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Annomayusn. JIng ysenudeHns: OMOJOCTYITHOCTH XMMHUYECKUX 3JIEMEHTOB M3 PAllMOHOB HCIIOJIb-
3yIOT opraHudeckue (popMbl U, B YACTHOCTH, ITUKOJIMHAT XpOMa B BUAY €ro 3(pQeKTUBHOTO BIMSIHUS Ha
MPOAYKTUBHOCTh CEIIbCKOXO3SHCTBEHHBIX JXUBOTHBIX W HU3KOTO YPOBHS TOKCHYHOCTH. MeTtabommsm
XpoMa B OpTraHu3Me 110 KOHIIA He M3Y4YEH, W BOIIPOC BIMSHHUS €TO HA MEXaHWU3MBI TpaHC(HOpPMAIUH U 00-
MeHa DJIEMEHTOB OCTa&Tcs OTKPHITHIM. Llens paboThl — OLIEHUTDH BIMSHHME MUKOJIMHATA XpOMa B COCTaBe
pampoHa Ha KOHIICHTPALMIO XUMHUYECKUX DJIEMEHTOB U OMOXMMUYECKHE IOKa3aTeNH CHIBOPOTKU KPOBU
OBIYKOB Ka3aXxCKOM OesoroioBoi mopozsl B Bo3pacte 12-13 mecsmes, cpenHeit maccoit 324 kr. B skcme-
pUMeEHTe TPyIa KOHTPOJIBHBEIX OBMKOB (n=3) moiy4ajia OCHOBHOH pammoH, Obrdkam | rpynmsr (n=3) B
palMoH BKIIIOYAIM IMKOJIMHAT XpoMa B Jo3e 7,2 Mr/kr cyxoro BemectBa (CB) parmona, )KHBOTHBIM
IT rpynmer (n=3) — B g03¢ 8 Mmr/kr CB parmuona. [lo pe3ynprataM 3KCHEpUMEHTATBHOTO HCCIEAOBAHUS
ObLTa ompeeieHa ONTUMAINTbHAS /1032 BBEACHUS B PAIMOH MUKOIWHATA XpoMma — 8 Mr/kr CB panmona, 94ro
COIPOBOXKJAJIOCH CTUMYJISIIMEH OEIKOBOTO M JIMIMIHOTO OOMEHa, a Takke YBeJMYeHHeM OHOJOCTYITHO-
CTH OCHOBHBIX MaKpO- U MHKPO3JIEMEHTOB. B uacTHOCTH, yBenmuueHueM obuiero Oenka Ha 6,0 %, MoueBu-
HBI — Ha 154,5 % (P<0,001) u xpearnnuna — na 2,2 %, a Taxke xonecrepuna — Ha 28,7 % (P<0,05), mpu
CHIDKEHUH TpUrimiepunos Ha 73 % (P<0,01) u 40 % (P<0,001) B CBIBOPOTKE KPOBH, yBEIHMUCHNIO KOH-
neHrpauuu As — Ha 158,1 % (P<0,001), Cu — Ha 6,2 % (P<0,01), Se — na 9,1 % (P<0,01), Zn — Ha 6,3 %
(P<0,05), Na—mna 3,4 % (P<0,05).

Knroueevie cnoea: KpymHBIA POTaThId CKOT, KOPMIICHHE, PALIMOH, THKOJIMHAT XpPOMa, XUMUIECKUE
JIEMEHTHI, OMOXUMHS KPOBH, OMIMPYONHOBBINH HHIEKC
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Abstract. Organic forms and, in particular, chromium picolinate are used to increase the bioavail-
ability of chemical elements from diets due to its effective impact on the productivity of farm animals and
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low toxicity. The metabolism of chromium in the body has not been fully studied, and the question of its
effect on the mechanisms of transformation and metabolism of elements remains open. The aim of the
work was to evaluate the effect of chromium picolinate in the diet on the concentration of chemical ele-
ments and biochemical parameters of blood serum of Kazakh White—Headed bulls aged 12-13 months,
with an average weight of 324 kg. In the experiment, a group of control bulls (n=3) received the main diet,
chromium picolinate was included in the diet for I group (n=3) of bulls at a dose of 7.2 mg / kg of dry
matter (DM), and for II group (n=3) of animals at a dose of 8 mg / kg of DM. According to the results of
an experimental study, the optimal dose of chromium picolinate in the diet was determined — 8 mg / kg of
DM, which was accompanied by stimulation of protein and lipid metabolism, as well as an increase in the
bioavailability of the main macro- and microelements. In particular, an increase in total protein by 6.0 %,
urea — by 154.5% (P<0.001) and creatinine — by 2.2%, as well as cholesterol — by 28.7% (P<0.05), with a
decrease in triglycerides by 73% (P<0.01) and 40% (P<0.001) in blood serum, an increase in the concen-
tration of As — by 158.1% (P<0.001), Cu — by 6.2% (P<0.01), Se — by 9.1 % (P<0.01), Zn — by 6.3%
(P<0.05), Na — by 3.4% (P<0.05).

Keywords: cattle, feeding, diet, chromium picolinate, chemical elements, blood biochemistry, bili-
rubin index
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BBenenue.

CHexTp UCIIOIB30BaHMS XUMUYECKUX JIEMEHTOB B IIMTAHUU KMBOTHBIX 3aBHCUT OT 0COOCHHOCTH
MUILEBapEHUs], (PU3NOTOTHUIECKOTO COCTOSIHUSL OpPTraHU3Ma, HaIlPaBICHUS IPOLYKTUBHOCTH U T. A. OTHUM
U3 BO3MOXKHBIX AJIEMEHTOB-KaTaIN3aTOPOB (DYHKIIMOHATHHON aKTUBHOCTH OPTaHNW3Ma >KBAYHBIX SIBIIIETCS
XpOM, KOTOPBII y4acTByeT B MeTaboau3Me NMPOTEHHOB, JIMIHJIOB M CaXapoB, SH3UMOB U B MEXaHH3Max
hopmupoBanus HOBBIX KieTok kpoBu (Illeiina E.B. u ap., 2019; Spears JW, 2019). [Ipuemnemsrii ypo-
BEHb XpOMa B paIlOHAaX MOJUTACTPUYHBIX )KUBOTHBIX MOTHBUPYET 00pa3oBaHHE B KPOBH IPUTPOIUTOB,
reMoryioOnHa, o0ImIero Oeika W €ro COCTAaBIAIOIINX — aJbOyMHUHOB M TIIOOYJIHHOB, OOWIETO KadbIHA H
¢docdopa. ImeHHO TTO 3THM MapKepaM MOXHO CYIHTh O XapakTepe 0OMEHHBIX IPOIECcCOB U (PHU3HOIOTH-
4ecKoM cocTosiHUM kuBOTHOTO (KokopeB B.A. u ap., 2017; Smock TM et al., 2020). B xone remomnossa
XpOM BMECTE C KPUCTAJUIMYECKUM TPUIICHHOM 3aIlyCKaeT B paboTy (hepMEHT — TPHUIICHH, KOTOPBINA OTBe-
gaeT 3a pacuieruieHue nmentuaoB u oenkos (Kucnsakosa E.M. u Jlomaera A.A., 2017).

B ormnmume ot Heopranndeckoi (OpPMBI MUKOIMHAT XpoMa oOnamaeT mydmed 3¢ QekTHBHOCTEIO,
HU3KoM TokcnyHocThio (Han M et al., 2021). On npenctasisier coboii TpéxBajeHTHYO POpMY B COeAMHE-
HUU C MHUKOJMHOBOW KHCJIOTOM, a Takke MOTYT ObITh moiydeH u3 apoxokerd (Kargar S et al., 2019; El
Senosi YA et al., 2018; Shan Q et al., 2020).

Wndopmanuu o MeTaboian3smMe XpoMa B OpraHu3Me, BO3ACHCTBIH €0 Ha MPOAYKTUBHOCTh KUBOT-
HBIX, TeUeHHEe OOMEHHBIX IPOILIECCOB B OPraHU3ME, B TOM UYHCIIC HA YCBOCHHE XUMHUYECKUX HJIEMCHTOB U
ocobennoctH ux Tpancopmanuu (Padep B. u ap., 2020; Soffa DR et al., 2023) megocrarouno. CooTBeTt-
CTBEHHO, aKTyaJIbHbIM HAIpaBJICHUEM /IS IPOBEICHHS HCCIIEIOBAHUHA B HACTOSIIEE BpeMs SABIISIETCS pac-
CMOTpPEHHUE BOIPOCca 00 ONTUMANbHOM KOHIIEHTPALMU XpOMa B paIlOHE BAuHBIX U €0 POJIM B MeTabo-
JMYECKUX MpoIleccax OpraHn3Ma.

Hennb ncciaenoBanus.
O1neHUTh BIMSHUE MUKOJIMHATA XpOMa Ha 3IEMEHTHBIN U OMOXUMUYECKUN COCTaB KPOBH OBIYKOB.

MarepuaJjibl 1 METOAbI HCCIIEOBAHMS.
O0beKT uccaenoBaHusi. bEIUKM Ka3axCKoi 0enoroioBoi mopojisl B Bozpacte 12-13 MecsiieB co
cpeaneit maccoit 324 xr.
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OO0cnyXHBaHUE KUBOTHBIX W YKCIICPUMCHTAIBHBIC HCCIICOBAHUS OBUIM BBIMOJIHEHBI B COOTBET-
CTBHH C MHCTPYKIUSMHU U PEKOMEHIANUIMU HOPMATHUBHBIX aKTOB: MoOAenbHBIN 3akoH MexmapiaMeHT-
ckoit Accambiien rocynapctB-yaactHukoB CoapyxectBa HezaBucumbix ['ocynapcts "OO oOpaieHuu
KUBOTHBIMU", cT. 20 (moctanoBnenne MA rocyaapctB-yuyacTHukoB CHI™ Ne 29-17 ot 31.10.2007 1.), Py-
KOBOJICTBO I10 pabote ¢ maboparopHbiMu XUBOTHEIMU (http://fncbst.ru/?page 1d=3553). Ilpu nmpoBeneHun
WCCIICIOBAaHMA OBUIH IPEANIPHHATHE MEPHI U O0ECTICICHNSI MUHIMYMa CTPaJIaHUil KUBOTHBIX U YMEHbB-
IICHUS] KOJTMYECTBA UCCIIEAYEMBIX OIBITHBIX 00pa3IioB.

Cxema rkcnepumenTa. Ousnonornueckne UCCeq0BaHUI OBUTH MPOBEACHBI HA 0a3e aboparo-
pun 6uonormdeckux ucnbiTanuit u sxcneptu3s u LIKIT BCT PAH (http://ukmn-6¢t.pd).

DKCIIepUMEHT MPOBOAMIN Ha Obrukax (n=9), KOTOPbIE METOIOM IPYIIT-aHAJIOTOB OBLTH Pa3/ICICHBI
Ha TPU TPYMIbLI: KOHTPOJIBbHASA U IBE€ ONBITHBIC. ParioHb! ObIIH COPMHUPOBAHBI C YUETOM PEKOMEHIAITHIA
(KanamnukoB A.Il. u ap., 2003) (tabmn. 1). B panuon I onbITHON Tpynmbl BKIOYAIM MUKOIWHAT XpoMma
(opranmnueckas Gopma bruonpomuc xpom nukosmHat, Sichuan Sinyiml Biotechnology Co., Ltd., KuTaii) B
no3e 7,2 mr/kr CB pammona, Bo Il rpynme — B go3e 8 mr/kr CB. [IpencraBneHHbIe JO3UPOBKH MHKOJUHATA
XpoMa OBUTH OTpe/IeNIeHBl Ha OCHOBE COJICPKAHUSA XpoMa B KOpMax, KOTOpoe cocTaBisuio 6,2 mr Ha 1 kr
kopMma. [Ipu koppekuuu fganee 3Tu 10361 ObuTH yBenmueHs! Ha 10 % u 20 % B mepecuére Ha YUCTHIA XpOM
Ha OCHOBaHWH OIIPEJIETIeHNs] ONTHMAIBHON ()OPMBI B MCKYCCTBEHHOM pyoOmue «in vitro» (Illefima E.B. n
ap., 2019) u ananmsza nurepatypHbix gaHHbX (Bin L et al., 2016). [IpooKUTENBHOCTD KCIIEPUMEH-
TaJbHOI'0 UCCIIEIOBAHUS COCTaBWIA 28 qHEH.

Tabmuna 1. CocTaB M MUTATEJHLHOCTH PAIIHOHA
Table 1. Composition and nutritional value of the diet

. Bospact 12-13 mecsineB/
MMoxka3zarean / Indicators gge 12-13 months
Ceno 3nakoBoe, kr / Grain hay, kg 1
Ceno 6000Boe, kT / Legume hay, kg 2
Cunoc kykypy3Hsiid, kr/ Corn silo, kg 11
Hpob6nénas sepaocmech, kr/ Crushed grain mixture, kg 2
[ToxconHeuHbIi )KMBIX, KT / Sunflower meal, kg 0,2
ITatoka kopmoBas, Kr / Feed molasses, kg 0,6
Conb nmusynen, r / Salt lick, g 40
Huammonwii ¢pocdar, r / Diammonium Phosphate, g 60,4
[Tpemukc I1K-60, r / Premix PK-60, g 20
IMuraTeabHocTh panuona / Nutritional value of the diet
Cyxoro BemecTBa, Kr/ Dry matter, kg 7,7
0D, MJIx / ME, MJ 74,8
Cripas xiervarka, 1/ Crude fiber, g 1575,9
Ceipoti xup, T/ Crude fat, g 210,1
Cripoii ipoteunH, r / Crude protein, g 974,6

3a00p KpOBU y >KUBOTHBIX JJISI T€MATOJOTHYECKUX HCCIEIOBAHUIM M AJIIEMEHTHOIO COCTaBa OCY-
HIECTBIISUICS YTPOM, HATOIIAK, U3 SIPEMHOW BEHBI B BaKyYMHbIE MPOOUPKH C aKTHMBATOPOM CBEPTHIBAHHS
(TpomMOuMH).

115 OIIeHKH BIHSHUS XpOMa Ha MeTabO0JIMYeCcKHe MPOIIECCH B OPTaHU3ME TEJAT OBUTH MTPOCUNTA-
Hel: kK03hdunuent e Putuca (otHomenune ACT/AJIT), OunupyOuHOBEIH HHACKC MeiineHrpaxTa: OTHO-
IICHUE MPSMOT0 / HEMIPSIMOTO OMIMPYOMHA B CBIBODOTKE KPOBH.

Oo0opynoBanne U TeXHU4YecKHe cpeacTna. VccnenoBanus ObUIM MPOBECHBI Ha 0a3ze madboparo-
pun 6nonorndeckux ucnbiTanuit u skeneptus u LIKIT BCT PAH (http://nxn-6¢T.pd) ¢ npuMeHeHneM aB-
TOMaTHUYECKOro rematojorudeckoro ananuzaropa URIT-2900 VetPlus («URIT Medical Electronic Group
Co., Ltd», Kuraii); aBromatudeckoro anammuzaropa CS-T240 («DIRUI Industrial Co., Ltd», Kurait). Dne-
MEHTHBIIl aHaJI13 OCYIIECTBISUIM Ha OJHOKBAPYIOJILHOM MacC-CIIEKTPOMETPE C MHAYKTHBHO-CBSI3aHHOM
mra3moit Agilent 7900 ICP-MS (Agilent, CLIA). Aramu3 V, Cr, Fe, Zn, Se u As mpoBOIWIN B TEINEBOM
peKHUME C UCTIOTH30BAHUEM CTOJIKHOBUTEIBHOM SUCHKH.
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CraHgapTHBIE pacTBOPHI MOMYYaId M3 MyJIbTHAIeMeHTHOW cMecu («Merck», 'epmanus), ¢ mo-
0aBJeHHEM BpY4YHYIO IPUTOTOBIEHHOTO cTaHapTa MakpoanemenTos (K, Na, Mg, Ca).

Cratucrnyeckasi 00padorka. CTaTUCTUUECKUI aHAIU3 BBIIOJIHSIINA C UCIIONb30BAHUEM METOIUK
ANOVA ¢ nomomipto opucHOro mporpaMMHOro kKomiuiekca «Microsoft Office» ¢ mpumeHneHuem mpo-
rpammbl «Excel» («Microsofty, CIIIA) ¢ od6padotkoii nanHbIX B «Statistica 10.0» («Stat Soft Inc.», CILIA)
Craructrnyeckast 00paboTka BKIIIOYaja pacuéTr cpenHero 3HaueHus (M) u craHIapTHBIE OIIUOKH CpeTHETo
(£SEM). JlocTOBEpHOCTh pa3Inuuili CpaBHUBAEMBIX MMOKa3aTesel onpeaensau no t-kputepuro CThIOIeH-
Ta. YpOBEHb 3HAYMMOMN pa3HUIIbI ObLT ycTaHoBIeH Ha P<0,05.

34

Pe3yabTaThl Hcciie10BaHUIA.

BritoueHne MIKoIMHATA XpOMa B PAIlOH CIIOCOOCTBOBAIO CHIDKEHHIO YPOBHS TTFOKO3bI OTHOCH-
TENBbHO KOHTposIbHOM rpynmsl Ha 8,0 % B [ u 15,7 % Bo — Il rpynmax, yBeanueHHsl MOYEBUHBI — Ha 64,2 %
(P<0,001) u 154,5 % (P<0,001) mo cpaBHeHHIO ¢ KOHTpOIEeM. JleCTpyKIHs OEIKOB M MOYEBOM KHCIIOTHI
IPUBOAMIA K 00pa30BaHUIO KPEaTHHUHA, YPOBEHb KOTOporo Bo3pactai B I rpymne Ha 7,7 %, a Bo 11 rpym-
ne — Ha 2,2 %. OuHaIbHBIN NPOIYKT OOMEHA MyPHUHOBBIX HYKJICO3HIOB — MOYEBAasl KMCIIOTA 3HAYUTEIBHO
cHwkanace B I rpynmne Ha 58,5 % (P<0,01), a Bo Il —Ha 51,3 % (P<0,01).

Urto kacaetcst obuiero Oenka, TO €ro KOHIICHTpaIus CHWkKaitachk B I rpymnme Ha 5,5 % c moBblie-
HueM anp0ymuHOB Ha 0,3 %, a Bo Il rpynme yBenmuuBanack KOHIEHTpanus odmero Oenka Ha 6,0 %, co
CHIDKEHHEM anbOyMHuHOB Ha 12,5 %.

[MukonuHAT XpOMa aKTUBU3UPOBAI META00IHM3M JKHPOB, B YACTHOCTH YBEIHYIIICS YPOBEHD XOJIe-
crepuna Ha 28,7 % (P<0,05) u ma 7,7 %, npu cHmkeHun Tpurimmanepunos Ha 73 % (P<0,01) u 40 %
(P<0,001) coorBerctBenno B I u Il rpynmax oTHOCHTENTFHO KOHTPOJIBHBIX 3HAYeHHH (pHc. 1).

200,0
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X - M
TnoKosa, o6uwmi AnbbymuH, onecre puabl, MoueBuHa, | KpeaTuHuH, oHesan
PUH, Kucnora,
mmonb/n / |6enok, r/n/ r/n/ mmons/n / | memons/n /| mkmons/n /
. mmons/n / . L MKMOb/N /
Glucose, Total Albumin, Triglyce- Urea, Creatinine, . .
mmol /L rotein, g/L /L Cholesterol, rides mol/L mol /L Uricacid,
P '8 & mmol /L ’ W W pumol/L
mmol/L
| B | -8,0 -5,5 0,3 28,7 -73,0 64,2 7,7 -58,5
| # | -15,7 6,0 -12,5 7,7 -40,0 154,5 2,2 -51,3

[pumeuanwme: * — P<0,05; ** — P<0,01, *** — P<0,001 npu cpaBHEHUHU ¢ KOHTPOJIEM
Note: * — P<0.05, ** — P<0.01, *** — P<0.001 when compared with the control group
Pucynok 1. ITapameTpbl 6MOXUMHUU KPOBH ObIYKOB € J0MOJHEHUEM PALHOHA MMKOJINHATOM XpoMa
OTHOCUTEJILHO KOHTPOJILHBIX 3HAYeHUil, Yo (n=9, M+m)
Figure 1. Parameters of the blood biochemistry of bulls with the addition of chromium picolinate to
the diet relative to the control values, % (n=9, M+m)
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[Ipu onenke OmnmpyouHoBoro mHaekca (bM) ycraHoBieHo, 4To ypoBeHb 00IIero OmaupyOnHA
nosbimancs B I rpynne Ha 40,1 %, a Bo Il rpynme — Ha 190,5 %. 3HaueHus npsimoro OuIMpyOHHA yBelU-
yuBanmuch Ha 15,3 % u Ha 130,6 % B onbITHRIX rpynmnax cooTBercTtBeHHO. B wurore, b1 cHmxkancs B
I rpynme Ha 18,5 %, a Bo Il rpynme — Ha 20,9 % (puc. 2).

# bunupy6un o6wmi, mkmonb/n / Total bilirubin, umol/L # bunupy6buH npamoit, mkmosnb/n / Direct bilirubin, pmol/L

® bunupy6uHosbiit uHaekc / Bilirubin index

3,98

1,37 ;
7 1,11
. ! 0,81

O = N W B~ U

Koutponb / Control 1 1]

[Ipumeuanne: * — P<0,05, npu cpaBHEHHH KOHTPOIBHOM TPYIIIOi
Note: * — P<0.05, when compared with the control group
Pucynox 2. Unaekc OuMpy0uHa CbIBOPOTKH KPOBH OBIYKOB, Y%
Figure 2. Bilirubin index of blood serum in bulls, %

JlomomHUTENFHOE BKITIOYCHNE MTUKOIMHATA XpOMa B PALMOH JKBAYHEIX, BO BCEX M3YYaEMBIX JIO3H-
POBKax, CONPOBOXKIAIOCH AOCTOBEPHHIM YBEIHUEHHEM KOHILIEHTPAIlMH B KPOBH MBIIIbsIKAa Ha 78,6 %
(P<0,001) n 158,1 % (P<0,001), menu — Ha 4,5 % (P<0,01) n 6,2 % (P<0,01), cenena — na 6,6 % (P<0,01)
u 9,1 % (P<0,01), muaka — Ha 4,5 % (P<0,05) u 6,3 % (P<0,05), Hatpus — na 2,3 % (P<0,05) u 3,4 %
(P<0,05) B I nn Il rpynmax coOTBETCTBEHHO.

B pesynbrarte, ¢ yBemuueHUEM TO3UPOBKU MUKOJIMHATA XpOMa KOHIICHTPALUS XHUMUYCCKHX dJIe-
MEHTOB B KPOBU M3MEHSIACH PAa3HOHAINIPABICHHO, HA OCHOBAHHH YeTO OBLJI COCTABJICH CIEIYIOIIUi die-
MEHTHBIA TTPODUIIE:

Be Ca,Co,ALSn,Cr.Hg, Pb,Cu,Fe,LK.LiV.Mg Mn.Cd.Na,P.5e,51.Zn
Ni

Cr (7,2 mr/kr CB / 7.2 mg/kg DM)

Be.Ca.Co.ALSn.Cr.Heg Ph.CuFe LKLV . Mg Mn,Cd. Na.P.5e.51.Zn
Ni

Cr (8,0 mr/kr CB / 8.0 mg/kg DM)

Ha ocHoBanuu ompenecHus 3JEMEHTHOTO COCTaBa KOpMa M Kaja ObLia paccuuTaHa OMOMOCTYII-
HOCTh aHTArOHHWCTOB M CHHEPTUMCTOB XpoMa, KOTOpas MpeacTaBicHa B Tabauie 2. B pesynbrare, ¢ BKIIO-
YeHHEM B paIliOH MUKOIUHATA XpoMa B Ao3upoBke 7,2 mr/kr CB moBemmanocs ycsoenne Cd, Cr, Mn, Si,
I, K, Mg, Na, P, camxkanocs — Co, Cu, Pb, Se, Zn, V, Fe, Ca. JlosupoBka nukonuHaTa xpoma 8 mr/kr CB
parwona noseimana ycsoenue B opranmsme Cd, Co, Cr, Cu, Mn, Pb, Zn, V, LFe, Ca, K, Mg, Na, P u
camkana Se, Si.

1
|
1
|
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Tabnumna 2. BHOAOCTYHOCTH, XUMHYECKHX YJI€EMEHTOB B OPrann3Me ObIYKOB
Ka3axckoii 0e10roJ10Boi nopoasl, %o
Table 2. Bioavailability of chemical elements in the body of Kazakh White-Headed bulls, %

. I'pynna / Group
Toxasareas / Indicator I onbiTHA / I experimental | 11 onbiTHas / I experimental
Kanmuii / Cadmium 3,59 8,70
Kobanwt / Cobalt -8,64 21,25
Xpom / Chrome 36,63 19,64
Mens / Copper -3,56 4,28
Mapranen / Manganese 7,17 11,13
Csunen / Lead -4,84 21,15
Cenen / Selenium -50,29 -37,54
Kpewmnuii / Silicon 1,12 -1,95
Hunk / Zinc -30,51 7,29
Banamwmii / Vanadium -17,89 20,12
Won / lodine 1,80 2,02
Keneso / Iron -22,35 27,97
Kaneumii / Calcium -5,32 1,74
Kanuii / Potassium 2,64 6,35
Marnwuii / Magnesium 0,46 1,93
Hatpwutii / Sodium 24,24 134,60
Dochop / Phosphorus 0,31 1,42

OO0cyskneHue NoJIy4YeHHBIX Pe3yJbTaToB.

Hay4Hble TpyIsI MHOTHX YYEHBIX CBUAETEIBCTBYIOT O TOM, YTO XPOM 3aHHMAET OJIHY W3 Ba)KHBIX
no3unuii B OMocucTeMe: TouyBa — pacTeHue — xuBoTHOe — yenoBek (Edwards KC et al., 2020; Anekcee-
Ba JI.B. u np., 2021). YpoBeHb 3TOTO 3JeMEHTa B ITOYBE M KOpMax KojebeTcs ¢ yaéToM reorpaduyecko-
T'O TIOJIOKEHHUS, arPOTEXHOJIOTHYECKHX YCIIOBUH BBIPAIIUBAHUS M XPaHEHHs PAaCTUTENBHBIX KYJIbTYp, OJ1-
HAaKO KOHIIEHTPAIHsI €ro B TOTOBBIX KOPMOBBIX MPOJYKTaX HE3HAYUTENIbHA, IPU 3TOM MeTabOoJIN3M JaHHO-
0 3JIEMEHTA B OPTraHU3ME KHUBOTHBIX XapaKTEPU3yeTCsl BEBICOKUM YPOBHEM.

OTnuauTenbHas 0cOOEHHOCTH XpOMa B TOM, YTO OH MEHSET B JIyUIIYI0 CTOPOHY MOKa3aTeH ImMpo-
IYKTHBHOCTH, PEAKIMA WMMYHHOH CHUCTEMBI, HUBEIHPYET OOMEHHBIC IMPOIECCH TIIFOKO3BI U KUPHBIX
KHCJIOT, a TAaKKe aHTHOKCHIAHTHBIM CTaTyC >KBaUHBIX. B HEKOTOPBIX MCCIENOBAHUSAX NTOOABKU Xpoma
VIIydIIaiay MOTPeOICHNE CyX0ro BEIIECTBA, MOJIOYHYIO IPOAYKTUBHOCTH M COCTaB MOJIOKA JIOHHBIX KOPOB,
MPOAYKTUBHOCTh PACTYILIETO MOJIONHSAKA, MMMYHHBIH OTBET M HEKOTOphIe mapameTpsl kpoBH (Chau-
han DK et al., 2023; Lashkari S et al., 2018).

B opranmusMe >KMBOTHBIX OCHOBHBIMH WHIMKATOpaMH (PMU3HOJOTHYECKOTO COCTOSHUS SBISIOTCS
MOKa3aTey ypoBHs 0o0miero Oenka, MoueBHUHBI U Tioko3bl. (Lalhriatpuii M et al., 2023; Zhao C et al.,
2023). Hamu ycTaHOBIIEHO, YTO MeTabO0IN3M OEJIKOB YCHIMBAJICSA B OpPraHU3Me )KHBOTHBIX Ha OCHOBAHUH
JCKaJlaliyl yPOBHS MOYEBHMHBI B OMBITHBIX Tpymmnax Ha 64,2 % (P<0,001) u 154,5 % (P<0,001) cooTBer-
CTBEHHO ITO CPABHEHUIO C KOHTpPOJEM. [ JTII0KO3a CHMKaJIach B OTHOIIEHUH KOHTpous B rpynnax I u Il Ha
8,0 % u 15,7 %. Tak, mox nefictBueM Xpoma 00Ul OEIOK MOBBIIIAETCS, 3a CUET CHIDKEHUS YPOBHS KOP-
TH30J1a B KPOBH MJIM OT MOBBIIIEHHUS YyBCTBUTENGHOCTH TKaHEeH K MHCYIUHY (Stgpniowska A et al., 2020).
XpoM CTUMYJIUPYET TOMeOCTa3 TIFOKO3bI IyTéM aKTHBAI[MHM PELENTOPOB WHCYJIMHA Yepe3 OJMTOMENTH L
XPOMYAYJIHH, TEM CaMbIM YBEIMUYHUBAs Iepeiady CUTHaJIa HHCYJIMHA U YyBCTBUTEIBHOCTS K HeMy (Zhao F
et al., 2022).

Kpeatnnun, oOpa3yrommiics B pe3yibTaTe pacnana Oeilka B OpraHu3Mme, HIET Ha OOHOBJICHHE
TKaHel TeYeHN Yepe3 MBIIICYHYI0 CUCTEMY, B KOTOpOi oH (ochoprmrpyercs 10 KpeaTuHpocdara, U B
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JATBHEHINIEM MTPOUCXOMUT OKUCIICHUE W oOpa3oBaHue camoro kpeatmHuna (Assis JR, 2021). B namem
SKCIIEPUMEHTE YPOBEHb KpeaTHHHHA BO3pacTall B o0eux rpymnmnax Ha 7,7 % u 2,2 %.

AunekceeBa JI.B. ¢ komteramu (2021) BBISBUIH, UTO B pe3yJibTaTe J0OaBICHUS B PAIIMOH ObIYKAM
g€pHO-NIECTPON OPOABI TeMOBUTA (53 MII) B COUETaHUH C XEIATHPOBAHHOU (hopmoii xpoma (5,2 Mr) 00-
i 0eoK cocTaBma 92 I/ MpU CTaOMILHOM 3HAYCHHH TITIOKO3BI 3,2-4,2 MMOJIB/JI. AHAOTWYIHAS JAHA-
MHKa [TOATBEPKACHA B IPOBEAEHHOM HAaMU SKCIIEPUMEHTE, TAC CoJepKaHue o0mero 6eaka B CHIBOPOTKE
KpoBH cocTaBwio 85,3-90,8 r/m, rimoko3sl — 3,3-3,7 MMOJB/M, 9YTO BXOJUT B MpeAcibl (PH3UOIOTHICCKOM
HOPMBL.

B pa6orax Bin-Jumah M ¢ coaBTopamu (2020) noka3aHo, 4TO MPH BKIIOYCHUU B PAIIMOH JIAKTH-
PYIOIIMX KOPOB XpoMa B KOJIMUYECTBE 4 MTI/CyT He HaOI01any BeIpaXeHHOTO A (dekTa Ha moka3aTeu Mo-
YEBHUHBI U TIIIOKO3I B CBIBOPOTKHU KPOBH, IIPH CHIDKEHIH KOHIICHTPALUK 00IIero Oemnxa.

Hamm ycraHoBIEHO, YTO MHUKOIHMHAT XpOMa aKTUBU3UPOBAI META0OIHM3M KHPOB — YBEIUUHICS
ypoBeHb xoJiectepuna Ha 28,7 % (P<0,05) u na 7,7 %, npu cHmxXeHuu Tpuriunepuaos Ha 73 % (P<0,01)
u 40 % (P<0,001) B aByX rpymnmnax, 4To CBUAETEIbCTBYET O BIMSHUN XpOMa Ha JTUMHUIHBINA 0OMEH, BBI3HI-
Bas pacinervieHue n30bITouHoro xxupa B opranusme (JIedener C.B. u np., 2018).

HccrnenoBanus mo U3y4eHUIO MOTMOJHUTEIFHOTO BKITIOUCHUS XpoMa B YIBTPAAUCIEPCHON (Gopme
B pPaIlMOHBI KBAYHBIX MMOKA3aJId HEOJAHO3HAYHYIO KapTHHY M3MCHEHWs OWiIMpyOMHOBOro mHjaekca. [Ipu
HCTIOJIB30BAaHUN B COCTaBE PAlMOHA IIOACOIHEYHOTO >KMbIXa OWIMPYOWHOBBIM HHIACKC MOBBIMIANCS HA
52,6-63,1 % OTHOCUTENHHO KOHTPOIIS, & IPH MCIOJIB30BAHUN COEBOTO IIPOTA, HAMPOTUB, CHIKAJICS Ha
33 % (Ille#ima E.B. u ap., 2020). B npoBeaéHHOM 3KCTIEpUMEHTE YCTaHOBIEHO, YTO yPOBEHb 00MIIero Ou-
nupyOuHa noBblmancs B rpynme [ Ha 40,1 %, a B rpynmne 11 — va 190,5 %. 3nauenus npsmoro OMiHpyou-
Ha yBenmuuBanuck B rpynmnax [ u Il va 15,3 % u 130,6 %. B urore, OnmpyOHMHOBBINH HHAEKC CHIDKAJICS B
rpynne I Ha 18,5 %, a B rpynne II — na 20,9 % no cpaBHEHUIO ¢ KOHTPOJIBHOM IPyNIoil.

3akJjro4eHnue.

Y cTaHOBIIGHO, YTO JIOTIOJTHEHUE PAIIMOHA OPTaHUYECKOH (GOopMOM XpoMa MO3UTUBHO BO3JICHCTBYET
Ha MeTa0o0JIM3M BelIecTB B opranu3Me. Hanboiee KOHKYpEHTHON SBJISIETCS TO3UPOBKA ITHKOJIMHATA XpOMa
8 mr/kr CB, B pe3ynpTarte 4ero OTMEYCHO YBEIMYCHUE KOHIICHTPAIUU OOJBIIMHCTBA DJIEMEHTOB B CHIBO-
pOTKe KpoBH, B yacTHocTH As — Ha 158,1 % (P<0,001), Cu — na 6,2 % (P<0,01), Se — na 9,1 % (P<0,01),
Zn — Ha 6,3 % (P<0,05), Na — na 3,4 % (P<0,01), a Takke noaséma obmiero 6enka Ha 6,0 %, MOYCBUHBI —
Ha 154,5 % (P<0,001) u xpeatunmuna — Ha 2,2 %.
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