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Meroto 1i€i poboru Oysl0 BHBUMTH BIUIMB BrOAOBAHOCTI TIHOO-
KOTUIBHMX MOJIOYHHMX KOpIB Ha BIITBOPHI O3HAaKH, NPOAYKTUBHICTH Ta
GioeHepreTHYHi IMOKa3HUKHU. J{0CIiKEHHS TPOBOMIIN YIIPOJOBX TPABHS
— cepriast 2021 poxy B ymoBax TIIB «Tepesune» Bimminenns BinmpHoTa-
paciBceke (KuiBchbka 001acTh). 3HAYCHHS CEPENHIX MICIYHHX TeMIlepa-
Typ OynH B MeXaxX TePMOHEUTPATBHUX TSI KOPiB MOJIOYHUX Topin. Jlis
JIOCIIDKEHHs Oy10 cpopMOBaHO TPH Ipymnu KopiB apyroi sakrauii. o [-1
rpynu (n=14) BiIHOCHJIM TBapHH, KOTPi MaJii OL[IHKY BTOJOBAaHOCTI Ha
piBHi Bix 2,0 no 3,0 6anis, no II-i rpynu (n=24) — ouinky Bix 3,0 no 3,75
6aia i go I1I-i rpyru (n=15) — 4 i Bumie 6amniB. OmiHIOBaHHS BroA0BaHOCTI
y rpymnax TBapWH MPOBOIMIN B mepiof ruOokoi TineHOCTI. [TpogykTrB-
HicTh KOpiB 3a miepri 120 716 rakraiii BU3HAYaIM 32 JaHAMH KOMIT FOTep-
Horo o0miky Ta nporpamu DelPro. V kopiB II-i rpynu criocrepiranu nemo
KOpOTLIMI TepMiH cyXxocTiitHoro nepioay (Ha 3 ta 1 100y), HOPIiBHSHO 3
tBapuHamiu I-i Ta I1I-1 rpyn. HaiikopoTmumii Tepmin cepBic-niepiofy cro-
crepiramu y I rpymi kopiB — 164 mo6wu, mo Ha 7 Ta 24 1obu MeHIe, Hix
y tBapuH II Ta III rpyn, BiamosigHo. YV kopiB II-i rpynu Oyna HaiiBuUIIa
cepenHbo1000Ba MPOAYKTHBHICTh YIPOIOBK KOXKHOTO i3 mepmux 4-x
MicsuiB sakranii (120 1i6). BonHouac y kopis III rpynu npoayKTHBHICTE
OyJia HaltHW)K4O10, a y TBapuH I-i rpynu criocrepirany NpoMi>kHI 3HAUCH-
us. [Ipu npomy y kopis III-i rpynu nponyKTHBHICTE YIPOJOBXK aHAJO-
TiYHOTO TIepioy Oyia HaWHMKYIOI0. AHATI3yI0un O10€HEPreTHYHI O3HAKH
KOpIiB Pi3HOi BroJOBaHOCTI BCTAHOBJICHO, 10 HAWBHUIIUI MOKA3HUK Y-
CTHX BUTpAT eHeprii Ha BUpoOHUITBO | KT 4 % Monoka OyB y xopis III-i
rpynu — 3,71 MJIx, a HaliHmwkuuii — y TBapuH II-1 rpynu — 3,49 Mx.
PesynberaTy nociipkeHb MOKa3aiy, 10 KOPOBH Pi3HOI BrOJOBAHOCTI Iie-
pell OTENICHHSM MaJli BUCOKI eHepreTuyHi ingeken — Bin 50,25 1o 53,99 %,
npoayktuBHi — Bix 0,260 mo 0,286 Kr 3a MUTOMOT BTpaTH HETTO-CHEPTil
Bix 1,852 mo 1,988 M/Ix na 1 M/Ix eHeprii MoJsioka.

Ki11040Bi cjioBa: MOJIOYHI KOPOBH, BrOOBaHICTh, MMPOAYKTUBHICTD,
BIATBOPEHHSI, O10€HEPreTHYHI 03HAKH.

IlocTanoBka mpodjieMH Ta aHaJi3 OCTaH-
HIiX J0caimKeHb. /{1 eheKTHBHOTO BUPOOHUIITBA
MOJIOKa HEIOCTaTHBO MaTH XOPOIIYy KOPMOBY 0a3y,
YTPUMYBAaTH XynoOy 3 BUCOKMM T'€HETHYHHUM IIO-
TEHI1aJIOM, OTPUMYBATH TeAT mopoky. HeoOxin-
HO MaTH TIEBHY JIaHKY, IO TIOEIHYE OCHOBHI TeX-
HOJIOTIYHI MPOIECH Ta MPHUHOMH, SKi CTAHOBISATH
ocHOBY BupoOHwuITBa [ 1, 2, 3]. Ilieto nankoro ciy-
Ty€ MEHEIXKMEHT CTaja, [0 BU3HAYa€ IOCHTiJOB-
HICTb BUKOHAHHSI OKPEMUX €TalliB Ta oneparii, Ta
3a0e3Medye 37arofXeHIiCTh poOOTH eTamiB BCi€l
TEXHOJIOTI1, 10 B KiHIIEBOMY IiJICYMKY BH3Ha4ae
€KOHOMIUHY €(eKTUBHICTh Ta PEHTa0eNbHICTh BU-
poOHuITBA MOITOKa [4].

6

BrojoBaHicTh TBapuH — II¢ KUTBKICTh €HEpre-
TUYHUX 3allaciB B OpraHi3Mi, BiIKJIaJeHUX Y BH-
VTSI )KUPY Ta YaCTKOBO O171Ka y M’ SI30BUX BOJIOK-
Hax. J[1s 4yrcnoBoro BupaxeHHs pe3epBiB eHeprii
OpUAHATO OaJbHY OLIHKY BrOJOBAaHOCTI XymoOu.
VY 300TexHIUHIN Haymi i MpaKTUIl CBITY 3acTo-
COBYIOTH Di3HI CUCTeMH OaJbHOI OLIHKH Bromo-
BaHocTi xynoou. ¥ Kanaai ta €Bponi npuiHsITO
5-0aibpHY CUCTEMY OLIIHKM BIOIOBAHOCTI XynoOH,
y CHIA — 9-6ainbny [5, 6].

Be3 HasBHOCTI MEBHOTO JKMPOBOTO 3aracy Ko-
POBH HE MOXYTh HOPMajbHO BiATBOPIOBATHCHL.
ChorofHi He ICHy€ CTaHIAPTHOI CHUCTEMHU OIUCY
CTaHy BrOJIOBaHOCTI, IKa MO>KE BUKOPHUCTOBYBATUCS
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SIK 1THCTPYMEHT yTIPaBIIHHS CTaJOM BEJIHMKOI pora-
TO1 Xymobu Ta mpodeciiiHoi KOMyHIKaIli MiX BH-
POOHUKAMU, HAYKOBIISIMH, KOHCYJIBTAHTAMH 3 TIH-
TaHb BUPOOHHUIITBA MOJIOKA. Y Pa3i BUKOPHUCTAHHS
Ha PEeTyJLIPHIN Ta MOCIIIOBHIM OCHOBI OI[IHIOBAHHS
CTaHy BroJJ0OBaHOCTI TiJIa OTPUMYIOTH iH(OpPMAIIifO,
3a KO0 MOXKYTh OyTH NMPUHHATI €PEKTUBHI PillleH-
HS IIOJI0 YIIPABIIiHHS Ta IIPorpaM rogyBasus [7, 8].

CraH BrogoBaHOCTI TiJIa PH OTEJICHHI Ta I10-
pOIHA HAJCKHICTh € HalBaromimumu ¢hakropa-
MH, III0 BIUTUBAIOTH HA PEMPOTYKTUBHY (DYHKITiO
[9, 10].

Tonisis KOpiB y CYXOCTIHHUH MEepio CyTTEBO
BIUTMBA€ HA IXHE 3JI0POB’S T4 MOJIOYHY MPOIYK-
THBHICTH Y TIOJAJIBITY JIakTarlito. I1ig gac orenen-
Hs Habararo OuIbIIIEe YCKIATHEHD BiIOYBA€THCS B
okupimx TBapwH. KpiM Toro, y paHHii mepion
JIaKTaIlii BOHU CIIOKMBAIOTh Habararo MeHIIe Cy-
X0i peuOBHHU parioHy. Ha msoMy Ti1i B opraHiz-
Mi PI3KO 3aroCTPIOETHCS ACGIIUT BYIIICBOMIB Ta
MIPOTEiHY 3a HAIUININKY B KPOB1 BUTBHUX JKHPHHUX
KHCJIOT, 1[0 IIPU3BOAMTD A0 301JIbIIICHHS BUIIAIKIB
PO3BHTKY TaKHUX METaOOJIYHUX 3aXBOPIOBAHb, SIK
OXXHPIHHS, KETO3, & TAKOX JIO 3HWKEHHS HaJI0iB Ta
TIOTipIIIEHHS SKOCTI Mostoka [11, 12].

YV BUCHaXCHHUX TBApWH Y PaHHIN TIepiof jJak-
Tamii 4epe3 BIJICYTHICTh MOCTaTHIX Pe3epBIiB Op-
raHi3My 3HIKYIOTBCS HaZOi Ta PENpOMYKTHBHI
O3HAKH, 3’SIBIIOTHCS IATOJIOTII, OB s13aHl 3 00-
MIiHOM PEYOBHH.

®DaxiBIll BU3HAYWIIH, IO HA TIEPIIi CTaIii JIak-
TaIlii KOPOBH HE MTOBHHHI BTPavaTH KUBY Macy O1JTb-
e, Hik Ha 1 6aj, OCKUIbKH i€ HEraTUBHO IO3HAa-
YJaeThCA HA iX PEMPOAYKTHBHIN cucTemi. Jlocmimy,
mposeneHi B CIIA, moka3aiu, 1o icHy€e 3BOPOTHHIMA
3B’S130K MK OaJIaHCOM €HEpTii Ta TPUBAIICTIO Bifl-
HOBJICHHS (DYHKITIT S€YHUKIB Micis oTeneHHs. [ani
EKCTICPIMEHTY CBiT4aTh, IO MPAKTUYIHO Y BCIiX He-
TeJel, BroJoBaHICTh SKUX Oyia 1,5 Gama Ta HIK-
4e, OTEeJICHHS MPOXOJMIIN 3 YCKIIATHEHHSIMH, TTiCIIs
4Oro iX JJOBOAWIIOCS JOBTO JIIKYBaTH, & Pe3yJIbTaTH
Teparii He 3aBxau Oy mo3uTuBHUMH [ 13].

BcraHoBieHo, 10 mepes OTENCHHSM OITH-
MajlbHa BrOJOBaHICTh ITOBHMHHA CTAaHOBHUTH 3,5—
3,75 6ana. Came B Takidi rpymi Oyl10 OTpHMaHO
HaWKpaIi MOKa3HUKH, a TOJIOBHE — HE OYyJI0 BUSB-
JICHO TBapWH i3 B&XKUMH OTEJICHHSAMH Ta ITiCIIs-
TTOJIOTOBUMH yCKIaaHCHHIMHE [14, 15].

Bigomo, 110 romiBis KOpiB y CyXOCTIHHHMN TTe-
pion CYyTTEBO BIUIMBAE HA iX 3MOpOB’S Ta MOJIOY-
HY TPOXYyKTUBHICTH IIiJ] Yac TOMAJBIINOI JIaKTa-
uii. [Ipu oreneHHi, HanpHUKIam, HabaraTo OibIIC
YCKJIQJHEHb PEECTPYIOTh Y BrOJOBAaHMX TBapHH.
Kpim Toro, y paHHiii mepiof JakTaIlii BOHH CITO-
JKUBAIOTh HAbararo MeHIIe Cyxoi pedOBHUHH parli-
OHY, IO MPHU3BOUTH JIO PI3KOTO 3HMKECHHS JKUBOT
MacHd. Y TakMX TBapWH HabaraTo dacTilne pee-

CTPYIOTh TPUBAIAH TiCIISITIOIOTOBHI aHETPYC, 00
3MiHH B €CTpaIbHOMY KT [ 16].
3arTiIHIOBaHICTh HAIMIPHO BTOIOBAHUX KOPIiB
TICJIS TIEPITIOr0 OCIMEHIHHS HIDKYA, HIK Y OCOOHMH
3 HOpMaJIbHOIO KoHmuIieto [17]. ns perynsproi
OITiIHKY 3MiH CHEPTETHYHMX 3aIlaciB B OPTaHi3Mi MO-
JIOYHUX KOPIiB y 0araTbox KpaiHax B IKOCTI IIPaKTHU-
HOTO METOIY MPUHHATO OaJbHY OIIHKY BrOIOBAHO-
cti Tinma tBapuH [ 18, 19]. B Ykpaini Taka MeTomnka
e nepedyBae B CTafii HAYKOBOTO OOTPYHTYBaHHS,
a BITYM3HSIHI HAYKOBIII ITi€l Tamy3i 3a3BUYal BHKO-
PHCTOBYIOTH 1HO3€MHI a00 MICIIEBI METOUKH.

MeTo1o 11i€l poO0oTH OYJI0 BUBYMTH BILIUB BrO-
JIOBAaHOCTI ITMOOKOTUILHUX MOJIOYHHX KOpIB Ha
BIITBOPHI O3HAKH, MPOTyKTUBHICTH Ta OioeHEpre-
TAYHI TTOKa3HUKH.

Marepian i meromu mociaimkenHsi. Jloci-
JOKEHHSI TIPOBOJMIIM YIIPOJOBK TPaBHS — CEPITHS
2021 poky B ymoBax TIIB «Tepe3une» BimmiicH-
Hs BimpHOTapaciBchke (KuiBcbka o6macts). s
JOCITIHKEHHS O0yi10 ¢(hOpMOBaHO TPH I'PYIIH KOPIiB
npyroi saktarii. Jlo I-i rpynu (n=14) BigHOCWIH
TBapWH, KOTPi MAJIX OIIIHKY BrOIOBAaHOCTI Ha PiBHI
Bix 2,0 no 3,0 6anis, xo II-i rpymu (n=24) — omin-
Ky Bix 3,0 go 3,75 6ana i no II-i rpymm (n=15) — 4
1 Butie 6aiiB. OIiHKY BroJJOBaHOCTI y TpyTax TBa-
PYH TIPOBOIMIIN 32 5-0aJBHOIO MIKAJIOK 3 iHTEp-
BajioM y 0,25 Oana B mepion rirOOKOI TiIBHOCTI
[20]. Ims BH3HA4YEHHS BrOJOBAaHOCTI 3aCTOCOBY-
BaJIM CIELiaJbHY IIKady, po3podieny mis (gepm
3 0e3NpuB’I3HUM YTPUMaHHAM KopiB. Touku myis
Bi3yaJbHOTO BU3HAYCHHS BrOJIOBAHOCTI 3 OOKOBO-
IO Ta 33IHFOTO BUIVISI/IIB HABEJICHO Ha PUCYHKY 1.

Puc. 1. AHaTOMIYHi KOHTPOJILHI TOYKH
IJ15l BU3HAYEHHSI BrOJI0OBAHOCTI 3 00KOBOI0
Ta 3aIHBOTO PaKypciB:

1 — cigar4HI TOpOM; 2 — KIIyOH; 3 — MOTIEPEKOBO-
peOepHi BIAPOCTKH IIOMEPEKOBHX XPEOIIiB;
4 — ocruCTi BIAPOCTKH; 5 — BEPTIIOT CTETHOBOI
KICTKM; 6 — HepeqHs JIiHisl MIUPOKOTO 3aHBOTO
nosicy; 7 — 3aJiHs JiHis IIUPOKOTO 3aAHHOTO TIOSICY.
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IIpomyKTUBHICTD KOPiB BU3HAYAIH 32 JTAHUMHU
KOMII FOTEpHOT0 00JIIKY Ta MpOrpaMHOro 3abesre-
yenHs DelPro. MacoBy uacTky >kupy y MOJIOL BU-
3HAYaIM 3a Pe3yabTaTaMy MOMICSIIHOTO BimOOpy
3pa3KiB MOJIOKa 3a JOTOMOIOI0 aHaji3aTropa Mo-
noka (Milkotester Lactomat Rapid S, Bulgaria).
JKupy macy xopiB micis otenenns Ha 100 moOy
JaKTalii BU3HAYaJIM 32 JIIHIHHAMU IPOMipaMH.

BioeHnepretnuHy OLIHKY KOpiB MPOBOIMIM 32
MeTomuKamu, onmcanuMu A.S. Marquez-Acevedo,
2023 [20].

Eneprernunnii innexc (EI) nokasye, sxa goss
HETTO-BUTpAT CHEPTrii KOPMiB ITEPEXOTUTH B €HEP-
Ti0 MOJIOKa 1 pO3Pax0OBY€ETHCS 32 POPMYIIO0:

EI = (E nakrauii x 100) : (E miarpumku +
+ E nmakrariii),

ne: El — eHepretuunumii inaexc, %;
E nigrpumkn — HeTTO-eHEpTis miATpUMKH, MJIX;
E nakrarii — HetTO-eHepris nakraiii, MJ{x.

IIponyktusuuii inmexc (I1I) xapakrepusye
MIPOAYKITiF0 MOJIOKA, CKOperoBaHoro Ha 4 % xup-
Hicts (MKIK), Ha OMUHUITIO HETTO-BUTPAT €HEPTii
1 BU3HAYa€THCS 32 (HOPMYIIOIO:

[T = Hx (MKXX) : (E miarpumkn+E nmakrarii),

ne: Tl — npomykTUBHUH iHIEKC (TMPOMYKIlisS MOJOKa,
CKoperoBaHoro Ha 4 % >KHUpHICTb, 3 pO3paxyHKy Ha 1
Mk HeTTO-BUTpaT eHeprii), kr/MJIx;

H (MKXX) — naziit monoka, ckoperosanoro Ha 4 %
JKUPHICTb, KT

E nmigrpumkn+E nakrarii — 3Ha9YCHHS Ti XK.

Hapniii monoka, ckoperoBaHoro Ha 4 % >xup-
HICTh, BU3HAYAIH 32 (OPMYIIOI0:

MKX=H x (0,4 + % X x 0,15),
ne: MKOXK — monoko, ckoperoBane Ha 4 % KHPHICTD, KT

H — ¢pakTuynmii Haaid, KT;
% 2K — BincoTok xupy y dakrnuHomy Hajoi, Y.

Martepianu gociimKeHb 00pOOISITH METOIOM
BapialiifHOI CTPAaTHCTUKU Ha OCHOBI PO3pPaxyHKY
cepenrporo apupmeruunoro (M), cepeaHbOKBa-
JpaTHYHOT TOXUOKH (M) Ta TOCTOBIPHOCTI Pi3HU-
i MK mopiBHIOBaHMMHU TokazHukamu (P). Jlns
MOKa3y BIPOT1IHOCTI B TAONHUIIAX IPUHHSATO YMOB-
Hi mo3HaueHus P>0,95; P>0,99; P>0,999, siki B po-
00Ti, BIAMOBIIHO, TTO3HAYEHI 3ipoukamu (*;™;"")

Pe3ynbTaTn AociaiizkeHHs Ta 00rOBOpeHHS.
OpHi€ero 3 yMOB pealizailii TeHETUYHOTO ITOTSH-
ialy MOJIOYHOT NPONYKTHBHOCTI KOpiB 1 peH-
TaOCMBHOCTI BEJCHHS BCi€l Tamy3i MOJOYHOTO
CKOTapCTBa, MOPs 3 OPraHi3alliel0 MOBHOIIHHOT
TOMIBIIi, BIPOBA/KCHHIM HOBUX MPOTPECHBHUX
TEXHOJIOTIH YTPpUMaHHS 1 TOTHHS, € IHTEHCHUBHICTD
BUKOPUCTAHHS MaTOYHOTO TIOTONIB S Y BiITBOPEH-
Hi, sika 0araTto B YOMY BH3HAYA€ThCS TEPMiHAMHU
3aIUTi THEHHS KOPiB IMicist oTeNieHHs [14].

8

Bcranosneno, mo y xopi I1-i rpymm OyB nerno
KOPOTIIUH TEpPMiH CyXOCTiifHOrO mepiomy (Ha 3
Ta 1 n10o0y), mopiBHsHO 3 TBapmHamu I-i Ta III-1
rpyn (Ta6m.). Ilpu 1iboMy HaTOBITIHI TEPMIH cep-
Bic-TIepioAy i, BIATIOBITHO, Mi*KOTEJIEHOTO TTEPIOTY
cnoctepiras y III rpymi kxopiB. HaiikopoTmmmit
CepBic-Tiepiof ciocTepirany y TeapuH I-i rpymm.

3a onTUMaJIBHUX yYMOB TOMIBII 1 YTpUMaHHS
KOpiB iXHi T0OOBI HAZO01 y MEPIIHH TEPio MicIIs
OTEJICHHS, SIK TIPABWIIO, 301IBITYIOTHCS 1 JOCsTa-
FOTb MAaKCUMYMY Y CEPEIHHI APYTOTO MiCSIIs JIaK-
Tamii. 3 MoJaJbIITUM XOJ0M JIAaKTAaIlil Halo1 mocTy-
MIOBO 3HIDKYIOTHCSA. Taka 3aKOHOMIPHICTh 3MiHH
HaJ0iB YNPOMOBXK JaKTallii ITOB’s3aHa 3 1HTCH-
CUBHICTIO JJAKTOTCHHOT (DYHKIIiT T1I10TaJaMo-Timo-
(dhizapHOI cHCTeMH Ta IHIHMX 3aj7103 BHYTPIIIHBOI
cekpertii [8].

Bcranosneno, mo y kopiB Il rpymu, xorpi
MaJli BrOIOBaHICTh y IMTOJIOTOBOMY BiJIIICHHI Ha
piBHi Bixg 3,0 mo 3,75 Gama, Oyima HaWBHUIIA TIPO-
TYKTUBHICT yIIPOmoBX meprux 120 mib makrartii
(tabm. 2). [Ipu npomy y xopiB Il rpymu npomyk-
THBHICTH OyJla HAWHIKYOIO, a Y TBapuH I-1 rpymm
CITOCTEpIraay MPOMiXKHI 3HAYCHHS.

KinpkicTs eHeprii, ska BUTPa4ae€ThCs Ha ONIU-
HUIIO TIPOAYKINi TBApWHHWIITBA Ta HAa IMiITPH-
MaHHS JKUTTEMSUIBHOCTI OpTraHi3My, 03BOJISIE
BH3HAYHMTH O010€HEPreTHYHY €(PEKTHBHICTD Pi3HUX
TEXHOJIOT1 BUPOOHHMIITBA 1 XapaKTepHu3ye X Bif-
MOBIHICTh Oi0JOriYHUM HoTpebaM TBapuH. [1o-
Tpeba B eHeprii Ha MIATPUMKY JKATTEIISTHHOCTI
OpraHi3My BH3HAYAETHCS TEIUIOBIIIAUCIO TBAPHH,
KOTpi TiepeOyBarOTh y TEPMOHEHTPATLHUX YMO-
Bax. BcTaHOBJEHO, IO BTpATH TEIUIA ISl TBAPUH
PI3HOI KWBOI MacH OIHAKOBI a0o OJWM3BKI B PO3-
paxyHKy Ha OJIMHHITIO )KHBOi MacH y cTytieHi 0,75
1 BU3HAYAIOTLCSA SIK 0COOIUBOCTIMH (HOPMU Tija,
TaK 1 y9acTIO y TeIUIOBiIadi jJereHsb. bioenepre-
THYHA OITiIHKA MOJIOYHHX KOPIiB BUKOPHUCTOBYETH-
Cs JUIS BU3HAYEHHS €(EKTUBHOCTI 3aCTOCYBaHHS
MIEBHUX TEXHOJIOTIA 1 TEXHOJOTIYHHX IIPOIIECIB,
Ta B CENEKINi npu omiHoBaHHI Topix [20]. Hamu
Oys0 OIIHEHO OIOJIOTIYHI BJIACTUBOCTI TBApHH
1 CIPOMOYKHOCTI IXHBOT'O OpraHi3My J0 BHPOO-
HUITBA MPOAYKIII 3a Oe3MpHB’SI3HO-00KCOBOIO
YTPUMaHHS, 32JIEKHO Bijl BTOJJOBAHOCTI Y TTOJIOTO-
BOMY BIIIIJICHHI.

PesynbraTy o ciipKeHb oKa3am, Mo HailBU-
ITUH TTOKAa3HUK YHUCTUX BUTPAT CHEPrii Ha BUPOO-
HUITBO 1 KT 4 % Monoka OyB y xopiB III-i rpymu
— 3,71 M/Ix, a HatiHWKIHA — y TBapuH 11-1 rpymm
— 3,49 M ]Ik (Ta6mn. 3). Haiipumi 3Ha4eHHS cepel-
HBOTO JTOOOBOTO HAJOIO 3a IMEPioJ TOCIiHKEHHS
Ta CKOPEroBaHOTO Ha MOJIOKO 4 % »HUPHOCTI CITO-
crepiramu y kopiB II-i rpymu. Bmict xwupy y mMo-
sotti OyB HaBumuM y I11-# rpyti KopiB, KOTpi xa-
paKTepr3yBAIMCh HAMHMKIOIO MPOAYKTUBHICTIO.
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Tabnums 1 — BinTBopHi 03HaKH y KOpiB, 3aJ1€5KHO BiJl BTOTOBAHOCTI NMepe/ 0TeJIeHHAM

['pyru TBapuH 3 BrofioBaHICTIO, OaliB:
IToxa3zHukn I I 111
2,25-2,75 3,0-3,75 4,0 i Gibrire
CyxocriitHuii nepiof, 1io 71+0,77 68+0,90 69+0,71
Cepgic-niepion, 1i6 1644231 1714£3,52 188+6,09
MixotenpHul niepion, ai0d 449+6,37 452+5,04 465+8,81

Tabmuis 2 — [IpoayKTUBHICTH KOPiB pi3HOi BrogoBaHocTi ynmpoaos:xk nepmux 120 aié Jaxramii

['pymu TBapuH 3 BrofioBaHICTIO, OaliB:
Micsiup nakrarii I I I
2,25-2,75 3,0-3,75 4,0 i Ginbuie
1 27,03+0,39" 28,14+0,24 24,78+0,68""
2 29,37+0,67 29,56+0,55 27,04+0,73"
3 28,79+0,33 29,08+0,67 26,87+0,42"
4 28,38+0,71 28,72+0,58 26,68+0,47"
Mpumitku: “*—P>0,95; **— P>0,001 — y nopiBusiHHi 3 [I-f0 rpy1oro Kopis.
Tabnuus 3 — IponykTHBHI 03HAKHM KOPiB Pi3HOI BrogoBaHOCTI NMepe OTeJeHHIM
['pymu TBapuH 3 BrofioBaHICTIO, OaiB:
IoxasHukn I II I
2,25-2,15 3,0-3,75 4,0 i Guibme
Kupa maca, Kr 544+3,39 551+3,52 594+5,58"

MeTtaboimiuyna )xruBa Maca, KT 112,64 113,72 120,32

Bwmicr sxupy y Moo, % 3,85+0,01" 3,87+0,01 3,93+0,02""
Cepemniid nobosuii Haxid 3a 28,39+0,73 28,88+0,57 26,34+0,82"
TePioJT TOCIIPKECHHS, KT

Cepenniii moboBuit Hamii

(MKK), kr 27,75 28,31 26,06
YucTi BUuTparu eneprii Ha | 3.51 3,49 3,71

KT 4 %-ro monoka, MJIx

Mpumitku: “—P>0,95; "~ P>0,001 — y nopisusani 3 II-1o0 rpymoro kopis.

[Ipu cmiBcTaBneHHI €HEPreTHYHOrO 1 MPOAYK-  PiBHSHHI i3 KopoBamu I-i Ta III-i rpym, BianmoBigHO
TUBHOTO 1H/ICKCIiB KOPIB pi3HOI BrogoBaHocTi mepen  (tadm. 4). [Ipu npomy y tBapus II-i rpynu Takox
OTEJICHHSIM BCTaHOBJICHO, 110 TBapuHU II-i rpymu  cmocTepirany A€o BHINI 3HAYEHHS BHUILIEHOT
BiZI3HAYAJIMCh HAMBUIIMMH 1X 3HAYEHHAMH, Y MO-  €Heprii 3 MOJOoKoM Ha 1 Kr MeTaboiyHoi MacH.

Tabnuus 4 — EHepreTnyHa XapaKTepHuCTHKA KOPiB Pi3HOT BroioBaHOCTI

I'pyrnu TBapWH 3 BrofioBaHiCTIO, OaIiB:
IToxa3nuku I 11 1T
2,25-2,75 3,0-3,75 4,0 1 61nbIIIe
YucTta enepris marpuMka, MJIx 45.05 45.49 48.12
3a 100y ’ ’ ’
YucTa eneprist mosioka, M/ x 3a 5247 5338 48.69
00y ’ ’ ’
3arangbHi HETTO-BUTPATH €HEPTIi,
M/ 42 00y P P 97,52 98,87 96,81
EHeprETHqHylﬁ iH,E[eKC, % (momst 50.25 53.99 50.29
eHeprii, BUAUIEHOT 3 MOJIOKOM) ’ ’ ’
TIpoayKkTMBHMI IHAEKC, KT
(l\l/}K)I}é) Moutoka Ha 1 MJTx 0,260 0,286 0,269
YucTi BuTpat eHeprii Ha 1 Mk
eHeprii MOI?'IOKa, MIp[xc 8 1,858 1,852 1,988
Bunineno quprii_g MOJIOKOM Ha 0.465 0.469 0.404
1 xr merabomiyHoi Mmacu, Mk ’ ’ ’
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B minomy MOXHa KOHCTaTyBaTH, IO KOPOBU
Pi3HOI BroZIOBAaHOCTI TIEpeN OTEJICHHSM Majl BH-
COKi eHepreTryHi iHgekcH — Bix 50,25 10 53,99 %,
nponayktuBHi — Bixt 0,260 10 0,286 KT Ipu TUTOMIM
BHUTpaTi HeTTo-eHeprii Bix 1,852 mo 1,988 MJIx
Ha 1 MJIx eneprii Moyoka. AJpke BiZOMO, ITIO
OLTBIII-MEHIIT eHEPTETHIHO €(PECKTUBHUMH € TBAPH-
HH, SIKI MAIOTh CHEPTeTHYHUH iHAeKC moHa 50 %,
a mpoxaykruBHUHN — He MeHIre 0,160 kr npu muTo-
Mil BUTpaTi HETTO-eHeprii MeHmre, Hix 2,0 Mx
Ha 1 M/[x eneprii mosoxka [20].

BucHoBku. BcraHoBIIEHO, 110 BrogoBaHICTh
KOpIiB TIepell OTEJICHHIM BIUIMHYJIA Ha BiATBOPHI
O3HAaKH, MPOAYKTHBHICTH YIPOIOBXK mepmmx 120
[0 jakTaiii Ta TXHi Ol0€HEPreTHYHI MOKA3HUKHU.
TpuBaicTs cepBic-niepiomy Oysa KOpoTiorw y I-i
TPyIIi KOPiB 13 BrooBaHicTIO 10 3-Xx OajiB — Ha 7
1 24 ni6, mopiBHsAHO 3 KopoBamu II-i 1 III-1 rpym.
I'pyma xopis (II) 3 BromoBaHICTIO Tepes OTEJCH-
HAM Bix 3-x mo 4-x GamiB BiI3Ha4aiach HaWBU-
OO0 TIPOAYKTHUBHICTIO YNPOMOBX mepmmx 120
ni6 makrariii. Takok y TBapWH Ii€i TPyIH CIIO-
cTepiragy HalBHUII 3HAYCHHS MPOTYKTUBHOTO Ta
SHEPTeTUIHOTO 1HIACKCIB MPH HAWHIKIIH TATOMIM
BHUTpaTi HeTTO-eHeprii Ha 1 Mk eHeprii MooKa.
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Productive, reproductive and bioenergetic
characteristics of cows with different body condition
score

Borshch O., Borshch O., Babenko O.

The aim of this work was to study the influence of
fattening of dairy cows body condition score on repro-
ductive traits, productivity and bioenergetic indicators.
The research was conducted during May-August 2021
in the conditions of the Terezine of the Vilnotarasivske
branch (Kyiv region). The values of average month-
ly temperatures were within the limits of thermoneu-

Copyright: Bopmr O.0., bopur O.B., ba6erko O.I. © This is an open-
‘@ ® access article distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and

trality for cows of dairy breeds. Three groups of sec-
ond-lactation cows were formed for the study. The first
group (n=14) included animals with a fatness score of
2.0 to 3.0 points, and the second group (n=24) with
a score of 3.0 to 3.75 points and to the IlI-rd group
(n=15) — 4 and above points. Assessment of fatness in
groups of animals was carried out during the period of
deep body. The productivity of cows during the first
120 days of lactation was determined using computer
records and the DelPro program. Cows of the I group
had a somewhat shorter dry period (by 3 and 1 day)
compared to animals of the I and III groups. The short-
est service period was observed in the first group of
cows — 164 days, which is 7 and 24 days less than in
animals of the second and third groups, respectively.
Cows of the II group had the highest average daily
productivity during each of the first 4 months of lac-
tation (120 days). At the same time, productivity was
the lowest in cows of the III group, and intermediate
values were observed in the animals of the I group. At
the same time, cows of the III-rd group had the low-
est productivity during the same period. Analyzing the
bioenergetic characteristics of cows of different levels
of fatness, it was established that the highest rate of
net energy expenditure for the production of 1 kg of
4 % milk was in cows of the I1Ird group —3.71 MJ, and
the lowest in animals of the IInd group — 3.49 MJ. Re-
search results showed that cows of different fattening
levels before calving had high energy indices — from
50.25 to 53.99 %, productive — from 0.260 to 0.286 kg
for specific net energy loss from 1.852 to 1.988 M1J per
1 MJ of milk energy.

Key words: dairy cows, fatness, productivity, re-

production, bioenergetic characteristics.
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BupornryBaHHs aBCTpalliichbKOTO YE€pPBOHOKJICIIHEBOTO paky Cherax
quadricarinatus y 6aratboX KpaiHax CTaJO MOMYISIPHUM 4Yepe3 LIBHJIKY
IHTEHCHUBHICTb POCTY, BUCOKY Xap4yoBY Ta O10JIOTIYHY LIHHICTH M’sica Ta
JIOBOJI1 3HAYHUIT OMHUT Cepel CIIOKKMBaYiB. METOI0 HAIIOTO AOCIIIKEHHS
OyJ10 BU3HAYUTH XIMiYHHHA, aMiHOKUCIIOTHHH Ta >KUPHOKUCIOTHHH CKIIa
Mm’sica pakiB Cherax quadricarinatus Ta ¥OoTo eHEepreTHYHY IIHHICTH 3a
TOMIBIII PI3HUMH BHIaMU KOpMiB. JKUPHOKHMCIIOTHUN CKJIaI y M’sica pakiB
BH3HAYAJIM XpOMATOrpadiuHIM METOAOM, & aMIHOKUCIIOTHUI — METOJIOM
KanuIIpHOTO elneKTpodopesy.

BceraHoBneHO, IO MiJ Yac TOMIBII pakiB pPO3pOOJIICHUM KOPMOM
Decapodafood enepreTtndna miHHICTh M’sica Oyia Ha 4,3 KKal BHUIIOIO,
HIX 3a TOMIBIII paKiB akBapiyMHUM KOpMOM Ancistrus menu. ['oiBis kop-
MoM Decapodafood cripusie 6inmbpiroMmy BMicTy He3aMiHHUX aMiHOKHCIIOT,
MOPIBHSHO 3 TOJIBJICIO KOMEPLIIHUM aKBapiyMHHM KOpMOM Ancistrus
menu. 30KpeMa, CTaTUCTHYHO MMOBIpHUM OyB BHILMI BMICT y M’sICi Ta-
KHUX HE3aMiHHUX aMIiHOKHUCIIOT, sSIK TPEOHIH, BaJliH, METIOHIH, Ji3uH. Kpim
TOTO, BHUSBIEHO BHCOKY OiOJIOTiYHY IiHHICTH Ta 3aCBOIOBAHICTH M -
ca pakiB, ockinmbku cyma THAK/Z3AK y Bcix mpobax cTaHOBWIIA BHIIE
80 %, mo B cepeaapomy Ha 20 % OinmpIie, HIX CTAaHAAPTHUNA IMOKA3HUK,
pexomenoBanniit PAO/BOO3.

Toxins pakiB kopmom Decapodafood cripusie 3MeHIIEHHIO y cKia-
i M’sca HACHYCHUX KHUPHHUX KHUCIOT Ta 30UIBIICHHIO HCHACHYCHUX.
3okpema, BusBIeHO B 1,9 pa3za MEHIIHN BMICT JIAypHHOBOI KHUCJIOTH Ta
B 1,5 paza — MaprapruHOBOi KHCIIOTH Y M’SICi PaKiB, SKHM 3rOJOBYBall
xopm Decapodafood, mopiBHSAHO 3 pakaMu, SKHX TOAYBajdH aKBapiyM-
HUM KOpMOM Ancistrus menu, a MipUCTHHOBOI ¥ MEHTaIcKaHOBOTI — OyB
y cepenguboMy B 1,3 paza menmmii. Cepell HEHACUUECHUX KUPHUX KHUC-
JIOT IMOBipHE 30UTbIICHHS B 1,4 pa3a Bi3HAYATH YIS MATBMITOICTHOBOT
Ta JOKO3areKCacHOBOI KUCIIOT, TOPIBHSIHO 3 IX BMICTOM Y KOHTPOJIBEHOMY
M’sici. BMicT iHIITMX MOJIIHEHACUYEHUX YKHPHUX KUCIIOT (JTIHOJIEBOI i eH-
KO3aIleHTa€HOBOT), X04 1 OyB BUIIINM, aJie HECYTTEBO.

Omxe, ropiBis pakiB Cherax quadricarinatus xopmom Decapodafood
CHpUsi€ OKPALIEHHIO eHepreTHYHOI Ta 01010T1YHOT HIHHOCTI OTPUMaHO-
ro M’sica, 0 POOUTH HOTO BHCOKO3AaCBOIOBAHUM Ta JEIIKATECHUM IPO-
JTyKTOM.

KuarouoBi caoBa: Cherax quadricarinatus, ™M’sCO pakiB, KOpM
Decapodafood, aMiHOKHCITOTHUH, J)KUPHOKUCIIOTHAN CKIIaa M sica.

IlocTanoBka mpodjieMH Ta aHaJi3 OCTaH-
HIX JocCJiIzKeHb. AKBaKylIbTypa pPakoHoOAiOHHX
B YKpaiHi Moxe OyTH OJHHM i3 OCHOBHHUX JDKE-
pen wiHHOTO XapuoBoro npoteiny. Haiibinbin
PO3MOBCIOPKEHUMHU Ha TepeHax YKpaiHu € Taki
BUAM paKiB: pPIYKOBUI By3bKONANUU Astacus
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leptodactylus, mapmyposuii Procambarus forma
virginalis, aBCTpamiiiCbKUIl YEPBOHOKJICITHEBUH
Cherax quadricarinatus [1, 2]. Paku pi3HATBCA
MK CO0OI0 He JIHIIE 332 IHTEHCHBHICTIO POCTY,
aje i 3a 3a0lfHIMH SIKOCTSIMH Ta XIMIYHHM CKJIa-
moM M’sica [3]. TlopiBHSHO 3i 3BUYHUM ISl HAC
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BY3bKOIIAIMM pakoM Astacus leptodactylus, aB-
CTPATIHCHKUH dYepBOHOKICIIHEBHM pak Cherax
quadricarinatus TCs BapiHHS Ma€ MEHII sSICKpa-
Be uepBoHE 3abapiieHHA. [lokpuBu Tina Cherax
quadricarinatus TBepAWi, a M’SICO 30CEpEIDKECHE
B abJOMEHI 1 Ma€ MIUTBHINTY KOHCHCTEHITIIO, HiXK
y By3bKomasoro paka. Yactka m’sica B abmoMeHi
Yy aBCTPAIIHCHKOTO YEPBOHOKIICITHEBOTO DPaKy
Cherax quadricarinatus cranoButb 27,4—27,9 %,
TUMYaoM, y Procambarus clarkii 15-20 % [4, 5].
Bognowac nocnmigauku [6, 7] BKa3ylOTh, M0 XiMid-
HUW CKJIaa M’sica paKiB 3MIHIOETBCS 3aJICIKHO BiJl
BHIY, BIKY, CTaTTi, yMOB BHPOIIyBaHHAI. Y M sCi
pakiB a30THUCTI PEIOBUHHM MIPEACTABIICHI OLTKaMH 1
HEOUTKOBHMH a30THCTUMH PEYOBHHAMH, CITiBBilI-
HOIIICHHSI KX Y Pi3HUX BHIIIB HEOTHAKOBE. biTkm
TiApoOIOHTIB, Y TOMY YHCIi ACCATUHOTHUX PaKo-
noxioHux (Decapoda), 3a XapuoBOIO LIHHICTIO HE
MTOCTYTAIOThCS OiTKaM M’sica HA3eMHHX TBapHH.
Y M’sici pakiB € He3aMiHHI aMiHOKHCIIOTH, B TOMY
ypci # Ti, 10 MalOTh O0COOJIMBE 3HAYEHHS IS
OpraHi3My JIFOAMHU: JTI3UH, METIOHIH, TpUnTO(haH,
10 1 0OyMOBITIOE 1X BHCOKY ITIHHICTBH SIK ITOBHO-
IIHHOTO XapuoBOTO MPOIYKTY [8].

Paxu Buny Cherax quadricarinatus y Hammx
TOCIIO/IapPCTBAX MAJIO BHPOIIYIOTHCS, X04a B Kpa-
fHax €Bporneiicbkoro Coro3y Ta A3ii et Bus mo-
CHUTh TOIIUPEHHH, 1 € BAXKIMBHM J{KEPEJIOM PO-
TEiHIB 11 crokuBadiB. Biruususui dhepmepchbki
TOCIIOJAPCTBA TLUTBKHU MOYMHAIOTH BUABISATH 3alli-
KaBJICHICTh B OCBOEHHI HOBUX METOIIB KYJIBTHBY-
BaHH 1 mepepoOKu pakiB. BogHovac y nepeBakHii
OUTBIIIOCTI €BPOMEUCHKUX KpaiH IIeH aKBaKyIb-
TypHHA Oi3HEC € MTPUOYTKOBUM 1 MMEPCIICKTHBHUM
BHIIOM TisTbHOCTI [9]. KpiMm Toro, BupoOITyBaHHS
pakiB B yMOBaxX akBaKyJIbTypH HE 3aBJIA€ IIKO-
IV TOBKUJUTIO 1 Ma€ BCi MiICTaBU 3IiMCHIOBATUCS
y chepi opraniuHoro BupoOHHUIITBA. [IpoTe mist
e(EKTUBHOTO BUKOPUCTAHHS TCHETHYHHUX BIIACTH-
Bocrelt pakiB Cherax quadricarinatus B yMoBax
aKBaKyJIBTYpH HEOOX1IHO 3a0e3meunTH 1X 30aiaH-
COBaHUM XapuyBaHHSIM. AJDKE HasSBHI HA PHHKY
YKpaiHn KOpMH TIpeAcTaBlIeHI €BpONEHCHKUMHU
OpeHIaMu, sIKi € TOPOTOBAPTICHUMHM IS HaIHX
dhepmepcepkux rocmomapcts [10]. Hezbanancona-
Ha TroJIiBJIA HE 3a0e3Ieuye Ti€i IHTEHCUBHOCTI poC-
Ty, sIKa HEOOXiIHa I IIBUAKOT peHTA0eIbHOCTI
BUpOOHUIITBA. ToMy Ham#u OyJ10 po3p00ICHO KOpM
Decapodafood nns romimi pakiB Bumy Cherax
quadricarinatus B yMOBaX aKBaKyJbTypH. 3aCTO-
CYBaHHsS PO3POOJICHOTO KOPMY ISl TOMIBIII MO-
JIOMII aBCTPANIIMNCHKUX UYEPBOHOKJICITHEBUX PaKiB
y IITYYHUX YMOBaX MPOJEMOHCTPYBAIO BHCOKY
MIBUIKICTD POCTY, €(heKTUBHE BUKOPUCTAHHS KOP-
MiB Ta HU3LKHH PiBEHb KaHi10ai3My.

Y xap4oBifi MPOMHCIIOBOCTI 3HA4YHy YyBary
MIPUAUIAIOTh KaJOpIHHOCTI M’sica Ta Horo 0ioJto-

TigHi# miHHOCTI. ToMy aKTyaqsHHUM € 3aCTOCYBaH-
HSI TaKUX BUJIIB KOPMIB, SIKi BINTHBAIOTH HA 1HTCH-
CHBHICTH POCTY Ta MOKPAITYIOTh aMiHOKHCIIOTHHHA
1 JKHpHOKHCJIOTHUN CKJIaa M’sica Ta € Jo0pe 3a-
cBoroBarmMH [11].

OTxe, BpaxoBYIOWHM BHUINC HaBEACHI MaHi,
aKTyaJIbHEM OyJIO MOCITIAWTH 1 TIOPIBHATH €HEp-
TETUYHY Ta OIlOJIOTIYHY ITIHHOCTI M’sica pakKiB
Cherax quadricarinatus 3a TOIiBI po3poOICHIM
HaMH KOPMOM Ta aKBapiyMHHM.

MeTo10 podoTH OyII0 BH3HAUUTH XIMIUHHUH,
aMIHOKHUCIIOTHUH Ta XKUPHOKUCIOTHHHA CKJIaJ
M’sica pakiB Cherax quadricarinatus Ta WOTO
SHEPreTUYHY IIHHICTh 3a TOMIBIII PI3HUMH BHIA-
MH KOPMIB.

Marepian i meroau mociaimkennb. Jlocimi-
JOUKEHHSI BHUKOHYBaJld B yMOBaxX HaBYaJbHO-Ha-
YKOBOTO aKBapiallbHO-0aCeHOBOTO KOMILIEKCY
kadeapu ixtiosorii Ta 300orii BinorepkiBchKo-
ro HAY. O6’exrom Oyia migpolineHa MOJIONb aB-
CTPaATICHKOTO YEPBOHOKJIEIITHEBOTO paka Cherax
quadricarinatus. nsa pociimy chopmyBanu 3
TPYIH paKkiB. Y KOKEH MOCHITHUN OaceitH Binca-
mme 1o 50 ocobuH. Y mepmioMy pakiB TomyBa-
T aKBapiyMHUM KOPMOM Ancistrus menu (KOH-
TPOJIB), Y IPYroMy — pO3pOOICHIM HAMH KOPMOM
Decapodafood, y TpeThboMy — KOpMOM Ancistrus
menu ta Decapodafood y criiBBigHomeHi 50:50.

Jisi BU3HAYEHHS XIMIYHOTO CKJIamy, Kajo-
pifiHOCTI M’sica pakiB Ta HOTO aMiHOKHCIOTHOTO
f SKMPHOKHMCJIOTHOTO CKjamy BimOupanu mo 10
ocobuH. IloTiM IHIUBIMyaIbHO 3Ba)KyBaIM Ta Bi-
JIOKPEMITFOBAJIM M’ SICO BiJI TAHITUPY H 1HIINX HEic-
TIBHUX YacTHH Tima. /IS BU3HAUCHHS XIMIYHOIO
CKJIay M’sica TOTyBaJIM TpH 3pas3ku Bumy Cherax
quadricarinatus. Tlpobu cximamanvcs i3 cywinmri
M’sica 10 ocobmH. BmicT y M’sci Boloru BHU3HA-
gayw, 3rigao 3 ACTY ISO 1442 : 2005 [12], 30w
—3rigro 3 JICTY 8718 : 2017 [13], )xupy, Oika Ta
BYTJICBOIB — 3TiTHO 3 METOANIHUMH PEKOMEHIA-
uisma MB N 1-40/3805 [14]. BusnaueHHs xup-
HOKHCJIOTHOTO CKJIay M sica pakKiB IPOBOIIIIH
Xpomarorpad)iyHUM METOAOM, 3TiAHO 3 METOIUY-
HAMH pekoMeHAamisMu [15]. AMIHOKHCIIOTHHMA
cKJtay O1IKiB M’sica pakiB IICTIS MMONEPETHBOT ITPO-
OO ATOTOBKM BHW3HAYAIH METOAOM KaIiJIIPHOTO
enekTpodopesy Ha aBTOMaTHIHOMY aHaJli3aTopi
tuny T 339, dpipmu «Mikrotechnay [16].

OTpumaHi pe3yiasTaTd IMIgaBajuCcsS CTa-
TUCTUYHIA 0OpOOIll 3 BHKOPHCTAHHSAM IPOrpaM
Statistica 10 Edition. Pi3aniio BBakanmu craruc-
TAYHO 3Hauymoo mpu p < 0,05.

Pesyabratun gociaiiskeHb Ta 00roBOpeHHS.
[ 3a0e3nedenHss MaKCHMaJIbHOTO IPUPOCTY aB-
CTPaJifiChKOTO YEpPBOHOKIJICITHEBOTO paka HaMHU
PO3pOOIEHO KOpM, SKMHA CKIATA€ThCsA 3 KOHIICH-
Tpary cupoBatkoBux OinkiB (cyxuit KCb-70),

13
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JUISHOT OJIii, BEPIIKIB, MOPKBH, CTOJIOBOTO Oyps-
Ka, KalyCTH OiJ0Ka4aHHOI, KPOMUBH, KOPH 1y0a,
IIKapaTynu KypsSIuXx S€lb, 1 KA OTpUMaB Has-
By Decapodafood. Y cBoeMy cKiami 1€l KOopM
MICTHTh B cepeHboMy B 1,8 pasa Ouiblie OiIKO-
BHX PCUYOBHH, HIXX aKBapiyMHHH KOpM Ancistrus
menu, KWW 3a3BU4ail BUKOPUCTOBYIOTH JUJISl TO-
niBmi pakiB. ToMy HayKoBY 3aIliKaBJICHICTH CTa-
HOBWJIM JOCII/KEeHHS 3 BU3HAUEHHS TIOKUBHOI Ta
SHEPreTUIHOI I[IHHOCTI M’sca aBCTPaIiHCHKOTO
YEpPBOHOKJICIITHEBOTO pakKa, SIKW BUPOILIECHUN 3a
TOZIBII pI3HUMH KopMaMHu. Y Tabmuili 1 HaBemeHo
MOPIBHSUTHHE OITIHIOBAHHSI KUTHKICHOTO BMICTY Ta
MTO’KUBHOI IIIHHOCTI M’siCa PaKiB.

3 amamizy Tabmuili 1 crmoctepiraeMo Kparry
Xap4yoBy Ta EHEPreTUYHY I[IHHICT, M’sica pa-
KiB 3a TOMIBII iX PO3POOJICHUM HAMH KOPMOM
Decapodafood. 3okpema, y mociimHOMy M’scCi
BusiBIsieMo MeHmry (Ha 0,68 %) KimbKICTH BOIH,
MOPIBHSIHO 3 KOHTPOJIBLHHUM M’SICOM, BOIHOYAC
HasBHa Oinpima KimbKicTh Oinka (Ha 0,51 %).
Eneprernuyna ImiHHICTE M’sica pakiB Takok Oyia
HaWBHINOIO 3a TOHiBI KopMoM Decapodafood i
cranoBmia 89,3 + 0,1 kkai, 1o Ha 4,3 KKaJ Oljlb-
ITIe, Hi’K 32 TOAIBIII paKiB KOPMOM Ancistrus menu.
IIpu anamizi M’sica pakiB, SKUM 3T0IOBYBaJId KOPM
Ancistrus menu ta Decapodafood y criBBimHOIIIE-
Hi 50:50, BUABIECHO TPOMIXKHI Pe3yIbTaTH, SK 3a
XapYOBOIO, TAK 13a CHEPTETUIHOIO ITiHHICTIO. TOO-
TO ITOKA3HHUKHU M’sica paKiB OyiIu KpamuMu, HiJK 32
TOZIBIII KOPMOM Ancistrus menu, BOTHOYAC EIIO
HIDKIMMH, HIX 3a TOMiBI KopMoM Decapodafood.

OTXxe, MOCTIIKEHHS BKa3yIOTh, IO BUKOPHU-
CTaHHS y TOMIBJI paKiB MOKUBHIIIUX KOPMIB Ja€
3MOTY TOKPAIIUTH XapuyoBy Ta €HEPreTUYHY IIiH-
HICTh OTpUMaHOTO M’sica. KpiM Tor0, 3romoByBaH-
HS pakaMm po3pooieHoro kopmy Decapodafood
Jla€ MOYKJIMBICTD Kpallle BUKOPUCTATH iX 010j10ri4-
HUH TIOTEHIIIaJl POCTY.

bionmoriyHa IiHHICTH OITKOBOTO MPOIYK-
Ty, TAKOTO SIK M’SICO, BU3HAYAETHCS HE TUIBKH 32

BMICTOM aMIHOKHCJIOT, a ¥ 3a CIiBBIJHOIIECHHSAM
KUTBKOCTI HE3aMiHHUX A0 3aMiHHHUX aMiHOKHC-
J0T. Y 3B’S3Ky 3 THM, IO PO3POOIICHHN HaAMH
KOPM MICTHTh Yy CKJIai OiNblIy KiIbKICTh OljiKa,
MOPIBHSHO 3 KOHTPOJBHUM KOPMOM, HaMu OyIo
BU3HAYCHO aMIHOKHMCJIOTHUH CKJIaj M’sica paKiB
3a TOMIBNI pi3HHMH KOpMamu. Pe3yrmbraTté HaBe-
JeHO B TaOmuIli 2.

3 maHux Tabmwii 2 crmoctepiraeMo OUThITH
KUTBKICHUH BMICT yCiX aMiHOKHCJIOT Y CKJIa Il M’ sI-
ca paxiB, SIKHM 3rofoByBa KopM Decapodafood
TTOPIBHSHO 13 M’SICOM pPaKiB KOHTPOJIBHOI TPYTIH.
3o0kpema, cepesl iIeHTH(IKOBAHUX HAMH BOCHMH
HE3aMiHHUX aMiHOKHCJIOT KiUTBKICTh TPEOHIHY 1 Ba-
JIHY Y M sICi pakiB AOCIITHOI TPYITH, SIKFM 3r0JI0-
ByBanu Decapodafood, ctanosuia 6,7+0,33 mr/r
— 6,4+0,32 mr/t, mo B 1,5 Ta 1,4 pasa, Biamo-
BifHO, (p<0,05) OubIe, HK Y M’ACI KOHTPOJIb-
HOI Tpynu pakiB. MIMOBipHE 30UTBIIICHHS BMICTY
Oyno 1 TakUx HE3aMIHHUX aMiHOKHCIIOT, K Me-
TIOHIHY 1 JII3UHY, KUIBKICT sSKUX Oyma B 1,3 paza
(p <0,05) 6ipIIa y M’sICi pakiB 3a TOMIBIII KOPMOM
Decapodafood, Hix y M’sCi 32 BUKOPUCTAaHHS aK-
BapiyMHOTO KOpMY Ancistrus menu.

[Tix gac OIiHKKA BMIiCTy YacTKOBO 1 TIOBHICTIO
3aMIHHUX aMiHOKHUCIIOT BUSBIICHO aHAJIOTIYHY 3a-
KOHOMIPHICTb, SIK i3 He3aMiHHUMH, 30KpeMa HasiB-
Ha Olbla KiJIbKICTh aMiHOKHCIIOT y M’SICi PaKiB,
SIKUM 3TOJIOBYBalM KopM Decapodafood, Hix 3a
TOMIBI IHIIMMH paIlioHaMH. BHCOKOmOCTOBIp-
HAMH OyJIM JaHl 32 TAKUMH HE3aMIHHAMH aMiHO-
KHCJIOTaMH, K acliapariHoBa, THPO3HWH Ta TPOIiH,
KUTBKICTh SIKUX y M’SIC1 JOCIHiTHOT TpynHu Oyia B
1,4 ta 1,9 paza (p<0,05) 6inpmIoro, MOPiBHIHO 3
BMICTOM y M’sci pakiB mocmuixy. Kinbkich rimyTa-
MIHOBO1 KHCJIOTH y M’sIC1 paKkiB 3a 3TOJOBYBaHHS
kopMmy Decapodafood cranoBuna 29,7+2,15 mr/r,
o B 1,3 paza (p<0,05) 611p0uTI0, HiXK 32 3rO0BY-
BaHHS aKBapiyMHOTO KOpMY. BMiCT iHIIIX KHCITTOT
X04 1 OyB OLIBIINM, ajie Pi3HUILA He Oysia CTaTuc-
TUYHO 3HAYYIIOIO.

Tabmuig 1 — [oxknBHA HiHHICTH Ta KagopiliHicTs M’sica pakiB C. quadricarinatus 3a ToxiBIi Pi3HUMH KOpMaMH

Bua xopmy
Hoxasznuxn Ancistrus menu Decapodafood Ancistrus menu +
(KOHTPOJIB) Decapodafood

Bona, % 79,07 £ 0,12 78,39+ 0,15 78,73 £ 0,11
Bisku, % 18,62+ 0,11 19,13 +0,1 18.83 0,14
Kupu, % 0,91 +£0,08 0,97 £ 0,06 0,94 + 0,05
3omna, % 1,48 £0,03 1,51 £0,02 1,50 £ 0,02
EHCPICTHHA DIRHICTE, 85,0+ 0,1 89,3+ 0,1 86,1+ 0,1
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Tabmuust 2 — AHaniz amiHOkHcJI0THOrO ckiaaxy M’si3iB C. quadricarinatus 3a ropiBai pi3HMMH KopMamw,

X#x ,n=3
Kopmn
. Ancistrus menu Ancistrus menu +
AMIHOKHCJIOTH (KOHTDO.ID) Decapodafood Decapodafood
YMicT aMiHOKHCJIOT, MI/T
He3aminni amiHokucI0TH
Tpeonin 4,5+0,20 6,7 +0,33* 5,5+0,24
Banin 47+021 6,4+ 0,32% 5,6 £0,32
MerioHiH 3,3+0,20 43+021* 3,7+0,25
[3onelinun 7,0+£0,21 7,5+0,30 7,2+0,20
Jletinma 17,0+ 0,32 18,1 £ 0,40 17,5+ 0,31
Jlizun 13,1 +0,32 17,3 +£0,32* 14,5 +0,32
®deninanadiyn 5,6 +0,23 6,3+0,21 6,0+ 0,20
YacTKoBO 3aMiHHI AMiHOKHCJIOTH
Tictuaux 3,3+0,21 42+0,21 3,9+ 0,24
Aprinid 11,2+ 0,31 12,7 +0,35 12,1 +0,30
3aMiHHi aMiHOKHCJIOTH
AcnapariHoBa KUCJIOTa 12,3+0,30 16,9 +0,35* 14,6 + 0,33
Cepu 5,7+0,24 6,5+ 0,23 6,1 +0,20
I'myTamiHOBa KUCIIOTA 23,6 2,04 29,7+ 2,15% 25,5+ 1,72
it 5,0+ 0,20 5,3+0,20 5,1+0,21
f;"a‘ba' JHHOTICHOBA KHC- 7,6 +0,24 8,7+0,33 8,1+ 0,30
Iucrein 3,3+0,20 3,8+0,24 3,4+ 0,11
Tuposun 5,0+£0,20 7,2+ 0,30%* 6,3+0,20
TIpomin 1,8+ 0,24 3,4+0,21%* 2,6+0,21
3arajbHUI BMICT HE3aMiH-
HuX amiHokucaoT (ZHAK) 35,2£0,32 66,7 £ 0,44 60,0+2,33
3arajbHUI BMICT 3aMIHHUX
aminokucior (X3AK) 64,3 +0,31 81,5%2,63 71,7+2,45
3arajJbpHHME BMICT aMiHO-
xucior (ZAK) 1340+ 2,30 165,11+ 3,11 147 742,61
THAK/E3AK, % 85,84 + 2,83 81,84+ 3,10 83,6 £2,90
YHAK/ZAK, % 41,2 +£0,40 40,4+ 0,31 40,6 £ 0,31

MMpumirku: *p < 0,05 — pi3HALA CTATUCTUIHO 3HAYYIIA, TOPIBHSHO 3 KOHTPOJIEM.

OmiHfoBaHHS M’sica pakiB 3a OIHOYACHOTO
3ro/I0OBYBaHHS KopMy Decapodafood ta Ancistrus
menuy He BUSBUIIA CTATHCTHYHO 3HAYYIIIOTO 301JTh-
IIeHHA aMiHOKHCIIOT, IIOPIBHSIHO 3 TaHUMH 3a 3T0-
JIOBYBaHHS TIIBKH KOpMY Ancistrus menu. Xo4a B
CepeIHbOMY BUSBILUIA OUIBIIMIA BMICT SIK 3aMiH-
HUX, TaK HE3aMIHHUX aMIHOKHCJIOT 33 OTHOYACHO-
TO 3TOZIOBYBAHHS JBOX KOPMIB Ta MEHIIIHMA, HIXK 32
3ro/I0OBYBaHHA KopMy Decapodafood.

Hamu takox Oyiio BH3HAYEHO CITIBBIIHOIICH-
HS MDK 3aMIiHHUMH Ta HE3aMIHHUMH aMiHOKHC-
JIOTaMH Ta HE3aMIHHUMH 1 3arajibHOIO0 KUTBKICTIO
KucioT. Amxke, 3rigao 3 nanuMu BOO3 ta ®AO
[17], BUCOKOSIKICHUI O1JIOK MOBMHEH MICTUTU HE
TUTBKHM TIOBHHUM CIEKTP HE3aMiHHUX aMiHOKHCIIOT,
a ¥ MaTH CIiBBITHOIIEHHS MK HE3aMiHHIMH 1 3a-

MIHHUMH aMiHOKHUcIoTaMu oHaa 60 %, a CIiBBijI-
HOIIIEHHS HE3aMiHHUX 10 3aTrajibHO1 KUTBKOCTI aMi-
HOKHCJIOT TIOBUHHO OyTH Oinmbimum 40 % [18-20].
AHamizyloun OTpHMaHi pe3yJIbTaTH IIOI0
CHIBITHOIIEHHA MDK HE3aMiHHUMH 1 3aMiH-
HAMH aMIiHOKHCIIOTaMH y M’sici pakiB Cherax
quadricarinatus 3a TOHNIBI PI3HUMH KOPMaMH,
CIIOCTEPIraeMo BUCOKY HOTro 010JIOTIYHY HIHHICTD,
ockiabku cyma XHAK/Z3AK y Bcix mpodax cra-
HoBmia noHax 80 %, mo B cepennpomy Ha 20 %
OunpIe, HIK CTAaHAAPTHUH MMOKA3HUK PEKOMEHIO-
Banuii ®AO/BOO3. CriBBiIHOLICHHS MiX He3a-
MIHAMH 1 3arajlbHOIO KUTBKICTIO aMiHOKHCIIOT Y
M’SIC1 pakiB BCIX MPOO CYTTEBO HE PI3HIIIOCS MiX
coboro 1 cranoBuio 40—41 %, 1m0 BIAIIOBIIAIIO
MMOKa3HHUKY J00pe 3aCBOIOBAHOTO OLITKA.
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Orxe, mMIOWBalOYM IMACYMKH JOCIIKCHHS
aMIHOKHCIIOTHOTO cKitany M’sica pakiB C. quadri-
carinatus, BiA3Ha4a€MO IABHILEHHS HOro 010J10-
riYHOI IHHOCTI 3a PaxyHOK 301JbIIEHHS KiJIBKO-
CTI HEe3aMIHHHMX aMiHOKHCJIOT Y BUIAJIKy TOXNiBIi
po3pobnernM Hamu kopMoM Decapodafood, mo B
3arajJbHOMY pOOUTH M’SICO ITUX BUJIIB pakiB A00pe
1 JIETKO 3aCBOFOBAHHM.

Jnst 6inbll TPYHTOBHOI OLIIHKM M sica pakiB
3a pi3HOI TOMIBIII OYJI0 BU3HAYEHO HOTO KHPHO-
KHCIIOTHHH cKiaf (Tabm. 3), mpu mboMy 3aIlikaB-
JICHICTh CTAHOBHWJIM JIaHI MIOJ0 M sica PaKiB, SKUM
3romoByBanu kopM Decapodafood, Mo MiCTHTB
y CKJIaAl JUITHY OJifo, 6arary Ha >KMpHI KHCIIOTH
omera-3 rpyIy.

3 maHux Tabnwii 3 cocTepiraeMo TCHACHITIIO
3QJICKHOCTI JKHPHOKUCIIOTHOTO CKJIAAy M’sica Bix
BHJLy CIIOKUTOTO KOPMY pakaMu. 30Kpema, y M’sici
3a rofiBmi pakiB KopmoM Decapodafood criocte-
piraeThcst 3SMEHIIICHHS BMICTY HACHYCHUX KUPHUX
KHCJIOT, TIOPIBHSHO 3 M’SICOM KOHTPOJILHOT TPYTIH.
Tax, BusiBneno B 1,9 paza (p<0,05) meHImMi BMicT
JIayprUHOBOI KUCIIOTH Ta B 1,5 paza (p<0,05) — map-
TapUHOBOI KUCJIOTH Y M SICi PaKiB, IKUM 3TO/IOBY-
Banu kopMm Decapodafood, OpiBHSIHO 3 pakamu,
SIKUX TOAYBaJIM aKBapiyMHUM KOPMOM Ancistrus
menu. KinbKiCTh TaKUX HACHYEHUX JKUPHUX KHC-
JIOT, SIK MIPUCTHHOBOI W ICHTaJcKaHOBOI, OyB Y
cepenabomy B 1,3 paza (p < 0,05) MeHIIIM, BMiCT
IHIIIMX HACUYCHUX KUPHUX KUCIIOT X0 i OyB MEH-
IIUM, TIPOTE CTATHCTUYHO HE3HAYYIITHM.

Tabnuis 3 — AHaJIi3 cKIaay *KUPHUX KUCJIOT y M’s3ax C. quadricarinatus 3a rofiBjii pi3HUMU KOpMaMH,

X+x ,n=3
Kopmn
Ancistrus menu Ancistrus menu +
Kupna kucjiora (kouTpoNY) Decapodafood Decapodafood
KiabkicTh :KHPHUX KHCJIOT, %

C12:0 0.75 + 0,03 0.39 + 0,02% 0.58 £ 0,02
JlaypuHoBa
C14:O 1,52 0,12 1,21 £0,13* 1,49+ 0,10
MipuctuHoBa
C15:0
o 0,90 + 0,05 0,72 £0,03* 0,83 +0,03

eHTaZeKaHOBa
Cl6:0 34,99 + 0,08 32,0 £ 0,07 33,42+ 0,07
ITamemiTHHOBA
C17:0 1,79 0,02 1,22 % 0,04* 1,67 % 0,03
MaprapuHoBa
C18:0

18,75+0,14 17,79+ 0,13 17,37 £0,12

CreapuHoBa
3arajbHUI BMICT HACH-
YEHUX KUPHUX KUCIIOT 58,7+ 0,16 53,33+ 0,15% 55,36+ 0,14
(ZHXK)
Cle6:1
I . .. 0,77 £0,03 0,98 + 0,04 0,85 +£0,03

aIbMITONETHOBA
C18:1n-9t 1,52+ 0,04 1,79+ 0,05 1,67 = 0,04
Enaringinosa
C18:1n-9¢ 13,71 £0,21 14.81 + 0,24 14,30 + 0,22
Oneinosa
3arajbHUi BMICT MOHO-
HEHACUYCHHX JKUPHUX 16,00 + 0,22 17,58 £ 0,27* 16,82 + 0,25
kucnot (XMHXK)
C18:2n-6t 13,24 £ 0,25 14,87 + 0,16 14,47+ 0,18
JlinoneBa
c20n-3 9,01 + 0,42 9,97 + 0,40 9,48 + 0,41

MKO3aIIEHTAEHOBA
C22:6n-3 3,05 + 0,24 425+0,18* 3,96 40,19
Jloko3arexkcacHoBa
3arajbHUI BMICT ITOJTi-
HEHACUYCHUX JKUPHUX 25,30+ 0,19 29,09 +£0,21%* 27,91 +£0,21
kucinot (ZITHXKK)
SMHXK + ZITHXKK 41,30+ 0,25 46,67 + 0,40 44,73 £ 0,41

MMpumirku: *p < 0,05 — pi3HAIA CTATUCTUIHO 3HAYYIIA, TOPIBHSHO 3 KOHTPOJIEM.
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Cepen BH3HAY€HWX MOHOHEHACHUYEHUX KHP-
HUX KHCJOT BiporimHe 30iumemeHHs B 1,4 paza
(p<0,05) cnocrepiraim JuIIe A1 NaTbMITOIETHO-
BOI KHCIIOTH, TIOPIBHSIHO 3 11 BMICTOM y KOHTPOJIb-
HOMY M’sici. 3 1IeHTH(IKOBAHUX HAMH TPHOX II0-
JIIHEHACHYCHUX JKUPHUX KHUCIIOT Yy IOCIiTHOMY
3pa3Ky KUIBKICTh TOKO3areKCacHOBO1 KUCIIOTH OYB
y 1,4 paza (p<0,05) 6umbmHM, Hi’XK Y KOHTPOJIBHO-
My 3pa3Ky M’sica. BMicT ABOX 1HININUX TMOJIiHEHACH-
YEHUX JKUPHUX KUACIOT (JIiHONEBOI ¥ eiko3arcH-
TAa€HOBOI), X04 1 OyB OLIBIINM, aji¢ HECYTTEBO.

BwMmicT XUpHUX KHCIIOT y CKJIaai M’sca pakiB
3a 3TOJIOBYBaHHS JIBOX KOPMIiB (Ancistrus menu ~+
Decapodafood) nocinas cepemse 3HAYCHHSI MiX
KOHTPOJBHUM 3pa3koM Ta 3Pa3KoM, PaKH SKOTO
CrIoXKuBaju KopMm Decapodafood.

HeoOxigHo Big3HAYMTH, IO CIIIBBIJIHOIICH-
HS MK HACHUCHHMH 1| HEHACHYCHUMH >KHPHUMHU
KHCJIOTaMHU y M sICI TPhOX Tpyn ctanoBwio 1,4:1;
1,1:1 ta 1,2:1. ToOTo, 3a TOmIBII paKiB KOPMOM
Decapodafood BinOyBaeThCsl 3pOCTaHHS Y CKIIAM1
KHUPY HEHACHYCHUX )KUPHUX KUCIIOT, 0COOIUBO Ta-
KUX IIHHUX 1 HE3aMIHHUX IJIS CIIOKHBadiB, SIK JIi-
HOJIeBa, €HKO3aNIEHTAEHOBA Ta JIOKO3areKCacHOBa.

OTxe, 3 pe3yiabTaTiB MOCITIHKEHHS III0J0
JKUPHOKHCIIOTHOTO CKJIQay M’sica CIOCTepirae-
MO TIO3UTHBHHM €(EKT Bij[ 3TOJOBYBAHHSI KOPMY
Decapodafood, ockinbku y HOTO CTPYKTypi 3po-
CTa€ BMICT HEHACHYCHUX JKUPHUX KHUCIIOT, SIKi 10~
3UTHUBHO BIUTUBAIOTH HA 37I0POB’S CIIO)KUBAYIB.

BupomryBanHS  aBCTPaiiiCBKOTO  4YEpPBOHO-
KJIenTHeBOTO paka Cherax quadricarinatus y 6ara-
THOX KpalHax CTaJo MOMyJISPHUM depe3 MIBHIKY
IHTCHCHBHICTh POCTY, BUCOKY XapdoBy Ta 0ioJio-
TIYHY IIHHICT M’siCa Ta JTOBOJNI 3HAYHHWMA ITOITHT
cepen ciokuBadib [21]. B Ykpaini 114 Hima TUTEKH
MTOYMHAE 3aIIOBHIOBATHUCS 1 TOCBIAY BUPOIIYBAHHS
B IITYYHUX yMoBax paka Cherax quadricarinatus
HemocTaTHbo. OCOOIMBO BHHMKAIOTH MOTPEOH B
30aaHCOBaHii roiBIi 1 3a0e3neueHHs HeoOXiI-
HUMH TIO)KAUBHIIMH PEYOBHHAMH PaKiB Ta 3HIKEH-
HA KaHiOamisMy cepen HuX [22]. MeTowo Hamoro
TOCIIPKEHHS Oy/I0 BU3HAYUTH XIMIYHHM, aMiHO-
KHCJIOTHUH Ta XXUPHOKUCIIOTHUN CKJIam M’sica pa-
kiB Cherax quadricarinatus Ta WOTO €HEPTEeTHUHY
IIHHICTH 32 TOMIBII PI3HUMH BUIAMH KOPMIB.

BcTanoBiieHo, 1m0 i 9ac TOIBII pakKiB po3-
pobiernM Hamu KopMoM Decapodafood enepre-
THYHA IIHHICTH M sica pakiB Oyna Ha 4,3 KKaji BU-
IT0¥0, HiXK 32 TOJIBJI PaKkiB aKBapiyMHHM KOPMOM
Ancistrus menu. 3poCTaHHS EHEPTETUIHOI IIHHO-
CTI M’sica MH TIOSICHIOEMO O1NTbII 30aJaHCOBAaHIM
CKJIaJIOM PO3pOOJIEHOTO KOPMY 3a BMICTOM O1JIKIB,
JKUPIB 1 MIHEPAIBHUX PEYOBHH. Y JOCIIHKCHHSIX
[23, 24] 3a3HadaeThCs, MO SAKICTH M’sica 1 HOTO
SHEepreTUYHA IHHICTh Y PaKOMOmiOHUX TOCHUTH
9acTO 3aJICKHUThH BiJl BUIy KOPMiB Ta 30ajiaHCOBa-

HOCTI partiony. ToMy MH TiATPUMY€EMO TYyMKY ITHX
aBTOpIB, 10 B YMOBAaX aKBaKyJILETYpH HEOOXiTHO
3a0€3MeUnTH paKaM TaKy TOIBIIO Ta CEPEIOBHIIE
ICHYBaHHS, Ik MAaKCUMAJIbHO PO3KPHBAE iX TeHe-
TAYHUH TIOTEHITIaJ MO0 POCTY 1 AKOCTI M’sica.

BaxxnuBuM 3aBIaHHSIM HAIIOTO JOCIiIKEHHS
OyJI0 TIOPIBHSITH aMIiHOKHUCJIOTHUH CKIIajy M sica
pakiB 3a TOMIBII IX PI3HUM BHAOM KOPMY. AJTKE
SKICTh M sICa 3QJICKUTH Bl HASIBHOCTI B HBOMY
HE3aMiHHUX aMiHOKHCIIOT Ta Bif] CITiBBiIHOIIEHHS
HE3aMIHHUX J0 3aMiHHUX KHucIoT [25]. Beranos-
JIEHO, TII0 TOMIBIIA KopMoM Decapodafood cnipusie
OULTHIIIOMY BMICTY HE3aMIHHUX aMiHOKHCIIOT, T10-
PIBHSHO 3 KOMEPIIIHHUM aKBapiyMHHUM KOPMOM
Ancistrus menu. 30kpeMa, BIpOTiIHO BHITUM OyB
BMICT Yy M’SCi TaKMX HE3aMIHHUX aMiHOKHCIIOT,
SK TPEOHIH, BaJiH, METiOHiH, Ji3uH. KpiMm ToTO,
BHSIBIICHO BHCOKY OiOJIOTiYHY IIHHICTH Ta 3aCBO-
IOBaHICTh M’sica pakiB, OCKUIbkH cyma XHAK/
23AK y Bcix nmpobax crtanoBuia moHaxa 80 %, mo
B cepeaabpomy Ha 20 % OinbIre, HiXK CTaHIAPTHUI
mokasHuk, pekomeHnoBanuit ®PAO/BOO3 [17, 18,
19]. e mae migcraBy BBOKATH, IO OTPUMAaHE M’ sI-
co paka Cherax quadricarinatus 3a TOHIBII PO3-
pobnernm kopMoM Decapodafood HaNeKUTH 1O
BHCOKOTIO)KMBHOTO Ta JIETKO3aCBOIOBAHOTO O1JIKO-
BOTO MPpOomyKTy. KpiM TOTO, 301TBIIICHHAS KITBKOCTI
HE3aMIHHUX aMIHOKHCIIOT Yy M’sCi pakiB y Ha-
[IOMY BUMAAKY MH TOSICHIOEMO BHKOPHUCTaHHSIM
30aJaHCOBAaHOTO KOPMY, aiKe 10 CKJIaay KOpMY
Decapodafood BXomuTh KOHIIEHTPAT CHPOBATKO-
BHX OUIKIB, SIKMi BBa)XKA€ThCsS OaraTuM Ha pi3HI
aMiHOKucIoTH [26].

3 momsimy (bizioorii XxapayBaHHS Kpare BKH-
BaTH MPOAYKTH, SIKI MICTITh y CKJIaJi HCHACHUYCHI
JKUPHI KUCJIOTH, 0COOIMBO Oarari Ha omera-3 rpy-
my [27, 28], OCKINbKY 3 HACHICHUMHU KHUCJIOTAMH
Xap4OBUX TPOAYKTIB TBAPMHHOTO TOXOKEHHS
OB’ I3yIOTh 3POCTAHHS PIBHA XOJIECTEPOITY B KPO-
Bi CITO)KMBAYiB T MMOPYIICHHS pOOOTH CEPIIEBO-CY-
nuaHO1 cuctemu [29, 30]. Hame mocmimkeHHS BU-
SIBHJTO, IIIO TOMIBIISL pakiB kopMoM Decapodafood
CIIpHsi€ 3MEHIICHHIO Y CKJIaAl M sca HAaCHICHHUX
JKUPHUX KHCJIOT Ta 30UTBIICHHIO HEHACHYCHUX.
3okpema, BUSIBIICHO B 1,9 pa3za MeHIIHI BMICT J1a-
YPHUHOBOI KUCJIOTH Ta B 1,5 pa3a — MaprapuHOBOL
KHCIIOTH Y M SICi pakiB, SSKUM 3TOJOBYBAJIA KOPM
Decapodafood, nopiBHSIHO 3 pakaMH, SKHX TO-
IyBaJll aKBapiyMHHM KOPMOM Ancistrus menu, a
BMICT MIpUCTHHOBOI W IEHTa/IEKAHOBOI KHCJIOT
O0yB y cepenapoMy B 1,3 paza menmmmM. Cepen
HEHACHYCHHUX JKHUPHUX KHUCIIOT JOCTOBIpHE 30111b-
meHHs B 1,4 paza criocTepiraiu i HaibMiToIe-
fHOBOI Ta TOKO3areKCacHOBOI KHICJIOT, TIOPIBHIO-
F0YH 3 X BMICTOM Yy KOHTPOJBHOMY M’sici. BmicT
IHIMUX TOJTIHEHACUYCHUX KUPHUX KHUCIIOT (JIiHO-
JIeBO1 1 eMKO3aIleHTa€HOBOT), X0U 1 OyB OLIBITNM,

17
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ajie HeCyTT€EBO. 3pOCTaHHS ¥ M’ SCi paKkiB HEHACH-
YEHHX YKUPHUX KHUCIIOT MU IOB’I3yEMO 3 THM, 110
y CKJIaJ KOpPMiB HaMH BBEICHO JUISHY OJIIIO, SKa,
SIK BIJTOMO, € OTHAM 13 HAHOUTBIINX HKEpET €CeH-
IMiaJIbHAX KUCIIOT TPy omera-3 [27].

OTxe, MiJACYMOBYIOUH IOCTiIKEHE, HE00-
XITHO BII3HAYUTH, IO TOMiBISA pakiB Cherax
quadricarinatus xopmoM Decapodafood cupusie
MOKPAIICHHIO €HEPreTUYHOI Ta 0i0JOriYHOT IIiH-
HOCTEH OTPUMAHOTO M’sica, IO POOUTH HOro BH-
COKO3aCBOIOBAHHM Ta JETIKATECHUM HPOTYKTOM.

BucHoBku. BusiBneHo BuHIlly €HEPreTUUHY
IIIHHICTH M’sICa PaKiB 3a TOMIBII X PO3POOIICHUM
HaMu KopMoM Decapodafood. 30kpemMa, eHepre-
THYHA MIHHICTH M’sca pakiB craHoBmia 89,3+0,1
KKaJ, mo Ha 4,3 kkan Oible, HiXK 3a TOMIBII pa-
KiB aKBapiyMHHM KOPMOM Ancistrus menu.

BussieHo BUIN KUTBKICHUH BMICT yCiX aMi-
HOKHCJIOT y CKJIaJi M’sica pakiB, SKUM 3TO/IOBY-
Bamu KopM Decapodafood, TIOPIBHSIHO 3 M’SICOM
pakiB KOHTPOJIBHOI TpymHH. 30KpeMa, CTATHCTHIHO
3HAUyImMUM OyB BHUINHMA BMICT Yy M’SCi TaKuUX He-
3aMIHHUX aMIHOKHCJIOT, SIK TPEOHiH, BajiH, Me-
TiOHIH, Ji3uH. KpiM TOTO, BUSBIICHO BHUCOKY 0i0-
JIOTIYHY IIHHICTh Ta 3aCBOIOBAHICTH M’siCa PakKis,
ockiabku cyma XHAK/Z3AK y Bcix mpobax cra-
Hosmia noHax 80 %, mo B cepennpomy Ha 20 %
OlinpIe, HXK CTAHTAPTHUHA TTOKA3HUK, PEKOMEH/IO0-
Banuit PAO/BOO3.

BcraHoBIEHO  3aJIeKHICTD  KHUPHOKHUCIIOT-
HOTO CKJIay M’sica Bil BUIY CIIO)KHTOTO KOPMY
pakamu. Tak, y M’siCi 3a TOHIBJII pakiB KOPMOM
Decapodafood  cnoctepiraerbcsi  3MEHIICHHS
BMICTy HACHYCHHUX JKHUPHUX KHUCIIOT, TIOPIBHIHO 3
M’SICOM KOHTPOJBbHOI Tpym. Cepenl HeHaCHIeHUX
JKUPHHUX KHUCIIOT JOCTOBIpHE 3pocTaHHs B 1,4 paza
CITOCTEpIraau IS MaJbMITOJCIHOBOI Ta OKO3a-
TEKCA€HOBOI KUCIIOT, TTIOPIBHIOIOYH 3 iX YMICTOM y
KOHTPOJIBHOMY M SICi.

IlepcnieKTUBHICTh TOMATBIINX TOCHIKEHB
TIOJIATAE B OIIHIOBAaHHI MiHEPAJTLHOTO CKIIAAy M’ sI-
ca paxiB 3a TOiBJIi Pi3HUMH KOPMaMH.
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Assessment of energy and biological value of
Cherax quadricarinatus meat after feeding crayfish
with different types of feed

Zharchynska V., Hrynevych N.

Cultivation of the Australian red-clawed crayfish
Cherax quadricarinatus has become popular in many
countries due to the rapid growth rate, high nutritional
and biological value of the meat, and quite significant
demand among consumers. The aim of our study was
to determine the chemical, amino acid and fatty acid
composition of Cherax quadricarinatus crayfish meat
and its energy value when fed with different types of
feed. The fatty acid composition of crayfish meat was
determined by the chromatographic method, and the
amino acid composition by the capillary electrophore-
sis method. It was established that when feeding cray-

fish with the developed Decapodafood feed, the energy
value of crayfish meat was 4.3 kcal more than when
feeding crayfish with aquarium feed Ancistrus menu.
Feeding with Decapodafood promotes a higher con-
tent of essential amino acids compared to feeding with
commercial aquarium food Ancistrus menu. In partic-
ular, a higher content of essential amino acids such as
threonine, valine, methionine, lysine in the meat was
statistically probable. In addition, a high biological val-
ue and digestibility of crayfish meat was found, as the
sum of XEAA/ENEAA in all samples was more than
80%, which is on average 20% more than the standard
indicator recommended by FAO/WHO.

Feeding crayfish with Decapodafood helps to re-
duce saturated fatty acids in meat and increase unsaturat-
ed ones. In particular, a 1.9 times lower content of lauric
acid and 1.5 times lower margaric acid was found in
the meat of crayfish fed Decapodafood, compared
to crayfish fed Ancistrus menu aquarium food, and
myristic and pentadecanoic acid were on average
1.3 times smaller. Among unsaturated fatty acids,
a probable increase of 1.4 times was noted for pal-
mitoleic and docosahexaenoic acids, compared to
their content in control meat. The content of other
polyunsaturated fatty acids (linoleic and eicosapen-
taenoic), although higher, was insignificant.

Therefore, feeding Cherax quadricarinatus
crayfish with Decapodafood helps to improve the
energy and biological value of the obtained meat,
which makes it a highly digestible and delicate
product.

Key words: Cherax quadricarinatus, crayfish
meat, Decapodafood, amino acid, fatty acid com-
position of meat.
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VY crarTi JOCHiIKEHO BIUIMB TEHOTUIIOBUX YHHHUKIB Ha (POpMYBaH-
HS MMOKa3HUKIB MOJIOYHOT MTPOXYKTUBHOCTI Y KOPIB-TIEPBICTOK Pi3HUX TTO-
pin. [IpoBeneHo reHOTUITYBaHHS 744 KOPiB yKpaTHCHKOI OypOi MOJIOTHOT,
YKpalHCBKAX YEpBOHO- Ta YOPHO-PAOUX MOJIOYHHX TIOPiT T4 CYMCBHKOTO
BHYTPIITHEOTIOPOAHOTO THITY YKPATHCHKOT YOPHO-PSA00i MOJIOYHOI TIOPO-
IIH, K1 YTPUMYIOThCS B TUIEMIHHHX 3aBojax JlepaBHOTO ITi ITPHEMCTBA
«Jlocmimue rocrmonapcTBo [HCTUTYTY cilbebkoro rocnogapcerBa IliBHIU-
Horo Cxony HAAH» Cymcekoro paiiony Cymcekoi o6macTi, Ta [TOCIT
«JgasHCHKEe» Ta [TOCII «X1mibopood» YepHiriBchbkoi 00sacTi. 3 METOO BU-
3HaYCHHS NoJTiMop(hi3My reHa Oeta-ka3eiHy MPOBOMAMIN TeHETUIHI JOCITi-
JDKeHHS B Jtaboparopii [HctutyTy dizionorii im. O. boromomnsiis HAH 3a
JIOTIOMOTOI0 MOJIEKYJISIPHO-010JIOTIYHOTO aHAJi3y pO3Ii3HABAHHS aJIeTiB
MEeTOoJIOM ToiMepasHoi JanmoroBoi peakmii (ITJIP) y peanpHOMYy Haci.
BuBueHHS 03HAK MOJOYHOI MPOAYKTUBHOCTI IPOBOAWIH 3@ JOTIOMOTOIO
3araJbHONPUWHATOI METOIWKH, BUKOPHCTOBYIOUH EJIEKTPOHHY 0a3y aa-
HuX CYMC «Opcex». Culy BIUTUBY TEHOTHITOBUX YMHHHKIB BCTAHOBIIIO-
BaJK 3a pe3yJIbTaTaMH OJHO(PAKTOPHOTO AUCIIEPCIHOTO aHATi3Yy.

Mix TBapMHAMH Pi3HUX TOPiA iCHY€ iICTOTHA PI3HUISI 332 BIUTMBOM
TCHOTHIIOBUX YHHHUKIB Ha O3HAKHM MOJIOYHOI MpoAyKTUBHOCTI. Ha Benm-
YUHY HAJIOI0 Ta BMICT JKHpY 1 Oiika B MOJIOIII JIiHil{HA HAJIEKHICTh Majia
CTaTUCTHYHO 3HAYYIIUH BIUTUB y TBAPUH YKPAiHCHKUX YOPHO- Ta YEPBO-
HO-psI0OMX MOJIOYHMX Topin. BomHouac, y KopiB yKpaiHChKOi Oypoi Mo-
JIOYHOI MOPOAM — JIUIIE HA BEIWYMHY HAM0I0. Y MEPBICTOK CYMCHKOTO
BHYTPIIIHEOTIOPOAHOTO THUITY JIiHIHA HAJIEKHICTh HE Maja CTATUCTHIHO
3HAYYIIOTO BIUIMBY Ha JTOCIIKYBaHI O3HAKH.

3Ha4yHO OiBIIHI BILIMB Ma€ TIOXO/DKEHHS 3a 6aTbkoM (1%,=22-62 %).

I'eHoTHN TBapuHU 3a OeTa-Ka3eTHOM (PAKTHIHO HE MA€E JOCTOBIPHOTO
BILTUBY Ha O3HAKHU MOJIOYHOI MPOMYKTUBHOCTI. [IpoTe y TBapuH ykpaiH-
CBKOT 4epBOHO-PI001 MOJIOYHOT MTOPOIN T4 CyMCHKOTO BHYTPIIITHHOIIOPOI-
HBOTO THITY YKPATHCHKOI YOPHO-PSI00T MOJIOYHOT IMOPOAH BiH JTOCTOBIPHO
BILTMBAaB Ha ()OPMYBAHHS BETMYMHU HAJO00 Ta BMICTY HUPY B MOJIOII.

Tomy 3 MeToro ¢GopMyBaHHS Oa)kKaHOI BEIMYMHU O3HAK MOJIOYHOI
MIPOAYKTUBHOCTI y KOPiB-TIEPBICTOK MEPIIOYESPTOBUM 3aBIAHHIM € TPO-
BEJCHHS 1M I00py TUTITHUKIB, OIIHEHUX 32 SKICTIO TIOTOMCTBA BiIIOBII-
HO{ JTiHIHHOI HAEXKHOCTI.

Kuro4oBi cjioBa: reHoTun, 6eta-ka3eid, cuja BIUTMBY, MOJIOYHA MPO-
JIyKTUBHICTh, TIOPOAA.

ITocTaHoBKA MPO0JIeMH Ta aHAJTI3 OCTAHHIX
nocJikenb. [lepea TBApUHHUKAMH B Cy4aCHHX
YMOBaxX TOCIOJAPIOBAHHS CTOITh IEPIIOYEPro-
B€ 3aBIaHHS — MIABUIICHHS PEHTAOEIHLHOCTI MO-
JIOYHOTO CKoTapcTBa. Hacammepen mporo MoxxHa
JIOCSTTH TIUIIXOM CEJICKIIIHHOT pOOOTH 3 HOBHMH
BITYM3HSHUMH MOJIOYHHMH ITOPOAaMHU  BEJTHKOL
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poratoi XynoOu 3a paxXyHOK IIiIBUIICHHS HAJOB,
MOKPAIICHHS SKOCTI MOJIOKA Ta BIAJIOTO IiI00PY
OyraiB-IIiIHUKIB y Tpoleci iX BiATBOpeHHs [5].
JlocsiTHEHHSI UX PE3YJIbTaTiB MOXKIIUBE JIUIIIC TIPU
3HaHHI 3aKOHOMipHOCTEl QopMyBaHHS Ta mepe-
Jladi CEJICKIIMHUX O3HAaK TBAPUH 3 TOKOJIHHS B
nokontiHAs [8]. Ile moB’s3aH0 3 HOBEACHHSAM pOJIi
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CTIAJAKOBOCTI TUTITHUKIB y TCHETHYHOMY ITOJIII-
IIeHHI Xyno0wu, sika csrae omm3bko 90 % [6]. Bera-
HOBJICHO, III0 TEHOTHUN 0arbka Ma€ CTAaTHCTUYHO
3HAYYIIAN BIUIMB HAa BEJIMYMHY IT0O0OBOTO HAIOIO
(M*=6,1 %), Bmict xupy (*=2,4 %), BMICT OijKa
(m*=4,1 %). Tlpu upoMy JiHiliHA HAIEKHICTH Ma€e
MEHIIIy CHITy BIUTMBY Ha O3HAKH MPOTyKTHBHOCTI,
BiamoBizxHO, 3,4 %, 1,6 %, 3,1 % [1].

Po3BeneHHs 3a JiHISIMH BBa)Xa€ThCSI OJHUM
3 ¢(pEKTUBHUX METOMIB IOKpAIECHHS IOpiJ Ta
MIPUCKOPEHHSI TEHETHYHOTO TIPOTpecy HayKOBII
MPOTIOHYIOTh BUKOPHCTOBYBaTH HE JIHIIE BHY-
TPINTHLOJIHIHHUN i A0Ip, a i 3aCTOCOBYBaTH MiX-
JiHIWHI KpocH. ToMy BaXJIMBUM 3aBIaHHSIM € BH-
SIBIIEHHS TIEPCIIEKTUBHUX JIIHIA Ta BCTAHOBJICHHS
HaWBIATINIOTO iX IMOETHAHHS [7].

OIHHUM 3 TEHOTHIIOBUX YMHHUKIB, II[0 Ma€ ic-
TOTHHH BIUTHB Ha 03HAKH IIPOTYKTUBHOCTI KOPIB, €
YMOBHA YacTKa (KpOBHICTh) 32 TIOKPAITyBAIHHOIO
nmoponoo. Cuila BIUIMBY LBOTO YMHHHKA MOXKE
csarat noHax 10 %. Ilpm 3pocTanHi BenMYUHH
YMOBHO1 KPOBHOCTI 32 TOJIITHHCHKOIO TTOPOAOIO
y TBapwH 30UIBIIYETHCS PIBEHHb HAMOIB. Takox
BIJI3HAYEHO 3POCTaHHsS BMICTY XXHpYy Ta OiIKa B
MOJIOIl Y BHCOKOKPOBHHX 3a TOKPAIyBaJIbHOIO
TTOPOIOI0 KOPIB, MOPIBHSIHO 3 HU3BKOKPOBHUMH
TBapuHamu [3].

Ha cygacHoMy eTarri po3BUTKY MOJICKYISIPHOT
61010T1{ Ta TEHETHUKHN TaKOX € MOXKIIMBICTH ITiIBU-
IIEHHA MPOIYKTUBHOCTI TBApHH Ta MOKPAIEHHS
SIKOCTI MOJIOYHOI cupouHH [16]. Hocmigaukm
BBaXKAIOTh, 10 3HANTH B MOJIOYHOMY CTafi T'eHe-
THYHO JICTEPMIHOBaHI 03HAKH 3 OLTBIIIOIO BipOTiI-
HICTIO MOKJIMBO 33 PaXyHOK BUBYE€HHS T€HETUIHOT
CTPYKTYPH CTajia 32 KOHKPETHUMHU T€HETHIHUMHU
o3Hakamu [2]. HaykoBIsiME JOBeIEHO, 110 O3HAKU
MOJIOYHOI MTPOTYKTUBHOCTI KOHTPOIIOIOTHCS Oara-
TbMa TeHETHIHUMH JIOKycamH [4, 13].

[IpoTsirom TpuBajoro 4acy IOCHIJHUKH Be-
IyTh TIONIYK TEHIB, sIKi aCOIIIOIOTHCS 3 PiBHEM
HAJI010, BMICTOM JKHpPY Ta OiJTKa B MOJIOITi, TEXHO-
JIOTIYHUMH SKOCTIMH Monoka [11]. Ha ix mymxky,
TCHOTHUITYBaHHS TBapWH 3a TeHaMH OUIKIB MOJIOKa
crpusie KOHTPOJIIO HOTO SKOCTI 1 BiIKpHBa€ HOBI
TIEPCTICKTHBH B CEJIEKIii MoyodHoi xymoou [14].
Takok BaXJIMBHM JUISI MOJIOYHOTO CKOTapCTBa €
JOCTI/KCHHS BIUIMBY TEHOTHITY 32 KOHKPETHHUM
TCHOM Ha TEXHOJIOTiYHI BJIaCTUBOCTI MoJioka [20].
Lle, Ha MyMKy HayKOBIIIB, TO3BOJISIE IIIJISIXOM Ce-
JIEKIIWHAX 3aXO0[iB TTOKPAITUTH SKICHI XapaKTepH-
CTHKH MOJIOKA MO0 oro cupornpuaatHocTi [17].

OcTaHHIM YacoM IOCHITHUKHU JeNaii YacTi-
1€ 3BEpTalOTh yBary Ha MoiiMop(di3M TeHiB, sKi
TTOB’s13aHi 3 BIUTMBOM SIKOCTI MOJIOKA Ha 3I0POB’ s
monuuu [9, 19]. Ipuknamom Moxe OyTH reH Oe-
Ta-Ka3eiHy, KU acOIliIOEThCS 3 BIUTMBOM Ha TIe-

peTpaBHicTh Moioka [18]. Takok, 3a iHpopMalIi-
€10 OKPEMHUX HAayKOBI[IB, MOXKE OyTH TPHYUHOIO
BUHUKHEHHS TICBHHX HEBPOJIOTIYHHX, Cepile-
BO-CyAMHHHUX Ta 1HIIWX 3aXBOPIOBaHb Y JIIOAMHU.
BBaxkaetbcst, 1m0 reHotnn A2A2 3a IUM I'€HOM €
oesmeuanm mis monuan [12]. Cepen cenekirio-
HEpiB BUHUKAE MMHUTAHHS, YW BIDIHHE (QopMyBaH-
HS CTaj] TBapWH 3 reHOoTHIoM A2A2 Ha O3HAKH
MIPOAYKTHBHOCTI TBApHH. 3a pe3yabTaTaMu JTOCIi-
JOKEHb BITYM3HAHUX HAyKOBIIIB BCTAHOBJICHO, IO
TEHOTUN 3a Oera-ka3e{HOM He Ma€ CTaTUCTUYHO
BaroMoro BIUTUBY Ha O3HAKH MOJIOYHOI MPOIyK-
THBHOCTI TBapWH. I, 3a momepemHiM BHCHOBKOM
HayKOBIIIB, ajie)ib A2, SIK 1 TCHOTHII 3a FEHOM OeTa-
Kazeiny A2A2, He YMHUTH HETAaTUBHOTO BIUTHBY Ha
03HAK{A MOJIOYHOI MMPOIYKTUBHOCTI KopiB [10].

MeTa gocaizKeHHs — TOCTITUTH 0COOIMBOC-
Ti BIUIMBY TE€HOTHUIOBHX YHHHUKIB Ha MOIIOYHY
MIPOAYKTHBHICTE TEPBICTOK YKPATHCHKUX MOJIOY-
HUX TIOP1 BEJIUKOT pOraToi Xymoou.

Marepian i meroau mociaimkennb. Jloci-
JKEHHs OYyJ10 IIPOBEACHO Ha KOPOBax YKPaiHCHKOI
q0pHO-ps1001 Moounoi nopoau (YUPM) (ITOCIIT
«laasacbke» (n=307), YKpaiHCBKOi YEpPBOHO-PSI-
601 monouroi mopoau (YUePM) (ITOCIT «Ximi60o-
po6» (n=303), CyMCBKOTO BHYTPIITHEOTIOPOTHOTO
TUITY YKPaTHCHKOI YOPHO-PSO0T MOIOTHOT TOPOIH
(CBT YUPM) (A1 «AI" ICTTIC HAAH») (n=92),
yKpaiHcbkoi Oypoi monounoi mopomn (YBM)
(AIT « " ICTTIC HAAH») (n=42).

Buznadenns moiaiMopdismy reHa Oeta-Ka3eiHy
MIPOBONMIIN B TEHETHUHIN jaboparopii [HCTHTYTY
(izionorii iM. O. boromossist HAH 3a nonomororo
MOJIEKYJISIPHO-010JIOTIYHOTO aHaJi3y pO3Ii3HaBaH-
HS aJIeTiB METOJIOM ITOJTIMEPa3HO-JIAHITIOTOBO1 pe-
akii (IIVIP) y peamsHOMY "aci [15].

3pa3ku KpoBi BiOMpand y MOHOBETH 00’€-
moMm 2,7 mi (“Sarstedt”, HimeuuuHa) 3 HacTyI-
HUM 3aMOPOXKYBaHHSIM 3pa3KiB Ta X 30epiraHHsIM
3a -20° C. IHK 11 TeHOTHITYBaHHS OTPUMYBAIH
13 3pa3KiB 3a JOMOMOTOI0 HA0Opy IS OYHINCHHS
reromHoi JJHK Monarch® New England BioLab
(CILA), 3rigHo 3 IPOTOKOJIOM BUPOOHHUKA.

[ToxomkeHHs TBApYH Ta PiBEHb MOJIOYHOT TTPO-
QYKTUBHOCTI BH3HAYAJId 32 JAaHWUMH TUIEMiHHOTO
001Ky 3a moriomororo nporpamu CYMC OPCEK.

Pe3ynbratyt  mocmimkeHb 0OOpOOISIIM METO-
JaMH MaTeMaTH4HOI CTaTUCTHKH 3aco0amH Ia-
KeTy «Statistica-6.1» y cepemoBumti Windows Ha
ITEOM.

Pe3yabraTu qociaiaskeHHs1 Ta 00rOBOPEHHS.
IIpoanasi3yBaBIy 03HAKH MPOTYKTHUBHOCTI KOPIiB
MiJIOCTITHUX TOCTOAAPCTB, HAMH BCTAaHOBJICHO
MDKIIOPOAHY AudepeHIIiamito 3a BEINIHMHOI Ha-
JTOTO 3a TepIry Jakrarito (puc. 1).

BcraHOBNEHO CTaTUCTHYHO 3HAYYILY PI3HH-
1o (+1716 Xr) M’k BETUIHHOIO HAJIOIO MEPBICTOK

23



Texuonoein supobruymea i nepepodxu npodykyii meapunnuymea, 2023, Ne 2

tvppt.btsau.edu.ua

YKpaiHChKOT 4OpHO-psiboi MoNo4HOi mopoau 1 ii
CYMCBHKOTO BHYTpillIHBONIOpoHOTO THITY (P<0,001)
Ta yKpainchkoi Oypoi MonouHoi mopoau (2486 kr;
P<0,001). TeapwHM yKpaiHCBKOi YepBOHO-PSIOOT
MOJIOYUHOI TIOpPOJM TAKOXK IEpEeBaKaM TBAPUH
CBT YUPM Ta YBM 3a Hamoem (BiAMOBIAHO, Ha
1475 ta 2245 xr; P<0,001). [TepBicTKH CYMCBKOTO
BHYTPIIIHBOIIOPOIHOTO THIy IE€PEBAXKAIOTh OfI-
HOJIITOK YKpaiHCBbKOi Oypoi MOJIOWHOI TOpoau Ha
770 kr (P<0,05). CrarucTH4HO 3HAYYIIy Pi3HHUINO
3a BMICTOM JKHPY B MOJIOIII BCTAHOBJIEHO MiXK TBa-
puramu YUPM, YUePM mnopix ta CBT YUPM i

YBM nopin (P<0,001). [Tpu npomy mepeBary Manu
TBApMHU YKpaiHCBbKOi Oypoi MOIOYHOI IOpOAH.
IMepricTkn ykpaiHChkoi Oypoi MOJOYHOI MOPOIH
nepeBaxkajand 3a BMICTOM Oillka B MOJIOII TBapuH
ycix inmux mopix (P<0,05) (puc. 2).

Mmu MOXkeMO KOHCTaTyBaTH, 110 OPoJa SIK re-
HETUYHHUH YMHHUK, ICTOTHO BIUIMBAE Ha MPOIYK-
TUBHI O3HAKH TBapHH, IO 30iracThcs i3 pe3yib-
TaTaMy 1HIIUX NOCIIAHUKIB. Takni reHeTHYHUI
YUHHUK SK YMOBHa KPOBHICTH 3a ITOKpAIlyBaJlb-
HOIO TIOPOZIOI0 MU HE BPAaxXOBYBAIU Y 3B’S3KYy 3
THM, III0 BOHA Y BCIiX TBapHH mepeBuIye 94 %.
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Puc. 1. Beimunna Haj0iB NepBicTOK Pi3HUX MOPiA, KT.
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Puc. 2. BmicT xupy Ta Oijika B MoJIOLi NEPBIiCTOK J0CTIIKYBaHUX NOPix, %o.
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Y pesyaprari MpoBENeHOTO OMHO(AKTOPHOTO
TICTIEPCIAHOTO aHaITi3y 3B’S3KY JIHIAHOI HaJeK-
HOCTI 3 03HaKaMH MOJIOYHOI TIPOAYKTUBHOCTI TIEPBi-
CTOK CTaTHCTUYHO 3Hauytny pizaumo (P<0,05-0,01)
3a TIOKa3HWKAMH HaJI0iB BCTAHOBIICHO Y TIEPBICTOK
pi3HOi JIHIHHOI HAJEKHOCTI YKpaiHCHKHX HOp-
HO-PsI001, 4epBOHO-PsI00T Ta OypOi MOJIOYHUX TTOPI.
Cuna BIUTMBY ITbOTO YMHHHUKA Ha BEJMYUHY HAIOI0
CTaHOBWIIA, Bimmosiano, 1*=5,31 (P<0,01), 1*=58,54
(P<0,001), 1*=13,43 (P<0,05) (Tabm. 1).

CTaTHCTUYHO 3HAYYILY PI3HHIO 32 BMICTOM
KUY Ta OiTKa B MOJIOII MIX TBapHHAMHU Pi3HOI
JHIAHOI HaNEKHOCTI BCTAHOBJICHO CEpell IEpBi-
CTOK YKPaiHCHKHX YOPHO-PSA001 Ta 4epBOHO-PAOOT
momourux mopin (P<0,05-0,001). TBapuan ykpa-
{HCBKOI YOPHO-psI00i MOJIOYHOI TOPOIM, 3aJICK-
HO BiJ JHINHOI HAJIEKHOCTI, MaJM BMICT XHPY B
Mool B Mexxax 3,47-3,52 %, 6inka — 3,08-3,10
%. TBapuHH yKpaiHCHKOI 4epBOHO-psA00T MOIOU-
HOI1 TOPOIM XapaKTEePH3yBAJIHCS PIBHEM BMICTY
UX CKJIaJOBHX MOJIOKAa B Mexax 3,48-3,52 % ra
3,07-3,11 %. BiamoBigHo, cHia BINTUBY YHMHHHKA
JHIAHOI HaJMeKHOCTI HA (GOpMyBaHHS ITUX O3HAK
OyJla CTAaTHCTUYHO 3HAYYIIOIO 1 mmepedyBana y mMe-
xax 1’=9,57-51,54 % (P<0,001).

Mix TIepBICTKaMH CYMCBHKOTO BHYTPIITHLOTIO-
POIHOTO THUIY YKPaTHCHKOI YOPHO-PSIO01 IMOpoam
ninii Eneseitaa 1491007 Ta Crapbaka 352790
BCTAHOBJICHA CTATUCTHYHO 3HAYYIa PI3HHUIA 32
BMICTOM JKHPY B MOJIOIII Ha KOPUCTh OCTaHHBOI
(ma 0,14 %) (P<0,05).

IcToTHO GBI BIUTMB Ha ()OPMYBAHHS TIPO-
IyKTUBHHX O3HaK TBAapHH Ma€ TMOXOMKEHHS 3a
0aTrpKkoM. Y BCIX NOCHIKYBaHUX IOPOIaxX BCTa-
HOBJICHA CTATHCTUYHO 3HAYYIa Pi3HUIIA 33 BEJIH-
YMHOIO HAJI0I0 Cepel TBAPUH PI3ZHOTO TOXOMKEHHS
3a OarpkoM (P<0,05-0,001). ¥ mepBicTok ykpa-
{HCBKOI YOPHO-PsI00i MOJIOYHOI TOPOAU PI3HOTO
MOXO/KEHHS 32 0aThbKOM BeTMYMHA HAJO0K0 KOJH-
Bajaca B Mexax 5200-9205 xr, ykpaiHCBKOI dep-
BOHO-Ps1001 MomouHoi mopomn — 4538-8898 «r,
CYMCBHKOTO BHYTPIIIHBOTIOPOTHOTO THUIY YKpaiH-
cbkoi 4opHO-pss00i Moounoi mopomu — 5547—
6583 kT, ykpaiHChkoi Oypoi MOJIOUHOI TOpoxn

— 4012-6098 xr. Cuna BIUIMBY YHHHUKA ITOXO-
JDKEHHS 32 0aTbKOM Ha BENIMYMHY HAJ0I0 CKIIaJae
3a mopomamu — N?=42,80 % (P<0,001); 62,03 %
(P<0,001); 8,14 %,; 44,34 % (P<0,05), BinmoBigHO.

Cepen mepBICTOK BCIiX AOCIIHKYBAaHUX TOPIT
(pi3HOTO TTOXOKEHHS 3a 0aThKOM) BCTaHOBJICHA
CTaTUCTUYHO 3HAYYINA Pi3HUILI 3a BMICTOM XUPY
B Moot (P<0,05-0,001). Benuaraa BMICTY XUPY
B MOJIOIII, 3aJICKHO BiJ[ TOXOKCHHS 32 0aTHKOM, Y
JIOCITDKYBAaHUX MTOPOIaX CTAHOBHTD, BiIIOBITHO:
YKpaTHCHKOT YOPHO-PA00i MOJIOYHOT — B MexkKax
3,46-3,54 %, ykpaiHChKOi 4epBOHO-PsA001 MOJIOU-
Hoi mopoan — 3,47-3,56 %, CyMCBKOTO BHYTpiII-
HBOTIOPOJTHOTO THITY YKpPaiHCBKOI HYOPHO-PSI00i
MoJogHOi mopoan — 3,99-4,23 %, ykpaiHcbkoi
Oypoi monounoi mopomn — 3,38-4,31 %. Cuna
BIUIMBY YHMHHUKA TOXO/DKEHHS 3a OaTrbkoM Ha
BMICT JKAPY B MOJIOII CTAHOBHUTH, BiIITOBITHO,
3a mopomamu — N>=33,75 % (P<0,001); 21,93 %
(P<0,001); 8,32 %; 45,83 % (P<0,01).

3a BMIiCTOM OiJKa B MOIOII CTAaTUCTHYHO
3HAUYIy PI3HUIO0 MK TBApUHAMH PI3HOTO IIO-
XOIKeHHA 3a OaThbKOM BCTAHOBJICHO JIHIIE B
YKpaiHCHKO1 YOpHO-psI00i Ta YKpaiHCHKOI 4epBO-
HO-Ps1001 MojI0uHUX moponaax. [IepBiCTKH yKpaiH-
CBKOT YOPHO-psI001 MOJIOYHOI MOPOAH, 3aJIEKHO
BiJI TIOXOKEHHS 32 OaThbKOM, MArOTh YMICT Oii-
ka — 3,08-3,11 % (P<0,05-0,001), ykpaiHCcbKOi
4epBOHO-Ps1001 MomouHOi mopoan — 3,07-3,11 %
(P<0,05-0,001). Cuna BrUIMBY YMHHHUKA ITOXO-
JOKEHHS 32 0aThbKOM Ha BMICT OiJIKa B MOJIOIIi cTa-
HOBHTH, BIITIOBIIHO, 3a TIopogamMu — 1>=35,42 %
(P<0,001); 22,40 % (P<0,001).

VY 3B’A3Ky 3 NOIIYKOM HOBHUX T€HiB, SKi MO-
JKYTh BIUTUBATH Ha SKICHI 03HAKU MOJIOKA, OCTaH-
HIM 9acOM HAyKOBIIi JIe/1aJli 9acTillle MPOTOHYIOTh
(opMyBaHHS cTajg KopiB 3 reHoturioMm A2A2 3a
Oera-kazeinom. IIpoTe HEOTHO3HAYHUM 3aJUINA-
€TbCSI TIMTAHHSA MIOAO BIUIMBY I[HOTO T€HOTHITY
HA TPOMYKTHBHI O3HAKHM MOJOYHOI Xynoow. 3a
pe3yabpTaTaMyl HalluX JOCIHIKeHb BCTAHOBIICHO,
110 TEHOTHII 3a OeTa-Ka3eTHOM HEe Ma€e CTaTUCTHY-
HO 3HAUYyIOTO BIUIMBY HA BEJIUYHMHY HAJ0K KO-
piB-iepBicTok (puc. 3).

Tabmuus 1 — Cuiia BILIMBY FeHOTHIIOBHX YHHHHKIB HA 03HAKH MOJIOYHOI MPOIYKTHBHOCTI MEPBICTOK, 12, %

YUPM YUePM CBT YUPM YEM
YUHHUK . BMiCT BMICT . BMICT BMICT .. | BMiCT | BMiCT .. | BMmicT | BMicCT
Haa1nu . Haalnu . Haalnu . Haa1nu .
KUPY Oinka KUPY Oinka xupy | Oinmka xupy | Oinka
Jliniina 5,31%% | 957#%% | 1D 9Qkkk |5 Ak | |8 25wk | 5] 54%%x| 187 | 169 | 7,03 [13,43*| 6,33 | 0,03
HAJIC)KHICTh
TTOXOMKCHI | 1) g | 33 75 | 35 4050% | 62,03%%%| 21,9355+ | 22.40%+* | 814 | 832 | 19.83 | 44,34% | 45,83%* | 20,76
3a 0aTHKOM
Tenorun sa 0,62 0,14 0,73 | 347* 1,34 0,46 | 0,15]9.24* | 478 | 1,61 | 520 | 2,97
OeTa-Ka3eiHoM

Mpumitka: *P<0,05; **P<0,01; *** P <0,001.
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Puc. 3. Beimunna Haj010 NEePBiCTOK 3aJ1€5KHO BiJl reHOTHITY 32 0eTa-Ka3eiHOM, KI.

CTaruCTHYHO 3HAYYIIOI PI3HUII MiX TBapu-
HaMH PI3HUX TEHOTHIIIB 3a OeTa-ka3eiHoM y J0-
CHI/DKyBaHUX TOPiA HE BCTaHOBJIEHO. BHHATOK
CTaHOBIISITh TBAPHUHU YKPATHCHKOI YepBOHO-PSI00T
MOJI04HOI mopoAu. Teapunu 3 reHorunom AlAl
MOCTYMAaIOThCS KOPOBaM 32 HAZO0EM 3 TEHOTUIIOM
A2A2 na 967 xr (P<0,01). Cuna BIDINBY T€HOTH-
my 3a OeTa-ka3eiHOM Ha BEIWYHMHY HaJO0l0 MepBi-
CTOK, 3aJIEKHO BiJ IOPOZH, 3HAXOAUTHCS Y MEXKax
n>=0,15-3,47 %.

3a BMICTOM >KHPY B MOJIOLIi CTATUCTUYHO 3HA-
YyUIy Pi3HHUIIO BCTAHOBIICHO JIMIIE Y TBAPHUH CyM-
CHKOTO BHYTPIIIHBOMIOPOJHOTO THITY. [lepBicTKH

pOTO THUIY 3 TeHoturnoM AlA2 mepeBaxaioTh
3a BMICTOM JKHPY B MOJIOLI TBapUH 3 TCHOTUIIOM
A2A2 na 0,2 % (P<0,01). Mix nepBicTkamu iH-
NIMX JOCI/PKYBAHUX MOPIiJ] HE BCTAHOBJIEHO CTa-
TUCTUYHO 3HAYYLIOi Pi3HMLI 32 BMICTOM JKHPY B
MOJIOL, 3aJIE)KHO BiJI TEHOTUIY 3a OeTa-Ka3eTHOM
(puc. 4).

Cwta BIUIMBY TEHOTHITYy 3a OeTa-Ka3eiHOM Ha
BMICT KHPY B MOJIOIIi TIEPBICTOK, 3aJIEKHO BiJI T10-
pomu, 3HAXOMUThCS B Mexax N>= 0,14-9,24 %.

CTaTucTHYHO 3HaYyIa Pi3HHI 32 BMICTOM
OiJKa B MOJIOIIl Y TIEPBICTOK Pi3HOTO TEHOTHUITY 3a
OeTta-ka3eiHOM He BCTaHOBIICHA (pHC. 5).

42 4164018
1.1

a4
39 3,850,10
3.8
3.7
36 35140003 3,510,003

3352£007  3,5250.04 35140003  %520.005
35 === JE—— 0
Y4PM Y4ePM CBT Y4PM YBEM
HA1A1 mA1A2 = A2A2

Puc. 4. BmicT :XKupy B MoJIOLli NepBiCTOK 3aJIeKHO Bi/l TeHOTHILY 32 0eTa-Ka3eiHOM, KT.
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Puc. 5. BmicT 6isika B Mos101Ii IepBiCTOK 32/1€2KHO Bil reHOTHITY 32 0eTa-Ka3eiHOM, KI.

Cuna BIUIMBY T€HOTHITY 3a OeTa-Ka3eiHOM Ha
BMICT OiJIKa B MOJIOIIi TIEPBiCTOK, 3aJIS)KHO BiJI TIO-
ponu, nepedyBae B Mexax 1= 0,46—4,78 %.

PesynpraTti Hammx JOCHIKEHb TiATBEPIXKY-
I0Th PaHille OTPUMaHi Pe3yIbTaTh 1HIINX HAyKOB-
miB [1, 2] M010 BIUIMBY TEHOTUIIOBUX YMHHUKIB
Ha O03HAaKH MOJIOYHOI MPOAYKTUBHOCTI KopiB. Ilo-
pOJHa Ta JiHilHA HAJIeKHICTh BU3HAYAE K PIBEHb
MOJIOUHOI MPOAYKTUBHOCTI, TaK i sIKicHi i 03Ha-
ku. [Ipo aHanoOrivHi 10 HAIUX PE3yABTATIB MO0
BIUTMBY OKPEMUX T€HIB Ha 03HAKH MOJIOYHO{ ITPO-
JIYKTHBHOCTI TIOBIIOMJISIFOTh ¥ 1HIIN HAyKOBII [5,
14, 17]. BcraHoBneHU HAMU YacCTKOBUU BILIUB
MEBHUX T€HIB O1JIKIB MOJIOKA Ha SKICHI Ta KUTbKiC-
Hi 03HAKH MOJIOYHOT POAYKTUBHOCTI 30iraeTbes 3
pe3yibTaTaMHu iHIIHX HAYKOBIIIB.

BucHoBkHu: y pe3yabrari MPOBEOCHHUX [0-
CIiJ)KeHb HAMU BCTaHOBIIEHO, IO CHJIa BIUIU-
By T€HOTHUIIOBHX YHHHHKIB Ha O3HAKH MOJIOYHOT
MPOAYKTUBHOCTI, 3aJIe’KHO BiJ[ MOPOJH, ICTOTHO
pisHuThCA. JliHiMHA HaNeXHICTH Maja CTaTHC-
TUYHO 3HAYYIIUH BIUIMB HA BEJIMYMHY HAJOI0 Ta
BMICT >KHpY 1 OiJIKa B MOJIOL y KOPiB YKpaiHCbKHX
Y4OpHO-PsI00i Ta 4epBOHO-PsI00T MOJIOYHHX TOPIL.
JliniliHa HaIEKHICTh TAKOXK MaJia iICTOTHUH BILUIUB
Ha BEJIMYMHY HAJOI0 MEPBICTOK YKpaiHCHKOi Oy-
poi MosouHOi MopoAu. 3HaYHUH BIJIMB Ha O3HAKH
MPOAYKTUBHOCTI Ma€ MOXOKEHHS 32 OaTHKOM.

l'enoTum 3a GeTa-ka3eiHOM HE Ma€ iCTOTHOTO
JIOCTOBIPHOTO BIUIMBY Ha O3HAKW MOJIOYHOI MPO-
JIIYKTUBHOCTI KOpiB. BUHATKOM € TBapuHU yKpa-
THCBKOT UepBOHO-PA00T MOJIOYHOT ITIOPOIIU TA CyM-
CHKOT'O BHYTPILITHBOMIOPOAHOTO THITY YKPaiHCHKOT

YOPHO-PsA00T MOJIOYHOI TOPOIH, Y SIKKX BCTAHOB-
JICHO AOCTOBIPHMI BIUIMB T'€HOTHUITYy 3a OeTa-Ka-
3efHOM Ha BEJIMYMHY HAJO0I0 Ta BMICTY >KHUPY B
MOJIOLI.

[Nomanpmi qocmimkeHHs] MOBUHHI OyTH crips-
MOBaHi Ha JIOCJIJKEHHsI BIUTMBY [TOE€JHAHB PI3HUX
TeHiB OIKiB MOJIOKa Ha piBEHb MOJIOYHOI MPOAYK-
TUBHOCTI KOPIB.

CIIMCOK JIITEPATYPHU

1. Anmin O. €., Amnmina H. I, Pyceko H. II.
Bmnue renotuny 0arbka Ha NMPOAYKTHBHICTH KOpPIB
Ta IMOBIpHICTH iX 3aXBOPIOBAaHHS Ha MAaCTHT 3a pi3-
HUX TEXHOJOTiH yTpuMmaHHA. Po3BeneHHS 1 TeHEeTHKa
tBapuH. 2023. Bum. 65. C. 15-26. DOI:10.31073/
abg.65.02.

2. IlpuckopeHHs CeNeKuiiHOro mporecy y IoIy-
Js10ii YOpHO-PsI60T XyNOOH IUITXOM BUKOPUCTAHHS Te-
HeTHyHUX MapkepiB / B. €. Bonnapyk ta in. HB JIHY
BETEpHUHAPHOI MEAUIIMHA Ta OioTexHOJNOTiH. CilThChKO-
rocrogapchki Hayku. 2022, Bum. 24 (97) C. 213-217.
DOI:10.32718/nvlvet-a9735.

3. MonoyHa NpogyKTHBHICTh KOPIB YKpaiHCHKOT
YepBOHO-PsI001 MOJIOYHOT IOPOJH PI3HUX TCHOTHIIIB B
npupogHo-KiiMaTndHuX 30Hax Ykpainu / C. JI. Boii-
TeHKO Ta iH. Po3BenmeHHs 1 renetuka TBapuH. 2022.
Bum. 63. C. 36-43. DOI:10.31073/abg.63.04.

4. Jzimok B. B., Mirtioryo 1. /., Moxunawosa H. B.,
Jo6psiaceka M. JI. MonoyHa NpOXyKTHUBHICTh KO-
PIB-TIEPBICTOK 3 Pi3HUMH FEHOTUIIAMH 32 TEHOM T'OpMO-
Hy pocTty. Po3Benenns i reretnka tBapus. 2022. Bum.
61. C. 119-125. DOI:10.31073/abg.61.13.

5. BB moxomkeHHs 32 6aThKOM Ha TPOSB TOC-
MOAAPCHKU KOPHCHUX O3HAK X JIOYOK 332 OpraHidyHOro
Ta KOHBEHI[IHOTO BHpOoOHMITBA Moioka / JI. M. Ky-

27



Texnonoeisn eupobnuymea i nepepobxu npooykyii meapunnuymea, 2023, Ne 2

tvppt.btsau.edu.ua

gep Ta iH. Po3BenmeHHs i reHermka TBapuH. 2022.
Bumn. 64. C. 34-46. DOI:10.31073/abg.64.04.

6. ®opMyBaHHS O3HAK MOJIOYHOI MPOTYKTHBHOC-
Ti KOpIB 3aJIeKHO BiJ iX MOXOmKeHHs 3a OarbkoM / €.
I. ®enoposuu Ta in. HB JIHY Berepunapnoi menu-
IUHU Ta OiloTexHonorid. CiabChKOrocroaapchbKi Hay-
ku. 2023. Bun. 25 (98). C. 142-148. DOI:10.32718/
nvlvet-a9824.

7. ®enopoBny B.  B., ®emopoBuu €. I,
HInwuts 1. B., Masyp H. I1. MonouHa npogyKTuBHICTH
KOpiB 3a pi3HMX BapiaHTiB migOopy OaTbKiBCHKHX
nap. PozBenenns i reneruka tBapus. 2023. Bum. 65. C.
142-152. DOI:10.31073/abg.65.12.

8. IIposiB 03HAaK MOJIOYHOT TIPOXYKTUBHOCTI KOPIiB
3QJIC)KHO BiJl IPOAYKTUBHOCTI iX MarepiB Ta MaTepiB
6arpkiB / 1. B. IlInuth Ta in. Bicunk Cymcbkoro Ha-
L[IOHAJILHOTO arpapHoro yHiBepcuTeTy. TBapHHHULITBO.
2023 1. C. 82-88. DOI:10.32782/bsnau.lvst.2023.1.12.

9. Does a Little Difference Make a Big Difference?
Bovine-Casein Al and A2 Variants and Human Health
— An Update / A. Cie’sli'nska et al. Int. J. Mol. Sci.
2022. No 23. P. 3-21.

10. Ivashchenko O., Kulibaba R. Productivity of
cows of the Ukrainian red-spotted dairy breed with
different genotypes according to the TLR1, SLC11A1
and CSN2 loci. Ukrainian Black Sea Region Agrarian
Science. 2022. No 26 (2). P. 35-42.

11. Kaminski S, Zabolewicz T, Olenski K,
Babuchowski A. Long-term changes in the frequency
of beta-casein, kappa-casein and beta-lactoglobulin
alleles in Polish Holstein-Friesian dairy cattle. Journal
of Animal and Feed Sciences. 2023. No 32 (2).
P. 205-210.

12. Kulibaba R., Liashenko Yu., Sakhatskyi M.
Using the results of genetic and population studies to
evaluate breeding work in populations of dairy cows.
Scientific and Technical Bulletin of Institute of Animal
Husbandry of NAAS. 2023. No 129. P. 103-114.

13. Kulibaba R., Sakhatskyi M., Liashenko Yu.
Analysis of the distribution of haplotype frequencies by
CSN2 and CSN3 loci in the population of cows of the
Ukrainian Black and White dairy breed. Scientific and
Technical Bulletin of Institute of Animal Husbandry of
NAAS. 2022. No 128. P. 94-104.

14. Physiochemical characteristics and
fermentation ability of milk from Czech Fleckvieh
cows are related to genetic polymorphisms of B-casein,
K-casein, and B-lactoglobulin / J. Kyselova et al. Asian-
Australas J Anim Sci. 2019. No 32 (1). P. 14-22.

15. Ladyka V., Pavlenko Y., Sklyarenko Y. Uso
del polimorfismo del gen de la B-caseina en términos
de preservacion del ganado lechero marron. Archivos
de zootecnia. 2021. No 70 (269). P. 88-94.

16. Metlytska O., Kopylov K., Berezovskyi O.
Modern molecular genetic approaches for improving
the efficiency of the breeding process in animal
husbandry in Ukraine. Breeding and Animal Genetics.
2016. No 51. P. 193-200.

17. Comparison of milk protein composition and
rennet coagulation properties in native Swedish dairy
cow breeds and high-yielding Swedish Red cows / N.
Poulsen et al. J. Dairy Sci. 2017. No 100. P. §722-8734.

28

18. Ramakrishnan M., Zhou X., Dydak U.,
Savaiano D. A. Gastric Emptying of New-World
Milk Containing A1 and A2 B-Casein Is More Rapid
as Compared to Milk Containing Only A2 B-Casein
in Lactose Maldigesters: A Randomized, Cross-Over
Trial Using Magnetic Resonance Imaging. Nutrients.
2023. No 15 (4). 801 p.

19. Marker-assisted selection of dairy cows for
B-casein gene A2 variant / C. Sebastiani et al. Italian
Journal of Food Science. 2022. No 34 (2). P. 21-27.

20. Composite B-k-casein genotypes and their
effect on composition and coagulation of milk from
Estonian Holstein cows / M. Vallas et al. J. Dairy Sci.
2012. No 95. P. 6760-6769.

REFERENCES

1. Admin, O. Ye., Admina, N. H., Rusko, N. P.
(2023). Vplyv henotypu batka na produktyvnist koriv ta
imovirnist yikh zakhvoriuvannia na mastyt za riznykh
tekhnolohii utrymannia [The influence of the father's
genotype on the productivity of cows and the probabili-
ty of their disease with mastitis under different husband-
ry technologies]. Rozvedennia i henetyka tvaryn [Ani-
mal breeding and genetics]. Issue 65, pp. 15-26.

2. Bondaruk, V. Ye., Zhmur, A. Y., Muzyka, L. L.,
Bondar, P. V., Orikhivskyi, T. V. (2022). Pryskoren-
nja selekcijnogo procesu u populjacii' chorno-rjaboi'
hudoby shljahom vykorystannja genetychnyh markeriv
[Acceleration of the selection process in the population
of Black and Spotted cattle by using genetic markers].
NV LNU veterynarnoi medytsyny ta biotekhnolohii
[Cientific Messenger of LNU of Veterinary Medicine
and Biotechnologies]. Silskohospodarski nauky [Agri-
cultural Sciences]. Issue 24 (97), pp. 213-217.

3. Voitenko, S. L., Sydorenko, O. V., Cherniak,
N. H., Korol, P. V., Babush, S. I. (2022). Molochna pro-
duktyvnist koriv ukrainskoi chervono-riaboi molochnoi
porody riznykh henotypiv v pryrodno-klimatychnykh
zonakh Ukrainy [Milk productivity of cows of the
ukrainian red-spotted dairy breed of different genotypes
in natural and climatic zones of Ukraine]. Rozvedennia
1 henetyka tvaryn [Animal breeding and genetics]. Is-
sue 63, pp. 36-43.

4. Dzitsiuk, V. V., Mitiohlo, I. D., Mokhnacho-
va, N. B., Dobrianska, M. L. Molochna produktyvnist
koriv-pervistok z riznymy henotypamy za henom hor-
monu rostu [Milk productivity of first-born cows with
different genotypes for the growth hormone gene].
Rozvedennia i henetyka tvaryn [Animal breeding and
genetics]. Issue 61, pp. 119-125.

5. Kucher, D. M., Kochuk-Yashchenko, O. A.,
Sliusar, M. V., Tkachuk, S. M., Karykh, K. V. (2022).
Vplyv pokhodzhennia za batkom na proiav hospodarsky
korysnykh oznak yikh dochok za orhanichnoho ta kon-
ventsiinoho vyrobnytstva moloka [The influence of pa-
ternal origin on the manifestation of economically useful
traits of their daughters under organic and conventional
milk production]. Rozvedennia i henetyka tvaryn [Ani-
mal breeding and genetics]. Issue 64, pp. 34-46.

6. Fedorovych, Ye. 1., Shpyt, I.V., Fedorovych,
V.V., Tkachuk, V.P., Chornyi, 1.O. (2023). Formuvan-
nia oznak molochnoi produktyvnosti koriv zalezhno vid



tvppt.btsau.edu.ua

Texnonozis supobnuymea i nepepodxu npooykyii meapunnuymea, 2023, Ne 2

yikh pokhodzhennia za batkom [Formation of signs of
milk productivity of cows depending on their origin by
father]. NV LNU veterynarnoi medytsyny ta biotekh-
nolohii [Cientific Messenger of LNU of Veterinary Med-
icine and Biotechnologies]. Silskohospodarski nauky
[Agricultural Sciences]. Issue 25 (98), pp. 142-148.

7. Fedorovych, V. V., Fedorovych, Ye. 1., Shpyt,
1. V., Mazur, N. P. (2023). Molochna produktyvnist ko-
riv za riznykh variantiv pidboru batkivskykh par [Milk
productivity of cows under different options for selec-
tion of parent pairs]. Rozvedennia i henetyka tvaryn
[Animal breeding and genetics]. Issue 65, pp. 142—-152.

8. Shpyt, I. V., Fedorovych, Ye. 1., Kuziv, M. 1.,
Fedorovych, V. V., Kuziv, N. M. (2023). Proiav oznak
molochnoi produktyvnosti koriv zalezhno vid produk-
tyvnosti yikh materiv ta materiv batkiv [Manifestation
of milk productivity features of cows depending on
productivity of their mothers and mothers of fathers].
Visnyk Sumskoho natsionalnoho ahrarnoho univer-
sytetu [Bulletin of Sumy National Agrarian Universi-
ty]. Tvarynnytstvo [Livestock]. 1, pp. 82—88.

9. Cie'sli'nska, A., Fiedorowicz, E., Rozmus, D.,
Sienkiewicz-Sztapka, E., Jarmolowska, B., Kami’
nski, S. (2022). Does a Little Difference Make a Big
Difference? Bovine-Casein Al and A2 Variants and
Human Health - An Update. Int. J. Mol. Sci., no. 23,
pp. 3-21.

10. Ivashchenko, O., Kulibaba, R. (2022) Pro-
ductivity of cows of the Ukrainian red-spotted dairy
breed with different genotypes according to the TLR1,
SLCI1A1 and CSN2 loci. Ukrainian Black Sea Region
Agrarian Science. no. 26 (2), pp. 35-42.

11. Kaminski, S., Zabolewicz, T., Olenski, K.,
Babuchowski, A. (2023). Long-term changes in the
frequency of beta-casein, kappa-casein and beta-lac-
toglobulin alleles in Polish Holstein-Friesian dairy
cattle. Journal of Animal and Feed Science, no. 32 (2),
pp. 205-210.

12. Kulibaba, R., Liashenko, Yu., Sakhatskyi, M.
(2023). Using the results of genetic and population stud-
ies to evaluate breeding work in populations of dairy
cows. Scientific and Technical Bulletin of Institute of
Animal Husbandry of NAAS. no. 129, pp. 103-114.

13. Kulibaba, R., Sakhatskyi, M., Liashenko, Yu.
(2022). Analysis of the distribution of haplotype fre-
quencies by CSN2 and CSN3 loci in the population of
cows of the Ukrainian Black and White dairy breed.
Scientific and Technical Bulletin of Institute of Animal
Husbandry of NAAS. no. 128, pp. 94-104.

14. Kyselova, J., Je¢minkova, K., Mat¢jickova, J.,
Hanus, O., Kott, T., Stipkova, M., Krejéova, M. (2019).
Physiochemical characteristics and fermentation ability
of milk from Czech Fleckvieh cows are related to genetic
polymorphisms of B-casein, k-casein, and p-lactoglob-
ulin. Asian-Australas J Anim Sci., no. 32 (1), pp. 14-22.

15. Ladyka, V., Pavlenko, Y., Sklyarenko, Y.
(2021). Uso del polimorfismo del gen de la B-caseina
en términos de preservacion del ganado lechero mar-
ron. Archivos de zootecnia. no. 70 (269), pp. 88-94.

16. Metlytska, O., Kopylov, K., Berezovskyi, O.
(2016). Modern molecular genetic approaches for im-
proving the efficiency of the breeding process in animal

husbandry in Ukraine, Breeding and Animal Genetics.
no. 51, pp. 193-200.

17. Poulsen, N., Glantz, M. Anette, K., Pauls-
son, M., Lotte, B. (2017). Comparison of milk protein
composition and rennet coagulation properties in native
Swedish dairy cow breeds and high-yielding Swedish
Red cows. J. Dairy Sci., no. 100, pp. 8722-8734.

18. Ramakrishnan, M., Zhou, X., Dydak, U.,
Savaiano, D. A. (2023). Gastric Emptying of New-
World Milk Containing Al and A2 B-Casein Is More
Rapid as Compared to Milk Containing Only A2 B-Ca-
sein in Lactose Maldigesters: A Randomized, Cross-
Over Trial Using Magnetic Resonance Imaging. Nutri-
ents. no. 15 (4), 801 p.

19. Sebastiani, C., Arcangeli, C., Torricelli, M.,
Ciullo, M., D’avino, N., Cinti, G., Fisichella, S., Biag-
etti, M. (2022). Marker-assisted selection of dairy cows
for B-casein gene A2 variant. Italian Journal of Food
Science, no. 34 (2), pp. 21-27.

20. Vallas, M., Kaart, T., Varv, 1. Joudu, 1., Vi-
inalass, H., Pdrna, E. (2012). Composite B-k-casein
genotypes and their effect on composition and coagula-
tion of milk from Estonian Holstein cows. J. Dairy Sci.,
no. 95, pp. 6760-6769.

Factors and their influence on the indicators of
milk productivity of first-born of Ukrainian dairy
breeds

Ladyka V., Skliarenko Y., Pavlenko Y., Maliko-
vaA.

The article examines the influence of genotypic
factors on the formation of milk productivity indica-
tors in first-born cows of various breeds. Genotyping of
744 cows of Ukrainian Brown Dairy, Ukrainian Red-
And White, Ukrainian Black-and-White Dairy breeds
and Sumy inbred type of Ukrainian Black-and-White
dairy breed, which are kept in breeding farms of State
Enterprise "Experimental Farm of Institute of Agricul-
ture of Northern East of NAAS" of Sumy district of
Sumy Region and PRAE Ichnyanske and PRAE Kh-
liborob of Chernihiv region. In order to determine the
polymorphism of the beta-casein gene, genetic studies
were carried out in the laboratory of Institute of Phys-
iology named after Bogomolets of NAS with the help
of molecular biological analysis of allele recognition
by polymerase chain reaction (PCR) in real time. The
study of milk productivity indicators was carried out
with the help of generally accepted methods, using the
electronic database of SUMS "Orsek". The influence of
genotypic factors was determined based on the results
of one-factor variance analysis.

Between animals of different breeds, there is a
significant difference in the influence of genotypic
factors on indicators of milk productivity. Linear be-
longing had a statistically significant effect on milk
yield and the content of fat and protein in milk in
animals of the Ukrainian black-and-white and red-
and-white dairy breeds. Whereas in cows of Ukrainian
brown dairy breed - only on the amount of milk yield.
In first-borns of Sumy intrabreed type, linear belong-
ing did not have a statistically significant effect on the
studied indicators.
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Father's origin has a much greater influence
(1%,=22-62 %).

The genotype of the animal according to beta-casein
actually does not have a reliable effect on the indicators
of milk productivity. However, in animals of Ukrainian
red-and-white dairy breed and Sumy inbred type of
Ukrainian black-and-white dairy breed, it reliably influ-
enced the formation of milk yield and fat content in milk.

Copyright: Jlaguka B. I, Cxisiperixo 1O. L, TlaBnenko 0. M., Maniko- .=
‘ @ ® Ba A. I. © This is an open-access article distributed under the terms of g.

Therefore, with the aim of forming the desired
value of milk productivity traits in first-born cows, the
primary task is to carry out the selection of breeders
assessed for the quality of the offspring of the corre-
sponding lineal affiliation.

Key words: genotype, beta-casein, influence, milk
productivity, breed
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CitbcbKOTOCTIONAPCHKA TITUIS BUPI3HAETHCS IEBHUMH O10JOTITHH-
MH OCOOJIMBOCTSAMH: IHTCHCUBHUM METa0O0Ji3MOM Ta IIBHIKUM POCTOM,
CKOPOCHUTICTIO Ta 3HAYHUM ITOTEHI1aJIOM BiITBOPEHHSI, BUCOKOIO TEMIIE-
paryporo Tisa, CTIHKICTIO 10 0ararbox iH(peKUiiHUX 3aXBOPIOBaHb TOILO.

HaBeneHo pe3ynbrati eKCIepHMEHTAIBHOTO TOCIIKEHHS BILTUBY
010JTOTI9HO aKTHBHOT NOOABKH « AKTHBIO», sIka MiCTUTh e(ipHi 0Ol KO-
pHIli, poO3MapuHy, OPETAaHO Ta EKCTPAKT IMEPII0 YWJli, Ha MPOMYKTUBHI
SIKOCTI MOJIOAHSIKY Kadok. JIyis peamnizariii mocTaBieHOi MeTH ChOpMO-
BaHO JIBI JIOCJIAHI TPYyNH Ka4OK: 1 Tpyna — Kauky MEeKiHCHKOI TOPOAH,
2 — xa4uku kpocy Yeppi-Bemni, sskuM y ckiaji MOBHOLIHHOTO Ta 30a-
JIAHCOBAHOTO 32 MOXXKUBHUMH PEUYOBHHAMH Ta €HEPri€l0 pallioHy 3rofo-
BYBaJIu Tperapar « AKTHBiO», 3 po3paxyHKy 100 r Ha 1 T koMOiKOpMY.
BcraHoBieHO, 10 BBEICHHS JI0 PAlliOHy MOJIOAHSKY Ka4oK Iperapary
«AKTHBI0O» CHPUSIE MiIBUIIECHHIO TOKa3HUKIB CIIOKUBAaHHS KOPMY, ITPH-
pocCTy XMBOI MacH Ta 30epeKeHOCTI KaueHsIT, 1110, HacaMIIepe]], 0B’ s13a-
HO 3 TUM, 1110 e(ipHi oIii KopuIli, po3MapuHy, OperaHo, EKCTPAKT MEPLIO
YUJIi MalOTh TIO3UTUBHI, CTUMYJTIOBAJIbHI 010JIOTI9HI €(heKTH, TIOKpaIy-
[0Th (YHKIIOHYBaHHS OpPTaHiB TpaBJIEHHS, iIMyHHOI, HEPBOBOI CHCTEM
Ta OMOPHO-PyXOBOTO anapary. [1i 4ac BUPOILyBaHHS NTHIlI BaXKJIUBUM
MTOKa3HUKOM € CEepPEeIHbOI000BE CIIOKUBAHHS KOPMIB, SIKE, 3T1THO 3 Ja-
HUMH CTarTi, y nepioxa 3 1 mo 7 1o0y CTaHOBHMJIO B Ka4OK MEPIIO] IPpyIH
27,15 r/ron/noby, B ka4ok apyroi rpynu — 28,41 r/ron/noby, a B nepiox
3 22 mo 28 mo0y BenWYHMHA IMOKa3HUKA CEPEIHBOJ000BOTO CIIOKHUBAH-
H KOopMy ckiaio 259,36 r/ron/moby y mepiriit rpymi, y ApyTii rpymi
— 270,36 1/ron/nooy.

Bukopucranus mnpemnapary «AKTHBIO» HE YHHWIO HETaTHBHOIO
BIUIMBY Ha OpPTaHi3M MOJIOJHSKY KaueHsT Ta Jajlo 3MOT'y pealli3yBaTH re-
HETUYHUH MMOTEHIia)l IPOAYKTHBHOCTI Ka4yoK, 10 OYJI0 sSICKpaBilie BUpa-
JKEHO Y MOJIONHAKY KaueHAT kpocy Yeppi-Bemri, orpumanoro Ha 6a3i ka-
YOK MEKIHCHKOT MMOPON IIJITXOM TOTTTHOICHOT CeJIeKINii 3 BUKOPUCTAHHIM
OarbkiBChKOi JiHIT 151 1 MarepurchKoi 102, i Mae BUITY €HEPrit0 pOCTY,
MOPIBHSHO 3 KaYKaMH MEKIHCHKOT IOpOAIH.

KoaiouoBi ciioBa: xauku, nekincbka nopona, Yeppi-Besri, kopmoBa
J00aBKa, « AKTUBIO», IPUPOCTH, )KUBA Maca, 30epeiKEeHICTb.

ITocTaHoBKA MP00JIeMH Ta aHAJTI3 OCTAHHIX
aocaigxeHb. [ITaxiBHALITBO € OTHIEO 3 HAMOLTHIIT
€KOHOMIYHO €()eKTHBHHX TaTy3ed TBApHWHHHIITBA,
110 3a0e3meuye XapuoBy Oe3IeKy OUTBITIOCTI KpaiH
cydacHoTo CBITYy [1, 2, 3, 4]. ACOPTUMEHT KOPMIB,
[0 3aCTOCOBYIOTh y NTaXIBHHIITBI, Pi3HOMAaHIT-
HUH, XapaKTepu3yeThCsl 0araroacrieKTHUM CKJia-
JIOM Ta BIACTHBOCTAMH. ParrioHansHa opraizalis

TOJIBIIi CLTECHKOTOCIIOAPCHKOT MITUIT Ma€ BayKIIH-
B€ 3HAUYCHHS JJIS MIOKPAICHHS M SCHOI Ta S€YHOT
MPOAYKTUBHOCTI B YMOBAaX BHKOPUCTAHHS 1HTCH-
CUBHUX TEXHOJIOTii. THIT TOMIBII Ta CKIaJ parlio-
Hy 0€3MoCepeIHhO BIUTMBAOTH HA 0OMiH PEYOBUH
Ta eHeprii, picT 1 PO3BUTOK, MOP(OJIOTIUHMIA Ta
(YHKIIOHATBHUI CTaHU OPTaHi3My Ta MPOAYKTUB-
HICTh MTHUIII PI3HUX BIKOBHX Tpyt [5-8].
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3HIKEHHS TPOAYKTUBHOCTI TNTaxXiB, yIO-
BUTBHEHHS iX POCTY Ta PO3BUTKY JIOCHTH HacTO
BUHUKAIOTh 32 HEMPaBWIBHUX YMOB YTPHUMaHHS,
He30aJIaHCOBaHOI Ta HENMOBHOLIIHHOI TOIBII, IO
HEPIAKO TPHU3BOIUTE JO TOPYIICHHS METa0oIi3-
MY, PO3BUTKY XBOp0O He3apa3Horo, iH(MEKITiHHO-
ro, 30KpeMa, iHBa3iiHOTO renesy [9-12].

Ha cyuacHomy erarni po3BUTKY NTaxiBHUIITBA
€KOHOMIYHO €(eKTUBHE BUPOOHUIITBO M’SICHOT
Ta S€IHOI MPOMYKITii TIependadae He JTUIIC OINTH-
Mi3alil0 YMOB yTpPMMaHHS, MOBHOLIIHHY Ta 30a-
JIAaHCOBaHY TOIBIIIO, a TAKOXK HEMOXIMBE Oe3 3a-
CTOCYBaHHS Pi3HOMaHITHUX 010JI0TIYHO aKTHBHUX
PEYOBHH, 110 MICTATh aMiHOKHCIIOTH, MiKpoee-
MEHTH, BiTaMiHH, CyMilll TpaB’SHUX EKCTPaKTiB,
(hepMeHTHi mpemnapaTy, iHII CTUMYJISITOPH POCTY,
a iHomi # copbentn [13-17].

BpaxoByioun gaHi 11010 HETATUBHOTO BILIHBY
KOPMOBHX aHTHOIOTHKIB Ta CTUMYJISTOPIB POCTY,
SIKi 4acTO MICTSATh TOPMOHH, HAOUIBII e(eKTHB-
HAM Ta O€3MEUYHUM € BHUKOPUCTAHHS O10J0TiTHO
aKTUBHUX J00AaBOK POCIHHHOTO TIOXOIKEHHS,
3aCTOCYBaHHS SKUX € BOXIMBUM (PAKTOPOM, IIO
BIUIMBAE HA 3[IaTHICTh peai3allii FTeHEeTUYIHOTO 10~
TEHLiady MPOXYyKTUBHOCTI NTHLI, MiABUIIEHHS iX
PE3UCTEHTHOCTI, a TAKOXX TOKPAILICHHS! CMaKOBHX
sIKOCTEH M'saca.

JocuTh eeKTHBHUM € Tpernapar pOCIHHHOTO
MTOXOMKCHHA «AKTHBIO» — KOMOIHAIS TPUPOA-
HUX CTaHJIAPTU30BaHUX O10JIOTIYHO-aKTUBHUX pe-
YOBWH, BUAUICHHX 13 apOMaTHYHHUX TPaB i CHELiH,
30CEPEHKCHUX B ONIHIA MIKpPOIHKAICY/IhOBaHIN
gacTIii. Y CKIIami mpemnapary «AKTHBIO» MICTH-
nock: 1) edipHa omig kopui; 2) edipHa omisg po3-
MapuHy; 3) eKCTpakT nepuio 4uii; 4) edipHa omis
Operaso.

BionoriuHo akTWBHI J00AaBKH POCIMHHOTO
MOXOMKEHHSI JIOCHTh YacTO BUKOPHCTOBYIOTHCS
B TOJIBIi ciibchbKOTOCHomapchbkoi nruui. Okpe-
Ml 9acTO 3aCTOCOBYIOThH SIK CTUMYIISITOPH POCTY,
0 € aJlbTEPHATHBOK KOPMOBUX aHTHOIOTHKIB.
e noB’s3aHO 3 THM, IO iX POCIMHHI CKJIAIHU-
KA MICTSITh Oi0JOTiYHO-aKTUBHI PEYOBUHH, SIKi
HETaTUBHO BIUIMBAIOTh Ha PO3MHOMKEHHS, PICT Ta
PO3BHUTOK 0ararboX MIKpOOpPTaHi3MiB, HaJIUICHI
CTHMYJIIOBaJIbHUMH, TPEOiOTHYHUMH Ta MpPOTHA-
JepriyHUMU eeKTaMu TOIIO.

EdipHni onii — pociIMHHI TPOIYKTH, SIKI OTPH-
MYIOTb 13 CIIEIIiH 1 TpaB. BOHM MO3UTHBHO BILTHBA-
I0Th Ha MPOXYKTUBHICTH TBapuH. Lli BnacTuBOCTI
NPUIHCYIOTh BTOPUHHUM POCIMHHUM KOMITOHEH-
TaM, sIKi He HaJeXarh 10 IEPBUHHOTO MeTabOoTi3-
My POCIHH, aje XHUTTEBO BAXIMBI I 3aXUCTY
BiJ BipyciB, OakTepill, rpuOKiB 1 mapa3uriB. B ok-
peEMUX BHUMAJKax AilOTh SIK NpUHAIA sl IPOLECY
BigTBOpeHHs [13, 15].
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3okpema, edipHa OJIis KOPHII Mae OaKTepioc-
TaTU9HI BIIACTUBOCTI, TTOKpAIye KpOBOOOIr Ta 3a-
CBOEHHS KOPMY, CTUMYJTIOE PETeHATOPHI IPOIeCH
B OpTraHi3mi.

Edipna omis operano HajaiieHa 3HAYHUM aH-
THOAKTepiaTbHUM IOTeHITiagoM. KapBakpod, 110
MICTHTBCSI B OpETaHo, IHTYKY€ 3aru0eb (aIronTo3)
Oaratb0X BHIIB MikpoopraHizmiB. Kpim TorO,
OpEeraHo € JKepesoM MOTYKHHX aHTHOKCHIIAH-
TiB 3aBISKH HAsSBHOCTI PO3MapHHOBOI KHCIIOTH
1 Tumoury. Po3mMapuHOBa KMCIIOTa TaKOX YWHUTH
AQHTUTICTAMIHHY [0, 3aBISKH YOMY 3HIKYETHCS
PIBEHb aJIEPTiYHUX PEaKIIii B OpraHi3Mi.

[Teperns g 3aBASKHA HASIBHOCTI KallCaillMHY
Ta IHIIUX aKTHUBHUX CKJIATHUKIB BOMBAE 3HAYHY
KUTBKICTh TTATOTCHHUX OaKTEpid, SKi MOXYTh II0-
TPAIUIATH 10 KOPMY, HaAUIEHUH MOIpa3HIOBAIb-
HUMU BJIACTHBOCTSIMH, CTHMYJIIO€ IIPOLIECH TPaB-
JIEHHsI, TTOKpaIy€e KpOBOOOIT Ta OOMIH PEUOBHH.
[TepeBaroro karcailiHy € HOTO TepMOCTa0iIb-
HICTh Ta IIUPOKUH CIIEKTP aHTHOKCHAAHTHUX pe-
aKIIiH, SK1 IHAYKYIOTHCS B OpraHi3Mi MicIIsT HaIXxo-
JDKEHHS B OPTaHU TPABJICHHS TEPITIO YHJI.

i ckTamHUKHM TOKPAITYyIOTh CMAaKOBi SIKOCTI
Ta IHTEHCUBHICTH TPABICHHS Y NTHII 32 PaXyHOK
MIJBUINCHHS AKTUBHOCTI TPaBHUX (PEPMEHTIB 1
CEeKpellii MUTYHKOBOTO COKY.

Crming 3a3HauuTH, MO0 B HAYKOBIM JHiTeparypi
HEYHCIICHHI MyOmiKarii MmMpo pe3yibTaTd IOCHi-
JUKCHb BIUTMBY Ha OpraHi3M KadeHAT Oi0JoTid-
HO-aKTUBHUX 100aBOK, SIKI MICTATh HO€IHAHHS
JEKUTHKOX POCITMHHUX KOMITOHEHTIB. Y 3B’S3KY 3
[IMM BWBYCHHS BIUIMBY 010J0TIYHO aKTUBHOI J10-
0aBKH «AKTHBIO» € aKTyaJIbHUM IMUTAHHIM Ta Ma€
HAyKOBO-TIPAaKTHYHE 3HAYCHHS.

MeTta nocJaiazkeHHsl — 3°sCyBaTH BIUIHB 010-
JIOTIYHO-aKTHBHOI TOOABKH «AKTHBIO» Ha IIPO-
TYKTUBHICTH MOJIOTHSAKY Kau4OK B TIepiof ix iHTCH-
CUBHOTO POCTY.

Marepian i Meroaum aociigxenHs. Ekc-
TIepUMEHTAIBHI JOCHIHKEHHS OyJI0 TIPOBEICHO
B ymoBax JIIT JAI' «MuxamiBcbke» IHCTHTYTY
CLIBCHKOTO ToCToAapcTBa Kapriarchkoro perioHy
HAAH Vxpaiau. Jlna mocmimy Oynu mimiOpani
KadeHsATa 3a MPHUHLHUIIOM rpymn-aHajuoris. [lepma
rpyna — KadeHsTa MeKiHcbkoi mopomu (n=100),
Ipyra Tpyma — KadeHsATa Kkpocy Yeppi Bemm
(n=100).

JKvBy Macy nTuIli BU3HAYaIH MUBSIXOM 1HIUBI-
TyaJIbHOTO 3BaKyBaHHS (3 TOYHICTIO 10 1 rpama)
HIOTIKHA. Takok MPOBOOMIM KOHTPOIb YTPHU-
MaHHS Ka4eHST MEeKiHChKO1 mopoau Ta Yeppi Be-
ni. Ilepmma Ta mpyra JOCHTiIHI TPYIH Ka4O0K YTPH-
MYBAJIMCh B OJHAKOBUX YMOBaX, B IKMX CBITIIOBUI
Ta TEMIIePaTypHUHA PEKUMH, BOJIOTICTh ITOBITPS, a
TaKOX YMOBH HaIllyBaHHsI Ta (POHT TOIIBII BiIIO-
BiJIaJIl PEKOMEHIOBAHUM HOpPMaM.
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Jlo 30amaHcoBaHOTO pAaIiOHy Ka4eHST JI0Ma-
Bajii O10JIOTIYHY aKTHBHY J00aBKYy «AKTHBIO» 3
po3paxysaky 100 r Ha 1 T KopMmy.

KoxxHOi 100M BpaxoByBamacs KiUTbKICTh BHU-
JaHOTO KOMOIKOpMY Ta Horo 3amuiikiB. 30epe-
JKEHICTh TTHI O0OJiKoByBanu momHs. Ilim dwac
MPOBEACHHS [TOCHIPKEHHS BH3HAYalld BUTPATH
KOMOIKOpMY Ha 1 KT IpHPOCTY JKUBOT MacHu.

Ilix 4Jac eKkcmepuMEHTAILHUX JOCITIIHKCHB
TOTPUMAHO BCiX O10€TUYHUX BUMOT y CTaBJICH-
Hi 10 TBapHWH, IO BIAIIOBIAAIOTH 3aKOHY YKpai-
Hu «IIpo 3axucT TBapuH Bif )KOPCTOKOTO TTOBO-
mxeHHs» Big 28.03.2006 p. Ta «E€BpomeHCHKIA
KOHBEHITII MPO 3aXHUCT XPEOCTHUX TBAPHUH» BiJ
13.11.1987 p., Hakazy MiHicTpa OCBITH 1 Hay-
KU, Mojomi Ta crmoptry Ykpaimm 01.03.2012 p.
Neo 249, 3apeecTpoBaHo B MiHICTEPCTBI FOCTHIIIT

Tabnuus 1 — Ckaaa noBHOPaioHHOT0 KOMOIKOPMY /ISl KQ4eHSIT

Vkpaiau 16 Gepesns 2012 p. 3a Ne 416/20729
npo «ITopsiiok MpoBeJeHHSI HAYKOBUMH YCTaHO-
BaMH JOCIIiiB, €KCIIEPUMEHTIB Ha TBApUHAXY.
30amaHcoBaHa 3a MOKUBHUMH PEUOBHUHAMHU
Ta SHEPTIEI0 TOMIBIIS Ka9OK 31HCHIOBAIACH TIOB-
HOITIHHUMH KOMOIKOpMaMH, 3TiTHO 3 JIIOYUMH
HOpMaMH 3 ypaxyBaHHSIM KOMITJIEKCY TTOKUBHUX
1 610JTOTIYHO aKTUBHHUX PEUOBHH 3 METOIO 3a0e3-
TICYCHHS HOPMAJIGHOTO POCTY Ta peati3alii mpo-
IYKTUBHUX sSIKOCTeH y Biamoimuocti i3 ACTY
4120-2002 «KoMOikopMH TIOBHOPAIIOHHI IS
CLITBCHKOTOCTIONAPCHKOI MTHIl». JlomaTkoBo 10
pamiony Bommwin 100 rpam Ha 1 TOHHY KOMOi-
KOpMYy Ipenapary « AKTuBio». CKJiaj] TOBHOPAITi-
OHHOTO KOMOIKOpMY, SIKHHA 3TOJOBYBIH KadKaM
MPOTSITOM TIEPIOy BHPOIIYBaHHS, HABEJICHO Yy

Tabmum 1.

Ne ITK 31-2 | Ne 1K 22-2
[arpenienTn Bix, a6
1-15 | 15-42
Bwicrt, %

JepTs KyKypyn3siHa 15 40,8
JepTs nieHnyHa 44 29
Jepth stuminHa 0€3 IUTIBOK 17,44 9,49
IIpoT coHAUTHUKOBHH 7 5
Jpibxki KopMOBi 3 3
Pubne GopoiHo 7 5
M’s1c0-KiCTKOBE GOPOIIHO - 2
BuciBku mireHu4Hi 4 3
Kpeiina, Bamusik 1,4 1,5
Cinb KyXOHHa 0,16 0,21
«AKTUBiO» 1 1
Pazom 100 100
YV 100 r koMOIKOPMY MICTHUTBCS
OOMmiHHOT eHeprii, KKal 286,0 296,31
Cuporo mpoTeiny, T 18,09 16,47
Enepro-mpoTeiHoBe CITiBBiAHOIICHHS 158 180
Cuporo xupy, T 2,2 2,9
Cupoi KIIITKOBUHH, T 4,6 3,8
Kanpmiro, r 1,17 1,16
dochopy, T 0,84 0,76
Harpito, T 0,39 0,35
Jlisuny (6e3 nobGaBku), Mr 888,7 776,8
MerioHiny + nuctuny (6e3 100aBKH), MI 658,0 567.9
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Pe3ynbTaTn J1ociaigkeHHs Ta 0OGroBopeH-
HAA. Y Tepiom poOCTy KadeHsTa BiAPi3HAIOTHCS
BiJl IHITUX BHIIB CUIBCHKOTOCITONAPCHKOI IITHITI
3HAYHUM arleTUTOM, HEBUOAIUBICTIO JO KOPMIB,
BIIHOCHO BHCOKOIO CTIMKICTIO IO HE3apa3HHUX Ta
IHQEKIIHHNX 3aXBOPIOBAHb, 3HAYHOIO >KHTTE3-
JATHICTIO. 30€pe’KeHICTh Ta KUBA Maca KavdoK €
BOKIMBUMH Ta 00’ €KTUBHUMH MOKa3HUKAMH, IO
XapaKTePU3YIOTh MIOBHOIIHHICTH TOIBIII TITHII 32
ONTUMANILHAX YMOB yTpUMaHHA. [IJis BU3HAueH-
HS 30€peKEHOCTI TIOTOMIB ST Ka9OK 3a JIOCITiTHHHA
nepios MPOBOAMIIN OOJIIK 3arn0Ioro Ta BUOpaKy-
BaHOro moromie's (tabn. 2). 3 maHux TaOmuii 2
BHJTHO, IO 30€pEKEHICTh KAYOK Yy APYTid TpyIri
(xpoc Ueppi-Bemti) Oyma He3HAYHO BHIIOIO, T10-
PIBHSIHO 3 TIEPIIIOIO TPYyTOI0 (MTEKiHChKa TOpOa).
3a aHamizy NpUYUH BUOPaKyBaHHS MTHII HAMH HE
BCTAHOBJICHO OY/Ib-SKHX CHMITTOMIB 1H()EKIIIHIX
3aXBOPIOBaHb, TIMTOBITAMIHO31B, MaCOBOTO IOpY-
eHHs mporeciB TpaBieHHs. CtaH mociiay (KoH-
CHCTEHITIS, 3amax, KOoJip) Oylin HOPMAabHUMH.
OcHOBHa NpUYMHA 3aruOei MOJIOTHIKY KadyoK
oJIsATaja B TpaBMaTu3Mi KiHITIBOK. TakuM 4uHOM,
3TOIOBYBaHHS IIpenapary «AKTHBIO» HE BIUIMHY-
710 Ha Oe3IeKy KavoK.

Tabmums 2 — 30epeskeHicTh MOroJiB’ s KaUeHsIT,

%, n=100
Bik KaueHsIT, Tpynn
6
Tlepma rpyna Hpyra rpyna
1-7 100 100
8-18 99 100
19-28 98 99
29-38 100 100
39-42 100 100
v Cepe/iHbOMy 99 100
3a JI0CIig

Ciig 3a3Ha4MTH, MO IHTEHCHUBHICTH POCTY
Ta PO3BUTKY MOJIOAHSIKY CUTbCHKOTOCIIONAP-
CBKOI1 NTHII 3aJI€XUTh BiJ] CIIO)KUBAaHHS Ta Iie-
peTpaBieHHSI KOpMY, BCMOKTYBaHHS Ta 3aCBO€EH-
HS TTO)KUBHUX PEYOBWH B OpPTraHax TPaBIEHHS 3
TTOTaNIBIITUM BHKOPUCTAHHAM 3aCBOEHUX Opra-
HIYHHUX CTIONYK IS 3a0€3TeUeHHsT HOPMaJIbLHOTO
repebiry (i3i0JoTiyHuX MpoIeciB, GopMyBaHHS
CTPYKTYPHUX KOMIIOHEHTIB OIIOPHO-PYXOBOTO
arrapary Ta BHYTPIITHIX OpraHiB, 30UTHIICHHS
J)KMBOI MacH.

BaxximBUM TMOKa3HWKOM 32 BHPOIIYBaHHS
NTHIIl € CEePEeNHbONOO0BE CITOKUBAHHS KOPMIB.
3rimHo 3 maHMMH Ta6muii 3, y mepiog 3 1 mo
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7 mo0y cepenHbOI000BE CITOKUBAHHS KOPMY B Ka-
YOK IepIIoi rpynu ctaHoBuiio 27,15 r/ron/mo0y,
a B Ka4ok Apyroi rpynu — 28,41 r/rosin/no0y, a B 1e-
pion 3 22 mo 28 no0y BeIMYHA MTOKA3HHUKA CEPe/I-
HbOJ000BOI0 CIIOKMBAHHS KopMy — 259,36 r/ron/
100y, y kadok apyroi rpymu — 270,36 r/ron/mo0y.
Y 3aBeprraibHI IEPioau BUPOITYBAHHS CEPETHBO-
N000B1 OKa3HUKH CIIOKMBAaHHS KOMOIKOPMY OyJn
HaWBHIIUMH. 30KpemMa, B repiof 3 36 o 42 moly y
NP rpyIi BeJIMYruHa CePeaIHbOA000BOIO CIIO-
JKUBaHHS KOMOiKopMy craHoBwia 337,25 r/ron/
no0y, a B Apyrii — 351,52 r/ron/mo0y. Y Bci nepi-
OIM TOCIIIY CIIOKUBAHHS KOMOIKOPMY y MOJIOJI-
HAKY Kadok kpocy Yeppi-Bemri nepeBaskanu Hax
3a3HauCHUMH TIOKa3HMKAMHU Y Ka4OK MEKIHCHKOT
ropoan (Tadmuris 3).

11106 3’sicyBatH, SIK 3MIHIOETHCS JKMBA Maca Ta
BH3HAYNTH 1HTCHCUBHICTh POCTY MOJIOTHSKY Ka-
YOK MiJ BIUIMBOM OIOJIOTIYHO aKTUBHOI 100aBKHU
«AXTHUBIO», HAMHU TIPOBOAMIIOCH 3BAYKYBaHHS Ka-
YEHST MPOTATOM YChOTO HAYKOBO-TOCTIOIAPCHKOTO
JOCITiTy.

Tabmuns 3 — CnokuBaHHA KOMOIKOPMY MOJIOTHSIKOM
Ka4oK, r/ron/mo0y

Bik kaueHsr, Tovia
6 py
Hlepma rpyia |-y v rpyia
(mekiHCBKa (Yeppi Beri)
opoza)

1-7 27,15 28,41
814 83,64 87,02
15-21 194,30 202,32
2228 259,36 270,36
29-35 321,11 334,45
36-42 337,25 351,52

Y cepennpomy 203,8 212,35
3a JI0CIiz

Ciix 3a3Ha4mTH, 110 KWBA Maca NTHUIll CITy-
KATh 00’ €EKTUBHUM KPHUTEPIEM CTaHy OpTraHi3-
My Ta 3aJICKHUTH BiJ BiKY, TOMIBII, KIIIMaTHIHUX
YMOB, a TaKOXK BiJl IHTEHCHUBHOCTI (Di310JIOTTIHIX
MIPOIIECiB, sAKI MepediraroTh B OpraHi3Mi TOIIO.
JlocuTh BaXUTMBHM € HOpMalibHE (YHKITIOHY-
BaHHS OpTaHiB TpaBJICHHS, fKI 3a0e3MeUyIOTh
MEepPEeTPaBICHHS] Ta BCMOKTYBaHHS TOXUBHUX
PEYOBUH KOPMY.

BaxxnmnBoio yMOBOIO peatizarii TeHeTHIHOTO
MTOTEHITIATY TTPOAYKTHBHOCTI Ka4OK, HacaMmIiepes,
€ 30aaHcoBaHa Ta ITOBHOIIIHHA TOIBIS, SIKa 3a-
Oesmeuye moTpedy B OOMIHHINA €Hepril 1 MOXKUB-
HUX PEYOBHHAX.
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B Yeppi Benni

Hiarpama 1. JlunaMika :KUBOI MacH Ka4oK.

[MixBuIEeHHS )KMBOI MacH Ka4doK IOB'S3aHE 3
X pOCTOM Ta PO3BUTKOM, & TAKOX 3 TIOBHOLIHHOIO
rozisieto. Ha movarok mocimigy sknBa Maca Kadok
y AOCIITHUX TpyHax 6yJ1a HPAKTUYHO OTHAKOBOIO.

Amnamisyroun maHi giarpamu, MOXHA BiJI3Ha-
YUTH, IO MOKA3HUKH XHUBOI Macu Ka4deHsT B Iep-
MIAA TepioJ] TOCHIiNy He pi3HWIHCh. JlocToBipHA
BIIMIHHICTh MOKA3HUKIB >XUBOI MAacu KAYEHST
Yeppi-Bemni ta kaueHAT MEKiHCHKOT MMOPOX CIO-
crepiramnace y niepion 3 21 mo 42-y noOy. Ilokas-
HUK KUBOT MacH Ka4deHsT JIPyroi rpyIu, MopiBHS-
HO 3 MEPIIOI0 TPyTNolo, Ha 21 no0y OyB OUITBIIUM
Ha 41,01 1, a Ha 28 moby — 57,58 r (p < 0,001).
Ha 35 no0y nociiny *®uBa Maca y KaueHsIT Apyroi
rpymu Oyna Ha 63,3 T (p < 0,001) GunbIIor0, HIX Y
Ka4oK IepIIoi Tpymu (MeKiHChbKa mopoja), a Ha 42
100y, BimnosinHo, Ha — 102,71 r (p < 0,001). Io-
3UTHBHUM (DaKTOM TaKoX € Te, IO 3r0JA0BYyBAHHS
KaueHsITaM KOMOIKOpMY 3 Oi0JIOTiYHO aKTHBHOIO
KOPMOBOIO JTIOOABKOIO «AKTHBIO» HE Majo Hera-
THUBHOTO BIUTMBY Ha Ka4oOK Ta CHPHSIIO JOOpoMy
3aCBOEHHIO KOPMY.

BpaxoBytoun maHi TOKa3HUKIB CEpEAHBO-
JIOOOBOTO CIIOKUBaHHS KOMOIKOPMY Ta TEMIIB
POCTY MOJIOTHSKY Ka4OK, MU IPOBEJIN BU3HAYEH-
HS TIOKaQ3HUKa BUTPAT KOpMY Ha 1 Kr mpupocty
*kuBoi macu (tabmuus 4). Ilporsrom mepiroro
TYOKHS BHPOIIYBaHHS BHTPAaTH KOMOIKOpMY Ha
1 xr mpupocTy KUBOi Macu B mepiii rpyti (1e-
KiHCBKa Topona) ckiagamu 1,561 kr, a B mpyrii
rpymi (kpoc Ueppi Bemi) — 1, 586 kr. ¥V nepiox

3 8 mo 28 o0y MOKa3HUKU BUTPAT KOpMY Ha 1
KI' IPUPOCTY >KMBOi MacH y Ka4dok | rpymm (me-
KiHCBbKa TIopojia) Ta Ka4dok apyroi rpymu (Yep-
pi-Bemri) maitbxe He pisHIINCH. HallBuIIiMu BH-
TpaTy KOpMiB OYITH B TIEPioJT IHTEHCUBHOTO POCTY
Ka4eHsIT, TOYMHAIOYH 3 22 100 BHUPOIILyBaHHS.
3okpema, 3 28 mo 35 moby BUTparu KOpMy Ha
1 Xr mpupocTy KUBOi MacH y Ka4ok 1 rpymw (1e-
KiHCBKa Moposa) cTaHOBWIIH 3,386 KT, a B Ka4OK
2 rpymu (Yeppi-Bemni) — 3,497 xr, a y nepiox 3
36 o 42 noOy BUTpaTH KOpMy Ha 1 KT mpupocrty
JKUBOT MacH y Kadok | rpymu (TeKiHChbKa Iopoa)
cranoBwid 3,591 k1, a B kadok 2 rpymu (Yep-
pi-Beini) Oyim 1enio MEeHITUMH, TOPIBHIHO 3 Ka-
yeHsiTamu 1 rpymnu, i craHowy 3,531 xr Ha 1 kT
HNPUPOCTY KUBOI MacCH.

Tabmurst 4 — Butpatu kopmy Ha 1Kr npupocTy
JKUBOT MacH, Kr

Bix KaUuCHSIT, H(%)emK?HI;I;}I]:;a I[pyr'c.l rpymna

nio nopoxa) (Yeppi-Bemni)
1-7 1,561 1,586
8-14 1,478 1,478
1521 2,563 2,566
22-28 3,119 3,162
28-35 3,386 3,497
3642 3,591 3,531
v CepeiHbOMY 2.62 2. 64

3a JocIiz
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AHaI3YyI0YM TIOKAa3HUKU CEPeHbOJ000BOTO
CTIOXXKMBAHHS KOPMY y TOCIHITHUX KaueHsT, BapTO
3BEpPHYTH yBary Ha Te, IO 10 CKJIaxy Oiojorid-
HO-aKTHBHOI T0OaBKH «AKTHBIO» BXOOATH POC-
JIMHHI KOMITOHEHTH (edipHi oiii KopuIl, po3ma-
pHUHY, OpPETaHO, EKCTPAKT MEPIE0 YHIIi), HAIUICHI
MO3UTHBHUMH, Y TOMY YHWCI, CTUMYITIOBAJIEHUMHU
eexkraMu 1110710 (PYyHKI[IOHYBaHHS OpPraHiB TpaB-
JIEHHS, IMyHHOI, HEPBOBO1 CHCTEM, OpTaHIB Uy TTS
Ta OTIOPHO-PYXOBOTO arapary TOIIO.

3okpeMa, edipHa OJTisI KOPHIll € CMaKOBUM
CTUMYJISITOPOM Ta AHTHOKCHIAHTOM, IO TMOCH-
JIFO€ CIPUWAHATTS 3amaxy Ta CMaKy KOpMY, 3HH-
JKy€ pPiBEHb BIUTHBY CTpec-(paKkTOpiB Ha OpPTaHi3M
ITHILI.

Ilo3uTHBHMI BIUIMB MONABAaHHSA JO PAaIliOHY
MOJIONHSAKY Ka9OK POCIMHHUX e(ipHUX OfiHd, sKi
MICTATh €(ipHY OJIiF0 KOPHII, OTPUMAJIH JTOCIiI-
HUKH [ 18], sKi peecTpyBany ORI PiBHI CITIOXKH-
BaHHS KOPMY, Kpallli cepeIHbO1000B1 MPUPOCTH
Ta OUTBIIIy Macy Tijla MOJIOMHSKY KadoK KpOCy
Ueppi- Bemi, mo 6yio 3yMOBIIEHO TOKPAIICHHIM
MIKpOOIOTH CIIITUX KHUIIOK, 301THIIICHASIM BUCOTH
BOPCHMHOK JIBAaHAJUATUNANOI Ta MOPOXKHBOI KH-
IIOK, a Takok Momudikaiiero 0ap’epHoi QyHKIIIT
KHIIKIBHUAKA.

3rigHo 3 manumu [ 19], BBeACHHS B CKJIaa KOP-
MOBHX 100aBOK e(ipHOI 0JIil KOpHUIIl 3aMIiCTh aH-
THOIOTHKIB € HE JIMIIE KOPUCHUM JIs 100po0yTy
TBapWH, a TaKOX 301IBIIy€E PiBEHBL CIIOKUBAHHS
KOpPMIB Ta Macy CUIbCHKOTOCIIOAAPCHKOI IITHIII,
30KpeMa, YHACTIIOK TOCHJICHHSI CHHTE3y ILIyH-
KOBUX (DEpMEHTIB.

EdipHa oinis po3MapuHy y CKJIaai KOMILIEK-
CHHUX POCIHMHHUX KOPMOBHX J00aBOK, 3TIHO 3
nmaaumMu [20], mokparye 3araJbHANR IPUPICT Baru
TITHIl YHACIIOK 30UTBIICHHS BHCOTH Ta ITUPH-
HU BOPCHHOK MOPOXKHBOI KUIIKH Ta MOKPAIIEHHS
BCMOKTYBAJIBHOI 3/TaTHOCTI KUIIIKiBHUKA.

3a momaBaHHS 10 pallioHy MEperelTiB-HeCyI0K
KOPMOBOI J00ABKH, SIKa MiCTUTh €(ipHY OJIi10 pO3-
MapHuHy, BCTAHOBIICHO ii aHTHOKCHIAHTHY IO Ta
HE BHSIBIIEHO HETATHBHOTO BIUTUBY Ha MPOAYKTHB-
HICTb 1 TOKa3HUKH SIKOCTI €I repenems [21].

3rimHo 3 maEuMH [22], BBEACHHS J0 PAIiOHy
MYCKYCHHX KauOK KOPMOBOi J0OaBKH, sIKa MiCTHTb
e(ipHy OJIiF0 PO3MapHHY, TOKPALIYIOThCS MMOKa3-
HUKHU TPUPOCTIB KUBOI MACH MOJIOJHSKY KadOK.

JlocuTh BUpaXEHUH MMO3UTUBHUIN e(DeKT OTpH-
MaJu Y JOCIIHKeHHSIX [23] YHACTIIOK TO/IaBaHHS
JI0 KOPMIB KarcaiuHy (€KCTPaKTy MEPII0 YHIIi)
MIpU BUPOITYyBaHHI MEKIHCHKUX KadoK. 30Kpema,
y pasi gomaBaHHS M0 parioHy 14 mo0GoBux Te-
KiHChKHX Kadok 100 Ta 150 Mr karcainwHy Bif-
3HAYAETHCS 3HAYHE 30UILIICHHS JKMBOI MacH, KO-
e(imieHTa 3aCBOIOBAHOCTI KOPMIB (0COOJIHBO 3a
3rOJ0BYBaHHS €(IPHOTO EKCTPAKTY HEPIO YMIIi),
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3HA4yHE IMJBUILEHHS aKTUBHOCTI aMijia3H, Jiina3u
Ta TPUIICHHY B YCIX BIiIaX TOHKOTO KHIIIKiB-
HUKA, a TAKOK TIOKPAIIECHHS MiKpPOOiOJIOTIgHOTO
MPoQLITI0 NLTYHKOBO-KUIIIKOBOTO TPAKTY.

3rimHo 3 maHuMHu [24], eKCTpaKT MEPII0 UMl
TIPH 3TOJIOBYBAaHHI KayKaM, 32 YMOB BUIBHOTO JI0-
CTYIly IO KOpMY, HE JHiIe 301IbIIye aneTHT Ta
piBEHb CMOXHUBAHHA KOPMY, a TaKOX ITOKpaIlye
HECYYiCTh Ta 30UTBIIICHHS MacH SIETb.

Edipna omist operano, mo y CKJIami MiCTHUTh
KapBaKpoJI, HaIiIeHa OAKTepUITHIHUMHU Ta aHTH-
OKCHJIAHTHAMH BIJIACTUBOCTSIMH, NIPUTHIYYE PiCT
1 PO3BUTOK IMAaTOTEHHUX MIKPOCKOTIYHHX TPHOIB
Ta OGakTepiil. 3rimHo 3 JaHUMHU [25], KOMIUIEKCHI
KOPMOBI J00aBKH POCIMHHOTO IOXOKEHHS, SKi
y CKJIaJi MICTATh €(hipHy OJIII0 OperaHo, a TAKOXK
KOPHYHY OO0 Ta E€KCTPAaKT TMEPII0 YHJIi MAaroTh
JCKITbKa MOTCHIIHHO CIPUATIMBUX €(EKTIB, 110
XapaKTepU3YIOTECA 30UTBIICHHSAM CEPEeIHBOIO-
0OOBUX MPHUPOCTIB Ta KUBOI MacH, IMOKpPAIIECHHIM
AHTHUOKCHIAHTHOI 3IaTHOCTI OpraHi3My Ta HOro
IMyHHOTO CTaTyCy, a TaKOXK PEECTPYETHCS 301JTb-
IIeHHS BUCOTH BOPCHHOK Ta CITiBBiJHOIIEHHS
BHCOTH BOPCHHOK J0 TIIMOWHH KPHUIT HOPOKHBOT
KHIIKH, 10 3HAYHO YPI3HOMAHITHIOE TTOITYJISIII0
MIKpOOPTraHi3MiB KHIIKIBHAKA Ta TOKpaIIye Horo
0ap’epHy QYHKIIIFO.

[To3uTBHMI BIUIMB Ha OPTaHi3M MOJIOTHS-
Ky KadeHat edipHOi oJii operaHo Ta KOPHUIHOI
oJTii y JMOCTIHKEHHSIX BUSBUIN PsJ TOCIITHUKIB
[26]. YHacHigok momaBaHHSI KOPMOBHX JTOOABOKH,
10 MICTHJIM €(ipHI 0JIii POCIMHHOTO MOXOIKEH-
HA, PEECTPYBAJIOCH NMPUTHIYCHHS MATOTCHHOI Mi-
KpO(QJIOpH CIIIUX KHIIOK, 0e3 BUPAKCHHX 3MiH
MTOKA3HUKIB MPOAYKTUBHOCTI, TIOPIBHSAHO 3 KOH-
TPOJBHUMH TPyTIaMy TBapHH.

Ha moka3HWKM MBHIKOCTI POCTY BIUIMBA-
I0Th Pi3HOMaHITHI ()aKTOpH, MMEePEeayCiM CKIaa Ta
SIKICTh KOPMIB, PEKUM TOIIBJi, YMOBH YTpHUMAaH-
Hs, @ TAKOXK BIUIMB PI3HOMaHITHUX (DaKTOpiB Ha-
BKOJIMIIIHBOTO CEPEIOBHUIIA, TeHETUIHUN ITOTEHII]-
aJ1 MBHUIKOCTI pocTy ToImo [27-33].

Kpoc Yeppi-Bemni, skuit otpuMano Ha 0asi
Ka4OK TIeKIHCHKOI ITOPOAM TIUIIXOM ITOTJIHOJIe-
HO1 CEJIEKITii 3 BUKOPHUCTAHHIM OaThKiBCHKOI JIi-
Hii 151 1 marepuncekoi 102, Mae BUITy €HEPTrito
POCTY, TIOPIBHSHO 3 KaYKaMH TIEKIHCHKOI TTOPOITH.
I'6punni kauensta Yeppi-Bemwr mBumko HaOH-
paroTh XKUBY Macy 1o 2,9-3,3 xr [34, 35].

[Ipo edexTHBHICT, BUKOPHCTAHHS TpENapary
«AXTHUBI0» y TOIIBIII KAYSHAT TAKOK MOXKHA CYJIH-
TH Ha OCHOBI CIIOKUBaHHs KopMy. B cepeaapomy
Ha OJHY TOJIOBY Ta BUTPATH iX Ha OJUHMIIIO TPH-
pocTty xuBoi Macu (Tadi. 3, 4).

BucHoBkmM. Y pe3ynbTari MpOBEISHOTO AOCTI-
JDKEHHSI BCTAHOBJICHO, IIO BBEACHHS IO CKIAAy
30aJIaHCOBAHOTO 32 MOXHBHUMH PEUOBHHAMH Ta
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SHEPri€l0 parlioHy MOJIOMHSAKY KadoK Iperapary
«AXTHUBIO» TIOKpAIIy€e CIIOKWBAHHS KOPMY, Tij-
BHIIYE TPUPOCTH JKUBOI MAacH Ta 30€pPEKCHOCTI
Ka4eHAT, 0 Oymo OiIbIN BUPAKCHUM y KaueHST
kpocy UYeppi-Bemni. Onepkani pe3yabTaTd Mo-
KyTh OYyTH BHKOPHCTaHI MPH TIPOMHUCIOBOMY BH-
POIIYBaHHS Pi3HUX BHIIIB CLIHCHKOTOCIIOAAPCHKOL
nTuii. [lepcrieKTHBHEM HAMPSIMKOM TTOJIANTBITHX
JOCTIPKEHb € BUBYCHHSI MEXaHI3MiB 010JIOT14HOT
Iii POCITMHHUX KOMIIOHEHTIB TIperapary «AKTH-
Bio» (eipHHUX Oiil KOpHII, PO3MAPUHY, OPETaHO
Ta EKCTPAKTY IIEPITIO YHJIi) HAa OPTaHi3M CUTECHKO-
TOCIIOAAPCHKOT TITHIII.
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The effectiveness of the biologically active ad-
ditive «Activio» using when feeding young ducks

Leshchyshyn L., Kyryliv Y.

Agricultural poultry has a number of biologi-
cal features: intensive metabolism and rapid growth,
rapid maturity and significant reproductive potential,
high body temperature, resistance to many infectious
diseases, etc.

The scientific article presents the results of an ex-
perimental study of the effect of the biologically ac-
tive additive Activio, which contains essential oils of
cinnamon, rosemary, oregano and chili pepper extract,
on the productive qualities of young ducks. To realize
the set goal, two experimental groups of ducks were
formed: 1st group - Peking ducks, 2nd group - Cherry
Valley ducks, which were fed the drug Activio as part
of a complete and balanced diet in terms of nutrients
and energy, at the rate of 100 g ha 1 t of compound
feed . It has been established that the introduction of
the drug Activio into the diet of young ducks contrib-
utes to the increase in feed consumption, live weight
gains and the survival of ducklings, which is primar-
ily due to the fact that the essential oils of cinnamon,
rosemary, oregano, chili pepper extract have positive,
stimulating biological effects. improve the functioning
of the digestive, immune, nervous systems and mus-
culoskeletal system. During the breeding of poultry,
an important indicator is the average daily feed con-
sumption, which according to the data of the article
in the period from 1 to 7 days was 27.15 g/head/day
in the ducks of the first group, and 28.41 g/head/day
in the ducks of the second group, and in the period
from the 22nd to the 28th day, the value of the average
daily feed consumption is 259.36 g/go/day in the first
group, and 270.36 g/go/day in the ducks of the second

group.
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The use of the drug Activio did not have a nega-  depth selection using the paternal line 151 and mater-
tive effect on the body of young ducklings and made it  nal line 102 and has higher growth energy compared
possible to realize the genetic potential of the produc-  to Peking ducks.
tivity of ducks, which was more clearly expressed in Key words: ducks, Peking breed, Cherry Valley,
the young ducklings of the Cherry Valley breed, which ~ feed supplement, «Activio», gains, live weight, pres-
was obtained on the basis of Peking ducks through in-  ervation.
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Po3rystHy TO MATaHHS OO SIKOCTI 1 6€3MeYHOCTI STIOBHYNHHU Ta CBH-
HUHHU 3a iX BupoOHUIITBA y 30H1 [Tomicest Ykpainu, mocTpaxaaiii BHACIi-
1ok aBapii Ha YAEC. MeToro 1oCiTiKeHb OyJI0 OIiIHUTH BIUIUB Pi3HOTH-
MOBUX PALIIOHIB 1 COPOEHTY CanoHITy Ha piBeHb HakonuuyeHHa KaaMito y
M’s30Biif TKaHMHI OyraiIliB i CBUHEH 3a X yTpUMaHHS Ha TEPUTOPII, sIKa
Hanexuthb 10 111 30Hu paioakKTUBHOTO 3a0PYIHCHHS.

[IpoBeneHo aBa HayKOBO-TOCTIOAAPCHKI Aociiau. IIpu BupoIyBaHHi
OyTaiIliB yKpaiHChKOi YOPHO-psS00i MOJOYHOT TOPOJM BUBYAIH BILIMB
pi3HHX CHIIOCIB (4-X KOMIIOHEHTHA 3J1aKOBO-0000Ba CyMimi i cHiioc i3
naii3n) Ha BMicT Cd y HalipmoBmomy M’si3i cimHM (focmig 1), a Takox
MPOBOMIIN ONTUMI3AIlI0 MPOTETHOBOIO JKUBJICHHS TBApUH 33 PaXyHOK
PI3HOMaHITHUX KOPMIB 3 BUCOKUM yMICTOM OUIKIB (JIFOITMH BY3bKOJIUCTHUIH
i KopMOBi 600m) (mocmix 2). Y mocmiai 3 MOJONHAKY CBHHEH y CKIaii
paIlioHy 3rofIOByBaJIM Pi3HY KUIBKICTh MPUPOIHOTO MiHEpAITy CAroHITY i
BHBYAJIA KOTO BILTUB HA €KOJIOT1UHY SIKICTh TPOIYKITii.

OCKUIBKH 32 TOJIBJI TBapMH BUKOPUCTOBYBAJIM Pi3HI BUAM Ta KiJb-
KiCTh KOPMOBHX KOMITOHEHTIB, 000B’SI3KOBO 3JIifiCHIOBaJIN OallaHCyBaHHS
PAIIOHIB 32 BMICTOM MOXXHUBHHUX PEYOBHH TSI KOXKHOI 13 TPEACTaBICHUX
rpyn. PerymoBanHs Ta nmepeBipka MOXUBHOI IIIHHOCTI HOPMOBAHO1 TOJIiB-
JIi MPOBOAMITUCS IoMicstis. [Ipu 3MiHi paiioHiB 115 TBAPHH BPaXOBYBAIH
iX MPUPOCTH, KUBY Macy, 300TEXHIYHUI aHAI3 KOPMIB, MMOKUBHY IIiH-
HICTh T4 HOPMH TOMIBIII.

[TpoOormiaroTroBKy KOpMIB Ta M’S31B  NPOBOAWIM 3TiTHO i3
JCTY 7670:2014 3a nonmoMororw cyxoi MiHepaiizallii, KOHIIEHTPALI0
TOKCUKaHTa BU3HAYalM aTOMHO-abcopOiiiHuM MetompoMm. KoedimienTn
nepexoay Cd y JaHIIOTY «paimioH — M’s30Ba TKAaHUHA» y IbOMY J0CITi-
JDKeHHI TIepeOyBaloTh y MeKax BCTaHOBIEHUX HOpPMaTHBIB. BomHouac
3rOIOBYBAHHS CHJIOCY 13 Maii3u, MOPIBHSIHO i3 371aKOBO-0000BHM CHIIO-
COM, CIIpHUSUIO 3HIXKEHHIO koedinienTta nepexony Cd y M’s130By TKaHHHY
Oyraiinis Ha 0,68 % (abcomoTHnX). BBeneHHs 10 ckiagy 3epHOCYMiIIi
30 % (3a macoro) KopMoBHX 000iB 3aMiCTh aHAJIOTIYHOI KiIBKOCTI JIFO-
MIMHY JIJT MOJIOTHSAKY BeJIMKOi1 poraroi Xynoou (BPX) 3a ioro Bigromisi
Ha TepuTopii pamioakTuBHOTO 3a0pynHeHHs (III 30Ha) crpusio 3HAYHO
MEHIIOMY HarpomajpkeHHio i nepexoay Cd y M’S30By TKaHMHY TBapHH
—na 25,0 %1 0,71 % (abconroTHUX), BIAMOBIIHO. BKIIOUCHHS CBHHSIM
Ha BUPOLIYBaHHI i BIITOIIBII NPUPOIHOTO MiHEPaITy-COPOCHTY CATIOHITY
y KimpKocTi 3—7 % 3a Macoro KOHIIEHTPOBAHMUX KOPMIB y parlioHi Aajo
3mory 3MeHImuTH BMicT Cd y Haifmosmomy M’ 31 cimau Ha 21,8-37.9 %,
TAMYacOM KpaIoko 3a TIOKa3HIUKOM COPOIiiHOT €()eKTUBHOCTI JJIs1 BUBE-
nennst Cd BusiBriiacst 1o3a carnosity 7 %.

Kurouosi cioBa: Oyraiiii, CBUHI, )KUBJICHHS, PI3HOTUIIOBI PaIliOHH,
camnoHit, HakormueHHs, Cd.
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IMocTanoBKa nMpodJieMH Ta aHAJI3 OCTAHHIX
AOCJIi/IZKeHb. 3HAYHI TEMIIH PO3BUTKY Ta BJOCKO-
HaJIeHHsI Tally3i CUIbCHKOTO TOCIIOAapCTBa Hera-
TUBHO BIUIMBAIOTh HA HABKOJUILIHE TPUPOJHE Ce-
PEIOBHUIIE, OCKUTBKH ICHY€ BUKOPHUCTAHHS 3HAYHOT
KUTBKOCTI pi3HUX 3a0pynHIoBaviB. BHacinok Bu-
Oyxy Ha YopHOOMIILCBHKill aTOMHIN €JIeKTpOCTaH-
mii Oyno 3a0pyAHEHO IMTYYHUMHU DPaJli0OaKTUBHU-
MU 130TOIIAMH 3HAYHI IUIOLN NIBHIYHOI YaCTUHU
Vkpainu, y Tomy uncii JKuromupcrkoi obmacri.
3a ocTaHHI POKH MaiKe HE 3[IHCHIOBAIHMCS 3aX0-
IM TS SMEHIIeHHs niepexoxy i3otomiB *’Cs 1 *°Sr
710 CLIbCHKOTOCIIOIAPCHKUX MPOAYKTIB Ta CHPOBU-
Hu. [Iporte, He3Bakaloun Ha JABHICTH 3a3HAYCHOI
TEXHOTCHHOI KaTacTpoQu, MPOBeACHHs KOHTPOIIIO
HAKOITMYCHHSI TOKCUYHHUX DPEUYOBHH Y MPOAYKII
TBApPUHHMLITBA Ta POCIMHHHUITBA, TPOTHO3YBAHHS
MpPOIIECiB iX Mirpamii y NpUpoIHUX €KOCHCTEMax
MaloTh CTOSITH Ha poBigHOMY Mici [ 1, 2].

Takok BaXIMBUM TUTAHHSAM € IIEPEBUILICHHS
JOMYCTHUMUX PiBHIB BaKKUX METANIB Y IPYHTax Ta
cinbcpKorocogapehKiil mpoxykmii. Comni BaskKKuX
METAIB JIy’Ke IIKIJUIUBI Ta TOKCUYHI JIs YKUBHX
oprani3mis. Lli croiyku MarTh 30aTHICTb MIrpy-
BaTU JIAHIFOTAMH XHUBJICHHS Ta HETATUBHO BJIMBA-
TH Ha 3[I0pOB’s oz, TBapuH, nrumi [3, 4, 5].
[Ipore mpu HasSBHOCTI HEBEIMKOI KUIBKOCTI CHO-
YK BOXKUX METAJIB Y BOIHHX 00’€KTax, IPyH-
Tax Ta KOPMOBHUX KYJIbTypaX, BOHH BUCTYNalOTh
y SIKOCTI HEOOXiTHUX MIKPOEIEMEHTIB Ta € BKpai
HEOOX1IHUMH [T HOPMAJILHOTO (DYHKI[IOHYBaHHS
opraHismis [6, 7, 8].

CryneHi HeOe3MeYHOCTI BIUIMBY BaXKKUX
METaJIiB Ha OpraHi3M JIIOANHH YW TBapHHHU
3HaYyHO pi3HATHCA. Hailibinbury HeOe3neky He-
CyTh Taki TOKCU4YHi enemeHTH, sk Hg, F, Zn, As,
Pb, Cd, Se [5].

Kaamiil — oquH 13 HaMOLIBII TOKCUYHUX BaXK-
KHX METaJiB, HOTO BiJHOCATH IO APYIOro Kiacy
HEOE3MEeKH — BHCOKOHEOE3NEYHHX PEeYoBHH |9,
10]. Sk i OinmpmricTs iHIMX Bakkux mertanis, Cd
Mae 37aTHICTh HAKOIIMIYBAaTHCS B OpraHi3mi, Horo
cepe/Hi MOKa3HUKH Tepiofy HamiBBUBEACHHS CS-
raroTh nmo3Hauku 22,5 pokis [11]. Y pasi Harpoma-
JOKEHHS 3HAYHOT KiIJTBKOCTI KaJIMit0 B OpraHi3Mi siK
JIIOIVHY, TaK i TBAPUHH, BiAOYBaIOTHCA MATONOTI4-
Hi IEPETBOPEHHS OKPEMHX TKaHUH Ta 301i poOOTH
CHCTEM >KUTTE€3a0€3MECUCHHS KHUBOTO OPraHi3my.
Haii0inp1101 mIKOaM 3a3HAIOTh KICTKOBI TKAHHWHHU,
OpTaHH BHIINBHOI Ta AMXaJbHOI CHCTEM, 3aJI03U
BHYTPIIIHBOI CEKpelii Ta penpoayKTHBHI OpraHu,
BiIOYBA€ETHCS 3HIDKEHHS MPOIECY €PUTPOIOE3y
[12]. KagmieBMicHI CIONyKH BapTO BBaXKATH CyT-
TEBOIO 3arpo300 AJIsl IMyHHOI CHCTEMH, OCKiJb-
KM BOHHM 3[aTHI NPUTHIYYBaTd PE3UCTEHTHICTDH
OpTaHi3My [0 pi3HUX MaToyoTii (ajepriyHux,
ayTOIMyHHUX, OHKOJOTiuHUX Tomio) [13, 14].

OcobnuBictio Gionoriunoi aii Cd € 31aTHICTD He-
TaTWBHO BIUIMBATH HA 3I0POB’SI TBAPUH MPH TPH-
BaJIOMY BIUTMBI HU3LKHUX PIBHIB 3a0pyIHEHHS Ye-
pe3 BUCOKHI KOE(]II[iEHT O10JIOTTYHOTI KyMyJISLIii
(mo 40 poxis) [15].

HanmxomkeHHsT BENMKUX KOHIICHTPAIl Bak-
KHX METAaJiB y IPYHTOBI 3pa3Kd NPHU3BOIUTEH 0
HaKOIMTMYCHHS 3a0pYyIHIOBAYiB y OPHHUX 3EMJIIIX 1
CTaBHTh ITiJI 3arpo3y OTPHUMAHHS MPOIYKTIB BH-
cokoi sikocTi [16]. [Jlesski ciTbCHKOTOCIIONAPCHKI
KyJIBTYPH 3IaTHI HAKOMUYHUTH 3HAYHY KiJIBKICThH
BaOXKHX METANIB Yy CBOill cTpykTypi [17]. Buenn-
MU BCTaHOBJICHO, IO 32 BUKOPUCTAHHS IS TO-
JIBJII TBAPUH KOPMIiB, BUPOIIEHUX HA TCPUTOPISIX
3 BHCOKHM DPIiBHEM IPOMHUCIIOBOTO BUPOOHUIITBA,
xoHuenTpaiis Pb i Cd y mpoaykrax 3aboro Ta-
KUX TBapWUH 3HAYHO 3pOCTae. 3a pe3yabraTaMu
JOCHIKeHb 0ararbox BUCHHMX BI1JIOMO, IO T'OJIiB-
7 TBApWH 3a0pyAHEHHMH KOPMaMH € OCHOBHUM
[UISTXOM TTOTPAIUITHHS BOKKUX METANIB JI0 iX op-
ra”isMmy. ExciepiMeHTaNbHI JaHi JOBOAATh MOX-
JUBICTH Tepexoxy Maibke 99 % ycix ImKiITMBUX
CITONTYK came 3 kopmamu [18, 19].

ToxcuyHa it BAXKKUX METAJIIB XapaKTepU3y-
€THCS IIMPOKUM CIIEKTPOM BIUIMBY, OCKLIBKH He-
TaTHBHI 3MiHH BiIOyBalOTHCA Y BCHOMY OpTraHi3Mi
[20, 21, 22]. HeobOximHO 3BepTaTH 3HAYHYy yBary
Ha CHCTEMH BeJeHHS raixy3eidl TBapMHHHIITBA Ta
MITaXiBHUIITBA HA TCPUTOPIAX 13 BACOKHUM YMICTOM
3a0pynHIoBadiB. GopMyBaHHS BUPOOHUYHX IIPO-
IIECiB 3 JMOTPUMAHHSIM YCiX CaHITaApHO-TITi€HIY-
HUX HOPM JIa€ MOXKJIMBICTD Y MONAJIBIIOMY OTPH-
MaTH 0e3TeuHy BUCOKOSKICHY TIPOMYKIIITO.

ToMmy mOBOI aKTyaJIbHUM € IOCIIDKEHHS 3a-
CTOCYBaHHSI Pi3HHMX THIIIB TOMIBII ISl BU3HAYCH-
HSl ONTHMAJIbHOI CHCTEMH BUPOIIYBaHHS TBAPUH Y
30HaxX 3 BUCOKHM DPiBHEM 3a0pyIHEHHS BaKKUMH
MeTaJlaMHu.

Meta gocJtiIeHHs] — BU3HAYUTH MTOKa3HIKU
KoHTeHTpaIlii Ta nepexoxy Cd y HaiinoBmuii M’ 13
criHu OyTaiIliB 1 CBMHEH 3a BKJIIOUEHHS Y 1X pa-
IIIOHH Pi3HHUX CHJIOCIB, BUCOKOOUIKOBHX KOPMIB Ta
BUKOPHCTAHHS TPHUPOIHOTO MiHEpaITy-COPOCHTY
CaIToOHITY.

Marepian i Merogu pgocaimxeHns. Jlusa
MIPOBEACHHS TOCIIIHKEHb BUKOPUCTANIN Oyraiiiis
YKpaiHCHKO1 YOPHO-PsI00T MOJIOYHOI IMOPOIH, SKi
YTPUMYBAJIUCSA B yMOBax (hi3i0J0TIIHOTO IBO-
py lHCTHTYTY cimbebKOTO TOocmomapcTBa Ilomices
HAAH. JIns TOYHOCTI E€KCIIEpUMEHTIB ChopMy-
BaJll JIBI OKpeMi TPyNH, SKi YTPUMYBJIHCS Ha
mpuB’s3i. PopMyBaJId TPYNH 3TIACHIO 3TITHO 3
MeTOMUIHUMH monoxeHasMu 1. 1. I6arymmina i
O. M. XKyKopchKOTO 32 METOJ0M 30aTaHCOBAHUX
rpyn [23]. Big0ip Ta mopiBHSHHS TBapUH IJIs 0-
CTaHOBKH Ha Aociia Tpusas 45 mib. [licis 3aBep-
IIIEHHS MTOPIBHSIHHOTO TIEPIONY 0 KOKHOI TPYIIH
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MIOCTITHAX TBAPHUH BimiOpanu mo 8 Oyraiiis 3
aHajoriyHUMH TokasHukamu. Jocmin 1 1 2 mpo-
BeJiecHo B c. ['posune KopocTeHchbkoro pailoHy
JKutromMupcbKoi 0071acTi, K€ HaJCKUTH A0 TEPH-
TOpIi 31 MIUTBHICTIO Pali0aKTUBHOTO 3a0pyIHEHHS
1o 185 kbx/m? (III 30ma). TpuBaIicTh JOCIiIHOTO
nepiony — 187 mi0.

ToxiBns migmocimigHwx OyTraiiiB IPOBOIU-
Jlacsli IBOpPa3oBO (BpaHINl Ta BBeuepi). Y TBapHH
YIIPOAOBXK 100W OyB BUIBHUI IOCTYII A0 aBTOMa-
TUYHUX IOIIOK 3 BOJOIO.

3rigHoO 3 OCHOBHOIO CXEMOIO JIOCIIIKEHHS,
i1 9ac mpoBeneHHs 1 gociixy, OyraiiisaM BETHKOi
poratoi Xyno0u KOHTPOJIBHOI TPYITH 3rOI0BYBAH
TOCIIOAPCHKHIA PAIliOH, JI0 CKJIAY SIKOTO BXOIMIIN
4-KOMITOHEHTHHH 3JI1aKOBO-0000BHI CHIIOC (OBEC
+ TIEINTFOTIIKA + JIIONWH BY3bKOJIIUCTHN + BHKA spa),
CIHO KOHIOIITMHY, COJIOMa BIBCSHA, 3€PHOCYMIIII Ta
cimb KyxoHHA. JloCHimHINi rpyIn — CHIIOC 31 371aK0-
B0-0000BOI CYMIIIT 3aMiHHMJIM Ha CHIIOC 13 Hai3u.

3TiIHO 13 3aIUTAHOBAHUMH €TaraMu 2 T0CIiy,
Oyraiimi I rpymu CrioyKuBaIi TOCTIONAPCHKHM parTi-
OH, OCHOBHMMH KOMITOHEHTAMH SKOTO BHCTYTIaJIH
CHJIOC KYKYPYI3STHHH, CIHO 3JIaKOBE, C1JTh KyXOHHA
Ta 3epHOCcyMmimT Ne 1. CBo€ro 4eproto, JjIsl TBAPHUH
II rpymm, migroryBamu 3epaocymin Ne 2, sika BH-
KOPHUCTOBYBaJacs K JOCIIIKyBaHHA KOMIIOHEHT
partiony 1i€i rpynu. OCHOBHUMH KOMIIOHCHTaMH
3epHOCyMinT Ne 1 ayis TOmiBII IMiAMOCITI THUX TBa-
pUH BHCTYNAIOTh KOHIICHTPATH (3€pHOBI) BIIACHO-
0 BHUPOOHUIITBA, SIKI BHPOITYBIM Ha pajioax-
TUBHO 3a0pymHeHux Teputopisx (% 3a macoro):
mmeruts — 50, momwH — 30, oBec — 20. [lo cknamy
3epHOCyMinT Ne 2 BXOAHIIN aHAJIOTidHa KUTBKICTh
TIITIICHUIT 1 BiBCa, OIHAK, 3aMICTh JIIOIUHY BY3b-
KOJIICTOTO BHKOPHCTOBYBAJIM «YMOBHO YHCTI»
KOpMOBi 600u, BupoineHi Ha moysax AT «Hosa
ITepemora» IHCTUTYTY CLIBCHKOTO TOCIIOIAPCTBA
ITomiccs HamionansHOI akameMii arpapHUX Hayk
VYikpaiunu.

Ilepen mouatkom 3 mochiay BimiOpamu 28 ro-
JIB MOJIOOHSIKY CBUHEH BelaMKoi Oij0i mopomm.
Bci manimyssii as popMyBaHHS TpyTI-aHAJIOTIB
tpuBasnn 18 ai0. [icis 3aBeplieHHS MOPIBHSIIb-
HOTO TIEPiOAY IS IPOBEICHHS 3 HayKOBO-BHPOO-
HAYOTO JOCHiAy chopMyBaidu 4 TPyl TBapHH.
V ckiani KoxHOT 3 X Tpymn Oyio 1Mo 7 TBapuH-
aHaJIOTiB.

JepTh suMiHHA, MITEHAYHA Ta TOPOXOBa, OY-
PSKHM KOPMOBI, Kpeiiaa Ta KyXOHHA CiJIb — IIe KOp-
MH OCHOBHOTO PAITiOHY JJIsi CBUHEH KOHTPOJBHOI
rpynu. Momomusaky mociigaux rpyn (II, 111, IV)
JI0 OCHOBHOTO DAIliOHYy JOJaBald TPUPOTHUN
MiHepaJ camoHIT y KinbkocTi 3 %, 5 % ta 7 %
32 Macol0 KOHIIGHTPOBAHHMX KOPMIB, BiAITOBITHO.
Teapunam mpotsarom 185 nmib 3romoByBaiId KOPMH
JIOCITDKyBaHUX parlioHiB. JIo00By HOpMY KOpMY

42

JUTSI MOJIOHSKY CBUHEH PO3IOAUISIIN HA 2 TOMIB-
Ji. Y KITTKax Ui YTPUMaHHS TI0CITi THUX CBH-
HEW BUKOPHUCTOBYBAJIM OKpPEeMi METaJieBi KOPHUTa 3
BOJIOTO /1711 TX HAITyBaHHS.

Pamionn, cdopmoBaHi 3riHO 3 Cy4aCHUMH
JETaTi30BaHUMH HOPMaMH TOMIBII Ta ypaxyBaH-
HAM (DaKTHYHOTO XIMIYHOTO CKJIaTy 1 MOKUBHOI
LIHHOCTI KOPMIB, I[IJIKOM 3a0€3IeUy0Th OpraHiam
TBapWH CHEPTI€I0 Ta MAaOTh MOXJIMBICTH IOBHi-
CTIO PO3KPUTH TEHETUYHHWHA TOTEHITIAN IIOAO0 iX
MIPOIYKTHUBHOCTI [24].

[Ticms 3aBepiieHHS IOCHITYy TPOBETH KOH-
TpOJILHUN 3a0iif TBapuH (TI0 3 TOJIOBH 3 KOXXHOL
TpyIH) Ta BimiOpanu 3pa3Ku MPOAYKITii Isl BU3HA-
YEHHS BMICTY BOKKHX METaJIB.

JlaGoparopHi mOCTIDKEHHS 3 BH3HAYCHHS
BMICTYy KaJIMil0 y KOpMax Ta MPOAyKTax 3a00t0
M IIOCITITHAX TBAPUH MPOBOAWIN y J1aboparopii
€KOJIOT1YHO1 O€3IeKH 3eMelIb, JOBKIJIIA Ta IKOCT1
npoaykiii JKuromupcbkoi (iii aep:kaBHOI ycra-
HOBU «IHCTHTYT OXOpOHH IPYHTIB YKpainm». Yci
JIOCIIDKEHHS OyJIM BHKOHAHI 3TiJHO 3 YMHHUMH
HOPMaTHBHUMU JTIOKyMEHTaMHU.

[TinroToBKy 3paskiB POCIWHHOTO Ta TBapHH-
HOTO TIOXOKEHHS ISl BU3HAYEHHS Y iX CKIIajl
Cd 3aificHIOBaIM METOIOM CYyXOl MiHepaJi3allii,
srimno 3 JACTY 7670:2014 [25]. BusHnadeHHs
KOHIIGHTpALlli TOKCHKAaHTa MPOBOIWIA aTOMHO-
a0COpOIIfHMM METOIOM Ha aTOMHO-a0COpOIii-
HOMY criekTpoMetpi «KBanT 2A» [26].

Koedimieatu nepexoxy (KIT) Cd B maniiory
«parfioH — M’s130Ba TKAHMHAY» BU3HAYAIH 3a Gop-
myioro: KIT = Bemmn./Bemp. X 100, ne KIT — ko-
edimient nmepexomay; Bemm — Bmict Cd y mpoayk-
1ii TBapuH, MI/KT; BBMp — BMicT Cd y 1060BOMY
pationi, mr [16]. Lleii xoedillieHT € BITHOCHUM
IHTErPOBaHMM TTOKa3HUKOM, KOTpui y % BiO-
Opakae MITparito BaKKUX METaJiB i3 paIlioHy y
MPOAYKITIFO, 0 YHEMOXKIIMBIIIOE ITOPIBHSIIBHY
OITIHKY TIepeXOAy TOJIFOTAHTIB 3a BHUKOPHICTAH-
H PI3HUX KOPMIB 1 703 CAmOHITY IS TOIIBII
TBapWH.

VYci excriepuMeHTaNbHI MaHIIYISIIT 3 TBapH-
HaM¥ TPOBOAMIIUCS 3TiTHO 3 MPUHHATHMHU TOJO-
KEHHSAMHU E€BpONEHChKOI KOHBEHIII MPO 3aXHCT
xpeOeTHuX TBapuH [27].

Pe3yabTaTi A0CHiIKeHHS Ta 00rOBOpPEHHS.
3a moTparITHHSA HEOS3MeUYHNX BAXKKHUX METaliB
pazoM i3 ket (KOpMOM) IO OpPTaHi3My JTIONUHH
YW TBapWUHU, HOTO HAKOTTMYCHHS BilOYBAa€THCS Y
MEBHUX OpPTraHax Ta TKaHWHaX, [0 YTPYIHIOE BU-
BEJICHHS IIKIJUTUBUX PEUYOBHH 3 OpraHizMy. Tomy
HaBITh 32 BUKOPHUCTAHHS KOPMOBHX 3ac00iB, BH-
POIICHUX Ha BIJHOCHO YHUCTHUX TEPUTOPIAX, HE
rapantye 100 % BiACYyTHOCTI HETaTUBHUX BILIH-
BiB IIKIIUTMBUX CHOJIYK Ha CLIHCHKOTOCIIONAp-
ChKHX TBapuH [28].
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[Ipoanami3yBaBiy JaHi MPOBEACHOTO JOCII-
JDKCHHSI, BU3HAYMIIH, [0 KOPMH, SIKi 3aCTOCYBAIH
MpU BIiArOMiBII OyraiiliB yImpomOBX IPOBEICHHS
eKkcrepuMeHTiB 1 1 2, BiAMOBigaNM HOPMATHUBHIN
noxymenTaiii 3a BMicrom Cd (puc. 1). Tak, HaiiBu-
i TToKa3HKUK KoHteHTparlii Cd BU3HAYMIN y CH-
JIoCl 13 maii3u, saxkuii konuBascs B Mexkax 0,041 mr/
KT, TO/II SIK Y KyKYPYA3THOMY Ta 4-KOMIIOHEHTHOMY
CHIIOCI 31 3J1aK0BO-0000BUX KYNBTYp IIeii IoKas-
HuK Aenio MeHiuii — 0,038 mr/kr ta 0,032 Mr/kr,
BIJIMIOBITHO, IO 3HAYHO HIDKYE TPAHUIHO JOITY-
ctumoi konueHTpaii (0,3 mr/kr). HaiimeHum sxe
ymictoMm Cd i3 TOCTIIKEHUX KOPMiB BUPI3HIIOTHCS
seprocymiimi Ne 11 Ne 2 (0,022—-0,024 mr/kr).

3a 3HaYHOrO 3a0pYIHEHHS CLIbCHKOIOCIIOAAp-
ChKHX 3eMellb BRKKAMH METaJaMH, BH3HAYCHHS
iX BMICTY y M sICi TBapHH, KOTPi BHPOIITYIOThCS Ha
TaKiil TepUTOpii, € OTHUM 13 HAMBAKJIHMBIIINX TI0-
Ka3HHKIB SKOCTI Ta OE3MEYHOCTI IHOTO MPOAYKTY.
Kopuctyrounch YHHHOIO HOPMATHBHOIO JIOKYMEH-
TaIli€I0 IIOA0 SKOCTI MPOMOBOIBIOI CHPOBUHH i
XapUYoOBUX MPOAYKTiB, KoHIeHTparlis Cd y M’sci mo-
BuHHA niepedyBarn y Mmexkax 0,05 mr/xr (I1K) [29].

JlomaBaHHS O OCHOBHOTO paIliOHY TOIiBIIi
MIIAOCTITHAX OyTalIliB Pi3HUX CHIIOCIB 1 BHCO-
KOOLITKOBUX KOPMIB CYITPOBOIKYBAJIOCH ITEPEPO3-
nogitom piBast Cd y HaWgoBIIOMY M’s31 CIIMHH
TBapuH (Tabm. 1).
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Puc. 1. Ymict Cd y kopMax, MI/KI HaTYypaJILHOro KopMy (aocaingn 1 i 2).

Tabmuus 1 — Konnentpanis Cd y pamionax i HaiinoBmomy M’s13i cimam Oyraiinis

VYuict Cd

Ne nocmimy Tpynu CepeHbO-1060BHit ) + J10 KOHTPOJIBHOT
DAIOH, MT HPOMYKIIisT, MI/KT . "
KontponeHa (I) 0,773 0,037+0,002 - -

: Jocninna (1) 0,949 0,039+0,002 +0,002 +5,4
Konrponbha (I) 0,837 0,024+0,005 - -

g Hocninna (II) 0,832 0,018+0,003 -0,006 -25,0
I'paHM4HO JOMyCTHMAa KOHIIEHTPALIis - 0,05 - -
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3a pesynbratramMu mociigy | MoxHa KOHCTa-
TyBarH, 1o koHIeHTpamist Cd y M’s30Bii TKaHWHI
3aisTHUX y Jochiai TBapuH Oyna menmoro 3a [JIK
i cranomia 0,037—0,039 mr/kr. BonHouac 3a pe-
3yJbTaTaMU TFOMIB/Il OyraiiiiB 000X IiII0CIIiTHIX
TpyT BCTAaHOBHJIH, 1110 33 BKIIFOUEHHS 0 OCHOBHO-
TO PalioHy CHJIOCY i3 Mai31, HOKa3HUKH HaKOIH-
yenHs1 Cd y HalOBIIOMY M 5131 CITMHM 3pOCIH Ha
0,002 Mr/kr 3a HEICTOTHOI MIKIPYIIOBOI Pi3HHII
(P>0,05).

Kimekicte Cd, o Hagxommia 70 OpraHizmy
MiJJIOCTITHUX TBapHUH 3a BUKOPUCTAHHS TPHU iX
BIITOAIBIII PI3HKUX 3epHOCYMImeH (mocmiz 2), cra-
nosuia 0,832-0,837 mMr/no0y. PieeHp 3a0pynHeH-
Hsl HalgoBIIOro M’ a3y crimHu OyraiiniB Cd He me-
PEBUIIYBaB IPaHUYHO JIOIMYCTUMOI KOHIICHTPAIIii.
Taxk, el MOKa3HUK y M’ SI30Bill TKaHUHI Oyraiiiis |
ta Il rpyn nmepeOyBaB y mexax 0,018—0,024 mr/xr,
SIKHH HWKYE BINIMOBIIHUX HOPMATUBHUX BHUMOT
Ha 52,0-64,0 %. BaxnuBo 3BEpHYTH yBary, IO
koHmeHTpanii Cd y M’s130Biid TKaHuHI TBapuH 11
(mocmimHOT) TPYyIM HaWMEHINA 1 CTAHOBHTD JIHIIIC
0,018 mr/kr.

Koediuientn nepexony Cd i3 pawioHiB y Haii-
JTOBITIMI M’513 CIMHU OyTaMIliB MpH MpoBeACHH] |
Ta 2 eKCIIEpUMEHTIB KoIMBaIHCS B Mexax 4,11—
4,79 % ta 2,16-2,87 %, BinmnosinHo (puc. 2).

3a BUKOPHCTaHHS Pi3HUX cWIOCiB (gocmin 1)
nepexin Cd B M’S30By TKaHHHY BHUSBHMBCS MCH-
M Ha 0,68 % (abcomoTHIX) Y TBApHH AOCTIAHOT
IpyIy, TOPIBHSHO 3 KOHTPOJIEM. 3a ONTHMi3a-
il MpOTETHOBOro >KUBIEHHS MONOAHAKY BPX
(mocmin 2), xoedimientu nepexony Cd B s10BU-
yuHy (HaWmoOBIMA M’s3) OyiM HE3HAYHUMU —

2,16-2,87 %. Jlns OyraifiiiB JOCHITHOT TPYIH 32
BKJTFOUCHHS IO PEIENTypH 3ePHOCYMIIT KOPMO-
Bux 000iB, 3HMWKeHHs nepexoxy Cd y M’s30BY
TKaHuHY ckiano 0,71 % (abcomoTHHX), TOPiBHSA-
HO 3 KOHTPOJIEM.

[Ipu mpoBemeHHI CIIEKTPOMETPHYHUX HOCIi-
TokeHb KopMiB Ha BMicT Cd y mocmizi 3 BctaHoBIIe-
HO, III0 HAHO1IbIIA KiITBKICTD €IEMEHTY MiCTUTBCS
y IpUPOAHOMY MiHepaii carmoHiti — 0,280 Mr/kT,
o ctaHoButh 93,3 % Big IAK (puc. 3). B inmmx
JOCITiPKeHUX KopMax koHreHTtpamis Cd konmBa-
nacs y mexax Big 0,028 mr/kr (OypsiKk KOpMOBHIA)
10 0,139 mr/kr (aepTh MIIEHUYHA).

3a pe3ynpraTaMu JOCIIIKEHD 3 BAKOPUCTAHHS
PI3HUX /103 CAlOHITy B pamioHax MOJOAHSKY CBH-
HEll MO)KHA KOHCTATyBaTH, 10 KoHenTpauis Cd y
M’s130Bi¥ TKaHWHI TBAPHUH BapiroBajia y IHPOKOMY
miara3oni 3HadeHb: 0,077-0,124 mr/kr (tadm. 2).
BcraHoBnena TeHAEHLIS 10O 3HMKEHHS BMiC-
Ty Cd y HalioOBIIOMY M 531 CITMHU, 3aJIS)KHO BiJI
J03M TPUPOIHOTO MiHEpa y-COpOSHTY B CKIIaji
paIlioOHIB BiATrOMIBEIEHUX CBHUHEH — y M S30Bii
tkanuHi TBapuH I, Il ta IV (mocmiznux) rpym,
BiZHOCHO | (KOHTPOJIBHOT) TPYNH KOHLEHTpALIis
eneMeHTy Oyna meHmoro Ha 0,037 mr/kr (29,8 %),
0,027 (21,8) Ta Ha 0,047 mr/kr (37,9 %), Biamo-
BIJHO.

Koediuientn nepexony Cd y cBuHUHY (Haii-
TOBIIMA M’513) Oyn® JOBOMI BHCOKHMH — 25,2—
47,0 % (puc. 4). 3a BBeICHHA 0 CKJIaTy KOPMO-
BUX paliOHIB MOJIOAHSKY CBUHEH PI3HHX 103
caronity mepexin Cd y HaligoBmmii M’s13 cu-
HU 3MEHIIyEThCA B cepenHbomy Ha 14,0-21.8 %
(abCcONOTHHX ), TOPIBHSHO 3 KOHTPOJICM.
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Puc. 2. Koediunientu nepexony Cd y HaligoBmuii M’a3 CIMHU Oyraiiuis
(mocainm 11 2).
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Puc. 3. Konnenrpanisa Cd y kopmax, MI/KI HAaTypaJIbHOro KopMy (zocin 3).

Tabmurst 2 — Konnentpanis Cd y kopMoBuX panionax i M’a30Biii TkaHuHi cBHHel (1ocain 3)

Konmenrparis Cd
I'pynu cBuneit CepeHboa060BHit npoyKILis, + 10 KOHTPOJIIO
parioH, Mr MI/KT MI/KE o,

KontponsHa (I) 0,264 0,124+0,037 - -
Hocnigna (11) 0,282 0,087+0,020 -0,037 -29,8
Hocnigna (IIT) 0,294 0,097+0,024 -0,027 21,8
Hocnigna (IV) 0,306 0,077+0,013 -0,047 -37,9
I'pannuHO nomyctuma ) 0.05 ) )
KOHIICHTpAITis >

50.0 47.0

40.0

30.8 33.0
30.0 25.2
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Puc. 4. KoedinienTu nepexony Cd y M’si30By TKaHHHY cBHHeil (mocainx 3).
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IlincymoBytoun BUKIAACHE, MOXKHA 3pOOUTH
BHCHOBOK, IO JUTS 3HIKeHHS HakonmudeHHS Cd y
M’ S130B1 TKAaHUHI MOJIOTHSKY CBHHEH CITij BKITIO-
YaTh J0 iX paIioHy IEBHY KiJIbKICTb MPUPO/I-
HUX COpPOCHTIB, B OKPEMOMY BHUNIAAKY — MiHEpa
camoHiT. Tak, 3acTOCYBaBIIM y TOXIBII TBapHH
IV rpymm nporo abcopOenty B KinpKocTi 7 % (3a
Maco10 KOHITKOPMIB y PaIlioHi), CIIPOMOTIIHCS 3HH-
3uTH piBeHb Cd y HaiimoBmIOMy M’s31 CIIMHUA Ha
nonan 37 %.

Ha Ttepuropii Ilomiccst Ykpainu opranizartis
TTOBHOIIHHOI TOJIiBITi € Ba)KJINBUM aCIIEKTOM CTBO-
pEeHHS MPUOYTKOBOTO TOCITOIAPCTBA, OCKUTHKH JIe-
(IIUT MOXUBHUX PEUOBHH Y PAIliOHAX CLIBCHKO-
TOCIIOJAPCHKUX TBAPUH CTUMYJIOE HAKOMTUYEHHS
KCEHOOI0THKIB y Mojomi Ta M’sci. Hopmorana i
MTOBHOIIIHHA TOMIBIIS TBAPHH JAa€ 3MOTY MiHIMI3y-
BaTH TOKCHYHY M0 TaKWX MIKiIJTUBUX PEUOBHUH,
SIK BaXKKI METaJIM, 3HIKYIOUH 1X KOCQIIIEHTH I1e-
pexomy depe3 301IbIICHAS] BUBEACHHS 3 OpPTaHi3-
My [30]. OnHa 3 HalBaKIUBIIIMX MPOOJIEM rajay3i
TBapuHHUIITBA TocnoaapcTs 111 30HM pamiamniiHo-
r0 3a0pymHEHHS — 1i¢ 3a0e31eUeHHS TBapHH HEOO-
XITHOIO KIJBKICTIO TIOBHOITIHHOTO IEPETPaBHOTO
MIPOTEIHY.

3a maHMMH TOTEpedHiX JocimimxeHsb [31],
3aCTOCYBaHHS Ui OyTaiIliB CHIIOCHO-KOHIICH-
TPaTHO-KOPEHETUTIIHOTO Ta  CHJIOCHO-KOHIICH-
TPaTHO-CIHHOTO THIIIB PAITiOHIB 1aJI0 MOXKITUBICTh
3HM3UTH piBeHb HakonuueHHs Cd y M’s30Bii
TkaawHl Ha 34,1-66,7 %, TOPIBHAHO 3 CHJIOC-
HO-KOHIICHTPATHOIO TOJIBJICIO, Y TIEUIHINI — Ha
15,3-46,6 %, mo maTBEpHKYyE pe3ylbTaTh Ha-
IITUX AOCIIHKSHD TTPO BILTUB Pi3HUX THUIIIB TOMIBIT
1 KopMiB 1711 MoJIomHsAKY BPX miomo 3HMKEHHS
BMmicTy Cd y iX npomyKIiii.

3acrocyBaHHS COpPOCHTIB MPHUPOMHOTO ITOXO-
JUKEHHS y TOMIBIIi TBAPUH 301IBIIYE X MPOTYKTHB-
HICTh. 3a pe3ynbTaraMu J0CTiHKEHb BITYU3HIHUX
1 3apyODKHUX BUCHUX Ta MPAKTHUKIB BCTAHOBIICHO,
10 BUKOPHCTAHHS PI3HUX aJICOPOCHTIB Ja€e 3MOTy
3MEHIITUTH KOPMOBI 3aTpaTd Ta 30UTBIIHATH €(eK-
TUBHICTh BUPOOHMIITBA MPOAYKIIi TBAPHHHHUIITBA.
®Di3uKo-XiMiUHA 3MaTHICTh TJIMHO3EMIB 3B’ SI3yBaTH
TOKCHYHI PEYOBHHH 3aBISKH iX BHUCOKiH cOpOITiii-
Hilt 371aTHOCTI € BaXXJIUBUM (haKTOPOM ITiIBUIIICHHS
0i010T19HOT TOBHOITIHHOCTI KOPMIB 32 3T0/I0OBYBaH-
Ha 1x TBapuHam [18, 32, 33]. [IpuponHi MiHepamm
3MEHIIYIOTh TPAaHC(HOPMAIIIIO PATIOHYKIIIIIB 1 BaXK-
KHX METajiB 3 KOpPMIB J0 OpraHi3My TBapWHH 3a
paxyHOK Aii 1BOX MexaHi3MmiB. Ilepmmii MexaHi3M
— TpaH3UTHE IMPOXOKEHHS TOKCHYHUX PEUOBUH
gepe3 OpraHi3M, IpU IBOMY MiHEpalId HE 3aiifo-
IOTHCS B TIPOTIECi OOMiHY pe40BHH, 60 MaOTh BUCO-
Ki 10HOOOMiHHI Ta COpOMiNHI BIaCTUBOCTI. JpyTwii
MeXaHi3M — II¢ 3[aTHICTh MiHepaJliB HOpMallizyBa-
TH MiHepanbHUNA 00MiH [34].
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BucHoBkH. 3acTocyBaHHS SKCIIEPUMEHTAIb-
HOTO CHJIOCY 13 Tai3u 3a BIATOMmIBIII OyraiiliB
CTIPaBHUJIO HETATUBHUI BIUTHB HA MPOAYKIIIO — ITO-
ripmuacss eKoJIOTivYHa SKICTh M S30BOi TKAHHHH
OyTaIIiB JOCIHITHOT TPYIH, OCKITHKNA KOHIICHTPA-
uig Cd Ha 5,4 % mepeBuIIyBana MOKa3HUKH KOH-
TpOJILHOI TpynH. BomHouac koeilieHT mepexomy
Cd B nHaitmoBmuii M’s3 crvHu TBapuH 11 rpyrmwu,
BIIHOCHO aHaJOTIB | rpymu, BUABUBCSA HIKIAM
0,68 % (abCOMIOTHHX).

OnTuMizariis IpOTETHOBOTO KUBJICHHS TBAPHH
32 PaxyHOK «YMOBHO YHCTHX» KOPMOBUX 000iB,
MOPIBHSHO 3 JIIOIMMHOM BY3bKOJIHCTUM («3a0pyi-
HEHUM»), CIIPHSIA 3HIDKCHHIO KOHIICHTpAIi Ta
niepexoxy Cd y M’s130By TKaHWHY OyTaiIliB — Ha
25,0 % T1a 0,71 % (abCOMIOTHUX ), BiIITOBITHO.

Buxopucranus camoHiTy sk aicopOeHTa 3a
BIATOIBII MOJIOMHAKY CBUHEW Ha Tepurtopii III
30HA PaTiOaKTUBHOTO 3a0pYyIHEHHS B KiTBKOCTI
3-7 % (3a Macor0) KOHIIEHTPOBAHHUX KOPMIB Yy
pallioHi CIIpaBWIJIO TTO3UTUBHUNA BIUIUB HA €KOJIO-
TIYHY SKicTh mpoxykiii — HarpomamkeHHs Cd y
M’S130Bifl TKaHWHI TBapWH JOCTITHUX TPYI Bif-
HOCHO KOHTPOJIIO Oyio MeHmmM Ha 21,8-37,9 %,
BOJHOYAC KpAaIIoOK 3a ITOKa3HUKOM COPOIHHOT
eextuBHOCTI 151 BuBeaeHHS Cd BUSBHIIACS 103a
copbenTty 7 %.
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Influence of different diets and sorbents on the
accumulation of Cd in the muscle tissue of young
cattle and pigs

Savchuk ., Kovalova S., Yashchuk I.

The article, based on scientific research, examines
an important problematic issue regarding the quality
and safety of beef and pork during their production in
the Polissia zone of Ukraine, affected by the Chornobyl
accident. The purpose of the research was to evaluate
the effect of different diets and saponite sorbent on the
level of Cd accumulation in the muscle tissue of young
bulls and pigs kept in the territory belonging to the third
zone of radioactive contamination.

Two scientific and economic experiments were
conducted. When growing Ukrainian black and white
dairy young bulls, the influence of different silages
(4-component cereal-bean mixture and Echinochloa
frumentacea silage) on the content of Cd in the longest
back muscle was studied (experiment 1), and optimiza-
tion of the protein nutrition of animals was carried out
at the expense of various feeds with a high protein con-
tent (narrow-leaved lupine and fodder beans) (experi-
ment 2). In the third experiment, young pigs were fed
various amounts of the natural mineral saponite as part
of their diet, and its influence on the ecological quality
of products was studied.

Since different types and amounts of feed com-
ponents were used when feeding the animals of the

Copyright: CaBuyk I. M., Kosanmsosa C. II., Smyk I. B. © This is an
‘ @ ® open-access article distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and

studied groups, it was necessary to balance the rations
according to the content of nutrients for each of the
presented groups. Regulation and verification of the
nutritional value of the rationed feed was carried out
monthly.

When changing rations for animals, their growth,
live weight, zootechnical analysis of feed, their nutri-
tional value and feeding rates were taken into account.

Sample preparation of fodder and muscles was
carried out according to GSTU 7670:2014 with the
help of dry mineralization, the concentration of the
toxicant was determined by the atomic absorption
method. The transition coefficient of Cd in the chain
«diet — muscle tissue» in this study is within the es-
tablished standards. At the same time, feeding by
Echinochloa frumentacea silage contributed to a de-
crease in the coefficient of transition of Cd into the
muscle tissue of young bulls by 0.68 % (absolute). The
introduction of 30 % (by mass) of fodder beans into
the grain mixture instead of a similar amount of lupine
for young cattle (cattle) for fattening in the territory of
radioactive contamination (the third zone) contributed
to a significantly lower accumulation and transition
of Cd into the muscle tissue of animals — on 25.0 %
and 0.71 % (absolute), respectively. The inclusion of
the natural sorbent mineral saponite in the amount of
3-7 % by mass of concentrated feed in the diet of
growing and fattening pigs contributed to a reduc-
tion of Cd in the longest muscle of the back by 21.8—
37.9%, while at the same time it was better in terms
of the sorption efficiency for excretion of Cd, which
turned out to be a saponite dose of 7 %.

Key words: young bulls, pigs, nutrition, different
diets, saponite, accumulation of Cd.
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IIpoBeneno mormMOIeHNH aHaTi3 MyOJiKaliid BITYM3HAHUX Ta 3apy-
O1>KHHMX aBTOPIB B aCMEKTI TOCTIKEHb 3 BUBUYESHHS YCIIaAKOBYBAHOCTI JTi-
HIMHUX 03HAK eKCTep’ €PHOTO THITY Ta IXHBOT CIIBBIIHOCHOT MIHJIMBOCTI 3
MOJIOYHOIO MPOIYKTHBHICTIO. ABTOPaMH JIOCII/DKEHHSI BCTAHOBJICHO, L0
piBeHb iCHYI04O1 MIHJIMBOCTI YCHaJKOBYBAHOCTI JIHIMHMX O3HAK 3aje-
JKHUTh BiJ 0araTb0oX reHOTHUIIOBHX Ta MMapaTHIIOBUX YMHHHKIB. BoxHouac,
BOHH CTBEP/DKYIOTh, 110, HE3BAXKAIOYH HA MIHJIUBICTh YCIIaIKOBYBaHOCTI1
cTaTel ekcTep’epy KOpiB MOJIOYHOT XymoOH, iX piBEHb 3arajioM € J0CTaT-
Hilf 17151 epeKTUBHOTO 1000PY 3a JIiHIHHUMH 03HaKaMu THIy. Jlocmipken-
Hs1 3 BUBYCHHS KOPEJIALIT MK JTIHITHUMH O3HaKaMH THITY 1 MOJIOYHOT IPO-
JYKTHBHOCTI KOPIB Pi3HUX MOPiJ] CBITY 3aCBiUMIIM IIPO BUCOKHUI PiBEHb
b0T0 3B’s13Ky. Lle cBimIuTh Mpo e(hEeKTHBHICTH OTOCEPEIKOBAHOI CEeK-
i1 MOJIIOYHO{ XyZ00HM 32 THIIOM, IO JO3BOJIUTH OTPHMATH HE JIUIIEC KOH-
CTHUTYL[IOHAJIBHO MIIIHUX Ta 37J0POBHUX TBAPHH, a i 3 BUCOKOIO MOJIOYHOIO
NPOAYKTHBHICTIO. BuKageHo nomysiifHO-reHeTHYHUH aCIIeKT 3 BU3Ha-
YEeHHSI yCIaJIKOBYBaHOCTI Ta CIIBBIIHOCHOI MIHJIMBOCTI JIHIHHUX O3HAaK
3 HaJI0OEM KOPIB-IIEPBICTOK TOJIIITUHCHKOI IIOPOAM BITYM3HSHOI CeeKii
Ta YKpaiHChKOi YOPHO-PsI001 MOJIOYHOI Y TOCIIONAPCTBI MPUBATHOTO ITiJI-
npueMcTBa « bypunceke» [TimicHiBebKoro BinineHHs CTenaHiBChbKOi Te-
puTopianbHOi TpomMan CyMChKOTO paiioHy. BenmnduHam Ta 10CTOBIpHICTH
KOe(ILI€HTIB yCHaIKOBYBaHOCTI IPyIOBHX JIIHIHHUX O3HAK CBI4aTh, L0
BOHH Y KOPIB-IIEPBICTOK TOJNIITHHCHKOT opoau Ha 24,5-42.2 %, a 'y po-
BECHHMIIb YKpaiHCHKOI YOPHO-Ps100i MooyHoi — Ha 26,6—40,1 % koHTpo-
JIIOIOTHCS TEHOTUIIOM TBapuH. DiHaNbHA OIliHKA 332 THUIIOM, BiIIOBiIHO,
48,2 Ta 45,4 % 3abe3neuye eheKTUBHICTE JOOOPY KOPIB 32 TEHOTHUIIOM.
MiHIMBICTh OTIMCOBUX O3HAK KOPiB TOJIIMITHHCHKOI TTOPOIM BapilO€ y Me-
kKax Bij He3HayHoi Ta HepocToBipHOi (h*=0,084; po3rainyBaHHs epeaHix
IiHOK) 10 BUcOKoi Ta nocroBipuoi (h*=0,484; kyracricts). Y poBECHHIb
YKpPaTHCBKOI YOPHO-Psi001 MOJIOUHOT HOPOJH MIHJIUBICTh 3MIHIOETHCS Bif
0,077 (po3ramryBaHHs 3aaHix Aiiiok) no 0,422 (kytacricTs). HalOimbmmi
JIOCTOBIpHHUI 3B'I30K Y KOPiB TOJNIITHHCHKOI Ta YKPAiHCHKOI YOPHO-PsI-
001 MOJTOYHOT ITOPIiT BUSBIECHO M O3HaKamMu MosiouHoro tumy (0,428 Ta
0,387), Tyny6a (0,446 Ta 0,439), Bumeni (0,486 ta 0,478) i ocobnuBo ¢i-
HAJIBHOO oriHKoro 3a Tur (0,492 ta 0,488), 110 1ae miaCTaBy CTBEPIKY-
BaTH Mpo e(EeKTUBHICTH 1000pYy 3a UMMM O03Hakamu. HaiiBummii piBeHs
JOCTOBIPHOTO JIOAATHOTO 3B’SI3KY 3 BEIMYMHOIO HAJOI0 32 MEPIIy JaKTa-
I[iI0 BUSBJICHO 3a OI[IHKaMH ONHCOBUX O3HAK TONIITHHCHKOI Ta yKpaiH-
ChKO1 YOPHO-PsA00i MOJIOYHOT MMOPia, BiAMOBIAHO, 3a: BUcoToIO (1=0,363
ta 0,322), mubuHoto Tynyba (1=0,468 Ta 0,484), kyracrictio (r=0,477 Ta
0,466), mmpunoto 3aay (r=0,366 Ta 0,322), MOCTaBOI TA30BHUX KiHI[IBOK
(r=0,369 ta 374), npuxpirueHssm nepeanix (r=0,482 ta 0,426) Ta 3axHiX
(r=0,371 ta 0,351) gacTox BUMEHI, IEHTpaAIBbHOIO 3B’s13K010 (1=0,364 Ta
0,375) ta nepemimennsam (r=0,363 ta 0,322) npu P<0,001.

Knro4oBi cjioBa: ronmTHHCHKA, YKpaiHChKAa YOPHO-Ps0a MOJIOYHA,
JiHIHA OLlIHKA THITY, €KCTep’ €p, HaAill, KOPOBU-TIEPBICTKH.
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[ocTtaHoBKka mpo0JieMH Ta aHAJNi3 OCTaH-
HiX Jociaimkenb. CelekIiiina IpakTHKa MOJIO04-
HOT XynoOu B YKpaiHi Ta B CBIiTi Uepe3 MOITHUPEHE
BUKOPUCTAHHS METOAMKH JIHIHHOI Kiacupikaril
JUISL OITIHKH KOPIB 3a €KCTep €PHUM THUIIOM 3aCBiI-
9y€ BaYIMBICTh BUKOPHUCTAHHS Y IILOMY TIPOIIECi
MOMYJISIIIHHO-TEHETHYHUX TTapaMeTpPiB Ta Ha Bij-
MTOBITHOMY PiBHI YSBJICHHS MEXaHI3MIB Jii JBOX
IIy’)kKe BKIUBHX — YCHAAKOBYBAaHOCTI Ta CITiB-
BIIHOCHOT MIHJIMBOCTI. BUBUCHHIO yCTaaKoOByBa-
HOCTI O3HaK JiHiMHOI Kiacuikamii mpUcBsIUEHa
3HavHa KUTBKICTh JOCIIKEHB, IPOBEIACHUX SIK B
VkpaiHni, Tak i 3a ii Mmexxamu (Battagin et al., 2013;
Berry et al., 2004; DalZotto et al., 2007; Dechow
et al.,, 2003; Khmelnychyi, 2004; 2018; 2022;
Khmelnychyi and Karpenko, 2021; Khmelnychyi
et al., 2020; Samoré et al., 2010; Povod et al.,
2022; Shevchenko, 2012).

Tak, meprmii mapameTp — yCIaaKkoBYBaHICTb,
sIKa € YaCTKOIO CTaJKOBOI MIHJIMBOCTI y 3arajb-
Hii PI3HOMAHITHOCTI O3HAKH, JaCTh 3MOTY 1CTOT-
HO TIOJITIIUATH 11 Y TIOTOMCTBA 32 YMOB BHCOKOTO
CTYIEHS ILOTO TIOKA3HUKA, TOMI SIK, HABIAKH, 32
YMOB HH3BKOI YCIaJKOBYBaHOCTI Ta TOCIOIap-
CHKO KOPHICHOT 03HAKH, Y ITbOMY BHUIIAIKY JIIHIHHOT
OIIHKH THUITY, BIAOYIEThCS Makixe MOBHE ii moBep-
HEHHS JI0 CepeHbhOT BEIUMUYUHHU BHUXIJTHOTO TOKO-
ninas (Burkat et al., 2003; Campos et al., 2012;
DalZotto et al., 2007; DuToit et al., 2012; Duru, et
al., 2012). 3a BiAMOBITHOTO CKOPOYCHHSI TEHETH-
HOT MIHJIMBOCTi aHAJIOTIYHO 3HMKYETHCS PEaKITis
Ha 700ip, a, OTXKe, i Ha peatizalliio yCraJaKoByBa-
nocti (Eisner, 1981; Hopka et al., 2007).

ABTOpH 0araThoX JOCITIIKEHb CTBEPIKYIOTH,
110, HE3BAYKAIOYHM HA MIHJIMBICTH YCIIAIKOBYBAHO-
CTi craTedl eKcTep’epy KOpiB MOJIOYHOI Xymoow,
BOHA 3arajioM € JOCTaTHbhOI Ui e(EeKTHBHOTO
nmobopy 3a HUMH. PiBeHb iCHYIOUOI MIHJIMBOCTI
3QJICKUThH BiJ 0araTh0X YHHHHKIB: TIOPOIH, BHY-
TPIIIHBOTIOPOAHOTO THUITY, JiHiI, OyraiB-ruIia-
HUKIB, TCHOTHITY, BiKy, HapaTUIOBUX (aKTOpIB,
CTYTICHsSI KOHCOJIITOBAaHOCTI CTama 3a THIIOM, iH-
TEHCHUBHOCTI 10O0pY OyTaiB-TuTi IHUKIB, OIIHIOBA-
HOT O3HaKW Ta Meromy ii BusHaueHHs (DeHaas et
al., 2007; DuToit et al., 2012; Khmelnychyi, 2002;
2004; 2022; Khmelnychyi et al., 2021; Novotny et
al.,2017; Nusupov et al., 2021; Povod et al., 2022;
Sabedot et al., 2018; gpehar etal., 2012; Wiggans
et al., 2006).

IToBimoMIIAETBCS, MO YCIAIKOBYBaHICTH JIi-
HIMHUX O3HAK YKpaiHCHKOI YOPHO-PsS00i MOI0Y-
HOI Topomu KoiuBajiach y Mexax Bim 0,13 mo
0,54 3 pumuMm#u KoedilliEHTaMH 33 [ITHOMHOIO
rpyaei (h*=0,54), pocrom (h*=0,49) #i mupuHOIO
3any (h’=0,36) (Admina, 2010), Bix 0,128 (xyT
CKakaJlbHOTO cymio0a) mo 0,362 (mepemHe mpwu-
kpirmienas BumeHi) (Khmelnychyi and Vechorka,
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2020), Big 0,069 (pyx) 1o 0,329 (rubuna Tymyoa)
(Khmelnychyi, 2004), ykpaiHcbkoi 4epBOHO-pS-
601 Mmoounoi mopoxu Bixg — 0,141 (xyT paruiii) 10
0,367 (xyracricts) (Dubin, 1999), Bix 0,37 (m0B-
kuHa niok) mo 0,43 (mmbunaa Tymy6a) (Dubin,
1999), nebemuncrkoi — Bix 0,102 (KyT paTuiii) 10
0,304 (mmpuHa TpymeH), ykpaiHCbKoi Oypoi Mo-
mounoi — Bix 0,106 (xyT parui) 1o 0,318 (mmpu-
Ha Tpyzeit), Oypoi msirekoi — Bix 0,115 (Bromosa-
HicTh) 110 0,389 (mrepenHe MPUKPITIICHHS BIMEHI)
(Ladyka et al., 2020; 2023).

3a pesyiapTaraMM 3HAYHOI KUTBKOCTI JOCIHI-
JUKCHD PI3HHX aBTOPIB MOBIAOMIISETHCS TPO BH-
COKY MIHJIUBICTh KO€(IIIEHTIB yCITaIKOBYBaHOCTI
03HAaK EKCTep’ €py KOPiB MOJOYHOI Xy[I0OH Pi3HHIX
kpain cenexiii. Tak, 3a JIHIHHAM OIIHIOBAHHSM
THITY KOPiB TONIITHHCHKOI ITOPOAY YECHKO1 CEeJIeK-
1ii ycnaaKoByBaHICTh OMMMCOBUX O3HAK KOJIMBaja-
ca y mexkax 0,05-0,43 (Zink et al., 2014). 3ria-
HO 3 JaHMMH iHIIUX aBTopiB (Zavadilova et al.,
2011), ycmagkoByBaHICTh TONIITHHCHKHX KOPIB
Yexii sminroBanacs Big 0,17 no 0,32 — 3a o3Haka-
mu BuMeHi, Big 0,10 1o 0,16 — 3a 03HaKaMM KiHIl-
BOK, 1 Bix 0,18 mo 0,45 — 3a o3HakaMu, SKi Xapak-
TEPU3YIOTh PO3MipH Tina. JliHiiHa Kiacudikariis
rommtrHiB Y 802 cramax bpaswmmii 3a 22 o3Haka-
MH THITY 3aCBiq9niIa PiBEHB iX yCIaJIKOBYBAaHOCTI
y mexax 0,10-0,39 (Campos et al., 2015). V¥ ro-
mmruHIB [1IBefiniapii ycnaakoByBaHICTh JIHIHHUX
o3Hak BapiroBaia Bix 0,08 (Bucora parwurti) 1o 0,46
(mmpuna 3any) (Kern et al., 2015). ¥V rommrtus-
CHKHX KOPIB-TIEPBICTOK ITamii CTYIiHB YCITaIKo-
ByBaHOCTI ctaHoBUB 0,114 3a 03HaKOIO BromOBa-
Hocti Ta 0,049 — 3a o3Hakoro pyxy (Berry et al.,
2003). /locTaTHHOIO MIHJIHMBICTIO BiAPI3HIIOTHCS
rommrruan Typeuunan (h*=0,06-0,62) (Duru et
al., 2012), rommruan (h?>=0,07-0,36) (Kern et
al., 2011) Ta mxepcei (h*=0,09-0,55) (Sabedot et
al., 2018) Bpaswuiii, ciioBeHCbKOT Oypoi IIBIilIbKOT
(h*=0,03-0,22) (Spehar et al., 2012), 6ypoi wBirp-
koi (h*=0,099-0,453) ta repuziiicekoi (h*=0,078—
0,428) mopig CILIA (Wright et al., 2013).

OTxe, HaBeJCHI TIOKa3HUKH yCIaIKOBYBaHO-
CTi JHIMHUX O3HAK EKCTEP €PHOTO THITY KOPIB
PI3HHUX CBITOBUX TOPIi MIEPEKOHINBO IEMOHCTPY-
10Th, IO B OJHUX BUIAJKaX YyCIAJIKOBYBAaHICTbH
OKpPEMHX OIMHUCOBUX O3HAK € JOCTATHHO BHCOKOIO,
THM YacoM Y iHIIMX — IOMIPHOIO, 1HOJI HH3b-
KO0, TIPOTE 3arajioM JOCTaTHBOIO 32 CEIEKIIIHHO
Ba)XXJIMBUMH, OCOOJIMBO TIOB’SI3aHUMU 3 O3HAKaMU
MIPOIYKTHUBHOCTI Ta JOBTOJITTS, 3817151 TIOAQJTBIIIO-
TO 1X yIAOCKOHAJCHHS 3aBISKH ITUIECIIPSIMOBaHIM
CEJCKITIHHIH poOOTi.

BaxxmuBo BpaxoByBaTW 3HaHHS 3 TOTO, IO
YCTAJKOBYBAHICTh 3aBXKIH BUSBISIETHCS B KOH-
kpeTHHX yMmoBax cepemoBuina (Hopka et al.,
2007). I'enoTun BU3HAYA€E JUIIE HOPMY PEAKITii
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OpraHi3My Ha 30BHIITHI YMOBH. MIHSIOTBCS YMO-
BH — HEMHHYYE 3MIHIOEThCA 1 HOpMa peakirii. 1le
03HaJae, M0 BIAMUIATH BIUIUB YCITaIKOBYBaHOCTI
BiJl BIUIMUBY CEpElIOBUIIA MOXIIMBO JIMIIEC 3 Be-
JINKOI0 JaCTKOI0 YMOBHOCTI 1 JIUIIIE B OKpece-
HUX MEXax KOJIMBaHHS 30BHIIIHIX (hakTopiB. Y
3B’SI3KYy 3 IUM BUHUKA€ HEOOXITHICTH MOCTIHHO-
IO TEHETHKO-TIOMYJISAIIMHOTO MOHITOPHHTY CTa
3a TIOKa3HWKAMH YCHAJIKOBYBAHOCTI KUTBKICHHX
MO-TOCIIOAPCHKOMY KOPHUCHHMX O3HAK, IO JIa€
3MOTy ICTOTHO MIIBUIIUTH €(PEKTUBHICTH CEJICK-
MIHHOTO MPOoIeCy 32 YMOBH OTPUMAHHS BUCOKOTO
crynens koediuientis (Polupan, 2007; Spehar et
al.,2012). Lle cTocyeThCs TAKOXK JIIHIMHUAX O3HAK
eKcTep’ €py, OCKUTHKU MiK HUMH Ta TOCIIOIAPChKU
KOPHCHUMH O3HAKaMU 3aralioM Ta, 0COOJIUBO, MO-
JIOYHOTIO TIPOAYKTHBHICTIO ICHY€E KOPEIIAIIis Pi3HO-
TO CIIPSIMYBAHHSI, CTyIICHS Ta TOCTOBIPHOCTI.
ToMy HACTYNHMI BaXKJIIMBUW TapaMeTp MOMy-
JIAMIAHOI TEHETHUKH — II€ CITIIBBIIHOCHA MIHJINBICTH
(KopersImisi) MK CENICKIIIOHOBAaHUMH O3HaKaMHU
B3arai Ta JiHIHHUMH CTaTTSIMH eKCTep €py Ta 03-
HaKaMH MOJIOYHOI IPOXYKTHUBHOCTI, 30KpeMa, 1 11e
HE MEHIII BOXJIMBUN YUHHUK B aCIEKTI MEpCIeK-
THBY €(EKTUBHOCTI CEJIEKIIii MOJIOYHOI XyI00H.
Bigomo, 1m0 e)eKTUBHICTh CENEKIIii ICTOTHO
3poCTae, KoM MK JBOMa O3HAKaMH iCHY€ BHCO-
KU CTyMiHb TO3UTHBHOI (JOAATHOI) KOPEIIAIIii.
Hampuknaa, MiX OIMPUHOIO BUM S Ta BHXOIOM
xupy (r=0,51) (Zink et al., 2014), HagoeM i mUpHU-
Hoto BuMeHi (r=0,82) (Liu et al., 2014), meHTpans-
Hoto 3B’s13K010 (r=0,79) (Liu et al., 2014), xyracri-
ctio (r=0,48) (Berry et al., 2004), (r=0,38) (Liu et
al., 2014), muounoro tynyoba (r=0,48) (DeHaas et
al., 2007), BucoToro 3aauboi yactuuu (r=0,20) Ta
mupuHOoo BuMeHi (1=0,48) (Gibson and Dechow,
2018); o3HakamMu, IO Maju KOPEJIAIEI0 3 TPo-
JOYKTUBHHM JKUTTSM: TEPEIHIM NPHUKPIIUICHHSIM
BHMCHI, TIEPEMIMIIEHHSAM Ta 3arajbHOI0 OIIIHKOIO
(0,44; 0,50 ta 0,57, BignosigHo) (Gibson and
Dechow, 2018), kyrom parumi (r=0,47), riuOu-
HO10 BuMeHi (1=0,46), mepeaHiM MPUKPITUICHHM
BuMeHi (r=0,28) (Mrode et al., 2000).
Curyartisi 3MIHIOETBCS, SKIIIO MAEMO CIPaBy
3 1BOMa OaKaHWMH O3HAKaMH, MK SKHUMH iCHY€
Bi’ e€MHa KopeJsiisa. Hampukiam, Mi>k BroJoBaHi-
CTIO Ta BUX0A0M MojiouHoro xupy (-0,45) (Zink
et al., 2014), KyTacTicTIO Ta BromOBaHiCTIO (r=-
0,84) (Berry et al., 2004), HamoeM Ta IITHOUHOO
BuMeHi (r=-0,30) (Tapki and Ziya, 2013),(r=-0,40)
(Gibson and Dechow, 2018), Brogopanictio (r=-
0,45) (DeHaas et al., 2007). ¥ 1mpoMy BHUMNAaAKY
HEOOX1THO BeCTH A00ip 3a IBOMa O3HAKAMH, IO
MIEBHOIO MipOI0 Oy/ie cTpuMyBaTH €()EKT CEIEKIII.
OTxe, BpaXOBYIOUH BaXITHBICTh PO3TIISTHYTHX
rapamMeTpiB MOMYJIAIIHHOT TEHETHKA — yCITaIKO-
BYBAaHOCTI Ta CIIBBIHOCHOI MIHJIMBOCTi, y cCe-

JIEKIIHHOMY TIpOIleCi 3 YAOCKOHAICHHS MOJIOY-
HOT Xym00M 3a eKCTep’€pHHUM THIIOM B3araji Ta
y cTazi 3 PO3BEACHHS YKPaiHCBKOI YOPHO-PSOOL
Ta TOJIITHHCHKOI TTOPOIU YKPaTHCHKOI CENeKIIil,
30KpeMa, MEeTOI0 IHOTO JOCTIKEHHS CTaJlO0 BU-
BUCHHS CTYTICHS ITUX MapaMeTPiB Y I AKOHTPOIb-
HUX TIOPi.

Marepianu Ta MeToau AOCTiAxKeHb. bazoro
JUTS eKCTIEPUMEHTAIBHUX JOCTIIKEHb CIyTyBaIo
cTamo KoMImaHii «YKpiieHahapMiHT» TpHUBaTHO-
ro mianpueMctBa «bypuHchke» IliTiCHIBCEKOTO
BimmiieHHss CTemaHiBCHKOI TEPUTOPIAIBHOI TPO-
Maau [1iTicHIBCHKOTO CTApOCTaTy 3 PO3BENCHHS
YKpaiHCHKO1 YOPHO-PsI00T MOJIOYHOI Ta TONIITHH-
CBKOT TOPiJ, SIKE € OHUM 13 KpalTuX roCIoAapCTB
CyMCBKOTO PETioHYy.

Jlo mepmroi rpymu KOpiB YKpaiHCBKOI 4op-
HO-PsI00T MOJIOUHOT TTOPOAM OYJI0 BIAHECEHO IijI-
JIOCITITHE TIOTONIB’SI TIOMICHHX TBapWH, OTpUMa-
HUX Bijg OyraiB-ILTIIHUKIB YKpPaiHCBKOI CEIEKIil
(po3BeneHHS «y co0i»), a 10 APYroi — MOTOJIIB S
KOPIiB TOJIIITHHCHKOI MTOPOAN BITUM3HIHOI CeleK-
Mii 3 YMOBHOIO KPOBHICTIO TOJIIIITHHA BHWIIE 3a
93,75 %, siKi, 3riIHO 3 YMHHOIO Hapa3i IHCTPYKITi-
€10 3 OOHITYBaHHS TBAPWH BEJIMKOI pOraroi Xymoon
MOJIOYHHX 1 MOJIOYHO-M’SICHHX TIOpiJ, HaJie)KaTh
JI0 YUCTOMIOPOAHHUX TBAPWH 3a MOJIMIITYBaIbHOIO
(6arpkiBchKOI0) TOpomoro (Electronicresource).
OmiHKa €KCTep €PHOTO THITY KOPIB-TIEPBICTOK
MIPOBOAMIIACS 32 METOAMKOIO JIIHIHHOT KIacudika-
uii (Khmelnychyi et al., 2016), 3rigHo 3 ocTaHHi-
mu pexomenaanismMu ICAR (Ladyka et al., 2010)
y BiMi 2—4 MICSIIiB TiCIIs OTEJICHHS 3a IBOMa CHC-
TeMaMu: 9-0aJIbHOIO, 3 JIHIMHUM omucoM 18 cra-
Tel ekcrep’epy, i 100-0abHOIO 3 ypaxyBaHHSIM
YOTHPHOX KOMIUICKCIB CENEKITIHHUX O3HakK, SKi
XapaKTePHU3yIOTh: BUPAKEHICTH MOJIOYHOTO THUILY,
PO3BHUTOK TYIIy0a, CTaH KiHIIBOK 1 MOP(}OIOTIvHI
SKOCTI BUMEHI. KoxkeH ekcrep’epHU KOMILIEKC
OILIIHIOBABCSl HE3aJIe)KHO, Maloyd CBIM BaroBHM
KoedimieHT y 3aranbHii oriHii (30) TBapuHU:
momnoganid Tar (MT) — 15 %, tyny6 (T) — 20 %;
kianiBk# (K) — 25 % Ta sum’s (B) — 40 %.

3aranpHy OIIHKY THITY BH3HAJald 3a Gopmy-
JI010:

30=(MT -0.15) +(T-0.20)+ (K- 0.25)+ (B - 0.40)

VYcnaakoByBaHICTh CENEKIIHNX O3HAK BH3HA-
YaJy 3a MOKa3HUKOM CWJIM BIUTMBY OaTbka Ha iX-
Hill PO3BUTOK y HaIiB-CHOCIB B OTHO(DAKTOpHOMY
mucnepciitHomy xommiekci (h? = 13 ).

JlaHi excriepuMeHTaIbHUX JOCHTIDKEHb (KOpe-
JSILIHHAY aHANi3) ONPalbOBYBaIX O10METPUUYHIUMHU
metopamu Ha 1K y cepemoBummi Microsoft Office
Excel 3a BuKOprCTaHHSA POrpaMHOTo 3a0e3MeyeH-
Hi 32 popmynamu, HaBeneHumu B. 1. Jlagukoro Ta
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in. (Ladyka et al., 2023). HaniiiHicTs oTprMaHHX
JAHWX OI[IHIOBAJM IUISIXOM OOYHCIEHHS TOXHOOK
CTaTUCTUYHUX 3HaueHb (S.E.) Ta kputepiiB Ha-
nirtHocti Cteiomenta (td) ta ®imepa (F). PiBenb
JOCTOBIPHOCTI Kiaacu(iKyBajH, IOPIBHIHO 31 3Ha-
YeHHSIMH CTaHJApPTHUX KpUTepiiB. Pe3ymbrarn mo-
CJTi/PKEHb BBKAIW 3HAUYIINMU JUIS TIEPIIOTO TPH
P<0,05 (*), npyroro P<0,01 (**) Tta mis TpeTboro
P<0,001 (***) moporiB TOCTOBIpHOCT!I.

PesyabraTi gociaigikeHb Ta 00roBOpeHHS.
Jocin cenekrii 3acBigdye, mo Oi0OJIOTiYHI Biia-
CTHUBOCTI JKUBHX OpPTaHI3MIB Ta PiBEHb PO3BHUTKY
CEJICKIIIOHOBAaHUX KUTBKICHMX O3HAK TBAPUH KOH-
TPOJTIOIOTHCS €0 TBOX TPYIT YAHHUKIB — CITaj-
KOBUX Ta cepeloBUIIHUX. [IpoTe A mpakTU4YHO1
CEJICKIIIT TyKe BaXJINBO BiIOKPEMJICHO BU3HAYATH
CTYIIHD BIUITMBY KOJKHOTO 13 CTIAIKOBUX YHHHUKIB
y 3arajbHi MIHJIUBOCTI B3SATHUX JJIS JTOCIIKEH-
HS TTOKa3HUKIB. BHKOPHUCTOBYIOUN AMCTICPCIHHUNA
aHami3, MH OJEp)KYEMO MaTeMaTHYHUN BUPa3
MIHJIMBOCTI, OOYMOBJICHHH [i€/0 BPaxXxOBaHUX ¥y
mocmiai ¢GakTopiB Ta BH3HAYAEMO CTATHCTUYHY
JIOCTOBIPHICTh YaCTKH BILIMBY (haKTOPIB, IO BH-
BuaroThcs (Polupan, 2007).

BuzHaueHnii HaMH piBEHb YCIAJIKOBYBaHO-
CTi OIBIIOCTI O3HAK OYyIOBU Tijla Ta BUMEHI KO-
PIB-TIEPBICTOK MIIAOCIITHAX TIOPiN, OIIHEHUX
3a METOAWMKOIO JIHIHHOI Kiacugikarii, CBIIIUTH
PO MOXKJIIUBICTH €PEKTHBHOI MacOBOI CEJICKIIIT 3a
HMMH, Ta0m. 1.

BenuuvHM Ta AOCTOBIPHICTH KOe(Dilli€HTIB
YCIaAKOBYBAaHOCTI TPYHMOBUX JIHIMHUX O3HAK
CBIJTYUTH, 1[0 BOHH Y KOPiB-TICPBICTOK TOJIIITHH-
cpkoi mopoau Ha 24,5422 %, a y pOBECHUIIb
YKpaiHChKOT JOpHO-ps00i MoyouHOl — Ha 26,6—
40,1 % KOHTPOIIOIOTHCS TEHOTHIIOM TBapHH.
dinanbHa OI[IHKA 3a TUIIOM, BiJmoBigHO, 48,2 Ta
45,4 % 3abe3neuye eeKkTUBHICTH JOOOPY KOPIB
3a reHotunoM. Cepesl OMUCOBUX JIIHIMHUX O3HAK
MIHJIMBICTh KOE(IIIEHTIB yCIIaaKOBYBaHOCTI Ba-
pito€ y MHUPIIHUX MeXKaX, 3aJICKHO BiJl IOPOIU Ta
OITIHIOBAHOI CTaTi 3 HE3HAYHOIO ITIEPEBaror Ko-
PIB-TIEPBICTOK TOJNIITHHCHKOI TIOPOH, SKiI € KOH-
COJIIOBAHIMIMMH 32 MOJIOYHUM THIIOM.

MIHITUBICTD OMTUCOBUX O3HAK KOPiB TOJIIITHH-
CBKOT TIOPOJTM Bapiloe y MeKax Bill HE3HAYHOI Ta
nemocroBipHoi (h?=0,084; posramyBaHHs mepe-
IHIX Ii0K) 10 BUCOKOI Ta qoctoBipHoi (h*=0,484;
KyTacTICTh). Y POBECHUIIb YKPATHCHKOT YOPHO-PSI-
00i MOJIOYHOI TOPOTX MIHJIMBICTH 3MIHIOETHCS
Bix 0,077 (po3TanryBaHHs 3aaHiX AiHiok) g0 0,422
(xyTacTicTh). OTpUMaHi pe3yIbTaTH CITIBIIAIal0Th
3 aHAJIOTIYHIMH B OTPUMAHUX JOCITIKEHHAX KO-
piB MojI04HHUX mopif pisHOI cenekii (Elisandra et
al., 2014; Shevchenko, 2012).

BonHouac oTpuMmani piBHI  Koe(illi€HTIB
YCIaAKOBYBAaHOCTI 3a HAHOUIBII 3HATYIITUMH O3Ha-
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KaMH, BiJ SKHX 3aJIeKaTh BaXKIMBI TOCIIONAPCHKI
KOPHCHI TOKa3HUKU TaKi, K TPUBAJIICTH TOCIIO-
JApCHKOTO BHKOPHUCTAHHS, 32)KUTTEBA Ta JOBIU-
Ha MoJiouHa mpoayktuBHicTh (Khmelnychyi and
Khmelnychyi, 2019; Khmelnychyi et al., 2020;
Polupan, 2000; 2015; Wright et al.,2013) (tm-
OuHa TyiryOa, BUCOTA, MTUPHHA 331y, KYTaCTICTh,
IOCTaBa 3aJHiX KiHIIBOK, MPUKPITUICHHS YacTOK
BHMCHI CIlepemy Ta 33a1y, ICHTpajdbHa 3B’S3Ka,
rMOMHa BHMEHI, JOBXKHHA MIHOK Ta Xoia) Jae
3MOTY OYIKYBAaTH CEJICKIIHII TOJIMITYBaTbHAN
edekT ekcTep’epy B pe3yiibTati 1000py Ta mia0o-
Py 3a HUMH.

[ei BUCHOBOK ITiITBEPIKYETHCSI TCHETUIHOIO
JETEPMIHAIIECIO TTIEPEPAXOBAHNX BHUIIE OMHUCOBUX
CTaTel eKcTep’€py KOPIB-TIEPBICTOK TOJIIITHH-
ChKOI TIOPOIIH, SIKI XapaKTepU3yIOTh CTaH Tyily0a
y mexax 0,284-0,484, xiamiBok — 0,168-0,267 ta
BuMeHi — 0,215-0,395 1 y poBecHUITs YKpaTHCHKOT
YOPHO-PsI001 MOJIOYHOI 3 BiMOBITHOIO MiHJIUBI-
CTIO KOCOQIIIEHTIB YCIaaKOBYBaHOCTI, BIIMOBII-
Ho, 0,269-0,422; 0,185-0,236 Ta 0,194-0,388.

OCKUIBKH OpraHi3M TBapWHHU € E€IWHOIO0 Ca-
MOYTIPABHOIO CHCTEMOIO, 110 CKJIayacs y mporeci
TPUBAJIOi €BOJIOMII, KO OKpPeMi YaCTHHH Opra-
HI3My, OpraH{, TKaHWHH, O3HAKH TepeOyBaroTh
Yy B3a€MHOMY 3B'SI3Ky OAWH 3 OJHHUM, BHBYEHHS
3B’SI3KIB MK TOCIIONAPCHKA KOPUCHUMHU O3HAKa-
MU Ma€ BEJIMKE 3HAYEeHHS I CEJNeKIlIHO-TuIe-
MiHHOI po60TH. OCOONMBO BAXKIUBUM € T€, IO
3B’SI3KM, SAKi ICHYIOTH B OpPTraHi3Mi TBapuHH, HE €
aOCOJIIOTHUMH, BIYHHUMH, OCKUTBKH iX KOHTPO-
Joe npupoaHui ado mryunuii 1o6ip (Hopka et
al.,2007). 3amis edekruBHOCTI H00OPY 3a O3Ha-
KaMH 13 HU3BKOIO YCIIaIKOBYBaHICTIO OOJTiK O3HAK,
10 KOPEJOI0Th, Ma€ BUpIilIaNbHE 3HadYeHHs. Bon-
HOYAC BKJIIOYEHHS JI0 CEJEKIl TaKuX CIiBBITHO-
CHHX O3HaK, YCIIaJIKOBYBaHICTb SIKUX Jy>K€ HU3bKa
— €IMHO MOXJTMBHH CII0Ci0 I JOCATHEHHS YCITi-
Xy CEJEKITi.

s 3akoHOMIpHA BIACTHBICTH ITiITBEPIKEHA
¥ HAIIMMHY TOCITIDKEHHSAMHY TIPHU BU3HAYCHHI PiB-
HS CIIIBBIJHOCHOI MIHJIMBOCTI MK OI{IHIOBAaHHAM
JHIHHOT KiTacu(]ikaIlii Ta BEJIMYHHOIO HAIOI0 Yy
KOPIB-TIEPBICTOK TOJIITHHCHEKOT Ta YKPaiHCHKOI
JOpPHO-PsI001 MOJI0YHOT TTopiz (Tabm. 2).

Jlinilina knacudikamis 3a 100-6abpHOIO CHC-
TEMOIO 3 OIIHKOI YOTHPHOX TPYMOBUX O3HAK
eKCTep’€py € BU3HAYAJIHHOIO IIOAO BEIHYUHH
HAJ0I0 KOpiB-TIepBiCTOK. HalOumbIm 3HATyIIIHIA
3B’SI30K Y KOPIiB TONINTHHCHKOI Ta YKpaiHCHKOI
JOPHO-PsI001 MOJIOUHOT TIOPiJT BHSABICHO MK 03-
Hakamu Mmojiounoro tumy (0,428 Tta 0,387), Ty-
my6a (0,446 Ta 0,439), Bumeni (0,486 ta 0,478)
1 ocobnuBo (hiHaabHOW oOIfiHKOI0 3a Tl (0,492
ta 0,488), Mo Mae miACTaBy CTBEPIKYBATH IIPO
e(heKTUBHICTH 1000PY 33 IUMHU O3HAKAMHU.
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Tabmuist 1 — YenaakoByBaHicTh JiHiiiHUX 03HAaK KopiB-nepBicTok YUPM Ta romrTuHcbKoi mopin

ITopona
O3Haku excTep'epy CONIITHHCKA yYKpaiHchbka YOpHO-psiOa
MOJIOYHA
n F n F
daxkrop/odcsr 36/293 29/278
I'pymoBi o3Haku:
MOJIOYHOTO THUITY 0,413%** 16,3 0,389%*** 14,6
Tynyoa 0,422%%% 15,7 0,401 *** 15,2
KIHI[IBOK 0,254*** 10,6 0,266%** 10,5
BHMEHI 0,408%#** 16,5 0,394 %*%* 14,8
®diHangbHa OIliHKA 0,482%** 28,3 0,454%** 17,3
OmnKcoBi 03HAKH:
BHCOTA 0,284 %** 7,85 0,269%** 8,71
UIMPHUHA TPyIeit 0,183 *** 6,68 0,175%** 6,83
mirbuHa Tyiyba 0,314%** 9,77 0,282%*%* 8,95
KyTacTiCTh 0,484 %** 18,8 0,422%*%* 16,8
HaxWI 331y 0,092 0,71 0,086 0,78
[IMPUHA 33Ty 0,327%%* 10,5 0,302%*%* 9,81
KyT CKaKaJIbHOTO Cyriooa 0,106 0,95 0,104 0,98
II0CTaBa TAa30BUX KIHI[IBOK 0,267*** 9,59 0,236%** 9,13
KyT paTHIlh 0,168** 2,67 0,171%* 3,37
TEpETHE 0,395%** 10,8 0,388*** 10,8
NIPUKPIIUICHHS] BUMEH1
3aIHE 0,266%** 7,64 0,356*** 9,64
LICHTpaJIbHA 3B’ sI3Ka 0,317*** 8,94 0,298*** 8,87
mIMOMHA BUMEHI 0,266*** 5,51 0,259%%* 6,84
MEPEaHIX 0,084 1,41 0,098 1,96
po3TamnryBaHHS TiHOK
3aJIHIX 0,095 1,55 0,077 1,64
IOBKHHA JIHOK 0,215%** 4,75 0,194 %** 5,86
nepeMilieHHs (X01a) 0,204 *** 7,63 0,185%** 6,74
BIrOJOBAHICTh 0,107** 3,31 0,091 ** 2,64
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Ta yKpaiHCbKOi YOPHO-Psi60i MOJIOYHOT Mopi

Tabmus 2 — CniBBiIHOCHA MIHJIMBICTD JiHIHUX 03HAK 3 HAJI0EM KOPiB-NEPBicTOK roJIMTHHCHKOT

ITopona
Osnaxu excrep'epy TOJIIITHHCHKA yKpaiHChKa YOpHO-psiOa MOIOY-
(n=293) Ha(n=278)
r+m t r+m t

I'pymnoBi o3HaKwu:
MOJIOYHOTO THITY 0,428+0,0511%** 8,38 0,387+0,0539%*** 7,17
Tyny6a 0,446+0,0488*** 9,14 0,439+0,0491 *** 8,94
KIHIIIBOK 0,22440,0585%*** 3,83 0,263£0,0593*** 4,43
BHMEHI 0,486+0,0574%*** 8,47 0,478+0,0585%** 8,17
®dinanpHa OIiHKa 0,492+0,0529%*** 9,30 0,488+0,0577*** 8,45

OmnucoBi 03HAKH:
BHCOTa 0,363+0,0487*** 7,45 0,32240,0475%** 6,78
HMIMPHUHA Tpyneit 0,124+0,0577* 2,15 0,135+0,0578* 2,33
rIuOuHa Tyiry0a 0,468+0,0429%** 10,9 0,484+0,0533*** 9,08
KyTacCTIiCTh 0,477+0,0569%** 8,38 0,466+0,0573*** 8,13
HAXUII 3.1y 0,088+0,0588 1,49 0,034+0,0574 0,59
[IMPHHA 331y 0,366+0,0574%*** 6,38 0,322+0,0516%** 6,24
KyT CKaKaJIbHOTO Cyrio0a 0,112+0,0572* 1,96 0,141+0,0616* 2,29
I0CTaBa Ta30BUX KiHI{IBOK 0,369+0,0443*** 8,33 0,374+0,0614*** 6,09
KyT paTHllb 0,113+0,0515* 2,19 0,159+0,0527** 3,02
. nepeiHe 0,482+0,0493%** 9,78 0,426+0,0512%*** 8,32

MPUKPITUICHHS
BaMeHt same 0,37140,0558*** 6,65 0,35140,0498 % 7,05
LEHTpaJIbHA 3B’ 5I3Ka 0,364+0,0502*** 7,25 0,375+0,0493*** 7,61
TITHOWHA BUMEHI -0,168+0,0513** 3,27 -0,173+0,0497%** 3,48
nepenHix -0,108+0,0534* 2,02 -0,132+0,0498%** 2,65

pO3TaITyBaHHS
FIHOK 3aHix -0,121£0,0525* 2,30 -0,122:£0,0483%* 2,53
JIOBKHHA JTIHOK -0,041+£0,0514 0,80 -0,144+0,0492** 2,93
nepeMinieHHs (xoaa) 0,363£0,0597*** 6,08 0,322+0,0493%** 6,53
BrOZOBaHICTh -0,351+0,0616*** 5,69 -0,345+0,0597%** 5,78
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He MeHII Ba)KIIMBUM YHHHUKOM JIJISI YCITIlII-
HOTO 000pY B MOMYJIAIII MOJIOUHOT XyIo0u € pi-
BEHb KOPEIAIINHOT MIHJIMBOCTI MK OITHCOBHMH
O3HaKaMH E€KCTep’€pPY Ta MOJIOYHOIO TPOJYKTHB-
HicTio. JIOCTIHKEHHSIMU 3B’ 513Ky MK OIlIHKaMH
OIMMCOBUX O3HAK Ta BEJIMYUHOIO HAJIOK0 OTPUMaHI
KOpenAIlii pi3HOi CHiIM Ta crupsMyBaHHA. HaitBu-
Ui piBEHb JOCTOBIPHOTO MOMATHOTO 3B’SI3KY 3
BEJIMYMHOIO HAJIOO 32 MEPITY JaKTAaI[iI0 BUSBICHO
3a OIlIHKAMH OITMCOBUX O3HAK TOJIITHHCHKOI Ta
YKpaiHCBKO1 9OpHO-Psi001 MOJIOYHOT TIOPiT, BiITO-
BiJIHO, 3a: BucoTot0 (r=0,363 ta 0,322), muOuHOI0
Tymy6a (r=0,468 ta 0,484), xyracrictio (r=0,477
ta 0,466), mmpunoro 3amy (=0,366 ta 0,322),
ITOCTaBOIO0 Ta30BHX KiHIIBOK (1=0,369 Ta 374),
npukpituieHHEsM nepenHix (r=0,482 ta 0,426) ta
3aanix (r=0,371 Ta 0,351) wacTok BUMEHI, IICH-
TpansHOIO 3B’ s3K010 (1=0,364 Ta 0,375) Ta mepe-
mimenHsM (1=0,363 ta 0,322) npu P<0,001.

Barpo Bim3HaunTH, IO BHINE IIepepaxoBaHi
JIHIWHI 03HAKW, PIBEHb KOPEJIIi SIKUX JTOCTaT-
HIi 1T epEeKTUBHOI CEJEKIlii 3a THUIIOM, Xapak-
TEPU3YIOTh BUPAKECHICTh MOJIOYHOTO THITYy KODIiB,
BIJIMTOBIZIAIOTH 3a IX MIIHICTH Ta 3M0POB’s, (QYyHK-
[IOHAJFHICTH T4 TEXHOJOTIYHICTb.

Mix TEXHOJIOTIYHUMH O3HaKaMH BHMEHI
(posTamryBaHHSAM MEpEAHIX Ta 3aJHIX MIHOK 1 iX
JIOBKMHOIO) Ta piIBHEM HAJIOI0 BUSBJICHA Bi’ €MHA
KopesAIisa. Bumamok oTpuMaHHs TOCTOBIPHOI TT0-
MipHOI BiJl’MHOI KOPEIIAIIi MiXK PO3TalTyBaHHIM
TIepEIHIX 1 3a/IHIX TIHOK Ta HAIOEM Ma€ 00’ €KTHB-
HE TOSICHEHHSI, SIKE TIOJIATAE Y TOMY, IO 13 HAIOB-
HEHHSIM €MHOCTI BUMEHI KOPOBH MOJIOKOM BOHO
PO3IIMPIOETHCS 3 OJHOYACHUM 3POCTAHHSIM BijI-
CTaHl MK JiKaMH, 10, BiATIOBIIHO, IPU3BOINUTE
JT0 3HIKEHHS OLIIHKH.

[Ilomo oTpuMaHOi Bif’€MHOI KOPEJIi Mix
BrojioBaHicTio Ta HamoeM (r=-0,351 ta -0,345), us
CHUTYyaIlisl TIOSICHIOEThCSI, TOJIOBHUM YHHOM, Hera-
THBHUM CHEPTeTHYHUM OaTaHCOM, SIKUU ICHYE 3a-
3BHUYAll Y BUCOKOTIPOTYKTUBHUX KOPIiB 1 0COOIHBO
y neprri 100 muiB nakrartii. Ile came Toit mepion,
KOJI BOHH OIIHIOIOTBCS 32 METOIWKOIO ITiHIN-
HOI Kiacudikalli, sK TOr0o BUMAararTh MpaBUIIa.
Ilogo morsay Ha OakKaHWUN E€KCTep €pPHUN THIT
KOpIiB MOJIOYHOI Xymobwm € 00’€KTHUBHE, 3arajib-
HONPUIHATE y CEIEKIIOHEPIB Ta BUPOOHUIHUKIB
PO3yMiHHSI, III0 KOPOBH MOJIOYHUX CIIEITiaTi30Ba-
HUX TIOPij, SKi HaJIeXarh A0 IHTCHCUBHOTO THITY,
BroJIOBaHMMH He OyBaloTh HIKONW. Pesynmeratu
HaIUX JOCIIKCHb Y3TOKYIOThCS 3 aHaJoTid-
HAMH JaHUMH YHCJICHHUX HAyKOBIIIB 13 KpaiH
najexkoro 3apyOixoks. Hanpuknazn, Bin’eMHUi
KOe(QII[IEHT KOPEJALil MK BrofOBaHICTIO Ta Ha-
JIOEM Y KOPIB TOMIITHHCHKOI mopoau IlIBeitmapii
cradoBuB -0,35 (peHoTHmoBOI) Ta -0,45 (reHoru-
moBoi) (DeHaas et al., 2007), y nomicHuX (Qpu3b-

ko-OyHaiicbkux KopiB -0,370 (dpeHoTHIIOBOI) Ta
-0,465 (renotumnoroi) (Alphonsus, et al., 2010),
y romruHiB Typeuunnn -0,20 (peHoTnmnoroi) ta
-0,34 (renotumosoi) (Tapki and Ziya, 2013), xopi
roNmTHHCHKOT mopoau Yexii -0,15 (henorumnoroi)
ta -0,34 (rerotumnoroi) (Zink et al., 2014).

BucnoBku. Bu3HaueHi cTymeHi MIHJIMBOCTI
KOE(IIIEHTIB yCIAAKOBYBaHOCTI JIHIHHNX O3HAK
CBiTUaTh PO BiATIOBIMHUN PiBEHB CEJIEKIIii KOPiB
3a eKCTep €pHUM THIIOM, aJICKBATHO XapaKTepH-
3yI04YM X TEHETUYHY BapiaTUBHICTH Y 3arailbHii
(heHOTHUIIOBIH PI3HOMAHITHOCTI MOIYJISIIIT.

Y mporieci CeNeKmiHHOTO YI0CKOHAIECHHS MO-
JIOYHOT Xy/OOH 3a eKCTep’ €pOoM, 3aBISIKK BHCOKUM
KoeilieHTaM yCIaIKOBYBAaHOCTI O3HAK JIiHIH-
HOI OITIHKY 3a THIIOM, iICHY€ peajabHa MOXKJIHBICTH
HIBUJIIIE IOCSATTH IIOCTABIEHOT METH 33 YMOB ITiJie-
CIIPSIMOBAHOTO JT0OOPY TBAPHH 32 IUMHU O3HAKAMH.

BcTanoBneHa icTOTHA Ta TOCTOBIpHA CHiBBiJ-
HOCHA MIHJIMBICTh TPYIIOBUX Ta OIMUCOBUX CTAaTeH
eKcTep’epy 3 HANOEM 3a MEPINy JIAKTAIlIo Iija-
TBEPIKY€ HACTIHHY HEOOXITHICTh OIMOCEPEIKOBA-
HOT CEJISKIIil MOJIOYHOT Xy001 32 THIIOM, 1110 J103-
BOJIUTH OTPUMATH HE JIUIIe KOHCTUTYI[IOHAIBEHO
MIITHAX Ta 3JI0POBHX TBAPHH, & i BUCOKOIIPOIYK-
TUBHHX 32 HAJIOEM.
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Heritability and correlative variability of the
conformation linear traits of first-born cows of
black-and-white cattle with milk yield.

Khmelnychyi L., Karpenko B.

An in-depth analysis the publications of domestic
and foreign authors was carried out in the aspect of re-
search on the heritability of linear traits of the confor-
mation type and their correlative variability with milk
productivity. The research authors established that the
level of existing variability in the heredity of linear
traits depends on many genotypic and paratypic fac-
tors. However, they argue that despite the variability
of traits heritability of dairy cows conformation, their
level is generally sufficient for effective selection by
linear type traits. Studies on the correlation between
linear traits of type and milk productivity of cows of
various breeds around the world have shown a high
level of this relationship. This testifies about the effec-
tiveness of indirect selection of dairy cattle by type,
which will allow obtaining not only constitutionally
strong and healthy animals, but also with high milk
productivity. The population-genetic aspect of deter-
mining the heritability and correlative variability of
linear traits with milking of first-born Holstein cows
of domestic selection and Ukrainian Black-and-White
dairy in the private enterprise "Burynske" of the Pod-
lisniv branch of the Stepaniv territorial community in
Sumy district was described. The magnitudes and re-
liability of the heritability coefficients of group linear
traits indicate that they are controlled by the genotype
of animals by 24.5-42.2 % in first-born cows of the
Holstein breed, and by 26.6-40.1 % in female cows
of Ukrainian Black-and-White dairy breed. The final
score by type of 48.2 and 45.4 %, respectively, en-
sures the efficiency selection of cows by genotype.
Variability of descriptive traits of Holstein cows rang-
es from insignificant and unreliable (h*=0.084; lo-
cation of front teats) to high and reliable (h>=0.484;
angularity). In females of the same age of Ukrainian
Black-and-White dairy breed, the variability varies
from 0.077 (location of rear teats) to 0.422 (angu-
larity).In Holstein and Ukrainian Black-and-White
dairy cows, the most reliable relationship was found
between the characteristics of the dairy type (0.428
and 0.387), body (0.446 and 0.439), udder (0.486 and
0.478) and, especially, the final type score (0.492 and
0.488), which gives reason to assert about the effec-
tiveness of selection based on these traits.The highest
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level of reliable positive correlation with the amount
of milk yield for the first lactation was found accord-
ing to the scores of descriptive traits of Holstein and
Ukrainian Black-and-White dairy breeds, respective-
ly: height (r=0.363 and 0.322), body depth (r=0.468
and 0.484), angularity (r=0.477 and 0.466), back
width (r=0.366 and 0.322), posture of pelvic limbs

(r=0.369 and 374), attachment of front (r=0.482 and
0.426) and rear (r=0.371 and 0.351) udder parts, cen-
tral ligament (r=0.364 and 0.375) and locomotion
(r=0.363 and 0.322) at P<0.001.

Key words: Holstein, UkrainianBlack-and-White-
dairy, lineartypeevaluation, conformation, milkyield,
first-borncows.
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Jlnst IpoBeAeHHST eKCIIEPUMEHTAIBHUX JOCHIKEHb 3 METOI0 HayKo-
BOTO PO3NIANY JOCIIKEHO MPHUPOIHY PE3UCTEHTHICTH Ta iIMYHOJIOTIYHI
peakiii HOBOHApPO/XKEHOTO MOJIOAHSIKY BOJMHCHKOI M’SICHOI MOpOIM 3a
BHUKOPHCTaHHS TPOOIOTHYHUX TperapariB. byno copMoBaHO Tpu Tpymu
TBAPHH: KOHTPOJNBHY TPyNy YTPUMYBAIH JIHIIE HA MATCPHHCHKOMY MOJIO-
i, [ rpyma, kpiM MoJIoKa KOpiB, OTpUMYyBaja MPOOIOTHYHUH Mpenapar 3i
mwramoM Bacillus Subtilis, 11 nocninna rpyna — Lactobacillus spp. Ax-
THBHICTh TIPUPOJHOI PE3UCTEHTHOCTI Ta IMYHHY PEaklilo OpraHi3my Jo-
cripkyBanmu Ha 5, 10 Ta 30 noOy excnepumenty. PiBenp Hecnenudignoi
HPUPOAHOT PE3UCTEHTHOCT]I BU3HAYAIM 33 MOKa3HUKAMH OaKTEPHIMIHOI,
Ti30MUMHO1, (GaroruTapHoi Ta KOMIZIEMEHTApHOI aKTUBHOCTI CHPOBATKU
KpOBi, IMyHOJIOT1YHY BiJIIIOBiTh — 32 KOHIIEHTPAII€I0 B KPOBi IMyHOTIIO0Y-
niniB knaciB G, M, A. [TounHarouu 3 5 100U KUTTS, CIIOCTEPIraiy BiIMiH-
HOCTI y HecrenuQiuHili pe3uCTEeHTHOCTI TBapHH KOHTPOJIBHOI Ta JOCIi/-
HUX rpyn. B okpemi BikoBi nepiogu npoOioTHYHI 100aBKH MajM Pi3HUNA
CTYIiHb BIUIUBY Ha TIPUPOIHY PE3UCTEHTHICTh MOJIOAHAKY. Haitbimbma
pi3HUIIA y OiK 3pOCTaHHS Y TAaKUX MOKa3HWKaX Hecnenmu(iaHoi pe3ncTeHT-
HOCTI, SIK OaKTepUIMIHA Ta KOMIZIEMEHTapHa aKTHBHICTh CHPOBATKH KPO-
Bi criocTepirajach 3a BIUIMBY npobiotnyHoi nobasku Bacillus Subtilis (1
JIOCIiIHA TpyMa), a MOKa3HUKH JII30IMMHOI Ta (aronuTapHOi aKTHBHOCTI
CHPOBATKM KpoBi Oynu Oinbrumu 3a aii Lactobacillus spp. (11 nocninna
rpymna). PisHumsg Mix TOKa3HUKaMH OaKTepUITMIHOI aKTHBHOCTI KpOBi 3a
nii Lactobacillus spp., TOpiBHAHO 3 KOHTposeM, Oyma y Bimi 30 ai6 (16,85
%, P<0,01), a 3a nii Bacillus Subtilis — y Bimi 60 116 (25,49 %, P<0,001).
Jli3onnMHa akTHBHICTH CHPOBATKU KpoBi Oyna Buoto y 60-1000Bux TBa-
puH (27,20 %, P<0,001), y II mocmimuiii rpym — y 30-10060BuUX TensT
(19,16 %, P<0,01). PiBens ¢aronnTapHoi Ta KOMIIEMEHTapHOI aKTUBHOC-
Ti KpoBi OyB HaiBumM y Bini 60 1i6 B I mocmigwiit rpyni — Ha 17,17 %
(P<0,001) ta 32,57 % (P<0,001), B II mocmigsniit rpymi — Ha 23,20 %
(P<0,001) Ta 36,34 % (P<0,001), BiznoBiguo. llogo xoHmeHTparmii imy-
HOIIOOYIiHIB, HAHOUIBIII 3MIHH y iX IMOKAa3HUKaX CIIOCTEPIrajuch y Tpy-
mi, sika orpumyBana Lactobacillus spp. JlonaBanHs 10 paiioHy MOJIOAHS-
Ky NpoOiOTHYHUX IITaMiB OakTepiii MO3UTUBHO BIIMBA€E Ha CTAHOBJICHHS
MPUPOAHOT PE3UCTEHTHOCTI Ta IMyHHOT BiZITIOBI i OpTaHi3My, IO B MOJaJTb-
IIOMY CHPHUATHME 3MEHIIEHHIO PiBHS 3aXBOPIOBAHOCTI MOJOJHAKY.

KurouoBi cioBa: tensata, mpoOIOTHKH, MITaMU OaKTEpii, MIKpoOp-
raHi3MH, IMyHOIIOOYNiHM, HecrnenudiyHa PEe3UCTEHTHICTh OpraHizMy,
T-nimdouuTn, GaronurapHa aKTUBHICTh, OAKTEPUITUIHA AKTUBHICTD CH-
POBAaTKH KpOBI.
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IMocTanoBKa nMpodJieMH Ta aHAJI3 OCTAHHIX
pocJimkenb. Cxkiaagauii MiKpoOioM, IO KOJIOHi-
3y€ OUTYHKOBO-KUIIKOBHH TPAKT )KyHHUX TBapuH,
BiJlirpae BayKJIMBY POJIb Y PO3BUTKY iIMyHHOI cHC-
TEMH, 3aCBOEHHI MOKUBHHUX PEUOBHMH Ta OOMiHi
pedoBuH. Po3ymiHHS MexaHi3MiB KOJOHi3alii Mi-
KpOOiOTOIO ILTYHKOBO-KHIIKOBOTO TPAaKTy y IO-
YaTKOBOMY TIEPiOAi JKUTTS KYyWHHX TBapHH Mae
MO3UTUBHUH BIUIMB Ha 370pOB’S Ta MPOAYKTUB-
HICTb TBapHMHU B NoAajblIoMy. MikpoopraHis-
MU LIBHIKO KOJIOHI3YIOTh NLTYHKOBO-KHIIKOBUI
TPaKT MICIA HAPOKEHHS TBAapUHU 1 MOCTYHO-
BO TEPETBOPIOIOTHCS HA CKIAIHUHA MIKpOOHUIA
cruMO0103, 10 Ja€ MOXKJIUBICTH 3MIHIOBATH Mi-
KpOCEpENOBHUIIIEe MUTYHKOBO-KUIIKOBOTO TPaKTy
JUISL TOKpAIIEHHsI 340pOB’ S Ta pOCTy HOBOHAPOI-
XKEHUX 1, MOKJIMBO, BUKJIUKATH TPUBAJIL €PEKTH y
JOPOCIHUX KYHHHUX TBApUH.

Kyitni TBaprHM € BaXKJIMBOIO YaCTHHOIO TJIO-
0aJILHOTO CiTBCHKOTO TOCIIOAAPCTBA, OCKUIBKHU Bil
HUX OTPUMYIOTb OCHOBHI Xap4oOBi NPOAYKTH —
MOJIOKO Ta M’5icO. XBOpOOU MONOTHSIKY XKYHHHX
TBapHH 3 BUCOKHMU MOKAa3HUKAMH CMEPTHOCTI €
MOCTIHHOIO MPOOJEMOI0, IO 3aBAAE CEPUO3HHUX
E€KOHOMIYHHX 30UTKIB CLIBCEKOMY TOCIIOJIAPCTBY.

IcropuuHO ckianmocs Tak, IO aHTHOIOTHUKHU
BiJirpaBajy >XUTTEBO BAXKIUBY DPOJb Yy Mpodi-
JAKTHULI [UTYHKOBO-KUIIKOBHX 3aXBOPIOBaHb 1
BUKOPHUCTOBYBAJIHCS SIK CTUMYIISITOPH POCTY CiJTb-
CBKOTOCIOJAPChKUX TBApuH [6, 9]. 3anuiuku aH-
TUOIOTHKIB Y Xap4OBUX MPOAYKTaX Ta 3pocTaroua
CTIKiCTh OakTepiii 10 aHTUOIOTHKIB CTamd TO-
CTpPOIO MPOOJIEMOI0 TBAPHHHUIITBA. SIK HACHIJIOK,
BUKOPHUCTaHHS aHTHOIOTHKIB Yy TBAPUHHULTBI 1O-
CTYIOBO 3MEHIIYBaJIOCh: €BPONENCHKUN COI03 3a-
OOpOHMB BHUKOPUCTAHHS aHTHOIOTHKIB SK CTHMY-
nsTopiB pocty y 2006 p., a LlIBenis 3a0oponuna
BUKOPHUCTaHHS aHTUOIOTUKIB Y TBapUHHHILTBI 1€
y 1986 p. [3].

3acTocyBaHHsS TEpPaleBTUUHUX aHTUMIKpOO-
HUX TpenapaTiB MOK€ HEraTHMBHO BIUIMBATH Ha
300pPOB’sl KYWHHX TBapHUH dYepe3 301bIICHHS
BEIIMKOI KIJBLKOCTI I€HIB, aCOI[iHOBAaHMUX 31 CTii-
KICTIO JI0 KaTIOHHUX aHTUMIKPOOHHUX IMENTHJIB 1
OeTa-nmaKTaMiB, 1 3aTpUMaHHs Y PO3BUTKY Pi3HO-
MaHITHOCTI Ta CTa0iIbHOCTI MiKpOOiOMY IILTYHKO-
BO-KHILIKOBOTO TPakTy MoJoAHsKY [10].

CporoziHi MepcrneKTHBHUM HampsIMOM iJBU-
LICHHS KUTTE3JATHOCTI Ta 30epekeHHs MOJIOJ-
HSIKYy CUIBCHKOTOCIIONAPCHKUX TBapHH Ta ITHII
€ 3aCTOCYBaHHSI MPOOIOTHKIB y TEXHONOrIl iX
BUPOILYBaHHS, NMPUUOMY SIK B YMOBax IMpPOMKC-
JIOBUX KOMIUIEKCIB, TaK 1 y ¢epMepchbKHX rocmo-
napctBax. [IpoGioTuky, mo Kiacu(ikyroThCs K
aJIbTepHAaTHBa AHTUOIO0THKAM, € XUBHMH MIKpO-
OpraHi3MaMHu, sIKi BUKOPUCTOBYIOTh Y TOMIBII TBa-
pUH y BIIMOBITHUX KUTBKOCTSX YIS TOKPAIICHHS

3I0pPOB’S Ta MPOTYKTUBHOCTI XyIOOW Ta MOJIOI-
HKY. MiKpoopraHi3aMam#, 10 HalJacTile BHKO-
PHUCTOBYIOTHCS SK TPOOIOTHKH, € MOJOYHOKHUCII
Oakrepii, Hacammiepen mraMu Lactobacillus spp.
ta Bifidobacterium spp. Ilpenaparn MiKpoOHOTO
MOXO/KEHHSI aKTHBI3YIOTh MPOIECH TPAaBJICHHS,
JUSITBHICTS  TITYHKOBO-KHIIIKOBOTO TPaKTy, HOP-
MaJi3yloTh OOMIHHI IPOIIECH B OPraHi3Mi, TOCH-
JIIOIOTh PEakKIlilo Hecneuu(piyHOro IMMYHITETY,
BHACIIIZIOK YOTO IMiIBUIYETHCS TPOTYKTUBHICTH
TBapHH, 3pOCTa€ 30epeKEHHS IOroNmiB’s, edek-
TUBHICTh BUPOOHHIITBA MPO/YKIIii TBAPHHHUIITBA,
T IBUTITY €THCS 3aCBOEHHS KOpMy [4].

A. H. Dar ta J. D. Quigley Bim3naganm, 1mo
y TpyIiax TBapWH, SKi OTPUMYBaIH MPOOIOTHUIHI
no0aBKH, *KHBa Maca Oyia OuibIioro [5, 14]. S.M.
Ghoreishi Ta Y. Wu y cBOI IOCHTIPKEHHAX MTOKa-
3a)IM CUPHUSTINBUN BIUIMB OKPEMHX MIKpOOioJIo-
TIYHUX TpermapaTiB Ha PO3BUTOK MIKPOOIOTH KHIII-
KiBHUKA 1 3BEICHHS JI0 MIHIMyMY 3aXBOPIOBaHHS
TEJIST A0 KMIIKOBUX 1H()EKIIH MPOTATOM HEPIITUX
4 TwkHIB xuTTA [7, 16]. IIpoOioTHKKM TakoX Ma-
I0Th BIUIMB Ha MOKPAIIECHHS 3aCBOIOBAHOCTI CYXO1
PEYOBHHHU, €HEPrii, CHPOro MPOTEiHy Ta aMiHO-
KHCIIOT 1 30UTBITYIOTh 010IOCTYITHICTh MiHEPAJIiB
y kumkiBHUKY [17]. KpiM Toro, mpobioTukm mpo-
TYKYIOTh BOIOPO3YMHHUI BiTaMiH Tpynu B, skwmii
MOXKE TOKPAIIATH META0Oi3M IMOKUBHUX PEUO-
BHH y KHMIIKIBHUKY [16]. Lli pe3ympraTé Takox
BKJTIOYAIOTh TIOJIIIIIEHHS MaCH Tijla Ta 3HIDKEHHS
gacToTH miapei [9].

[Ticims movaTkoBOi KOMOHI3AIlT MiKpoOioMOM
st po3sutky KT Ta mo3piBanHs iMyHHOI cuc-
TEMHU HEOOX1THUH MOCTIHHUN BILIUB CIelu(DIaHIX
MiKpoopraHi3MiB. MaJjo Toro, Ha paHHIO CTPYKTY-
py MIKpOOHOTO CEepeloBHUINa MUTYHKOBO-KHIIIKO-
BOTO TPAKTy 3A€OIIBIIOTO Ma€ BINIUB MAaTCPHH-
CbKa MiKpo0i0Ta, 3MiHa paIlioHy, BiK TBapHH.

3romom, 3 BIKOM TEIIAT, IPUPOTHA PE3UCTCHT-
HICTh OpTaHi3My JEII0 3HIKYETHCS, a aKTUBHICTh
TYMOpaJIbHUX (DaKTOPIB 3HAYHO 3pocTae. Y paH-
Hil TTIOCTHATAJILHUN TIEPi0j] OHTOTEHE3Y BiJ3HAYA-
etbest, mo o 80% T-miMdornuTiB — 11e  KiIepHi
kiituan, 20% crtaHoBuaTe T-xemmepu ta T-cy-
npecopr. Takoi KITBKOCTI IMyHOPETYISTOPHHUX
KJIITWH HE BUCTAYa€ JJisl YTBOPEHHS JIOCTATHHOTO
piBHS BinacHuX aHTUTLI. KomocTpampHi iMyHO-
mI0OyITiHN OJIOKYIOTh aHTHTEHH, IO HAIXOATH, i
KJIITHHHA JIJaHKa IMYHHOI CHCTEMH, BiATIOBiTaIbHA
3a YTBOPEHHS BJIACHUX IMYHODIOOVJIHIB Pi3HUX
KJIaciB, 710 KiHITI He copMoBaHa [7].

Y mepii gH1 JKATTS TEISAT 0COOMBA yBara mpu-
TISEeThest hOpPMYBaHHIO IMYHITETY, SIKAH ITOBHICTIO
3JICXKUTH B SKOCTI MOJIO3HBA 1, IO TAaKOXK BKPA
BRXIMBO, TEPMiHIB HOTo BHUIIOIOBaHHS. SIKICTBH
MOJIO3UBA, CBOEIO UEProro, Oe3nocepe/iHbo 3alie-
JKUTH BIJ SKOCTI TOMIBJII KOPOBH, TIOBHOITIHHOCTI
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il paiioHy, ToMy npu (OpPMyBaHHI IMYHHOI CHC-
TeMH HEOOXiJHO BBOAWTH BIMIOBITHI IMyHOMO-
JIEJTIOI0Y1  TIperapaT, SKi MiIBUIYIOTh IMyHHY
peakiiro oprasizmy [1]. 3a maHuMu ACSIKUX IIO-
CIIHHKIB JOBEICHO, IO TEATa M'SCHHX IOPi,
SIK1 HE OTPUMAJTH SIKiICHOTO MOJIO3HBA BiApasy Iic-
IS HAPOIDKEHHS, MAaIOTh y 3 pa3u OUIbIIE IIaHCIB
3aXBOPITH BKE B TIEPIIT THOKHI JKATTSA Ta y 5 pa3iB
OlBIIIe MIAHCIB TIOMEPTH B XOZi PO3BUTKY, ITOPIiB-
HSTHO 3 TEJIATaMH, SIKi OTPUMYIOTh SKICHE MOJIO3H-
BO BUacHoO [12].

YHiBepcalTbHUM HOCIEM ITACHBHOTO IMYHITe-
Ty € IgG. Konmentpamist Ig — HaiiBaxmBimmiz
IMyHOOIOJIOTIYHHIA TTOKA3HHUK SIKOCTI MOJIO3MBA.
YV mepion komocTporeresy, 3a 3—10 gHIB M0 OTe-
nenns, agratina [gG-izotuny (mepeBakao IgGl)
13 CHPOBAaTKH KPOBI CEIIEKTMBHO KOHIICHTPYIOThH-
Cs B CEKpETi MOJOYHOI 3aJl03U 3a JIOTIOMOTOIO
BHYTPIIIHBOKIIITHHHOTO TPAHCIIOPTHOTO MeXa-
HI3MYy Yepe3 perenTopy Ha abBEOSIPHUX CIIiTe-
JMiagpbHUX KIITHHAX, THM CaMHM 3a0e3Ieuyoun
iX BHCOKHU BMICT y MOJIO3HBI IIEpIIOTO HAJIO0.
IgG1, ax mepeBakarounii 130THI Y MOJIO3HBI KO-
piB, cranoBuTh 85-90 % 3arampHOi KijbKOCTI Ig
[2]. PiBenp Ig y cupoBariii KpoBi HOBOHApOIKE-
HUX TEJSIT BHU3HA4Ya€ y IeH mepionm iX IMyHHHH
CTaTyC Ta CTYIiHb 3aXHCTy BiJl HECTIPUSTIMBUX
(hakTopiB, SKI BIUIMBAIOTh Ha ()OPMYBaHHS IMyH-
HOTO crarycy. [gG nmpoHuKae i3 CHPOBAaTKH KPOBi
gepe3 albBEOJSIPHUH CImTeNid MOJIOYHOT 3371031 B
OCTaHHI JHI TPETHOTO TpUMECTPY TiTbHOCTI. Ce-
JIEKTUBHMMA TpaHcopT IgG y cupoBariii KpoBi de-
pe3 aJabBCOJSIPHUN CMITeNil BUMEHI € (QYHKIIEI
Fc-pparmenty monekynu 1gG. Bennka KijgbKicTh
IgG MoI031Ba 3aXOINTIOETHCS 1 TIEPEMIMIAETHCS Y
BEJIMKUX BHYTPILITHBOIIUTOIUIA3MATHYHUX BE3U-
KyJlax CITeITiali30BaHuX KIITHH, pPO3TAIIOBAHUX
y BEpXHiil YaCTHHI TOHKOTO BiJITiITy KHIITKIBHHKA,
JUISL Tiepeniadi B IUPKYIIOI0UY CHUCTEMY HOBOHA-
POILKEHOTO Yy He3MIiHHOMY BUTIIAL [15].

IloBHEe 3acBOEHHS IMYHOTTIOOYITiHIB, 110 HAJT-
XOJISATh B OPTaHi3M TEJISTH 3 MOJIO3UBOM, MOXKITUBE
JIATIIE TIPOTSITOM 24—36 TOIHH TiCIIs HAPOIHIKEHHS.
Ile moB's3aHO 13 IPUNUHEHHSIM POOOTH €HTEPO-
IIUTIB, III0 BUKOHYIOTh CEKPETOPHY (YHKIIIFO, sIKa
TIOJISITAE Y 3/IaTHOCTI MPOMYKYBaHHS METa0OIITIB
Ta (QepMeHTIB, HEOOXITHUX IS TEPMIHAIBHOTO
TpaBiieHHS. Tak, depe3 6 TOAWH MIiCIsS HapOH-
JKEHHSI, 3 MOJIO3uBa abcopOyeTnest Bxke 65—70 %
aHTUTLI, a mmicist 24 roguH — Bekoro 10-12 %.
V 6inkoBik (pakiii MOJIO3UBa BEIUKOI poraroi
XynoOW TPHUCYTHI Ti X IMyHOTJIIOOYIiHH, IO W
y cuponarti kpoBi (IgM, IgA, IgG, IgE, IgD).
IIpu mpomy IgM, mo cranoButh Gmm3eko 7 %
KOJIOCTpaJIbHUX Ig, TmepeBakae Ge3rmocepeHbo
B KPOBi, CIY)KUTh IMEPBUHHUM 3aXWCHUM MeXa-
HI3MOM TIPOTH CeNTUIeMii, Gikcye KOMIUIEMEHT
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1 € OCHOBHMM HOCI€M alTIOTUHYIOYMX aHTHTLIL
Horo KoHIIEHTpaIisi 3pocTae, KOJIM OpTaHi3M
3a3Ha€ BIUIMBY aHTUTCHY, IO BiOYBAETHCS MPHU
nepBuHHIK iHQekil. CekperopHa dopma IgA,
10 CTAaHOBUTH OMU3BKO 5 % KomocTpanbHuX Ig,
3axXUIIA€e MMOBEPXHIO CIIM30BUX 00OJIOHOK, BKITIO-
YJaro4ud CIIM30BY 00OJIOHKY KHIIIKiBHUKA, BiJI IIPO-
HUKHEHHS TATOTeHIB Ta iX KOJOHi3aIlii Ha mo-
BepxHi emitemiro [2, 11, 13].

KpiM no3piBaHHS KIITHH KHIOKiBHHKA, 0
(hakTOpiB 3HMKCHHS TIOITIMHAHHS IMyHOITI00Y-
JIiHIB MOXXKHa BITHECTH BUPOOJICHHS TpPaBHUX
dbepmentiB. Bognodyac depMmeHTaTHBHI KOPMOBI
N00AaBKK TOKPAIIyIOTh MIKPO(IOPY MIITYHKO-
BO-KHIIIKOBOTO TPAaKTY, CIIPUSIOYH TIPU [OMY 3a-
CBOEHHIO TIEPETPABHOCTI KOPMIB, HEHUTPAIi3yIOTh
TOKCHHHU 1 TPSIMHA aHTHOAKTEpiaIbHUNA BIUIWB,
CTUMYJIIOIOUH IMYHITET, YUM ITiIBUIIYIOTh PiBEHb
BMiCTy iMyHOIIOOYITiHIB [8].

MeTta Ta aKkTyaJbHICTh CIIPSIMOBaHI Ha BCTa-
HOBJICHHS BIUIMBY 3aCTOCOBAHHMX NPOOIOTHYHUX
N00aBOK Ha PIBEHb MPHUPOIHOI PE3MCTEHTHOCTI,
IMYHOJIOTIYHHH CTaTyC M’SICHHX TEJST IIEPIITHX
MICHIIB XUTTA.

Marepian i meroau aociaimkennb. Jlocmi-
JOKEHHS TIPOBOJIIIN Ha TEJISITaX BOIMHCHKOI M’ sIC-
Hoi mopomu BikoM 5-30 muie CT30B «3ops»
Koremnncrkoro paitony BomuHcskoi o6macTi. Tra-
puHU Oyiy TiAiOpaHi 3a IPUHIIAIIOM TIAPHAX aHa-
JIOTIB 3 ypaxyBaHHSM ITOPOJHOCTI, BIKY, KHBOL
MacH Ta KIHiKO-(i3iojorigHoro crany. TpuBa-
JICTH MOCHTIPKEeHHS cTaHoBmia 60 mio.

MoromHAK TOAUTMIIA HA TpH TpymH (n==8):
KOHTPOJIbHA OTPUMYyBajla MOJIOKO BiJ KOpiB-TO-
niBHUIG, | mocmigHa rpyma orpumyBana Bacillus
Subtilis, 11 mocnimaa rpyma — Lactobacillus spp.
[IpobioTnuni mpemapatd TeasATaM JOCIITHUX
TPYI AaBaJH MUISIXOM BHUITOIOBaHHs. JJoOOBY 03y
3rOJIOBYBAIH Y JIBa IPUHOME — BPAaHIIi Ta BBeUe-
pi 3a HacTymHOIO cxeMoro: 3 5 mo 30 meHpr — 3
po3paxyHKy 15 r Ha roi./mo0y; 3 31 o 60 neHp —
20 r Ha roi./no0y. KpoB mist mocmimkeHHs Opain
B1JI TEJIAT KOHTPOJILHOI Ta JOCITHAX TPYII BPAHIIi
JI0 TOMIBI, IO TIOYATKy E€KCIICPUMEHTAIBHUX J0-
ciipkeHb, Ha 5, 30 Ta 60 moOy XUTTS TemAT. 3a-
0ip KpOBi y TEIST MPOBOIUBCS OMHOPa30Bo. Kpos
Opanmu 3 sSpeMHOI BEHH 3BHYAMHUM METOIOM Y
poOipku 1Mo 3—4 ML, 10 SAKUX TMOINEPEIHBEO BHO-
cwd 1o 1 xparii KOHCepBaHTYy (U1 3armo0iraHHs
po3BuTKy Mikpodiopu). [Tpobu 30epiraiu 3a Tem-
nieparypu 4 °C.

Jisi BW3HAUEHHS PIBHSA TPUPOITHOI pe3urc-
TEHTHOCTI TBapWH BU3HAYAIH OaKTCPUITUAHY aK-
THBHICTH cupoBaTtku kpoBi (BACK), mizorumuy
akTUBHICTH cupoBatku KpoBi (JIACK), daromu-
TapHy akTUBHICTH cupoBarku KpoBi (PACK) ta
KOMIUTIMEHTApHY AaKTHBHICTh CHPOBATKH KpPOBI
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(KACK). Buznauenns BACK npoBonunu gorone-
(dhemoMeTpUIHIM METOIOM MOomu(iKarlii i3 3acTo-
CYBaHHSM TeCT-KynsTypH Escherichia coli; TACK
—  (OTOENeKTPOKOJIOPUMETPUIHIM ~ METOJIOM
13 BHUKOPHUCTaHHAM TECTKYNbTYpu Micrococcus
lysodeikticus; ®ACK — 3 BHUKOpHUCTaHHSIM
TeCT-KYIbTYpH Staphylococcus albus.

BuzHaueHHS KOHIIEHTpAIli iMyHOTTIOOYITiHIB
kiacie G, M, A TIpoBOIMIIN METOJIOM ITHUCKPETHO-
T'O 0CaHKEHHSI.

Craructuaay oOpoOKy ofepKaHOoTo ITH(PO-
BOTO MaTepially HpPOBOIWIN 3 BHKOPHUCTAHHSIM
makery mporpam Microsoft Excel. Busnauanu
CepeaHI0 BeNMYUHY O3Haku (M), TTIOMWIKY ce-
peanboi apudmerrunoi (m). JJoCTOBIpHICTD Bij-
MIHHOCTEH OHOTO 1 TOTO K MIOKa3HHUKA, OTPHMa-
HOTO B Pi3HHUX TpyTax, OIMIHIOBAIH 32 KPUTEPIEM
CThlofeHTa, TPU3HAYCHOTO JIJIST MaJIuX BHUOIPOK.
Pi3HMITIO TTOKa3aHh BBaKAIHM JTOCTOBIPHOIO TPH
P<0,05.

Pe3yabraT AocaigxeHHs] Ta 00rOBOpPEHHS.
Sk BiIOMO, OCHOBHUMH ITapaMeTPaMH IMPUPOTHOL
(Hecrenn(pivHOT) PE3UCTEHTHOCTI OPTraHi3My MoO-
JIOIMHSKY BEJIMKOI poraroi XymaoOH € Ji30I[MMHA,
OakTepunyIHa, QarolHUTapHa Ta KOMITIEMEHTap-
Ha aKTUBHICTH CHPOBaTKH KpoBi. Came y BiIli mep-
mux 60 110 y MOJOTHSKY BEJIMKOI pOTaToi Xymoou
dbopmyeThcs iMmyHITET. ToMy BHOpaHWA mis 10-
ciipkeHHs Bik et (5, 30 Ta 60 mi6) BimoOpa-
Kae MeXaHi3MH (OpPMYBaHHS TPUPOIHOI pe3HC-
TEHTHOCTI Ta IMyHHOTO 3aXHCTy opraHismy. /Jlani
Tabmumi 1 BKa3yloTh Ha TeE, MO 3 BIKOM TEJIAT I10-
Ka3HMKH HeCHeu(piuHOl pe3UCTSHTHOCTI ITiIBHU-
ITyBAJINCh, 1 MAKCUMAJIHFHOTO 3HAUYCHHS HaOyBaH
y Bini 1,5-2 micsami. Tak, BACK y Tensat 60-1060-
BOTO BiKy 30iibIryBasiack Ha 18,3 %, mopiBHIHO
3 5-neaaumu; JIACK — nHa 13,9 %; KACK — Ha
5,9%.

Hecnemmdiuna pe3ucTeHTHICTs OpraHizMy
MOJIONHSAKY 3aJICKUTH Bia (paromurapHoi aKTHB-
HOCTI CHPOBaTKH KpoOBi. BenmnmamHa 1150T0 MMoKas-
HAKAa B OPTaHi3Mi TEJAT MEBHOIO MIpPOIO TaKOXK
BapiroBaya y OiK 3pOCTaHHs, 3aJIeKHO BiJl 3aCTO-
CYBaHHS 3a3HA4YE€HOI MPOO0IOTUYHOI KOPMOBOI J0-
OaBKH.

Pesynprar mpoBeneHUX TOCHIIKEHb MOKa-
3aJd, 110, MOYMHAIOYH 3 5 TOOM XKUTTS, CIIOCTe-
piramach pi3HHI y Hecnenu(pidHii pe3nCTeHT-
HOCTI TBapHUH KOHTPOJIFHOI Ta JOCIITHUX TPYIL
Tak, piBeab BACK, sk KOMIUIEKCHOTO TTOKa3HHU-
Ka, 00YMOBJICHOTO CYMOIO il BCiX IPOTUMIKPOO-
HHUX KOMITOHCHTIB, y | mocmimHiit rpymi OyB Ha
18,3 % (P<0,01) Ta 13,4 % (P<0,01) Ginmpiaum,
y II gocmimniit rpymi — Ha 13,9 % (P<0,01) Ta
16,9 % (P<0,01). Iami moka3HUKKA TPUPOTHOT
PE3UCTCHTHOCTI TakoX miaBuiryBanuchk: JIACK
— Ha 16,8 % (P<0,01) Ta 17,2 % (P<0,01);
DACK —na 14,6 % (P<0,01) ta 16,4 % (P<0,01)
ta KACK — Ha 25,5 % (P<0,001) Ta 24,8 %
(P<0,001).

VY Bimi 30 gi6 TakoX CIIOCTEPIragocCh ITiJIBH-
IMeHHS HecneruiyHol PEe3WCTEHTHOCTI: 3a il
Bacillus Subtilis BACK 0Oyna Bumoro Ha 13,9 %
(P<0,01), 3a BmuBy Lactobacillus spp. — 16,9 %
(P<0,001). Bimmogigao, JIACK — ma 19,2 %
(P<0,01) T2 22,3 % (P<0,01); DACK —Ha 15,4 %
(P<0,001)Ta14,4% (P<0,001); KACK—Ha26,0%
(P<0,001) ta 24,8 % (P<0,001).

VY Bimi 60 mi6 TakoX CIOCTEpITAIHCh 3MIHU
y TOKa3HUKax Hecmenmu(iqHoi pe3uCTESHTHOCTI
KpOBI B MOCHIMHHUX TpynHax TeiaaT. Y | mocmimHii
rpymi nokasauk BACK OyB Bumum Ha 25,5 %
(P<0,001), y I — mna 16,7 % (P<0,001). Jlizo-
IIMMHA aKTHBHICTh CHPOBATKH KPOBI TEIAT IO-
ciimHuX rpyn 3pocrana Ha 18,5 % (P<0,001) Ta
27,2 % (P<0,001).

Tabmuus 1 — [Moka3nuky HecnenudpivHOT MPUPOTHOI Pe3NCTEHTHOCTI OPraHi3My TEJISAT 32 BIUIMBY

npodioTukis
[Moxa3Huku HpI/Ipo,l:[HOI Bik et I'pymn TBAPHH, (n=8) .
PE3UCTEHTHOCTI KonrponbHa I mocmigna II nocaigna
5 31,60+0,428 37,38+0,847** 35,84+0,567**
BACK, % 30 33,88+0,487 36,83+0,456** 39.5940,485%**
60 37,38+0,277 46,910,759 *** 43,610,501 ***
5 10,49+0,214 12,25+0,256** 12,2940,171**
JIACK, % 30 10,70+0,262 12,75+0,290** 13,09+0,505%*
60 11,950,112 14,16+0,203*** 15,12+0,237%**
5 31,30+0,473 35,86+0,383** 36,44+0,521**
DACK, % 30 31,510,276 35,64+0,355%** 36,37+0,518***
60 31,98+0,241 37,66+0,353*** 39,40+0,286***
5 21,560,171 27,05+0,528%** 26,91+0,235%%*
KACK, % 30 22,10+0,315 27,84+0,519%** 27,59+0,313***
60 22,84+0,210 30,28+0,726%** 31,1440,775%**

*.p<0,05; **-P<0,01; ***_-P<0,001
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3a3nadena akTuBHICTE JIACK mocmimaux rpyn
MOSICHIOETHCSI aKTUBHOIO TPOAYKINIEIO JII30IUMY
MOHOIIUTAMH, MakpodaraMu Ta BHXOIOM HOTO 3
TpaHyJl HEUTPO(UTHEHUX JICHKOITUTIB.

®daronuTapHa aKTUBHICTH TYMOPaIbHOT JIJAHKH
Hecrenn(iTHOT PE3UCTEHTHOCTI OPTaHi3My TEIIST
JMOCITITHAX TOCTOBIpHO Oyja BHINOIO, MOPIBHS-
HO 3 KoHTponeM, Ha 17,8 % (P<0,001) ta 23,2 %
(P<0,001).

Takok BiOMO, IO KOMIIEMEHT aKTHBI3YE
M0 aHTHUTLI, IO 3aXWINAOTh OpPraHi3M TBapHH
Bl PO3BUTKY iH(MEKIIHHMUX Ta 1HBAa3iHHUX XBO-
po0. Lleit moka3HUK y CHPOBATII KPOB1 TBApHH JI0-
criganx Tpyn 60-1000BOTO BiKYy 3a BIUIMBY ITPO-
0ioTHYHUX 100aBOK 3MIHIOBaBCS y OiK 3pOCTaHHS
Ha 32,6 % (P<0,001) Ta 36,3 % (P<0,001).

VYV KyHHUX TBapWH MACUBHHUU IMYyHITET (Gop-
MY€ETBHCSI BUKITIOYHO 32 PaxXyHOK CHOKMBaHHS MO-
JI03WBA, OCKUIBKH IUIAIIEHTA, B SAKIH ermiTemii xopi-
OHy TIepeOyBa€e y MpsMOMY KOHTaKTI 3 TKAHHHAMH
MAaTKH, TIepENTKopKae TiepenaBantio Ig Bix maTepi
1o oy, Temsita HApOHKYIOThCS Oe3 Ig, sIKi BOHH
OTPHUMYIOTH 13 MOJIO3MBOM ITiCJIT HAPOIKEHHS. Ta-
KO OYyJIO JOBEJCHO BILIMB IPOOIOTHYHHUX 100a-
BOK Ha BMICT iIMyHOITIOOYJIiHIB Y CHPOBATIII KPOBI
TenAT (Tabmmis 2).

koHIeHTpamist Ig M y tBapun I mocmimHOI TpymH
nigsumryBanack Ha 42,1 % (P<0,01), a y II mo-
ciigHOl rpym — Ha 45,6 % (P<0,01).

PiBenp Ig M y cuposatii kpoBi 30-1000BHX
teraT Il mocmigHOi rpymu 30umbpmuBes Ha 50,3 %
(P<0,001), a y I mocmigniit rpymi — Ha 28,7 %
(P<0,01), mopiBHSHO 3 KOHTPOJIEM.

Y Hammx mociimkeHHax piBeHb Ig A 'y 30-10-
60BuX TenAT 301IpmUBCA HA 39,6 %, y MOpiBHIHHI
3 5-mo6oBuM BikoM. Y | mocmigmiit rpymi y Bimi 5
ni6 koHnenrpanis Ig A 36umemmnace Ha 28,6 %
(P<0,001), a y II mocmigniit rpyni — Ha 27,5 %
(P<0,001). BigmoBigHa kaptuna Oyma i ma 30
no0y: 3poctanus Ig A cnocrepiranoch Ha 23,2 %
(P<0,001) Ta 34,6 % (P<0,001) y I ta II mocmin-
HUX TPYIIax, BiAOBiTHO.

OTpumaHi pe3ylIbTaTH ITO3UTHBHOTO BILIH-
By MPOOIOTHYHHX J100aBOK MOXKHA IOSICHUTH
TUM, IO y TOBCTOMY KHIIKIBHHKY TOYHHAIOTH
KOJIOHI3yBaTHCsl MPOOIOTHYHI MTaMHA Ta KOPHC-
HI OakTepil, Taki AK arIOQiNbHI JTaKTOOAIIMIIH.
Ile mpu3BOAWUTH O 3MIiHM IOMYJIAIl KOPUCHUX
MIKPOOPTraHi3MiB TPHU OIHOYACHOMY TPUTHIYCH-
Hi YACENTHHOCTI MKIMIUBUX OakTepiit. Kpim Toro,
BHPOOHMIITBO JIETKUX >KHPHUX KHCIOT OakTepi-
SIMH MOXE ITiIBUIITYBaTH ¢(PEKTUBHICTh BHUKOPH-

Tabnuug 2 — Bmict iMyHOr100y1iHiB y KPOBi TeJIAT 32 BIUIMBY NPO0ioTHKIB

ImyHOTITOOY i HI Bik tensar Tpymn Tl.;apHH ;
Kontponbna I nocnigna 11 gocaigua

IgG 5 9,44+0,218 11,89+0,278** 12,64+0,368**

’ 30 15,160,215 22,56+0,474%** 23,13+0,614***

I M 5 2,59+0,063 3,68+0,194** 3,77+0,098***

30 3,62+0,061 4,66+0,168** 5,44+0,104***

Ie A 5 1,82+0,040 2,3440,034*** 2,32+0,025%**

30 2,54+0,041 3,13+0,018%*** 3,42+0,034%**

*.p<0,05; **-P<0,01; ***_-p<0,001

3riiHO 3 HAIIMMH JaHUMH, KOHLIEHTpauis Ig
G y kpoBi koHTponbHUX TesAT 3 10 mo 30 golOy
JKUTTS IMiABHIyBanach Ha 75,9 %, 1m0 CBiTYHTH
NP0 CTaHOBJICHHS KOJOCTPAJbHOTO IMyHiTETy. Y
CHUPOBATILi KPOBi JAOCIIJHUAX IPYI TAKOX CIOCTeE-
pirajock 3HauHe 3pPOCTAaHHS PiBHS LBOTO iMYHO-
m100yniny. Ha 10 go6y xutta y | mocnianiit rpy-
ni Ig G migBuugyBascs Ha 58,8 % (P<0,001), y II
rpymi — Ha 42,8 % (P<0,01). Y Bimi 30 ni6 Ig G
3pocTtaB Ha 36,1 % (P<0,01) Ta 60,8 % (P<0,001).
AHaJIOTI4HI 3MIHM Y TBapHH CIIOCTepiramumcs i 3a
BMICTOM iHIIUX iIMYHOIJIOOYIiHiB.

VY wmipy 3pocTaHHS TBapHH CHOCTepiraiocs
miBuieHHs piBHs [g M Ha 39,8 %. Y Toii e yac
BinOyBanocs 3aKOHOMIpHE IMiABHUILICHHS BMICTY y
CHPOBATILi KPOBi JOCTIIHUX TPYT TBAPHH KOHLICH-
Tpauii Ig M, 3aiexHo BiJ BUKOPHUCTaHHS 3a3Ha-
YeHHUX NMpoOioTHYHUX N00aBok. Tak, y Billi 5 qHIB
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CTaHHS eHeprii Ta 3MiHIOBaTH MOP(OJIOTII0 KHII-
kiBHMKa. Hamani crmocrtepiraiaoch, 1o TesTa,
SKI OTpUMYBaJIM TPOOIOTHYHI 100aBKU, HE Malld
LUTYHKOBO-KUIIKOBHX PO3JafiB, JIETCHEBUX 3a-
XBOPIOBaHb 33 PaXyHOK MiJIBUILEHHS K MPUPOI-
HO1 pE3UCTEHTHOCTI, TaK 1 IMyHHOI JIAaHKH OpraHis-
My. Takox Tenmsita TOCHIAHUX TPyN Maji OuIbLI
MPUPOCTH JKUBOI MacH 3a PaxyHOK IMOKpAaIICHHS
poOoTH OpraHiB TpaBieHHS, 0COOINBO PyOII.
BucnoBku. [1ig yac qociipkeHHs BIUIMBY 3a-
CTOCOBaHMX MpPOOIOTHYHUX 100aBOK Ha HOBOHA-
POMKEHU MOJIOIHSIK BOTMHCHKOI M SICHOT TOPOAU
OyI10 BUSIBJICHO TIO3UTHBHI 3MiHH MO0 MIPUPOAHOT
PE3UCTEHTHOCTI OpraHi3My TeJsT. B okpemi BikoBi
nepioau NpoOiOTHYHI J00aBKM MajH Pi3HUH CTY-
MiHb BIUIMBY Ha MPHUPOAHY PE3UCTEHTHICTH MO-
TOHSKY. Pi3HHIIS MiXX TOKa3HUKaM¥ OaKTEPUTTU-
HOI aKTHBHOCTI KpoBi 3a mii Lactobacillus spp.,
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MOPiBHSAHO 3 KOHTpoyieM, Oyna y Birmi 30 mi6
(16,9 %, P<0,01), a 3a mii Bacillus Subtilis —
y Bimi 60 mi6 (25,5 %, P<0,001). BiamosiaHo, i-
30IIMMHA aKTHUBHICTH CHPOBATKH KPOBI MOJIOTHS-
Ky Oyna Bumoio y 60-mo6oBux tBapuH (27,2 %,
P<0,001), B II gocmigniit rpym — y 30-1000BUX
temar (19,2 %, P<0,01). Pieenp ¢aromurapHoi
Ta KOMIUIEMEHTApHOI aKTHBHOCTI KpOBi OyB Haii-
BumuM y Bimi 60 mi6 B I mocmimHili rpymi — Ha
17,2 % (P<0,001) ta 32,6 % (P<0,001), B II no-
cmigHil rpym — Ha 23,2 % (P<0,001) Ta 36,3 %
(P<0,001), BimmoBigHO. PiBeHBL iMyHOITIOOYTiHIB
B yci BikoBi mepioau OyB umum y Il mocmiguii
rpymi (3a mii Lactobacillus spp.).
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Natural resistance and immunological response
of young Volyn meat breed to the action of probi-
otics

Farafonov S., Borshchenko V., Stakhiv V., My-
lostyva D., Mylostyvyi P.

To investigate the response of natural resistance
and immunological reactions of newborn young ani-
mals of the Volyn beef breed to the use of probiotic
preparations. To conduct experimental research, three
groups were formed from young Volyn meat breeds:
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the control group was fed only on mother's milk, the
first group received a probiotic preparation with Ba-
cillus Subtilis strain in addition to cow's milk, the
second experimental group — Lactobacillus spp. The
activity of natural resistance and the body's immune
response were studied on the 5th, 10th, and 30th day
of the experiment. The level of nonspecific natural re-
sistance was determined by indicators of bactericidal,
lysozyme, phagocytic, and complementary activity of
blood serum, and the immunological response was de-
termined by the concentration of immunoglobulins of
classes G, M, and A in the blood. It was established
that starting from the 5th day of life, a difference in the
nonspecific resistance of control and experimental an-
imals was noted groups In separate age periods, probi-
otic supplements had a different degree of influence on
the natural resistance of young animals. The greatest
difference in the direction of growth in such indicators
of non-specific resistance as bactericidal and comple-
mentary activity of blood serum was noted under the
influence of the probiotic supplement Bacillus Subti-
lis (I experimental group), and indicators of lysozyme
and phagocytic activity of blood serum were greater
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under the action of Lactobacillus spp. (IT experimental
group). The difference between indicators of bacteri-
cidal activity of blood under the action of Lactobacil-
lus spp. in comparison with the control was at the age
of 30 days (16.85 %, P<0.01), and under the action of
Bacillus Subtilis — at the age of 60 days (25.49 %,
P<0.001). The level of phagocytic and complementary
blood activity was the highest at the age of 60 days in
the I experimental group — by 17.17 % (P<0.001) and
32.57 % (P<0.001), in the II experimental group — by
23.20 % (P <0.001) and 36.34 % (P<0.001), respec-
tively. Regarding the concentration of immunoglobu-
lins, the largest changes in their indicators were noted
in the group that received Lactobacillus spp. Addition
of probiotic strains of bacteria to the diet of young an-
imals has a positive effect on the natural resistance and
immune response of the body, which in the future will
contribute to reducing the level of morbidity in young
animals.

Key words: calves, probiotics, bacterial strains,
microorganisms, immunoglobulins, non-specific resis-
tance of the organism, T-lymphocytes, phagocytic ac-
tivity, bactericidal activity of blood serum.
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Infectious diseases are a significant problem in poultry farming, be-
cause they significantly slow down the growth rate of the industry and
lead to losses. For the productive development of the industry and the
avoidance of danger to the health of consumers due to the uncontrolled
use of these drugs, it is worth using alternative methods of protecting
poultry and improving the quality of the obtained products, in particular
drugs obtained by nanotechnological means. Nowadays, nanoparticles
of various minerals are used in poultry farming, the mineral antagonism
of which is reduced in the intestines, compared to preparations of the
usual size, which contributes to the modulation of absorption mecha-
nisms, optimization of the immune response, and increased efficiency
of digestion.

Oxidative stress is a harmful factor for cellular integrity due to the
constant release of reactive forms of oxygen. Se is widely used as a
supplement to reduce oxidative stress. The element is found in organic
and inorganic compounds, replaces Sulfur in protein molecules and is an
important part of selenoproteins. Se is known for its antioxidant activity,
plays a major role in optimizing redox potential, reproductive process-
es, hormone metabolism, muscle development, and anticarcinogenesis.
Nano-Se results in higher Se retention activity due to smaller size and
greater bioavailability.

Biogenic selenium nanoparticles (SeNPs), synthesized with the par-
ticipation of bacteria, have unique physicochemical and biological prop-
erties compared to inorganic and organic compounds, and nanoseleni-
um-enriched probiotic bacteria can be effectively used as an alternative
to other forms of selenium as food and feed additives.

The work compared the composition of fatty acids of lipids extract-
ed from erythrocytes of quail blood, which were injected with sodium
selenite and pro-oxidant nano-Se. With the introduction of nanoseleni-
um, a decrease in the level of NFAs was noted, as well as a significant
increase in the level of the main PUFAs. The lack of compensatory
accumulation of docosapolyene fatty acids in the cell membranes of
erythrocytes of birds of the 2™ group can be considered as a factor of
the beneficial effect of the administered drug, as well as as a justifica-
tion for the need to prescribe complex drugs to birds capable of modu-
lating the fatty acid composition of cell membranes. The effectiveness
of using a complex nanopreparation consists in normalizing the level
of fatty acids and restoring their metabolism at the stage of eicosanoid
formation.

Key words: fatty acids, quails, peroxide oxidation, selenium, sodi-
um selenite, nanoselenium, nanoparticles, lipids.
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Problem statement and analysis of recent
research. Infectious diseases are a significant
problem today in poultry farming, because they
significantly slow down the growth rate of the in-
dustry and lead to losses. Vaccines and antibiot-
ics, which are currently used to fight pathogenic
microorganisms, can pose a danger to the health
of consumers due to the uncontrolled use of these
drugs. For the productive development of the poul-
try industry, it is worth using alternative methods
of poultry protection and improving the quality of
the obtained products, in particular drugs obtained
by nanotechnology [5].

Currently, poultry farming uses nanoparticles
of various minerals (Argentum, zinc oxide [5],
cerium dioxide, copper [27], Ferrum, Selenium
[5]), the potential of which has not yet been ful-
ly utilized due to insufficient knowledge. Mineral
compounds are scarcely available from a biologi-
cal point of view for animals, and in the nanoform,
mineral antagonism in the intestines is reduced,
which contributes to the modulation of absorp-
tion mechanisms, optimization of the immune re-
sponse of the bird's body and increased digestion
efficiency [25], reduction of cases of early embry-
onic mortality [16].

Nanomaterials, as biosensors, are used to ob-
tain information about the course of various types
of metabolism in tissues and cells, and thanks to
the ultra-sensitive determination of the content
of nutrients, their metabolites, and the activity of
biologically active compounds, they increase the
understanding of the nature of the interaction of
these substances [16], their bioavailability, and
food evaluation of the obtained products [25].

Nanoparticles (NPs) enter the body from food
or water and through parenteral administration of
nanopreparations [20]. Their bioavailability usu-
ally decreases when passing through the gastroin-
testinal barriers, intestinal mucosa and liver, and
with direct introduction into the systemic circu-
lation by parenteral injections, bioavailability is
100%. Depending on the size, nanoparticles can
transit through the digestive tract without being
absorbed by the body, or penetrate through the in-
testine and reach organs and tissues with the blood
flow [23]. In monogastric animals, the mechanism
of conversion of nanosized Se preparations into
selenite assumes that the intestinal microbiota
converts nano-Se into selenite, Se-phosphate or
H,Se, which ultimately leads to the synthesis of
selenoproteins [20].

Addition of nanosilver and inorganic Se to the
diet does not cause weight gain, feed consump-
tion and changes in feed conversion ratio, but
increases relative weight of liver and small intes-
tine (p<0.05) of broilers [23]. Feeding Selenium

72

nanoaquachelates with vitamin E had a positive
effect on calcium-phosphorus metabolism in lay-
ing hens.

There are data on the effect of Selenium on
enterocytes [14], in particular its effect on the
reduction of intestinal tumorigenesis in multiple
intestinal neoplastic mutations. Selenium supple-
mentation can be hypothesized to have some ef-
fect on intestinal growth, including cellular differ-
entiation of the intestinal mucosal epithelium. An
important effect of Selenium on breeding chickens
due to increased resistance to oxidative stress [12]
and increased resistance and immunological status
of the organism was revealed. There are reports
that, in addition to having a positive effect on in-
testinal morphology, Selenium is able to improve
the composition of the intestinal microbiota and
act as an antioxidant.

Oxidative stress is a detrimental factor for
cellular integrity due to the constant release of re-
active oxygen species mediated by various biotic
(bacteria, viruses, fungi, etc.) and abiotic stressors.
Such a trace element as Selenium with a powerful
antioxidant potential is widely used as a feed ad-
ditive to reduce oxidative stress in living systems
[3; 8; 11]. Selenium is widely found in organic
and inorganic compounds [8]. It replaces Sulfur
in protein molecules and is an important part of a
number of enzymes (selenoproteins). Se is main-
ly known for its antioxidant activity and plays a
major role in redox potential optimization, repro-
ductive processes, thyroid hormone metabolism,
muscle development, and anticarcinogenesis [18].
Nano-Se results in higher Se retention activity due
to smaller size and greater bioavailability [15].
Glutathione peroxidase is the first selenoprotein
discovered in biological systems with antioxidant
activity [8].

Biogenic selenium nanoparticles (SeNPs),
synthesized with the participation of bacteria, have
unique physicochemical and biological properties
compared to inorganic and organic compounds.
Nanoselenium-enriched probiotic bacteria can be
effectively used as an alternative to other forms of
selenium as food and feed additives [28].

It has been established that biogenic selenium
nanoparticles affect the redox-sensitive transcrip-
tion factor Nrf2 (Keapl/Nrf2/ARE signaling),
which activates gene expression and the synthe-
sis of a number of antioxidant and cytoprotective
proteins, including quinone oxidoreductase, glu-
tathione peroxidase, heme oxygenase-1, gluta-
thione-S-transferase, = gamma-glutamylcysteine
synthetase, glutathione reductase and superoxide
dismutase [2; 24]. Biogenic nanoselenium parti-
cles activate the Nrf2-ARE system through p38,
ERK1/2, and AKT-mediated phosphorylation of
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Nrf2 to improve the antioxidant function of intes-
tinal epithelial cells [24].

The addition of nano-Se is used in poultry
diets to monitor the intensity of growth, redox
and immune processes. The addition of nanose-
lenium improves the reproductive performance
of poultry [28]. Nano-Se showed better results
on body weight gain compared to sodium sel-
enite in broiler diets [18]. Similar results were
also observed when 0.3 mg/kg of Se was add-
ed to the basic diet in the form of nanoelemen-
tal Se, sodium selenite or selenium-containing
yeast [1; 3; 15]. The combination of probiotics
and Se nanoparticles also showed improvement
in growth, skeletal muscle fatty acid profile, and
serum o-tocopherol content in broilers. Nano-Se
optimized the antioxidant status through the ef-
fect on the activity of antioxidant enzymes and
increased the level of IgG and IgM compared
to organic and inorganic Se compounds under
conditions of oxidative stress [4] in chickens and
thermal stress [11] in broilers, while improving
growth and immunity indicators, activating the
expression of cytokine genes.

Recent studies have focused on the use of Se-
lenium to engage the antioxidant defense system
[4; 6], however, there are quite a few reports on
the use of nanoscale preparations of Selenium.
Thus, feeding nano-Se to broilers significantly
increases the activity of GSH-Px and superoxide
dismutase (SOD) in blood serum and reduces the
concentration of malondialdehyde [11]. Nano-Se
increases the antioxidant capacity of the liver due
to a decrease in the amount of oxidized GSH-Px
in the liver. Selenium compounds normalize blood
biochemical parameters in case of intoxication [7]
and, according to current data, Selenium can mod-
ulate viral diseases, including COVID-19.

The aim of the research was to determine the
composition of fatty acids of lipids, as the main
substrate of peroxidation, extracted from erythro-
cytes of the blood of quails, which were injected
with sodium selenite and nanoselenium.

Material and methods of research. The
study used sodium selenite (a traditional mineral
supplement for poultry diets) and a new nano-
preparation of Selenium, obtained using strains of
L. plantarum cultures provided from the collec-
tion of microorganisms of the Institute of Micro-
biology and Virologynamed after D.K. Zabolotny.
In our previous studies, we evaluated the stability
of nanoselenium, investigated acute and chronic
toxicity in laboratory animals, and characterized
the nanopreparation using transmission electron
microscopy (TEM), which indicated the non-tox-
icity and stability of the synthesized nanoprepa-
ration.

In the future, comprehensive production stud-
ies were conducted on quails in order to study the
lipid metabolism in the bird's body and compare
the effects of traditional and new forms of seleni-
um. During the research, the general principles of
bioethics, legal norms and requirements were fol-
lowed. In the case of studying the biological effect
of various forms of Selenium, 120 quails of the
Pharaoh breed were selected at the age of 1-day-
old and 2 groups were formed using the method
of analogues - a control group (received sodium
selenite) and an experimental group (received
nanoselenium) of 60 heads each. The conditions
of keeping quails were the same and corresponded
to zootechnical standards. The quails were kept in
cages with a local heating system, fed compound
feed according to recipes according to age. Poul-
try received complete compound feed with the ad-
dition of sodium selenite (group 1) and biogenic
nanoselenium (strains of L. Plantarum cultures
previously grown on a Selenium-enriched medi-
um) (group 2) by multistage mixing. The dosage
of Selenium drugs corresponds to the established
effective amounts according to previous scientific
studies [22] and was 0.3 mg/kg of feed.

For research, biological material was collected
from 5 poultry heads at the same time to exclude
daily fluctuations of physiological and biochemi-
cal parameters.

The extraction of lipids from plasma and blood
cells was carried out with a chloroform-methanol
mixture in a volume ratio of 2:1 [26]. Separation
of lipids into fractions was carried out on thin-lay-
er silica gel plates in the solvent system hexane
. diethyl ether : glacial acetic acid (85 : 15 : 1).
Detection of individual fractions of lipids on both
plates was carried out in iodine vapor. The isolated
lipid fractions were removed from the first plate
and, after adding potassium dichromate solution
to them, colorimetrically, and transesterified from
the second plate. The identification of lipid frac-
tions on the plates was carried out using standard
lipids with the degree of purification of ChC. Ac-
cording to the results of thin-layer chromatogra-
phy, the content of individual classes of lipids of
the first plate was calculated according to the for-
mula with correction coefficients for each studied
fraction. These coefficients were calculated as the
ratio of the extinction of the non-esterified form of
cholesterol (internal standard) and the extinction
of the investigated lipid fractions. Transesterifica-
tion of lipids from the second plate was carried out
by dissolving them in hexane. Later, a 5% solu-
tion of sodium methylate in methanol was added
to the obtained hexane solution of lipids in a test
tube and shaken for 3—4 minutes. After separating
the contents of the test tube, the upper layer was
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removed with an automatic pipette, concentrated
and introduced into the evaporator of a gas-liquid
chromatographic apparatus, which has a column
selective for long-chain fatty acids. A gas-liquid
chromatograph (Chrom-5, Praha) with a steel
column of 3700%3 mm was used for studies of
methyl esters of fatty acids. The calculation of the
content of individual fatty acids based on the re-
sults of gas chromatographic analysis was carried
out according to the formula, which includes cor-
rection factors for each studied fatty acid [2626].
These coefficients were found as the ratio of the
peak area of heptadecano (internal standard) and
the studied fatty acid at a concentration of 1:1 in
the isothermal mode of the chromatograph.

Variational and statistical processing of the
data was carried out using the Microsoft Excel
program according to the formulas created by us.
Arithmetic mean value (M), standard error (m)
and mean square deviation (G ) were determined.
The reliability of changes was determined by Stu-
dent's t-test.

Research results and discussion. The normal
metabolism of the body depends on many factors,
in particular, on the content of lipids and fatty sub-
stances. Being energy-intensive substances, lipids
at the same time perform a number of other vi-
tal functions and can cause metabolic disorders
if their amount or individual fractions ratio in the
diet is incorrect. In particular, cholesterol is a sub-
stance from the group of sterols, which is found
in large quantities in nervous and fatty tissues, the
liver and is a precursor of steroid hormones, bile
acids, lipoproteins and vitamin D. Its excess in
the body leads to the formation of gallstones and
cholesterol plaques in blood vessels. Triglycerols
- esters of glycerol and VLC, are a natural reserve
of fatty acids that participate in the synthesis of
triglycerides, phospholipids, hormones, ketone
bodies, are a blood vehicle, the main component
of natural skin lubrication and the most import-
ant form of energy storage. Fatty acids are the ba-
sis for the formation of phospholipids, form cell
membranes, and are the precursors of prostaglan-
dins and leukotrienes.

Our previous studies had established that the
addition of selenium preparations to the quails'
diet causes a tendency to decrease the content of
lipid spectrum indicators, as well as total lipids,
while the use of nanoselenium provokes a more
pronounced drop in the content of total lipids and
their fractions, in particular, cholesterol and tria-
cylglycerols in the blood of quails, which is con-
sistent with data from the literature [13].

It is known that microorganisms in the digestive
tract can take part in the metabolism of cholesterol
in the body, acting on the cellular systems of the
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host enzyme that synthesize endogenous cholester-
ol. The hypocholesterolemic activity of strains of
lactic acid bacteria L. casei IBM-7280 [19] was es-
tablished in in vivo experiments on a mouse mod-
el. Studies [17] found that plasma cholesterol and
triglycerides were reduced, while high-density li-
poprotein (HDL) was increased with probiotic and
selenium supplementation. Perhaps this is due to
the activation of lipolysis to supply Selenium.

The use of Selenium preparations also result-
ed in a tendency to increase the content of Calci-
um and Phosphorus in the blood serum of experi-
mental quails in our previous studies, a significant
change was the use of sodium selenite (p<0.05).
In the case of stimulation of the metabolic activ-
ity of probiotic preparations, low-molecular fatty
acids (acetate, lactate, propionate, butyrate) are
formed, which lower the pH in the intestines, pro-
mote the assimilation of Calcium, Magnesium,
and Ferrum [6].

Research [10], in which probiotics were
added, showed a decrease in the content of tri-
glycerides and cholesterol in the blood. It has
been suggested that some bacterial probiotic
strains can incorporate cholesterol into bacterial
cells and hydrolyze bile salts that inhibit the ac-
tivity of 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase, which plays a key role
in the synthesis of this sterol. limiting the rate of
cholesterologenesis and reducing the total pool of
cholesterol in the body.

It is believed that probiotics containing spe-
cific microorganisms contribute to the transforma-
tion and assimilation of nano-Se in the intestine
[21]. One of the possible mechanisms of nano-Se
transformation may be mediated by the action of
microbiotics in the intestine, which are able to
transform nano-Se into selenite, H2Se or Se-phos-
phate with further synthesis of selenoproteins [21].

Polyenoic fatty acids (FA) are not synthesized
in the body, but are irreplaceable vitamin-like
factors that enter with feed. Their normal content
depends on the mobility of membranes and their
performance of physiological functions (differ-
ential permeability, active transport of ions and
metabolites, protective and support functions, par-
ticipation in the transmission of excitation, con-
tractility, etc.). Damage to structural components
of membranes in the process of LPO negatively
affects their functions.

The aim of our current research was to deter-
mine the composition of fatty acids of lipids ex-
tracted from erythrocytes of the quails blood, which
were injected with the studied drugs. Since both the
traditional mineral preparation of Selenium and the
newest nanoforms of the element showed a posi-
tive effect on the metabolic processes in the body
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of quails, it was decided to compare the intensity
of their effects. Table 1 shows data on the content
of individual fatty acids in the membranes of eryth-
rocytes of birds of the experimental and control
groups. In birds of the 1st group (received sodium
selenite), compared to the 2nd group (nanoseleni-
um reseived), the percentage content of acids 14:0,
16:0 and 18:0 probably decreases. At the same
time, the level of acids 20:4 (»-3), 22:3, 22:5 (0-3)
and 22:6 (w-3) increases significantly. Moreover,
the percentage of 22:6 (®0-3) in the erythrocyte
membranes of quails of the 1st group is 3.2 times
higher than that of the 2nd group, and 20:4 (0-6) by
33.6%. Therefore, in the bird that was injected with
pro-oxidant nanoselenium, there is a decrease in
the level of NFAs, as well as a significant increase
in the level of the main PUFAs.

It is known that erythrocytes do not have their
own genetic apparatus that regulates the biosyn-
thesis of fatty acids, which are transferred to these
cells with the help of very low-density lipopro-
teins, mainly from the liver, where their synthesis
takes place. Only NFAs and monoene fatty acids
can be synthesized de novo in the body of humans
and animals. A decrease in the content of polyun-
saturated fatty acids during oxidative stress can
occur due to a decrease in the intensity of their
de novo synthesis. As for the main PUFAs of the
n-3 and n-6 series, they are not synthesized in the
animal body from NFAs and MNFAs.

The detected imbalance of fatty acids due to the
introduction of sodium selenite may be associated

with a violation of the formation of fatty acids un-
der the influence of elongases and desaturases. Af-
ter the introduction of the complex drug, a normal-
ization of lipid parameters is observed in the fatty
acid composition of erythrocyte lipids, primarily
due to a change in the level of palmitic, arachidon-
ic, stearic, eicosate, and docosapolyene fatty acids.

The lack of compensatory accumulation of
docosapolyene fatty acids in the cell membranes
of erythrocytes of birds of the 2™ group can be
considered as a factor of the beneficial effect of
the administered drug, as well as as a justification
for the need to prescribe complex drugs to birds
capable of modulating the fatty acid composition
of cell membranes.

Oxidative stress is accompanied by the release
of catecholamines and glucocorticoids from the ad-
renal glands into the blood. Catecholamines, when
interacting with B-adrenoceptors on the surface of
the plasma membrane, activate signal transduction
reactions. Under the influence of phospholipase,
the release of PUFAs from phosphatidyllinositol
and phosphatidylcholine occurs. These fatty acids
are able to cause repression of genes that control
[B-oxidation of fatty acids and the expression of pro-
teins involved in the synthesis of de novo lipids [9].
Endogenic fatty acid imbalance can be preceded by
changes in other lipid classes, including cholester-
ol. Since PUFAs are ligands for some transcription
factors that regulate the genetic level of synthesis
and lipid catabolism, fatty acids may be an inde-
pendent factor in various diseases.

Table 1 — Distribution of fatty acids in the membranes of erythrocytes of quails of the experimental groups,
mol % to the total content of fatty acids, M+m

Fatty acids and their codes 1. Sodium selenite o%'bljc?;;gg-zgigs&rrln
Myristic C 0,39+0,05%* 0,78+0,08
Pentadecanoic C, 0,18+0,01 0,17+0,03
Isopalmitic C | 0,61+0,08 0,56+0,06
Palmitic C, 30,1+1,2* 37,842,6
Palmitic C, 5,76+1,1 6,28+0,5
Margaric C,_ 0,45+0,05 0,48+0,04
Stearic C, 12,0+£1,2% 17,1+1,4
Oleic C, | 252443 24,2425
Linoleic C, 12,04£2,5 11,1£1,6
Eicosatrienoic C,, 0,68+0,05%* 0,19+0,05
Arachidonic C,, 2,74+0,3* 1,82+0,2
Docosatrienoic C,, , 0,28+0,04* 0,15+0,03
Docosapentaenoic C,, 0,28+0,06* 0,12+0,02
Docosahexaenoic C,, 0,16+0,04* 0,05+0,01
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Conclusions. Increasing percentage content
of 22: 5 (o-3), 22: 6 (w-3) in erythrocyte erythro-
cyte membranes are a factor in protection against
peroxide damage. The main intracellular depot of
some other PUFAs are phosphatidyllinositol and
phosphatidyletanolamine. The imbalance of fatty
acids in the erythrocytes of the birds, which were
administered sodium selenitis, is characterized by
a decrease in the number of major saturated fat-
ty acids, as well as an increase in the content of
polyunsaturated fatty acids (arachidonic and do-
cosahexaenoic). The effectiveness of the use of
a complex drug is to normalize the level of fatty
acids and restore their metabolism at the stage of
formation of eicosanoids.
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KupHoxkucJI0THHI ck1ag MeMOpaH epUTPONIH-
TiB KPOBi mepeneJiisB

HexmicTpenko O. C., lyasko O.I1., Taok H. B.,
Onnmenko JI. C.

3HayHOIO ITPOOJIEMOIO Y NITaXiBHUITBI € 1H(pEKIiH-
Hi 3aXBOPIOBAHHSI, aJPKE BOHHU CYTTEBO YIOBUILHIOIOTH
TEMIIM 3pOCTaHHS rajly3i Ta HPU3BOAATH A0 30UTKIB.
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J11 IpONYKTUBHOTO PO3BUTKY Taly3i Ta YHUKHEHHS
HeOe3MeKkn Uil 3/10pOB'sl CIIOXKHMBadiB 32 HEKOHTPO-
JBOBAHOTO 3aCTOCYBaHHsS IIperapariB BapTO BHKO-
PHUCTOBYBaTH aJbTCPHATUBHI METOMU 3aXHUCTy MTHIII
Ta MOJIIIICHHS SKOCTI OTPUMAaHOI MPOAYKITiil, 30KpemMa
mperapard, OTpUMaHiI HAHOTEXHOJOTIYHHM IIJISTXOM.
HuHi y nTaxiBHUITBI BAKOPUCTOBYIOTHCSI HAHOYACTHH-
KM PI3HUX MiHEpaJiB, MiHEpAJILHUI aHTaroHi3M SIKHX y
KUIIKIBHUKY 3HWKYETHCS, MMOPIBHSIHO 13 IpenaparaMu
3BHYalHOTO pO3Mipy, 110 CIpHUsiE€ MOIYJALII MeXaHi3-
MiB BCMOKTYBaHHSI, OTITUMIi3allii iMyHHOI BiIITOBifi Ta
MiIBUIICHHAIO €()EKTUBHOCTI TPABJICHHS.

OKcHuIaTHBHUNA CcTpec € 3ryOHUM (PaKTOpOM IS
KJIITHHHOI IIAICHOCTI BHACIZOK MOCTIMHOIO BHBLIb-
HCHHSI PEAKTUBHUX ()OPM OKCHICHY. Se Ma€ HIMPOKE
3aCTOCYBaHHS 5K J0OABKa JJIsl 3SMCHIIICHHS OKCHIaTHB-
HOTO cTpecy. EnemMenT 3ycrpidaeThess B OpraHigHUX Ta
HEOPTraHIYHUX CIOJyKax, 3aMillye CipKy B O1IKOBHX
MOJIEKyJIaX 1 € Ba)KJIMBOIO YaCTHHOIO CEIICHOIpPOTEi-
HiB. Se BIJOMMI CBOEI aHTHOKCHAAHTHOO JI€I0, Bifi-
rpa€ TOJIOBHY POJIb B ONTUMI3AIlil PeIOKC-IOTEHIlAIY,
PEIPONYKTUBHUX MPOLEcaX, MeTadoi3Mi TOPMOHIB,
PO3BUTKY M’SI3iB Ta aHTHKaHIeporeHe3i. Nano-Se 3y-
MOBJIIOE BHIIy aKTHBHICTh YTPHUMaHHS S€ BHACIIIOK
MEHIIIMX PO3MIpiB Ta OUTHIIOT 610JOCTYITHOCTI.

Biorenni nanoyacrunku Ceneny (SeNPs), cun-
TE30BaHi 3a y4acTio OakTepiid, MalOTh YHiKalbHi ]i-
3MKO-XIMIYHI Ta OlOJIOTIYHI BJIACTHUBOCTI MOPIBHSIHO
3 HEOPraHIYHUMH 1 OPTaHIYHUMU CIIOJIyKaMH, a 30a-
radeHi HaHOCEJIEHOM MpoOioTHYHI OakTepii MOXYTh
e(DeKTHBHO 3aCTOCOBYBATHCS SK aJIBTCPHATHBA IS
inmux Gopm CeneHy y CKJIaJli XapuoBHX 1 KOPMOBHX
JI00aBOK.

Y po6OTi MOPiBHIOBABCS CKJIA]] JKUPHUX KUCIIOT JIi-
MiJiB, EKCTPAaroBaHUX 3 EPUTPOINUTIB KPOBI MEePETICIiB,
SIKAM BBOJMJIM CEJICHIT HATPil0 Ta MPOOKCHIAHTHHI
HaHO-Se. 32 BBEICHHS HAHOCEJICHY CIIOCTEPIraJii 3HH-
xennst piBHa HXK, a Takox cyTreBe 3pocraHHs piB-
Hs1 ocHoBHMX [THJKK. BincyTHicTh KOMIIEHCATOPHOTO
HAKOIIMYCHHS JIOKO3ATOi€HOBUX J>KUPHHUX KHUCIOT Y
KIITHHHUX MeMOpaHax epUTPOIMTIB NTHI 2-01 TpymH
MOXHA PO3TIAAATH SIK (PAKTOP CIPHSITIMBOTO BILTUBY
BBECHOTO TIpErapary, a TakoxX SIK OOTPYHTYBaHHS HE-
0OXIHOCTI TPU3HAYCHHS MTHUIll KOMIUICKCHUX IMpera-
partiB, IO 3IaTHI MOAYIIOBATH CKJIAJ] KUPHUX KUCIIOT
MeMOpaH KIiTHH. EQeKTHBHICTh BUKOPHCTaHHS KOMII-
JIEKCHOTO HaHOIpemnapaTy Mmojisirac B HopMaisartii pis-
HS KUPHUX KUCJIOT 1 BiJHOBICHHI X MeTaboIi3My Ha
cTafil yTBOpEHHs €HKO3aHOIIIB.

Kiro4oBi ciioBa: >XupHi KUCIIOTH, TIEpENEIH, Iie-
POKCHJIHE OKHCHEHHS, CEJIEH, CEJICHIT HAaTpilo, HaHOCe-

JIeH, HAHOYACTUHKH, JIITi M.
k %
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HanexxHicTe MiceBHX MOMYJISILIN 01K, pO3MOBCIOIKEHUX HA Te-
putopii Ykpainu, no miaBumiB A. m. carnica, A. m. macedonica, A. m.
mellifera Ta A. m. aucasica, TOCHIIKYBaNKNCsS PaHIIIC 3a JOTOMOTOIO
Pi3HUX (PESHOTUIIIYHUX O3HAK, B OKPEMHUX BHITAJIKaX — 32 JOIIOMOTOIO BH-
BueHHs1 MitoxoHzapiansHoi /IHK. 3a momepeaniMu MoppoMeTpUYHUMHU
JOCITIIDKEHHSIMH, HE BIAOCS BUSBUTH OKOUHI ciM’1, ki MOXkHa OyI10 6
KBami(hikyBaTH SIK «4MCTOIIOPOIHI.

Mertoto 11i€i poOoTH OyJI0 BUBYMTH TPH TACIKK 3 Pi3HUX oOnacTeit
VYkpaiHu, Ha SKUX CUCTEMaTHYHO IPOBOASTHCS CENEKLIHI 3aX0AH1 3 Bil-
TBOPEHHS Ta 30€pEKEHHS MICIEBOI MOMYJALIi YKpaiHChKHX CTEIOBHX
Omxin minBuny A. m. macedonica, MATBEPAUTH TaKe IMOPOAHE MO3HLII-
OHYBaHHS Ta BUSBHUTH OPKOJMHI CiM’1, IPUIATHI IJIs TONAJIBIIIOT CeTIeK-
LiHOT poOoTH.

[Ipenmerom BuB4YeHHS Oynu (peHOTUIH Kpua pobounx O/kil. 3a de-
HOTHIT KpWJI y Wil npaui npuiimanuck 10 o3nak: cim ingekciB Ci, Dbi,
Disc.sh, Ri, Ci.2, Ci.3, Ci.2.1, ta tpu kytu A4, E9, J10. InctpymeHnToM
BUBUCHHS CIIyT'YBaJIM METOAM CTaTHCTHYHOI 0OpoOkM iHpopmamii Ta
rxomruiekc porpam STATISTICA.

Busueno 5200 xpun poboumx Omxin 53 macik XapkiBcbkoi, Cym-
cekoi Ta IlonmraBchkoi oOmacteit. Knacudikarito kpun CyMmchbKkoi Ta
ITonraBcbkoi obnacTell BUKOHAHO 3a 4 KiacTtepamu, XapKiBcbkoi — 3a 3.
[TonepenHpo, 3a €BKJIIIOBUMHU BiACTaHSAMH, Ha IiJCTaBI CEpEaHIX 3Ha-
YEeHb O3HAK ISl OKPEMHX KJIacTepiB KpPHJI, OCTaTOYHO 3 ypaxyBaHHIM
Bimcranelt MaxanmaHoOica MK LEHTpOiZaMu KiacTepiB, cGpOpPMOBAHO
TPU MacHMBHU JaHMX, siki mo3HadeHi sk «UkrStep» ta «UkrStep.2», Bin-
HeceHi o miasuny A. m. macedonica, «Carnicay BiTHECEHO 10 TiABUIY
A. m. carnica, sKi MOXXyTbh BUKOPUCTOBYBATHCS B OAAJIBLIOMY SIK perio-
HaJbHI €TaJOHU I BUBUYEHHS OJKOJIMHUX CiMeH 1€l YacTHHU YKpaiH!
3 METOIO BCTAHOBJIEHHS iX IMOBIpHOI IOPOJIHOCTI.

BcranoBneno, 1mo Ha AOCIiPKEHUX IMacikax mepeBaxac 3a (GEeHOTH-
TIOM HOMYJISILIs «YKPaiHCBKI CTENOB1 O/pKoNM» MiABUAY A. m. macedonica
(62,2 %). Jns gotmprox OmKoMMHUX ciMerd 3 maciku c. Kysemun
92 %—100 % pobounx 6K BiTHECEH] 10 YKPAaTHCHKUX CTEIIOBHX OKLII.
Ha macimi M. XapkiB TiTbKkH J71s1 OnHI€T OpKOIMHOIT ¢iM’T 86 % pobodnx
OI>KUI BiTHECEH] /10 MOMYJIsiLii YKpaiHChKHX cTenoBuX Oxin. Pexomerno-
BaHO BUKOPHCTOBYBATH JJISl CENEKINii OKOTMHI MaTKH YOTHPHOX OJKO-
JIMHUX CIMEl: ofHy 3 maciku M. Xapkis, TpH 3 ¢. Kyzemun.

KurouoBi cjoBa: xracuyHa MoppoMeTpis Kpusl poOOodmMX OKil,
JMUCKPUMIHAHTHUY aHAi3.



tvppt.btsau.edu.ua

Texnonozis supobnuymea i nepepodxu npooykyii meapunnuymea, 2023, Ne 2

ITocTaHoBKa MPoGJIeMHU Ta aHAJI3 OCTaHHIX
aocaimkenb. MEHOTUIN KpWI POOOIMX OIKLT
Apis mellifera L., momymsiii SKAX pPO3IOBCIO-
JUKeHI Ha TepuTopii YKpaiHW, BHBYAIUCH JIUIIIC
B OKpEMHX pEeTrioHaxX Hamoi Jep)kKaBd Ta IOB’s-
3aHi 13 HayKOBUMH Ta CENCKIIMHUMH IICHTPAMHU
TOCITIDKEHHST O/KOM MemoHocHoi. Hampukian,
st periony Kaprar y 3akapnarcekiid obmacti 3
MOP(POMETPUIHIMH JTaHUMH TIOCTIHHO OTIepy-
IOTh CITIBpOOITHHKHK J1aboparopii po3BEACHHS i
cenekmii kapnarcbkux Omxin HHI[ «IHCTHTYT
omxinpHUITBA iMeHi 1. 1. IIpokomoudaay, dimis
SIKOTO 3HAXOMUTHCS B M. MyKadeBo 3aKkapIiaTchKoi
obmacti. 3acrocoBano mporpamy BEEMORPH,
ne BUKopucTano 30 03HAK KPWII, OEpKAHO CTaH-
IapTH poOOYMX OCOOWH OMKIT MICIIEBHUX THIIIB
«ByukiBcekmii» Ta «KomouaBchkuit» [1]. Bpaxo-
ByIOuH reorpadigHe Ta KIIIMaTHIHE PIZHOMAHITTS
TIPCHKUX Ta PIBHUHHUX YaCTHH 3aKapHarchKoi
obmacti, Baeni ¢inmii HHI[ meramsHO BHBYAIOTH
OIKIT OKpEeMHX paioHIB [2—7], MO Jae 3MOTyY
TIPOBOIUTH CEICKIIHHY pOOOTY i3 30epeKeHHS Te-
HO(OHIY MICIECBUX MOMYJIALiH. BUBUEHHIO MOp-
(hoMEeTpUYHUX TIOKA3HUKIB KapHaTChbKUX OJDKLI
TIPUCBSYCHI TAKOX P iHIHX pooiT [8, 9].

MopdomeTpiss Omxin MBHIYHOI, IEHTPATb-
HOI, CXiHOI Ta MIBACHHOI YKpaiHWM BHUBYAIACH
€M30JUYHO 1 JINIIIE OCTAHHIM YacOM IIUM JIOCIIi-
JOKEHHSIM TIOYaji TPHIULITH HAJEeXHY yBary.
Tak, BUB4YarOUM OKpeMi OMKOIWHI CiM’1 piBHHH-
HUX oOyacteit YkpaiHM 3a JIOMOMOIoKR Mopdo-
MeTpil KpuJI poOOYMX OIKII 3 BHKOPHCTAHHSIM
8-n impexcis — Ci, Dbi, Disc.sh., Pci, Ri, Ci.2,
Ci.2.1, Ci.3 [10] — miaTBepmKeHO BUCHOBOK IIPO
3HAUHY CTPOKATICTh PO3MOBCIOMKEHHS (EHOTH-
B KPWI, SKi, AMOBIPHO, HAJIEXKaTh JO ITiIBHIIB
A. m. carnica, A. m. mellifera, A. m. macedonica
Ta ix TiOpuaiB, Hpo 1mo OyIo 3ayBakeHO paHiliie
y poboti Meiixaepa [11]. IIpomosxkytoun mocii-
JUKCHHSI MICIICBUX TIOMYJIAIINA OJKI IMIBHOYI Ta
IEHTPY YKpainu, 3po0ieHo crpoly BHUIBUTH TIEp-
CTIEKTHBHI OJKOIHHI CIM T YKpaiHCHKUX CTETIOBHX
OJDK1I, SIKI MOXKHA OyJ10 O BUKOPHCTATH 3 METOIO
romaneoi cenekiii [12]. OmHak pe3yasTar BUs-
BUBCS HE3aIOBUIBHMM. Takux OKOIMHUX CIMEN
Ta MaToK, AKi O 3aCIIyrOByBaJId Ha yBary, BUSBUTH
He BAAIOCh. MabyTh, ONHIEIO 3 IPUYHMH Oylia He-
JIOCTaTHA KUIBKICTh BUBUYEHUX ODKOJIUHUX CIMEN
Ta TOCIIKEHUX PETiOHIB.

Meta poOotu. 3miicHUTH MOphOMETpHUUHI
JIOCII/DKEHHS KpWJI poOOYMX OUKIT Ha macikax
Xapkicekoi, Cymcpkoi Ta IlonraBchkoi obmac-
TeH, Ha SIKUX TPOBOMATHCS CEJICKIIHHI POOOTH 3
METOIO0 TIOKpAIIEHHS IMOPOTHOTO CKJIaAy IIOIMy-
Tl YKpaiHCBKUX CTETOBHX OIKiJI, Ta BUSBUTH
OIKOIMHI CiM’1, IPUIATHI IJI1 BUKOPUCTAHHS 5K
«MaTEPUHCHKI» Ta «0aThKIBCHKI».

Marepian i meronm mocaimxeHHs. Buko-
puctano 1726 xpwr (18 OmxoMMHMX ciMeH, ma-
cika O. €. KamamnikoBa M. XapkiB), 1882 kpui
(19 O6mxomuaMx cimedt, macika JI. P. €rommna
Cymcbka obnacth, OXTUpChKHI paiioH, ¢. Kyse-
MuH), 1592 kpun (16 6mkomMHUX ciMel, macika
JI. M. I'puropkis [TonraBcbka o6nacts, M. ['agsay).
Vi 6mxonuHI ¢iM’1 TTO3UITIOHYIOTHCS TTaCiTHHKA-
MU SIK MICIIEBI TOIYJIALIi YKPAiHCHKUX CTEIOBUX
omxin. [lacika JI. P. €rommua mae craTyc miieMin-
HOTO OJ[KOJIOPO3ILTITHUKA.

CBITIIMHU KPWJI OTPAIlbOBAHO 3a JOTIOMOTOIO
nporpamu TpsDig2 [13].

Knacudikaifirto Kpuia MpOBEACHO HE3aJIC)KHO
JUTSL KO’KHOT 3 TPHOX TIACiK 3a JIOTIOMOTOI0 IUCKPU-
MIHAHTHOTO aHaji3y TaHUX Ta KOMIUICKCY IIpO-
rpam STATISTICA [14]. Jlns 11b0r0 3aCTOCOBAHO
METOJMKY MOCIIJIOBHOTO BUITYYEHHS O3HAK, KOJIH
Ha ITOYaTKOBOMY €Tallli BHKOPHCTAaHO 25 O3HaK
Kiacudikarii Kpwr: I’ ATh TPAAUIIHHUX 1HIACKCIB
Ci, Dbi, Disc.sh, Pci, Ri; Tpu 3anpornoHoBaHHX
mamu — Ci.2, Ci.3, Ci.2.1 [15], Ta 17 kyTiB —
Al,A4, B3, B4, D7, E9, G7, G18, H12, J10, J16,
K19, L13, M17, N23, 026, Q21, 3rigHo 3 nmpoTo-
kosiom DAWINO [16]. Ha ko)xHOMY HAaCTYITHOMY
eTari MOCIiIOBHO BHITyYaJMCh HaMeHI iHdop-
MAaTHBHI O3HakH a0o0 Taki, Kl BHOCUIN 3HAYHUHI
nucOananc y kinacudikamiro. TakuM 9uHOM, OyI10
JIOCATHYTO ONTUMAIBHOTO, 3 TOYKH 30pY JOCTO-
BIpHOCTI, pe3ynpTary kiacugikariii, 30kpemMa B
MiICyMKy BuKopucTano 10 o3HaK: ciM iHICKCIB
Ci, Dbi, Disc.sh, Ri, Ci.2, Ci.3, Ci.2.1, ta Tpu
kytu A4, E9, J10.

Pe3ynbTratun jgociigikeHHs Ta 0OroBOpeH-
H#. 3 METOIO UTIOCTpAIlii SKOCTI MPOBENCHOI Kila-
cudikaiii HaBeAEMO OJWH MPHUKIAN pPe3ysbTa-
Ty Kiacudikamii Kpuil poOoInX OmKIT 3 Maciku
JI. M. I'puropkiB (M. ['agsy, ITonraBebkoi oOmac-
Ti) 3a YoTHpMa Kiactepamu (Tabm. 1, 2).

Y rpadi «YactkoBa sIMOma» BaromicTh
BHECKY KO’KHOI O3HaKM y Ki1acu(iKalliio 3p0ocTae
y nmocaigosuocti: Ci, J10, Ci.2, E9, Ci.2.1, Disc.
sh., Ri, A4, Dbi, Ci.3. Omxke, HaliMEeHIII 3HAYYy-
moro € o3Haka Ci, a HaitOmpmr 3HagymIoo — Ci.3.
ITapHi kopensmii Midk 3HAYESHHSIMH YCiX O3HAK TIe-
pebyBaroth B Mexax 0-0,3 (p<0,05). To6TO, KO-
peNAIiiHI 3aB’I3KA MK HUIMH € He3HAYHUMH, a
11€ CBIMYUTH MPO BAXKIJIMBICTE yCiX BUKOPHUCTAHHUX
o3Hak a1 Knacugikamii gaHux. OKpeMo mepesi-
PSATUCH KOPEIAIIHI 3B’ SI3KH MIX O03HaKaMH, SKi
3QIMIIHINCH Y MiICYMKOBOMY BapiaHTi Kiacugi-
KamiitHoi Mozerni. BeraHoBiieHo, 10 mapHi Kope-
T MK 3HAYEHHSAMH YCIX O3HaK MepeOyBaloTh
B Mmexax 0-0,3 (p<0,05). ToOGro xopemsIiiii
3aB’S13KM MIDK HUMHM € HE3HAYHUMH, a 1€ CBIIYNUTh
PO BAKJIMUBICTh YCIX BUKOPHUCTAHUX O3HAK IS
Kiacudikaii TaHux.
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Tabmums 1 — IligcymkoBi pe3yJbTaTH JUCKPUMIHAHTHOTO aHAJi3y KpuJa (n=1592) podouunx omkia
OomxoamHux cimeil (n=16) IlonTaBcbKoi 00.1.

F-

Innexcu JIamOna YacrkoBa KpuTepiit p-piBeHb TOJ:{?ETTIT_ 1-Tonep.

Binkca naMoaa 3,1579 3HAYYIIOCTI (R-Sqr.)
Ci 0,1154 0,9823 9,4609 0,000003 0,7619 0,2381
Dbi 0,1201 0,944 31,2149 <0,000001 0,6661 0,3339
Disc.sh. 0,1175 0,9647 19,2848 <0,000001 0,6044 0,3956
Ri 0,1192 0,9509 27,1609 <0,000001 0,5477 0,4523
Ci.2 0,1163 0,9749 13,5784 <0,000001 0,1857 0,8143
Ci.3 0,1201 0,9434 31,5504 <0,000001 0,7199 0,2801
Ci.2.1 0,117 0,9689 16,8733 <0,000001 0,5162 0,4838
A4 0,1199 0,9452 30,5278 <0,000001 0,5411 0,4589
E9 0,1167 0,9715 15,4218 <0,000001 0,264 0,736
J10 0,1158 0,9789 11,3337 <0,000001 0,2366 0,7634

Tabmums 2 — MaTpuus KOpeKTHOCTI Kiacudikanii Kpusr po6ouux 0kia 61xoauHux civeii (n=16)

IMoaTaBchbKoOi 001,

Knacrepu Kopekrhicth G 1:1 G 22 G 33 G 44 Bceboro
p=,28957 p=27073 p=,21985 p=,21985 KpHIT

G 1:1 98,48 454 4 0 3

G_2:2 95,13 8 410 9 4

G 33 96 11 3 336 0

G 44 93,14 13 11 0 326

Pazom 95,85 486 428 345 333 1592

KopexkrnicTs knacuikariiii cranoBuTh 95,85 %
1 € ImuUIKOM TpuiHATHOIO (Tadm. 2). 1726 xpur
(O. €. KamamnikoB M. XapkiB) 18-Tu OMKOIMHUX
ciMell po3momisieHi Ha TpU KJacTepH 3 KOPEKTHi-
ctio 95,6 %, 1882 xpun (JI. P. €rommu Cymcrka
obmacts, ¢. Ky3emun) 19 6mxonmnHIX CiMel po3Iio-
JiIeH] Ha YOTHPH KIacTepy 3 KOPEKTHICTIO 95,2 %.

Mopdomerpuuni eramonu. Ha migcrasi
OTPUMAaHUX pe3ybTaTiB Kiacudikarlii 3a eBKIIi-
JIOBUMH BIJICTaHSIMH CEpPEAHIX 3HAUYCHD 1HICKCIB
KJIaCTepiB KpWJI poOounx OmKim chopMOBaHO
JOTHPHU TPYIH KiactepiB. Ha X ocHOBI onepika-
HO OCTaTOYHUU CKJIaJi MAacHBIB €TAIOHHUX Ja-
HHX, 3 ypaxyBaHHSM 3HA4YCHb BifcTaHeld Maxa-
nmano0ica MK IIEHTPOigaMH KJIaCTePiB Y KOKHIN
rpymi okpemo. /o eTaIOHHUX JTaHUX BKIIFOUEHO
TUIBKM Ti KJacTepHu, Bincrani MaxamaHobica
MIDXK [IEHTPOIIaMHU SIKUX HE MEepPEeBUIILYBalld 3Ha-
yeHHsA 2,6.

InenTudikairis GEHOTHUITIB KPUI STAJIOHIB PO-
0oumx OIKiN 3MIHCHIOBANIACH ITEPEBAXKHO HA TIij-
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CTaBl BIIOMHX JIITEpaTypHUX AaHUX. 32 (PSHOTHII
KpWJ y IIbOMY JTOCTIDKEHHI PUHAMAETRCS CyKyTI-
HICTh 3HAYCHD JIECATH BKa3aHUX BUIIIE O3HAK.

JLtst momy i yKpaiHChKUX CTETIOBHUX OJKIN
migBuny A. m. macedonica 3Ha4EHHS KyOiTaIbHO-
TO IHACKCY MepeOyBaloTh y Mexax: 3a [ puropkis
Ci=2,19-2,29 [17]; 3a [Tomingykom — Ci=2,16-2,62,
3HaueHHs iHmekcy Disc.sh. icHye B mexax: (+)
72 %94 % xpuin [18, 19, 20]. JocmimkeHHs KpUI
pobounx Omxkin pecry6mniku IliBHiuHa Makemno-
Hisl Ja€ 3HAYCHHS KyOiTaTbHOTO 1HIASKCY TiABUIY
A. m. macedonica y mexax 2,3363-2,5392 [21];
3rigHo 3 mpotokoioM DAWINO, 3a maHuMmu 1ri€i
K TIparli, 3HAYeHHS iHACKCIB CTaHOBISTH: Ci=2,6,
Pci=2,7, Dbi=1,0, Ri=1,4. BpaxoBytoun HaBeje-
Hy iH(OpMaIlito, Ta TOPIBHIOIOYH ii 13 CepemHIMHA
3HAYEHHAMHM 1HIEKCIB JBOX CTAJIOHHUX MAaCHBIB,
no3HadeHux sk «UkrStep.1», Ta «UkrStep.2», de-
HOTHUITK KPHJ 000X MOXKHA BITHECTH 10 IMIABUIY
A. m. macedonica oMyl yKPaTHCHKUX CTEIIO-
BHX O/xin (Tabdm. 3, 4).
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JlaHi, HaBemeHi y TabnmIl 3 Ta B yCiX HACTYII-
HHUX TaOIUIAX, OOYMCIIOBAIHCEH 3a CepeaHIMHU
3HAYCHHSMH O3HaK KOXKHOTO OKPEMOIO KiacTe-
pa, sAKi BXOJAATH JIO CKIIAAy IhOTO erajony. Jlo
MacuBy erajoHHMX maHux «UkStep.1» Bkiro-
geHo 6 KiacTepiB Kpwi 3 maciku KamamrHikoBa
M. XapkiB, 5 — €rommuaa CyMcbKoi 00acTi Ta
1 — I'puropkiB IlomTaBchkoi 00JacTi, pazom
12 xnactepis.

Jlo BKa3aHOTO MacWBY €TAJIOHHUX JaHUX
BKJIFOUCHO 5 KJIacTepiB Kpwi 3 maciku KamamrHi-
KoBa, M. XapkiB, 6 — €rommaa, CyMchKoi 061acTi,
ta 3 — I'puropkis, ITonraBcbkoi 00MacTi, pazom
14 xmacrepis.

Jus igeHtudikanii TpeThbOro MacHBy €Ta-
JOHHUX JAHUX BUKOPUCTAHO MOP(POMETPHYHI
JMOCITIDKEHHST KpWJI 3aKaprarchKkoi oOmacti 3a
2014-2019 pp., Aki TOpomEeMOHCTpyBajau CTa-
OULTHHI 3HAUYCHHS KyOiTaahbHOTO 1HIEKCY B MEXaX
Ci=2,46-2,54 [2, 3, 4], a 3HaueHHs iHAEKCY Disc.
sh., mepeBaxkno — (+) mans 100 % xpun Uit Beix
PIBHHHHHX Ta TipCHKHX palioHiB. BpaxoByroum
ONMM3BKICTh CEPEeIHBOTO 3HAYCHHS KyOiTaIhbHOTO
inaekcy (2,437), chopMoBaHOro eTajoHy Ta BH-
coke 3HaueHHs Disc.sh.=5,865, 3pobieHo mpuiy-
IIIEHHS TIPO HAJICKHICTD (PEHOTHUITY KpHUIT POOOINX
OmKin A0 muBumy A.m.carnica, TIO3HAYEHO SK
«Carnicay (tabm. 5).

Tabnums 3 — 3HavyeHHs1 iHAeKciB KpuJa podounx 01xkig mopdomerpuuHoro etanony «UKkrStep.1»

Iugexcu N
«UkrStep.1> Ci Dbi Disc.sh. Ri Ci2 KpHIT
CepenHe : 2,338 0,95 2,972 1,462 4,247 404
CT. BIAXHJICHHS: 0,109 0,03 0,47 0,024 0,234
Koed. Bapiaii (%): 4.7 3,1 15,8 1,6 5,5
Ilegexcu Kyrtun* N
Ci.3 Ci.2.1 A4 E9 J10 KPHIT
CepenHe : 1,668 1,653 0,54 0,373 1,004 404
CT. BIAXHJICHHS: 0,049 0,044 0,011 0,015 0,029
Koed. Bapiamii (%): 2,9 2,6 2,1 4,2 2.9
IMpumirka: * — KyTH HaBeIeHI y pajiaHax.
Tabnuus 4 — 3naveHHs iHAeKkciB KpmiI podounx omxkin mopdomerpuanoro eranony «UkrStep.2»
Ilnnexkcu N
«UkrStep.2» Ci Dbi Disc.sh. Ri Ci.2 KpHJI
Cepense : 2,334 0,943 2,897 1,452 3,273 533
CT. BiIXHJICHHS: 0,134 0,021 0,543 0,023 0,14
Koed. Bapiarii (%): 5,7 2,2 18,8 1,6 43
Iugexcu Kyrtu* N
Ci.3 Ci.2.1 A4 E9 J10 KpHIT
CepenHe : 1,502 1,587 0,546 0,392 0,912 533
CT. BiIXHJICHHS: 0,035 0,041 0,011 0,01 0,012
Koed. Bapiamii (%): 2,3 2,6 2 2.4 1,3
IMpumirka: * — KyTH HaBeIeHI y pajiaHax.
Tabnuus 5 — 3naveHHs iHIeKciB KPHJ podounx 6/kia mopdomerpuyHoro eranony «Carnica»
«Carnica» - - Lu Z.l L - - N
Ci Dbi Disc.sh. Ri Ci.2 KPHJII
CepenHe : 2,437 1,038 5,865 1,591 3,555 669
CT. BiAXHIICHHS: 0,098 0,022 0,402 0,022 0,259
Koed. Bapiamii (%): 4 2,1 6,9 1,4 7,3
Iunexcmu Kyrtun* N
Ci.3 Ci.2.1 A4 E9 J10 KPHJII
CepenHe : 1,573 1,724 0,489 0,403 0,943 669
CT. BiIXHJICHHS: 0,043 0,043 0,009 0,011 0,019
Koed. Bapiamii (%): 2,7 2,5 1,9 2,8 2

IMpumirka: * — KyTH HaBeIeHI y pajiaHax.
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Jlo BKa3aHOTO MacWBY €TAJIOHHUX JaHUX
BruTroueHo 10 ximactepiB kpwi 3 maciku Kamanrai-
KOBa, M. XapkiB, 4 — €rommaa, CyMChKO1 001acTi
ta 3 — I'puropkis, IlonTaBchkoi 06acTi, pazoM
17 kmacrepis.

3 METOI0 TIEPEBIPKH TPABHIIBHOCTI TPHILY-
IICHHS BIAHECCHHS I1[bOT0 (PEHOTHITY KPHJI A0 M-
BHUIY A. m. carnica 3po0JICHO TIOPIBHSIHHS €TaJo-
Hy «Carnicay 3 paHiIe onep>XaHiuMH JIOKAJIbHUMH
eTajoHaMu HeBeJMKOTO periony Kapmar (CkortiB-
cbKa rpoMana), [22] (Tab. 6).

3naveHHs BincraHeil MaxamanoOica Mix eTa-
moHoM «Carnicay Ta paHime omepKaHHUMH €Ta-
nmoramm «Carpatica.l» Ta «Carpatica.2» MarwTb
3HaueHHs MeHmre 2,0, mo BKa3ye Ha 3HAYHY I10-
MIOHICTE MK HUMHU Ta TPABUIBHICTH iAeHTH)I-
Karii ¢enoruny kpun eranony «Carnicay. Orii-
HIOBaHHS TOAIOHOCTI 3IIHMCHIOBAjach 3a JEIo
YTOUHEHOK EMIIPUYHOIO IIKAJIOK MOXIOHOCTEH,
Ky 3aIlpoItoHOBaHO y mpartti [23], 3okpema: 0-2
— nomiOHICTh 3Ha4YHa, 2—2,6 — MOAIOHICTh TIOMIp-
Ha, 2,6-3,5 — noaiOHICTh HEe3HayHa, >3,5 — moaio-
HICTb BiJICyTHS.

IneHTHIKAIl YSTBEPTOr0 MAaCHBY €TajOH-
HUX JIAHWX BUSBUIACH TPOOJIEMATHYHOIO uepe3
HU3bKI 3HAUEHHS JJI KyOiTaJbHOIO 1HICKCY, IO
XapaKTePHO IS ITiIBHUIIB TeHEaIOTIIHOT (€BOITIO-
iiHo1) miHii O [24], Ta BUCOKE CepeIHe 3HAUCHHS
Disc.sh.=3,589, mo xapakTepHO IS MiIBUIIB Te-
Heosorignoi miHil C. Jlo BKa3aHOTO MacuBy €Ta-

JIOHHHUX JTaHUX BKJIFOUEHO TUTHKH 4 KITACTEPH KPHIT
3 maciku I'puropkis, IlonraBcekoi 061. Cepemni
3raueHHs iHAekciB Ci ta Disc.sh. kimactepa kpwr
omxoauuoi ¢iM’i Ne G.11, 1110 BKJIIOYEHO J0 LHO-
TO MacHBY, CTaHOBIIITH 1,761 Ta 4,16, BignoBiza-
HO. JI7Is iHIIUX TPHOX KIACTEPiB — 3MIHIOIOTHCS B
mexax Ci=1,905-2,091, Disc.sh.=3,11-3,54. Taki
MaJii 3HaYeHHS KyOITaIBHOTO 1HJIEKCY TAf0Th M-
CTaBy IMPHITYCTUTH HAJICKHICTh IOTO (EHOTUITY
KpWJI poOO9IMX OIUKIN IO TIEBHOTO TiOpHTy 3 ydac-
TIO MABHIIB A. m. caucasica abo A. m. mellifera
(ro3HaveHo K «XXXX») (Tadi. 7).

Ocraroune QopMmyBaHHS CKJIaly €TaloHy
«XXXX» 3miliCHEHO 3 ypaxyBaHHSM 3Ha4CHBb
BigcTaHeit MaxamaHoOica MiXK KiIacTepaMH,
SIKI BKITIOUCHO JO eTAOHy «XXXX» Ha Iore-
penuboMmy etartri (Tadm. 8). [ToxiOGHi Aii BUKOHAHO
TaKoX 3 IHITUMH TPHOMa MACHBAMH €TaJIOHHHX
TAHUX.

Biacrani Maxananobica MiX KiacTepaMu
MAacCHUBY €TAJIOHHUX JaHUX «XXXX» NpuiMaroTh
3HadyeHHd B jgiamasoHi 1,8-2,6, 1m0 € miacTaBoio
BpaxyBaTH iX B 0CTaTOYHOMY BapiaHTi. Kimacrepu,
UL SIKUX Bigctani Maxamanobica >2,6 Buiyda-
JINCh 3 YCIX MACHBIB €TAJOHHUX JAaHUX K TaKi,
10 MAIOTh HEAOCTATHIO MOIOHICTb.

B3aeMOBITHOCHHN MK OfEpKAaHUMHU YOTHP-
Ma MachBaMd C(OPMOBAaHUX €TaJOHHUX ITaHHUX
TEX JOCIIIKEHO 3a IOTIOMOTOI0 BificTaHel Maxa-
nanobica (Tabir. 9).

Tabmuus 6 — Bincrani Maxanano0ica Mixk neHTpoinaMu kiactepiB kpuJi periony Kapnar (n=4)

Ta etanony «Carnica»

Eranonu Local Carnica
Carpathian (Skole) Carpatica.l Carpatica.2 Carnica
Local
Carpathian 0 2,6 2 3,3 3,1
Carnica (Skole) 2,6 0 2.3 1,8 2,5
Carpatica. 1 2 2,3 0 1,9 1,8
Carpatica.2 33 1,8 1,9 0 1,2
Carnica 3,1 2,5 1,8 1,2 0
Tabnuus 7 — 3HaYeHHsI iHAeKCiB KpUJa podounx 01:xkija MoppoMeTpHUHOro eTaony «XXXX»
Ilnpgexkcu N
XXXX> Ci Dbi Disc.sh. Ri Ci2 KpIT
CepenHe : 1,949 0,936 3,589 1,479 4,075 133
CT. BiIXHWJICHHS: 0,145 0,011 0,429 0,041 0,062
Koed. Bapiamii (%): 7,4 1,2 12 2,8 1,5
IHngexcu Kyrtu* N
Ci.3 Ci.2.1 A4 E9 J10 KPHJII
Cepense : 1,641 1,65 0,532 0,384 1,004 133
CT. BiAXHIICHHS: 0,059 0,044 0,006 0,004 0,02
Koed. Bapiamii (%): 3,6 2,6 1,1 1 2

IMpumirka: * — KyTH HaBe/ICHI y pajiaHax.
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Tabmums 8 — Binerani Maxanano6ica Mixk neHTpoizamMu kiactepiB kpui (n=4) etajoHy «XXXX»

Knacrepu G.129-41.2 G.56-11.2 G.46-11.2 G.11.2
G.129-41.2 0 1,8 1,9 2,5
G.56-11.2 1,8 0 2,6 2,4
G.46-11.2 1,9 2,6 0 2,3
G.11.2 G.46-11.2 2,5 2,4 2,3 0

Mpumitka: G — HanexxHicTh Kiactepa kpui 1o naciku [puropkis (ITontaBebkoi 00i1.).
Tabnums 9 — Binecrani Maxanano0ica Mixk eHTpoifaMu MacHBIB eTaJIOHHUX JaHUX (n=4)
UkrStep.1 UkrStep.2 Carnica XXXX
UkrStep.1 0 2,4 3 1,2
UkrStep.2 2,4 0 3 2,6
Carnica 3 3 0 3,2
XXXX 1,2 2,6 3,2 0

3rifHO 3 JaHWMH, HaBEICHUMH Y TaOIHIl
9, xoncraryemo, mo ertainonn «UkrStep.1» Ta
«UkrStep.2», X04 1 pi3HATBCS MK c0000, OfI-
HaK moMipHO momiOHi — ertanmonu «UkrStep.1y,
«UkrStep.2», 3 01HOTO 00Ky, TOCTATHLO BiIPi3HSI-
IOThCS Bijg eTanony «Carnicay, 3 1HIIIOTO, €TAJTOHH
«Carnica» Ta «XXXX» HallMeHII MOIOHI MIX
c00010 3 yCiX pO3IAHYTHX. Bim3naueHo mary
BiZicTans MaxanmaHobica MiX IEHTpOigamMu eTa-
soniB «UkrStep. 1» Ta «XXXX». Lle o3nauae, 1110,
HE3BaYKar0YW Ha 3HAYHY BiIMIHHICTS Y 3HAYCHHSIX
kyOitanpHoro iHgekcy «UKrStep.1»n/«XXXX»=
2,338/1,949, nacnpasai 11i €TaJIOHH HaJ3BHYaii-
HO TOI0HI Ta MOXYTh OyTH 00’€qHAHI B ONWH
3arajbHUM eTayioH, rmo3HadueHud sk «UkrStep»
(tabm. 10). 3pobieHU BHCHOBOK IiATBEPIKY-
€TbCSl 3HAUYCHHAMH BiAcTaHed Maxamanobica
MDK IeHTpoigamMu okpemux kimactepiB G.129-
41.2, G.56-11.2, G.46-11.2, G.46-11.2 no eraino-
HiB «UkrStep.1», «UkrStep.2», a came 1,3-2,1.

OueBHIIHO, HAIIe TOTIEPETHE MIPKYBaHHS IIOIO
eTalloHy «XXXX» Oyno mepegdacHuM. Brius
reHeosiorigHoi JiHii O Ha (EHOTHIT KPHJI IIHOTO
KJIacTepa SIKIIO 1 €, TO BiH HE HACTIJILKY 3HAYHUH,
mo0 KapAWHAJIBHO 3MIHUTH ()EHOTHI KpHJI ITij-
BUNY A. m. macedonica.

[IpoanamizyBaBmy mani Tabmumi 10, MoxxHa
i ICYMyBaTH, 10 Koeili€eHTH Bapiallii Ietro 3po-
CTal0Th, OJTHAK B MEXax «po3yMHOro». OcoOImBo
11e moMiTHO 1St iHaekcy Ci, 0 IJIKOM 3p03yMi-
JIO Yepe3 BENIMKY PI3HHII0 MiX 3HAYCHHIMH IS
OKPEMHUX E€TAJOHIB, MPO IO 3raJyBajioCh BHIIE Y
tekcTi. ToOTO, 3HaUCHHS KyOITaJbHOTO 1HIEKCY,
SKUM ITUPOKO TIOCITYTOBYIOTHCA Ui IHTEpIIpeTa-
1ii «IOPOMHOCTI» 32 (PEHOTHUIIOM KPWII, ¥ ITLOMY
BUTAAKY HE MOXXE€ BUKOPHCTOBYBATHUCH TOBHOIO
Miporo. Leli pakT meBHUM YUHOM KOPEITIOE 3 PaHi-
ITIe MPOBEACHUM aHaJI30M JaHUX Tabmuili 1 momo
BIJIHOCHO MaJIOi 3HAYMMOCTI KyOiTaIhHOTO 1H/IEK-
cy Ha Kimacu(ikaiio Kpui pooodrx OKiI.

Tabmuus 10 — 3navenHs ingexciB Kpua podouux 6/uKin 06’ exnanoro moppomerpuynoro etanony «UKkrStep»

Ingexcn N
«UkrStep» Ci Dbi Disc.sh. Ri Ci.2 KpHJI
Cepense : 2,237 0,944 3,118 1,463 4,197 537
CT. BiIXHMJICHHS: 0,209 0,027 0,533 0,028 0,218
Koed. Bapiamii (%): 9,4 2,8 17,1 1,9 5,2
IHgexcu Ky ru* N
Ci.3 Ci.2.1 A4 E9 J10 KpHJI
Cepense : 1,658 1,649 0,537 0,375 1,002 537
CT. BiIXHMJICHHS: 0,051 0,042 0,011 0,015 0,026
Koed. Bapiarii (%): 3 2,6 2 3,9 2,6

IMpumirka: * — KyTH HaBeIeHI y pajiaHax.
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Cepen mocnipkeHUX OIKONMHUX CIMEH Tacik
I'puropkis  (IlonraBcbka oOmacts, M. [amsg),
ta €rommua (Cymceka oOmacth, c¢. Kyszemun)
BUSIBJICHO YOTHPH KJlacTepa Kpui (II0 JiBa Kiactepa
3 KOKHOI TACIiKH), SKi 3a 3HAYCHHSMH I1HIEKCIB
Disc.sh.=-0,905 —-0,502 Ta Ci=2,04-2,39 MOXyTh
Oytu BimHeceHi g0 mimBumy A. m. caucasica
(tabm. 11). Takwii BHUCHOBOK TPYHTYEThCS Ha
MOP(HOMETPUYHUX JaHHUX JOCTIIHKEHOT O/PKOTHHOT
cim’1 3 I'py3ii (Kyraici) [25]. HaBenewi y miid po6oTi
3HAYCHHS IHICKCIB JJIS JBOX KJIACTEpiB Kpuia 39
po0oUnX OKII CTaHOBJIATH: [ Kiactepa Cc307.1
— Ci=2,171, Disc.sh.= - 0,44 (25 kpwun); knacrepa
Cc307.2 — Ci=2,228, Disc.sh.= - 2,29 (14 xpun),
SKi 332 eBKJIIJJOBUMH BiICTAHSIMH Y3TOIKYIOTHCS
13 goTHpMa KiacTepamu 3 macik ¢. KyszemuH Ta
M. Tagga. Tounime oOIiHIOBaHHS TOAIOHOCTI
3a3HAYCHUX KITACTEPIB KPWJ M0 KIIACTEPIB KPHII
poboumx OKIT (MOXOMMKEHHM 3 1 py3il) BUKOHAHO
3a TOTIOMOTOI0 BificTane Maxasanobica (Tabm.11).

Hapeneni mani BKa3yiOTh, IO € TIOMIpPHICTH
MDK KJacTepaMu poOodYuX Kpwi 3 maciku [pwu-
ropkiB (ITonraBcbka o0im., [amsy) G.48-41.4, ta
omxomuHoi cim’1 3 I'py3ii Cc307.1. OnHak BigcTa-
HI MDK iHmMEMH TpboMma kmactepamu G.14-41.4,
G.48-41.4 ta J.49.4, ta wracrepamu Cc307.1,
Cc307.2 mepeBumtyioTh 3HaueHHs 2,6. Ll HeBe-

JIUKA KIUTBKICTh JOCIHIDKEHUX KpWU OIKOTMHOL
ciM’1 3 ['py3ii 3MyIITye KPUTHIHO TTOCTABUTHCS 0
HaBeneHoi iHdopmMartii. HaBite, sxmio 1ei ¢akr
MOIIOHOCTI CIIpaBi iCHye, 3BayKaIO4H 1110 BiH CTO-
Cy€eThCsl He3HaYHOI KinmbkocTi 162 . (3,1 %) mo-
CIDKEHUX KPWJI, MOYKHA CTBEPIKYBATH OOMEXKe-
HUU BIUIUB MABUAY A. m. caucasica Ha TIOPOTHHMA
ckia GEHOTHUITIB OJDKII, TPUCYTHIX HAa BUBYCHHX
racikax TphOX oOyractell YKpaiHu.

Ha mepmmii moriisin, 3Bakarouy Ha JTaHi, HaBe-
neHi y Tabnwmi 12, moxHa Oyi10 6 chopmyBaTu Bif-
MOBIIHMI MacuB eTajoHHUX AaHuX. OHaK aHaTi3
BijacTaHeld MaxanaHo0ica MK KilacTepamMH KpHII,
SIKI yTBOPIOIOTH 1€ MacWB JAaHUX, EMOHCTPYE
3HAYHI BiIMIHHOCTI MK OKPEMHMH KJIacTepamH,
0 HE JO3BOJISIE OJEPIKATH JOCTOBIPHI cepemHi
3Ha4YeHHS (EHOTHUITY TAKOro eTanoHy (tadm. 11).

Xou mixk mapamu kiactepiB J.104.4 ta G.48-
41.4, G.48-41.4 ta J.49.4 Bincranp MaxanaHo-
Oica He mepewuIye 3HadeHHA 2,0, IO BKa3ye Ha
HaJ3BUYAHO BHMCOKY IMOMIOHICTH IMPHCYTHIX Ha
PI3HHMX Tacikax KJIacTepiB KpHJ pOoOOUHMX OIKLI
MiXK co0010. [TosicHUTH T1e#t (haKT MOMITHBO JBOMA
obcraBuHamu. [lo-mepie, macikum po3TamoBaHi
reorpa¢iyHO Ha JOCTAaTHHO HEBEJHWKIH BimcTaHi
(70 kM), mo-apyTe, MacigyHUKH BKa3yIOTh Ha IIEPio-
JTUIHUH OOMIH TUIEMIHHAM MaTepiaJioM.

Tabmuus 11 — Binerani Maxananodica Mixk neHTpoigzamMu kjiacrepis 3 macik M. Iagsiu
Ta ¢. Kyzemun (n=4) Ta kjaacrtepiB kpuJi (n=2) minBuny A. m. caucasica

Knacrepu Cc307.1 Cc307.2 G.14-41.5 G.48-41.5 J.104.5 J.49.5
Cc307.1 0 2,7 3,7 2,7 2,3 2,7
Cc307.2 2,7 0 4,6 2,8 2,9 34
G.14-41.4 3,7 4,6 0 3 3,2 2,3
G.48-41.4 2,7 2,8 3 0 1,9 1,7
J.104.4 2,3 2,9 3,2 1,9 0 2,5
1494 2,7 34 2,3 1,7 2,5 0

Mpumirka: G — HaJIEXHICTH K1acTepa Kpui Ao maciku ['puropkis (ITonraBcekoi 06171.),

J — €rommuna (Cymcrka 0011.).

Tabnuug 12 — Cepenni 3HaueHHs iHAeKciB KpHaI podounx o/kia knacrepis G.14-41.4, G.48-41.4, J.104.4,

J.49.4 00’eqHAHMX B OMH MAaCHB JaHUX

Inngexcu N
Ci Dbi Disc.sh. Ri Ci.2 KpHIT
CepenHe : 2,195 0,867 -0,731 1,348 3,71 162
CT. BIAXHJICHHS: 0,157 0,034 0,196 0,026 0,284
Koed. Bapiamii (%): 7,1 4 26,8 1,9 7,6
Iunexcmu Ky tu* N
Ci.3 Ci.2.1 A4 E9 J10 KpHJT
CepenHe : 1,581 1,51 0,595 0,366 0,95 162
CT. BiAXHIICHHS: 0,106 0,054 0,008 0,01 0,017
Koed. Bapiamii (%): 6,7 3,6 1,3 2,6 1,7

IMpumirka: * — KyTH HaBe/IeHI y pajiaHax.
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3BeleHI pe3yAbTaTH JOCHTIDKEHb KPHIT 13
XapxkoBa, [TonTaBcekoi Ta CyMCbKOI oOnactel 3a
TTOPOTHKUM Ta, BIAMIOBITHO, MiABUAOBUM (yKpaiH-
cbka ctemoBa — A. m. macedonica, KapHika — A.
m. carnica) po3MOALIOM HaBeaeHl y Tabmui 13.
HeoOxigHo 3ayBakutw, 110 110 Tpadu «IHIT» Big-
HECCHO KJIacTepH (PEHOTHUITIB KPHII, K1 3 BATOMHUX
MIPUIMH MOXKYTh 1HTEPIIPETYBAaTUCH TTPHUHATICKHI-
CTIO JI0 MABUAY A. m. caucasica, Ta Kpuia Kiac-
TepiB, IO HE MJIM TOCTATHIX ITICTaB iHTEpIIpETa-
1ii PEHOTHINIB 3 OISy Ha T€, IKAMH IiABUIAMHU
BOHU 00YMOBJTIOIOTHCS.

inenrudikamii. Ile emuna OmKoaMHA CiM’S cepen
yCiX AOCTIKEHNX, 0 SKOT MOXKYTh OYTH ITi[103-
pu oo riopuausanii miasugom A. m. mellifera
yepe3 aHOMaJbHO Majieé 3HAYCHHSA KyOiTaabHO-
ro iHAEKCy. X04 Ha TOYaTKy MOCIHIKCHHS B aB-
TOpiB OyJMM MiACTaBH IMOOAYUTH BILUIMB IIiJABHIY
A. m. mellifera na GperoTHIT KpUI POOOUHNX OIKII,
BPaxoOBYIOUH reorpadivyHe po3TanryBaHHS TEPHUTO-
pitt Cymcrkoi Ta miBHIYHOT yacTuHH [lonTaBchkoi
obmacreit, e po3ramoBade M. ['amsd, Ta sKi BXO-
IIITH 70 CKITaIy, a00 MEeXyIOTh 3 perioHoM [lomiccs.
OmHak pe3ynbpTaTd CIPOCTYBAJIH 11l OYiKyBaHHSI.

Tabnums 13 — IopoaHuii po3noaija KpuJa podouux 6kia nacik (n=3) m.Xapkis, [ToaTaBcbkoi

Ta CymcbKoi o0nacrei

acixu VYkpaiHCBKi CTETIOBI Kapmrixa Tami Pazom kpun
6mxomu (., %) (., %) (., %) (wr.)
ﬁag?;;:i‘;“"* 1111 (64,4%) 615 (35,6%) - 1726
SFI‘Z%*B‘MH 1220 (64,8%) 406 (21,6%) 256 (13,6%) 1882
ﬂpﬁ‘gﬁ‘g 905 (56,8%) 345 (21,7%) 342 (21,5%) 1592
Pasom 3236 (62,2%) 1366 (26,3%) 598 (11,5%) 5200

Cepen 53 mocnmimkeHUX OIKONMHUX CiMed Ta
5200 xpun 3236 (62,2 %) Kpui pa3oM 3 Kiactepa-
MU He OyJ¥ BKJIIOYCHI IO pe3yJIbTYIOUHX MacHBIB
etanonanx manux «UkrStepy, «UkrStep.2» depes
3HAYHI BIIMIHHOCTI Y 3HAYCHHAX OKPEMHX O3HAK
(BimHECEHI 0 YKpalHCHKUX CTENOBHX OMKim). Y
MepITy 4epry, BiAMIHHOCTI BiJ THUIOBHX 3HAYCHb
o3HaK crocyroThes iHaekciB Ci Ta Disc.sh. 3rimHo
3 JaHuMHM TaOuuub 3, 4, 10, TUIIOB] 3HAYEHHS 1H-
nekciB Ci ta Disc.sh. mis momymsiii ykpaiHChKUX
CTENOBHUX OmKiN miaBuny A. m. macedonica s
JOCITI/PKEHOTO PETiOHy YKpaiHW KOJMBAIOTHCS B
Mmexax 2,237-2,338 ta 2,897-3,118, BiAIOBIIHO.
OnmHak OKpeMi KjacTepw, SKi B MUIOMY 3a (heHo-
TUTIOM KpWJ BKJIAAAIOThCA y NPUUHATHA HaMH
MOPIT JOIMYCTUMOI MiHIMaIbHOI MOMIOHOCTI IS
BijmcTanei Maxananobica (2,6<), BimHeceHi IO
MOMYJISALIT YKPaiHCHKMX CTEMOBHMX OJDKLI, IOKa-
3yIOTh 3HA4YHI BiAMIHHOCTI BiJl 3a3HA4YeHWUX TH-
MMOBMX 3HAu€Hb Y PO3YMiHHI OKpeMuX o3HakK. lle
CTOCYETBCSA KJIAacTepiB KpWJI OKOIMHUX CiMeH
J.129.4, J.132.4, J.84.4, 1.50.4, J.192.4, nns axux
saageHHs Disc.sh.=0,11-1,16. HeoOximHo 3BepHY-
TN yBary Ha kmactep G.11.4, ams SKoro 3HAYCHHS
Ci=1,694, Disc.sh.=1,29, a naiiMeHIlIa BIJICTaHb
Maxanano6ica mo eramony «UkrStep.1» crano-
BHTH 3,5, TOMy HEMAE TiJcTaB g0 HOTro HMOBiIpHOT

Jlnst xmactepiB K.140.3, K.280.3 3nauenns Ci
CTaHOBJIATHL 2,277 Ta 2,252, BiANOBIIHO, a BiJ-
ctaHb MaxajgaHoOica MK LEHTpOITaMu Kiacre-
piB mo etanony «Carnica» — 1,1, mrst G.46-11.3,
G.58-41.3, G.34-44.3, G.52.3 3nauenns Ci =
2,037-2,317, Binctani MaxanaHo0ica 10 €TaJOHY
«Carnicay TpWMarOTh 3HAYEHHS B Mekax 1,5-
2,2, 1O € MiICTaBOIO BiMHECTH (PEHOTUIH ITHX
KJIACTepiB 70 muBHUIy A. m. carnica. Mane 3Ha-
genHs Ci=2,037 mnsa xmacrepa G.46-11.3 moxe
BKa3yBaTH Ha TiOpUAM3AIliIo 3a YYaCTIO IiIBUIIB
A. m. mellifera abo A. m. caucasica. 3HaueHHS 1H-
nekcy Ci mrst knactepa K.300.2 cranoButs 2,477,
TAMYAacoOM HaiMeHIa BigcTaHb MaxamaHoOica
no eranony «UkrStep.2» — 1,9, mo cBiI4UTh po
HaJISKHICTh KPWJ IHOTO KJIACTEPY MO TTOMYJIIAIi
YKpaiHCHKUX CTEITOBUX OJIKII.

Bicim xmactepis: J.49.4, J.51.4, G.129-41.4,
G.76-11.4, G.56-11.4, G.11.4, G.41.4, K.300.2,
JUIS SIKUX BizmcraHi Maxanmanobica 1o Tphox chop-
MOBaHUX €TAJIOHIB >2,9, He OTpUMAJTN TIPHHHSIT-
HOT iHTepIpeTallii GeHOTHIIIB KPHIIL.

HocnimkeHds Omkin miagsuay A. m. carnica
He OyJIo IMPEeIMETOM 3alliKaBIeHOCTI aBToOpiB. On-
HaK 3HaYHa KUTBKICTh Kpwi — 1366 mrt. (26,3 %),
BilHECEeHA 3a ()EHOTHIIOM JIO ITLOTO ITiABUIY, 3MY-
IIye 3poOUTH JeKiibka KoMeHTapiB. HeoOximHO
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3BEPHYTH yBary Ha BCTAaHOBJICHI «THIIOBI» 3Ha-
YeHHS OKPEMHX IHJIEKCIB MOMYJAIINA ITiIBUITY
A. m. carnica, Mo XapakTepHi sl JOCIIHKEHOTO
periony: Ci=2,437 ta Disc.sh.=5,865, sxi mobpe
Y3TODKYIOTBCS 3 AaHUMHU JOCIIHKEHb MIiCIICBHX
OmKin ycix paiioHiB 3akapnarchkoi o0i. [2, 3, 4],
Ta 3 HAIIMMU TOCIDKEHHAMH OK11 CKOJIIBCBHKOL
rpomanu [22]. Omnak 3a 3HadeHHsM Ci, i JaHi
BIJIPI3HAIOTHCS Bix HaBeAeHMX y mparils [1], me Ci
= 2,6-2,75 Ta [8], ne Ci=2,68-2,78. HasBHiCcTbH
3HAYHOI KUTBKOCTI OMKiN migBumy A. m. carnica
MMOBUHHO 3MYCHUTH TACiYHHWKIB TICBHUM YHHOM
BIIKOPHUTYBATH HAIIPSIM CEIEKIIHHOI TisSTTFHOCTI 3
METOI0 3MEHIIUTH BILTUB, @ B MIEPCIICKTHBI JOBE-
CTH JI0 TIOBHOI BIJICYTHOCTI O miaBumy A. m.
carnica Ha CBOIX TAcikax, 3Ba)KaIOYd HA HAMIpH
YTPUMYBATH OJKLT MICTICBUX TTOITYITSITI.

JlocTaTHS KINBKICTH KJIACTEpiB, SKI MAarOTh
BIIXWJIEHHS 3HAUY€Hb OKPEMHX O3HaK BiJ| THIIO-
BHX, a00 Taki, IO HE OAepKaldW OJHO3HAYHOI
MPUHHATHOI 1IeHTU(IKALIT HAIEKHOCTI 10 IEB-
HUX TiABUIIB, BKa3ye Ie H Ha MPHUCYTHICTH Pi3-
HOMAaHITHUX KOMOIHAIlIH y MekaX XpOMOCOMHHX
HAOOpPIB OKOIMHMX MAaTOK Ha OCIIIIKYBaHUX
macikax. SIKmo Takuii TeHOM 31 3HAYHOIO MipOI0
TOMO3WUTOTHUH, TO 3HaYCHHS O3HAK (EHOTHITY
KpuJl OymyTh BIATOBIZaTH O3HAYCHHM THITOBUM
Mmexam. ToOTo, XpoMOCOMHI HabopH BapiadesbHi
B MEXax MEBHOTO MiABHAY. SIKIIO X XpOMOCOM-
HUAW Hablp XapaKTepU3yEThCS 3HAUYHOIO TETEPO-
3UTCOTHICTIO, MOJKJIMBI BIJXWUJICHHS 3HA4€Hb OK-
peMux o3HaK (peHoTHITy Kpwil. Taki BiIXHIICHHS
MOXYTh BKa3yBaTH Ha MPHHAIEKHICTb XPOMO-
COMHHUX HaOOpiB A0 Pi3HHUX MiABUIIB. Y IIHOMY
KOHTEKCTI JIOCTOBIpHA iHTepIpeTarist ()eHOTHIIIB
kpunl («lHMI1») MOXKIMBA TMUISIXOM BCTaHOBJICH-
Hs (EHOTHIIB KPHJI TPYTHIB I TICBHUX OJIKO-
nuHUX ciMed. Take MOCTIMKEHHS KpWJI TPYTHIB
JIaCTh 3MOTY BHUSBHUTH WMOBIpHY KOMOIHAIIIO
MIPUHAJICKHOCTI XPOMOCOMHHUX HA0OpiB 70 TEB-
HUX MABUAIB Y TEHOMAaxX MAaroK i, TAKUM YHHOM,
MOB’SI3aTH OJCpIKaHI 3HAYCHHS O3HAK pPOOOYHMX
OmKin 3 mopoxHicTIO ¢deHoTHIIB. ToMy aBTOpH
MarOTh HaMip MPOIOBXKHUTH JOCIIHKCHHSI caMe B
IIEOMY HATIPSIMi.

BucnoBkn. TakuM 4uHOM, Ha IIJCTaBl BH-
BUCHHS (DEHOTHIIB KpHJ POOOUUX OIKLT TPHOX
macik XapkiBcbkoi, IlonraBchkoi Ta CyMCBKOI
obrmactell BIANOCh OJEpKaTW TPH MACHBU pe-
TiOHAJBHUX ETAJIOHHHWX JaHWX IIO3HA4YeHI SK
«UkrStep», «UkrStep.2» Ta «Carnica», siki MO-
JKYTh BUKOPHUCTOBYBATHCH B TIOIANIBIIIOMY ISl BU-
BUCHHS O/KOTMHUX CiMEH Ii€l 9acTHHN YKpainw,
3 METOIO BCTAHOBJICHHS X HMOBIPHOT TOPOTHOCTI.

BpaxoBytoun, 1m0 MeTo0 poOOTH OyB MOITYK
MOJKITUBOTO TUIEMIHHOTO Matepiany OpKiT ImiIBH-
ny A. m. macedonica, HEOOXiTHO BiI3HAYUTH Ti
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OmKOMMHI CIM’T Ta MaTKH, SKi MOXYTh OyTH BH-
KOPHCTaHI IS TTOaibInoi cenekiii. 3 maciku Ka-
JamHikoBa 1e omxonauHi ciM’i Ne 290, 377, 363
(=>75 % xpun BigHECEHO M0 YKpPaiHCBKHX CTe-
moBux Omxkin), 110 Ta 170 (81 %), 260 (86 %), 3
naciku €rommaa — Ne 102 ta 193 (69 %), 132, 84,
89 ta 192 (92 %—-100 %), 3 maciku I puropkis — Ne
52 (77 %).

3’s1COBaHO, IO BiIBEPTHX O3HAK HAJICKHOCTI
(dheHOTHIIB KpWJI 10 MiABUIY a00 10 TiOpumiB 4. m.
mellifera He Oyll0 BUSABICHO, HE3BAKAIOUX HA TE,
10 AOCIITHI MACIKK 3HAXOMATHCS B MEXKax paio-
HYBaHHS IIOTO MiABUAY, 800 Ha MEXi TaKoTO pe-
riony. HaBnaku, BUSIBIICHO MOYJIUBY MPUCYTHICTb
Omxin muBumy A. m. caucasica Ha TBOX Iacikax
3 TPROX AochipkeHux. e mpumymeHHs norpedye
JIOIATKOBOTO BUBUYCHHS Ta IMiITBEPKECHHS. Y 3a-
raJlbHOMY PO3IOBCIOJDKEHHS Ta BIUIUB I[HOTO ITiJI-
BHITY O/DKIJI MO’KHA BBa)KATH HE3HATHHM.

BinomocTi npo koHdutikT inTepeciB. ABTOpH
3aSBIIIOTH TIPO BiACYTHICTH KOH(IIIKTY iHTEPECIB.
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Wing morphometry of worker bees of Kharkiv,
Sumy and Poltava regions of Ukraine

Babenko O., Galatyuk O., Cherevatov V., Ya-
rovets V., Hryhorkiv L., Kalashnikov O., Egoshin L.,
Romanyshyn T.

The affiliation of local bee populations spread
across the territory of Ukraine to the subspecies A. m.
carnica, A. m. macedonica, A. m. mellifera, and A. m.
caucasica has been studied previously in most cases
using various phenotypic characteristics, and in some
cases, through the study of mitochondrial DNA. Ac-
cording to previous morphometric studies, it was not
possible to identify bee families that could be qualified
as "purebred".

The aim of this study was to investigate three api-
aries from different regions of Ukraine where selection
measures are systematically carried out to reproduce
and preserve the local population of Ukrainian steppe
bees, subspecies A. m. macedonica. The goal was to
confirm this breeding positioning and find bee families
suitable for further breeding work.

The study focused on the wing phenotypes of
worker bees. In this work, 10 traits were considered as
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wing phenotypes: seven indices Ci, Dbi, Disc.sh, Ri,
Ci.2, Ci.3, Ci.2.1, and three angles A4, E9, J10. Sta-
tistical data processing methods and the STATISTICA
software package were used as research tools.

A total of 5200 wings of worker bees from 53 api-
aries in the Kharkiv, Sumy, and Poltava regions were
studied. The classification of wings in the Sumy and Pol-
tava regions was carried out into four clusters, while in
Kharkiv, it was into three clusters. Preliminary classifi-
cation based on Euclidean distances using the mean val-
ues of traits for individual wing clusters and taking into
account the Mahalanobis distances between cluster cen-
troids formed three data arrays labeled as "UkrStep" and
"UkrStep.2," which were attributed to the subspecies 4.
m. macedonica, and "Carnica," attributed to the subspe-

permits unrestricted use, distribution, and reproduction in any medium,

Copyright: badenko B.B. ta in. © This is an open-access article distributed
‘@ ® under the terms of the Creative Commons Attribution License, which

cies A. m. carnica. These can be used as regional stan-
dards for studying bee families in this part of Ukraine
with the aim of establishing their probable breed.

It was found that the population of Ukrainian steppe
bees (62.2%) predominates by phenotype on the stud-
ied apiaries. For four bee families from the Kuzemin
apiary, 92%-100% of worker bees belong to Ukrainian
steppe bees. AOn the apiary in Kharkiv, only one bee
family had 86% of worker bees belonging to the pop-
ulation of Ukrainian steppe bees. It is recommended to
use queens from four bee families for breeding purpos-
es: one queen from the Kharkiv apiary and three queens
from the Kuzemin apiary.
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wings, discriminant analysis.
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HeBinx eMHOIO CKIIaZI0BOIO CUCTEMH YIPABIIHHS B Tally3i XapdoBOi
0e3MeKn € eKCTIepTH3a XapuoBUX MPOAYKTIB, sSKa 0a3yeThes 37e01TbIINO-
ro Ha (I3MYHHUX, XIMIYHUX, (DI3UKO-XIMIYHHMX Ta OIOXIMIYHHMX MeToaax
nocmimkenb. [Iporpec B omanyBanHi MetofiB JIHK-miarHocTHKH cTaB
CTUMYJIOM ISl pO3pOOJICHHS 1 BIIPOBAHKCHHS B JIAOOPATOPHY MPAKTUKY
BHUCOKOYYTJIMBUX METOIUK OLIIHIOBAHHS OE3IEKH 1 IKOCTI Xap4OBUX IPO-
IyKTiB, OCHOBAaHUX Ha METOJI MoJiiMepa3Hoi JaHIrororoi peakiii (ITJIP).

3a ocTaHHI NECATHIITTS MOMHMT HAa MOJEKYJISApPHI 1HCTPYMEHTH s
CKCIIEPTH3H Xap4YOBUX MPOIYKTIB, X aBTCHTU(IKAIT Ta MPOCTEKYBAHO-
cTi 3Ha4HO 3pic. Lle moB’s3aHO 3 THM, IIO 3aKOHOAABCTBO B XapuOBOMY
CEKTOpi CTae Jena >KOPCTKIIUM, a pUHKOBI CTpaTerii CIpsSIMOBaHO Ha
OIIIHIOBAHHS XapUYOBOTO JIAHI[IOrA «BiJ[ MOJIS JIO0 CTOMY» i 3a0e3redeHHs
BiZIMTOBIAHOCTI BUOOPY CITOKUBAUIB iXHIM OTiKYBaHHSM.

[IpencrapneHo oA NEpeBipeHNX 1 MIMPOKO MPOTECTOBAHUX MOJIe-
KYJSIPHUX TIAXOIB JJIs CKCIIEPTU3M XapyoBUX MPOoAyKTiB: meton PCR-
RFLP, RAPD-PCR, SSR-PCR, RT-PCR. OmmcaHo Tako)X MMOTEHI[ial 1
MIEPCIIEKTHBY HAWHOBIIIUX TEXHOJOTiH, Takux sk SNPs — ogHOHYyKII€0-
TUHI TosiMopdizmu, i3oTepMiyna aMrutidikauis, uugposa I1JIP, mosHo-
TeHOMHE CEeKBEeHyBaHH:, MetamTpuxkoayBanus JIHK. 3a3nadueni metomu
BHUPI3HAIOTHCS BUCOKOIO MPOJYKTUBHICTIO, MBHIKICTIO i MacinTabyBaH-
HSIM, YMOXJIMBIIIOIOTh JTOCHIDKCHHS OIlOJIOTIYHUX CHCTEM Ha HOBOMY
SKiCHOMY piBHi. HaBeneHo mpuKkiIaau yCHIIIHOTO BUKOPUCTAHHS 3a3Ha-
YEHUX METOIIB JIJIsl eKCIIEPTHU3H XapuOBUX MPOAYKTIB POCIMHHOTO 1 TBa-
PHUHHOTO MTOXOJPKEHHS, iX aBTeHTU(IKaLii Ta IPOCTEKYBAHOCTI.

[upoka naHeIs MOJIEKYIIPHAX METOIIB € IIOTYKHUM iIHCTPYMEHTOM
3aXUCTY K BUPOOHUKIB, TaK 1 CIIOXHMBAYiB, 3a0€3MeUyI0ur CBOOOTY BH-
0opy CIOKMBaYaM i IiIBUIYIOUH [TPO30PICTh CUCTEM BUPOOHUIITBA Xap-
YOBHUX MPOMYKTIB.

Kurouosi ciaoBa: JIHK-TexHomorii, mosiMepasHa JaHIIOTOBA peak-
1[is1, XapuoBa Oe3reKa, CKCIepTU3a XapuoBUX MPOIYKTIB.

[ocTranoBka mpodsaemu. Piske moripieHHs
EKOJIOTIYHOI CUTYallil MPAaKTUYHO B YCiX perioHax
CBITY, IIOB’si3aHE 3 AHTPONOTEHHOIO MiSJIBHICTIO,
ICTOTHO BIUTMHYJIO Ha SIKICHMH CKJax ixki 1 xap4o-
By Oesnexy. ['apanTyBanHs Oe3meKH 1 AKOCTI Xap-
YOBOI MPOJYKIIii CHOTOAHI MA€ BaXXIJIMBE COIliallb-
HO-MEJUYHE Ta COLiaJIbHO-€KOHOMIYHE 3HAYCHHSI.

OpHi€l0 13 OCHOBHUX MPOOJIEM OXOPOHH 370~
POB’S Ta EKOHOMIKH € MIKpoOHa KOHTaMiHaIlis
iki. Ileit unHHUK OioyoriyHOi HeOe3meku mepe-
Ba)Ka€ YMCIICHHI iHIII 3a KITBKICTIO MOTEPIiIHX,

920

MIBUIKICTIO PO3BUTKY 3aXBOPIOBaHb, 3aTHICTIO
NEePEeTBOPIOBATH JOOPOAKICHY NPOAYKLII0 Yy He-
OpUAaTHY Uil CIOKUBAaHHS y pasi MOPYIICHHS
YMOB 30epiraHssi.

Yepes ixy mepenaerbcs noHan 200 xBopoO
OakTepiaibHOI, BipyCHOI, NMapasuTapHOi MpPUPO-
mu. 3a omiakamu BOO3, mopoky Bij 1ux XBopoO
notepnae npubnu3zHo 600 MitH 0ci0 (Maiike Koxk-
Huit 10-i MemkaHeup mianetw) i 420 THC. TOMU-
pae. UncenbHICTh TAKUX 3aXBOPIOBAHb 3pOCTA€ B
YCbOMY CBITi, HaBiTh Y €KOHOMIYHO PO3BHHYTHX
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KpaiHax. AJTiMEHTapHHH NIIAX TIepeaaBaHHs 30y/1-
HUKIB TIEpeBaKa€ i Yac crajaaxiB TOCTPUX KHUIII-
KOBMX 1H(EKI[ifl y HACEeIEHHS, a 3a ISSIKUX HO30-
JIOT1M, HATPUKJIAJ CaTbMOHEIH03Y, € OCHOBHHM. Y
20052015 pp. xap4oBe moxomxeHHs Manu 75 %
BHIIAJKIB €MEpIKSHTHUX 1H(EKIIIH, 1 B IOJalib-
oMY iX TPUPICT MPOTHO3YIOTH CaMe 32 PaxyHOK
Xap4Y0BOTO NUIAXY NepenaBanus [51].

3arpo3u MikpoOHOi KOHTaMiHAIi XapdoBoOi
MPOAYKIIIT 3p0CTaloTh uepe3 r1o0aibHi aHTPOIIO-
T€HHI Ta TEXHOT€HHI BILUTUBY Ha HABKOJIUIITHE TIPU-
POIHE CEePENOBHIIE, IO MPU3BOIUTH 10 TITHOOKUX
3MiH SIKICHUX Ta KUTbKICHUX XapaKTEPHCTHK Mi-
KpoOIOIIeHO31B. 30KpeMa, IIUPOKE 3aCTOCYBaHHS
aHTHUOI0THKIB, BKJIIOYAIOUH CLUIBCHKE TOCIIOIap-
CTBO, MIPUCKOPUIIO €BOJIIOII0 OaKTepiil i Mpu3Be-
JIO 10 TIOSIBM PE3UCTEHTHUX INTaMiB 3 ITiJ(BHIIE-
HOIO BIPYJICHTHICTIO. BUKOpHCTaHHS TEXHOJOTIN
XOJIONWJILHOTO 30epiraHHs, ynmakyBaHHS 0e3 JIo-
CTYITy TIOBITps, MiHIMaJILHOI MMEPEPOOKH CUPOBH-
HU 3yMOBWJIO HAKOITMYECHHS B 1Ki MaJlo BUBYEHHX
Y1 HEBJACTHBUX JII KOHKPETHUX JOKAJIBHOCTEH
OaxTepiii, BipycCiB, IUTICCHEBUX I'pHOiB, TOKCHUHIB,
npioHiB. Jleski maTorenHi 6akTepii Ta BipycH Mo-
KyTh 30epiratu JKUTTE3MATHICTh POKaMH, HECYIH
B c001 MOTEHIIIHHY 3arpo3y [4].

VY ceHcl HemKIUMBOCTI Ta e()EKTUBHOCTI 3a-
CTOCYBaHHSI BO)XJIBE 3HAYCHHS Ma€ TOCIiIKEHHS
TEXHOJIOTIYHUX MIKPOOPTaHi3MiB Ta iX MeTaboJIi-
TiB. Hampuximan, y MOJOYHINM IPOMHUCIOBOCTI i
gac BHUPOOHHUIITBA KHCIIOMOJOYHUX TIPOIYKTIB,
CHpIB, KHCIOBEPIIKOBOTO Macia sl popMyBaHHS
CMaKy i KOHCHCTCHIIi IIMPOKO BHKOPHCTOBYIOTH
MOJIOUHOKHCHI Oaktepii. OcTaHHI JOMOMAararoTh
TaKOX MiATPUMYBATH CBIKICTh MPOAYKTIB MUITXOM
MPUTHIYCHHS TATOTeHHOT MiKpO(IIOpH, 1110 A€ 3MO-
Ty 3MEHIITYBaTH KUTbKIiCTh IITyYHUX KOHCEPBAHTIB.
BusnadueHHs cripaBXHOCTI (aBTEHTH(IKAITS ) 3aKBa-
IIyBaJbHHUX Ta MPOOIOTHYHUX MIKPOOPTaHi3MiB Ha
Kkmrant Bifidobacterium spp., Lactobacillus spp.,
Lactococcus spp., S. thermophilus — BaxiuBe
3aBIaHHS Xap4oBoi ramysi [26].

Jst 3aXuCTy 3I0pOB’S 1 JKHTTS HACEICHHS
CTBOPIOIOTHCS CUCTEMH 3a0e3IeueHHs MiKpoOio-
JIOTi9HO1 6e3meKkn iXKi, Mo 0a3yrThCs Ha HOpMa-
THBHO-TIPABOBHX BUMOTaX y CaHITaAPHOMY, Xap4uo-
BOMY 3aKOHOJABCTBi 1 TEXHIYHOMY PETYJIIOBaHHI,
TITIEHIYHOMY HOPMYBaHHI, JEepKaBHOMY HAaIJIsIIi
1 BUpOOHMYOMY KOHTpOJIi mpomykiii. 11i cucremn
MarOTh TIOCTIHHO YTOCKOHATIOBATHCS Ha OCHOBI
HOBUX 3HaHb y cepi 610710Ti1, TeHETHKH MIKpOOiB
3 YpaxyBaHHSAM iX MiHJIMBOCTI, TIOBEIIHKH 1 BUKH-
BaHHS B TPOIIECI TEXHOIOTIYHOI TepepoOKH 1 B3a-
€MOJIii 3 MaKpOOpTaHi3MaMH.

Ille omna mpoOiiema Xap4oBOi OE3MEKH —
danpcudikallis XapuoBUX MPOAYKTIB, IO CIIPH-
SUTO PO3BUTKY iX TECTYBaHHS HE JIMIIIC Ha PiBHI

HAYKOBUX JOCTIDKEHb, 2 # Ha MPOMHUCIOBOMY
Ta TPABOOXOPOHHOMY PIBHSX JUISI BHSIBICHHS
HECYMITIHHOI MOBEAIHKH BUPOOHUKIB [40]. fio-
BUYMHA, CBUHWHA, KypsSTHUHA, OyWBOJNATHHA Ta
1H. — M'SICO, SIKC IIUPOKO BHUKOPHUCTOBYETHCS Y
M’ sIcOTIepepOOHiil TaTy3i, Mae Ba)KJIUBE XapuoBe,
€KOHOMIYHE Ta KyJbTYpHE/peliriiHe 3HAYCHHS
W BOJHOYAC YaCTO BUSBISIETHCS B3aEMHO (haiib-
cU(IKOBAaHUM Y CHPOMY Ta IepepoOICHOMY BH-
msial. Mae Miclie TakoXK 9acTKOBa ITiIMiHa M sica
CyOIpOayKTaMH, MOJIOYHUMH TIPOIyKTaMH (Cy-
XAM MOJIOKOM) a00 PpOCIHHHOIO CHPOBHHOIO
(coero, xpoxmasieM, OOPOITHOM, KpyTHaMH, OBO-
yamu) [32, 44]. ®anbcudikaiiro M’SCHOI IIPo-
IYKIIii MOYKE 3YMOBIIIOBAaTH MHMOBIJIBHE TIepe-
XpecHe 3a0pyaHEHHS, CHPUYHHEHE CHUILHUM
BUKOPHCTAHHSIM OOJamHAHHS IS TIEPEepOOKH
PI3HUX BUIIIB POCIHH 1 TBapuH [52]. 3 omsimy Ha
1I¢ BXKJIMBO 3IiMCHIOBATH 1ACHTU(DIKAITIIO BHIO-
BOi HAJCKHOCTI TBAPUHHUX TKAHWUH Yy M’ SICHIN
CHpOBHHI, MOAPIOHEHIN CHPOBUHI Y CKIIaJIi M’ sIC-
HHX HamiBpaOpHUKaTIB Ta TOTOBHX HEOOPOOICHIX
M’ SICHUX BHPO0Oax, a TAaKOXK THX, IO 3a3HAN Tep-
MIiYHO1 0OPOOKH.

CroromHi sk B YKpaiHi, Tak i B iHIIUX Kpai-
HaXx CBITY aKTyaJIbHUM € PO3POOJICHHS TEXHOJIOTIH
Xap4YOBUX MPOAYKTIB CHEIiadi30BaHOTO MpH3HA-
YeHHs, CTIPSIMOBAHUX Ha MPOQUIAKTHKY Ta JIKY-
BaHHS JIIMEHTAPHO-3aJISKHUX 3aXBOPIOBaHb. J[o
TaKUX BUIIB IPOAYKTIB MOJKHA BiTHECTH, HAIIPH-
KJIaJ[, OC3TTIOTEHOBI BUPOOH, K1 MIPU3HAYCHI IS
JIIOZICH, XBOPHUX Ha IelTiakiro. BigTak, mocrae mpo-
OsreMa 11010 oprasizariii epeKTHBHOTO JJabopaTop-
HOTO KOHTPOJIFO XapuOBHX MPOAYKTIB HA TPEIMET
YMICTY TUIIOTEHY Ta 1HIIUX XapuOBUX aJIEPTCHIB, a
TaKOXK PO3POOJICHHS Ta BIPOBAKEHHS IPOTrPaMu
iX MOHITOPHHTY B Xap4OBUX MPOAYKTaX, HAJITO B
CIICIIaTbHOMY JTIETHYHOMY Ta IUTSIOMY Xapdy-
BaHHI, KOPEKTHOTO MAapKyBaHHS ITUX IPOTYKTIiB
Ta TapMOHi3amii YKpaiHCHKOTO 3aKOHOIABCTBA 3
€BPOIICHCHKUMHU BUMOTamH [ 16, 34].

OcobOmmBoi yBarm moTpebye NPUCYTHICTH Yy
Xap4oBill TPOAYKINI TEHETHYHO MOAM(IKOBAaHUX
opranismiB (I'MO). Cuctema rapantyBaHHs 0e3-
mekun MO Ta npoxykmii 3 MO mis HaceneH-
HA B YkpaiHi akTuuHO HE Aie. Jlep)kaBHUX pe-
ectpiB I'MO Ta mpoxaykmii 3 'MO He cTBOpeHO.
JlaGopatopuuii KOHTpoJIb 3a 06irom 'MO B kpa-
TH1 3M1MCHIOETHCS HEHAJIEKHUM YMHOM, OCKIIbKH
BIJICYTHS YHI(DIKOBAaHA METOIOJIOTIS JOCIIIKEHb,
HE BU3HAYCHO BUMOT 0 TICPIOAMIHOCTI 3MIHCHEH-
HS TaKUX JTOCHIKEHB, BIICYTHI CyJacHi, sSIKICHI
HEJIOPOT1 MIarHOCTUKYMH BITYHU3HSHOTO BHPOO-
HUIITBA. TWM dYacoM TeHEeTHYHO Momu(dikoBaHi
IHTPEII€HTH BUSABJIAIOTH Y 0araTh0X BITUN3HIHUX
MPOAYKTaX, MepeayciM y KOBOACHUX BHpPOOax Ta
M’SICHHX HarmiBhaOpukarax, KOHIUTEPCHKIN mpo-

91



Texnonoeisn eupobnuymea i nepepobxu npooykyii meapunnuymea, 2023, Ne 2

tvppt.btsau.edu.ua

IyKIIii, Ky BUTOTOBJIAIOTH 3 BUKOPUCTAHHIM CO€-
BHX 000iB Ta KyKypyasu [33].

HeBin’eMHIME CKIIAIOBUMH CUCTEMU YIIPaB-
JHHS B Taily3i Oe3MeKH XapuoBOi MPOAYKIIl H
(hyHIaMEHTaJIbHUMM KOMIIOHEHTaMH JIaHIfora ii
MMOCTAaYaHHS € TIPOCTEKYBaHICTh Ta aBTCHTH(iKa-
uis. HanmiliHa cucTema ii METOI0JIOTis aBTEHTH (-
KaIrii Ta MpoCTEeKYBAHOCTI MOYKE CTATH BaYKITMBUM
IHCTPYMEHTOM 3aXHUCTY CIIOKHBAYiB, 3MEHIITYIOUH
HMOBIPHICTD CHOXHMBaHHS (HaabCHU(PIKOBAHUX YU
3a0pyIHEHUX XapYOBHUX MPOMYKTIB, a TAKOXK II0-
CHJTIOIOUN KOHTPOJIb MOCTAYaJbHUKIB W OE3IeKy
BHPOOHWYHX IIPOIIECIB.

Po3pobneHo i BIIpoBaKEHO MUPOKUH CIIEKTP
AHAJIITHIHUX METOMIB JUISI TIPOCTEKYBAHOCTI Ta
aBTeHTH(]IKAIli XapuoBUX MPOAYKTIB. TpuBammid
yac aHaji3 XapuyoBWUX TNPOAYKTIB Oa3yBaBcs Ha
(i3MUHUX, XIMIYHUX, (PI3HMKO-XIMIYHUX Ta 0l0Xi-
MIYHHX METOHax, sKi MOTpeOyroTh Oararo dacy
1 MalOTh HU3BKHUH piBEHh TOYHOCTI. [HCTpyMeEH-
TaJIbHI aHaI3H, K1 3a3BHYall BUKOPHUCTOBYIOTH Y
(Hi3UKO-XIMIYHUX METOMAX, MalOTh CUCTEMAaTHYHI
MOMMJIKH, IOB’SI3aHI 3 BHUKOPHUCTOBYBaHHMM O00-
JaJHaHHAM 1 peareHTaMH, a TaKoXX NMOMMJIKH Ha
eTamax MpPOOOIIrOTOBKH, 34YUTYBaHHS pPE3yib-
TariB a”ami3y. Pe3ynsrarn OiOXiIMIYHHX TECTIB,
110 BUKOPUCTOBYIOThCS s 1neHTHiKawii Ta Oi-
OTHITYBaHHS OaKTepii, MOXYTh IEMOHCTPYBATH
MIHJIMBICTh Y€pe3 BIUIMB YWHHHUKIB HABKOJIHIII-
HBOTO CEPEIOBHINA Ha CKCIPECII0 TeHIB, HU3bKY
MACKpUMIHAIIIAHY 3aTHICTh MIKPOOPTaHI3MIB 3
HU3BKOI0 T€HETUYHOI0 MIHJIWBICTIO, IO MPHU3BO-
JIATH 710 TIOMUJIKOBUX IHTEpIIpeTaItin [52].

CydacHOI0 TEHACHIIIEIO y XapuoBiil Tamy3si
€ PO3pOONICHHS MIarHOCTHYHUX TIPHIIAMIB IS
IIBUAKOT 11eHTH(iKaIlT HIJILOBUX aHAITIB y Xap-
JOBHX Mpoaykrax. HuHi memani akTUBHINIE IS
OITIHIOBaHHS OE3ITeKH 1 SKICHOTO CKJIaJTy Xapdo-
BOI IPOIYKIIii 3aCTOCOBYIOTh METOIH, OCHOBaHI
Ha anamizi Monekys JIHK. IIporpec B onanyBan-
Hi MetoxiB JIHK-giarHOCTHKHM CTaB CTHMYJIOM
JUTST PO3POOJICHHS 1 BIPOBADKCHHS B MPAKTHKY
BHCOKOYYTIMBUX METOAMK OI[IHIOBAHHS SKOCTI
Ta EKCIIEPTHU3HM Xap4YOBHX MPOAYKTIB, IO Oa3y-
FOTBHCSI HAa METOJIi TTOJIIMEPa3HOi JaHITIOTOBO1 pe-
akitii (ITJIP).

HesBakaroun Ha 3a3HadeHe BUIIE, CIIOCTEPi-
TA€ThCS 3HAYHUKA ACHIIUAT POOIT 3 MPAKTUIHOTO
3aCTOCYBaHHA CYYaCHUX JOCATHEHb TE€HETHKH,
JHK-texHomori#t mig 9ac po3poOiIeHHS CHCTEM
MOHITOPHHTY MOKa3HUKIB OC3MEYHOCTI Ta AKOCTI
CITECHKOTOCITOIAPCHKOI CHPOBUHH Ta XapdoBOi
MPOIYKITii HAa BCIX eTamax ix BUPOOHHUIITBA.

MeTa cTarTi — TPEACTaBUTH OCHOBHI MO-
JIEKYIAPHO-TEHETUYHI METOMIU, SKI BHUKOPHUCTO-
BYIOTH /ISl €KCIIEPTU3M XapUuOBUX MPOIYKTIB, iX
MPOCTEKYBAHOCTI Ta aBTCHTH(iKaITii.
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B ocuogi IIJIP — GaratokparHe 30iJbIlICH-
HA KUTBKOCTI KOmiit (aMrnmidikarisi) HyKICOTHI-
Hux (¢parmenriB-mimeneir JHK depmenTom
Tag-moniMepa3o y MPUCYTHOCTI CHHTETHYHHUX
OJIITOHYKJICOTUIHUX TIpalMepiB Ta JIE30KCHPHU-
oonykieosuarpudocdaris. Brpomopk KiTbKOX
TOJIMH MOKHA BHUJIUIUTH Ta PO3MHOXXHTH TICBHY
nocigoBHicTh JIHK y KiTBKOCTI, IO IEpEBHIITYE
Buxigny B 108 pasis [31].

Bci miarHocTHYHI CHCTEMH, OCHOBAHI Ha aMil-
midikanii HyKJICTHOBUX KHCJIOT, 3HAYHO IepeBa-
JKAIOTh 1HIIN METOAMKH 3a UyTIUBICTIO 1 TOUHICTIO.
Merton IIJIP moGpe mimmaeTbesi aBTOMAaTH3AIIii,
3a0e3Meuyloun BUCOKY TIPOIYCKHY 3IaTHICTD,
CTaHIAPTHICTh BUKOHAHHS TPOICAYpH, 3BE/ICH-
HA 0 MIHIMyMY PH3HKy TOMHJIOK 3a PaxyHOK
cy0’extuBHOro ¢akropa. Pesynprarn J|HK-aHa-
T3y HATJISAIHI, BOHU JIETKO JOKYMEHTYIOTBCS, IO
Jae 3Mory 30epiraty i MmBUIAKO HadaBaTH IEPBUH-
Hi Matepiaym ekcrieptusu. Lle 3abe3nedye BUCOKY
JIOCTOBIPHICTh JAHWX, BIATAK IMiABHUINYE IIHHICTD
eKCIIePTHUX BUCHOBKIB. Ha MomekymsipHi MeTonu
HE BIUIMBAIOTH 3MIHM HABKOJHUIIHBOTO CEpesio-
BHII[a, YMOBH 30e¢piraHHsi, BUPOOHHYHI IPOIEC
toro [13].

3a ocTaHHI IESCATHIIITTS ITOMUT HA MOJICKYJISIP-
Hi 1HCTPYMEHTH JUIsI €KCIIEPTH3U Xap4dOBHX IIPO-
IyKTIiB, 1X aBTeHTH(}IKaIii Ta MPOCTEKYBAHOCTI
3Ha4yHO 3pic. Lle moB’s3aH0 3 THM, IO 3aKOHOAAB-
CTBO B XapuyOBOMY CEKTOpPi CTa€ menai KOPCTKi-
IITUM, a PUHKOBI CTpaTerii CIpsIMOBAaHO Ha OIIiHIO-
BaHHS Xap4OBOTO JIAHITIOTA «BIJI TIOJIS IO CTOTY» i
3a0e3MeueHHs BiAIOBIIHOCTI BUOOPY CIIOKHBAYIB
iXHIM OouiKyBaHHsM [13, 52].

Jlist aHamizy XapuoBUX IIPOAYKTIB 3aCTOCOBY-
10Th pi3Hi Bapiantu [1JIP Ta i1 Mmomudikariii: meton
PCR-RFLP, 1o 6a3yerbest Ha momiMopdi3mi 10B-
JKUH PECTPHKIIHHUX (parMenTiB; meroq RAPD,
Y pe3ynbTaTi SKOTO BiOyBa€ThCS BHUITAIKOBA aMII-
migikanis momiMopduoi JJTHK; SSR-PCR — amn-
Ji(IKYIOTHCS MIKpOCATEIITHI 200 IPOCTi MOBTOPHU
nociigoBaocted JIHK; RT-PCR — momimepasHa
JIAHITIOTOBA peakilis y peaibHoMy uaci; Nested-
PCR — ruizgoBa (Bkimanena) [1JIP; MymbTHILICK-
cHa [1JIP ta in.

PCR-RFLP (restriction fragment length
polymorphism — moJsimopizm 1oB:KuH
pecTpukTuiiinunx ¢gparmentis, I1I1PD)
PCR-RFLP — cnioci6 mocmiKeHHs T€HOMHOT

JHK muisixom pparmentysanas JJHK 3a momomo-
TOI0 €HAOHYKJIEa3 PECTPHUKIIII 1 TOAABIIOTO aHa-
JIi3y pO3MIpIiB YTBOPEHUX (PPAarMEHTIB 3a BUKOPH-
CTaHHS METOAY Tellb-eJekTpodopesy [37].

3a gomomororo RFLP Oyio mpoanainizoBaHO

mitoxoHpianeHy JIHK pizamx BumiB pubd i mpo-
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BeZicHO ix mudepeniiariio. Panpcudikamis aes-
KUX BHIB pHO, 30KpeMa JIOCOCA, Ty)KE IOIIHpe-
Ha, i pubonepepoOHi M APUEMCTBA TOTPEOYIOTH
MiATBEP/DKEHHS, 0 PUOHA CUPOBHHA, SIKYy BOHH
OTPUMYIOTh, BIATIOBimae cepTU(IKaIliaM ITOCTa-
qanbHUKA. JIOCTITHUKHA pO3pOOHITH METO aMILi-
(hikarii meBHOT yacTHHM MiToxoHApiamsHO1 JIHK
1 pukopuctaym RFLP mis 11 pospizaenns. s
IIHOTO MPOIYKTH aMInTi(iKaIlii Tiapori3yBaid ¢H-
JIOHYJIea3010 PECTPHUKIIT 1 Ha OCHOBI MOMMOpQi3-
MY PECTPHUKIIHHUX (PparMEeHTIB 3MOIVIH 1AeHTH(I-
KyBaTH pi3Hi Buau pub [50].

V Garatrox €Bporechrkux kpainax (Himeu-
gynHa, ABcrpis, llBefiapis) mpobiaeMy craHo-
BUTh (anabcudikallis CrejbTd (reKcaruioiqHui
BHI IIIeHUIT ). Yepes HeBeuKi 00CATH BUPOIITY-
BaHHA ii IiHA JOCUTH BHCOKA, TOMY JEsKI ITOCTa-
YaJbHUKH 3MINIYIOTh 3€PHO CIIEJIBTH 3 3€PHOM
MIIeHUIT. 3a3HadyeHi BUIA MOPQOIIOTIIHO CXO-
XKi, 1 IX HE pO3PI3HSIIOTH I1iJT 9aC KOHTPOJTIO SKO-
CTi B 0aratb0X Xap4oBUX Tally3sX. Y 3B’S3KY 3
€0 TIPOOIIEMOTO TSI KOHTPOJIIO aBTCHTHIHOCTI
BUBYAIM TomiMopdi3M TeHa Tama-TiliaauHy
IMIIICHUITl 1 CTIEIBTH 32 BUKOPUCTAHHS ITOIIMOP-
(dizmMy pecTpukIliiinux ¢parmenrie. JocaigHu-
KU BHU3HAJIH METOJ JOCKOHAJIUM JJIsi KOHTPOIIO
SIKOCTI 3€pHOBHX KYJIBTYpP, HACIHHSA Ta YHCTOTH
copris [30].

RAPD-PCR (random amplification
of polymorphic DNA — BunaakoBo
ammutipikoBana nosiimoppua JJHK)

Y RAPD-PCR BUKOpHCTOBYETHCSI SIK OIWH,
TaK 1 gekinpka npaimepis. [Ipogykr RAPD yTBo-
pIOEThCS Y pe3yabrari amintidikaiiii GparMeH-
ta reHomHoi JIHK, ¢iaHkoBaHOI iHBEPTOBAHOIO
TTOCITITIOBHICTIO BHUKOPHCTOBYBAHOTO IIpaiimMepa.
MeTton yHIBEpCAIBHUN IS AOCIIHKCHHS Pi3HUX
BHIIB 32 BUKOPHUCTAHHSI OJHHUX 1 TUX CaMHX Ipaii-
MepiB. 3a3BUUail mpaMep, IO BHUABISIE BUCOKHIA
noiiMopi3M IS OHOTO BUAY, Oy/ie e(heKTUBHUM
1 as inmax[18].

3a gomomororo RAPD-PCR anamizyBaau
Campylobacter spp. y XapdoBUX MpPOAYKTax Ta
00’exTax MOBKILT [23], AOCTIHKYBaI T€HETHY-
HY MIHJIUBICTD Listeria monocytogenes y Xap4io-
BHX i30isITax [29].

Edexrusnicts Mmetony RAPD-PCR 6yi0 mo-
BeJCHO I ineHTH(iKalii CBiXKOro M’sica, OTpH-
MaHOTO BiJl pi3HUX BHIIB TBAPHWH — BEJIMKOI pora-
TO1 XynoOH, Ki3, OBEITh, BEPOIIONiB, CBUHEH, TUKUX
kabaHiB, OCJIiB, KOTiB, COOAK, KPOIIIB Ta BEAME]IIB.
J171st TIbOTO TOCTITHUKN BUKOPUCTAIH JICKaHyKIIe-
orunauit mpaiimep ACGACCCACG. Tum gacom
e(heKTUBHICTH METOAY Ui igeHTudIKallli BHIIB
y M’SCHHX CyMiIlIax 3MIiHIOBaJlacs 3aJeKHO BiX
ckiaay cymimi [1].

Monekynsapai 3011 Ha ocHOBI RAPD Oymo
BHUKOPHUCTAHO VIS 11eHTU(IKALIT TPHOX BUIIB 510~
BHYMHU — OTPUMAHOI BiJ] BEIMKOI poraToi Xymoou
TOJIIITUHCHKOI, aHTYChKOT Ta TaBaHCHKOI KOBTO1
mopix [27].

SSR-PCR (simple sequence repeats —
NMPOCTi MOBTOPIOBAHI MOCTiTIOBHOCTI)

IIpocti moBropm mochigoBHocTedt JIHK —
Ile TaHJIEeMHI MOBTOPIOBaHI MOTHBH 3aBIOBKKH
2—-6 1. H., QJIaHKOBaHI BUCOKOKOHCEPBAaTHBHUMH
MoCiA0BHOCTIMH. [lomiMop(dizM 0O0yMOBIICHHI
PI3HOIO KIUIBKICTIO TIOBTOPIB Y MIKPOCATEIITHIM
TUISHIN 1 MOKe OyTH JIETKO BHUSIBIICHWUU 3a JO-
nmomororo [IJIP [54]. Bucokuii piBeHb MOTIMOP-
(hismy 3asHadenux nociaigoBuocreit JJHK ta Bu-
COKa BIITBOPIOBAHICTh METONY CIIPHSIINA TOMY,
mo SSR-PCR craB HaitmmpIe 3acTOCOByBaHUM
MiIX0AOM y JOCHIKEHHI arpornpomoBOIBIOl
MIPOMYKITii, mepeayciM s imeHTudikamii BUIIB
1 copTiB, BusBIcHHs (anbcudikamiin. Hafnomu-
peHiImi miaxin nepeadavae amiutidikariro Jis-
HOoK JIHK, 110 CTaHOBIATE iHTEPEC, 3 TOAABITAM
OITIHIOBAaHHSAM pPO3MIpiB (parMeHTIB (aMIUIIKO-
HIB) 3a JIOIOMOTOI0 KamiJsIpHOTO eleKTpodope-
3y. Binbioi epeKTUBHOCTI B aHaIi31 aMIUTIKOHIB
JOCSITAIOTh 32 BUKOPUCTAHHS METOJY IUTaBICHHS
3 BUCOKOIO po3inpHOI0 3maTHicTIoO (SSR-HRM).
OcranHi# miaxin Oyj0 BUKOPUCTAHO, HATIPHUKITA,
IUTST 3°5ICYBaHHS COPTOBOTO CKJIaay OJMBKOBOI
oIrii Ta BUHHHX CyMIiIleH, i BOanocs BU3HAUYNUTH
tdanbcudikar y mexax Big 1 mo 2,5 % [9].

SSR 6yn0 epeKTHBHO BUKOPHUCTAHO HJIS OITi-
HIOBaHHS BIAMOBIAHOCTI COpPTIB ManmuHU [35],
ommBOK [41] 1 HaBiTH MyKiHiI (BHIY, KU BHPI3-
HSETHCA OOMEXKCHHUM COPTOBUM DPi3HOMAHITTSIM)
[46], BiacTE)XEHHS MOHOCOPTOBHX 1 ITOJIICOPTOBUX
BHH IT0 BCOMY BUPOOHUYIOMY JIAHITIOTY [53].

RT-PCR — nosiMmepa3Ha JaHIIOTOBA peakiis
y peajibHOMY 4aci

PeBormonito B ceHCl KiTbKICHOTO BU3HAYEHHS
ta ¢parmenTarii JJHK i PHK 3aificauno pospo-
omenns I1JIP y peambHOoMy dbaci. lle moTyxHwMiA,
BHCOKOTOYHUH 1 Uy TIIUBUNA METO, IKUH YMOXKIJTHB-
JIFO€ BU3HAYCHHS HE TUTBKH TIPUCYTHOCTI IITHOBOT
HYKJICOTHUTHOI TTOCTIIOBHOCTI B 3pa3Ky, a i KiJib-
kocti i komii. Kimpkicts amutidikoBanoi JJHK
BUMIPIOETHCS ITICIIS KOYKHOTO UKy aMILTi(ikarii
3a JIONMOMOTOI0 (ITyOPECIICHTHHX MIiTOK — 30H-
IIiB 91 iHTEpKAIITOPiB. OIiHIOBaHHSI MOXe OyTH
KUTBKICHUM (BU3HAYEHHS KIJTLKOCTI KOTIiii MaTpH-
111) Ta BiZTHOCHUM (BUMIpPIOBaHHSI BiTHOCHO BHECE-
ol IHK uu momaTKoBUX KajaiOpyBajdbHHX I'EHIB)
[45]. MeTton yMOXJIHMBIIIOE aBTOMATHYHY pee-
CTpaIlifo Ta IHTEPIPETAIliI0 OTPUMAHUX PE3YITb-
tatiB. Jlo mepeBar TeXHONOTII MO)XKHA BiIHECTH
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3MEHINEHHS apTeakTiB Ta 4acy Ha MPOBEICHHS
aHaji3y, o MOCATAETHCS 3a PAXYHOK BiJIMOBH BiJ
relb-eleKTpodopesy, a TAKOXK ITiJBUINCHHS CIIe-
UGIYHOCTI.

Pospobniero nmekinpka BapiantiB RT-PCR,
SIKI PI3HATHCS CIIOCOO0AaMM JETEKIlii pe3ybTaTiB
TIJIP: SYBR Green, TagMan, 3 MOJIEKYIIpHUMHA
Masikamu (molecular beacons), 3 MGB-3on1a-
mu (minor groove binding, mpoba mamnoi 06o-
posenku JIHK), 3 3oHmamm Scorpion i Duplex
Scorpion, 3 pe30HaHCHUM TIEPECHECEHHSIM SHEeprii
dyopecuenmii (FRET — fluorescence-resonance
resonance energy transfer) ta in.[48].

Meron HamiBkinpKicHOT [IJIP (aHmi. semi-
quantitative sqPCR) — 11e Mmonu¢ikoannii MeTON
kimpkicHoi I[1JIP. Moro wacTto BHUKOPHCTOBYIOTH
JUISL TIOPIBHSIHHS €KCIIpecii JEeKiTbKOX TeHiB. Y
IIbOMY BHIIAJIKy BUMIPIOIOTh KIJTbKICTh HAKOITIE-
HOTO MPOIYKTY JIMIIE B OAHIHM TOUIII — ITiCTIS 3yTIH-
HeHHs peaxirii [19].

Yacto I1JIP B peampHOMY Yaci KOMOIHYIOTH 3
IHIITUMHA MeToaaMu, 30kpema 3 [1JIP 31 3BopoTHOIO
tpauckpumiieto (RT-qPCR). 1le Bapiant ILUIP, B
sskomy oamH JaHIior PHK 3BopoTHO TpauCckpuOy-
eTbes B 11 koMmiemeHnTapHy JIHK 3a monomororo
(bepMeHTy pe3epBHOI TpaHcKpunTazu. OTpuMany
kJIHK ammmidikyrors 3a momomororo IIJIP. Ileit
METOJT JTA€ 3MOT'Y BUSIBJISITH HU3BKI PIBHI eKCIIpecii
TeHIB 1 moJieriye crBopenHs 0iomiorex kK IHK a6o
kioHyBaHHs cienudivanx kJIHK [8].

Meton RT-PCR 3pyunuii 111 BU3HAUCHHS BH-
JTOBOi HAJICXKHOCTI M’sica TBapHH Y TEPMIUHO 00-
poOIIeHI TIPOMYKITii, OCKITEKHA YMOXITHBITIOE 171CH-
tudikaiio HaBiTh HeBenukux (parmentis JJHK,
o 30epentucs IIiciisd TEIIOBOi 00poOKH M’sca.
Hanpuknan, 3aBasku boOMy METOAY B JOCIHITHUX
CyMiIIax BAAJIOCS iIeHTU(IKYBATH SUTOBUYIHHY, IO
TiJyIaBagach TEPMidHiA 0OpoOITi, CITIOBI KUTEKO-
CTi CBUHWHU, KOHWHH, OapaHWHH, KypSITHHHA Ta
IHau4YaTUHU. PiBeHb BusBieHHs cTaHoBuB 0,05 %,
KPOCPEAKTHBHOCTI 3 IHITUMH IUKAMH Ta CBIiH-
CHLKHMH TBapHHAMH HE OyJ10 BUSBIICHO [25].

B inmomy mocmimkensi ITJIP 31 3BopoTHOIO
TpanckpunrTa3o Ta RT-PCR Oyno BHKOpHCTaHO
JUTSL BUSIBJIEHHS Ta KUIbKICHOTO Br3HaueHHsT MPHK
aKTHUHY JIPDKIDKIB Ta IDTICHSABY B HOrypTax Ta mac-
TEPU30BaHUX MOJIOYHHX MpoaykTax. s mporo
Oyo po3pobIIeHO YHIBEpCaAIbHI MTpaiiMepy Ha OC-
HOBI TIOCIIZIOBHOCTEH aKTHUHY TpHOIB, IO JajIo
3Mmory ammutidikysaru B I[TJIP pparment po3mipom
353 n. H., mpuTaMaHHWK A1 BHUIIB TPHOIB, SKi
CIIPHYUHSIOTH TICYBaHHS XapuOBUX MPOAYKTIB [6].

Merton sqPCR ta SYBR® Green-TexHoo-
ris merony IIJIP y peampHOMYy dYaci, Oyio BH-
KOPUCTAHO IS BU3HAYEHHS BMICTY TJIIOTEHY B
xapdoBiit mpoxykiii [42]. 3a BUKOPUCTAHHS SIK
MilieHel TeHiB y-hordein, gos9, helianthinin ta
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acetyl-CoAcarboxylase Oyino po3poOIeHO JOTHPH
HesanexxHi TagMan RT-PCR-cucremu st ineHTH-
¢ikarii Ta KUIbKICHOIO OLIHIOBAHHS B MPOMYKIIiI
BMICTY TaKUX KYJIBTYp SIK S’TYMiHb, PUC, COHSIIHHK
ta mmenui [22]. 3 2013 p. kommnanis R-Biopharm
(Himeyunna) po3modana BUPOOHHIITBO JHIAKA
KoMmepiiiiHuxX HabopiB SureFood®Anepren mjist Bu-
3HAYCHHS XapYOBHX allepreHiB, 30KpeMa TIIOTEHY
(SureFood® ALLERGEN QUANT Gluten) 3a jo-
nmomororo TagMan-texuomorii RT-PCR. Habip nmae
3Mory Bm3Ha4ary Bix 1 g0 400 Mr anepreHHoi pe-
YOBHMHU Ha KT XapuoBOTO MPOIyKTy [38].

SNPs (single nucleotide polymorphisms —
OTHOHYKJIEOTHAHI mosxiMmopdizmu)

ONHOHYKJICOTUAHI TOMIMOPdI3MH — 1€ Ba-
piamii mocmigosHoctei JIHK, mo mictate ommy
OCHOBY. BoHM € HalmommpeHImUMHA MapKepaMu
B OyIb-sSKOMY JKHBOMY OpraHi3Mi, a iX JianeibHa
pupoaa 3ade3neuye HU3bKUi PiBEHb TTOMIUIOK Y
BH3HAUCHHI aJIeJIiB TTOPIBHIHO 3 iHIITMMH MOJIEKY-
JIpHUMHU Mapkepamu. KpiMm Toro, imeHTudikaris
SNP ne morpedye po3ainenns JJHK 3a po3mipom
Y IpuaTHa 71 aBTOMATH3AaIlii, 10 3HA9HO 30111b-
TTy€ MBUIKICTD 1 BIITBOPIOBAHICT aHAI3Y.

SNPs mupoko BUKOPUCTOBYIOTE Y TIPOCTEXKY-
BaHOCTI XapUOBUX IPOIYKTIB TBAPUHHOTO ITTOXO-
JDKEHHS, 30KpeMa Ui BU3HA4YeHHS BHUIOBOI Ha-
JIeXKHOCTI M’sica [57].

Y 2011-2015 pp. 3a BUKopucTaHHs TaHei 54
SNP 6ymno audepenmiiioBano Buau mimiit (Mytilus
spp.) y 21 3pa3ky XapuoBHX MPOIYKTiB, MpHIda-
HUX y CylepMapkeTax Ta Ha pwHKax [ramii, Ic-
manii, [Tonpini Ta HiMeuunnu. Y 85 % Bumanakis
3asMBJICHA Ha €TUKETKAaX Xap4YOBHX INMPOIYKTIB iH-
(dopmarris BimmoBizaga pe3yasraraM, OTPUMaHUM
3a IOIIOMOTOI0 TCHETHYHUX 1HCTPYMEHTIB. Y Xap-
YOBHX 3pa3Kax 1ICHTH(]IKyBaIM JTBA BHIU Miii:
M. edulis i M. galloprovincialis (armanTudHi Ta
cepea3eMHOMOPChKI opmu) [49].

CTOCOBHO MPOCTEKYBAHOCTI MPOAYKIII poc-
JUHHOTO TIOXOMKeHHST SNPS BHKOPHUCTOBYBaIH
3Me0UTBIIIOTO IS aHaji3y OJMBKOBOi omii [5],
nudepeHIialii copTiB KaBu apabiku Ta poOycTH
[43], imenTudikarii copTiB BUHOTpaAy y Cyciax
Ta BuHAX [7, 11].

OxkpeMoi yBaru 3aciyroBye cuctema SNP-re-
HOTUITYBaHH, 10 0a3y€ThCs HA BUKOPUCTAHHI Ha-
HOQUIIOITHUX TexHOoNOTiH. L cucrema mojsrae y
BHKOPHUCTAaHHI IHTETPOBAHUX PIAMHHUX KOHTYPIB
st BucokonpoayktuBHoi RT-PCR, mo ymoxmm-
BITIO€ aHaJI3 JCKIJBKOX 3pa3KiB 32 KOPOTKHH dac
3 BUKOPHUCTAaHHSM HeBeNWKHX Kimpkocteh JIHK.
Hanodmroigamit mporokon SNP Oyio yeminrHo 3a-
CTOCOBAHO ISl BUsBICHHS (anbcudikariiii copTis
Kakao-000iB [14], muckpuminamii 40 copTiB daro
[15], mudpepenmiamii KaBOBUX 3epeH [55].
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Iudposa IIJIP

OcTaHHIMH pPOKaMH PO3BUBAIOTHCS METOH,
ocHoBani Ha mudposii IIJIP (dPCR), sxi naroth
3MOTY Habararo MBHIIIE 1 TPOCTIIIC BUSBIIATH 3a-
Opy/IHIOBATBHI PEYOBUHHU B XapUOBHX MPOMYKTAX.
dPCR ymOxIHBIIIOE a0COIIOTHE KIJIbKICHE BH3HA-
YeHHS IUTLOBOI HYKJIETHOBOI KHCIIOTH B 3pPa3Ky
HaBITh 3a MI3E€PHOI MPUCYTHOCTI ii Komii. MeTon
mpalroe nuIIxoM posmaineHns gparmentis JJHK Ha
THACSAYl OKPEMHUX YHIIB, MO Ja€ 3MOry Oe3rmoce-
PENHBO TiAPaxyBaTH KUTBKICTh MOJICKYI-MillleHEH
3a JOIOMOTOI0 ITyaCCOHOBCHKOi CTAaTUCTHKH [12,
28]. Hudposy I1JIP ehekTHBHO BHKOPHUCTOBYIOTH
s MoHiTopuHTy MO, imenTHdIKaIi pi3HOMA-
HITHUX TIaTOTCHIB, BUSBJICHHS XapuoBHX (asbCu-
¢ixauiit. Hanpukinag, dPCR Gyno ycmimbo BuKo-
pUCTaHO U BUSIBJICHHS HAsBHOCTI apaxiCOBUX
Ta COEBUX aJepreHiB y xJiOoOynouHux BupoOax
[13]. Aymnekcanii unmoBuit mudposuii [1JIP-ana-
JIi3 3aCTOCOBAHO IS iAeHTHU(IKAIIT i KITBKICHOTO
OIIIHIOBAHHS TPUCYTHOCTI IIICHHIN 3BUYAWHOI Y
BChOMY JIQHIIIOTY BUPOOHHUIITBA MAKaPOHHUX BUPO-
6iB. TouHicTh sikicHOTO aHamizy cranoBuia 0,3 %,
KizpkicHoro — 1,5 % [13]. JlyruiekcHa Kparmeins-
Ha Ta yumnoa 1wdposa I1JIP npomeMoHcTpyBaIH
e(heKTUBHICTh T[] Yac KiIbKICHOTO BH3HAYCHHS
KBAacoJi B IACTi i3 HaciHHA J0Toca. OCTaHHIO 4acToO
¢banbcu@ikyoTh AemeBIIUMY iHrpegienTamu [13].

MeTtoau, mo 6a3yThcs
HA i30TepMivuHil amMmIuTidikamii

JlemeBI0i0 CpoIIEHOO alTbTEPHATUBOIO Kila-
crynoi I1JIP € MmeTonu, ocHOBaHi Ha i30TepMiuHIN
amiutiikallii, 32 OCTaHHIO JeKaay Oyao po3po-
OJICHO HM3KY TaKUX METOMiB. BoHM 3a0e3nedyroTh
mBuake ¥ edextuHe BuspneHHs JIHK-mimeni
0e3 BUKOPHUCTaHHS TEPMOIIMKIIEPA W YMOXKIIHBIIIO-
I0Th EKCIIOHCHITIaJIbHE 30UThIICHHS KOl TIeBHOI
ninsakn JIHK g PHK 3a mocriitnoi Temnepary-
pu. Metoau 31e01UTBIIOTO0 BUKOPHUCTOBYIOTH IS
BUSIBIICHHS Pi3HUX MIKPOOPTAHI3MIB 1 € 3pyIHUM
IHCTPYMEHTOM JUIS KOHTPOJIIO ajJiMEHTapHO 3a-
JISKHUX 3aXBOPIOBaHb. HalimommpeHimmM ce-
pel 3a3HauCHUX METOIB € TETeNbHA 130TepMiUHa
amrotidikamist (LAMP — loop mediated isothermal
amplification), mo BHUKOpPHCTOBYe 4—6 pi3HUX
MpaiiMepiB, 3MaTHUX pO3ITi3HABaTH 6—8 pi3HUX
nocmimoBHOoCcTe 1mboBOl mistHKH JIHK. Ilpo-
nykramu amutigikanii € mmwiesku JJHK 3 pisHu-
MH IHBEPTOBaHMMH UiILOBUMH MoBTOpamu. Lli
MPOAYKTH MOXXYTh OyTH BUSIBJICHI Pi3HUMH METO-
JaM¥, BKITIOYAIOYN aHai3 y pealbHOMY 4aci [56].
[Tixix 6ymo BUKOPUCTAHO TS T ATBEPIKCHHS aB-
TEHTHYHOCTI IadpaHy Ta BUABICHHS Horo dajb-
cudikariB, Takux 5K caduop i Kypkyma [58], ms
BusiBiieHHs JIHK rpaHarty, s0myKka Ta BUHOTpaIy y
CBIKOMY (PYKTOBOMY COKY [24], BUSIBIICHHS COPTY
mmeHu i Aureo B 3epHi Ta 6opomHi [10].

NGS (next generation sequencing —
CeKBEHYBAHHS HOBOI'O MOKOJIIHHS)

Tpamuritine cexBeHyBaHHS 3a MetomoM Ce-
HKEpa 3a OJIH Pa3 1a€ MOXKIINBICTh BUSIBUTH MIEB-
ny ainsaky JJHK posmipom He Ginbit sk 900 1. H.
Ile BimHOCHO TOBIIBHUI 1 TPYTOMICTKHIA METOI,
[0 Ma€ BUCOKY BapTIiCTh, MOTPEOy Y BUCOKOSKIC-
Hi JJHK, oOMexxeHHs 3a KUIBKICTIO 3pa3KiB, SKi
MOJKHa TIpOaHajizyBaTH omgHOYacHO. Ili umHHM-
KM 3yMOBWJIM BUTICHEHHS CeKBeHyBaHHS 3a Ce-
H/DKEPOM TEXHOJIOTISIMA CEKBEHYBaHHS HOBOTO
nokomiHHA (NGS), SKi 1at0Th 3MOTY «ITPOYUTATI
onpa3sy AeKinbKa AiistHOK reHomy. NGS 3miticHio-
I0Th 3a JONOMOTOI0 TIOBTOPIOBAHMX IHKJIIB IIO-
JIOBKCHHS JIAHITIOTa, IHIYKOBAHOTO TOIiMEPa301o,
91 0araToKpaTHOTO JITYBaHHS OJITOHYKJICOTHIIB.
V xomi NGS Moke TeHepyBaTHCS O COTEHb MeTa-
0a3 1 riradas HYKJICOTHIHHUX ITOCIIJOBHOCTEH 3a
oIMH poOoumit ITUKII. MeTox Mae BUCOKY TTPOAYK-
THUBHICTbH, IIBUIKICTH 1 MacIITaOyBaHHS, YMOXKITH-
BJTIOE JOCTKEHHS O107I0T1YHUX CHCTEM Ha HOBO-
My sIKicHOMY piBHi [47].

He3Baxkatoun Ha BeNHMKHI MOTEHIiaT MeETO-
niB NGS, ix BuKopucTaHHs y cdhepi MOJIEKYIsp-
HOT TPOCTEKYBAHOCTI Xap4OBHX IPOAYKTIB Ha-
pasi BKpail oOMexeHe, TIepeyCciM depe3 BHUCOKY
BapTICTh 1 MOTPeOy B 3HAYHUX OOYUCITIOBAIHLHUX
MOTY)KHOCTAX. SIKICTh BHAUICHOI 13 Xap4oBOTO
npoaykry JJHK Takox Mae OyTH BHCOKOIO, YOTO
HE 3aBKAN MOKHA JIOCSATTH, 0COOIHUBO KOJH TPO-
IIYKT TiaBaBcs TIHO0KiM nepepoOii. IcHye nBi
ocHOBHI cTparerii NGS: MOBHOT€HOMHE CEKBe-
HyBaHHS Ta METAINITPUXKOMYyBaHHS (MeTabapko-
muar) JIHK [21].

[ToBHOTeHOMHE cekBeHyBaHHSA (WGS) yMOXK-
JUBIIIOE CKaHYBaHHS KiJBKOX BHIIB OJXHOYACHO,
HaBITh SIKIII0O BOHM B HEBEJIMKIH KUTBKOCTI TIPH-
CyTHI B Xap4oBiii Marpuili. MeTox IOIIBHO BH-
KOPHCTOBYBaTH UIsl ileHTU(IKAII] W XapaKTepH-
CTHKHU CKJIaJHUX MIKpOOHHX CIIJIBHOT Yy 3pa3kax
XapUuOBHX MPOAYKTIB, HEKYJIBTHBOBAHHUX (hOPM I1a-
TOTEHHUX MIKPOOPTaHi3MiB, a TAKOX JHKEepe KOH-
Tamigarii [2]. 3 BHCOKOIO CITeIn(ivHICTIO 1 yT-
JUBICTIO MOYKHA TPOCTEKYBAaTH KOHKPETHI BHIH
1 COPTH y CKJIai Xap4OBHX MPOIYKTIB, 1iMeHTHDI-
KyBaTH 3a0OpOHCHI BUAM, aHAJI3yBaTH CKIJIAJHI
Xap4yoBi MaTpHIll W BUSABJICHI 3UMTYyBaHHS CITiB-
BIIHOCHTH 3 BiJIIOBITHIMH OpTraHi3MaMH IUISIXOM
MTOPIBHSIHHA 31 CIIEIliaTbHUMHU 6a3amu ganux [13].

[IpakTHIHUM BTUTICHHSM 3a3Ha4€HOT TEXHOJIO-
rii Oy;0 po3pOOJICHHS MPOTPAMHOTO TMaNUTIIalHy
mig Haseoro AFS (All-Food-Seq) st KiIbKiCHOTO
aHajJ i3y BUIOBOTO CKJIATy XapdOBUX IPOIYKTIB.
Po3poOHHKaMB BUKOPHCTAHO TIEPEBaru IIHOOKO-
ro cekBeHyBaHHs ToTaisHOo1 JIHK, 110 nano 3mory
1MeHTU(IKYBaTH BUAW IIISXOM ITOPIBHSHHS 39H-
TyBaHb 3 3arallbHOJOCTYIIHUMHU pedhepeHTHHMHU
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TeHOMHHMH TMOCITIJOBHOCTSIMH, & TAKOK BU3HAYH-
TH TIPOTTOPIIiT KOKHOTO BHIY Ha OCHOBI MigpaxyH-
Ky 34HATyBaHb IMTOCTIIOBHOCTEH. MeTo YCIIITHO
3aCTOCOBYIOTB ISl IPOCTEKYBAHOCTI Ta aBTEHTH-
(hikamii pi3sHUX XapUYOBUX HPOAYKTIB POCIHHHOIO
1 TBAPUHHOTO TTOXOKEHHS [39].

Ille oauuH npukiazg — po3polieHHs Oio-
iHpopmarnynoro madmraitny FASER (Food
Authentification from Sequencing Reads) mis Bu-
3HAUEHHS CKJIaAy €YKapiOTHYHUX BHUIB Y Xapyo-
BHX CyMiIIIax 3a JOMOMoro cekBeHyBaHHsI PHK
g JIHK. Kpim Toro, O6ymo po3pobieHo 6azy na-
HUX, 0 BKiIodae monan 6000 pocivH i TBapwH,
SIKI MOJKYTh OyTH IPHUCYTHIMH y CKJIaIi XapuOBUX
mpoaykTiB. FASER BUSBHUBCS BHCOKOUYTIMBUM 1
TOYHMM IHCTPYMEHTOM JJIsl BHSBIICHHS IIaxpai-
CBKUX ITIIMIH YU 3a0pyIHEHb Y Halpi3HOMAaHITHI-
IUX Xap4oBHUX MaTpuirsx [20].

3a JOnOMOT00 TOBHOT€HOMHOTO CEKBEHYBaH-
Ha Branocs imeHtudikysatu JIHK mronuuy mig
yac aHallizy NeYyrBa, BUTOTOBJIEHOTO 13 MIIEHHY-
Horo OoporHa, B skoMy mictuitocs 0,05 % iornu-
HOBOTO OoporrHa [36].

Ilinxig wmertamrpuxkonyBanas JIHK moen-
Hy€ BUCOKOIIPOAYKTHBHI CTparerii CeKBEHYBaH-
Hs 31 mTpuxkoxyBanasM JIHK, mo ymoximBIioe
aHali3 JEKIJIBKOX aMIUTIKOHIB, K1 BIJIIOB1HAIOTh
pI3HEM IUISHKaM INITPUX-KOAY, IIIAXOM iX Ta-
pajebHOTO CEKBEHYBAaHHS. 3arajlbHa CTpaTeris
basyerbest Ha (1) Buminenni ToramsHOi JIHK i3
XapuyoBUX MPOAYKTiB, (2) ammutidikaiii MeBHOI
IUISHKHA TpUX-Kogy po3mipoMm Bixg 120 mo 600
1. H., (3) cekBeHyBaHHI BiIITOBITHOTO aMILTIKOHY,
(4) amami3i TOCHTIIOBHOCTI 3a JOIIOMOTOO CIIe-
mMianpHUX TadmuiaiHiB. Llsg cTpareris ocoOmmBo
MpUHATIIHA IS aHaJli3y BHCOKOTEXHOJIOTIYHUX
Xap4oBUX MpomykTiB, ockinbku JIHK, Buminena
13 TaKMX MaTpHIlh, 3a3BUYAil JerpazoBaHa, Bii-
TaK aMIuTi(piKyIOTECS JIHIIe KOPOTKi misHkH [17].
HasBHicTh mekinbkox 0a3 JaHUX MITPUX-KOTYBaH-
Ha JJHK pocnuH 3Ha4HO crpolilye BUABICHHS Ta
1IeHTU(IKAIIIO BUIB POCIIHH.

Edexrusnicts Merabapkoguary JHK Oyio
JIOBEICHO, HANPUKIIAM, MiJ 9ac JOCTiIKEeHb II0-
JiIOPHOTO Ta MOHO(JIOPHOTO MEIIB — OyJI0 HE
TIJIBKU 11€HTU(IKOBaHO OOTAHIYHUI CKIIa] MELY,
a W JDOCIiHKEHO Woro reorpadidHe MOXOMKEeHHS
Ha OCHOBI T€HETWYHOI XapaKTEPUCTHUKH CKJIaay
Ky [3].

3a Bukopuctanas NGS Branocs 3HaYHO MPHU-
CKOPHUTH BU3HAYCHHS ITOBHOI ITOCIIAOBHOCTI MiJTb-
HOHIB T€HOMIB OpraHi3MiB, TOYWHAIOYH Bix OaKTe-
pifi 1 3aBepIIyIOUH JIIOAWHOIO. 3’ IBUJIACH PeaIbHA
MOKJTUBICTh OIHOYACHO OIIIHIOBATH EKCIIPECIIo
THCSY TeHIB B OpTaHi3Max, TKAHMHAX Ta IOOINHO-
KUX KIITHHAX (CEKBEHYBaHHS TPAHCKPHIITOMIB),
a TakoXK aHATI3yBaTH PETYIAIII0 1X aKTHBHOCTI
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(amami3 excrpecii mikpo PHK Ta mermmroBaHHs
reHoMY). 3a3HadeHi MiAXOAW pealli3yloThCS Ha
CEeKBEHAaTOpax HOBOTO TIOKOJIHHS, OCHOBHUMH
BUPOOHHKAMH sIKUX € Komnadii [1lumina, Thermo
Fisher Scientific, Pacific Biosciences u Oxford
Nanopore Technologies.

3a ocraHHi [BI Aekamud Oyino po3poOieHO,
KOMEpITiaJli3oBaHO 1 TPOAOBXKYIOTh PO3BUBATH-
Csl HOB1 TEXHOJIOT1i BU3HAYEHHS MOCIIJOBHOCTEH
JTHK. B ocHOBY iX po3po0iieHHs MOKJIaeHO Ipar-
HEHHS 110 MiHIaTIOpHU3allii, aBToMaTn3arii, 3011b-
IIeHHA OOCSTY OTPUMAaHHX JIaHUX, a TaKOX 371e-
IIEBJIEHHS TIPOIIECY.

BucHoBku. TakuM 4YUHOM, MOJIEKYJISIPHO-TeE-
HETHYHI METOM CTAHOBIISATH BEJMKHUH IHTEPEC TS
3MIHCHEHHS CKCIEPTHU3HM XapuoOBUX MPOAYKTIB, 1X
ineHTu(ikaLii Ta mpoCcTeKyBaHOCTI. MOKIMBICT
OyTH 00I3HAHUM TIPO CKJIQJ XapuoBOi MPOMYKITii
HalyBae nenaii OLIBINOTO 3HAYCHHS JUIS CTIOXKH-
BauiB. lllmpoka maHemb MOJEKYIIPHUX METOIIB €
MTOTY)KHUM 1HCTPYMEHTOM 3aXHUCTy SK BHUPOOHH-
KiB, TaKk 1 CIIO)KHBa4iB, 3a0e3Meuyroun CBOOOIY
BHOOpPY CHOXHBAdaM 1 MiABUIIYIOYH TPO30PICThH
CHCTEM BUPOOHHIITBA XapyOBUX IMPOAYKTIB, IO
Ja€ 3MOTY YE€CHUM BHUPOOHHMKAM HaJEKHUM YH-
HOM TIPOCYBATH CBOIO MIPOIYKITIO.
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Use of DNA technologies for the examination of
foodstuff

Dyman T., Dyman N.

An integral component of the management
system in the field of food safety is the examination
of food products, which is based mostly on physical,
chemical, physico-chemical and biochemical methods
of research. Progress in the mastery of DNA diagnostic
methods has become an incentive for the development
and introduction into laboratory practice of highly
sensitive methods for assessing the safety and quality
of foodstuff, based on the polymerase chain reaction
(PCR) method.

In recent decades, the demand for molecular tools
for food examination, authentication and traceability
has increased significantly. This is due to the fact that
legislation in the food sector is becoming increasingly

strict, and market strategies are aimed at evaluating
the food chain "from field to table" and ensuring that
consumer choices match their expectations.

An overview of proven and widely tested molecular
approaches for the examination of food products is pre-
sented: PCR-RFLP method, RAPD-PCR, SSR-PCR, RT-
PCR. The potential and prospects of the latest technol-
ogies, such as SNP - single nucleotide polymorphisms,
isothermal amplification, digital PCR, Whole-Genome
Sequencing (WGS), DNA metabarcoding, are also de-
scribed. The specified methods are characterized by high
productivity, speed and scaling, enabling the study of bi-
ological systems at a new qualitative level. Examples of
successful use of the specified methods for examination
of foodstuff of plant and animal origin, their authentica-
tion and traceability are given.

A broad panel of molecular methods is a powerful
tool to protect both producers and consumers, providing
consumers with freedom of choice and increasing
transparency in food production systems, enabling
honest producers to properly promote their products.

Key words: DNA-technologies, polymerase chain
reaction, food safety, foodstuff examination.
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One of the applications of nanotechnology is the synthesis of nanopar-
ticles for targeted drug delivery and disease prevention. In the agricultural
sector, nanotechnology holds great promise for improving animal health
and productivity. The article discusses the advantages of «green» synthesis
of selenium nanoparticles functionalized with the flavonoid quercetin and
their potential in the prevention of bone diseases in broilers. Selenium is
an important trace element that plays a crucial role in various physiological
processes, including the regulation of bone metabolism. Its deficiency can
lead to bone diseases such as osteoporosis and osteomalacia. On the other
hand, quercetin, a naturally occurring plant compound, has been shown to
have numerous health benefits, including anti-inflammatory, antioxidant,
and anticancer properties. However, quercetin's bioavailability and stability
are limited, making its therapeutic potential challenging to exploit. To over-
come these limitations, we have developed bionanotechnological strategies
for the synthesis of quercetin conjugates with selenium nanoparticles. This
approach not only improves the stability and bioavailability of quercetin,
but also allows for targeted delivery to specific tissues or cellular pathways.
Functionalization of Selenium nanoparticles with the flavonoid quercetin
promotes the effect of the nanoconjugate on the transcription factors Nrf2
and NF-kB, Wnt, key pathways that regulate the delicate balance of cellular
redox status and responses to stress and inflammation, calcium and phos-
phorus metabolism. In this case, the target is the Wnt signaling pathway,
a complex cascade of processes involved in bone metabolism. It has been
found that the synthesized nanoselenium-quercetin bioconjugates modulate
the Wnt signaling pathway in different ways. Firstly, they reduce the activity
of the protein B-catenin, a key regulator of the Wnt signaling pathway, and
help maintain a balance between bone formation and resorption, thus pre-
venting bone disease. Secondly, these bioconjugates increase the activity of
LRP6, a Wnt receptor protein, which further enhances the effectiveness of
the signaling pathway. Finally, they affect the expression of genes activated
by the Wnt signaling pathway, thus regulating the metabolism of calcium
and phosphorus, important elements for bone health. The potential of these
bionanotechnology strategies is enormous, especially in the agricultural
sector. By preventing bone disease in broilers, disease prevention and poul-
try productivity can be significantly increased. The use of nanotechnology
advances can serve as an environmentally friendly alternative to the use
of antibiotics and other pharmaceuticals, contributing to the overall health
and well-being of animals. Thus, the «green» synthesis of quercetin-func-
tionalized selenium nanoparticles offers a promising solution for targeting
the Wnt signaling pathway, regulating calcium and phosphorus metabolism,
and preventing bone disease in broilers. This bionanotechnology approach
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not only improves the stability and bioavailability of quercetin, but also en-
hances its therapeutic potential. By harnessing the potential of nanotechnol-
ogy in the agricultural sector, we can improve animal health, reduce disease
and increase productivity, ultimately benefiting both animals and humans.

Key words: bionanotechnology, «green» synthesis, Nrf2 factor, NF-
kB, Wnt, B-catenin, Selenium, Calcium, Phosphorus.

“Green” synthesis. Nanotechnology has rev-
olutionised various sectors, including electronics,
energy, biology, medicine, and agriculture. Its
integration with biology, which has led to bion-
anotechnology, has opened up new horizons in
healthcare, diagnostics and drug delivery systems.
Bionanotechnology is used to develop biosynthet-
ic and environmentally friendly technologies for
the synthesis of nanomaterials, with green synthe-
sis and surface modification of nanoparticles be-
ing crucial [15; 23].

Nanoparticles synthesized using plant extracts
or phytocomponents are of great importance in the
development of various therapeutic and diagnostic
agents [1]. "Green synthesis is an environmentally
friendly alternative to traditional synthesis meth-
ods and aims to avoid or minimize toxic compo-
nents used in physicochemical methods and can
successfully compete with them in terms of speed,
controllability, bioconversion and reduction of
the cost of the final product [24]. The production
of nanoparticles using biological material has a
number of advantages: low cost of raw materials,
low toxicity, short production time, safety, ability
to regulate the required volume of products, and
suitability for large-scale production [6].

The need for alternative methods of protecting
organisms, improving the quality of products, and
creating a national economy can be met by nano-
technology [11].

Biotechnology in poultry farming.The poul-
try industry has to solve a number of problems.
A common bone disease in fast-growing poultry
worldwide is tibial dyschondroplasia. Annual
losses in the meat poultry industry from musculo-
skeletal diseases are 2-6%, which reaches 40-60%
of the total number of musculoskeletal diseases.
Chronic mild intestinal inflammation negatively
affects poultry performance and impairs nutrient
absorption. Gut permeability is controlled by the
intestinal microbiota, digestive secretions, phys-
ical barriers and chemicals such as cytokines.
Treatable strategies aimed at regulating the gut
microbiota can control several diseases closely
related to inflammatory and metabolic disorders.
Observations in Europe have shown that the poul-
try industry has faced a number of challenges
following the ban on growth promoter antibiot-
ics, including negative impacts on productivity,

animal welfare and general health issues. Today,
alternatives to antibiotics such as probiotics, pre-
biotics and botanicals are increasingly being used.
Chicken enteritis is a complex intestinal disease
caused by bacteria, viruses, parasites and various
regulatory factors. Certain flavonoids, such as
quercetin, naringin and luteolin, have been found
to relieve intestinal inflammation. The ability of
flavonoids to inhibit the transcription factor NF-
kB is one of the most promising approaches to
explaining the mechanism of anti-inflammatory
action of these plant polyphenols. It is also worth
noting the possible role of isoflavones in the de-
velopment of inflammation of the Keapl/Nrf2/
ARE signalling system, which controls the state of
internal homeostasis by regulating various stages
of cell proliferation, differentiation and apoptosis.
Quercetin is a natural flavonoid that neutraliz-
es free radicals and has antioxidant, antitumour,
and anti-inflammatory effects [2]. Quercetin sup-
presses the expression of TNF-a, IL-1p, IL-6 and
GM-CSF(granulocyte-macrophagecolony-stimu-
latingfactor)in macrophages induced by lipopoly-
saccharides, improves calcium absorption in the
small intestine and increases the activity of the
vitamin D receptor.

The flavonoid quercetin has been shown to
counteract inflammatory processes by activating
the Nrf2/HO-1 signalling pathway and inhibiting
NF-kB signalling, regulating neuronal excitabili-
ty and NMDARSs(N-methyl-D-aspartatereceptors)
trafficking [16]. Quercetin supplementation im-
proved calcium and phosphorus metabolism and
promoted tibia development, preventing foot dis-
ease in broilers through the Wnt signalling path-
way [13]. However, the use of this flavonoid is
limited by its low absorption in the body due to its
poor solubility, permeability, instability and bio-
availability [3].

It has been proven that various strategies and
biomodifiers are used for surface modifications/
functionalization of nanomaterials, including flavo-
noids [8]. In particular, the functionalization of Se-
lenium nanoparticles with quercetin can contribute
to the effect of the nanocomposite on the transcrip-
tion factors Nrf2 and NF-kB, Wnt, key pathways
that regulate the delicate balance of cellular redox
status and responses to stress and inflammation,
calcium and phosphorus metabolism [2; 7; 25].
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The Wnt signalling pathway plays a key role
in embryonic development, cell proliferation and
differentiation, and dysregulation of signal trans-
duction. Wnt can lead to neoplastic transforma-
tion in various organ systems [17]. Wnt ligands
(19 members in mammals) are secreted proteins
that activate various intracellular signal transduc-
tion pathways and regulate tissue growth and re-
newal. Since the identification of the first member
in 1982, the Wnt signalling pathway has attracted
considerable attention of scientists, as it is essen-
tial for embryonic development, adult tissue ho-
meostasis and regeneration, and dysregulation of
Wnt can lead to many pathologies, including tu-
mour-like development [14].

The name Wnt is a hybrid word created from
the names Wingless and Int-1, and is derived from
integrase-1 (Int-1) in mouse breast cancer com-

Canonical WNT Eatway:ﬂ N

bined with the Drosophila gene wingless (sup-
presses wing development in flies), as the two
genes are functionally similar [19].

Wingless/integrase-1 belongs to the family
of cysteine-rich glycoprotein growth factors en-
coded by Wnt genes, which are highly conserved
among vertebrate species [12]. Wnt consists of a
canonical and a non-canonical signal transduction
pathway, which can be divided into two branch-
es: Wnt/PCP — the Planar Cell Polarity pathway,
which is responsible for the correct polarization
of cells during tissue formation, and Wnt-cGMP
— the cyclic guanosine monophosphate/Ca*path-
way [28]. The canonical pathway (Fig. 1), the
most well-known branch, is activated when Wnt
binds to its receptors, which leads to stabiliza-
tion of cytoplasmic B-catenin and activation of
Whnt-regulated genes.

Canonical WNT patway:0OF

Frigzied

degradation

Fig. 1. Thecanonical Wnt/B-cateninpathwayis ON: when a Wnt ligandbindstotheLRP5/6 and
Fz receptors, the scaffolding protein Disheveled (Dvl) recruits Axinl and the kinases CK1 and
GSK38 to the membrane, disrupting the degradation complex and disrupting B-catenin phosphoryla-
tion and degradation. B-catenin accumulates in the cytoplasm and subsequently moves to the nucle-
us, where it acts as an activator of TCF/LEF-mediated transcription of target Wnt genes. The canon-
ical Wnt/B-catenin pathway is OFF (OF): in the absence of Wnt binding to Frizzled (Fz) receptors
and LRP5/6 coreceptors, B-catenin interacts with the degradation complex (CK1, GSK3p, Axinl
and APC), which leads to its phosphorylation by GSK38 and CK1 and its subsequent degradation by
the proteasome. CK1, casein kinase 1; GSK38, glycogen synthase kinase 33; Axinl, axis inhibition
protein 1; APC, adenomatous polyposis coli; Tcf, T-cell factor; LEF, lymphocyte binding factor;
Rock, Rho-related protein kinase 1 containing helix; RhoA, RAS homologue member of the A gene
family; JNK, Jun N-terminal kinase.
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Whnt/B-catenin signalling is a highly complex
pathway that plays different roles in different cel-
lular processes. Although Wnt ligands typically
transmit signals through their specialised Frizzled
receptors, the decision to use a B-catenin-depen-
dent or B-catenin-independent signalling pathway
depends on the type of co-receptor used. Classical
Whnt signalling is dependent on B-catenin, whereas
non-classical Wnt signalling, by traditional defini-
tion, is not, although current evidence suggests that
both pathways interact with intertwined networks
involving the use of different ligands, receptors and
co-receptors. P-catenin can be directly phosphory-
lated by several kinases that control their participa-
tion in typical and atypical pathways. In addition,
cofactors associated with B-catenin determine the
outcome of this pathway in terms of genes that in-
duce proliferation or promote differentiation. Thus,
protein phosphorylation controls WNT/B-catenin
signalling, in particular in cancer processes [21; 29].

Glycogen synthase kinase 3 (GSK3p) and
casein kinase 1 (CK1) promote B-catenin phos-
phorylation in the degradation complex, enhanc-
ing its ubiquitination and leading to subsequent
proteasomal degradation.

Regulation of the Wnt signalling pathway.
Calcium and phosphorus play an important role
in the Wnt signalling pathway, in particular in the
Wnt/Ca?*pathway [5; 9; 12].

The Wnt/Ca**pathway is initiated by Frizzled
receptors, which activate the classical G-pro-
tein-coupled signalling pathway. Frizzled G pro-
tein signalling activates phospholipase C-beta
(PLC-beta), which cleaves phosphatidylinositol
4,5-bisphosphate (PIP2) into 1,2-diacylglycerol
(DAG) and inositol 1,4,5-triphosphate (IP3) [18].
The Wnt/Ca*pathway can counteract the canon-
ical Wnt pathway, but it is unclear whether this
pathway is conserved in mammals and whether
it is involved in tumour formation [9]. Signal-
ling through frizzled-G protein activates the Wnt/
Ca?"pathway, which leads to a short-term increase
in the level of free calcium in the cytoplasm, which
subsequently activates the following effectors.

An analysis of these processes and connec-
tions, which are covered by the Kyoto Encyclo-
pedia of Genes and Genomes (KEGGQG), indicates
that this pathway is also linked to calcium and
phosphorus metabolism and the flavonoid querce-
tin [10].

Quercetin, a flavonoid found in various fruits
and vegetables, has been shown to regulate cal-
cium and phosphorus metabolism through the
Wnt signalling pathway in broilers [26]. Studies
have shown that flavonoids can affect key regu-
lators of calcium and phosphorus metabolism in
this pathway [2]. In addition, quercetin has been

shown to inhibit angiotensin II-induced vascular
smooth muscle cell proliferation and activation
of the JAK2/STAT3 pathway [4; 27]. The KEGG
pathway assessment showed that quercetin af-
fects various signalling pathways, including the
PI3K-AKT signalling pathway, cytokine recep-
tor-cytokine interaction, JAK-STAT signalling
pathway, MAPK signalling pathway, and cancer
pathways [27].

Interestingly, the Wnt/B-catenin signalling
pathway is also involved in the biosynthesis of
phenylpropanoids/flavonoids, suggesting a po-
tential role for the Wnt signalling pathway in the
regulation of flavonoid biosynthesis, including
quercetin. This highlights the complex interplay
between the Wnt signalling pathway, calcium and
phosphorus metabolism, and quercetin.

The Wnt/Ca*'pathway, a branch of the Wnt
signalling pathway, plays a crucial role in this
regulation [10]. This pathway uses G-proteins and
phospholipases to induce a temporary increase in
cytoplasmic calcium levels, subsequently acti-
vating downstream signalling pathways. For ex-
ample, Wnt4 can activate the calcium signalling
pathway via cAMP in maturing B cells, controlling
calcium signalling, metabolism and function. In
broilers, quercetin has been shown to regulate
calcium and phosphorus metabolism through the
Wnt signalling pathway. Although the precise
mechanism remains unclear, it is suggested that
flavonoids such as quercetin affect key regulators
of calcium and phosphorus metabolism in the Wnt
signalling pathway.

Frizzled receptors can trigger both B-caten-
in-dependent and [-catenin-independent signal-
ling, among which the Ca2+ pathway has been
studied in detail. Thus, in the Wnt/Ca?* pathway,
Wnt-Ca?'signalling is mediated through G-pro-
teins and phospholipases and causes a temporary
increase in free calcium in the cytoplasm, which
subsequently activates the following effectors [10].
Accordingly, quercetin is able to affect key regula-
tors of calcium and phosphorus metabolism in the
Whnt signalling pathway, and this effect can be me-
diated through the Wnt/Ca?" pathway (Fig. 2).

Quercetin has been shown to inhibit -caten-
in-dependent transcriptional activity, which is a
critical step in the activation of the Wnt/B-caten-
in pathway. It also inhibits uPAR((urokinase-type
plasminogen activator receptor)-mediated activa-
tion of this pathway. Studies have shown its effects
on different components of the pathway in differ-
ent types of cancer cells, leading to growth inhi-
bition. When it interacts with B-catenin, querce-
tin blocks the binding between [B-catenin and Tcf,
which leads to inhibition of the growth of cancer
cells, such as mouse 4T1 breast cancer cells [19].
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Fig. 2. The B-catenin-independent Wnt/Ca** pathway. In the Wnt/Ca?>" pathway,
Wnt ligands transmit signals through Frizzled (Fzd) and tyrosine kinase-like orphan recep-
tor 1/2 (ROR1/2) coreceptor receptors to induce Dvl-dependent cleavage of phosphatidyli-
nositol 4,5-bisphosphate by phospholipase C (PLC) (PIP2), producing inositol triphosphate
(IP3) and diacylglycerol (DAG). IP3 acts on Ca*" channels in the endoplasmic reticulum,
leading to a cytosolic Ca**wave that drives the activity of protein kinase C (PKC) and Ca**/
calmodulin-dependent protein kinase II (CAMKII). CaN dephosphorylates NFAT, which

leads to its nuclear translocation and expression of NFAT target genes [adapted from 20].

In SW480 colon cancer cells, quercetin was
found to inhibit the transcriptional activity of
B-catenin/Tcf. In addition, it reduces the levels
of B-catenin and the Tcf-4 product in the nucle-
us, which further prevents the activation of the
Wnt/B-catenin pathway [21].

In summary, the Wnt signalling pathway, cal-
cium and phosphorus metabolism, and the flavo-
noid quercetin are closely related. The Wnt signal-
ling pathway regulates calcium and phosphorus
metabolism through the Wnt/Ca®‘pathway, and
quercetin has been shown to modulate this path-
way. In addition, quercetin inhibits the nuclear
translocation of p-catenin.

Calcium and phosphorus play an important
role in the Wnt signalling pathway, which is in-
volved in embryonic development, cancer, and
normal physiological processes in adults [29]. The
Wnt signalling pathway is closely related to calci-
um and phosphorus metabolism, and studies have
shown that flavonoids can affect key regulators of
calcium and phosphorus metabolism in the Wnt
signalling pathway. The main DEGs (differential-
ly expressed genes) in the Wnt signalling path-
way that regulate calcium and phosphorus uptake
and metabolism include Wnt-5a, calcium/calm-
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odulin-dependent protein kinase 11 (CAMK2G,
CAMK2D, CAMK2B), phospholipase C, beta 4
(PLCB4), protein kinase C alpha (PRKCA) and
nuclear factor of activated T cells-1 (NFATC1)
[26]. Calcium and phosphate homeostasis is reg-
ulated by several hormones, including PTH, vita-
min D, FGF23 and calcitonin, and is critical for
proper bone formation and maintenance. Calcium
and phosphorus transport is regulated by PTH and
FGF23 in the kidneys, and by PTH and calcitonin
in bones [22]. The Wnt signalling pathway regu-
lates calcium release from the endoplasmic reticu-
lum (ER) to control intracellular calcium levels. In
general, calcium and phosphorus play a role in the
Wnt signalling pathway by regulating the metab-
olism and absorption of calcium and phosphorus,
which are critical for proper bone formation and
maintenance.

Want proteins are secreted morphogens that are
essential for basic developmental processes, such
as cell specification, proliferation of progenitor
cells and control of asymmetric cell division, in
many different species and organs. There are at
least three distinct Wnt pathways: the canonical
pathway, the planar cell polarity (PCP) pathway,
and the Wnt/Ca*pathway. In the canonical Wnt
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pathway, the main effect of Wnt ligand binding to
the receptor is to stabilize cytoplasmic B-catenin
by inhibiting the B-catenin degradation complex.
After that, B-catenin can freely enter the nucle-
us and activate Wnt-regulated genes through in-
teraction with Tcf (T-cell factor) transcription
factors and the concomitant recruitment of co-
activators. Planar cell polarity (PCP) signalling
leads to the activation of small GTPases RHOA
(RAS homologue gene-family member A) and
RACI1, which activate the stress kinases JNK (Jun
N-terminal kinase) and ROCK (RHO-associated
coiled-coil-containing protein kinase 1), result-
ing in cytoskeletal remodelling, changes in cell
adhesion and motility. WNT-Ca2+ signalling is
mediated through G proteins and phospholipases
and leads to a temporary increase in the level of
free calcium in the cytoplasm, which subsequently
activates the kinases PKC (protein kinase C) and
CAMKII (calcium-calmodulin-mediated kinase
II), as well as the phosphatase calcineurin [10].
Conclusions. At present, it is important to
solve the problem of increasing the effectiveness
of natural phytonutrients, in particular the flavo-
noid quercetin, by conjugating it with nanopar-
ticles. The chemical reactivity of flavonoids
depends on their radical scavenging properties,
which can reduce oxidative stress in cells. At the
same time, certain flavonoids have strong anti-in-
flammatory capacity, which, together with its an-
tioxidant activity, creates excellent opportunities,
such as chemoprevention of oxidative stress and
reduction of inflammation accompanying many
pathologies. However, these compounds have
low water solubility, chemical instability, rapid
metabolism and poor bioavailability, which com-
promises their therapeutic efficacy. Therefore,
new approaches are needed to take advantage of
the beneficial effects of phytonutrients while ex-
panding their potential use in the prevention of a
number of disorders. In this context, nanoparticles
are particularly interesting when used to deliver
phytocomposites and enhance their bioavailabil-
ity. In addition, the ability to be functionalized
with specific ligands that target specific organs or
cells is also very important, as it is possible to in-
crease the concentration of the phytoconjugate at
the desired target site while reducing side effects.
Thus, the beneficial effects of phytonutrients can
be further enhanced by nanotechnology, which
will help improve the current use of these com-
pounds with such great preventive and therapeu-
tic potential. "Green” methods for the synthesis
of nanoparticles with plant extracts are promising
because they are simple, convenient, environmen-
tally friendly and require shorter reaction times.
The synthesizednanoselenium-quercetin biocon-

jugates can modulate the Wnt signalling pathway
in various ways: by reducing the activity of the
protein B-catenin, which is a key regulator of the
Whnt signalling pathway; by increasing the activity
of the protein LRP6, which is a Wnt receptor; by
affecting the expression of genes activated by the
Whnt signalling pathway. This cascade of complex
processes regulates the metabolism of calcium and
phosphorus, which contributes to the prevention
of bone diseases, and can increase the potential of
the agricultural sector to reduce diseases, improve
the safety and productivity of animals and poultry.
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BionanorexHoJoriyHi crparerii cHHTe3y KOH’10-
raTiB KBepUeTHHY 3 HAHOYACTHHKAMM CeJieHy 3 Me-
TOI0 iX HAITIOBAHHS HA CHTHAJbHHUI maax Wnt/Ca?*

Bitoubkuii B.C., HexmicTpenko C.I., [lemuen-
ko O.A., LHexmicTpenko O.C., Meabuudenko FO.O.,
Xapunmun B.M.

OmHuM 13 3acTOCYyBaHb HAHOTEXHOJIOTIH € CHH-
T€3 HAHOYACTHHOK I IIJIbOBOI IOCTABKH JIKIB Ta
npodilaKTUKKM 3aXBOpIOBaHb. B arpapHoMy cekropi
HAHOTEXHOJIOTI] MalOTh BENWKI NMEPCIEKTUBH JUIs IO-
KpalleHHsl 3/10pOB'S Ta MPOXYKTUBHOCTI TBapuH. Y
CTaTTI PO3MNISIHYTO MEPEBaru «3eJICHOr0» CUHTE3y Ha-
HOYACTHHOK celieHy, (DyHKIoHaTi30BaHUX (IIaBOHO-
iIOM KBEpIIETHHOM, Ta iX MOTEHIlian y mpodirakruii
3aXBOPIOBaHb KiCTOK y OpoitiepiB. CelleH € BXXIMBAM
MIKpOEJIEMEHTOM, SIKUH Biirpae BUPILIAIbHY POJb Y
pi3HUX (i310IOTIYHNX NpoLecaX, BKIIOYAIOUN PEryJisi-
1if0 MeTaGoi3My KicTKOBOI TKaHHHH. Moro medimut
MOJKE TPHU3BECTH 0 3aXBOPIOBAaHb KICTOK, TaKMX SK
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0OCTEOTOpOo3 Ta ocTeoMasAIis. 3 iHmoro 00Ky, Oyno
JTOBENICHO, M0 KBEPIICTHH, IPUPOAHA POCIUHHA CIIO-
JIyKa, Ma€ YUCJICHHI TiepeBard JUisl 30pOB’ s, BKIIIOYa-
F0YH MPOTH3aNalbHi, AHTHOKCHJAHTHI Ta MPOTUPAKOBI
BiacTuBoCTi. OnHak O10JOCTYNHICTH 1 CTaOUIbHICTH
KBEpLETHHY 00MEXeHi, 110 pOOHTH HOro TepaneBTHd-
HUW TOTEHITial CKIaIHUM U BUkopuctanHsa. 11[o6
MIOJIOJIATH 11i 0OMEXeHHsI, po3poOiIeHi O10HAHOTEXHO-
JIOT1YHI CTpaTerii CHHTE3y KOH IOTaTiB KBEPUETHUHY 3
HAHOYACTUHKAMHU ceyieHy. Takui mifxi He TUTBKH Tij-
BHUIIYE CTAOUIBHICTH Ta 010OCTYNHICTh KBEPLETHHY,
ajie i JO3BOJISE LIICCIPIMOBAHO JOCTABIATH HOTO 10
MeBHUX TKaHWH a00 KIITUHHUX NIIIAXiB. DyHKITIOHA-
nizaris HaHodacTHHOK CeneHy (IaBOHOIZOM KBepIie-
THHOM CIPHS€ BIUTUBY HAHOKOH IOTaTy Ha TPAHCKPHUII-
uiitai gaxropu Nrf2 ta NF-kB, Wnt kimouoBi nuisxu,
SIKI PETYIIOIOTh TOHKUH OallaHC KIITHHHOTO OKHCIIO-
BaJIbHO-BIJJTHOBHOTO CTaTyCy Ta peakilii Ha cTpec i 3a-
naneHHs, metadomizm Kanpiito Ta @ochopy. V npomy
BUITAJIKy MIIICHHIO € CUTHAIBHUN mUIsaXx Wnt - ckiaj-
HUHU KacKaJ| MPOIIECiB, MO OEpyTh y4acTh y MeTa0oIi3-
Mi KICTKOBOi TKaHWHH. BCTaHOBJIEHO, 10 CHHTE30BaHi
010KOH'IOTaTH HAHOCEJICH-KBEPIICTUH MOIYIIFOIOTh CHT-
HaJbHUH 1uIx Wnt pisHuMHu criocobamu. [lo-nepure,
BOHU 3HWKYIOTh aKTUBHICTH OiJIKa -KaTeHiHy, KIF0UO-
BOTO PETYIATOPa CUTHAIBHOTO NUIIXy Wnt, CIPUSIOTH
MiATPUMaHHIO OalaHCy MK (POPMYBaHHSIM Ta pe30po-
LI€K0 KICTKOBOI TKAHWHU, 3ar00iral0ud TaAKUM YHHOM
3aXBOpPIOBaHHSM KicTok. Ilo-mpyre, 1i OiokoH'toratu
MiIBUINYIOTh aKTHBHiCTH Oinka LRP6, penentopa

MO,
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Wnt, 1110 111 O1JTBIIIE TIOCHITIOE €()EKTHBHICTH CUTHAb-
HOTO NUIAXyY. HapeniTi, BOHH BIUTMBAIOTH HAa €KCIIPECII0
TeHiB, aKTHBOBAHUX CUTHAJIBHUM HUITXOM Wnt, TaKUM
YHHOM PETYJII0I0UM MeTaboIi3M KalbLiio Ta hocdopy,
Ba)XXJIUBUX CJICMEHTIB JIJIs 37I0pOB's KicTOK. [loTeHmian
X O10HAHOTEXHOJIOTIYHUX CTPATEriil BEIMYE3HHH,
0CO0NHMBO B CLIBCHKOTOCIIONAPCHKOMY CEKTOPi. 3aro-
Oiraroun 3aXBOPIOBaHHSAM KiCTOK y OpoiiepiB, MOX-
Ha 3HAYHO MIiABUIIMTH TMPO(]IIAKTHKY 3aXBOPIOBaHb
Ta MPOAYKTHBHICTh NTHII. BUKOPUCTAHHS JTOCATHEHB
HAHOTEXHOJIOTIl MOXE CIIyI'yBaTH CKOJIOTIYHOIO allb-
TEPHATUBOIO BHKOPHCTAHHS aHTHOIOTHKIB Ta 1HIIMX
(hapmareBTUYHUX TIperapariB, CHPHUSIOUN 3arajibHo-
MY 37I0pOB'I0 1 6JIaroNOIyYdI0 TBApUH. TaKUM YUHOM,
«3CJICHUI» CHHTE3 HAaHOYACTHHOK celieHy, (QYHKIIiOo-
HAJII30BaHUX KBEPICTHHOM, MPOMOHYE MEPCICKTUBHE
PIIICHHS JUIS TapreTyBaHHS CUTHAIBHOTO IULIXy Wnt,
perymoBaHHs MeTaboni3My Kaiblio i ¢ochopy Ta
mpo(diTAKTHKY 3aXBOPIOBAHb KiCTOK y Opoiepis. e
0i1OHAHOTEXHOJIOTIYHHMA TMiJXil HE JHIIE MOKpalrye
CTablIBHICTD Ta 0100CTYHICTH KBEPIETUHY, i TIOCH-
JIIO€ I0TO TepaneBTHYHUH moTeHIlian. BukopucToByro-
9M MOTEHI[a] HAHOTCXHOJIOTIH B arpapHOMY CEKTOpI,
MU MOXKEMO TOKPAIIUTH 30POB'sl TBAPUH, 3HU3HUTHU Pi-
BEHb 3aXBOPIOBAHOCTI Ta ITi IBUIATH MPOTyKTUBHICTD,
10 B KiHIIEBOMY ITiJICYMKY IPUHECE KOPUCTH SK TBa-
pUHAM, TaK 1 JIFOISIM.
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The high energy potential of organic waste allows its use in bio-
conversion technologies, where waste from one production cycle is a
raw material for further production to produce environmentally friendly
fertilizers, energy carriers and feed additives.

The article presents the results of experimental studies on the envi-
ronmental efficiency of vermiculture on organic waste from livestock,
crop production, gardening and forestry under anthropogenic load.

It is proved that due to the biological characteristics of vermicul-
ture, which allows to consume a large amount of organic residues,
enrich them with its own microflora, enzymes, biologically active
substances and release them as processed products (coprolites), this
technology to some extent solves the problems of balanced nature
management.

It has been determined that in the conditions of intensification of
production processes, secondary organic raw materials contain a num-
ber of pollutants - heavy metals and toxic metals that can accumulate in
coprolites (vermicompost).

An approach is proposed that solves the problem of pollutant migra-
tion and involves the introduction of 3% zeolite from the Sokyrnytsia
deposit in the Transcarpathian region into the vermiculture substrate.

Experimental and analytical determination of the environmental ef-
ficiency of the proposed approach has shown that its practical applica-
tion in solving the problems of balanced nature management allows to
reduce the accumulation of Plumbum by 13.6 % and Cadmium by 22.6
% in vermicompost, which improves the quality of this organic fer-
tilizer and creates prerequisites for obtaining environmentally friendly
products.

Key words: ecology, biotechnology, organic waste, red California
worm hybrid, bioconversion, natural minerals, minimization of envi-
ronmental pollution, sustainable environmental management.

Introduction. The intensification of anthro-
pogenic activity leads to the generation of organic
waste from livestock, crop production, gardening
and forestry [1-4]. Traditional methods of manag-
ing such waste do not provide for the full use of
the potential of organic raw materials and lead to
the migration of pollutants in the biosphere [5—7].

The reduction in the number of livestock and
the expansion of grain, corn and sunflower crops
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have changed the approach to the use of plant res-
idues in the agricultural sector. Previously, crop
residues were almost entirely used for livestock
production, but now they are left on fields as fer-
tilizer or burned together with stubble. Therefore,
crop by-products are becoming increasingly im-
portant in balanced nature management [8].

Waste from horticulture and forestry is a renew-
able organic raw material that accumulates annually
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and can be used to produce fertilizers. The amount
of waste of the lignified part of the phytomass of
green spaces is systematically generated during the
maintenance of green spaces by municipal enter-
prises when carrying out maintenance felling (clar-
ification, clearing, thinning), sanitary felling (selec-
tive, fully sanitary, reforestation), felling associated
with the reconstruction of low-value young trees
and derivative stands, cutting of knots and parts of
live lower branches, fire protection felling, main-
tenance of undergrowth and undergrowth, elimina-
tion of clutter, and crown pruning of urban trees
and shrubs. The largest volumes of wood waste are
generated by forest parks and forestry enterprises,
some of which can be converted into fertilizer in-
stead of being taken to landfills [9].

The most common method of managing waste
from livestock farms and complexes is to use it
as organic fertilizer in agroecosystems. However,
from an environmental point of view, this meth-
od has disadvantages and leads to environmental
pollution with heavy metals, pathogens and toxic
metals [10-14].

One of the indicators of anthropogenic pres-
sure on environmental components is the amount
of production and consumption waste generated
and accumulated in a certain territory (region).
The processes of generation and accumulation of
various wastes pose a threat to the state of all envi-
ronmental components. The generation and, espe-
cially, accumulation of production and consump-
tion waste inevitably leads to soil contamination.
The problem of inefficient waste management is
typical for the regions of Ukraine [15].

Sources of heavy metals in ecosystems in-
clude volcanic emissions, weathering and leach-
ing of rocks, mining, fuel combustion, industrial
and municipal waste, air emissions and waste-
water pollution from the metallurgical, chemical
and electrical industries. All of this, as well as the
use of metal-containing pesticides and fertilizers,
and runoff from contaminated soil, leads to con-
tamination of food, feed and drinking water. It is
important to note that the accumulation of heavy
metals by ecosystem components is the result of
rapid industrial development of society, increased
chemicalization of agriculture and the use of met-
al-containing household products [15].

Once they enter ecosystems, heavy metals are
constantly moving, changing from one form to an-
other. The following systems of heavy metal trans-
location (transition) are distinguished: air to soil,
soil to water, soil to plant, soil to plant to animal,
soil to animal to plant to human, and soil to plant
to human [15].

The constant intake of heavy metals into the
soil leads to the formation of zones of increased

environmental toxicity. Within these zones, the
nature of element migration and some soil geo-
chemical parameters change. The interaction of
metals with soil is based on sorption, precipita-
tion-dissolution, complexation and salt formation
reactions. The speed and direction of the transfor-
mation processes depend on the reaction of the en-
vironment, the particle size distribution of the soil
and the humus content [15].

The existence of negative consequences of hu-
man economic activity has forced scientists to pay
considerable attention to their study, predicting
the consequences of anthropogenic impact on na-
ture and taking into account the findings in man-
agement decisions [19].

The main objective of sustainable environ-
mental management as a scientific field is to orga-
nize and control the use of natural resources and
environmental components (minerals, surface and
groundwater, seawater, ocean water, air, soil, etc.),
assess the levels of harmful impact of anthropo-
genic loads on them, and develop scientifically
based recommendations for environmental pro-
tection and restoration measures [19].

The study of possible ways of balanced use of
vermiculture biotechnology in the management
of organic substrates obtained under conditions
of anthropogenic pressure on the environment is
of priority importance. The issue of biotransfor-
mation of organic waste from livestock, crop pro-
duction, horticulture and forestry, generated un-
der conditions of intensification of anthropogenic
pressure on ecosystems, is not fully understood.
This situation calls for the development of safe
technologies and production facilities. Using the
achievements of science, technological progress
should be organized in such a way that production
waste does not pollute the environment but is re-
introduced into the production cycle as secondary
raw materials [7].

Problem statement and analysis of recent
research. Vermiculture is the cultivation of spe-
cialized worm species (biological name Eisenia
foetida) under artificial conditions on various or-
ganic substrates. Vermiculture can be thought of
as a complex biocenotic community limited to a
specific habitat within a cultural landscape. Earth-
worms are the largest representatives of inverte-
brates that make up the soil macrofauna. They
account for at least half of the total soil biomass.
Their population density reaches an average of
120 individuals/m2, and their biomass is 50 g/m2
(with a body weight of 0.5-1.5 g per worm). In fa-
vorable periods, the density of earthworms in the
soil can reach 400-600 individuals/m2. This area
of bioconversion has emerged due to the search
for alternative farming methods for agroecology
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that minimise environmental pollution by various
organic wastes and ensure the cultivation of agri-
cultural products free of harmful substances based
on the use of biohumus and provide for the ratio-
nal use of natural resources [4].

The results of the analytical search indicate
that worms can accumulate heavy metals and met-
al toxicants. Studies conducted over a period of
thirteen months have shown that populations of
L. rubellus and A. caliginosa can be indicators of
anthropogenic pressure on natural ecosystems and
can be used to monitor the relative degree of metal
pollution in different areas [23].

It has been reported that vermiculture on or-
ganic substrates (manure biomass, gardening
waste) with heavy metal content above the max-
imum permissible concentration should be grown
with the addition of 2 % lime by weight of the
substrate. First of all, prepare a substrate of the
following composition: plant residues; rotted saw-
dust; tree leaves; peat; lime (up to 2% by weight of
the substrate). The substrate should be fermented
for at least 3 months, 3—5 months in winter. The
substrate can be stored for 8—10 months at a hu-
midity of 70-80 % [4].

The readiness of the substrate for consumption
is determined by the ratio of carbon to nitrogen —
approximately 20 and pH 6—8. Raw vermicompost
is collected twice a year. It is then used as fertilizer
or recycled. If shredded branches are recycled, the
complete extraction of vermicompost can be car-
ried out in 1.5 years [4].

A group of researchers [17] studied the envi-
ronmental efficiency of biotransformation of fall-
en leaves in urbanized settlements using the ver-
miculture method. For the cultivation of Eisenia
foetida, a basic substrate (group BS I) was used,
made from compost of fallen leaves from trees of
different ecological zones: conditionally ecolog-
ically clean zone of the Bryukhovychi forestry,
conditionally polluted zone within the maximum
permissible concentration (MPC) — fallen leaves
from trees of Stryi Park in Lviv (group BS II).
Lviv (group BS II); conditionally contaminated
area of the motorway with exceeded MPC — fall-
en leaves from the trees of K. Levytskoho Street,
Lviv (group BS III). When forming the vermicom-
post, the area, weight of the substrate and the num-
ber of worms were taken into account. Substrate
composition: 20 % livestock manure and 80 %
compost of fallen leaves. The effect of heavy met-
als that may be contained in leaves contaminated
with car exhaust on metabolic processes in Eisenia
foetida was determined. According to the results
of the study, it is proposed to activate bioconver-
sion by introducing a mineral feed additive — fine
zeolite flour in the amount of 6 % of the total mass
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of the culture medium by uniform mixing with the
substrate.

In experimental studies [18], it was found that
the addition of saponite to the nutrient medium
for the red California worm hybrid in the amount
of 2,4, 6,8, 10 and 12 % of its weight increas-
es the content of Ferric, Magnesium and Zinc in
the worm biomass by 2.4-75.7, 0.7-38.1 and 1.5—
23.6 %, respectively. An increase in the concen-
tration of Copper in vermiculture was observed in
all experimental groups, except VI, and amounted
to 2.9-34.3 %. In addition, in the experimental
groups, the presence of saponite in the substrate
causes a decrease in the body of oligochaetes of
such toxicants as Cadmium and Plumbum — by
1.02-59.5 and 4.5-60.0 %, respectively.

It has been proven that the inclusion of sa-
ponite in the worms' nutrient medium at a concen-
tration of 4 % by weight of the substrate provides
an increase in biomass and the number of oligo-
chaetes — by 7.9 and 8.3 % (p<0.05), respectively,
and increases the activity of asparagine amino-
transferase in the body of oligochaetes — by 11.8—
36.9 % (p<0.05) [18].

The introduction of 4 % saponite to the sub-
strate increases the content of Fe, Mg and Mn in
vermicompost obtained from the II experimental
group-bed by 52.1-78.1, 23.5-18.3 and 98.8-99.6
%, respectively (p<0.05). In addition, a decrease
in the content of Cadmium and Plumbum was ob-
served — by 7.09-9.07 and 8.2-19.2 % [18].

However, a number of issues remain unre-
solved today regarding the study of ways to use
vermiculture biotechnology in a balanced manner
under conditions of anthropogenic pressure on the
environment [19]. The study of possible ways to
protect nature, as a set of measures aimed at elimi-
nating or mitigating the harmful effects of organic
waste from livestock, crop production, gardening
and forestry on the natural environment using ver-
miculture biotechnology, is a priority task [20-22].

Material and methods of research. The ex-
periments were conducted in the vivarium of the
Research Institute of Ecology and Biotechnology
of Bila Tserkva National Agrarian University. To
achieve this goal, a control group and four exper-
imental groups were formed in the form of a mi-
croecosystem in glass containers. They are conve-
nient because they allow observing the behaviour
of a population or its individual individuals with-
out destroying the microcosm [22].

The material for the study was the red Califor-
nia worm, which was used to populate microeco-
systems in the amount of 50 individuals [27]. The
substrate for its cultivation was fermented cattle
manure biomass (80 %) and 20 % fermented or-
ganic mixture of fallen leaves, dry grass and saw-
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dust. The ratio of the fermented organic mixture
was as follows: 10 % dry grass, 5 % fallen leaves
and 5% sawdust. The experimental period was
preceded by a preparatory period, during which
the conditions in the microecosystems were lev-
elled (in the control and experimental ones). Envi-
ronmental conditions in all microecosystems were
similar except for the factor under study.

According to the experimental design, zeolite
from the Sokyrnytsia deposit of the Transcarpath-
ian region was added to the vermiculture medium
in the experimental microecosystems at doses of
1.5, 3.0, 4.5 and 6.0 % by weight of the substrate
(Table 1).

Table 1 — Scheme of the experiment

Groups of mi- | Share of the studied factor in the
croecosystems nutrient medium medium
Control OS (main substrate)

Experimental:
I OS + 1.5 % zeolite
of Sokyrnytsia deposit
I OS + 3.0 % zeolite
of Sokyrnytsia deposit
I OS + 4.5 % zeolite
of Sokyrnytsia deposit
v OS + 6.0 % zeolite
of Sokyrnytsia deposit

Vermiculture was carried out at a temperature
of +20-25 °C and a substrate moisture content of
65-75 %. The experiment lasted 90 days.

The experiment lasted 90 days. At the end of
the experiment, average samples of vermicompost
were taken from each microecosystem. The sam-
ples were pre-dried and then insulated, gradual-
ly bringing the temperature to 450 °C. The metal
content in the vermicompost was determined us-
ing atomic absorption spectrophotometry on an
AAS-30 instrument.

The main research indicators were processed
biometrically. The value of the Student's proba-
bility criterion at three thresholds p<0.05; p<0.01;
p<0.001 was considered significant.

Results and discussion. The results of our re-
search indicate that during the experiment, which
lasted 90 days, the weight of vermiculture individ-
uals changed in all microecosystems.

An indicator of vermiculture growth and de-
velopment is an increase in their biomass and is
considered an informative indicator of the efficien-
cy of substrate biotransformation. The effective-
ness of reproductive capacity can be assessed by

the number of cocoons laid by the worm and the
increase in the population, which is the mechanism
that ensures the production of vermiculture bio-
mass and determines the efficiency of bioconver-
sion of organic substrate into vermicompost [27].

The analysis of the biomass growth dynamics
showed that the largest increases were observed
in the micro-ecosystem in which 3.0 % of zeolite
from the Sokyrnytsia deposit in the Zakarpattia
region was added to the organic substrate. The
difference in the weight of worms in the second
experimental group of the microecosystem com-
pared to the control group was 2.8 %. There was
also a positive trend in the number of cocoons
laid. The number of cocoons in the second experi-
mental group was 3.1 % higher than in the control
group.

Cadmium and Plumbum are toxic metals. Ac-
cording to the hygienic regulations for the permis-
sible content of chemicals in soil, approved by Or-
der of the Ministry of Health of Ukraine No. 1595
dated 14.07.2020, Plumbum (Pb), Benz(a)pyrene,
Arsenic (As), Mercury (Hg), Zinc (Zn), Molyb-
denum (Mo) and Nickel (Ni) are classified as
carcinogenic (blastomogenic) compounds by the
nature of their effects on the body. Plumbum (Pb)
and Manganese (Mn) are mutagenic substances by
the nature of their effects on the body. Mercury
(Hg), Plumbum (Pb) and Manganese (Mn) show
reproductive toxicity [26].

The results of our experimental studies (Table
2 and Table 4) show that an increase in the content
of zeolites in the substrate leads to a decrease in
the concentration of Plumbum and Cadmium in
vermicompost.

Table 2 — Plumbum content in vermicompost,
mg/kg, M+m, n=5

Groups Plumbum content,
of microecosystems mg/kg
Control 12,5+0,78
Experimental:
I 11,14+0,49
I 10,8+0,53
11 10,6+0,61
v 9,8+0,72*

Note: the difference is significant * — p<0.05; ** —
p<0.01; *** — p<0.001.

In the selected samples of vermicompost of
the control group, the content of Plumbum was
12.5+0.78 mg/kg. At the optimal concentration of
zeolite from the Sokyrnytsia deposit of 3.0% in
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the nutrient medium, which provided the highest
growth and development of worms, the content
of Plumbum in the vermicompost was recorded
at 10.8+0.53 mg/kg, which indicates a decrease
by 13.6 % compared to the control group, where
vermiculture was grown without the presence of
zeolite. We also proved that the introduction of
zeolite into the vermiculture substrate in the pro-
portion of 6.0 % allows to reduce the content of
the metal toxicant Plumbum in vermicompost by
21.6 % to 9.8+0.72 mg/kg at the level of proba-
bility (p<0.05). This trend is explained by the fact
that the zeolite of the Sokyrnytsia deposit, due to
its selective ability to bind heavy metals, adsorbs
them on its surface.

The data on the background content of heavy
metals in the soil of household plots are analysed
and systematised in Table 3. Experimental stud-
ies [24] found that in the 0—10 cm soil layer, the
content of plumbum varied from 5.4 to 6.31 mg/
kg (Table 3). The average content of the pollutant
was 5.66 mg/kg. When analyzing the content of
Plumbum in the 11-20 cm soil layer, it should be
noted that its content increased by an average of
0.15 mg/kg compared to the 0—10 cm layer.

Table 3 — The content of heavy metals in soils of
household plots in 2009-2011, M+m, n=5 [24]

Heavy metal content, mg/kg

Soil layer
Pb Cd

0-10 cm 5,66+0,52* 0,39+0,03

5,04-6,31 0,37-0,43

5,80+0,82 0,44+0,05
11-20 cm 4.65-6.51 038-0,5

6,55+0,42 0,49+0,02
21-30 cm 6.15-7.13 0.47-0.52

Note: * in the numerator is the average content,
and in the denominator - the limits of variation of min
and max values of heavy metals.

Comparing the results of our experimental
studies with the results of monitoring studies by
Stezhko O. [24], it should be noted that the use
of vermicompost obtained from raw waste from
livestock, crop production, horticulture and for-
estry as a fertilizer will not lead to a violation of
the hygienic regulations for the permissible con-
tent of chemicals in soil, approved by Order of
the Ministry of Health of Ukraine No. 1595 of
14.07.2020 [26]. The maximum permissible con-
centration (MPC), mg/kg, taking into account the
background (Clark), for plumbum is 32 mg/kg.
The content of Plumbum in vermicompost in the
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second experimental group at 10.8+0.53 mg/kg is
66.2 % of the MPC of this toxic metal in soil, and
creates prerequisites for obtaining environmental-
ly friendly products.

According to [25], with an increase in humus
content to 2 %, mobile forms of Cu decreased by
45%, Pb — by 19 %, Co — by 40 %, Zn — by 45 %,
Ni — by 38 %. The relationship between the con-
tent of mobile forms of the studied metals and the
humus content in sod-podzolic soils was of medi-
um closeness and the correlation coefficient was:
for Pb — 0.68, Zn — 0.58, Cu — 0.58, Co — 0.67,
and for nickel the relationship was close (r=0.74)
[25]. The use of biohumus in the agroecosystem,
obtained on the basis of balanced nature manage-
ment using vermiculture biotechnology, is predict-
ed to reduce the content of mobile forms of heavy
metals in the soil — Cu, Pb, Zn, and Nickel.

The results of our research and the dynamics
of Cadmium content in the control and experimen-
tal groups are shown in Table 4. Our studies have
established a clear trend towards a decrease in the
content of Cadmium in vermicompost, depending
on the increase in the content of zeolite from the
Sokyrnytsia deposit in the substrate.

Table 4 — Cadmium content in vermicompost,
mg/kg, M+m, n=5

Groups of Cadmium content, mg/kg
microecosystems
Control
Experimental: 0,97+0,079
Groups of
microecosystems
I 0,81+0,043
I 0,75+0,069
111 0,64+0,054*
v 0,60+0,038%*

Note: the difference is significant * — p<0.05; ** —
p<0.01; *** — p<0.001.

The content of Cadmium in vermicompost on
the 90th day of vermiculture in the control group
was 0.97+£0.079 mg/kg. In the experimental group,
where the highest productivity indicators were de-
termined with a zeolite content of 3.0 % in the sub-
strate, the presence of Cadmium was 0.75%0.069
mg/kg, which is 22.6 % lower than in the control
group.

The dynamics of Cadmium content shown in
Table 4 indicates that the best adsorption proper-
ties of the Sokyrnytsia deposit celite were shown
at its content in the vermiculture substrate of
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6.0 %. We found a 38.1 % decrease in the Cad-
mium content in the IV experimental group com-
pared to the experimental samples.

Comparing the value of the Cadmium content
in the vermicompost of the II experimental group
with the hygienic regulations for the permissible
content of chemicals in soil, approved by the order
of the Ministry of Health of Ukraine No. 1595 of
14.07.2020, it should be noted that it is 2 times
lower than the established standards. The results
of the studies presented in Tables 2 and 4 suggest
that our approach is of practical importance, as it
can solve the problems of balanced environmental
management and the problems associated with the
regulation of anthropogenic pressure on the envi-
ronment.

When determining the correlations, it was
found that the correlation between the mass frac-
tion of zeolite from the Sokyrnytsia deposit in the
Transcarpathian region in the vermiculture medi-
um and the content of Plumbum and Cadmium in
vermicompost is inversely strong (r> -0.75).

Conclusions. Increasing the level of use of
secondary resources while saving primary raw
materials plays a significant role in balanced na-
ture management.

Modern production and economic activity is
associated with the use of minerals, energy re-
sources and substances of various origins. This
causes a significant burden on the environment,
reduces the living space for wildlife and facilitates
the penetration of substances into the biosphere
that are not typical for its natural cycle, and can
cause serious environmental crises and disasters.

The intensification of anthropogenic activi-
ties leads to the generation of organic waste from
livestock, crop production, gardening and forest-
ry. Traditional methods of managing such waste
do not allow for the full potential of organic raw
materials.

The vermiculture technology is based on the
biological characteristics of red California worms
to biotransform organic waste into vermicompost
and enrich it with its own microflora, enzymes,
biologically active substances and prevent the de-
velopment of pathogenic microflora in vermicom-
post.

To improve the environmental friendliness of
the process of biotransformation of organic waste
from livestock, crop production, horticulture and
forestry into vermicompost, and to minimize the
intake of Plumbum and Cadmium into agroeco-
systems, it is advisable to add 3.0 % zeolite from
the Sokyrnytsia deposit in the Zakarpattia region
to the vermiculture substrate.

The addition of 3.0 % zeolite to the vermicul-
ture substrate leads to a decrease in the content

of Plumbum in the vermicompost by 13.6 % and
Cadmium by 22.6 %, respectively, which im-
proves the quality of this organic fertilizer and
creates prerequisites for obtaining environmental-
ly friendly products.

Prospects for further research include the de-
velopment of a scheme of integrated vermiculture
and a technological scheme of mechanized tech-
nology for the production of vermicompost from
organic waste from livestock, crop production,
gardening and forestry.
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Mlnaxu 30271aHCOBAHOT0O BHKOPHCTAaHHA Oio-
TEeXHOJIOTii BEepMHUKYJIbTUBYBAHHS B YMOBAX aHTPO-
NMOTeHHOT0 HABAHTAKEHHS! HAa HABKOJMIIHE MPH-
poJHe cepepoBHUINE

Xapunmun B.M.,BiTronskuii B.C., MeabHn4eH-
ko O.M., Hexmicrpenko C.I., I'epacumenko B.IO.,
Onnmenko JI.C.

Bucokuit eHepreTMuHuil MOTEHIIaJ OpPraHIYHUX
BIIXOIiB JJa€ MOXKITUBICTh X BUKOPUCTaHHS y O10KOH-
BEPCHUX TEXHOJIOTISIX, IE BIIXOIH OJHOTO BUPOOHUYO-
T'O IUKIY € CHPOBUHOIO JIJIS MOJANBIIINX BUPOOHHIITB 3
OIIEpP’KaHHSM €KOJIOTITHO YHCTHX JTOOPUB, EHEPTOHOCI-
iB Ta KOPMOBHUX T00ABOK.
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VY crarTi HaBeICHO pe3yJbTaTh eKCIePUMEHTANb-
HUX JOCHI/DKEHb i3 BHBUEHHS €KOJIOTiYHOI e(eKTHB-
HOCTi BEpMUKYJIBTHBYBaHHS Ha OpPTaHIYHUX BiTXoIax
TBapUHHUIITBA, POCIMHHHUIITBA, CaJOBO-IIAPKOBOIO Ta
JIICOBOTO TOCIIOAPCTB B YMOBaX aHTPOIOTEHHOTO Ha-
BaHTaKCHHSL.

JloBeneHo, 1110 3aBASKH O10J0TIYHUM OCOOIHMBOC-
TSIM BEPMUKYJIBTYpPH CIIOXKHBATH BEIUKY KiJIbKICTh Op-
TaHIYHUX PEINTOK, 30aradyBaTH ix BIACHOIO MiKpoQJIo-
poro, eH3UMaMH, Oi0JIOTIYHO aKTUBHUMH PCYOBHHAMHU
Ta BUJUISTH Y BUDVISAII NPOAYKTIB NepepoOKH (KOIpo-
JITIB), LS TEXHOJIOTiSI IEBHOIO MipOIO BUPIIIYE MPpooIie-
MU 30aJ1aHCOBAHOTO TPUPOJOKOPUCTYBAHHSL.

Busnaueno, mo B ymoBax iHTeHCHU}iKalii BU-
POOHUYHMX TPOIECIB BTOPUHHA OpraHidHa CHPOBHHA
MICTHTh PsJ MOJIOTAHTIB — BAXKI METAJM Ta MeTa-
JIU-TOKCUKAHTH, SIKI MOXKYTh HAKOITUIYBATUCS Y KOIIPO-
nitax (biorymyci).

MO,

Copyright: Kharchyshyn V. et al. © This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any

3anpomnoHOBaHO MiAXiM, SIKUM BUPINIY€E MPOOIEeMy
Mirpariii IoJIF0TaHTIB Ta Tepeadadae BBEASHHS 10 CyO-
CTpaTy BepMHKYIBTYpH 3 % meonity COKMPHHUILIBKOTO
poznoBuiia 3akapnarcbkoi ooacTi.

ExcrniepuMeHTaNnbHO-aHATITHYHE BU3HAYCHHS CKO-
JOriYyHOT €EeKTHUBHOCTI 3alPONOHOBAHOTO IiAXOLY
MOKa3aJio, 110 MPaKkTHYHE HOTo 3aCTOCYBAaHHS y BHpi-
MIeHHI TpoOsieM 30aJaHCOBAHOTO MPHPOIOKOPHUCTY-
BaHHS JTO3BOJISIE 3MEHIIIUTH HAKOTIMUEHHS y Oiorymyci
ITmromOymy Ha 13,6 % ta Kagmiro — Ha 22,6 %, mo
MiJBHIIYE SIKICTh I[LOTO OPTraHiYHOTO JOOpPHBA 1 CTBO-
PIO€ TIEpeyMOBH JJIsi OJCPKAHHS EKOJOTTYHO YHCTOL
MPOAYKIIii.

KurouoBi cioBa: exosoris, 6ioTexHoJoris, opra-
HIYHI BiIXOmu, TiOpUA YEPBOHOTO KaTipopHIACHLKOTO
4yepB’sika, O10KOHBepCis, NPUPOAHI MiHEpaH, MiHIMi-
3ailis 3a0pyIHCHHS HABKOJIHUIITHBOTO IPUPOIHOTO Cepe-
JIOBHIIA, 30aJlaHCOBAHE MIPUPOTOKOPUCTYBAHHS.
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IToBHOIIIHHE Ta 3T0POBE XapIyBaHHS € OJHIEIO 3 HAWO1IBIN BaXKITMBUX
Ta HEOOX1AHMX YMOB IS TIIATPUMAHHS KHUTTS Ta 30POB’ s JIFoauHM. [Ipa-
BWJIBHE XapuyBaHHs 3a0e3medyye rapMOHIWHUIA PO3BUTOK AITEH, CIPUSE
mpodiIakTUIli 3aXBOPIOBAHb, MiABUIICHHIO MPAIe3aTHOCTI, TIOMOBXKEH-
HIO JKUTTS JIFOJCH Ta CTBOPIOE YMOBH JUIS afanTallii 10 HaBKOJIHMIITHHOTO
CepelloBHINa TOIIO. AJie OCTAaHHIM 4acoM CTaH 3JI0POB’SI HACEJICHHS Xa-
PaKTepU3yEThCA HETATUBHIMH TECHACHIIIMH. TOMY CTBOpEHHS SIKiCHHX
(hepMEHTOBAaHMX MOJIOKOBMICHUX MPOIYKTIB 3 KOMOIHOBAaHUM >KHUPOBUM
CKJIaJIOM € HEOOXiJJTHUM 1 aKTyaJbHUM.

MeTtoro po6oTHr OyII0 TOCIIIKSHHS SKOCTI MOJIOKOBMiCHOTO (hepMeH-
TOBAHOTO MPOAYKTY 3 KOMOiHOBaHMM CKJIa[I0OM CHPOBHHH Ta BCTAHOBJICH-
Hsl TapaHTOBAHOTO TEPMiHy 30epiraHHs Ha IiJCTaBi OLIIHKM HOTO SIKICHUX
MTOKa3HHKIB.

VY crarTi mpeAcTaBieHO BHBYEHHS KBAJTIMETPHYHOI OIIHKH SKOCTI
MOJIOKOBMICHHUX (PEpPMEHTOBaHMX MPOIYKTIB 3 KOMOIHOBaHMM >KHPOBHM
CKJIQZIOM Ta JIOCITIDKEHHS 1X OpraHONEeNTHYHUX, (i3HUKO-XIMIYHUX, Mi-
KpoOioJIOTIYHUX TMOKAa3HUKIB IiJ] yac 30epiranHs. Hamano iepapxiduny
CTPYKTYPY KOMILIEKCHOTO OKAa3HUKA SIKOCTI IPOJYKTY, B SIKili BA3HAYCHO
3HAYUMI TTapaMeTpH — IIe MiKpOOiOJIOTiYHI MOKAa3HUKH (KITBKICTh MOJIOU-
HOKHUCIHX OakTepid, APIXKi, TUTICHIBA); OPTaHOJENTHYHI ITOKA3HUKH
(cMak, apomart, KOHCUCTEHLIs); (i3UKO-XIMI4HI MOKa3HUKH (B’SI3KICTb,
TUTPOBaHAa KUCJIOTHICTb, IIEPEKUCHE YUCIIO). 3a CKIIAJICHUMH PIBHAHHIMUI
OyJ10 po3paxoBaHO KOMITIEKCHHUH TTOKa3HHUK SKOCTI MPOMYKTIB 1 BCTAHOB-
JICHO, IO AOCIIIHI 3pa3Ku MaJId HAWBHII TOKA3HUKH.

JlocTiKeHHS OpTaHOJIENTHYHUX IOKa3HUKIB 3pa3KiB  (epMEeHTO-
BaHOTO TPOAYKTY IiJ 4ac 30epiraHHs MoKa3alu, Mo yHnpoJaoBx 21 mobu
3HAYHHX 3MiH 32 KOHTPOJFOBAHUMU MOKA3HUKAMHU HE BCTaHOBJIEHO. Crio-
cTepiranocs yUiiIbHEHHs CTPYKTypH MPOAYKTIB O3 BiAMiIeHHS CHpOBaT-
KU, iX BUIVISL 3QJIHITHBCS IPUHHATHIM, a CMaK — YACTHM KHCIOMOJIIOYHUM
0e3 CTOPOHHBOTO MPHCMaKYy 1 3amaxy. BmicT po3unHHOTO OiNKa YIpomoBx
14 116 y mocimiqHIX MOBITEHO 3pOCTAB i CTAHOBUB y Mexax 75—82 MKT. 3Ha-
YeHHS TIEPOKCUIHOTO YncIia micist 14 1o0u B JOCTiAHUX 3pa3Kax MPOAyKTY
MiBUIYBATHCS TPAKTHIHO Y 2 pa3H, HOPIBHIHO 3i CBIXKOBUTOTOBICHIMHU
3paskaMu OpoxyKTy. BigzHageHno 3poctanHs B’s3KoCTi B Mexax 7—10 % y
JOCITiTHAX 3pa3kax (GepMEHTOBAHOTO MPOAYKTY i3 3aKBaIlyBaILHUM Ipe-
maparoM Juis Horypty, Buiue 10 % — y nocnigHux 3pa3kax (pepMeHTOBaHO-
TO TMPOAYKTY i3 3aKBalIyBaJBHHM IperapaToM i cMeTand. Kpim Toro,
3aikcoBaHO 3pOCTaHHS MOKA3HWKIB THTPOBAHOI KHCIOTHOCTI B MeXax
72-90 °T Ta KimbkocTi MomoYHOKHCIHX Gakrepiit Bix 1,4-103KYO/c™® 1o
2,3-108 KYO/cMm?, 3a51eHO BiJ| 3aKBAaNIYBaJIbHOTO IIPEHapary.

Ha migcraBi kBasmiMeTpUIHOT OI[IHKY BU3HAYEHO SKiCTh (PepMEHTOBA-
HOTO MOJIOKOBMICHOTO IIPOAYKTY 3 KOMOIHOBaHMM CKJIaJIOM CUPOBUHHU. Y
PE3yABTATI TOCHTIKEHD AKICHUX TIOKa3HUKIB BCTAHOBJICHO TapaHTOBaHUH
TepMiH 30epiraHds GepMEHTOBAHOTO MOJIOKOBMiCHOTO ITPOMYKTY 3 KOMOi-
HOBaHUM CKJIaJIOM CUPOBHHU IpOTAroM 14 mib.

KuouoBi cjioBa: (hepMEHTOBAaHMA MOJIOKOBMICHHHA TMPOIYKT, KOM-
OiHOBaHMH CKIJIAJ, SKICTh, OPTAHOJCNITUYIHI MOKA3HUKH, (i3UKO-XiMidHI
MMOKa3HUKH, MiKpOOi0JIOT19HI TOKa3HUKHU, TEPMiH 30epiraHHs.
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ITocTaHoBKa MPoGJIeMHU Ta aHAJI3 OCTaHHIX
aocaigxenb. [Ipo6ieMa MOBHOIIIHHOTO Ta 310pPO-
BOTO XapuyBaHHS 3aBX1IH Oyia OflHI€r0 13 HaltBaX-
JIUBIIINX, SIKI CTOSITH TIepe JIFoACTBOM. OCTaHHIM
9acoM y 3B’SI3KYy 3 TOTIPIICHHSM EKOJIOTIYHOTO
CTaHy, He30aJaHCOBaHUM Xap4yBaHHIM, Iedilu-
TOM O1JIKiB, BITaMiHiB, MaKpo- Ta MiKpOEIIEMEHTIB
Ta IHIINX KUTTEBO BKIMBHUX XapYOBUX PEUOBHH,
mociaabaeHHsIM IMyHHOTO 3aXHUCTy OpraHi3My
CTPYKTypa XapuyBaHHS Ma€ CYTTEBI BIIXHIICHHS
Bix Gopmynm 30arancoBaHoTO XapuyBaHHA. Tpa-
TUTTIHHI TTPOAYKTH XapayBaHHS, HaBITh 32 YMOBH
BIIMTOBITHOCTI iX HOpMaM CIIO’KWBaHHS, HE 3a0¢3-
MIEYYIOTh JIIOMUHY yciMa HEOOXiTHUMH MiKpOHY-
TPIEHTAMH IS TIOBHOIIIHHOT JKUTTEXISUTBHOCTI.

3a ocTaHHI POKH MEPCHEKTUBHUM HAMPSIMOM
PO3BUTKY Xap4YOBUX TEXHOJOTIH CTajio po3po-
OneHHsT KOMOIHOBAaHWX TIPOAYKTIB 3 BHKOPHC-
TaHHSAM CHUPOBUHH MOJIOYHOTO 1 POCIHHHOTO TO-
XODKeHHs. Takuil MiIxXig Jae 3MOTry TO€THATH
KOPHCHI BJIACTHBOCTI OKPEMUX KOMITOHEHTIB Y Ol
HOMY TIPOIYKTi. 30KpeMa, JOIIJIFHUM € BHUKOPH-
CTaHHS MOJIOYHOI CHPOBHHU Ta POCIHMHHUX KUPIB
y ckiani GepMEHTOBaHHX MOJIOYHHMX IMPOAYKTIB,
10 Ja€ 3MOTY HE TUIBKH 3a0I1a/HPKyBaTH MOJIOYHY
CHUPOBWHY, a 1 OTpUMYBaTH IPOAYKTH I ABUIIICHOT
OioyorigyHOi IIHHOCTI, 30aJaHCOBaHi 3a >KHPHO-
KHUCJIOTHUM cKiaaom [1, 2, 3].

Ilix wac BHUOOpY KXKUPOBOI CHPOBWUHH ISl BH-
TOTOBJICHHS (DEPMEHTOBAHHUX IPOAYKTIB IIEpeBary
CJiT HaJaBaTH >KHPOBUM CHCTEMaM 31 30ajaHco-
BaHHUM XUPHOKUCIIOTHUM 1 TPUTTILIEPUIHAM CKIIa-
JIOM, 33 CBOIMH BIACTUBOCTSIMH MaKCHMAaJIbHO Ha-
OIKEHUMH JI0 BIACTHBOCTEH MOJIOYHOTO XKHPY.

XapuoBUW KUP IS 30POBOTO XapyyBaHHSA
rmoBuHeH Mictutu 20-30 % ninoneroi, 40—60 %
oneiHoBoi 1 He OiunbIne 30 % HacHYeHHX KUPHUX
KkuCIOT. KpiM TOTO, 37aTHICTE XHpY 3abe3medy-
BaTH JKUTTEBO BAXKIIMBI JUIS OpraHi3aMy Merado-
JIYHI TPOILIECH BU3HAYAETHCS MIKMOJICKYISIPHAM
PO3IOIITIOM JKHPHUX KHCJIOT y TPHUITIIEPHUIAX.
He MeHnmie omHiel TpeTHWHHM JIIHOJIICBOI KHCIIOTH
MMOBHHHO 3HAXOAWUTUCH y APYTOMY TOJOKEHHI
TpurIinepuaiB. TUTbKH B IIbOMY BHIAQAKY JIiHO-
JieBa KHUCIIOTa MEHIIE MiIIa€ThCsl OKHCHEHHIO 1 €
OUIBII TOCTYIHOK U CHHTE3y OIOJOrIYHO aK-
THBHHUX PEUOBHUH [4].

ITomiHeHaCHYCHI KHUPHI KUCIOTH — JIIHOJIEBA
Ta JIIHOJICHOBA — HE CHHTE3YIOThCS B OpTraHi3Mi
JIIOAVHM, a TTOCTYIIAl0Th TUTHKHU 3 1KEI0 (B OCHOB-
HOMY, 3 POCIMHHHMH >KHpamH). ApaxilToHOBa
KHCJIOTa CHHTE3YETLCS B OPraHi3Mi 3 JIHOJIEBOI.
i KucIoTH OTpUMaIN Ha3By HE3aMiHHHX a0o ec-
CEHITIAJTbHUX KUCJIOT. Y BUIAAKY BiZICYTHOCTI €c-
CEHITIAJIbHUX KHCJIOT 3YIUHSAETHCS PICT OpraHi3-
My, BUHUKAIOTh TSDKKI 3aXBOproBaHHs. PocnmHHa
OJIisSI ¥ CBOEMY CKJIaJli MiCTHTh BEJIUKY KUIBKICTh

MOJTIHEHACHYCHUX JKUPHHUX KUCIOT, a TaKoxX doc-
domimiiB, HEOOXIMHUX IS BIJHOBJICHHS KIIITHH
Ta BHYTPIITHbOKITITKOBUHHUX CTPYKTYP [5].

Y MOJOYHOMY JKHpPI €CCEHITIaIbHUX KHC-
JIOT MICTUTBCS Iy’Ke Majo: JIIHOJeBa KHCIIOTa —
B KuIbkocTi Bix 1,5 mo 4,4 %, mHOJIEHOBA — BIf
0,26 mo 2,26 %, THMYAacOM y POCIMHHUX XUpPax
yMmicT JiHoneBoi kucnotu csrae 60 %. Kpim toro,
POCIIMHHI KHUPH Ta OJIii — HAWBaXKIIMBIIII IHKeperna
JKHPOPO3YMHHMX BiTaMiHIB [6].

3amigHUKH MoytogHOTO XHpy (3MIXK), mo Bu-
KOPUCTOBYIOTH IIiJ] 4aC BUPOOHHIITBA MOJIOKOBMIC-
HUX KOMOIHOBaHUX TPOIYKTiB, TOBMHHI MaTH TICB-
HU HaOip MOKa3HUKIB SKOCTI, 3rimHO 3 Hakazom
MO3 Vxkpainu [7]. Lle € ocHOBOIO Tig 9ac BHOOPY
13 TIIMPOKOTO ACOPTUMEHTY 3aMIHHUKIB TiIBKH THX,
110 3a0e3meyarb BUMTYCK SKICHOT TPOMYKITii.

SIKicTh XapyoBOTO MPOAYKTY — 1€ CYKYITHICTh
XapaKTepPHUCTHK, IO BHU3HAYAIOTh CTYMiHb HOTO
3MaTHOCTI 3abe3redyBaTH CTAaOLIBHICTE CKIIAIy
Ta KOPHCHHUX BIIACTHBOCTEH IPOTATOM TEPMIiHY
MPHUIATHOCTI. BaXIMBOIO CKIAJ0BOIO SIKOCTI €
0C3MEeYHICTh XapuoBOTO MPOAYKTY UISI 3AOPOB'S
monuan. Ilin gac TpuBayoro 30epiraHHs SKIiCTH
MIEPEeBaXKHOI KUTHKOCTI XapUIOBUX MTPOAYKTIB MOTIp-
IIYETHCSI: 3MIHIOIOTHCS OPTaHOJICTITHYHI BIaCTHBO-
CTi; 3HIKYEThCS OIONOTiIYHA IIHHICTh; HAKOIIHYY-
FOTHCS IIKIIJIABI TSI 3IOPOB'S. POAYKTH PO3TIATY
OUIKIB, BYIJICBOIIB, OKHUCHEHHS XHPIB, MOXYTb
YTBOPIOBATHCS OTPYWHI PEUOBHHU; ITiIBUIIYETHCS
BMICT canpogiTHOI MIKpOGUIOpH W PO3MHOXKYETh-
¢s1 XBOpoOoTBOpHA. Ha mpoTuBary — SKicTh JesIKuX
XapUYoOBUX TPOMYKTIB TMOKPAIIyEThCS Mia dac 30e-
piraHHs (CBiXIi TUTONW U OBOYI AO3piBaIOTh, ¥ dep-
MEHTOBAaHUX MPOAYKTaX (POPMYIOTECS CICIU(iTHi
CMaKOBi BJIACTHBOCTI), OJHAK IICIISA MEBHOTO TEp-
MiHy BOHAa IMOYHMHAE ToOTipmryBarucs. IIpiopurert-
HUM 3aBJaHHSM TIiJ 9ac BHPOOHHUIITBA XapUOBUX
MIPOXYKTIB 1 TMPOTHO3YBAaHHSA TEPMIiHY 30epiTaHHs
€ BIAMOBITHICTD OPTAaHONCNTHYHNX, Ol0XIMIYHHUX,
MIKpOOIOJIOTIYHNAX, CTPYKTYpHO-MEXaHIYHUX Ta
IHIIMX TTOKa3HUKIB SIKOCTI BUMOT CTaHIAAPTIB 1 (i3i-
oJoriyHuX 1motped aronuan. CaMe ToMy He0OXiTHO
PO3pOOHUTH MOAETh TPOAYKTY, BPAXOBYIOUH HOTO
XIMIYHHN CKJIaJl, OPTaHOJENTHYHY OIiHKY, CTPYK-
TypHO-MEXaHI9HI BIIACTUBOCTI Ta BU3HAYUTH KiHe-
TUKY TXHIX 3MiH [8, 9].

Ille B 70-x pokax B psmi kpain (CIIIA, Anr-
nii, @panmii, Himeauwnni, ABctpadii) Oyiau Bimomi
perenTypu M’SKUX Macel i3 3aMiHOI0 YaCTHHH
MOJIOUHOTO kupy pocauaauM [10]. Bymo pospo-
0JICHO TEXHOJIOI'1l OTPUMAaHHs MacJjia 3 KoMOiHOBa-
HUM ckianoMm cupoBuHH «HoBey», cmetanu «/le-
JKaTecHa» 3 MacoBOIO YacTKoIo xupy 151 20 %,
30uTOor0 HamiBpabpuUKkaTy Ha MOJIOYHO-POCITHH-
HI OCHOBI, aHAJIOTY 30WTHX BEPIIKIB, CyMIIIi
pigkoi Ha MOJIOYHO-CO€BIH OCHOBI UISI M’ SIKOTO
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MoposuBa [11, 12]. Haykosrmsamu HamionamsHo-
TO YHIBEPCHUTETY XapuyOBUX TEXHOJOTIH, CTBOpE-
HO HHM3KY IPOIYKTiB 3 KOMOIHOBaHUM >KHUPOBHUM
ckmagoM: «Ilacra OimkoBo-kupoBay, «lIpomykT
CMeTaHHUI», «MOpO3UBO 3 KOMOIHOBAaHMM CKJIa-
JIOM CHPOBUHMY, «MOJIOUHO-OLTKOBHH 3 PHUCTHIA
poayKT», «llacTa MOIOKOBMICHA CHPKOBa 3 00-
Tnuxoo», «Coyc MOJIOKOBMICHHM CMETaHHHHA 3
YaCHHMKOM Ta 1uoyneto» [13,14].

[ligBHIIeHHIO AKOCTI Ta 3a0INAKEHHIO MO-
JIOYHOI CHPOBHUHU y TEXHOJIOTISIX MOJIOKOBMICHHUX
MIPOMYKTIB TPHUCBSIYCHO HAYKOBiI TIpalli OaraThox
sueHux: T. Il. ApcenneBoi, B. B. Baiitkyca, JI. B.
Tony6eBoi, C. C. I'ynsaeBa-3aiinesa, A. A. TBopo-
roeoi, G. D. Goff, H. Hidaka, H. Ichiyama Ta iH.
30kpemMa, HUMHU PO3pOOJICHO PEKOMEHMAII] MI0I0
TEXHOJIOTIYHUX PEKUMIB €MYIIbIYBaHHS KHPIiB He-
MOJIOYHOTO TIOXO/KEHHS Y MOJIOKOBMICHUX CHUCTE-
Max. BogHodac HeOCTaTHRO OOTPYHTOBAHO BHOIp
OJIit 1 MPOIYKTIB iX TEpEpOOKH 3a KUPHOKUCIIOT-
HUM CKJIQZIOM Ta (Pi3UKO-XIMIYHIUMH TTOKa3HHKAMH
y pasi MoBHOi a00 YaCTKOBOI 3aMiHHW MOJIOYHOTO
KHPY, @ TAKOXK CIOCOOHM BHECEHHS KUPOBUX KOM-
MIOHEHTIB JI0 CKJIaTy MOJIOKOBMICHHX CYMIIIICH.

MeTo10 po60oTH OyJ10 TOCIiPKEHHS SIKOCTI MO-
JIOKOBMICHOTO (DEPMEHTOBAHOTO MPOAYKTY 3 KOM-
OIHOBaHUM CKJIAZIOM CHPOBHMHHU Ta BCTAHOBIICHHS
TapaHTOBAaHOTO TEPMiHy 30epiraHHS Ha ITi/ICTaBi
OILIIHKH MOT0 AKICHHUX OKAa3HUKIB.

Marepiaau i meronu aociaimkennsi. Ilpen-
METOM JOCIIHKCHb OyJIM CyMII 3 KOMOIHOBaHUM
CKJIaJIOM CHPOBHHU Ha OCHOBI BEPIIIKIB i POCITHH-
HOTO YKHPY 3 MaCOBOIO YaCTKOIO 3aTrajIbHOTO JKUPY
10 ta 15 %, ¢pepMeHTOBaHA CYMIIII TTICIISl CKBAIITY-
BaHHS Ta TOTOBUH MPOIYKT 3 KOMOIHOBAaHUM CKJTa-
JIOM CHPOBHHH 3 MAacOBOIO YaCTKOIO 3arallbHOTO
xupy 10 % ta 15 %. CriBBiAHOIIEHHS 3aMiHU
MOJIOYHOTO JKHPY POCIMHHUM cTaHoBHi0 50:50.

Bepmrku oTpuMyBanu i3 He30MpaHOTO MOJIOKA
B YMOBAaX €KCIEPUMEHTAIBLHOTO XY JIabopaTopii
TEXHOJIOT1i MOJIOUHUX pomyKTiB ITTP.

B sKOCTI pOCIMHHOTO XKHPY BHKOPHUCTOBYBA-
JIM 3aMiHHHK MOJIOYHOTO JKHPY 3 MacOBOKO 4acT-
KO10 XHpy 99,7 %, Temneparypa minasieHHs 33 °C
(BAT «KwuiBchknii MaprapuHOBHI 3aBOMIY ).

JKupoBi KOMITOHEHTH TiAIaBaid eMYJIbTI'yBaH-
HIO B POTOPHO-BUXpEBOMY emynbraropi S15-OEB.
EdexTuBHICTh eMYJIbIYBaHHS CYMIIII TIEPEBIPSUIH
METOJIOM BijicToroBaHHs [15].

JocmimHi 3pa3ku cymimer 3 KOMOIHOBaHUM
CKJIaJIOM CHPOBHHU Ha OCHOBI BEPIIIKIB i POCITHH-
HOTO YKHPY 3 MaCOBOIO YaCTKOIO 3aTrajIbHOTO JKUPY
10 % Ta 15 % macTepusyBaiu 3a TeMmIieparypu
95 °C Ta 3akBanryBajgud KOMEPIIHHUMH TIperapa-
TaM{ TPSMOTO0 BHECEHHS Ha OCHOBI Me30(isb-
HUX Ta TepMOPiTbHUX KyIbTyp («ImpoBith® ITTP
HAAH). Jlns mocmimkeHs OyJo 3acTOCOBAHO
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TaKki 3akBanryBaibHI penapati: «ImpoBiT-CCKy,
o cKIamaeToes 3 Lactococcus lactis ssp. lactis;
Lactococcus lactis ssp. cremoris; Lactococcus
lactis ssp. diacetilactis; Streptococcus salivarius
ssp. thermophilus (st BUpOOHHUIITBA CMETAHH
Ta IHIIMX KUCIOMOJIOYHUX TIPOAYKTIB) Ta «lmpo-
BiT HMorypt», mo ckiamaerscs 3 Streptococcus
salivarius subsp. thermophilus, Lactobacillus
delbrueckii subsp. bulgaricus (111 BUpOOHHIITBA
HOTYpPTy Ta IHIIUX KACJIOMOJIOYHUX TIPOMYKTIB).

VY 3pa3kax TpOMyKTy KOHTPOIIOBAIN aKTHUB-
HY 1 TUTPOBaHY KHCIOTHICTh, PO3YMHHUI O1JIOK,
TIEPOKCHUIHE YHCIIO, MIKPOOIOJIOTIUHI TTOKA3HUKH
CBDKOBUTOTOBJICHHUX 3paskiB Ha 7, 14 ta 21 go0Oy
30epiraHHsl.

ITix yac Bu3HauYeHHS KOCQIIIEHTIB BaroMmo-
CTi KOPUCTYBAJIUCS METOIAOM €KCITIEPTHOI OITIHKH
[16, 17].

MikpoGiojioriuai i (Gi3UKO-XIMIYHI MOKA3HHU-
KM BH3HAYaJIA, 3TITHO 13 3arajbHONPUHHSTHMHU
CTaHIApPTU30BAaHIUMH METOAaMH; B’SI3KICTh — Ha
porariitHoMy BickozumeTpi ATAGO-895 VISCO,
3TiTHO 3 THCTPYKITIEO IO TIPUIIaTYy.

[Toka3HUKN OpraHOJENTHIHOI OIIHKY BH3HA-
YaJd, 3T1IHO 3 XapaKTePUCTUKAMH JIECKPHUTITOPIB,
SIK1 TIpEeJICTaBIIeHO y Tabmui 1.

OOpoOIeHHST eKCTIEPUMEHTAIBHUX NTaHUX 3a
pe3yabTaramMu 3—5 TTOBTOPIB, OTPUMAHHUX B TIPOIIE-
Cl TIpOBEACHHS MTOCITIKEHb, MPOBOIUIACS CTaH-
JapTHUMH METOJaMH i3 BUKOPHUCTAHHAM I1aKeTa
pUKIagHuX mporpam Statistica v 8.0 1 Microsoft
Office 2010 [18, 19].

PesynbTaTn goc/iizkeHHs Ta 00rOBOpPEHHS.
KpanimeTpuaHuii METO OIIHIOBaHHS SKOCTI IIPO-
TYKTIB 32 OCTaHHINA Yac CTaB 3arajJbHOBKUBAHHM.
Bin mae moxnuBicTs (popmaitizyBaTé i OILIHHUTH
MIPAKTUIHO OyIb-sKi BJIACTUBOCTI 00’€KTY i3 3a-
JAaHVM CTYTIEHEM TOYHOCTI, a TAKOXK y3arajJbHEHO
MIPEICTABUTH MMOKA3HUK SKOCTI B IHTETPAIIBHOMY 1
PO3TOPHYTOMY BUTJISIIAX.

KomrmiekcHuii TIOKa3HHUK SKOCTI OIIHIOE 3a-
TaJIbHy NPUAHATHICTD MPOAYKTY AJISl CIIOXKHBaua,
TTOPIBHSHO 3 IHIIUMH 3pa3KaMH aHAJIOTIYHUX BH-
po6iB. [Ipu boMy BiH Ma€ KOHKPETHHUI YHCIIOBHIA
BHpa3, IO Ja€ 3MOTY BHKOPHCTOBYBaTW MOTO B
€KOHOMIYHHMX PO3PaxyHKaX.

3rimHo i3 3ampOTOHOBAaHUM METOIOM IIpaK-
TUYHOI KBamimMeTpii [ 16, 17], HeoOXiqHO 3HATH Ta-
pametpu K, siki XapaKkTepu3yIOTh ITI0 BIACTHBICTE,
1 mapameTpu M, sKi XapakTepu3yloTh Koe(ilieH-
TH BaroMocTi KOKHO{ 13 BnacTuBocteil. [loka3au-
KH, SIKi XapaKTepU3yIOTh KOe(DIIMiEHTH BaroMocTi
KOHKPETHUX BIIACTUBOCTEW TPOMYKTY, Oyam Ha-
crynaumu: M =0,4 (moka3HUK MiKpoOioNOTiHEX
BractuBocTer), M,=0,3 (mOKasHMK OpraHoien-
THYHUX BIacTMBOCTEN), M, =0,3 (nokasnuk ¢izu-
KO-XIMI9HHX BJIACTUBOCTEH ).
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Tabnuus 1 — OpraHojenTHYHA XapaKTePHCTHKA i 3HIIKKA 0a1iB 32 HedeKTH MPOAYKTY

Heckpunropu XapaxTepucTika XapakTepucTKa 1e(eKTiB 3HH>I.<Ka PiB.eHI’ 6am’H0.i
JIECKPUIITOPA OaiB OLIIHKH SIKOCT1
bes nedexris 0 5
OnHOpiHHUIA, piB- Heopnnopinauii komip 1 4
HOMIpHUH 3a BCi€IO Heonnopimuuit Kcznip, 3aBHI 2 3
Konip MacoI0, MOJOHO-Kpe- a00 HeBHPAKCHHUN
MOBHHM, XapaKTCPHUH HesiamosigHuii meBHOMY BUIY 3 2
JUISl TIEBHOTO BUY POIYKTY
IpOAYyKTY Pizkuii croponHilt KoJip, Ha- 4 1
SIBHICTh Ha IOBEPXHI IUTICHSIBH
bes nedexris 0 5
Yuctuit, KHCIOMO- Bnpaan:HHﬁ IIPUCMAK MacTte- 1 4
JIOYHUH, XapakTepHuii | PU3alil
Crak ISl TIEBHOTO BUTY Bupaxenuit kKucioMoaouHuM 2 3
HPOIYKTY, TOITyCTH- CMakK
MU HerKﬂﬁ._}Tpl’ICMaK HeuucTuii, HexapakTepHUi 3 2
nacrepusalil JJ1S1 KUCJIOMOJIOYHOT'O
Pizkuii cTopoHHIN cMak 4 1
be3 nedexrin 0 5
Ywucruii, kuciomo- Heuncruii 1 4
anax JIOYHUM, XapakTepuuii | HexapakrepHuii A1 IeBHOTO 2 3
JUTS TIEBHOTO BHY BUAY IPOIYKTY
HIPOLYKTY [poripxmii 3 2
Pizkuii cTopoHHIN cMak 4 1
bes nedexrin 0 5
Heogﬂopiaﬂa CTPYKTYpa, Bi,'H- 1 4
OxHopizHa 3a Bei€ko YyTHI TPyJOYKH KOMIIOHECHTIB
Koncucrenis Macoro, 663.Ha$[BHI/IX H'iHI/ICTa.KOHCI/ICTeHI_liH, Haz- 2 3
TPYyAOUYOK OinKa MipHO OIiTEHA
Kpuxxka 3 2
Pinka, Tsry4a, BOASHUCTA 4 1
bes nedexris 0 5
HanmipHo BupaskeHui 1 4
Ipuemunit monounnii | Hagmipao xucmmit 2 3
TpucMak TIPUCMAK, XapaKTep- Bupaxenwii K.I/ICJII/II‘/'I abo iH- 3 >
HUU ]IS TICBHOTO LM CTOPOHHIM IPUCMAK
BUJLYy IPOAYKTY
Heuncuii, ranmicHuii 4 1

Mikpo0ionoridyHUM  TIOKa3HUKaM MPOAYKTY
HaJaHO OUTBIHNI Koe(illi€EHT BarOMOCTI, OCKIJIBKH
BOHM MAIOTh IEPIIOYEPrOBE 3HAYCHHS s (ep-
MEHTOBaHUX MPOAYKTIB.

VY 3B’43Ky 3 THM, IO (Pi3UKO-XiMiuHi BIacTH-
BOCTI BU3HAYaIOTh OPTaHOJICNITUYHI XapaKTepH-
CTUKH PO3POOJICEHOTO MPOAYKTY, a TAKOX € PiB-
HO3HAYHUMH, KOCDII[IEHTH TX BATOMOCTI OJTHAKOBI.

lepapxivuHy CTPYKTYpy KOMIUIEKCHOTO ITOKa3-
HUKa SKOCTI IPEJICTaBIICHO Ha PUCYHKY 1.

KommiekcHy oOwLiHKY SIKOCTI (hepMEHTOBaHO-
r'0 MOJIOKOBMICHOTO TPOAYKTY PO3pPaxoBYBald 3a
hopmyrnoro:

K,=KM, + KM, + KM, (1)

ne, K, — MikpoOioniorivHi mokasHUKH;

K, — opraHonenTu4Hi OKa3HUKH;

K,— ¢isuko-xiMiuHi NOKa3HUKH;

M, =0,4; M, = 0,3; M, = 0,3 — xoedilieHT Baro-
MOCTI KOXHOI Py OKa3HHKIB.
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[HTerpoBanui NOKa3HUK SKOCTI
(epMEHTOBaHOTO MOJIOKOBMICHOTO
npoaykry, Ko

¥ v

™

MikpobiooriuHi
noka3zHuku, K;

OpraHonentuyHi
Nnoka3Huku, K»

disuko-ximiyHi
nokaszuuku, Ks

| '

'

- KIiJIBKICTB - cMmak, Ko - KHCJIOTHICTE, K315
MOJIOYHOKHCIIHX - apomar, Ki»; .
= p S - B'A3KICTB, K3);
()’a}(’repu,l1 Kii; - KOHCHCTEHII14,
) , Kz - epoKCHIHE 9ucio, Ks;
- nporoKi, Kiz; - xoHcHCT. Ky
- TricHsABRa, K3

Puc. 1. IepapxiuHa cTPYKTYypa KOMIJIEKCHOTO MOKA3HUKA SIKOCTi
(hepMeHTOBAHOI0 MOJIOKOBMICHOTO MPOAYKTY.

SIK eTamOHHUIM 3pa30K, U1 MOPiBHSHHSA 13 PO3-
poOIeHNUMHU OCTiAHUME (DEPMEHTOBAHUMH MO-
JIOKOBMICHUMH TPOAYKTaMH, BHKOPHCTOBYBAJIU
BEPIIKHM 3 MAaCOBOIO 4acTKoro xkupy 10 % 1 15 %,
3akBamieHi «lnposit CCK» ta «Inposit Horypm.

KomrutekcHuii moka3sHHK MiKpoOionoriaHuX
MOKa3HUKIB PO3pOOICHOTO (PEPMEHTOBAHOTO MO-
JIOKOBMICHOTO MPOAYKTY Ma€ BUIJISIA:

I<1: KII/KI1633M11+K12/K126a3M12+K13/K

ne K - KUIBKICTh MOJIOYHOKHCIIHX OaKTepi;
K., - npixmki;
K, - mricHsga;
K,,, K,,, K|, — KinbKicTh MOJOYHOKHCINX GaKTepii,
JPKIDKI 1 IUTICHABA 1-TO MMPOAYKTY, BiMIOBIAHO;

K, 533, Klgm, I.(l.%az — KUIBKICTB  MOJIOYHOKHMCIINX
OakTepii, IPLKIKI 1 IDIICHSABA 0OA3UCHOTO MPOIYKTY,
BIIMOBIIHO;

M, =0,3;M,=0,4; M ,=0,3 — koedilientu Baro-
MOCTI KO)KHOTO 13 MiKpOOi0JIOTIYHUX MOKa3HHUKIB.

M, @)

136a3

KomrmniekcHril MOKa3HUK OpraHOJIENTHYHHUX
BJIACTUBOCTEN Ma€ HAaCTYITHUM BUTJISL;

K2:K2 1/K2 1633M2 1~|—1<22/I<226a31\/[22+1<23/I<

Ac KZI’ KZZ’
BIJIMOBIIHO;
K216a3_’ K226a:«’ K23633’ K246a3 — CMak, apomar 1 KOH-
CHUCTEHIIis1 0a3UCHOTO MPOAYKTY, BiIIIOBITHO;
M, =0,3; M,, =0,3; M,, = 0,4 — xoediuienTn Baro-

MOCTI KO)KHOTO 3 OPTaHOJISITHYHHX TTOKa3HHUKIB.

M23’ 3)

K, — cmak, apomar i Koiip i-ro nmpomykry,

236a3

®Di3UKO-XIMIYHI BIACTUBOCTI NPEICTABICHO
TUTPOBAaHOIO KHUCIIOTHICTIO, B’SI3KICTIO Ta Iepe-

120

KHCHUM YHCJIOM (PEepMEHTOBAHOTO MOJOKOBMiC-
HOTO NIPOIYKTY.

K3: K31/K31633M31+K32/ K326a3M32+K33/K M33’ (4)
ne K, , K

. Ky, Ky, — KHCIIOTHICTB, B’A3KIiCTh Ta IEPOKCH]I-
HE YHUCIIO i-T0 MPOIYKTY, BIIIOBITHO;
K, 600 Ko Kizg,, — KHCIIOTHICTB, B’SI3KiCTB Ta Me-
POKCHIHE YHCIIO 0A3UCHOTO MPOAYKTY, BiIIOBITHO;
M, =0,3; M,,=0,4; M,,=0,3 — xoediuientn Baromo-
CT1 KO)KHOTO 3 (Di3MKO-XIMIYHHUX MOKA3HHKIB.

336a3

Jlaai po3paxyHKiB KBaJIMETPHUYIHOI OIIHKH
(hepMEHTOBAHOTO MOJIOKOBMICHOTO IPOIYKTY 3BE-
JeHO 10 Tabmuii 2.

Sk 3acBimUyrOTh AaHi TAOMUIN 2, AOCIHITHI
3pa3kud (pepMEHTOBAHOTO MOJIOKOBMICHOTO IIpO-
IYKTy TPaKTUYHO 3a BCiMa IMOKa3HUKAaMHU KBa-
JIMETPUYHOI OIIIHKH TIEPEBAXKAIOTh IMOKA3HUKU
KOHTpoJto. Tak, HalWkpamuM MPOIYKTOM BHS-
BHBCS 3pa30K 3 MacOBOI YacTKOIO kupy 15 % i3
3aKBalllyBAILHUM TPENapaToM Ui CMETaHd 1
cranoBuB 0,995. Lle € myxe BaXJIIMBUM CBiqueH-
HAM BHCOKOI SIKOCTiI po3poOineHnx (epMeHTOBa-
HUAX MOJIOKOBMICHHX TMPOAYKTIB 3 KOMOIHOBaHHMM
CKJIaJIOM CHPOBHHHU.

JlocmiKeHHST OpTraHOJICITUIHUX MTOKa3HUKIB
3pa3kiB (PEpPMEHTOBAHOTO MPOAYKTY TOKAa3alu,
10 yrpomoBxk 21 no6u 30epiraHHs 3HAYHAX 3MiH
32 KOHTPOJIbOBAaHUMU MMOKa3HUKAMHU HE BCTAHOB-
neno. Ha 14 noOy 30epiranHs BigMi4eHO YUIiNb-
HEHHS CTPYKTYpHU NMPOAYKTiB Oe3 BiAdineHHs CH-
POBaTKH, iX BHIJISAN 3aJUINUBCS NPUWHATHUM, a
CMaK — YHUCTUM KHUCIIOMOJIOYHUM 0€3 CTOPOHHBO-
rO IPUCMAaKY 1 3amaxy.
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Tabnuus 2 — KommniiekcHa oniHka siKocTi ()epMEHTOBAHOTO MOJOKOBMiCHOTO MPOAYKTY

LB | 2 ¢8| Bz LB | 2 sE | Ez

s | 58| x| EE | g5 | §& | EF | Ef

, S S & == XS < g2 £ = =

CKIIa[0Bi 3araIpHOr0 = EX S ) a g = oz 7o

TOKA3HHKA AKOCT] S 5 ~ 2 25 S 2 S 2 3= Z 3 22z

o= 2 2 e B4 b g = =N s 24 ‘o5

=8 | g8 | 88 | 82 | 28 | 25 | &3 | &<

29 sz | ER 25 | 2L 50| &2 5.2

‘B S "5 &= ‘B S aF &~

&2 4

Mikpobionoriui 0987 0,985 0993 0997 0989 0987 0996 0992
TTIOKa3HUKH

Oprasonenidii 0,982 0,980 0,991 0,998 0,985 0,982 0,995 0,994
TIOKa3HUKH

Di3uK0-XIMI4H1 0,962 0.976 0,983 0,986 0,975 0,979 0,993 0,989
TIOKa3HUKH

Kowmrexcrmii 0,977 0,980 0,989 0,994 0,983 0,983 0,995 0,992

TIOKAa3HHK AKOCT1

Sk Gaunmo 3 rpagika (puc. 2), Bupogosxk 14
10 BMICT pO3YMHHOTO OiNKa SIK Y KOHTPOJIBHHUX
3pa3kax (epMEHTOBaHMX MPOAYKTaX, TaK i B JO-
CJITHHUX MOBUIBHO 3pocTaB i1 mepedyBaB y Mexax
75-82 mkr. Ilicns 21 moOu BMiCT po34nHHOTO OifI-

100

o= & WD
o o o o

PO3YMHHMIA BiNOK, MKI
Lt o) W £ (%5}
o o o o o

=

fo:THE I 7 ni6 14 pi6

TepMiH 30epiranHsn, TK

BW10%cm  M50/50cm W 10%dor

PosuMHHKIA BinoK

W 50/50 Hor

Ka 3HA4YHO MiJBHIIUBCS Yy BCiX 3pa3zkax (epMeH-
TOBAHOTO MPOAYKTY i TOCST HAWBUILOTO 3HAYECHHS
y JOCTITHOMY 3pa3Ky MPOAYKTY 3 BMICTOM JKHDPY
15 % i3 HorypTOBUM 3aKBalllyBaJbHUM IIpenapa-
TOM 1 CTAHOBUB 95 MKT.

50/504or2
15%iior
50/50 cm
15% cm
50/50%ior
10% iior
50/50cm
10% cm

21 poBa

W15%cm M50/50cw  M15%ior M50/50¥0r2

Puc. 2. lnnamika BMicTy po3uMHHOTO 0if1ka y ¢pepMeHTOBAaHOMY MPOAYKTI mix yac 30epiranus.
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Ha pucynky 3 nokasaHno, mo Ha 7 100y mokas-
HUK TIEPOKCHIHOTO YHCIIa 3pOCTaB HE3HAUHO, ajie
micist 14 1oy mepoKCUaM K Y AOCTITHUX 3pas-
Kax TPOAYKTY, TaK 1 y KOHTPOJIBHUX 3pa3Kax IIiJi-
BHIIYIOTBCS MPAKTUYHO Y/BiYi, TOPIBHSHO 13 CBi-
YKOBHTOTOBJIEHHMH 3pa3zkamMu Hpoaykry. CyTreBe
3pOCTaHHS TEPOKCUAHOTO YUCha y (epMEeHTOBa-
HUX MOJIOKOBMICHHX HPOAYKTAX HOSCHIOETHCS
THUM, 1[0 POCIHHHI JXUPHU MICTSITh IPUPOJIHI aHTH-
okcuaaHT — Tokodepoinu, Biramin E [20, 21].

Iporsirom 14 ni6 He 3adikcoBaHO CyTTE-
BHX 3MiH 3a BCiMa TMOKa3HHKAaMHU, KPIM B’s3KO-

005

004

0,03

o0z

nepekicHevn oo, % fiogy

001

cti (Tadm. 3). Tak, B’S3KicTh 3pocTalia B Mexkax
7-10 % y mocmigHMX 3pa3kax (hepMEeHTOBaHOTO
HPOIYKTY i3 HOTYpTOBUM 3aKBalllyBaJbHUM Ipe-
naparomM, Oyma Bumie 10 % y nmocmigHux 3pa3kax
(hepMEeHTOBaHOTO TIPOIYKTY 13 3aKBallyBaJIbHUM
nperiapatoM st cMeraHd. Crioctepiraerbes
MIJBUIICHHST TIOKA3HUKIB TUTPOBAaHOI B MeXax
72-90 °T i akTMBHOI KACJIOTHOCTI B Mexkax 4,06—
4,32 on. pH, Ta 30inbIICHHS KITBKOCTI MOJIOYHO-
kucnux Oakrepiit Big 1,4-10% go 2,3-10% KYO/
CM°, 3aJIe)KHO BiJI 3aKBalllyBaJbHOTO Ipernapary
(Tabm. 3).

G050 15% Aor
5050 15% cm

EoHTpoAE 15% for
KoHTpoAs 15% cmM
S050 10% Aor
5050 10% o
KoHTpoAE L0% for

EoHTRoAE L0% o

TpHEANICTD 30epiranHa, goba

Puc. 3. lnnamika BMiCTY NepOKCHAHOIO YHCJIa Yy (hepMEHTOBAHOMY NPOAYKTY i 4yac 30epiranus.
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Tabmurst 3 — 3minu ¢izuko-xiMiyHIX Ta MiKpoO6ioNOriYHMX MOKA3HUKIB NPOAYKTY MiA yac 30epiraHHs

piit, KYO/em?

2 2
S sz | ¢8| 5z | § sz | 28| fz
Q B s &= e = Q S SIS o =
NS 2 & s R E & £ g K e E K
2 o =N ¥ X < o o o = .o ¥ X = o
o o = = X o ¥ X o = = S Y X
HailimenyBanns g X : = " S 2o = : 0 e =%
MOKa3HUKA < 5 2 %Q % ~ <X 5 A %Q % N
> | B2 | % & | 2o | EE | C &
ST | EZ | 59| Bz | 2T | Er| i3 | &%
= oS &g LA = 253 g IS
c] e c
~ ~
CBIXXOBUTOTOBJICHUI
B’szkicts, MIla-c | 3243,12 | 4057,55 | 4188,25 | 4121,33 | 5351,99 | 5524,36 | 5785,63 | 5634,22
KHCHOTH{)CTI’ ™- 80,0 77,0 87,0 85,0 80,0 72,0 87,0 75,0
TpoBaHa, °T
AKTUBHA KHCIOT- |y 6y | 45y | 445 | 436 | 445 | 470 | 437 | a7
HicTs pH, on. pH
KimekicTs MOMOY-
HOKHCIIUX OakTe- 3,8-108 | 3,7-10% | 1,7-10% | 2,3-10® | 1,3-10® | 2,2-10% | 2,0-10% | 2,1-10®
piit, KYO/em?
Yepes 7 nibd
B’szkicth, MIla-c | 3339,04 | 4176,15 | 4308,11 | 4201,25 | 5436,01 | 5662,61 | 5979,44 | 5862,39
Kucnoruicts Tu- 81,0 75,0 89,0 85,0 80,0 65,0 90,0 75,0
TpoBaHa, °T
AKTHBHA KHCIOT- | 1 4,16 4,14 4,1 4,16 43 4,1 4,34
HicTs pH, on. pH
KinekicTs MoMOY-
HOKHCIIHX OaKTe- 1,2-10¢ | 1,5-10® | 1,3-10®8 | 1,2-10% | 1,2-10% | 1,1-10® | 1,9-10® | 1,4-10®
piit, KYO/em?
Yepes 14 nid
B’szkicth, MIla-c | 3655,45 | 4360,53 | 4528,77 | 4513,85 | 5436,01 | 5621,62 | 6391,83 | 5925,11
KHCHOTH{)CTI’ ™- 85,0 77,0 93,0 91,0 78,0 72,0 93,0 75,0
TpoBaHa, °T
ARTUBHAKHCIOT- | 14| 400 | 409 | 403 | 413 | 429 | 405 | 423
Hicts pH, on. pH
KinekicTs MOMOY-
HOKHCIIHX OaKTe- 1,3-108 | 1,3-10% | 1,4-10% | 1,6-10® | 1,4-10® | 2,4-10% | 1,7-10% | 1,7-108
piit, KYO/em?
Yepes 21 noby
B’szkicts, MIla-c | 3600,21 | 4314,11 | 4582,41 | 4584,24 | 5403,85 | 5893,41 | 5988,22 | 5851,47
KHCHOTH{)CTI’ ™- 82,0 81,0 95,0 94,0 81,0 68,0 93,0 77,0
TpoBaHa, °T
AKTHBHA KHCAOT- | 4 5 4,13 4,06 4,05 4,13 432 4,04 4,22
HicTs pH, on. pH
KimekicTs MOMOY-
HOKHCIIHX OakTe- 7,0-107 2,0-107 9,0-107 1,4-108 1,6-108 1,7-108 1,6-108 1,6-108
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HeoOxigHo 3a3HauMTH, IO OTPHUMAaHI BEIH-
YHHU HE TICPEBHILYBAIN JOMYCTUMHUX MEX, BCTa-
HoBinenux JICTY 4418:2005 [22]. TTonoBxeHHA
30epiradHs MPOayKTiB 10 21 700K MPU3BOAMIIO 110
MOTIpIICHHS SIKOCT1 TOCTiAKYBaHUX 3pa3KiB Mpo-
IYKTY, 30KpeMa OpraHOJICNTHYHHUX [TOKa3HUKIB.

OnmeprxaHi TaHi CBi4aTh Mpo Te, IO 3a Mi-
KpoOiOJIOTIYHUMH, OpPTraHONENTHYHUMH Ta Qi-
3UKO-XIMIYHUMH TIOKa3HWKaM{ TapaHTOBaHUHI
TEpMiH MPHUIATHOCTI (PEPMEHTOBAHOTO MOJIOKO-
BMICHOTO TPOIYKTY 3 KOMOIHOBaHHMM CKJIaJIOM
CHUPOBUHHM CTAaHOBHTH 14 1i0.

BucHoBku. Ha mifcraBi KBagiMeTpUIHOTO
METOJy OIIIHKH SIKOCTi MPOBEICHO JOCIiKCHHS
SIKICHUX TOKa3HUKIB (PEpPMEHTOBAHOTO MOJIOKO-
BMICHOTO TPOAYKTY 3 KOMOIHOBaHUM >KHPOBUM
ckiazoM. BcraHoBieHO, O AOCHIAHI 3pa3Ku
MPAaKTUYHO 32 BCiMa MOKa3HUKaMH KBaJliMETpHUY-
HOI OINIHKW IePEeBaXaloTh KOHTPONIb. lIpudomy
HalKpamuM TPOIYKTOM BHUSIBUBCS TOCIiTHHUMA
3pa3oK 3 MacoOBOIO YACTKOIO upy 15 % i3 3akBa-
ITyBAJIGHUM TIPENapaTroM Ui CMETaHHW 1 CTaHo-
BuB 0,995.

IIpoBeneHO MOCHIMKEHHS OpPraHOJICTITHY-
HUX, (PI3UKO-XIMIYHUX 1 MIKpOOIOJOTIYHMX TIO-
Ka3HUKIB (EPMEHTOBAaHOTO MOJIOKOBMiCHOTO
MPOAYKTY 3 KOMOIHOBaHHUM XHPOBHUM CKJIaIOM
i gac 306epiranus npotsrom 21 mobu. Ha 14
o0y 30epiranHst Oyso 3aiKCOBaHO 3pOCTaHHS
TUTPOBaHOI KUCIOTHOCTI 10 90 °T Ta B’s3KOCTi
Ha 7-10 %, 3ameXHO BiJ MAacCOBOI YaCTKH KHUPY
JOCIITHUX 3pa3KiB MPOAYKTY i3 3aKBallyBallb-
HUM TIpernaparoMm Juist Horypry, Ta moHaa 10 %
— 13 3aKBalTyBaJIbHUM IIPENapaToM ISl CMETaHH.
[Ipn pOMy BMICT pO34YMHHOTO OiNKa SIK y KOH-
TPOIBHHUX 3pa3zkax (PepMEHTOBAHOTO IPOIYKTY,
TakK 1 B IOCIITHAX MTOBUIHHO 3pOCTaB i CTAHOBUB
y Mexax 75-82 mkr. Ha 7 moOy 30epiraHHs mo-
Ka3HMK MEPOKCHIHOTO YHCiia 3pOCTaB HE3HAYHO,
arne micisa 14 mobu TepOKCHUIHN SIK Y JAOCIITHUX
3pa3Kax MPOOYKTY, TaK 1 y KOHTPOJIBHHUX 3pa3zKax
MiABUILYIOTHCS PAKTUYHO YABiUi MOPIBHAHO i3
CBIKOBUTOTOBJICHUMH 3pa3zKamu Tpoaykry. Jlo-
CJIIJKCHHSI OPTaHOJICTITHYHUX TMOKA3HUKIB 3pa3-
KiB (pepMEHTOBAHOTO MPOAYKTY TOKAa3aJu, 10 Ha
14 noOy 30epiraHHs Bi3HAYAETHCS YIIIIbHCHHS
CTPYKTYpH TPOAYKTIB 0e3 BiAiIEHHS CHPOBAT-
KM, X BUTJISL 3aIUIIMBCS NPUHHSATHUM, a CMaK —
YUCTUM KHCIOMOJIOYHUM 0O€3 CTOPOHHBOTO TIPH-
CMaKy 1 3amaxy.

V pesynbrari NpOBENCHUX AOCTIIKEHb BCTa-
HOBJICHO TapaHTOBAaHWH TEPMIH IPUIATHOCTI
(bepMEeHTOBAaHOTO MOJIOKOBMICHOTO TIPOIYKTY 3
KOMOIHOBaHHUM CKJIQJIOM CHPOBHUHH, SIKHW CTaHO-
BUTH 14 ni0.
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The quality of a fermented milk-containing
product with a combined fat composition

Andreus S., Romanchuk I., Rudakova T., Moi-
seeva L., Narizhnyy S.

Wholesome and healthy nutrition is one of the
most important and necessary conditions for maintain-
ing human life and health. Proper nutrition ensures the
harmonious development of children, contributes to
the prevention of diseases, increases work capacity,
prolongs people's lives and creates conditions for ad-
aptation to the environment, etc. But recently, the state
of health of the population is characterized by nega-
tive trends. Therefore, the creation of high-quality fer-
mented milk products with a combined fat composition
is necessary and relevant.

The purpose of the work was to study the quality of
a milk-containing fermented product with a combined
composition of raw materials and establish a guaran-
teed shelf life based on the assessment of its quality
indicators.

The article presents the study of qualitative assess-
ment of the quality of milk-containing fermented prod-
ucts with a combined fat composition and the study of
their organoleptic, physicochemical, and microbiolog-
ical indicators during storage. A hierarchical structure
of a complex indicator of product quality is provided,
in which significant parameters are defined - these are
microbiological indicators (the number of lactic acid
bacteria, yeast, mold); organoleptic indicators (taste,
aroma, consistency); physical and chemical indicators
(viscosity, titrated acidity, peroxide value). A complex
index of product quality was calculated using the com-
plex equations and it was established that the experi-
mental samples had the highest indicators.

Studies of the organoleptic parameters of the sam-
ples of the fermented product during storage showed
that no significant changes in the controlled parameters
were detected during 21 days. Compaction of the struc-
ture of the products without whey separation was not-
ed, their appearance remained acceptable, and the taste
was pure sour milk without extraneous aftertaste and
smell. The content of soluble protein in experimental
subjects slowly increased over 14 days and amounted
to 75-82 pg. Values of peroxide number after 14 days
in experimental samples of the product increased by al-
most 2 times compared to freshly prepared samples of
the product. An increase in viscosity was noted in the
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range of 7-10% in test samples of the fermented prod-
uct with leavening agent for yogurt, above 10% in test
samples of the fermented product with leavening agent
for sour cream. In addition, an increase in titrated in-
dicators within 72-90 oT and the number of lactic acid
bacteria from 1.4-108 CFU/cm? to 2.3-108 CFU/cm?
was recorded, depending on the leavening preparation.

Based on the qualitative assessment, the quality of
the fermented milk-containing product with the com-

Copyright: Augpeyc C.M. Ta in. © This is an open-access article .=
‘@ ® distributed under the terms of the Creative Commons Attribution License, g.

bined composition of raw materials is determined. As
a result of studies of quality indicators, a guaranteed
shelf life of a fermented milk-containing product with
a combined composition of raw materials was estab-
lished for 14 days.

Key words: fermented milk-containing product,
combined composition, quality, organoleptic indica-
tors, physicochemical indicators, microbiological indi-
cators, shelf life.
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XAPYOBI TEXHONOTIi

HaykoBi migxoau om0 CTBOPEHHs TEXHOJIOTII CTPYKTYPOBAHUX
MOJIOYHHUX JeCePTIiB 3 KOMOIHOBAHUM CKJIAJI0M CUPOBHHU

PynaxoBa T.B.‘®, MinopoBa A.B.1®, MoiceeBa .JI.O."D,

Kpymeasannbka H..JI.‘®, HapixHnii cA:D
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Pynaxoa T.B., Minoposa A.B., Moice-
esa JI.O., Kpymensuupska H.JIL, Hapixk-
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OnHUM i3 IEPCIEKTUBHUX HAINPSIMIB MOJIOYHOI IPOMUCIIOBOCTI € BH-
POGHHUIITBO KOMOIHOBAaHHX MPOIYKTIiB. JIOro CyTHICTH IONSTAE y CIIpsi-
MOBAHOMY PETYJIOBaHHI KOMITOHEHTIB TPOIYKTIB 3 METOIO BIOCKOHAJICH-
HA iX ckyiany Ta BaactuBocTed. ChOTOMHI MOJIOYHI ECEPTH € OTHHUM i3
HAUMOMYJSPHIIIUX MPOAYKTIB HA BITYM3HSHOMY PHHKY. 3 METOIO PO3IIIH-
PEHHS aCOPTUMEHTY MOJIOYHHUX JCCEPTIB, MOJIMINCHHS X CTPYKTypH Ta
SIKOCTI, ITIIBUILICHHS Xap4OBOi LIIHHOCTI Ta 3HWKXEHHsI KaJIOPIHHOCTI parti-
OHAJIbHO BHKOPHCTOBYBAaTH HETPAIHLINAHY CUPOBHHY, KA MA€ Y CBOEMY
cknazi HeoOXimHi QyHKITIOHANBHI iHTpeAieHTH. JIJIs OTpUMaHHS MOJIOY-
HUX JIECEPTIiB 3 TIEBHOIO CTPYKTYPOIO MOTPiOHO BUKOPUCTAHHS BiATIOBI -
HUX KOMIIOHCHTIB TBAPUHHOT'O Ta POCIMHHOTO IMOXOMKeHHs. Hanpukian,
CyX€ MOJIOKO, MOJIOYHI Ta CHPOBAaTKOBI KOHLEHTPATH, 3TyLIEHI MOJIOYHI
MPOIYKTH, T1IPOKOIOIAH (XapyoBi BOJIOKHA, KPOXMAJlb, JKEIATHH, MOXiJI-
Hi IEJTIONI03H, Kamei Ta iH.). OOrpyHTYBaHHS BUKOPHUCTAHHS 3a3HAYCHUX
BHIIE KOMITOHEHTIB TIi/1 4ac pO3pOOJICHHS TEXHOJIOTii MOJIOYHHX JIECEPTiB
3 KOMOIHOBaHHUM CKJIAJIOM CHPOBHHH € aKTyaJbHUM HAMPSIMOM HayKOBHX
IOCIHIIKEHbD.

Mertoro pobotu Oyiio po3poOlieHHsI HAYKOBO OOIPYHTOBaHOI MOJENI
KOMOiHYBaHHS OUTKOBHX 1 BYIVIEBOJHHUX KOMIIOHEHTIB y CKJaJi MOJIOY-
HUX JIECEPTIB 3 JKEJIETOoAIOHOI0 Ta CKIATHOIO JUCTIEPCHOIO CTPYKTYpaMu
1 pO3pOOJICHHS TEXHOJIOTI{ IMMyIMHTY 1 KpeMy.

VY crarTi npeacTaBieHo po3pobieHy MoIeh KOMOiHyBaHHS O1TKOBHX
1 ByIJIEBOJTHUX KOMITOHEHTIB Y CKJIaJli CTPYKTYPOBaHUX MOJIOUYHHX Jiecep-
TiB. Ha mifcraBi Moneni koMOiHyBaHHS BYIJICBOIHHUX i OLTKOBUX KOMITO-
HEHTIB y CKJIaJl MOJIOYHHX JECEPTIB PO3POOIEHO TEXHOJOTII KpemMy Ta
MYIUHTY HA OCHOBI MacisiHKK abo pereHTtary. J{jist oTpuMaHHs MOJIOYHUX
JIECEePTiB 3 arperaTUBHOIO CTIHKICTIO HEOOXITHO TPOBOAUTH TEpPMOMEXa-
HigyHe 00poOneHHs 3a Temneparypu 80—85 °C 3a MoCTiHHOTO mepeMilnry-
BaHHs Ta 00epTiB 3MinryBaua 2800 00/XB, 3 HACTYIHUM (acyBaHHSIM 0e3
OXOJIOJKEHHS.

JocnimpkeHo opraHonentHyHi Ta (i3HKo-XiMiuHI MOKa3HUKHU BUPO-
ONeHuX 3pa3kiB MOJIOYHUX JeCepTiB. BcTaHOBIEHO, 1110 MOJIOYHI IeCEPTH
MalOTh MaKCHMaJIbHY BOJOTOYTPUMYBaJbHY 31aTHiICTE — 100 %, BMicT
IyKpy i )kupy B HUX MeHmmi Ha 43—52 % 1 33—47 % BigmoBigHO, a BMICT
Oinka BUIMH y 3—5 pasiB, HIK y TpaauLiHHUX BHAIB J€CEPTIB.

Ha mincraBi po3po0iieHoi Ta HayKoBO 0OTPYHTOBaHOI Mozei KoMOi-
HyBaHHs OIJIKOBHUX 1 ByIJICBOAHUX KOMIIOHEHTIB OTPUMAaHO HU3HKOKAJIO-
pifiHi CTPYKTypOBaHi MOJIOYHI JeCepTH 3 TiABHINEHWM YMICTOM OiJKa,
HU3BKUM BMICTOM KHPY 1 IyKpYy Ta HaJC)KHUMHU MTOKA3HUKAMU SKOCTI.

Ku1104oBi c10Ba: MOJIOYHI JiecepTH, KPEMH, IyTUHTH, KOMOIHOBaHUH
CKJIaJl CHPOBHHH, TEXHOJIOTis, CTPYKTypa, BTOPHHHA MOJIOYHA CUPOBHHA,
CHUPOBATKOBI OLIKH, T1IAPOKOJIOIIH.
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IMocTanoBKa nMpodJieMH Ta aHAJI3 OCTAHHIX
aocJimkenb. CbOroHI MOJIOUHI IECEPTH € OTHU-
MU 3 HAaUMOMyJSPHIIINX MPOAYKTIB Xap4ayBaHHS.
Sk mOKa3yroTh MapKETHHTOBI AOCHIHKEHHS, MTPHU-
omu3Ho 80 % HacelleHHs, HEe3aJIeKHO BiJ CTaTi Ta
BiKY, KYITyIOTb JIECEpTH Ha OCHOBI MoJioka [1-3].
[opiBHSHO 3 IHIIMMHU TPOLYKTaMH, TaKHUMHU SK
(pPYKTH Ta COKH, CONOAKI CTpaBH Ha OCHOBI MO-
JIOKa BKMBAIOTHCS HACEJICHHSAM JIOCHTh CTA01IbHO
MPOTATOM YCHOTO POKY, TOOTO LSl KaTreropis mpo-
IOYKTiB HE CXHJIbHA JI0 CE30HHUX KOJNMBAaHb, 1 L€ €
MO3UTHBHUM €KOHOMIYHUM (pakTopom [2].

OcrtaHHIM YacoM, 30KpeMa uepe3 MaHAEMilo,
noB’sizany i3 COVID-19, cyTTeBO 3MiHUBCS CIIO-
ci® KUTTA miomei: 3HU3MIUCS (i3WYHI HaBaH-
TaXXEHHS 3Ae0UIBIIOro uepe3 poOOTYy OHJIAMH,
CIOXKMBAaHHS TPOAYKTIB 3 He30amaHCOBaHUM
cknanom, aedinuT Oinka y pauioHi Tomo [4—6].

OpHUMU 3 HAUIIHHIIINX MOJOYHHUX MPOIYK-
TiB € MacjsHKa 1 PEeTEeHTAaT, sIKi OTPUMYIOTDH [
yac BUPOOHUIITBA BEPIIKOBOIO Macja i KOHLIEH-
TpYBaHHS MiJICHPHOI CHPOBATKHU METOIOM HaHO-
¢insTpamnii, BignoBigHO. MacnsHKa 1 peTeHTar
MICTSTh yCi CKJIaJHUKHA MOJIOKa 1 CHPOBAaTKH,
BiJIMOBIIHO, B OCTaHHBOMY BOHHM CKOHLIEHTPO-
BaHi Maibke y 3,5 pasza Oinbiie [7-9]. 3 omsiny
Ha 3a3HaveHe BUIIIE, TOLUIBHUM € BUKOPHUCTaHHS
MACJISIHKH 1 peTeHTaTy SIK OCHOBH JIs1 BUPOOHU-
LITBA MOJIOYHUX JIECEPTiB.

VY xap4oBiif MPOMHCIOBOCTI Jeiani HOMmyJsip-
HIIIMMH CTalOTh YAOCKOHAJICHI MPOAYKTH Xapdy-
BaHHS 3 BUCOKHUM YMICTOM Xap4OBHX BOJIOKOH Ta
3 HU3BKUM YMICTOM XHpiB. SIK 3aMIHHUKH JKUPY
BUKOPHCTOBYIOTh IIPOMHMCIIOBI MpemapaTH TiIpo-
KOJIOIIIB 3 METOIO HaJaHHA 0a)kKaHOI B'I3KOCTI a00
KOHCHCTEHI1, cTabini3amii XapuoBUX AUCIEPCHUX
cucreM [ 10, 11]. bararo rigpokomnoinis € ¢iziono-
riyHO QyHKIiIOHAIEHUMH iHrpeaienTamu [12, 13].
3a XiMI4HOIO PUPOAOIO TiIPOKONOINN MpeACTaB-
JIeHi 1BOMa BUAaMHU 0i0mMoIiMepiB: MOMILyKpuaa-
MU Ta OlIKaMH. 3a MOXOKEHHIM PO3Pi3HSIOTH Ha-
TypaJibHi TIAPOKOJIOiIN TBAPUHHOTO, POCIHMHHOTO
MOXOIKEHHS 1 oTpuMaHi mwty4Ho [14-16]. ['xpo-
KOJIOTAM MalOTh Taki PyHKI1IOHABHO-TEXHOJIOT14-
Hi BJaCTHBOCTI, SIK 3aryIEHHS Ta reJeyTBOPEHHS
BOJTHUX PO3YMHIB, CTA01NII3AIIIO TTiH, eMYJbCIH Ta
CYCHEH3il, YMOBUIbHEHHS KpHUCTalizalil LyKpy,
peryatoBaHHs apoMary tomo [17-21].

3HauHNI BHECOK y PO3BHTOK TECOPETHUYHHX
3HaHb 1 PO3POOIECHHS TEXHOJOTIH MOJIOYHUX Jie-
CEepTiB Ha Pi3Hil MOJIOYHI OCHOBI i3 KOMOiIHOBa-
HUM CKJIaJIOM POCIMHHHUX KOMIIOHEHTIB 3pOOHIIH
BITUM3HSHI Ta 3aKopAoHHi BueHi: ®. B. [lepuesuii,
I'. B. Jleitanuenko, B. A. I'minesuy, T. 1. HOnina,
I". €. Honimyk, 0. B. Hazapenko, O. I1. I'pebens-
vk, T. C. Schoenfuss, I. A. Kurmann, B. Kilinc,
C. Chakraborty, B. Priyanka. [Ipore psia nutanb

3QJIMIIMBCST HEPO3KPUTHUM, 30KpeMa, OOTpyHTOBa-
HOCTI CKJIaJy MOJIOUHUX JIECEPTIB 3 BYIJICBOIHH-
MU 1 OIJTKOBHMHY CKJIQJJHUKaMHU Ha OCHOB1 BTOPHH-
HO1 MOJIOYHOT CUPOBHUHH.

3a3Buyail JecepT — BUCOKOKAJIOPiKHI Ta Ma-
I0Thb PSJI HEMOJIKIB, a came: He30allaHCOBaHUI
CKJIaJ, HU3bKHI yMicT OlJKa Ta IMOKUBHHUX pe-
yoBHH. ToMy ISl pamioHAJIBHOTO BUKOPHCTAHHS
MOJIOYHOI Ta POCIMHHOI CHPOBHHH, TOJIIIIICHHS
SIKOCTI JI€CEPTHOI TMPOAYKINI Ta PO3MIUPEHHS il
ACOPTHMEHTY, aKTYaJIbHUM € PO3pPOOJIEHHS TEXHO-
JIOTii CTPYKTYPOBaHHUX MOJIOUHUX JICCEPTIB 3 KOM-
OIHOBaHMM CKJIQJIOM CHPOBUHH.

MeTorw po6otu Oyi10 po3poOIeHHS HAYKOBO
00rpyHTOBaHOI MOJIENII KOMOIHYBaHHS OLIKOBHX
1 BYIJICBOTHUX KOMIIOHEHTIB y CKJIaJi MOJOYHHUX
JICCEPTIB 3 JKEJICMOAIOHOIO Ta CKJIATHO JUCIIEP-
CHOIO CTPYKTYpaMHt 1 CTBOPEHHS TEXHOJIOTII IIy-
IAHTY 1 KpeMy.

Marepiaau i MmeToau gocaigxenns. /s Bu-
pOOICHHS MOJIOYHUX JIeCEePTiB (KpeMy 1 ITydHHTY)
BUKOPUCTOBYBAJI BTOPUHHY MOJIOYHY CHPOBHHY
(MacisiHKa 1 peTeHTaT), CyXe 3HEKUPEHE MOJIOKO,
cyxuil KoHIleHTpar cupoparkoBux OUIKiB (KCB),
OTpUMaHMK  yIBTPa(iIbTPAIli€lo, 3 MacOBOIO
yacTkoro Oinka 80 %; cupoBaTKy MiJCHpPHY AEMi-
HepamizoBany cyxy (CCJl), oTpumMaHy METOIOM
HaHO(DiIBTparii 3 piBHeM aemiHepamizaii 40 %;
POCIIMHHI IHIPEMIEHTH IS BUPOOJCHHS Kpemy:
MEKTHH BHUCOKOMETOKCHILOBAHUH, I1HYIIH, IS
MyAWHTY — pUCOBe OOPOIIHO, KYKypyA3SHUHI Kpo-
XMaJlb, JKETaTHH.

J51s BU3HAYEeHHS OpTaHONENTHYHUX TTOKa3HHU-
KiB MPOBOIWIM iX BHOIp Ha MiACTaBi JIiTeparyp-
HUX JaHUX Ta OOWpaH TEeperiK mapameTpiB, SKi
BIIIrPafOTh BAXJIMBY POJIb I Yac OIIHIOBAHHS
SIKOCTI JIECEPTIB, 30KpeMa: Koaip, cMak, 3anax,
KoncucmeHyis, npucmax. KoxeH 3 mepepaxosa-
HUX TTOKa3HHKIB OIIHIOBAJIH, KEPYIOUHUCh MAKCH-
MaJILHOIO OINIHKOIO 5 Oais [22].

®Di3UKO-XIMIYHI TTOKa3HUKHA MOJIOYHHUX JIecep-
TIB BU3HAYaJIW 3TITHO 13 3arajbHONPHHHATHMU
CTaHAAPTU30BaHUMHU METOJaMMU.

EdextnBHy B’SA3KICTH MOJIOYHUX JIecep-
TiB BHU3HAYajld Ha POTAIMMHOMY BiCKO3HUMETPI
ATAGO-895 VISCO, 3rimHo 3 IHCTPYKIIEI [0
TIpUamy.

J1J1st po3po0JIeHHS MO/ KOMOIHYBaHHS KOM-
MMOHEHTIB Y CKJIAJ[i MOJIOYHUX JECEPTIB Ta iX TeX-
HOJIOT1i OYyJI0 peari3oBaHO METOOJIOTII0 CHCTEM-
HOTO ITIXOMY, sIKa 1a€ 3MOTY 00’€HATH B €IUHE
IiJIe PI3HOMAaHITHI METOIW IOCIIKECHHS, Tpea-
CTaBUTH 00’ €KT MOCTIMIKCHHS y BUIVIAII CHCTEM
Ta MiJCHCTEM PI3HOTO PiBHsI, BUBYUTHU 1X (YHK-
IIIOHYBaHHS Ha Makpo- (B3a€MOIisS 3 HABKOJIHIII-
HIM CEpPEIOBHIINEM) 1 MIKPO-PIBHAX (10 CITiIKEHHS
BHYTPIIIIHIX XapaKTepUCTHK) [23].
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Pe3ynbTaTn AociaiizkeHHs Ta 00rOBOpeHHS.
CerMeHT JecepTHOI MOJIOYHOI MPOMYKINii 3 TeTe-
POTEHHOIO CTPYKTYpPOIO Ha BITYM3HSIHOMY PHHKY
XapaKTEPU3YEThCS JTOCTAaTHRO BY3bKUM aCOPTH-
MeHTOM. OUEeBUIHUM € T€, 10 HASBHUM acopTH-
MEHT MOJIOYHUX JICCEPTiB 3aJOBOJILHSE TOIMUT
CIIOKMBAYIB HE TOBHICTIO. ToMy akTyambHUM 1
HEOOXITHHM € PO3POOIICHHS MOJIOUYHHUX JIECEPTIB 3
reNenomiOHo0 Ta CKIATHOI0 AUCIIEPCHOIO CTPYK-
Typamu.

Ha migcraBl aHaMITUYHUX OOCHIIKEHbL HAMU
BU3HAYCHO I1HHOBALIHHY CTpaTeriro po3poOIeH-
HS HOBHX BHJ/IIB MOJIOYHHX JIECEPTIB 3 TMEBHOIO
cTpyktypoto [24]. [on0BHOIO 1 HEOOXITHOIO YMO-
BOI0O OTPUMAaHHS MOJIOUHHX JIECEPTiB 3 IMEBHOIO
CTPYKTYPOIO € 3aCTOCYBaHHS TiAPOKOJOIMIB, ce-
pen SKUX TpaguLifHO BHKOPUCTOBYIOTHCS OLTKU
(ckematuH) 1 MOMILYKpUAM (KpOXMajib, XapyoBi
BOJIOKHA, IeNoo3a Tomo). BomHodac Baxiu-
BUMH HAayKOBUMH Ta MPAKTUYHUMH MTPOOIeMaMU
mijJ 9ac OTPUMAaHHS CTPYKTYPOBaHHX MOJIOYHUX
cucreMm € (popMyBaHHS 3aJJaHUX CTPYKTYpPHO-Me-
XaHIYHUX BJIACTUBOCTEW TENiB, SKi BHU3HAYAIOTh
OPTaHOJICNITUYHI TMOKA3HUKH TOTOBOTO MPOIYKTY,
a Tako)K 3a0e3MeueHHsT TEPMOIUHAMIYHOI CyMic-
HOCTI KOMITOHEHTIB, III0 BU3HAYA€ TEKCTYPY IPO-
IYKTy, TapaMeTpH TEXHOJOTIYHOTO TIPOIecy i
TEpMiHH 30epiraHus.

3 BHKOPUCTAHHSIM CHUCTEMHOTO Tiaxomy [23]
HaMH po3po0sieHO MoJens KOMOiHyBaHHS OiJKO-
BHX 1 ByIJICBOJIHUX KOMITOHEHTIB y CKJIa/i MOJIOY-
HUX JeCepTiB (KpeMy Ta IyIUHTY) IS OTPUMAaHHS
BIIMTOBITHOI CTPYKTYpH (pHc. 1).

3rimHo 3 po3pobieHor Moaeto (puc. 1),
JUIS OTPUMAaHHS JIeCepTy 31 CKIIATHOI0 THUCIIEeP-
CHOIO CTPYKTYPOIO, BIaCTUBOIO KpeMaM, y CKJa-
Ji cTa0umi3amiitHoi cucTeMH HEOOXiTHO BHKO-
PUCTOBYBAaTH BYTJICBOJHI CKJIQJHUKH, 30KpeMa,
Xap4doBi BOJIOKHA (TIEKTHH Ta iHYIIiH), IJIsI OTPH-
MaHHS JIECepPTy 3 TEIICTIONIOHOI0 CTPYKTYPOIO,
BJIACTUBOIO MYAWHTaM, — MOJNIIYyKpuau (Kpo-
XMaJb KyKypya3sHUH a00 KapTOTUISTHHMI, pUCOBE
OopormrHo) 1 kematuH. [Ipu 11boMy HE0OXigHOIO
YMOBOIO € HasIBHICTh y CKJIaai cTadimizariifHol
CHCTEMH OUIKOBHX CKJIAJTHHKIB, 30KpeMa, OlITKiB
MOJIOKa (CYXOTO 3HEKHUPEHOTO MOJIOKA, KOHIICH-
Tpary CHpPOBATKOBUX O1JIKiB, CHPOBaTKM CyXOl
IeminepaiizoBaHoi). Kpim toro, ayis orpumaHHs
MOJIOUYHHX JECEPTIB 3 arperaTHBHOIO CTIMKICTIO
HEOOX1THO JOTPUMAaHHS TICBHUX TEXHOJIOTIUHHUX
(baxTopiB, 30KpeMa, PEKUMIB TEPMOMEXAHITHO-
ro oOpoOneHHs Ta ¢acyBaHHS. 3aCTOCYBaHHS
B3a€EMOTIOB ’SI3aHUX TEXHOJIOTIYHUX PEKUMIB TTi]]
yac BUPOOHUIITBA MOJIOYHHX JIECEPTiB WMOBIp-
HO CIIPHSIE TIIBHUINICHHIO arperaTUBHOI CTIHKOCTI
CIIOCOOOM YTBOPEHHS IPOILIAPKIB JUCIICPCIi-
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HOTO CEpEeNOBHIIAa 3 YTBOPEHHAM B’ S3KO-TIPYXK-
HO-TUTACTHYHHMMH  BIIACTUBOCTSIMH ~ TOTOBOTO
MIPOAYKTY.

Moroyni nmecepTd mependadeHo BHPOOISITH
Ha OCHOBI BTOPMHHOT MOJIOYHOT CHPOBUHH: MOJIO-
Ka 3HEeKUPEHOTO, MACIITHKH Ta PETEHTaTy, Yepe3
3HA4YHY KOHIICHTPAIIIO TO)KUBHUX PEUYOBHUH.

3rimHO 3 MOJEIUTI0 KOMOIHYBaHHS BYTJICBOJ-
HUX 1 OLTKOBHX KOMIIOHEHTIB y CKJIaZi MOJIOYHHUX
JiecepTiB HaMH pO3po0JICHO TEXHONOTii BUPOOHU-
LTBa KpeMy Ta MyJUHTY Ha Pi3Hid MOJOuHiil oc-
HOBI (puc. 2).

3rigHO 3 TEXHOJOTIYHHWM TIPOIIECOM BHPOO-
HHIITBA MOJIOYHHX JeCepTiB (pHuc. 2), MacIsH-
Ky abo peTeHTaT MiAirpiBaroTh 10 TEMIIEpPaTypH
(40-45) °C, sxa € paumioHaNbHOIO I 3a0e3Ie-
YEeHHS TIOBHOTO 1 IIBUJKOTO PO3YMHEHHS CyXHX
KOMITOHEHTIB.

Cyxi O1IKOBI Ta BYIJICBOIHI KOMITIOHCHTH TSI
OUTBIII TOBHOTO PO3YMHEHHS MEPEMIITYIOTh 3 ITy-
KpOM, MicJIsl Y0TO PO3YHHSIOTH Y MacsiHII abo pe-
TeHTati 3 Temneparypoio (40—45) °C. Orpumany
MOJIOUHY CYMIII JUIsl MyAUHTY a00 KpeMy OUHIIy-
I0Th CIOCc000M (QinbTpyBaHHS. OUYHIIECHA CyMIII
JUTsI BUPOOJICHHS TMyIWHTY a00 KpeMy ITOBHHHA
BH3PIBaTH HPOTATOM 2 ToJ i HaOyXaHHs OiJNKiB
1 HAOLIBII MTOBHOTO BiTHOBJICHHS CYXHX KOMIIO-
HEHTIB MOJIOYHOT CyMiIlIi.

[Ticns BU3piBaHHS CyMilll iAJAIOTH TEPMOME-
XaHITIHOMY 00poOJIeHHI0 3a Temmeparypu (83+2)
°C y pazi BupoOnenns myauary abo (80+2) °C —y
pazi BUpOOIEHHS KpeMy 3a KITBKOCTi 00epTiB 3Mi-
mryBada 2800 06/xB.

O0po0OeHy MOJIOYHY CYMIIII 0€3 OXOIOIKEHHS
a00 3 OXONOMKEHHSAM 10 Temmeparypu (65+2) °C
CTIPSIMOBYIOThH Ha (pacyBaHHsI, TaKyBaHH:, MapKy-
BaHHS 3 MOJANIBIINM OXOJOKEHHSIM JI0 TeMIIepa-
TypHu (4£2) °C B XONOIUIHLHUX KaMepax.

Bupo0bieHni 3pa3ku MOJIOYHUX JI€CEpTiB Oyino
JOCHIJHKEHO 33 OpraHojenTuIHuMH (puc. 3) 1 ¢i-
3UKO-XIMIYHUMH (Tabi. 1) moka3HUKaMHU.

AHaJi3 oTpuMaHuX pe3ybTaTiB (Tadm. 1) mpo-
JIEMOHCTPYBAaB, L0 yCi 3pa3Ku MOJIOYHUX Aecep-
TiB MarlOTh MAaKCHMAaJbHY BOJIOTOyTPHUMYBAIbHY
3natHicTh — 100 %, MOKa3HUKHU TUTPOBAHOI KHC-
JIOTHOCTI Ta BMICTY CyXUX PEUOBHH IyJUHTY He-
3HAUHO HMKYi 32 MOKAa3HHUKU KpeMy, MOKa3HHKH
BMICTY 30JIM IeCEpPTiB HAa OCHOBI PETEHTATy NEIIO0
BHIIII 32 ITOKA3HHUKH JECEPTiB HA OCHOBI MacCIIsTH-
KM depe3 MIIBUIIECHUN BMICT COJIell y CHPOBHHI,
MOKa3HUKHU B’SI3KOCTI KpeMy Ha OCHOBI MacIISTHKH
HWKYi y 3,5 pa3a, HiK y MyAWHTY, a Ha OCHOBI pe-
TeHTaty —y 4,5 pasza. Cnij 3a3Ha4MTH, IO HA Bij-
MiHY BiJ KOHTPOIIIO, BMICT IIYKpPY B HOBHX BHIAaX
MOJIOYHHX JlecepTiB MeHIni Ha 43—52 %, a BMicT
Oinka — Bl y 3—5 pa3is.
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Ipuiimanns Ta NiArOTYBaHHS CHPOBHHH

/\

Mixirpie Mmacasnku abo perenTary Ko IpocioBanns cyxnx dinkorux (KCb, CCJ,
Temmnepartypu (4342)°C JKeJIATHH) i BYIJIeBOJAHHX CKJIA0BHX (iHYJiH,

\ MEeKTHH, KPOXMaJ/lb, PHCOBE GOPOLLHO, LYKOP)

[IpuroryBanns cymimni st nyqaHry aéo Kpemy Ta i ounnieHHs

'

Jo3piBanHs cymimi 11 nyJHHTY a00 KpeMy NPOTAIOM He MeHIue, Hixk 2 roj

'

Tepmomexaniune o0pod.ienns 3a (83 £ 2) °C y pasi Bupo0iienns nyaunry i (80 = 2) °C — kpemy,
3a kizbKkocTi 00epTiB 3mimyBaya 2800 06/xB

'

®dacysannsn 3a temneparypu (80-85) °C, 3ane:xno Bin Buny

l

IMakyBaHHS TAa MAPKYBAaHHA MYHHTY 260 KpemMy

\ 4

Oxonoxxkenns xo (4+£2) °C

Puc. 2. TexHoJioriuna cxeMa BUPOOHUITBA CTPYKTYPOBAHUX MOJIOYHHUX JIeCepPTiB 3 KOMOiHOBAaHUM
CKJIA/IOM CHPOBHHH.

Tabnuug 1 — @iznko-xiMiuHI MOKA3HUKH MOJIOYHHX JecepTiB Ha Pi3Hil MoJsiouHiil ocHoBi (n=3, P=0,95)

HaiimeHyBaHHS HynwHr Ha 0CHOBI Kpem Ha ocHOBI
HIOKa3HUKA KOHTPOJIb peTeHTaTy MacCJIIHKA KOHTPOJIb peTeHTaTy MacCJIIHKH
Macora wiactra 3,0+0,5 1,440,5 1,040.5 2,5120,5 1,540,5 0.7£0.5
KUpY, Yo
gﬁg‘*&)‘*acm 2,55£0,27 | 11,74+0,16 | 7,83+0,22 2,54+0,12 14,97+0,22 | 11,53+0,40

Macosa gacTtka

Cyxux peuosut, % 27,05+0,32 | 28,09+0,42 | 25,11+0,55 31,01+0,44 29,06+0,51 | 26,31+0,78

MacoBa JacTka ByT-
neBofiB, %, B T.4.:

uyxpy, % 11,0260,33 | 5,93+0,56 | 5954045 | 8,030,551 | 598+0,33 | 593+0,74
Macoga uacTka 2,76:0,51 | 2,16+0,05 | 1,810,083 | 2,87+0,09 | 2,05£0,02 | 1,77x0,6

12,50+0,45 | 12,11+0,35 | 13,35+0,14 23,53+0,26 15,36+0,45 | 15,81+0,67

3054, %

Eneprernyna in- 125 99 105 127 125 125
HICTb, KKa

TngO]:aHa KHUCJIOT- 29+] 20+] 2841 34+1 32+1 311
HICTB, °T

AKTMBHa KHUCJIOT- 4.4+0,09 4,5+0,15 5,540,05 3,9+0,01 3,5+0,01 4,5+0,03
HICTb, of1. pH

BonoroyrpumyBsais- 100+1 100+1

Ha 3[aTHICTh, %

B's3kicts, mIla-c3a
1c!

13619,2488,5| 18220,4+77,9 [12717,44107,9| 5241,5435,7 |4097,5+42,8 3640,2424,7
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4.9
4.8
a7
46
45
a4
4.3

4.2
Iy HHT Ha
OCHOBI
peTeHTaTy

ITyHHT Ha
OCHOBI
MAacIAHKH

Kpem na
OCHOBI
peTeHTary

B Cmak  ®IIpHcMak ™ 3amax

Koaip
KoHCHCTeHIIT

3anax

IIpHCcMak
Cwax
Kpem Ha
OCHOBI
MACIIHEH
KoxcHeTeHuis SEKouaip

Puc. 3. OpranonenTu4He OiHIOBAHHSI MOJIOYHHMX JecepPTiB HA Pi3Hii M0JI0YHIl 0CHOBI.

JlocnmipkeHHS  OpPTaHOJENITHYHUX — XapaKTe-
PUCTHK MOJIOYHUX JecepTiB (puc. 3) 3a cMako-
BAMH PO IISIMH MTOKa3aIH, 10 YCi 3pa3Ku MajH
rapHi MOKa3HUKH 3aI1axy i KOJIbOPY 3 BiJICYTHICTIO
cTopoHHIX 3amaxiB. Konip OyB CBITIO-KpEeMOBHii
y 3pa3Kax Ha OCHOBI MACJITHKH Ta MOJIOYHUH — Ha
OCHOBI pETCHTATy, OJJHOPIJTHHUI 3a BCI€I0 Macolo.
KoHcucreniis Oyna OXHOPIAHOIO 3a BCIEIO Ma-
COM0, B Mipy HIIJIbHA, 0€3 HASBHUX IPYI0UYOK OiTKa
Ta 3aBapeHoro kpoxmaito. Ciij BiI3HAYUTH, 110
3pa3Kd MOJIOYHHX JIECEPTIB HA OCHOBI MACISTHKH
BUPI3HSUIUCH NPUEMHUMH CMakoM Ta apoOMaToOM
3 HDKHOIO KOHCHCTeHIier. OpraHoienTiyHi mo-
Ka3HUKH MOJIOYHHX JIECEPTiB Ha OCHOBI MACIITHKH
Oy oIiHeH1 Maike y 5 0alliB, Ha OCHOBI peTeH-
TaTy — y Mexax 4—5 Gais.

BucHoBku. VY TIpOBEACHOMY JIOCIIKEHHI
HAyKOBO OOIpyHTOBaHO BHOIp KOMOiHaIiK Oif-
KOBHUX 1 ByIJICBOZHHX KOMIIOHEHTIB, IO BHKOHY-
I0Th TEXHOJIOTiYHI (DYHKIIIi 31 CTBOPEHHS CTPYK-
TYpPOBaHUX MOJIOYHHX JI€CEPTiB 3 aJeKBAaTHUMHU
CTPYKTYPHO-MEXaHIYHUMH  XapaKTePHCTHKAMH
Ta CEHCOPHUMH BIIACTUBOCTSMH. 3aIllpOIIOHOBAaHI
peuenTypHi KOMIOHEHTH Iajd 3MOTY OTPHMAaTh
HU3BKOKAIOPIHHI MOJIOYHI JIeCepTH 3 ITiJIBUIIIE-
HUM BMICTOM OiKa 1 3HMKEHHM BMICTOM KHDY,
MOPIBHSHO 3 TPAIUIIIHHUMH BUIaMU JICCEPTIB.

ExcriepMeHTanbHO TiITBEPIKECHO JIOMIITh-
HICTh 3aCTOCYBaHHs OUIKIB MOJIOKa (CyXe 3HEXH-
pEeHE MOJIOKO, CYXi CHPOBATKOBI KOHIICHTPATH) Ta
BYIJICBOJTHMX KOMIIOHEHTIB (IHYIJIHY) sIK JDKepena
XapyOBUX BOJIOKOH Yy TEXHOJOTii BHPOOHHIITBA

KpeMy, a TaKOXK pUCOBOTO OOpomIHa sIK Oe3roTe-
HOBOTO KOMIIOHEHTY y TEXHOJOTii BHPOOHHUITBA
myauHTY. Po3po0iieHo TeXHONoriFo BUPOOHUIITBA
CTPYKTYpOBaHMX MOJIOYHUX JIECEPTiB 3 KOMOi-
HOBaHMM CKJIaJIOM Ta JOCITIDKCHO X MMOKa3HUKH
skocTi. BeTaHoBIEHO, 10 MOJIOYHI JiecepT Ma-
I0Th MaKCHMaJIbHY BOJIOTOYTPHMYBAJBHY 31aT-
Hicts — 100 %, BMICT IyKpy i )KUpY B HUX MEH-
mnii Ha 43-52 % 1 33-47 %, BiAMOBIAHO, a BMICT
Oinka BuImMi y 3-5 pasiB, HiX y TPATUIIHHUX BU-
niB neceptiB. [TokasHUKH €QEKTUBHOI B’SI3KOCTI
KpeMy Ha OCHOBI MaCIISIHKH HIXY1 y 3,5 paza, Hixk
y IyIUHTY, a Ha OCHOBI peTeHTary — y 4,5 pasa.
OpraHoNenTuYHiI MOKa3HUKH MOJIOYHHX JECEPTiB
Ha OCHOBI MacIIsSTHKH OyIIu OIiHEeHi Maiixke y 5 Oa-
7B, HA OCHOBI pETEHTATy — y Mexkax 4—5 Oauis,
yCi 3pa3Ku MaJii TapHi TTOKA3HUKH 3a11axy 1 KOJIbo-
Py 3 BIICYTHICTIO CTOPOHHIX 3aIaxis.
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Scientific approaches to the creation of technol-
ogy structured milk desserts with a combined com-
position of raw materials

Rudakova T., Minorova A., Moiseeva L. Krush-
elnytska N., Narizhnyy S.

One of the promising areas of the dairy industry
is the production of combined products. Its essence
consists in the directed regulation of the constituent
components of products in order to improve their com-
position and properties. Today, dairy desserts are one
of the most popular products on the domestic market.
In order to expand the range of dairy desserts, improve
their structure and quality, increase the nutritional val-
ue and reduce the calorie content, it is rational to use
non-traditional raw materials that contain the necessary
functional ingredients. To obtain dairy desserts with a
certain structure, it is necessary to use the appropriate
components of animal and plant origin. For example,
milk powder, milk and whey concentrates, condensed
milk products, hydrocolloids (food fibers, starch, gel-
atin, cellulose derivatives, gums, etc.). Justification of
the use of the above-mentioned components during the
development of the technology of dairy desserts with
a combined composition of raw materials is an actual
direction of scientific research.
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The purpose of the work was to develop a scientif-
ically based model for combining protein and carbohy-
drate components in the composition of dairy desserts
with gel-like and complex dispersed structures and to
create pudding and cream technology.

The article presents a developed model of com-
bining protein and carbohydrate components in struc-
tured dairy desserts. Based on the model of combin-
ing carbohydrate and protein components in dairy
desserts, we have developed cream and pudding tech-
nologies based on buttermilk or retentate. In order to
obtain dairy desserts with aggregative stability, it is
necessary to carry out thermomechanical processing
at a temperature of 80-85 °C with constant mixing
and agitator revolutions of 2800 rpm, followed by
packaging without cooling.

The organoleptic and physico-chemical parameters
of the produced samples of dairy desserts were studied.
It was established that dairy desserts have the maxi-
mum moisture retention capacity — 100%, their sugar
and fat content is 43—52% and 33-47% lower, respec-
tively, and the protein content is 3—5 times higher than
in traditional types of desserts.

It has been proven that on the basis of the developed
and scientifically based model of combining protein and
carbohydrate components, low-calorie structured dairy
desserts with high protein content, low fat and sugar con-
tent and appropriate quality indicators were obtained.

Key words: dairy desserts, creams, puddings,
combined composition of raw materials, technology,
structure, secondary dairy raw materials, whey pro-
teins, hydrocolloids.
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IlocTanoBka nmpo0jeMu Ta aHATI3 OCTAHHIX
[Toka3HUKOM TEpPMOCTAOIIBHOCTI

JOCJIIKEeHb.

VYkpaiHa € oHUM i3 HAWOIIBIIMX BUPOOHUKIB 3€PHOBOT MPOMYKIIii.
Uepes mpupoaHo-KIiMaTuaHi yMOBH miopigno Bix 50 mo 80 % 3ibpanoro
BPO’Karo0 3€pPHOBHX KYJBTYp HiuIsirae CyIliHHIO Ta ne3incekuii. CymiHns
1 OHOYACHA JE3IHCEKIIisS 3¢pPHA € OCHOBHMMH TEXHOJOTIYHUMH OIepa-
LisIMU 3 BUJAJICHHS 30MTKOBOT BOJIOTH 13 36pHOBOIO Marepiaily Ta 3Bijib-
HEHHsS WOTO BiJl KOMIpHMX IIKiTHUKIB, IO B MacmTabax KpaiHu 3a0e3-
revye YHUKHEHHsSI MUTBHOHHUX 30MTKIiB. Y CTaTTi HaBEICHO MaTepiaun
1010 pO3pOOJIEHHST BUCOKOS(HEKTUBHOT €KOJIOT1YHO YUCTOT YCTAHOBKHU Ta
eHepro30epirabHOT TEXHOJIOTII Ieriapararii 3 OJHOYACHOIO JIe31HCEKITi-
€10 BOJIOTOT'O 3€pHa, sika 3a0e3reuye BHCYIIyBaHHs 3€pHA 32 KOPOTKHH
MPOMIXKOK Yacy 110 Bosiorocti 12...14 % Ta 3HUIICHHS IIKiIHUKIB. B ors-
Jli 0OTOBOPIOIOTHCSI OCHOBHI CYIIWJIbHI YCTAHOBKH KOHBEKTHBHOTO THILY,
SIKi BUKOPUCTOBYIOTh Harpite moBiTps. [IpoaHanizoBaHo iX OCHOBHIi MO-
3UTHBHI Ta HEraTHBHI CTOPOHU BUKOpUCTaHHS. [IpeacTaBieHo eKciiepu-
MEHTAJIBHY MOJIEIb PO3POOJICHOT BUCOKOS(EKTUBHOT €KOJIOTYHO YHCTOT
YCTAHOBKM CYLIIHHS 3epHa 3 (Di3MKO-MareMaTHYHUM OOIDYHTYBaHHSM.
OO0umcieHo Taki IOKa3HUKY, K INBUJKICTh 3aBUXPEHHS 3€pHa (V) 3a pi3-
HUX TEMIIEPATYp, BETUINHA BiMlIeHTPoBO1 cuiu 3epHa (F), mo pyxaerbest
B TIOPOXXHUHI HATPiBAJILHOTO €JIEMEHTA CITipadbHUM KaHajmoM. OOrpyHTO-
BaHO MHTTEBUI TpoOIleC TepeaaBaHHs TEIIOBOI €Heprii BijJ CTIHKM Ha-
rpiBava 10 BoJjororo 3epHa. Tak, eneMeHT noBepxHi (dS) Bosororo 3epHa
oTpuMye€ MoTiK TerioBoi eneprii (dQ) 3 Temmeparyporo (T) 3a kopoTkuit
NPOMDKOK 4acy (At) 3a KoediuieHTa Temonepenadi (a).

ExcriepuMeHTalIbHO IOBEACHO, 10 HA JETiApaTaiiio 3epHa BILIUBAE,
HIOHaMMEeHIIIe, TPH TApaMeTpPH: TeMIIepaTypa HarpiBaHHs, HOro BOJIOTICTh
Ta THCK y BaKyyMHil kaMepi. Yci mapaMeTpu Mixk cOO00 B3aEMOTIOB'sI3aH1
Ta BIUTUBAIOTH HA TEXHOJIOT1YHI MOKa3HUKH. TaKUM YHHOM, 3aCTOCYBaHHS
TEPMOBAKYYMHOI TEXHOJIOTI] € aIETCPHATUBOIO TPAJAUIIIHHIM BUCOKOTEM-
MepaTypHUM CIIOCO0aM CYIIHHS 3¢PHOBUX KYIBTYP.

KurouoBi cjoBa: TepMOBaKyyMHa JeETifpaTallisi 3epHa, CYIIHMJIbHA
yCTaHOBKa, IE31HCEKITisl.

TakuM 4UHOM, IHTEHCH(IKAIS IPOIECY CYLIIHHS
3epHa IUISIXOM TiIBUIICHHS TEMIIEpaTypyu HABKO-

3epHa € MaKCHUMajJbHO [OMyCTUMa TeMIIepaTy-
pa Horo HarpiBaHHS, sIKa TIOBUHHA OyTH HMXKYIOIO
TeMIepaTypH AeHaTypauii pocIuHHUX OinKiB [1].
3MiHM TOKa3HMKIB BOJIOTH 1 TeMIIEpaTypu 3epHa
miJ 4ac CYIIHHS CYTTEBO BIUIMBAIOTh HA MYKO-
MeJbHI, @ TaKOK Ha XJIIOONEKapchKi 1 KyaiHapHi
BIacTUBOCTI OoporHa. HaciHHeBe 3epHO i gac
CYIIiHHS JomycTUMo HarpiBatu a0 318 °K, mpoxo-
Bombue — 110 328 °K, ¢ypaxne — no 333 °K [2, 3].

JWITHBOTO CEPEIOBUINA € HENPUHHATHOIO, HEO00-
XITHO JOCUTH PETENbHO MIIXOAWUTH 0 MHTAHHSA
BHOOPY TEMIIEPATYPHOTO PEXKUMY.
BnpoBamkeHHsT HOBUX METOMIB 1 MPOTPECHB-
HUX TEXHOJIOTIH y TIpOIIeci CYIIiHHS 3epHa € Ha-
BaXKJIMBIIIMM 3aCOOOM ITiIBUIIICHHS €(PEKTUBHOCTI
poOOTH 3epHOCYIMIBLHOTO OONaHAHHS 33 Paxy-
HOK 3HM)KCHHSI €HEPrOCIIOKUBAHHS, TOKPAIICHHS
SIKOCTI BUCYIIEHOTO TIPOAYKTY Ta 3HUKEHHS HOTO
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cobiBapTocTi. KpiM TOTO, KOHCTPYKIIiSI arperary
JUISL CYIITHHS TIOBUHHA OyTH HaAiHHOIO, TOBTOBIY-
HOIO, TIOBHICTIO BITUCYBaTHCh Y KOHCTPYKTHBHI Ta
TEXHOJIOTIYH1 PIITICHHS ITi]T Yac CYIIiHHS TepMoJia-
OitpbHMX MaTepianis [4, 5, 6].

V 3B’s3Ky 3 Oe3MEepPEPBHUM IIiIBUIICHHIM IIiH
Ha €HePTOHOCIT aKTyaJIbHOIO € TIPo0JIeMa 3HIKCH-
HS YaCTKH €HEpro3arpar y co0iBapTOCTi CYIIiHHS
3epHa, KA, 3a OIlIHKaMH EKCTIePTiB, csarae 75—80 %.
ITomyk ONTHMaIbHOTO HAYKOBO-TEXHIYHOTO pi-
HICHHS JUIs CYIIIHHSI TEPMOYYTJIMBUX MaTepialiB
€ cBiTOBOIO Mpobaemoro. HeoOxigHo cTBOproBaTH
NEePCIEeKTUBHI TEXHONOTIT 1 o0MagHaHHA Ui Cy-
IIiHHSA, SKi O BIAMOBiaIM CBITOBOMY PiBHIO, a B
JIESTKUX BUTIAIKaX MTEPEBHUIYyBAN HOTO 332 HU3KOIO
MMOKa3HMKiB. BUKOpUCTaHHS HOBOI TEXHOJOTII Ta
HOBOTO OOJNaJIHAHHS JaCTh 3MOTY CKOPOTHTH ITH-
TOMI 3aTPaTH YMOBHOTO ITaJIHBa.

MeTo10 podoTH € po3poOIIeHHS BUCOKOE(hEK-
THUBHOI €KOJIOTIYHO YMCTOI YCTAHOBKH Ta EHEProO3-
OepiraapHOI TEXHOJIOTIT JeTiaparaltii Ta ogHOYac-
HOT JIE31HCEKIIii BOJIOTOTO 3€pHA, IO JaCTh 3MOTY
BUCYIITYBaTU 3€PHO 3a KOPOTKHI MPOMIKOK 4acy
1o Bojyorocti 12—14 % Ta 3HUIIYBaTH KOMipHHX
HIKITHHAKIB.

Marepian i meronm mocaimkennsi. Ilpen-
CTaBJIeHA EKCIIEpUMEHTalbHA MOJAEIh PO3po-
0JIcHOT BHCOKOC(EKTHBHOI €KOJIOTIYHO YHCTOT
YCTaHOBKH CYIIIiHHS 3€pHa 3a TEXHOJOTIYHUMU
0COONMBOCTAMU Ta (Hi3MKO-MaTEeMaTUIHUMU KpPH-
Tepistmu. OOUUCIIEHO TaKi MOKa3HUKU: IIBUJIKICTh
3aBUXPEHHs 3€pHa (V,) 3a PI3HHUX TEMIIEparyp,
BEITMYHMHA BiAneHTpoBOoi cum 3epHa (F), mo py-
XA€ThCS B TIOPOKHUHI HATPiBAaJIHHOTO €IEMEHTA
criipampHUM KaHasioM. OOTpyHTOBaHO MHTTEBUI
MpoIleC TepeaBaHHs TEIUIOBOI SHEpTii BiJx CTiH-
KM HarpiBada J0 BOJOTOrO 3epHa. Tak, eleMeHT
noBepxHi (dS) BOJIOTOro 3epHa OTPUMYE IOTIK
teroBoi eHeprii (dQ) 3 temmeparyporo (T) 3a
KOPOTKHH MPOMIKOK 4acy (At) 3a koeilieHTOM
tertonepenadi (a). Takok BigmpanbOByBaslach
temneparypa (T) ycepeauHi TOBEpXHEBOTO IIapy
BOJIOTOT'O 3¢pHA Y MOMEHT JIOTUKY JIO CTiHKH Ha-
rpiBada 3a yMOBH IHTEHCHBHOTO BHITAPOBYBaHHS
sojioru (T, > T), mo06 He BiAOYIOCS MHUTTEBOTO
TieperpiBaHHs PiUHHM 1 HE TTOYaBCs MPOIEC IHTEH-
CHUBHOTO TapOBUIICHHS y TIOBEPXHEBOMY IIIapi
3epHa. [IpoBonnIM KOHTPOJL 32 TUCKOM HacH4e-
HOI TIapy BCEpENIMHI MOBEPXHEBOTO mapy. Excre-
pUMEHTAILHO OYyJI0 BH3HAYEHO YMOBH, sIKi O He
CIIPUYHMHSIIN JIOKAIBHOTO IMITYJILCHOTO ITapOBOTO
BUOYXY, 1110 MPU3BOIUTH 10 PyHHYBaHHA 3€pHA.

PesyabTaTn focaigxeHHs: Ta 00roBOpeHHs.
B YkpaiHi BUKOPHUCTOBYETHCS MTUPOKA HOMEHKIIA-
Typa 3epPHOCYIIAPOK SIK BITYUN3HAHUX, TaK 1 3aK0Op-
JIOHHUX BHPOOHHUKIB [7—10].

ChOrofHi BUKOPUCTOBYIOTEH 3A€OIIBIIIOTO CY-
IIFJIBHI YCTAHOBKH KOHBEKTHBHOTO THITY, B SKHAX
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3aCTOCOBYIOTh HarpiTe IMOBITps, sSKE TEepeaac Te-
TUTO JIO 3epHA i BUJIAJISE BOJIOTY, IO BHITAPOBYETh-
cs1. [IoBiTps, CBOEIO UEPTOr0, HArPIBAIOTH CITAITIO-
BaHHSM PIAKOTO TajwBa, ab0 MPUPOITHOTO Ta3y.
[Ipn mpoMy HEOOXiTHO BUKOPHUCTOBYBATH IIE€BHI
BUJIM TIAJTUBA, 110 HE 3a0pYAHIOIOTh HABKOJUIITHE
MPUPOJIHE CEPEJOBUINE Ta 3EPHO KaHIEPOTeH-
HUMH pEYOBHHAMH. TOMY CYIIMJIbHI YCTaHOBKH,
SIKI TIPAIIOIOTh HAa PIIKOMY TaWBi, OOJIaTHAHO
TEIIOOOMIHHUKOM, IO 3a0e3rnedye MogaHHs UYu-
CTOTO TIOBITPS IO Bojororo marepiamy [11, 12].
CymmisHI yCTaHOBKY Oe3MepepBHOI MTii — IIaxT-
Hi, KOJIOHHI, KapycenbHi [13, 14]. YcraHoBKH 1Iis
CYIIIHHS TIEPIOANYHOT il — KaMepHi, JOTKOBi Ta
iamm [15]. s yeix IUX YCTaHOBOK BUKOPHCTO-
BYETBCS PiAKE MaJMBO, OTpeda B SIKOMY CTaHO-
Buth 0,8...0,9 mutH T Ha pik. Bucymene 3epHo,
BIJIIOBIIHO, TIOBUHHO OYyTH €KOJIOTIYHO YHCTHUM,
MaTH BHCOKI Xap4oBi SKOCTI Ta 3BUIBHCHHM BiJ
KOMIpHHUX IIKiTHUKIB [16].

3aranbHiI HEMONIKH 3€pHOCYIIAPOK Ha PiaKo-
My MaJIUBi:

- HEJOCTaTHS IHTCHCHBHICTh TMPOIECY Cy-
LIHHS;

- TPOMI3JIKICTB;

- MOXIIUBICTh IIEpErpiBy 3€pHa;

- HEBUCOKA €(DEKTHUBHICTB;

- BUCOKA BapTICTh;

- TOCTaBKa PiJIKOTO IMAJIMBA IO MICIISI CYIITiH-
HSI 3€pHA.

VY Takux 3epHOCyIIapkax CKJIagHO KOHTPO-
JIOBAaTH 3aJISKHICTh MK TeMIlepaTypolo Harpi-
TOTO MOBITPs 1 TeMmeparyporo 3epHa. HeoOxigHo
KOHTPOJIOBaTH 00’ €M MOBITPs Ta HOTO BOJIOTICTb.
BaxxmuBumu ¢axropamu €(eKTUBHOCTI YCTaHOB-
KA JJIs1 CYIIiHHS KOHBEKTUBHOTO THITy € BiJHO-
LICHHS TEMIIEpaTypH MOBITPS 1O HOTO BUTpAT Ta
TpuBajocTi cyminHs. [1IBuaKicTh CymIiHHS 3epHa
nepeOyBae y MpsiMiid 3aJI€KHOCTI Bif TeMIIepaTy-
pH TOBITps. 3 MiABUILEHHSAM TEMIIEpaTypH 3epHa
00’eM TIOBITpS Ma€ MICTHTH OLTBIIYy KiJIBKICTBH
terna. EQeKkTHBHICTH YCTaHOBKHM Ui CYLIiH-
HS1 3MIHIOETBCS 3aJIS)KHO BiJ MIOTOAHUX YMOB. 3a
HU3BKOI TeMIepaTypH MOBITPs TeMIIepaTypa 3ep-
Ha MO)ke OyTW TiJBHINEHA NUITXOM 301IbIICHHS
KUTBKOCTI TEIUIa, SKe JOMAEThCS O TOBITps [4,
5, 6]. EdexktuBHICTE yCTaHOBKH AJISI CYLIiHHS
3aJI€KATh TAaKOXK Bl TOro, HACKIJIBLKMA MIIHO IIif
Yac CyWIiHHA YTPUMYETHCS BOJOra BCEpeauHi
3epHa TeBHOro Buay. JpiOHi 3epHa BTpadaroTh
BOJIOTY IIBUAIIE, HUK KpynHi. SKicTh 3epHa y
pasi CcyuliHHA HarpiTUM MOBIiTpsiIM HuU3bKa. Haii-
MOUIMPEHIIINM TOIIKOIKEHHSIM 3€pHa i Yac
HOro CyIIiHHS € YTBOPEHHs TPIlIMH, IO CHpH-
YHHIOETHCS BUCOKOIO MIBHAKICTIO CymIiHHA. Take
TOLIKO/KEHHSI BUSIBISIETHCS B YTBOPEHHI TPIILIUH
Ha MOBEpXHi 3epHa abo BcepeauHi. Ko Monotu
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3€pHO 13 TPIIIMHAMU, 3HUXKYETHCS BUX11 OOpOIIIHA
BHINOTO TaTyHKy. [y 3amoOiraHHsS yTBOpPIOBAaH-
HIO TPINIUH HEOOXITHO KOHTPOIIOBATH SIK TEM-
reparypy CyHIMJIBHOTO areHTy, TaK 1 IMIBUIKICTH
BHIAJICHHS BOJIOTH 13 3¢pHA. Y TBOPEHHS TPIIIHH
3pOCTa€ 3a 3pOCTAHHS TEMIIEPATYPH CYIIHIHLHOTO
arenty. llIBunke oXoomKeHHsI BUCYIIIEHOTO 3ep-
Ha TaKOX CHPUSIE 3pOCTAHHIO HOro pylHyBaHHSI.
Po3po0OnsieThes, HANPUKIIAA, TEXHOJNOTIS 3 BUKO-
PUCTaHHAM Ta30BHUX PEHHPKYSAMIHHAX CYIIapoK
3 MPOTUTOKOBUM KOPOTKOTEPMIHOBHUM Ta iHTCH-
CHUBHUM TmiirpiBanHsaM. Lsg TexHomoris gae 3mo-
Ty ONTHUMI3yBaTH (3a CHEPIEeTHIHUM KPUTEPIEM)
TIPOIIEC CYIIIHHS 3€pHA Pi3HOT BOJIOTOCTI Y TIOTOIII
Ta 3a0e31meuye BUCOKY SAKICTh 32 MiHIMAJIbHUX BH-
TpaT majnuBa. BukopucTaHHS HOBOI TEXHOJOTII i
HOBOTO 00JIaIHaHHS 1aJ10 MOXKIIUBICTH CKOPOTUTH
MMUTOM1 BUTPATH YMOBHOTO TMaJINBA.

B ocranHi poku s 30epiraHHs 1 CYIIiHHS
3epHa BHKOPHCTOBYIOTH CXOBHIIA 3 a€POXKOJIO-
0amu, B SKUX CYIIHHS 3€pHa BHKOHYETHCS BEH-
THJTIOBAHHSM, X04Ya IIEH METOA CHEProeMHUU i
HepeHTabenpHuid. [1Iupokoro po3BUTKY HAOYIH
KOMOIHOBaHI TPOIECH CYIIIHHSA, SKi MOETHYIOTH
BHCOKOIIBH/IKICHUH TIPOIEC BHCOKOTEMIIEpaTyp-
HOTO CYIIiHHS MepioaudHoi abo O6e3nepepBHOI il
3 HU3BKOTEMIIEPATypHUM BHYTPIITHEOOYHKEPHUM
cyuridasM. [lepeBaru Takoro KOMOIHOBaHOIO Cy-
IIiHHSA — Y TIIBHIIEHHI MPOITyCKHOI 3MaTHOCTI
CyIIapoK, CKOPOUCHHI BUTPAT aJIMBa, TOKpAIIeH-
Hi SKOCTI BHUCYIIIEHOTO 3€pHA.

BuxopuctaHHs CTpyMiB BHCOKOI YacCTOTH IS
CYIIIHHSI 3epHa Aa€ 3MOTY 3MCHIITUTH Yac CyIIiHHS

1 TeMIIepaTypy HarpiBaHHS MaTepiaiiB A0 TpaHUd-
HO JonycTuMuX. Po0OTa TakuX yCTAaHOBOK BHCO-
KoedekTrBHA 1 peHTadensHa. ChOTOMHI TPUBAIOTh
POOOTH MIO0 BIPOBAKEHHS IIUX YCTAHOBOK Y BH-
poOHUITBO. HemomikoM TakmxX yCTaHOBOK € HasB-
HICTb BUCOKOYACTOTHOTO TIOJISl Ta BUCOKA BapTiCTh.

Po3po6mstoThesl TaKOXK BaKyyMHI IMITYJIBCHI
YCTaHOBKH JJ1s1 cymIiHHA. [licis mBuakoro Harpi-
BaHHS 3€pHA JI0 BiATIOBIAHOI TeMIIepaTypu KaMme-
pa IS CYIIiHHS 3 3€pHOM MiITAETHCS IMITYIIhC-
Homy (Menme 1,0 ¢) BakyymyBauH!0. JIJIsl IOTO
ABTOMATHYHO TEePEKPUBAIOTh BAKYyMHI KJIallaHH
Ha JIIHIAX ITOJAHHS Ta BIABEIEHHS TEIUIOHOCIA, 1,
BIJIMOBI/THO, BIJKPHUBAIOTHCS IIBUAKOMIIOWI KITa-
MaHd Ha JIHIl BaKyyMyBaHHS. 3a IMITYJIbCHOTO
BaKyyMyBaHHsI Ta BUTPHMYBaHHI IIiJl BAKYyMOM
(1,3...2,4 xIla) 3epHO 3a paxyHOK IHTEHCHBHOTO
BUTIAPOBYBAHHS BOJIOTH OXOJIOJDKY€EThes. [lo-
JTATBIT ITAKJIA HATPiBaHHS, IMITyJILCHOTO BaKyy-
MyBaHHS, CKWJAaHHS BaKyyMy TOBTOPIOIOThCS
JI0 JIOCSITHEHHSI 3E€PHOBOIO KYJIBTYPOIO KilleBOT
(12...14 %) BomorocTi. Hexgoxikom mi€i yctaHoB-
KH € T€, 0 Pi3KHii TTepenaj] TUCKY 1 TeMIepaTypu
MIPU3BOAUTE, SIK OyJI0 OMHCAHO BHIIE, IO PO3TPi-
CKyBaHHsI O0OJIOHKM 3epHa. ToMy 3epHO, BHCY-
IMeHe y TaKuh crmocid, MOKHa BUKOPHUCTOBYBATH
Jiie K Gypaxue.

VY po3pobieHiit HamMu BUCOKOS(DEKTHBHIN €KO-
JIOTIYHO YHCTIH yCTAHOBII 3 JOTPUMAaHHIM CHEp-
ro30epirajibHOI TEXHOJIOTIT neriaparaiiii 3epHo (1)
HaJXOIUTh Y BHYTPIIIHIO YaCTUHY HArpiBaIbLHOTO
eJeMeHTY (2) TepMOBaKyyMHOI YCTAaHOBKH Pa3oM
13 moBiTpsM (puc. 1) [16].

Puc. 1. Cxema TepMOBaKyyMHOI YCTAHOBKH.
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HarpiBanpauit enmeMeHT mMae GopMmy cripai.
3epHo 3 Tpancmoprepa (10) pazom 3 MOBITPsIM T10-
Tparuisie Ha BHYTPIIIHIO YaCTHHY HarpiBajbHOTO
eneMeHTy. J{nst Toro 1mo0 3epHO pyxanoch Bee-
penuHI HarpiBaJlbHOTO €JIEMEHTY, Yy BUXITHOMY
MOTOII HeoOXiTHO, MO0 MIBUIKICTh 3aBUXPCHHS
3epHa 3aJI0BOJIbHSIIA YMOBY [16].

RE)) P (1)

Pri

Ji€ v, — WBHIKICTH 3aBUXPEHHSA, M/C;
0, — IIBUAKICTH 3aBUXPIOBAHHSI 32 TeMIIEPaTypu
293 K, m/c;
P, — TYCTHHA NOBITps 3a Temneparypu 293 °K, xr/m’;
p,p— TYCTHHA MOBITPS 3a TEMIIEPAaTypPH HArPiBaHHs,
Kr/M>.,

Tak, 3a Temmeparypu HaBKOJHUIIHBOTO cepe-
nosuma 298 °K MIBUAKICTH 3aBUXPEHHS 3€pHA
MIICHUIl CTAHOBUTH MPHOIM3HO 14 M/C.

Ha 3epHo, mo pyxaerbcsi B MOPOXKHUHI Ha-
TPIBATBHOTO €JIEMEHTA CITipaJIbHUM KaHAJIOM, i€
BiZIIEHTpOBa cuia F.

e 4
F=—"j )
R

Jie m — 3epHa, (Kr; 0 — IIBUJKICTh PyXy 3€pHa B IIOPOXK-
HHHI CIipaJbHOTO HArpiBaJbHOTO €JIeMEHTa, M/C;
R — paniyc cripaiti HarpiBaJbHOTO €JIEMEHTa, M.

Bigmnenrposa cuia MPUTHCKAE 3¢PHO IO CTiH-
KM HarpiBalbHOTO eJeMeHTa. MixK MOBEpXHEBOIO
IUIOIIMHOIO 3€pHa Ta CTIHKOIO HarpiBaya yTBO-
PIOETHCS TICHUH KOHTAKT, IO JIA€ 3MOTY MaKCH-
MaJIbHO BUKOPHCTOBYBaTH TEIJIO HArpiBajbHOTO
eneMeHTa. BinOyBaeThCcss MUTTEBHI TIPOIIEC TIEpe-
JaBaHHS TEIJIOBOI €Heprii BiJ CTIHKHM HarpiBada
110 Bojiororo 3epHa [7]. EnemenT moBepxHi dS (M?)
BOJIOTOTO 3€pPHA OTPHUMYE ITOTIK TEIUIOBOI €HEprii
dQ ([Ix) 3 remneparypoto T (K) 3a KopoTkHii mpo-
MDKOK gacy At (c¢) 3a koedirieHTa Termionepena-
BaHHg @, (Br/m*-K):

dQ:ﬂ'T'dI'dS' (3)

TermoBuii ormip Rc TOBEPXHEBOTO APy 3epHA
BU3HAYa€ TOBIIMHY MPOHUKHECHHS TEILIOBOI SHEp-
Tii BCepearHy BOJIOTOTO Marepiary:

l=R.,-dS-4

Je / — TOBIMHA IPOHUKHEHHS TEIUIOBOT eHeprii Bcepe-
IMHY BOJIOTOT'O 3epHa, M;

Rc — teroBwii omip 3epHa, K/BT;

A — koeQiLieHT TerIonpoBiaHoCTi 3epHa, B1/M-K.
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[TimcraBuBmm 3HadeHHs dS i3 Bupasy (2) y
BHpa3 (3), OTpUMAEMO TOBIIMHY NPOHUKHCHHS
TeII0BOi eHeprii dQ BcepenuHy BOJIOTOTO 3epHA
3a MEBHUH MPOMDKOK 4acy dt.

e Rc'.ﬂ."d@ . RE'A'P
 aTdr

1 4)

ne P=dQ/dr - remnosa MOTYXHICTh, BT.

Temneparypa (7) ycepenuHi MOBEPXHEBOTO
1apy BOJIOTOTO 3€pHA Y MOMEHT JJOTHKY /10 CTIHKH
HarpiBada He TOBMHHA OyTH BHUIIOIO 3a TEMITepa-
Typy (7)) IHTEHCHBHOIO BMIIAPOBYBaHHS BOJIOTH
(T, > T), mob He BiAOYIOCS MUTTEBOTO IMEPETPI-
BaHHS PIJUHM 1 HE TIOYaBCS MPOIIEC IHTEHCUBHOTO
TMApOBUAUICHHS Y TIOBEPXHEBOMY Iapi 3epHa. Y
pe3yIbTaTi IIbOTO THCK HACHYCHOT TIApH YCePEIHHi
MMOBEPXHEBOTO IIapy CTA€ 3HAYHO BHIIUM, HIXK Ha
TTOBEPXHi. Y TBOPIOETHCS JIOKATHHUH 1MITYIIbCHHIA
MapoBHUil BUOYX, 110 MPU3BOIUTE JI0 PYWHYBaHHS
3epHa. Temmeparypa 3epHa Imig Jac AeriAparartii
He ToBHHHA nepeBuinyBaru 323 °K.

VY HarpiToMy CTaHi 3¢pHO 4epe3 TPYOOIpoBi
(4) motparusie B MUKIOH-PO3NOAUTHHUK (5), a 3
HBOTO — Y BaKyyMHHUI 00 €M (6). Y LIUKJIOHI 3ep-
HO BUIMUISETHCS Bif CyMIIIeH, KOMax, i 9aCTKOBO
3BUIBHAETHCSA Bl BOJIOTH. Pi3HI JOMIIIKH 1 KOMaxu
3aynImaTbes Ha GinsTpi (12), a mapa ta ra3u mo
TpyoompoBoay (11) nepexonsats y Hacoc (3).

Kontpons 3a Temmeparyporo HarpiBajibHO-
TO eJIeMEHTy 3 TO4HICTIO + 1°C, BUKOHYETHCS 3a
JIOTIOMOT0I0 BHMipioBada Temreparypu (8). 3a
JOCSITHEHHSI HarpiBadeM 3a/laHOi TemIieparypu
MpUJIaj TO/Ia€ CUTHAJI Ha BUMKHEHHS €JEKTPHY-
HOTO CTpyMy Bim HarpiBada. [licims 3HIDKEHHS
TEMIIEPaTypH HIKYE 3a/1aHO1 MPHIIaJ MOJAE CUT-
HaJl U191 YBIMKHEHHS JKepesia eHeprii HarpiBaib-
HOTO €JIEMEHTa. 3a TeMIIepaTypor0 HarpiToro
3epHA, K& HAIXOMUTh Y OYHKEp, TAaKOXK 3IIHCHIO-
€THCS KOHTPOJIb. SIKII0 B OYHKEp HAJAXOAUTH 3ep-
HO 3 TEMIIEPaTypOI0 BUILOIO BiJ 3aaHOI, pHIa
(13) mae curaam Ha BUMKHECHHS JDKEpeEsia €HEeprii
B HarpiBada. Y Mipy 3allOBHEHHs OyHKepa Ha-
TPITHM 3epHOM Harduk piBHA (14) momae curHam
Ha BUMKHEHHS BaKyyMHOTO TPYOOIIPOBOLY, SIKHI
TI0/1a€ HArpiTe 3€PHO Y BAKYyMHHH OyHKEp 1 BMH-
Ka€ BaKyyMHHH TPYOOIIPOBi, KK TI0JIa€ HArpiTe
3€pHO JI0 TOPOXKHBOTO BaKyyMHOTO OyHKEpa.

Hacoc ctBoproe B Oynkepi Trck 26,6102 I1a i
BHUJIAJISIE BOJIOTY, SIKA BHIIAPOBYETHCS 13 OyHKepa.
3a mocsTHEeHHS 3epHOM Bojyorocti 12 % iHanka-
TOP BOJIOTOCTI ITOJIA€ CUTHAJ IUTI030BOMY 3aCYBY
(7) Ha BUBaHTaXXCHHS 3epHa i3 OyHKepa. Y Mipy
3aMmoBHEHHS (PiIbTpa APIOHMMU YaCTHHAMU 1 KO-
MaxaMH TIPOIyCKHA 37aTHICTh (PLIBTpa moripiry-
€THhCS Ta 3MIHIOETHCS THUCK y TpyOomposomi (11).
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Iagukarop Tucky (15) momae curaan Ha yBIMKHEH-
HA BiOpariiiHoro npunanay GiasTpa, BHACHTIIOK
YOTO MPOTMYCKHA 3AaTHICTh (PUIBTPY MOKPAITYETh-
csi. YcTaHOBKA MPOJIOBXKYE MPAIIOBATH B IITATHO-
My peXuMi. YIIpaBITiHHI TEPMOBAKYyMHOIO yCTa-
HOBKOIO 37IHICHIOETRCS 3 IyJbTa (9).

[Tin yac MPOXOKEHHS BOJIOTOTO 3€pHA B IO-
POKHUHI HarpiBajapbHOTO eneMeHTy 3a 20 ¢ Bigoy-
Ba€ThCA TEPEMIITyBaHHS 1 PIBHOMIpHE HOTO Ha-
rpiBaHHs. BomnoricTs 3epHa 3HMXKYETHCS 10 8 %o,
MpU 1[bOMY 3€PHO HarpiBaeThes J0 TeMIeparypu
me 6inb, sk 323 K. (Puc. 2).

12 % B cymmnbHiN madi 3a atMochepHOro THCKY
BIIPOZIOBX 9 roauH, o y 9 pasiB MoBLIBHIIIE, TT0-
PIBHSIHO 3 TEPMOBaKYyMHOIO yYCTaHOBKO. Hu3b-
KOTEMITEpaTypHUH PpEXUM CYIIIHHSI HACiHEBOTO
3epHa 30epirae MoKUBHI pEYOBHHHU Ta 3abe3mneuye
HOTO KUTTE3AATHICTD.

VY TepMOBaKyyMHIA yCTaHOBII PyX BOJIOTH
13 BHYTPIITHROI YAaCTHHHM KapKacy 3epHa Hazo-
BHI BimOyBa€ThCs 3a HIDKIUX TemImeparyp. IH-
TCHCUBHICTh JIETizIparallii 3epHa 3aJCKUTh BiJ
TEMIIEpaTypH HarpiBada, THCKY HaBKOJIAIIHBO-
ro cepenoBuiia, KoedimienTa Audy3il BOJOTH.
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Puc. 2. 3minu Bosorocti 3epHa (%) i remneparypu (K)
M/l Yac TEPMOBAKYYMHOTO CyIIiHHSI.

I3 HarpiBaJbHOTO €IEMEHTY 3epHO MOTPAILIE
y BakyyMHHI OyHKep-HakomuuyBad. Y OyHKepi
BOJIOT€ 3€PHO MPOJAOBXKYE BHUCHXATH 33 PaxyHOK
TpajlieHTy THCKY HABKOJNWIIHBOTO CEPEIOBHUINA i
THUCKOM Y TiJi 3epHa, TETJIOBOI EHeprii, Ky 3epHO
OTPHUMAJIO Mi Yac nepeOyBaHHs B HAPiBAILHOMY
eneMenTi. Yepe3 60 XBWIMH HOTO BOJIOTICTh CTa-
HOBUTH Npubmu3HO 12 %. 3a 1eii yac Temmepary-
pa 3epHa 3HIWKyeThes 10 297 °K.

OTxe, Ha Aerijparaimiio 3epHa BIUIUBAE LIO-
HallMeHIlIe TpHU MapaMeTpu: TeMIepaTypa Harpi-
BaHHS, HOTO BOJIOTICTh Ta TUCK Y BaKyyMHiH KaMe-
pi. Yci mapamerpu Mixk co0010 B3a€MOIIOB'sI3aHi Ta
BIUTMBAIOTh HA TEXHOJOT1YHI moka3Huku. Crocid
TEPMOBaKyyMHOI JleTiparanii He YMHUTH 3a0pya-
HEHHS HABKOJMIIHBOTO CEepeloBHINAa Ta Oe3IMo-
cepenHbo 3epHa. [ HOpiBHAHHS — 3€pHO i3 1o-
4aTKOBOIO BojoricTio 20 % BHCHUXAE 0 BOJIOTOCTL

HocnimpkeHHs moka3zaiy, U0 3epHO IMIBHIKO Ha-
rpiBa€ThCs, aje MOBUILHO Bifjgae Bosory. Mak-
CHMAaJIbHO JIOITyCTHMa TeMIIepaTypa HarpiBaHHSI
3epHa BU3HAYAETHCS TEPMOCTIHKICTIO HOTO O1J10-
KyMiCHOTO KOMIIOHEeHTa. /{7151 merimparartii HaciH-
HEBOTO 3epHa HEOOX1HO 3aCTOCOBYBAaTH HU3BKO-
TeMIIEPaTyPHUH PEXUM, SIKHK 30epirae mo>KuBHI
PEYOBHHU B 3€pHI, III0O BOHO 3aJIHINATIOCH JKUT-
Te3maTHUM. SIK BHIHO 13 PUCYHKA 3, aJICHpOHOBI
KIJIITUHU, KPOXMaJb, OLJIOK, KJICHKOBHHA B 3epHI
30epekeHi, He 3pyWHOBaHO OOOJOHKH 3€pHA,
30epesKeHO Bij pyHHYBaHHS alIeHpPOHOBHIM IIACT,
SIKU, CBOEIO YEProt0, MOBHICTIO 30epirae KiIiTH-
HU CHIOCIIEPMY.

V pasi niaBuUIIEHHS TeMIepaTypH HarpiBaHHS
JKUTTE3AATHI KIITHHU THHYTh, 1 3€PHO MOXKE BHKO-
PHUCTOBYBATHCH K (hypaxHe (puc. 4).
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Puc. 3. lerinparanis 3epHa
3a remneparypu 343 °K.

I3 BUKIIa€HOTO BHIIE CIIAYE, IO IS ACTia-
paramii 3epHa palioOHAJILHO 3aCTOCOBYBATH TEp-
MOBaKyyMHHI METOJ, OCKUIBKH TEpMOBaKyyMHa
TEXHOJIOTiA € aJIETEPHATUBOIO TPAIUIITHUM BUCO-
KOTEMIIEPaTyPHUM CIIOCO0aM CYIIIHHS 3€pPHOBHX
kyasTyp. IlepeBaroto TepmoBaKkyyMHOI aerifpara-
ii € Te, 110 32 3aJIUIIKOBOTO TUCKY 1,3...6,6 kIla
y 3€pHi THHYTh PI3HOMAaHITHI IIKiIHUKH Ta MiKpO-
opranizmu. JlocaiTHIM IUISTXOM BCTAHOBIICHO, 11O
JOBFOHOCHK KOMIpHHUH, OOPOIIHOI, OOpOLTHIHUI
KJIII y BaKyyMi THHYTh PAKTUIHO MUTTEBO.

Ha migcragi aHanizy ekciepuMeHTaIbHUX J10-
CJIIJKEHB 13 Jleriiparallii 3epHa CIiaye, mo Tep-
MOBaKyyMHa yCTaHOBKa 33JJOBOJIbHS€E BUMOTH, 0
3epHOCYLIMJIBHUX arperariB Ta Mae HHU3KY Iepe-
Bar MOPIBHSAHO 3 TPaIULIHHUMH CIOCO0aMHU Cy-
LIiHHS Ta ICHYIOYMMH 3epHOCYyIapkaMu. TexHiuH1
JaHi TEPMOBAKYYMHOI YCTaHOBKH AJIsl JeTiapara-
1ii 3epHa € TaKUMHU:

® TIPUCKOPEHMH MpoLeC AeTiaparanii 3a paxy-
HOK TiJIBUIIEHHS IHTEHCHBHOCTI BUIIAPOBYBAaHHS
y BaKyyMHOMY 00'eMi;

® CHEProHOCIH — ENEKTPUIHUI CTPYM;

® HeMae HeoOXiAHOCTI B MpUAOaHHi i mocTa-
YaHHI piAKOTo a00 TBEPAOTO MaINBa, IPUPOTHOTO
rasy;

® 3epHO HE MiAropae, HE PO3TPICKYETHCS;
HU3bKa TEeMIlepaTypa HarpiBaHHs, IO 3amodirae
MeperpiBaHHIO 3epHa;

® BiJICYTHICTh 3a0pyIHEHOCTI 3epHa MPOLyK-
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Puc. 4. lerinparauisi 3epHa
3a remneparypu 318 °K.

TaMH 3rOpaHHs NajuBa 3a0e3ledye eKOJIOTiuHy
YHCTOTY BHCYILLIEHOTO 3€pHA;

® MOXJIMBICTh OUMILEHHS 3€pHA BiJ] JIETKUX
JIOMIIIIOK T2 KOMaX;

® OcarepepBHUI poIIeC JeTiaparariii 3 1e3iH-
CeKLiTHOI0 00pPOOKOIO 3epHa;

® HaJIIHICTh Ta OC3ICUHICTD,

® NIPOAYKTHBHICTH T4 MOOIJILHICTH;

® HI3bKa METAJIOEMHICTh Ta MaJli rabapuTy;

BucnHoBku. Po3po0iieHa TepMOBaKyyMHa TeX-
HOJIOTis JIETipaTallii 3epHa J1a€ MOXJIUBICTh 0e3-
MEPEPBHO, PIBHOMIPHO 1 3 BHCOKOIO MPOXYKTHB-
HICTIO BHIAJIATH BOJIOTY 13 3€pHa, HE 3MiHIOIOUH
foro QizuuHuX, (QizionorivHux Ta OGlOXIMIYHHX
BiacTuBocTeil. HarpiBaHHA 3epHa BigOyBaeThCs
3a paxyHOK ejekTpoeHeprii. TemnepaTypa Harpi-
BaHHs He nepesunrye 323 °K, mo 3amo0irae me-
perpiBaHHIO 3epHa. 3epHO MiJ 4Yac Jierixparariii
HE migropae i He po3TpickyeTscs. BincyTtre 3a-
OpyIHEHHS 3epHa MPOAYKTaMHU 3TOPaHHS MaJIuBa.
Bincytaa morpeba y mpuadaHHI 1 BUKOPHCTaHHI
pizkoro abo TBepAOro majuBa, MIPUPOJHOTO a3y
JUIl HarpiBaHHA 3epHa. TepMOBaKyyMHUH METOI
Jla€ 3MOTY OHOYACHO MPOBOAMTH JETiApaTrariio
1 OUHMIICHHS 3€pHA Bij JIETKUX JOMIIIOK 1 KOMax
Ta 3HAYHO 3HIDKYE Yac Ha MiATOTOBKY 3epHa A0
TpuBajoro 30epiranas. TepMoBaKyyMHa Aerinpa-
Tallis Ia€ 3MOTY 3/ICIICBUTH 1 MMOKPAIIUTH SKiCTh
OTPUMAHOI TMPOAYKLii, 3HUXKYE EHEProBUTpa-
TH Ha OJWMHUII0 BUCYIIEHOI MPOAYKIIi, crpuse
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30epeKEHHIO HABKOJIMIIHBOTO MPUPOJHOTO Cepe-
TIOBUIIIA, 30epirae 610710TIYHY IIIHHICTE 3€pHA, T10-
Kpalllye YMOBH TIparli IepcoHaly, 3HIKYE TUTOMI
BUTpPATH YMOBHOTO TIaJIUBA.
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Technological aspects of the development of
thermal vacuum installation for drying grain with
simultaneous dehydration and disinsection

Kutovy V., Kutsan O.

The Ukraine is one of the largest producers of
grain products. Its natural and climatic conditions are
such that annually from 50 to 80 % of the harvested
crop of grain crops is subject to drying and disinfection.
Drying and simultaneous disinsection of grain are the

Copyright: Kyroswuii B.O., Kyman O.T. © This is an open-access article
‘ @ ® distributed under the terms of the Creative Commons Attribution License,

which permits unrestricted use, distribution, and reproduction in any

main technological operations for removing harmful
moisture from grain material and freeing it from barn
pests, which on a national scale makes it possible to
avoid millions of losses. The article provides materials
on the development of a highly efficient environmentally
friendly installation and energy-saving technology of
dehydration with simultaneous disinfection of wet grain,
which makes it possible to dry grain in a short period
of time to a moisture content of 12...14 % and destroy
pests. A brief review discusses the main drying units,
which are of the convective type and mainly use heated
air. Their main positive and negative aspects of use
are analyzed. An experimental model of the developed
highly efficient environmentally friendly grain drying
plant with physical and mathematical justification is
presented. Thus, at the same time, such indicators as the
speed of grain swirling (vB) at different temperatures,
the value of the centrifugal force of the grain (F) moving
in the cavity of the heating element through a spiral
channel were calculated. The instantaneous process of
thermal energy transfer from the heater wall to the wet
grain is substantiated.Thus, the surface element (dS) of
a wet grain receives a flow of thermal energy (dQ) with
a temperature (T) in a short period of time (At) with a
heat transfer coefficient (a).

It has been experimentally proven that grain
dehydration is affected by at least three parameters: the
heating temperature, its humidity, and the pressure in
the vacuum chamber. All parameters are interconnected
and affect technological indicators. Thus, the use of
thermovacuum technology is an alternative to traditional
high-temperature methods of drying grain crops.

Key words: thermovacuum dehydration of grain,
drying, disinsection.
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Mertoro nociiKeHH0YI0 BU3HAUCHHSI 3aKOHOMipHOCTEH (opmy-
BaHHsI PamiOHYKIIIAHOTO 3a0pyIHEHHs NMPEICTaBHUKIB ixTiodayHu nae-
sskuX Boaonm JlicocTenmy YkpaiHM Ta BCTaHOBICHHS peepeHCHUX Ha
2021 p. BeawuuH nmuToMoi akTuBHOCTI *°Sr Ta '¥’Cs B opranismi puo.

3 METOI BU3HAYCHHS PIBHIB PaliOHYKIIITHOTO 3a6py/:[HeHH;1 npen-
CTaBHHKIB IIPOMHCIIOBO] IXTIO(l)ayHI/I y 2021 p. Ha akBaropisx Kanis-
ChKOTO BozmocxoBHIa Ha piumi Juinpo, Kocieeskoro, Cepenuroro bi-
JIOLIEPKiBChKOTO 1 borycmaBchkoro BomocxoBuin Ha piuri Pock Ta Ha
He3aperyaboBaHuX AUTTHKaX pidok Pock (Bumie M. bima Ilepksa) i ['Hu-
i Tikna (c. CraBuie) Oynmu BimiOpaHi HACTYITHI BUOU PpUO — TLTIT-
Ka 3BU4aiHa -Rutilusrutilus L., nockupka — Bliccabjoerkna L., nsmy
3BUYAHUN — Abramisbrama L., kapacs cpionsictuii — Carassius gibelio
(Bloch), BepxoBonka — Alburnusal burnus alburnu sL.; myxa — Esoxlu-
cius L. (MupHi BUIM); cynak 3BuuaiiHuii — Stizostedionlucioperca L.;
OKYHB PIYKOBHUH €BpOTeHChKO-a3iarcbkuii — Percafluviatilis fluviatilis L.
(Xwxi BUIM).

IMutomy aktuBHicTh *°Sr Ta ’Cs BH3Hauanu B oprasismi pu0 3a
JTIOTIOMOTOFO 3aralIbHONPUIHATHX PaliOXiMIYHUX Ta raMMa-CIIEKTPOMe-
TPUYHUX METOIIIB.

V 2021 p. cepennst nutoMa akTUBHICTb *°Sr y pub pisHux Buais Ka-
HIBCHKOTO BOJIOCXOBHIIA 3apEECTPOBaHA y miarma3oHi BenuduH Bix 0,6
1o 1,3, ¥7Cs — Bin 2,4 no 13,2 br/kr. CepenHs UTOMa aKTHBHICTB *°Sr
y pub pizaux BuiB KociBChKkOro BOJOCXOBHINA 3apEECTPOBAHA Y JTiara-
3oni BenmmumH Bix 0,1 mo 0,5, ¥’Cs — Big 0,2 no 2,1 br/kr, Cepeanboro
BinonepkiBcpkoro — BignosiaHo, Bin 0,2 mo 0,8 Ta Bix 0,8 mo 4,0, Bo-
rycnaBcskoro — Big 0,1 mo 0,5 Ta Big 0,5 (;samx) o 3,1 Bx/kr. Cepenniit
BMmicT *°Sr ta '3’Cs B opranismi pu0, siki OyJIu BUJIOBJIEHI HA HE3apery-
JTHOBaHUX AUISHKAX pidok Pock Ta ['awmmii Tikudg, cranosus 0,1-0,5 Ta
0,5-2,0 Bx/Kr, BiAIIOBIAHO.

IMutoma akTHBHICTE 'St y MHPHHX Ta XFKHX puo OLTBIIOCTI JOCITi-
JOUKCHHUX BOJIOWM CYTTEBO HE Bl,le3H$[J'IaC5I 1 MOXKHA BiJI3HAYUTH JTUIIIC
TEHJICHIIIIO 10 (JOpMyBaHHS BUIIUX PiBHIB HAKOMUYCHHS PaIiOHYKIIIA
MHUPHUMH BHIaMH. BomHOYAC BeTMYMHN TTHTOMOT akTuBHOCTI 37Cs XH-
JKUX BUIB TIEPEBUIIYBAJINA BiMTOBIIHI BETUYHHH, IO Oy 3apEECTPO-
BaHI Y MUPHUX pHO.

PiBHI pamioHyKJIiTHOTO 3a0pyAHEHHS PHO YCIX JOCTIUKEHUX BO-
noiiM, KpiM KaHIBCEKOTO BOIOCXOBHINA, JOCTOBIPHO HE BiAPI3HSIIHCS.
[TimBuIeHUA, TOPIBHSAHO 3 IHIMIME BomoiiMamu JlicocTemny, BMICT paji-
OHYKIiAIB y pub KaHiBCHKOTO BOIOCXOBHINA MOXHA MTOSICHUTH XPOHIY-
HUM HaJXODKEHHSM PaliOHYKITIIB 3 ekocucTeMr KHiBCHKOTO BOTOCXO0-
Buina yepes rpedmro Kuiscrkoi TEC.

Ha nepion nocnijkens cymapHa akTUBHICT MUPHUX pHO Bomoim Jli-
cocrery Oyia copmoBana 3a 58—74 % ¥'Cs, xmwxux BuiB — Ha 82-93 %.

Ha ocHOBI mpoBezeHNX NOCTI/KEHb BU3HAYCHO pedepeHTHI Ta
ckpuHiHTOBI Ha 2021 p. BEJIMYWHA MTUTOMOI aKTUBHOCTI PaTIOHYKIIi IiB
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IMocTanoBKka MpoodJieMn Ta aHAJI3 OCTAHHIX
MOCJTiIKeHb. 3TiTHO 3 omiHOBaHHAM OpraHizaiii
0O06’eanannx Hariit, 1o cepeMHA TOTOYHOTO CTO-
JITTA Maibke 7 Mipa monelt y 48 kpaiHax Bigdy-
BaTUMYTh HECTa4y BOIHM, IO HA T/ 3MiH KIiMaTy
MiZBUIYE PU3UK BiMH 3a BOAHI pecypcH, 3TiJHO
3 gocmimkenasmu Y. Yeganeh, E. Bakhshandeh,
NpY UBOMY BOIHI PECYpCH € MPUYHHOI0, (pakTo-
POM BIUIMBY, 30pO€I0 Ta PELUITIEHTOM HETaTHB-
HUX, YacTO KaracTpO(iyHMX BIUIMBIB, BUKIH-
kanux BiftHOWO C.0O. Adanacees, J. K. Cooley.
ToMy He BUKIIMKa€e CyMHIBY, 0 Oyab-SIKHI BOEH-
HUM KOH(IIKT o010 BOIHUX pecypciB Hece 3Hau-
Hi 3arpo3u Ta pusukd. Hacamnepen, e —3arposa
HaCEeJICHHIO, TOYMHAIOYH BiJ 3aTOIUICHHS Hacese-
HUX TYHKTIB IIPU 3HUIICHHI 1aM0 i rpe0eb, Ta 3a-
KiHYYIOUM HEOCTYIHICTIO MUTHOI BOAX HAJIEKHOT
SIKOCTI.

BoenHi nii Ha Teputopii YkpaiHu, siKi po3mo-
ganucs y 2014 p. 1 nepeinun y moBHOMacIutTabHe
BTOpTHEHHS pocii 24 motoro 2022 p., TakoX 4H-
HSTH MOTYXXHHM 1 OaraTorpaHHUA BIUIMB Ha BOIHI
pecypeu Ta rigpoexocucteMu. OcobamBO, SKIIO
BBa)KaTH, 10 OHIEIO 3 BarOMHUX MPHYHH POCIiii-
ChKOI arpecii B YKpaiHi BBaKaeThCs HaMaraHHS
OTPHUMAaTH IOCTYII A0 THIIPOBCHKOI BOAM 3 METOIO
3a0e3MevYeHHs] OKyIoBaHUX Teputopii Kpumy Tta
Honbacy ( C.O. AdanackeB).

Ha crorogni € 0arato CBiq4eHb IpO IIijie-
CTIpSIMOBaHI BIUIMBM BOEHHUX [Iili Ha BOXHI pe-
cypeu Ykpainu (D. Banaduc, S. Shevchuk, O.
Shumilova), 30kpemMa BiZOKpPEeMIIOIOTH 3a0pya-
HeHHa BomHHX 00’ekTiB (O. AdanacneB). Bin-
3HAU€HO, IO 3a0pyIHEHHs, COPUYMHEHI HaIXo-
JDKEHHSAM 10 BOZOHM HaTONPOAYKTIB, HPOAYKTIB
TOpiHHS, 3aJUIIKIB TOKCHYHUX BHOYXOBUX peyO-
BUH, PaKeTHOTO TNaJlMBa, 3aTOIUICHHS TEXHIKH,
SIKC Ha CHOTOJHIIIHI HE MiJIa€ThCS JOCTOBIPHO-
My OOJIKY, € JKepeaoM XiMiyHOTrO 3a0pyJHEHHS
MPOJIOHTOBAaHOI [ii, BIUIMB SIKOTO MOXE TPUBAaTH
npotsiroM aecstuiith (R.A. Francis). [lani nep-
KaBHOTO MOHITOPHHIY B)XX€ HHHI BKa3ylOTh Ha
NEPEeBUILECHHS KOHIEHTpauii pTyTi, MiJi, LUHKY,
Maprasuo, Jitito. IlepeBumenns Bmicty HadTo-
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st pub BomoiiM Jlicoctemy. Jlis MupHUX pubd BenmnduHa pedepeHcHOl
aktuBHOCTI *°Sr cTanoButh 1,0, ckpuHinrooi — 3,0, xmwkux pub — 0,5
ta 2,0 Bbx/kr, BignoBigHo. Pedepencna na 2021 p. BenmuunHa MUTOMOT
akruBHOCTi *’Cs B opraizmi Mupaux pu6 KaHIBCEKOTO BOIOCXOBHIIA
cranoButh 3,2, ckpuninrora — 10,0, KociBcekoro, Cepenaporo Bino-
IIEpKiBCHKOTO, BOTycaBchKOro BOJOCXOBHUI Ta pidok Pock i ['mummit
Tikua — BigmoBigHO, 2,0 Ta 6,0 br/kT; XMmxux pud KaHiBChKOTO BOIO-
cxoBHuIna — BignosigHo, 12 Ta 36, KociBcbkoro, Cepenanoro binomep-
KiBCBKOTO, BoryciaBchkoro BogocxoBuil Ta pidok Pock i ['auuit Tikmy
— BigmoBigHo, 3,0 Ta 10,0 Bx/kr.
KurouoBi cioBa: Bonoiimu Jlicoctemy, pubu, pamioHyKIIiIu.

MPOAYKTIB 1 pTyTi A0 8,5 pa3a Big3HaueHE Y MyHK-
Tax CHOCTepeXeHb, /¢ paHillle BOHM B3araji He
CTHIOCTEpITrainch, SIKi BiA3HAYCHO y MyOIiYHOMY
3BITI.

Oxpemoio MpoOIeMOI0 BBAXKAIOTh IEPEPO3-
TIOMIUJT IOHHUX HAHOCIB J/[HITPOBCHKUX BOAOCXO-
BHUII, SIKMIi BUHUKAE BHACIIJIOK aTak Ha 00’ €KTH
TiIPOCHEPreTHUKH 1 MOXKe CITPOBOKYBAaTH BTOPHH-
HE palioakTHUBHE 3a0pyAHEHHs, 00yMOBIIEHE He-
KOHTPOJILOBAaHUM BHHOCOM PaJiOHYKIIIIB, SKi
HaKOTTUYWJIUCS y IOHHUX BiJIKJIaJIaX MicCIIs aBapii
Ha YopuoOunbcekiiit AEC y 1986 p. 3a nanu-
Mu [HcTHTYTY Tigpo6ionorii HAHY, 3aransHuit
3anac *°Sr ta ’Cs y KuiBchkoMy BOJOCXOBHIII
CTaHOBHTh, BiAnoBigHo, 20 Ta 80 Thk, 3rigHo 3
nociimkeHHIMU B. Pomanenka. Y Bumanky re-
pepo3noainy TMOOKOBOAHMX Bimkmanie Kuis-
CHKOTO BOJOCXOBHIIA HAa MIJIKOBOIJS BEPXHBOL
yacTuHU KaHIBCBKOTO BOJOCXOBHIIA Pajli0eKO-
JIOTiYHA CUTYalisi B HOrO eKOCUCTEMI MOXKE 3Ha4-
HO moripmmtucs. KpiM Toro, HeoOXigHO Bpaxo-
BYBaTH, IO BOEHHI Ail MOXYTh NPU3BECTU [0
pamianiiHoro 3a0pyJHEHHSI HABKOJIUIIHBOTO Ce-
penoBUIIa BHACIIAOK PYHHYBaHHS ITiAIPUEMCTB
SIIEPHOTO MAJTMBHOTO LMKITY Ta Y BHIIAJKY 3aCTO-
CyBaHHS s,IEpHOI 30poi.

OTxe, iHQOpMaIIis I070 HAKOTTMYCHHS IITYY-
HUX PaliOaKTHBHUX EJIEMEHTIB Y KOMIIOHEHTax
BOJONM YKpaiHu 3a mepiof, sIKMi mepenyBaB Io-
YaTKy BOEHHHUX Jil, 30KpeMa B OpraHi3Mi mpen-
CTaBHUKIB NPOMHCIIOBOI ixTiodayHu, HaOyBae
HaJ3BUYAIHOT aKTyaJbHOCTI, OCKUTbKH TaKi JIaHi
MOXYTh OyTH BUKOPHUCTaHI sIK BUXiaHI (pedepeH-
CHi) MMOKa3HUKHU MPH BUHUKHCHHI SJCPHUX 1HIIU-
JICHTIB Ta aBapil.

[Micns aBapii Ha YAEC BusiBWIIOCS, IO Y
HAayKOBIii JiTeparypi BiACYTHI JaHi IIOAO PiBHIB
BMICTY PaliOHYKJIiZiB y OIOTHYHHX KOMIIOHEH-
Tax OUThIIOCTI BOmOM Ykpainwu, siki y 1986 p.
Oynu 3a0pyaHEHI MPOAYKTaMH YOPHOOMIBCHKOTO
MoXomKeHHs. Tak, Al OUIHKA CTYNEHIO BIUIU-
By YOPHOOMJILCHKOTO BHKHJy Ha PiBHI HaKOIH-
gyenHs *’Sr ta'’’Cs npencTaBHUKaM# IIPOMHCIIO-
BO1 ixTioayHH yciX BOAOHWM YKpaiHU y SIKOCTI
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pedepeHCHUX BHKOPHUCTOBYBAIHM J0aBapiitHi Be-
JIMYMHA TXHBOTO BMICTY Y puOax 3armopi3bKoro
BOJOCXOBHINA [2] Ta BOAOMM MiBASHHUX PETiOHIB
Vkpaiuu [4], siki He nepeBuiyBanu 2,7 ta 3,4 bx/
KT, BIJIIIOBIHO.

HuHi y HayKOBHX IyOJIiKaIisAX IIUPOKO MPEJ-
CTaBJICHI PE3yAbTaTH KOMIUICKCHUX pPajioeKOJI0-
TIYHUX JOCHTIDKEHB 3a mepion 1986-2021 pp. ta
MIPOAHAaJII30BaHI 3aKOHOMIPHOCTI (HOpPMYBaHHS
PIBHIB pagiOHYKIIITHOTO 3a0pymHEHHS pub 3 BO-
JTOWM 30HH BIAIYKCHHSI, JIHIMPOBCHKUX BOIOCXO-
BHIII Ta PI3HOTHITHUX BOmO¥M 30HU [loices [5, 6,
9,11,12,14,16,17,21, 27,29, 30]. BctanosieHo
mo y 2021 p. y ixtiodayHi CIaOKOIPOTOYHUX Ta
3aMKHEHHMX BOXOWM 30HM BiAuy»KeHHsS BMicT *°Sr
ta ¥'Cs y mecarku Ta COTHI pasiB IepeBHIIyBaB
norryctuMi piBHI [ap-2006], a B oKkpemMux o3epax
CITOCTEPIrajgocs 3pOCTaHHSI MUTOMOI aKTUBHOCTI
Sr B pubax. Y meskux Bomoiimax Ilomiccs, ski
pO3TaIoBaHi IM03a MEXaMH 30HH BiTIy)KCHHS,
3a()iKCOBAaHO MEPEBHUIIICHHS JOMYCTUMHUX DIBHIB
Bmicty ¥’Cs [7, 23, 30].

Hacminku aBapii Ha YoproOunserkiit AEC mist
BomHHX ekocucTeM Jlicocremy (kpim KaHiBChKOTO
BOJIOCXOBHINA) TOCITIDKYBAIHCS 3HAYHO MEHIIIE 1
0OMEXYIOThCSI BHOIPKOBUMH JaHUMH 1999—1998
pp. mpo Bmict *°Sr ta ¥’Cs y xommonenTax Ko-
CIBCBKOTO BoOJIOCXOBHINA, p. Pock, pnbOBOIHMX
ctaBkiB M. bina Ilepksa ta cemax BepxiBus 1 Ku-
pHaHy, a TAaKOXK Pe3yabTaTaMH PajlioeKOJIOTIIHUX
nocimKeHs pudoBomHuX cTaBkiB 2004-2010 pp.
[21, 22].

MeTo10 n0cinKeHHs1 OyJI0 BU3HAUYCHHS 3aK0-
HOMIpHOCTEH (DOpMyBaHHS PadiOHYKIIITHOTO 3a-
OpyIHEHHS MPEACTABHUKIB IXTiO(hayHH OKPEMHUX
BomoiM Jlicocrerry Ta BCTaHOBJICHHS pedepeHc-
Hux Ha 2021 p. BeIUYMH IATOMOI aKTUBHOCTI *°St
ta '’Cs B opranismi puo.

Marepiaa i meroau mocaimkeHHsi. Jloci-
JOKSHHSI 3MIMCHIOBAIHN 3 CiuHs 1m0 BepeceHb 2021
p. Ha akBaropisx KaHIBCHKOTO BOJOCXOBHIIA,
KociBcbkoro, Cepenaroro binonepkiBchkoro i
Bborycnascbkoro Bomocxosuill Ha p. Poch Ta Ha
He3aperyIhOBaHUX NUITHKAaX pidok Poch (Bume
M. bina Ilepksa) i ['aumuit Tikng (c. CraBume). Y
BOJHIN PalioeKOJIOTi MPEACTaBHUKIB MTPICHOBO/I-
HOI1 iXTio(hayH! 332 OCOONHMBOCTSIMH HAKOTTMYICHHS
PATIOHYKITIZIIB MPUHHATO TOAUISITH HAa MHUPHHX,
110 SIKUX Hajie)kaTh OeHTodaru i rmiaHkrodary, ta
XWKUX, SIKI TOCTIfHO a00 TEPIOAUIHO KUBIISITh-
cs pubamu. OG’€KTaMu JOCIIIKEHb OyIM MHp-
Hi BUAW pub — TUTITKA 3BUYaitHa - Rutilusrutilus
L., mtockupka — Bliccabjoerkna L., nsamy 3Bu-
yaitnuit — Abramisbrama L., xapach cpiOmsCTHiA
— Carassius gibelio (Bloch), BepxoBoaka —
Alburnusal burnusal burnus L.; Xyoki BUIH — IITyKa
— Esoxlucius L.; cynak 3Bugaitamii— Stizostedion

lucioperca L.; oKyHb pIYKOBHI €BPOICHCHKO-a3i-
arcekuii — Percafluviatilis fluviatilis L.

BwmicT pamioHyKmimiB BU3HAYIA B OKPEMHX
eK3eMILIsIpax abo 00’ eqHaHKX IIPo0ax pud OAHOIO
Buny. [lutoMy akTHBHICTB *°Sr y 3pa3kax BU3HaUa-
1 okcajaTHuM MetonoM, ¥Cs — na YCK «I"am-
Ma [DLmocy [13]. [IuTomMa akTHBHICTD pajliOHYKITi-
JIiB TpecTaBicHa y BK/KT MpUpoaHOT BOJIOTOCTI.
[impHICTD pagiOHYKIIiTHOTO 3a0pYIHEHHS IO
BO0300py JOCIIIKCHIX BOAOWM HaBeaeHa 3a [1].

Pe3ynbTaTn gociaiTkeHHs] Ta 0GroBOpPeHHsI.
KaniBcbke BOJJOCXOBHIIIE Ta YaCTHHA TUTOIIII BOJO-
300py pigok Pock Ta 'mmmii Tikuda po3rarioBai
Ha TEPUTOPIl «ImiBACHHOro ciimy» YopHOOWIIb-
CbKOro BHKHIY. [lOKa3HHK IIIIBHOCTI 3a0py-
HEHHS TEPUTOPiH, O6e3mocepeIHh0 MPUIIETIINX 10
KaHiBCBKOTO BOJOCXOBHINA, Y NESKHUX BHIAIKAX
csarae 550, a B ocHoBHOMY ckiagae 40—100 xkbx/
Mm% OcobnuBocTi (POpMyBaHHS PadiOHYKJIIIHOIO
3a0pyaHEHHS TpoMucIioBoi ixTiodayrm Kanig-
CBKOTO BOJIOCXOBHIIA JIOCIIDKYBAIIK YIPOJOBK
nepiomy 1986-2021 pp., 1110 BigoOpakeHo y Biiac-
HUX poborax [6, 18] Ta myOmiKalisgx IHIIMX aBTO-
piB [8, 12, 40].

3a mammmu gaaumu, y 2021 p. cepems mu-
TOMa aKTHBHICTb *’Sr y pu0 pizHux BuAiB KaHiB-
CHKOTO BOJOCXOBHIIA 3aPEECTPOBAHA Y MTiarta3oHi
BenmuuH Bin 0,6 (Justm) 1o 1,3 (kapace), *7Cs — Big
2,4 (writka) o 13,2 (uryka) bx/kr (pucyHok 1).

KociBchke BOJOCXOBHINE pO3TAlIOBaHE Ha
TEpPUTOpIi, e HIIBHICT 3a0pynHeHHs 'YCs He
nepeuirye 20 kb/m?, Cepente binmonepkiBebke —
40 xb/m?, Toi SIK HIIBHICTE 3a0pyIHEHHS MproOe-
PEXKHHUX JUISTHOK BOryciaBchKOro BOJIOCXOBHINA
carae 185 kb/m%. CepenHs muTOMa aKTHUBHICTH
Sr y pub pisHux BuaiB KociBChKOro BOZOCXO-
BHINla 3apEECTPOBAHA y Iiara3oHI BEIWYHH BiX
0,1 (cymax) mo 0,5 (mmockupka), '¥Cs — Big 0,2
(rutockupka) g0 2,1 (okyns) Br/kr, Cepeanboro
BimorepkiBcbkoro — BiamoBimHO, Bix 0,2 (mmyka)
1o 0,8 (msm) Ta Bix 0,8 (tutitka) mo 4,0, (OKyHB),
borycnascskoro — Bin 0,1 (uryka) mo 0,5 (ssm) Ta
Bix 0,5 (yisamr) no 3,1 Bx/kr (uyka).

Cepenniii Bmict *°Sr ta *’Cs B opranizmi puo0,
sIK1 OyJIM BIJIOBJICHI Ha HE3aperyIhOBaHHUX JIJISH-
kax piuok Pock Ta ['Humuit Tikwd, cranoBus 0,1—
0,5 ta 0,5-2,0 Bx/kr, BiammoBigHO.

AHami3 gaHWX IOAO0 3aKOHOMIPHOCTEHM Ha-
KOMMYCHHS PaJiOHYKIIIIB pUOaMU Pi3HUX THITIB
JKUBJICHHS TI0Ka3aB, 10 TUTOMa aKTUBHICTh *°Sr y
MHPHHUX Ta XWKHAX PUO OUTBIIOCTI JOCIIHKECHUX
BOJIOMM BaroMo He BiJIpi3HsIIACS 1 MOXHA BiJ3HA-
YUTH JIMIIE TEHACHINIO 10 (OpMyBaHHS BHUIIUX
piBHIB HAKOIMMYCHHS PadiOHYKIIia MUPHUMH BU-
JaMu (pUCYHOK 2). Y TOH ke 9ac BEIMIUHU ITHTO-
Moi akTuBHOCTI *’Cs XMKHMX BHIIB IICPEBHUIIYBa-
JIU BIATIOBITHI 3HAYCHHS, IO OYJIM 3apeecTpPOBaHi
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y MUpHUX puO. Take CHIBBIIHOIICHHS BEJIHUYMH
MUTOMOI aKTUBHOCTI Y MUPHHX Ta XWXKHX BUJIIB
pUO CBIAYUTH MPO PIBHOBAKHUN PamaioeKOJIOriv-
HUI CTaH y BOJHHX EKOCHUCTEMAaX.

3aramoM MOXKHA BiI3HAYWTH, IO PiBHI pamio-
HYKJIJHOTO 3a0pyaHEHHS pru0 YCiX MOCIIHKEHUX
BOmOIM, KpiM KaHIBCHKOTO BOIOCXOBHINA, CyT-
TE€BO HE BiapisHsuAcs. IligBUIIICHMH, TOPIBHIHO
3 iHmMUMHU BomoiMamu JlicocTemy, BMICT pazmio-
HYKIiAiB y pu6 KaHIBCEKOTO BOIOCXOBHIIA MOX-
Ha TIOSCHUTH XPOHIYHUM HAIAXOHKCHHSM Ppaiio-
HYKJIiIiB 3 eKocucTeMr KHiBChKOTO BOJOCXOBHIIA
gepe3 rpedmo Kuiscpkoi I'EC.

Amnaniz HaBeneHnx y [Bomkosa Ta iH., 2023]
pe3yabTaTIB TOCTIKEHb 3aKOHOMIpHOCTEH (op-

MYBaHHS PamiOHYKIITHOTO 3a0pymTHEHHS TIpea-
CTaBHHUKIB TMPOMHUCIIOBOI ixTioayHH BOmOIM
[Tomicest cBimuuTh mpo te, mo y 2021 p. 3a ymoB
NpHOJIM3HO OJHAKOBOI IILIBHOCTI 3a0pyaHEH-
HS TUTOII BOMO300py IMUTOMAa aKTHUBHICTH Palio-
HYKJIZIB B OpraHi3Mi pud AOCIIHKEHUX BOTOUM
JlicocTeny Oyna y AekiiapKa pa3iB MEHIIO0, HiX
Yy BIOMOBITHUX BHUAAX MaJIHX BOIOCXOBHII 30HHU
ITomiccs, 1m0 MOMKHA MOSCHUTH II1JBHIICHOIO Mi-
TPaIifHOI0 aKTUBHICTIO PaliOHYKIIIIIB y TPYHTaX
[Momices [25 pokiB, ].

Ha mepion mocmimkeHs cyMapHa aKTHBHICTH
MupHHX pud BomonMm Jlicoctemy Ha 58—74 % Oyna
chopmosana *’Cs, xwkux BuaiB — Ha 82-93 %

(puc 3).

s o -
KaHiBcbKe BOJOCXOBHIIE G ‘Ha KociBcbKe BOJOCXOBHIIE oG Oa
Kapacr == BepxoBoaka [t
Iliockupka Kapacs ==t
Muitka [ Ititka o
Tam BF—+ Tl1ockHpka ——HH
Oxynp [ yka =9 —_—
U.[_VKR = =R OI\'}TE — =
Cynmax px . ] . . Cyms : ; : | "
T T T 1
g g b 0 0.5 1 1.5 2 2.5 3
0 - EI\‘.f"I\I'lp 13 20 Br/ET
Cepenne BionepkiBCceke mg O Boryciaechke BOJIOCXOBHITIE
BOJOCXOBHIIIE R
Bepxowoin A T Bepxosonka = oG
I\‘apacs EE—{ Kapack Fﬂ
Thitka g Ilitka [
TT1ockupka =g [1ockupKa g
Tm Tam R
OKyHb ¥ = OKVHE =g =
Ilyka :.:.{Eﬁ | | iyka [ ‘ | .
0 2 4 6 4 5 : 6
Br/xr : Bw/kr ;
p. Poce p. THEHi Tikag @6 Oa
06 0a
IMaiTka }E_'
ILmitka ?
[Vt
[TrockHpKa
=
Ilyka j:E_‘ Oxyss
t f f f { — y I |
0 0.5  ; 15 2 25 0 1 2 3
Br/kr Br/kr

Puc. 1. Iluroma akTuBHicTH *’Sr(a) Ta ¥’Cs(6) B opraui3zmi pu6 Bogoiim Jlicocremy, 2021 p.
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Puc. 3. Buecok *°Sr (a) Ta ’Cs (6) 10 cymapHoi akTuBHOCTI pu6 Bogoiim Jlicocremy, 2021 p.

PedepencHi BenmuIMHM MUTOMOI aKTUBHOCTI
PamiOHYKIIIAiB [OJIs1 MPEICTaBHUKIB IPOMHCIIO-
BO1 ixTiodayHH KOXKHOT BOJOWMH BH3HAYaIU SIK
Cepe/Hi 3a CYKYITHICTIO JaHMX 1010 BMicTy *°Sr
abo '¥Cs B oprasi3mi ycix JOCTIiIKECHUX BUIIB
pu6 meBHOTrO THUMy >XKMBJIeHHA. OCKiIbKH y Oa-
rarbOX BHUNAAKaX KoeillieHT Bapiarfii mMATOMOI
aKTUBHOCTI PaJioOHYKJIiJa y MEeBHUH TPOQiuHMIA
rpyni pu6 Oy OmusbkuM 110 50 %, Mu gidnmm
BHCHOBKY TIPO HEOOXiJHICTh BU3HAYCHHS CKpU-
HIHTOBUX BEJIMYMH MUTOMOI aKTUBHOCTI paio-
HYKJIiJIiB Y pu0 3a3Ha4€HUX EKOJIOTIYHUX TPYII,
TOOTO TakuX, siki Oe3mepeyHO OymayTh CBITUMTH
PO JIOIaTKOBE HAJIXOPKCHHS PaiOHYKIIIJIIB JI0
EKOCHCTEMH.

OTxe, 3TiTHO 3 BUKOHAHUMH PO3PaxyHKaMH, Y
sikocTi pedepercHol Ha 2021 p. BeTMYMHYU MUTOMOT
aKTHBHOCTI *’Sr B OpraHizmMi MEpHHX pU0 JOCITiIKe-
HUX BofoiiM Jlicoctemy moxkHa BBaxkatu 1,0, ckpu-
HiHroBoi — 3,0, xwkux pud — 0,5 Ta 2,0 br/kt, Bijmo-
BinHO. Pedpepencra na 2021 p. BenMuMHA MUTOMOI
aktuBHOcTi *'Cs B opranizmi mMupHux pu6 Kanis-
CBHKOTO BOJIOCXOBHIIA CTAHOBUTH 3,2, CKPHHIHTOBA —
10,0, Kociechkoro, Cepennboro binorepkiBcbkoro,
Borycnascekoro BomocxoBuil Ta pidok Pock i ['Hu-
muit Tikuu — Bigmosigno, 2,0 Ta 6,0 BK/Kr; XmKux
pub KaHiBchKOTO BOJIOCXOBHIIA — BiATIOBIHO 12 Ta
36, Kocischkoro, Cepemnporo binonepkiBchKoro,
Borycnascekoro BomocxoBuil Ta pidok Pock i ['Hu-
nuit Tikny — BignosigHo, 3,0 Ta 10,0 br/kr.
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BucnoBkmu. Y 2021 p. cepenHs muTomMa akTHB-
HicTb *°Sr y pub pizaux BuaiB KaniBcbkoro Bomo-
CXOBHIIIA 3apEECTPOBAHA Y ialla30Hi BETUIHH Bi
0,6 mo 1,3, ¥Cs — Bix 2,4 o 13,2 Br/kr. Cepenst
IIUTOMA aKTHUBHICTH *°Sr y pu6 pisaux Bumis Ko-
CIBCBKOTO BOJIOCXOBHIIA 3apEECTpOBaHa y fiarmma-
30H1 BeanuuH Big 0,1 10 0,5, ¥’Cs —Bin 0,2 1o 2,1
Bbx/kr, Cepentboro binolepkiBChKOro — BiANIOBII-
Ho, Bix 0,2 mo 0,8 ta Bix 0,8 mo 4,0, borycnasceko-
ro —Big 0,1 1o 0,5 ta Bix 0,5 (ysr) mo 3,1 Br/kr
Cepenniii BmicT *°Sr Ta '*’Cs B oprani3mi pu0, ski
Oy BIJIOBJICHI Ha HE3aperyabOBaHUX JUISTHKAX
pidok Pocw Ta I'mmnmii Tikwdg, cranosuB 0,1-0,5
ta 0,5-2,0 BK/KT, BiIIMOBiIHO.

ITuToMa akTUBHICTD *°Sr y MHPHHUX Ta XMKHX
pHUO OLIBIIOCTI JOCHTIIKEHUX BOAOKWM CTATUCTHY-
HO HE Bijpi3HsIacsa. Bim3HadeHa TEHIEHINS IO
(hopMyBaHHs OLIBIINX PIBHIB HAKOIIMYEHHS Pa/Ii-
OHYKJIiJl]a MUPHHMH BUaMU. BojHOUaC BETUUUHH
mUTOMOI akTHBHOCTI '¥7Cs XMKHX BHIIB pHb mepe-
BHIITyBAJIM BiJITOBIIHI 3HAYEHHS, IO OyJIn 3apee-
CTPOBaHI Y MUPHHX.

PiBHI pamioHyKIiZHOTO 3a0pymHEHHS pUO
yCIX TOCIIKEHUX BOIONM, KpiM KaHiBChKOTO BO-
JTOCXOBUIIA, CTATUCTUIHO HE BinmpizHsuucs. [1in-
BHIIIEHWH, TTOPIBHSIHO 3 1HIIMMH Bomovmamu Jli-
COCTeITy, BMICT paaioHyKIiaiB y pub KaHiBchKOrO
BOJIOCXOBHIIA OOYMOBJIICHHH ITOCTIHHAM HaJIX0-
JOKCHHSIM PaliOHYKITITIB 3 eKocucTeMH KuiBCchKo-
ro BogocxoBuiia yepes rpedito Kuiscbkoi ['EC.

CyMapHa aKTHBHICTP MHUPHHUX PHO BOIOHM
Jlicoctemy Oyna copmoBana Ha 58-74 % '¥'Cs,
XWKHAX BUIIB — Ha 82-93 %.

Jst MupHAX puO mOCTiIHKeHUX BomormM Jli-
cocTerny BeIHYnHa pedepeHcHOI aKTHBHOCTI *°St
craHoBuTh 1,0, ckpuHiHroBoi — 3,0, Xmxux pud
— 0,5 Ta 2,0 Br/kr, BignosinHo. Pedepencna Ha
2021 p. BeanumnHa nutoMoi aktuBHOCTI ¥’Cs B op-
ra”ismMi MUpHHX pr0 KaHIBCHKOTO BOIIOCXOBHIIA
cTaHoBUTH 3,2, ckpuHinrosa — 10,0, Kociscrkoro,
Cepennroro bimornepkiBcbkoro, boryciaBchko-
ro BomocxoBHUNI Ta pidok Pock 1 I'mmmmit Tikwda
— Bigmosinuo, 2,0 ta 6,0 Bbr/kr; xmwkux pud Ka-
HIBCBKOT'O BOJOCXOBHIIA — BiJmoBigHo, 12 Tta 36,
KociBcbkoro, Cepennnoro binorepkiBcbkoro, bo-
TyCIIaBCHKOTO BOJOCXOBHII Ta pidok Pock i I'nu-
muii Tikug — Bignosigao, 3,0 Ta 10,0 br/kr.
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Radioecological monitoring of **Sr and '*’Cs ac-
cumulation in fish organisms in certain water bodies
of the forest-steppe zone of Ukraine

Skyba V.

The study aims to determine the radionuclide con-
tamination formation patterns in ichthyofauna repre-
sentatives of some Forest Steppe of Ukraine water
bodies and to establish reference values for the specific
activity of *Sr and *’Cs in the fish body as of 2021.

To determine the radionuclide pollution levels in
the industrial ichthyofauna representatives in the wa-
ter areas of the Kaniv Reservoir, the Kosivskyi, the
Bila Tserkva Middle, and the Bohuslav Reservoirs on
the Ros River and in the unregulated sections of the
Ros River (above the city of Bila Tserkva) and Hnyliy
Tikych (the village of Stavyshche) as of 2021, the fol-
lowing fish species were selected: red snapper - Ru-
tilus rutilus L., flatfish - Blissa bjoerkna L., common
bream - Abramis brama L., silver crucian carp - Caras-
sius gibelio (Bloch), bream - Alburnus alburnus albur-
nus L.; pike - Esox lucius L. (peaceful species); pike
perch — Stizostedion lucioperca L.; European-Asian
river perch — Perca fluviatilis fluviatilis L. (predatory
species).

The specific activity of *°Sr and *’Cs was deter-
mined in the entire fish body by generally accepted ra-
diochemical and gamma spectrometric methods.

In 2021, the registered average specific activity of
90Sr in fish of various species of the Kaniv Reservoir
ranged from 0.6 to 1.3; ¥’Cs - from 2.4 to 13.2 Bg/kg.
The average specific activity of *°Sr in fish of different
species of the Kosiv Reservoir ranged from 0.1 to 0.5,
that of 137Cs — from 0.2 to 2.1 Bg/kg, Bila Tserkva
Middle ranged, respectively, from 0.2 to 0.8 and from
0.8 to 4.0, Bohuslav — from 0.1 to 0.5 and from 0.5
(bream) to 3.1 Bg/kg. The average content of *°Sr and
137Cs in the body of fish fished in unregulated sections
of the Ros and Hnyliy Tikych rivers was 0.1-0.5 and
0.5-2.0 Bq/kg, respectively.

The specific activity of *Sr in peaceful and pred-
atory fish of most of the studied reservoirs probably
did not differ, and we can note only the tendency to
the formation of higher levels of accumulation of the

153



Texnonoeisn eupobnuymea i nepepobxu npooykyii meapunnuymea, 2023, Ne 2

tvppt.btsau.edu.ua

radionuclide by peaceful species. However, the values
of the specific activity of ¥’Cs of predatory species ex-
ceeded the corresponding values that were registered in
peaceful fish.

The levels of fish radionuclide contamination in all
the studied reservoirs, except for the Kaniv Reservoir,
did not differ reliably. The increased content of radio-
nuclides in the Kaniv Reservoir fish compared to other
reservoirs of the Forest Steppe can be explained by the
constant influx of radionuclides from the ecosystem of
the Kyiv Reservoir through the Kyiv HPP dam.

During the research period, 58-74% of the to-
tal activity of peaceful fish in forest-steppe reservoirs
was formed by "’Cs, that of predatory species made
82-93%.

The research results made it possible to deter-
mine reference and screening values in the specif-

Copyright: Cxku6a B.B. © This is an open-access article distributed under
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unrestricted use, distribution, and reproduction in any medium, provided

ic activity of radionuclides in the fish of the for-
est-steppe reservoirs as of 2021. For peaceful fish,
the value of the reference °°Sr activity in the studied
reservoirs of the Forest Steppe is 1.0, the screening
activity - 3.0, predatory fish - 0.5 and 2.0 Bg/kg, re-
spectively. For 2021, the reference value of the spe-
cific activity of '*’Cs in the body of peaceful fish of
the Kaniv Reservoir makes 3.2, the screening val-
ue - 10.0, the Kosiv, Bila Tserkva Middle, Bohuslav
reservoirs,the Ros and Hnyliy Tikych rivers are 2.0
and 6.0 Bq/, respectively kg; that of predatory fish of
the Kaniv Reservoir - 12 and 36, respectively, Ko-
siv, Bila Tserkva Middle, Bohuslav Reservoirs, the
Ros and Hnyliy Tikych rivers - 3.0 and 10.0 Bqg/kg,
respectively.

Key words: water bodies of the Forest Steppe,
fish, radionuclides.
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