-20 h and reached 80%-90% confluence as pre-
viously described (Xian et al., 2020). Briefly, the cells were
infected with WT, AsteE and AsteE (pBR322-steE) strains at
a MOI of 10:1, the plates were then incubated at 37 °C for
1 h. To kill extracellular Salmonella, the cells were washed
three times with PBS and incubated for 1 h with 100 pg/mL
gentamicin of fresh medium, and then incubated with the 10
pg/mL gentamicin of fresh medium for the indicated dura-
tions. The bacteria number was counted at 6, 9, 12 and 24
h post infection. Intracellular growth was expressed as the
fold-change in the bacterial number at different time points
relative to the bacteria number at 2 h post infection.

Statistical analysis. All data were expressed as mean +
standard error of the mean (SEM) unless otherwise speci-
fied. All statistical analysis was performed using GraphPad
Prism 8 software. The significance of the difference was
determined between two samples using one-way analysis
of variance as *p < 0.05 and **p < 0.01.

Results. Construction and confirmation of the AsteE
strain. To identify the roles of steE in S. Pullorum, the steE
deletion mutant of S. Pullorum was correctly constructed. A
schematic diagram depicting the deletion strategy for AsteE
strain generation using A-Red recombination technology is
shown in Fig. 1.The upstream and downstream homologous
arms of the steE gene and Kan gene with fragment size of
1567 bp were obtained from pKD46 plasmid by PCR method
using primers P1/P2 (Fig. 2A). The AsteE::kan strain has a
length of 2169 bp by PCR method using primers CX1/CX2
(Fig. 2B). The AsteE strain was verified by PCR using prim-
ers CX1/CX2 or N1/N2 to generate a 1089 bp or 224 bp
fragment (Fig. 2C). These results indicated that the AsteE
strain was successfully constructed.

Confirmation of the AsteE (pBR322-steE) strain

The AsteE (pBR322-steE) strain was verified by PCR
method using primers CX1/CX2 or N1/N2. As shown in
Fig. 3, the WT and AsteE strains has a length of 1089 bp
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Fig. 1. Schematic diagrams for the construction
of the AsteE strain

or 683 bp by PCR method using primers CX1/CX2, respec-
tively. In addition, the WT and AsteE (pBR322-steE) strains
has a length of 224 bp by PCR method using N1/N2 primers.
These results indicated that the AsteE (pBR322-steE) strain
were successfully constructed.

The growth curve and biochemical characteristics of the
AsteE strain. The growth curve analysis revealed no sig-
nificant differences among the WT, AsteE and AsteE+steE
strains cultured in LB broth at different time points at 37
°C (Fig. 4). Similar to the WT and AsteE strains, the AsteE
strain was able to ferment mannitol, glucose, arabinose,
ornithine, mannose, decarboxylase and lysine decarboxy-
lase activity, but could not utilize sucrose, hydrogen sulfide,
maltose, sorbitol, lactose, malonate and urease. It shows
that the deletion of steE gene in S. Pullorum does not affect
the biochemical characteristics of the WT strain.

SteE promoted apoptosis of HD-11 cells. To evaluate
the effect of steE on the apoptosis of HD-11 cells induced
by mCherry-S. Pullorum infection, DAPI staining was
observed by laser scanning confocal microscopy. The
result showed a large number of early apoptotic HD-11
cells were observed in WT strain infected group compared
to that of the cells infected with the AsteE strain (Fig. 5). In
addition, the cell apoptosis was not significant difference
in HD-11 cells infected the AsteE strain than that of blank
control group.

Deletion of steE decreased proliferation of S. Pullorum
in HD-11 cells. To evaluate the influence of steE on the
S. Pullorum infection in the HD-11 cells, we compared the
proliferation of the WT, AsteE and AsteE+steE strains in
HD-11 cells. As shown in Fig. 6, the proliferation fold of
WT strain was higher than that of AsteE strain in HD-11
cells. Significant difference was detected at 6 h and 24 h

"

Cepis «BetepuHapHa meguumHay, Bunyck 2 (57), 2022



A
bp

2000-
11567 bp
1000-
750-

500-

250-

100-

2000-

1000~

2169 bp
-1089 bp

224bp

Fig. 2. Identification of the AsteE strain by PCR method. M: DL 2000 DNA marker. A. PCR identification of pKD4
plasmid with primers P1/P2; 1, 2: PCR products from pKD4 plasmid. B. PCR identification of the AsteE::kan strain
with primers CX1/CX2 or N1/N2; 1: WT; 2, 3: AsteE::kan. C. PCR identification of the AsteE strain with primers
CX1/CX2 or N1/N2; 1: WT; 2, 3: AsteE; 4: Negative control

Fig. 3. PCR identification of the AsteE (pBR322-steE)
strain. M: DL 2000 DNA marker; 1,3: WT; 2, 4: AsteE
(pBR322-steE)

in HD-11 cells. These results indicated that the steE dele-
tion of S. Pullorum has reduced bacterial colonization in
HD-11 cells.

Discussion. Salmonella is an important intracellular
pathogen. After S. Pullorum infection, Salmonella can form
Salmonella-containing vacuole (SCV) in the host cell, and
proliferate and diffuse in the SCV (Li et al., 2018; Yu et al.,
2016). This characteristic is very important for the patho-
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6 8 10 12 14
Hours growth

o
(]
NN

Fig. 4. Growth curves of the WT, AsteE and AsteE
+steE strains in LB broth. The OD600 values of
Salmonella cultures were determined in 2 h intervals
by spectrophotometry

genesis of S. Pullorum. Salmonella pathogenesis are two
T3SSs encoded in Salmonella pathogenicity islands 1 and 2
(SPI-1 and SPI-2) that are responsible for the secretion and
translocation of a set of bacterial proteins termed effectors
into host cells with the intention of altering host cell physiol-
ogy for bacterial entry and survival.

The maintenance of SCV function is inseparable from
the participation of a series of Salmonella virulence factors,
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Fig. 5. Effector protein steE promotes the apoptosis of HD-11 cells infected by S. Pullorum. The morphological
changes of HD-11 cells during apoptosis were observed by confocal laser scanning microscopy (20 x ). HD-11
cells were infected with mCheery-WT or mCheery-AsteE strain at a MOI of 10:1 showed red fluorescence at 3 hpi
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Fig. 6. steE inhibits proliferation of S. Pullorum in
HD-11 cells. Intracellular bacterial growth at indicated
times is shown as the fold change compared to the
primary intracellular bacteria (2 h)

in which the T3SS2 encoded by SPI-2 and its secreted effec-
tor protein (Kodama et al., 2015). As a potential virulence
protein of T3SS2, steE was found to regulate macrophage
activation and host immune response. Some studies have
found that Salmonella can be colonized in the intestine and
spleen, and directly take macrophages as target cells (Geng
etal., 2019; Lin et al., 2017). After S. Pullorum infection, the
bacterium can not only avoid the killing of intracellular active
substances, but also proliferate and spread in macrophages
(Gulati et al., 2019). steE is necessary for the replication
and virulence of Salmonella in macrophages (Stapels et al.,
2018). Therefore, we speculated that the pathogenic mech-
anism of S. Pullorum infection in chickens may be the same
as that in HD-11 cells.

In this study, steE was selected as the research gene
based on A-Red recombination system to construct the
S. Pullorum AsteE strain. The results showed that the
growth and biochemical characteristics of S. Pullorum and
S. Pullorum steE strains are similar, which is consistent
with the research results of Pham et al (2020), indicating
that steE is not necessary for the growth and metabolism
of S. Pullorum. The results showed that steE would reduce
the colonization ability and virulence of S. Pullorum in HD-11
cells. S. Pullorum induced apoptosis of HD-11 cells is a spe-
cial virulence mechanism, which could promote the spread
of bacteria between cells. Recent studies have shown that
the deletion of S. Pullorum SPI-2 significantly reduced the
pathogenicity of chicks, which is consistent with steE belong-
ing to SPI-2 effector protein (Niemann et al., 2011; Lawley
et al., 2006; Gibbs et al., 2019). In addition, Pham et al
reported that steE can drive macrophages to polarize to M2
type and increased the ability of Salmonella infection-per-
missive state (Pham et al., 2020). Therefore, we suspected
that steE may be related to the virulence of Salmonella. The
results of S. Pullorum infecting HD-11 cells also showed that
steE enhanced the intracellular viability of S. Pullorum and
promoted the apoptosis of HD-11 cells.

Conclusion. In conclusion, we demonstrated that the
deletion of steE in S. Pullorum had no effect the growth
and biochemical characteristics, but its proliferation ability
decreased significantly in HD-11 cells, which decreased cell
apoptosis, indicating that steE was closely related to viru-
lence of S. Pullorum. Altogether, our research suggest that
the steE gene was required for S. Pullorum virulence, which
laid a foundation for further related research in S. Pullorum
vaccine strains.
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XOuHbto Ma, 0okmop semepuHapHUX HayK, npogecop, XeHaHcbKul iHcmumym Hayku i mexHonoeit, CiHbcsH, Kumati

KoHcmpykuis ma xapakmepucmuka stee-OeneyiliHo2o mymaHma Salmonella Pullorum

CanbmoHenb03 Kypel — ye bakmepiarnbHe iHbeKyiliHe 3aX80pio8aHHs, Wo cripuduHeHe ceposapom Salmonella enterica
Pullorum (S. Pullorum). Lle 3axgoprogaHHsi, WUPOKO peecmpyembCs 8 CyyacHUX nmaxigHu4ux 2ocriodapcmeax. OCHOBHUMU
KIiHIYHUMU cumnmomamu xeopobu € npoHoc 6inoeo konbopy ma 3aduwika, cmepmuicmes moxe docsizamu 100 %. [NomoyHi
3axo0u Ons 3anobieaHHs ma 6opombbu 3 3aX80pHBaHHAM — Ue KOHmMposnb biobesneku ma 3axodig npochinakmuku,
AIKI HarpaerieHi Ha ceoeYacHe 8USIBIIEHHSI X80POI mMmuyi, MocmiliHo20 criocmepexeHHs1 3a 300posUMU Kypyamamu ma
gusierieHHs1 wWnsxie nepedadi iHgbekyii. Hessaxarouu Ha me, WO UKOPUCMAaHHS aHmubiomukie 3MeHWwye 3a2ubesnb
xeopoi nmuui, ane ye He moxe 100% 3HUWUMU namoaeHHi MIKpoOpaaHi3Mu 8 opaaHiami nmuui, KpiM moao ue 8UKIUKae
BUHUKHEHHSI aHmMubiomuKope3icmeHmMHUX wWmamig MIKpoOopeaHiamie, W0 € 3agpo30r 0151 NIH0OUHU. ToMy 8aXnueum
€ HeobxiOHicmb 8ug4eHHs ma po3pobKu 3axodie npoinakmuku ma KOHMPOIT, 8KITHOYaAKYU HOBI 8aKUUHU. 5K Hosul
¢heHomun gipyneHmHocmi, steE kodyembcs Gifsy-1 yepes peaynsauito cucmemu cexkpeuii Il muny 12 (T3SS1i T3SS2).
SteE esidiepae saxnusy porb 8 egontouii crieyugiyHocmi ocrnodaps mikpoopaaHiamie pody Salmonella. Ha nabopamopHiti
molerni npu 3apaxeHHi muwel steE nidsuulyemscs sipyneHmsicme Salmonella ma ekcripecisi npomu3ananbHUX UUMOKiHIe.
OO0Hak porib steE e namozeHesi Salmonella nompebye nodanbuwozo susyeHHs. Ha cy4acHomy pigHi binbLuicmb 00CTiOKeHb
steE 8 ocHogHOMY npogodumscsi Ha modeni iHgbekuii S. Typhimurium, modi sik Ha modensix S. Pullorum 6yno npogedeHo
mario docnioxeHb. Hemae nosidomneHb npo ponb stek e knimuHax HD-11, iHgbikosaHux S. Pullorum. B ceoix docnidxeHHsIx
MU ycriwHo ckoHcmpyroeanu OeneuiliHul wmam steE S. Pullorum 3a dornomozor cucmemu pekombinauii A-Red. Picm
i GioximiyHi xapakmepucmuku S. Pullorum steE 6ynu nodibHi 0o S. Pullorum. Kpim mozo, Mu makox criocmepieanu ennug
steE Ha nponighepayito ma anonmo3 knimuH HD-11, iHghikosaHux S. Pullorum. NamozeHe3 Salmonella — ue dsa T3SS,
3akodosaHi 8 ocmpisusix namoeeHHocmi Salmonella 1i 2 (SPI-1i SPI-2), siki 8idrnogidaromb 3a cexpeuyito ma mpaHciokauyjo
Habopy 6akmepianbHux binkig, siKi Ha3ugarMmMbCs ehekmopamu, y KIimuHU-20crnodapi 3 Hamipom 3MiHUMU bisionoaito
KnimuHu-2ocnodaps 07151 MPOHUKHEeHHsT ma euxxueaHHs bakmepitl. [Midmpumka yHkuii SCV HesiddinbHa 6id y4acmi psdy
¢bakmopig eipyrneHmHocmi canbmoHenu, 8 skux T3SS2, kodosaHuli SPI-2, i lioeo cekpemosaHull echeKmopHul BifloK.
Lo steE peeynioe akmueauito makpoghazie ma iMyHHy 8i0nogidb eocriodaps. [ocnidxeHHs noka3anu, Wo canbMOHerna
MOXe KOJIOHI3yeamucsi 8 KUWEYHUKY | cene3iHyi ma 6e3rnocepedHbo npuliMamu Makpoghazu sk KnimuHu-miweHi. licns
3apaxeHHs S. Pullorum 6akmepisi MOXe He MiflbKu YHUKHYMU 3HUWEHHST 8HYMPIWHBOKIIMUHHUX akmugHUX PEYOBUH, are
U nponichepysamu ma nowiuprosamucsi 8 Makpoghazax. SteE HeobxiOHul Onisi pennikauii ma sipyneHmHocmi Salmonella
8 Makpoghazax. TakumM YUHOM, MU 8CMaHOBUNU, WO namo2eHHUl mexaHiam iHegekyii S. Pullorum y nmuui moxe 6ymu
makum xe, K i 8 knimuHax HD-11. SteE 6yno obpaHo sik 0ocniOHUUbKUL 2eH Ha OCHO8I cucmemu pekombiHauii A-Red 0nsi
KoHempyrosaHHsa wmamy S. Pullorum steE. Pesynbmamu roka3sanu, Wo pocmosi ma 6ioXiMidHi xapakmepucmuku wmamie
S. Pullorum i S. Pullorum steE cxoxi. [JogedeHo, wjo steE 3meHwums 30amHicmb 00 KomoHi3ayii ma eipyrneHmHicms
S. Pullorum y knimurax HD-11. Indykoearut S. Pullorum anonmo3 knimuH HD-11 € ocobnusum MexaHiaMoM 8ipynieHmHocmi,
AKUL MOXe Crpusmu nowupeHHo bakmepil mix knimuHamu. [ocnidxeHHs nokasanu, wo deneyis S. Pullorum SPI-2 3HayHo
3HUXYE namozeHHiCmb Kyp4am, Wo y3200XKyembCs 3 npuHanexHicmio steE do egpekmopHo20 binka SPI-2. Pesynbmamu
iHpikyeaHHs1 S. Pullorum knimun HD-11 makox nokasanu, wo SteE nocurnoe 6HympiluHbOKMIMUHHY Xumme3damHicmb
S. Pullorum i cnpusie anonmosy knimuH HD-11. Y cykynHocmi Hawi QaHi 0emoHcmpyromb, Wo 2eH SteE bepe yyacmb
y sipynesmuocmi S. Pullorum i cnipusie po3pobui ocrnabneHoi eakyuHu npomu S. Pullorum.

Knroyoei cnoea: Salmonella Pullorum, steE, 6ionoeiyHi xapakmepucmuku, knimuHu HD-11, anonmos, eipyneHmHicme.
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Cells are the basic unit of life, and cell death plays an important role in the body’s metabolism, the occurrence and
development of diseases. Pyroptosis is a form of programmed cell death. Pyroptosis is significantly different from other cell
death methods (such as apoptosis, necrosis, etc.) in morphological characteristics, occurrence mechanism, and mechanism
of action. When a cell undergoes pyroptosis, the nucleus condenses to form a pyroptotic body, numerous pores appear in
the cell membrane, the cell swells and ruptures, releasing its contents. Caspase family is a homologous and structurally
similar proteolytic enzyme in cytoplasm, which selectively recognizes and cleaves peptide bonds behind downstream target
aspartic acid residues. Canspase 1,4,5,11 can induce pyroptosis through different pathways. Besides caspases, gasdermin
also plays an important role in pyroptosis. Gasdermins (GSDMSs) are a family of functionally diverse proteins expressed
in a variety of cell types and tissues. The Gasdermin family includes 6 members, of which gasdermin D is the executor
of pyroptosis. Upon cleavage by activated capsese, gasdermen D can be divided info N and C segments. Among them,
the N fragment can form pores in the cell membrane, leading to cell swelling, rupture, outflow of cytokines and other
contents, triggering the body’s immune response, and leading to pyroptosis. The occurrence of pyroptosis can be divided
into the classical pathway and the non-classical pathway. The classical pathway mainly depends on caspase-1, while
the non-canonical pathway depends on the activation of Caspase-4/5/11. In addition, there are uncommon Caspase-3/8-
mediated pathway and Granzyme-mediated pathway. As a way of cell death, pyroptosis is inextricably linked to disease.
Inflammasomes and cytokines produced in the process of pyroptosis can trigger an inflammatory response in the body,
and an excessive inflammatory response can lead to diseases, such as infectious diseases, neurological diseases, and
tumors. In infectious diseases, pyroptosis is closely related to the infection of a variety of bacteria, fungi and viruses,
and PAMPs and LPS can be recognized by corresponding inflammasomes and caspases, respectively, and activate the
downstream pyroptotic pathways. Pathogen infection is the main way to induce pyroptosis. In cardiovascular diseases,
a high-fat environment can induce an increase in reactive oxygen species (ROS), trigger endothelial cell pyroptosis, and
exacerbate the development of atherosclerosis (AS). In the nervous system, cell death is involved in the pathogenesis of
the progression of degenerative diseases of the central nervous system, such as Alzheimer’s disease (AD), Parkinson’s
disease (PD), and stroke. In terms of tumors, pyroptosis can inhibit the occurrence and development of tumors, and at the
same time, as a pro-inflammatory death, pyroptosis can form a microenvironment suitable for tumor cell growth, thereby
promoting tumor growth.

Key words: molecular mechanism, pyroptosis, disease.
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Introduction. Cells are the basic unit of life, and the | and remove harmful or abnormal cells, mainly including

metabolism of the body is often accompanied by the
occurrence of cell death. Cell death plays a key role in
the development of the body, the maintenance of homeo-
stasis and the occurrence and development of diseases.
The modes of cell death are mainly divided into passive
cell death and active cell death. Passive cell death is a
self-protection mechanism produced by cells when they
are stressed, injured or infected by pathogenic microor-
ganisms. In this process, inflammation is produced, so
it is also called inflammatory death. Typical passive cell
death has cell coke. apoptosis and cell necrosis (Dutta
et al., 2012). Active cell death mainly refers to the cell
self-regulation process produced by organisms in order
to regulate the number of cells, promote morphogenesis,

apoptosis and autophagic death, both of which are cell
behavior regulated by genes (Rogers et al., 2017; Tsub-
oyama et al., 2016).

Pyroptosis is a newly discovered way of cellular program
death in recent years. It is the body’s primary non-specific
defense mechanism. It has an irreplaceable role in prevent-
ing external pathogen invasion and sensing endogenous
danger signals(W. Xu and Huang, 2022). This article reviews
the discovery and nomenclature, morphological and molec-
ular features, molecular mechanisms and pyroptosis-related
diseases of pyroptosis in recent years.

The discovery and naming of pyroptosis. Pyroptosis
was initially proposed in 2001 by Cookson and Brennan to
describe proinflammatory programmed necrosis that occurs

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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in Salmonella-infected macrophages in a caspase-1-de-
pendent manner (Riedl and Shi, 2004). The term “pyrop-
to-sis” comes from the Greek roots pyro, which means “fire”
or “fever,” and ptosis to denote a falling. The combination of
the two words reflects the inflammatory nature of this method
of cell death (Walle and Lamkanfi, 2016). However, how the
activation of inflammatory caspase causes cell pyrolysis has
not been answered. It was not until the publication of two
independent research results in 2015 that this question was
initially answered (Shi et al., 2014; Shi et al., 2015). They all
found that gasdermin D (GSDMD) is a substrate of inflam-
matory caspase, which causes pyrolysis by forming small
holes in the cell membrane after lysis (Shi et al., 2017).
Therefore, pyroptosis is defined as gasdermin family-medi-
ated programmed cell necrosis.Shao, et al found pyrolysis
can also be caused by the activation of caspase-4/5/11 by
Lipopolysaccharide (LPS) in the cytoplasm. The activated
caspase-4/5/11 will eventually induce pyrolysis through the
cleavage of gasdermin family proteins (J. Li et al., 2022).
Therefore they defined pyroptosis as Gasdermin family-me-
diated programmed cell necrosis (Shi et al., 2015).

Morphological and molecular features of pyropto-
sis. Morphological features of pyroptosis. Pyroptosis
is morphologically characterized by both cell necrosis and
apoptosis. When cells undergo pyroptosis, the nucleus is
condensed, chromatin DNA is randomly fragmented and
degraded, the cells are swollen in a circular shape, and
multiple vesicular protrusions are formed. Numerous pores
appear on the surface, causing the cell membrane to lose
its integrity (F. Wang et al., 2018). Blister-like protrusions
are similar in size to apoptotic bodies and are called pyrop-
totic bodies. The formation of pores in the cell membrane is
mainly a non-ion-selective channelformed by GSDMD (San-
nino et al., 2018).

The cell membrane loses the ability to regulate the entry
and exit of substances, the cell loses the balance of internal
and external ions, osmotic swelling occurs and the membrane
ruptures, releasing active substances such as cell contents,
stimulating the body’s immune response, recruiting more
inflammatory cells, and expanding the inflammatory response
(Jorgensen et al., 2017; Vanden Berghe et al., 2016).

Molecular features of pyroptosis Caspase family.
Caspase family is a homologous and structurally similar
proteolytic enzyme in cytoplasm, which selectively recog-
nizes and cleaves peptide bonds behind downstream tar-
get aspartic acid residues. In normal cells,caspase protein
usually exists in the inactive pro-caspase state, and only
after hydrolysis of amino acid sequence into active caspase
can play its role. So far, 15 caspases have been identified
in mammals, 13 caspases in humans and 11 caspases in
mice (Eckhart et al., 2008). According to the differences in
structure and function, caspase can be divided into apop-
totic and inflammatory types. Among them, Apoptosis
caspase includes caspase-2/3/6/7/8/9/10, represented by
caspase3, which is related to apoptosis. But it was found
that caspase-3 also can induce pyroptosis by cleaving gas-
dermin E(GSDME) (Yupeng Wang et al., 2017). Moreover,
caspase-8 which is related to apoptosis can also straightly
cleave GSDMD to induce pyroptosis (Demarco et al., 2020).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Inflammatory caspases include caspase-1/4/5/11/1213/14,
which mediate inflammatory responses (Bergsbaken et
al., 2009; Yazdi et al., 2010). Activation of inflammatory
caspase-1 and caspase-4/5/11 ultimately leads to cell
apoptosis.

Gasdermin family. Gasdermins(GSDMs) are a family
of functionally diverse proteins expressed in a variety of
cell types and tissues (Aglietti and Dueber, 2017; Kovacs
and Miao, 2017). The earlier identified GSDMs in the gas-
trointestinal tract and dermis were named “gas-dermin”(T-
amura et al., 2007). 6 GSDMs were found in humans and
10 GSDMz were found in mice. GSDMs consists of Gas-
dermin A (GSDMA), Gasdermin B (GSDMB), Gasdermin C
(GSDMC), Gasdermin D (GSDMD), Gasdermin E (GSDME)
and Pejvakin (PJVK).

GSDMA and GSDMB are mainly expressed in esopha-
gus and intestinal cells, and are associated with hair loss,
asthma and inflammatory diseases (Das et al., 2016; Saeki
et al., 2009). Human GSDMC protein is expressed in epi-
thelial cells of stomach, esophagus and spleen, and is inhib-
ited in cancer cells such as gastric cancer, and its biological
function is still under study (Ruan, 2019).

GSDMD and GSDME are widely expressed in different
cell tissues. GSDMD is the executioner of pyroptosis due
to its ability to form membrane pores (Feng et al., 2018).
GSDMD can be specifically activated by inflammatory
Caspase-1, 4, 5, 11, and cleaved into GSDMD-N (p30 frag-
ment) and GSDMD-C (p20 fragment). GSDMD-C exists in
the cytoplasm, and GSDMD-N has lipophilic and can binds
specifically to phosphatidylinositol on the inside of the cell
membrane and cardiolipin on the outside of the bacterial
plasma membrane, oligomerizes in the membrane and
forms a pore with a diameter of 10-16 nm (Zhao et al.,
2018). The pore secretes a substrate of smaller diameter,
eventually causing the membrane to rupture and releasing
the entire cell contents (Evavold et al., 2018). When stim-
ulated by chemotherapy drugs, tumor necrosis factor and
virus infection, GSDME can be activated by caspase-3 of
apoptotic signaling pathway to punch holes in cell mem-
branes and transform the cells that should undergo apop-
tosis into pyroptosis (Y. Wang et al., 2018; X. Zhang and
Zhang, 2018).

Usually GSDME is expressed at a high level in normal
cells, while cancer cells undergo epigenetic modifications
such as DNA methylation and histones, and most of them
are in the state of GSDME inhibited expression or low-level
expression(Yu and He, 2017). Pyroptosis of normal cells
expressing GSDME may be one of the reasons for the toxic
side effects of conventional chemotherapy drugs.

The mechanism of pyroptosis. The occurrence of
pyroptosis can be divided into two ways: caspase-1-de-
pendent and non-caspase-1-dependent(Ji et al., 2021). The
way of cell death that depends on caspase-1 is called clas-
sical pathway pyrolysis, while the way of cell death that is
not dependent on caspase-1 is caused by human caspase-4
and -5 or Caspase-11 induction in mice is called non-clas-
sical pathway pyrolysis. The morphological characteristics
of pyrolysis in the classical pathway and the non-classical
pathway are similar.
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Both pathways cause the release of IL-1beta and IL-18,
which are involved in inflammasome activation. IL-1beta
induces tissue inflammation, vasodilation, and extravasation
of immune cells, and also plays a role in adaptive immune
responses(Slaats et al., 2016). IL-18 can promote the pro-
duction of interferon-y by Th1 cells, Natural killer(NK) cells
and cytotoxic T cells, promote the development and matu-
ration of Th2 cells, and enhance local inflammatory respon-
se(Wu et al., 2022).

Canonical pathway. Canonical pyroptosis is medi-
ated by inflammasome assembly with GSDMD cleavage
and IL-1B and IL-18 release(Frank et al., 2019; Xia et al.,
2019). Inflammasomes are multimolecular complexes that
are activated when the host becomes resistant to microbial
infection.

When pathogens invade host cells, specific pattern rec-
ognition receptors (pattern recognition receptors, PRRs)
on the cell surface or inside recognize pathogen-related
molecular patterns ( PAMPs) structure and endogenous
risk-associated molecular patterns (DAMPs) (Broz, 2015).
Pattern recognition receptors bind to specific ligands, and
then combine with other proteins to form inflammasomes.
If the Nod-liker Recptor Protein 3(NLRP3) inflammasome is
activated, its ligands can stimulate eukaryotic cells to gener-
ate reactive oxygen species (ROS) and damage lysosomes
to release lysosomal proteases to mediate NLRP3 activa-
tion (Grootjans et al., 2017). Activated NLRP3 converts bio-
logically inactive pro-caspase-1 into active caspase-1. The
caustic executive protein GSDMD is cleaved by activated
caspase-1 at the Asp275 site, forming a 31 kDa N-terminus
(N-GSDMD) and. a 22 kDa C-terminus (C-GSDMD) (Shi et
al., 2015). N-GSDMD penetrates the cell membrane to form
non-selective pores, resulting in cell swelling and pyroptosis
(X. Chen et al., 2016; Sborgi et al., 2016). At the same time,
caspase-1 also cleaves the precursors of IL-18 and IL-18
into mature IL1(3 and IL-18, which are released through the
pores formed by GSDMD, leading to pyroptosis (He et al.,
2015; Kayagaki et al., 2015).

Non-canonical pathway. Non-classical pyroptosis is
activated by the activation of Caspase-4/5/11 as the prem-
ise pathway, mainly through the direct binding of the inflam-
matory Caspase-4/5/11 protein precursor to the LPS in the
cytoplasm to assemble and trigger cell pyroptosis (Jor-
gensen and Miao, 2015). When pathogenic microorganisms
infect host cells, PRRs located in the cytoplasm are recog-
nized and bound to corresponding ligands, assembled to
form multi-protein complexes in the cytoplasm, and activate
inflammatory Caspase-4/5/11 to further cleave GSDMD pro-
tein to the cell membrane Punch holes to promote the occur-
rence of pyroptosis (Ji et al., 2021). At the same time, the
inflammasome acts on downstream molecules to promote
the release of mature and ruptured cell membranes such as
inflammatory cytokines (such as IL-1p, IL-18, etc.), chemok-
ines, and adhesion molecules to the outside of the cell,
recruiting and activating more inflammatory cells. trigger an
inflammatory response (Martinon and Tschopp, 2004).

In addition, Pannexin-1 is found to be another key pro-
tein in mediating pyroptosis in the non-classical pathway
induced by caspase-11 (Yang et al., 2015). Upon stimula-

tion with LPS, activated caspase-11 can specifically cleave
and modify Pannexin-1, elicited intracellular ATP release
and thereby induce pyroptosis mediated by the ion channel
P2X7 receptor (Yang et al., 2015).

Caspase-3/8-mediated pathway. Members of the gas-
dermins protein family are highly conserved in structure. With
the exception of DFNB59, all gasdermins contain C-terminal
and N-terminal domains, the N-terminal being the executor
of pyroptosis (Ding et al., 2016). Caspase-3 has long been
considered as an important marker of apoptosis. Recently,
Wang et al. Found that caspase-3 can affect and activate
gsdme and promote the occurrence of focal death. In tumor
cell lines with high expression of gsdme, chemotherapeutic
drugs can induce the activation of Caspase-3 and cleave
gsdme. The generated gsdme-n can punch holes in the
cell membrane and cause the scorch death of tumor cells
(Hyman and Yuan, 2012). Sarhan et al. Reported that
caspase-8 can cleave gsdmd and mediate cell death during
the inhibit ion of TGF-B-activated kinase 1(TAK1) by path-
ogenic Yersinia through effector YopJ(Chavarria-Smith and
Vance, 2015; Orning et al., 2018). TNF-mediated apoptosis
is converted to pyroptosis by PD-L1 in breast cancer cells.
Under hypoxic conditions, the nuclear translocation of pro-
grammed death-ligand 1(PD-L1)is promoted by p-Stat3,
which together enhance GSDMC transcription. Under the
stimulation of tumor necrosis factor-a(TNF-a), Caspase-8
specifically cleaved GSDMC to generate N-GSDMC, and
formed pores in the cell membrane to induce pyroptosis
(Hou et al., 2020).

Granzyme-mediated pathway. Recently, Shao,etc,
found for the first time that gasdermin can perform the per-
foration function through serine protease gzma hydrolysis at
non ASP sites, and proved the cell death induced by cyto-
toxic lymphocytes as focal death (Mehta et al., 2013). This
discovery rewrites the conclusion that focal death can only
be activated by caspase. The serine protease granzyme A
in cytotoxic lymphocytes (such as CTLs, NK cells, etc.) can
enter the target cells through perforin, and the target cells
can be induced to scorch by hydrolyzing lys229 / lys244
sites of gasderminb (gsdmb) molecules (Zhiwei Zhou et al.,
2020). GSDMB has tissue-specific expression and is highly
expressed in digestive system epithelial cell-derived tumor
cells. Induction of focal death by gsdmb will enhance anti-
tumor immunity and will become a potential target for the
treatment of these tumors (Mehta et al., 2013).

Pyroptosis and diseases. Inflammatory bodies formed
during pyroptosis can stimulate tumor cell pyroptosis and
decrease tumor cell growth. The accumulation of inflamma-
tory bodies, on the other hand, can create a favorable milieu
for tumor cell growth (Demkow, 2021). GSDMD activation
causes the release of inflammatory cytokines such IL-1 and
IL-18, which activate immune cells, chemokines, cytokines,
and adhesion molecules, so amplifying the inflammatory
response (Liu et al., 2016). -1 B is an endogenous heat
source that promotes fever, vasodilation, chemotactic migra-
tion of leukocytes, cytokine increase and hyperalgesia. Its
unregulated discharge causes autoimmune disorders to
develop(periodic syndrome, Mediterranean fever) (Feng et
al., 2018). By boosting the production of IFN-y, 1l-18 causes
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inflammation. It is a well-known antibacterial inflammatory
cytokine that causes T cells and macrophages to become
activated. At the same time, excessive pyrotopia activa-
tion can result in a significant number of cell death, tissue
damage, organ failure, and even autoimmune inflammation,
septic shock, or tumor, resulting in irreversible body harm
(Jorgensen and Miao, 2015; Poli et al., 2015).

Pyroptosis and Infectious diseases. Pyroptosis is
closely associated with multiple bacterial, fungal and viral
infections In the pyroptotic pathway, PAMPs and LPS can
be recognized by the corresponding inflammasomes and
caspases, respectively, and activate the downstream pyrop-
totic pathway. Therefore, pathogen infection is the main way
to induce pyroptosis. Pyroptosis has been found in Shigella,
anthrax, tuberculosis, Brucella infection and bacillary dys-
entery (Banerjee et al., 2017; Zheng et al., 2016). Pyroptosis
functions as a host defense mechanism when a pathogen
infects the body, activating the innate immune system to
fight infections (Gong et al., 2020). When cells are infected
by Salmonella, the activation of caspase-1 will lead to the
production of inflammatory factors, cell membrane damage,
and even cell rupture, which is beneficial to the removal
of intracellular bacteria(Gong et al., 2020). When Shigella
infectes cells, it rapidly invades the intestinal mucosa quickly,
cause inflammatory reaction, and eventually result in bacte-
rial dysentery (Tien et al., 2006). In Lei et al.’s studyin the
pathogenesis of enterovirus 71, the enterovirus protease
3C was found to cleave gasdermin D (Lei et al., 2017). The
cleavage site is distinct from the caspase-induced cleavage
site and physiologically inactivates the N-terminal fragment,
thereby disabling the downstream pyroptosis pathway.

Enterovirus 71 escapes the resistance mechanism of
the host cellular immune system by directly disrupting key
factors in the pyroptosis pathway, providing anew perspec-
tive for reassessing pathogen resistance to host pyroptosis

Pyroptosis and Cardiovascular diseases. Atheroscle-
rosis is a chronic progressive disease characterized by lipid
accumulation and inflammatory cell infiltration (Benjamin
et al., 2017). Many factors such as hyperlipidemia, hyper-
glycemia and smoking can promote the progression of As
(Y. Zhang et al., 2018).

High fat environment can induce the increase of reactive
oxygen species (ROS), trigger endothelial cell scorch death
and downstream inflammatory waterfall, and aggravate the
development of As. It can also promote the expression of
AIM2, GSDMD-N and other genes in smooth muscle cells,
increase the area of plaque and the number of dead cells in
mice by inducing the scorch death of smooth muscle cells,
and increase the instability of plaque (Pan et al., 2018).

Oxidized low density lipoprotein (ox-LDL) has a strong
as promoting effect. It can induce endothelial cell death
through ERS/ASKI axis or miR-125a-5p expression (Hang
etal., 2020; Zeng et al., 2019). While ox-LDL induces mac-
rophage focal death, it promotes the occurrence of cell
focal death by limiting autophagy, and promotes the for-
mation of necrotic nuclei and plaque instability (Zhenfeng
Zhou et al., 2020).

High density lipoprotein (HDL) can play an anti as role,
but when combined with chronic inflammatory diseases,

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

it can be oxidized and modified to promote oxidation and
inflammation. Oxidized HDL can induce NLRP3 mediated
cell scorch death in macrophages, thereby promoting the
progression of as plaque (Ji et al., 2021).

Pyroptosis and Central nervous system disease.
Studies have shown that cell death is involved in the patho-
genesis of central nervous system degenerative diseases
progress, such as Alzheimer’s disease (AD), Parkinson’s
disease(PD) and stroke(Zhiwei Zhou et al., 2020; Liu et al.,
2016). The pathological features of AD are synaptic loss,
neuronal death and extracellular neuroinflammatory plaques
B- Amyloid- 3, A ), which can interfere with the function of
membrane and cause the outflow of K + from neurons. Low
K concentration can activate nirp1 and cause cell pyroptosis
(Tan et al., 2014).

Pyroptosis activated by the PD-causing protein a-syn-
uclein is closely related to the development of PD-induced
neuroinflammation (Hu et al., 2022). Normally, aggre-
gated a-synuclein can be released from impaired neurons
and recognized by Toll-like receptors on microglia to acti-
vate the NF-B pathway and the NLRP3 inflammasome,
thereby inducing microglia Pyroptosis and neuroinflamma-
tion(S. Wang et al., 2019).

Inflammation activated by inflammasome and pyropto-
sis is closely related to stroke pathology (Barrington et al.,
2017). Increased expression of NLRP3, NLRP1, caspase-1,
IL-18 and IL-18 was observed in brain samples from stroke
patients(D Fann et al., 2013). Activation of the NLRP3/
caspase-1/GSDMD pathway induces microglia and astro-
cyte pyroptosis in a mouse model of middle cerebral artery
occlusion (MCAOQ) (P. Xu et al., 2019; Zhou et al., 2019).
In addition, absent in melanoma 2 (AIM2) and NOD-like
receptor containing 4(NLRC4) inflammasomes in microglia
and NLRP6 and NLRP2 inflammasomes in astrocytes have
been shown to activate GSDMD-mediated pyroptosis and
inflammation, leading to models of ischemic brain injury
damaged neuronal cells (Kim et al., 2020; Q. Li et al., 2020).

The role of Pyroptosis in Tumors. Pyroptosis can
affect the occurrence and progression of tumor, which regu-
lates the proliferation, invasion and metastasis of tumor cells
through some non-coding RNA and other molecules.

Studies have found that inflammatory bodies can also
exist in tumor cells, and these bodies can promote and
inhibit tumor growth (L. C. Chen et al., 2012; Dinarello,
2010). Because inflammatory corpuscles are the key mol-
ecules that guide caspase-1 in cell focal death, it may be
an important node between tumor cells and pyroptosis.
Different tumors involve different inflammatory bodies. For
example, NLRP3 widely exists in tumor cells (H. Zhang
et al., 2018), and related tumors include nasopharyngeal
carcinoma, colorectal cancer, and lung adenocarcinoma
(Ungerbéck et al., 2012; Yanli Wang et al., 2016). In addi-
tion, liver cancer is also associated with aim2 inflammatory
bodies (Ma et al., 2016). Although it can be inferred that cell
death is related to tumor, the relationship between them is
relatively complex. Studies have shown that cell death can
inhibit the occurrence and development of tumor, but on the
other hand, cell death can promote inflammatory death and
form a microenvironment suitable for the growth of tumor
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cells, so as to promote the growth of tumor (Brostjan and
Oehler, 2020).

Pyroptosis and lung cancer. Lung cancer is the
most common cancer in the world and one of the leading
causes of death (Hong et al., 2015; Sun et al., 2019). In
non-small cell lung cancer(NSCLC), GSDMD was found to
be elevated (Gao et al., 2018). Furthermore, a high level of
GSDMD aided tumor spread and predicted a poor outcome
in lung adenocarcinoma(LUAD) patients. Activation of the
pyroptotic signaling pathway (NLRP3/caspase1) promoted
apoptosis but not pyroptosis in GSDMD-deficient tumor
cells. Furthermore, inhibiting tumor proliferation by inhib-
iting the epidermal growth factor receptor/ Protein Kinase
B(EGFR/Akt) signaling pathway in nonsmall-cell lung can-
cer(NSCLC) was achieved by silencing GSDMD (Peng et
al., 2019). Xi et al. reported in 2019 that GSDMD colocalized
with GzmB near immunological synapses, and that a defi-
ciency in GSDMD reduced CD8+ T cell cytolytic capabilities,
suggesting that GSDMD is required for tumor cell immune
response (Xi et al., 2019). GSDME is found in a variety of
molecular subtypes of lung cancer. In A549, PC9, or NCI-
H3122 cells, GSDME or caspase-3 reduction drastically
decreased GSDME-dependent pyroptosis (Lu et al., 2018).
Both paclitaxel and cisplatin were shown to trigger apoptosis
in A549 cells by Zhang et al., however some of the dying
cells had a morphology that was very similar to pyroptosis
(C.-c. Zhang et al., 2019).

Pyroptosis and gastric cancer. Gastric cancer is a can-
cer that starts in the cells of the stomach and has a poor
prognosis and a high mortality rate (Graham, 2015; Wei et
al., 2020). GSDMA was found to be a tumor suppressor gene
in gastric cancer (Saeki et al., 2009), but it was also found to
be overexpressed in some gastric cancer cells, suggesting
that it could operate as an oncogene. GSDMB was found
to be strongly expressed in the majority of malignant tissue
samples but not in the majority of normal gastric tissues,
suggesting that it may be linked to invasion (Komiyama et
al., 2010). On the other hand, GSDMC was shown to be
downregulated in gastric cancer, suggesting that it may act
as a tumor suppressor. Wang et al. found that GSDMD can
inhibit extracellular-signal-regulated kinase1/2(ERK1/2), Sig-
nal transducer and activator of transcription 3(STAT3) and
phosphatidylinositol-3-kinase/Protein Kinase B(PI3K/AKT) in
gastric cancer (GC) cells, thereby reducing the expression of
Cyclin A2 and Cyclin DependentKinase (CDK2). Therefore,
the reduction of GSDMD expression in GC cells increases
the expression of Cyclin/CDK complex as a substance that
regulates cell cycle, promotes the transition from S phase to
G2 phase, and accelerates GC cell proliferation (W. J. Wang
et al., 2018). Chemotherapeutic medicines were discovered

to cause pyroptosis rather than apoptosis in gastric cancer
cells with high GSDME expression. The stomach cancer cell
lines that had been treated with 5-fluorouracil (5-FU) looked
to go into pyroptosis (Y. Wang et al., 2018).

Pyroptosis and breast cancer. GSDMB overexpres-
sion was linked to tumor growth in breast malignancies, and
overexpression predicted a poor response to HER-2 tar-
geted treatment (Hergueta-Redondo et al., 2014). This sug-
gests that GSDMB could be a new tumor prognostic marker.
Furthermore, high GSDMC levels have been linked to a
poor prognosis in breast cancer patients (Hou et al., 2020).
Antibiotics such as doxorubicin, daunorubicin, actinomycin
D, and epirubicin have been shown to increase the expres-
sion of nuclear PD-L1 and GSDMC and facilitate caspase-8
activation, resulting in pyroptotic death in breast cancer cells
(Hou et al., 2020). Pizato et al. found that compared with
untreated breast cancer cells, caspase-1 was activated,-
gasdermin D was cleaved,IL-13 secretion was enhanced,
and high mobility group protein B1(HMGB1) was secreted
in breast cancer cells treated with docosahexaenoic acid
(DHA). It is proved that DHA can induce pyrosis in breast
cancer cells (Pizato et al., 2018). GSDME expression was
shown to be low in various malignancies, and low levels of
GSDME were also linked to poor breast cancer patient sur-
vival (Op de Beeck et al., 2012). The P2X7 signaling path-
way has been linked to cancer (Burnstock and Verkhratsky,
2010; Fu et al., 2009). Ivermectin regulates the sensitivity
of extracellular ATP and HMGB1 by mediating P2X4/P2X7-
gated Pannexin-1 channel, and activates caspase-1 to
induce apoptosis and pyroptosis (Draganov et al., 2015).

Conclusion. Pyoptosis has been clarified as an inflam-
matory and planned mode of cell death, but there are still
some questions to be answered, such as what function
other members of the gasdermin family play in pyroptosis.

Pyroptosis plays an important role in the maintenance
of normal physiological function and morphology of tissues.
At the same time, it is also involved in the occurrence of
severe pathological damage and the development of clinical
diseases, especially in tumor.

More and more researches focus on the phenomenon
of pyroptosis in tumors, and the current research mainly
focuses on the compounds or molecules activating inflam-
masomes such as NLRP1/3, NLRC4, and AIM2 and promot-
ing cell pyroptosis. They have the potential to become new
drugs for treating tumors. However, we do not fully under-
stand the mechanism that these molecules affect tumor cell
pyroptosis. Future research towards elucidating the mech-
anism of pyroptosis will help us improve our understanding
of tumor cell pyroptosis and help develop anti-tumor drugs
based on pyroptosis.
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KacsineHko O. ., dokmop eemepuHapHux Hayk, npoghecop, CyMcbKull HauioHanbHUl agpapHul yHisepcumem, Cymu,
YkpaiHa

Minyvene Jlrou, anipaim, CymcbKkul HauioHanbHUU agpapHull yHieepcumem, Cymu, YkpaiHa, XeHaHCbKul iHecmumym
HayKku i mexHonoaiti, XeHaHb, Kumalu

MonekynsipHuli MexaHi3M nipornmo3y ma noe’a3aHux 3 HUM 3axeoprosaHb

OcCHO8HOK cmpyKmypHoK 00UHUYeto byD08U XUBUX Op2aHi3mie € KnimuHa, sika eiicpae 8axnusy posb y MemaborniyHux
rpouecax, BUHUKHEHHI ma po38UmKy 3axeoprosaHb. [liporimo3 — ue 3axucHuli MexaHi3M 8podXeH020 iMyHimemy,
WO YHEMOXIIUBIIIE PO3MHOXEHHSI BHYMPIWHBLOKIIMUHHUX namoeeHig. [liponmo3 € ¢hopmoro  3anpoepamMosaHoi
HekpomuyHoi 3azubeni knimuHu. 3a niponmosy, Ha 6iOMIiHy 8i0 iHWuUX fpouecie, a came aronmMo3dy ma HeKpo3y,
8 pesynbmami akmueauii kacrasu ei0bysaembCsi MOPyWweHHs uinicHocmi nnasmamuyHoi membparu. [aHuli npouec
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Mae 0cobnueocmi i 8idpisHAEMbCS MeXaHi3MOM 8UHUKHEHHSI ma MopghonoaiyHUMU Xapakmepucmukamu ripouecy. Konu
KnimuHa niddaemacs nipornmo3y, 10p0 KOHOeHCYeEMbLCA 3 YMBOPEHHSIM MipOnmMomu4YHo2o mina. Y KaimuHHit membpaHi
3’96M15I0MbCA YUCNIEHHI NOpU, KnimuHa Habyxae i po3pusaembCs, BUBIMbHSAIOYU C8ili emicm. Kacra3a € 2oMOoso2iyHuM
i MpomeonimuyHUM (hepMEHMOM Yy yumoriasmi KiimuH, sikul eubipkoeo po3nizHae ma pPo3Wernmoe nenmuoHi 38’a3KU.
Kacnasa moxe iHOyKyeamu pisHi mMexaHismu po3eumky niponmosy. Kpim moeo, 2a30epmiH makox eidicpae eaxinusy
porb y npoueci niponmosy. [asdepmiHu — ye yHKUiOHambHO PisHOMaHIMHI BIfKU, W0 eKCrpecyrmses 8 pi3HUX munax
KnimuH i mkaHuH. lacdepmiHu npedcmaeneHi 6 audamu binkie. [licna poawenneHHs 2a30epMiHu MoxHa po3dinumu Ha
pazmedmu N | C. N-ghpaemeHm Moxe CrPUYUHIOE MPOUEC YMBOPEHHS Mop 8 KIIMUHHIU MembpaHi, wo npu3eodums
00 HabpsKy KnimuHu, po3pusy, 8i0MOKy UUMOKIHI8 ma iHWOo20 emicmy, 3anycKak4u npouec iMyHHoOI 8i0nosidi opaaHiamy
ma cripuquHIYU npouec niponmo3sy. [poyec 8UHUKHEHHS MiPONMO3y PO3PI3HSMb Ha KNacuyHUU Wisx i Heknacu4yHud.
Knacuyruli npouyec 8 0CHOBHOMY 3anexume 6i0 kacnasu-1, modi Ak HeknacuyHul — 6i0 akmueayji kacriasu-4/5/11. 5k cnocié
3aeuberni KnimuH, nipornmo3 HepOo3PUBHO 108’a3aHUl i3 3aX80PH8aHHAMU. IHGhrTamacoMu ma YUMOKIHU, W0 ymeopHHMbCs
8 npoueci niponmo3sy, MOXymb 8UKUKamu 3arnanbHy peakuito 8 opaaHiami, Wo Moxe npusgecmu 00 rpossy iHGEKUitHUX,
Hespor1oaiyHUX ma OHKOIO2IYHUX 3aX80prosaHb. 3a iHheKUIliHUX 3aX80pro8aHb MipormMo3 miCHO roe’sa3aHull 3 iHgbekyitHuMU
fpoyecamu, emiosio2iyHUM YUHHUKOM SKux € Gakmepil, MikpockonidyHi epubu ma eipycu. lMamozeHu ideHmudikyrombcs
crneyughivHUMU binkamu (iHgbrramacomMamu ma Kacriasamu) i, 6i0rnoeiOHo, i 8 KiimuHax opeaHiaMy akmueidytombCs
niponimuyHi npouecu. 36yOHUKU iHGbeKUIlHUX 3aX80pto8aHb € OCHOBHUM emionoaiyHuM hakmopom iHOYKUii niponmo3y.
lpu cepueso-cyOUHHUX 3aX80PHOBaHHSAX BUCOKUL 8MICM XUPY MOXe 8UKITUKamu 30ifbWEeHHS akmugHUX ¢hopM KUCHIO, WO
CMPUYUHIOE Mipormo3 eHOomenianbHUX KMiMUH, @ Makox akmueisye rnpouyec po3sUmoKy amepocKiepody ma iHcynbmy.
iponmo3 Hepeosux KnimuH 6epe y4acmb y namoeaeHesi fMpoapecysaHHsi 0eeeHepamusHUX 3aX80pHo8aHb UEHMPasbHOI
Hepeoeoi cucmemu, makux siKk xeopoba AnbyeetiMepa ma xeopoba [apkiHcoHa. [liponmo3 Moxe K npueHidygamu rosisy
MyXJIUH, Mak i cmeoptogamu onmumarsibHi yMogu 07151 ix pocmy i po38umky.
Knrovoei cnoea: mMonekynapHull MexaHiam, mipornmos, 3axXe0preaHHs

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty 25
Cepis «BetepuHapHa meguumHay, Bunyck 2 (57), 2022



YK 619:615.9:636.085.34:579.843.4.083.13:546.14:546.23:546.711:546.72/.74:546.76

TOKCUKONOTIIYHA OLIHKA KOPMIB I3 PI3BHUMW PIBHAMWU MIKPOENEMEHTIB 3 BAKOPUCTAHHAM
NOMIHECLUEHTHUX MIKPOOPTAHI3MIB PHOTOBACTERIUM PHOSPHOREUM
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[OKTOp BETEPUHAPHUX HayK, CTapLUWIA HAyKOBUI CMiBPOBITHWK
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HadaHHs1 moKcuKo-eieieHiYHOT OUIHKU MOKCUYHUM KOHMaMiHaHmam Pi3Ho20 MOXOOXEHHS (8 momy yuchi U Mikpoere-
MeHmam) WuUpoKo rnposodssmecs y KpaiHax €eponu, Asii ma Amepuku. Huri 0nsi yux yinel eaxinusy porb eidizpae bio-
mecmygaHHs1 3 BUKOPUCMAaHHSIM 1PO- ma €8Kapiomu4yHUX opaaHiamie y sikocmi mecm-modened, npu YoMy Ha nepuiudi
nnaH sucysaromscsi biomecmu 3 8UKOPUCMaHHSIM Xugux biontomiHecueHmMHuUX bakmepill, SIKi 8UPI3HAMBCS 3 MOMIX iHUIUX
mum, Wo sk napamemp XummedisnbHOCMI 8UMIPIOEMBCS IHMEHCUBHICMb ix ceimiHHsA. Memoto daHoi po6omu 6yro npo-
8eCMU MOKCUKOO2iYHY OUIHKY KOPMI8 i3 PI3HUMU PIBHAMU MiKpOerieMeHmie 3 BUKOPpUCMAaHHAM IHOMIHECUERMHUX MIKpoop-
eaHismie Photobacterium phosphoreum. 3a ymos 0ocnidXeHHs MiKpoerieMeHmig y ssKkocmi «Mampuui» 6y10 8UKOPUCMaHO
KyKypyO3siHy Kpyry, Wo He 8or0dina moKcuyHuUMU enacmusocmsamu. Mikpoenemenmu aukopucmosysanu y ¢opmi Lep-
XasHUX cmaHOapmHux 3paskie, a came: ®epym, Kobanbm, MaHeaH, CeneH, Hikenb, Xpom i Bpom. Y skocmi mecm-Kyrib-
mypu sukopucmosysanu niogbinizosaHy Kynbmypy Photobacterium phosphoreum (wmam IMB B-7071; Sq3), ompumaHy i3
Lenosumapito mikpoopaaHiamig IHcmumymy mikpobionoeaii i eipyconoeii imeHi [.K. 3abonomHozo HauioHanbHoi akademii
Hayk YkpaiHu (m. Kuig). [Teped 6HeCEHHSIM MiKpoereMeHmig y KopM ronepedHbo 00CidXysanu «Mampuuyto» Ha ix emicm
(¢boH). ToKCuKaHMU BHOCUMU 8 «MamPUUIO» y Pi3HUX KOHUEHMPaUisx 3 ypaxysaHHaM «GhOHOBUX» MOKa3HuKig (o 5 cepil),
w0 2omysanu wisixom po3eedeHHs1 8 ducmusnbos8aHill 800i, 3anexHoO 6i0 MakcumanbHO 00rMycmuMo20 pigHs. B pesyrb-
mami 8UKOHaHHS1 poboOMU yCMaHOBIEHO MOXIIUBICMb 8UKOPUCMaHHS JIIOMIHECUEHMHUX MikpoopaaHiamie Photobacterium
phosphoreum (wmam IMB B-7071; Sq3) dnsi ekcripecHoOi mOKCUKOMO_2IYHOT OUIHKU KOpMI8 3 Pi3HUMU pigHsSIMU MiKpoesne-
MeHmi8, Wo basyembCsi Ha 3HUXEHHI iHmeHcusHocmi ceimiHHs. [pome, sikwo dnsi Co, Mn, Ni, Se, Cr i Br 3a ymoe docrii-
OXXEHHS KOPMY 3 8MICMOM MIKpoeneMeRmie Ha MakcumarnsHo donycmumux pisHsax (MAOP) (2,0; 120,0; 3,0; 0,5; 1,0 10,0
ma/ke 8i0rnosidHO) KOpM xapakmepusysascs ik HemokcuyHul, mo 0ns Fe 3a MAP (750,0 me/ke) kopm xapakmepu3ysasecsi
SIK CUSTbHO MOKCUYHUU, Wo €8id4umb npo HeobxiOHicmb nodanbuwux AocnidKeHb 3 8UBYEHHST MOKCUKOMO2iYHOI xapakme-
pUCMUKU MiKpoenneMeHmy 6 opaaHismi nabopamopHuUX i MPOOYKMUBHUX MEapuH, MOXIIugo 3 nodanbwum nepeansidom (y
6ik 3HuUxeHHs1) MLP gidnogiOHo20 3abpydHiosadya y kopmax 8 YkpaiHi. [Nepcrnekmuegoto nodanbwiux AocnidxeHb y UboMy
HanpsiMKy € MOKCUKO02i4YHa oyiHKa KopMig i3 pisHUMU pieHsIMU necmuyudie 3 8UKOPpUCMAaHHAM SIIOMIHECUEHMHUX MIKpoop-
2aHiamie Photobacterium phosphoreum.

Knrovosi cnoea: bionromiHecueHuis; kKombikopmu, MikpoenemMeRmu; mokcuyHicms; Photobacterium phosphoreum

DOI https://doi.org/10.32845/bsnau.vet.2022.2.4

Beryn. MikpoenemenTn (ME) — ue rpyna xiMmivHux ene-
MEHTIB, SKi MICTATLCS B OpraHi3mi MoauHN N TBApUH Y Ayxe
Manux KinbkocTsix, y Mexax 10-*-10-'2 % Big 3aranbHoi macu
Tina. €4uHO XapakTepHo pucotd ME € iXHS HU3bka KOH-
LleHTpaLis B XuBKMX TkaHuHax. ME ue He BMnaaKoBi iHrpesi-
€HTU TKAHWH i PiZH XXMBWX OPraHiamiB, 8 KOMMNOHEHTW 3aKOHO-
MipHO iCHY04OI CknaaHoi isionoriyHoi cuctemu, Lo 6epyTb
y4acTb Y perynioBaHHi XUTTEBUX (DYHKLI OpraHiamiB Ha BCiX
cragiax po3sutky (Pohorielov, 2010). BignosigHo go knacu-
¢ikanii ME 3a GionoriyHoto ponnto Ans ccasuiB BUGINSIOTH:
XWUTTEBO HeobxigHi enemeHTn (LuHK, MaHraH, Moni6aeH,
Wop, Cenen, ®epym, Kynpym, Kobansrt), iMoBipHO HeobXiaHi
enemeHt (TutaH, Bawnagin, Xpom, Hikenb, ApceH, Bpowm,
CrpoHuin, Kagmin) Ta enemeHT 3 ManoBMBYEHOK POSMO
(LmpxkoHin, bicmyT, Py6iain Ta iHwi) (Prashanth et al., 2015).

MikpoenemeHTH, Lo HaaxoaaTb 40 OPraHi3My i3 KOpMOM
Ta BOAOK B ONTUMANbHKX KiflbKOCTAX, 3aBASAKM BKIOYEHHIO

y 6ionoriyHO aKTMBHI Cnonykn (eH3MMW, FrOPMOHM, BiTa-
MiHK) 3abe3nevyloTb HopMmanbHe (YHKUIOHYBaHHS opra-
Hi3My (piCT, pO3BMTOK, 300POB’S, PO3MHOXEHHS) Ta BepyTb
yyactb y Haratbox isionoriyHmx, GioxiMiyHux i metabo-
nivHmx npouecax (Dias et al., 2016; Calderon Guzman et
al., 2019; Vincent, 2019; Younus et al., 2020; Gac¢ et al.,
2021; Vogt et al., 2021). [MpoTte ME 3a neBHNX YMOB MOXYTb
BUKIMKATW i TOKCUYHI peakuii, 3o0kpema, 3a 6e3KOHTPOIb-
HOTO 3aCTOCYBaHHA MiHepanbHWUX J06aBoK Ta NPEMIKCIB Ym
3HAXOMKEHHS TBAPUH Ha TepuTopii BioreoximiyHMX NPOBIH-
uin 3 nigBuweHMm Bmictom ME B KOMMOHEHTax pauioHy i
Bodi (Balachandran et al., 2020; Magrone, 2020; Raisbeck,
2020; Wu et al., 2020; Zafalon et al., 2021; Orobchenko et
al., 2022).

Came ToMy HafiaHHS TOKCUKO-TIFEHIYHOT OLiHKM TOKCWY-
HUM KOHTaMiHaHTaM pi3HOrO MOXOMKeHHA (B T. 4. 1 ME)
LUMPOKO MPOBOAATLCS Y kpaiHax €sponu, Asii Ta Amepuku
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(Chowdhury et al., 2018; Koch et al., 2021; Kozhanova et
al., 2021). Cnig 3a3HaunTi, WO ANS UMX UiNen HUHI Bax-
nuBY pornb Bifirpae BGioTecTyBaHHS 3 BUKOPUCTaHHSAM Npo-
Ta €BKapiOTMYHWMX OpraHi3MiB y SKOCTi TecT-mogenen, npu
YOMY Ha NepLlUMin NNaH BUCYBaKTbCS BioTeCT 3 BUKOPUC-
TaHHAM XMBUX BiontoMiHECLEHTHUX BakTepii, SKi BUPI3HS-
0TbCS 3 MOMIXK HLLIMX TUM, LLIO SIK NIapaMeTp XKUTTEAiIANbHOCTI
BUMIPIOETBLCA IHTEHCMBHICTB X CBITiHHA (Menz et al., 2013;
Fernandez-Pifas et al., 2014; Ma et al., 2014; Kurbatska &
Orobchenko, 2021a).

Hawwvmn nonepegHiMu pocnigxeHHsmu 6yna pospo-
BrneHa metogmka BU3HAYEHHS TOKCUYHOCTI KOPMIB 3 BUKO-
pucTaHHam bakTepinn Photobacterium phosphoreum, npote,
nepes BRPOBAaXEHHAM Yy NPaKTUKy BETEPUHApHOI meau-
LiMHU HeobxiaHO Byno nepekoHaTNCs B MOXNMUBOCTI ii 3aCTo-
CyBaHH$ BifHOCHO KOPMIB 3 Pi3HUMMU PiBHSMU TOKCUKAHTIB (B
TOMY 4uChi | MiKpoeneMeHTiB), TOMy MeTOK [JaHoi poboTu
CTano npoBeCTW TOKCUKOMOTIYHY OLiHKY KOPMIB i3 pisHUMU
PIBHSMW MIKPOENEMEHTIB 3 BUKOPUCTAHHAM MIOMIHECLIEHT-
HUX MikpoopraHiamis Photobacterium phosphoreum.

Martepian i meToau gocnigxeHb.

JocnioxeHHs nposogunu y nabopaTopii TOKCUKOO-
rYHOrO MOHITOPUHIY HauioHanbHOrO HAyKOBOTO  LEHTPY
«|HCTUTYT eKkcnepuMeHTanbHOI i KMiHIYHOI BeTepuHapHOI
MeauLHW» (M. Xapkis).

[ns BUKOHaHHA JaHOI 3afjadi y SKocTi 3abpyaHioBadiB
KOpMiB Bynu BUKOpUCTaHi MikpoenemeHTy, BinbLua YactuHa
AKUX pernameHToBaHa [lepenikoM MakcumanbHO Aony-
CTUMMX PIBHIB HEDaXaHNX PEYOBMH y KOpMax Ta KOPMOBIN
cupoBuHi Ans tBapuH (Pepym, Kobanst, MaHraH i Cenen)
(On approval of the List of maximum permissible levels...,
2017), a TakoXX MakcumarnbHO AOMYCTUMUX PIBHAX, HaBede-
Hux B nitepartypi (Kutsan, Orobchenko & Kochergin, 2014;
Stehnii, Orobchenko & Koreneva, 2021).

3a yMOB [OOCNIAXEHHS MIKPOENEMEHTIB Y  SKOCTI
«MmaTpuui» Byno BUKOPUCTAHO KYKYpyO3sHY Kpymy, LU0 He
Bonodina TOKCUYHWUMK BRAcTUBOCTAMM. MikpoenemeHTu
BUKOpUCTOBYBanu y dopmi [lepxaBHux ctaHgapTHUX 3pas-
kiB ([C3), a came: Pepym, Kobanst, MaHraH, CeneH, Hikenb,
Xpom i bpom. Mepen BHECEHHSIM HEOPraHiYHUX ENEMEHTIB
Y KOpM nonepeaHb0 AOCRiAKYBany «MaTpuLo» Ha iX BMICT.
TOKCUKaHTV BHOCUMW B «MATPULIO» Y Pi3HUX KOHLIEHTPaLLisiX
(no 5 cepin), WO roTyBanu LINSXOM PO3BELAEHHS B OWUCTU-
NbOBaHIN BOfi, 3anNeXHO BiA MakCUManbHO LOMYCTUMOro
piBHA (Tabnuus 1).

HaBaxky KOHTPOMbHOI i 4OCNIAHMX «MaTpuLb» Macoto
10,0 r BHOCUNK OO0 CKNSHMX (PMAKOHIB, y JOChigHI npobu
BHOCWIM BIANOBIAHY kinbkicTb [1C3 MikpoenemeHTiB i goga-
Banu 96° etaHon o6’emom 20,0 cm® Ta ekcTparysanu, 3anu-
LIaouu Ha 24 roguHu, noTim LeHTpudyrysanu npu (1,5-2,0)
Tnc. 06./x8 10 X8, Nicnsa Yoro BiabGuUpanu HagocaaoBy PiaKHY,
Ky B 06’emi 0,02 cm® gogaBanu 4o (nonepegHLO NigroTos-
NeHoi i BHECEHOT y KIOBETY NIOMIHOMETPA) KynbTyparbHoi
piauHu B 06’emi 1,0 cm®.

Y QKOCTi TeCT-KynbTypu BUKOPUCTOBYBaNM mniodiniso-
BaHy kynetypy Photobacterium phosphoreum (wrtam IMB
B-7071; Sq3) (Ph. phosphoreum), oTpumany i3 [enosuta-
pito MikpoopraHiamiB [HCTUTYTY Mikpobionorii i Bipyconorii
imeHi [1.K. 3abonoTHoro HauioHanbHoi akagemii Hayk Ykpa-
HuM (M. KuiB). KynstuyBaHHs choTobakTepin nig yac gocnigy
3fjricHioBanu y TepMocTaTti 3a Temnepatypu (27+1) °C y
npobipkax Ha pigKOMy Ta LifIbHOMY MOXWBHOMY cepeno-
BULLI, po3pobNeHOMY Ha OCHOBI HalUMX nonepeaHix gocni-
IxeHb (Orobchenko et al., 2020), npotarom (22+2) rog,.

IHTEHCUBHICTb CBITIHHA Ph. phosphoreum pocnigxysanu
Ha ntomiHometpi EMILITE — 1003 A (buoXumMak, pocin-
cbka hegepalist), cnekTpanbHUA [iana3oH MoMiHOMETpa
ctaHoBuB 350-950 HM. Tig yac TecTyBaHHS BigMiYanu yac
€KCro3uLii Ta peecTpyBanu 3MiHU iHTEHCUMBHOCTI NOMiHEC-
LeHuii Ha npunagi Yyepes (20-25) x8. BumiptoBaHHs NpoBo-
AUV napamu KOHTponb-gocnig. [ng oTpumaHHs BiporigHMX
3Ha4eHb AOCNiAXyBaTh NO 6 NOBTOPHOCTEN KOHTPOMBHUX i
gocnigHux npob.

[ns KinbKiCHOI OLiHKM CTYneHs TOKCUYHOCTI 3paska
BiJHOCHO BMMUBY Pi3HWUX PIBHIB MIKPOENEMEHTIB Ha nioMi-
HecueHuito GakTepinn Ph. phosphoreum BukopucTOBYBanu
iHaeKc TokeuyHocTi (T) — 6e3po3mipHy BeNUUmMHY, L0 AOpiB-
HIOE CniBBigHOLLEHHIO (popmyna 1):

F bt

x100, (1)
0

Ae |, Ta | - BiANOBIAHO iIHTEHCMBHICTL CBITIHHSA KOHTPOTHO
1 gocniay,

100 — koedilieHT nepepaxyHky.

IHTepnpeTyBanu AaHi 3a TpbOMa rpaHUYHUMU PIBHAMU
iHOeKCy TOKCUYHOCTI (Tabnuus 2).

IHoekc TokcuuHOCTI «T» Bigobpaxae KOHLUEHTpauilo
BAXKOrO MeTany, sika BUKMUKAE MPUrHIYEHHS CBITIHHSA 6io-
ceHcopa (bakrtepii Ph. phosphoreum) 3a ¢ikcoBaHoro yacy
ekcnosuuii gocnimkysaHoro 3paska. B skocTi BepxHLOro

Tabnuug 1
MikpoenemeHTH, siki nignaranu JocnigKeHH BigHOCHO iHTEHCUBHOCTI CBIiTiIHHA NIOMiHEeCLIeHTHUX GakTepin
HasBa 3abpygHioBava HocnigxyBaHi piBHi (go3u), Mr/kr kKOpmy MAP, mr/kr kopmy

depym 75,0; 150,0; 750,0; 3750,0; 7500,0 750,0*
KoGanbt 0,2; 0,4; 2,0; 10,0; 20,0 2,0*

MaHraH 12,0; 24,0; 120,0; 600,0; 1200,0 120,0*
CeneH 0,05;0,1;0,5; 2,5; 5,0 0,50
Hikenb 0,3; 0,6; 3,0; 15,0; 30,0 3,0%*

Xpom 0,1;0,5;1,0; 5,0; 10,0 1,0%*

Bpom 1,0; 5,0; 10,0; 50,0; 100,0 10,0***

* — gidnoeidHo 0o On approval of the List of maximum permissible levels..., 2017;
** — 8i0nosidHo 0o Kutsan, Orobchenko & Kochergin, 2014;
*** — gidnosioHo 0o Stehnii, Orobchenko & Koreneva, 2021.
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FPaHMYHOrO MOKa3HWKA BU3HAYEHO 3HWKEHHSI IHTEHCUB-
HOCTI CBITiHHA BakTepiit Ha 50 % MOPIBHSHO 3 KOHTPONEM,
LWo BigobpaxaeTbecs iHOeKcoM TokcuyHocTi 50 i gossonsie
BiHECTM 3pa3ku 3 iHOeKCoM TokcMyHocTi 50 i BuLLe Ao kaTe-
ropii «BUCOKOTOKCUYHI». HWXHA Mexa iHOEKCY TOKCUYHOCTI
cTaHoBuTb 20, L0 03HAYaE 3HUXKEHHS CBITIHHSA GakTepin Ha
20 % NOpPIBHAAHO 3 KOHTPOMEM i JO3BOSSIE BIQHECTU 3pa3kut
3 iHAEKCOM TOKCMYHOCTI 20 i HUXYe [0 «HETOKCUYHMX». YCi
3HaveHHs «T» Big 20 go 50 posBonsATb KnacudikysaTy
3paskn AK «TOKCUYHI», Y SIKMX, SIKLLO NPaBWUIIbHO BUKOHATW
po36aBneHHs1 3 HETOKCUYHUM aHanoroM, TOKCUYHICTb MOXe
OyTV 3mMeHLLEeHa.

[ns oTpumaHHs 6inbL BipoOrigHUX AaHWUX OOCHIAXEHHS
Oynn nposeaeHi y 6-Tv NOBTOPHOCTAX. Pesynbrati AaHuX
JocnifpkeHb [03BONUNM  PO3POBUTU  HAYKOBO-METOAUYHI
pekomengauii (Kurbatska & Orobchenko, 2021b).

OtpumaHi pesynstati 06pobnsnu metogamu Bapiawin-
HOI CTATUCTMKM 3 BUKOPUCTAHHSAM MakeTa nporpam gucnep-
cirHoro aHanidy (ANOVA) StatPlus 5(6.7.0.3) (AnalystSoft
Inc., CLWA). BiporigHicTb OTpuMaHuUX pesynsTaTiB OLiHHo-
Banu 3a kputepiem diwepa 3a piBHs BiporiaHocTi 95,0 %
(p <0,05).

Pesynktatn gocnigxeHsb.

Brnnue ®epymy Ha nomiHecueHuito Ph.phosphoreum B
3aMexHOCTi Bid KOHUEHTpauil, BiZoBpaxeHo y pUCYHKY 1.
3a YMOB BHECEHHSI EKCTPAKTIB KOPMIB 3 Pi3HUMMW PIBHSAMM
®epymy go TecT-kynbtypu Ph.phosphoreum Ha 5 xB nicns
BHeCeHHs 3a 75,0 Mr/kr kopMy cnocTepiranu NOCUNEHHs
iHTEHCUBHOCTI  CBITIHHA  Ph.phosphoreum (p<0,05) Ha

10,4 %, a 3a piBHs 150,0 Mr/Kkr iHTEHCUBHICTb CBiTIHHS Byna
HWXYOI 3a KOHTposb Ha 38,3 % (p<0,05), Togi sk Ha pis-
Hsx 750,0-7500,0 mr/kr kopmy cBiTiHHS Ph.phosphoreum He
BUSABMSANM B3arani.

Ha 10 xB ekcnepumeHTy 3a piBHA MiKpoeneMeHTy
75,0 mr/kr KopMy He cnocTtepiranu BiporiaHWX BigXWIeHb
iHTEHCUBHOCTI CBITIHHA Ph.phosphoreum Big KOHTpoOFiO,
3a piBHa 150,0 Mr/kr iHTEHCWMBHICTb CBITIHHA Gyna Hux-
4ot 3a KoHTponb Ha 41,4 % (p<0,05), Todi Ak Ha piBHAX
750,0-7500,0 mr/kr kopMy cBiTiHHS Ph.phosphoreum He
BusBnsanu B3arani. Ha 15, 20, 25 i 30 x8 gocnigy 3a piBHS
MikpoenemMeHTy 75,0 Mr/kr KOpMy He cnocTepiranu Biporia-
HUX BiOXMNEHb HTEHCUBHOCTI CBITiIHHA Ph.phosphoreum
Big KoHTponto. 3a piBHa ®epymy 150,0 Mr/kr KOpMY iHTEH-
CMBHICTb CBITIHHA Gyna HWX4ol 3a KOHTponb Ha 15, 20,
251 30 xB pocnigy Ha 44,2; 42,3; 43,4 i 47,0 % (p<0,05).
Ha pisHsax ®epymy 750,0-7500,0 Mmr/kr KopMmy CBITiHHS
Ph.phosphoreum He BusiIBNSNW B3arani, noYMHaoum 3 5 x8
ekcnepumeHTy (puc. 1).

BincoTok 3HKEHHS iHTEHCMBHOCTI CBITiHHS
Ph.phosphoreum Bignosigas iHaekcy TokcuyHocTi (T), wo
[03BONUIO NPOBECTU TOKCUKOMOTiYHY OLIHKY KOpMY 3 pi3-
HUMKU piBHAMKM ®epymy. Tak, 3a BMICTY MiKpoeneMeHTy
75,0 i 150,0 mr/kr kopmy iHOEeKC TokcuyHocTi Ha (20-25) xB
(pekomeHZ0BaHUI TEPMIH peecTpalLlii NoKasHukiB dryopec-
LeHUii) y cepenHbomy cTaHosuB 0,84 i 42,9; a 3a BMicTy
750,0 (nokasHuk MIP), 3750,0 i 7500,0 mr/kr kopMmy iHOEKC
TokcuyHocti cknagas 100,0 %. OTpumaHi gawHi gossons-
l0Tb CTBEPXYBATK, LLO KOPMU 3 BMICTOM Pepymy MeHLLe
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Tepminu 1ocJ1iIKeHb, XB
—— KOHTPOJIb 75,0 mr/kr 150,0mr/kr
750,0 mr/kr — 3750,0 mr/kr — 7500,0 mr/xr

Puc. 1. QnHamika iHTeHCUBHOCTI CBiTiHHA Ph.phosphoreum 3a yMOB yHeCeHHSA
B KOPM pi3Hux o3 ®epymy (Mtm, n=6, *~ p<0,05 — BiAHOCHO KOHTpOIIO)

Tabnuuga 2
Knacudikais TOKCMYHOCTI pe4oBUHM 3a BenuyuHow T
PiBeHb iHAEKCY TOKCMYHOCTI 3HayeHHs T BuCHOBOK Npo CTYyNiHb TOKCUYHOCTI
1 MeHLwe 20 3pa30K HETOKCMYHUI
2 Big 20 no 50 3pa30K TOKCUYHWN
3 GinbLue 50 3pa30K CUMbHO TOKCUYHMI
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75,0 Mr/Kr BKMOYHO € HE TOKCUYHUMM (IHOEKC TOKCUYHOCTI
meHwe 20), 3a Bmicty 150,0 Mr/kr — TOKCUYHUMU (IHOEKC
TokcuyHocTi Big 20 o 50) i 3a 750,0 i BULLE — KOPMU CUNBHO
TOKCWYHI (iHAeKC TokeuyHocTi BinbLue 50).

Bnnue Kobanety Ha noMiHecueHuito Ph.phosphoreum
B 3aNeXHOCTI Bif KOHLEHTpaUil, BinobpaXeHo y pUCyHKy 2.
3a YMOB BHECEHHSI €KCTPAKTIB KOPMIB 3 Pi3HUMMW PIBHAMU
Kobanety oo tect-kynstypu Ph.phosphoreum Ha 5 xB nicns
BHeceHHs 3a 0,2; 0,4 i 2,0 mr/kr kopMy crnocTepiranu nocu-
NEHHS IHTEHCUBHOCTI CBITIHHA Ph.phosphoreum (p<0,05) Ha
16,9; 11,91 9,7 %, a 3a pisHiB 10,0 i 20,0 Mr/kr iHTEHCUB-
HICTb CBITIHHS Byna Hk4oto 3a KoHTponb Ha 11,01 18,0 %
(p<0,05) (puc. 2).

Ha 10 xB ekcnepumeHTy 3a BmicTy Kobanety 0,2; 0,4 i
2,0 Mr/kr KOpMy criocTepiranu NOCUNEHHS IHTEHCUBHOCTI CBi-
TiHHA Ph.phosphoreum (p<0,05) Ha 29,7; 21,21 19,6 %, a 3a
piBHiB 10,0 i 20,0 Mr/Kr iIHTEHCMBHICTb CBITiHHS Byna HMXYOH
3a KoHTponb Ha 4,71 7,7 % (p<0,05) (puc. 2).

Ha 15 xB pocnigy 3a smicty Kobanety 0,2; 0,4 i 2,0 mr/
KI KOPMY CrocTepirany NOCUNEHHS iHTEHCMBHOCTI CBITiHHS
Ph.phosphoreum (p<0,05) Ha 15,7; 13,1 7,2 %, a 3a piBHiB
10,0 i 20,0 Mr/Kr iHTEHCMBHICTb CBITIHHS Byna HUX4ol 3a
koHTponb Ha 19,3 i 23,3 % (p<0,05) (puc. 2).

Ha 20 xB pocnigy 3a Bmicty Kobanety 0,2 i 0,4 Mmr/kr
KOpMY CrnocTepirans NOCUNEHHS iHTEHCUMBHOCTI CBITIHHS
Ph.phosphoreum (p<0,05) Ha 18,2 i 12,6 %, a 3a piBHS
2,0 Mr/kr KOpMy MOCWIIEHHS IHTEHCUBHOCTI CBITIHHSA Gyno
He BiporigHuM (2,8 %), Toai sk 3a pisHiB 10,0 i 20,0 mr/kr
iIHTEHCUBHICTb CBITIHHA Ph.phosphoreum Byna HWKYo 3a
koHTponb Ha 20,8 i 28,3 % (p<0,05) (puc. 2).

Ha 25 xB pocnigy 3a Bmicty Kobanety 0,2 i 0,4 Mmr/kr
KOpMY CrnocTepirans NOCUNEHHS iHTEHCUMBHOCTI CBITIHHS
Ph.phosphoreum (p<0,05) Ha 17,9 i 12,1 %, a 3a piBHS
2,0 Mr/kr KOpMy MOCWIIEHHS IHTEHCUBHOCTI CBITIHHSA Gyno
He BiporigHum (1,4 %), Toai sk 3a pisHiB 10,0 i 20,0 mr/kr
iHTEHCUBHICTb CBITIHHA Ph.phosphoreum Byna HWKYo 3a
koHTponb Ha 21,81 29,4 % (p<0,05) (puc. 2).

| Ha ocCTaHHbOMY TepMiHi [OCnigXeHb 3a BMICTY
Kobanety 0,2 i 0,4 Mr/kr kopMy peecTpyBanu NOCUNEHHS
iHTEHCUBHOCTI CBITiHHA Ph.phosphoreum (p<0,05) Ha 14,5
i 7,3 %, a 3a pisnis 2,0; 10,0 i 20,0 mr/kr KOopMmy iHTEH-
CUBHICTb CBITiHHA Ph.phosphoreum Gyna HWXKYO0K0 3a KOH-
Tponb Ha 2,0 % (He BiporigHo); 27,9 i 35,2 % (p<0,05)
BiZNOBIAHO (pucC. 2).

Bincotok 3HUKEHHS iHTEHCMBHOCTI CBITIHHS
Ph.phosphoreum Bignosigas iHaekcy TokcuuHocTi (T), wo
[103BOMNUIIO NMPOBECTU TOKCUKOMONiYHY OLLIHKY KOpMY 3 pi3-
HumMK piBHAMU KobBaneTy. Tak, 3a BMiCTy MikpoenemeHTy 0,2;
0,4 2,0 (nokasHuk MOP) mr/kr kopmy iHOEKC TOKCUYHOCTI Ha
(20-25) xB (pekomeHaOBaHWIM TEPMIH peecTpalLlii NoKasHUKIB
dnyopecueHuii) 6yB Big’eMHUN i Y cepedHbOMY CTaHOBWB
miHyc 18,0; 12,4 i 2,1; a 3a BmicTty 10,0 i 20,0 mr/kr Kopmy
cepenHin iHgekc TokcuyHocTi cknagas 21,3 i 28,9. Otpu-
MaHi JaHi [O3BONSAOTb CTBEPAXKYBATH, LLIO KOPMU 3 BMICTOM
Kobanety mMeHwe 0,2 fo 2,0 Mr/Kr BKIMOYHO € HE TOKCUY-
HUMMU (iHaeKc TokcuuHocTi MeHwwe 20), 3a BmicTy Big 10,0 oo
20,0 mr/kr — TokcuYHUMU (iHOEeKe TokemuHocTi Big 20 o 50).

Bnnue MaHraHy Ha ntomiHecueHuito Ph.phosphoreum
B 3aMEXHOCTI Bif KOHLEHTpaLi, BifoBpaxeHo y pUCYHKY 3.

3a YMOB BHECEHHS eKCTPaKTIB KOPMIB 3 Pi3HUMU PIBHAMU
MaHraHy fo Tect-kynetypu Ph.phosphoreum Ha 5 xB nicns
BHeceHHs 3a 12,0 i 24,0 mr/kr KopMy He cnocTepiranu Bipo-
rigHUX BiaXMNeHb IHTEHCUBHOCTI CBITIHHS Ph.phosphoreum,
a 3a pieHiB 120,0 i 600,0 Mr/kr iHTEHCUBHICTb CBITIHHSA
Byna Hwk4yo 3a koHTponb Ha 24,9 i 61,3 % (p<0,05),
Todi Sk 3a piBHA MaHrany B kopmi 1200,0 mr/kr CBITIHHS
Ph.phosphoreum He BusiBnsanu B3arani. Cnig 3asHaunTy,
Wwo cBiTiHHA Ph.phosphoreum 3a piBHS MaHraHy B KOpMi
1200,0 mr/kr He cnocTepiranu Ao KiHus gocnigy (puc. 3).

Ha 10 xB ekcnepumeHTy 3a piBHa MaHrany 12,0 mr/kr
KOpMY crnocTepiranu BiporigHe MigBULLEHHS IHTEHCUBHOCTI
CBITiHHA Ph.phosphoreum (Ha 7,6 %) BIZHOCHO KOHTPOMO,
3a piBHs 24,0 mr/kr He cnocTepiranu BipOrigHUX BigXuneHb
iHTEHCUBHOCTI CBITiHHS, a 3a piBHiB 120,0 i 600,0 mr/kr
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Puc. 2. lnHamika iHTeHCUBHOCTI CBiTiHHA Ph.phosphoreum 3a ymoB yHeCeHHs
B KOpM pi3Hux Ao3 Kob6ankty (Mim, n=6, *~ p<0,05 — BiGHOCHO KOHTpOnI0)
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B KOPM pi3HMx Ao3 MaHraHy (M+m, n=6, *~ p<0,05 — BigHOCHO KOHTpPOII0)

iIHTEHCMBHICTb CBITIHHS Byna HWKYOLO 3a KOHTPOMb Ha 14,6 i
70,2 % (p<0,05) (puc. 3).

Ha 15 xB ekcnepumeHTy 3a piBHiB MaHrany 12,0 i
24,0 mr/kr kopMy cnocTepirany NigBULLEHHS IHTEHCUBHOCTI
cBiTiHHA Ph.phosphoreum (Ha 11,2 16,4 %) BiGHOCHO KOHTp-
omto (p<0,05), a 3a pisHiB 120,0 i 600,0 Mmr/kr iHTEHCKB-
HICTb CBITIHHA Byna HWX4oto 3a KOoHTpornb Ha 15,6 1 70,7 %
(p<0,05) (puc. 3).

Ha 20 xB ekcnepumeHTy 3a piBHs Manrany 12,0 mr/kr
KOpMY cnocTtepiranu BiporigHe MiaBULLEHHS IHTEHCUBHOCTI
cBiTiHHA Ph.phosphoreum (Ha 9,4 %) BiZHOCHO KOHTPOIO,
3a piBHa 24,0 mr/kr He crnocTepiranu BiporigHWMX BigXuneHb
iIHTEHCUBHOCTI CBITiHHSA, a 3a piBHiB 120,0 i 600,0 Mmr/kr
iIHTEHCUBHICTb CBITIHHS Byna HWKYOK 3@ KOHTPOMb Ha 16,4 i
75,8 % (p<0,05) (puc. 3).

Ha 25 xB pgocnigy 3a pisHiB MaHnrany 12,0 i 24,0 mr/kr
KOpPMY He criocTepiranu BiporigHUX BigXuneHb iIHTEHCUBHOCTI
CBITiHHS Ph.phosphoreum, a 3a pisHis 120,0 i 600,0 mr/kr
iIHTEHCMBHICTb CBITIHHA Byna HWKYOL 3a KOHTpOsb Ha 19,9
i 79,5 % (p<0,05). AHanoriyHy KapTUHY cnocTepiranu i Ha
OCTaHHbOMY TEpMiHi JocnifkeHb: 3a piBHiB MaHraHy 12,0
i 24,0 mr/kr KOpMy He cnocTepiranu BipOrigHMX BiaXUNeHb
iIHTEHCUBHOCTI CBITiHHA Ph.phosphoreum, a 3a pisHis 120,0
i 600,0 Mr/Kr iHTEHCMBHICTb CBITIHHS Byna HWKYOK0 3@ KOH-
Tponb Ha 27,7 i 86,5 % (p<0,05) (puc. 3).

BincoTok 3HWKEHHS iHTEHCMBHOCTI CBITiHHSA
Ph.phosphoreum Bignosigas iHaekcy TokcuyHocTi (T), wo
[03BONMIIO NPOBECTU TOKCUKOMONiYHY OLLIHKY KOpMY 3 pi3-
HUMK piBHAMM MaHraHy. Tak, 3a BMICTY MiKpOenemeHTy
12,0 i 24,0 mr/kr KOpMy iHOEKC TOKCUYHOCTI Ha (20-25) xB
(pekomeH0BaHMI TEPMiH peecTpaLlii NokasHKKiB ryopec-
LieHUii) ByB Bi’eMHWIA i y cepeHbOMY CTaHOBUB MiHycC 7,0;
i 2,6 BignosigHo; a 3a Bmicty 120,0 mr/kr (nokasHuk MAP),
600,0 i 1200,0 mr/kr KOpMy cepefHiit iIHOEKC TOKCUYHOCTI
cknagas 18,2; 77,6 i 100,0. OTpumaHi gaHi [03BONATH
CTBEpAXyBaTH, L0 KOpMU 3 BMicTOM MaHraHy meHwe 12,0

80 120,0 Mr/kr BKNOYHO € HE TOKCUYHUMM (iHOEKC TOKCUY-
HocTi meHwe 20), a 3a Bmicty Big 600,0 go 1200,0 mr/kr —
CUINBHO TOKCUYHUMM (iHOEKC TOKCMYHOCTI BinbLue 50).

Bnnue CeneHy Ha niomiHecueHuito Ph.phosphoreum B
3anexHoCTI Bif KOHUEHTpaLii, BinobpaXeHo y pUcyHky 4.

3a yMOB BHECEHHSI eKCTPAaKTIB KOPMIB 3 Pi3HUMU piB-
Hamu CeneHy Jo TecT-kynetypu Ph.phosphoreum Ha 5 xB
nicns BHeceHHs 3a 0,05 Mr/kr kopmy He cnocTepiranu Bipo-
rigHUX BiAXUNEHb iIHTEHCUBHOCTI CBIiTIHHA Ph.phosphoreum,
a 3a pieHie 0,1; 0,5; 2,5 i 5,0 Mr/Kr iIHTEHCMBHICTb CBITiHHS
Byna HWX4oK 3a KOHTponb Ha 12,6; 9,7; 25,6 i 36,7 %
(p<0,05) (puc. 4).

Ha 10 xB ekcnepumeHTy 3a 0,05 Mr/kr kopmy He cno-
cTepiranu BIpOrigHNX BiAXMNEHb IHTEHCMBHOCTI CBITiHHSA
Ph.phosphoreum, a 3a pisHis 0,1; 0,5; 2,5 i 5,0 Mr/kr iHTeH-
CUBHICTb CBITIHHS Byna HWKYO 3a KOHTponb Ha 6,2; 15,7;
24,3141,9 % (p<0,05) (puc. 4).

Ha 15 xB ekcnepumeHTy 3a pisHiB Ceneny 0,05; 0,1;
0,5; 2,5 5,0 mr/kr iHTeHCMBHICTb CBITIHHS Ph.phosphoreum
Byna Hx4oto 3a KOHTposb Ha 5,5; 10,0; 20,0; 26,8 145,9 %
(p<0,05) (puc. 4).

Ha 20 xB ekcnepumeHTy 3a 0,05 Mr/kr kopmy He cno-
cTepiranu BIpOriAHNX BiAXMNEHb IHTEHCMBHOCTI CBITiHHSA
Ph.phosphoreum, a 3a pisHis 0,1; 0,5; 2,5 i 5,0 mMr/kr iHTeH-
CUBHICTb CBITiHHSA Byna HWX4oto 3a KOHTponb Ha 15,3; 16,3;
27,9149,8 % (p<0,05) (puc. 4).

Ha 25 x8 pocnigy 3a 0,05 mr/kr kopMy He cnocrte-
piranu BIpOrigHWX BiOXWNEHb iHTEHCUMBHOCTI CBITIHHS
Ph.phosphoreum, a 3a pisHiB 0,1; 0,5; 2,5 i 5,0 Mr/kr iHTEH-
CUBHICTb CBITIHHS Byna HXYOK 3a KOHTpOnb Ha 9,6; 20,2;
27,4i50,5 % (p<0,05). | Ha ocTaHHLOMY TEPMIHI JOCMIAXEHD
3a piBHa CeneHy 0,05 mr/kr kopmy He crnocTepiranu Biporia-
HWUX BiOXMNEHb IHTEHCUBHOCTI CBIiTiHHS Ph.phosphoreum,
a 3a pieHiB 0,1; 0,5; 2,5 i 5,0 Mr/Kr iIHTEHCMBHICTb CBITiHHS
Byna Hwxkyoto 3a koHTponb Ha 10,6; 20,6; 29,6 i 51,8 %
(p<0,05) (puc. 4).
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Puc. 5. InHamika iHTeHCMBHOCTI CBiTiHHA Ph.phosphoreum 3a yMOB yHeCeHHSA
B KOpM pi3Hux ao3 Hikento (Mtm, n=6, *~ p<0,05 — BiGHOCHO KOHTPOIIO)

BincoTok 3HUKEHHS iHTEHCMBHOCTI CBITiHHS
Ph.phosphoreum Bignosigas iHaekcy TokcuyHocTi (T), wo
[03BONWIIO MPOBECTW TOKCUKOMOTiYHY OLIHKY KOpMY 3 pis-
HumMK piBHsiMu CeneHy. Tak, 3a BMiCTy MikpoenemeHTy 0,05;
0,1; 0,5 (nokasHuk MOP); 2,51 5,0 Mr/kr kOpMy iHOEKC TOKCHY-
HOCTi Ha (20-25) xB (pekomeHZoBaHWA TepMiH peecTpauii
MoKasHWUKIB briyopecueHLii) y cepeaHbomy ctaHoeus 3,8;
12,5; 18,2 (nokasHmk MIP); 27,7 i 50,1 signosigHo. OTpu-
MaHi JaHi 403BONSAOTb CTBEPMAXKYBATH, LLO KOPMU 3 BMICTOM
CeneHy meHwe 0,05 0o 0,5 Mr/kr BKIHOYHO € HE TOKCUYHUMK
(inaekc TokeuuHocTi MeHwe 20), 3a Bmicty CeneHy 2,5 mr/
Kr — TOKCUYHi (iHaekc TokeuvHocTi Big 20 go 50) i 3a 5,0 mr/kr
CUNBHO TOKCWYHI (iHAEKC TokcuyHocTi BinbLue 50).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Bnnue Hikento Ha ntomiHecueHuito Ph.phosphoreum B
3aNeXHOCTI Bi KOHLEHTpaUii, BidobpaxeHo y pUCYHKy 5.
3a YMOB BHECEHHS €KCTPaKTiB KOPMIB 3 Pi3HUMU PiBHAMM
Hikento go tect-kynstypu Ph.phosphoreum Ha 5 xB nicns
BHeCeHHs 3a 0,3 Mr/kr KOpMy He crnocTepirany BiporigHWX
BigXWIeHb iHTEHCUBHOCTI CBIiTiHHS Ph.phosphoreum, a 3a
pisniB 0,6; 3,0; 15,0 i 30,0 Mr/Kr iHTEHCUBHICTb CBITIHHSA Byna
HUXYOH0 3a KOHTPOMb Ha 5,5; 12,3; 17,4 1 14,9 % (p<0,05).
Ha 10 xB ekcnepumeHTy 3a piBHa Hikento 0,3 mr/kr kopmy
He crnocTepirany BipOrigHWUX BiOXUNEHb IHTEHCUBHOCTI CBI-
TiHHA Ph.phosphoreum, a 3a pisHis 0,6; 3,0; 15,0 i 30,0 mr/
KI iIHTEHCMBHICTb CBITiHHA Byna HKYOL0 3@ KOHTPONb Ha 8,4;
10,9; 15,5 10,9 % (p<0,05).
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Ha 15 xB ekcnepuMeHTy 3a piBHs Hikento 0,3 mMr/kr kopmy
HEe cnocTepirany BiporigHUX BigXuneHb iHTEHCUBHOCTI CBi-
TiHHA Ph.phosphoreum, a 3a pisHis 0,6; 3,0; 15,0 i 30,0 mr/
KI iIHTEHCMBHICTb CBITiHHS Byna HWX40l0 3a KOHTPOMb Ha 9,9;
12,4; 15,0 15,9 % (p<0,05) (puc. 5).

Ha 20 xB ekcnepuMeHTy 3a pieHs Hikento 0,3 mMr/kr kopmy
He cnocTepirany BiporigHUX BiaXuneHb iHTEHCUBHOCTI CBi-
TiHHS Ph.phosphoreum, a 3a pisHiB 0,6; 3,0; 15,0 30,0 mr/kr
iIHTEHCMBHICTb CBITIHHS Byna HKYOI0 3a KOHTpOsb Ha 13,6;
15,4; 32,4 33,8 % (p<0,05) (puc. 5).

Ha 25 xB ekcnepuMeHTy 3a pieHs Hikento 0,3 Mr/kr kopmy
HEe cnocTepirany BipoOrigHUX BiaXuneHb iHTEHCUBHOCTI CBi-
TiHHS Ph.phosphoreum, a 3a pisHiB 0,6; 3,0; 15,0 30,0 mr/kr
iIHTEHCMBHICTb CBITIHHS Byna HKYOL0 3a KOHTpOsb Ha 13,5;
16,6; 34,1 37,2 % (p<0,05) (puc. 5).

Ha 30 xB ekcnepumeHTy 3a pieHs Hikento 0,3 Mr/kr kopmy
He cnocTepiranu BiporigHUX BiaXuneHb iHTEHCUBHOCTI CBi-
TiHHS Ph.phosphoreum, a 3a pisHiB 0,6; 3,0; 15,0 30,0 mr/kr
iIHTEHCMBHICTb CBITIHHS Byna HKYOL0 3a KOHTpOIb Ha 13,3;
17,0; 37,21 37,2 % (p<0,05) (puc. 5).

BincoTok 3HKEHHS iHTEHCMBHOCTI CBITiHHS
Ph.phosphoreum Bignosigas iHaekcy TokcuyHocTi (T), wo
[03BONUIO NPOBECTU TOKCUKOMOTiYHY OLIHKY KOpMY 3 pi3-
HUMK piBHAMM Hikeno. Tak, 3a BMICTY MiKpoenemeHTy
0,3 mr/kr kopmy iHOeKC TokcuyHocTi Ha (20-25) xB (peko-
MeHOO0BaHWI TepMIH peecTpaLii NokasHukiB cryopecLeH-
uii) 6yB BiZ’€eMHUN i y cepegHbOMY CTaHOBMB MiHyC 4,2; a
3a BMicTy MikpoenemeHty 0,6; 3,0 (nokasHuk MOP); 15,0
i 30,0 Mr/Kr KopMy iHOEKC TOKCUYHOCTI y cepeaHbOMY CTa-
HosuB 13,5; 16,0 (nokasHuk MAP); 33,3 i 35,5 signosigHo.
OTpumaHi faHi [03BONSATL CTBEPMKYBATW, WO KOPMM
3 BmicTom Hikento meHwe 0,3 go 3,0 Mr/kr BKMHOYHO € He
TOKCUMYHUMU (iHOEKC TOKCUYHOCTI MeHwe 20), a 3a BMICTY
Big 15,0 o 30,0 mr/kr — TOKCMYHUMK (IHOEKC TOKCUYHOCTI
Big 20 go 50).

Bnnues Xpomy Ha ntomiHecueHuito Ph.phosphoreum B
3anexHOCTi Bid KOHUEHTpauil, BiJoBpaxeHO y pUCYHKY 6.

3a YMOB BHECEHHSI €KCTPAKTIB KOPMIB 3 Pi3HUMMW PIBHAMU
Xpomy go TecT-kynbtypu Ph.phosphoreum Ha 5 x8 nicnst
BHECEHHS crocTepirani 3HWKEHHS iIHTEHCUBHOCTI CBITiHHS
BigHOCHO koHTponio (p<0,05) 3a piBHiB MikpoenemeHTy 0,1;
0,5; 1,0; 5,0 10,0 mr/kr Ha 11,1; 14,5; 15,5; 16,9 1 19,87 %.

Ha 10 xB eKkcnepyMeHTY IiHTEHCUBHICTb CBITiHHSA
Ph.phosphoreum 6yna Takox HK4Oot0 3a KoHTponb (p<0,05)
Ha BCiX PiBHAX MikpoenemeHTy: 3a 0,1 Mmr/kr kopMy — Ha
11,0 %, 3a 0,5 mr/kr kopmy — Ha 15,2 %, 3a 1,0 mr/kr kopmy —
Ha 17,1 %, 3a 5,0 mr/kr kopmy — Ha 17,6 % i 3a 10,0 mr/
Kr kopMmy — Ha 21,4 %. AHanoriyHy kapTuHy cnocTepiranu
A0 KiHUS gocnimkeHHs. Tak, Ha 15 XB eKCnepuMeHTY iHTeH-
CUBHICTb CBITIHHS Ph.phosphoreum 6yna TakoX HWXYO00
3a KoHTponb (p<0,05) Ha Bcix piBHAX Xpomy: 3a 0,1 mr/kr
kopmy — Ha 13,2 %, 3a 0,5 mr/kr kopmy — Ha 19,1 %, 3a
1,0 mr/kr kopmy — Ha 19,5 %, 3a 5,0 mr/kr kopmy — Ha 21,8 %
i 3a 10,0 mr/kr kopmy — Ha 23,6 % (pwc. 6).

Ha 20 xB nicns BHECEHHS cnocTepiranyt 3HWKXEHHS iHTEH-
CUBHOCTI CBITIHHS! BiHOCHO koHTponio (p<0,05) 3a piBHIiB
mikpoenementy 0,1; 0,5; 1,0; 5,0 i 10,0 mr/kr Ha 13,5; 18,1;
19,1; 23,3 24,7 % (puc. 6).

Ha 25 xB nicns BHECEHHSI eKCTpakTiB KOPMIB CrMocTepi-
ranu 3HWKEHHs IHTEHCUBHOCTI CBITiHHS Ph.phosphoreum
BigHOCHO koHTponto (p<0,05) 3a piBHiB MikpoenemeHTy 0,1;
0,5;1,0; 5,0 10,0 mr/kr Ha 12,0; 16,3; 17,8; 21,2 i 23,1 %
(puc. 6).

| Ha OCTaHHLOMY TEPMiHi AOCMIgXEHb CnocTepiran 3Hu-
XEHHSI IHTEHCUBHOCTI CBITIHHA Ph.phosphoreum BigHOCHO
koHTponto (p<0,05) 3a pieHiB Xpomy 0,1; 0,5; 1,0; 5,0 i
10,0 mr/kr Ha 8,5; 15,6; 17,1; 18,11 23,1 % (pwuc. 6).

BincoTok 3HUKEHHS iHTEHCMBHOCTI CBITiHHS
Ph.phosphoreum Bignosigas iHaekcy TokcuuHocTi (T), wo
[l03BOMUIIO NPOBECTU TOKCUKOMONiYHY OLLIHKY KOpMY 3 pi3-
HUMK piBHAMU Xpomy. Tak, 3a BMICTY MikpoenemeHTy 0,1;
0,5; 1,0 (nokasHuk MOP) mr/kr KOpMy iHOEKC TOKCUYHOCTI
Ha (20-25) xB (pekomeHOOBaHWI TEPMIH peecTpaLii nokas-
HUKIB cbrnyopecLeHLii) y cepegHboMy cTaHosuB 12,8; 17,2
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i 18,4; a 3a Bmicty 5,0 i 10,0 Mr/kr kKopMmy cepefHin iHaekc
TOKCUYHOCTI cknagae 22,2 i 23,9. OTpumMaHi gaHi 4o3sons-
l0Tb CTBEPPKYBATH, LLIO KOPMM 3 BMiCTOM Xpomy MeHLe 0,1
A0 1,0 Mr/Kr BKIKOYHO € HE TOKCUYHUMM (IHOEKC TOKCUYHOCTI
meHLwe 20), 3a smicty Big 5,0 4o 10,0 mr/kr — TOKCUYHUMK
(iHpexc TokeunyHocTi Big 20 o 50).

Bnnue Bbpomy Ha niomiHecueHuito Ph.phosphoreum B
3anexHOCTi Bif KOHLUEHTpaUii, BidobpaxeHO y pUCYHKY 7.
3a YMOB BHECEHHSI €KCTPAKTIB KOPMIB 3 Pi3HUMMW PIBHAMU
Bpomy po Tect-kynstypu Ph.phosphoreum Ha 5 xB nicns
BHeceHHs 3a 1,0 i 5,0 Mr/kr kopMy He crocTepiranu Bipo-
rigHUX BiOXMNeHb IHTEHCUBHOCTI CBITIHHS Ph.phosphoreum,
a 3a pieHie 10,0; 50,0 i 100,0 mr/Kr iHTEHCMBHICTb CBITiHHSA
Byna Hx4oto 3a KOHTpOnb Ha 8,7; 16,4 i 18,4 % (p<0,05)
(puc. 7).

Ha 10 x8 ekcnepumeHTy 3a pisHs Bpomy 1,0 Mr/kr kopmy
cnocTepiranu BiporiaHe NiABULLEHHS IHTEHCUBHOCTI CBITiHHS
Ph.phosphoreum (Ha 10,4 %) BiZHOCHO KOHTPOMIO, 3a PiBHS
MikpoenemMeHTy 5,0 Mr/kr KOpMy He cnocTepiranu BiporiaHmMx
BiAXWNEHb IHTEHCMBHOCTI CBITiHHA Ph.phosphoreum, a 3a
piHiB 10,0; 50,0 i 100,0 Mr/Kr iHTEHCUBHICTb CBITIHHA Byna
HWXYOH0 3a KOHTpOnb Ha 6,7; 11,91 19,0 % (p<0,05) (puc. 7).

Ha 15 xB8 gocnigy 3a pisHiB Bpomy 1,0 i 5,0 mr/kr kopmy
He cnocTepiranu BipOrigHUX BiAXUNEHb IHTEHCUBHOCTI CBi-
TiHHS Ph.phosphoreum, a 3a pisHiB 10,0; 50,0 i 100,0 mr/kr
iIHTEHCUBHICTb CBITIHHS Byna HWXYOH 3a KOHTpOnb Ha 12,2;
14,5 20,0 % (p<0,05) (puc. 7).

Ha 20 xB8 gocnigy 3a pisHiB Bpomy 1,0 i 5,0 mr/kr kopmy
He cnocTepiranu BipOrigHUX BiAXUNEHb IHTEHCUBHOCTI CBi-
TiHHS Ph.phosphoreum, a 3a pisHiB 10,0; 50,0 i 100,0 mr/kr
iIHTEHCMBHICTb CBITIHHSA Byna HKYOL0 3a KOHTpOIb Ha 19,5;
20,51 23,3 % (p<0,05) (puc. 7).

Ha 25 xB ekcnepumeHnTy 3a pisHa Bpomy 1,0 mr/kr
KOpMY crnocTepiranu BiporigHe nigBULLEHHS IHTEHCUBHOCTI
CBiTiHHA Ph.phosphoreum (Ha 5,3 %) BiZHOCHO KOHTp-
oMo, 3a piBHA MikpoenemeHTy 5,0 mr/kr kopmy He cno-
cTepirany BipOrigHMX BiAXWNEHb IHTEHCUBHOCTI CBITIHHS

Ph.phosphoreum, a 3a pisHiB 10,0; 50,0 i 100,0 mr/kr
iHTEHCUBHICTb CBITiHHSA BYyna HUXY0L0 3a KOHTPOMb Ha 12,5;
23,1 23,1 % (p<0,05). AHanoriyHy kapTuHy cnocTepiranu
i Ha OCTaHHbOMY TepMiHi gocnigxeHb: 3a piBHA Bpomy
1,0 mr/kr kopmy cnoctepiranu BiporigHe niaABULLEHHS
iHTEHCUBHOCTI CBITiHHS Ph.phosphoreum (Ha 5,3 %) Big-
HOCHO KOHTPOPIO, 3a PiBHSA MikpoenemeHTy 5,0 Mr/kr KopMy
He cnocTepiranu BiporigHWUX BiAXUNEHb IHTEHCUBHOCTI CBi-
TiHHA Ph.phosphoreum, a 3a pisHis 10,0; 50,0 i 100,0 mr/kr
iHTEHCUBHICTb CBITiHHS Byna HKYOI 3a KOHTporb Ha 11,6;
15,6 1 21,1 % (p<0,05) (puc. 7).

Bincotok 3HWKEHHS iHTEHCMBHOCTI CBITIHHS
Ph.phosphoreum Bignosigas iHgekcy TokcuyHocTi (T),
L0 [03BONUIIO NPOBECTU TOKCMKOMONYHY OLLHKY KOpMY 3
pisHUMU piBHAMM Bpomy. Tak, 3a BMICTY MikpoeneMeHTy
1,0 Mr/kr KopMmy iHOEKC TOKCMYHOCTI Ha (20-25) xB (peko-
MeHOOBaHWUM TepMiH peecTpaLlii nokasHWKiB nyopecLeH-
uii) 6yB BiZ’EMHWI | Y cepedHbOMY CTaHOBMB MiHyC 2,9; a
3a BmicTy MikpoenemeHTy 5,0; 10,0 (nokasHuk MAP); 50,0
i 100,0 mr/kr kopMy iHOEKC TOKCUYHOCTI Y cepefiHbOMYy CTa-
HoeuB 3,3; 16,0 (nokasHuk MIOP); 21,8 i 23,2 BianosigHo.
OtpumaHi OaHi [03BONSIOTH CTBEPOXKYBATW, IO KOPMM
3 BMmictom Bpomy meHwe 1,0 go 10,0 mr/kr BKMOYHO € He
TOKCUYHUMK (iHOEKC TOKCMYHOCTI MeHwwe 20), a 3a BMICTY
Big 50,0 go 100,0 Mr/kr — TOKCU4HUMU (IHOEKC TOKCUYHOCTI
Big 20 go 50).

O6roBoOpeHHs.

[lo ntomiHecueHTHMX HanexuTb 12 Buais GakTepin, ski
knacudikoBaHi Yotupma pogamu: Vibrio, Photobacterium,
Shewanella, Xenorharbdus. BinbLlicTb NpeaCTaBHUKIB Ui
rpynu € MOPCbKUMU BUAaMK, cepel SKMX TPannsTbes SK
BINbHOXWBYYI, TaK i cumbioTnuHi copmu (Burtseva et al.,
2020) i 3acTOCOBYIOTb X B OCHOBHOMY 3 METOK TOKCUKOIIO-
riYHOI OLiHKM 0B’eKTiB €KonoriYHoro Harnsay: Boau (MUTHI,
TEXHiYHi, 3MMBHI), 'pyHTK TOLWO. ToMy Y BinblwocTi Jocni-
[DKeHb iHTepnpeTauilo pesynbraTiB HayKoBLUi NPOBOASATb
BiHOCHO KOHLIEHTpALil TOro YM iHLIOro MeTany y KiHLeBoMYy
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JocCnigKyBaHOMY pO34MHi Ta HabyBaHHS 3a MEBHWUM 4ac
50 % iHribysaHHs CBIiTiHHA oTobakTepin (EC, ).

MpurHiveHHs niomiHecueHuii oTobakTepin nig aieto
®epymy BcTaHoBneHo we y 1982 poui (Makemson &
Hastings, 1982) Ha npuknagi Vibrio harveyi. Y pobori
(Sorokina et al., 2013) HaBeaeHo, Wo AofaBaHHS Pepymy
y KoHUeHTpauisx Big 0,56 go 56,0 mr/n po kynmetypu
Ph.phosphoreum, BWpOLLEHOI B CUHTETUYHOMY Cepeno-
BULLIi, HE BNMMBAIO Ha PICT KyNbTypK, NPOTe 3a KOHLEHTpa-
uii 56,0 Mr/n cNpUYMHANO He3HaYHe 3MEHLUEHHSI CBITiHHS,
Toai sk y gocnigax 3 Vibrio fischeri 3a koHUeHTpaLii ®epymy
7,0 mr/n yepes 15 xB cnoctepiranu 50 % nNpurHiYeHHs cBi-
TiHHA. FKWO NOPIBHATY OTpWUMaHi Hamu AaHi BiAHOCHO
BrnmBy ®epymy npotsrom 30 XB Ha iIHTEHCUBHICTb CBITIHHS
Ph.phosphoreum (wtam IMB B-7071; Sq3), T0o oTpuMaemo
HaCTynHe: B nepepaxyHky piBHiB ®epymy y kopmax (75,0;
150,0; 750,0; 3750,0 i 7500,0 mr/kr KOpMy) MAeMO KiHLLEBI
KOHLEHTpaUii MiKkpoenemeHTy B [OCRiXyBaHOMY €KCTp-
akTi (37,5; 75,0; 375,0; 1875,0 i 3750,0 mr/n BianosigHo).
3a KoHueHTpauii Pepymy 37,5 Mr/n IHTEHCUBHICTb CBITIHHSA
npurHivyBanacs He 3HauHo, a 3a 75,0 mr/n — He Habysana
50 % 3HWKEHHs iHTEHCMBHOCTI, TOOTO, OTPUMaHi AaHi €
6nmsbkumMn fo aaHux (Sorokina et al., 2013), Toai Sk 3a KOH-
ueHTpauin 375,0-3750,0 mr/n cBiTiHHSA GakTepiin 6yno B3a-
rani BigCyTHE, L0 BKa3ye Ha BUCOKY TOKCUYHICTb 3pa3kiB.

Y Hawomy gocnigi kKoHueHTpauii Kobansty B KiHLeBOMY
pocnigpxysaHoMy ekctpakti cknaganm 0,1; 0,2; 1,0; 5,0 i
10,0 mr/n (BignosigHo pisHamM y kopmi — 0,20; 0,40; 2,0; 10,0
i 20,0 Mr/kr), Npu UbOMY MaKCUMasibHWIA BiOCOTOK MPUrHi-
YEHH$ IHTEHCMBHOCTI CBITiHHA 6yB Ha piBHi 28,9 %, To6TO
50 % 3HWKeHHs iHTEHCUBHOCTI CBITIHHA Ph. phosphoreum
Ha obpaHuX 4nsa ekcnepuMeHTy piBHAX He Byno. 3a gaHumm
(Kahru, 1993) 50 % 3HMXeHHS IHTEHCMBHOCTI CBITIHHA 3a
aii Kobanety dotobaktepii gocaralote 3a KOHUeHTpauii
135-177 wr/n, a B gocnigpxeHHsx (Mohseni et al., 2018) —
3a KoHUeHTpauii 16-45,9 mr/n. TobTo oTpuMaHi Hamu aaHi
6nu3bki 0o pesyneratie Mohseni et al., 2018, npoTe € HUX-
yumm 3a nokasHuku Kahru, 1993.

KoHueHTpauii MaHraHy y KiHLUeBOMY AOCHigXKyBaHOMY
€KCTPaKTi B Hallomy ekcnepumeHTi cknaganu 6,0; 12,0;
60,0; 300,0 i 600,0 mr/n (BignoBigHo piBHAM y KopMi — 12,0;
24,0; 120,0; 600,0 i 1200,0 mr/kr), npu ubomy npotsrom 30
XB CMOCTEpIrany NoBHE NPUrHiYEHHS! iIHTEHCUBHOCTI CBITIHHS
3a 600,0 mr/n. 3rigHo 3 pe3ynsratamu (Teodorovic et al.,
2009), sHaueHHs EC, MaHrany ans V. fischeri 3a excrnoauuii
30 xB cTaHOBUTL B cepeaHboMy 351,0 Mr/n, a y gocnigxeH-
HAX (Reimer, 1999) ana paHoi kynetypu EC,, Mikpoene-
MeHTy cTaHoBuna 73,1-124,3 mr/n. TobTo OTpMMaHi Hamm
JaHi bnusbki 00 faHWX niTepaTtypu.

Y Hawomy gocnigi koHueHTpauii CeneHy B KiHLEeBOMY
JjocnigpxysaHomy ekctpakTi cknaganu 0,025; 0,05; 0,25;
1,251 2,50 mr/n (BignosigHo pisHaM y kopmi — 0,05; 0,10;
0,5; 2,5 i 5,0 mr/kr), npu LbOMY MakCUManbHUA BiACOTOK
MPUrHIYeHHs IHTEHCMBHOCTI CBITIHHA Ph. phosphoreum 6yB
Ha piBHi 50,1 % 3a koHueHTpauii 2,5 mr/n. Arias-Barreiro
et al., 2010 scraHosunn EC,; CeneHy BigHOCHO dhoTobak-
Tepii E. coli-roGFP2 Ha pisHi 3,1 Mr/n, WO y3rogxyeTbes
3 pesynsratamy Hawux gocnigxeHb. Attar & Afshar, 2010
jocnigunu BnnuB KoHueHTpauin Ceneny (100, 20, 10, 1,

0,1, 0,001 mr/n) Ha cBiTiHHA Vibrio fischeri DSM 7744, BcTa-
HOBWUIMMN TEHAEHLt0 40 3MEHLLUEHHS iHTEHCUBHOCTI NMOMiHEC-
LeHuii 3a i ceneny Big 0,001 go 100 mr/n (gaHi BigHOCHO
EC,, CeneHy B faHiit poboTi He HaBegeHi).

KoHueHTpauii Hikemio y KiHLEBOMY [OCHimKyBaHOMY
€KCTpakTi B Hawomy ekcnepumeHTi cknaganu 0,15; 0,30;
1,5; 7,50 i 15,0 mr/n (BignosigHo piBHAM y kopmi — 0,3;
0,6; 3,0; 15,0 i 30,0 mr/kr), npn LbOMY MakcUManbHUN Big-
COTOK MPUrHIYEHHS IHTEHCUBHOCTI CBITIHHA OyB Ha piBHI
35,5 %, 10610 50 % 3HWXEHHS IHTEHCMBHOCTI CBITiHHS
Ph. phosphoreum Ha 06paHux Ansi eKCnepuMEHTY PiBHSX
He 6yno. 3a paHumu (Yang et al., 2022) 50 % 3HWXeHHs
iHTEHCUBHOCTI CBITIHHSA WTamy Vibrio ginghaiensis Q67 B
JocnigKysaHiv Bogi Biabysanocs 3a KoHueHTpauii Hikento
Ha piBHi 5,941 £ 0,044 Mr/n, WO € HKYMM 3@ OTPUMAaHI Hamu
AaHi. A B poborti (Lopez-Roldan et al., 2012) 50 % 3HwKeHHs
iHTEHCUBHOCTI CBITiHHS NIOMIHECLIEHTHUX BaKTepiii 3anexHo
Big Yacy ctaHoBuno Ha 15 x8 — 0,13 — 256,0 mr/n i Ha 30
XB — 42,2 mr/n, TOBTO MOXHa KOHCTaTyBaTu NEBHY Y3roxe-
HICTb 3 OTPUMAHUMMW HAMW JAHUMMU.

KoHueHTpauii Xpomy y KiHUEBOMY [OCHimKyBaHOMY
€KCTpakTi B Hawomy ekcnepumeHTi cknaganu 0,05; 0,25;
0,5; 2,50 i 5,0 mr/n (BignosigHo piBHAM Yy KopMmi — 0,1;
0,5; 1,0; 5,0 i 10,0 mr/kr), Npy ULOMY MaKCUManbHWA Big-
COTOK MPUrHIYEHHS IHTEHCUMBHOCTI CBITiIHHA OyB Ha piBHI
23,9 %, 10610 50 % 3HWKEHHS IHTEHCUBHOCTI CBITiHHS Ph.
phosphoreum Ha 0BpaHUX ONs eKCNEPUMEHTY PiBHSX He
6yno. 3a gaHumu (Yang et al., 2022) 50 % 3HWXEHHS! iHTEH-
CUBHOCTI CBITiHHA wTamy Vibrio ginghaiensis Q67 B gocni-
[bKyBaHi Bodi BiabyBanocs 3a KoHUeHTpauii Hikento Ha
pisHi 1,313 + 0,008 mr/n, a Photobacterium phosphoreum
T3 i Photobacterium phosphoreum 502 Ha pisHi — 8,608 +
0,146 ta 20,936 + 0,154 Mmr/n, WO YaCTKOBO Y3roaxyeTbCs
3 OTpMMaHUMK Hamm daHumu. A B poboTi (Lopez-Roldan et
al., 2012) 50 % 3HWXEHHS iIHTEHCUBHOCTI CBITIHHS NIOMiHEC-
LeHTHUX BaKTepir 3anexHo Bif Yacy CTaHOBWIO Ha 15 xB —
15,3 mr/n i Ha 30 xB — 16,0 Mr/n, TO6TO MOXHa KOHCTaTyBaTy
NEBHY Y3roXeHICTb 3 OTPUMAHUMU HAMU JaHUMM.

Y Hawomy Jocnigi KOHUeHTpauii bpoMmy B KiHLEBOMY
AocnimKyBaHOMY ekcTpakTi cknaganu 0,5; 2,5; 5,0; 25,0
50,0 mr/n (BignosigHo piBHsim y kopmi — 1,0; 5,0; 10,0; 50,0
i 100,0 Mmr/kr), Npn LbOMY MaKCUManbHWiA BiACOTOK MPUrHi-
YEHHS! IHTEHCMBHOCTI CBITiHHS ByB Ha piBHi 23,2 %, T06TO
50 % 3HWXeHHs IHTEHCUBHOCTI CBITIHHA Ph. phosphoreum
Ha obpaHuX 4ns ekcnepumeHTy piBHAX He Byno. 3a gaHumu
(Garcia, Gathergood & Scammells, 2005) 50 % 3HUXEHHS
iHTEHCUBHOCTI CBIiTiHHA Photobacterium phosphoreum B
J0CnigKyBaHOMY eKcTpakTi BigbyBanocs 3a KOHUeHTpauii
Bpomy Ha piBHi 93,9 Mr/n, WO YacTKOBO Y3romKyeTbCs 3
OTPMMaHUMK HaMW JaHUMM.

MocuneHHs cBiTiHHSA choTobaKTepii, 30kpema, nig aieto
manux go3 Kobanety, MaHraHy, Hikento Ta bpomy mu nos’s-
3YEMO 3 TaK 3BaHUM SBULLEM rOpMe3ncy (CTUmMynsuis yab-
AKOI CUCTEMM OPraHiamMy 30BHILLHIMUM BRNMBaMy, LLO MakoTb
Cuny, HeQOCTaTHIO AN NPosBY LKiANuBKX daktopis) (Belz
& Cedergreen, 2010; Baran et al., 2019).

Cnig 3a3HauuTk, WO nig Yac gocnigpkeHHs BinblocTi
MikpoeneMeHTiB He Baanocs gocartu 50 % iHribysaHHs cBi-
TiHHA Ph.phosphoreum, wo obyMoBneHo HasBHUMU (BUPOO-
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HUYMMK) PIBHSMK iX Y KOpMax Ta HeJOLNbHICTIO BUKOPU-
CTaHHs BuLWmMx 0o3 ME y kopmax.

BucHOBKU.

JocnigxeHo BMAMB Pi3HUX pIBHIB  MiKpOENEeMEHTIB
Ha iHTEHCUBHICTb CBITIHHA Ph.phosphoreum (wtam IMB
B-7071; Sq3) Ta HagaHa TOKCWKOMOriYHa OLiHKa KopMam
3a BiICOTKOM 3HMKEHHS iHTEHCUBHOCTI CBITiHHS, O 4O3BO-
NsIE BUKOPUCTOBYBATW AaHWA TECT N Yac TOKCUKOMOTiYHOT
OLiHKM kopMiB 3abpyaHeHux ME.

Kopmu 3 BMicToM ®epymy MeHLwe 75,0 Mr/Kr BKMIOYHO,
Kobanety meHwe 0,2 go 2,0 mr/kr BknoyHO, MaHraHy
meHwe 12,0 go 120,0 mr/kr BkniovHOo, CeneHy MeHLie
0,05 go 0,5 mr/kr BkntouHo, Hikento meHwe 0,3 go 3,0 mr/
Kr BKMOYHO, Xpomy meHwe 0,1 go 1,0 Mr/kr BKnioYHO Ta
Bpomy meHwe 1,0 go 10,0 mr/kr BKIOYHO XapakTepn3yBa-
nucs Sk He TokeuyHi. Kopmu 3 Bmictom ®epymy 150,0 mr/
kr, Kobanety Big 10,0 go 20,0 wmr/kr, Ceneny 2,5 wmr/

kr, Hikento Big 15,0 go 30,0 mr/kr Ta Xpomy Big 5,0 go
10,0 mr/kr xapakTepu3yBanucs sik TOKCUYHi, TOAi SIK KopMU
3 Bmictom ®epymy Big 750,0 go 7500,0 mr/kr, MaHraHy
Big 600,0 go 1200,0 wmr/kr, CeneHy 5,0 mr/kr Ta bpomy
Big 50,0 o 100,0 mr/kr xapakTepusyBanucs sk CUNbHO
TOKCUYHI.

MNepcnekTmBol0 nNofanblUMX OOCHIMKEHb Y  LibOMY
HanpsIMKy € TOKCUKONOriYHa OLiHKa KOPMIB i3 pi3HUMU piB-
HAMU NECTUUMAIB 3 BUKOPUCTAHHAM FMIOMIHECLIEHTHUX
MikpoopraHiamis Photobacterium phosphoreum.

Moaska. ABTOpu BupaxaloTb LWMpy noasky [onosady
TetaHi MukonaisHi, kaHanaaty 6ionoriyHMX Hayk, 3aBig-
yBauy [lenosuTapito MikpoopraHiamis IHCTUTYTY Mikpobio-
norii i Bipyconorii imeHi [.K. 3a6onotHoro HauioHanbHoi
akafeMii Hayk YkpaiHu YkpaiHu 3a nob’sa3H0 HagaHun ans
pgocnigpxeHHa wtam Photobacterium phosphoreum (IMB
B-7071; Sq3).
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Toxicological evaluation of feeds with different levels of trace elements using luminescent microorganisms
Photobacterium phosphoreum

Toxicological and hygienic assessment of toxic contaminants of various origins (including trace elements) is widely
carried out in the countries of Europe, Asia and America. Currently, for these purposes, an important role is played by
biotesting using proto- and eukaryotic organisms as test models, with biotests using live bioluminescent bacteria, which are
distinguished from others by the fact that the intensity of their glow is measured as a parameter of vital activity, comes to the
fore. The purpose of this work was to conduct a toxicological evaluation of feeds with different levels of trace elements using
the luminescent microorganisms Photobacterium rhosphoreum. Under the conditions of trace elements research, corn grits,
which did not possess toxic properties, were used as a «matrix». Trace elements were used in the form of State standard
samples, namely: iron, cobalt, manganese, selenium, nickel, chromium and bromine. As a test culture, a lyophilized culture
of Photobacterium phosphoreum (strain IMV B-7071; Sq3) was used, obtained from the Depository of Microorganisms of the
Institute of Microbiology and Virology named after D.K. Zabolotny of the National Academy of Sciences of Ukraine (Kyiv).
Before introducing trace elements into the feed, the «matrix» was first examined for their content (background). Toxicants
were added to the «matrix» in different concentrations, taking into account the «backgroundy» indicators (5 series each),
which were prepared by diluting in distilled water, depending on the maximum permissible level. As a result of the work,
it was established the possibility of using luminescent microorganisms Photobacterium phosphoreum (strain IMV B-7071;
Sq3) for rapid toxicological evaluation of feeds with different levels of trace elements, based on a decrease in the intensity
of luminescence. However, if for Co, Mn, Ni, Se, Cr and Br under the conditions of the study of feed with the content of
trace elements at the maximum residue limits (MRL) (2.0; 120.0; 3.0; 0.5; 1.0 and 10.0 mg/kg, respectively) the feed was
characterized as non-toxic, then for Fe according to the MRL (750.0 mg/kg) the feed was characterized as highly toxic, which
indicates the need for further studies to study the toxicological characteristics of the trace element in the body of laboratory
and productive animals, possibly with further revision (downwards) of the MRL of the relevant pollutant in feed in Ukraine.
The prospect of further research in this direction is the toxicological assessment of feed with different levels of pesticides
using the luminescent microorganisms Photobacterium rhosphoreum.

Key words: bioluminescence; feed; trace elements; toxicity; Photobacterium phosphoreum.
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MonimopuHaosumu AocnifKeHHAMU 8U3HaYau NowupeHicms, 8ikoesi, cmamesi ma ce30HHi ocobnusocmi nepebiey ypo-
nimiasy cobak 8 ymogax Me2ariosicy, pemesnbHO aHarisyeanu pauioH Xeopux meapuH,; nposodusnu Mikpockorito ocady cedi,
peHmeaeHonoaiyHi ma coHozpadhiuHi docnidxeHHs. B 0ocnidi 0o Komnnekcy nikysaHHS1 cobak X8opux Ha yponimia3 Kpim
Legpmpuakcony, Ho-LLinu ma @imoenimu esodusnu npenapamu aHmuaomomokcu4Hoi 0if (Mykosa Komnoaumym, Tpaymens
Komnosumym) ma [ekcamemasoH. 3a gidcymHocmi fikygarnbH020 eqhbekmy 8UKOHY8asu YUCMOMOMIto 3 8UOANIEHHSIM Ypo-
nimie. 3 KOHKpeMeHmig Yyacmiwe 3ycmpidanucsi okcanamu ma ypamu. [1id yac dugbepeHuianbHoi diaeHOCMUKU U KOHMp-
0110 IKOCMI fliKysanbHUX 3ax0die 8 Q0CiOHIl i KOHMPOIbHIU 2pynax nPo8oduIU peHmMaeHoo2ivyHe i coHoepaghidHe docri-
OXeHHs1. BidmiyeHa sucoka eghbekmusHicmb Yux e8isyanbHUX Memodie 3a cedokaMm’aHOI xeopobu. Ha yponimia3 Yacmiwe
xeopinu cobaku 3 3aligoto eazor y eiui 3 1 0o 10 pokig. B binbwocmi eunadkie xeopoby peecmpysanu y OpibHuUX nopio,
0c06/1uB0 rekiHecis, KOKep-crnaHiesnie ma UOPKWUPCLKUX mep’epie. 3axeoprosaHicmb Ha ceHokaM siHy Xxeopoby malixe pie-
HOMIpHO peecmpysarnacsi npomsi2om poky i byna dewo 8ULOK y 8eCHsIHULU ma OCiHHIU nepiodu. JlikyeaHHs meapuH docnio-
Hoi epynu 6yno eghekmusHiluum, 003807110 CKOpIWE 3HIMU 3ananeHHs i 3abe3nequmu Kpauly pe2eHepauyiio Cru308ux
000/10HOK CEYOB8UBIOHUX WirsiXie, Wo byno nidmeepdxeHo pesyrbmamamu f1abopamopHUX i yribmpa3syko8020 O0CIOKeEHb.
BcmaHosneHo, wo wnsaxoM rposedeHHs 8isyanbHoOi GiagHOCMUKU MOXHa 3 8UCOKOK 8ipo2iOHicmio damu OUiHKY cmaHy
Op2aHie ce408UBIOHOI cuCmeMU, 8USBUMU KOHKPEMEHMU, 8U3Ha4YUMU iX pO3Mip ma sloKani3auilo 3 Memoro npu3Ha4yeHHs
eghekmusHO20 KOHCEp8amuBHO20, onepamugHo2o abo KOMMIEKCHOZ0 JliKyeaHHs. PeHmeeHonoaiuHi ma coHoepadivHi
docnidxeHHs1 ce4oeoi cucmemu 00380715H0Mb eheKMUBHO KOHMpPOTogamu GuHaMiKy eghekmuesHocmi niKysarnbHUX 3axodie,
a 3a HeobxiOHOCMI, BHOCUMU Kopekmueu 00 mepanesmu4yHO20 8/IU8y Ha OpaaHi3M meapuHu. Baxiiuge 3Ha4yeHHs nid yac
oucpepeHuianbHOT diaeHOCMUKU Mae makox Mikpockonis ocady ceyi, wo € docmynHuM, iHghopMamugHUM ma Hedopoaum
memodom. [1id yac KOMIEKCHO20 fiKysaHHSI cobak X80puUX Ha yposnimia3 pekomeHAyemo donydamu 20MeonamuyHi npe-
napamu i 2IKOKOPMUKOIOU, a 3a Hasi8HOCMI 8 CE4Y0BOMY MiXypi 8efUKUX ab0 HEePO3YUHHUX KOHKpeMeHmie 8uKoHysamu
UUCMomomito.

Knrovoei cnoea: yponimia3, 3axe0ptogaHicmb, KOHKpemMeHmu, A0CIOKeHHS, Ce4o8ull MiXyp.

DOI https://doi.org/10.32845/bsnau.vet.2022.2.5

Beryn. AHanis nitepaTypHuX [kepen nokasas, LWO
yponitias cobak € 3Ha4yHo nowmpeHum (Bende et al., 2015;
Tion et al., 2015; Hunprasit et al., 2017; Sharun et al., 2021,
Kopecny et al., 2021). B Ho30moriuHin CTPYKTypi 3axBo-
PIOBAHOCTi XBOPOOM CEYOBMBIZHOI CMCTEMM 3@ 4aCTOTOH
peecTpauii Ta BiACOTKOM NeTanbHOCTI 3aliMaloTb OgHe 3
MPOBIAHUX MiCUb NOPsL 3 OHKOMOriel, TpaBMaTu3MoMm Ta
3aXBOPIOBaHHAMU CepLeBO-CyauHHOI cuctemm (Houston,

2009). Cevokam’'siHa xBopoba 3ycTpivaeTbest B yCixX KpaiHax
CBITY HE3aNEXHO Bif KNiMaTUYHMX YMOB Ta Mae 6e3niy YuH-
HukiB (Amarpal et al., 2013; Mendoza-Lépez et al., 2019).
3axBopIoBaHHA CeYOCTaTeBOI CUCTEMU PEECTPYIOTLCS Y
cobak byab-aKoro Biky i cTaTi Ta € HanbinbLL NOWMPeHNMK
cepen ApibHux TBapuH (Tufani et al., 2017; Burggraaf et
al., 2021.). HanGinblu xapakTEPHUMM 03HAKaMU YpPaKEHHS
ce4yoCcTaTeBol CMCTEMM € YTpyAHeHe abo YacTe cevoBumnyc-
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KaHHS, HasiBHICTb KPOBI y cedi Ta iHwWi 03HakW. [ns To4YHOI
LiarHOCTUKM Ta NpPWU3HAYEHHs1 ONTUMAnbHOrO MiKYBaHHS
BUKOPUCTOBYIOTb nabopaTopHi meToau Ta BisyanbHy fia-
rHoctuky (Martusevich et al., 2017; Tiruneh & Abdisa,
2017.). Onsa nikysaHHs cobak XBOPUX Ha CeYoKam’'siHy XBO-
poby icHye 6arato Sk KOHCepBaTUBHWX, TaK i onepaTuB-
Hux metogis (Wen & Johnston, 2012; Sodhi et al., 2021;
Carvalho Brilhante & Menegasso Mansano, 2022). MNpore,
iCHYIOYi METOAM AiarHOCTUKKM, NPOMINAKTUKK | NikyBaHHA 3a
cevokam’siHOi XBOpobu y cobak He 3aBXau € eheKTUBHUMM.
[MuTaHHsA cTaTeBoi, NOPOAHOI, BIKOBOI i CE30HHOI CXUIMbHO-
cTen cobak [0 yponiTiasy B CyvacHii HayKoBil niTeparypi
BUCBITINEHI HE B MOBHIN Mipi. baraTo 4o KiHUA He 3'AcCoBaHUX
NMUTaHb CTOCYETbCA TakoX AubepeHLianbHOI AiarHOCTUKM
Ta nikyBanbHuX 3axopis. Lia npobnema Bce we notpebye
NOAAnbLIOro PeTenbHOr0 BUBYEHHS, OCOONMBO NUTaHb ETi-
onorii, AndepeHuianbHOT AiarHOCTUKM Ta NoWyKy 6BinbL
€(heKTUBHUX 3aXO0AiB TePaneBTUYHOO BMMIMBY Ha OpraHi3Mm
TBapuH.

Meta pobotu. [ocnigpkeHHs Oynmu cnpsimoBaHi Ha
BVMBYEHHSI MOLUMPEHOCTI, €(PEKTUBHOCTI PEHTTEHOMNOMYHOI |
YIbTPa3ByKOBOI [iarHOCTUKWA Ta KOMMMEKCHUX METOAB niky-
BaHHS 3a Ce40oKaM’siHOT XBOpobu y cobak B yMOBaX Meranoricy.

Matepianu Ta metoaun. Matepianom JocnifxeHHs cny-
ryBanu xBopi Ha yponitias cobaku. [MoLwmpeHicTs cevokam's-
HOi xBOpo6Y B yMoBax MicTa [IHinpo BuB4anu Ha 6asi aHa-
ni3y 3BITHOI JOKYMeHTaUi KMiHiku BETEpPUHAPHOI MeaWLMHN
«3BipATKOY.

OudbepeHuiansHy AiarHOCTUKY yponiTiady Bif iHLIMX XBO-
pob ceyoBMBIAHOI CUCTEMU MPOBOAMIM aHani3oM 3arasb-
HOro JOCHIIKEHHS cedi 3 MiKpocKonieto ocafy, Lo NpoBo-
AMnocs 3a 3aranbHONPURHATAMK MeToaukamu. B uen yac
3Ha4Hy yBary npuainsanu aHaMHeCTUYHUM JaHuUM. PeTenbHo
aHanisysanu pauioH xBopux cobak, nposoaunu 36ip AaHUX
CTOCOBHO CTaTeBWX, BIKOBUX, CE30HHUX OCOBnMBOCTEN
nepebiry cevyokam’siHOi NOPOAM B YMOBAX BEMMKOrO MicTa 3
ypaxyBaHHSM YMOB KMTTS1 KOXKHOT OKPEMOi TBAPUHM.

MNpoBoaunu aHani3 eeKTUBHOCTI Pi3HUX METOAIB KOH-
CepBaTUBHOrO Ta ONEPATUMBHOIO BNAMBY HA OpraHi3m TBapuH
3a yponitiady. EekTnBHICTE METOAIB NikyBaHHS BUBYanu
3 BMKOPUCTaHHSAM MeTofiB nabopaTopHoro aHanisy ceui,
COHOrpadi4HOro Ta PeHTreHoNoriYHOro AOCNiMKEHb OpraHiB
CEYOBMBIAHOI CMCTEMU.

Lnsaxom Mikpockonii ocagy cedi BU3HAYanu HasiBHICTb
conen Ta ix xapaktep. [ig Yac uucToueHTesy TBapuH ik-
cyBanu y nexavomy CrimMHHOMY NONOXEHHI, AiNsHKY YepeBa
06pobnsnu cnpTom Ta 34ilcHI0BanM NPOKos 3a 4ONOMOIOH
CTEpPUnbHOI FOMNKW Bif, OAHOPA30BOrO LMNpULA Ha CepeauHi
BiACTaHi Bif nynka fo nobKkoBOro 3poLLeHHs (ronky BBOAWIIN
nig kytom 40-45°). JocnimxeHHo niggasanu ocag cedi, Wo
oTpumyBanu i LeHTpudyrysaHHaM 3a 1500-2000 o6/xs.
npotsarom 7—10 XBUNWH, NICNS YOro PiAvHY Hag 0CafoM 3MK-
Banu, ocaj nepemillyBanu 3 HEBESMKOK KiNbKICTIO ceuvi, Lo
3anuwanacs B npobipui, HAHOCUNK Kpannto Ha nNpeaMeTHe
CKMo, MOKpuMBanM ii HaKPUBHWM CKefbLEeM Ta NpoBOAWNK
MiKpPOCKOMit0 Ha CBITIIOBOMY MIKPOCKOTII.

PeHTreHorpadiyHe JocnigpkeHHs npoBogunu Ha uud-
pOBOMY peHTreHornoriyHomy anapati Baten—1. Ynbrpassy-
KOBe AOCNIIXEHHS HUPOK Ta CEYOBOro Mixypa npoBOAMIIOCH
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3a gonomoroko ynerpassykosoro anapaty 100 Falco Vet 3a
YacTOTU CEeKTOpHOro TpaHcayktopa 3,5 MIy, Ha rnMbuHI
ckaHyBaHHs 100 Mm.

[Onsa gocnigxeHHs ce4oBoro Mixypa cobaky dikcysanu y
nexavomy cnuHHoMy abo 6OKOBOMY MOMOXEHHI, BUAansnm
LLepCTb MO CEPeAMHHIN NiHii Mix NOGKOBOLO KICTKOHO i MyNKOM
Ta po3MillyBanu AaTyuK nNepneHauKynspHO A0 MOBEpXHi
Tifa y BUroneHin ginsHui; nig yac oTpumaHHs 306paxeHHs
CE4OBOro Mixypa Moro Aocnimxysanum y nonepeqyHomy nepe-
pisi Big BEpXiBKM [0 LUMAKK 3 METOD BUSIBNEHHS! KOHKPEMEH-
TiB Y IOr0 NOPOXHWHI Ta NOTOBLLEHHS CTIHOK.

XBopux Ha yponiTiaz cobak po3ginunm Ha 2 rpynu no 5
TBaPWH Y KOXHIN. B KOHTPOMBHIN rpyni NikyBaHHS BKMOYano
HacTynHi npenapatu: LledptpmakcoH — 0,5 1, po3umHeHnn y
4 mn 0,5 % po3sdnHy HookaiHy no 1 mn/10 kr 1 pas Ha Ha
[o06y Bnpoaosxk 7 Ai6 BHYTpilUHEOM'A30B0; «diToeniTa 3a0-
poBi HUpKW» — no 1 nirynui Ha 10 kr Barv TBapuHK 3 pasu Ha
00y [0 3HUKHEHHSI CUMMNTOMIB 3axBoptoBaHHs; Ho-LUna no
0,5 -2 mn 2 pa3n Ha fo6y BnpodoBx 7 Aib BHYTPILLHEOM'S-
30B0. KpiM BkasaHoOro Bulle NikyBaHHS B OOCHIAHIA rpyni
3acTOCOBYBanM aHTUIOMOTOKCWUYHI npenapatu Tpaymens
Komnosutym i Mykosa Komnosutym no 0,3 — 2 mn 1 pa3 Ha
2 — 3 pobu po crabinisauii NokasHUKIB cevi Ta 3a40BINbHUX
pesynbTaTiB yNbTpa3ByKOBOro AOCHiMKEHHS; [lekcameTasoH
no 0,2 — 0,5 mn 1 pa3 Ha Joby BHYTPILUHEOM’S30BO BMPO-
[0BX 3 Ai6. AKLO NPOTAroM ABOX TWRKHIB NiKYyBaHHS KaMiHHS
B CEYOBOMY MiXypi HE PO34YMHSANOCSH, NOro BUAANANK LUNs-
XOM LMCTOTOMIi 3rigHO 3aranbHOMPUIHATOI MeToamkun. [ns
KOHTPOMI0 eheKTUBHOCTI NiKyBarbHUX 3axofiB Mig Yac ix
NpoBedeHHs MepioaMyHO  3AINCHIOBANKU  yNbTpasByKoBe
JOCniIKeHHs Ta 3aranbHUA aHani3 ceui.

Pesynkstatn gocnigkeHb. CTaTUCTUYHUI aHani3 noka-
3aB 3HaYHO BinbLLy NOLWMPEHICTb YponiTiady cepes KiLLIOK HixX
cepep cobak. B pesynsrati cTaTUCTUYHKX, KRiHIYHKX | nabo-
paTopHUX JocnigxeHb Byno BCTAHOBMEHO, LLO OCHOBHUMM
€TIONOriYHNMN YMHHUKaMK cevoKam’sHOT XBopobu y cobak
€ NopyLLeHHs 0BMiHy pevoBuH. Crig BiAMITUTK, LLO Ha ypo-
nitia3 yacriwwe xBopinu cobakn 3 3aiBoto Barot. YacTiwe
Lie 3aXBOPHOBaHHS PEECTPYBANOCs y CaMOK HiK Yy camLiB.
BupaxeHoi Ce30HHOCTI 3aXBOPIOBAHOCTI Ha CeYOKaM sHY
XBOpOBy He Byno BCTAHOBMEHO.

AHani3 BIKOBOi 3aneXHOCTi 3axBOPIOBAHOCTI cobak
npeacraeneHnin B Tabnuui 1. 3 gaHuMX npeactaBneHUX B
L Tabnuui BUOHO, WO yponiTia3 yacTille peecTpyBanu y
TBapuH BikoM 3 1 no 10 pokiB. BinbLUICTb XBOPUX TBAPUH Y
KNiHIYHOMY BigHOLLEHHI Manu 3adoBifbHUA cTaH abo CTaH
cepenHboi BaxkocTi. OcobnmBo BaXkUn CTaH cnocrtepiranu
B YCix NciB 3 06TypaLlieto ypeTpu, Lo noTpebysBano TepMiHo-
BOr0 ONEPATMBHOIO BTPYYaHHS.

Pesynbratn BMBYEHHS 3aneXHOCTI 3aXBOPIOBAHOCTI Ha
yponiTia3 Big nopoau cobak npeacraeneHi B Tabnuui 2, AaHi
AKOI cBig4aTh, WO XBOopoba Bpaxae sk nopoaucTux cobak,
Tak i metucis. lNpoTe, yacTille xBopinu ApibHI nopoau, oco-
6nmBo NekiHecK, KOKep CnaHieni Ta NOPKLMPCLKI Tep’epu.

PesynbraTi B1BYEHHS 3aXBOPIOBAHOCTI cobak Ha yponi-
Tia3 B 3aNeXHOCTI Big Nopu poKy HaaaHo B Tabnuui 3. 3rigHo
HaLLMM CrOCTEPEXEHHSIM, XBOPOOY Malixe piBHOMIPHO pee-
CTpyBanu npoTsroM YCbOro POKY 3 HE3HaYHUMU Mikamu y
BECHSIHWI Ta OCiHHIN nepiogw.
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Y cobak nepebir yponiTiady xapakrepuayBaBcs 3MiHaMu
KOnbOopy i NPO30POCTi Cevi, B AeSKUX BUNaAKax PisHUM CTy-
neHem remarypii, Wo B GinbLUIOCTI BUNAAKIB CynpoBOOXY-
Bana kOHKpeMeHTH ypaTiB abo okcanaris (puc. 1, 2, 3).

Baxnueo BigMITUTM BUCOKY €(EKTUBHICTL PEHTreHo-
MOriYHOT | yNbTPasByKOBOI AiarHOCTUKW 3a yponiTiady B
cobak. Po3BMTOK XBOPOOU CynpOBOMKYETLCS HASIBHICTIO B
MOPOXHUHI CEYOBOrO Mixypa KOHKPEMEHTIB Ta cybcTparis,

Puc. 1. BunyyeHHs okcanartiB 3 ce40BOro Mixypa
KOKep-cnaHiens nig yac ymucToTomii

Puc. 2. OkcanaTy, Wo BUyYeHi 3 ce4oBoro mMixypa
KOKep-cnaHiens nig yac uuctoromii

Tabnuuga 1

3anexHicTb 3axBoprOBaHOCTI cOBak Ha yponiTia3s Bif Biky

Bik TBapuH KinbkicTb XBOpMX TBapuH, ronis Hacrka Bin 3:;3’;;:?%::'2}:0“' XBOpUX
6 micsauis — 1 pik 2 6,9
1 -5 pokis 13 44,8
5—10 poki 10 345
crapui 10 pokis 4 13,8
Bcboro 29 100
Tabnuus 2
3anexHicTb 3aXxBOpOBAHOCTI coBak Ha yponiTia3 Big nopoau
Mopopa KinbkicTb XxBOpMX TBapWH, ronis HacTka Bin 3:;?;;:?.:122'2}:0“' XBopux
MekiHec 5 17,2
Kokep-cnaHienb 5 17,2
Mopkiumpcbkmit Tep'ep 3 10,3
Takca 2 6,9
MeTucm 6 20,7
IHWi nopoau 8 27,6
Bcboro 29 100
Tabnuus 3
3anexHicTb 3aXxBOpIOBAHOCTI coBak Ha yponiTia3 Big nopu poky
Mopa poky KinbkicTb XBOpUX TBapuH, ronis HacTka Bin 3:;?::;:?_:_;;25’,}:““ XBopux
3uma 7 241
BecHa 9 31,0
lito 5 17,3
OciHb 8 27,6
Bcboro 29 100
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Puc. 3. Ypatu, o BUny4eHi 3 ce4oBOro Mixypa
nekiHeca nig yac umcToTomii

Lo NoB’a3aHi 3 3ananeHHam (puc. 4, 5). MeTtoau Bidyans-
HOI diarHOCTUKM JaloTb 3MOry 3 BUCOKOIO BipOrigHICTIO faTu
OLLiHKY CTaHy OpraHiB CE4OBMBIOHOI CUCTEMU, BUSIBUTW KOH-
KPEMEHTW, BU3HAYMTK iX PO3MIp Ta nokanisauilo 3 MeTOo
NPUsHaYeHHs eeKTUBHOrO KOHCEpPBaTMBHOIO, onepaTue-
HOro abo KOMMIEKCHOro MikyBaHHA. PeHTreHomorivHi Ta
COHorpadiyHi JOCMiJKEHHS CEYOBOI CUCTEMM AO03BOAThH
edPeKTUBHO KOHTPOIMOBaTU AMHaMIKY edeKTUBHOCTI niky-
BarnbHWX 3axofiB, a 3a HeobXigHOCTi, BHOCUTU KOPEKTUBM
[0 TepaneBTUYHOTO BMSIMBY Ha OpraHiaM TBapuHu. Baxnuee
3HayeHHs nig vac audepeHLianbHOT AiarHOCTUKN Mae Takox
MikpoCKonisi ocagy Ceui, WO € AOCTYNHWUM, iHHOPMaTUBHUM
Ta AeLleBruM MEeTOLOM.

Yepes TuxOeHb Micns 3aBeplUeHHs Kypcy NikyBaHHS
6yB nposedeHwit 3abip cedi Bi4 TBApPUH KOHTPOMBLHOI |
AocnigHoi rpyn. Pesynbtati 4OCnimkeHb B KOHTPOMbHIN Ta
AOCNIAHIN rpynax BigpisHanucs. Tak, ceva, Wo oTpuMany
Big cobak gocnigHoi rpynu, Mana xoBTuii konip, Gyna npo-
30p0I0, 3 HE3HAYHUM 0CaAoM Ta (Di3ioNOrivYHO BiZHOCHO
winbHictio (1,010 — 1,030 r/mn). Peakuia cedi y Bcix npo-
H6ax Habnuxanacb fo HewTpanbHoi (pH 6,5 — 7,0). binok y
pocnipkysaHux npobax sk i rematypis 6ynu siacyTHi. Mig
yac Mikpockonii ocagy cedi He BMSBMSNM epuTpoLuTIB, a
KiNbKICTb NENKOUMTIB Ta eniTenianbHUX KNiTUH He NepeBu-
wysana 1 — 3y noni 3opy.

LLlo x Ao TBapWH KOHTPOMBLHOI rpynu, TO iX ceya Mana
HaCUYEeHO-KOBTUI KOMip, He3Ha4yHe MOMYTHIHHS, BinbLuy,
MOPIBHSIHO i3 Ceyeto Bif TBapWH LOCNIAHOI rpynK, KinbKicTb
ocafly Ta niaBuLLeHy BifHOCHY wWinbHicTb (1,033 — 1,040 r/
mn). Peakuis cedi y npobax Habnwkanacb A0 HewTpars-
Hoi (pH 6,5 — 7,2). Y pocnimkyBaHux npobax ceui BCe Lie
BUABNANM BINOK y He3HauHii KinbkocTi (8o 0,2 r/n), a Takox
He3HayHy remarypito. ig yac mikpockonii ocafy cedi BUsIB-
nanu 1 — 3 eputpouutn, 2 — 4 nemkounTn Ta oo 3 enite-
nianbHUX KNITMH CEe4YOBOro Mixypa y Nomi 30py, a Takox
HE3HaYHy KinbKiCTb KOHKPEMEHTIB.

MNpoBedeHe B LEW Xe Yac PEeHTreHomnoriyHe Ta yrb-
Tpa3BykoBe [OCMIIKEHHS MOKa3ano CYTTEBE 3MEHLUEHHS
KinbKOCTi | pO3MIpIB KOHKPEMEHTIB y CEYOBOMY MiXypi YCiX
cobak Sk JOCMigHOI TaK i KOHTPOMBHOI rpyn, WO CBIQYMIO
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Puc. 4. KoHkpemeHTU B ce4oBOMY Mixypi Ha ornsanoBin
peHTreHorpami

Puc. 5. YnsTpacoHorpama ce4oBoro mixypa
3 KOHKpeMeHTaMu

npo iX NOCTYNOBE PO34YMHEHHS. Y OfHiei cobaky KOHTpOIb-
HOI Tpynu XapakTep KOHKPEMEHTIB y CEYOBOMY MiXypi He
3MiHMBCS, Yepes Lo iX BUAanunu WsxoM LUCTOTOMIl.

TakMum YMHOM, 3rigHO NpoBedeHUX HaMW [OCRigKEeHb
MOXHa CTBEPOKYBATH, LLIO NiKyBaHHS 38 CXEMOI JOCHISHOI
rpynu € gewo 6inbw edekTnBHUM, 60 [03BONSE ckopille
3HSATW 3ananeHHs | 3a6e3neynTin Kpally pereHepaLito cnu-
30BMX ODOIIOHOK CEYOBMBIAHMX LUNAXIB, WO Oyno nigTeep-
[PKEHO pesynbTaTaMu YrbTPa3ByKOBOTO AOCHIIKEHHS.

O6roBopeHHsA. Pe3ynbrati Hawmx AOCNigKeHb CTO-
COBHO MOLUMPEHOCTI yponiTiady cobak, Ta 3aneXHOCTi
3axBOpPIOBAHOCTI Big NMOPOAMK, BiKY, CTaTi Ta CE30HY POKY
nigTBepOXYyTb Ta [LOMOBHIOKTbL MOBIZOMNEHHS iHLINX
pgocnigHukie (Tion et al., 2015; Sharun et al., 2021.).
B pesynbrati cTaTUCTUYHMX, KMiHIYHKMX | nabopaTopHux
gocnigkeHb Oyno BCTAHOBIEHO, LIO OCHOBHMMW €TiO-
NOTYHMMM YMHHUKAMK CevyoKaM’'ssHOi xBopobu y cobak €
NopyLeHHs 0B6MiHy peyoBuH. VIMOBIPHO Lii MOpYyLIEHHs
BMKIMKaHI BagaMu pexumy i HopM rogisni TBapuH. MoxHa
TakoX MNpuUNycTWTW, LIO AAHOMY 3aXBOPHOBAHHIO TaKOX
cnpusie HeQoCTaTHE HAOXOMKEHHS PiAWMHM OO0 OpraHiamy
TBAPWH Ta iHiKyBaHHS ce4oBMBigHMX wnsxiB (Mendoza-
Lopez et al., 2017).
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Mu BCTaHOBUNM BUCOKY €(DEKTUBHICTb PEHTreHomno-
riYHOT Ta ynbTPa3BYKOBOI AiarHOCTUKK yponiTiasdy y cobak,
WO Y3rofKyeTbcs 3 nosigomneHHsmu asTtopiB (Lulich &
Osborne, 2009; Singh et al., 2012; Perondi et al., 2020;
Hoelmer et al., 2022). [eski focnigHnkM NponoHyTs Ans
[iarHoCTUKW  yponiTiasy BWKOPUCTOBYBAaTU KOMM'IOTEPHY
Tomorpadito (Nykamp, 2017).

Mig Yac uMcToTOMIi MU BMAANANM Pi3Hi BUOW CEHOBMX
KaMeHiB, 30Kpema okcanatu i ypatu. ABTOpY BBaXatoTb, LLO
3HAHHS NepeBaXxakyoro MiHepanbHOro TUMNy B ce4ocTaTeBii
cucTeMi nig yac yponitiady, a Takox po3yMiHHS eTionoriy-
HOro, fieMorpad)iyHOro Ta eKonoriYHOro PU3NKY MOr0 BUHIK-
HEHHSI, 3aNeXHIiCTb Bif CTaHy 3aXWCHUX CUM OpraHi3My 3a
yponiTiady MOXyTb cnpusti po3pobui ctpateriin o GinbLu
PaHHBLOrO BUSIBIIEHHS YpOniTiB. Lie Moxe JonoMOrTi BUKIHO-
YUTU OIETUYHI YMHHUKWM PU3NKY, MIHIMI3yBaTW YTBOPEHHS
KOHKPEMEHTIB, CNPUSATM PO3YMHEHHIO | NpodhinakTyBaT nos-
TopHe ix yTBopeHHs (Dijcker et al., 2013; Mohammadalibeigi
etal., 2019).

[JoBeneHy Hamu ePeKTUBHICTb LIMCTOTOMII 3@ yponiTiasy
NiATBEPIKYIOTH | NOBIAOMMEHHS GaraTboX iHLWIMX AOCHigHU-
kiB (Grant et al., 2010; Runge et al., 2011; Arulpragasam
et al., 2013; Singh et al., 2016). 3amicTb LUMCTOTOMIT AesKi
aBTOPM NPOMOHYIOTb 3aCTOCOBYBATW fa3epHy NiTOTPUNCILO,
WO € ManoTpaBMaTU4HOK MNpoLedypol sKa BUsSBMNIacs
6e3neyHo Ta eheKTUBHOKW ANS BUAANEHHS KOHKPEMEH-
TiB y cobak. JocnigHukamm He 6yno BWSIBMEHO CYTTEBUX
BiAMIHHOCTEW Y KOLUTOBHOCTI onepaLii Ta He manu Micue
YCKNagHEeHHs, WO MOB’3aHi 3 Ma3epHoOl NITOTpUNCIElD Yy
MOPIBHSIHHI 3 LMCTOTOMIED NS BUAANEHHS KAMEHIB HIDKHIX
BiAiNiB cevoBmMBIgHKMX LWNAXiB y cobak. [lazepHa nitoTpu-
ncis € egeKTMBHOI ManoiHBa3MBHOK ansTepHaTUBOK)
XipypriYyHOMy BWZANEHHIO YPETPOMITIB Ta YPOLMCTOMITIB Y
cobak (Bevan et al., 2009; Lulich et al., 2009).

3a paHumu (Sobczak-Filipiak et al., 2019) rictomopgho-
NOrivHi JOCNIMKEHHS opraHiB Ce4ocTaTeBOi CUCTEMU MOKa-
3y0Tb, WO XBOPOOU Pi3HOI ETioNorii BUKNMKaOTb 3HaYHI
3MiHW B OpraHax, Y4m NPOBOKYHOTb BaXKU nepebir 3axso-
plOBaHHs. TepaneBTUYHWIA KOMMIEKC 3 BMKOPWUCTAHHSM

roMeonaTMyHUX nNpenaparis i rMIOKOKOPTUKOIAIB € gocTar-
HbO e(PEKTUBHUM CaMe AJ1S1 YCYHEHHS! NMOB’S3aHoro 3 po3-
BMTKOM XBOPOOW 3ananeHHs i 6inblw weuakoi ctabinizauii
CTaHy TBapuHW.

Hawwy gymky CTOCOBHO pesynbraTiB aHanidy AaHux aHa-
MHe3y oo npodinakTuku yponitiasy y cobak LnsxoMm
NPU3HaYeHHs NEBHOI AIETW NS NONEPeKEHHST YTBOPEHHS
KOHKPEMEHTIB Ta 3axoau Ans nonepemkeHHs iHgikyBaHHS
CEYOBMBIOHMX LUNAXIB ChiBNagalTb 3 MNOBIAOMMAEHHSAMM
aBTOPIB, SKi BBAXal0Tb, LU0 KOHTPOIb iH(eKLii cevoBuBia-
HUX LNAXIB Ta 3MiHa paLioHy MOXYTb JOMOMOITH Y 3ano-
BiraHHi cevokam’siHoi xBopobu y cobak (Sturgess, 2009).
MpodhinakTuky AieTol AOCNIAHWKM BBaXaloTb HAMKPALLOK
cTparTerieto npoTu cevokam’sHoi xBopobu (Bijsmans et al.,
2021; Trehy, 2022). e He 3aBxan MOxXe 3aMiHUTW NpoBe-
[EeHHs1 XipypriyHnx npoueanyp, ane Moxe LOMNOMOITU 3MeH-
LUNTK YacCTOTy PeLUaMBIB YTBOPEHHS KOHKpeMeHTIB (Samal
etal., 2011; Allen et al., 2015; Mendoza-Lépez et al., 2020.).

BucHoBku. B ymoBax meranonicy 3axsoptoBaHiCTb Ha
yponitia3 peecTpyetbca y cobak y Bili Big 1 go 10 pokis
nepeBaxHoO Yy ApibHMX nopig; YacTile y camoK HiX y cam-
LB SIK y NOPOAUCTMX TBAPWH, Tak i y 6e3nopogHuX Ta MeTu-
ciB. 3 nopoauctux cobak xBopoby yacTiwe peecTpysanu
y NeKiHeciB i kokep-cnaHienis. BupaxeHoi Ce30HHOCTI B
noLIMpeHHi xBopobu He Byno BuseneHo. [ns 6inblw edek-
TUBHOI HOPOTEOM 3 3ananeHHsIM Ta MOKpaLLEHHS MPOLECIB
pereHepalii cnm3oBmx 060M10HOK CEYOCTaTEBOI CMCTEMM Nia
yac nikyBaHHs yponiTiady B 3aranbHOMPUAHATI CXeMu niky-
BaHHS peKOMEHOYEMO BKINOYaTU FOMEONaTUYHi npenapaTy i
FMIOKOKOPTUKOIAN. 3 METOID paHHBOI Ta TOYHOI AiarHOCTUKM
yponitiady y cobak AouinbHO GinbLu LIMPOKO BUKOPUCTOBY-
BaT nabopartopHe OOCNIAXEHHS Ceuvi, peHTreHorpadito,
ynbTpa3ssykose gocnimkerHs. lig yac nikyBaHHa cobak
XBOPWX Ha yponiTiaz HeobXiAHO 3aCTOCOBYBATH LIUCTOTOMIKO
Yy BUNagKax HasiBHOCTi BESIMKNX, MHOXUHHUX ab0 HepOo34mH-
HUX KOHKPEMEHTIB B MOPOXKHWHI CEYOBOrO Mixypa.

Ha nepcnektvBy nnaHyeTbCcsl BU3HAYEHHs edpeKTuB-
HOCTI AieT Ans npodinakTvki Ta nikyBaHHA cobak XBOpUX
Ha yponitias.
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Features of the course, diagnosis and treatment of urolithiasis in dogs

monitoring studies determined the prevalence, age, sex, and seasonal characteristics of the course of urolithiasis in
dogs in the conditions of a metropolis, carefully analyzed the diet of sick animals; urine sediment microscopy, X-ray and
sonographic studies were performed. In the experiment, in addition to Ceftriaxone, No-Shpa and Phytoelita, antihomotoxic
drugs (Mukosa Kompositum, Traumel Kompositum) and Dexamethasone were added to the treatment complex for dogs
suffering from urolithiasis. In the absence of a therapeutic effect, a cystotomy was performed with the removal of uroliths.
Of the concretions, oxalates and urates were more common. During differential diagnosis and quality control of treatment
measures, x-ray and sonographic examination was performed in experimental and control groups. The high efficiency of
these visual methods for urolithiasis has been noted. Urolithiasis was more common in overweight dogs aged 1 to 10 years.
In most cases, the disease was registered in small breeds, especially Pekingese, cocker spaniels and Yorkshire terriers.
The incidence of urolithiasis was recorded almost evenly throughout the year and was somewhat higher in the spring and
autumn periods. The treatment of the animals of the experimental group was more effective, allowed to relieve inflammation
sooner and ensure better regeneration of the mucous membranes of the urinary tract, which was confirmed by the results
of laboratory and ultrasound studies. It has been established that by performing a visual diagnosis, it is possible to assess
the state of the organs of the urinary system with high probability, identify concretions, determine their size and localization
in order to prescribe effective conservative, operative or complex treatment. X-ray and sonographic studies of the urinary
system make it possible to effectively monitor the dynamics of the effectiveness of medical measures, and, if necessary,
to make corrections to the therapeutic effect on the animal’s body. Microscopy of urine sediment, which is an accessible,
informative and inexpensive method, is also important during differential diagnosis. During the complex treatment of dogs
with urolithiasis, we recommend adding homeopathic drugs and glucocorticoids, and in the presence of large or insoluble
calculi in the bladder, perform cytotomy.

Key words: urolithiasis, morbidity, calculi, research, urinary bladder.
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Hacnioku ennusy siticbkogux Oiti Ha mepumopii YkpaiHu Hecymb 8 cObi YUCTEHHI pU3UKU XiMiYHO20 3abpyOHeHHs azgpo-
naHAwacgbmie — ocHO8U KopMO8oT basu 6AXinbHUYMEa. 3i cknadosux erieMeHmig epyHmie ma 600U bydyrombCsi MKaHUHU PoC-
JIUH, 30Kpema Ude CUHME3 y penpodyKmuUBHUX OpaaHax eHmMoMOGiibHUX POCIIUH HEKMapYy i MUIIKY, K 20/108H020 KOPMOB020
pecypcy ons 60xin. [ocnidxeHHs ocmaHHiX pokig 0oeru, Wo XiMiKo-aHamimu4HuUMuU Memooamu HeMoXiiuee rogHe bionoaidHe
BU3HAYEHHST pigHsT LWKOAOYUHHOCMI Or1sl Op2aHi3My meapuH i rodel 8rusy YUCNEHHUX 3abpydHIo8adie agpecusH020, aHmMpPo-
M02EHHO 3MiHEH020 O08KINA, 3 MPUYUH HE3'sco8aHOCMI Wiisixie biompaHcghopmauii ma rnpouecie cuHepaii' 3 IHWUMU eieMeH-
mamu QOBKirNss, Pi3HUX MOKCUYHUX PEYOBUH 3i Ckrnady epyHmy, wo nornadarome y opaaHiam MedoHOCHUX 60xin. Ha cb0200Hi
8I1/1u8 Hacniokig 3acmocysaHHs1 Cy4acHOi 36poi Ha mepumopii CinbCbk020cnodapchKux yeidb HeAocmamHb0 8USHEHO.

PospobneHa memolOuka sukopucmaHHs1 MikpobionoaiyHo2o Memody ekcripec-aHanisy nokasHUKI8 3a2arnbHOi moKcuyY-
Hocmi pisHuUx 06’ekmig Ooskinns, wo cknadarmb Kopmosy 6aldy 6OXibHUYMEa, MOXe Cryaysamu 00HOYacHO MOOesIH
OUJHKU MOKCUKO2EHHOCMI mepumopii i okpemux 06’ekmig cepedosuuia ma orepamugHUM IHCMPYMEHMOM BUSIBNEHHST KO-
O04YUHHUX efleMeHMI8 KOPMOo8uUX pecypcie 6Oxin. 3acmocosaHull y cmeopeHHi Memodu4Hoi Moderi ¢rocib (3 ormomMozoio
CUHXPOHI308aHOI Kyribmypu iHghy30pili konnod) 8U3HAYEHHS MOKa3HUKI8 3a2aribHOI MOKCUYHOCMI, 38aXaroyu Ha yHieep-
carnbHicmb (i020 iHmMeapo8aHo20 Kpumepir wkododyuHHocmi Qi Ha MIKpO- | MakpoopaaHi3Mu 8e/1UKO20 Kosa efleMeHmie
doskinns, Moxe cryaysamu 0OHOYacCHO MemoAUYHO MOOESTo eKCrpec-OUiHKU eKOT020-MOKCUKOI0_IYHO20 Mpoirno
mepumopii Hagkpyau rnaciku ma onepamugHuUM i 00CMyMHUM iHCMPYMEHMOM 8USIBIIEHHSI OKpeMUX 3abpyOHI08auis i MoLWyKy
winsxie nikeidayii ma npoghinakmuku ek30iHmokcukayit 60xin ma nozipweHHs1 skocmi medy.

lNonepedHi posgidkosi ekcripec-0ocnioxeHHs1 okpemux 06°ekmie doekinna (2014-2021 pp.) Ha mepumopii mpbox
obriacmel YkpaiHu nokasanu HasieHicmb 3a2arbHoi criabkoi mokcuyHocmi y numHit odi e 20,48+8,95% spaskie P<0,01),
a MOKCUYHOCMI PI3HO20 CMYreHs1 y 8eeemamueHUX i 2eHepamugHuUX YyacmuHax pocnuH — 5,66+3,51% 3paskie (P<0,001).
36inbWeHHS MOKCUYHUX YWKOOXeHb mepumopii YkpaiHu eHacnidok eoeHHoi agpecii PO kudae suknuk dns noanubneHo2o
HayK08020 nMowyKy yOOCKOHaneHHs MemoOUK OrepamueHO20 peazysaHHs 3 Memoio npoinakmuku eK30iHmoKcukKauil
KopMoeoi 6asu 60xinbHUUMEa i WUPOKO20 3aCmOocys8aHHs1 MikpobiosoeiyHo20 ¢riocoby ekcripec-biomecmyaHHs pigHsi
3aearnbHOi mokcuyHocmi 06°ekmie A0oBKinsis.

Knrovoei cnoea: 60xonu, KopMosi pecypcu, pOCIUHU-HEKMaPOHOCU, 3a2alibHa MmoKcuyHicmb, iHGgy3opii Colpoda
steinii, mecm-opaaHiamu.
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Beryn. Ocobnueocti kopmoBoi 6a3n 6mxin BUTIKaKOTb
3 TEXHOMOriYHMX BiAMIHHOCTEN ranysi 64xinbHULTBA, ska
6asyeTbcs Ha GioNoriyHMX OCOBNMBOCTAX KOMax sk BUAY.
B 60inbHULTBI, HA BiAMIHY Bif iHLIMX ranysei TBapuUHHU-
LITBA, KiNbKICTb Ta SIKICTb KOPMOBMX PECYPCIB 3HAYHO MEHLLIE
3anexartb Bif, BNAacHWKIB OMKOMOCIMEN, HiX Bifl OTOYMEHHS
ix nacikn. Te  came MOXHa BIOMITUTU LIOOO YPaXKeHHS
KOPMOBWX pecypciB 6aXin TOKCUYHUMU peyvoBUHAMU, SKi
B Cy4yacHuX ymoBax G6axinbHULTBA B YKpaiHi HeLoCTaTHLO
npodinakTyTbCs i YacTo cnabko nigaalTbes ineHTUdika-
Uil XapakTepy MOMIOTaHTIB BHACMiAOK HEPO3BMHEHOI CaHi-
TapHO-BETEPUHAPHOI IHPaCTPYKTYpU.

Ha cborogHi B YkpaiHi BHacnigok BoeHHoOI arpecii PP
CYTTEBO MOTipLUMMACh EKOMOrivyHa CUTyaLlisl, B TOMY Y1CRi Ha
BESIMKUX NIoLax arponaHawadrTis, aki 6ynu TpagumuinHoo
kopMoBOl 6a3o 6axinbHWUTBA, WO Hece B cobi Geaniy
pusukiB Ans 3gopos’s TBapuH i nogen (Adamchuk, 2020;
Hruzdova et al., 2022; Krupei et al., 2022).

YKpaiHCbKMU criewianictaMu 3'acoBaHo, LWO BignoBiaHO
[0 KniMaTU4yHMX YMOB Ta POCNUHHOMO MOKPUTTS TepuTopii
nepwi BUNiTM 64XiN NicNs 3WMMIBNI 3QINCHIOETLCA Y KiHLi
Gepe3Hs (3 konueanHamu 10-15 gi6), konm 3auBiTalTb
nepeouBiTU. 3akiH4yeTbCs 30UpaHHa KopMmy Bmxonamu 3a
nagiHHA TeMnepaTtypy BOeHb Hkye 8° C Tenna (B XOBTHi).
Hanbinbw 6Garatin B3ATOK GXONMM OTPUMYKOTb N 4ac
iIHTEHCUBHOI POBOTW Yy YepBHI-NWMHI, KONW KBITU LIEAPO
BUAINAOTL HEKTap, TpMBana npoTaricTb CBITNOI NOpU CTU-
MYINOE PO3BUTOK POCNWH i NiT 6axin-36upadvok (Hodovaia.. .,
2020). EkcnepumeHTansHO JoBegeHo, Lo 36upayku npuHo-
caTb y MefoBoMy 306uky Big 40 go 60 Mr HekTapy, a Ans
OTpUMaHHS 1 Kr CBXOro HekTapy Tpeba 3aincHUTM 25 Tneay
BUMbOTIB, LU0, BIAMOBIHO CBIQYMTL 3a OyXe LUMPOKE KOMO
06’ekTiB KOPMOBOI 6a3m KOXHOT 6axonociM’i. 3a cyyacH!MM
JaHMMK HanbinbLW TUNOBOK AN BUNITIB pobounx 6oxin €
Teputopis B Mexax Big 0,5-1-1,5 km i 4o 2-3 kM, npuyomy
ANs OKpeMmX MOnynsiLiii XxapakTepHUM siBuLLeM € riopo-
cnevjanisauia 4o BM3HaveHWX BuaiB pocnuH (Adamchuk,
2020).

BueHi 3'acysanu, WO BWUAINEHHS HEKTapy POCIMHaMK
3anexuTb Big IHTEHCMBHOCTI (POTOCMHTE3Yy Y 3EMeHux
nuCTAX, BMIiCTMAMLWAX xnopodiny. OpraHiyHi peyoBuHM, SKi
YTBOPHOKTHCA BHACNIAOK POTOCUHTESY, BUKOPUCTOBYIOTLCS
Ans (hOpMyBaHHS HOBUX TKAHWH A8 POCTY POCAWH, BUTpa-
YalTbCs Yy npoLeci MeTaboniamy AN ofepXaHHS eHepril,
BiJKNaJalTbCs Y 3anac, a TakoX YacTKOBO BMAINAKOTLCS Y
BUrNsai Hektapy. OCHOBOK HEKTapy € OpraHiuHi LyKpu, sk
BiJ NMCTKiB 6€3nepeBHO pyXatTbCs N0 CyauHam hnoemm
[0 POCTYUMX NaroHiB i KOPEHIB, a TaKOX A0 KBITOK, a NOTIM —
nnogis (Hodovaia..., 2020).

Matepianom Ans yTBOPEHHS HEKTapy CTae Cik, SKWR
HaaXo4uTb MO CyauMHam drnoemu, 3pigka i keunemu. Ha
BiAMIHY Bi CyAWHHOrO COKY HeKTap maixe He mae asoT-
HUX CNONYK i CKNaJaeTbCs 3 BOQOPO3UYMHHUX LYKpiB (caxa-
po3Mu, IMKO3U, PPYKTO3M Y Pi3HUX NponopLisx). Y Aeskux
POCIMH HeKTap BMiLae i BinbL cknagHi cnonyku — Manb-
TO3Y, Menibiody, padiHo3y Ta HE3HAYHY KinNbKiCTb AEKCTPU-
HiB, BaraToaTOMHMX CNMPTIB, OpPraHiYHMX KUCNOT i conew.
Pi3He cniBigHOWEHHSA OKPEMMUX KOMMOHEHTIB HeKTapy
3YMOBIOE cneundivHnii cMak, apomart, Konip Towo pis-

HUX MOHO- i nonicpnopHux coptis megy (Adamchuk, 2020;
Hodovaia..., 2020).

[HTEHCMBHICTb BMAINEHHS HEKTApY NepenyciM 3anexuTb
BiJ aKTUBHOCTI (DOTOCUHTE3Y, ane B 3HaYHINn Mipi peryno-
€TbCS 30BHILUHIMW (hakTOpamu, SKi BMNMBAKOTb HA PICT i
PO3BUTOK POCIIMHU, @ Came: XapakTEPUCTUKN FPYHTY, BOJO-
MOCTayYaHHsl, arpoTeXHiKM BMPOLLYBAHHS, MOTOAHUX YMOB,
ekonoriyHoi cutyadii Ha TepuTopii (Kotsumbas et al., 1998).
Takum 4YMHOM, MOXHA 3poBuUTK NnonepeaHii BUCHOBOK, LLO
GionoriyHa 6e3neyHicTb KBITYIOUMX POCIMH Mig Yac BuAi-
NEHHS HeKTapy, SIKUM XMBNATbCS GOxoNW, 3anexuTb Bid
YyucneHHUX hakTopiB 30BHILLHBLOMO BMNWBY, NepeayciM, TUX
ob’exTiB Npupoam, siki 6esnocepenHbO KOHTaKTYIOTb 3 poc-
NWHOIO (rPYHTK, BOAA, NOBITPS), a TaKoX Big GaratouncneH-
HUX @aHTPOMNOreHHUX haKTopiB, 3HAYHA YaCTUHA SKUX MOXeE
HECTU TOKCUYHI ANns KoMax peyvoBuHu (gobpuea, repbiuunan,
iHCeKTMLUMAN, NOBYTOBI BiAXOAM, iHLUI TOKCUKOTeHHi 06’eKTH
[OBKINAsl, ki 3HAaX04ATHCA B Mexax NboTy 6in, i HaBiTb
Ha Benukii BiACTaHi, ane MoXyTb ByTW NPUHECEHI BITPOM,
BOAOI0 TOLLO).

JocnigHukn Bkasytote (Hruzdova et al., 2022), wo
CinbCcbKorocnogapcbka CUpPOBUHA, A0 cknagy SKOi MOXHa
BigHecTu i kopmoBy 6a3y 6mxinbHULTBA, 3abpyAHIETHCA
nectumMaamMum npsMuMm i Henpsmum  wnsxom.  [pswve
3abpyaHeHHs — nig yac 06pobneHHs cinbckorocnogapChkux
KynbTyp, HENpsIME — LLNSXOM Mirpadlii TOKCUYHUX PEYOBUH 3
TPYHTY, 3anuIieHHs POCIIMH FPYHTOM Mif Yac po3nyLLyBaHHS
nonis, 3aHeceHHs 3abpyaHioBadiB nig 4vac 06pPOGNEHHs
CYCigHiX TepuTopii, nonagaHHsa y BOAOWMM, BUKOPUCTaHHS
3abpyagHeHol Boau ANns nonuey pocniuH, obpobneHHs nicie
Ta nicoHacampkeHb necTvumaamu Towo. 3okpema, BCTa-
HOBMEHO LU0 HaibinbLie 3HAaYeHHs Ans POCIMH € Mirpauis
necTuuMaiB y rpyHTi, ocobnmBo Ans npenaparis 3 BUCOKOH
xiMivHotO cTikicTio y 06’ekTax biocpepu (Hruzdova et al.,
2022). Tpeba 3a3HauuTy, WO AMHAMIKa MirpaLiin TOKCUYHUX
3abpyaHIoBaYiB y 6ioNOriYHMX XapyoBMX NAHLIKOXKAX Ha CbO-
roAHi BYBYEHA HEOCTATHLO, LU0 MIAKPECMIOE aKTyanbHICTb
JOCMIQXXEHHS  €KONOro-TOKCUKOMOTNYHOro npodinto  ckna-
[0BUX 00’€KTIB, SKi MalOTb AOTUYHICTL 4O KOPMOBOI 6a3m
60N Yepes KBITKOBUIA HEKTAP | MUMOK LUIISIXOM BU3HAYEHHS
3arafnibHOi TOKCUYHOCTI, LIO BMIlL@E 3anWLLKOBI KiflbKOCTi
XIMIYHUX TOKCUKaHTIB.

EkonoriyHi Hacnigkm Ha npuknagi nocrtpaxganux Big
BiCbkoBOI arpecii P® TepuTopin YkpaiHn (nopyLueHHs
FPYHTOBOrO NMOKPMBY, NICOBI | CTENOBI NOXexi, 3abpyaHEHHS
NOBEPXHi 3emni HAadTOBUMU | XiMIYHUMW BUKMAAMK BHACHi-
[OK MiApu1BIB TPAHCNOPTY, iH.) MOXYTb CRyryBaTu MOZAEnso
NS BACHOBKIB LLIOA0 €KOMOriYHOI 6e3nekun TepuTopin.

Ha cborogHi, He3Baxaiuum Ha Benukun obcsar Bifo-
MWUX METOAUK BM3HAYEHHSI OKPEMMUX XIMIYHUX TOKCUKaHTIB
y kopmoBux ob’ektax (Kotsumbas et al., 1998; Persoone,
2014), HaykoBLji cBig4aTh L0 aHANITUYHI METOAM KOHTPOMO
TOKCMYHMX CMOMYK Yy OOBKINNi HE € AOCTaHbO iHpopmaTyB-
HUMMU, OCKINBbKN AEMOHCTPYIOTh TiMbKM i3ioNoriyHO aKTUBHI
hopMM LMX KOMMOHEHTIB, a TakoX He nepenbavaoTb nNpo-
LleCu KOMMNMEeKCHOI TpaHcopmMalLlii Hebe3neyHnx NonTaHTIB
y XuBUx opraniamax (Krupei et al., 2022).

MikpoBionoriyHnii TecT BiZHOCUTLCA [0 MynbTUCNELM-
hiyHMX JocnimKeHb, SKi Jal0Tb y3aranbHeHy (iHTerpoBaHy)
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BiQMOBiAb LLOAO BMICTY BCIX pa3oM LUKIANUBUX PEYOBUH Y
3pasky, Lo BUNPOBYETLCS.

B akocTi TecT-06’ekTiB iH(Y30pii NOKasyoTb Liny HU3KY
TEXHOMNOriYHUX nepesar. BoHu BMCOKO 4yTnUMBI A0 Manux
KINbKOCTE TOKCWHIB TPUBHOMO i XiMIYHOrO MOXOMXKEHHS,
MatoTb BiHOCHO BENMKY NIOLLY NOBEPXHi KOHTaKTy 3 po3-
YMHEHWUMM Y BOAi MOMNOTAHTaMW, BUCOKWUIA piBEHb MeTabo-
niamy i npocTi y BUKopucTaHHi. Bei Ui nepesarn [o3sons-
l0Tb Y MONBLOBMX YMOBAX 3BMYANHOrO CiflbrocnnignpueMcTaa
abo naciku oTpumaTu pesyneTaTh LWOAOC HasBHOCTI abo
BiJCYTHOCTi TOKCWYHOCTI Yy 3pa3ky BnpomoBX 1-3-X roguH
(Pozdnyakova et al, 2006; Vinokhodov et al., 1994).

3Baxaroun Ha HU3Ky isionoriyHnx ocobnmuBocTen, came
iHdby3opis Buay Colpoda steinii octaHHiM yacom Habyna
aKTyanbHOCTI B SKOCTi TecT-OpraHiamy, Sk pearye Ha
XiMiuHi, GionoriyHi abo iHWi ywkomXKyo4i hakTopm, aHano-
riyHo BuLWMM MakpoopraHismam (Vinokhodov et al., 1994;
2006). CytteBa nepesara Colpoda steinii nepeq iHwmmK
MikpoBionoriYyHUMU TeCT-opraHiaMamu nonsrae B TOMY, LUO
CTaHOapTHWUI LWTaM iHy30pil € CUHXPOHI30BAHOK Kyrb-
Typoto i Mae cTabinbHy YyTnMBICTb OO TOKCUYHWX CrOMyK
(Vinokhodov et al., 1994; 2006). Lle nossonse otpumaty
CTaHOapTHi pe3ynsratyt ekcrnpec-6ioTecTyBaHHS 3a TepMiH
BNPOZOBX Bif, 3-X XBUIMH [0 3-X FOAWH, a Takox 3abesnevye
BiATBOPEHHS pe3ynbraTiB 3a NOBTOPHUX AOCHigXeHb. [1po-
CTOTa i KOMMAKHICTb METOAY [03BOMSE BMKOPUCTOBYBATM
oro y nonboBMX yMoBax, TOBTO Tam, Ae BiACYTHi yMOBW
[Ns eKCnepuMeHTY Ha iHwmx GionoriyHnx ob’ektax (nabo-
paTopHi Muwi, kponi, pubwu, iH.). MeTognka BU3HAYEHHS
3aranbHOi TOKCMYHOCTI 3pa3kiB cepefoBulla 3 [LOMNOMO-
ol Cyxoi Kynbtypu iHcysopinn Colpoda steinii moxe matu
LUMPOKE 3aCTOCYBaHHS Ha Pi3HUX 06’EKTax CinbCbKOrocmno-
[apCbKoro BMPOBHMLTBA Ha eTanax BXiAHOro, MOTOYHOrO i
KiHLLEBOrO KOHTPOIO CUPOBWHM Ta NPoAyKLii, LWo 0cobnueo
aKTyanbHO B YMOBAX Pi3KOro MoripLUeHHs eKOMNOriYHOT CUTY-
auii Ta HEMOXMMBOCTI ONEPaTNBHO BUM3HAYUTU BUA i Xapak-
Tep 3abpyaHioBavis.

B psagi 3apybikHux gxkepen niakpecneHo HeobXigHicTb
BIOKOHTPOIK TOKCUMYHOCTI NMPOAYKLii arpocekTopa Ha BCiX
eTanax BUpoBHMLTBA BUXOAAYM 3 MOXIMBOCTI BioakyMynsLii
LUKIAMUBMX XIMIYHUX €NEMEHTIB (BaXKki MeTanu, pagioHykne-
ian, 6aKkTepinHi TOKCUHU TOLLO), LLO MOXYTb NMPOHUKATW [0
BUCOKUX TPOMIYHMUX PiBHIB, BKMOYAOUM NPOLOBOsbYY 6asy
HaceneHHs (Persoone, 2014).

Ha cborogHi B niTepatypi BigcyTHi AaHi Wwogo Lwupo-
KOro [OOCNIQKEHHS1 iHTErpoBaHOi 3aranbHOI TOKCMYHOCTI
pisHux 06’ekTiB KOpMOBOI 6a3n 6axin, 3okpema, HegocTaT-
HbO BUWBYEHO LUKOZOYMHHY [0 XPOHIYHOIrO €K30reHHOro
YIUKOMKEHHS Bmxonocivent cnabkumy 3anuwkoBuMmU pis-
HAMW EeK30TeHHUX TOKCMHIB TEXHOMOMYHOMO MOXOMKEHHS
(Sidashova et al., 2021). 3Baxatoun Ha 3Ha4YEHHS MEOOHO-
CHUX BOXin SK Jxxepena BUCOKOSKICHAX Xap4OBWX NPOAYKTIB
(Men Ta aninpofyKTW) Ta OQHOrO 3 OCHOBHMX 3amnuiOBadiB
CiNbCbKOrOCNOAapChKUX  KYNbTYP, AOCMIAXKEHHS  eKoro-
rO-TOKCMKOMOTYHOro Npodinto KOPMOBUX PecypciB naciku
Ma€e aKTyasbHiICTb SIK MOAeSbHa METOAMKA 3 LUIMPOKUM Hay-
KOBO-BMPOOHUYMM BUKOPUCTAHHSM.

Linnto Haworo pocnigxeHHs 6yno po3pobutu MeTo-
[VKY BU3HAYEHHS 3 [OMOMOrOK ecKCnpec-6ioTecTyBaHHS

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

MikpobionoriyHuM cnocobom (kynetypa iHgy3opin Colpoda
steinii) ekonoro-TokcukonoriYHoro Npoginto 06’ekTiB KOPMO-
BOi 6a3n 6kin Ha TepuTopii, OkpecneHoi paaiycoM npoayk-
TUBHOMO NbOTYy GMXonNM (0o 3-5-X KM y pagiyci Big LUEHTpPY
nacikv), WO MOXe CryryBaTu MOZENSI0 CKPUHIHTY Mnokas-
HWKIB 3aranbHOi TOKCUYHOCTI JKepen KOpMiB MeOOHOCHUX
6oxin ans Gyab-gKoi MicLIEBOCTI.

[lns BUKOHaHHS METW HAaMK BU3HAYEHO NnaH pobiT ans
30INCHEHHA psdy MOCNIJOBHUX 3aBAaHb Ha HACTYMHUMW
Me[IOHOCHUI CEe30H, a CaMe: NPOBECTU aHani3 nonepeaHix
PO3BiAKOBMX OOCMIQXKEHb 3 METOK iHHOBALIMHOMO BUKOPW-
CTaHHS  MiKpOBIONOriYHOro EeKcnpec-TecTyBaHHA 06’ekTiB
y 60XinbHUUTBI; po3pobuTn nnaH — rpadik Bigbopy 3pas-
KIiB ANs OOCniQXeHHs BianoOBiAHO OO0 kaneHaapst UBITiHHSA
MeOOHOCIB; MPOBECTN CKPUHIHIOBI AOCNIOKEHHS NOKA3HMKIB
3aranbHoOi TOKCUYHOCTI PYHTIB, BOAW, KBITKOBUX POCINMH Ha
TepuTopil NPOAYKTUBHOIO NbOTY 6AXiN Aemo-nacikuv; 3giic-
HUTU NOPIBHAMNBHO-CTATUCTUYHWUIA aHani3 pesynbraTiB eKkc-
npec-6i0TeCTyBaHHS | BUSIBUTU TOKCMKOTEHHI xepena y
KOpMaXx, SKMMU XMBNATbLCS 60K0NMKM BNPOO4OBX MEQOHOCHOO
CE30HY.

Marepianu i metoam pocnigxeHHsa. B xoai gocni-
[DKeHHs Bynu BUKOPUCTaHi HAacTyNHi METOAU: aHaNITUYHURA,
CTaTUCTUYHUI, CTPYKTYPHO-NOPIBHASBHUIA, @ TakoX 3acTo-
COBaHi aaHi nonepegHix gocnigpxeHb (3a 2015-2022 pp.)
i3 BM3HAYEHHS CcNocobom ekcnpec-6ioTecTyBaHHSA 3 [OMO-
MOFOK KynbTypy iHGy30piii KONMo4 NOKa3HUKIB 3aranbHoi
TOKCUYHOCTi 3paskiB KOPMIB, MPOAYKTIB TBapMHHWLUTBA Ta
iHWKUX 0B’eKkTiB JOBKINMS, WO 6yno BUKNAAEHO Y HaluMxX
nonepedHix nybnikauisix (Sidashova et al., 2016-2022).

[ns anpobauii Mogeni BUSHA4YEHHS! EKONOro-TOKCUKOIO-
riyHoro Npodinto kKopmMoBoi 6asu BAKINLHULTBA Ha NpuKnagi
JeMoHcTpauinHoi naciku «[MetpogonuHa» (Ogecbka obn.)
6yno po3pobneHo nonepeaHi NiaroTosui Aii 3a nnaHomM pobit
Ha HaCTYyMHWiA Ce30H Meao3bopy, L0 BUKNAAEHO HUXYE.

MnaH pobiT Oona npoBedeHHs EeKOoNoro-TOKCMKOMOriy-
HOro ekcnpec-6ioTecTyBaHHs 3paskiB 00’eKTiB TepuTopii
kopmoBoi 6a3u 6oxonocimen gemo-naciku «letpogonuHa
(Opecbka 06r1.)

e po3pobrneHo MEeTOAUYHUMA Niaxia A0 BU3HAYEHHS
onepaTMBHWUM i JOCTYNHUM Yy NOMbOBUX YMOBAX Cnocobom
MOKa3HWKIB 3ararnibHOi TOKCUYHOCTI pi3HMX 06’ekTiB cepeno-
BULLA (KBITIB POCIMH Ta cybCcTpaTy, Ha SIKOMY BOHU POCTYTh)
B Mexax NpoayKTUBHOTO NbOTY BAXiN okpemoi AeMoHcTpa-
uiHoi naciku (10 6axonocimen);

e MiAroTOBaHO afanToOBaHWM IHCTPYMEHTapii Ans Big-
6opy 3paskiB i NpoBeAEHHS ¥ NONbOBUX YMOBaXx ekcnpec-6i-
OTEeCTYBaHHSA MiKpobionoriyHuMm MeTogomMm 3 [0MOMOro
cyxoi kyneTypu iHdysopit Colpoda steinii, wo aetansHoO
BUKMAAEHOo y Hawwwmx nonepeaHix nybnikavisx (Sidashova et
al., 2016-17);

e pO3paxoBaHo i NiAroToBaHo 3a nonepeaHiMu BUCHOB-
Kamu HalumMx CKPWUHIHIOBMX AOCRimMKeHb, HEobXigHy Kinb-
KicTb NpenapartiB ekcnpec-6ioTecTiB i po3xigHUX matepianis
(Sidashova et al., 2016-17);

e MiAroToBaHO 3 [OMOMOrOK iHTEPHET-PEecypcy Heob-
XigHi ons npoBedeHHst AOCHiMKEHHS rpadpiyHi 306paxkeHHs
dparmeHTisB GOOGLE-man 3 Bu3HayeHow nnoileto (tepu-
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TOpiA 3 OKPYXHIiCTIO 00 3-5 KM Bif UEHTpY AeMOo-naciku;
puc. 1i 2), oe 3HaxopsaTbcst 00’'€KTW QOBKINMS, 4OTUYHI [0
MOXMMBOrO TOKCUYHOTO BMIMBY Ha KOpMoBY 6asy 6mxin;

e POBEAEHO MONEepeaHe CTPYKTYPYBaHHS TepuTopii
Ha GOOGLE-manax 3 BuU3Ha4YeHHS rpachiky UBITIHHS OKpe-
MUX HEKTaPOHOCHUX (MUAKOHOCHMX) KynbTYp BiAMNOBIAHO OO
KaneHaapto LBITIHHA, XxapakTepHOMY ANns AaHOi MiCLEBOCTI
(Sidashova et al., 2020);

e pO3pobneHo CTPYKTypy OO’EKTIB AOCMIMKEHHS, SKi
3HaxXo4sATbCs Ha TepuTopii KOpMOBOI 6a3n 6axin aemo-na-
Ciku (rpyHTW, BOOOWMM, NMOLL AUKOPOCAWX i KYNBTYPHUX
POCIIMH-HEKTAPO- i NWUIKOHOCIB, HEOE3NeYHi i TOKCUKOreHHI
00’EKTM — CMITTE3BanNMLLA, TOLLO);

e nigrotoBaHo nnaH Biabopy 3paskiB BigNOBIAHO [0
nepebiry MefOHOCHOTO CE30HY 3 BUKOPUCTaHHAM mone-
peaHbO 3pobneHnx Hamm po3BiLKOBUX JOCTiMKeHb: 3anna-
HOBaHO BiGip 3pa3kiB (rpyHT, Npoby BOAM, AUKOPOCHTI i Kyrb-
TYPHi POCIMHK) 3 KOXHOTO rekTapy TepuTopii B pagiyci go
3-5x KM Bif LEHTpY Nnokauii AeMo-naciku 3 opieHTaLjielo Ha
306paxeHHs GOOGLE-manu;

e BiANOBIAHO 3aranbHOBIAOMOI METOAMKM  €KOno-
ro-TOKCWMKOMNOFMYHOMO ~ eKkcrpec-aHanisy Ta nNpoBefeHuX
nonepenHLO PO3BIAKOBMX CKPUHIHT-6i0TeCTiB 3annaHoBaHo
npoeegeHHs 200-250 ekcnpec-6ioTecTyBaHb 3paskiB Ta
dhikcauis HasiBHOCTI abo BiACYTHOCTI B iX cknagi 3aranb-
HOI TOKCKMYHOCTI y nabopaTtopHomy xypHani (Nastanova...,
2005; Informatsiinyi..., 2005);

-
' & Nerpopommkckoe, Opecckan o...

Jlokauis ueHTpy
JeMOo-naciku B C.
MNeTpogonmHcbke

e B KiHUi ce3oHy Mepno3bopy 3amnnaHoOBaHO 34iCHUTY
MigCYMKOBWI aHania oTpMMaHux BMPOZOBX BCbOro AOCHI-
[DKEHHS! pe3yneTaTiB, iX CTaTMCTUYHY 0BpO6KY | MOPIBHAHHS
BignoBiaHo 0o metoamku (Lakyn, 1990).

[eTanbHO METOAMKY AOCHIAXEHHS 3paskiB 3 LOMOMOrOH
npenapaty kyneTypu Colpoda steinii, ska 30epiraeTbest B
repMeTuyHMX dnakoHax (puc. 3, a i B) BNpodoBx 4-x MicsLiB
i Moxe GyTu BuUKOpuCTaHa Ans BUNpobysaHHs nicns 16-Tu
FOAWHHOTO KYNbTUBYBaHHS (OXUBIEHHS) 3a TemnepaTypu
26-28 °C, Hamu 6yno BuUKNageHo y nonepeHix nyonikawlisx
(Sidashova et al., 2016-17). Micns iHuecTyBaHHS iHdY30piN,
MPOBOAWIIN KOHTPONMb iX PYXIMBOCTI (puC. 4) | BUKOPUCTOBY-
Banu sik 6ioTeCT-iHANKATOPM BU3HAYEHHS 3aranbHOi TOKCUY-
HOCTI BignoBiaHo Jo Bumor HacTaHosu (Nastanova..., 2005).

Mpobu 3paskie 06’ekTiB cepefoBMLLA B MEXAX KOPMOBOT
6a3n gemo-naciku (20 r, y ABOX NOBTOPIOBAHHSIX) 3annaHo-
BaHO BigbupaTu BignoBIZHO OO BUMOT iHCTPYKUiT BUpPOO-
Huka npenapaty kynstypu Colpoda steinii (Nastanova...,
2005; cepii 121-128, iH.) 3 BUKOpUCTaHHAM MoaudikaLii,
po3pobneHnx y nonepepHix gocnimkeHHsx (Sidashova et
al., 2016-17), wo BpaxoByBanu isiuHi XapakTepUCTUKM
3paskiB (rpyHT, Boda, YaCTMHU pocnuH Touo). KoHTporb
PYXNMBOCTi  TeCT-06’eKTiB NPOBOAMIN METOAOM po3fdaB-
NeHoi Kpanni 3 MATU PI3HUX TOYOK MIKPOCKOMIYHOTO npe-
napaty (100x). BignosigHo Ao nokasHukie pobouoi Lwkanm
3aranbHoi TokeuyHocTi (Vinokhodov et al., 1994, 2006) y
nabopaTtopHoMy XypHani ikcyBanu pesynstatu Bunpoby-

(Opecbka 061.)

US1DOTOUNHCKO6' QUECCKSY O

Puc. 1. BukopucTtaHHs uncdpoBOro KOHTEHTY AN BU3HAYeHHA KOPMOBUX pecypciB 64xin Ta micub Bigoopy
3pa3kiB 06’eKTiB AOBKINASA HaBKPyru (pagiyc TepuTopii AocnigkeHHA Ao 2-5 KM) AeMo-nacikv no 306paxeHHAM
¢parmeHTiB GOOGLE-manu 3 pizHoto nnouiero KOpMoBOi TepuTopii: a. Jlokauis Teputopii Aemo-naciku Ha
¢dparmenTi GOOGLE-manum (pagiyc 50 m Bia ueHTpy naciku); B. Jlokauis Teputopii gemo-naciku Ha chparmeHTi
GOOGLE-manu 3 pagiycom 2 KM Big LieTpy naciku
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Puc. 3. MigroroBaHuit 3pa3ok Npobu KBITOK
po3u yaitHoi (a) i 6y3ky aukopocnoro (B) (nepen
noapibHeHHAM KBITOK) Ta (onakoHU Cyxoi KynbTypu
iHby3opin Colpoda steinii i noxueHoro cepepgoBuLia
(ana npoBeAeHHs nonepeaHbOro iHLECTYBaHHSA
TecT-opraHiamis)

BaHb 3pasKiB MO PIBHAM: «FOCTPO TOKCUYHO», «TOKCUYHOY,
«CnabKko TOKCMYHO», «HE TOKCWYHOY» (AN KOXHOro Tep-
MiHYy TECTyBaHHA — 4epe3 3 XBUMMHW KOHTaKTy BOAHOrO
EKCTpaKTy 3pasky 3 iHgy3sopiamu, yepe3 10 xB. i yepes 3
roguHu). BigcyTHiCTb 3aranbHOi TOKCUYHOCTI Y 3pasky, TOBTOo
HesneyHicTb 06’eKTy ekcnpec-0oCnimKeHHs BignosigaTme
BidyaribHa KapTuHa y noni Mikpockona — pyxnusi iHy3opii
Colpoda steinii 3 Tunosoto mopdonorieto (Vinokhodov et al.,
1994, 2006; Pozdneakova et ak., 2006; Sidashova, 2016).

BiomeTpuuHy 06pobKy opepxaHux pesynbsratis [ocni-
[XeHb NpoBeaeHo 3a Metogukoto (Lakyn, 1990).

Pesynbratv gocnigxeHb. 3a pesynsrataMmu nonepeaHix
po3BigkoBux gocnimkeHb Bnpogoex 2014-2021 pokis, npo-
BeJEHWX HaMu B TpbOX 06nacTax YkpaiHu i BUKNageHux B
psgi nybnikauin (Sidashova, 2016-17), 6yno Bu3HayeHo, Wo
cepep 00’eKTIB 30BHILLHBOMO AOBKINIS, SKi Manu OTUYHICTb
A0 KOPMOBWX pecypciB 64XinNbHALTBA, 3yCTpivanuchb 3pasku
3 03HaKamu 3aranbHOi TOKCUYHOCTI (Tabn. 1 2).

Cepen obctexeHux obrnacten YkpaiHu Tinbku mke-
pena aptesiaHcbkoi nuTHOI Bogwn ([MonTaBcbka obnactb)
ANS  TBApWHHULBKMX NIANPUEMCTB He MoKasanu O3Hak
TOKCWYHOCTI, IO CBIZYMNO 3a eKonoriyHe 6naronony4ys
TepuTopii. B iHWKX obcTexeHnx obnactax Ans HanyBaHHS
TBapyH BMKOPMCTOBYBanu BOZOMNPOBIOHY XIOPOBaHy BOAY,
Lo, BIgNOBIAHO, Hagano i 03HaK cnabkol TOKCWYHOCTI Y
11,11-37,50% (P<0,01) Bunagakis, ski, BiporigHo 6ynum nos’s-
3aHi 3 NiABULLEHHAM PiBHS BMICTY Cnonyk xnopy y sogi, 60
iHGpy30pii Ayxe YyTnuBi 4O OTPYMHOI AiT XIopy.

B Tabnuui 2 HaBedeHi pe3ynbraty 06CTEXEHHS BMICTY
3aranbHOi TOKCUYHOCTI B Pi3HUX YacTUHAX 3eMEeHNX POCNH,
a came: y BereTaTMBHWMX opraHax (nwcts, crebna) abo y
penpoayKTMBHUX (KBITKW pa3oM 3 NpunernuMu 4acTuHamm
POCIWH).

MincymoBaHi pesynbrati po3BigKOBUX eKCnpec-Aochi-
[XeHb nokasamu, wo y 5,56% 3paskax pocnuH (P<0,001)
BUSIBIIEHO O3HAKW Pi3HUX PIBHIB 3aranbHOI TOKCMYHOCTI (Big
MOMITHOI A0 cnabkoi), Lo AEeMOHCTPYBano HeobXiaHiCTb
npoBeAeHHs BinbL po3wunpeHnx BunpobysaHb, ANns yTouy-
HEHHS LUIKOJOYMHHOCTI OKPEMUX eneMeHTiB KOpMoBOi 6a3u
naciki BNPOAOBX CE30HYy Medo360py.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty
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Puc. 4. B noni 3opy mikpockona (100x): oxuBneHi,
BXe aKTMBHI iHby30pii konnoau Ta Ti iHdy3opii, AKi
e 3HaxoAATbLCA B uucTax. Pyxnusi ¢gopmm Bxe
XUBNATLCA Ha KONOHIi MikpoopraHiamiB, WO BXOAATb
A0 cknapy noxuBHoro cepeaosulia (Bacillus subtilis)
Ta roTyloTbCA A0 PO3MHOXEHHSA

O6roBopeHHs. [1ns NigTPMMaHHA HOPManbHOT XUTTERI-
ANbHOCTI OKpeMoi 6mxonn Ta 6mKonociM'i B Linomy icHye
notpeba B umncTivi 6e3neyHi Bogi Ans naciku, 3oKpema, Bpa-
XOBYH0YM Bionorito Komax, i Ha BCil TepuTopii NPOAYKTUBHOTO
nboTy 6aXin (BigkpuTi BOAOMMM TOLLO). Hawi gocnigxeHHs
nokasanu MNpUCYTHICTb Cnabkoi 3aranbHOI TOKCMYHOCTI B
3Ha4HoMmy BigcoTKy (8o 37,50%) npob nuTHOI BOAONPOBIA-
HOI BOAM Aeskux obnacten, Lo CBig4MTb 32 HeOBXigHICTb
npuainutn Binblwe yearn 3abe3neyeHHo SKICHOK BOAOK
nacikv, Wo BigMmiyeHo B pagi gocnimkeHHs (Adamchuk,
2020; Sidashova et al., 2021).

Bnnue Ha ctaH 64xin i NokasHUKM AKOCTI Meay BigKpu-
TUX JKEpen BOAM, TUX LLO 3HAXOAATbCS Ha TEPUTOPISX, AKi
nignaganu nig Aito TOKCUKOreHHUX hakTopis, LWo 0cobnmeo
aKTyarnbHO Ans NiCNSBOEHHOrO Yacy, Wwe He BUBYEeHO. Bipo-
rigHO, BMW3HAYEHHS EKOMOro-TOKCMKOMOriYHMX  npodinis
OKPEMUX MACiKk MOXe MOKa3aTu TOKCUMKOTEHHUW CTaH y3a-
ranbHEeHOi KapTUHW MUTHUX DXepen BoaM, L0 3MiHMBCS
BHACMigOK YLUKOMKEHHS TEPUTOPIN BIMCHKOBUMU LisIMU,
3HaYeHHs! YOro Ans BCbOrO arpoCeKTopy i HacemneHHs nig-
KpecneHo y poboTax ykpaiHcbkux B4yeHux (Hruzdova et al.,
2022; Krupei et al., 2022).

WnpokomacwuiTabHmx gocnigxeHb 3aranbHOi TOKCUY-
HOCTi SIK OKpPeMWX eneMeHTiB KOpMOBOi 6a3u 6axin
(30KkpeMa, rpyHTiB, Ha SKWX POCTYTb KBiTYYi POCINHW, SKi
HaiyacTiwe BiABIAYOTb BAXONM) HA CbOrOAHI BIACYTHI.
B uucneHHnx pocnigxeHHAX yKpaiHCbkux i 3apybixk-
HWX aBTOPIB HAJAKTbCA AaHi WOAO BMICTY TOKCUYHOCTI
nuLle OKPeMMX LUKOAOYMHHUX EMNEMEHTIB, SK TO BaXki
meTanu, pagioHykneian, okpemi XiMmiuHi peqyoBuHW, npu-
CYTHi y 3acobax 60poTbbyM 3i WKiZHMKAMW POCANH TOLLO
(Adamchuk, 2020 Kotsiumbas et al., 1998, Persoone,
2014). Taka cuTyalis He Jo3Bonse pospobuTn ontu-
MarnbHi 3axoau 3abesnevyeHHs GiONOriYHOi NOBHOLIHHOCTI
KopMoBOT 6a3n 64xin Ans nacik, Wo 3HaxoasaTbea y ayxe
Pi3HWUX ymMOBax AOBKINNS.

BukopucTaHHa cyvacHUx MOXnuBocTel Lmdposisauii
arpocektopa (Hanpuknag, sukopuctaHHs GOOGLE-man)
[ONOMOraKTh Yy OpraHisauii MeTogmk onTumisalii OuiHKK
TOKCUKOTEHHOCTi cepefoBuiua, Wwo dopmye kopmoBy 6a3y
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Tabnuus 1

Pe3ynbTaTi eKOnoro-ToKCMKONoriYHoro ekcnpec-6iotecTyBaHHs Nnpo6 NUTHOI BoaU

AN TBapUHHULbLKMUX NignpuemMcTB B 3-x obnactax YkpaiHm (2014-2019 pp.)

06nacTs Yneno npo6 Pesynbratn BMrIp(.)GyBaHb, KinbKicTb 3pa3|<i3: %
HETOKCUYHi TOKCUYHI
[HinponeTpoBcbka 10 66,67 33,33
[MonTaBcbka 6 100,00 0,00
[oHeubka 9 88,89 11,1
Opecbka 10 63,50 37,50
Pasom gocnigxeHo (M £ m) 35 79,67+8,79 20,48+8,95*

Mpum.: * - P<0,01 (CV=22.059; td=4.723); ** - noka3HUKU 8CiX 8U3HaHUX MOKCcUYHUMU rpob 8idnosidanu 3Ha4yeHHo "cnabka 3azanbHa

MOKCUYHICMb".

Tabnuus 2

Pe3ynkTaTh eKONoro-ToKCMKONOriYHOro ekcrnpec-6iotecTyBaHHA 3pa3KiB KBITY4YMX POCIIMH-HEKTAPOHOCIB
(Opecbka obnactb, 2021 p.)

3pasky pocnuH Yneno npo6 Pesynkratn BM!1p06yBaHb, KinbKicTb 3[..)a3KiB, %
HETOKCWYHI TOKCUYHI
Caposi KynbTypy (KBiTKM) 6 83,33 16,67
[wvkopocni pocnuHm (KBiTkm) 6 100,00 0,00
KynbTypHi pocnntu (KBiTKY - posa YamnHa) 3 100,00 0,00
3eneHi BeretaTuBHi YaCTWHW POCNMHU (KYKYpYA3a KOpMoBa) 9 88,89 11,11
TpaBa nacosuLla (BEretaTmBHi YaCTUHW POCIINH) 5 100,00 0,00
Pazom gocnigxero (M + m) 29 94,44+3 51 5,56+3,51*
lpum.: * - P<0,001 (CV=7,858; td=17,886).
BOKINbHWLTBA, HA OCHOBI YOrO CTBOPIOKOTLCS YMOBW PO3- BucHoBku.

POOKM YCMILLHUX 3aXO0AiB NPOMINaKTUKN iHTOKCUKaLi 6ako-
nocimMen i OTpUMaHHA Meay 3 BUCOKUMM CBITOBUMU CTaHAap-
Tamu SKOCTi.

YHiBepcanbHICTb 3anponoOHOBaHOI METOAUKM  eKC-
MPEeC-OLiHKN EeKOMOoro-TOKCUKOMOrYHOro npoqinio Tepu-
Topil hopMyBaHHA MPOAYKTUBHOCTI [EMOHCTPALiNHOT
naciku, LO ONUPaeTbCA Ha YHiBepcarnbHWN KpUTEpii
OLIiHKM iHTErpoBaHoi 3aranbHOT TOKCMYHOCTI Pi3HMX 00'€ek-
TiB (3 Jonomoroto TecT-06’ekTiB — iHYy30pil Konnog) 4os-
BO/MTb ONEPATMBHO OLHUTK i CMIBCTABUTU PiBEHb 3MiHU
LUKOOOYMHHOCTI KOPMOBWX pecypciB nacik, po3talloBaHux
B JYXX€ HECXOXMX PErioHax i CNpUATM HAyKOBOMY MOLLYKY
afekBaTHMX 3acobiB 6opoTbOM i3 3arpo3amu iHTOKCUKA-
Uii opraHiamy 6xin Ta NpoayKuii, sky BOHM BUpOGNSOTh.
Ekcnpec-aHania Moxe gatn HaykoBy 6a3y anst po3pobku
e(PEKTUBHOI Ta OnepaTUBHOI NPOINaKTUKN €K30iHTOKCH-
Kauin o6’ekTiB arponaHgwadTiB i TBapWH, WO Ha HUX
MeLUKaTb.

B pesynbrati nonepegHix posBigkoBKX eKcnpec-gochi-
[DKeHb MOKAa3HWKIB 3aranbHOi TOKCUYHOCTI PisHUX 0O0'eKTiB
arpapHoro BUpOOHMUTBa Oyno BCTAHOBMEHO HASIBHICTb
TOKCUYHMX CKMagoBuX, SOTUYHMX 40 hopMyBaHHS KOPMOBOI
6a3n 6xin. Cepen npob nuTHOT Boay (n=35) BUSIBNEHO LNS-
XOM eKcnpec-6ioTeCTyBaHHS 3 AOMOMOrO CyXOi KynbTypi
iHcpy3opin Colpoda steinii 11,11-37,50% 3pa3kiB 3i cnabkoto
TOKCWYHICTIO, @ cepeq 3pa3kiB pocnmH (n=29) — Big 0% go
16,67 %, Lo cBiguMio 3a HeoOXigHICTb MPOAOBXKYBATW CKPY-
HIHrOBI JOCHIMKEHHSA AN BCTAHOBMEHHS €KOMOro-TOKCUMKO-
NOriYHMX NpodhiniB arponaHalagTiB Ha TEPUTOPISX B MEXaX
NPOAYKTMBHOTO NbOTY OmKin, sik GioiHAMKaTOpIB ekonoriy-
HOrO CTaHy MicLeBoCTi. Po3pobneHa CTpyKTypHO-METOANYHA
MoZernb ekcrpec-6ioTecTyBaHHs! 00’EKTIB KOPMOBUX pecyp-
CiB Aemo-naciku Jo3Bonse hopMyBaTh €KOMOro-TOKCMKOMo-
riYHMI Npodinb 3a yHiBEpcanbHUMKM KpuTepismn BionorivHol
6e3neyvHOCTi Ans 3HAYHUX TEPUTOPINA YKpaiHu, YLIKOMKEHUX
XiMiYHUMM 3a6pyaHIOBaYaMK BHACHIAOK BOEHHOI arpecii.
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Ecological-toxicological model screening of feed base of demonstration apricot

The consequences of the impact of hostilities on the territory of Ukraine carry numerous risks of chemical contamination
of agricultural landscapes — the basis of the fodder base of beekeeping. Plant tissues are built from the constituent elements
of soil and water, in particular the synthesis of nectar and pollen in the reproductive organs of entomophytic plants as the
main food resource for bees. Studies in recent years have shown that chemical-analytical methods can not fully determine
the biological level of harm to animals and humans from the effects of numerous pollutants of aggressive, anthropogenically
altered environment, due to unclear ways of biotransformation and synergy processes with other components of the
environment of various toxic substances from the soil that enter the body of honey bees. At present, the impact of the
consequences of the use of modern weapons on the territory of agricultural agreements is insufficiently studied.

The developed method of using the microbiological method of rapid analysis of general toxicity of various environmental
objects that make up the fodder base of beekeeping can serve as a model for assessing the toxicity of the territory and
individual objects and an operational tool for detecting harmful elements of forage resources. The method used to create a
methodological model (using synchronized culture of colpod infusoria) to determine the indicators of general toxicity, given
the universality of its integrated criterion of harmfulness to micro- and macroorganisms of a wide range of environmental
elements, can serve as a methodological model of rapid assessment of ecological and toxicological around the apiary
and an operational and affordable tool for detecting individual contaminants and finding ways to eliminate and prevent
exointoxication of bees and deterioration of honey. Preliminary exploratory rapid studies of individual environmental objects
(2014-2021) in the three regions of Ukraine showed the presence of general low toxicity in drinking water in 20.48 + 8.95%
of samples P <0.01), and the toxicity of various degree in the vegetative and generative parts of plants — 5.56 + 3.51%
of samples (P <0.001). The increase in toxic damage to the territory of Ukraine due to military aggression of the Russian
Federation challenges the in-depth scientific research to improve the methods of rapid response to prevent exointoxics of
bee feed and widespread use of microbiological rapid biotesting of general toxicity.

Key words: bees, food resources, nectar-bearing plants, general toxicity, ciliates of Colpoda steinii, test organisms.
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Y[IK 636.084

AKYLWEPCbKO-TIHEKOJIOINYHA OUCNAHCEPU3ALIA KOPIB 3A MIKOTOKCUKO3IB

YekaH Onekcangp Mukonainosuy

KaHOMAAT BETEPUHAPHUX HayK, JOLEHT

CyMCbKMIA HaLioHanbHWIA arpapHui yHiBepeutert, M. Cymu, YkpaiHa
ORCID: 0000-0002-5676-1947

achekanne@gmail.com

Y cmammi HagedeHo pe3ynbmamu QocnioxeHb Wo00 MOWUPEHHS aKywepchKoi ma 2iHeKonoaidHoi namoroeii Kopie
3a ypaxeHHs1 MIKOMOKCUHaMU Kopmie, 30kpema 3epHa KyKypy03u ma Kykypyd3sHozo cunocy. [pu ubomy AocnioxeHHs
npoeodunu y 080X cKOMapChKUX 20crodapcmeax Ha Kopoeax yKpaiHChbKoi YopHO-psiboi mopobu sikom 3-7 pokie. Memoto
docnidxeHb byro ecmaHo8UMU KOPENAUito ypaxeHHs KopMie MIKOmOKCUHaMU, 30KpemMa 3eapanieHOHOM ma 0e30KCUHiea-
JIEHOMOM pe3Ha KyKypy03u ma KyKypy3H020 cusiocy Ha 8idmeopHy 30amHicmb Kopie. Ha nepwomy emarni eusHayarnu emicm
MIKOMOKCUHI8 y KopMmax. B nodanbwomy 6yro npogedeHo akywepchbKo-2iHeKonoaidHy ducrnaHcepusayjto. [pu ubomy byro
8UKOpUCMaHO KniHiYHi Memodu docnidxeHb. byno ecmaHoseHo, Wo 3eapasneHoH K MIKOMOKCUH Mae ecmpo2eHo nodibHy
0ito ma crpusie BUHKHEHHIO Mamosioaii Se4HUKI8, 30KpeMa namosoais ae4HuKie y eocriodapcmei Ne 1 cmaHosuna 26,0+1,47
eonie, wo cknano 21,55%, a y eocnodapcmei Ne 2 — 22,75+0,85 2onie (15,1%). [pu ybomy, Halbinbwa yacmka — 13 eunad-
Kig y eocriodapcmei Ne 1 ma 12 — y 2ocrnodapcmei Ne 2 cmaHosunu ¢onikynsapHi Kkicmu, Yyacmi nepeaysnu, acuUHXPOHHI ma
HerosHoUiHHI cmamesi Yuku. B moti xe Yac namosioziss Mamku 3a Oii e30KCUHI8aneHo Ty po38usanucs namosoaiyHi npo-
yecu 8 opaaHax cmameeoi cucmemu, 30KpemMa XpoHidHUl eHdoMempum ma cmaHosus 22% ma 27% y nepuwiomy ma 0pyaomy
eocriodapcmei, 8idrnoeioHo. [pu ubomy ycknadHiosascs rnepebic mpaH3umMHoe2o nepiody y Kopis, AKul xapakmepusysascs
YMoBiNIbHEHHSIM IHBOMHOUIUHUX NPOUECi8 8 OpaaHiX cmameegoi cucmemu, Wo 3HUXY8arno 3arnnidHiwdy 30amHicmb Kopig. Tak
y Kopie 1 eocriodapcmea 3annioHrosaHicms 8i0 1-20 ociMeHiHHA cknana 116+3,8 2onis (14,5%), a dpyeozo 108+3,39 (21%).
Kpim moeo 2iHekonoeiyHa namoroaia y 1-my eocriodapcmei cknadana eid 14,8 y 2021 poui do 16,05% y 2020 poui, a y 2-my
eocrio0apcmei aHanoeiyHul nokasHuk ckanadae 6id 17,12% y 2021 poui 0o 19,79% y 2020 poui. Takox Yyepe3 namosnoaiyHi
fpouecu 8 opaaHax cmameeoi cucmemu GiaeHocmysasnu bazamopa3osi be3pe3syibmamHi OCIMEHIHHS, WO Cymmeeo 3HU-
3Ur10 makuli eKOHOMIYHUU rokasHUK sk suxio mensm Ha 100 kopis. Lleli noka3HuK y 1- 2ocriodapcmsi npomsizom 4-x pokie
cknae 65,5+1,76 m/100 kopis, a y dpysomy — 71,5+1,04. BcmaHo8MeHo, Wo ypaxeHHs MIKomoKcuHamu Kopmie 0115 Kopig

Cymmeso 3HUXye 8i0meoprogasibHy 30amHicmb i 3a80a€ 3Ha4HUX eKOHOMIYHUX 36UmKie.
Knroyoei croea: MiKOMOKCUHU, MIKOMOKCUKO3U, KOPOB8U, aKywepcbKo-eiHeKkonoaiyHa ducrnaHcepusayis, HenmioHicms,

AN08ICMb, WMYYHE OCIMEHIHHS, 3arTiOHEHICMb.
DOl https://doi.org/10.32845/bsnau.vet.2022.2.7

Betyn. B TBapuHHMUTBI YKpaiHW KyKypydsa € Baxnu-
BOIO 3E€PHOBOK Ta (DYPaKHOK KynbTypol Ta BUKOPUCTO-
BYETbCA SIK OCHOBHWIA €HEPreTUYHUN iHrPELiEHT y KopMax
Ansa xypobu. Ak 3anakoBa KynmbTypa KyKypyAsa CxuibHa Ao
3apaKEHHS YMCNEHHUMW 3aXBOPHOBAHHAMM, BKITHOHAKOUM
rpubkoBi 3axBoptoBaHHA popi Aspergillus, Fusarium i
Penicillium (Vlajkov, V et al., 2021). Konorisauis Ta picT umx
rpubiB MOXe NpKU3BECTU A0 PiIBHOMAHITHMX BMNIMBIB HA KyIb-
TYPY, TaKMX SIK 3HWKEHHS BPOXalo Ta 3MiHa SIKOCTi, @ TakoxX
3abpynHeHHs mikotokcuHamu (Oldenburg, E. et. al., 2017).
MikoTOKCMHM ab0 BTOPMHHI MeTaboniTh, Lo BUPOBNATLCS
MniCHsABO, € 0COONMBO NpobnemMaTVyHUMK NS TBAPUHHU-
LTBa Yepes 30aTHICTb LMX CMOMyk MogynoBaTh metaboniam
i MIKPOBHY peakLito, BKITHOUA4M HECMPUATIIMBUN BMSIMB Ha
pobOTY LUNYHKOBO-KULLKOBOrO TPaKTy Ta iHIMYTETY, BiATBO-
PEHHS1, NPUPICT i eKOHOMIYHY edekTMBHICTb (Liew, W. P., &
Mohd-Redzwan, S., 2018, Ulger, T. G. et. al., 2020).

Ha picT nnicHABM Ta YTBOPEHHS MIKOTOKCWHIB BMu-
BalOTb Pi3HOMAHITHI  hakTOpK, BKMOYAKYM  KNiMaTUYHI
YMOBM, arpoHOMiYHi npuiommn Ta isnuHy 0bpobky 3epHa
(Eli, K., et. al., 2022). Kpim TOro, MiKOTOKCMHI MOXYTb YTBO-
proBaTUCS Ha BCiX eTanax BUPOOHMLITBA CilbCbKOroCnoaap-
cbkux kynbtyp i kopmie (Nouraldein Mohammed Hamad
Mosab, 2018), To6T0 nepep 36opom Bpoxato, mig vac 36opy
BpOXato, nig Yac 3bepiraHHa kopMmiB, nig Yac obpobku kop-
MiB, Mig 4ac 30epiraHHs MOBHOPALOHHUX KOpMiB abo mig
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yac 3rogoyBaHHs Ha cepmi (Ali, Tehreem & Sarwar, 2020).
FAKLLIO MIKOTOKCUHM YTBOPIOOTLCS Ha Byab-SKil i3 Lnx cTagin,
3HWKEHHS PiBHS iX 3a0pyAHEHHS XiMIYHUMMU, BiOXiMIYHUMY
ymn hisnuHMK 3acobamu € CKnagHUM Yepes NpuTamaHHy im
CTiiKicTb go Temnepatypu, pH (Tarazona, A. et. al., 2021)
abo iHwWi meToawm bioTnyHoi AeTokeukaii (Ponce-Garcia, N.,
et. al., 2018). Takum unHOM, Xyao6a CNoXmnBaE MiKOTOKCUHY,
O MOXe NpW3BECTM A0 HEraTWBHOTO BMMBY Ha 300POB'S
Ta npoaykTueHicTb (Kemboi, D. C., et. al., 2020).

Xoua rmobanbHi NpaBuna WOAO MIKOTOKCUHIB, SIK npa-
BMSI0, 30CEpeKEHi Ha KiNbKOX KMHYOBMX MIKOTOKCMHAX
OKPEMO, iCHye 0araTo pi3HMX TUMIB MIKOTOKCMHIB, BKIO-
YyaluM KOH'IOroBaHi Ta HOBi MiKOTOKCMHM (Anastasiadis,
V., et. al., 2020,). Kpim Toro, mocieu pigko 3apaxarTbcs
OOHMM MIKOTOKCMHOM, a [JOCWUTb BEJINKOK KiNbKiCTH MiKO-
TOKCMHIB OfHOYacHO. HellogaBHE [OCRISKEHHS KyKypy-
[35IHOTO CMIocy nokasano, wo 45% 3paskiB micTunm n'stb
abo Ginblwe MiKOTOKCHHIB i3 21 npoaHanizoBaHux (Gallo,
A., et. al., 2021). Ockifnbkv TBApMHW NOCTINHO NigAAKTLCA
BMNSMBY CyMiLLEN MIKOTOKCUHIB MPOTATOM YCbOrO CBOTO XMT-
TEBOIO LWKIY, HAaBITb HYXYi KOHLEHTPAaLT MOXYTb NPU3BECTH
[0 B3aEMOZHA, SIKi BNSIMBaOTb Ha 300POB’st Ta €HEeKTUBHICTb
(Milicevi¢, D. R., et. al., 2017). Takum YMHOM, OLjiHKa MpK-
CYTHOCTI KifTlbKOX MiKOTOKCUHIB Y KOpMax i FOTOBMX paLlioHax
€ BaXNMBOI, HABITb SKLLO KOHLEHTPAL,l X MIKOTOKCUHIB €
HWXYMMK HOpMaTUBHKX Mex (Schabo, D. C,, et. al., 2021).
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3a ocTaHHe gecatunitTa 6yno onybnikoBaHO YUCMEHHI
npaui 3 yCboro CBIiTY, L0 NOKa3yoTb Npodini 3abpyaHEeHHs
mikoTokcMHamu. OgHak mMano XTo 30cepeamBcst Ha BUPOO-
HULTBI KyKypyasw, i Lie MeHwe aocnifaxysanu npodini
MIKOTOKCWHIB §IK y 3€pHi KYKYPYA3W, Tak i B KyKypya3stHOMY
cunoci (Weaver, A. C., et. al., 2021).

Liginb NpMCYTHS B YCbOMY HaBKOMULLIHBOMY CEPEAOBULL.
Cnopw 3HaxoasaTbCs rMMOOKO B IPYHTI Ta POCAUHHUX 3anuLL-
Kax i roToBi 3apa3vTi POCIMHY, WO pocTe B nofi. MNonboB.i
XBOpPOOW XapakTepusyloTbCsl BTPATOK BpOXato, BTPATO
SKOCTI Ta 3apaXeHHsIM MiKOTOKCUHaMU. BupobneHHs miko-
TOKCUHIB 3a3BM4an NOB'A3aHi 3 eKCTpemanbHWMK Norof-
HUMK YMOBamu, LLIO NPU3BOAATL 40 CTpecy pocnuH abo ria-
partaLlii KopMiB, NOraHoi NPaKTUKK 36epiraHHsl, AKOCTi KOPMIB
Ta ymoB rogisni (Patyal, A., et. al., 2020).

3aranbHOBM3HAHO, WO MiKpocKonivHi rpubu  popis
Aspergillus, Fusarium i Penicillium € Hanbinbl Baxnusmumm
B YTBOPEHHI MIKOTOKCUHIB, LUKIANMBUX ONs BENWKOI pora-
TOi xypobu (Stranska, M., et. al., 2022). MikoTokcuHM, Lo
BUKNUKaIOTb HanbinbLue npobrnem y ckoTapcTsi Taki: acna-
TOKCWH, SIKMIA 3a3BK4an yTBOpPIOOTLCS rpubamu Aspergillus;
[e30KCUHIBaneHorn, 3eapaneHoH, T-2 TOKCWH i (DyMOHi3UH,
SKi NPOAYKYTLCSA (Py3apio3HUMK rpubamu; a Takox oxpa-
TOKCWH, L0 BUPOBnsoTbCa LBinesumu rpubamm Penicillium.
ICHYHOTb COTHi MIKOTOKCWHIB, Pi3HOMaHITHMUX 3a CBOIM XiMiy-
HUM CKMagoM i gieto Ha TBapuH. Y npupodi ManoMoBipHO,
LLIO OAWH MIKOTOKCUH Byae npucyTHIN y Kopmi 6e3 npucyTHo-
CTi iHWmMX mikoTokcuHiB (KOvesi, B., et. al., 2020).

MiKOTOKCUHM MOXYTb 36iNbLUMTU YaCTOTY 3aXBOPHOBaHb
i 3HM3UTU eEeKTMBHICTb BMPOBHULTBA BENWKOI poraTtol
xypobm (Sotnichenko, A., et. al., 2019).

Bu3HaHHS BNAXBY MiKOTOKCUHIB HA NPOAYKTUBHICTL TBa-
pUHHULTBA Byno obMexeHe Yepes CKnagHICTb AiarHOCTUKY.
CumnTOMM YacTo HecneuudivHi Ta € pesynbTatoMm cepii
edhekTiB, WO pobuTb AiarHOCTUKY BaXKOK abo HEMOXIU-
BOK Yepes 3MilllaHi KNiHiYHi 03Haku. TpyaHOLLI AiarHOCTUKM
36inbLUYIOTECA Yepe3 0OMEXEHICTb A0CMiAKEHb, HASABHICTb
KiNbKOX MIKOTOKCWHIB, HEPIBHOMIPHWIA PO3MOAIN, B3aEMOZIL0
3 iHWMMK dakTopamun Ta npobnemu Bigbopy npob Ta aHa-
nigy (Moura, R. D., et. al., 2020).

Yepes cknafHicTb [iarHOCTUKN BU3HAYEHHS npobnemu
MIKOTOKCWHIB CTae npouecom enimiHauii Ta acouiauii. Jeski
OCHOBW MOXYTb BYyTU KOpUCHUMM: 1) MIKOTOKCUMHYM chig po3-
rnagatm sk MOXMUBWIA OCHOBHWMIA hakTop, LLO NPWU3BOAUTb
[0 BTpaT BUPOOHMUTBA Ta 36iMblUEHHS YacTOTK 3aXBOpPHO-
BaHb. 2) OnucaHi KniHiYHi 03HaKW Y XYWHUX MOXYTb ByTK
BUKOPUCTaHIi K 3arafibHWi NOCiGHMK L0 TOro, L0 crnocTe-
piraetbcs Ha dhepmi. 3) CuctemHi edhekTn, a Takox cneuu-
(hiyHe NOLUKOMKEHHS TKaHWH-MiLLeHeN MOXYTb BYTW BUKO-
PUCTaHi SIK KEPIBHALITBO LLOA0 MOXIIMBKX NPUYKH. 4) Yepes
NPUrHivyBasbHy Aito MiKOTOKCWUHIB Ha iIMYHITET MOXYTb CMoO-
cTepiraTucs HETUNOBI 3aXBOPHOBaHHSA abo MigBuLleHa vac-
TOTa 3axBoploBaHb. 5) Peakuis Ha gopaBaHHA AiETUYHUX
afcopbeHTiB abo po3BedeHHS 3apaxeHOro KopMy MOoxe
JonomorTtu B AiarHocTtuui. 5) Cnig nposoauTy aHaniau kop-
MiB, ane TouHun Bigbip npob € npobnemoto (Park, S. H.,
et. al., 2015)

Halyacriwe cTpaxaatoTb KOPOBM, SKi NepexvBaroTb
CTpec, Hanpuknaa monogi koposu. CUMNTOMU MOXYTb BYTH

HECMeunMIYHUMM Ta LIMPOKOro JianasoHy, i Moxe 6yTu
NULLIE KinbKa MOMITHUX CUMMATOMIB, BKMIOYAIOUM 3HUXKEHHS
BUPOOHMLTBA MOIIOKA, 3MEHLUEHHSI CMOXMBAHHS KOpMY,
nepioanyHy gdiapeto (iHoAai 3 KpuBaBUM abo TEMHUM FHOEM),
3MEHLLEHHS CNOXMBAHHS KOPMY, rpybuil BONOCSHMIA NOKPUB,
3HWKEHHS penpoayKTUBHOT GOYHKLiT. NPOAYKTUBHICTb, BKMIO-
Yarun HeperynsapHi LMKAW TiYKK, TiYKy Y BariTHUX KOPIB |
3HWKEHHS PiBHA 3annigHeHHs. Takox Moxe crnocTepiratncst
36inbLUEeHHS 3aXBOPIOBAHOCTI Ha TakKi 3aXBOPHOBAHHS, SIK 3Mi-
LLEHHs cuyyra, KeTo3, 3aTpuMka nocnigy, MeTpuT i Mactut
(Lin, X., et. al., 2021)

[e3okcuHiBaneHon — Lie MiKOTOKCUH, Lo BUPOBNSETLCS
¢y3apio3om, SKMA 3a3BUHAN BUSBMSAKOTL Y 3epHaX, Takux
K KyKypya3a, NleHnus, suMiHb i osec. Vloro ioai Hasusa-
t0Tb BOMITOKCMHOM, OCKiflbKW BriepLue BiH ByB MOB’A3aHui
i3 6roBoToto y cauHen. Bnnime DON Ha mMomnouHy xypoby
HE BCTaHOBIEHO, ane KniHiYHi JaHi NokasylTb 3B’A30K MK
3abpyaHeHHsM DON pauioHy Ta HM3bKOK NPOAYKTUBHICTHO
MOMOYHUX CTas.

Ak i iHWi mikoTokeuHn, ynctuin JOH, gogaHwin oo paui-
OHiB, He Mae Takoi TokcuyHocTi, 9k [OH, wo HagxoauTtb
i3 NpupoaHo 3abpyaHeHMX KopMmiB. BBaxaeTbecs, WO LUe
pesynsTaT B3aemofii 6araTb0X MIKOTOKCUHIB Yy NPUPOAHO
3abpyaoHeHnx kopmax. Lli MIKOTOKCMHM MOXYTb B3aemopi-
ATU, BUKIIMKAOYM CUMNTOMM, SIKi BiAPI3HSAIOTHCA Big OMiKy-
BaHux abo € 6inbLu ceprnosHumn (Awapak, D., et. al., 2021).
Hanpuknag, Tenep Bigomo, Wo ¢y3apuHoBa KACNOTa B3a-
emogie 3 DON, Buknukaroum 6noBoTHI edhekTy, SKi paHille
npunucysanu nuwe DON, wo npusseno [o BUKOPU-
CTaHHS TpuBianbHOT Ha3BK BnBoTHOro TokcuHy aAns DON
(Niehaus, Eva-Maria & Diaz-Sanchez, 2014). BBaxaeTtbcs,
wo DON cnyxutb MapkepoM, SKkuiA BKadye Ha Te, L0 KOpM
OyB niggaHwm cutyadii, ska cnpusina po3BMTKY LiBIni Ta MOX-
NBOMY YTBOPEHHIO KiflbKOX MIKOTOKCWHIB. KOpM, nosuTus-
Huit Ha DON, MOXXe MICTUTK iHLLI MIKOTOKCUHW; OTXe, piBEHb
DON y pauioHi Big 300 go 500 Mmkr/kr MOxe BkasyBaT Ha
npobnemny rogiento Ta notpebye ysarn (Wu, J.-G & Li, H.-Y
& Cheng, N.-K, 2017).

TokcuH T-2 € fyxe NOTYXHUM MIKOTOKCUMHOM, L0 BUPO-
BnaeTbcsa hy3apio3om, SKWA MICTUTLCA B HEBENMWKIN Kinb-
kocTi 3paskiB kopmy (<10%). T-2 NoB’A3aHUIA 3i 3HUKEHHSIM
CNOXWBAHHSA KOPMY, BTPATOK BPOXal, raCTPOEHTEPUTOM,
KULLIKOBOK KPOBOTEYEI0, 3HUKEHHSIM PEenpOAYKTUBHOI 3aaT-
HOCTi Ta cMepTH0. T-2 € TOKCMYHUM ANS TKAHUH KULLEYHUKA,
NiMOIAHMX TKaHWH, MEYIHKW, HUPOK, CEenesiHku Ta KicTko-
BOrO MO3KY, i, SIK BiJOMO, BiH nepeLLkogxae cuHTesy binka
Ta MPUrHivye iMyHiTET. Xoya AaHi LWoAo Benukoi poraToi
Xynobu obmexeHi, BNNuB Ha nabopaTtopHux TBapuH fobpe
onucanuii (Yang, X., et. al., 2020). 3arnbenb Benukoi pora-
TOl xynobu Gyna nos’s3aHa 3 AIETUYMHUMM PIBHSMU BULLE
500 mkr/kr. Xoya gaHuX LIOAO BenuKoi poratoi Xynobw
HEOQOoCTaTHLO NS BCTAHOBMEHHS OOMYyCTUMOro piBHSA T-2,
MW peKkoMeHaoBaHO yHukath noHag 100 MKr/Kr TOKCUHy T-2
y 3aranbHoMy pauioHi (Pogrmic-Majkic, K., et. al., 2019).

3eapaneHoH — Lie MIKOTOKCUH, LU0 YTBOPHOETLCS dpy3api-
030M, Ma€ XiMiYHy CTPYKTYpY, NOAiIGHY [0 eCTPOreHy, i Moxe
BUKIMKATW €CTPOreHHy peakuilo y TBapuH. 3eapaneHoH
BUpOONseTbCs BuAamMu Fusarium, ski BUKNMKAOTb THWUMb
Konockis i cTebna Kykypyasu.
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BcTaHOBNEHHS JOMYCTUMOrO piBHS 3eapaneHoHy Ans
BENMKOI poraToi XyZobu HEMOXIUBO Ha OCHOBI 0BMeXeHOoT
kinbkocTi gaHux. Ak i JOH, 3eapaneHOH MOXe CIyXuTu
MapKepoM TOKCMYHOro kopmy. 3eapaneHoH suiie 200-300
MKI/KF 'y pauioHi MOXe BuKNUKaTu 3aHenokoeHHs (Fu, Y.,
et. al., 2021)

Martepianu i metoam gocnigxeHb. [JocnimKkeHHs npo-
Boaunu y Asox rocnogapcteax Cymcbkoi obnacTi npoTsrom
2018-2021 Ha kopoBax YyKpaiHCbKOi YOPHO-psi6oi nopoau.
B pocnigi 6panu yyacTb 430 kopiB y 1-My rocnogapcTsi Ta
584 koposu y 2-y.

[Npw LbOMY ANst BCTAHOBMEHHS! BiATBOPHOI 30aTHOCTI BUKO-
PUCTOBYBaNW XypHanu pyxy fnoronis’s, XypHan TexHika LTyy-
HOrO OCIMEHiHHs, amBynaTopHui xypHan (y rocrogapcTsi 1)
Ta XypHan peectpalii XBopux TBapuH (y rocnogapcTsi 2)

[1ns BCTaHOBMNEHHS AiarHO3Yy Ha akyLlepCbKi Ta riHeKorno-
riyHi naTonorii BUKOPUCTOBYBANU KIiHIYHI METOAM, 30KpeMa
ornag, nanbnawis Ta pektanbHa Y[3-giarHocTuka 3 BUKO-
puctanHam Y3[] ans TeapuHHuuUTBa Tringa Vet.

CeptudpikoaHi ctaHgapTHi po3yunHn ZEN, ZAN, a-ZAL,
B-ZAL, o-ZOL, B-ZOL Ta i30TON MiYEHWUIA BHYTPILUHIA CTaH-
papt (IS) 13C18-ZEN (25 mkr mn-1) 6ynu oTpumadi Big
Romer Labs (TynnbH, AscTpis).

3MillaHun CTaHOApTHUN PO3YMH FOTyBanu 3 KOHLIEH-
Tpauieto 1 MKr/MN 4ns KOXHOrO aHanidy Ta 3bepiranu npu
4 -C. Poboui po3ymHM 3MillaHOro CTaHaapTy rotysanu B
MOYaTKOBIM PYXOMIlt (hasi Ha novaTky KOXHOI napTii BUMI-
ptoBaHb. Po3unH hepmeHTy ByB CBIXXONPUrOTOBAHMWIA LUNS-
XOM po34nHeHHs 14,4 mr B-rmiokypoHigasm (694300 Of r
TBepaoi pevosuHu-1) B 10 mn 0,075 monb -1 choccatHoro
bydepa (pH 6,8, npurotoBaHuit 3 OQHOOCHOBHUM | ABOOC-
HOBHUM cbochaToM Kanito) 3rigHO 3 iHCTpyKUisMK nocTa-
yanbHWKa B [OeHb BUKOpWUCTaHHSA. 96-nyHkoBui WElution
nnaHwet Oasis®PRIME HLB (3 mr copbeHTy Ha nyHky)
6yno npuabaHo y Waters (Mindopa, Maccauycetc, CLUA).

KanibpyBanbHi ctaHgapTHi po3dnHn Ha piBHsx 0,1, 0,2,
0,5,1,2,5,10, 20 i 50 Hr Mn-1 4Ns KOXHOrO aHanisy BUro-
TOBMANN CEPIVIHUMU PO3BEAEHHAMM 3MILIAHOTO CTaHAapT-
HOro po3uuHy. KoxeH kanibpysansHUN CTaH4apTHUN PO34MH
mictne 25 mkr mn-1 13C18-ZEN sk BHyTpilWHiA cTaHOapT.
3pasku rotyBanu nNpu HU3bKUX, CEPEaHiX i BUCOKUX KOHLIEH-
Tpauisx (0,5, 1 i 5 Hr/mn) WNsaxoM AoAaBaHHS CTaHAAPTHOI
CYMiLLIi B NOPOXHIO MaTPULIKD CUPOBATKY.

MigroToBka 3paska cupoBaTku KpoBi Kopis. [licns pos-
MOPOXYBaHHS MpU KIMHaTHI Temnepatypi 3pa3ku Cupo-
BaTku UeHTpudyrysanu npu 8000%g npotsarom 20 XBUNAKUH
npu 4 -C. 13C18-ZEN pgopasanu go 100 mkn HagocagoBoi
PiAWHK SIK BHYTPILLHI CTAHAAPTM 3 KIHLEBOIO KOHLLEHTpaLlieto
25 mkr/mn 3 noganbwum po3segeHHam 100 mkn docdart-
Horo Bycepa (pH 6,8, 0,075 monb/n). Y BignosigHUx ymo-

Bax Bakyymy nnaHwet Oasis®PRIME HLB pElution none-
penHb0 06pobunu metaHonom i Bogot (500 MKM KOXHOrO)
ANS KOHOWLIOHYBaHHS, @ NOTIM 3aBaHTaXWnU Po3BefeHi
3pasku, SKUM JO3BOMNUNM NOBINBHO TEKTW Yepes KapTpuox
3i weunakicTio npubnusHo 0,5 mMn/xB. 3rogoM NyHKu npo-
musanu 500 mkn Bogw, a notim 500 mMkn cymiwi metaHon/
Boga (1/1, ob6’em/ob’em). licna posseneHHs Bogoto 1:1
posyuH BBOAMNM Ansa aHanisy UPLC-MS/MS (Matraszek-
Zuchowska, |., et. al., 2013).

[ns 3aranbHoOro (BifIbHOro + KOH'IOraTHOro) aHaniay.

MNicna po3mopoxyBaHHs, LeHTpudyryBaHHs Ta Aoaa-
BaHHS BHYTPIilWHiIX cTaHaapTie 500 mkn 3paska cupoBaTku
aviwysanu 3 500 MKN poO3uMHY (PepMEHTY, IO MICTUTb
500 oguHWUb B-rMOKYpOHidasu, i CTpyLyBanu Ha BOASHIN
6aHi npu 37 °C npoTtarom Hodi. [10TiM OTPUMaHUN PO34MH
ueHTpudpyrysanm (8000xg; 20 xB; 4 °C); i 200 mkn cynep-
HaTaHTy 3aBaHTaXxyBanu Ha nonepenHb0 KOHAMLIIOHOBa-
HUN (K 3a3HayeHo Buwe) PRIME HLB pElution nnaHwer.
HacTynHi kpoku Gynu TOYHO TaKUMU X, SK ONUCAHO BULLE
(Bettelheim, Eldad, et. al., 2022).

Pe3synbratn. MiKOTOKCUHM MOXYTb OYyTW OCHOBHUM
areHToM, WO ChpUYMHSAE rocTpi npobnemu 3i 300poB’'sAM
abo NpodyKTMBHICTIO B MOMOYHOMY cTafi, ane 6inbL imo-
BipPHO, LLO MIKOTOKCUHW € (DaKTOPOM, LLIO CNPUSIE XPOHIYHIM
3aXBOPIOBAHHAM, BKIIHOYAKOUYM BUCOKY 4acTOTy 3axBOpHO-
BaHb, NoraHa penpoayKT1BHa 34aTHICTb abo HeonTUManbHe
BUMPOOHMLTBO MONOKa. BoHW NposiBNs0Tb CBIl BNNUB Yepes
YOTUPM OCHOBHUX MEXaHi3Mu:

3MEHLUEHHS CNoXMUBaHHSA kopMy abo BigMOBa Bif KOpMY,

3MiHa BMICTY NMOXMUBHWX PEYOBUH Y KOPMaX, a TakoX 3HU-
XEHHS NOXMBHUX PEYOBUH | MeTaboniamy;

3MiHW B pobOTi EHAOKPUHHOT CUCTEM;

MPUrHIYEHHS IMYHHOI CMCTEMM.

KinbKicTb MiKOTOKCMHIB Y KOpMaX, LLO BUKOPUCTOBYHOTb
[ns rogisni kopiB npeacraeneHi y Tabnuui 1.

[eski aBTOpM NOB’AA3yl0Tb 3eapaneHoH 3 eCTPOreHHUMU
peakuismn Ta CeprosHMMKM npobnemamu epTUNbHOCTI
BENWKOI poratoi xygobu, Bkmovaroum aboptu. CuMnTomm
BKMIOMANW BariHiT, BUAINEHHs 3 MiXBW, NOraHy penpogyk-
TUBHY 30aTHICTb i 36iNbLUEHHS MOMOYHUX 3ano3 y Tenuub
(Manguso, Nicholas et.al., 2022).

Y pocnigxeHHi pauioHy 3 npubnuaHo 750 MKr/kr 3eapa-
neHoHy Ta 500 mkr/kr DON npussenu Ao HefoCTaTHLOMO
CMOXWBAHHS, 3HWKEHHS YTBOPEHHS MOroKa, Adiapei, 36inb-
LUEHHs KiNIbKOCTI 3ananbHUX peakLiii penpoayKTUBHOIO
TpakTy Ta NOBHOI PenpoayKTUBHOI HELLOCTaTHOCTI

[aHi wono nokasHUKIB BIATBOPEHHS KOPIB Y rocnogap-
cteax Cymcbkoi obnacTi HaBeaeHo y Tabnuui 2.

BcTaHoBneHo, Lo KinbKiCTb BariTHUX KOpiB y rocrnogap-
cTBi 1 3a 4 pokM gocnimxeHb CTaHOM Ha 1 CiuHsa cTaHoBUNA

Tabnuug 1
BusiBneHi MikOTOKCMHM Ta iX BifCOTOK B 3pa3Kkax KyKypyA3u Ta cunocy

K-Tb MiKkOTOKCUHIB, 6anis 0 1 2-3 4-6 7-9 10-12
Kykypyasa KinbkicTb npob 9,00 54,00 144,90 275,40 135,00 21,60
% 1,26 7,56 20,34 38,70 18,99 3,06

Cunoc KinbkicTb npob 4,50 27,90 209,70 492,30 236,70 32,40
% 0,36 2,52 18,81 44,10 21,15 2,88
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Tabnuus 2

OCHOBHi NOKa3HUKK BiATBOPEHHSA KOpiB y rocnogapcTBax 3a 2018-2021 poku Ha 01.01

i liHekonoriyHa naTo- | 3annigHeHicTb nicna i
ra°°c"_'r‘;'° Pik Bcboro Kopis BariTHux norisi 1 ociMeHiHHA E:ﬁ%'rk%"’;;
Aap K-Tb % K-Tb % K-Tb % P
2018 427 216 50,59 115 26,23 112 15,93 68
2019 431 229 53,13 127 26,68 115 14,62 63
Ne 1 2020 430 225 52,33 118 29,53 127 16,05 69
2021 419 201 47,97 125 26,25 110 14,80 62
g’gKﬁl 426,75+2,72 217,756,2 121,25+2,8 1163,8 65,5+1,76
2018 584 318 54,45 135 23,12 100 17,12 69
2019 575 310 53,91 139 24,17 105 18,26 71
Ne 2 2020 579 318 54,92 167 28,84 112 19,34 72
2021 581 329 56,63 169 29,09 115 19,79 74
SC?K‘JI 579,75+1,89 318,75+3,9 152,549,0 108+3,39 71,5+1,04
Tabnuus 3
OCHOBHI NOKa3HMKK aKylepcbKoi naTonorii kKopiB y rocnogapcTaax 3a 2018-2021 poku
: Bcboro MopyweHHs Maronoris HenpaBunbHe ; ;
locnopapcteo Pik XBOPUX KOPIB | AMHaMIiKK poAiB | poaoBuMX WNAXIB |  pO3MilleHHs nnoay Bupoanusicts nnopis
2018 65 22 33,85 2 3,08 39 60,00 2 3,08
2019 66 19 28,79 1 1,52 45 68,18 1 1,52
Ne 1 2020 64 15 23,44 3 4,69 45 70,31 1 1,56
2021 62 26 41,94 1 1,61 34 54,84 1 1,61
ggk‘v‘l 64,25:0,85 20,542,33 1,75£0,48 40,752,66 1,2540,25
2018 69 29 42,03 1 1,45 37 53,62 2 2,90
2019 68 28 41,18 3 4,41 34 50,00 3 4,41
No 2 2020 67 26 38,81 2 2,99 38 56,72 1 1,49
2021 65 27 41,54 2 3,08 35 53,85 1 1,54
SSK‘:I 67,25+0,85 27,5+0,65 240,41 36+0,91 1,75+0,48

217,7516,2 wo cknano B cepegHboMy 51%. Mpu ubomy
riHekonoriyHa nartonorisi cknana 121,25+2,8 Bunagkis, LLO B
cepenHbomy 6yno Ha piBHi 27,17% Bif 3aranbHOI KiNlbKOCTi
TBapuH. MNpu LboMy 3anniaHeHICTb KopiB Nicns 1 oCiMEeHIHHS
cknagana 15,35% Big 3aranbHOi KinbkocTi KopiB. Buxig
TenaT Ha 100 kopie cTaHoBMB 65,511,76.

lNopiBHIoKO4M aHanoriyHi NokasHWkK y rocniogapcTsi Ne 2
cnig BKa3aTu Ha Te, LWo cepeq 579,75+1,89 kopiB BariTHUX
Ha 1 ciuHsa Byno 318,7543,9 (54,98%), npv LbOMY riHEKONO-
riuHy natonorito 6yno giarHoctoBaHo y 152,5+9,0 (26,31%)
KOpiB, 3annigHeHiCTb nicna 1-ro ociMeHiHHA Gyna Ha piBHi
10813,39 (18,63%). lMokasHukM riHekonoriyHoi natonorii
y 000X rocnogapcTBax Bigpi3HANMUCS HEQOCTOBIPHO i Gynu
ZOBONi BUCOKUMM, LLO Ha Hawy AyMKYy MOB'AI3aHO i3 Hera-
TUBHWUM BMNMBOM MIKOTOKCUHIB Ha iIMyHHY CUCTEMY KOpIB,
wo nepebyBatoTb Yy TpaH3WTHOMY nepiogi abo Bigpasy
nicns Heoro. Lle y3romkyeTbes 3 AyMkoto BinbLIocTi aBTopis
(Ayala-Soldado et. al., 2022).

Y 3B’A3Ky 3 MM Hamu Byno JOCNiZKEHO NOKA3HWKM aKy-
wepcbkol naronorii (tabn. 3) y uux rocnogapcreax.

Mpy ubomy Gyno BCTAHOBIEHO, LO akyllepcbka naTo-
noris ctaHosuna 64,25+0,85 kopie 3a gocniaHni nepioa, i3
Hux 20,54+2,33 cTaHoBMna naTonoris NOpyLUeHHs poaoBol
ZisnsHocTi, To6T0 Ue 6ynu gosri pogm (Ginblue 8 roguy).

[ana cuTyauis noe’a3aHa i3 TOKCMYHUM BMIIMBOM
Ha MyCKynaTypy MaTku, HE MOXIMBICTH HaKOMWYEHHS B
[OCTaTHIN KiNbKOCTi rMiKOreHy y M’30BMUX BOMOKHaX, Nopy-
LUEHHI YTBOPEHHS! OKCMTOLMHY, LLIO i NpuBoaMIo 4o cnab-
kux neperim Ta notyr. MogibHi aaHi 6ynu oTpumMaHi iHWMMK
pocnigHukamu (Roche, J. R, et. al., 2017).

Kpim Toro Ginbly 4acTuHy natonorii pogiB cknanm
HEBIpHi PO3MILLEHHSA NoAiB NO BiAHOLEHHIO OO POAOBUX
wnsaxie. Tak y rocnogapcTsi Ne 1 uei nokasHWK CTaHOBMB
40,75+2,66 ronis, a rocnogapctsi Ne 2 3,6+0,91 ronis, Lo
[JOCTOBIPHO He BigpisHsanocsa. Ha Hawy aymky Le nos’s-
3aHO i3 NOpYLUEHHAM TPeTbOi cTadil BariTHOCTI, Konu nnig
iHTEHCMBHO Habupae Bary, i He[OCTaTHLOMY TOHYCY MaTKW,
IO MPM3BOAMTL [0 HENPaBWUIbLHOTO PO3MILLEHHS Nnogy Y
MOPOXHWUHI MaTKu, a iHKOMW i [0 NepekpyvyBaHHS MaTku.
[HLWi BYeHi BKasylTb Ha Te, WO Npu Aii MIKOTOKCMHIB Nopy-
LIYETHCS BCMOTYHOMA 3[ATHICTb KULLKIBHUKA, LLO Beae, 00
MOPYLUEHHS! 3aCBOEHHSA Ta BUKOPUCTAHHS Kamblilo Mig Yac
TPaH3WUTHOrO Nepioay, Lo 3yMOBINOE NOPYLLIEHHS SK POAOBOI
ZisnbHocTi, Tak i nepebiry nicnspogosoro nepiogy (Wagner,
N., et. al., 2021).

B TOM xe uac 3pi3 AaHMX TiHEKONOoriYHoi nartonorii
(Tabnuus 4) Bkasye Ha Te, L0 NP XPOHiYHi Aii MikoToKCU-
HiB Hamu Oyno BCTaHOBMEHO BMMaZKM Tino- Ta artpodii
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opraHiB ctateBoi cuctemm Ha piBHi 40% Bia 3aranbHOI Kinb-
KOCTi TiHEKONOriYyHOi NaTonorii, Wo BKa3ye Ha MOPYLUEHHS
BiOHOBHMX Ta MeTaboniyHMX NpoLeciB B opraHiaMmy KOpoBu
NPOTAroOM TPaH3WTHOTO Nepioay.

Tak, natonoria seyHukiB y rocnogapctai Ne 1 craHo-
Buna 26,0+1,47 ronis, wo cknano 21,55%, a y rocnogapcTsi
Ne 2 — 22,75+0,85 ronis (15,1%). Mpu ubomy (puc. 1), Han-
6inblwa vactka — 13 Bunagkis y rocnogapctsi Ne 1 1a 12 —
y rocnogapctai Ne 2 crtaHoBunM oniKynspHi KicTu, YacTi
neperynu, aCUHXPOHHI Ta HEMOBHOLHHI CTATEBI LIUKIIN.

Takox JocuTb cyTTeBUMM Bynm nmaTonorii MaTku, Lo
ctaHosunu y rocnogapctai Ne 1 41,045,8 Bunaakis, a y roc-
nogapctei Ne 2 57,75+7,41. Mpwn upbomy (puc. 2) Bunagkis
3ananeHHs Wik mMaTku y rocnogapctsi Ne 1 6yno 3apee-
cTpoBaHo 15 Bunaakis, a y rocnogapcTsi Ne 2 17,

XPOHIYHUI €HOOMETPUT MICNs 3aKiHYeHHS1 TPaH3UTHOrO
nepiogy ctaHoBuB 22 Ta 27 Bunagkis. lno- Ta atpodis Tka-
HUH MaTKu diarHOCTyBanu Ha piBHi 26 BUNaakis y rocnoaap-
ctBi Ne 1 Ta 22 y rocnogapctsi Ne 1.

MopylieHHs y meTaboniyHmnx Ta BigHOBHMX npoLlecax,
O aKTMBHO BigbOyBalTbCA B TPAH3UTHOMY nepiodi npu-
3BOAATb HE TiNbKM A0 BUHUKHEHHS NATOMOMYHUX CTaHiB B

K-1b
14

10 -

(e} S} B o)} [ee}
L

Tocnomapctso 1

opraHax ctaTteBoi cucTeMu, a i 4o nepexody 3ananeHHs y
XPOHiYHWUIA npouec. OcKifbKW, TPaH3UTHUIA nepiog € Hawi-
6inbLL CTPecoBMM NepiogoM, TO came B Lier Yac HeobxigHo
npuainaT Hanbinblue yBaru AiarHocTuui Ta npodinakTuLi
BUHUKHEHHS

O6roBopeHHs. KoHUeHTpaLjii MiKoTOKCUHIB Bynu BusiB-
neHi B 98,6% 3pa3kiB 3epHa kykypyasu, npu ubomy 90,2%
3paskiB mMicTunu gea abo Ginblue MiKOTOKCUHIB (Tabn. 1).
CepeaHs KinNbKiCTb MIKOTOKCUHIB Ha 3pa3ok CTaHOBMIA
4,79 + 2,44 3 miHimymom 0 i Makcumymom 12 MiKOTOKCU-
HiB, BUSIBNEHMX Yy LMX 3paskax i3 35 nepe.ipeHux. Jluwe
1,4% npob He MICTMNM MIKOTOKCMHIB. HannowmpeHiwowo
rpynot MiKOTOKCUHIB Bynu TpuxoTeLeHn Tuny B, wo Bknto-
yaloTb desokcuHiBaneHon (DON), 3-aueTun-gesokcuHiBa-
neHon (3aDON), 15-auetun-gesokcunsaneHon (15ADON),
AesokcuHiBaneHon-3-rnokosng (D3G), HisaneHon (NIV) i
dysapeHoH X (FX), Busienexo y 81,7% npob.

MikoTokcuHu Bynu BusisneHi B 99,6% npob Kykypynss-
Horo cunocy, npu ubomy 96,8% npob mictunu aga i 6inblue
MikoTOKCUHIB. 3pasku mictunu Big 0 A0 13 MIKOTOKCUHIB
O[JHOYACHO, i3 CepefHbOHO KiNbKICTIO MIKOTOKCWHIB Ha 3pa3ok
5,18 £ 2,26 (Lin, X. et. al., 2021).

B ['inoTpodist
SIEYHUKIB

B QoikynapHa
KicTa
JIroreinoBa

Kicra
B Atpodist

12

B Ckiepos

TocnomapcTso 2

Puc. 1. NaTonorisi s€e4HUKiB

Tabnuugs 4
OcHOBHi Noka3HWKK riHekonoriyHoi natonorii kopiB y rocnogapctsax 3a 2018-2021 poku
- : MaTonoris Matonoris -
FocnopapcTso | Pik Bcboro xBopux Fino-, atpodisn ACYHVKIB siiuenpoeoais Maranoria maTku
kopis 0 0 0 0
K-Tb %o K-Tb % K-Tb 3 K-Tb %o
2018 115 52 45,22 27 23,48 6 5,22 30 26,09
2019 127 48 37,80 22 17,32 5 3,94 52 40,94
Ne 1 2020 118 50 42,37 29 24,58 7 5,93 32 27,12
2021 125 43 34,40 26 20,80 6 4,80 50 40,00
o | 12125828 48,25¢1,93 261147 6£0,41 415,80
2018 135 59 43,70 25 18,52 8 5,93 43 31,85
2019 139 64 46,04 21 15,11 7 5,04 47 33,81
No 2 2020 167 68 40,72 23 13,77 6 3,59 70 41,92
2021 169 71 42,01 22 13,02 5 2,96 71 42,01
ggkﬁl 152,549,0 65,5+2,59 22,75+0,85 6,5+0,65 57,75+7,41
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Puc. 2. NaTonorisa matku

Micna npuitomy BcepeanHy ZEN nepesaxHo meTaboni-
3yeTbCA 00 ABOX FAPOKCUNBbHUX i30MepiB a-3eaparneHony
(0-ZOL) i B-seapaneHony (B-ZOL), siki 3rogom MOXYTb
OyTn BigHOBNEHI Ao a-3eapanaHony (a-ZAL) Ta B-3eapa-
naHony (B-ZAL) BignoBigHo. Takox BUABMEHO, WO HEBe-
nuKa 4vacTuHa a-ZAL nepetBoptoetbes Ha B-ZAL i 3ea-
panaHoH (ZAN). Kpim Toro, ui metabonitu, sk i cam 3EH,
MOXYTb YaCTKOBO KOH'lOryBaTy 3 rMHOKYPOHOBOK KUCMOTOHO
i 3HaYHOK Mipoto BMBOAMUTUCA 3 XoBYt0. [MNiokypoHig ZEN
TakoX MOXXe NMOBTOPHO MOrNMHATUCS Ta Jani metabonisy-
BaTMCS KNiTUHAMU CNK30BOI 0GOMOHKM KULIEYHNKA, 3peLu-
TOI0 HagXxogsyM A0 NeviHKM Ta CUCTEMHOro KpoBoobiry

yepes nopTanbHe kposonoctavyaHHa (Manguso, Nicholas
et. al., 2022).

BucHoBku.

1.'Y pauioni 3 6yno BctaHoBneHo 750 MKr/kr 3eapane-
HoHy Ta 500 mkr/kr DON, W0 Beae A0 3HWXKEHHS aneTuTy,
MOMOYHOT NPOAYKTUBHOCTI, Aiapei Ta HeNnigHOCTi.

2. 3a BnnuBy MIKOTOKCUHIB y rocnogapcTsi Ne 1 riHeko-
noriyHa natonoris cknana 121,25+2,8, y rocnogapctai Ne 2
152,549,0.

3. Mpwn noigaHHi KOPMIB, L0 ypaxeHi MIKOTOKCUHaMK Yy
kopiB 30inbLUYETLCS KinbKiCTb chonikynsapHux Kict 4o 26%
Bif 3aranbHOI KinbKOCTi FHEKOMOri4YHO XBOPUX TBAPWH.
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Obstetrical and gynecological dispensarysation of cows for mycotoxicosis

the article presents the results of research on the spread of obstetric and gynecological pathology in cows due to
mycotoxin contamination of feed, in particular, corn grains and corn silage. At the same time, the research was carried out in
two cattle farms on cows of the Ukrainian black-spotted breed aged 3-7 years. The aim of the research was to establish the
correlation of fodder damage with mycotoxins, in particular zearalenone and deoxynivalenol cutting of corn and corn silage
on the reproductive capacity of cows. At the first stage, the content of mycotoxins in feed was determined. Subsequently,
an obstetric and gynecological dispensation was carried out. At the same time, clinical research methods were used. It
was established that zearalenone as a mycotoxin has an estrogen -like effect and contributes to the occurrence of ovarian
pathology, in particular, ovarian pathology in farm No. 1 amounted to 26.0+1.47 heads, which was 21.55%, and in farm
No. 2 — 22.75 +0.85 heads (15.1%). At the same time, the largest share — 13 cases in farm No. 1 and 12 — in farm No. 2
were follicular cysts, frequent walking, asynchronous and incomplete sexual cycles. At the same time, pathology of the
uterus under the influence of deoxynivalenol developed pathological processes in the organs of the reproductive system,
in particular, chronic endometritis and accounted for 22% and 27% in the first and second households, respectively. At
the same time, the course of the transit period in cows was complicated, which was characterized by the slowing down
of involutional processes in the organs of the reproductive system, which reduced the fertilizing ability of cows. Thus, in
cows of farm 1, the fertilization rate from the 1st insemination was 116+3.8 heads (14.5%), and from the second 108+3.39
(21%). In addition, gynecological pathology in the 1st farm ranged from 14.8% in 2021 to 16.05% in 2020, and in the 2nd
farm, a similar indicator ranged from 17.12% in 2021 to 19.79% in 2020. year Also, multiple fruitless inseminations were
diagnosed due to pathological processes in the organs of the reproductive system, which significantly reduced such an
economic indicator as the yield of calves per 100 cows. This indicator was 65.5+1.7 6 t/100 cows in the first farm for 4 years,
and 71.5x1.04 in the second. It has been established that contamination of cow feed with mycotoxins significantly reduces
reproductive capacity and causes significant economic losses.

Key words: Mycotoxins, mycotoxicoses, cows, obstetric and gynecological dispensation, infertility, sterility, artificial
insemination, fertilization.
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3a cy4yacHo20 po3sumKy nmaxigHuumea npiopumemHUM € opaaHiyHe 8edeHHs 2anysi. ToMy numaHHs 3abe3neqyeHHs
enisoomu4Ho2o bnagonony4yst nmuui nompebyroms enuboKo2o 8UBHEHHS | KOPEKUIi 8 HOBUX yMoB8ax 20Cro0aplosaHHsl. 3a
0aHuMU 84YeHUX, 0Ccob/IUBO Ue cmaso akmyarbHUM ricys 8rnposadKeHHs HOBIMHIX eHepao3bepiearoyux mexHonoeait ma
nputHIMmMS iHHO8aujlHUX pileHb w000 ympumaHHs ma 200ieni Nmuuj, npiopumemHuM i3 SKUX € Kopekuis bioyeHo3sie
WIITYHKOBO-KULLIKOB020 mpakmy nmuuj. Halbinbw eKOHOMIYHO 8U2IOHUM € 3aCmOCy8aHHs rpernapamie Ha OCHO8i pe4yo8uH
MPUPOOHO20 MOXOOXKEHHS, SIKUMU € HOBIMHI npobiomuku, odepxaHi Ha 0CHOBI MpedcmagHUKie HOPMabHOI KOMEHcarlb-
Hoi Mikpogpriopu. Tomy, iHmepec do npobiomukie, 8 m.4. Ha ocHosi Bacillus subtilis, noe’asaHuli i3 Moxnusicmio ennugy
Ha ¢hopmysaHHsi HOPMOGIOPU LWIYHKOBO-KUWKOB020 mpakmy nmuuj, nidmpumanHi ii cmanozo 6anaHcy ma biobesneku
HaeKonuwHL020 cepedosuLya, 8 IKOMy 80Ha rnepebysac.

Pospobneruti Hamu Hosul npobiomuk «bio3aniH», cknadosumu KoMnoHeHmMamu siko2o € bakmepii Bacillus subtilis
i Bacillus amiljliquefaciens, 30amHul 3abesneyygamu o3HadyeHi sumozu. Memoro pobomu 6yr1o 00cidumu aHmazoHiCmMu4Hy
aKkmusHicms H08020 rpobiomuky «bio3aniHy 3a lio2o e3aemodii 3 2pamHe2amuUBHUMU ma 2pamno3umueHUMU MecmosuMu
6akmepismu «in vitro». BunpobysarHsi npobiomuky «biosaniH» nposedeHo dgoma Mmemodamu — memodom 8idmepmiHosa-
HOo20 aHmazoHi3mMy ma memodom br1okie 3 mpupazosumu nosmoprogaHocmsamu docridie. 3a auKkoHaHHsS1 060x Memo0ie 8 KO-
cmi iHOukamopig sukopucmaxi mecmosi MikpoopaaHiamu Pseudomonas aeruginosa ATCC 15442, Escherichia coli ATCC
25922, Salmonella typhimurium ATCC 29630 ma Staphylococcus aureus ATCC 6538. O6rik pe3ysnibmamie nposedeHo 3a
8€M1UYUHO0 diaMempie 30H NPU2HIYEHHST POCMY MecmoguX Kyibmyp MiKpoop2aHi3mie. AHari3 pe3ynbmamie eurnpobysaHsb
npobiomuky «bo3aniH», 3a UKOPUCMAaHHSA 03Ha4YeHUX Memodis, rMoka3ae eqheKmuBHy aHMa2oHICMUY4YHy akmueHicmb rpe-
napamy 3a (io2o 83aemodii 3 mecmosuMU Kyribmypamu 2pamno3umueHuUX i epamMHecamusHux bakmepit. [JoeedeHo memo-
dom 8idmepmiHO8aHO20 aHMa2oHi3My ma MemodoM b110Kig Oyxe 8UCOKUL ma 8UCOKUU pigHi aHMa2oHICMUYHOI akmugHocmi
npobiomuy4Hoz2o npenapamy «bio3aniHy wodo dii Ha mecmosi 6akmepil, 30kpema Ha Escherichia coli ATCC 25922 3 diame-
mpamu 30H iHeibysaHHs pocmy 39,110,13 i 35,8+0,13 mm 8idnosidHo o memody; Pseudomonas aeruginosa ATCC 15442 —
30,1+0,07 i 31,5+0,87; Salmonella typhimurium ATCC 29630 — 37,3+0,27 i 36,7+0,13 i Staphylococcus aureus ATCC 6538 -
38,940,07 i 37,7+0,13 aHaroeiyHo. [epcriekmugHicmb 3acmocysaHHs npobiomuky «biosariHy y cydacHOMY nmaxigHuymei
ronsieae y nidmpumarHi bionoaiyHum criocobom cmabinbHOI enizoomuyHoi cumyauii wodo bakmepianbHUX iHGekyil ceped
nmuuyi ma rpasusibHoOMYy (hopMy8aHHI MIKpOBIOUEHO3Y y WifyHKOBO-KUWKOBOMY mpakmi nmuyi 8i0 HapodxeHHs!, 0cobrugo
3a mexHonoeili nid108020 ymMpUMaHHsI.

Knrovoei cnoea: npobiomuk «biosaniH», aHmazoHicmu4yHa akmueHicmb, npobiomuyHi Kynbmypu, Bacillus subtilis,

Bacillus amiljliquefaciens, bionoziyHe 3He3apaxeHHs, M08ePXHEB0-aKMUBHI PEYOBUHU MIKPOOHO20 MOXOAKEHHS.

DOI https://doi.org/10.32845/bsnau.vet.2022.2.8

Betyn. CydyacHuii po3BMTOK MNPOMMUCIIOBOrO nTa-
XIBHULTBA Ta MpiOpUTETU MOr0 MEPEXOdY Ha opraHiyHe
BeZleHHs ranysi, noTpelyloTb NoLyKiB HOBMX 3acobiB i
npenaparig, ski 6 NpuUrHidyBanu posBUTOK y NTULi naTto-
FEHHWUX | YMOBHO-NATOrEHHUX MIKPOOPraHiamiB, OCKiNbKM
HanWbinbWwmit X BNIMB Ha OpPMyBaHHA i CTaH opra-
Hi3My BigOyBa€eTbCs Ha No4aTKy XWUTTS Yepe3 3aceneHHs
LUNYyHKOBO-kMwKoBoro Tpakty (LUKT). Tomy, nigBuwieHun
iHTepec [0 MpobiOTMYHMX NpenapaTtiB NOB’s3aHuMiA i3 iX
anbTepHaTMBOlD aHTMbioTMkam Aans npotmaii natore-
Ham (Yakhia, Al-Bk. T., 2021; Konopelko A. V., Liasota V. P,,
2022; Stoianovskyi V. H. et al., 2013; lehorov V. et al.,
2022; Solodka L. O. et al., 2021; Potemska O. l.et al.,
2017; Romanovych M. M., 2018).

Y TeXHOMoriYHOMY NpoLeci BUPOLLYBaHHA NTUL Benuke
3HaYeHHs Mae cnocib i yTpMMaHHS Ta LWinbHICTL Noro-
nig’s. 3abe3neyeHHst enizooTUYHOrO Briarononyyust NTuULi €
OfiHUM i3 OCHOBHWX NTaHb, sike NOTpebdye BinbL rMMbokoro
BWBYEHHS | KOPEKLii B HOBMX YMOBax rocnofaptoBaHHs 3a
PO3BMTKY OpraHiyHoro nraxiBHuuTBa. KpiMm 3abesneveHHs
BHYTPILLHBOrO cTabinbHoro ctaHy Hopmodnopu LWKT ntuwi,
BaXNWBO AOTPMMYBaTUCS 6e3MneKkn HaBKOMMLLHLOTO cepeso-
BMLLA, B SIKOMY BOHa nepebyBae, 30KpemMa NoBEPXOHb CTiH i
nignoru, rogisHUUb, niactunky (Balasubramanian B. et al.,
2016; Xiang-Li et al., 2020; Cash B. D., 2014; Hudzenko T. V.
etal., 2019; Chiu, Y. H. et al., 2014).

3a HaykoBMMM [aHMMKM Bigomo, Wwo 6akTepii poay
Bacillus spp., 3okpema Bacillus subtilis BonogjtoTb 3Ha4HUM
GionoriuHum noteHuianom (Donaldson G. P. et al., 2016;
Petrov I. V. et al., 2022; Syal P, Vohra A., 2013).

MpobioTnuHmii  npenapat  «biozaniH» y  cBOEMY
cknagi  MiCTMTb  MikpoopraHiamu  Bacillus  subtilis  Ta
Bacillus amiljliquefaciens Ha antomocunikari.

3a oCTaHHIMKM HayKOBMMW JaHUMK BigOMO, LWo Bacillus
subtilis € NpogyLEHTOM He NULEe aHTUBIOTUYHUX PEYOBHH,
a 1 noeepxHeBO-akTUBHUX peyvoBuH (MAP), 3okpema nino-
nenTuay cypdakTiHy, KA LONOBHIOE Ta NOCUNOE aHTMbak-
TepianbHy Aijto, 3abe3neyye remonianc i yTBOPEHHS IOHHUX
kaHanie y ninigHux membpanax; ninonentugy Ne 1, skui
3MiICHIOE aKTUBHWIA aHTUOaKTEpianbHUIA BNANB HA CMOPOBI
MiKpOOpraHi3Mu; NinonenTuz iTypuH, KU NPOSIBASE aHTU-
OakTepianbHy Aito Ta NigBULLYE eneKTPOMpOBIgHICTL Nini-
piB y membpaHrax. Mpoaykuito Takux pevyoBuH 3abesnevye
HakTepisam Bacillus subltilis nposiBNSTN aKTUBHWUIA aHTAroHi3M
yepes nepesary LLOA0 KOMOHi3aLlii HOBUX CepeoBHLL, Ta KOH-
KypeHLii 3a cybcTpaTti 3 matoreHHUMK MikpoopraHiamamu,
3okpema i npu 3acenenHi LUKT ntuui (Klaenhammer T R et
al., 2012; Medvid S. M. et al., 2017).

MikpoopraHiamn  Bacillus  amiljliquefaciens,  kpim
aHTUOIOTMYHMX,  NpOAYKylTb  minonentug — GanomiumH
A, Ons SKOro xapakTepHa aHTudpymiranbHa akTMBHICTb
(Klaenhammer T R et al., 2012).

MNMoeaHaHHS 03Ha4YeHMX NPOBIOTUYHMX KYNLTYP Y Npena-
paTi «bio3aniH» Ta BUKOpUCTaHHS Npo6GioTuKy Ans Gionoriy-
HOrO 3He3apaXeHHs 06’eKTIB HABKONMULLHBLOTO CEPEROBHLLa,
30Kkpema niaCTWUIKW NS NTUUi, Ha4ae MOXIMBICTb MiATPW-
MaHHs1 aHTMbaKTepianbHOi Ta aHTUdyMiransHOT 6e3neqHo-
CTi 30BHI.

Memoto poboTn Oyno [ocniguTi  aHTaroHiCTUYHY
aKTMBHICTb npobioTuyHoro npenapaty «biosaniH» 3a B3a-
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€Mofii 3 rpaMHeraTMBHUMU Ta rPaMnoO3UTUBHUMU TECTO-
BUMM BakTepisMu.

Martepian i meTogu gocnigxeHb. [JocnigkeHHs npo-
BOAUNM Ha 6asi nabopaTopii AiarHOCTMKM 3axBOPHOBaHb
HaktepiansHoi  etionorii  (JIASBE) HaykoBo-gocnigHOro
mikpobionoriyHoro Bigainy (HOMB) [epxaBHoro Hayko-
BO-Z0CNIAHOr0 iHCTUTYTY nabopaTopHoi AiarHocTukM Ta
BeTepuHapHo-caHitapHoi ekcneptuan (QHOINOBCE).

[lns npoBedeHHs JocnimxeHb B SKOCTI iHAuMKaTop-
HUX BWUKOPUCTOBYBaNM rpamHeraTuBHi TECTOBI KynbTypw
Pseudomonas aeruginosa ATCC 15442, Escherichia coli
ATCC 25922, Salmonella typhimurium ATCC 29630 Ta
rpamno3vTMBHa TecToBa KynbTypa Staphylococcus aureus
ATCC 6538, ofepxaHi i3 My3eto kynsTyp TECTOBUX MiKpO-
opraHismis JIA3BE.

JlocnimKkeHHs 3 BU3HAYEHHS! PIBHS AHTArOHICTUYHOI
aKTMBHOCTI npobioTuyHoro npenapary «biosaniH» npoBo-
Aunu B ymoBax naboparopii, BUKOPUCTOBYOYM ABa Andy-
3iiHi MeToaW: MeToA BiATEPMIHOBAHOrO aHTaroHisMy Ta
mMeTofoM Grokis.

MNpobioTuuHnn npenapat «bio3aniH» € cyxum nopo-
koM i3 BMmicToM 6GakTtepin Bacillus subtilis i Bacillus
amiljliquefaciens y xinbkocti no 1,0x10° KYO/r. [ins npoBe-
[eHHsa BunpobyeaHb 1 r npenapaty possogunu y 9,0 cm®
CTEepUnbHOI ANCTUIILOBAHOI BOAM Ta PETENLHO NepeMiLly-
Banu ogepxaHy CycneHsito npobioTuky, nNpu LbOMY BMICT
03HayeHux BakTepiit yxe cknagas no 1,0x10® KYO/r. 3a
YMOBaMW MOCTAHOBKW AOCNiAY METOAOM BiATEPMiHOBAHOMO
aHTaroHi3My Ans ofepXaHHS OKPEMUX KOMOHil NpobBioTny-
HUX KYNbTYp, SIKi BXOAATb A0 cKnagy npenapary, NpoBogunu
NigTUTPYBaHHSA cycneHsii npobioTuka 3a 3aranbHOnpui-
HATOI0 METOAMKOW MocnifgoBHUX po3sefdeHb (Ashraf R.,
Shah N P., 2014). 3a pesynsratamu nigTutpyBaHHs Gyno
BCTaHOBIIEHO, LU0 A1 OTPUMAaHHS OKpeMMX KOMOHin npobi-
OTU4YHUX BakTepin, SKi BXoAATb A0 cknagy npobiotuka «bio-
3aniH», HeobXigHO 3aCTOCOBYBaTU CYCMeH3ilo npenapary y
koHLeHTpaLuii 102 KYO/cm®.

BukoHaHHs BUNpobyBaHb 3 BCTAHOBMNEHHS PiBHS aHTaro-
HICTWYHOI aKTMBHOCTI NpobioTuKy «bio3aniH» mMeToaoM Bia-
TEPMIHOBAHOro aHTaroHiaMy NpoBoAMIM Ha Jalikax [leTpi 3
2,0 % m’'aco-nentoHHum arapom (MIMA) (Lutgendorff F et al.,
2009). CycneHsito npobioTnyHoro npenaparty y nigTuTpoBa-
HiN KOHLeHTpauii BuciBanu Ha yawku MeTpi 3 MIA, iHky-
Byeanu 3a Temnepatypu 37+1 °C npotarom 48 rog. lMicns
LbOro y yalwku lMNetpi 3 BUPOCIIMMU OKPEMUMU MAKPOKOMO-
HiIMK NPOBIOTUYHMX KyNETYP BHOCUNM X1opoopM B 06’ eMi
[0 3 cm®, Wwob BiH OXONWB BCHO NMOLLMHY YaLLKW, BUTPUMY-
Banu NPOTAroM S XB, 3NMBanNu 3anuLKW Ta MigcyLuyBanm
noeepxHio MIMTA 3 MaKpOKOMOHISIMU B aCenTUYHUX YMOBax
npotsarom 30 xa.

NapanensHo NpoBOAMIM NOCiBY JOOOBUX TECTOBUX KyIb-
Typ MikpoopraHiamis Pseudomonas aeruginosa ATCC 15442,
Escherichia coli ATCC 25922, Salmonella typhimurium
ATCC 29630 Ta Staphylococcus aureus ATCC 6538 Ha
M’sICO-NenToHHWI BynbioH (MIMB) Ta nigpoLysanu ix y Tep-
mocrTarti 3a Temnepatypu 37+1 °C npotsarom 6 rog. OgepxaHi
OynbioHHI TECTOBI KynbTypy BHocunu B 06’emi no 0,1 cm®
B npobipkn 3 5,0 cM® po3nnaBneHoro i OXONOMXeHOro A0
Temnepatypu 45+1°C 0,7 % HaniBpiaKkoro NoXmBHOro arapy

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

(HPA). Cymiw wBuako i petenbHO nepemillyBany Ta BUmn-
Banu Ha NOBEPXHIO MiAcyLweHnX Yawwok MNeTpi 3 Makpokono-
HiIMM NPOBIOTUYHMX MIKPOOPraHi3miB, peTensHO po3noains-
touu i no noeepxHi MIA. MNicns NOBHOrO 3aCTUraHHS CyMiLLli
HPA 3 BignoBigHOK TECTOBOK KynbTYPOLO, Yallku NepeHo-
cuUnu Ao TepmocTarty Ta iHkybyBanu nocieu 3a Temneparypu
37+1 °C npotsarom 24 rog,.

JocniopxeHHs npobioTuyHoro npenapaty «bio3aniH» 3
BiANOBIZHUMM TecToBaMm Kynbrypamu baktepit Gynu npo-
BeJEHi Y TPbOX NOBTOPHOBAHOCTSX.

lNopsid 3 OCHOBHUM JOCMIZOM CTaBMIN KOHTPOMi poCTy
TeCToBUX KynbTyp GakTepiit aHanoriyHo, ane 6e3 nocisy
CyCneHsii 4ocnigHoro NpobioTuKy.

O6nik pe3ynebraTieB NPOBOAMIM, BU3HAYalun LiaMeTp
30H iHriByBaHHA pocTy abo KOHCTaTylouu il BiACYTHICTb Y
TecToBuX BakTepiii HABKONO MaKPOKOMOHIM MiKpoopraHis-
miB pogy Bacillus, siki BxogaTe Ao cknady npobioTUyYHOro
npenapaty. PiBeHb aHTaroHiCTUYHOI aKkTUBHOCTI npobio-
TUKY «bio3aniH» BBaXanu yMOBHO HU3bKUM, SKLLO AiameTp
30HU 3aTPUMKK POCTY KOMMBABCA Y Mexax Big 7 Ao 14 mwm;
cepenHin piBeHb — B Mexax 14—26 MM; BUCOKMIA piBEHb — B
Mexax 27-36 MM Ta Ayxe BUCOKUI piBeHb — BinbLue 36 MM
3a IHTEHCWMBHOIO POCTY iHAMKATOPHUX TECTOBUX BakTepin y
BiANOBIAHNX KOHTPOMSAX.

Micna obniky pesynbraTiB 3 BU3HAYEHHS PiBHA aHTa-
FOHICTMYHOI aKTUBHOCTI, ofepxaHi nokasHuku 6yno obpo-
6neHo cratuctnuHo (Lutgendorff F et al., 2009).

Bci MeToau 3 BM3HAYeHHs! PIBHS aHTArOHICTUYHMX
BacTMBOCTEN Y MpOBIOTUYHKMX MpenapaTiB € HETOYHUMM,
TOMY Ons NiATBEPIKEHHS nonepenHix pesynsratiB Jochi-
[KEHb MEeTOOM BiATEPMIHOBAHOMO aHTaroHi3My Hamu
6yno napanensHo NpoBefeHo BUNPOBYBaHHS iHLIMM METO-
JOM — MeTodOM arapoBux OnokiB y Hawii moamdikauii
(Ivchenko V. M., (2004). ins opepxxaHHs BrnokiB po3seaeHy,
K y nonepeaHbomy gocnigi (1 r npobiotnka+9,0 cm® cre-
PUNBHOT AMCTUIILOBAHOT BOAW), CYCMeEH3ito NpobioTuKy BHO-
CUNW B PO3NNaBMNeHU Ta OXOMOMKEHUA OO TemnepaTtypu
451 °C MIA y cnissigHoweHHi 1:10 (1 yacTuHa po3sefe-
HOI CcycneHsii Ta 9 YyacTuH arapu3oBaHOro cepesoBuLLa),
peTenbHO NepeMmillyBany Ta posnuBany B CTEPUIbHI YaLlKu
MeTpi no 15,0 cm® y KOXHY. Yaluky 3anuwiani 4o NoBHOMo
3aCTUraHHs CepefoBula Ta MPOBOAMIN KYNMbTUBYBAHHS
y TepMmocTari 3a Temnepatypu 37+1 °C npotarom 24 rog.
Micns KynbTWBYBaHHA B acenTUYHUX YMOBAX i3 3acisiHOro
arapy 3a J0ONOMOrot cTepunbHoro npobiliHuka 3 AiameTpoM
9 MM Bupi3anu araposi 6rioku.

Ona opepxaHHs [0BOBUX TECTOBMX KyMbTyp MiKpo-
opraHiamiB Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 15442, Salmonella typhimurium ATCC
29630 ta Staphylococcus aureus ATCC 6538 ix napa-
nenbHo BuciBanu Ha MIA Ta KynsTMBYBanu y TepmocTari
3a Temnepatypu 3711 °C npotarom 24 rog. licns kynstney-
BaHHS B aCENTUYHMX YMOBAX NPOBOAWNM 3MUB BifNOBIAHWUX
TeCToBUX BakTepin CTEPUIbHUM (Di3ioNoriYHUM PO34MHOM
Ta BUroTOBNANM BakTepianbHy CyCcneHsilo 3 KOHLEeHTpaLien
0,5 OO0 3a onTn4HUM cTaHaapToM kanamyTHocTi Mak-®ap-
naHpa. OpgepxaHi 6akTepianbHi cycneHsii BUCIBANM KOXHY
OKpeMo Ha valwku Metpi 3 MIA, peTtensHO po3Tupanu no
BCill NNOWWMHI cepefoBuwa AN ManbyTHLOrO OTPUMAaHHS
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SIKICHOro ra3oHy TectoBux 6akTepii. Yawku 3 nmociBamu
3anuany 3a KiMHaTHoi Temneparypu npotarom 15 xB ans
Aungysii B arap BignoBigHWX TECTOBMX MiKpoopraHimis. [dani
Ha NOBEPXHIO 3aCiSIHWX YalloK Haknaganu no 3 Bupi3aHi
6roku 3 NpobioTMKOM, piBHOBIAAANEHO OAMH Bif, OQHOrO Ta
KynsTMBYBanu 3a Temneparypu 371 °C npotsarom 24 rog.

O6nik pesynbraTiB NPOBOAMNY 32 BEMUYMHOKO AiaMeTpiB
30H MPUrHIYEHHS POCTY TECTOBMX KyMbTYp MiKpOOpraHis-
MIB: HW3bKWIA PiBEHb, SIKLLO AiaMeTp 30HU 3aTPUMKU POCTY
KonuBaBecs y Mexax Bia 7 0o 14 mMMm; cepefHii piBeHb — B
Mexax 14—26 MM; BUCOKWIA piBEHb — B Mexax 27-36 MM
Ta oyXe BUCOKWIA piBeHb — Binblie 36 MM 3a iHTEHCUBHOIO
pOCTY iHOMKATOPHUX TECTOBWX BaKTEPI Y BiANOBIAHWX KOH-
Tponsx. OpepxaHi pesynstatu Bynu obpobneHi ctatuc-
TnuHo (Oivyn Y. A., 1960).

3a 3aKiHYeHHs1 OCHOBHMX A0CniaiB, NoCcTaBneHnx oboma
angysiiHuMm Metogamu, Byno nNpoBefeHO NOPIBHASNBHUM
aHania ofepxaHWx pesynbTaTiB LWOA0 aHTarOHICTUYHOI
aKTUBHOCTI npenapaty «bio3aniHy.

MeToau gocnigxeHb: MiKpoBioNoriYHUIA, CTaTUCTUHHUIA.

Pesynstatv  pocnigkeHb.  AHania  pesynbra-
TiB OOCMiAXEHb 3 BW3HAYEHHS PIBHA aAHTArOHICTUYHOI
aKTWBHOCTI METOAOM  BiATEPMIHOBAHOrO  aHTaroHiamy
nokasae, WO npobioTuyHuin npenapat «bio3aniH», 0o
cKnagy sIKoro BXoasaTb MikpoopraHismu Bacillus subtilis i
Bacillus amiljliquefaciens, Bonogie BUCOKMMM aHTubakTe-
pianbHUMK BNacTMBOCTSMU CTOCOBHO TECTOBMX rpammno-
3nTuBHUX BakTepin — Staphylococcus aureus ATCC 6538
Ta rpamHeratuBHux — Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 15442, Salmonella
typhimurium ATCC 29630.

3a nposefeHnx BunNpobyBaHb MPobioTUYHOMO npena-
paTy LWoAO HacnigkiB Woro BRMBY Ha TECTOBY KyMbTypy
Escherichia coli ATCC 25922 6yno BCTaHOBNEHO Ayxe
BUCOKWUIN piBEHb aHTaroHiaMmy, agpke npobioTUK CnpuuuHAB
3arnbenb TECTOBMX MIKPOOPraHi3MiB, YTBOPIOKOYU 30HY
3aTpUMKM POCTY 3a diameTpoM B cepeaHbomy 39,1+0,13 mm
3a iHTEHCMBHOTO POCTY TECTOBOI KYNbTypW y KOHTPORi. AHa-
MOFYHO AiyXKe BMCOKUN piBEHb aHTArOHICTUYHOI aKTUBHOCTI
6yB BUABNEHWI 3a Aii Npo6iOTMYHOrO Npenapary Ha TeCTOBI
BakTepii Staphylococcus aureus ATCC 6538 Ta Salmonella
typhimurium ATCC 29630, wwo 3acBiayeHO BENUYMHOLO fia-
MeTpY 30HMU iHribyBaHHS pocTy, sika ctaHoBuna 38,9+0,07 Ta
37,3£0,27 MM BIgNOBIAHO 3a IHTEHCUBHOIMO POCTY TECTOBUX
HakTepin y koHTponsx (tabn. 1).

3a gii npobiotnyHoro npenapaty «biosaniH» Ha TecToBy
KynbTypy MikpoopraHiamis Pseudomonas aeruginosa ATCC
15442 Bynu opepxaHi Oewo HwkYi 3a pPiBHEM MOKa3HWKK
AHTaroHICTUYHOI aKTUBHOCTI, NPOTE AiaMeTPX 30H 3aTPUMKK
pocty — 30,1£0,07 MM, 3Haxogunacs B Mexax BEMUYMH, sKi
3aCBifYYOTb BUCOKMIA piBEHb aHTUMIKPOBHOI Aii npenapary.

Takum YMHOM, 3a ofepXaHuMu pesynsratamu BUMPO-
ByBaHb, NpoBEeAEHUMM METOAOM BiATEPMIHOBAHOIO aHTa-
roHiamy, npobioTuuHuii npenapat «bosaniH» nokasas
Oyxe BUCOKY | e(eKTUBHY aHTaroHiCTUYHY aKTUBHICTb
oo Aii Ha rpamno3uTUBHI | rpaMHeraTuBHI TECTOBI KyIlb-
Typu MikpoopraHiamis Staphylococcus aureus ATCC 6538,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 15442 i Salmonella typhimurium ATCC 29630 3a
BENUYMHOIK NOKA3HMKIB AiaMeTpiB 30HM iHriByBaHHS pocTy
Ta 3a iHTEHCMBHOIMO pPOCTy TecToBuX BakTepin y BiAnosia-
HUX KOHTPOMSX.

Tabnuus 1

Pe3ynbraTi gocnigkeHb piBHA aHTaroHiCTUYHOI akTMBHOCTI NpobioTuyHoro npenapary «biosaniHy wopo Aii
Ha rpaMno3uTUBHI | rPaMHeraTuBHiI TecToBi 6akTepii MeTogOM BiATepMiHOBaHOro aHaTaroHiamy, Mtm, mm, n=3

KynbTypm TecToBuX MikpoopraHismis
L ; Pseudomonas Salmonella Staphylococcus
Es;?gg‘;’ggé“’ aeruginosa ATCC | typhimurium ATCC aureus
15442 29630 ATCC 6538
Kinb- | Hasea npoGiotu4yHoro § § § §
KicTb npenapary - 5 - 35 - 5 - 5
pocni- Ta Homep npo6u 5 I IE I 5 I 5 I
e 88 | 258 |88 | 258 |88 | 288 |88 | 288
o FR o Fox o Fox o Fox
=g m'T @ =5 R =5 mT @ =% @'T O
o I =0 = o T =0 = o T =0 = [ =0 =
=T oci =z ocCkE =z ok =z ocCkE
S o S S L] S L] Sm Cs
I:[LE- (:v: I:[@ % I:[@ g l:[@ %
ayxe ayxe ayxe
1. MpobioTuk «bio3aniH» 39,2 BUCOKMUI 30,2 BMCOKMI 37,0 BUCOKMI 38,8 BMCOKMW
ayxe ayxe ayxe
3 2.—«»— 39,2 BUCOKMNN 30,0 BUCOKMI 37,8 BWCOKWI 39,0 BUCOKUN
Aayxe Ayxe Aayxe
3.—«»— 38,8 BUCOKMNN 30,2 BMCOKMI 37,2 BWCOKWI 39,0 BUCOKMWN
CepepnHi nokasHuku 39,1 AYXE 301 , 31’3 AYKE 38,9 AYKE
PIBHS1 QHTArOHICTUYHOI aKTUBHOCTI OJfI3 BrCOKMN 0 167 BrCOKMM 0,27 BACOKM 0 %7 BACOKNM

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

64

Cepist «<BeTepuHapHa MeanLmHay, Bunyck 2 (57), 2022



Tabnuugs 2

PesynkTaTi gocnigxeHb piBHA aHTaroHiCTUYHOI aKkTUBHOCTI NPobioTUKY «Bio3aniHy Woao TeCTOBUX KynbTYp
MiKpoopraHiaMiB meToqom arapoBux 6noukis; Mim, mm, n=3

ArapoBi 6noku 3 npoGiotTukom «Bio3aniH»: &
Ne 1 Ne 2 Ne 3 - E
o
ss |8 2 =s_| % ¢ =s_| 3 £ 2f | 3
=t E I o =% E I o =t E T o 3 T
s>2E | = § s>2E | 5 § s>2E | 5 § o =
Hasga TectoBux ZI59g | SED I5%9g | SED I59g | SED 8S GE
2% 2K g 2% k2
. KynBTYp 8825 | 3882 | 325 | 5882 | 83325 | T8L2 Ss Io
miKpoopraHiamis O -FN | EIGS | 2PN | EIGS | 22N | EIgS c X ex
= Ry © oS = B © o, S = Ru © oS —= =]
o IOC S50 oI OC Es%50 o IOCS Es%60 IS i
SI.0O IElw SI.Q IES® S0 IE-® dg x
©c S OE © X CR S © x5 RS © x5 D ©
g2o8 | a®> g2 | a®> gles | a"> e 2
©EES | T 2 WEE | £ 2 WEES | T 2 3° T
ESE | 8 o ESE | 8 @ ESE | 8 o g
= = = c =
e & = E¥a) & = e g & &
. ; 35,8
Escherichia coli . . . ’ .
+
ATCC 25922 36,0 BUCOKUN 35,6 BHCOKWI 35,8 BUCOKUN ok BUCOKUI
Pseudomonas 31,5
aeruginosa ATCC BMCOKMIA BUCOKUI BMCOKMIA * BUCOKUI
15442 30,0 32,0 32,6 0.87
— ayxe ayxe ayxe 36,7 ayxe
Salmonella typhimurium BI/IgOKI/IVI BVI(},IOKI/IPI BI/ICyOKI/IVI + BMgIOKMﬂ
ATCC 29630 37,0 36,6 36,6 013
ayxe ayxe ayxe 37,7 ayxe
Staphylococcus aureus BI/IgOKI/IVI BVI(},IOKI/IVI BI/I():IOKI/IVI + BVIgIOKVIVI
ATCC 6538 38,0 37,8 37,2 013

Ockinbkn BCi MeToOM [OOCNIIXEHb aHTAroHICTUYHOI
aKTUBHOCTI MIKpOOpPraHi3miB BBaXXatOTbCH HETOMHUMU, PEKO-
MEeHOOBaHO 3acTOCOBYBaTH, SK MiHIMyM, ABa MeToau Ans
HENPAMOro NiATBEPIKEHHS OJEpX)aHUX pe3ynbratiB, Hamu
3actocoBaHo MeToh 6mokiB. AHani3 pesynbratiB gocni-
[KEHb, BUKOHAHWX UMM METOZOM MoKasas, LU0 NpobioTuk
«bio3aniH» NposBNAB AyXe BMCOKI aHTaroHiCTUYHi BNacTu-
BOCTi 3a B3aemopii 3 Salmonella typhimurium ATCC 29630
Ta Staphylococcus aureus ATCC 6538, wwo 6yno 3acBigyeHo
BESIMYMHOIO AiameTpiB 30H 3aTpumku pocty — 36,7+0,13 i
37,7£0,13 mm BignosigHo (Tabn. 2).

Hwxui 3a nokasHuky nonepegHbLOro Jocnigy, ane Bce
X Ha piBHi BMCOKOI @HTArOHiCTWYHOI BMACTMBOCTI, HaMU
Oynn opepxaHi pesynerati BUNPoOYBaHb NPOGIOTMYHOIO
npenapaty «bio3aniH» 3a B3aemopii 3 TECTOBOK KymbTy-
poto Escherichia coli ATCC 25922 i3 ii giametpom 30HM
iHribyBanHs pocty 35,840,13 Mm, npoTe gaHi 3acsigvysanu
BICOKY e(DEeKTUBHICTb NPOBIOTMKY.

Takum ymHOM, 3a pesynbratamu JOCHigKeHb, MPOBEAe-
HUMK MeToaoM Brokis, NpobioTuk «BbosaniHy nokasae gyxe
BMCOKY i BUCOKY Ta e(DEKTUBHY aHTarOHICTUYHY aKTUBHICTb
3a B3aeMOgii 3 rpaMHeraTMBHUMM i F(PaMMo3UTUBHUMU TECTO-
BMMM KynbTypamm MikpoopraHismi Staphylococcus aureus
ATCC 6538, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 15442 i Salmonella typhimurium ATCC
29630 3a BENMYMHOK MOKa3HWKIB AiaMETPIB 30HM iHriby-
BaHHSA POCTY Ta IHTEHCUBHOMO POCTY TECTOBWX MiKpoopra-
Hi3MiB Y BiZNOBIAHUX KOHTPOMSIX.

OOroBopeHHsl. 3a Cy4aCHUMM HayKOBMMMU [aHWUMK
BiJOMO, LLIO BUCOKMI PiBEHb KOHTaMiHaLii KOPMIB Ta OTO4y-
04Oro CepefoByLLA MPU3BOAUTL A0 BUNEPEKaUol KOMo-
Hi3auii WKT nTuyi natoreHHuMy MikpoopraHiamamu, Lo
abo ynosinbHIOE abo nepelukomxae POpPMyBaHHIO HOPMO

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

nopu y knweynnky (Kryvisova M. V., Nikolaichuk M. V.,
2011; Kotsiumbas H. et al., 2017; Mehta R et al., 2011;
Huyghebaert G, Ducatelle R., 2014).

BueHi HaronowyoTb, WO ansTepHaTMBOK aHTWbio-
TVKaM Ans CTPUMYBaHHA PO3BWTKY NaToreHiB € npobi-
OTWYHI NpenapaTtu, Aki BAANO NOEAHYHTb Yy Cobi KOpek-
TopiB Hopmodpniopn LIKT nTuui Ta BWMKOHYHOTH iHLUI
dyHkuii [Kucheruk M. D. et al., 2018; Khariv M. et al., 2017;
Klaenhammer T R et al., 2012).

Huska B4eHUX, 3a pesynsrataMmu BRAaCHUX OOCHIOXKEHb,
[O0BOAATB, WO NPOBIOTMYHI WTaMu MikpoopraHiamis i Bacillus
subtilis 3okpema, 3abe3nedvyloTb KOpPEKLil Mikpodnopm
NTUUi B CTOPOHY 30inblueHHs nakTo- i GicinobakTepin Ta
3MEHLUEHHS KiNbKOCTi YMOBHO-MATOrEHHUX | NaTOreHHUX
6aktepin (Cash B. D., 2014; Krysenko O. V. et al., 2010;
Markowiak P, Slizewska K., 2018; Palma M L et al., 2015;
Yermolina K. O., 2012).

OpepxaHi HaMu JaHi nigTBEpOMM OyXe BMCOKMM Ta
BUCOKWW PIiBHI @HTAroHICTWYHOI aKTMBHOCTI HOBOIrO PO3pO-
BneHoro npobioTuky «bio3aniH» 3 NPOBIOTUYHO KYNETYPOID
Bacillus subtilis y ceoemy cknagi 3a gii Ha TeCTOBI KynbTypu
natoreniB Staphylococcus aureus ATCC 6538, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 15442
i Salmonella typhimurium ATCC 29630 Ta Bka3ylTb Ha
NEePCNEKTUBHICTb WOr0 3aCTOCYBaHHS B yMOBax NTaxorocno-
[apCTB Ta 3a NPOMUCIIOBOTO BUPOLLYBAHHS NTHL.

BucHoBKW. BuaBneHo i goBegeHO MeTogoM BiaTepmi-
HOBaHOrO aHTaroHi3My Ta MeTodoM OroKiB Ay»Ke BMCOKUI
Ta BUCOKMI PiBEHb @HTaroOHiCTUYHOI akTMBHOCTI NpobioTny-
Horo npenapaty «biosaniH» wWo#O Aii Ha rpamHeraTuBHi
i rpamnosuTuBHI TecTtoBi BakTtepii Escherichia coli ATCC
25922 (piametpu 30H iHribyBanHa pocty 339,1+0,13 i
35,810,173 mm BignosiaHo), Pseudomonas aeruginosa
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ATCC 15442 (30,1+0,07 i 31,5+0,87), Salmonella | 6akTepianbHux iHeKLin ceped NTUUi, NnpaBunsHOMY ¢op-
typhimurium ATCC 29630 (37,3+0,27 i 36,7£0,13) i | myBaHHO MikpobioueHosy y LUKT nTuui Big HapopxeHHs,
Staphylococcus aureus ATCC 6538 (38,9+0,07 1 37,7+0,13). | ocobnueo 3a TexHonori 1i NiANOBOrO YTPUMaHHS, LIO
MpobioTnk «bio3aniH» cnpusTUMe nigTPUMaHHi 6iono- | pobuTb NOro NEpcnekTUBHUM NS 3aCTOCYBaHHS y NTaxis-
riYyHMM cnocobom cTabinbHOT enisooTUYHOT cUTyauii Wodo | HWdin ranysi.
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Determination antagonistic activity of the probiotic drug “Biozapin“

According to the modern development of poultry farming, organic management of the industry is a priority. Therefore,
the issue of ensuring the epizootic well-being of poultry requires in-depth study and correction in new farming conditions.
According to scientists, this became especially relevant after the introduction of the latest energy-saving technologies
and the adoption of innovative decisions regarding the maintenance and feeding of poultry, the most priority of which is
the correction of biocenoses of the gastrointestinal tract (Gl) of poultry. The most economically beneficial is the use of
preparations based on substances of natural origin, which are the latest probiotics, obtained on the basis of representatives
of normal commensal microflora.
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Interest in probiotics, incl. on the basis of Bacillus subtilis, associated with the possibility of influencing the formation of
the normal flora of the gastrointestinal tract of the bird, maintaining its stable balance and biosafety of the environment in
which it is located.

Therefore, interest in probiotics, including on the basis of Bacillus subtilis, associated with the possibility of influencing
the formation of the normal flora of the gastrointestinal tract of the bird, maintaining its stable balance and the biosafety of
the environment in which it is located.

The new probiotic «Biozapin» developed by us, the components of which are the bacteria Bacillus subtilis and Bacillus
amiljliquefaciens, is able to meet the specified requirements. The aim of the work was to investigate the antagonistic activity
of the new probiotic «Biozapin» in its interaction with gram-negative and gram-positive test bacteria «in vitro». Testing of
the probiotic «Biozapin» was carried out by the method of delayed antagonism and the method of blocks with three times
repetition of experiments. When performing both methods, the test microorganisms Pseudomonas aeruginosa ATCC 15442,
Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 29630, and Staphylococcus aureus ATCC 6538 were used
as indicators.

The analysis of the results of tests of the probiotic «Bozapin», using the specified methods, showed the effective
antagonistic activity of the drug in its interaction with test cultures of gram-positive and gram-negative bacteria. The method
of delayed antagonism and the method of blocks proved very high and high levels of antagonistic activity of the probiotic
drug «Biozapin» in relation to the action on test bacteria, in particular on Escherichia coli ATSS 25922 with the diameters of
the growth inhibition zones of 39.1+0.13 and 35.8+0.13 mm, respectively to the method; Pseudomonas aeruginosa ATCC
15442 — 30.1+0.07 and 31.510.87; Salmonella typhimurium ATCC 29630 — 37.310.27 and 36.7+0.13 and Staphylococcus
aureus ATCC 6538 — 38.9+0.07 and 37.7+0.13 mm similarly. The perspective of using the probiotic «Biozapin» in modern
poultry farming is to support a stable epizootic situation with regard to bacterial infections among birds and the correct
formation of the microbiocenosis in the gastrointestinal tract of birds from birth, especially with floor-keeping technologies.

Key words: probiotic «Biozapin», antagonistic activity, probiotic cultures, Bacillus subtilis, Bacillus amiljliquefaciens,
biological disinfection, surfactants of microbial origin.
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