CUIbCbKE roCrnoAAPCTBO. TBAPUHHULITBO

p— V' ol
- = ]

Ne 4 - 2019 » BICHUK lNonTaBcbkoi AepaBHOI arpapHoi akagemii
review article [1 UDC 636.4.08 [ doi: 10.31210/visnyk2019.04.15

THE LATEST ASPECTS OF PIG MINERAL NUTRITION

S. O. Usenko, ORCID ID: 0000-0001-9263-5625, E-mail: sveta usenko@ukr.net,

A. S. Siabro, ORCID ID: 0000-0001-6808-2223, E-mail:siabro.aliona@gmail.com,

V.1. Bereznytskyi,ORCID ID: 0000-0002-3261-2066, E-mail: viktor.bereznytskyi@pdaa.edu.ua,

Ye. V. Chukhlib,ORCID ID: 0000-0001-5547-1692, E-mail: ievgenii.chukhlib@pdaa.edu.ua,

V.G. Slynko,ORCID ID: 0000-0002-1673-5840, E-mail: viktor.slynko@pdaa.edu.ua,

O.1. Myronenko,ORCID ID: 0000-0002-6067-3755, E-mail: olemyr@ukr.net,

Poltava State Agrarian Academy, 1/3, Skovorody str., Poltava, 36003, UkraineThe paper deals with
modern ideas concerning pig mineral nutrition. The latest data on the influence of micro-elements on
physiological processes in the body, through the activity of enzymes, hormones and vita-mins are
presented. It has been stated that micro-elements are involved in the biosynthesis of proteins, nucle-ic
acids, ensure lipid metabolism and synthesis of separate hormones of the thyroid gland, pancreas and pi-
tuitary gland. Iron, zinc, copper, selenium and magnesium have been found to have a significant effect on
the productivity of animals and play a special role in the reproductive capacity of sows. With insufficient
or ex-cessive content of minerals in the diet, there is a decrease in the vital and reproductive functions of
the ani-mal organism. The new directions of pig mineral nutrition have been considered and it has been
found out that, unlike salts of metals, the chelate compounds of micro-elements in the digestive tract
interact better with feed biologically active substances, have lower toxicity and are almost completely
absorbed in the intes-tine, retaining their properties. Various sizes and shapes of nanoparticles enhance
their ability to bind pro-teins, nucleic acids, penetrate cellular organelles, integrate into membranes, and
thus affect the functions of bio-structures more effectively. This enables to reduce the doses of introducing
the salts of micro-elements into the organism, which prevents the environmental pollution with metals. It
has been determined that due to a wide spectrum of microelements’ chelate compounds action
reproductive function indices are signifi-cantly improved: sows prolificacy, heavy farrowing, litter weight
and milk productivity increase, the preser-vation of piglets before and after weaning improves; sperm
motility, survival and heat resistance of breeding

boars, improving sperm fitness for long-term storage are increased. Including chelate micro-elements in
the diet contributes to the increase in pig live weight, slaughter output, and improvement of meat
physical-chemical properties. Key words: micro-elements, chelates, pigs, productivity, reproduction.
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OKMUBHICMb eH3UMi8, 20pMOHI8 ma 8i-mamiHie. BcmaHossneHo, wo mMmikpoeanemeHmu bepymes yyacmeo y
biocuHmesi 6inkie, HykneiHosux Kucsiom, 3a-6esnevyyioms AiNiOHUU 06MIH ma CcuHmMe3 OKpeMux
20pMOHi8 wumomnodibHol, nidwnyHKosoi 3asn03u ma 2inogiza. Buseieno, wo 3anizo, YuHk, MiOb, ceieH
Mma MacHiti Mawoms iCMOmHULL GNAUE HA NPOOVKIMUGHICTL MBAPUH A 0COOIUBY POTb 8i0iepaioms )
PpenpoOyKmueHil 30amuocmi ceunomamox. llpu nedocmamubomy abo HAOMIPHOMY 8MiCMi MiHEPATbHUX
PEUoBUH Y PAayioHi, CNOCMepieacmbCsi 3HUNCEHHS JCUMMEBUX MA  GI0-MBOPHOGANbHUX — (DYHKYIL
MBAPUHHO20 op2aHizmy. Pozensanymo noei nanpsamu MiHepanvbHO20 JHCUBNEHHS C8U-Hell Ma GUABIEHO, WO
Ha GIOMIHHY 6I0 cojell Memanie Xeiamui CHOAYKU MIKpOeIeMeHmi8 Y MPAGHOMY KAHAAl Kpawe
83AEMO0iIOMY 3 OIONOCTUHO AKMUBHUMU PEHYOBUHAMU KOPMY, MAIOMb HUNCYY MOKCUUHICMb Ma Mat-dice
NOBHICIO 8CMOKMYIOMbCA 8 KUWEYHUKY, 30epicaroyu ceoi enacmueocmi. Pisnomanimui pozmipu ma gho-
PMU HAHOYACMUHOK NIOCUTIOIOMb X 30aMHICMb 36'a3y6amucs 3 OLIKAMU, HYKIeIHOBUMU KUCIOmamu,
NPOHU-Kamu y KIIMUHHI opeauenu, 80y008y8amucs 6 MemMOpaHu i, maxkum YuHom, OLibui epexmusHo
enaugamu Ha Qynxyii 6iocmpykmyp. Lle dae 3mo2y 3meHwumu 003U 68e0eHHs 00 OpeaHizmy colell
MiKpoenemMenmia, wo 3anodicac 3a0pyOHEeHHI0 HABKOIUWHLO20 Cepedosuwa memanamu. Bemanoesneno,
Wo 3a8058KU WUPOKOMY Cnekmpy Oii XelamHUux CHOLYK MIKpOereMeHmi6 ICMOMHO HOKPAUYIOMbCs
NOKA3HUKU — GIOMBOPIOGANIbHOL  Y-HKYil: Yy CEUHOMAMOK  NIOGUUWYEMbCS — OA2AMONIIOHICD,
BEIUKONNIOHICMb, 30LTI6UYEMbCA MACA 2HI30a MA MOJIOYHICIb, NOKPAWYEMbCA 30epedCceHiCmb NOpOCIm
00 ma nicia BIONYUeHHA;, ) KHYPIG-NIIOHUKI6 NiOGU-UWYEMbCA DPYXIUBICIb, BUNCUBAHICMb MA
MEPMOPEIUCMEHMHICMb  CHepMiie, WO CHpUse NpUOAmHOCMI Chep-mMu 00 MpUBALo20 30epicanisi.
Brrniouenna 0o payionie xenamuux Mikpoejiemenmie CApuse 30iIbUIEHHIO JCU-80i Macu ceuHetl,
RIOBUWEHHIO 3aDTIHO20 UXO0Y MA NOKPAUWCHHIO (DIZUKO-XIMIMHUX 6AACTIUBOCMEN M SCA.

Knrouosi cnosa: mikpoenemenmu, Xenamui cnoiyku, c8umi, NPOOYKMUGHICMb, Gi0ME0PEHHsL.
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C. A. Ycenko, A. C. Cabpo, B. U. bepesnuyxuii, E. B. Uyxneo, B. I. Chunvrko, E. H. Muponenko,
ITonTaBckas rocynapcTBeHHas arpapHas akajgemus, T. [lontasa, Ykpauna

IIpoananusuposanvl cospemennbie MeHOCHYUU 8 MUHEPATLHOM NUManuu ceunetl. M3nosxcenvl Hogeliuiue
OaHHble O GIUAHUU MUKDOINEMEHMO8 HA QuuorocuiecKue npoyeccvl 6 opeanusme. Jokaszano, umo
MUKPO-2TIeMEHNbl Y4ACmeyIom 6 Ouocunmese 0e1Ko8, HyKIeUuHOBbIX KUCION, 00eCneyusaruux MUnUoHblll
0bMeH u cumme3 OMOENbHBIX 2OPMOHO8. Buviseneno, umo owcene3o, YuHK, Medb, CeleH U MAcHUll
OKA3bI8AIOM CyUuje-CmeeHHoe GuUAHUe HA NPOOYKMUBHOCMb HCUBOMHLIX U O0CODYIO pONb USparom 6
PenpooyKmusHol cnocooHo-cmu  ceunomamox. Paccmompenvl nosvle Hanpagienus MUHepaIbHO20
NUMAHUs CBUHel U OOHAPYICEHO, HMO 6 OmIAuUYUue Om Coaeli MEemanlo8 XeiamHvie COeOUHeHUs
MUKPOIEMEHMO8 8 NUWeBAPUMENbHOM KaHAe ayY-uie 3aumMo0etiCmgyiom ¢ OUon02udecky aKmugHbLMU
eeujecmeamu Kopma, Umerom Hu3Kyio moKCUYHOCMb U NOYMU NOIHOCMbIO 8CACLIBAIOMCS 8 KUUEUHUKE,
COXpaHsas Cc8OU C6OUCMBA. DMO NO380JsIeM  YMEHbUUMb 003bl 66COCHUSL 6 OpP2aHusM  CcoJell
MUKDODJIEMEHNO08, Npedomepawas npu dMOM 3A2psisHeHue OoKpycaioujell cpedbl Memaiiami.
Yemanoesneno, umo 6nazodaps wupoxkomy cnekmpy 0eticmeust Xeaamublx coOeOUHeHUll MUKPOIIeMEHMO8,
CYWeCmEeHHO VIYHWAIOMC NOKA3Amenu 60CHPOU3B00UMENbHOU (DYHKYUU Y CEUHOMAMOK U XPAKOG-
npouszeooumereil.

Kniouesvie  cnoea:  muxposnemenmoul,  Xenamuvie — COCOUHEHUs,  CEUMbU,  NPOOYKMUBHOCMDb,
gocnpoussedenue.

Pict, po3BUTOK, IPOAYKTUBHICTD Ta CTaH 30POB'S CLIbCHKOTOCIIOJAPCHKUX TBAPHH HepeOyBaroTh y Tic-
HOMY B3a€MO3B'S3KYy 3 MPOTIKAHHSAM METaOOJIIYHUX TPOIECIB, 3aJIEKHO Bij (i3i0JNOTIYHOIO CTaHy iX
oprasi-3My. lle Bumarae po3poOiieHHS e(EKTUBHUX IPOrpaM HOPMOBAHOI TOMAIBII, IO 3a0e3Me4yroTh
MiATPUMAHHS KUTTEBUX (DYHKUIH OpraHi3aMy TBapHHU 1 CIPHUAIOTH OTPUMAHHIO BiJl HUX BHCOKOSIKiICHOI
npoaykuii. PiBeHb 3a0e3neueHHs MiHepalbHUMH PEYOBHHAMH 3aJICKUTh BiJ IXHBOI KUTBKOCTI B KOPMax
Ta BOJi. BMicT MiHepa-IbHIX PEYOBHH Y KOpMaXx 3aJIC)KHUTh BiJl KIIIMAaTUYHAX YMOB, THITYy TPYHTIB, BUIY
pOCMH Ta mepiony ix Bere-taiii, a TAKOXX JOTPUMAaHHS TEXHOJIOTiH 30upaHHs Ta 30epirands. Tomy yacto
CIIOCTEpITa€TbCsl HAAJMIIOK OAHMX 1 HecTaya IHIMIMX MIKPOEJIEMEHTIB, W0 3HWXKYE E(QEKTHBHICTDH
BUKOPHUCTAHHS KOPMY.

IIpu opranizariii TomiBIIi BEIMKOI poraToi Xyao0u, CBHHEH, OBEIlb Ta KOHEH parlioHd TPaguIliiHO HOpMY-
IOTh 32 BMICTOM cyXo0i PE4YOBHMHM, OOMIHHOI eHeprii, cupoi KIITKOBHHH, CHPOTO Ta IEpPETPaBHOTO



MPOTETHY, KPOXMaJllo, CHPOTO JKHPY, Kajibliio, (ocdhopy, 3aimiza, IUHKY Migi, MarHir, KOOaibTy,
KapoTHHY, Oy, BO-JOPO3UYNHHUX Ta JKUPOPO3UYNHHHX BiTaMiHiB, KITbKICTIO KOPMOBUX OJUHUIG [3].
BaxnuBicTh HOPMOBAHOI TOJIBII BU3HAYAETHCS BIUIMBOM 1i HA BiATBOPIOBAIBHY 3aTHICTh, II0 € OCHO-

Bor0 30inpmieHHs moromiB’st [43]. SIkicTe 1 piBeHb TOMIBIAI 4YacTO Ma€ BHU3HAYANbHUI BIUIMB Ha
¢bopMmyBaHHA craTeBoi (YHKIII B MOJOAMX Ta IOPOCIUX TBAapWH, YTBOPEHHS CTAaTEeBUX KIIITHH,
3a0e3MeyeH sl 3aIuliIHeHHs W PO3BUTKY eMOpioHiB. [Ipm HemocTaTHROMY 30alaHCYBaHHIO 3arajibHOI
MO’KMBHOCTI PAIliOHIB CIIOCTEPITa-€ThCS 3HIDKEHHS KUTTEBUX Ta BIATBOPIOBAIBHUX (PYHKIIIH TBAPUHHOTO
OpradiaMy, L0 TNPHU3BOAWTH OO0 NPHUIHMHEHHS OBYJANIl B CaMOK Ta BTpaTu peQiekcy CTaTeBOTO
30y/KeHHsI B caMIliB. HemopeyHoro Takok BBa- JKAa€Thcs HaaMipHa (TMOHAJ HOPMOBAaHA) TOIIBISA, ILO
MIPU3BOIUTH 10 OKUPIHHS Ta CIPUINHIOE TOTIPIICHHS (3HIKSHHS ) BIATBOPIOBAIEHOT 3IaTHOCTI TBApHH

IIpu opranizaiiii MOBHOIIHHOI TOIBII CUTECHKOTOCTIOAAPCHKUAX TBAPUH OCOOJHMBY yBary HagalOTh 3a70-
BOJIGHHIO TOTpeOW y Makpo— Ta MiKpoeneMeHTaX. TpaguIliifHO MIKpOeJIeMEeHTH BBOASTH Yy BHUTIISAIL
Heopra- HiYHUX COJIeH, ajie HUHI SK albTePHATHBHY 3aMiHy JJIsl MiIBUIIEHHsS KOHBEPCii IMX PEYOBUH B
Oprasi3mi, BAKOPUCTOBYIOTh iX XeJIaTHI KoMILUIeKeH [6, 7, 9, 15, 33].

MikpoeneMeHTH XapaKTepU3YIOThCS MIUPOKAM CIIEKTPOM il Ha OpTaHi3M Ta MPOAYKTHBHICTH CBUHEM,
Yyepe3 aKTUBHICTh €H3HMMIB, TOPMOHIB Ta BiTaMiHiB, y SKHX BOHH MICTAThCS B NEBHIM KiUTBKOCTI Ta
BUCTYIA- FOTh y POJIi aKTUBATOpA UM iHTi0iTOpa. JleTansHe BUBUEHHS 010JI0T1UHOI ii MIKPOECIIEMEHTIB 1a€
3MOT'Y TIPO- aHANi3yBaTH MEPCIEKTUBY B PETYIIOBaHHI aKTUBHOCTI TOPMOHIB, BiTaMiHIB Ta (hepMEHTIB.
Cepen MIKpOCIEMEHTIB, SIKi CYyTTEBO BU3HAYAIOTh NMPOIYKTHBHICT TBAPWH IMPOBiTHA POJIb HAIEKUTH Ce-
JIeHy, SIKHH € aKTUBaTOpOM CHHTE3y Ta OOMiIHYy TOPMOHY HIMTOIMOIIOHOI 3aJ03W, L0 PEryJIoE PicT,
pO3BUTOK, (YHKII OaraThoX OpraHiB Ta CHUCTeM opraHizmy. Lleii MikpoereMeHT MiABHUIILYyE BMiCT
IMyHHHX TN Ta 3HH- XY€ [if0 ajeprediB. Y noeaHanHi 3 Bitamidamu A, E, C Ta f-kapoTHHOM celeH Mae
3[aTHICTh OJIOKYBATH [il0 BaXKUX METaJiB (CBHHEIb, PTYThb, KaJMil), 10 HAAXOASTH 10 OpraHi3my i3
3a0pyIHEHOTO0 HAaBKOJHII- HBOTO cepepoBumia [19]. HdediuuT ceneHy B opraHi3mi CyNnpoOBOKYETHCS
aHEMI€r0, CEepIIEBOI0 MiONaTi€l0, MUCTPOQIEr0 MEUYiHKH, 3HWKEHHSM PE3UCTEHTHOCTI, abopTyBaHHAM i
oesmrimrsam [29].

CereH XapaKTepH3yEThCsl BUCOKOIO 010XIMIYHOIO aKTHUBHICTIO Ta CHIIBHO 3 BiTaMiHOM E perymtoe mepok-
CHJIHE OKHCJICHHS JimiaiB. Y pasi Hecraui Bitaminy E morpeba B ceneni 3poctae [44]. [Jediuut ceneny i
TO- KOQepody 3aTpuMy€e NMEPETBOPEHHSI METIOHIHY B LUCTHH, L0 CHOPUYMHSIE M s130BY auctpodiro [41].
Lle Bu- Marae ocOOJMBOI yBaru A0 HOPMYBAHHS IIbOTO €IEMEHTY y 3rOJI0BYBaHUX KOpMax, Jie morpeda B
HBOMY 3Mi- HIOETBCS 3aJIEXKHO BiJI BiKy, (hi310JI0TYHOTO CTaHy Ta PiBHS MPOJLYKTHBHOCTI TBapHH.
Pe3synpraTy 4ncneHHUX JOCHTIKEHb CBiT4aTh PO iICTOTHY Aif0 IMHKY HA (pOopMyBaHHS BiJTBOPIOBAIBHOI
3IaTHOCTI, IMYHHOTO CTaHy OpraHi3aMy Ta B 3a0e3le4eHHI KpOBOTBOpeHHs. lleli MikpoeneMeHT €
CTPYKTYp- HUM KOMIIOHEHTOM U aKTHBAaTOPOM (BHCTYIIA€ CHHEPTICTOM) €H3UMiB, KOHTPOJIOE Oi0CHHTE3
Oinka, HyKJIEi- HOBUX KHCIIOT, JIiITiTHUI OOMiH Ta CHHTE3 OKpeMHUX ropMoHiB [1, 22, 37, 42, 46].

Marsiif € OJHUM 3 TOJIOBHUX aKTHBATOPiB €H3UMIB, IO 3a0€3Meuyr0Th NepeHeceHHs GocaTHuX TPy
npu posuieruieHH AT®, O6epe akTUBHY y4acTh y (hOpMyBaHHI KICTOK, PETYJIO€ POOOTY M’SI30BHUX Ta
HEpBO- BHX BOJIOKOH, a TakoX 3a0e3leuye akyMyJSLilo Kajblilo B oprai3mi. OCKiJIbKM 3aCBOEHHS
MarHilo B opra- Hi3mi TBapuH 3 KopMmy ckiagae S0B60 %, mo vacto cnpuumHsie Horo aediumr, Kl
CYNPOBOPKYETbCS Ii- BHUIICHOK 30YJIMBICTIO, CIAOKICTIO KICTOK, M’S30BUMH CYIOMaMH, OCKIJIbKH
MIiJBUIYETHCS BUBIIBHEHHS KaJIbIlito 3 opraxismy [1, 7, 8].

Oco01MBO BaKJIMBa POJIb 3aJli3a B MEPIIi MEPioAN MOCTHATAILHOTO PO3BUTKY TBAapHH IIiJl Yac HACTAHHS
aHeMii, [0 TPOABIIsie ceOe MiCIIs MOJIOBOTO OKUCIIOBAILHOIO CTPECy IpH MEpexo/i Bij aHaepoOHOTo /10
ae- poOHOro JMXaHHS HOBOHApo/pKeHUX. Llel MikpoeaeMeHT, BXOASYM [0 HHU3KM EH3UMIB
NEepOKCHIa3h, OKCH- [a3d, KaTajga3dh 1 IUTOXPOMHUX (EepMeHTiB, 3abe3nedye picT, PO3BHUTOK 1
PO3MHOXEHHS TBapUH [7, 8, 45].

IcHye Baromwuii B3a€M03B’ 30K Mix BiTamiHOM E i 3ai30M, 1110 MPOSIBISIETHCS Y MpoOIecaX TPAHCIOPTY
eJIeKTpoHiIB 1 OiocuHTe3y rema. Came 1ell BiTaMiH PETyJIO€ ONTHMAJIbHE CIIBBIJIHOMIEHHS 3aKHCHOTO 1
OKH- CHOTO 3ajli3a y TKaHWHAaxX Ta 3a0e3redye po3noAi IbOT0 eIeMEHTY B OpraHi3mi.

HenocratHe 3a0e3nedeHHs 3a1i30M, 0COOINBO B MOJIOJMX TBAPHH CIPHUYMHIOE aHEMIIO, BTPATy aleTHTYy,
MIPUTHIYCHHS IIBHUAKOCTI POCTY Ta IHKOJIW TMiABUIIYETHCS CMEPTHICTH HOBOHAPOKCHHX Ta MOJOIUX
tBapuH [1, 40]. [Ipu upoMy HaIIMIIOK 3a1i3a MPU3BOJUTD 0 MOTIpIICHHS 3acBOEHHS pochopy Ta Mifi,
3MEHIICHHS BiIKIaJaHHs BiTaMiHy A B IEYiHI, 3HIKYE alleTUT Ta MPUPOCTH KUBOI Macu [12].

Cepen ecceHIIATbHUX MIKPOEJIEMEHTIB OpraHi3My TBapHH IPOBITHE 3HAYCHHS HAICKUTH Mifdi, sSKa
BXOAWUTH 0 CKIIaay OaraThbOX €H3WUMIB, MOCHJIIOE IO 1HCYJiHY, TOPMOHIB Timodiza, mmuTomnoaioHol



3JI03W, MOO1TI3aIlif0 TCTTOHOBAHOTO 3a1i3a, CTUMYJIIOE HOTO TTePEHECEHHS B KICTKOBUI MO30K, aKTHBYE
nmo3piBarHa eputpouuTis [1, 30]. Miap 3abe3meuye ¢hopMyBaHHA CTPYKTYpPH KICTOK, XPSIIIB, CYXOXKHUITb
(xonaren), 3a0esnedye enacTH4- HICTh CTIHOK KPOBOHOCHUX CYIHH, JIETGHEBHX ajlbBEOJ, IIKipH
(enacTuH), HOpMaJIi3y€ PUTM CEPIIEBOI JisUIbHO- CTi. Perynroe poOoTy IeHTpaibHOT HEPBOBOI CHUCTEMH,
akTUBHO Qopmye imyHiTer [7, 11].

ITonax HOpMOBaHa TOZIBIS CBUHEH CIIONYKaMHU Mijli TalbMy€ TEeMOIOEe3, 3HIKY€E KOHIICHTPAII0 BiTaMi-
HiB A, E, B2, B3, B6 , C B opranax i TkaHuHax TBapuH. [Ipu iboMy mopocsita BTpadaroTh aneTuT, y HUX
MO- PYIIYETHCSI KOOPAWHAILS PYXiB, 3 SBISETHCS TOPO HA CIHHI, BHHUKAIOTh M S30Bi Cy/IOMH W aHEMis
[12].

3a JaHUMU MPOBEACHUX JOCIIIKEHb BUSBIICHO, 1110 CEJIeH, IUHK, Miflb, 3a]1i30 Ta MarHiii MatoTh ICTOTHUI
BIUIMB Ha MPOAYKTHBHICTH TBAPUH, Ta OCOOJIMBY POJIb BIIIrPAIOTh y PEPOAYKTHBHIN 34aTHOCTI CBUHOMA-
[14, 26]Tox. BoHM CHpuUsIOTH MIBHINEHHIO 0araTOILTiTHOCTI, BEIHMKOILTITHOCTI, 30LIBIIICHHIO MacH
THi3/1a TOPOCST NpH 1X HAPOIKEHHI 1 BIIUTy4EHH], a TAKOK BUXOIY AiI0BHUX mopocsT [13].

KoskeH 13 3a3Ha4eHUX MIKpOEJIEMEHTIB KpiM 3arajbHOi il Ha OpraHi3M CBHHEIH Mae OKpEeMHH CEIeKTHUB-
Hull BIUTMB. J[01aTKOBE 3rOIOBYBaHHS CelleHYy MOKpAIIy€e TMOKa3HUKH HIXXHOCTI M’sica, a TAaKOXK 301IIbIIye
BMICT CHpOTO MpPOTEiHy, M0 MiABUIIYyEe Horo OioyoriuHy miHHiCTH [24]. IlMHK cmpuse miIBHUIEHHIO
KUTBKOCTI MOPOCAT-HOPMOTPO(DIKIB Ta 3HWKEHHIO KiJIBKOCTI MOPOCAT-TIMOTPO(UKIB, a TAKOX BHUIAAKIB
MEPTBOHAPO-KYBaHOCTI [46]. BKitoueHHs 0 palioHy Mifi CIIpHsi€e TiABHUINEHHIO 3a0iifHOTO BUXOIY Ta
OiMBII BHCOKOMY BIIKIQNaHHIO JKHPYy. 3TOIOBYBaHHS CBHHOMAaTKaM CoJiell 3amiza 3abesmedye
MOKpaIlleHHs 010JI0T1YHOI MOB-HOIIHHOCTI MOJIO3MBA 1 MOJIOKA, Ta CIPHSE MPOQIIAKTUII aHeMil TOPOCHT.
Oco0nuBICTIO i MarHito € 3Me-HIICHHS TPUBAJIOCTI cepBic-Tepioay y cBHHOMATOK [48].

s 3abe3nederHHs] TBApUH MiHEpaJbHIMH PEYOBHHAMH HAHYACTIlIe BUKOPHUCTOBYIOTh MIKPOEIEMEHTH B
HEOpraHiuHii GopMi, OCKUTLKM BOHHU € OUIBII JOCTYIHI Ta €KOHOMIYHI JUIs MpUAOaHHs. AJle IPH aHai3i
YU-CIICHHUX JIOCJI/DKCHb BIJIOMO, IO X TOTPAIUISIHHS 10 OpraHi3aMy HE 3aJ0BOJIbHSAE NOTPeOy
BHCOKOTIPOTyK-TUBHUX TBapWH y AeQiuTHUX pedoBrHax. OKpiM TOTO, BUABICHO TEBHI HEMONIKH MPHU
3TO/IOBYBaHI MiHEepa-IIbHUX COJIEH, OCKIIBKH Yepe3 HU3bKY 3aCBOIOBAHICTh OPTaHi3MOM, TBAPHHAM YacTO
3roJIOBYIOTH HAJJTUIIIKO-BY KiJIbKICTh MiHEPaIbHUX PEUOBHH, IPU3BOISYH JI0 MHOKWHHOTO aHTaroHi3my,
YUM CHPUYMHSIOTH 3HH-)KEHHS KOHBEpCii MIKpPOECIIEMEHTIB B OpraHi3Mi, IO MiJIBHIIYE BHUBIILHEHHS 3
opranizmy 10 40—70 % uux elxeMeHTiB, 10 HEraTUBHO BIUIMBA€E HA €KOJOT1YHY CHUTYaIil0, 3a0pyAHIOI0UH
HaBKOJIMIITHE cepeioBHIle Ba-KkuMu Metanamu [10, 21]. Tomy Ha cyyacHOMy eTami pO3BHTKY
TBApPUHHHMIITBA CIIOCTEPIracThCsl HEOOX1I-HICTh 3aMiH HEOPTaHIYHUX COJICH OpraHiYHUMHU CIIoNyKaMu [38,
47].

AHaNi3yroun JOCITIKeHHS, BUSBICHO, 1[0 BKJIFOYEHHS XeJaTHUX (OpM MiKpoeleMeHTIB 3abe3mneuye
Kpary Oi0JIOTIYHY JOCTYIHICTh: BOHH JIETKO BCTAHOBJIIOIOTH 10HHHA 3B’S30K 3 KJIITHHAMHU OPraHi3My,
PO3-TIaJaloTbcsl W MOBHICTIO 3aCBOIOIOTHCS. 3acTocyBaHHS (ITHHOBOI KHCIOTH y CTPYKTYpi XenariB
3MEHIITy€ aHTAarOHI3M MiX HITUMU ITOXUBHAUMH pedoBHHAMU [7, 34].

3a manumu gociipkeds B. O. Canpukina Ta B. C. BoMko, BCTaHOBJICHO, 1110 BBEJCHHS JI0 PalliOHY XeJia-
Ty 3a1i3a MMOKpaIly€e MPOTyKTHUBHI i BiITBOPIOBAJIbHI SIKOCTI CBHHOMATOK [4, 27, 32].

Komnencamist nedinury NUHKY 3a paxyHOK 3TOJIOBYBaHHS MOTO XeJlaTiB CIPHS€E 3HWKEHHIO KiIbKOCTI
CJTa0KUX TIOPOCAT Ta 1X 30epeskeHOCTi 1o BiurydeHHs [23, 39]. BupornieHuii MOIOJHSIK XapaKTepu3y€eThCsl
OibIMM 3a0iHHIM BUXOJIOM [22].

3a manumu gocnimkenb A. M. 1llumkeHe, BBeSCHHS XeIaTHOTO CEJIEHY JI0 pallioHy NOPOCHHUX Ta IMiJCHC-
HUX CBHHOMATOK HOPIBHAHO 3 MiHEpaJbHUMHU COJSIMHM CHPHUSUIO MiJBUIIEHHIO OaraToIlIiIHOCTI, MacH
THi3Za B JIeHb OIOPOCY, MOJIOYHOCTI, a TaKOXX MaJl0 IO3WTHBHHUI BIUIMB Ha PICT, PO3BUTOK Ta
30epexeHICTh MiJicuc-HUX 1 gopoiryBanux mopocst [35]. Lle crnpusie mokparieHHI0 (hi3UKO-XiMidHUX
BJIACTUBOCTEH M’sica Ta caia, 30UIbIICHHA BMICTy METIOHiHY, TpuITO(haHy, Ji3UHY NPH OJHOYACHOMY
3MEHIICHHI KOHIICHTPAIi1 OKCUIIPO-IIiHY [24].

3a ganumu pociimpkents C. O. CeMeHOBa, BBEJCHHS XEJIaTHUX CIIOJYK MarHito 3a0e3nedye 301IbIIeHHs
00’eMy efKyJATY, KUIBKOCTI JKMBHX CIEpMiiB Ta miaBuinye ix KoHUeHTpauito. IlinBuiryerscs
TEPMOPE3UCTE-HTHICT CIIEPMIiB, IO MOKPAIIYE TPUIATHICTh CIIEPMH JIO TPHBAIOTO 30epiranHs [28].
BceraHoBieHo, 110 J0/iaBaHHs /10 PallioHy CBMHOMATOK XEJIATHOI JOOABKM MIfi B MEPiojl MOPOCHOCTI Ta
JIAKTAIl1 CIpuUsie Kpamiiii 0araTommiHOCTI Ta BEIUKOILTITHOCTI CBHHOMATOK, a TAKOX ITiIBUIIYE 30epexKe-
HicTh nopocsT [5]. [Ipu pOMy HiABHIIYETHCS KHMBA Maca Ta CEPeAHBO000BI MPUPOCTH, IO MiABUIIYE
3a-0ifHy Macy i KiJTbKICTh BHYTPIIITHBOTO KHUPY, 3pOCTA€ COKOBUTICTh M sCa Ta BMICT OUIKY B M’ S30Bii
TKaHuHi [2, 10, 31, 49].

BusBieno, mo 10o1aTKOBE 3r0JJOBYBaHHS KHypaM-IUTiTHUKaM 3alliza, celieHy, Mili Ta UMHKY y ¢opMi Ha-
HOAaKBaxejaTiB IMOKpaIIye SKICTh CIHEPMOIPOMYKINI — 30UIBIIYETHCS 00’€M EAKYJATY, KOHIICHTPAIIiS



CIiepMi-iB 3 OJHOYACHWM IIOKPAICHHSIM iX BIDKHBAHOCTI Ta pyxiuBocTi. lle BimOyBaeTbcs Ha T
30UTBIICHHST BMICTY TIJIyTaTioOHY, 3pOCTaHHS AaKTHUBHOCTI CYNEPOKCHIAIMCMYTa3d Ta Kartamasu [36].
JoBeneHo, mo BBEICHHS JAK-TaTiB Oe3MOCepeHBO y CHEpMY MiABHIIYE KOHIEHTPAIIO Ii€HOBUX
koH roraHTiB Ta TEK-akTHBHUX KOM-TUIEKCIB, IO CBiTYUTH TIPO IHTEHCU(IKALIiIO MPOIECIB IEPOKCHIHOTO
OKHCIIeHHS [25].

3a pe3ynbTaTaMy HAIINX JOCITIKEHh BCTAHOBJICHO, IO 24-X TOAWHHE IHKyOyBaHHS 3a TemrepaTypu +38
oC cnepMozi03 KHYPiB-IUTIJHUKIB, SIKI OTPUMYBAaTH HaHOAKBaxedaTH (LMHK, CEJIEH, Miib, 3ajli30) BIPO-
mox 60-Tm nmi6, Mae ICTOTHUH BIUIMB Ha CTaH MPOOKCHIAHTHO-aHTHOKCHIAHTHOTO TOMEOCTasy, e
BIH3MIIIYETHCS B HAIIPSMI MTPUCKOPEHHS MPOIIECIB MEPOKCUIHOTO OKUCHEHHS Ta 3HW)KCHHS O010JIOTI1YHOT
MOBHO-IIIHHOCTI criepmiiB. 30epiraHHs crepmoao3 3a temreparypu +17 oC mpoTsarom 3a3HaYeHOTO
nepiofy  COPUSE3MECHLICHHIO  aKTHBHOCTI  MPOOKCHAAHTHOTO  €H3UMY —  KCAaHTUHOKCHA3W,
AQHTHOKCHJAHTHUX C€H3MMIB CYNE-POKCHUANMCMYTa3W # Karajas3u, IHTEHCUBHOCTI BHMKOPHUCTAHHS
HU3BKOMOJICYJSIPHUX ~ AHTUOKCHJAHTIB, a TaKoK 30€peKCHHIO pYXJIMBOCTi, BIDKMBAHOCTI Ta
3aILTiTHIOBAJILHOT 3/IaTHOCTI CIIEPMIiB.

JoBeneHo, mo BBeACHHS XeNaTHOI (OPMHU MIKPOEIEMEHTIB Ja€ 3MOTy BJIBidi 3MEHIIUTH IX KUTBKIiCTh
MOPIBHSHO 3 COJHOBOIO (JOPMOIO, TIOKPAIITY€ 3aCBOIOBAHICTh MOXUBHUX PEYOBHH Ta MPOIYKTHUBHI SKOCTI
CBHHEM.

JocuTs 9acTo 3aCTOCOBYIOTH KOMIUIEKCH XElIaTHUX €IeMEHTIB (Miib, 3aJ1i30, IIMHK) I OLThIIol eexTH-
BHOCTI BIUIMBY Ha mpoxykTuBHICTH [11, 20]. IlpoanamizoBaHO 3acTOCyBaHHS KOMIUICKCIB XEJIaTHHUX
MiKpOe- JIEMEHTIB 3 T'YMiHOBUMH KHCIIOTaMH, T4 BH3HAYEHO, IIO IS KOMIIO3WIsl (XelnaTH + TyMarH)
3a0e3redye 3Me- HICHHS KOHIICHTpalii MikpoeleMeHTiB B 4[5 pa3iB MOPIBHSIHO 3 COJSAMU. 3a JaHUMU
JTOCITIPKEHB 3aCTOCY- BaHHS T'yMaTiB B KOMOiHaIli] 3 XelaraMy MiKpOEIIEMEHTIB MOPIBHAHO 3 XEJIaTHUMHU
CHOJIYKaMH Ta COJSIMHA MIKpOEJIEMEHTIB MatOTh Kpaluii BIUIMB Ha PENPOAYKTHBHI OKa3HUKU CBHHOK, a
caMe MiJIBUIICHHS MOJIOY- HOCTI, 30UIBIICHHS KIIBKOCTI MOPOCAT Ta iX 30€pekKEHICTh, MOKPAIICHHS
cepenHbOJ000BHIX MPUPOCTIB 3a MijcucHUi nepiox [16, 17, 18].

BucHoBkn

BcranoBiieHo, 1110 MIKpOEJIEMEHTH, MepeOyBaloyr B TICHOMY B3a€MO3B’SI3Ky 3 €H3MMaMH, BiTaMiHAMH Ta
TOPMOHAaMH, OOYMOBJIOIOTH MeTaOOoJIiYHI TEePeTBOPEHHs, 3a0e3neuyroun (QopMyBaHHS BaKIMBHX
¢izionori- yHUX (YHKIIH — TKAaHWHHOTO JWXaHHS, MOMAUTY KIIITHH, PO3MHOXEHHS, POCTY W PO3BUTKY
opranizmy. BusHaueHo, mo ajist 3a0e3rneueHHs: e)eKTUBHUX NPOTpaM TOJIiBIII CBUHEH MEPCIIEKTUBHUM €
BUKOPHUCTAHHS XEJIaTHUX CIIONYK MIKPOENEMEHTIB SK aJlbTepHATUBHOI 3aMiHM MiHepajbHuX coneid. Lle
COpPUSTHME KpalmloMy iX 3aCBOEHHIO, 3MEHIIEHHIO KiJIbKOCTI BBEICHHS /0 OpPraHi3My HEOpraHiuyHHX
COJIeH, 110 B IOAAJBIIOMY 3a- 100Irae 3a0pyAHEHHIO HABKOJIMIIHBOTO CEPEIOBHUIIIA.

BusiBiieHo, 110 HaaBUCOKA O10JOCTYITHICTh XeJaTiB MIKPOEJIEMEHTIB BIIIKPUBAE HOBI IILJISXU ITiJ{BUIICH-
HSl IPOJXYKTUBHOCTI CBHHEH 4epe3 MOKPAIeHHs CHOXHMBaHHS i KOHBepcii KOpMiB. 3aBISKU HIMPOKOMY
CIIEK- TPY Mii IIUX CMOJYK y CBUHEW BHHUKAE MOXKITUBICTh PETYISAIIl BiATBOPIOBAIBHI (DYHKIIII: Y KHYPiB-
TUTITHAKIB — MiJBHUINEHHS PYXJHMBOCTI 1 BHJKMBAHOCTI CIIEPMiiB, a y CBUHOMATOK — 0araTOILTiHOCTI,
BEJIMKOILIIIHOCTI, 30UIBIICHHSI MAacu THi3Ja, MOJIOYHOCTI, TMOKpaIlEeHHI 30€peKEeHOCTI MOPOCAT 10 Ta
TICIIST BIUTYYEeHHSL.

Ilepcnexmusu nodanvuux docaiodicensy. [lonanbin TOCTIHKEHHS 3 BAKOPUCTAHHS XEIIATHUX CIIONYK MiK-
pOeeMeHTIB HEOOXiIHO CHIPSMOBYBATH HAa BH3HAYCHHS 1X KOHBEpCIii, BCTAHOBJIICGHHS ONTUMAIBHHX
CHIBBiA- HOUICHb MIKPOEIEMEHTIB 3 PI3HUMH Oi0JIOTIYHO AKTHMBHUMH PEUYOBHHAMH, PO3POOJICHHS M
3aCTOCYBaHHSI CKOJIOTIYHO-O€3IIEYHNX MiHEpPAIbHUX J00aBOK, BUKOPHCTAaHHS MiHEpPAIbHUX JT00aBOK,
3BayKaro4u Ha 06i0reo- XiMivHi 30HH.
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