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Abstract

The aim of the current doctoral thesis is to evaluate the influence of the composition of a total mixed
ration supplemented with dietary, organically bound zinc on health status and related hematological
and biochemical parameters and mineral levels in blood in cows and their calves. The experimental
part is divided in two subareas. The first experiment is monitoring the effect of supplementation of
the organic form of zinc on lactation performance of cows and effect of TMR composition on the
blood parameters of the hematological, metabolic, and mineral profile of cows and their calves. The
second experiment is focused on an effect of the addition of organic zinc on blood parameters, health,
and immunological status of weaned calves - metabolic profile, concentration of vitamins A and E,

trace elements Cu and Zn, and total immunoglobulin levels in blood serum.
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SUMMARY

The aim of the doctoral thesis was to investigate the effect of the composition of the total
mixed ration on the characteristics of trace element composition in blood serum of dairy cows and
calves and the effect of organic zinc supplementation on performance of dairy cows, health status
of cows and calves, their hematological, metabolic, and mineral profile in blood serum.

It was confirmed that microelements saturation and zinc methionine (Zn-Met) fed at the
recommended level (NRC 2001) has a significantly positive effects on the daily milk yield, milk
fat, milk protein and somatic cell count (SCC) of dairy cows in early lactation. The milk yield of
supplemented (P) group was higher during the whole experimental time. At the 60" day of lactation
there was an increase of more than 2 liters of milk/d in P group (44.70+4.24 kg vs. 42.08+4.60 kg),
(P<0,05), 90 d p.p. more than 3 liters of milk (P<0,05), (43.22+4.47 kg vs. 39.98+4.80 kg). SCC of
the P group had a decreasing trend during the 3-month experimental period, the control (K) group
reached constantly higher values. 30 d p.p., the SCC test group at a far lower level (P: 92.72+80.55
vs. K: 165.98+£173.09); (P<0.05). At the end of the experiment, SCC of (n=60) in P group stabilizes
the lowest level (66.67+81.12), while the K group reaches its maximum (177.6+£172.33); (P<0.001).
Organic zinc had an impact on milkfat and milk protein levels. In two and three months of
supplementation, the P group reaches significantly higher values in fat, on 60" day (P<0.01) and
on 90" day (P<0.01), and (P<0.01; (P<0.05) in protein, respectively.

The hypothesis that the microelements, especially zinc, affect hematological parameters
in cattle was confirmed. In newborn calves the erythrocytes (RBC), hemoglobin (HGB), hematocrit
(HCT) and mean corpuscular HGB concentration (MCHC) in C group were under the reference
minimum, the P group levels were in physiological range. The Zn-Met group showed significantly
higher values of RBC and HCT in P group of calves. At the day of birth and 30 days p.p all four
parameters were significantly higher in cows (RBC, HGB, GCT, PLT). 60 days p.p. there was
significant increase in RBC (P< 0.001), HGB (P< 0.05), HCT (P<0.01), PLT (P< 0.05) in the P
group, WBC count was higher in physiological range (P<0.01), comparedto the control. Application
of Zn-Met significantly increased the level of bilirubin in P-group on 30" and 60" d p.p. There was
no directly positive effect of Zn addition manifested on total protein, albumin, GLU concentration
and AST, GGT, ALP activity in serum, throughout the entire experimental period. 120 d p.p. there
was a decrease of liver enzymes activity of AST, ALP and GGT. ALP was higher, as expected, in S-
group in the first 3 months of the trial, then in the C-group on 60-120th d p.p., but not significantly.
which did not confirm the expected impact of Zn-Met supplementation. 21days a.p. and 30 days
p.p. there is a significant increase in blood urea in Zn-Met group (P<0.05). Four months p.p., both

groups showed values above the physiological maximum, which can be related to the high content



of crude protein in the ration. At the day of birth there was a significant increase in Zn (P<0.01) and
Mg concentration (P<0.05) in blood serum in P group. 30 days p.p. there was a significant reduction
of K (P<0.01) and Mn (P<0.05) levels and an increase in the Zn level in P group. 60 days p.p. Zn
was significantly higher (P<0.001) in P group. 90 days p.p. there were shown three statistically
relevant differences in Zn (P<0.001), P (P<0.05) and Mn (P<0.001) concentration. At the end of
the experiment there was an increase in Zn levels (P<0.001) and decreased of Ca concentration (P
<0.05) in the P group. The positive correlation of Zn and Mg confirmed significantly increase of
Mg (P <0.05) at 0 days p.p. in P group (0.97+0.08 vs. 0.91+0.04 mmol/l). The Zn-Met
supplementation had significant influence on Zn level in blood serum (P<0.01,P<0.001), observed
in P group from parturition up to the end of the experiment. The increasing trend of Zn concentration
in P group corresponds to increasing Zn-Met supplementation according to DMintake in early
lactation. There were also significant changes in K, Mn, and P levels. There was a significant
decrease in Ca concentration (P<0.05) and Zn increase (P<0.001) in Pgroup on 120" d p.p. The Ca
decrease may be related to the known antagonism Ca:Zn. The other elements (Na, Cu and Se)
demonstrated no changes.

In the second experimental part of the thesis, we follow the positive impact of organic zinc
supplementation in calves. The experimental group showed a significant increase in the Zn
concentration P group on day 7 (15.36+0.83 vs. 13.74+1.16 mmol/l); (P<0.05) and day 90
(P:14.27£1.16; K:11.25+2.52 mmol/l); (P<0.005). The Cu concentration P group was significantly
higher on day 7, however, lower (P<0.05) than the C group on day 90. Vitamin A and E reached
higher, but nonsignificant values in the P group on the 7th and 90th day. The higher value of total
protein in the P group at day 90 (P<0.05) demonstrates the positive effect of zinc supplementation.
We consider the increased ALP activity above the reference range in this age of calves for
physiological phenomenon at the 90th day, the P group achieved a higher decrease than the C group
(p<0.01). SOD increased in P group on day 7 (p<0.01), (487+22,87 vs. 456.39+28.67 U/I) and 90"
day (p<0.01), (487+22,87 vs. 456.39+28.67 U/l). Total immunoglobulin level in blood was
positively influenced by the Zn-Met supplementation in P group at day 7 (P <0.001), (14.51+1.08
vs. 7.46+0.69 mmol/l) and day 90 day (P<0.05), (22.77+3.97 vs. 24.31+£1.70 mmol/l).

In conclusion,we can confirm that Zn-Met supplementation has a positive effect on
performance of dairy cows, health of cows and calves, hematological parameters, mineral serum

level, especially zinc and immunity of weaned calves.



1 UvOD

Piineustéle se zvysujici produkci hospodaiskych zvitat v situaci, kdy se zaroven jejichpocet
kazdym rokem dramaticky sniZuje a na kvalitu Zivo¢iSnych produkti je kladen ¢im dal vétsi diiraz,
je ptidavani krmnych doplikt do krmné davky, hlavné stopovych prvka, neodmyslitelné. Stopové
prvky neboli mikroelementy jsou dle DGE (2000) nutri¢ni substance, Které se v organismu
nachdzeji pouze v minimalnim, tedy stopovém mnozstvi. Ve srovnani s makroprvky se jejich
potieba a koncentrace v téle méti v mikrogramech na litr (séra, plazmy atd.), makroprvkyv
miligramech na litr. Vyziva u pfezvykavci ovliviluje zdravotni stav zvifat (REECE, 2011) a jejich
plodnost (DOLEZAL, 1997; FORMIGONI, 2011). Mineralni latky a jejich optimalni koncentrace
Vv organismu zvitat predstavuji nezbytnou slozku pro udrzeni dobrého zdravotniho stavu, zajisténi
spravné funkce imunitniho systému a soucasné dosahovat produkénich a reprodukénich vykont,
zvlasté u vysokoprodukénich zvitat. Nutri¢ni nedostatky a excesy mohou ovlivnit jednotlivé slozky
imunitniho systému, rist, plodnost zvifete ¢i Zivotaschopnost plodu (TOMAN, 2009).

Mineralni prvky jsou do krmné davky dopliiovany formou anorganickych soli. V
uplynulych letech je zaznamendna fada dikazi o efektivit¢ podavani minerdlnich latek
prezvykavcim v organické formé. Organicky vazané minerdlni prvky se Iépe resorbuji, jejich
vyuzitelnost je vyS§i a tim je pozitivnim zptisobem ovlivnéno zdravi, produkce i1 reprodukce.
(KACHUEE, 2013; FORMIGONI, 2011; KELLOGG, 2011). Vyzkum metabolismu
mikroelementt je soustiedén u piezvykavcl predevsim na zinek, méd’ a selen. V chovech skotu i
malych piezvykavci se karence téchto mikroprvka vyskytuje relativné ¢asto. Biologicky vyznam
mikroelementt je zna¢ny, a proto studiu primarnich i sekundérnich karenci je vénovana vysoka
pozornost. Zinek u zvifat ovliviiuje rast, vyvoj skeletu, imunitu, spermiogenezi, kvalitu sliznic,
kuze a koznich utvara (CHEN 2020, COPE 2009, ILLEK 1987). Je soucasti fady enzymu, jejichz
prostiednictvim ovliviiuje metabolismus. (UNDERWOOD et SUTTLE 2010, JELINEK et al.
2003, ZOFLOVA, 2012). Efekt, jakého je jeho hrazenim dosazeno, je vsak zavisly na biologické
dostupnosti prvku (PAL,2010). Ta je rozdilna pii nasazeni organické a anorganickée formy prvku v
potravé (FORMIGONI, 2011; KACHUEE, 2013; KELLOGG, 2011). Dostupnost zinku v
organismu je zavisla i na tfad¢ dalsich faktorti. Jedna se napiiklad o stres a vliv antagonisti.
Rozdilnosti jepak mozné pozorovat i pii srovnavani vysledkd vyzkumu u skotu, ovci a koz
(DEZFOULIAN, 2012; FADAYIFAR, 2012; FORMIGONI, 2011; JIA, 2008; HERDT, 2011,
KACHUEE, 2013; KENDALL, 2012; WAGNER, 2010).

Med’ je stopovym prvkem, ktery je dalezity pro krvetvorbu a jehoz nedostatek vede ke
zvys$ené nachylnosti k infekcim (REECE, 2011). Vrozena imunitni odpovéd’ zvifete je pak snizena
¢i zménéna. Urcité odliSnosti této odpovedi jsou rovnéz pozorovany u ruznych druhi zvifat

(DEZFOULIAN, 2012; FORMIGONI, 2011; KACHUE, 2013; MACHADO, 2013).
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2 LITERARNI PREHLED

Zpusob traveni prezvykavcl, zejména skotu, je oproti monogastrickym zvifatim
znacn¢ odlisny. Jeho rozdily jsou dany anatomii a fyziologii traviciho traktu, coz zapficinuje
specifické sestavovani krmnych davek a jejich doplnkt. Diky mikrobidlnimu bachorovému
traveni je piezvykavec schopen zpracovat a vyuzit objemna krmiva s vysokym obsahem
vlakniny. Bachorova mikroflora a mikrofauna ma kromé toho i moznost vlastni proteosyntézy
z nebilkovinnych dusikatych latek. Zaroven dochazi v bachoru touto mikrobialni k degradaci
plnohodnotnych bilkovin s obsahem esencialnich aminokyselin na bilkoviny nizsi kvality a
biologické hodnoty. Mikrobidlnim travenim jednoduchych sacharidii a Skrobu dochazi ke
zna&nym energetickym ztratim (JAGOS et al., 1985). Bilkoviny jsou v Zzaludku a tenkém stievé
rozkladany na peptidy a volné aminokyseliny, poté krvi nebo lymfou dopravovany do jater, kde
dale probiha syntéza novych bilkovin ¢i desaminace, z bezdusikaté frakce se ddle mohou tvofit
cukry. Volné aminokyseliny vytvaii aminokyselinovy pool pro tvorbu enzymi, hormoni a
dalsich bilkovin, pro tvorbu glycidl a tukii, pro obnovu spotfebovanych proteini béhem
hmotnostnich pfirastkti nebo tvorby mléka. Rezervoar volnych aminokyselin dale pokryva
energetické potieby organismu (VALENT, 2006; ZELENKA, 2010; ZEMAN, 2009). Béhem
vSech téchto procest je pro organismus nezbytna zasoba vsech mineralt v dynamickérovnovaze
podléhajici homeostatickym mechanismim. Mineralni latky plni funkci aktivatorG nebo
inhibitorti specifickych latek a enzymd, jsou dokonce Casto souCasti enzymi, hormoni a
vitamint. Uastni se energetického metabolismu, metabolismu bilkovin, cukri i tuki. Zakladni
funkce minerala se déli do ¢tyt kategorii. Jsou jimi strukturalni, fyziologicka, katalyticka a
regulacni funkce. Véapnik a fosfor se v presném poméru podileji na struktuie kosti a zubd.
(DIRKSEN, 2006; ILLEK 2003, ILLEK 1985).

Termin mineralni prvek se vztahuje na prvky, které za normalnich okolnosti v
organismu nekolisaji. Prvky jsou latky, které nemohou byt rozlozeny na jednodussi latky, ani
nemohou byt tvofeny chemickym spojenim. Bylo zjiSténo, Ze mineraly v tkanich jsou zapotiebi
pro podporu Zivota zvifat (O'DELL, 1997). Mikroprvky a vitaminy patii k mikrokomponentam
v krmivu, které zaujimaji v latkové vyméné organismu nepostradatelnou roli. Musi byt
dodavany potravou. Pfi nedostate¢ném piijmu dochazi k porucham latkové vymeény, které maji
negativni nasledky na zdravotni stav a produkci zvifat. S klasickymi zndmkami nedostatku

stopovych prvku v dne$nich standardnich podminkach ve vyzivé narazime velice ziidka.

11



Daleko ¢astéji se setkavame se suboptimalnim zasobenim nékterého z mikroprvka, které maji
za nésledek multifaktorialni poruchy celkového zdravotniho stavu a produkéni poruchy, jako
jsou naptiklad mastitidy, poruchy reprodukce a onemocnéni paznehti. Z diavodu jejich
enormniho ekonomického vyznamu a povétsinou difuzniho spektra jejich pficin, jsou témata
ohledné zasobeni zvifeciho organismu esencialnimi vitaminy a mikroprvky neustale
diskutovany (WINDISCH, 2003). MAHLKOW-NERGE et al. (2005) uvadéji souvislost mezi
nedostateénym zasobenim mikroprvkl a vitamini (pfedev§im selenu a vitamind A, E a B-
karotenu) a vys$§im vyskytem ovarialnich cyst. Zde hraje vyziva velmi vyznamnou roli.
NaruSeny energeticky metabolismus, na ktery ma pozitivni vliv naptiklad zinek, je pro
Vysokoprodukéni dojnici tésné po porodu vysokym rizikem pro tvorbu cyst ovarii.Ketoticka
zvifata nesou 1,8krét vyssi riziko pro pozdéjsi tvorbu cyst vajecnikti. Negativni energeticka
bilance nuti dojnice nasméfovat sviij metabolismus k energetickym zasobam tukut. Masivni
lipolyzou mohou v této dobé ztratit az jeden cely kondi¢ni stupeiit BCS a tim podpoftitvznik
endometritid. Dva ze tfi pfipadi zanéti délohy byva zplsoben pravé ztratou kondice.
Endometritidy vedou opét k hormonalni dysbalanci, a tudiz k vyskytu ovariéalnich cyst.

Zinek, méd’ a mangan tvoii skupinu esencidlnich mikroelementd s podobnymi
vlastnostmi, tykajici se jejich biochemickych funkci a roli v latkové vymeéng. Patii k tzv.
pfechodnym koviim, které maji z dlivodu své elektronové konfigurace tendenci tvofit stabilni
chelaty s vice ligandy. Timto zptisobem vznikaji napiiklad komplexy s proteiny, které teprve
po cileném vestavéni téchto kovu ziskaji svou biologickou funkci. Tak jako atom Zeleza
v molekule hemu v hemoglobinu, je zinek, méd’ a mangan klicovym atomem v aktivnich
centrech mnoha metalloenzymu. Zinek navic plni strukturéalni funkce, jako naptiklad tzv.
»zinkovych prstech®, coz je rozsifeny stavebni princip v regulatorovych proteinech genové
aktivity. Jak je vyse uvedeno, zastavaji mikroprvky vysoce specifické funkce v latkové vymeéng,
kdy jejich narusenim, napiiklad pfi nedostate¢ném zasobeni, muze dochazetk celkovym
poruchdm organismu. Tyto problémoveé oblasti jsou vSak multifaktorialni, tudiz identifikace
suboptimalniho zésobeni konkrétniho prvku nebo jejich kombinace, jakozto pfi¢ina nebo
kofaktor onemocnéni, je velmi ztizena. Piiklady moznych dusledk nedostate¢ného zasobeni

organismu zinkem, médi a manganem jsou uvedeny v tabulce 1.
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Tab. 1 Karence zinku, m&di a manganu (dle WINDISCHE, 2003)

Prvek Dopor. Max.  davka Mozné dtsledky karence
davka (ppm)
(ppm)
50 250 Nechutenstvi, onemocnéni paznehti,
ZINEK parakeratdza, poruchy reprodukce,
nachylnost k mastitidam
MED 10 35 poruchy  reprodukce, onemocnéni
paznehtu, anemie, poruchy pigmentace srsti
MANGAN | 50 250 poruchy reprodukce a vyvoje skeletu

Neoddiskutovatelny vyznam mikronutrient na zivot jedince je zaznamenavan jiz pii
vyvoji a piezivani embrya (ROBINSON, 2006). Obr. 1 piedstavuje schéma vyznamu

jednotlivych mikronutrient v tomto procesu.

Obr. 1 Vyznam mikronutrientd ve Vyvoji a prezivani embrya (ROBINSON, 2006)
P’itamin_\' a * Syntéza steroidnich hormonu Embryonalni bunécna
stopové priky —————® « Exprese ristovych faktori } proliferace a diferenciace
(Zn, Co, Se) * Genovi transkripce

NaruSeni . Porucha ristu embrya, narusena
Deficit ————p . :

P receptoru organogeneze, ztrita embrya
Vitamin A ¥ kyseliny
a jeho derivaty Sl R 3

retinové Nadbvtek > Teratogene’ze postihujici nervovy
5 systéem embrya
Vitamin E itamin E zlepsuje produkci

e Antioxidanty B blastocyst pri oplodneéni in vitro

ASdenium Nedostatek Se a vitraminu E
vede ke ztrate embrya
. Nedostatek kyseliny listové
[Kobalt S & E— Poruchy vyvoje embrya
Nedostatek vitaminu B12

ZyySena hladina homocysteinu

a methylmalonitu
Inhibovana funkce recptoru Nervova trubice a defekty
N-methyl-D-aspartatu neuralniho hiebenu

v nervovém epitelu
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V tabulce 2. je znazornén piehled doporu¢enych davek jednotlivych minerald, jak je
doporucuje NRC, 2001 pro kravy holstynského plemene o zivé hmotnosti 680 kg. Jednotlivé
udaje jsou rozdéleny podle uzitkovosti. Kravy v ¢asném stadiu gravidity maji jinou potiebu
minerali nez v pozdnim stadiu ¢i kravy v laktaci s mlé¢nou uzitkovosti 25 resp. 54 kg mléka
denné.

Tabulka 2. Doporucené denni ddvky makro — a mikroelementu krav dle NRC 2001.

Suchostojna biezi krava Dojnice
Féz[e dg[fi"idity 240 270 279 : :

prodlrj/lllggriig/d] i i i 25 >4
Vapnik [%] 0,44 0,45 0,48 0,62 0,60
Fosfor [%] 0,22 0,23 0,26 0,32 0,38
Horéik [%] 0,11 0,12 0,16 0,18 0,21
Chloridy [%] 0,13 0,15 0,20 0,24 0,29
Draslik [%] 0,51 0,52 0,62 1,00 1,07
Sodik [%] 0,10 0,10 0,14 0,22 0,22
Sira [%] 0,20 0,20 0,20 0,20 0,20
Kobalt [mg/kg] 0,11 0,11 0,11 0,11 0,11
Méd [mg/kg] 12 13 18 11 11
36d [mg/kg] 04 04 05 06 0,4
Zelezo [mg/kg] 13 13 18 12 18
'[\21"";/?(‘3]‘ 16 18 24 14 13
Selen [mg/kg] 03 03 03 03 03
Zinek [mg/kg] 21 22 30 43 55
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21 ZINEK

Pritomnost zinku v zivocisnych tkénich je zndma jiz od konce devatenéctého stoleti,
biologickd funkce zinku byla objevena az roku 1934, kdy byly poprvé popsany ucinky
nedostatku zinku u potkani. Pozdé&ji bylo objeveno, Zze nedostatek zinku je pti¢inou
parakeratotické 1éze na kiizi prasat. Nasledoval dikaz nedostatku zinku, jako pficiny Spatného

rastu, osrsténi a vyvoje kostry u drubeze (CHESTERS, 1997).

2.1.1 Funkce zinku

Zinek je nutny pro normalni rtst, vyvoj a funkci organismu vsech zvifecich druhu,
které kdy byly studovany, za t¢elem vyzkumu zinku v téle. Rovnéz plati, ze zavazny nedostatek
zinku v organismu muze vést ke smrti. Niz§i stupné deficitu jsou nejvyraznéjsi v obdobi
rychlého rustu, a to pravé v bunkach a tkanich, které rostou nejrychleji (SUBCOMMITTEE
ON MINERAL TOXICITY IN ANIMALS at al., 2005).

Ptijem zinku a distribuce v organismu je pfesné regulovan v rozsahu pozadavki
organismu. Obecné¢ plati, ze snadno dostupné zasoby zinku jsou pomérné malé. Zinek aktivuje
nékteré enzymy a je soucasti velkého poctu dileZitych metaloenzymt. Mezi né patii
karboanhydraza, karboxypeptidazy A a B, alkohol-dehydrogenaza, glutamovéa dehydrogenéaza,
D-glyceraldehyd-3-fosfat dehydrogenaza, mlééna dehydrogenaza, jable¢na dehydrogendza,
alkalicka fosfataza, aldoléza, ribonukledza, DNA polymerdza, RNA polymeréza a dalsi. Zinek
méa vyznamnou roli v konfiguraci DNA a RNA (SUBCOMMITTEE ON MINERAL
TOXICITY IN ANIMALS a kol., 2005). Zinek je nezbytny pro strukturalni a funkéni integritu
vice nez 2000 transkripénich faktora (UNDERWOOD, SUTTLE, 2010).

Vsechny mineralni latky se v organismu nachdzi v dynamické rovnovaze, tizené
komplikovanymi homeostatickymi mechanismy. Biologicka vyznamnost jednotlivych
mineralnich latek je vysoka. Kazda porucha metabolismu nebo zména koncentrace mineralu ve
tkanich ¢i biologickych tekutinach ma za nasledek ovlivnéni biochemickych procest celkového
metabolismu v organismu. (ILLEK, 1985).

Terminem mikroelementy jsou oznacovany ty mineraly, které se v organismu
nachazeji v koncentraci mensi nez 50 mg/kg. Patii k nim arsen (As), kadmium (Cd), kobalt

(Co), chrom (Cr), med’ (Cu), fluor (F), zelezo (Fe), jod (J), mangan (Mn), molybden (Mo), nikl
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(Ni), selen (Se), kiemik (Si), vanad (V), zinek (Zn) a cin (Sn). Prvky jako bor (B), brom (Br),

kadmium (Cd), chrém (Cr), fluor (F), lithium (L1i), selen (Se), kiemik (Si), vanad (V), hlinik
(Al), olovo (Pb), rubidium (Rb) a titan (Ti) nesou nazev ultramikroelementy, nebot’ jejich
koncentrace v t&l¢ dosahuji extrémné nizkych hodnot (KRAFT, DURR a kol., 2005). Je jiz fadu
let dobie znamo, ze mikroprvky musi byt jak pfi extenzivnim zpasobu chovu piezvykavca
(ptedevsim selen, méd’, mangan a zinek), tak pti intenzivnim zpusobu (pfedevsim méd’, kobalt,
mangan, selen a zinek) substituovany podle toho, v jakém mnozstvi se tyto minerdly nachazi
na daném stanovisti v pudé a rostlinach. Odtud prameni aktudlni tidaje o nedostacujicim
zasobeni dojnic mikroprvky jako je tomu u selenu 5-43 %, médi 18-64 %, zinku 24-74 % a
manganu (FURLL M., 2005). Podle tohoto autora neni diilezitd pouze substituce téchto
mikroelementil, nybrz také interakce s ostatnimi latkami obsazenymi v potravé. Blize se touto

problematikou zabyvé kapitola INTERAKCE MIKROPRVKU.

U prezvykavci jsou funkce, dulezité pro zdravotni stav a produkéni schopnosti,
limitovany mikroprvky (ILLEK 1985, ILLEK 2003, FURLL, 2005)

- bachorové traveni — Co, Cu, Mo

- intermediarni latkova vyména — Co, Cu, Fe, Mo, Mn, J, Se, Zn
- hematopoéza — Co, Cu, Fe, Mo

- rust, produkce — Co, Cu, Fe, Mo, Mn, J, Se, Zn

- reprodukce — Co, Cu, J, Se, Zn

- latkova vymeéna kosti — Cu, Mn

- stabilita paznehtni rohoviny — Zn

- obranyschopnost — Cu, Fe, Mn, Se, Zn

Z prehledu je patrné, které funkce v organismu limituje zinek. Radi se k nim —
intermediarni latkova vyména, rust, produkce, reprodukce, stabilita paznehtni rohoviny a
imunita. Zinek je soucasti priblizné 300 enzymil, které se ucastni energetického metabolismu,
regulace apetitu, metabolismu proteini, cukra i tukli, genové exprese, bunééné proliferace ¢i
metabolismu vitaminu A, kdy retinol je pfeménovan na retinen nutny k normalnimu vidéni.
Konkrétni piipady takovych enzymut uvadi tabulka 3. Zinek ma dopad i nepiimo, jeho
nedostatek ovliviiuje stavbua stabilitu membrany erytrocytt a metabolismus mastnych kyselin.
Apetit je regulovan pomociexprese mMRNA pro pyruvatkinazu, ta je siln¢ regulovana inzulinem,
jehoz sensitivita mize bytpii nedostatku zinku snizena, coz dale stézuje organismu rozklad

uhlovodani. (UNDERWOOD a SUTTLE, 1999).
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Tab. 3 Priklady zinek dependentnich metaloenzymu (upraveno dle autori DASTYCH
1997, UNDERWOOD a SUTTLE 1999 a ILLEK 2003)

ENYZM FUNKCE
Cu-Zn-SOD Superoxiddismutaza Destrukce volného radikalu superoxidu
DNA-polymeraza Elongace fetézce DNA
RNA-polymeraza Elongace fetézce RNA
Nukleosidfosforylaza Fosforolyza nukleosidi
Alkalicka fosfataza Uvoliuje fosfat z monoesteru
Peptidaza Stépi polypeptidy na kratsi fetézce peptidi
Kolagenaza Degradace kolagennich fibril
Alkohol dehydrogenaza Oxidace etanolu na acetylaldehyd
Leucin aminopeptidaza Stépneni z proteinti a peptidii z amino konce
Karboxypeptidaza Stépeni z proteinii a peptidii z karboxy konce
Mannosidaza Hydrolyza mannozy
Thymidinkinaza Pfreména thymidinu na thymidinmonofosfat
Laktatdehydrogenaza Pfreména laktatu na pyruvat

Védecké dikazy o nezastupitelnosti zinku v podpofe imunity jsou hojné
(BALLANTINE et al., 2002; GRIFFITS et al., 2007; KELLOGG et al., 2003; SPRINGMANN
et al., 2018). SPEARS (2000) popisuje, ze u piezvykavct neni dopad nedostatku zinku na
imunitni systém tak ocividny, naopak suplementace zinku mize mit na imunitu spolu
s ostatnimi mikromineraly vyrazn¢ pozitivni dopad. CHEEKE (2010) ve své studii piinasi
dukazy o sniZzeni nemocnostiskotu diky piidavku zinku do krmné davky. Odivodiiuje své tvrzeni
faktem, ze je zinek imunonutrient, jehoz efekt se odrazi ve funkci vice nez 300 proteinti.
Nedostatek zinku tak ovlivni znaéné mnozstvi bunéénych procesu, které kompromituji imunitni
systém jedince. Buiiky s deficitem zinku maji sniZenou schopnost se mnozit. Imunitni reakce
vyZaduje rychlou proliferaci bunék v reakci na specifické antigeny. Imunitni reakce zastavaji
napiiklad T a B lymfocyty, nedostatek zinku zabranuje rozvoji jejich funkce. (CHEEKE, 2010).

Nutri¢ni nedostatky maji vliv na plodnost zvifat v prabéhu celého jejich Zzivota.

Zapric¢inuji predevsim poruchy pti vyvoji pohlavnich zlaz plodu, poruchy v postnatalnim vyvoji
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zvifat, ovliviiuji nacCasovani puberty a maji dopad na owvulaci zvifete, interval do
chovatelské dospélosti, kvalita vajicek, vyvoj embrya a schopnost pteziti embrya, coz jsou
hlavni prispévatelé k plodnosti (ROBINSON, 2006). V kazdé z téchto oblasti doslo k
vyznamnému pokroku, pouzivaji se vSak piedev§im metody, které fesi neplodnost jedince
(KENDALL, 2000). Vyzkumy realizované v polednich letech prokazuji, Ze béhem raného
vyvoje plodu je vaje¢nik mimofadné citlivy na vyzivu matky. Nespravné hrazeni vSech
nutricnich komponent mize mit celozivotné negativné ovliviiovat ovulaci jedince
(ROBINSON, 2006). Adice dopliikovymi stopovymi prvky, pfedev§im zinkem, selenem a
kobaltem, ma vliv na pohyblivost spermii a procento zivych spermii (KENDALL, 2000). Studie
(ABBASI et al., 1980) prokazaly, Zze dietni omezeni zinku muiize nepiiznivé ovlivnit funkci
varlat a snizit pocet zdravych spermii uméle vyvolanou deficienci zinku. Vychozi koncentrace
spermii a celkovy pocet spermii na ejakulat statisticky vyznamné poklesly po restrikci zinku a
vratily se k normalu 6 az 12 mésicti po suplementaci zinkem. Pokles poctu spermii se shodoval
s poklesem funkce Leydigovych bun€k a byl zvracen po suplementaci zinkem v nizkych
davkach. Tento G¢inek nedostatku zinku je tedy vratny proces a lze jej napravit spravnou
suplementaci zinku (PRASAD, 1996).

Vyznam mikronutrientli je mozné pozorovat i pti utvareni struktury rohti a ma vliv na
kyselost v bachoru a na kulhani. ZvySené krmeni jadrmymi krmivy a zvySené podani
bezvlakninovych sacharidu je spojeno s vyskytem kulhani. Existuji pfesvéd¢ivé dikazy o tom,
ze fruktany a glukoza zvysuji produkci kyseliny mlééné a zpasobuji tak laminitidu. Dulezita je
rovnéz role lipidli a mineralti ve vyvoji integrity kopyta. Stopové prvky a vitaminy se podileji
na biochemickych drahach, které fidi a omezuji oxida¢ni poskozeni organismu, coz se jevi jako
dulezité pro zdravi kopyt zvifat (LEAN, 2013).

Zinek se v novozélandském zeméd€lstvi pouziva rovnéz na ochranu zvifat proti

plisnové infekci (ANDERSON, 2012).

2.1.2 Potreba zinku

Masny a mlécény skot Ize past na pastving s pridanim 20 mg zinku na kilogram krmné
davky. Pozadavky pro nekojici kozy jsou stejné jako u ovci a skotu, tedy piiblizné 20 mg
Zn/kg krmné davky (KD). Kozy béhem vegetaéniho obdobi vyzaduji 37-52 mg/kg sus.
KD (SUTTLE, 2010).



Doporuceni hovoii pro doplnéni stravy rostoucich jehnat 33 mg zinku/kg sus. Krmné
davky (KD). Pro zvyseni piirustki telat je doporu¢ovano doplnéni dalsich 25 mg Zn/kg sus. KD
nad ddvku 33 mg zinku u jehnat (GARG, 2008). Pfidani zinku, v davce jiz od 20 mg na kg
sus. KD bylo prokézdno jako dostate¢né pro splnéni pozadavku zlepSeni rlstu jehnat
(FADAYIFAR, 2012).

V roce 2006 byl realizovan vyzkum vlivu vyzivy na plodnost ovci. Vliv vyzivy
na brezost ma podle vyzkumu vyznamny dopad na reprodukéni schopnosti plodu. Tento viiv
se nasledné promita do zdravotniho stavu potomstva po cely zivot. Postnatalni vyzivou jedince
je ovlivnéno nacasovani puberty u obou pohlavi a nastup ovulace. U ovci bylo v souvislosti s
oplodnénim in vitro objeveno vyznamné obdobi, tedy 6 mésict pted ovulaci, kdy je vyzivou
vyrazné ovlivnéna kvalita oocytd. V ptipadé skotu se jedna o obdobi 3-4 mésict pied ovulaci.
Plodnostje ovlivnéna nejvice pravé stavem stopovych prvku. Je tieba zminit, ze vyznamnou

roli hraje také selen (ROBINSON, 2006).

SPRINGMAN et al. (2018) ve své studii sledovali vliv injikovatelneho stopového
mineralu na reprodukéni schopnost jalovic (n = 799). Pocatecni mineralni stav jater pred 1é¢bou
byl adekvatni a nelisil se mezi skupinami (méd’ = 146 pg/g, mangan = 9,22 pg/g, selen = 1,54
ug/g a zinek = 115 pg/g). Jalovice byly synchronizovany a injikovany stopovym mineralem (5
ml, Multimin 90). Byci byli ptipusténi k jalovicim 60 d po inseminaci. Podil btezich jalovic
béhem prvnich 21 dnd se nelisil. Injikovatelné stopové prvky 33 dni pted inseminaci
neovlivnily reprodukéni vykonnost u jalovic se suficientnim stavem stopovych prvka.

Rovnéz kozy byly podrobeny hodnoceni efektu podani zinku v krmné davce.
Zkoumano bylo 30 koz kasmirovych ve stati jednoho roku. Byly sledovany ucinky podavaného
zinku na vykon koz, stravitelnost Zivin a plazmatickou hladinu stav zinku béhem vegetacniho
obdobi vlakna kasmiru. Kozy byly ndhodné rozdéleny do ¢tyi skupin. VSechny skupiny byly
krmeny potravou obsahujici bazalni davku 22,3 mg zinku na kilogram smési s pfiddnim 0, 15,
30, nebo 45 mg zinku na kg suSiny. Byl podavan zinek ve formé ZnSOa, experiment trval 60
dni (JIA, 2008).

Ve skuping, které byla podavana krmné déavka ptidavkem 30 a 45 mg Zn/kg susiny,
byl pozorovén vyssi denni pfiriistek, v porovnani se skupinou 0 a 15 mg Zn/kg suSiny. Studii
bylo prokazano, Ze suplementace zinku nema zadny vliv na délkua primér kasmirového

vlakna. Zaroven vsak studie poukazuje na to, ze strava doplné€nao zinek, minimalné ve
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vysi 30 az 45 mg/kg sus. KD, je nezbytna k dosazeni optimalniho rastuzvitat. Strava bez pridani
zinku se ukézala v tomto hledu zcela nedostate¢na (JIA, 2008).

Poteba zinku se li$i u jednotlivych druhi zvifat, jejich kategorii, vyse a druhu
uzitkovosti, fazi reprodukéniho cyklu samic ¢i dennim ptirdstku rostoucich zvitat
(UNDERWOOD a SUTTLE, 2010). SLANINA et al. (1992) uvadi, ze potfeba zinku v krmné
davce skotu je 50 mg/kg sus. KD. Referen¢ni hodnoty pro koncentraci zinku v krevnim séru
jsou stanoveny na 12,2-26 umol/l, u telat 12,2-24 umol/l. (Tab.12)

Vstiebavani a distribuce zinku v organismu jsou velmi komplikované procesy, zavisi
u jednotlivych druhti zvifat na riznych faktorech, a proto neni jednoduché stanovit piesné
mnozstvi zinku potfebné pro optimalni zdsobeni organismu vSech zvitat. V literatuie 1ze ¢asto
najit rizna referencni rozmezi fyziologickych hodnot pro koncentraci zinku v krvi, jatrech,
svaloving, varlatech atd., ale i hranici karence ¢i toxicity. Dle NRC (2001) by mél startér pro
mladsi telata obsahovat 40mg Zn/kg sus., stejné koncentrace ma dosahovat i mlé¢na nahrazka
pro telata na mlécné vyzivé. Naopak smésnd krmné davka dojnic s mléénou uzitkovosti 40 kg
mléka/den musi obsahovat 63mg Zn/kg sus., aby byla plemenice schopna zasobit jak vlastni
organismus, tak zaroven odvadét mikroelement mlékem pro tele a nedostavala se do deficitu.
Tato davka odpovida ¢isté potiebé 4 mg Zn / kg mléka. Cista potieba jednotlivych kategorii
skotu sestava ze zachovy — 0,1 mg Zn/kg zivé hmotnosti zvifete, u rostoucich zvifat 24 mg
Zn/kg ptirtistku Zivé hmotnosti, béhem biezosti 1,1 mg Zn/den v prvnim trimestru respektive
6,3 mg Zn/den béhem pozdni biezosti. Hrubad potieba je piepocitavana délenim pomoci
absorp¢niho koeficientu jednotlivych kategorii skotu ve vysi 0,70 pro zvitata v laktaci, rostouci,
biezi a dospé€la zvitata, naopak pro telata na mlééné vyzivé je absorpéniho koeficientu stanoven
na hodnotu 0,80. Podle téchto stanov bude naptiklad u rostouciho bycka o zivé hmotnosti 200
kg, dennim ptirdstkem 1 kg, ktery piijme denn¢ 4-6,5 kg susiny v krmné dévce stanovena vyse
Cisté poteby zinku na den na 44mg, ale vySe hrubé potieby zinku ¢ini 62,9 mg. Potieba Zn
piepoctena na 1 kg susiny TMR se pohybuje u tohoto bycka v rozmezi 9,7 — 15,7 mg na den
(UNDERWOOD a SUTTLE, 2010). Potieba jalovic o zivé hmotnosti 300-500 kg, dennim
ptirtstkem 0,7 — 0,5 kg/den, dennim p#ijmu suSiny 6-10 kg je stanovena na 31-33 mg/kg TMR,
resp. 202 — 310 mg Zn/den. Pro potiebu kravy o zivé hmotnosti 650 kg je doporuc¢ena davka 63
mg Zn/kg TMR pfi uzitkovosti 40 kg mléka denn¢ a ptijmu susiny ve vysi 20 kg/den,resp. 1261

mg Zn/den. Naopak pro kravu nachézejici se ve vysokém stadiu biezosti (270. den gestace) s
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piijmem susiny 12 kg/den je se doporuc¢ena davka snizi na 22,8 mg/kg TMR, resp. 274 mg/den
(NRC, 2001).

2.1.3 Absorpce a transport zinku

Vstiebavani zinku ovliviiuje na prvnim misté jeho mnozstvi v krmivech. Je-li obsah
zinku v potravé nizke, zvysuje se absorpce zinku. U zvitat s klinickymi ptiznaky karence zinku
je vstiebavani zinku vys$si nez u zvifat bez karen¢ni symptomatiky. Nejen koncentrace zinku
v krmivu a krevni plazmé mé na absorpci vliv. Také stati zvifat ovliviiuje mnozstvi
absorbovaného zinku. Mladsi telata resorbuji nejvyssi procento zinku z potravy ve srovnani se
starSimi telaty, ne-li s dospélym skotem (ILLEK, 2000; SPEARS, 2003). Telata na mlé¢né
vyZzivé jsou schopna vstiebat az 50 % zinku z krmné davky, rostouci prezvykavci 30 % a
dospéla pouze 20 % zinku (NRC, 2001). Zinek je obsazen v krevni plazmé, ve formé
karboanhydrazy v erytrocytech, ve form¢ metaloproteinu v a jako soucast fosfatdz v
leukocytech a dale v trombocytech. Z jedné tfetiny je voln€ vazan na albumin, ze dvou tfetin
pevné vazan na alfamakroglobulin a z malé ¢asti na metalothionein, transferin a histidin-rich —
glykoprotein (COUSINS, 1996). Volna vazba zinku na albumin je dilezita pii vyméné zinku
mezi krvi a cilovymi bunikami. Riizny obsah je mozny zjistit v krevni plasmé a krevnim séru.
Pii koagulaci krve se zinek uvolnuje z rozpadajicich se trombocyti a tim je zpisoben zminény
rozdil (UNDERWOOD et SUTTLE, 2010). Zinek je vstfebavan v tenkém stfevé, zejména
v distalnim duodenu a proximalnim jejunu (COUSINS, 1996). Po nasyceni stievni sliznice, kde
je zinek rychle a pevné vazan na specificky protein, dochazi k vlastnimu ptestupu zinku
z enterocytu do krve a lymfy. O mnozstvi absorbovaného zinku rozhoduje obsah zinku v krmné
davce. Nejprve je potifeba piestoupit ze stievniho lumen do bunééného prostoru enterocytu
navazanim na prenaSe¢ DCT-1 (divalent cation transporter), poté se zinek ve sliznici vaZe na
intracelularni transportér metalothionein (MT) a cystein rich intestinal protein (CRIP). O tom,
ktery z prenasecu zinek uchopi, rozhoduje opét obsah zinku v dieté. Pii dostatku Zn v TMR oba
proteiny o zinek soutézi, byva zpravidla vazan na MT, jehoZz syntéza je indukovana pti zvySujici
se koncentraci zinku ve sttevé (UNDERWOOD et SUTTLE, 2010). Obdobné je tvorba MT
stimulovana kadmiem a jinymi tézkymi kovy. O vazebné misto soutézi na molekule
metalothioneinu také méd. Z krve zinek odchazi do jater, sleziny, pankreatu, ledvin a v

minimalnim mnozstvi je ukladan i do svali a mozku (BENCKO et al., 1995). Akumulace zinku
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v organech zavisi mnozstvi zinku v krmné davce, véku, druhu zvifete, jeho produkéni a
reprodukéni fazi ana dobé, po kterou byl organismus dotaci zinku vystaven (BIRES et al.,
1991). Nejnizsi koncentraci zinku obsahuji plicni a nervova tkan, nejvyssi naopak cévnatka oka
a prostata. Obsah zinku v cévnatce oka se li$i u jednotlivych druhii. Cévnatka ovce ma vyssi
koncentraci Zn nez skot, nicméné cévnatka masozravci, specielné liska, obsahuje
nesrovnatelné vy$$i mnozstvi zinku nez bylozravct. V prostaté a nadvarleti odpovida vysoky
obsah zinku vysokému obsahu fosfataz, jichZ je zinek soucasti (HANSARD, 1983). Na zinek
jsou bohaté ispermie, semenna plasma (ROWE et al., 2014). MnozZstvi zinku ve svalové tkani
se lisi dle funkéni aktivity jednotlivych svalll. Obsah zinku ve svalech s nizkou aktivitou svétlé
barvy je vyznamné niz$i neZ v tmavé zbarvenych svalech s vysokou aktivitou. V jaternich
buiikach se zinek nachazi v mitochondriich, bunééném jadru a cytoplasmé, velka ¢ast je vazana
napi. na metalothionein ¢i alkoholdehydrogenazu (ILLEK, 1987; UNDERWOOD et SUTTLE,
2010). V srsti skotu se obsah zinku méni dle stafi zvifete a mista odbéru. Nezavisi na stadiu

biezosti alaktace (ANKE, 1965).

2.1.4 Organicky versus anorganicky zinek

Stopové mineraly mohou byt dodavany ve formé organické, ¢i anorganické (HERDT,
2011). Rozdily mezi témito formami se tykajici predevsim biologické dostupnosti latek
organismu a dopadu na fyziologické reakce prezvykavctu (SPEARS, 1996).

Anorganickymi solemi jsou siran zine¢naty (ZnSQa), oxid zine¢naty (ZnO), chlorid
zinecnaty (ZnCl2) a dalsi. Organickym komplexem je naptiklad zinek methioninovy komplex
(GARG, 2008). Organické minerélni dopliiky, které jsou komeréné dostupné, se 1isi predevsim,
pokud jde o typ ligandu nebo ligand, jez jsou pouzity k vytvofeni kovového komplexu nebo
chelatu. Vétsina organickych minerald na trhu jsou klasifikovany jako komplexy, chelaty nebo
proteinove slouceniny (SPEARS, 1996).

Studie vlivu krmeni pomoci zinku a médi ve formé methioninu zkoumaji pfedevs§im
plazmatické a tkanové koncentrace téchto prvki. Cilem je posouzeni relativni biologické
dostupnosti této formy. Pti nasazeni této formy bylo pozorovano snizeni vylucovani médi
a zinku ve vykalech a jejich lepsi vyuziti. Zaroven je tak prokazan pozitivni dopad na Zivotni
prostiedi. Absorp¢ni hodnoty koncentrace zinku a médi v plazmé a jaterni tkéni, ziskané studii

z roku 2010, podporuji hypotézu, ze méd’ a zinek ve form¢ methioninovych doplikt maji lepsi
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biologickou dostupnost ve srovnani s formou sulfati (PAL, 2010).

Definice rtiznych typt pouzitelnych kovovych komplexi a chelatd jsou stanoveny
American Association of Feed Control Officials (AAFCO).

Jedna se o kovovy komplex (specificky aminokyselinovy), ktery je ziskan rozpusténim
soli kovu s konkrétni aminokyselinou. Minimalni obsah kovu musi byt deklarovan. Pti pouziti
jako komeréni ptisady ve slozeni krmiva, je tfeba, aby bylo uvedeno, jaky specificky kov a
specificky amino-komplex je pouzit, jedna se tedy o med’ lysin, zinek lysin, zelezity methionin,
mangan methionin a zinek methionin. Kovovy komplex aminokyseliny je produkt ziskany
pomoci rozpustné soli kovu s aminokyselinou. I zde je pozadovano uvedeni obsahu kovu a
ptisad, v pfipad¢ prodeje, jako komercni smési. Jedna se o komplex aminokyseliny drasliku,
médi, zinku a dalSich. Kovovy komplex aminokyseliny chelatu je produkt ziskany reakci
kovového iontu z rozpustné kovové soli s aminokyselinami s molarnim pomérem jeden mol

kovu s jednim az ttemi moly aminokyseliny na matici kovalentni vazby. Primérna molekul&rni

hmotnost hydrolyzovanych aminokyselin musi byt ptiblizn¢ 150 mol a vysledna molekularni
hmotnost nesmi byt vétsi nez 800 mol. Minimalni obsah kovu musi byt rovnéz deklarovan.
Kovovy proteinat je produkt ziskany z chelatani rozpustné soli s aminokyselinami a ¢aste¢né
hydrolyzovaného proteinu. Jedna se o specificky kovovy proteinat médi, zinku, hoi¢iku, Zeleza,
kobaltu, manganu, nebo vapniku. Kovovy polysacharidovy komplex je pak produkt ziskany
komplexem rozpustné soli s polysacharidem (CFNP TAP, 2002).

Vyzkumy provedené jiz roku 1996 prokazaly, Ze ptidani jednoho, nebo vice
organickych stopovych mineralt ve stravé zvysi rust, produkci mléka, reprodukci a imunitni
reakce u skotu (SPEARS, 1996). Autor nicmén¢ podotyka, Ze je tieba vzit v uvahu, Ze zminéné
vysledky u zvitat je tieba konfrontovat s faktem, Ze tato zlepSeni budou pozorovana vzdy, kdyz
budou mineralni latky béhem vyzkumu pravidelné hrazeny (oproti stavu pied vyzkumem, kdy
pravidelné podani nebylo realizovano), bez ohledu na jejich podani ve form¢ organickéci
anorganické. Je proto nutné vzdy piihlédnout ke zplisobu feSeni vyzkumu, ze kterého je
vysledek posuzovan.

Zinek se rozpousti a tvoii ionty ve vodnych roztocich alkalickych hydridd, neni
ochoten tvofit komplexni slouéeniny s ligandy, ve kterych je donorovym atomem kyslik, dusik
a sira. Pevné komplexni vazby pozorujeme také s halogenidy a kyanidy. Zinek muize tvofit

slouceniny s aminokyselinami, které vazou zinek v koordinacnich slouceninach pies bud’
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pomoci své karboxylové skupiny nebo aminoskupiny. Pti urcitém stupni kyselosti prostredi
pusobi zinek aktivné jako donor elektronového paru, coz vede k tvorbé cyklickych komplext,
chelatt (napf. dihydrat zine¢natého glycinatového komplexu Zn(Gly)2.2H20). Casto se zinek
vyskytuje v cysteinatovych ¢&i histidinatovych komplexech (VELISEK, J. (2009).

Zpusob ucinku stopovych minerélnich chelatd nebo komplext je pohlizeno raznym
zpusobem. Né&ktefi autofi jej povazuji za nedokonale prozkoumany a nezastavaji nazor, ze je
mozné jednoznacné tvrdit, ze organické stopové prvky se podstatné lépe vstiebavaji nez
anorganické formy. Pfitomnost bilkovin v krmné davce positivné ovliviiuje absorpci Zn,
zv14$té aminokyseliny histidin a methionin (LONNERDAL, 2000) Piiznivé odpovédi na
nékteré organicky vazané stopové prvky se vzajemné 1isi, dle SPEARS (1996) mnozstvi
vstfebanych mineralnich latek nemusi byt stejné vyznamné jako forma absorbovaného
mineralu. Zinek methionin (Zn-Met) a jeho Géinek je posuzovan ve vyzkumech nejastéji
(SPEARS, 1996). Pro methionin, jako soucéasti Zn-Met, bylo prokazano, ze muze byt do znacné
miry S$tépen bachorovymi mikroorganismy (HEINRICHS et CONRAD, 1983). Zn-Met
komplex zustava v bachoru neporusen a vaze se s jinymi ¢asticemi nebo mikroorganismy za
vzniku nerozpustnych komplexti v mens$i mife nez anorganické formy zinku (WARD, 1993).

Rovnéz cinnost anorganického zinku, ve srovnani s organickym, byla podrobena
zkoumani selektivné pro jednotlivé druhy zvifat. Vyzkum z roku 2008 provedl GARG Setieni
u jehnat. Byl zjistovan vliv na rast jehnat, schopnost vyuziti zivin a mineralni profil
zkoumanych zvitat. Kontrolni skupina byla saturovéna anorganickou formou zinku, konkrétné
ZnS04. Bylo vybrano 6 jehniat, 0 hmotnosti 11,30 + 0,45 kg, do kazdé ze ¥ skupin. Jehfiatim
v kontrolni skupiné bylo podavano standardni krmeni, ve zbylych skupinach bylo toto krmeni
doplnéno 0 20 mg na kg anorganického zinku v podobé ZnSOas, nebo organického zinku
v podobé Zn-Met. Experimentalni krmeni bylo provadéno po dobu 150 dnii. Reten¢ni zinek,

stejné jako jeho koncentrace v séru byly nejvyssi ve skupiné, které byl podavan Zn-Met,

cvwr

2.1.5 Karence

SHANKAR et PRASAD (1998) rozdéluji projevy nedostatku zinku u ¢lovéka na dva
typy, mirnou a tézkou karenci. Mirna karence se projevuje Serosleposti, zhorSenim paméti,

oslabenim imunity, zhorSenim chuti a ¢ichu a negativnim vlivem na spermiogenezi u muzi.
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Tézka karence zinku zptisobuje sniZeni efektivity imunitniho systému, coz zpisobi ¢asty vyskyt
infekci. Dale dochazi u téchto pacienti k prijmtm, alopecii, poruchdm mentalnich schopnosti,
typicka je i pustularni dermatitida. Velmi ziidka se u ¢lovéka a skotu objevuje acrodermatitis
enteropatica, kterd se vyznacuje nizkou koncentraci zinku v plazmé, kterd je zpusobena
geneticky zpusobenou poruchou vstiebavani zinku ve stievé. Dochazi navic k hyperpigmentaci
koznich 1ézi a deprivaci rustu. PRASAD (1995) dale u muzt popisuje Vv souvislosti
s hypozinkémii vyskyt anemie, retardaci rastu, hepatosplenomegalie, hyperpigmentace,
infantilnich varlat a zpozdéni pohlavniho dospivani.

U prasat je znamy vyskyt parakerat0zy pii nedostatku zinku v krmné davce (ZEMAN,
2005). V organismu vsech piezvykavcu vede karence zinku k poruchdm rastu, odmitani
potravy, nadmérmému slinéni, parakeratotickym koznim 1ézim, abnormalitdm paznehtti a roht,
testikularnim malfunkcim (CHESTERS, 1997; RADOSTIS et al., 1994; ARRAYET et al,
2002, ROWE et al., 2014). Ovce a jehnata reaguji na nedostatek zinku ztratou viny, zesilenim
a zfasenim kuze, otoky karpalnich kloubu, otevienymi lézemi v okoli o¢i, zpozdénym vyvojem
varlat, zastavou spermiogeneze u beranku a salivaci (RADOSTIS et al., 1994). UNDERWOOD
et SUTTLE (1999) popisuji u biezich ovci sniZzenou vlastni hmotnost a nizsi porodni hmotnost
jehnat a niz$i pfijem krmiva pfi mirném deficitu zinku. Kozy reaguji v ptipadé hypozinkemie
podobné jako ovce, pouze je vyskyt alopecie lokalizovan do oblasti Sourku, panevnich
koncetin, hlavy a krku. Dochézi dale k testikularni hypoplazii, poruchdm rastu a keratinizaci
kize (RADOSTIS et al., 1994).

U skotu se subklinicky deficit zinku projevuje snizenim apetitu, pfijmu krmiva,
dennich ptirtstki, poruchami reprodukénich funkci, snizenim produkce, zeslabenim rohoviny
paznehti,, nachylnosti k dermatitis digitalis a chodidlovym viedim, u bykd poruchami
spermiogeneze (KINCAID, 2000; SOCHA et al.,, 2002, ROWE et al., 2014). U dojnic
nachazime zvyseny pocet somatickych bunék v mléce, zvysuje se pocet mastitid a reprodukéni
ukazatele jsou neuspokojivé (ILLEK, 2000). Tézky deficit zinku se projevuje abnormalitami
kosti a parakeratozou, kdy kize zesiluje a popraska (UNDERWOOD et SUTTLE, 1999).
Dojnice trpi parakeratotickymi lézemi u v oblasti kotene ocasu, vulvy, na kizi vemene a strukd
(ILLEK, 2000). Ve stratum spinosum k edematizaci a ztrat¢ bunécnych spoji. Ve stratum
granulosum je pocet bun¢k redukovan a nedostate¢né se formuje keratohyalin a ve stratum

corneum se nadmémé tvoii zrohovatély vicevrstevnaty epitel (BIRES et al. 1993).
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Nedostatek zinku v organismu je u telat charakterizovan zpomalenim rtstu, nebot’
dochazi k redukci apetitu, dale zpozdénim sexudlniho zrani bykt, alopecii, jsou pozorovany
abnormalni proporce téla, kozni léze a hyperkeratinizace jicnu. Jsou sniZzeny poéty cirkulujicich
lymfocyti, dochazi ke kosternim abnormalitdm, poruchdm reprodukce u obou pohlavi a
abnormalitdm plodu. Telata trpi parakeratézou na karpalnich a spénkovych kloubech, v okoli
nozder, usi, na krku, na vnitinich stranach stehen a Sourku. Nasledkem zmén na kloubech se u
telat projevuje nejista ¢i strnuld chize. Postizeny byvaji i sliznice dutiny uastni ¢i jicnu a
predzaludkd, coZz pfipomina hypovitaminbzu A (SUBCOMMITTEE ON MINERAL
TOXICITY IN ANIMALS et al., 2005; ILLEK, 2000).

216 Toxicita

Hospodarska zvitata vykazuji znacnou toleranci k vysokému pifijmu zinku. Rozsah
tolerance je zavisli na druhu zvitete, charakteru stravy, a to zejména na obsahu vapniku, médi,
zeleza a kadmia. Odstavené mladé prasete mtize byt krmeno po dobu nékolika tydna vyzivou
s obsahem 2-3 g zinku na kilogram krmné davky, vzrista vSak chut’ k jidlu, objevi se deprese
a pfi nasazeni 4-8 gramu zinku na kilogram krmné davky je jiz pozorovana vysoka umrtnost
(UNDERWOOD, SUTTLE, 1999).

Odstaveni piezvykavci jsou méné tolerantni na piijem potravy s vysokym obsahem
zinku. Pfi¢inou je pravdépodobné snadné naruseni mikroflory bachoru. U jehnat je dale
pozorovano sniZeni télesné hmotnosti pti podavani 1 gramu ZnO. Pfi podavani 1,5 g je jiz

pozorovana deprese (UNDERWOOD, SUTTLE, 1999).

217 Interakce

Biochemické procesy vedouci k interakcim mikroprvkd jsou velmi riznorodé, v
zasadé¢ se jedna o nasledujici mechanismy: jeden stopovy prvek ma ptimy vliv na absorpcijiného
mikronutrientu, poptipadé¢ nedostatek ¢i nadbytek jednoho mikronutrientu v organismu ma vliv
na metabolismus jiného. Ptikladem prvniho typu interakce je potencidlni interakce mezi
zédporn¢ nabitymi folaty a kladné nabitym stopovym prvkem, jakym je zinek. Druhytyp
interakce muize byt pfedstaven jako pfic¢ina vlivu vysokych davek kyseliny askorbové na
metabolismus médi. Vysoky obsah vapniku v krmné davce snizuje moznosti vstiebani fosforu.

Méd pak znesnadnuje vstiebavani zinku konkurenénim vazebnim mistem transportniho
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proteinu thioneinu (LONNERDAL, 1988).

V roce 1955 bylo prokéazano, ze zinek, i pii podavani vysokych davek, je vysrazen
Vv piitomnosti rostlinnych bilkovin, které obsahuji fytat. Biologicka dostupnost zinku se vyrazné
snizi tak, ze mize mit, pfi pravidelném podéni takové stravy, za nasledek zavazny nedostatek
minerdlu v organismu jedince (SUBCOMMITTEE ON MINERAL TOXICITYIN
ANIMALS a kol., 2005).

Je znama existence interakce tézkého kovu s thiolovymi slouc¢eninami. Pfi zméné
koncentrace jednotlivych thiold je pozorovana linearné se ménici zavislost (ZEMAN, 2007).

Podstatna ¢ast zinku v bufice se nachdzi v cytosolu, dal$i ¢ast je pak vdzana na
thionein. Thionein piedstavuje nizkomolekularni protein s vysokou schopnosti vazat zinek a
méd’ za vzniku metalothioneinu. Ten pak pusobi jako ,,autoregulacni nitrobunécny tlumic
pro zinek a meéd* (ZEMAN, 2005). Paklize se zvysi hladina volného zinku, ¢i médi, dochazi k
zaplaveni zasoby thioneinua volné kovy pak mohou interagovat s jinymi proteiny. Ty potom
slouzi jako vyrovnavaci faktory, spojuji se geny metalothioneinu a indikuji syntézu thioneinu
(DIRKSEN, 2006; ZEMAN, 2005; STANGL, 2008).

SOBHANIRAD (2012) publikoval, Ze pii suplementaci vysokymi koncentracemi
zinku, nejsou pozorovany vyznamné piiznaky snizovani dostupnosti jinych mineralt v
organismu dojnic. Zinek interaguje na buné¢né Urovni s jinymi mineralnimi prvky. Jeho
metabolismus ma souvislost s metabolismem Zeleza, médi, manganu, kobaltu a molybdenu.
Antagonisticka vzajemna zavislost zinku a médi je zalozena na jejich konkurenci pfi absorpci
Vv zazivacim traktu (ANKE a kol., 2002).

Pokud je nasazovdna méd’ jako rdstovy stimulator, je u prasat krmenych zvysSené
rostlinnymi proteiny, prokdzana deficience zinku, pokud neni rovnéz zvysSené davkovan.
Rovnéz je mozné zaznamenat anémie v piipad¢, ze krmeni je provadéno vysokou davkou zinku

bez doplnéni zvysenych davek médi (ZEMAN, 2005).

2.1.8 Zinek v krmivech

Vyznam suplementace zinku krmivy byl plné definovan v roce 1955. Jednalo se o rok,
kdy parakeratéza u prasat, zpisobena nedostatecnym hrazenim pozadavkt zinku, vedlak
vyznamnym ekonomickym ztratdm. Byly tak ptijaty hodnoty pro mnozstvi zinku potiebnék

vyzivé mladych doméacich zvifat a dribeze. Jednd se o davku v rozmezi od piiblizn¢40

27



do 100 ppm v potravé (SUBCOMMITTEE ON MINERAL TOXICITY IN ANIMALS,
a kol., 2005).

Obsah zinku v obilnych zrnech se mezi jednotlivymi druhy rostlin méni jen malo, je
ale ovlivnén stavem zinku v pudé (UNDERWOOD et SUTTLE, 1999). Zinek se v zrnech
nachazi v nejvyssi koncentraci v endospermu. Obsah zinku v semenech hrachu 30 mg Zn
v puvodni hmot¢, nékteré odrudy jako hrach zahradni dokonce 62 mg Zn. V plivodni suSiné
obsahuji pseni¢né klicky cca. 115 mg Zn, pSenicné otruby 90mg Zn a jako dalsi ptiklad
rostlinnych krmiv bohatych na zinek lze uvést je¢ny a sladovy kvét s obsahem 126 mg/kg
susiny. Kostni (105-125 mg Zn) a masokostni moucka (80-100 mg Zn) je piiklad zivocisnych
krmiv s vysokym obsahem zinku. Primarni a sekunddrni karence jsou ¢asté hlavné u prasat a
dribeze (ZEMAN et al., 2007). PSenice, oves, je¢men a proso obsahuje vice zinku na kilogram
krmné davky neZ kukufice. Obiloviny péstované na piidach s nizkym obsahem zinku mohou
obsahovat méné nez 20 mg zinku na kilogram krmné davky, ale aplikace zine¢nych hnojiv
muize hodnoty aZ ztrojndsobit (UNDERWOOD et SUTTLE, 1999). Tabulka 4 ptedstavuje

mnozstvi zinku v mg/kg ptivodni hmoty v jednotlivych druzich krmiv.

Tab. 4 Stredni hodnoty obsahu zinku v produktech (UNDERWOOD, SUTTLE, 2010).
Objemna krmiva Zn Koncentraty Zn Vedlej$i produkty Zn
Slama 14 JeCmen 33 (8.5) Pieni¢na mouka 104 (22,7)
Trava Kukuiice 19 (2,6) RyZové otruby 77 (17,0)

Cerstva 36 Oves 26 (3,7) Pivovarska zrna 73 (12,5)
Sufena 33 (7,1 Psenice 26 (7.0) I:Ihovarsk{l Zrna 55(4.7)
Seno Kukufi¢ny lepek 80 (10,3)  Repkova mouka 82 (901)
Cerstvé 21 (2,7) Maniokova mouka 12 (0,6) Masokostni moucka 130 (43)
Sufené 28 (6,6) Lnéna mouka 66 (0,8) Moucka z pefi 152 (3)
Kukuiitna 45 (13,9) §0jovﬁ mouka 49 (9,9)
Cirok 14 (1,0)
Bob polni 38(2,7)

e v zvorkach je uvedena smérodatna odchylka
e hodnoty jsou uvedeny v mg/ kg krmiva

Zinek a méd’ jsou podavany v tekuté podobé&, nebo jakou soucast suché smeési. Bézné
tak hovoifime o hladinach kolem 2000 mg zinku na kg pfijaté susiny. Tento objem minerélu se
nakonec vylouci v exkrementech zvéfe, coz vede k jeho obsahu ve hnoji. Ten vsak, dle

ptedpisu EU, nesmi obsahovat vice, nez 300 mg zinku na kilogram (ZEMAN, 2007).
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Podani mikronutrient v krmné dévce neni jedinou cestou podani. Randomizovana
terénni studie provedena roku 2013 v USA hodnotila ucinek subkutannich injekci
multimineralnim piipravkem obsahujicim 300 mg zinku, 50 mg manganu, 25 mg selenu
a 75 mg médi. Podavéani bylo realizovano po dobu 230 az 260 dni biezosti a béhem 35 dnti
po porodu. Sledovan byl pfedev§im ucinek na celkovy stav zvifat, produkci mlékaa
reprodukéni vykonnost laktujicich holStynskych krav. Bylo zapojeno celkem 1416 kust
dobytka, pfi jejich krmeni davkou skladajici se z 55 % objemného krmiva a 45 % koncentratu.
Lécba neposkytne vyznamné hodnoty, nebyl tedy prokazdn vyznamny vliv na reprodukéni

schopnosti, produkci mléka nebo jiné zdravotni vlastnosti (MACHADO, 2013).

2.1.9 Imunita a zinek

rrrrr

v Ucasti zinku na nékterych antioxidacnich dé&jich jako je naptiklad tvorba aktivnich mist
enyzmu superoxiddismutazy (SOD) (TOMAN et al., 2009, van den TWEEL et al., 1999).
Enyzm SOD napoméaha stépeni superoxidu na peroxid vodiku, ten nasledné vyuzivaji fagocyty
k usmrcovani pohlcenych mikroorganismti a dalSich bunék pro organismus Skodlivych.
PIDDINGTON et al., 2001 popisuje konkretni u¢inek Cu-Zn-superoxiddismutazy (CuZnSOD)
Vv ptitomnosti bakterii Mycobacterium tuberculosis a Mycobacterium bovis v pokusu in vitro
s tkanémi morcat, aby podrobné zjistil imunologicky proces CuZnSOD. M. bovis produkuje t¥i
druhy SOD, které se podili na ochrané bakterie pfed oxidativnim stresem. Autor zkouma
citlivost a schopnost preziti bakterii v makrofazich, a to za a bez pfitomnosti CuZnSOD.
Zjistuje, Ze neni schopen potvrdit hlavni lohu SuZnSOD pfi obranyschopnosti mykobakterii,
avsak potvrzuje nezbytnost druhého typu SOD — FeSOD pro zivotaschopnost bakterie
Mycobacterium tuberculosis (PIDDINGTON et al., 2001).

Béhem fyziologickych procesti napi. pii dychani a jinych biologickych ¢innostech
aerobnich bunék dochazi k univalentni redukci atmosférického kysliku, ktera vede k tvorbé
superoxidradikala (O7), coz jsou vysoce reaktivni ¢astice, které jsou pomoci metaloenzymu
(napt. Cu-Zn-superoxiddismutaza) katalytickou reakci pfevadény na peroxid vodiku a kyslik
(NOHL, 1981). Vesker¢ tyto produkty fadime do skupiny takzvanych reaktivnich sloucenin
kysliku neboli z angictiny pievzatym nazvem ,reactive oxygens species” (ROS). Volnymi

radikéaly dochazi k poskozovani biomolekul az do okamziku, kdy se dva volné radikaly setkaji
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nebo zastavenim reakce antioxidantem. Molekula kysliku jakozto zdroj volnych radikald
vlastni dva nepéarové valencni elektrony a miize byt snadno pfeménéna na reaktivni formy
kysliku. K volnym radikalim patii napi. superoxid, hydroxylovy radikal, peroxyl ¢i
hydroperoxyl. Mezi neradikdly tadime peroxid vodiku, ozon, singletovy Kkyslik atd.
nevyvazenost mezi mnozstvim ROS a antioxidanty se nazyva oxidacni stres. ROS mohou byt
jak pro organismus prospésné, tak skodlivé. Piikladem positivni funkce ROS Ize jmenovat tzv.
respiracni vzplanuti, coz je zneSkodnéni mikrobii a odstranéni mrtvych bun¢k za spoluprace
leukocytt, makrofagt a ROS. Dochézi tedy k prudkému nayseni spotieby kysliku tudiz vzniku
velkého mnozstvi volnych radikald, které jsou nasledné deaktivovany enzymy jako CuZnSOD
¢i glutathionperoxidazou. Stfedem pozornosti jsou vSak negativni G¢inky volnych radikalti na
organismus, ke kterym patii predev§im deformace proteinti, produkce transkripénich proteinti
vyvolavajicich apoptozu neboli fizenou smrt bunék. Déle podporuji rakovinné bujeni. Nékteré
volné radikdly plIni funkce signéalnich molekul, které napt. porusuji kaskady enzymu
(RICHTEROVA, 2008). Piili§ nizka bun&na koncentrace reaktivnich forem kysliku je fazena
k typickym symptomiim urcitych onemocnéni u ¢lovéka, jako je Trisomie 21 ¢i rtiznych
psychiatrickych, a naopak piilis vysoka intracelularni koncentrace volnych radikalu se podili na
patogenité chronicky zanétlivych procest, autoimunitnich reakcich organismu ¢i

karcinogenezi. A zde zaujima zvlastni pozici enzym superoxiddismutdza, ktery je schopen

mnozstvi $kodlivych t¢inki ROS regulovat (NOHL, 1981).

Obr. 2 Cu-Zn-Superoxiddismutaza — CuzZnSOD (STRANGE et al., 2003)
2.1.10 Zinek a somatické buiiky mlééné Zlazy

Zinek ma vliv i na zdravi mlééné Zlazy. Somatické buniky (SCC — somatic cell count)
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jsou ukazatelem zdravi mlééné Zlazy a technologickym ukazatelem. Pfi infek¢nich zanétech se
zvySuji. Bilé krvinky piechazeji do mléka z krve jako signal infekéniho nebo neinfekéniho vlivu
(ZELINKOVA, 2003). Dojnice s vy$sim SCC nez 300x10%ml maji byt hodnoceny jako
mastitidni (SKARDOVA et al., 1984; RADOSTIS et al., 2000). Mezinarodni mlékaiska
federace stanovila kritickou hranice 250x10%/ml pod touto hranici lezi zdrava a latentné
infikovana mlécna zlaza, nad ni asepticka ¢i subklinickd mastitida. Klinickd mastitida dosahuje
hodnot o n&kolik ¥adf vyssich (10%-107). Pro bazénovy vzorek je zavaznou kritickou hodnotou
400 x 10%/ml jako charakter jakosti pro syrové mléko. Tuto hranici uvadi Smérnice rady EHS
92/46 a Vyhlaska ministerstva zemédé&lstvi €. 203/2003 (NAVRATILOVA, 2010). Syrové
mléko s vyssim obsahem SCC se huafe zpracovava. Dochazi ke zménam smyslovych,
chemickych a fyzikalnich vlastnosti mléka (RYSANEK, 1999).

Karence stopovych prvkl jako zinek, méd’, mangan a kobalt aj. byly pozorovany a
studovany po mnoho let. Pfimy a nepfimy vliv na zdravotni stav se odrdzi na uzitkovosti
hospodaiskych zvifat. Je nepostradatelny pro syntézu proteint, utilizaci vitaminti, hormonalni
regulaci, imunitnim systému, regulaci apetitu, rist a vyvin zvitat, reprodukci, kvalitu kize a
kozZnich derivatt, integritu pletiv (ILLEK 1987, ILLEK 2003, MILLER et al. 1989, NRC
2001). To vSe souvisi se zdravim mlécné zlazy. Zinek chrani tkané pied poSkozenim
oxidativnim stresem, jehoz mechanismus je podrobné popsan v nasledujici kapitole 2.2.9
Imunologie a zinek. Suplementace zinku ovliviiuje uzitkovost skotu, reprodukci, hojeni ran,
integritu paznehtu a imunitu (SICILIANO-JONES et.al.2008, GRIFFITHS et al., 2007;
KELLOGG et al., 2004; MALCOM/CALLIS etal., 2000; SPEARS et al., 2002; KINCAID et
al., 2004; NOCEK et al., 2006; NEATHERY et al., 1973). Zinek svym vlivem na aktivitu
enzymil a expresi genil proteinti ovlivituje mlécnou produkci, reprodukci, imunitni systém a
rast zvitat (CHESTERS, 1997) a naopak nedostatek zinku ma negativné ovliviiuje funkce
metaloenzymi, mezi nimi i Cu/Zn-superoxiddismutazy (CuzZnSOD), ktera je zapojena do
antioxida¢nich procesi (MILLER, MILLER 1962; KIRCHGESSNER et al., 1975;
CHARABRA, ARORA,1993; CHESTERS, 2009; ILLEK J., 1987; UNDERWOOD,
SUTTLE, 1999). Vlivem zinku na ¢innost nékterych hormont, jako glukagon, kortikotropin, ¢i
inzulin, zinek zasahuje do bilkovinného a energetického metabolismu (ILLEK, 2003). Zinek na
dva pfimé vlivy na funkci imunitniho systému, zaprvé jakoZto jiz zminény antioxidant
(CuzZnSOD) a za druhé v ramci bunééného dé€leni a proliferace (SPEARS et WEISS, 1993). Je
nezbytny pro tvorbu a funkci leukocytd, ma vliv na tvorbu protilatek a fagocytdzu a je dulezity
v procesu bunééné apoptézy (DROKE et SPEARS, 2008; ILLEK, 2003). CORTINHAS et al.



(2010) informuje ve své studii o pozitivnim vlivu zdroje Zn v organické formé na SCC, ale
nepotvrdil vliv na antioxida¢ni enzymy (ZnCuSOD, GSH-Px, CP).

Zdravotni stav mléné zlazy zavisi na statutu zinku u dojnic, nebot’ je zésadni pro
keratinisaci strukového kanalku (ANDRIEU, 2007). Ve srovnani s tradi¢ni saturaci Zn
anorganickymi zdroji Zn (oxid, siran), ma organicky vazany Zn vétsi biologickou dostupnost
(WEDEKIND et al., 1992; KINCAID, SOCHA, 2004) a muze zvysit koncentrace Zn v tk&nich
a plazmé a snizit SCC v mléce (COUSINS, LEINART, 1988; ILLEK et al., 2007). Deficit Zn
se vlivem na imunitni systém podili na zvySeni SCC a vyskytu mastitid u dojnic (WHITAKER.,
1997). Dalsi autor (HANSEN, 1992) informoval o suplementaci 2.5 g proteinatu Zn/ den, ktera
zpusobila silny pokles SCC ve vysi 100 x10° SCC/ml u stada s vysokym SCC (400 x103
SCC/ml). Jiny autor (NOCEK et al., 2006) popisuje podobny vliv zinku na reprodukci a

uzitkovost krav saturovanych davkou odpovidajici 100 % pozadavku NRC (2001) ve formé

komplexu stopovych prvku ve srovnani s krdvami s krmnou davkou doplnénou stejnymi prvky
anorganickeé formé. Uzitkovost mléka a charakteristiky mléénych komponent byly vyssi.
Z téchto duvodu bylo dil¢im cilem disertaéni prace posoudit vliv suplementace organického

zinku na uzitkovost, kvalitu mléka (mlé¢nych komponent) a na SCC v mléce.
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23  MED
2.3.1 Méd u prezvykavci

M¢d’ je nezbytné pro zivotni procesy jedince, predstavuje kofaktor pro fadu zivotné
dulezitych enzymu. Zaroven, pii nadbyteéném davkovani, piedstavuje prvek toxickypro
organizmus. Vzhledem k této dvoji roli médi, maji vSechny zivé organismy vyvinuté vysoce
specializované homeostatické mechanismy, jejichz tkolem je doddvat a odstraiiovat méd’ a
rovn&Z neutralizovat jeji toxické tcinky (LOPEZ-ALONSO, 2005).

Referenéni hodnota pro obsah médi v plazmé predstavuje 8,2 + 2,2 mg.kg™. Ze studii
provedenych v prostiedi Ceské republiky vyplyva, ze koncentrace médi v krevni plazmé kolisa
béhem roku. Koncentrace médi v krevni plazmé hovéziho dobytka je niz$i na jafe (6,81
+ 2,7 umol.I'Y) a vy$&i na podzim (18.04 + 1.56 umol.I'Y). Na podzim je tak obsah zvysenaZ na
151 % (SOCH, 2013).

Pozadavek suplementace médi u ovci a skotu nejsou jednozna¢né stanovitelné.
Soucast sledovani hodnot médi v organismu zviftete je vySetieni endogenni ztraty stolici. Stolice
je hlavni cestou vylucovani piebyteéné médi, ne vSechny ztraty je vSak tieba zcela nahradit.
Vzristani potieby médi je relativné malé, protoze hlavni soucasti kostry maji nizké hladiny
ptitomnosti prvku. V priméru je mozné fici, ze svaly obsahuji pouze 0,8 a 1,2 mg médina
kilogram hmotnosti u skotu a ovce. Pomérmné velké mnoZstvi médi je uloZeno v rounu ovci

(UNDERWOOD, SUTTLE, 2010)

2.3.2 Metabolismus médi

V roce 2005 byla zkoumana intracelularni distribuce médi a zinku v jatrech u skotu.
Cilem vyzkumu bylo pravé zlepSeni porozuméni patofyziologii akumulace médi u skotu.
Koncentrace médi v jatrech je béZné v rozmezi hodnot 25 aZz 100 mg na kilogram cerstvé
hmotnosti tkané. Vysledky vyzkumu uvadi, Ze celkova jaterni koncentrace médi neméla

vyznamny vliv na subcelularni distribuci zinku, s jaterni koncentraci médi korelovala

koncentrace zinku pouze mirné. Byl objeven silny vztah mezi podilem celkového obsahu médi
vazané na metalothionein a jejim podilem na celkovém obsahu zinku (LOPEZ-ALONSO,
2005).

Vyzkumy z poslednich let se zabyvaji fadou proteinii podilejicich se na metabolismu

meédi, zejmeéna se jednd o méd’ vdzanou na metalothionein (MT). Zaroven jsou diskutovany
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genetické poruchy metabolismu médi, jednd se piedev§im o Menkesovu chorobu, kdy je
mutovan gen pro transportni ATP&zu, a Wilsonovu chorobu, tedy hepatolentikularni
degeneraci, vedouci kekumulaci médi v organech (LOPEZ-ALONSO, 2005).

Byly také identifikovany enzymy a proteiny, jako je napiiklad gen ceruloplasminu
u ovce a delece gend, které jsou nezbytné pro embryonalni pieziti, napt. dopamin-b-
monooxygenaza. Studie na laboratornich zviratech ukazuji, Ze absorpce médi je usnadnéna
specifickymi a nespecifickymi  dvojmocnymi  kovy a bilkovinami ve sliznici
gastrointestinalniho traktu (UNDERWOOD, SUTTLE, 2010).

Velké mnozstvi pozité médi se uvolni pii traveni v bachoru, kde se vysrazi jako sulfid
méd’naty a z(stava nevstfebana, béhem postruminacniho traveni miize byt ¢aste¢né vazana do
nestravenych slozek (UNDERWOOD, SUTTLE, 2010).

Byly posuzovany u¢inky riznych zdroji médi na vykon zvéie, jejich dopad na
plazmové metabolity, stravitelnost zivin a zachovani n¢kterych minerald v organismu jehnat ze
stravy zalozené na je¢meni (DEZFOULIAN, 2012).

Bylo zkouméano 25 jehnat ve véku 67 mésicii, které byly nahodné ptidéleny do péti
skupin. Prvni skupina dostavala zakladni krmnou davku obsahujici 8,6 mg médi na kilogram
suSiny. Druha skupina dostavala zakladni krmnou davku s pfiddnim 10 mg médi na kilogram
susiny, ve form& CuSOg. Tteti skupina méla piidélenu zékladni krmnou davku s 20 mg médi
na kilogram susiny, ve formé CuSOa. Ctvrta skupina méla zakladni krmnou davku obohacenu
0 10 mg meédi na kilogram susiny ve form¢ proteindtu médi. Pata skupina méla k zakladni stravé
pfidano 20 mg médi na kilogram suSiny ve formé proteinatu médi. Zakladni krmné davka se
skladala ze 70 % zrna jeCmene, 27 % sena z vojtéSky a 3 % sdji. Vzorky krve byly odebirany
ptes jugularni zily v den nulty a nésledné pak v den 7., 14., 28., 57., 65. a 84. Byla testovana
celkovd antioxidacni kapacita cervenych krvinek, aktivita superoxiddismutazy, pocet
erytrocytd, hematokrit, hemoglobin a koncentrace mineraltt v plazmé. Po vyhodnoceni
vysledkl byla ndhodné vybrana 4 jehnata z kazdé skupiny. Ta pak byla hodnocena k ziskani
informace o ucincich riznych zdroji médi na stravitelnost zivin (DEZFOULIAN, 2012).

Z vysledka vyplyva, Ze zdroj médi mél vyznamny vliv na koncentraci ceruloplasminu.
Pfi hodnoceni vysledkl z 65. dne, byla zaznamenana nejvyssi koncentrace ceruloplazminu ve
skupin¢, které bylo podavano 20 mg médi na kilogram susiny ve formé¢ proteinatu médi. Zdroj

meédi, ani velikost davky neméla Zadny vyznamny ucinek na aktivitu superoxiddismutazy.
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Celkova antioxida¢ni kapacita se zvysila, ale nebylo dosazeno vyznamnych rozdilt mezi druhy

zdroje mé&di (DEZFOULIAN, 2012).
2.3.3 Funkce médi

Meéd’ ma svij vyznamny ukol pravé co se tyka funkce imunitniho systému. Nutri¢ni
nedostatky a excesy mohou ovlivnit jednotlivé slozky imunitniho systéem. M¢d je jednim ze
stopovych prvki, které mohou pozménit imunitni reakci v mnoha ohledech (MINATEL, 2000).

Nezbytnost medi pro tvorbu hemoglobinu byla poprvé prokdzana v roce 1928 pii
experimentu na hlodavcich. Tento objev nasledné vedl k prevenci Sirokého spektra klinickych
a patologickych jevi (UNDERWOOD, SUTTLE, 2010).

Med se pravdépodobné zapojuje do procesu, jako je reprodukce a vyvoj Kosti.
Jednozna¢na zavislost médi na specifickém enzymu se promita do pigmentace, jedna se
0 enzym tyrozinaza, a do vyvoje pojivove tkané, kde se ucastni lysyl oxidaza (UNDERWOOD

et SUTTLE, 2010).

2.3.4 Organicka forma médi

Organicka forma dodavani meédi byla podrobena samostatnému zkoumani.
Predpokladan pak byl pfedevS§im dopad organické formy na produktivni vykon, plodnost a
zdravotni stav skotu. Aplikace probéhla u biezich dojnic. Bylo provedeno krmeni s piidavkem
500 g médi, zinku a manganu na kilogram krmiva v jedné skupin€ ve forme sirant a v druhé
skupiné ve formé organické. Vysledky predkladaji, ze ¢asteéné nahrazeni médi, zinku a
manganu organickymi krmivy vede k vy$§imu obsahu imunoglobulinii v mlezivu a k nizsi

umrtnosti telat béhem porodu (FORMIGONI, 2011).

2.3.5 Karence médi

S nedostatkem médi je spojena fada klinickych ptiznaki. Jedna se o a chromotrichii,
je mozné pozorovat chybéni vlasového pigmentu, kulhani, spontanni zlomeniny, prijem,
anémii, poruchy ristu a neprospivani (MINATEL, 2000).
meédi byla vyssi, pokud jim byl injikovan piipravek obsahujici Salmonella typhimurium,
nebo Pasteurella hemolytica. Jsou vsak ptedlozeny i velmi konkrétni dukazy. Jedna se
naptiklad o pfirozeny dikaz interakce mezi nedostatkem meédi v organismu a imunitou, ve

kterem byla detekovana zvySena umrtnost jehnat po zméné pastvin. Doslo k trvalemu
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nedostatku indukované meédi v potravé zvifat a tim se zvySila nachylnost k infekcim,
Kojenci s Menkesovou chorobou, kterd je spojena se snizenim imunitnich odpovédi, trpi
opakovanymi infekcemi, a to zvlasté dychaciho traktu. Vétsina vyzkumu provedena za uc¢elem
zkouméani vztahu mezi deficitem médi a imunitni odpovédi jedince seprovadi pomoci hlodavct
krmenych vysoce purifikovanou stravou. To je hlavnim davodem, pro¢ je riskantni
extrapolovat vysledky ziskané z téchto experimentd na piezvykavce (MINATEL, 2000).
Hospodaisky vyznam nedostatku médi byl objeven na podkladé vyssi nachylnosti
k infekci u piezvykavceu s jejim deficitem. NaruSeni imunitni odpovédi se projevuje predevsim
snizenou mikrobicidni aktivitou a zhorSenou aktivitou neutrofild, jak je dolozeno
u skotu a ovci. U prezvykavel s t€Zkym vyvolanym deficitem miiZze byt ovlivnéna rovnéz
fagocytarni funkce. Funkce makrofagti se vak zdaji byt postizeny v mensi mife. Je znamo,ze
u ptezvykavcel s deficitem médi je snizena hladina cirkulujiciho ceruloplazminu, neni vSak

mnoho informaci o disledcich na produkei cytokini (MINATEL, 2000).

2.3.6 Toxicita médi

Je potieba naprosto piesn¢ dodrzovat davkovani medi v krmnych smésich u riznych
druhti a kategorii zvifat, nebot’ toxické pisobeni nékterych mineralnich prvkl na organismus
zpusobuje nejen jednotlivymi koncentracemi makro a mikroelementt, ale 1 interakcemi mezi
toxickymi a esencidlnimi prvky (BIRES et al., 1991). Toxicita prvkii se projevuje poruchami
reprodukce jako je napft. subfertilita, infertilita, poruchy spermiogeneze, dale cytotoxickymi,

embryotoxickymi, teratogennimi ¢i karcinogennimi téinky na organismus (TOMAN et al.,

1995; ROGER, 2001; VRZGULA et al., 1990). Velmi sensitivni k pfili§ nadbytku médi
(hyperkupremii) jsou telata, jehnata a ktzlata. Méd’ drazdi sliznici gastrointestinalniho Ustroji,
coZ Se projevuje nauzeou, zvracenim, kolikovymi bolestmi ¢i prijmem v piipadé akutni
intoxikace, kterd je vzacna. V piipadé chronické otravy se méd’ kumuluje v jaterni tkani a
kosterni svaloving, ¢imz dochazi ke zménam v klinického obrazu, konkretné kachexii,
hemolobinurii, ikteru a hemoglobinemii (TOMAN et al., 1995; VRZGULA et al., 1990).
Negativni vliv se dale projevuje na funkcich imunitniho systému, dochdzi k naruSeni
homeostazy a poskozeni tkani ptisobenim riznych patogeni je pfedem naprogramovano
(LAWRENCE, 1985.) Napiiklad u samct je nejen imunitni systém hife funkéni, ale i
semenotvorny epitel varlat je toxickym ptisobenim médi negativné ovlivnén, v tomto ptipadé

postacuje koncentrace médi v semeni byki v intervalu 0,2-1,0 mg/kg. Poskozeni membran a
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zarodecného epitelu brani optimalnimu prabéhu spermiogeneze a vede tak ke snizeni fertility
(VRZGULOVA et al., 1993). Neni mozné tvrdit, ze mechanismy homeostazy médi v
organismu jsou v dnesni dobé jiz zcela prozkoumany. Rovnéz rtizné druhy zvirat vykazuji
Znacné rozdily v toleranci ke zvySenym hladindm médi ve stravé. K toxickym uc¢inkim médi u
skotu bez trzni produkce mléka nedochazi ¢asto, pouze pokud koncentrace médi v KD dosahne
hladiny vyssi nez 115 mg/kg (BOYLES, 1995). Napiiklad pti pastvé na travnich porostech
v sadech, kde byly stromy oSetfeny méd’natymi postiiky nebo pti podavani krmiva znecisténého
fungicidy na méd’naté bazi. Pokud se v pud¢ a rostlinach vyskytuje vysoké koncentrace médi a
zaroven nizkd hladina molybdenu a siry, muze dojit k chronickym intoxikacim (Mac
LACHTAN et JOHNSTON, 1982). Neni pochyb o tom, Ze ovce jsou nejvice nachylné k
chronické toxicité médi, to vedlo k SirSimu zkoumani této problematiky, nez je tomu u jinych
druhti, proto nelze ovcim podavat mineraini doplitky s médi uréené pro skot (LOPEZ —
ALONSO, 2005).

Me¢d’ se koncentruje v jatrech, pfi stresové zatézi je vyplavovan do krevniho fecisté a
muze béhem nekolika malo hodin az dnl zplsobit otravu a thyn zvifete (MAAS, 2005). Za
toleran¢ni hranici médi povazuje SLANINA et al. (1992) u skotu 100 mg/kg sus. KD a u telat
50mg/kg sus. KD. Potfeba médi v krmné davce skotu se pohybuje v rozmezi 8-10 mg/kg sus.
KD a referen¢ni hodnoty v krevnim séru jsou stanoveny na 12-18 pmol/I.

BENCKO et al. (1995) popisuje dv¢ faze intoxikace médi — prvni kumula¢ni a druhou

toxickou. Nez se klinicky projevi kumulaéni faze, dochazi jiz k nekrobiotickym mechanismim

v hepatocytech. Nasledkem vycerpané akumulaéni schopnosti jater, coz urychluje stres (porod,
hlad, vysoky vykon atd.), dochéazi k uvoliiovani Cu do krve, hemolyze erytrocytl, ikteru,
steatdze a nekrdze jater, tmavnuti krve a moci, hyperemii sleziny a degeneraci myokardu. Zvite
ztraci apetit, hubne, uléha, trpi kieCemi, bolestmi, klesa jejich produkce, mlad’ata jsou mén¢
zivotaschopna, piirGstky hmotnosti klesaji ¢i mizi a ve fazi toxické dochazi k alopecii, edému

plic a v kone¢ném stadiu k exitu.

2.4 INTERAKCE MIKROPRVKU

| kdyZ je mozné problémy z nedostatku médi spojovat s primarni pfi¢inou v organismu
zvitete, zpravidla je tento stav spojovan s podanim nevhodného krmiva. Casto je tento stav

spojen s vysokymi davkami molybdenu, Zeleza, nebo siry (MINATEL, 2000).
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Vyznam interakce mezi médi a molybdenem byl objeven prostfednictvim tézkych
prujmu skotu, spojenych s nadmérnou davkou molybdenu v travnich porostech v Somersetu ve
Velké Britanii (UNDERWOOD et SUTTLE, 2010).

Soubézna Setieni odhalila dalsi problém, kdy nastala chronicka otrava ovci a dobytka
ve vychodni Austrdlii. Zde byly nalezeny abnormalné nizké koncentrace molybdenuv
bylinach a pfitomnost poruchy zvladatelné doplnénim molybdenu. Zakladem obou problému
byl hluboky vliv molybdenu na metabolismus médi, ktery zavisel na dalsich interakcich s tietim
prvkem, jimz byla sira.  Tyto informace byly zjistény Sérii  experimentls
ovcemi, které pouzivali siran. Tento trojuhelnik interakce mezi médi, molybdenem a sirou, je
zapojen ve v&t§iné onemocnéni spojenych s citlivosti zvéfe na méd (UNDERWOOD et
SUTTLE, 2010).

Podle FURLL (2005) neni diileZita pouze substituce t&chto mikroelementd, nybrz také
interakce s ostatnimi latkami obsazenymi Vv krmivu. Piiklady synergistickych a

antagonistickych procest jsou podrobné uvedeny v tabulce 5.

Tabulka 5.  Synergismy a antagonismy mikromineralnich latek a ostatnich nutrientti v
krmné davce (FURLL, 2005; WATTS, 1990)

PRVEK SYNERGISMUS ANTAGONISMUS
Zn, Cu, Co, Mn, Cd, Ca, N1,
zelezo (Fe) Cu, Ca. Na P.Pb
Lignin_ fytaty
K, Mg, Mn, Cr, P Ca,Fe, Cd, Cu.P. S
zinek (Zn) fytin, glukosinolaty

(blokatory Stitné Zlazy)
Ca, Cd.Fe.Mo_P.5.7n
fytaty
meéd’ (Cu) Fe, Co, Ca, Na, Se Pre_z‘.-jfkavm _(te.lal_:a,r ovee)

jsou velmi citlivi na

predavkovani

Mn K. Fe

kobalt (Co) Prezvikavei jsou velmi
citlivi na karenci
Ca, P, Fe Mg Co
mangan (Mn) K, Zn Mg, Fe vysokd koncentrace proteini
v krmné davee
Ca, Ar.F.Br
jod (J) Zn. Se Glukosinolaty: hotéicné
oleje, thiokyanaty, nitraty
Nitrat, nitrit, nenasycene

Na, K. Cu, Mn_ Fe_ P,

selen (Se) Vit. E. S obsahujici-AK mii?ﬁgi;fﬁgsﬁm
molybden (Mo) Cu, 5, Wo
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Komplexnimi interakcemi nutrienti — mineralnich latek, vitamint a produkti endokrinnich zlaz
se zabyval ve své studit WATTS (1990) a shrnul je nasledovné:

Journal of Orthomolecular Medicine  Vol. 5, No. 1, 1990

Figure 1
Mineral Anatagonists

Figure 2
Vitamin Antagonists

WHATS L.D. (1990) Nutrient Interrelationships Minerals — Vitamins — Endocrins. J Orth Med 5(1): 11-19.
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3 CIiLE DISERTACNI PRACE

Cilem diserta¢ni prace bylo vyhodnotit vliv sloZzeni smésné krmné davky (TMR) krav
holstynského plemene suplementované u pokusné skupiny organickou formou zinku na
parametry uzitkovosti, zdravotni stav a zmény charakteristik mineralnich prvka v krvi krav a

telat.
Dil¢i cile jednotlivych experimenti:

= sledovat vliv suplementace zinku na mlécnou uzitkovost krav

= monitorovat a vyhodnotit vyvoj vybranych krevnich parametrd hematologického,
metabolického a mineralniho profilu krav béhem pokusného obdobi ve vztahu ke
slozeni smésné krmné davky

= vyhodnotit vliv adice organické formy zinku na vybrané ukazatele zdravotniho stavu

telat

Hypotézy:
= Suplementace organicky vazanym zinkem zvySuje kvalitu i kvantitu mléka
= Adice zinku ma pozitivni vliv na hematologické parametry RBC, HBG, HKT, PLT krav a telat
=  Pfidavek zinku v krmné davce zvysi hladinu zinek dependentnich metaloenzymu
=  Organicka forma zinku pozitivné ovlivni hladinu CuZnSOD a celkovych imunoglobulini Ig u
telat
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4 METODIKA

Oba pokusy (I, 1) byly realizovany v prostorach zemédélského podniku VOS
Zeméd¢lcu a.s. Velké Opatovice v Uhficich v souladu se Zakonem na ochranu zvifat proti tyrani
¢. 246/1992 Sb. V obou ptfipadech byly vybrany dvé skupiny zvitat tak, aby realizace projektu
nijak nenarusovala bézny chod provozu v podniku.

Béhem pokusu | byly kravy holstynského plemene shromazdény ve volném
skupinovém ustdjeni po 40 zvitatech. Do téchto kotct kravy ptichazely po porodu po oddéleni
od novorozenych telat. Zvifata dvou vyrovnanych skupin byla z divodu stejnych
metabolickych potieb a prakti¢nosti rezimu krmeni za stejnych mikroklimatickych podminek
chovany ve skupinéach z hlediska uzitkovosti, véku a potadi laktace. Béhem obdobi laktace se
v jedné skupiné nachdzelo 40 dojnic. Ke smésné krmné ddvce (TMR) méla vSechna zvitata
adlibitni ptistup. TMR bya zvifatim mechanicky pfidélovana pomoci krmného vozu dvakrat
denné a minimaln& dvakrat denné& piihrnovana zaméstnanci Zemédélského podniku Uhfice.

Do pokusu I byla pro vyhodnoceni vlivu adice organické formy zinku na uZitkovost
zafazena zvitata v poctu 40 kust ve skupiné pokusné i kontrolni. U suplementované skupiny
organickym zinkem byl sledovan denni nadoj mléka, poCet somatickych bunék v mléce a
kvalitativni ukazatele mlécného sekretu v porovnani se skupinou kontrolni, kterd slouceninou
Zn-Met dotovana nebyla.

Pro analyzu hematologickych parametri ve vztahu ke slozeni TMR byly vytvofeny
dvé skupiny krav po deseti ze skupin zvitat, u kterych se jiz v rdmci téhoz pokusu sledovala
uzitkovost. Venozni krev byla odebirana obéma skupinam 21 dni pted ocekavanym porodem,
v den porodu (pro hematologické vySetieni v tento den i novorozenym telatim matek obou
skupin, pied prvnim napitim kolostra) a poteé s odstupem 30 dnti — 30., 60. a 90. den po porodu
(p.p.). Pro analyzu biochemickych parametrii byla krev odebirana krom uvedenych dat i 120.
den p.p. pro porovnani hodnot po 30 dnech bez suplementace Zn-Met.

Ve véku 8 tydni byla vSechna telata zemédé€lského podniku odstavovana od mlécné
vyZivy a prechazelo se na vyzivu rostlinnou. V tomto obdobi byly vytvofeny nove dvé skupiny
telat pochazejicich od matek, které nebyly v predeslém obdobi suplementovany organickym
zinkem pro pokus . Pokusné skupiné telat byl podavan organicky zinek vézany na

aminokyselinu methionin (Zn-Met) v davce 30 mg na kg suSiny krmné davky ve formé
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ptipravku BIOPLEX Zn® (Alltech, USA) po dobu 90 dni. Byly provedeny dva odbéry krve
z vena jugularis nebo vena caudalis mediana. Prvni odbér byl stanoven na 7. pokusny dena
druhy odbér na 90. den suplementace.

Veskeré méfené parametry (vazeny aritmeticky pramér -X; smérodatna odchylka —SD.
Spearmanuv korela¢ni koeficient — ryxy, na hladiné vyznamnosti P<0.05) byly podrobeny
statistické analyze tak, aby doslo ke spravnému vyhodnoceni vysledk. Pomoci programu
Microsoft Office Excell® a Statistica®, kde minimalni hodnota pro hladinu vyznamnosti byla
stanovena na P<0.05. Pro stanoveni vyznamnosti dvou nezavislych vybéri Jako statisticky
signifikantni, resp. statisticky velmi vyznamny rozdil dvou testovanych soubora byl oznac¢en
ten, kterému odpovidala hodnota P<0.05, resp. P <0.01popf. P<0.001. Jednotlivé sledované
parametry krevnich vzorka a mléka, krve byly vyhodnoceny faktorovymi analyzami podle
statistickych metod tak, jak je dle biometrickych pravidel popisuji autoii SNEDECOR et
COCHRAN (2012), ZVAROVA (2001) a CERMAKOVA et STARECEK (1995).
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4.1 Pokus I — MLECNA UZITKOVOST, HEMATOLOGICKY,
BIOCHEMICKY A MINERALNI PROFIL KRAV

Cilem této studie bylo zhodnotit vliv slozeni TMR suplementované organickym
zinkem ve form¢ Zn-Met na mlé¢nou uzitkovost dojnic holstynského skotu (dojivost, mlécny
protein, tuk a laktozu), pocet somatickych bunék (SCC), hematologické, biochemické

parametry mineralni profil krav v prub&hu prvnich 3 mésicu laktace.

Tato studie byla vypracovana za pomoci granti ¢. VZ MSM 6215648905, NAZV
QK21020304, NAZV QK1910174 a projektu ITA VFU ¢. 14, 2022.

MLECNA UZITKOVOST

Je pravidlem, ze se v chovech vysokoproduk¢nich dojnic jednou mési¢né pomoci
konvovych vzorkll provadi kontrola uzitkovosti a zdravotniho stavu. Hlavnimi kritérii jakosti
jsou pocet somatickych bun¢k (SCC) jakozto indikator zdravotniho stavu dojnice a jeji mlécéné
zlazy, obsah mlécného proteinu a tuku, eventualné hladinu mocoviny jako ukazatel nezadoucich
metabolickych zmén v organismu. (NAVRATILOVA, 2010).

Charakteristika chovu

Tato studie byla provedena na komer¢ni farmé zemédelského podniku VOS Zemédélca

a.s. Velké Opatovice svolnym ustajenim a kapacitou 400 dojnic Holstynského skotuv
Uhficich, okres Velké Opatovice, Ceské republika. Primérmaé uZitkovost za normovanou laktaci
dosahovala od 9247 kg do 10150 kg, primérny pocet somatickych bun¢k (SCC) ¢inil 286/ml a
primérmé procentudlni zastoupeni mléného tuku byl 3,77 % a u mlécnych bilkovin se

dosahoval v priméru 3,30 %.

Zviiata zapojenda do studie

80 dojnic Holstynského skotu (40 zvifat ve skupin€) bylo nahodné rozdéleno do jedné
ze dvou skupin — P — skupina (pokusna — suplementovana ZnMet) a K — skupina (kontrolni)
na experimentalni dobu 21 dni pied porodem (a.p.) do konce tfetiho mésice laktace, tedy 90.

dnepo porodu (p.p).
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Experimentalni dieta

SloZeni smésné krmné davky a jeji zivinové slozeni pro pokus | je uvedenov
tabulkach ¢. 9 a 13 v kapitole 8 PRILOHA, podkapitola 8.1 TABULKY.

Smésna krmnd davka (TMR) sestdvala z luéniho sena, vojtéSko-travni senaze,
hrachové senaze, kukufi¢né sildze, LKS kukufice, krmné slamy, zdkvasu, semene hrachu,
je¢ného Srotu, produkéniho koncentratu pro dojnice, mineralni smési pro dojnice ,,mikrop M 5-
9 a krmného cukru (Tabulka 9 a 13 v ptiloze TABULKY). Koncentrace Zn v TMR byla
spo¢tena na 37 mg Zn / kg susiny (DM). 21 dni pied otelenim zacaly byt kravy pokusné skupiny
dotovéany 30 mg Zn-Met / kg susiny (Bioplex ®, Alltech Inc, USA) po dobu 111 dni, do 90. dne
po porodu. Naopak kravy kontrolni skupiny ptijimaly po celou dobu experimentu TMR bez
ptidavku organického zinku. Denni davka organického zinku Zn-Met pokusné P-skupiny
dosahovala mnoZstvi 334-724 mg Zn/d (100% doporucené denni davky Zn pro dojnice NRC,
2001) dle vySe pfijmu suSiny (11,32 — 24,13 kg susiny TMR/ den. SloZeni premixu, plan
krmného zéasahu pro pokus I, sloZzeni TMR a jeji zivinové slozeni je shrnuto do tabulek 9-14
v ptiloze TABULKY.

Suplementace organickou formou zinku

Slozeni 1,5 % - premixu organického zinku Zn-Met Bioplex ®, pfipraveného firmou
Alltech Inc, USA (POKUS ) je definovano v pfiloze v tab. 11 a 12. Davkovani se fidilo
mnozstvim piijaté susiny v jednotlivych obdobich. Pfed porodem bylo mnozstvi piijaté susiny
TMR vysokobiezich krav ve vysi 11,32 kg, tudiz byl zvifatim podavan premix v davce 340 mg
Zn denné. Davky vsech ¢ty obdobi byly ptepocitany na konkrétni mnozstvi premixu
podavaného do zlabu pro zajisténi nekomplikovaného podavani premixu. V obdobi piipravy na
porod piijala zvitata 15,12 kg sus. TMR/den, davka organického zinku tedy odpovidala 454 mg
Zn/zvite/den. Béhem obdobi rozdojovani dojnice piijimaly 20,11 kg sus. TMR denn¢. Béhem
produk¢niho obdobi byla davka zinku odvozena z mnozstvi ptijaté susiny TMR 24,13 kg, davka
zinku 1.5 % premixu odpovidala 724 mg Zn/zvite/den. Podrobny vypocet davky premixuje
uveden nize v tab. 6m kapitoly METODIKA.
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Tab. 6m Plan suplementace Zn-Met krav béhem prvnich 3 mésicu laktace v davce 30 mg
Zn/kg sus. TMR

Pred porodem - piijem 11,32 kg susiny TMR /zvife/den =340 mg Zn /d

e Premix-----x = 340/ 15000 = 0.02 kg = 22,7 g premixu / krava / den

e 10 krav / skupina = 227 g premixu do Zlabu

e 40 krav / skupina = 800 g premixu do zlabu

Pfiprava na porod - ptijem 15,12 kg susiny TMR /zviie/den = 454 mg Zn /d
e Premix-----x = 454 / 15000 = 0.03 kg = 30,3 g premixu / krava / den

e 10 krav / skupina = 303 g premixu do zlabu

e 40 krav / skupina = 1212 g premixu do zlabu

Rozdojovéni - piijem 20,11 kg susiny TMR /zviie/den =604 mg Zn /d
e Premix-----x = 604 / 15000 = 0.04 kg = 40,3 g premixu / krdva / den

e 10 krav / skupina = 403 g premixu do Zlabu

e 40 krav / skupina = 1612 g premixu do zlabu

Produkce — piijem 24,13 kg susiny TMR /zvite/den =724 mg Zn /d
e Premix-----x = 724 / 15000 = 0.05 kg = 48,3 g premixu / kradva / den

e 10 krav / skupina = 483 g premixu do Zlabu

e 40 krav / skupina = 1932 g premixu do Zlabu

Odbéry vzorki

Vsechny kravy byly dojeny 2x denné, hmotnost mléka byla denné automaticky
zaznamenavana. V ramci kontroly uzitkovosti byly odebirany individualni vzorky miléka
2x/mésic pro test mléEnych komponent (procentické zastoupeni mlécného tuku, proteinu a
laktozy) a pocCet somatickych bunék. Vzorky mléka byly odebirany a analyzovany standardni
metodou v souladu normou CSN ENISO 13366-3/1998 pii zachovani pravidel aseptického
odbéru. Po oddojeni prvnich stiikii byly odebirany individualni ¢tvrtové vzorky do plastovych
odbérek ptedem oznacenych obojkovym ¢islem piisluSnych krav experimentélnich skupin

S ptimési oxida¢niho ¢inidla dichromanu draselného. Pocet somatickych bun¢k byl poté
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stanoven v laboratoii VOS Zemédélct a.s. Velké Opatovice na automatickém piistroji

Fossomatic. Odbéry mléka byly provedeny 30., 60. a 90 den po porodu.

HEMATOLOGICKY, BIOCHEMICKY A MINERALNI PROFIL KRAV

Dil¢im cilem tohoto pokusu bylo sledovat hematologické, biochemicke, parametry a
zmény charakteristik mineralnich prvki v krevnim séru krav jednotlivych skupin v zavislosti
na slozeni smésné krmné davky. Skupiné pokusne byl podavan ke TMR krmné davce, kde jsou
minerélni latky v koncentrovanych krmivech obsazeny ve formé anorganické, premix
organického zinku ve form¢ zinek — methionin. Krmnéa davka skupiny kontrolni byl ponechan
bez dotace Zn-Met.

Z interakénich principti jednotlivych mineralnich latek je znamo, Ze zinek a napf.
zelezo jsou ve vztahu antagonistickém, stejné tak jako zinek a méd’ nebo zinek a vapnik. Nebot’
méd’ ma znaény Vliv na hematopoézu, Zelezo je jakozto strukturalni soucast hemoglobinu
Cervenych krvinek spojovano se vznikem anemie a zinek se vyznamné podili na optimalnim
stavu imunologickych procesii v organismu, je mozné sledovat, jakym zptsobem se sestaveni
krmné davky podili na zdravotnim stavu organismu. Timto experimentem lze vysledovat,
jakym zptisobem se vyviji hematokrit jakozto parametr sledujici vyskyt riznych druhi anemii,
zanétu, dehydratace, vyskytem prijmu atd. Napf. u vysokoprodukénich dojnic byva hodnota
hemoglobinu a hematokritu nizsi, u dehydrataci naopak zvysena. Pro objektivnéjsi posouzeni
konkrétnich ptipadt by bylo nutné vyhodnotit ostatni krevni parametry v kontextus klinickym
vySetfenim kazdého zvifete, coz neni mozné v ramci této studie uskute¢nit. Budou dale
sledovany ostatni parametry krevniho obrazu jako pocet bilych krvinek — leukocyta (LEU,
WBC), pocet cervenych krvinek — erytrocytis (ERY, RBC), mnozstvi hemoglobinu (Hb.
HGB), pocet krevnich desticek — retikulocyti (PLT) a erytrocytarni indexy — stfedni objem
erytrocytu (MCV), stfedni obsah hemoglobinu v erytrocytu (MCH) a stfedni koncentrace
hemoglobinu v erytrocytech (MCHC).
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Vysokoprodukéni dojnice se v obdobi rozdojovani a ve fazi maximalni mlééné produkce
potykaji s negativni energetickou bilanci a trpi casto ketézami, coz je ekonomicky
nejvyznamngjs$i produkéni onemocnéni. 2-6 tydnd po porodu je obdobi pro primérni ketozu
typické, coz je projev poruch metabolismu sacharida. Prebytek ¢i nedostatek bilkovin, karence
stopovych prvka a vitamin®, nedostatek hrubé vlékniny, nevyrovnanost mezi ptijmem a
potiebou energie po porodu, vysoky obsah ketogennich latek v krmné davce, to vse piispiva
k vzniku ket6zy v tomto kritickém postpartalnim obdobi. Zaroven je spotieba glukozy na tvorbu
laktézy vysokd, rezervy jsou malé a dochazi k intenzivnimu odbouravani bilkovin a tukav
jatrech, produkei ketolatek, coz ma za nasledek degeneraci na parenchymatoznich orgéand,
zejména jater (TJAGOS, 1985). Chovy, ve kterych zaklad TMR tvofi kukufiéna silaz, se Gasto
potykaji s nedostate¢nou koncentraci mikroprvkt v krmné davce, coz zpiisobuje karen¢ni stavy
vysokobiezich krav, a to ma negativni vliv na vyvoj plodu (ILLEK, 1987). Slozeni krmné davky,
zejména hladina mineralnich latek a jejich poméry maji u krav vliv na prevenci produkénich
onemocnéni, kterd byvaji u starSich dojnic ¢astéjsi. Piikladem takové dysbalance je syndrom
s nazvem ulehnuti“, které je vyvolano nespravnym pomérem vapniku a fosforu a
nedostate¢nym zasobenim vitaminu D vysokouzZitkové dojnice Zivinami krmné davky zejména
v prvnich dnech az tydnech po porodu. Tyto piiklady makro a mikromineralnich dysbalanci a
produkénich chorob v obdobi okolo porodu krav jsou divodem sledovani a zhodnoceni vlivu

slozeni TMR na metabolicky a mineralni profil krav pokusu I a telat pokusu I1.

Pokusna zvirata
Pro sledovani ukazateli hematologického, mineralniho a metabolického profilu byly
nahodné vybrany dvé skupiny vysokobiezich krav holstynského plemene zeméd¢lského

podniku VOS Zemédélcu a.s. Velké Opatovice v Uhficich. Zinkem suplementovana a kontrolni



skupina pochéazela ze skupin piedchozi ¢asti pokusu, pouze byla zredukovana na pocet 10 kust.

Zvifata byla ustajena spolu s ostatnimi 50 kusy v puvodnich kotcich dle stadia produkce.

Odbéry a analyzy vzorki krve

Krevni vzorky byly odebirdny u matek z ocasni zily vena caudalis mediana, u novorozenych
telat v den porodu z kréni Zily vena jugularis do plastovych odbérek HEMOS-II firmy GAMA
GROUP a.s (@ 1,2 mm; délka jehly 27 mm) s antikoagulantem heparin v mnozstvi dvou kapek
(0,08ml Heparin) odbérky pro hematologické vySetfeni, pro ziskani krevniho séra pro

biochemickou analyzu naopak odbérky bez aditiv. Casovy rozvrh pro odbéry vzorki pro

jednotliva vysetfeni jsou schematicky znazornény nize:

Schéma odbéri krevnich vzorki:
Hematologicka vysetieni:
l. Tésné po porodu — kravy + l.a novorozena telata pied napitim kolostra
Il. 30 dni po porodu (p.p.)
I1l. 60 dni p.p.
IV. 90dnip.p.

Biochemicky + mineralni profil
l. 21 dni a.p.
Il.  Tésné po porodu — kravy
I11. 30 dni po porodu (p.p.)
IV. 60dnip.p.
V. 90dnip.p
VI. 120 dni p.p., = 1 mésic po skonéeni dotace Zn-Met

Odbér krve 1 promichani s antikoagulantem je potieba provést opatrné otaenim, aby
nebyly erytrocyty mechanicky znehodnoceny, nebot’ jsou hemolytickd séra pro vétSinu

vySetieni nepouzitelna. Zatimco napt. na koncentraci médi hemolyza vliv nema,zvysuje naopak

vyznamn¢ plasmatickou koncentraci zinku (ILLEK, 1987).

Okamzité po odbéru byly vzorky prevazeny do laboratofe Ustavu vyzivy zvifat a
picninaistvi Mendelovy univerzity v Brng€, aby méfené hodnoty nebyly zkresleny ¢asovou
prodlevou maximalné stanovenou na dvé hodiny po odbéru. Prvni odbér krve byl u krav
proveden té€sné po porodu, ten den jsme odebrali vzorek krve i u novorozenych telat pied prvnim
napitim kolostra. Vzorky byly odebirany vzdy ve stejnou denni dobu, maximalné 3 hodiny po
zavazce krmiva, pokud mozno bez vystaveni zvitat stresovych faktort, aby biochemické (napf.
glukoza) a hematologické ukazatele nebyly zkresleny. Krevnich vzorka byly provedeny v
souladu s platnymi zakonnymi piedpisy pro pokusy na zvifatech (zakon ¢. 91/1996 Sb. a ¢.
544/2002 Sb.)
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V laboratoti Ustavu morfologie, fyziologie a genetiky Mendelovy univerzity v Brné
byly v krevnich vzorcich plné krve, oznafenych obojkovym c¢islem krav a telat, na
automatickém hematologickém analyzétoru Element HT5 (Scil animal care company GmbH,
Viernheim, Némecko) stanoveny tyto hematologické parametry: pocet erytrocyti (RBC),
leukocyti (WBC), koncentrace hemoglobinu (HGB), hodnota hematokritu (HKT), pocet
krevnich desti¢ek (PLT) a erytrocytarni indexy (MCV, MCH, MCHC). Poté byly vzorky krve
na centrifuze odstfedény pii rychlosti ota¢ek 3000/min 10 minut. Vzorky krevniho séra a plazmy
byly odpipetovany, oznaceny piislusnymi obojkovymi ¢isly a zamraZeny v mrazicim boxu pii
teploté¢ minus 20 °C, aby bylo po Case shromazdén minimalni pocet vzorkli nutny pro
biochemické sety automatického biochemického analyzatoru HITACHI 917 laboratofe
VETLABFARM s.r.0., Brno. Pfistroj pracuje na principu dvoustupiiové spektrofotometrické
analyzy. Jednotlivé vzorky byly pro ¢tecku analyzatoru oznaceny ¢arovymi kddy, ke kterym
byla pfitazena ptivodni obojkova ¢isla. Prislusné vzorky se umistujido pétimistnych stojant
zasobnikt analyzatoru. Plastové métici kyvety jsou umistény do kruhuve vodni 1azni s teplotou
37 °C. Automatizované stanice odsaji z jednotlivych kyvet reakéni smés, oddélené odpipetuji
potiebné mnozstvi vzorku a reagencie do reak¢nich nadobek a promichaji michadlem pro
néslednou fotometrii. Kyvety jsou po promyti opét pouzivany. Bylytestovany tyto zvolené
parametry: celkova bilkovina (CB), albumin, mocovina (UREA),glukéza (GLU), bilirubin
(BIL), alkalicka fosfataza (ALP), aspartataminotransferaza (AST), gamaglutamyltransferaza
(GMT neboli GGT). Makroprvnky sodik (Na), draslik (K), vapnik (Ca), fosfor (P), hot¢ik (Mg)
a mikroprvky zinek (Zn), méd’ (Cu), mangan (Mn) a selen (Se) byly stanovovany metodou
atomové absorpéni spektrofotometrie (AAS), béhem které dochazik absorpci svétla katodoveé

lampy, pro dany prvek charakteristické vinové délky.
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Pokus I1. - vliv slozeni kKrmné davky na biochemické parametry, koncentraci
celkovych imunoglobulini, médi a zinku v krvi TELAT

Tato studie byla vypracovana za pomoci grantu NAZV GJ1210144.

Druhd experimentélni cast disertatni prace byla zaméfena na sledovani vlivu
suplementace krmné davky telat organickou formou zinku (ZnMet) po odstavu na rostlinné
vyzivé ve véku 8 tydnd na parametry metabolického profilu, koncentraci vybranych
mineralnich latek (méd’ a zinek) a koncentraci celkovych imunoglobulint v krvi telat.

Nahodné¢ vybranych 20 telat ve véku dvou mésicu byla rozdélena do dvou skupin (n =
10), které byly oddélené ustajeny ve vlastnich kotcich. V predeslém obdobi mlééné vyzivy
pfijimala telata 2x denné 4 litry mlééné krmné smési Aprosan (Laktosan) s obsahem
anorganicke formy zinku (ZnSO4) v mnozstvi 40mg Zn/kg. Déle méla k dispozici startér (22
% NL) obohaceny o mineralni latky a vitaminy (30 mg Zn/kg sus.), lu¢ni seno ad libitum a

vodu. Telata nevykazovala klinické ptiznaky karence zinku.

Po pfechodu telat na rostlinnou vyzivu byl stanoven zacatek experimentu. Telatim
byla podavana krmné davka ve slozeni — luéni seno ad libitum, startér (19,5 % NL, 30 mg Zn/kg
sus.) a voda. Jednotlivym zvifatim pokusné skupiny byl denn¢ ke krmné davce piidavan premix
zinku v organické formé vazan na aminokyselinu methionin (BIOPLEX Zn firmy Alltech,
USA) v davce 30 mg/kg suSiny po dobu 90 dni. Telata byla na krmnou davku 21 dnt

adaptovana. Skupiné kontrolni premix zinku podavan nebyl.

Béhem tii mési¢niho experimentalniho obdobi byly provedeny dva odbéry krve z vena
jugularis. Vzorky krve byly odebrany 7. a 90. den vSem 20 zvitatim obou skupin, krev byla
v laboratoii Ustavu vyzivy zvifat a picninatstvi Mendelovy univerzity v Bré&. Byly zpracovany
stejné jako v pokusu I. Krevni séra jednotlivych zvifat byla o¢islovana dle usnich zndmek telat
a prevezena do laboratore VETLABFARM, s.r.o., Brno, kde byly pomoci automatického
biochemického analyzatoru HITACHI 917 stanoveny nasledujici vybrané parametry: obsah
celkové bilkoviny, albuminu, mocoviny, aktivita enzymtt ALP a SOD, koncentrace vitaminu A
a E, médi a zinku. V krevnim séru byl dale stanoven obsah celkovych imunoglobulinti pomoci
zinek-sulfatové turbidimetrie za pouziti spektrofotometru s vlnovou délkou 340 nm.

Mikroprvky byly stanoveny metodou atomové absorpéni spektrofotometric AAS, metabolické
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parametry pomoci biochemickych setti zminéného analyzatoru.

Za minimalni koncentraci zinku v krevni plazmé telat tésné po odstavu byla povazovano
12 umol/l. Nizsi hladiny byly hodnoceny jako karenéni stav, vyssi hodnoty nez 18 umol/l jako
zvysena dotace. Ostarni méfené parametry byly posuzovany podle referencnich hodnot, které

jsou uvedeny v ptiloze v tabulce ¢.8.

Statistické vyhodnoceni vysledki

Veskera ziskana data méfenych parametrit (krevnich vzorkl, mléka, krve a vykali) byla
podrobena statistické analyze pomoci programi Microsoft-Office-365 Excel® (Microsoft
Corp., Redmond, USA) a Statistica®. Minimalni hodnota pro hladinu vyznamnosti byla
stanovena na P <0.05. Jako statisticky signifikantni, resp. statisticky velmi vyznamny rozdil
dvou soubort byl oznacen ten, kterému odpovidala hodnota minimalni hladiny vyznamnosti P
<0.05, resp. P <0.01 popt. P <0.001. Minimalni hodnota korela¢ni zavislosti byla stanovena na
hodnoty -0,2 / +0,2. Statistické vypocty pro védeckou problematiku agronomickych obort se
fidily biometrickymi metodami autori SNEDECOR a COCHRAN (2012) a ZVAROVA
(2001).
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5 VYSLEDKY A DISKUSE

Prvni ¢ast vysledkt — pokus | — je uvedena v tabulkach ¢. 16-52 A a grafech ¢. 1-25.

Tento komplex je pro ptehlednost rozdélen do 4 Casti —uziTkovosT (tab. 16-18, grafy 1-3),
HEMATOLOGIE (tab. 19-23, grafy 4-8), BlocHEMIE (tab. 24-37 A, grafy 9-16 A) a MINERALNI
LATKY (tab. 38-52 A, grafy 17-25).

Vystupy druhé experimentalni ¢asti — pokus Il — jsou schematicky shrnuty do tabulky ¢.53 a
grafu ¢. 26-35.

42 Pokusl. - MLECNA UZITKOVOST, HEMATOLOGICKY,
BIOCHEMICKY A MINERALNI PROFIL KRAV

UZITKOVOST

Bé&hem vsech tftech mésicti experimentu mély dojnice, dotované Zn-Met (P-skupina),vyssi primérnou
denni dojivost nez skupina kontrolni (K) (Tab. 16, Graf 1). Béhem prvniho mésice po oteleni neméla
dotace organického Zn v doporuc¢ené denni davce (100 % NRC) signifikantni vliv na denni produkci
mléka krav pokusné P-skupiny (P>0,05). Primérmna mlé¢na uzitkovost P-skupiny dosahovala
43,02+3,62 kg, u K-skupiny 42,03+3.98 kg. Po 60dnech laktace ¢inila dojivost P-skupiny 44,70 + 4.24
kg a 42,08 + 4,60 u krav K-skupiny.Rozdil byl statisticky vyznamny (P <0,05). Také ve tfetim mésici
laktace byla dojivost u P — skupiny vyssi (43.22 + 4.47 kg vs 39,98 + 4.80 kg). Rozdil byl statisticky
vysoce vyznamny (P <0.01). Podobné studie provedli i jini autofi, kdy bud’ nedochazi ke zvyseni
mlé¢né uzitkovosti (UCHIDA et al., 2001) nebo je pozorovano zvyseni mlééné uzitkovosti na vrcholu
laktace. Autofi neuvadéji zadny pozitivni vliv na sloZzeni mléka a mléénou uzitkovost podle urovné
nebo zdroje mineralni suplementace, avSak u krav dotovanych organickym Zn byl zaznamenan
vyznamny narust imunoglobulini IgG v kolostru. Ve studii (UCHIDA et al., 2001) nebylo pozorovano
zadné zvyseni lakta¢ni vykonnosti. KINCAID a SOCHA (2004) pozorovali vyssi laktacni vykon ve
vrcholné laktaci, ale ne na zac¢atku laktace. Obdobné testoval i COPE et al. (2009) vliv suplementace
organické a anorganické formy zinku na kvalitu mléka, SCC, tvrdost rohoviny paznehtti, metabolické
a hematologicke parametry a dojivost krav v postpartalnim obdobi po dobu 14 tydnd. Skupina
suplementovana organickou formou zinku v doporu¢ovaném mnozstvi (NRC, 2001) 63,9 mg/kg sus.
TMR dosahovala nejvyssi dojivosti (o 2,4 kg/d vyssi) po 8 tydnech, nicméné bez signifikantniho
rozdilu oproti ostatnim dvéma skupinam (skupina RO — doporu¢ené mnozstvi anorganického zinku a
LI —nizko davkovana anorganicka forma zinku). KELLOG et al. (2004) a SPEARS (1996) stejn¢ jako

v nasem pripad¢ dokladaji pozitivni efekt suplementace zinku v organické formé jako zinek methionin
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a zinek lysin na dojivost krav. SINGH et al. (2019) zaznamenali pfinos suplementace siranem
zine¢natym (ZnSO4) a biotinem na zdravi paznehtli, dojivost a suSinu mléka ve srovnani klinicky
chromych a nekulhavych zdravych krav. Nartst mlécné bilkoviny a pokles SCC v jejich studii mohly

souviset se zlepsenim zdravi kopyt.

Pocet somatickych bunék (SCC) byl u kontrolni K-skupiny vyssi ve vSech tfech mésicich
experimentalniho obdobi nez u dojnic dotovanych Zn-Met pokusné P-skupiny (Tab.17, Graf 2.).
Rozdil nebyl v prvnim mésici laktace statisticky vyznamny (P >0,5). Ale ve druhém mésici byl SCC
po 90 dnech laktace, je pocet somatickych bunék u P-skupinyopét nizsi nez u kontrolni skupiny a rozdil
byl statisticky vysoce vyznamny (P <0,001). SCC ma u suplementované skupiny (P-skupina) béhem
tiimé&si¢niho experimentalniho obdobi tendenci klesat, kontrolni skupina méla opaény trend. Podobny
vysledek byl popsan ve studii jiného autora (NOCEK et al., 2006), kdy SCC krav dotovanych
komplexn¢ vazanym zinkem (v davce 100 % NRC) byl 0 46,5% niz$i nez SCC skupiny, ktera ptijimala
zinek (100 % NRC) anorganicky vazany a zarovei 0 47,7% niz$i nez U zvifat skupiny piijimajici
organicky vazanyzinek, ale v nizsi davce (75 % NRC). GAAFAR (2010) provadél velmi podobna
Setfeni vlivu dotace Zn-Met 240 dojnic prvni az osmé laktace v riznych stadiich laktace na SCC,
dojivost akomponenty mléka. Dale sledoval rozdily mezi tfemi skupinami krav, kdy mlé¢na zlaza
prvniskupiny 12 krav byla zdrava a bez dotace zinku, druha skupina 15 dojnic trpéla subklinickou
mastitidou, pfijimala denné Smg Zn-Met/den a tieti skupina o 15 zvitatech klinickym zanétem vemene
s dotaci 10 mg Zn-Met/den. Autorova studie doklada signifikantni pokles (P <0.05) SCC stejné jako
v nasem pokusu u skupin dotovanych organickym zinkem a dale sniZzené¢ naklady na lécbu
subklinickych a klinickych mastitid (Gentamycin 100mg). Ale i jiné faktory maji na pocet SCC vliv.
U multiparnich krav pocet SCC linearné stoupa se zvysujicim se poctem narozenych telat. GAAFAR
(2010) studuje i ostatni faktory, které maji vliv nadynamiku SCC b&hem ro¢nich obdobi. Nejvyssi
pocet SCC pozoruje v zimnim obdobi (praiméré 447,19 SCC/ml). Na jaie SCC opét klesd (279,51
SCC/ml), v horkych dnechv letnim obdobi se po¢et SCC naopak zvySuje (341,22 SCC/ml) ve
srovnani s poklesem teplotna podzim, kdy se pocet somatickych bunék dostava na ro¢ni minimum
(187,03 SCC/ml). Dalsim faktorem ovliviiujicim poéet SCC béhem jedné laktace je jeji faze. Stejné jako
CERON — MUNOZ et al. (2002) popisuje pokles SCC smérem k laktaénimu peaku okolo druhého
mesicelaktace, GAAFAR (2010) pozoroval minimum poc¢tu SCC mezi 40. a 80. dnem laktace.
V pripadé naseho experimentu nebyl pozorovan pokles po porodu a nasledny vzestup poctu SCC,
nybrz pozvolny nicméné staly pokles SCC u pokusné skupiny béhem 90 experimentalnich dni.
Kontrolni skupina zaznamenala staly vzestup SCC. KELLOGG (1990) doklada pozitivni vliv
organické formy dotace zinku srovnanim suplementace Zn-Met jedné skupiné a dotaci oxidu

zineCnatého (ZnO) s piidavkem methioninu ve dvou ruznych davkdch (Zn 180mg + Met
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360mg/hlavu/den) skupiné druhé a tieti (dvojnasobna davka Zn 360mg + Met 720mg/hlavu/den).
Dojnice byly schopny snizit poc¢et SCC 0 22 % a zvysit dojivost 0 4,4 % jaks dotaci organickym zinkem
v niz$i dvce Zn-Met (4,5g/den), tak ve dvojndsobné davce Zn-Met (9g Zn/den) — dojivost vyssi 0 6%
a SCC nizsi 0 50% - ve srovnani s plemenicemi suplementovanymi ZnO, které takovych vysledki
nedosahly. KELLOGG et al. (2004) popisujeve své studii snizeny pocet somatickych bunék u krav
dotovanych organickou formou zinku, Ustici do lepsiho zdravi mlé¢né Zlazy a vyssi dojivosti. Podle
MOORE et al. (1988) a COPE et al. (2009), (30-50% NRC 2001), ptidavek organické formy Zn

neovlivnil slozeni mléka a SCC, zatimco dojivost se ve studii (COPE et al. 2009) zvysila.

Bylo dosazeno zvySeni dojivosti u autort KELLOGG (2004), KINAL et al. (2005a),
NOCEK (2006) a CHEN et al. (2020) UCHIDA et al. (2001), KINAL et al. (2007) mnozstvi tuku
zustalo nedotéeno. Podobné jako v nasi studii BALLANTINE et al. (2002) porovnavali organické a
anorganické zdroje Zn, Mn, Cu a Co 21 dni pfed otelenim az 250 dni p.p., aby urc€ili t¢inek téchto
stopovych prvkl na reprodukci a laktacni uzitkovost dojné¢ho skotu a také na vyskyt a zavaznost
poruch drapi. OSORIO et al. (2016) popisuje disledek oSetieni krav krmenych piidavkem organické
formy stopovych prvka (Zn, Cu, Mn, Co), kdy doslo ke zvyseni dojivosti, zlepseni vech parametra
reprodukéni uzitkovosti a snizeni incidence lézi paznehtd, coz by se dalo vysvétlit ptiznivymi
antioxida¢nimi u¢inky kombinace stopovych prvku na jaterni a imunitni funkce, v dusledku ¢ehoz
dochazi ke zlepseni piijmu susiny po porodu. Také KELLOGG et al. (2003) referuje o pozitivnim

vlivu organické formy stopovych prvkt na reprodukéni vykonnost, zvyseni dojivosti a snizeni SCC.

Kvalita mléka se zda taktéz byt ovlivnéna suplementaci organicky vazaného zinku (Tabulka
18, Graf 3). Béhem prvnich 30 dni p.p. se neobjevuje statisticky vyznamny rozdil v mnozstvi mléénych
komponent (P> 0,05). Naopak ve druhém a tfetim mésici laktace (60. a 90. den p.p.) je zde statisticky
vyznamny rozdil v procentudlnim zastoupeni mlé¢ného tuku u P-skupiny. 60 dnd p.p. dosahuje
suplementovana skupina signifikantné vyssich hodnot u mlééného tuku (P <0,01) a mlé¢ného proteinu
(P <0,05), 90 dni p.p. pozorujeme obdobny vysledek, P-skupina dosahuje u koncentrace mlé¢né
bilkoviny i tuku procentualné vyssich hodnot. Rozdil mezi experimentalnimi skupinami obou
parametra byl statisticky prokazatelny (P <0,01). Pozitivni efekt komplexné vizaného zinku v davce
100 % NRC mnozstvi na bilkoviny a tuky v mléce popisuji i dalsi autoii (KELLOGG et al., 2004;
NOCEK et al., 2006). Oproti tomu vyzkum dal$ich autor pozitivni efekt vyse dotace ¢i chemického
slozeni mineralni suplementace na slozeni mléka svymi studiemi nepotvrzuji (BALLANTINE et al.,
2002; KELLOGG et al., 2003; UCHIDA et al., 2001). KINCAID a SOCHA (2004) informuje o vlivu
dotace komplexu zinku na zvySeni mnozstvi bilkovin v mléce. GAAFAR (2010) pozoruje zvySujici
se dojivost za sou¢asného snizovani SCC u dojnic dotovanych Zn-Met (P <0,05). KELLOGG (1990)
studuje efekt organicky a anorganicky vdzaného zinku v krmné davce v jednoduché a dvojndsobné

davce na kvalitu mléka, obsah laktézy a mlé¢ného proteinu zistal po celé experimentalni obdobi

54



nezménéno u vSech skupin, naproti tomu doklada pozitivni vliv Zn-Met na kvalitu paznehti oproti
Zn0.

KINAL (2007) hodnotil vliv organicke a anorganické formy zinku, médi a manganu na
kvalitu mléka a kolostra a mineralniho profilu 90 krav s mlécnou uzitkovosti 9500 kg v predeslém
lakta¢nim obdobi. Pozorovani rozd¢lil do tii skupin, cely experiment obsahl obdobiod 6 tydnu pied
porodem po konec tietiho mésice laktace. Odbéry mléka a krve byly provadényl., 2. a 3. mésic po
porodu. Skupin¢ I skupin€ podaval mineralni koncentrat s obsahem ZnS0O43007 mg/kg smési, skupiné
IT kombinaci organické a anogranické slouceniny ZnSO4 (1500 mg/kg smési) a chelatovaného Zn
(1507 mg/kg smési) a I11. Skupiné pouze organicky Zn (3000mg/kg smési). Suplementace médi byla
aplikovana obdobné v podobé sulfatu a chelatu (1: 600mg Cu/kg smési; I1: 300 mg CuSO4/kg smési
+ 300 mg Cu-chelat/kg smési; 111 600 mg Cu-chelat/kg smési), mangan vézany na sulfat a organicky
chelat (I: 2002 mg Mn/kg smési; II: 1000 mg MnSO4/kg smési + 1000 mg Mn-chelat’kg smési; 111
2000 mg Mn-chelat/kg smési). U skupiny Il a 11, kde byl v mineralnim dopliiku ptitomen chelatovany
zinek bud’ v kombinaci (I1) s anorganickymi formami minerald nebo vyluéné bioplex Zn, Cu a
Mn (111), doslok signifikantnimu (P < 0,01) zvyseni koncentrace proteinu a tuku v kolostru. V nasem
experimentalnim obdobi dochazi k prokazatelnému zvyseni obsahu mlééného tuku az ve 2. a 3.
mésici laktace. KINAL (2007) pozoruje v prvnim mésici po porodu sniZzeni obsahu laktozy u skupin
dotovanych organickou formou zinku (P <0,01). V naSem ptipad¢ se procentické zastoupeni laktozy

béhem celého experimentalniho obdobi drzelo na stejné Urovni u obou skupin bez rozdilu.

HEMATOLOGIE - Kkravy a jejich telata

Dil¢im cilem tohoto pokusu bylo stanovit vliv slozeni smésné krmné davky suplementované
organickou formou zinku Zn — Met na hematologické, biochemické parametry a makro a
mikromineralni profil krve krav béhem obdobi od 21 dni ptfed porodem do 90 dnt po porodu.
Hematologické parametry byly v den porodu vyhodnoceny i u novorozenych telat.

Shrnuti vysledkt hematologickych vysetteni je zpracovano do tabulek a grafi uvedenych v
kapitole 8 PRILOHY, podkapitoly TABULKY a GRAFY. Jednotlivé hematologické ukazatele a jejich
hodnoty, naméfené u skupiny pokusné a kontrolni, rozdélenédle dat odbéru, jsou zapsany v tabulkach
pod ¢islem 19-23a. Tabulky a grafy se vénuji obsahu leukocyti (WBC), erytrocytti (RBC) a hodnotam
hemoglobinu (HGB), hematokritu (HCT), trombocyti (PLT) a erytrocytarnich indexi (MCV, MCH,
MCHC).

Pro objektivni vyhodnoceni jednotlivych vyslednych hematologickych hodnot byly pouzity
referenéni hodnoty uvedené v tabulkach 6-7. Referenéni hodnoty jednotlivych autora se 1isi. Tabulka
6 srovnava autory JAGOS (1985), KRAFT et DURR (2005) a tabulka 7 dle SLANINY et al. (1992)

naopak srovnava zakladni hematologicke hodnoty dojnic a telat.
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Kolektivu SREJBEROVE (2008) se podaiilo prokézat, Ze nizké koncentrace obou stopovych

prvkii mohou mit negativni vliv na krvetvorbu zvirat a tim i na jejich zdravi a produkci. V souladu
s jejich vysledky uvadéji, ze mezi hemoglobinem, hematokritem, Cu a Zn u masného a mlé¢ného skotu
Ize nalézt ptimé linearni zavislosti. Sledovanim interakce obsahu stopovych prvki v krmné davcee a
hematologickych parametrii se zabyva jiz ve své studii BIRES et al. (1990), ktery potvrzuje vliv
mikroelementt na aktivitu bilych krvinek, koncentraci celkovych imunoglobulinti a albuminu v krevni
plazmé ovei. MARTIN et WHITE (1992) potvrzuji neptimy vliv zinku na membranu erytrocytti, nebot’
majoritni obsah Zn v télnich tekutinach se nachazi v ¢ervenych krvinkach, a mé tedy vlivna hodnotu
hematokritu a hemoglobinu krve ovci.
Procentickd hodnota HCT je podil krevnich bunék v plné krvi. Ke zvyseni dochazi béhem télesné
zatéze, pti dehydratacich, methemoglobinémii a metabolicke acidoze a ve vysokych nadmotskych
vyskach (SOCH, 2010), pii anémii vyvolané karenci Co, Cu a Fe (HOFIREK et al., 2004) se hodnota
hematokritu snizuje. K vyraznému poklesu hodnoty hematokritu i hemoglobinu dochéazi také u dojnic
b&hem dojeni, pfi hydrémii, hemoglobinurii a deficitu bilkovin v TMR (JELINEK et al., 2003;
HOFIREK et al., 2004; DIRKSEN et al., 2006).

Vyznamnou statistickou linearni zavislost mezi mikroprvky zinkem a médi a hematologickymi
parametry doklada SREJBROVA (2006) pievazné v piipadech, kdy se jeden z prvka v organismu
nachazi v nadmérném nebo deficitnim mnozstvi v dusledku nedostate¢ného kryti potieb mineralniho
prvku nebo podavanim nevhodné mineralni smési. BIRES et al. (2002), a SOCH et al. (2002) a
SREJBROVA (2008) potvrzuji vysoce kladnou korelaci pozitivni vztah zinku a médi s hodnotou

hemoglobinu a hematokritu v krvi skotu a ovci.

Hematologické parametry novorozenych telat (Tab. 19, 23 A; Graf 4) vykazovaly rozdilné
hodnoty mezi skupinou pokusnou a kontrolni. Pocet bilych krvinek skupiny (WBC) obou skupin se
nachazel v rozmezi fyziologickych hodnot. Avsak u kontrolni skupiny pozorujeme podlimitni hladiny
erytrocytt, hemoglobinu, hematokritu, trombocytd a erytrocytarnich indexi MCV z MCHC.
Vlastnosti anemie pokusna skupina telat t€sné po porodu nevykazuje. Rozdil u ¢ervenych krvinek (P
<0.01), hematokritu (P <0.01), a MCV (P <0.05) je statisticky signifikantni (Tab. 19, graf 4). Tento
vysledek zobrazuje vliv suplementace vysokobiezich matek na hematologické parametry telat pred
napitim kolostra. Anemie u novorozenych telat zpisobuje nedostate¢ny saci reflex, instabilitu
krevniho ob&hu, slabost, nechutenstvi, zpomaleni rastu, nichylnost k infekcim (DIRKSEN et al.,
2006), coz ma v tomto véku casto fatdlni nésledky a pro chovatele zna¢nou finan¢ni zatéz. P¥ima
linearni zavislost mezi zinkem, médi a hematologickymi ukazateli, vyjadiena kladnou hodnotou
korelaéniho koeficientu, kterou popisuji raizni autoti (SREJBEROVA, 2006; SREJBEROVA ET AL.,
2008; KLECKOWSKI et al., 1995; BIRES et al., 2000), miaze byt divodem pro prikazné vyssi
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hodnoty hematologickych ukazatela skupiny telat dotovanych matek 3 tydny pied porodem, které
v dobé porodu nevykazovaly hypokupremii ani hypozinkemii (Tab. 43., 44., 52a). Ug&inky
suplementace medi na vyskyt hypochromni anémie byly hodnoceny u dojnic 30 dni pied porodem ve
studii BIRES et al. (2000), kdy 30 a 10 dni a.p. byla zvitatim injekéné aplikovan piipravek Copperdep
inj. v davce 1 mg Cu/kg télesné hmotnosti. Hladina médi v séru se zvysila 4. den po podani médi az
do 15. dne p.p. s vyznamnymi rozdily mezi experimentélni a kontrolni skupinou. Podavani médi
bfezim kravam s hypokupremii, sideropenii a hypochromni anémii vedlo ke zlepSeni sérovych hladin
Cu, stejné jako Fe, a poctu erytrocytii, koncentrace hemoglobinu a hematokritu. Postupna obnova srsti

a slizni¢nich membran u postizenych krav byla pozorovana od 20. dne po osetieni.

Hematologické parametry krav v den porodu (Tab. 20, 23 A; Graf 5), konkrétné hodnoty
leukocytd, erytrocyti, hemoglobinu, stfedni korpuskularni objem erytrocyti kontrolni skupiny se
nachazeji v referenénim rozmezi. Hodnota hematokritu a krevnich desticek K-skupiny je podlimitni;
hodnota HKT skupiny pokusné je v den porodu v normé (25,52 + 1,33 % vs. 30,74 + 1,59 %). Rozdil
je statisticky vysoce prukazny —HKT (P <0.001); PLT (P <0.01). Zaroven vykazuje pokusna skupina
u hodnot — RBC, HGB, HKT, PLT signifikantné vy$si hladiny nez skupina K, a to v nasledujicich 90
dnech, tj. po cely zbytek experimentalniho obdobi. U kontrolni skupinyje hodnota primérného
mnozstvi hemoglobinu v erytrocytech (MCH) a stfedni koncentrace hemoglobinu v erytrocytech
(MCHC) ve srovnani s pokusnou skupinou vyssi. Tyto rozdily nejsou statisticky vyznamné. V
kontextu s nizkou hodnotou hematokritu a hodnotami erytrocyti a hemoglobinu, nachazejicimi se u
spodni hranice referen¢niho intervalu v dobé okolo porodu je zjevné, ze i v tento den vykazuje
suplementace Zn-Met pozitivni vysledek. Studie KALAEVA et al. (2021) se pokusila predikovat
nachylnost novorozenych telat k bronchopneumonii na zakladé hematologickych ukazatelt
vysokobtezich matek. Zjistili, ze zmény mineralniho slozeni krevniho séra u biezich krav zpusobily
poruchy krvetvorby u plodil a novorozenych telat. Telata s vyraznym nedostatkem médi, prebytkem
zeleza v krevnim séru a predispozici k rozvoji mikrocytarni hypochromni anémie, kterd vznikla u krav
s ptiznaky hypokuprémie, hypokobaltémie (nedostatku Cu a Co) a se znamkami makrocyt6zy, by méla
byt zafazena do rizikové skupiny pro bronchopneumonii. Nerovnovaha mezi hladinami steroidnich
hormont v systému ,,matka-novorozené tele” a fetoplacentarni insuficienci muze zplsobit pokles
funkce imunitniho systému a bariérové funkce sliznic v dychacim traktu. Bylo navrZzeno koncepcni
schéma vztahu mezi krevnimi parametry matky a novorozeného telete a jeho role v rozvoji

predispozice k bronchopneumonii u telat v novorozeneckém obdobi.

Statisticky prikazné rozdily mezi pokusnou a kontrolni skupinou hematologickych
parametrti krav 30 dni po porodu (Tab. 21, 23 A; Graf 6), byly u hodnot RBC (P<0,05), HGB
(P<0,01), HCT (P<0,01) a PLT (P <0,05). V tento den odbéru byly vSechny jmenovane hodnoty
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pokusné skupiny vyssi nez u K-skupiny a odpovidaly fyziologickému rozmezi. Naproti tomu
kontrolni skupina dosahla u hemoglobinu, hematokritu a MCV pf#ilis nizkych hodnot. Rozdily hodnot
erytrocytéarnich indexd mezi skupinami jsou statisticky vyznamné, potiebné k rozliseni riznych typu
anemii. S dotaci Zn souvisejici rozdil ptipada na hodnoty hematokritu (P <0,01). U kontrolni skupiny
se HCT dostal pod hranici referen¢niho minima (K: 26,17+1,8 %), naproti tomu HCT pokusné skupiny
byl vy$si a v normé. Stejného vysledku dosahl rozdil v hodnotach PLT a MCV (P <0,05). Tyto hodnoty
se nasledujici dva mésice dale prohlubuji a vyusti 90. experimentalni den v anemii kontrolni skupiny.

Pocet bilych krvinek se u kontrolni skupiny nachazi blizko hranice referen¢niho maxima (P <0,05).

Sedesaty den po porodu se leukocyty K-skupiny klesa a vraci k normalu, pokusné zvifata
setrvala na velmi podobné hodnoté minulého mésice, ve srovnani s kontrolni skupinou vyssi (P <0,01),
ob¢ skupiny dojnic se nachazeji ve fyziologickém intervalu (Tab. 22, 23 A; Graf 7). Tento vysledek
potvrzuje KINAL et al. (2011). DOKE (2013) studoval vliv suplementace vitaminu E, zinku a médi na
imunologické parametry krav vysokobiezich indickych krav Sahiwal po dobu 30 dni pied porodem do
45. dne po porodu.Sledoval fagocytarni aktivitu a lymfocytarni proliferaéni odpovéd’ in vitro u skupin
dotovanychjednotlivymi nutrienty zv1ast,, dale kumulativni efekt Cu, Zn a vitainu E skupiny étvrté ve
srovnani se skupinou kontrolni, ktera suplementovana nebyla. Fagocytarni index bilych krvinekskupiny
suplementovanych zvifat vykazovaly signifikantné vyssich (P <0.01) hodnot nez skupina kontrolni.
Maximalnich hodnot doséhla skupina dotovanad zinkem v obou periodach, pited i po porodu.
SREJBROVA (2006) zaznamenala mezi zinkem a poétem leukocyti statisticky vyznamnou zavislost
(r = 0,238) u skotu bez trzni produkce mléka. Rozdil v hodnotach hematokritu (P <0,01) a poctu
¢ervenych krvinek (P <0,001) dosahuije statisticky vysoke signifikance a sou¢asné jsou HGB (P <0,05)
aPLT (P <0,05) u P-skupiny prukazné vyssi. Statisticky prikazny meziskupinovy rozdil v nasem
experimentu vykazovaly dva mésice po porodu i hodnoty MCH (P <0,001) a MCHC (P <0,001).
Suplementovana skupina dosahovala priukazné vyssich hodnot u RBC. HGB, HCT, PLT a WBC.

Vyhodnocenim odbéra vzorki krve krav devadesat dnti (Tab. 23, 23 A; Graf 8), po porodu
byly zjistény nasledujici meziskupinové rozdily. Hematokrit se u obou skupin nachazel mimo
referen¢ni mez(K: 21.22+2.41 %; P: 22.32+1.97 %), u Zn-Met dotované skupiny byl piesto prikazné
vyssi (P<0,01). Hemoglobin se nachazel v normé u P-skupiny,skupina kontrolni se ocitala pod limitem
(K: 8.86+1.37; P: 9.09+0,66 g/dl). Hodnota erytrocyti se tak stejné jako hematokrit nachazela u obou
skupin pod referenénim minimem (K: 4.37+0.35; K: 4.41+0.52 mio/mm?). Hodnota trombocytii byla
v tento den v norm¢ u obou skupin, pokusnd skupina vykazovala vyssi hodnotu, bez prikazného
rozdilu. Kompletni sestava vSech parametrii naznaCuje anemicky stav zvifat, pravdépodobné
souvisejici s vysi mlécéné produkce a stupném laktace nebo deficienci Zeleza, piili§ vysokou hladinou

zinku, maze se také vyskytnout nedostatek médi ¢i kobaltu, které se na krvetvorbé rovnéz nezbytné,
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mize jejich nedostatek vést k aplastické anémii (DIRKSEN et al., 2006). Pfi¢inami anemie jsou krevni
ztraty, destrukce erytrocytt nebo porucha krvetvorby (hematopoézy), pro niz jsou nezastupitelné: Fe
k syntéze hemoglobinu, vitamin B, kyselina listova a kobalt k synteze DNA, hormony, zvlasté
thyroxin a androgeny a dale vitaminy Bg, C, E a cytokin erythropoetin pro regulaci erytropoezy (klesa
pii onemocnéni ledvin a jater) (KRC, 2001). Biochemickym vysetienim bylo zjiiténo, Zze 90. den doslo
k podlimitnimu snizeni hormonu $titné Zlazy, tetrajod-tyroxinu T, s klesajicim trendem déle ke 120.

dni experimentu, coz miiZze mit souvislost s po¢inajicim anemickym projevem.

V rdmci vysetieni mineralniho profilu v této studii nebyla hladina Zeleza stanovena, nicméné
kompletni mineralni status se v tento den nachazel v optimalnim mnozstvi (Tab. 52a). Dalsi pfi¢inou
anemie dojnic Ize jmenovat anaplazmozu, které je spojena se snizenym procentem hematokritu a kterd
rovnéz vede k finan¢nim ztratdm v disledku vyrazného poklesu produkce mléka, nechutenstvi a apatie
zvifete v akutni fazi infekce (NIEDER et al., 2012), tyto symptomy naSe zvifata obou skupin
nevykazovala. LOTFOLLAHZADEH et al. (2008) prokazali ve své studii snizené hodnoty parametra
RBC, HGB, MCH a MCHC u skotu infikovaného parazitem Fasciola hepatica, motolice jaterni. Toto
onemocnéni, typické pro pastevni typ chovu, je ale spjato naptiklad se shizenim mlé¢né uzitkovosti,
hmotnosti narozenych telat, Spatna télesna kondice a teprve v pokrocilém stadiu nemoci se pridava
chudokrevnost (DIRKSEN et al., 2006), coz v nasem chovu nebylo pozorovano.

Z celkovych vysledkt hematologického vysetfeni pokusného obdobi lze tvrdit, Ze
suplementace krav organickou formou zinku mé prikazny vliv na hematokrit a hladinu ¢ervenych
krvinek, nebot’ ode dne porodu po devadesaty den pokusného obdobi vykazuje hematokrit pokusné
skupiny vyssich hodnot ve srovnéni s pokusnou skupinou,kterd se po celé experimentalni obdobi
nachazi pod limitem referenéniho intervalu. V den porodu, 30., 60., i 90. den po porodu je rozdil mezi
obéma skupinami vysoce prukazny (P <0,01). Podobné se projevily i hodnoty hemoglobinu a
erytrocytil. Nebot' se vétsina zinku Vv télnich tekutindch nachazi v erytrocytech, predpoklada hypotéza
tohoto pokusu pozitivni vlivsuplementace organického zinku na hematologické parametry
prevazné souvisejici s cervenymi krvinkami a krevnimi destickami. Vysledky této experimentalni
Casti tuto hypotézu potvrzuji. P¥ima zavislost mezi koncentraci zinku v krevnim seéru a
hematologickymi ukazateli byla podrobena korela¢ni analyze. Byla zjiStena pfima linearni zavislost
(rxy) mezi hladinami zinku a hematokritu r = 0,281. Korelaéni koeficient mezi koncentraci zinku v séru
a poc¢tem erytrocyti byl zaznamenan v hodnoté r = 0,210, coz je t€sné nad stanovenou minimalni
hranici r = 0,2. Pfimou linearni zavislost bylo mozné pozorovat v ptipadé vlivu koncentrace zinku na
mnozstvihemoglobinu r = 0,465. U ostatnich hematologickych parametrii byl korelacni koeficient nizsi
nez r = 0,2, tudiz nebyl potvrzen ani piimy ani nepiimy vztah. SREJBEROVA (2006) sledovala
korelaéni zavislost koncentrace zinku a médi v krevni plasmé na hematologickych parametrech ovci a

skotu. Dosla k zavéru, ze pfimé a nepiimé linearni zavislosti byly zjistény u skotu bez trzni produkce
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mléka a méné u ovci, a to prevazné v ptipadech, kdy se jedna z mineralnich latek nachazi v organismu
v deficitu ¢i nadbytku. KINCAID (1999) ve své studii vyhodnocoval rozdily mezi metodami pro
diagnostiku karenci mikroelementt u piezvykavct a dosel k zavéru,ze pro karenci zinku je vhodnym
indikatorem koncentrace metalothioneinu ¢i mnozstvi erytrocytd v Krvi, nebot” se jejich hladiny pii
infekci téméf neméni. Dalsimi indikatory saturace zinku jsou koncentrace zinku v lymfocytech,
neutrofilech, granulocytech ¢i krevnich destickach.

Hodnota hematokritu a hematologickych parametri obecné, zavisi na mnoha faktorech — druhu
a véku zvitete, plemenu, sméru uzitkovosti, masna plemena a byci napiiklad mivaji hodnotu
hematokritu vyssi nez dojnice. Vysoka uzitkovost a faze laktace nebo ro¢ni obdobi hematologické
parametry rovnéz ovliviiuji, hematopoéza novorozenych telat neni tésné po porodu jesté dostate¢né
Vyvinuta, pozorujeme zvyseny podil retikulocytll v krvi, coz ma za nasledek zvyseni erytrocytarniho
indexu MCV. (ENGELHARDT et BREVES, 2000; KOVACEVIC et al., 2021) Navic je potieba
zohlednit zjisténi, Ze existuje v ramci konkretniho stada tzv. variace mezi jedinci a variace v rdmci
samotného jedince. Intra-individualni rozdily v odpovédi organismu na metabolicky stres na pocatku
laktace skytd moznost, Ze kromé referen¢nich intervali zalozenych na populaci, by mohly byt v
dlouhodobém rezimu pouzity referenéni hodnoty zalozené na sledovani kazdého zvifete po urcitou
dobu za u¢elem hodnoceni plasticity metabolismu (KOVACEVIC et al., 2021).

Hodnota hemoglobinu je u krav pokusné skupiny v den porodu, 30., 60. i 90. den po porodu
vyssi nez u kontrolni skupiny, v den porodu a 60. den po porodu je rozdil signifikantni.Pocet erytrocyta
jak u novorozenych telat suplementované skupiny prikazné (P <0,001) vyssi,stejné se vyviji hodnota
¢ervenych krvinek u krav v den porodu (P <0,05) a v prvnim mésici p.p. (P <0,05). V dalsich mésicich
je mnozstvi erytrocytii u pokusné skupiny vyssi, nicméné ne prikazné. Protoze je zinek v krvi obsazen
jako souc¢ast enzymu v erytrocytech, trombocytech a je vdzan na albumin a globulin (UNDERWOOD
et SUTTLE, 2010), mély by hodnoty hemoglobinu, hematokritu a po¢tu erytrocytd u suplementované
skupiny byt vyssi. Hodnota hematokritu vysoce kladné koreluje s koncentraci hemoglobinu (SOCH et
al., 2002),coz odpovida i nasim vysledkum, tyto dvé hodnoty odpovidaji téz situaci v organismu
v konkrétnim c¢asovém obdobi. Naptiklad 30. den po porodu byl u pokusné skupiny zjistén
signifikantné vyS$si pocet erytrocytd (p < 0,05), vys8i koncentrace hemoglobinu (P <0,01) i
hematokritu (P <0,01). Vyssi hodnotu jsme zaznamenali i u koncentrace trombocytt pokusnéskupiny
(P <0,05). COPE et al. (2009) sledoval vliv dotace chelatu zinku na tytéz hematologické parametry
krav jako na$ experiment, neshledal ale mezi ¢tyfmi skupinami dotovanych po dobu 14 tydnt nizkou
¢i NRC (2001) doporuc¢enou davkou zinku v organické aanorganické formé zadny prokazatelny rozdil
v poctu erytrocyti a leukocytd v krvi krav. KLECKOWSKI et al. (1995) ve své praci zachycuje
negativni vliv nedostate¢ného zasobeni organismu zinkem a médi na pocet Cervenych Krvinek,

koncentraci hemoglobinu a hematokritovou hodnotu krav a telat. SOCH et al. (2010) se ve své préci
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vénuje vztahim mezi mikroprvky a hematologickymi parametry u krav. Dle experimentélnich
vysledku jejich pozorovani zavisi nejen koncentrace zinku a médi v krevni plazmé, ale i odpovidajici
hematologické parametry Kkolisaji v zavislosti na nadmotské vysce, zdravotniho stavu organismu,
obsahu mikroelementti v krmné davce, rase, véku, pohlavi zvitat a klimatickych podminkéch chovu.
Nepotvrzuji ptedpoklad, ze koncentrace hemoglobinu bude stoupat umérnézvysujici se nadmotské
vysce. Ve vysce 550 m n. m. byla naméfena nejvyssi koncentrace zinku i hemoglobinu v krvi krav

plemene Holstyn.

BIOCHEMIE

Pramérné hodnoty a smérodatné odchylky s hodnotou hladiny vyznamnosti sledovanych
jednotlivych biochemickych parametri jsou schematicky znazornény do tabulek ¢. 24-53a a grafu ¢.
9-16 A. Byly testovany a vyhodnoceny hladiny celkové bilkoviny, albuminu, mocoviny, glukdzy,
bilirubinu a enzymt GMT a ALP.

Koncentrace celkové bilkoviny (CB) (Tab. 24), jakozto Sirokospektralni indikator pro
bilkovinny a energeticky metabolismus, zdravotni stav imunitniho systému, jaterniho a ledvinného
parenchymu ¢&i napi. zanéta v téle, efektivity mikrobidlni proteosyntézy v bachoru ¢i dostateéného
zésobeni energii pro mocovinovy cyklus (KRAFT a DURR, 2005; HOOPS, 2007), byly v krevnim
séru u obou skupin po celé experimentalni obdobi vyrovnané, nebyly zjistény signifikantni rozdily
hodnoty obou skupin pomalu klesaly, coz odpovida fyziologickému priab&éhu tohoto parametru v obdobi
okolo porodu a prvnich tfech postpartadlnich mésicich. Vsechny hodnoty se nachéazely v
referenénim rozmezi (FURLL, 2005b). V literatute je tento jev poklesu CB pied otelenim a
poporodnim nardstu popisovan tak, jak probéhl v tomto experimentu (FURLL et al., 1998b; TEUFEL,
1999; AEBERHARD et al. 2001) popsali pokles koncentrace bilkovin v tydnech pted otelenim, po
kterém nasledovalo mirné zvyseni po oteleni. CITIL (1999) popsal vyznamné zvysSeni koncentrace
proteinu 3.-28. den p.p., coz souhlasi s nasimi daty, WILKEN (2004) naopak dva mésice po oteleni, u
naSich zvitat ztistava CB na vyssi (rovni a dalsi 2 mésice se jesté dale mirné zvySuje. Narust celkového
proteinu v séru po oteleni je zpiisoben zvysenou dietni a poporodni proteolyzou (FURLL 1989,
TEUFEL 1999). Toto zvySeni se stava jesté vyraznéj$im, ¢im vyssi je poporodni energeticky deficit
nebo mobilizace tuku (HOOPS, 2007; FURLL 1989).

Hladina albuminu (Tab. 25) vykazovala tak jako CB u obou skupin vyrovnané hodnoty
v celém pokusném obdobi. K nepatrnému navySeni koncentrace albuminu do$lo v den porodu u
skupiny-P. S ohledem na referenéni rozmezi (30,3-42 g/1) dle JAGOSE (1985), popi. (30-40 g/l) dle
KRAFT et DURR, 2005) a fakt, Ze je zinek v krvi vazan na bilkoviny albumin a globulin, o¢ekavali

jsme vy$si rozdil namétenych hodnot. Albumin ptedstavuje 50% z CB, jeho hlavni Glohou je urdrzovat
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hladinu kolloidosmotického tlaku a slouzit jako transportni protein (DIRKSEN et al., 2006). Béhem
poporodniho obdobi je organismus vystaven extrémnimu vypéti, které ma vliv na ukazatele CB a
albuminu, BJERRE-HARP@TH (2012) uvadi, Ze tyto dva parametry jsou dale zavislé na véku zvifete
a ro¢nim obdobi. U starSich kravbyvaji obé hodnoty vyssi, podobné v lethim obdobi. Propad hladiny
albuminu v predporodnich tydnech a navrat k pivodnim hodnotdm v nasledujicich 2-6 tydnech po
porodu je popisovan u dalsich autori. Jejichz vysledky odpovidaji nasim méfenim (ROWLANDS et
al., 1980; GIBSON et al., 1987; BLUM et al., 1983; BUSATO et al., 2002; AEBERHARD et al., 2001,
WILKEN, 2004). Pokles vysvétluji klesajicim pfijmem krmiva a poéinajici tvorbou kolostra.

Koncentrace mocoviny (Tab. 26) ma v obdobi pted porodem klesajici charakter, v denporodu
pokusu, ve 120. den. Hladina moc¢oviny Vv tuto chvili u obou skupin nadlimitnich hodnot, coz mize
souviset s vysokym obsahem dusikatych latek v krmné davce dojnic. Pti prvnim odbéru 21 dni a.p. a
30 dni p.p. dochazi k signifikantnimu zvySeni hladiny moc¢oviny u dotované P-skupiny (P <0,05).
Posledni 3 mésice je UREA naopak vyssi u skupiny kontrolni. SPEARS (1989) popisuje u jalovic
dotovanych organickym Zn-Met pokles mocoviny, odlisny vysledek lIze spojit s diferencemi TMR
jalovic. Pokles koncentrace mocoviny SPEARS (1989) zduvodiuje vyssi utilizaci aminokyselin pro
syntézu proteinu. WILKEN (2004) shrnul své vysledky u krav podobné jako v aktudlnim experimentu,
kdy k poklesu moc¢oviny doslo okolo porodu a nésledné mésice laktace provazelo navy$ovani hladiny
UREY. Mocovina je produktem ornithinovém cyklu v jatrech, kde se amoniak eliminuje, fixuje a vraci
V pro organismus vyuzitelné form¢. Tento parametr v séru posuzuje piisun bilkovin a pomér energie-
protein v TMR. Zvysené koncentrace mocoviny jsou zpusobeny zvySenym piijmem bilkovin s
krmivem, zvySenym katabolickym metabolismem a pre-, renalnimi nebo postrenalnimi poruchami.
Snizené koncentrace mocoviny ukazuji na nedostatek bilkovin v krmivu a snizeny piijem krmiva v
dusledku celkovych onemocnéni (DIRKSEN, 2006; ENGELHARDT W. et BREVES G., 2000;
KRAFT a DURR, 2005; HOOPS, 2007; STANGL G. 1., 2008). Vyse hladiny UREY souvisi i s vékem
(BLUM et al., 1983), pocet laktaci ji dle AEBERHARDT et al. (2001) neovliviiuje .

Koncentrace glukdzy (Tab. 27) se méni dle stadia laktace, coz potvrzuje ve své studii s
holstynskymi dojnicemi BJERRE-HARP@TH (2012) a COPE (2009). V tomto experimentu byla
hladina glukdzy po celé obdobi ve fyziologickém rozmezi. Na konci experimentu, 120 dnipo porodu,
byla jeji koncentrace u K-skupiny (3,19+£0,03 mmol/l) prukazné vyssi (P<0,01) nez u skupiny-P
(3,130,04 mmol/l). Hladina glukdzy se nachazela 21 d a.p. a v den porodu v nadlimitnich oblastech,
60. dni p.p. naopak na svém minimu, poté se ustaluje ve fyziologickém optimu. U obou skupin je
popsany trend stejny. Glukdza je prekurzorem fruktozy a laktozy, je nezbytnym zdrojem energie bunék
a je tvofena v jatrech z kyseliny propionové a mlécné, glykogenu, glycerolu a glokoplastickych
aminokyselin (JELINEK a KOUDELA et al., 2003). Hodnota glukozy je ukazatelem schopnosti
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organismu vytvofit a udrZzet rovnovahu mezi ptijmem energie a vysi produkce, aniz by dochazelo k

negativni energetické bilanci, typickému produkénimu onemocnéni vysokoprodukénich dojnic v

prvnichmésicich laktace (ENGELHARDT W. et BREVES G., 2000; SPIEKERS et al., 2009).
Vyvoj hladin bilirubinu (Tab. 28) je obdobny jako u parametra CB a albuminu, tedy pokles v
ptedporodnim obdobi, v den porodu na svém maximu a v prvni tietiné laktace opét klesajici trend. 30. a
60. den po porodu dochézi u P-skupiny k signifikantnimu zvyseni (P <0,05) hladiny bilirubinu oproti
skupin€ kontrolni. Ve ¢tvrtém mésici laktace se hladina bilirubinu prikazné snizila u skupiny pokusné (P
<0,05). Hodnoty bilirubinu se pohybovaly ve fyziologickych intervalech (<5.0 umol/l), pouze v den
porodu smi byt zvyseny do maxima 8,5 umol/l (KRAFT et DURR, 2005) coz v nasem pi¥ipadé odpovidalo
referenénim hodnotam. Prili§ vysoké hodnoty bilirubinu v postpartalnim obdobi do 12. tydne po porodu
zvetejnil (VAN DEN TOP et al., 1996), ktery oproti nasemu experimentu sledoval vyvoj steatozy jater u
pretuénélych krav, které mély adlibitni ptistup k jadernému krmivu v obdobi stani na sucho. Koncentrace
bilirubinu do 15 pmol/l 1ze povazovat za tzv. inan¢ni Zloutenku. Celkové koncentrace bilirubinu v krvi
jsou obecné mirné vyssi u krav kolem porodu neZ u nebiezich a nelaktujicich krav. Kravy, které jsou pred
porodem krmeny vysokoenergeticky, vykazuji zvySené koncentrace bilirubinu zvlasté ¢asto 1-4 tydny po
porodu (FURLL 1989). Jiz tfeti den po porodu vykazovaly kravy s pozd&jsi doslokaci slezu vyznamné
vyssi koncentrace bilirubinu po dobu 17 dnt p.p. nez zdravé kravy (KLEISER a FURLL 1998).

Dale byla zvySena pozornost vénovana jaternim enzymiim, jichz je zinek soucésti. Stfredem

poslednich let je znamo, ze existuje pfima pozitivni korelace (r = 0,32) mezi zinkem a alkalickou
fosfatazou (ALP), jiz je zinek soucasti (ILLEK, 1987). V naSem experimentu byla zjisténa pozitivni
linearni zavislost mezi zinkem a aktivitou alkalické fosfatazy (ALP) r = 0,273.Signifikantniho rozdilu
ale skupiny nedosahuji. Hodnoty aktivity ALP (tab. 31) byly nejniz$i 21 dni pied porodem, k 60. dni
po porodu mély stoupajici tendenci, kdy doséhly obé skupiny svého maxima a poté opét mirné klesaly.
U prvnich tff méteni doséhla pokusna skupina vys$sich hodnot nez skupina kontrolni, ve druhé poloviné
pokusného obdobi se trend obratil ve prospéch skupiny kontrolni, rozdily byly minimalni. Po celé
experimentalni obdobi seaktivita ALP pohybovala ve vyrovnanych hladinich, smérodatné odchylky
vykazuji mirné rozdily mezi jednotlivymi pokusnymi zvitaty. Hodnoty AST a GMT jsou taktéz
vyrovnané u obou skupin jako u enzymu ALP, jejich hodnotyjsou témét po celé pokusné obdobi
nepatrné vyssi u skupiny kontrolni. Hodnota AST (Tab. 29) obou skupin dosahovala od 21. dne a.p.
po 120. den p.p. nad referen¢ni horni hranici 1,334 pkat/l (KRAFT et DURR, 2005, za fyziologickych
stavi se hodnoty jaternich enzymti pohybujina nizké urovni (JAGOS et al., 1985). Kontrolni skupina
dosahovala vyssSich hodnot po celé obdobi kromé 60. dne po porodu. Posledni odbér 4 meésice po
porodu byla zjisténa statisticky prukazné (P <0,05) vy$si hodnota AST u skupiny kontrolni (1,48+0,06

vs. 1,43+0,05 pkat/l). Aktivita jednotlivych enzymu jevyuzivana v diagnostice jaternich onemocnéni,
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déle v mensi mife u osteopatii a myopatii (DIRKSEN et al., 2006).V postpartalnim obdobi nedoslo
u zadného z pokusnych zvitat k hypofosfatemickému / hypokalcemickému ulehnuti, jehoz disledkem
je zvyseni aktivity enzymu AST ve svalech. Ke statisticky vyznamnému rozdilu dochazi u aktivity
GMT (Tab. 30) v den porodu (P <0,01) (Tab. 37 A). Minima dosahuji vsechny 3 enzymy ALP, AST a
GMT pred porodem, maxima 60.den p.p. Je potieba zohlednit vysoky vykon jaterniho parenchymu v
obdobi rané laktace vysokoproduk¢nich dojnic. Tudiz vyssi hodnoty jaternich enzyma nemusi
vzdy znamenat pozitivni vysledek, naopak muze tento trend signalizovat silnou zatéz latkové vymény
organismu béhem rozdojovani a celé prvni téetiny laktace. VAN DEN TOP et al. (1996) pozoruje ve
svem experimentu srovnatelnych hodnot alkalické fosfatazy krav ve fazi rané laktace jako v nasem
pokusu, jeho Klesajici trend odpovidd nasim vysledkim. Nartst aktivity enzymu AST po oteleni
vysvétluje (FURLL 1989) bud’ poskozenim jater nebo remodelaci karunkul a odbouravanim tkani
béhem de€lozni involuce a degradaci svalovych bun¢k v ramci mobilizace endogennich energetickych
rezerv. WILKEN (2004) popisuje souvislost mezi zvySenim AST a vysokou produkci mléka jeden
tyden p.p. u krav s uzitkovosti nad 8tis. Kg mléka za rok. TEUFEL (1999) potvrzuje nase vysledky,
kdy jeho zvifata vykazovala 2 tydny p.p. vyssi aktivity AST nez 4 tydny p.p. Podobné vysledky s nasim
prubéhem jaternich enzymi zaznamenali u AST AEBERHARD et al. (2001), minima dosahli 2 tydny
a.p., nejvyssi aktivitu pozorovali ve 12. tydnu p.p.

Hormon §titné zlazy T4 dosahoval v dobé okolo porodu své nejvyssi hodnoty, u kontrolni
skupiny signifikantné vyssi hodnoty (P <0,05), poté za¢ina u obou skupin klesat az k 60. dni p.p., kde
se opét objevuje prukazny (P < 0,05) meziskupinovy rozdil, tentokrat naopak u P-skupiny s vyssi
hodnotou, do tohoto okamziku v rdmci fyziologického rozpéti. 90. a 120. den byly u obou skupin
naméfeny podlimitni hodnoty, skupina P-dosahovala mirné vyssich hodnot, nicméné 120. den se ob¢
skupiny jiz znatelné vzdalily referenénimu minimu. V této dobé vykazuji obé skupiny zndmky anemie,
oba parametry spolu souvisi, jak bylo popsano v kapitole HEMATOLOGIE. Interakce stopovych
prvka s jinymi mineraly, enzymy, hormony jsou piedmétem zajmu mnoha studii. Je zndmo, ze vapnik
(Ca) interaguje s membranou ¢ervenych krvinek, snizuje permeabilitu a zvySuje retenci hemoglobinu.
Zda se, ze zinek jako odptirce vapniku plisobi proti zadrZovani hemoglobinu v membrané erytrocytt.
Ca muze hrat dilezitou roli v patogenezi nevratné srpkovitych bunék, zinek miZze zlepsit
filtrovatelnost srpkovitych bunék (DASH et al. 1974). Metabolismus zinku a hormoni §titné zlazy
tyroxinu T3, T4 a hormonu stimulujiciho S$titnou zlazu (TSH) jsou uzce propojeny (TRIGGIANI et
al., 2009; AMBOOKEN et al., 2013). Zinek je dalsim prvkem, ktery je potfebny pro syntézu hormont
Stitné zlazy. Nedostatek zinku miize vést k hypotyredze a protoze hormony §titné zlazy jsou nutné pro
vstiebavani zinku, hypotyredza mlize vést k nedostatku zinku. Béhem suplementace hormont §titné
zlazy je vyhodné uzivat také doplné€k zinku (CHEN et al., 2010). Tvorba nerozpustnych komplext s

vapnikem, vldkninou a fytaty vyrazné snizuje stievni absorpci zinku. Ve srovnani s hladinou zinku v
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plazmé nebo v séru existuji dalsi tkan¢, kde je koncentrace zinku spolehlivéjsim indikatorem
chronického nedostatku zinku, jako jsou vlasy, jatra nebo kostni tkan (GUDE, 2011). Zda se
pravdépodobné, Ze zinek je nezbytny pro biologické fungovani hormonu §titné zlazy a ptibuznych
receptort. Aktivni forma tyroxinu - T3 muzZe byt iniciovana pravé vazbou na T3-receptor obsahujici
dva atomy zinku v jadru jeho cilové tkané. Receptory T3 ztraceji svou schopnost vazat se na DNA,
kdyz je zinek odstranén chelaci (FREAKE et al., 2001; MIYAMOTO et al., 1991).

YOKUS a CAKIR (2006) referovali o sezénnich a fyziologickych variacich médi, zinku,
hot¢iku (Mg), Zeleza (Fe), sodiku (Na), chloru (CI), drasliku (K), vapniku (Ca), fosforu (P),
koncentrace mocoviny, ALP, Kkreatininu, AST, ALT, cholesterolu, albuminu, globulinu,
laktatdehydrogenazy (LDH) a celkového proteinu (CB) u skotu. Vyhodnotili, Ze nékteré parametry se
lisi podle fyziologickych a sezonnich podminek, jako jsou koncentrace ALP, Cu, Mg a K, koncentrace
Cu se zvySuje béhem tehotenstvi, jiné parametry nejsou ovlivnény sezonnimi ani fyziologickymi

odchylkami (Zn, Fe, Na, Cl, Ca, kreatininu, alouminu a globulinu).

MINERALY

U krav byly sledovany mikroprvky zinek (Zn), méd’ (Cu), mangan (Mn) a selen (Se) v
souvislosti s makroprvky sodikem (Na), draslikem (K), vpnikem (Ca), fosforem (P) a hoi¢ikem (Mg)
21 dni a.p., béhem porodniho obdobi a prvnich ¢tyt mésica laktace. Vysledky analyz jsou shrnuty do
tabulek ¢. 38-52a a grafiil7-25.

21. den pied porodem (tab. 47, 52 A) nebyl mezi skupinou pokusnou a kontrolni zjistén
Zadny rozdil u sledovanych mineralnich prvkt a vSechny hodnoty kromé zinku se nachazely ve
fyziologickém rozmezi. Pramérné hodnoty a jejich smérodatné odchylky potvrzuji vyrovnanou
zasobenost zvitat obou skupin mineralnimi latkami na zac¢atku pokusného obdobi. Koncentrace Zn
okolo porodu klesd (ILLEK, 1987; FURLL, 1989), coz souvisi s mineralnim zasobenim kolostra.
Obsah Zn v kolostru je ve srovnani s obsahem v mléce 3-5x vyssi (UNDERWOOD et SUTTLE,
1999). Naopak vstiebavani zinku je zhorSeno piti vysokém obsahu vapniku v TMR a maze souviset
s intenzivnim zasobovanim vysokobiezich krav vapnikem a fosforem v ptedporodnim obdobi jako
prevence proti porodni paréze (DIRKSEN et al., 2006; HOOPS, 2007). Po tfech tydnech, v dob¢
porodu, (Tab. 52a, 48, 21, 22) suplementace byl zjistén statisticky vyznamné zvyseni koncentrace
zinku u Zn-Met dotované skupiny, u kontrolni skupiny doslo k dalsimu poklesu, coz vyustilo do signifikantniho
rozdilu (P <0,01) v tento den. | u hoi¢iku pozorujeme v krevnim séru rozdil mezi skupinami. Oproti kontrolni
skuping se koncentrace hoi¢iku zvysila se signifikantnim rozdilem (P < 0,05), tento jev potvrzuje z
literatury zndmou pozitivni korelaci mezi zinkem a hoi¢ikem, experimentalné stanovenou v naSem
ptipadé na r = 0,579. Piima linearni zavislost zinku a hoi¢iku bylav minulosti jiz potvrzena (r =
0,46) (ILLEK, 1987). 30 dni p.p. (Tab. 49, 52a) se objevuje vyznamné snizeni hladiny drasliku (P
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<0.01) a manganu (P <0,05) a vyznamné zvySeni (P <0.001) koncentrace zinku v krevnim
séru suplementovaneé skupiny. 60 dni p.p. (Tab. 50) je jako jediny mineralni prvek prokazateln¢ vyssi
zinek se statistickou vyznamnosti P < 0,001. Po 90 dnech (Tab. 51, 52a) od porodu se objevuji tii
statisticky vyznamné rozdily v koncentraci zinku (P <0,001), fosforu (P <0,05) a manganu (P <
0,001). Pti poslednim odbéru na konci 4. mésice laktace (Tab. 52) bylo zjisténo prokazatelné zvyseni
hladiny zinku (P <0,001) a snizeni koncentrace vapniku (P <0,05) u skupiny dotované organickou
slou¢eninou zinku, tedy u dvou mineralnich latek se znAmym antagonistickym vztahem, ktery ve sve
studii potvrzuje ILLEK (1987) nepfimou linearni zavislosti r = 0,23. Vyznamné rozdily v
koncentracich zinku (Tab. 43, Graf 22) v krevnim séru krav dotovanych organickouformou zinku byly
zjistény v obdobi od porodu do 120. dne po porodu (Tab. 52). V den porodudoséhla koncentrace zinku
hodnot 11,09+0,80 pmol/l u pokusné skupiny ve srovnanis kontrolni skupinou 9,56+0,92 pumol/I
(P <0,01). 30. den po porodu statisticky vyznamné zvySeni hladiny zinku pokusné skupiny dosahlo
hodnot 13,34+0,78 umol/l, ve stejny den byla hladina zinku kontrolni skupiny prokazatelné niz$i (P <
0,001) 11,21+1,21 pmol/l. Ve druhém mésici laktace byl zinek v krevnim séru suplementované
skupiny opét vysoce vyznamné vyssi (P < 0,001) ve srovnani s kontrolni skupinou. 90. a 120. den po
porodu dosahuje statisticka vyznamnost zvySeni koncentrace zinku v krevnim séru pokusné skupiny
stejné hodnoty P < 0,001. Ve tietim mésici po porodu je hladina zinku suplementované skupiny na
hodnoté 14,76+0,91 pmol/l a kontrolni skupiny opét pod fyziologickym minimem, na 11,02+1,13
pumol/l. Ve ¢tvrtém mésici laktace dosahuje koncentrace zinku nejvyssich hodnot za celé pokusné
obdobi u suplementované skupiny (15,15+0,89 pumol/l), u kontrolni skupiny se hladina zinku vraci na
stejnou hladinu jako 21 dni pied porodem (10,70+1,04 umol/l). Smérodatné odchylky ukazuji,ze
hodnoty jednotlivych krav pokusné skupiny maji mensi rozptyl nez skupina kontrolni. Skupina
suplementovana Zn-Met dosahuje nejnizsich hodnot zinku v krevnim séru v den porodu, poté dochazi
ke kontinualnimu zvySovani koncentrace zinku az do posledniho odbéru krve 120. den po porodu.
Kontrolni skupina vykazuje pokles koncentrace zinku v den porodu oproti 21. dni pied porodem, v
dal$ich dvou mésicich mnozstvi zinku v krevnim séru stoupa, poté dochazi opét k poklesu na témér
totoznou hodnotu s prvnim pokusnym odbérem 21 dni a.p. Tento vyvoj odpovida fyziologickému
chovani koncentrace zinku v obdobi okolo porodu. Pokles smérem k porodu a nasledny vzestup
pozorujeme u antagonisty zinku — médi (ILLEK, 1987; ILLEK 2000, KRAFT et DURR, 2005). U
zinku dosahuje u krav v rané laktaci stejnych vysledkd, jako tomu bylo v nasem pfipadé autor
BALLANTINE et al. (2002), ktery taktéz suplementuje kravy organickou formou zinku v
kombinaci s manganem a médi. Autorka popisuje vySe zminény trend poklesu a nésledné¢ho zvyseni
koncentrace zinku a opa¢ny trend u médi s negativni hodnotou korela¢niho koeficientu.V nasem ptipadé
byl vyhodnocen korela¢ni koeficient zavislosti téchto dvou mineralnich prvki r = - 0,566 se zndmym
antagonistickym vztahem (ILLEK, 1987; UNDERWOOD et SUTTLE,2010). ILLEK (1987) uvadi
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nepiimy vztah mikroprvkd Zn:Cu u byka v ziru r = - 0,42, u dojnic dosahuje korela¢ni koeficient
hodnoty r = 0,23. Koncentrace zinku v krevni plasmé se u prezvykavci pii nedostatku zinku v krmné
davce béhem 36 hodin snizuji. U Zn — deficitnich ovci dotovanych ZnO se koncentrace zinku v séru
zvysila z 0,44 na 0,78 pg/l. Koncentrace zinku v krvi dojnic souvisi se stafim zvitat, mirou stresové
zatéze a utilizaci mikroprvku (KINCAID, 1999).

Koncentrace ostatnich makro — a mikroprvku sodiku, médi a selenu nevykazovaly béhem
celého experimentalniho obdobi Zadné statisticky vyznamné rozdily. Charakteristicky vyvoj
koncentraci médi v peripartalnim obdobi krav s typickym poklesem okolo porodu a nasledné zvyseni
bylo s vyraznéjSim poklesem a vzristem koncentraci pozorovano u pokusné skupiny, skupina
kontrolni méla mirné;si prubéh. Byl zjisténa nepiima linearni zavislost mezi médi a zinkem r = - 0,531.
Negativni korelaci Cu:Zn potvrzuje Gdaj studie ILLKA (1987) u byku v ziru. Koncentrace fosforu byla
minimalni v den porodu, nicméné statisticky prikazné nizsi (P <0,01) u skupiny pokusné 90. den po
porodu (Tab. 41). Tentyz den doslo k vysoce prikaznému rozdilu (P <0,001) i u manganu, kdy
kontrolni skupina dosahla vyssich hodnot (10,12+1,08 vs. 8,55+0,59 ug/l) nez kontrolni skupina (Tab.
45). Statisticky vyrazného zvyseni koncentrace drasliku dosahla kontrolni skupina oproti skupiné
pokusné 30. den po porodu (4,52+0,13 vs. 4,36+0,09 mmol/l),P < 0,001. Koncentrace vapniku v
krevnim séru krav se az do posledniho odbéru u pokusné skupiny od kontrolni nelisil, 120. den p.p. se
objevilo statisticky prtikazné (P < 0,05) zvyseni ukontrolni skupiny (2,40+0,03 mmol/l), pokusna
skupina méla v krevnim séru nepatrné nizsi hladinu Ca (2,37£0,03 mmol/l). Korela¢ni koeficient
vztahu Zn:Ca byl r= -0,231. Nepiimy vztah téchto dvou antagonisticky pusobicich mineréalnich
latek doklada ve svych métenich ILLEK (1987) korelaénim koeficientem r=-0,36 (P <0,01). GARG
et al. (2008) studoval vliv dvou raznych zdroju zinku (organického Zn-Met a anorganického ZnS0O4)
u jehnat po dobu 150 dnt na rust, utilizaci zivin a mineralni profil a dosel ke srovnatelnym vysledkiim
jako v tomto experimentu: koncentrace Ca, anorganického P, Cu a Mn v séru byla srovnatelna
(P>0,05) mezi skupinami. Hladina Zn v séru vSak byla vyznamné (P<0,01) vyssi a hladina zeleza
vyznamné (P<0,05) nizsi v obou skupinach suplementovanych Zn ve srovnani s jehiaty v kontrolni

skuping.
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5.3 Pokus Il. — vliv slozeni krmneé davky na biochemickeé parametry,

koncentraci celkovych imunoglobulint, médi a zinku v krvi TELAT

Cilem pokusu bylo komplexni zhodnoceni zdravotniho stavu telat s ohledem na suplementaci
organickou formou zinku. Zhodnoceni zdravotniho stavu testovanych skupin telatbylo provedeno
pomoci biochemickych vySetieni a reakci imunologickych parametri. Pomocizmén sledovanych
biochemickych parametrti — celkové bilkoviny, moc¢oviny, albuminu, jaternich enzymu ALP, SOD,
vitaminu A a E, mikroprvkd Zn a Cu a koncentrace celkovych imunoglobulini v Kkrvi telat byl
posouzen celkovy zdravotni stav organismu, schopnost imunitniho systému a vysledna koncentrace
zinku amédi po suplementaci organickym zinkem,tak jako vzajemna korelace mezi dotovanym zinkem

a enzymem SOD, popi. ALP. Vysledky jsou shrnuty v tabulce 53 a grafech 26-35.

Enzym SOD (Graf 30) dosahl vysoce signifikantniho zvySeni své aktivity u pokusné skupiny
7.den (P <0,01), (P: 487,92+22,87; K: 456,39+28,67 U/l) a 90. den (P <0,003), (P:
471,26+29,69; K: 426,10+33,55 U/l). Zinek je soucasti enzymu superoxiddismutdza, pii
suplementaci zinku ke krmné davce se jeji aktivita zvySuje. GENTHER et HANSEN (2014) uvadi
obdobny efekt suplementace kombinace mikroprvka Cu, Zn, Mn, Se na aktivitu SODv krvi
bykt. Korela¢ni koeficient ma v nasem experimentu kladnou hodnotu r = 0,394, coz potvrzuje
ptimou linearni zavislost Zn:SOD. TEIXEIRA et al. (2014) se zabyvé vlivem kombinované dotace
mikrominerélnich prvka v podobé subkutanni injekce zinku v organické formé zinek methionin
(60 mg), manganu (10 mg), selenu (5 mg) a mé&di (15 mg) na imunitu, zdravotni stav, hmotnostni
pfirGstky telat na mlécné vyziveé. 790 jalovicek holStynského plemene dvou komercnich farem
bylo rozdéleno do dvou skupin — suplementované a kontrolni a pomoci vyhodnoceni krevnich
vzorkl byly 3., 14. a 35. den po porodu posuzovany parametry zdravotniho stavu — aktivita dvou
enzymu, superoxiddismutaza (SOD), jako v naSem piipad¢, dale glutathionperoxidaza (GPX) a
funkce bilych krvinek monocyti a neutrofilti. Autofi neprokazali vliv zinku na rozdil aktivitu
enzymu SOD a denni hmotnostni pfirastky telat, nicméné suplementace organicky vazaneho zinku
ovlivnila zvySeni poctu neutrofil v krvi, aktivitu GPx a byla prokazateln¢ snizena incidence
prujmovych onemocnéni a pneumonie telat, coz potvrzuje hypotézu opozitivnim vlivu dotace
zinku na funkci imunitniho systému, coz mé obrovsky hospodaisky vyznam v chovech skotu.
Vlivem dotace mikromineralnich latek na aktivitu enzymu mangan superoxiddismutaza
(MnSOD) se zabyva studie GENTHER a HANSEN (2014) u bykt. Kombinace minerdlni
suplementace byla aplikovana subkutanné pro 84denni experimentalni obdobi ve slozeni 15 mg
Cu, 60 mg Zn, 5 mg Se a 10 mg Mn v 1 ml preparatu Miltimin90 pokusné skupiné, pficemz
kontrolni skupina byla ponechana své ptivodni mirné deficienci. Aktivita SOD byla testovana

lysaty cervenych krvinek a v jaternim bioptatu. U suplementovanéskupiny se projevila statisticky
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prikazné vyssi aktivita SOD. Antioxidanty zinek a méd’ hraji zasadni ulohu v procesech pasivni
obrany organismu pii poskozovani tkani oxida¢nim stresem. Produkci enzymu jako napf.
superoxiddismutaza (Cu-Zn-SOD) jsou fagocyty schopny zabranovat poSkozeni bunék $tépenim
superoxidd na peroxid vodiku, ¢imz usmrcuji pohlcené mikroorganismy a dalsi buniky skodlivé
pro organismus. Pro tento proces je enzym Cu-Zn-SOD naprosto nezbytny. Pii karenci zinku a
médi je tato ¢ast pasivni imunity hufe uskutecnitelna (ILLEK 1987, PIDDINGTON et al 2001,
NOHL 1981).

Koncentrace médi u pokusné skupiny bylo prokazateln¢ vyssi 7. den, nicméné 90. dennizsi
nez U kontrolni skupiny, 90. den byl rozdil koncentraci statisticky prukazny (P <0,05), (Tab.53,
Graf 33). Zinek (Tab.53, Graf 34) v organické formé podavany skupiné pokusné dosahl statisticky
prukaznych rozdilav obou sledovanych obdobich. 7. den (P <0,05) dosahl zinek v krevnim séru u
pokusné skupinyhladiny 15,36+0,83 pmol/l, u kontrolni skupiny 13,74+1,16 pmol/l. 90. den
dosahla statistickaprikaznost vyssi hodnoty (P <0,005), (P: 14,27+1,16; K: 11,25+2,52 pmol/l).
Kontrolni skupinase po 90 dnech dostala do karenéniho stavu Zn. WRIGHTT et SPEARS (2004)
konstatuji obdobny vysledek jako je nas piipad, ze koncentrace zinku v krevni plazmé a v jaterni
tk&ni byla vyssi u telat, kterd byla suplementovana organicky vazanym zinkem v davce 300 mg
Zn/kgTMR v kombinaci zinek methionin a zinek lyzin nez u telat dotovanych anorganicky

vazanymoxidem zine¢natym.

Vitamin E (Tab.53, Graf 32) dosahl podobnych vysledku jako u koncentrace zinku v krvi
telat (tab. 69). 7. den i 90. den byla koncentrace vitaminu E u pokusné skupiny vyssi, nicméné bez
statistické prukaznosti. Koncentrace vitaminu A byly v obou testovanych obdobich vyssi u
kontrolni skupiny, opét bez prikazného rozdilu (Tab. 53. Graf 31).

Vyssi hodnota celkové bilkoviny (CB) u skupiny pokusné 90. den (Tab.53, Graf 26), (P
<0,05) doklada pozitivni vliv suplementace zinku. Na zac¢atku pokusu se hodnoty obou skupin
pohybovaly pod hranici fyziologického minima. 90. den jiz byla u obou skupin v intervalu
referen¢nich hodnot. Novorozend a mlada telata maji ¢asto nizké hodnoty CB okolo 50 g/l,
normoproteinemie nastava ve 3-4. mesici véku. V piipadé, ze by i v tomto véku ¢&i pozdgji telata
nedosahovala fyziologickych hodnot, Ize brat v Gvahu nedostatek bilkovin v krmné davce jako
pii¢inu hypoproteinemie, poruchy utilizace proteint, patologické stavy ledvin ¢i jater (ILLEK,
1987; KOVAC et al., 2001).

Zvysena aktivita ALP vysoko nad hodnotami referen¢niho rozmezi se v tomto veku telat
povazuje za fyziologicky jev (KRAFT, DURR, 2005), hodnoty ALP mohou dosahovat

dvojnasobku. 90. den pokusného obdobi dosahuje pokusna skupina vyssiho poklesu nezskupina
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kontrolni (Graf 29), P <0,01. V obdobi osteosyntézy u mlad’at stoupd hladina ALP (DIRKSEN
et al., 2006), silngjsi pokles potvrzuje vliv suplementace zinku pokusné skupiny. Stejny vliv
dotace zinku mladym jalovicim pozoruje ve své studii MAHLKOW-NERGE et al. (2005) a
SPEARS (1989). WINDISCH (2003) sleduje snizeni aktivity ALP u krav pti dotaciorganického
zinku, i kdyZ ji NRC (2001) jako indikator vlivu Zn nedoporucuje. Pozitivni korelace ve studii
ILLKA (1987) r=0,32 u telat naopak vyvraci teorii NRC (2001).

U mocoviny (Graf 28) dochazi k signifikantnimu meziskupinovému rozdilu 90. den (P:
2,92+0,30 vs. K: 2,48+0,21 mmol/l). Obé skupiny 7. den pokusu se pohybuji na stejné hlading
mocoviny bez statistického rozdilu, na konci pokusu dochazi u skupiny kontrolni k poklesu
mocoviny pod spodni hranici referen¢nich hodnot. Divodem mtize byt nedostatek dusikatych

latek v krmné davce ¢i vyssi spotieba aminokyselin pro syntézu proteinu (DIRKSEN et al., 2006).

Koncentrace celkovych imunoglobulinid (Graf 35), stanoveneé turbidimetrickoumetodou, v
krevnim séru telat po odstavu na rostlinné vyziveé uzce koreluje s koncentraci imunoglobulint tfidy
IgG. Vysledky obou dnti odbéru prokazaly pozitivni vliv suplementace zinku. 7. den byly hodnoty
imunoglobulintit v krevnim séru telat u pokusné skupiny statisticky vysoce vyznamné (P <
0,00000001) vyssi (14,51+1,08 vs. 7,46£0,69 umol/l), 90. den taktézs mensim rozdilem mezi
skupinami, rozdil byl take signifikantni (P <0,05), (22,77+3,97 vs. 24,31+1,70 pmol/l). Autofi
KINCAID et al. (1997) a SPEARS et KEGGLEY (2002 a) nepotvrzuji pozitivni vliv zinku
na humordlni imunitu telat. Argumentuji moZnymi infekénimivlivy zvySujicimi koncentraci
imunoglobulint v krevnim séru, tudiz by bylo nutné sledovat i dalsi parametry jako cytotoxickou
aktivitu fagocytarni aktivity neutrofili. Tou se zabyvala SENKYROVA (2006) a Dochazi k
zavéru, ze koncentrace médi a zinku u skotu a ovci 1ze datdo souvislosti s dostateGnou zasobenosti
organismu mikroprvky Cu a Zn. Potvrzuje, Ze se negativni vliv karence Zn a Cu na humoralni
imunitu projevuje spise u zvifat s nedostatkem mikroprvkt v organismu. Hodnoty koncentrace
albuminu (Graf 27), na ktery je zinek pevné vazan (ILLEK, 1987) potvrzuji pozitivni vliv
dotace Zn u pokusné skupiny 90. den s vysoce prukaznym rozdilem P < 0,001 (P: 35,95+1,40
vs. K: 32,72+1,05 g/lI). KENDALL (2012) sledoval vliv suplementace zinku, kobaltu a selenu na
humoralni imunitu rostoucich pasoucichse jehnat. Jeho vysledky jsou velmi podobné nasim
vystuptim. Prokézal pfi obou experimentalnich odbérech po 42 (P <0.05) a 63 (P <0.01) dnech
prokazatelné zvySenou koncentraci zinku v krevni plasmé a zvyseni koncentrace imunoglobulint
tiidy 1gG ve srovnanis kontrolni skupinou se stejnou signifikanci. Efekt dotace organicky a
anorganicky vdzaného zinku krmné davky ovci na imunitni odpovéd’ pozoroval i VILELA et al.
(2012) a potvrdil pozitivni vliv organicky vazaného zinku na koncentraci imunoglobulini tfidy
IgG a IgM.
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6 ZAVER

V rémci disertaéni prace byl sledovan vliv slozeni smésné krmné davky na
charakteristiky mineralnich latek v krvi krav a telat a vliv suplementace organické formy zinkuna
mlécnou uzitkovost krav, zdravotni stav krav a telat, jejich hematologicky, biochemicky a
mineralni profil.

Z dostupné literatury je znamo, ze dostate¢ny obsah mikroprvku v krmneé davcezpusobuje
nasycenost organismu mikroelementy v tkanich, krvi a mléce a tim pozitivnéovliviiuje uzitkovost
krav. Bylo potvrzeno, Ze suplementace zinku v organické formé zinek methionin v doporucené
davce (NRC 2001) ma vyrazné pozitivni vliv na praimérnou denni dojivost, mlécné komponenty,
jako mlé¢ny tuk a mlé¢ny protein, a pocet somatickych bun¢k (SCC) dojnic na pocatku laktace.
Dojivost suplementované skupiny byla ve vsech experimentalnich mésicich vyssi nez u kontrolni
skupiny, 60. den byla laktace P-skupiny
0 vice nez 2 litry mléka vyssi (P < 0,05), po tiech mésicich na vrcholu laktace dokonce o vice nez
3 litry mléka (P < 0,01) s vysokou statistickou prikaznosti. V souvislosti s vysledky poctu
somatickych bunék (SCC)a vyssim obsahem tuku v mléce miizeme ve prospéch dotace organické
formy zinku tvrdit, ze dosahuje velmi pozitivnich efekti na zdravi mlééné zlazy, kvalitu mléka a
vysi mléénéuzitkovosti zaroven. SCC méla u P-skupiny béhem tfimési¢niho experimentalniho
obdobi snizujici se tendenci, naopak pocet SCC K-skupiny dosahoval s postupujicim ¢asem
(P <0,05). Na konci pokusu se hodnota SCC 60 zvitat P skupiny ustaluje na nejniz$i Grovni,
naopak K-skupina dosahuje svého maxima s vysokou statistickou prikaznosti (P<0,001). Dotace
organického zinku mélavliv i na procentické zastoupeni mlé¢ného tuku a mlééného proteinu. Ve
vSech tiech mésicich dosahuje suplementovana skupina vyssich hodnot. 60. den je rozdil vysoce
statisticky signifikantni(P <0,01), 90. den taktéz (P <0,05) u obou parametrii. Suplementace
zinkem v doporucené mife ma vyrazné pozitivni vliv Zn-Met na zdravi mlééné zlazy a kvalitu
mléka je velmi dulezity zejména v dobé&, kdy omezeni antibiotik hraje klicovou roli ve veterinarni
praxi.

Byla potvrzena hypotéza, ze mikroelementy, specialné zinek maji vliv na hematologické
parametry skotu (Tab. 37a). U novorozenych telat se rozdil projevil v tom, ze hladiny ¢ervenych
krvinek, hemoglobinu a hematokritu kontrolni skupiny se nachazely mimo oblast referen¢niho
minima, naproti tomu u P skupiny byly hladiny vsech hematologickych parametri ve

fyziologickém rozmezi. U krav sesuplementace zinku pozitivné projevila v ramci referen¢niho
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rozmezi na vyssim obsahu erytrocytt, hematokritu, hemoglobinu a trombocyta v pIné krvi skupiny
dotované organickou formou zinku. VSechny ¢étyfi zminéné parametry, nakteré ma zinek pi¥imy
pozitivni vliv, nebot’ je v nich obsazen, se signifikantn¢ zvysily v den porodu, 30 a 60 dni po
porodu. Hodnoty krevnich desti¢ek se u kontrolnich zvifat v dobé od 0.-60. dne p.p. nachazely pod
fyziologickou hranici. 90 dni p.p. se hematologickeé parametry obou skupin pohybovaly na hranici
referen¢niho minima, coz miize mit souvislost s vysokou produkci mléka. | zde pozorujeme rozdil
mezi skupinami, kde zinkem dotovana zvitata vykazuji vyssi hodnoty, prikazné rozdilné pouze u
hematokritu.

Biochemické vysetieni krve (Tab. 37 a) krav ukazalo, ze se o¢ekavany piimy pozitivni
vliv dotace zinku koncentraci CB a albuminu v krevnim séru se neprojevil béhem celého
pokusného obdobi. Aplikace Zn-Met signifikantné zvysila (P) (P <0,05) hladinu bilirubinu 30. a
60. den p.p. a snizila v den porodu, 90. a 120. den p.p. aktivitu jaterniho enzymu GGT. Hodnoty
Zn obsahujiciho enzymu ALP mély u obou skupin shodny prubéh a neprojevily jakykoli rozdil,
coz nepotvrdilo oc¢ekavany vliv dotace Zn-Met. VSechny tfi jaterni enzymy dosahuji svého
maxima 60. den p.p., coz odpovida fyziologickému priubéhu u vysokoprodukénich dojnic. Svalovy
a jaterni enzym AST se choval stejné jako ALP, bez meziskupinovych rozdila. Tii tydny a.p. a
30 dni p.p. doch&zi k signifikantnimu zvyseni hladiny mo¢oviny u dotované skupiny ZnMet (P
<0,05). Obe¢ skupiny vykazovaly 60-120 dni p.p. hodnoty nad fyziologickym maximem, coz lze
dat do souvislosti s vysokym obsahem dusikatych latek v krmné davce.

Po tfech tydnech suplementace (Tab. 52a) byl zjistén statisticky vyznamné zvySeni
koncentrace zinku (P <0,01) a hot¢iku (P < 0,05) v krevnim séru pokusné skupiny. Tticet dni p.p.
se objevuje vyznamné snizeni hladiny drasliku (P < 0,01) a manganu (P < 0,05) a zvySeni
koncentrace zinku (P < 0,001) v krevnim séru suplementované skupiny. Sedesat dni p.p. je jako
jediny mineralni prvek prokazatelné vyssi zinek se statistickou vyznamnosti P < 0,001. Po 90
dnech od porodu se objevuji tii statisticky vyznamé rozdily v koncentraci zinku (P < 0,001),
fosforu (P < 0,05) a manganu (P < 0,001). Pti poslednim odbéru na konci 4. mésice laktace bylo
zjisténo prokazatelné zvyseni hladiny zinku (P < 0,001) a snizeni koncentrace vapniku (P < 0,05)

u skupiny dotovane organickou slou¢eninou zinku.

Sledované mineralni latky se béhem experimentalniho obdobi s ménicim se slozeni TMR
ménila dle faze zkrmovani. koncentrace jednotlivych mineralnich latek ovliviiovaly vzajemné
interakce zivin, mira utilizace a potieba v jednotlivych obdobich. Hladina vapnikuv krvi krav se
pied porodem snizovala, v den porodu byla u obou skupin na svém minimu, stejné tak koncentrace

fosforu, médi a selenu. Po porodu se koncentrace téchto prvku kontinualné zvysila a okolo 3.
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mésice p.p. ustélila, coz odpovida o¢ekavanému fyziologickémupriabéhu. Z piedeslych vyzkumi
minulych let vyplyva pozitivni korelace zinku a hoi¢iku, jejichpiima linearni zavislost se v naSem
experimentu potvrdila prikaznym zvy$enim magnezia (P <0,05) v den porodu u suplementované
skupiny organickym zinkem. Vysoce prikazné rozdily (P <0,01, P <0,001) jsme pozorovali u Zn-
Met suplementované skupiny u koncentraci zinku v krevnim séru krav v celém obdobi ode dne
porodu do konce experimentalniho obdobi. ZvySujici se trend koncentrace zinku v krvi u
pokusné skupiny odpovidéa zvySujici se dotaci Zn-Met dle vySe piijmu susiny v prvnich ¢tyfech
mésicich laktace. Hypotéza pozitivniho vlivu ptidavku organické slou¢eniny Zn k TMR krav byla
nasSimi vysledky potvrzena. Déle z vysledkl vyplyva, ze se charakteristika ostatnich mineralnich
prvku krav prukazné ménila u drasliku, manganu a fosforu. 30 dni p.p. doslo u pokusné skupiny
k prikaznému (P <0,001) snizeni drasliku a manganu (P <0,05). 90 dni p.p. pozorujeme
signifikantni snizeni koncentrace u manganu (P <0,001) a fosforu (P<0,05). Ctyfi mé&sice p.p.
dochazi k prukaznému snizeni koncentrace vapniku (P <0,05) a zvySeni zinku (P<0,001) u
pokusné skupiny. Pokles vapniku mize souviset se znamym antagonismem mezi vapnikem a
zinkem. U ostatnich makro — a mikroprvkt (Na, Cu a Se) nedochazelo k prokazatelnym zménam.

U telat (Tab. 53) ve druhé experimentalni ¢asti disertace sledujeme pozitivni vliv dotace
organického zinku pokusné skupin¢ ve signifikantnim zvyseni koncentrace zinku skupiny pokusné
7. den (P <0,05) i 90. den (P <0,005). Koncentrace médi u pokusné skupiny bylo prokazatelné
vys$si 7. den, nicméné 90. den nizsi (P <0,05) nez u kontrolni skupiny. Vitamin A a E dosahl
vyssich hodnot u pokusné skupiny 7. 1 90. den, nicméné¢ bez statistické prikaznosti. Vyssi hodnota
celkové bilkoviny u skupiny pokusné 90. den (P <0,05) doklada pozitivni vliv suplementace zinku.
ZvySenou aktivitu ALP nad referen¢ni rozmezi povazujeme v tomto véku telat za fyziologicky jev,
90. den pokusnéhoobdobi dosahuje pokusna skupina vyssiho poklesu nez skupina kontrolni (P
<0,01). U mocoviny dochazi k signifikantnimu rozdilu 90. den, u skupiny Kpoklesu pod spodni
referen¢nich mez. Divodem muze byt nedostatek dusikatych latek v KD ¢i vysSsi spotieba
aminokyselin pro syntézu proteinu. Enzym SOD dosahl vysoce signifikantniho zvyseni aktivity u
pokusné skupiny 7. den (P <0,01), i 90. den (P <0,003). Zinek je soucasti enzymu SOD, jeji
aktivita dotaci Zn-Met zvySuje. Doplitkem Zn-Met byla pozitivné ovlivnéna i koncentrace
imunoglobulint, 7. den byly hodnoty u P skupiny statisticky vysoce vyznamné (P < 0,001) vyssi,
90. den taktéz (P <0,05).

Zavérem lze potvrdit, Ze suplementace organicky vazaného zinku ve formé zinek
methionin ma pozitivni vliv na uzitkovost krav, zdravotni stav krav i telat, imunitu telat na

rostlinné vyzive.
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8.2 TABULKY

8.2.1 adkap.4-METODIKA

Tabulka 6.  Referen¢ni hodnoty hematologickych ukazatelt dojnic — srovnany podle
dvou autorit (JAGOS, 1985), (KRAFT et DURR, 2005)

REFERENCNi HODNOTY hematologickych ukazatelit DOINIC
(JAGOS, 1985) (KRAFZTOSE)DURR’
jednotky min max min max
Erytrocyty (x10%) T/ul 5 7 5 10
Hemoglobin g/l 90 140 90 140
Hematokrit I/l 0,3 0,38 0,28 0,38
Trombocyty (x10% G/I - - 300 800
Leukocyty (x10% G/I 6 10 5 10
MCH ng - - 11 17
MCV fl - - 46 65
MCHC mmol/Il - - 19 21

Tabulka 7.  Srovnani referenc¢nich hodnot z&kladnich hematologickych parametridojnic a
telat (SLANINA et al., 1992)

REFERENCNiI HODNOTY hematologickych ukazatelit DOJNIC A TELAT

. DOJNICE TELATA
(SLANINA et al., 1992) jednotky
min max min max
Hemoglobin g/l 93 117 90 119
Hematokrit I/l 0,30 0,40 0,33 0,44
Leukocyty G/l 6 10 6,2 11




Tabulka8.  Referen¢ni hodnoty biochemickych ukazatela krevni plazmy telat

(JAGOS, 1985) (Kraft, Diirr, 2005)

jednotky min max min max

celkova bilkovina g/l > 60 50 70
Albumin g/l 30,3 42 26 37
Mocovina mmol/l 2,5 6,6 2,6 6,6
a'ka"c(‘fl_fg;fatéza ukatl | 0279 | 0835 : 20
supero>zlsdc-)d [l)imutaza u/ml ] ) ]

vitamin A pumol/l >0,7 >1

vitamin E pmol/l > 0,64 7,2 21
zinek (Zn) pmol/I 12,2 45,9 16 40

méd’ (Cu) umol/l 12,6 18,9 9,4 15,7
imunoglobuliny (sérum) g/l >18 - -




Tabulka 8a. Referen¢ni hodnoty zakladnich biochemickych ukazateldl dojnic (krev, plazma,
sérum), JAGOS (1985)

Celkova bilkovina (CB) (2] 65.0 85.0
e Krevni plazma
e Krevni sérum (1] 60,0 80,0
Bilkovinna frakce krevniho
séra
e Albuminy 30,3 420
e Alfaglobuliny 15 10,5
e Betaglobuliny [g1] 8.0 13.8
e Gamaglobuliny 16,2 26,0
Glukoéza — plna krev (GLU) [mmol/] 3.00 3.90
Ketolatky — krev [mg/1] 0 70
pH krve . 7,38 743
Mocovina (UREA) (mmol/] 2,50 5,00
Amoniak (NH4) [mmolA] 47.0 70,5
Chloridy (CI') [mmol/] 90 110
Alkalicka fosfataza (AP) [ukat/1] 0.279 0.835
Aspartataminotransferaza —
(AST) [ukat/1) 0,222 0,500
Alaninaminotransferaza
(ALT) [ukat/1] 0,167 0,388
Laktatdehydrogenaza 4
(LDH) [ukat/1] 11,12 16,73
Bilirubin [umol/l] >5.0 7d p.p. >8.5
Ca [mmol/] 2,25 2,99
P [mmol/] 1,62 2,26
Mg [mmol) 0,78 1,07
K [mmol/] 4,00 5,80
Na [mmol/] 136 150
Cu [umol/l] 12,6 18,9
Zn [umol/l] 12,2 459
Mn [umol/) 1,2 1,2
Fe [umol/] 21.5 35.8

Thyroxin (T,) nmoV/I 20 60




POKUS I

Tabulka 9. Slozeni smésné krmné davky pro jednotliva obdobi experimentu (POKUS I)
KRMNE DAVKY DOJNICE V. OPATOVICE
Suchostojneé kravy | Ptiprava na porod | Rozdojovani | 1. faze laktace
Krmivo KD-1 KD -2 KD -3 KD -4
[ka] [ka] [ka] [ka]
senaz vojtéska 10 8 9 11
senaz hrachova 4 5 7 7
silaz kukuficna 6 10 14 14
LKS kukufice 0 2 4 6
LKS kukufice 4 6 6 8
Zékvas 0 3 3 3
seno luéni 3,5 15 2 2
slama krmna 3 1 1 0.5
koncentrat 1 35 4,5 7,5
hrach semeno 0 0.3 0.5 0.5
jecny Srot 0 2 2 3
mikrop M 5-8" 0 0,16 0,16 0,16
Monofos 0.25 0 0 0
cukr krmny 0 0 0 0.3

“ Slozeni doplitkové mineralni smési je uvedeno V ptiloze v tabulce 10.
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Tabulka 10.  Slozeni mineralni smési mikrop M 5-8 minerélni krmivo pro skot v 1kg smési
Mineralni krmivo pro skot mikrop M5 -8 *
Susina 95 %
Véapnik (Ca) 15%
Fosfor (P) 6 %
Sodik (Na) 9 %
Hot¢ik (Mg) 8%
Med (Cu) 1000 mg
Vitamin A 800000 m.j.
Vitamin D3 80000 m.}.
Vitamin E (jako alfatokoferol) 8000 m.j.

*dihydrogen a hydrohenfosforeénan vdpenaty monohydrat, uhli¢itan vipenaty, hydrogenuhli¢itan sodny,
oxid hote¢naty, chlorid sodny, fosfore¢nan vapenosodny,
(alfatokoferol), siran méd’naty pentahydrat, CuSO4.5H20, vit. A, vit. D3, kyselina kiemicita (E 551a),
etoxyquin (E 324), kyselina citronové (E 330), propylgalat (E 310)

uhli¢itan véapenohote¢naty, vit. E

Tabulka 11.  Slozeni premixu (POKUS | —I1)
Bioplex Zn 1,5 % (Alltech, USA)
Zinek (Zn) 15000 mg/kg
PSeni¢na mouka krmn@, chelat zinku hydrat aminokyselin
Tabulka 12.  Plan suplementace 1,5 % premixu Zn-Met (Alltech, USA)
Premix 1,5 % = 15.000 mg Zn / kg
Dotace = 30 mg Zn / kg susiny TMR
Mnozstvi Mnozstvi Mnozstvi Mnozstvi PREMIXU
; prijaté ZINKU PREMIXU do Zlabu
OBDOBI SUSINY | [mg/zvite/den] | [g/zviie/den] [g/skupina/den]
[kg/zvife/den] 1 zvire 1 zvire 10 zvifat 40 zvirat
Pred 11,32 340 22,7 227 908
porodem
LIy e 15,12 454 30,3 303 1212
porod
Rozdojovani 20,11 604 40,3 403 1612
Produkce 24,13 724 48,3 483 1932
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Tabulka 13. Zivinové sloZeni smésné krmné davky v jednotlivych obdobich pokusu v 1
kg TMR (POKUS 1)

Suclgzit;xjné Pﬁg::zg e Rozdojovani | 1. faze laktace
KD I KD II KB I e

Susina g 11320 15120 20112 24132
NL g 1472 2088 4132 4382
PDI- N g 826 1356 2488 2574
PDI-E g 721.1 1204 2412 2612
Tuk g 245.2 3122 885.3 988.3
Vlaknina g 3135 2865.8 3365 3268
Skrob g 1523 2516 4472.2 49223
Cukry g 122 622.3 1021 1132
NEL - S MJ 58.1 90.3 169.3 178.6
Popel g 926 954.6 1785 1836
Ca g 112.3 124.6 228.3 248.6
P g 58.2 82.1 112.5 121.6
Na g 18.3 29.6 80.4 92.8

K g 186.2 224.6 328.8 362

Mg g 33.1 48.6 74.6 75.3

Cu mg 512 588.6 865.2 886.2
Mn mg 1623 2132 2432 2632
Zn mg 1682 2136 2965 3236
Se mg 12.1 14.3 18.4 19.5

I mg 16.3 36.2 54.1 55.3

Vitamin A m.j. 183 235132 321452 365.3
Vitamin D m.,j. 3216 41125 64521 66856
Vitamin E  m.j. 660 1236 1265 1321

Niacin m.j. 6325 9865 10328
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Tabulka 14.  Schéma krmného zasahu (pokus I)
Lraerse MnozZstvi premixu
Skupina Doba zkrmovani krmné p,v
Bl [kg/zviie/den]
p1 c o 0,3343
14 dni a.p. - 1. den KD |
K? P.p. TMR 4
il 2.-21.d KD II e
.- 21. den p.p.
K2 PP TMR *
" 21. a7 40. d KD I 6047
2 .az 40. den p.p. —
Pt 0,724 °
K2 61. az 90. den p.p. KD IV ™R ¢

P — suplementovana = pokusna skupina dojnic, které byl béhem experimentu
zkrmovén piidavek zinku v organické formé (ZnMet) ke smésné krmné davce

K — kontrolni skupina dojnic bez suplementace ke smésné krmné davce

Slozky a obsah zivin premixu jsou uvedeny v tabulce 11

4 Zivinové slozeni smésné krmné davky je uvedeno v tabulce 13

Tabulka 15.  Fyziologické normy zinku u skotu (SLANINA et al., 1992)
TELATA MLADY DOJNICE
SKOT
Poti‘eba Zn 50 50 50
ma/kg susiny KD
Toleran¢ni mez 500 500 500
ma/kg susiny KD
Referen¢ni hodnoty | 12-24 12-24 12,2 - 26

umol/kg

v krevnim séru a plazmé
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8.2.2 adkap.4-VYSLEDKY A DISKUSE

POKUS I
UZITKOVOST
Tabulka 16. Pramérna denni dojivost — prvni 3 mésice laktace
30dp.p. 60dp.p. 90 d p.p.
P-skupina X 43.02 44.7 43.22
P SD 3.62 4.24 4.47
K -skupina X 42.03 42.08 39.98
P sp 3.98 4.6 48
P - value * P <0.05 P <0.01
*P>0,1; P=pokusnd; K=kontrolni

Tabulka 17.  Poé&et somatickych buiiek SCC [x10%/ mI] v mléce
30dp.p. 60 d p.p. 90 d p.p.
P-skupina 94.76 92.72 66.67
P SD 91.62 80.55 81.12
K -skupina X 150.05 165.98 177.6
d SD 16261  173.00 172.33
P - value * P <0.05 P <0.001
*P>0,1; P=pokusna; K=kontrolni

Tabulka 18. Kvalita mléka — srovnani jednotlivych komponent

30d p.p. 60d p.p. 90d p.p.
miéeny miéeny mlécny cukr mlécny mlécny mlécny cukr mlécny mlécny mléény cukr
TUK  [%] PROTEIN [%] LAKTOZA TUK PROTEIN LAKTOZA TUK PROTEIN LAKTOZA
[%] [%] [%] [%] [%] [%] [%]
P-skupina X 3.69 3.19 4.93 4.01 3.19 491 3.98 3.39 4.88
SD 0.41 0.3 0.23 0.45 0.3 0.38 0.45 0.22 0.22
. X 3.52 3.16 4.9 331 3.08 4.96 3.26 3.26 4.83
K-skupina
SD 0.81 0.32 0.31 0.59 0.22 0.2 0.45 0.2 0.44
P -value * * * P<0.01 P<0.05 * P <0.01 P <0.01 *

‘P>0,1; P=pokusnd; K=kontroIni
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POKUS I

HEMATOLOGIE
Tabulka 19.
Hematologické parametry - TELATA - tésné po porodu matky
Parameter WBC RBC HGB HCT PLT MCV MCH  MCHC
Jednotka [10%mn®]  [10%/mm’] [y/dl] [%] [10%mm®]  [fl] [pd] [/l
Referencni mez 5.0-10.0 4.00-12.00 9.00-14.00 28-38 300-800  46-65 11.0-17.0 31-34
P-skupina X 9.34 7.05 9.38 29.28 321.90 41.50 13.43 32.34
P SD 2.26 1.26 1.30 5.29 75.95 1.64 0.81 2.29
K-skupina X 7.43 478 8.25 22.12 309.08 39.40 15.41 29.32
P SD 2.85 1.17 1.35 5.85 71.14 2.30 3.37 11.32
P * <0.001 * <0.01 * <0.05 * *

*rozdil neni signifikantni (P >0.05); P = statisticky vyynamny rozdil (P <0.05; P<0.01; P<0.001); P = pokusn4; K = kontrolni; x= stfedni hodnota; SD
= standard deviation WBC = bil¢ krvinky; RBC = ¢ervené krvinky; HGB =hemoglobin; HCT = hematokrit; PLT = krevni desti¢ky; MCV = stfedni
objem erytrocytu; MCH = stfedni hodnota hemoglobinu ; MCHC = stfedni koncentrace hemoglobinu v erytrocytu

Tabulka 20.
Hematologické parametry - KRAVY - v den porodu

Parameter WBC RBC HGB HCT PLT MCV MCH  MCHC
Jednotka [10%mm®] [10%mm*]  [o/dl] [%] [10%mm®]  [fl] [pg] [y/al
Referenéni mez 5.0-10.0 5.00-10.00 9.00-14.00 28-38 300-800  46-65 11.0-17.0 31-34
P-skupina X 6.54 6.20 10.60 30.56 353.10 49.42 17.12 34.68

P SD 3.00 0.44 0.68 1.77 111.77 4.25 1.25 1.72

K -skupina X 8.35 5.47 9.53 25.52 233.33 47.10 17.91 37.20

P sD 2.83 0.49 1.00 1.33 99.74 2.94 2.54 4.12

P * <0.01 <0.01 <0.001 <0.01 * * *

*rozdil neni signifikantni (P >0.05); P = statisticky vyynamny rozdil (P <0.05; P<0.01; P<0.001); P = pokusna; K = kontrolni; x= stfedni hodnota; SD
= standard deviation WBC = bil¢ krvinky; RBC = ¢ervené krvinky; HGB =hemoglobin; HCT = hematokrit; PLT = krevni desti¢ky; MCV = stfedni
objem erytrocytu; MCH = stfedni hodnota hemoglobinu ; MCHC = stfedni koncentrace hemoglobinu v erytrocytu

Tabulka 21.
Hematologické parametry - KRAVY - 30 dni p.p.

Parameter WBC RBC HGB HCT PLT MCV MCH  MCHC
Jednotka [10%mm®] [10%mm*]  [o/dl] [%] [10¥mm’]  [fl] [pg] [y/dl]
Referenéni mez 5.0-10.0 5.00-10.00 9.00-14.00 28-38 300-800  46-65 11.0-17.0 31-34
P-skupina X 8.18 6.22 10.16 29.47 320.20 48.10 14.85 30.87

P SD 2.52 0.97 0.68 2.50 65.94 4.62 1.57 0.58

K -skupina X 9.58 5.40 9.81 26.17 296.37 44.02 15.85 34.56

P sD 2.31 0.67 0.88 1.81 61.78 2.80 1.35 2.67
P <0.05 <0.05 <0.01 <0.01 <0.05 <0.05 * <0.001

*rozdil neni signifikantni (P >0.05); P = statisticky vyynamny rozdil (P <0.05; P<0.01; P<0.001); P = pokusna; K = kontrolni; x= stfedni hodnota; SD
= standard deviation WBC = bil¢ krvinky; RBC = ¢ervené krvinky; HGB =hemoglobin; HCT = hematokrit; PLT = krevni desti¢ky; MCV = stfedni
objemerytrocytu; MCH = stfedni hodnota hemoglobinu ; MCHC = stiedni koncentrace hemoglobinu v erytrocytu

102



Tabulka 22.

Hematologické parametry - KRAVY - 60 dni p.p.

Parameter WBC RBC HGB HCT PLT MCV MCH MCHC
Jednotka [10%/mm®]  [10%/mm’] [o/dI] [%6] [10%mm®]  [fl] [pd] [g/dl
Referenéni mez 50-10.0 5.00-10.00 9.00-14.00 28-38 300-800  46-65 11.0-17.0 31-34
- 7.95 6.34 10.12 27.98 32430 4426 1604  36.30
P SD 0.75 0.52 0.68 2.24 58.82 3.70 1.30 0.72

K SKubira X 5.95 4.81 9.29 21.96 20627 4564 1935  42.36
P SD 0.86 0.31 0.78 1.81 48.22 2.62 1.05 0.66

P <0.01 <0.001 <0.05 <0.01 <0.05 * <0.001 <0.001

*rozdil neni signifikantni (P >0.05); P = statisticky vyynamny rozdil (P <0.05; P<0.01; P<0.001); P = pokusnd; K = kontrolni; x= stfedni hodnota; SD
= standard deviation WBC = bil¢ krvinky; RBC = ¢ervené krvinky; HGB = hemoglobin; HCT = hematokrit; PLT = krevni desti¢ky; MCV = stfedni
objemerytrocytu; MCH = stfedni hodnota hemoglobinu ; MCHC = stiedni koncentrace hemoglobinu v erytrocytu

Tabulka 23.
Hematologické parametry - KRAVY - 90 dni p.p.

Parameter WBC RBC HGB HCT PLT MCV MCH MCHC
Jednotka [10°%mm®]  [10%/mm®] [o/d] [%] [10%mm®]  [fl] [pal [o/all]
Referencni mez 5.0-10.0 5.00-10.00 9.00-14.00 28-38 300-800 46-65 11.0-17.0 31-34
P-skupina X 5.49 441 9.09 22.32 416.00 53.40 23.80 42.80

P SD 0.78 0.52 0.66 1.97 68.85 3.03 1.78 2.74

K -skupina X 5.82 437 8.86 21.22 340.00 48.25 2211 45.88

P SD 1.29 0.35 1.37 241 105.91 2.69 1.56 2.35

P * * * <0.01 * <0.01 * <0.05

*rozdil neni signifikantni (P >0.05); P = statisticky vyynamny rozdil (P <0.05; P<0.01; P<0.001); P = pokusna; K =kontrolni; x= stfedni hodnota; SD
= standard deviation WBC = bil¢ krvinky; RBC = ¢ervené krvinky; HGB = hemoglobin; HCT = hematokrit; PLT = krevni desti¢ky; MCV = stfedni
objem erytrocytu; MCH = stfedni hodnota hemoglobinu ; MCHC = stfedni koncentrace hemoglobinu v erytrocytu
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Tabulka 23 a. Hematologické parametry matek a jejich telat v Casové posloupnosti
(In: Polish Journal of Veterinary Sciences)
P
arsr:ietzter Calves Cows Cows Cows Cows
Physiol, range Day of Birth  Partrus 30dp.p. 60dp.p. 90dp.p.
x 934 6.54 8.18 7.95 549
WBC S-group ) 2.26 3.00 252 0.75 0.78
LM o X 7.34 8.35 9.58 5.95 5.82
501005 ) 2.85 2.83 231 0.86 1.29
Rl p * * <0.05 <0.01 *
X 7.05 6.20 6.22 6.3 441
RBC s-
grotp ) 1.26 0.44 0.97 0.52 0.52
[10%/mm?] C-group X 478 5.47 5.40 481 437
501005 ) 1.17 0.49 0.67 0.31 0.35
Siad p <0.001 <001 <0.05  <0.001 *
X 9.38 10.60 10.16 10.12 9.09
HGB S-gro
grotp ) 1.30 0.68 0.68 0.68 0.66
[/d] X 8.25 9.53 9.81 9.29 8.86
C-gro
0.014.05 golp gp 1.35 1.00 0.88 0.78 1.37
Dt p * <0.01 <0.01 <0.05 *
X 29.28 30.56 29.47 27.08 22.32
HCT S-gro
group SD 5.29 1.77 2.50 2.24 1.97
[%] X 22.12 2552 26.17 21.96 21.22
C-group
26.0:36.05 ) 5.85 1.33 1.81 1.81 241
T P <0.01 <0.001 <0.01 <0.01 <0.01
oLt Soro0 X 32190 35310 32020 32430  416.00
group SD 7595 11177 6594 58.82 68.85
[10¥/mm?] C-group X 309.08 23333 29637 29627  340.00
<300:800> SD 71.14 99.74 61.78 4822  105.91
’ p * <0.01 <0.05 <0.05 *
X 41.50 49.42 48.10 44.26 53.40
MCV ;
¢ Sgow o 1.64 4.25 4.62 3.70 3.03
[fl] X 39.40 4710 44.02 45.64 48.25
C-group
46.0:65.0 SD 230 2.94 2.80 2.62 2.69
009 p <0.05 * <0.05 * <0.01
x 13.43 17.12 14.85 16.04 23.80
MCH ]
¢ S-group sD 0.81 1.25 1.57 1.30 1.78
[nd] X 15.41 17.91 15.85 19.35 2211
C-group
_ SD 3.37 254 1.35 1.05 1.56
<11.0:17.0> . N > N o001 >
X 3234 34.68 30.87 36.30 42.80
MCHC S-group sD 2.29 1.72 0.58 0.72 2.74
[g/d] C-arou X 29.32 37.20 34.56 42.36 4588
310:34.05 gop - op 11.32 412 2,67 0.66 2.35
Dot p * * <0.001 <0001  <0.05

*Not significant difference (P>0.05); P =significant difference (P <0.05); S = supplemented; C = control; x=mean value; SD
=standard deviation WBC = white blood cells; RBC = red blood cells; HGB = haemoglobin; HCT = haematocrit; PLT =
platelets; MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin ; MCHC = mean corpuscular
haemoglobin concentration
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POKUS |
BIOCHEMIE

Tabulka 24. Hladina celkové bilkoviny v krvi krav

CELKOVA BILKOVINA [g/

21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.

POKUS X 69.09 76.53 73.04 72.59 74.17 74.34
SD 249 1.99 1.28 1.12 1.19 3.10
TP [o/] KONTROLA X 67.25 76.30 73.16 73.45 7451 74.83
SD 3.04 2.62 1.48 1.21 0.92 1.54
P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 25. Hladina albuminu v krvi krav

ALBUMIN [g/]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 34.36 35.04 33.63 33.22 33.53 33.35
SD 1.07 0.74 0.47 0.77 0.59 1.46
ALB [g/] KONTROLA X 34.20 34.51 33.77 33.83 33.82 33.44
SD 1.00 0.99 0.51 0.70 0.50 0.78
P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 26. Hladina mo¢oviny Vv krvi krav

MOCOVINA [mmol/]]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
R L
UREA . . : . . .
[mmoll] KONTROLA X 3.77 3.32 4.24 5.35 5.14 5.45
SD 0.19 0.23 0.21 0.28 0.35 0.34
P <0,05 * <0,05 * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost
rozdilu
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Tabulka 27. Hladina glukozy v krevnim séru krav

GLUKOZA [mmol/)
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 3.72 3.96 3.09 2.99 3.11 3.13
- SD 0.15 0.15 0.09 0.10 0.08 0.04
X 3.58 4.17 3.12 2.98 3.15 3.19
Il KONTROLA
[mmol] SD 0.24 0.41 0.13 0.09 0.09 0.03
P * * * * * S 0 01

* statisticky nevyznamny rozdil P >0.05; x = aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 28. Hladina bilirubinu v krevnim séru krav
BILIRUBIN [pmol/]
21d a.p. porod 30d p.p. 60d p.p. 90d p.p.  120d p.p.

POKUS X 3.56 5.96 413 3.98 3.71 3.29
BIL SD 0.39 0.57 0.36 0.21 0.47 0.42
[Umol]  KONTROLA X 3.37 5.61 3.73 3.66 3.85 3.65
SD 0.45 0.98 0.38 0.45 0.26 0.31

P %* * <0,05 <0,05 * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 29.  Aktivita enzymu AST v krevnim séru krav
ASPARTAT-AMINO-TRANSFERAZA [kat/]]
21d a.p. porod 30d p.p. 60d p.p. 90d p.p.  120d p.p.
POKUS X 1.38 1.46 1.49 1.52 1.38 1.43
AST SD 0.04 0.04 0.07 0.08 0.26 0.05
[kat]  KONTROLA X 1.39 1.47 1.52 1.57 1.39 1.42
SD 0.04 0.03 0.07 0.07 0.03 0.04
P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost

Tabulka 30. Aktivita enzymu GMT v krevnim séru krav
GAMA-GLUTAMYL-TRANSFERAZA [pkat/l]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
X 0.24 0.26 0.38 0.40 0.34 0.34
POKUS
GGT SD 0.03 0.03 0.09 0.07 0.05 0.04
(GMT) KONTROLA X 0.25 0.31 0.42 0.42 0.40 0.39
[pkat/M] SD 0.05 0.04 0.07 0.06 0.05 0.03
P * <0,01 * * <0,01 <0,001

* statisticky nevyznamny rozdil P >0.05; x = aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost
rozdilu
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Tabulka 31.

Aktivita enzymu ALP v krevnim séru krav

ALKALICKA FOSFATAZA [pkat/l]

21d a.p. partus 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 0.36 0.40 0.60 0.63 0.52 0.53
ALP SD 0.07 0.07 0.10 0.10 0.07 0.05
[katl] KONTROLA X 0.34 0.38 0.56 0.67 0.58 0.59
SD 0.05 0.05 0.10 0.07 0.10 0.08
P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x = aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost

rozdilu

Tabulka 31 a. Hladina hormonu THYROXINU T4 v krevnim séru krav

THYROXIN [nmol/]

21d a.p. partus 30d p.p. 60d p.p. 90d p.p.  120d p.p.
POKLS X 78.09 78.85 72.78 63.44 47.94 39.69
Ta SD 7.16 4.79 6.22 3.94 8.43 4.23
[moll]  KONTROLA X 83.78 83.60 72.34 61.89 45.27 37.88
SD 8.70 411 3.74 5.98 6.61 3.66
P * <0,05 * <0,05 * *
* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD =smérodatna odchylka; P = statisticka vyznamnost
rozdilu
Biochemicky profil krav v jednotlivych mésicich
Tabulka 32.
Biochemicky profil krav vysokobrezich krav 21 dni a.p.
CB Albbumin  Urea Glu Bilirubin ~ AST GMT ALP T4
g/l g/l mmoll  mmoll  pmoll  pkat/l pkat/l pkat/l nmol/|
POKUS X 69.09 34.36 3.93 3.72 3.56 1.38 0.24 0.36 78.09
SD 2.49 1.07 0.19 0.15 0.39 0.04 0.03 0.07 7.16
KONTROLA X 67.25 34.20 3.77 3.58 3.37 1.39 0.25 0.34 83.78
SD 3.04 1.00 0.19 0.24 0.45 0.04 0.05 0.05 8.70
P * * * * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost

rozdilu
Tabulka 33.
Biochemicky profil krav v den porodu

CB Albumin  Urea Glu Bilirubin  AST GMT ALP T4

g/l g/l mmol/l mmoll  pmoll  pkat/l pkat/l pkat/l.  nmol/l

POKUS X 76.53 35.04 3.46 3.96 5.96 1.46 0.26 0.40 78.85
SD 1.99 0.74 0.22 0.15 0.57 0.04 0.03 0.07 4,79

KONTROLA X 76.30 3451 3.32 417 5.61 1.47 0.31 0.38 83.60
sSD 2.62 0.99 0.23 0.41 0.98 0.03 0.04 0.05 411

P * * * * * * <0,01 * <0,05

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost

rozdilu
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Tabulka 34.

Biochemicky profil krav 1 mésic p.p.

CB  Albumin  Urea Glu Bilirubin ~ AST GMT ALP T4
g/l g/l mmol/l mmoll  pmoll  pkat/l pkat/l pkat/| nmol/l

X 73.04  33.63 4.45 3.09 4.13 1.49 0.38 0.60 72.78
SD 1.28 0.47 0.32 0.09 0.36 0.07 0.09 0.10 6.22
X 73.16  33.77 4.24 3.12 3.73 1.52 0.42 0.56 72.34
SD 1.48 0.51 0.21 0.13 0.38 0.07 0.07 0.10 3.74

POKUS

KONTROLA

P * * * * S 0’05 * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 35.
Biochemicky profil krav 1 mésic p.p.
CB  Albumin  Urea Glu Bilirubin ~ AST GMT ALP T4
g/l g/l mmol/l  mmoll  pmoll  pkat/l pkat/l pkat/| nmol/l
POKUS X 73.04  33.63 4.45 3.09 413 1.49 0.38 0.60 72.78

SD 1.28 0.47 0.32 0.09 0.36 0.07 0.09 0.10 6.22
X 73.16  33.77 4.24 3.12 3.73 1.52 0.42 0.56 72.34

KONTROLA
SD 1.48 0.51 0.21 0.13 0.38 0.07 0.07 0.10 3.74

P * * * * S 0’05 * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost
rozdilu

Tabulka 36.
Biochemicky profil krav 3 mésice p.p.
CB  Abumin  Urea Glu Bilirubin ~ AST GMT ALP T4
g/l g/l mmoll  mmoll  pmoll  pkat/l pkat/l pkat/l nmol/|
POKUS X 7417 3353 5.03 3.11 3.71 1.38 0.34 0.52 47.94
SD 1.19 0.59 0.31 0.08 0.47 0.26 0.05 0.07 8.43
KONTROLA X 7451  33.82 5.14 3.15 3.85 1.39 0.40 0.58 45.27

SD 0.92 0.50 0.35 0.09 0.26 0.03 0.05 0.10 6.61

P * * * * * * 50,01 * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost
rozdilu

Tabulka 37.
Biochemicky profil krav 4 mésice p.p.
CB  Albumin  Urea Glu  Bilirubin  AST GMT ALP T4
g/l g/l mmol/l  mmoll  pmoll  pkat/l pkat/l pkat/l . nmol/l
POKUS X 7434  33.35 5.28 3.13 3.29 1.43 0.34 0.53 39.69
SD 3.10 1.46 0.37 0.04 0.42 0.05 0.04 0.05 4.23
KONTROLA X 74.83  33.44 5.45 3.19 3.65 1.42 0.39 0.59 37.88

SD 1.54 0.78 0.34 0.03 0.31 0.04 0.03 0.08 3.66

P * * * <0,01 * * <0,001 * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = sm€rodatna odchylka; P = statisticka vyznamnost
rozdilu
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Tabulka 37 a. Souhrn biochemického profilu krav — 21 dni a.p. — 120 dni p.p.

(In: Polish Journal of Veterinary Sciences)

Parameter Unit

Physiological 21d a.p. partus  30d p.p. 60d p.p. 90d p.p. 120d p.p.
range
S-group X 69.09 76.53 73.04 72.59 74.17 74.34
TP SD 2.49 1.99 1.28 1.12 1.19 3.10
[oM C-group X 67.25 76.30 73.16 73.45 74.51 74.83
<60;80> SD 3.04 2.62 1.48 1.21 0.92 1.54
P * * * * * *
S-group X 34.36 35.04 33.63 33.22 33.53 33.35
ALB SD 1.07 0.74 0.47 0.77 0.59 1.46
[o/M C-group X 34.20 34.51 33.77 33.83 33.82 33.44
<30;40> SD 1.00 0.99 0.51 0.70 0.50 0.78
P * * * * * *
S-group X 3.93 3.46 4.45 5.11 5.03 5.28
UREA SD 0.19 0.22 0.32 0.20 0.31 0.37
[mmol/] C-group X 3.77 3.32 4.24 5.35 5.14 5.45
<3.3;5.0> SD 0.19 0.23 0.21 0.28 0.35 0.34
P < 0,05 * <0,05 * * *
S-group X 3.72 3.96 3.09 2.99 3.11 3.13
GLU SD 0.15 0.15 0.09 0.10 0.08 0.04
[mmol/M] C-group X 3.58 417 3.12 2.98 3.15 3.19
<2.2;3.3> SD 0.24 0.41 0.13 0.09 0.09 0.03
P * * * * * < 0’01
X 3.56 5.96 4.13 3.98 3.71 3.29
S-group
BIL SD 0.39 0.57 0.36 0.21 0.47 0.42
[pmolt] C-group X 3.37 5.61 3.73 3.66 3.85 3.65
<8,5 SD 0.45 0.98 0.38 0.45 0.26 0.31
P * * <0,05 <0,05 * *
S-group X 1.38 1.46 1.49 1.52 1.38 1.43
AST SD 0.04 0.04 0.07 0.08 0.26 0.05
[pkat/1] C-group X 1.39 1.47 1.52 1.57 1.39 1.42
<1.334 SD 0.04 0.03 0.07 0.07 0.03 0.04
P * * * * * *
S-group X 0.24 0.26 0.38 0.40 0.34 0.34
GGT SD 0.03 0.03 0.09 0.07 0.05 0.04
[pkat/1] C-group X 0.25 0.31 0.42 0.42 0.40 0.39
<0.834 SD 0.05 0.04 0.07 0.06 0.05 0.03
P * <0,01 * * < 0,01 < 0,001
S-group X 0.36 0.40 0.60 0.63 0.52 0.53
ALP SD 0.07 0.07 0.10 0.10 0.07 0.05
[pkat/1] C-group X 0.34 0.38 0.56 0.67 0.58 0.59
<0.834 SD 0.05 0.05 0.10 0.07 0.10 0.08
P * * * * * *
S-group X 78.09 78.85 72.78 63.44 47.94 39.69
Ty SD 7.16 4.79 6.22 3.94 8.43 4.23
[nmol/M] C-group X 83.78 83.60 72.34 61.89 45.27 37.88
<49;106> SD 8.70 4.11 3.74 5.98 6.61 3.66
P * <0,05 * <0,05 * *

*Not significant difference; P =significant difference (P <0.05); S = supplemented; C = control; x=mean value; SD =
standard deviation; a.p. = ante partum; p.p. = post partum; TP = total protein; ALB = albumin; BIL = bilirubin; AST =
aspartate aminotransferase; GGT = gamma glutamyl transferase; ALP = alanine aminotransferase; T4 = thyroxin
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POKUS | — MINERALNI LATKY

Tabulka 38. Koncentrace sodiku v krevni séru krav
SODIK [mmol/l]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.

POKUS X 143.50 148.10 144.20 144.40 145.50 144.60

Na SD 2.74 1.62 1.53 1.82 1.67 2.14
[mmoll] KONTROLA X 143.20 146.90 144.40 144.60 145.10 143.60

SD 2.44 2.54 2.01 1.87 1.78 1.82

P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky praimér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Tabulka 39. Koncentrace drasliku v krevni séru krav
DRASLIK [mmol/]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 4.43 4.30 4.36 4.50 454 4.53
SD 0.16 0.12 0.09 0.07 0.12 0.20
K [mmol/] KONTROLA X 4.36 4.29 452 452 450 4.56
SD 0.13 0.12 0.10 0.13 0.14 0.10
P * * S 0’01 * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Tabulka 40.  Koncentrace vipniku v krevnim séru krav
VAPNIK [mmol]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 2.40 2.12 2.30 2.36 2.37 2.37
Ca SD 0.07 0.12 0.05 0.02 0.05 0.03
2.49 2.13 2.32 2.35 2.38 2.40
KONTROLA
[rmot] SO 006 0.11 0.05 0.04 0.03 0.03
P * * * * * S 0,05

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Tabulka 41. Koncentrace fosforu v krevni séru krav
FOSFOR [mmol]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 1.95 1.82 2.02 2.02 2.05 2.08
P SD 0.07 0.08 0.06 0.06 0.04 0.06
1.96 1.86 2.04 2.04 2.07 2.07
KONTROLA
[mmol] 0.09 0.06 0.07 0.07 0.05 0.06
P * * * * S 0,05 *

* statisticky nevyznamny rozdil P>0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statistické
vyznamnost rozdilu
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Tabulka 42. Koncentrace horéiku v krevni séru krav
HORCIK [mmol/]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 0.97 0.93 0.97 0.95 0.98 1.02
Mg SD 0.08 0.05 0.03 0.03 0.04 0.05
X 0.96 0.91 0.98 0.94 0.96 1.00
KONTROLA

[mmol/] 0.05 0.04 0.05 0.02 0.04 0.05

P * S 0’05 * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Tabulka 43. Koncentrace zinku v krevni séru krav
ZINEK [umol/l]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 10.28 11.09 13.34 14.38 14.76 15.15
SD 1.23 0.80 0.78 0.78 0.91 0.89
Zn I/
[umol/l] controia X 10.39 9.56 11.21 11.30 11.02 10.70
SD 1.17 0.92 1.21 1.06 1.13 1.04
P * <0,01 <0,001 <0,001 <0,001 <0,001

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka

Tabulka 44. Koncentrace médi v krevni séru krav
MED [umol/]
21d a.p. porod 30dp.p. 60dp.p. 90dp.p. 120dp.p.

POKUS X 12.04 11.21 13.15 13.01 13.29 12.62
Cu SD 0.98 0.86 0.91 0.35 0.57 0.88
[Umol]]  KONTROLA X 11.72 11.05 12.99 13.00 13.09 13.10
SD 0.82 0.87 0.83 1.01 0.81 1.05

P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Tabulka 45.  Koncentrace manganu v krevni séru krav
MANGAN [Lo/l
21d a.p. partus 30d p.p. 60dp.p. 90dp.p. 120dp.p.

5o X 8.34 8.25 8.04 8.61 8.55 9.01

v gouw - sp  po1 053 0.30 0.68 0.59 1.28
Gl Cegrou X 8.33 8.07 8.32 9.01 10.12 10.60
oo o 128 0.92 0.39 0.63 1.08 1.21

P * * <0.05 x <0,001 x

* statisticky nevyznamny rozdil P>0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu
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Tabulka 46.  Koncentrace selenu v krevni séru krav
SELEN [pg/l]
21d a.p. partus 30dp.p. 60dp.p. 90dp.p. 120dp.p.
POKUS X 105.59 99.02 103.17 104.03 102.89 105.99

SD 10.63 5.44 6.87 8.70 9.07 7.75
Se W/ KONTROLA X 102.47 92.67 102.13 103.53 102.69 105.21

SD 13.69 8.15 8.98 10.11 7.33 7.85

P * * * * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka
vyznamnost rozdilu

Minerélnich profill krav v jednotlivych mé&sicich

Tabulka 47.
Mineralni profil krav vysokobiezich krav 21 dni a.p

Na K Ca P Mg Zn Cu Mn Se

mmol/l mmol/l  mmolVl  mmoll  mmoll  pmoll  pmol/l L/l Lo/l
POKUS X 14350 443 2.40 1.95 0.97 10.28  12.04 8.34  105.59
SD 2.74 0.16 0.07 0.07 0.08 1.23 0.98 0.91 10.63
KONTROLA X 14320 4.36 2.49 1.96 0.96 10.39  11.72 8.33 10247
SD 2.44 0.13 0.06 0.09 0.05 1.17 0.82 1.28 13.69

P * * * * * * * * *

* statisticky nevyznamny rozdil P >0.05; x = aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost rozdilu

Tabulka 48.
Mineralni profil krav vysokobiezich krav v den porodu

Na K Ca P Mg Zn Cu Mn Se

mmol/l  mmoll  mmoll  mmoll  mmoll  pmoll  pmol Lo/l o/l
POKUS X 148.10  4.30 2.12 1.82 0.97 11.09 1121 8.25 99.02

SD 1.62 0.12 0.12 0.08 0.08 0.80 0.86 0.53 5.44
KONTROLA X 146.90 4.29 2.13 1.86 0.91 9.56 11.05 8.07 92.67
SD 2.54 0.12 0.11 0.06 0.04 0.92 0.87 0.92 8.15

P * * * * <0,05 <0,01 * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost rozdilu
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Tabulka 49.

Mineralni profil krav 1 mésic p.p.

Na K Ca P Mg Zn Cu Mn Se
mmol/l  mmol/l  mmoll  mmoll mmoll  pmoll  pmolI L/l L/l
POKUS X 14420  4.36 2.30 2.02 0.97 1334 13.15 8.04  103.17
SD 1.53 0.09 0.05 0.06 0.03 0.78 0.91 0.30 6.87
KONTROLA X 14440 452 2.32 2.04 0.98 1121 1299 832  102.13
SD 2.01 0.10 0.05 0.07 0.05 1.21 0.83 0.39 8.98
P * <0,001 * * * <0,001 * <0,05 *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost rozdilu

Tabulka 50.
Mineralni profil krav 2 mésice p.p.

Na K Ca P Mg Zn Cu Mn Se

mmol/l  mmol/l  mmoll  mmoll mmoll  pmoll  pmolI o/l Lyl
POKUS X 14440 450 2.36 2.02 0.97 1438  13.01 8.61  104.03

SD 1.82 0.07 0.02 0.06 0.03 0.78 0.35 0.68 8.70
KONTROLA X 14460  4.52 2.35 2.04 0.98 11.30  13.00 9.01 10353
SD 1.87 0.13 0.04 0.07 0.05 1.06 1.01 0.63 10.11

p * * * * * S 0’001 * * *

* statisticky nevyznamny rozdil P>0.05; x = aritmeticky primér souboru; SD = smérodatna odchylka; P = statistickd vyznamnost rozdilu

Tabulka 51.
Mineralni profil krav 3 mésice p.p.

Na K Ca P Mg Zn Cu Mn Se

mmol/l  mmoll  mmoll  mmol/l  mmoll  pmoll  pmol Lo/l Lo/l
POKUS X 14550 4.54 2.37 2.05 0.93 1476 13.29 855  102.89

SD 1.67 0.12 0.05 0.04 0.04 0.91 0.57 0.59 9.07
KONTROLA X 14510  4.50 2.38 2.07 0.96 11.02 13.09 10.12 102.69

SD 1.78 0.14 0.03 0.05 0.04 1.13 0.81 1.08 7.33

P * * * <0,05 * <0,001 * <0,001 *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky primér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost rozdilu

Tabulka 52.
Mineralni profil krav 4 mésice p.p.

Na K Ca P Mg Zn Cu Mn Se

mmol/l  mmoll  mmoll  mmol/l  mmoll  pmoll  pmol Lo/l L/l
POKUS X 14460 453 2.37 2.08 0.97 1515 1262 991  105.99

SD 2.14 0.20 0.03 0.06 0.06 0.89 0.88 1.28 7.75
KONTROLA X 143.60  4.56 2.40 2.07 1.00 10.70  13.10 10.60 105.21

SD 1.82 0.10 0.03 0.06 0.05 1.04 1.05 1.21 7.85

P * * <0,05 * * <0,001 * * *

* statisticky nevyznamny rozdil P >0.05; x= aritmeticky pramér souboru; SD = smérodatna odchylka; P = statisticka vyznamnost rozdilu
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Tabulka 52 a.

Souhrn mineralniho profilu krav — 21 dni a.p. — 120 dni p.p.
(In: Polish Journal of Veterinary Sciences)

Parameter  Unit

Physiological 21d a.p. partus 30d p.p. 60d p.p. 90d p.p.  120d p.p.
range
S-group X 143.50 148.10 144.20 144.40 145.50 144.60
Na [rmol/] SD 2.74 1.62 1.53 1.82 1.67 2.14
<135:150> C-growp X 143.20 146.90 144.40 144.60 145.10 143.60
SD 244 2.54 2.01 1.87 1.78 1.82
P * * * * * *
S-group X 4.43 4.30 4.36 4.50 4,54 4.53
K [rmol/] SD 0.16 0.12 0.09 0.07 0.12 0.20
<4.0'5.0> C-group X 4.36 4.29 452 4.52 450 4.56
SD 0.13 0.12 0.10 0.13 0.14 0.10
P * * < 0’01 * * *
S-group X 2.40 2.12 2.30 2.36 2.37 2.37
Ca [rmol/] SD 0.07 0.12 0.05 0.02 0.05 0.03
<2.0:3.0> C-growp X 2.49 2.13 2.32 2.35 2.38 2.40
SD 0.06 0.11 0.05 0.04 0.03 0.03
* * * * * < 0’05
S-group X 1.95 1.82 2.02 2.02 2.05 2.08
p [rmol/] SD 0.07 0.08 0.06 0.06 0.04 0.06
<1.6:2.3> C-group X 1.96 1.86 2.04 2.04 2.07 2.07
SD 0.09 0.06 0.07 0.07 0.05 0.06
P * * * * < 0’05 *
S-group X 0.97 0.93 0.97 0.95 0.98 1.02
Mg  [mmol] SD 0.08 0.05 0.03 0.03 0.04 0.05
<070:1.77>  C-group X 0.96 0.91 0.98 0.94 0.96 1.00
SD 0.05 0.04 0.05 0.02 0.04 0.05
P * < 0’05 * * * *
S-group X 10.28 11.09 13.34 14.38 14.76 15.15
7n [umol] SD 1.23 0.80 0.78 0.78 0.91 0.89
<12.2260>  C-group X 10.39 9.56 11.21 11.30 11.02 10.70
SD 1.17 0.92 1.21 1.06 1.13 1.04
P * <0,01 <0,001 <0,001 <0,001 <0,001
S-group X 12.04 11.21 13.15 13.01 13.29 12.62
Cu [Lmol] SD 0.98 0.86 0.91 0.35 0.57 0.88
<8.0:39.0> C-group X 11.72 11.05 12.99 13.00 13.09 13.10
SD 0.82 0.87 0.83 1.01 0.81 1.05
P * * * * * *
S-group X 8.34 8.25 8.04 8.61 8.55 9.91
Mn Lol SD 0.91 0.53 0.30 0.68 0.59 1.28
<7.019.0> C-growp X 8.33 8.07 8.32 9.01 10.12 10.60
' SD 1.28 0.92 0.39 0.63 1.08 1.21
P * * <0,05 * <0,001 *
S-group X 105.59 99.02 103.17 104.03 102.89 105.99
Se o/l SD 10.63 5.44 6.87 8.70 9.07 7.75
<92-112:247>  C-group X 102.47 92.67 102.13 103.53 102.69 105.21
' SD 13.69 8.15 8.98 10.11 7.33 7.85
P * * * * * *

*Not significant difference; P = significant difference (P<0.05); S = supplemented; C = control; x= mean value; SD = standard deviation;
a.p. = ante partum; p.p. = postpartum; Na = sodium; K = potassium; Ca = calcium; P = phosphorus; Mg = magnesium; Zn =zinc; Cu =
copper; Mn = manganese; Se = selenium
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POKUS II

Tabulka 53. Biochemické parametry v krevniho séra TELAT

Vysledky parametrd krevniho séra TELAT
referen¢ni Den 7 Den 90
parametr hodnota jednotka
POKUS KONTROLA POKUS KONTROLA
X 57.52 58.48 68.47* 65.94*
celkova bilkovina 50-70 g/l
SD 2.61 1.50 1.87 2.42
X 30.55 30.53 35,95** 32.73%*
albumin 30,3-42 g/l
SD 1.68 1.45 1.40 1.04
X 4.37 4.23 2.92*%* 2.48**
mocovina 2,5-6,6 mmol/I
SD 0.38 0.50 0.30 0.21
X 10.56 11.82 7.10%* 9.06**
ALP max 20 pkat/I
SD 1.99 1.48 1.30 1.65
X 487.92 456.39 471.26 426.10
SOD U/ml
SD 22.87 28.67 29.69 33.55
X 1.26** 1.30 2.37** 2.55
vitamin A >0,7 umol/I
SD 0.15 0.23 0.60 0.48
X 7.30 7.07 2.97 2.65
vitamin E >0,64 umol/I
SD 1.65 1.35 0.55 0.37
X 10.98 11.35 10,80* 9.88*
Cu 12,2-18,9 umol/I
SD 1.29 1.38 1.24 1.20
X 15.36* 13.74* 14.27%* 11.25**
Zn 12,6- 45,9 umol/I
SD 0.83 2.26 1.16 2.52
X 14.51 7.46 27.77* 24.31*
IgG >18 g/l
SD 1.08 0.69 3.97 1.70
* P<0.05; **P<0.01; x=stfedni hodnota; SD=smérodatna odchylka
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8.3 GRAFY

POKUS I
UZITKOVOST
Graf 1. Pramérna denni dojivost [kg/d] béhem prvnich tii mésict laktace
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Graf 2. Pocet somatickych bunék [SCC x 103/ml] béhem prvnich tii mésict laktace
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Graf 3. Komponenty mléka — procentuélni zastoupeni tuku, proteinu a laktézy 30.,
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POKUS I
HEMATOLOGIE

Graf 4.
Hematologické parametry - TELATA - tésné po porodu matky
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Graf 6.

Hematologické parametry - KRAVY - 30 dni p.p.
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Graf 7.
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Graf 8.
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BIOCHEMIE

Graf 9.
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Graf 10. Hladina albuminu v krevnim séru krav béhem obdobi rané laktace
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Graf 11. Hladina mocoviny v krevnim séru krav béhem obdobi rané laktace
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Graf 12. Hladina glukdzy v krevnim séru krav béhem obdobi rané laktace
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Graf 13. Hladina bilirubinu v krevnim séru krav béhem obdobi rané laktace
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Graf 14. Aktivita enzymu AST v krevnim séru krav béhem obdobi rané laktace
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Graf 15. Aktivita enzymu GMT v krevnim séru krav béhem obdobi rané laktace
GMT [pkat/l]
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Graf 16. Aktivita enzymu ALP v krevnim séru krav béhem obdobi rané laktace
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Graf 16a. Hladina hormonu T4 v krevnim séru krav béhem obdobi rané laktace
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GRAFY MINERALNICH LATEK V KREVNIM SERU KRAV

Graf 17. Hladina sodiku v krevnim séru krav
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Graf 18. Hladina drasliku v krevnim séru krav

K [mmol/1]

W Pokusna sk. Kontrolni sk.
475

465

455 [ [

4.45

> 435

£ 4.25
415

4.05

3.95

3.85
21d a.p. POROD 30d p.p.  60d p.p. 90d p.p. 120d p.p.

125



Graf 19. Hladina vapniku v krevnim séru krav
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Graf 20. Hladina fosforu v krevnim séru krav
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Graf 21. Hladina hot¢iku v krevnim séru krav
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Graf 22. Hladina zinku v krevnim séru krav

[umol/1]

N B O 0

16
14
12
10

o

21d a.p.

Zn [umol/I]

M Pokusna sk.

POROD

30d p.p.

Graf 23. Hladina mé&di v krevnim séru krav
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Graf 24. Hladina manganu v krevnim séru krav
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Graf 25. Hladina selenu v krevnim séru krav
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POKUS Il - TELATA

Graf 26. Hladina celkové bilkoviny v krevnim séru TELAT —den 7. a den 90.
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Graf 27. Hladina albuminu v krevnim séru TELAT —den 7. a den 90.
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Graf 28. Hladina mocoviny v krevnim séru TELAT — 7. den a den 90.
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Graf 29. Aktivita enzymu alkalicka fosfataza ALP v krvi TELAT —den 7. a den 90
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Graf 30. Aktivita enzymu superoxiddismutaza SOD v krvi TELAT —den 7. a den 90.
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Graf 31. Koncentrace vitaminu A v krevnim séru telat — den 7. a den 90.
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Graf 32. Koncentrace vitaminu E v krevnim séru telat — den 7. a den 90.
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Graf 33. Koncentrace médi v krevnim séru telat — den 7. a den 90.
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Graf 34. Koncentrace zinku v krevnim séru telat — den 7. a den 90.
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Graf 35. Hladina celkovych imunoglobulint v krvi telat — den 7. a den 90.
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Abstract

The aim of the study was to investigate the effect of organic zinc supplementation in calves on
serum zinc (Zn) concentrations, selected metabolic profile indicators and serum immunoglobulin
(Ig) concentrations. The trial included 2 groups (n = 10) of weaned female calves. The
Zn-Methionin calves (group Zn-Met) were supplemented with 30 mg Zn-Met/kg dry matter
(DM)/day (BIOPLEX® Zn, Alitech, USA) for 90 days; the control calves (group C) received
the same diet without organic zinc supplementation. Compared to the control group, organic Zn
treatment significantly increased serum Zn concentration (P < 0.05), superoxide dismutase (SOD)
activity (P <0.01) and total Ig (P < 0.01) in the group Zn-Met at the beginning (7 days from the
start of Zn-Met supplementation) of the trial. At the end of the trial (day 90) serum total protein
(TP) (P < 0.05), albumin (P < 0.01), urea (P < 0.01), SOD (P < 0.01), copper (Cu) (P < 0.05),
Zn (P < 0:01) and Ig (P < 0.05) concentrations were significantly higher in the Zn-Met calves. In
the control group alkaline phosphatase (ALP) activity was significantly (P < 0.01) higher on day
90. A positive correlation between zinc concentrations, ALP, and SOD activities in serum, and
a negative correlation between zinc and copper concentrations were demonstrated. Dietary
Zn-Met supplementation in calves markedly influenced the metabolic profile and serum
immunoglobulin concentrations. Compared to the control group, the Zn supplemented group
showed a significantly (P < 0.05) lower ALP and significantly greater SOD serum activity
(P <0.01) at the end of the trial. Total Ig concentrations were significantly higher in the Zn treated
group (day 7: P <0.01 vs. day 90: P <0.05).

Trace element, biochemical indicator, immune response, SOD, cattle

The enzyme activity and gene expression of proteins influenced by zinc as an essential
trace element that plays structural and catalytic roles in over 300 enzymes and transcription
factors (Lipscomb and Strdter 1996; Illek 2003; Suttle 2010) affect reproduction,
growth, milk production, and the immune system of animals (I1lek 1987; Chesters 1997,
Andrieu 2008). Zinc sources of greater bioavailability such as zinc methionine (Zn-Met)
(Wedekind et al. 1992; Kincaid et al. 1997) can increase concentrations of Zn in tissues
such as thymus, bone marrow (Heilig et al. 2014), and serum (Cousins and Leinart
1988) more markedly than traditional Zn sources. The role of Zn as an antioxidant and
its importance for cell replication and proliferation are the two most direct connections
between Zn and the immune function (Spears and Weiss 2008; Nojiri et al. 2011).

~ Therefore, the objective of this study was to assess the effect of zinc supplementation
on serum Zn concentrations, metabolic profile indicators and serum immunoglobulin
concentrations.

Materials and Methods

The study was performed in a herd of 300 Holstein cows with a mean milk yield of 9,318 kg per 305 day
lactation (mean fat content 3.79%; mean protein content 3.31%). In total there were 236 calves: 110 pre-weaning
(milk replacer fed) and 126 post-weaning. Calf loss due to mortality reached 3.4%. The calves did not show
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any clinical signs of Zn deficiency. During the whole pre-weaning period the calves were housed in individual
pens. Twice a day they received 4 litres of Lactosan® (Schaumann, Germany) milk replacer (40 mg Zn/kg DM
as ZnS0,), and Calf Starter Feed MLSTEL® (Farmtec, a.s., Czech Republic), (30 mg Zn/kg DM, 22% CP). They
had free access to meadow hay and water ad libitum between meals. The calves were weaned at 8 weeks-of age.
The trial included 20 weaned female calves, randomly allocated into 2 separately housed groups of 10 animals.
The diet consisted of Calf Starter Feed 2 (19.5 % CP, 30 mg Zn/ kg DM), meadow hay and water ad libitum.
After a 21 day adaptation period the experimental Zn supplementation was launched. The zinc treated calves
(group Zn-Met) (n = 10) received an organic zinc source (Zn-Met) for 3 months, at 30 mg Zn-Met’kg DM/day
(BIOPLEX® Zn, Alltech, USA). The control calves (group C) (n = 10) received the same diet without organic zinc
supplementation. During the experimental period, the general health status of calves was monitored.

At the beginning and end of the experiment, i.e. on days 7 and 90 of Zn-Met supplementation, blood samples
were taken from the jugular vein of calves in both groups for biochemical and immunological analyses (serum
concentrations of total protein [TP], albumin [ ALB], urea, alkaline phosphatase [ ALP], superoxide dismutase [SOD],
vitamin A, vitamin E, copper [Cu], zinc [Zn], and total immunoglobulin [Ig]). The metabolic profile indicators,
microelements Cu and Zn (by atomic absorption spectrophotometry AAS), vitamin A and E (by spectrofluorometry),
and total serum immunoglobulin (by turbidimetry) concentrations were analyzed with commercial biochemical
kits with the Hitachi 917 analyzer following the manufacturer’s instructions (F. Hoffmann-La Roche, Germany)
in Vetlabfarm s.r.0., Brno, Czech Republic. The decisive criterion for the diagnosis of Zn deficiency in calves
is a decreased serum Zn concentration. Zinc concentrations lower than 12 pmol/l were regarded as deficient,
Zn concentrations within the range of 12—18 pmol/l were considered to be the optimum Zn status. Zinc concentrations
higher than 18 pmol/l were regarded as indicating a slightly excessive Zn supply. Raw data were statistically
analyzed using Microsoft EXCEL® and Statistica®; the data sets were compared by two-choice Student’s z-test
with equal or unequal variance. The correlation was expressed by correlation coefficient and its significance was
evaluated by Student’s #-test. The value of P < 0.05 was considered as significant, P < 0.01 as highly significant.

Results

At the beginning of the experimental period two indicators were outside the physiological
range. Both the supplemented (Zn-Met) and the control group showed low serum copper
and total immunoglobulin concentrations. Significant differences in Ig (P < 0.01),
Zn (P <0.05) and SOD (P < 0.01) concentrations were demonstrated on day 7. The zinc
supplemented group showed higher concentrations of the three indicators than the control
group.

At the end of the trial (day 90) the Zn-Met (P) and control (C) calves showed
significant differences in following indicators: TP (P < 0.05), albumin (P < 0.01), urea
(P <0.01), ALP (P <£0.01), SOD (P < 0.01), copper (P < 0.05), zinc (P < 0.01), and total
Ig (P <0.05). Serum urea and Zn levels in the control group, and Cu concentration in both
the groups were outside the physiological ranges. Total protein, albumin (P: (P < 0.05),
immunoglobulins, and vitamin A showed a significant increase (P < 0.01). Urea (P <0.01),
ALP (P <£0.01), SOD (P < 0.05), vitamin E (P < 0.01) and Zn (P < 0.05) concentrations
were decreased in both groups. Initial and final values are summarized in Table 1.

The experimental calves did not show any clinical signs of Zn deficiency or other diseases
at the beginning or at the end of the trial.

Serum total protein (TP) and albumin concentrations increased with age of the calves. Both
experimental groups showed significant differences in the initial and final concentrations
of TP. The Zn-Met group showed slightly higher final TP and albumin concentrations than
group C (TP: P <0.05, albumin: P <0.01).

At the end of the trial period there was a significant difference between the initial and
final urea concentrations both in the control (P < 0.01) and the Zn-Met (P < 0.01) group.
A significant final difference (P.<0.01) in final urea concentrations between the groups was
observed. Group C showed a greater drop below the lower limit of the physiological range
than the group Zn-Met.

Alkaline phosphatase and SOD activities decreased with age of the calves. There was
a significant difference between the groups. The final ALP activity was significantly higher
in group C compared to Zn-Met (P < 0.01). The measurements performed at the beginning
and end of trial revealed a significant drop (P < 0.01) in serum ALP activity in each group.
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Table 1. Biochemical indicators of calves on days 7 and 90 of the trial.

51

Indicator Reference Unit Day 7 Day 90
values m Zn-Met C Zn-Met C
Total protein (TP) 50-70 X 57.52 58.48 68.47* 65.94*
¢l SD 2.61 1.5 1.87 242
Albumin 30.3-42 X 30.55 30.53 35.95%* 32.73**
¢l SD 1.68 145 14 1.04
Urea 2566  oi X 437 423 2.92%+ 248%*
SD 0.38 0.5 0.3 0.21
Alkaline phosphatase (ALP)  max 20 ukat/ X 10.56 11.82 T1** 9.06**
SD 1.99 1.48 1.3 1.65
Superoxide dismutase (SOD) - Uil X 487.92** 456.39%* 471.26** 426.1**
SD 287 28.67 29.69 33.55
Vitamin A >0.7 umol/l X 126 13 237 2.55
: SD 0.15 0.23 0.6 0.48
Vitamin E >0.64 pmol X 13 707 297 2.65
SD 1.65 1.35 0.55 0.37
Copper (Cu) 12.2-18.9 umol/ X 10.98 11.35 10.8* 9.88*
SD 1.29 1.38 1.24 12
Zinc (Zn) 12.6-45.9 umol/l X 15.36* 13.74* 14.27** 11.25%*
SD 0.83 2.26 1.16 2.52
Total : >12 g/l X 14.51** 7.46** 21.77* 24.31*
immunoglobulin (Ig) SD 1.08 0.69 3.97 1.7

*significant difference a tP < 0.05, **highly significant difference at P < 0.01, SD = standard deviation, x = mean value

Both ALP and SOD are Zn-depended enzymes, therefore we investigated the relationship
between these two indicators. Significantly positive correlation of ALP activity and serum
Zn concentration was demonstrated by regression analysis as r = 0.389, (P < 0.01), which
may imply a favourable influence of Zn-Met on serum ALP activity. We found significant
differences between the initial and final SOD values in each group (P: P < 0.01 vs.
C: P <£0.003) and a significantly positive correlation coefficient r = 0.279 (P < 0.05).
A more pronounced drop of SOD in group C is shown in Table 1.

The differences between the experimental groups in the initial and final concentrations
of vitamin A and E (days 7 and 90, respectively) were not significant. However, there was
a significant increase (P < 0.01) from the initial to final plasma vitamin A concentration
in each group (Table 1). Vitamin E concentrations were significantly decreased
(P<0.01) in both groups. The Zn-Met group tended to show higher initial and final vitamin
E concentrations compared to group C.

All calves showed marginal copper deficiency throughout the trial. Initial and final
serum Cu concentrations in both experimental groups were outside the physiological range
(Table 1). A significantly negative correlation between Zn and Cu concentrations reflects
the suppressive effect of increasing Zn concentrations on Cu concentrations that were
decreasing in both the groups at the same rate; r = -0.493; (P < 0.05). ‘

By evaluating serum Zn concentration we found significant differences in serum
Zn concentrations in Zn-Met and control calves on day 7 (P < 0.05) and day 90
(P < 0.01). During the trial a significant drop (P < 0.05) in serum Zn concentrations
occurred in group C. The final serum Zn concentration was below the physiological range
in group C, whereas in the Zn-Met group it was high above the lower physiological limit.
The Zn-Met group showed a decrease as well, but non-significant.

136



52

During the trial there was a significant increase in total serum Ig in each group (P <0.01).
On day 7, in neither group total Ig values reached the lower limit of physiological range
(>18 g/1). The Zn-Met group showed significantly higher serum Ig concentrations than
group C both at the beginning and the end (day 7: P < 0.01, day 90: P < 0.05), with final
serum Ig concentrations being more increased than the initial ones.

Discussion

During the 90-day trial we observed a physiological TP incréase, qualified as
normoproteinaemia that is to be achieved at the age of 3—4 months (Dirksen et al.
2006). Another effect we observed was the reduction of Zn-dependent ALP activity with
increasing age. Generally, growing animals show higher ALP activity because of the bone
isoenzyme ALP activity. Zinc is involved in bone mineralization and calcium mobilization.
Positively correlated ALP activity is decreased in Zn deficient animals (Heilig et al.
2014). At the end of the trial the control calves were marginally Zn deficient, although ALP
activity was higher compared to the Zn supplemented group. Spears (1989) demonstrated
an increased ALP activity in heifers supplemented with organic and inorganic Zn sources.
A decrease in ALP activity at the end of this trial was smaller in group C. Andrieu (2008)
reported that Zn deficiency leads to a decreased ALP activity in cattle. Heilig et al. (2014)
found reduced serum Zn and ALP concentrations in milk fever cows compared to a healthy
control group. However, the ALP activity is influenced by many other factors and in cattle
it shows great individual variability (Dirksen et al. 2006; Chesters 1997). Therefore,
ALP is not recommended as a suitable indicator of Zn concentration in the body status of
the animal (NRC 2001).

The increase in vitamin A concentrations and decrease in vitamin E concentrations
could be associated with dietary changes. Vitamin A concentration in group C tended
to be higher on days 7 and 90. Dang et al. (2013) demonstrated a positive effect of
Zn/Cu/vitamin E micronutrient supplementation on the phagocytic activity of neutrophils,
modulated immune cell function, and enhancement of their production in peripartum cows.
A significant (P < 0.01) increase in the B lymphocyte proliferation was observed in the
Zn supplemented group and Zn/Cu/vitE supplemented cows on day 15 pre-calving, as well
as in the copper-supplemented group of cows during the post partum period (P < 0.01).
This confirms that it is vital to provide sufficient amounts of copper and safeguard the
optimal function of the antioxidant system in cattle.

A drop of in urea concentrations below the physiological limit in the control calves at the

end of the trial was surprising. Otherwise, the calves were prosperous. The reason for the.

serum urea drop could be an insufficient dietary crude protein (CP) supply. Spears (1989)
explained a serum urea drop in heifers supplemented with Zn-Met by higher amino acid
utilization for protein synthesis. Also Kessler et al. (2003) reported a serum urea drop in
fattening bulls.

Unlike in this study, Kessler et al. (2003) did not observe any significant differences
in metabolic serum indicators (TP, ALB, ALP) between the C and Zn-Met supplemented
groups at the end of their trial. The regression analysis demonstrated a positive correlation
between Zn and SOD concentrations in serum. As compared to the control calves, the
Zn-supplemented group showed significantly higher Zn concentrations and SOD activity
in serum; a similar drop in each indicator was demonstrated. Singh and Singha (2003)
and Nojiri et al. (2011) reported a positive effect of Zn supplementation on SOD activity
as well. A previously known negative correlation between serum Zn and Cu concentrations
was demonstrated. Similar results were reported by Sikka et al. (2002).

The supplementation of Zn-Met showed a significant effect on serum Ig concentrations
in Zn-supplemented calves. Similarly, Droke et al. (1998) and Dang et al. (2013)
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demonstrated the positive effect of Zn, Cu, and vitamin E supplementation on the immune
response in cattle, and so did Chirase and Greene (2001) who compared organic
Zn-Met with zinc oxide (ZnO) supplementation in calves infected with infectious bovine
rhinotracheitis. Kincaid et al. (1997) did not demonstrate any effects of Zn-Met, Zn-Lys
and ZnO supplementation on the cytotoxic activity and phagocytic activity of neutrophils.
Spears and Kegley (2002) were not successful either. Sikka et al. (2002) reported a
significant positive interaction between serum zinc concentration and vitamin A/D/E
supplementation, and higher total Ig concentrations in buffalo calves supplemented with
Zn, Cu, Ca, Mg, Cu, Mn, Fe, Na, Cl, Co, I, and F without vitamin A/D/E treatment compared
to calves treated with all the micronutrients. Their dams were supplemented pre partum
with vitamins A, D, and E. In our study a significant positive correlation between serum Zn
and serum total Ig concentrations was demonstrated. Engle et al. (1997) reported a more
pronounced cell response in marginally Zn deficient calves supplemented with Zn-Met and
Zn-Lys than in calves supplemented with ZnSO,. Nemec et al. (2014) reported a greater
improvement of the immune status in lactating cows receiving organic Zn compared to
those supplemented with inorganic Zn, Cu, and Mn sources. The neutrophil phagocytosis
was positively affected in the group supplemented with chelated minerals.

Our results suggest that Zn-Met supplementation favourably influenced serum
Zn concentrations. Souza et al. (2007) demonstrated a significantly higher retention
of zinc in rats treated with Zn-Met compared to those given zinc sulphate (ZnSO,) and
zinc oxide (ZnO), which indicates an increase in Zn bioavailability reflected in its higher
retention in the body.

The results of the experiment showed a favourable effect of the organic Zn source
(Zn-Met, Bioplex®) supplementation of calves on serum Zn concentrations, total serum
Ig concentrations, SOD activity, and serum TP and albumin concentrations. A positive
correlation between Zn concentrations and ALP and SOD activities and a negative
correlation between Zn and Cu concentrations were demonstrated. Serum Zn concentrations
were slowly decreasing during the experimental period in both groups. The control group
showed a highly significant drop in Zn concentrations. Significant differences in serum TP
and albumin related to the calves’ age were observed. In the Zn-Met supplemented group
a significantly smaller SOD activity drop was observed at the end of the trial period. Initial
and final total immunoglobulin concentrations were higher in the Zn treated group.
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ABSTRACT

The aim of the study was to investigate the cffect of organic
zinc (Zn) supplementation in marginally Zn deficient calves and
assess the effect of zinc supplementation on plasma Zn levels,
average daily weight gain (ADWG), selected metabolic profile
(blood chemistry) parameters and serum immunoglobulin levels.
The trial included 18 weaned female calves, allocated into 2 groups
(n=9). Zinc treated calves (P group) reccived 100mg Zn-Met /
calf/day (BIOPLEX® Zn, Alltech) for 3 months and the Control
calves (K group) the same diet without Zn supplementation. In
the Zn-Met supplemented calves there was significantly higher
ADWG than in the unsupplemented control calves. Organic Zn
supplementation increased plasma Zn levels and ADWG (1.14 kg
vs. 1.05 kg - Control). A positive correlation between Zn levels
and ALP and SOD activities in plasma, and a negative correlation
between Zn and Cu levels was demonstrated. Zn supplementa-
tion in calves did not markedly influence metabolic profile, nor
serum immunoglobulin levels. Significant changes in metabolic
profile parameters were observed only in association with the calf
age. As compared with the Control group, there were in the Zn
supplemented group a significantly smaller ALP activity decrease
and a significantly greater SOD plasma concentration decrease
at the end of the trial period. Final total immunoglobulin levels
were higher in the Zn supplemented group than in the Control
group, but the difference was statistically significant.

Key words: calves; immunoglobulin; metabolic profile; weight
gain; zinc
INTRODUCTION

The enzyme activity and genc expression of proteins
influenced by zinc, as an essential trace element that plays

structural and catalytic roles in over 300 enzymes and (ran-
scription factors (18), affect reproduction, growth, milk produc-
tion and the immune system of the animals (2). Zinc sources
of greater bioavailability, such as zinc methionine (Zn-Met)
compared to traditional Zn sources (16, 36) can increase the
concentration of Zn in tissues, such as thymus, bone marrow
and plasma (1). The role of Zn as an antioxidant (i.c., SOD)
and the importace of Zn to cell replication and proliferation
are the two most direct connections between Zn and immune
function (32). Therefore, the objectives of this research were to
assess the effect of zinc supplementation on plasma Zn levels,
average daily weight gain (ADWG), selected metabolic profile
parameters and serum immunoglobulin levels.

MATERIAL AND METHODS

Animals and diets

In the large calf house there was 630 Holstein cows, mean
milk yield per 305 day lactation was 9.115 kg (mean fat - 3.82
%, mean protein - 3.35 %). Reproduction efficiency was poor
(150 days open; 2.2 inseminations per one conception - in-
semination index; 430 days calving to calving interval; 88 days
calving to first service interval; 32 % conception rate after the
1st service). Out of 236 calves, 110 were pre-weaning (milk
replacer fed) and 126 were post-weaning. ADWG was about
0.82 kg. Losses in calves due to mortality reached 6.12 %. The
calves did not show clinical signs of Zn deficiency.

For the whole pre-weaning period the calves were housed
in individual pens. Twice a day they received 2 litres of Lac-
tosan milk replacer, and Calf Starter Feed 1 (22 % CP. 30
mg Zn. kg' DM). They had free access to meadow hey and
water ad libitum between the meals. The calves were weaned
at 8 weeks of age.
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The trial included 18 weaned female calves, randomly al-
located into 2 separately housed groups of 9 animals. The diet
consisted of Calf Starter Feed 2 (19.5 % CP, 30 mg Zn. kg'
DM), meadow hey and water ad libitum. After 14 day adapta-
tion period, the calves in both the groups were individually
weighted and experimental Zn supplementation was launched.
The Zn treated calves (P group) (n=9) received organic zinc
source (Zn-Met) for 3 months, at a dose 100mg Zn-Met /calf/
day (BIOPLEX® Zn, Alltech). The Control calves (K group)
(n=9) received the same diet without organic zinc source
supplementation.

During the experimental period, the general health status of
calves was monitored. At the beginning and end of the trial, the
calves were weighted and withdrawn blood samples to analyze
chosen plasma values and serum immunoglobulin levels.

Sampling and laboratory analysis

At the beginning and end of the experiment, i.e. 90 days
after the beginning of Zn supplementation, calves in both treat-
ments were withdrawn blood from the jugular vein for blood
chemistry and immunology analyses( Total protein, albumin,
urea, alanine amino transferase (ALP), superoxide dismutase
(SOD), vitamin A, vitamin E, copper, zinc levels in plasma,
total immunoglobulin levels in serum). The metabolic profile
parameters were analyzed with the COBAS MIRA S analyzer,
microelements by atomic absorption spectrophotometry (AAS)
with the device ATOMSPEK H 1551, vitamin A and E by
fluorometry and total serum immunoglobulin levels by the
zinc-sulphate turbidimetry, using the spectrophotometer at 590
nm wavelength. The decisive criterion for the diagnosis of Zn
deficiency in calves is a decreased plasma Zn level. Zn levels
lower than 12 pmol.l" were regarded as deficient, Zn levels
within the range of 12-18 pmol.l' were considered as optimum
Zn status. Zn levels over 18 pmol.l" were regarded to indicate
a slightly excessive Zn supply.

Statistical methods

The raw data were statistically analyzed using Microsoft
EXCEL and KyPlot and files were compared by a two choice
paired t-test for the median value and two-choice t-test with
equal of unequal variance. Correlations of biochemical param-
eters were expressed by correlation coefficient, and statistical
significance of correlation was evaluated by t-test. For the
control of data analysis, non-parametric tests were used, e.g.
the Wilcoxon test. As statistically significant, the P < 0.05 was
considered, P < 0.01 as highly significant.

RESULTS

General health status of calves was without visible disease
signs at the beginning the trial period. The experimental calves
did not show clinical signs of Zn deficiency, neither at the
beginning nor at the end of the trial. In the control group,
one call died during the experimental period due to acute
rumen tympany.

When we compared the Zn supplemented calves with the
control ones, we received a statistically significant difference

(P < 0.05). The calves supplemented with Zn - Metl had
ADWG of 1.14 kg, whereas the control calves of 1.05 kg, as
shown in the Fig. 1.

Average daily weight gain ,
115 1 (ADWG)[kg] =
1.1 4 ’
g |
1,05 - i
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Fig. 1. Average daily weight gain (ADWG) in kg

Blood chemistry parameters: In both the experimental
groups, low total protein and copper levels and increased
plasma ALP were found. These parameters were outside the
physiological ranges.

After the experimental period, both the Zn supplemented
and control calves showed significant differences in most pa-
rameters under study. Total protein, albumin and vitamin A
showed a highly significant increase. Urea, ALP, SOD, vitamin
E, copper and zinc levels were decreased. At the end of experi-
mental period, no significant differences in blood chemistry
parameters between the experimental groups were found. Initial
and final values are summarized in Tables 1 and 2.

With an increasing age of calves, total protein and albumin
levels were increasing. Both the experimental groups showed
highly significant differences between the initial and final levels.
The Zn supplemented group (P) showed slightly higher final
TP (68.3 + 2.95 gl') and albumin (32.59 = 2.06 g.I') levels
than the control group (K) (TP 66.58 + 2.53 g.I"and Alb 32.43
£ 1.2 g.I"), but the differences were not significant.

Surprisingly, at the end of the trial period there was a highly
significant difference in urea levels from the initial levels both
in the Control (P < 0.01) and Zn treated (P << 0.01) groups.
The Zn supplemented group showed a deeper drop and higher
statistical significance (from 4.23 = 0.62 mmol.l’ to 2.25 £
0.42 mmol.I'"). In the Control group, the decrease was smaller
(from 4.52 + 0.84 mmol.I' to 2.34 + 0.28 mmol.l").

Tables 1 and 2 show that there was a significant increase
in plasma vitamin A levels from the initial to final values in
both the experimental groups. On the contrary, vitamin E levels
showed a significant decrease to a value lower than 3 pmol.l".
The Zn supplemented group showed a non-significantly higher
vitamin E level (2.91 + 0.68 pumol.I') than the Control group
(2.48 + 0.24 pmol.l").
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Plasma ALP and SOD activities decreased during the experi-
mental period, but ALP activity was still higher than the refer-
ence physiological value. There was a non-significant numerical
difference between the Zn-supplemented and control groups.
The final ALP activity in the control group was higher than in
the Zn-supplemented group (5.34 £ 2.60 ukat.I' vs. 5.09 + 1.42
pkat.l’, respectively). However, the comparison of the groups at
the beginning and end of the trial revealed a significant (P <
0.01) drop in plasma ALP activity in the Zn-supplemented group.
This may imply that Zn-Met favourably influenced plasma ALP
activity. The enzyme ALP contains Zn, therefore we investigated
the relationship between the two parameters. A highly significant
correlation between ALP activity and plasma Zn level was found
by the regression analysis (P = 0.00371).

The amount of SOD (containing Zn too) decreased with
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Fig. 2. The correlation between plasma Zn (umol.l")
levels and SOD activity (U.ml")

the increasing age of calves. We found statistically significant
differences between the initial and final SOD values in both
groups (P; P < 0.05 and K; P < 0.01). We received the cor-
relation coefficient r = 0.399806 and statistical significance of
P = 0.02585. The positive correlation (ALP activity increases
with increasing plasma Zn) is shown in Fig. 2 and between
SOD and Zn in Fig. 3. A more pronounced drop of SOD in
the Zn-supplemented group is shown in Tables | and 2.

Fig. 2 and 3. The correlation between plasma Zn (umol/l)
levels and SOD activity (U/ml) or ALP activity (ukat/1)

Initial and final plasma Cu levels in both the experimental
groups were below the physiological range (Tables 1 and 2).
Beside marginal Zn deficiency the calves probably had marginal
copper deficiency. Between Zn and Cu levels, a significant
regression relationship was found (P = 0.029941). The value of
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Fig. 3. The correlation hetween plasma Zn (umol.l')
levels and ALP activity (pkat.I')

Table 1 and 2. Blood chemistry parameters in the Zn-supplemented group (P)
and control group (K) at the beginning (Day 0) and end of the trial (Day 90)

Group P X SD Cv [%] Group K X sd Cv [%]

Total Protein (g.1') Day 0 56.02** 6.81 12.16 Total Protein (g.I") 59.82** 4.12 6.89
Day 90 68.31 2.95 4.31 Day0O(umol.l")Day 90 66.58 2.53 3.80
Albumin (g.1") Day 0 30.71* 1.33 4.32 Albumin (g.1") Day 0 30.33** 1.83 6.05
Day 90 32.59 2.06 6.33 Day 90 32.43 1.21 3.72

Urea {(mmol.I') Day 0 4 23%* 0.62 14.56 Urea (mmol.I") Day 0 4:50%* 0.84 18.55
Day 90 2.25 0.42 18.85 Day 90 2.34 0.28 11.91

ALP (pkat.l') Day 0 7.66* 1.80 23.48 ALP (pkat.l') Day 0 T375% 2.64 33.95
Day 90 5.09 1.42 27.88 Day 90 5.34 2.60 48.59

Vit. A (umol.l") Day 0 1:23%% 0.15 12.23 Vit. A (umol.l") Day 0 1:35%% 0.36 26.42
Day 90 2.32 0.79 33.89 Day 90 2.37 0.31 13.09

Vit. E (umol.l") Day 0 7.45%* 1.23 16.51 Vit. E (pmol.I') Day 0 432 2.31 32.39
Day 90 2.91 0.68 23.37 Day 90 2.37 0.24 9.68

SOD (U.ml') Day 0 391.16** 42.35 10.83 SOD (U.ml') Day 0 440.22%* 44.14 10.03
Day 90 350.80 39.69 11.32 Day 90 356.73 47.22 13.24

Cu (pmol.I") Day 0 10.95 1.60 14.58 Cu (pmol.1") Day 0 11.46 2.03 17.70
Day 90 10.47 1.39 13.32 Day 90 10.39 1.17 11.24

Zn (umol.I') Day 0 15.32 3.59 2343 Zn(pmol.1")) Day 0 14.95 3.08 20.60
Day 90 12.52 2..76 22.04 Day 90 11.34 3.09 27.03

** highly significant difference between the initial (Day 0) and final (Day 90) values
* significant difference between the initial (Day 0) and final (Day 90) values
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correlation coefficient r = -0.5264 (with minus sign), describes
the fact that with increasing Zn levels, Cu levels decreased,
both in Zn-supplemented and control calves.

The levels of total serum immunoglobulins in each calf
were rather varied. The values ranged from 2.0 gl' to 22.9
g.I". At the end of the trial, total Ig levels were similar in all
the calves. During the trial there was a significant increase
of total serum Ig both the groups (P < 0.01). The Zn-Met
supplemented group showed significantly higher mean final
serum Ig (27.54 + 1.82 g.I") than the control group (26.78 +
1.72 g.I'). But this finding does not imply that Zn influenced
total serum Ig levels.

Table 3. Total serum immunoglobulin levels (g.1') in
the Zn-supplemented (P) and control (K) groups at
the beginning (Day 0) and end (Day 90) of the trial

Group/blood sampling Day 0 Day 90
X 14.73** 27.54

P (n=9) SD 5.43 1.82
CV 36.86 6.61
X T5* 26.78

K (n=9) SD 513 1.72
cvV 67.77 6.42

** highly significant difference (P < 0.01)
between the initial (Day 0) and final (Day 90) values

Table 4. Plasma Zn levels (umol.l") in calves supplemented
with Zn-Met (P) and control calves (K) at the beginning (Day 0)
and the end (Day 90) of the trial

Group / blood sampling Day 0 Day 90
X 14.95%= 11.43%*
P (n=9)
SD 3.08 3.09
X 15.32 12.52
K (n=9)
SD 3.59 2.76

** highly significant difference (P < 0.01) between the
initial (Day 0) and final (Day 90) values

By assessing plasma Zn levels in all the calves under study
it was found that 18 % calves were Zn deficient, 23.5 % showed
marginal Zn status and 35 % optimum Zn status and 23.5 %
showed plasma Zn levels exceeding the reference physiologi-
cal range. During the trial there was a significant drop (P <
0.01) in plasma Zn levels. The Zn-supplemented group showed
a decrease but not statistically significant (P < 0.2). Final Zn
levels in the control group were bellow the physiological range
(11.34 pmol.I'), whereas in the Zn-supplemented group were
above the lower limit (12.52 pmol.l*). This suggests that Zn-Met
supplementation favourably influenced plasma Zn levels.
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Fig. 4. Plasma Zn levels in calves supplemented
with Zn-Met (P) and control calves (K); Day 0; Day 90

DISCUSSION

This experiment was focused on the effect of Zn-Met (blood
chemistry/metabolic profile, average daily weight gain, total
serum Ig) in marginally Zn deficient calves with no clinical
signs of Zn deficiency. In animals with clinical signs of Zn
deficiency, the percentage of Zn resorption is higher (21). In
younger calves, 50 % Zn absorption was reported, whereas in
older calves only 30 % (23). Both the above-mentioned facts
(older calves without deficiency signs) might have influences
the results of the trial because this type of trials with younger
calves or with calves with clinical signs of Zn deficiency is
reported to give more favourable results. Kessler et al. (15)
did not find significantly positive effect of organic and inorganic
Zn supplementation in fattening bulls on ADWG, metabolic
profile and immune response.

The organic Zn (Zn-Met) supplementation to marginally
Zn deficient calves without clinical signs increased plasma
Zn levels and average daily weight gain in growing calves. M.
Huerta et al. (10) demonstrate the the effects of growth
implants and dietary source of Zn on growth, concentration
of Zn in liver and serum and immune function in heifers and
steers. He describes, that growth implants affect metabolism
and alter Zn needs of cattle. Growth implants increased ADG
of heifers fed the control diet or the diet with ZnSO4 but
not the diet containing Zn-Met. However, the ADG of non-
implanted heifers was significantly improved by added Zn-Met
but not ZnSO4. Implanted steers had increased ADG when fed
ZnS04, however, nonimplanted steers performed better with
Zn-Met. Growth implants (Synovex) increased the response of
IgG to vaccination.

At the beginning of the trial we observed low levels of total
protein that achieved physiological values at the end of the
trial. We consider this increase as physiological. After the birth
this value is about 50 g.I"* and normoproteinemia is achieved at
the age of 3-4 months. If hypoproteinemia persist, it is a sign
insufficient dietary protein supply, liver or kidney disorders of
impaired protein absorption in the gut (17).

Another common sign which we have also observed is
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increased ALP activity. In growing animals it is twice as
high as in mature animals, for which bone isoenzyme ALP is
responsible. Its activity increases with bone activity, or liver,
skeleton or tumorous disease (20). Spears (30) demonstrated
increased ALP activity in heifers supplemented with organic and
inorganic Zn sources, which supports our results (a decrease
in ALP activity in the end of the trial was smaller in Zn-Met
supplemented calves. On the other hand it was demonstrated
that Zn deficiency decreases ALP activity in mice. In addition
to a highly significant relationship between ALP and Zn, ALP
activity is influenced by many other factors. ALP activity in
cattle shows a great individual variability (13). Therefore ALP
does not appear to be a suitable indicator of Zn concentration
in the body (24).

The increase in vitamin A levels and decrease in vitamin
E levels is probably associated with dietary changes, because
the first sampling was carried out immediately after the wean-
ing.

A decrease in urea concentrations under the physiological
level in all the calves under study at the end of the trial was
surprising. The calves were prosperous and had adequate weight
gains. The reason for the drop in urea levels is usually insuf-
ficient dietary crude protein supply. The calves had received
milk replacer and calf starter 1 before the beginning of the
trial. During the trial period they were fed calf starter 2 and
meadow hey. All the feeds used provided were sufficient sources
of CP, reported similar plasma urea drop in fattening bulls but
they did not make comments about it. Spears (1989) explained
plasma urea drop in heifers supplemented with Zn-Met by a
higher amino acid utilization for protein synthesis.

Similarly to our study, Kessler er al. (14) did not observe
significant differences between blood chemical parameters (TP,
Alb, ALP) between the control and supplemented groups at the
end of their trial. The regression analysis demonstrated a positive
correlation between Zn and SOD levels in plasma. Therefore
we expected a higher SOD activity in Zn-supplemented calves,
similarly to the findings of Singh and Singha (29). The
Zn-supplemented group that showed higher plasma Zn levels,
however, showed a greater SOD drop than the control calves.
This can be explained by the fact that SOD contains both Zn
and Cu. Because of the negative correlation between CU and
Zn, the Zn-supplemented group showed a greater decrease in
SOD, due to lower Cu concentrations. A negative correlation
between Zn and Cu concentrations we demonstrated confirmed
the antagonistic relationship between the two elements which
is generally known. Similar results were reported by Sikka
et al. (28).

For the determination of total serum Ig levels we used the
turbidimetric method. The Ig levels we found are closely cor-
related with IgG levels and less closely with other Ig classes’
levels. The rests did not show a significant effect of Zn-Met on
serum Ig levels in Zn-supplemented calves. The experiment was
influenced by initial concentrations of total Ig. At the time of
the first sampling, a great variability in total Ig levels among
individual calves was noted. This effect could have been caused
by many factors such as contact of the animals with infectious
agents. Similarly, Kincaid er al. (16) did not demonstrate
the effect of Zn supplementation on the immunity when they
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monitored the effect of Zn-Met, Zn-Lys and ZnO on other
immune response parameters (e.g. cytotoxic activity, ability
of neutrophils to fagocytize bacteria). Neither Spearse and
Kegley (31) were successful.

There are several studies demonstrating positive effects
of Zn on the immune response. Chirase and Greene (3)
reported that Zn-Met supplementation resulted in significantly
higher antibody titres in IBR virus challenged calves than ZnO
supplementation. Sikka ez al. (28) described higher Ig levels in
buffalo calves supplemented with Zn and other microelements.
Unlike this study, they demonstrated a significant positive cor-
relation between Zn and serum total Ig levels, Another way
how to study this effect is an intradermal administration of
fytohemaglutinine and monitoring of skin reaction. Engle er
al. (7) found in marginally Zn deficient calves a smaller cel
response after fytogemaglutinine administration. Calves supple-
mented with Zn-Met and Zn-Lys showed a m ore pronounced
cell response than the calves supplemented with ZnS0,

It seems that sufficient Zn levels in raw materials have a
greater impact in the immunity than supplementary Zn. Many
researchers reported a lower immune response in calves, lambs
and mice with Zn deficiency (1, 5, 8, 27).

CONCLUSIONS

The results of the experiment indicate that the organic Zn
(Zn-Met, Bioplex) supplementation to marginally Zn deficient
calves without clinical signs increased plasma Zn levels and
average daily weight gain in growing calves which is of eco-
nomic significance. A positive correlation between Zn levels and
ALP and SOD activities in plasma, and a negative correlation
between Zn and Cu levels was demonstrated. Unfortunately,
in this trial the effect of Zn on serum immunoglobulin levels
was not demonstrated.

In the Zn-Met supplemented calves there was significantly
higher ADWG than in the unsupplemented control calves (1.14
kg vs. 1.05 kg, respectively).

Plasma Zn levels were slowly decreasing during the ex-
perimental period in both the groups. The Control group
showed a highly significant drop in Zn levels, the initial and
final plasma Zn levels were 14.95 umol.l' (+ 3.00) and 11.34
pmolI'l (+ 0.90), respectively. In the Zn supplemented group
did not show a significant decrease, the initial level of 15.32
umolLl!' (£ 3.59) dropped down to the final level of 12.52
umolL.l" (£ 2.76).

Zn supplementation in calves with marginal Zn deficiency
did not markedly influence metabolic profile nor serum im-
munoglobulin levels. Significant differences in metabolic profile
parameters were observed only in association with the calf age.
In the Zn supplemented group there was a significantly smaller
ALP activity decrease and a significantly greater SOD plasma
concentration decrease at the end of the trial period. Final total
immunoglobulin levels were higher in the Zn supplemented
group, but the difference was not statistically significant.
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Abstract

The objective of the current trial was to evaluate the effect of organically chelated Zinc —
Methionine (Zn-Met) supplementation on lactation performance of dairy cattle - milk yield
(MY), milk components and somatic cell count (SCC) - in the early lactation.

Eighty multiparous cows received two treatments (n = 40 per group) from 21 days
prepartum throughout 14 weeks post partum (p.p.). Treatments consisted of 1) supplemental
Zn-Met (Bioplex® Zn, Alltech, USA) at the dose of 30 mg Zn/kg dry matter (DM) of total mixed
ration (TMR) for the supplemented (S) group and 2) the basal TMR without supplementation —
for the control (C) group.

Daily MY of Zn supplemented cows was in 30 days p.p. not significantly affected
(P>0.05) by treatment. After 60 days the MY of the S-group was significantly higher (S: 44.70
+4.24 kg vs. C: 42.08 + 4.60 kg respectively); (P<0.05). 90 d p.p. there was highly significant
difference (P<0.005) as well (S: 43.22 + 4.47 kg vs. C: 39.98 + 4.80 kg). Supplemented cows
also produced significantly more milk fat and milk protein then the C-group on days 60 and 90
of the trial. There is a statistically significant drop and decreasing trend in SCC in S-group
during the entire trial. Milk quality and udder health are positively affected by Zn-Met
treatment. This has significant implication for veterinary practice in an era of antibiotic
reduction.

Keywords: trace elements, cattle, milk quality

Introduction
Trace element deficiencies of minerals such as zinc (Zn), copper (Cu), manganese (Mn) or
cobalt (Co) have been observed and studied for many years. They play very important roles in
protein synthesis, vitamin metabolism, tissue connectivity, immune system, hormone
regulation, appetite regulation, growth, fertility, quality of skin and claw integrity (Hidiroglou
1979; Illek 1987; Miller et al. 1988; Shankar and Prasad 1998; NRC 2001; Iliek 2003;
Tomlinson et al. 2004; Slavik et al. 2006; Dresler et al. 2016; Weiss 2017; Chen 2020;
Guimaraes et al. 2022). Zinc is a microelement, which has an essential function for health and
performance by livestock. Zinc supplementation has effect on cattle performance and health,
such as fertility, lactation, claw integrity and immunity (Neathery 1973; Malcolm-Callis et al.
2000; Spears and Kegley 2002; Kellogg et al. 2004; Kincaid and Socha 2004; Nocek et al. 2006;
Griffiths et al. 2007; Siciliano-Jones et al. 2008; Pavlik et al. 2010; Machado et al. 2013; Horst
et al. 2019).

Zinc is an integral part of many enzyme systems, or it works as an enzyme activator. It
affects milk production, reproduction, immune system, and the growth of the animals through
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Faculty of Agriculture and Technology Phone: +49-9137-3690412
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the enzyme activity and gene expression of proteins influenced by zinc (Chesters 1997). Zinc
plays catalytic and structural roles in over 300 enzymes and transcription factors (Lipscomb
and Striter 1996). Function of metalloenzymes such as carbonic anhydrase, lactate
dehydrogenase, alcohol dehydrogenase, alkaline phosphatase, carbonic anhydrase, Cu/Zn-
superoxide dismutase (SOD), carboxypeptidase-A, -B or DNA-, RNA-polymerase is negatively
influenced by zinc deficiency (Miller and Miller 1962; Kirchgessner et al. 1975; Chesters 1992;
Chahabra and Arora 1993; Underwood and Suttle 1999; Illek 2003; Chen et al. 2020).

Zinc as a part of insulin affects the activity of some hormones such as glucagon or
corticotropin; that is the way how zinc intervenes in protein and energetic metabolism (Illek
2003).

Zinc has two most direct connections to the immune function, the role of Zn as an
antioxidant, i.e., SOD and the importance of Zn to cell replication and proliferation (Droke et
al. 1998; Spears and Weiss 2008; Nagalakshmi et al. 2009; Dresler et al. 2016; Chen et al. 2020;
Alhussien et al. 2021). Zinc is essential for leukocyte creation and function; it has an influence
on antibody creation and phagocytosis and is important in the cell apoptosis process (Droke and
Spears 1993; Illek 2003). Corinthas et al. (2010) reported about a positive effect of organic
source of Zn on SCC, but no effect on antioxidant enzymes — Zn/Cu-SOD, glutathione
peroxidase (GSH-Px). However, Chen et al. (2020) compared four different Zn-Met treatments
(0, 20, 40, 60 mg/kg of dry matter (DM) and reported a significant increase in Zn/Cu-SOD and
total antioxidant capacity in cows supplemented with >40 mg of Zn/kg of DM compared to the
control group. Similarly, Dresler et al. (2016) demonstrated the positive effect of Zn-Met on
SOD activity in weaned calves. Zinc status in dairy cows is essential in keratinization within
the teat canal, so that teat health is related to zinc (Andrieu 2007). Compared to traditional
feeding of inorganic sources of Zn (oxide, sulphate), organically bound Zn has higher
bioavailability (Wedekind et al. 1992; Kincaid and Socha 2004; Caldera et al. 2019) and can
increase Zn concentration in tissues (Ivani$inova et al. 2016) and plasma or reduce SCC in milk
respectively (Cousins 2006; Illek et al. 2007; Wang et al. 2013; Neja et al. 2016). Whitaker et
al. (1997) reported about the influence of Zn on immune system and therefore higher SCC and
mastitis rates in Zn deficient dairy cows. Hansen (1992) reported about the zinc
supplementation of 2.5 g Zn proteinate/day, which caused a great decrease of SCC of
100x10*/ml by herds with high SCC in average (400x10%/ml). Kellogg et al. (2004) and
Sobhanirad et al. (2010) experienced a reduced SCC in cows treated with Zn-Met. Nocek (2006)
reported about similar reproductive and health performance by cows supplemented 100% of
National Research Council (NRC) 2001 requirements (Subcommittee on Dairy Cattle Nutrition,
NRC, Washington, D.C.) of complexed trace minerals as cows fed the same elements in
inorganic form. However, milk yield and milk solid amount were higher. Krebs (1998) confirms
the increased need for zinc during lactation compared to pregnancy, especially in the first
postpartal weeks. In the study of Kova¢ et al. (2007), there was obtained, that high SCC
correlates to two acute phase proteins, such as haptoglobin and serum amyloid A in serum and
milk, as a mastitis marker. Egyedy et al. (2022) confirm, that cows with high SCC prior to
drying off have a higher incidence of periparturient disease, associated with
immunosuppression (mastitis, metritis, ketosis, retained placenta, and lameness), lower content
of milk solids and milk yield than healthy cows.

Therefore, the objectives of this research were to assess the effect of organic zinc
supplementation on milk yield, the quality of milk (milk solids) and SCC as a mammary health
indicator.

Material end methods
The study was conducted in a free-stall barn on a commercial farm with 400 Holstein dairy
cows in VOS Zemédélct a.s. Velké Opatovice, Czech Republic. The previous lactation 305-d
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mature equivalent milk yield amounted 9247 kg up to 10150 kg. In the last 12 months before
the experiment the average SCC was 286, milk fat 3.77 % and milk protein 3.30 %.

Eighty multiparous Holstein-Friesian dairy cows (40 cows per treatment) were
randomly allocated to one of two treatments — S-group and C-group. The experiment lasted four
months (21d pre partum up to the end of the 3™ month of lactation). A basal mixed ration for
all the cows included a mixture of roughage and production concentrate (Table 1, Table 2). The
diet was formulated to meet NRC 2021 requirements for dairy cattle. All cows were given the
same basal TMR. Zinc concentration in TMR was 37 mg Zn/kg DM. In average 21 days prior
calving all cows of thee zinc supplemented group (S-group) were given 30 mg Zn-Met’kg DM
(Bioplex® Zn, Alltech, USA) for 90 days post partum (p.p.). The cows of the control group (C-
group) were fed the same diet without any additional Zn source. The experimental cows were
given 334 - 724 mg/head/d, according to the DM intake (dry off - 11.32kg; bevor calving -
15.12kg; lactation start - 20.11kg; milk production — 24.13kg DM TMR/day), to provide 100%
of NRC recommended supply.

All cows were milked twice a day and the milk weight was recorded automatically every
day. The individual milk samples were taken twice a month to test milk components and
somatic cell count. Milk was sampled and analyzed according to the standard procedure for
milk solids (milk protein, lactose, and milk fat) determination CSN EN ISO 8968-4 (570528),
CSN ISO 22662 (570524), CSN ISO 488 (570517) and for SCC determination CSN EN ISO
13366-2 (57053 1), the fluor-opto-electronic method for cell-counting on milk. The evening and
morning samples were preserved and analyzed in the laboratory VOS Zemédé€lct a.s., Velké
Opatovice, Czech Republic) with Fossomatic™ (Hilleroed, Denmark) device.

All obtained results were processed by a statistical analysis using Microsoft-Office-
365® Excel® software (Microsoft Corp., Redmond, USA). The different sets of data were
compared by a two-choice paired Student’s z-test for the median value and two-choice t-test
with equal of unequal variance respectively. As statistically significant, the value of P<0.05
was considered, P<0.01 as highly significant.

Results

From the first day post calving up to the last day of 3 months trial the daily milk yield was
recorded. Cows fed Zn-Met (S-Group) tended to produce more milk than the control C-group
in all 3 months (Fig. 1, Table 3).

Figure 1. Effect of zinc supplementation on milk yield over 90 days trial period
60

43.02 4203 44.7 4208 43.22 39.98

»
S

[liters]

. mh o mh T
- g
-2 30
.=; US-group
g 20 O C-group
=
<
A
0 L L - L 4
30dp.p. 60 dp.p. 90 dp.p. Days post partum

P >0.05 P <0.05 P <0.005

S-group = supplemented group, C-group = control group
p.p. = post partum, d = days, P = significant difference (P<0.05)

3

149



Table 3. Daily milk yield [liters] in the first 3 months of lactation

30dp.p. 60 d p.p. 90 d p.p.
X S-group 43.02 44.70 43.22
SD 3.62 424 4.47
X C-group 42.03 42.08 39.98
SD 3.98 4.60 4.80
P-value >0.05 <0.05 <0.005

SD standard deviation, x = mean value, P = significant difference (P<0.05)
S-group = supplemented group, C-group = control group, p.p. = post partum

The daily milk yield of cows fed recommended Zn supply (100 % NRC) in organic form
was in 30 days post calving not affected (P>0.10) by treatment. In 60 days, the difference of
the average milk yield S-group was more than 2 liters higher compared to control cows
(P<0.05). At the end of the trial, 90 days p.p., there was a highly significant difference
(P<0.005) in the lactation performance (+8%) in the S-group as well.

Figure 2. Somatic cell count
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Table 4. SCC [x10%/ml] in 30-90 d p.p.
30dpp. 60dp.p. 90dp.p.

X S-group 94.76 92.72 66.67
SD 91.62 80.55 81.12
X C-group 150.05 165.98 177.60
SD 162.61 173.09 172.33

P-value <0.05 <0.05 <0.001

SD = standard deviation; X = mean value; P = significant difference (P<0.05); S-group = supplemented group; C-

group = control group; p.p. = post partum; SCC = somatic cell count

90 d p.p.
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SCC in the C-group were in all three months of the trial higher than in the cows of the
S-group (Fig. 2., Table 4.). There was significant difference in all three months of lactation. In
the first and the second month for cows receiving the organic Zn supplementation (S-group)
SCC was significantly lower (P<0.05) than those of C-group and at the end of the trial. In 90
days of lactation, the organically S-group has lower somatic cell count, the difference was
highly statistically significant (P<0.001).

Figure 3. Milk components in 30-, 60- and 90-days p.p.
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Table 5. Milk components [%]
30d p.p. 60 d p.p. 90d p.p.

Fat Protein Lactose Fat Protein Lactose Fat Protein Lactose

X g 369 3.19 493 4.01 3.19 491 3.98 3.39 4.88
— grou
SD e 041 030 0.23 0.45 0.30 0.38 0.45 0.22 0.22
X 352 3.16 490 3.31 3.08 4.96 3.26 3.26 4.83
C-group
SD 081 032 031 0.59 0.22 0.20 0.45 0.20 0.44
P-value * N 5 P<0.01 P<0.05 * P<0.01 P<0.01 *

*Not significant = P >0.05; SD = standard deviation; x = mean value; P = significant difference (P<0.05)
S = supplemented, C = control; p.p. = post partum

Milk composition seems to be affected by the supplementation of organically bound
zinc as well (Fig. 3, Table 5). In the first 30 days post-partum there is no significant difference
in the milk solids amount (P>0.1). But in the second and the third month of lactation (after 60
and 90 days of trial) there is statistically significant difference in protein and fat content in milk.
60 days post-partum the amount of milk fat (P<0.01) and milk protein (<0.05) were higher in
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zinc S-group of cows and 90 days post-partum was the difference in average protein and fat
amount (both P<0.01).

Discussion

The lactation performance seems to be positive affected by the organic zinc
supplementation in the most tested parameters in our trial. The daily milk yield in the
supplemented group tended to increase during the entire experimental period. At the same time
the SCC tended to decrease compared to the control group, which showed the opposite tendency
in both parameters. Similar result was reported by Nocek et al. (2006), in his research SCC of
cows supplemented by (100% NRC) complexed zinc source was 46.5% lower than SCC of
those supplemented by (100% NRC) inorganic zinc and 47.7% lower than those supplemented
by (75% NRC) organic zinc. In contrast, no positive effect on milk composition and milk yield
by level or source of mineral supplementation is reported by Kincaid and Socha (2004),
however, the significant increase of IgG in colostrum was reported in cows treated with organic
Zn. There is no increase of lactation performance observed in the study of Uchida et al. (2001).
Kincaid and Socha (2004) observed higher lactation performance in peak lactation, but not at
the early lactation. Jant et al. (2007) reported about an increase of SCC with increasing milk
yield in similar high yielding herd (10.000 liter/lactation) like the S-group in our trial. The
decrease of SCC in the Zn S-group may report about a positive impact of Zn/Met on the
mammary gland health. Kinal et al. (2005a) described a positive effect of organic zinc
supplementation in the form of a decrease in SCC only in cows with high SCC. Singh et al.
(2019) noticed a benefit of concurrent supplementation with zinc sulfate (ZnSOs) and biotin on
hoof health, milk yield and milk solids comparing clinically lame cows and non-lame healthy
cows. The increase of the milk protein and the decrease of SCC in their study could have been
related to an improvement of hoof health.

According to Moore et al. (1988) and Cope et al. (2009), (30-50% NRC 2001), an
addition of the organic form of Zn did not affect milk composition and SCC, whereas the milk
yield increased (Cope et al. (2009). An increase in milk yield was achieved by Kinal et al.
(2005b) in cows treated with zinc chelates, a 20-30% reduction in SCC was additionally
observed. Positive effect of 100% NRC complexed zinc supplementation on protein and fat or
milk yield is reported by Kellogg (2003), Kellogg (2004), Kinal et al. (2005a), Nocek (2006)
and Chen et al. (2020). Uchida et al. (2001) reported about higher content of milk protein after
complexed zinc supplementation as well; the milk fat amount stayed unaffected. Similarly to
our study, Ballantine et al. (2002) compared organic and inorganic sources of Zn, Mn, Cu and
Co 21 days pre calving to 250 days p.p., to determine the effect of these trace (TE) elements on
reproduction, and lactation performance of dairy cattle as well as on incidence and severity of
claw disorders. Osorio et al. (2016) confirmed the positive response in milk yield and milk
protein in cows fed organic TE (Zn, Cu, Mn, Co), which could be explained by the beneficial
effects of TE combination on postpartal DM intake driven by better liver and immune function
because of better antioxidant status. The organic source treatment increased the milk yield,
improved all parameters of reproduction performance, and decreased claw lesions. Also,
Kellogg (2003) reported about a positive effect of organic form of TE on reproduction
performance, milk yield increase and SCC decrease.

Conclusion

The organic zinc supplementation at the recommended level has significantly positive
effect on daily milk yield, milk components, such as milk fat and milk protein, and SCC of
dairy cows in early lactation. The positive impact of Zn-Met on mammary gland health and
milk quality is very important, especially in times, where the reduce of antibiotics plays the key
role in the veterinary practice.
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Abstract

The aim of the current trial was to evaluate the effect of organically chelated zinc - methionin (Zn-
Met) supplementation (30mg Zn /kg DM TMR) on hematological, biochemical, and mineral profile
of dairy cows in early lactation (21 d a.p. — 90 d p.p.). Twenty dairy cows were randomly allocated to
one of two dietary treatments in a randomized design. Animals in group C were treated as control (no
zinc supplementation); whereas animals in group S supplemented with organic Zn, respectively.

Zn-Met supplementation had a significant effect on hematological parameters. White blood cell
(WBC) counts 60 days p.p. and red blood cell (RBC) count, hemoglobin concentration (HGB),
hematocrit level (HCT) and platelet count (PLT) on calving day, 30"- and 60®- day p.p were
significantly higher in cows fed Zn than in the control (C-) group. In calves from supplemented
mothers, there was a significant increase in RBC (P<0.001), HCT (P<0.01) and MCV (P<0.05).

There was no difference in other parameters among the groups, except of the highly significant
difference in Zn concentration in blood serum of the S-group during the entire experimental time. The
results obtained confirm the beneficial effect on serum zinc level and hematological parameters with
no negative effects of NRC recommended Zn concentration on mineral and biochemical parameters.
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Introduction

The prepartal dry off and early lactation are the most difficult periods for a dairy cow. The first
100 days of lactation is the phase of maximal milk production, high-yielding dairy cows face a
negative energy balance and often suffer from ketosis, which is the most economically
significant production disease. Many dairy cows, develop typically a primary ketosis, which is
a manifestation of carbohydrate metabolism disorders during 2-6 postpartal weeks. Excess or
lack of protein, deficiency of trace elements and vitamins, lack of coarse fiber, imbalance
between intake and energy need after birth, high content of ketogenic substances in the ration,
all contribute to the emergence of ketosis in this critical postpartal period. At the same time, the
consumption of glucose for the formation of lactose is high, the reserves are small, and there is
an intensive breakdown of proteins and fats in the liver, with the production of ketone bodies,
which results in degeneration of the parenchymatous organs, especially the liver (Dirksen et al
2006; Jagos et al. 1985). The level of mineral substances and their proportions have an impact
of the prevention of production diseases in cows, which tend to be more common in older dairy
cows. Furthermore, feeding of corn silage as basis of total mixed ration (TMR) of dairy cattle
often face with an insufficient concentration of microelements in the feed ration, which causes
withdrawal conditions in highly pregnant cows, ending in negative effect on fetal development
(Ballantine 2002; Kellogg et al. 2004; Cope et al. 2009; Kinal et al. 2014; Caldera 2019).

Supplemental zinc (Zn) is usually added to mixed rations of farm animal diets in two
different forms. Compared to inorganic forms such as Zn-oxide or Zn-sulphate, the organic
form of Zn is absorbed efficiently and retained in the tissue to enhance growth, reproduction,
performance, improve health and immunity (Spears 1996; Horst et al. 2019; Alhussien et al.
2021). National Research Council (NRC 2001) recommended the level 40—60 mg of Zn/kg dry
matter (DM) of total mixed ration (TMR) for dairy cows as necessary. Some researchers have
reported high concentrations of some organic Zn sources appear to show higher absorption than
those from inorganic zinc sources. The inorganic sources of trace elements like are not
sufficiently absorbed and retained (Spears, 2003). Trace element deficiencies of zinc, copper,
manganese, or cobalt have been observed for many years. These minerals play very important
roles in in vitamin and hormone regulation, protein synthesis, carbohydrate metabolism, tissue
connectivity, immune system, appetite regulation, fertility, reproduction or growth (Chen 2020;
Weiss 2017; Osorio et al. 2016; Suttle 2010; Dirksen et al. 2006; Chen 2005; NRC 2001; Droke
et al. 1998; Chesters 1997; Miller et al. 1988). Many authors demonstrate beneficent effects of
zinc on cattle lactation and reproductive performance, fertility, claw integrity of dairy cattle and
calves (Neathery 1973; Malcolm-Callis et al. 2000; NRC 2001; Spears et al. 2002; Kellogg et
al. 2004; Kincaid and Socha 2004; Nocek et al. 2006; Griffiths et al. 2007; Siciliano-Jones et
al. 2008; Machado et al. 2013; Dresler et al. 2016).

It is known from the interaction principles of individual mineral substances that zinc
and e.g., iron is in an antagonistic relationship, just like zinc and copper or zinc and calcium
(Hamilton et al. 1979). Because copper has a significant effect on hematopoiesis, iron, as a
structural component of hemoglobin in red blood cells, is associated with the development of
anemia and zinc is significantly involved in the optimal state of immunological processes in the
body (Nagalakshmi et al. 2009, Zarczynska et al. 2021), it is possible to observe how the
composition of the feed ration contributes to the health of the body (Choi and Kim 2005). With
this experiment, it is possible to trace how the hematocrit develops as a parameter monitoring
anemia (Kardawa. 2020), inflammation, dehydration, diarrhea (Brown et al. 1978, Giugliano
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and Millward 1984). In high-producing dairy cows, the value of hemoglobin and hematocrit is
lower, on the contrary, in dehydrated cows it is increased (). For a more objective assessment
of specific cases, it would be necessary to evaluate other blood parameters in the context of the
clinical examination of each animal, which is not possible within the scope of this study.

Interactions of trace elements with other minerals, enzymes, hormones are the point of
interest of many studies. Calcium (Ca) is known to interact with the red cell membrane,
decreasing permeability and increasing hemoglobin retention. Zinc, as an opponent of calcium,
seems to counteract the retention of hemoglobin in the erythrocyte membrane. Ca may play an
important role in the pathogenesis of irreversibly sickled cells, zinc may improve the
filterability of sickle cells (Dash et al. 1974). The metabolism of zinc and thyroid hormones
thyroxine T3, T4 and thyroid stimulating hormone (TSH) are closely interlinked
(Ambookenet al. 2013). Zinc is another element that is needed for the synthesis of
thyroid hormones. A zinc deficiency can lead to hypothyroidism and because thyroid
hormones are required for the absorption of zinc, hypothyroidism can lead to a zinc
deficiency. During thyroid hormones supplementation is profitable to take zinc
supplement too (Chen et al. 2010). The formation of insoluble complexes with calcium, fiber,
and phytates markedly decrease the intestinal absorption of zinc. Compared to plasma or serum
zinc level, there are other tissues, where the concentration of zinc is a more reliable indicator
of chronic zinc deficiency, like hair, liver or bone tissue (Gude 2011). It seems likely that zinc
is essential for the biological functioning of thyroid hormone and related receptors. The active
form of thyroxine - T3 can be initiated precisely by binding to the T3-receptor containing two
zinc atoms in the core of its target tissue. T3 receptors lose their ability to bind to DNA, when
zinc is removed by chelation (Freake et al. 2001; Miyamoto et al. 1991). Cebulska et al. (2021)
investigated the extend of heavy metal contamination of the environment by determination of
concentrations of heavy metals (selenium, zinc, copper, and cadmium) in the liver of selected
wild animal species (red fox, wild boar, red deer) in Poland and reported about not exceeded
standard safe values for consumers.

Yokus and Cakir (2006) reported about seasonal and physiological variations of copper,
zinc, magnesium (Mg), iron (Fe), sodium (NA), chlorine (Cl), potassium (K), calcium (Ca),
phosphorus (P), urea, alkaline phosphatase (ALP), creatinine (CR), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), cholesterol, albumin, globulin, lactate dehydrogenase
(LDH), and total protein (TP) concentrations in cattle. They have evaluated, that some
parameters differ according to physiological and seasonal conditions like ALP, copper,
magnesium, and potassium concentrations, copper concentration is increased through the
pregnancy, another parameters are not influenced neither by the seasonal nor the physiologic
variations (zinc, iron, sodium, chlorine, calcium, urea, creatinine, albumin, and globulin
values).

The purpose of the current study was to evaluate the effect of supplementing Zn-Met
source on serum Zn, Cu, Mn, Se status, mineral profile (Na, K, Ca, P, Mg), hematological and
biochemical parameters in dairy cows in early lactation and their newborn calves, to ascertain
the utility of these parameters, as a biochemical marker to determine the bioavailability of Zn
from different sources.
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Material end methods
Experimental design

The experiment was carried out in the VOS agricultural farm in Velké Opatovice, Czech
Republic in accordance with the Animal Protection Act No. 246/1992 Coll. Twenty Holstein-
Friesian dairy cows (10 animals in a group) were randomly divided into one of two groups
according to productivity, age and number of lactation — supplemented (S) and control (C)
group for the experimental period from day 21 ante partum (a.p.) until the end of the third month
of lactation, 90™ day post-partum (p.p.). Holstein cows were placed in free group housing of 40
animals after calving due to the same metabolic needs under the same microclimatic conditions.
the animals of the two balanced groups were kept in groups. During the lactation period, there
were 40 dairy cows in one group. All animals had ad libitum access to the mixed feed ration
(TMR). The base TMR contained 37 mg Zn/kg DM. The exact Ingredient composition is
showed in Tab.1 and Tab. 1a, respectively.

Table 1. Ingredient composition of basal TMR for individual periods of the experiment

Dry cows Pre-fresh cows Freshcows  Lactating cows

Tiignedients TMR 1 TMR 2 TMR 3 TMR 4

[ke] [ke) [ke) [ke]
alfalfa haylage 10 8 9 11
pea haylage 4 5 7 7
cormn silage 6 10 14 14
corn LKS* 0 2 4 6
corn CCM* 4 3 3 3
leaven 0 3 3 3
meadow hay 3:5 1.5 2 2
feed straw 3 1 1 1
concentrate 1 3.5 4.5 7.5
pea comn 0 0.3 0.5 0.5
barley groats 0 2 3
Mineral mix *Table 1a 0 0.16 0.16 0.16
Monofos Ca-P 0.25 0 0 0
feed sugar 0 0 0 0.3

*CCM=corn cob mix, LKS=Liesch Kolben Silage

Table 1a. Composition of Mineral mixture for cattle- in 1kg; DM = 95%

Calcium [%)] 19.5  Copper [mgkg] 460  Ilodine [mg/kg] 15

Phosphorus [%] 10 Zinc [mg/kg] 470  Vitamin A [IU)kg 800000
Sodium [%] 48  Manganese [mgkg] 480  VitaminD3 [IUJkg 80000
Magnese [%] 5 Cobalt [mg/kg] 57  VitaminE [[U)/kg 8000

Mikrop Me; Mikrop Cebin, Czech Republic

The nutrient composition was count according to the nutritional requirements of each stage of
gravidity or lactation, respectively, due to dry matter intake (Tab. 2).
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Table 2. Nutrient composition of ad’ libitum - TMR in individual periddé of the experiment

Dryoff Pre-fresh cows Fresh cows Lactating cows L
Dry matter g 11320.0 15120.0 20112.0 24132.0
Crude protein g 1472.0 2088.0 4132.0 4382.0
PDI-N g 826.0 1356.0 2488.0 2574.0
PDI-E g 721.1 1204.0 2412.0 2612.0
Crude fat g 2452 3122 885.3 988.3
Crude fibre g 3135.0 2865.8 3365.0 3268.0
Starch g 1523.0 2516.0 44722 49223
Non-fibre Carbohydrate g 122.0 622.3 1021.0 1132.0
NEL MJ 58.1 90.3 169.3 178.6
Crude Ash g 926.0 954.6 1785.0 1836.0
Cakium Ca g 1123 124.6 228.3 248.6
Phosphorus P g 58.2 82.1 11235 121.6
Sodium Na g 183 29.6 80.4 92.8
Potasium K g 186.2 224.6 3288 362.0
Magnesiim Mg g 33.1 48.6 74.6 153
Copper Cu mg 512.0 588.6 865.2 886.2
Manganese Mn mg 1623.0 2132.0 2432.0 2632.0
Zinc Zn mg 1682.0 2136.0 2965.0 3236.0
Selenium Se mg 12.1 14.3 18.4 19.5
lIodine I mg 16.3 36.2 54.1 55.3
Vitamin A U 183.0 235132.0 321452.0 365.3
Vitamin D U 3216.0 41125.0 64521.0 66856.0
Vitamin E IU 660.0 1236.0 1265.0 1321.0
Niacin mg 3134.0 6325.0 9865.0 10328.0

Supplementation with an organic form of zinc

The supplementation plan is showed in Tab. 3, the trial lasted from the 21% day before the
planned parturition up to 90" day post partum (p.p.). The experimental group was fed organic
zinc bound to the amino acid methionine (Zn-Met) (BIOPLEX Zn® Alltech, USA) at a dose of
30 mg per kg of dry matter (DM) of TMR. The dosage of 1.5% - premix of Zn-Met was
controlled by the amount of dry matter received in individual periods (Table 3.).

Table 3. Plan of Zn-Met supplementation in individual periods of the experiment

Premix Zn-Met = 1.5% = 15000 mg Zn/kg
Supplementation = 30 mg Zn/ kg DM TMR

Dry matter intake Zinc Premix Prgrrl;xuser
kg/head/day mg/head/day g/head/day g/10 heads/day
Dry off ) 11.32 ) 340 ) 22.7 - 227
Pre-Fresh Cows 15.12 454 30.3 303
Fresh Cows 20.11 604 40.3 403
Lactating Cows I 24.13 724 48.3 483

5
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Blood sample collection and analysis

For the hematological analysis venous blood samples were collected at the beginning of the
trial, at the day of calving, at 30™, 60" day post partum (p.p.) and at the end of the Zn-Met
addition, on 90% day p.p. The newborn calves were involved in the trial on the day of birth,
during the first 2 hours after birth, before the first drinking of colostrum. The median caudalis
vein was chosen for blood sampling in mothers, the jugular vein in newborn calves. The blood
collection for the biochemical and mineral profile was performed on 21% day ante partum (a.p.),
30%, 60%, 90% and 120" day p.p. (one month after Zn-Met addition). For hematological
examinations plastic sample tubes with an integrated needle - 27 mm length, @ 1.2 mm
(Hemos®-type II; Gama Group a.s., Brno, Czech Republic) were used, including 0.08 ml
anticoagulant  (Heparin-Natrium-5000-ratiopharm®). For biochemical and mineral
examinations, the second blood sample was taken using tubes without additives for serum.

Hematology

In the laboratory of the Department of Animal Morphology, Physiology and Genetics at Mendel
University in Brno, Czech Republic, following hematological parameters were measured in
blood samples of the whole blood on the Element HT5 device (Scil animal care company
GmbH, Viernheim, Germany): the number of erythrocytes (RBC), leukocytes (WBC) and
platelets (PLT), hemoglobin concentration (HGB), hematocrit value (HKT) and erythrocyte
indices (MCV, MCH, MCHC). Three analytic methods are used for 15 pL of aspired
heparinized full blood: laser-assisted flow cytometry for the detection of WBC, the impedance
method for the detection of RBC and PLT, and the colorimetric measurement for HGB.

Blood chemistry and mineral parameters

Blood samples in were centrifuged at a speed of 3000/min for 10 minutes. The serum was
separated and frozen at a temperature of -20°C to collect the minimum number of samples
required for the biochemical sets of the Roche Hitachi 917 Disk Chemistry Analyzer (F.
Hoffmann-La Roche; Basel, Switzerland) in the laboratory VETLABFARM s.r.0., Brno, Czech
Republic. The device works on the principle of two-stage spectrophotometric analysis. The
samples are placed in the five-position racks of the analyzer reservoirs. Measuring cuvettes are
placed in a circle in a water bath in 37 °C. Automated stations suck the reaction mixture from
the individual cuvettes, the sample and reagent are mixed for photometry. The following
selected parameters were tested: total protein (CB), albumin (ALB), urea (UREA), glucose
(GLU), bilirubin (BIL), alkaline phosphatase (ALP), aspartate-aminotransferase (AST),
gamma-glutamyl-transferase (GMT or GGT) and thyroxine (Ts). The macroelements sodium
(Na), potassium (K), calcium (Ca), phosphorus (P), magnesium (Mg) and the microelements
zinc (Zn), copper (Cu), manganese (Mn) and selenium (Se) were determined by the method of
atomic absorption spectrophotometry (AAS).

Data analysis

Raw data were statistically analyzed using Microsoft EXCEL® (Microsoft Office, Microsoft
Corporation, Washington, USA) and Statistica™ (Dell Software,Inc., Round Rock, USA); the
data sets were compared by two-choice Student’s s-test with equal or unequal variance. The
correlation was expressed by correlation coefficient and its significance was evaluated by
Student’s t-test. The value of P < 0.05 was considered as significant, P <0.01 and P <0.001 as
highly significant.
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Results

Table 4. Hematological parameter in calves and their mothers
Paramete
Uit i Calves Cows Cows Cows Cows
P, Day of Birth  Partrus 30dpp. 60dpp. 90dp.p.
B X 934 6.54 8.18 7.95 549
Ll S-gow o 2.26 3.00 2.52 0.75 0.78
[10%/mm’] & X 7.34 835 9.58 5.95 5.82
- SD 2.85 2.83 2.31 0.86 129
e P * * <005 <001 *
X 7.0 6.20 6.22 6.34 4.4
RB &

C g gp 1.26 0.44 0.97 0.52 0.52
[10%/mm’] C-growp X 478 5.47 5.40 4.81 4.37
<5.0:10.0> SD 1.17 0.49 0.67 031 0.35

e P <0001 <001 <005  <0.001 B
X 938 10.60 10.16 1012 9.09
o8 S-gow o 130 0.68 0.68 0.68 0.66
[d] X 8.25 9.53 9.81 9.29 8.86
v C-
. g sp 1.35 1.00 0.88 0.78 137
ki P * <001 <001 <005 *
x 2028 3056 2947 2798 2232
e S-gow o 5.29 1.77 2.50 224 1.97
[%] e x 212 2552 2617 2196 2122
— L A 5.85 133 1.81 181 2.41
T <0.01 <0.001 <0.01 <0.01 <0.01
e = X 32190 353.10 32020 32430  416.00
g% sp 7595 11177 6594 5882  68.85
N0 ¢ group X 30908 23333 29637 29627  340.00
. SD 7114 9974 6178 4822 10591

; P * <0.01 <005 <005 *

x 4150 4942 4810 4426  53.40

Mev Sgow gp 1.64 425 462 3.70 3.03

[fl] o x 3940  47.10 4402 4564 4825

Rl g% gp 2.30 2.94 2.80 2.62 2.69

e P <0.05 * <0.05 * <0.01

X 1343 17.12 14.85 1604 23.80

N Sgow o 0.81 125 1.57 130 1.78

[pel ) x 15.41 17.91 15.85 1935 2211

1.0:17.05 Cgow o 3.37 2.54 135 1.05 1.56
- P * * * <0.001 *

X 3234 3468 3087 3630  42.80

MeHC Sgow o 2.29 E2 0.58 0.72 2.74

[/d] 5 x 2932 3720 3456 4236 4588

ot g sp 1132 412 2,67 0.66 235

o P * * <0001  <0.001  <0.05

*Not significant difference (P>0.05); P = significant difference (P <0.05); S = supplemented; C = control; x=mean value; SD
= standard deviation WBC = white blood cells; RBC = red blood cells; HGB = haemoglobin; HCT = haematocrit; PLT =
platelets; MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin ; MCHC = mean corpuscular
haemoglobin concentration
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Biochemical parameters in dairy cows prepartal and during early lactation
Parameter Unit
Physiological 2lda.p. partus 30dp.p. 60dp.p. 90d p.p. 120d p.p.
range
T X 69.09  76.53  73.04  72.59 74.17  74.34
P SD 2.49 1.99 1.28 1.12 1.19 3.10
&1 c x 6725 7630 73.16 7345 7451  74.83
<60;80> g% op 3.04 2.62 1.48 1.21 0.92 1.54
P * * * * * *
S x 3436 3504 33.63 3322 3353 3335
ALB SD 1.07 074 047 0.77 0.59 1.46
(&1 g x 3420 3451 3377 3383 33.82  33.44
<30;40> oW op 1.00 099 051 0.70 0.50 0.78
P * * * * * *
P X 3.93 346 445 511 5.03 5.28
UREA SD 0.19 022 032 0.20 0.31 0.37
fmmol) . X 3.77 332 424 535 5.14 5.45
<3.3;5.0> gow  op 0.19 023 021 0.28 0.35 0.34
P <0,05 * <0,05 * * *
I X 372 396  3.09 2.99 311 3.13
GLU SD 0.15 0.15 0.09 0.10 0.08 0.04
[mmol] X 3.58 17 312 2.98 3.15 3.19
<2233> oW op 0.24 0.41 0.13 0.09 0.09 0.03
P * * * * * <0,01
— X 3.56 596  4.13 3.98 371 329
BIL sD 0.39 057 036 021 0.47 0.42
[umoV] c x 3.37 5.61 3.73 366  3.85 3.65
<85 oW op 0.45 098 038 0.45 0.26 0.31
P * * <005 <005 * *
i X 1.38 1.46 1.49 1.52 1.38 1.43
AST SD 0.04 004 007 0.08 0.26 0.05
[ukat/] & x 1.39 1.47 1.52 1.57 1.39 1.42
<1.334 g op 0.04 0.03 0.07 0.07 0.03 0.04
P * * * * * *
S x 0.24 026 038 040 034 034
GGT oW op 0.03 0.03 0.09 0.07 0.05 0.04
[ukat/1 o x 0.25 031 0.42 0.42 0.40 0.39
<0.834 BOWP op 0.05 004 007 006  0.05 0.03
P * <0,01 * * <0,01 <0,001
S X 0.36 040 060 0.63 0.52 0.53
ALP SD 0.07 007  0.10 0.10 0.07 0.05
[ukat/l} - X 0.34 038 056 0.67 0.58 0.59
<0.834 oW op 0.05 0.05 0.10 0.07 0.10 0.08
P * * * * * *
— X 78.09 7885 7278  63.44  47.94  39.69
£, SD 7.16 479 622 3.94 8.43 4.23
[nmolT] Cogrow X 83.78  83.60 7234  61.89 4527  37.88
<49:106> SD 8.70 4.11 3.74 5.98 6.61 3.66
P * <0,05 * <0,05 * *

*Not significant difference; P = significant difference (P <0.05); S = supplemented; C= control; x=mean value; SD =
standard deviation; a.p. = ante partum; p.p. = post partum; TP = total protein; ALB = albumin; BIL = bilirubin; AST =
aspartate aminotransferase; GGT = gamma glutamy| transferase; ALP = alanine aminotransferase; T4 = thyroxin
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Mineral profile in dairy cows prepartal and during early lactation

Parameter Unit

Physiological 21d a.p. partus 30dpp. 60dp.p. 90dp.p. 120dp.p.
range
Bgcs X 143.50 148.10 144.20 144.40 145.50 144.60
Na [mmol] SD 2.74 1.62 1.53 1.82 1.67 2.14
<135:150> Cogivin X 143.20 146.90 144.40 144.60 145.10 143.60
’ SD 2.44 2.54 2.01 1.87 1.78 1.82
P * * * * * *
Spoup X 443 4.30 4.36 4.50 4.54 453
K [mmol] SD 0.16 0.12 0.09 0.07 0.12 0.20
<4.0:5.0> o — be 4.36 429 452 4.52 4.50 4.56
i SD 0.13 0.12 0.10 0.13 0.14 0.10
P * * S 0’01 * * *
S X 2.40 2.12 2.30 2.36 2.37 2.37
Ca [mmoV] SD 0.07 0.12 0.05 0.02 0.05 0.03
2.03.0> - X 2.49 2:13 2.32 2.35 2.38 2.40
- SD 0.06 0.11 0.05 0.04 0.03 0.03
P * * * * * <0,05
g—group X 1.95 1.82 2.02 2.02 2.05 2.08
P [rmol] SD 0.07 0.08 0.06 0.06 0.04 0.06
<1623> i X 1.96 1.86 2.04 2.04 2.07 2.07
SD 0.09 0.06 0.07 0.07 0.05 0.06
P i id * * <0,05 *
Seronp X 0.97 0.93 0.97 0.95 0.98 1.02
Mg [mmol] SD 0.08 0.05 0.03 0.03 0.04 0.05
<0.70;1.77>  C-growp X 0.96 091 0.98 0.94 0.96 1.00
P SD 0.05 0.04 0.05 0.02 0.04 0.05
P % <0,05 * * * *
S-group X 10.28 11.09 13.34 14.38 14.76 15.15
7n [moV] SD 1.23 0.80 0.78 0.78 0.91 0.89
<122260> C-growp X 10.39 9.56 11.21 11.30 11.02 10.70
SD 1.17 0.92 121 1.06 1.13 1.04
P * <0,01 <0,001 <0,001 <0,001 <0,001
S-growp X 12.04 11.21 13.15 13.01 13.29 12.62
Cu [umol] SD 0.98 0.86 0.91 0.35 0.57 0.88
<8.0:39.0>  C-growp X 11.72 11.05 12.99 13.00 13.09 13.10
’ SD 0.82 0.87 0.83 1.01 0.81 1.05
P * * * * * %*
— X 8.34 8.25 8.04 8.61 8.55 9.91
Mn ™ SD 0.91 0.53 0.30 0.68 0.59 1.28
<7.0:19.0> Eegronp X 8.33 8.07 8.32 9.01 10.12 10.60
R SD 1.28 0.92 0.39 0.63 1.08 1.21
P . * <0,05 » <0,001 #
SoE0D b 105.59 99.02 103.17 104.03 102.89 105.99
Se /1] SD 10.63 5.44 6.87 8.70 9.07 1.75
<92-112247> C-growp X 102.47 92.67 102.13 103.53 102.69 105.21
’ SD 13.69 8.15 8.98 10.11 7.33 7.85
P * * * * * *

*Not significant difference; P = significant difference (P<0.05); S = supplemented; C =control, x= mean value; SD = standard deviation;

ap. = ante partum; p.p. = postpartum; Na = sodium; K = potassium; Ca=

copper; Mn = manganese; Se = selenium

: P=ph

phorus; Mg =

S

um; Zn =znc; Cu=
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Hematological profile

Total mathematical-statistical characteristics of the hematological values studied are given in
Tab. 4. Hematological parameters RBC (P<0.001), HCT (P<0.01) and MCV (P<0.05) of
newborn calves showed significantly higher values in the experimental (S) group. The number
of WBC of the control (C) group was outside the physiological range. Its sublimit level is related
to the too low value of RBC, HGB, HCT, PLT and all erythrocyte indices. The supplemented
group of calves does not show these features of leukocytopenia and anemia just after birth.

In comparison with the hematological parameters of cows of the control group on the
day of delivery, which are in the physiological range (WBC, RBC, HGB, PLT, MCV), the
hematocrit value of the control group is too low and even significantly lower (P<0.01) than the
value of the experimental group, which is normal on this day. RBC, HGB, HCT and PLT values
show statistically significantly higher levels in the zinc-supplemented group in the next 90 days,
i.e., for the entire rest of the trial period.

Thirty days p.p., the C-group showed lower values of RBC (P<0.05), HGB (P<0.01),
HCT (P<0.01), PLT (P<0.05), MCV (P<0.01) and MCHC (P<0.01). HCT was below the
reference minimum and HGB was within the norm at the same time in the C-group. While the
WBC level of the experimental group is within the norm, the control group is close to the upper
limit of the physiological range.

On 60" day p.p., the hematological values of the C-group dairy cows return to the
reference optimum. The HCT value of the S-group is significantly higher (P<0.01) compared
to the control animals, which are below the reference minimum. In our experiment, two months
after delivery, we also found significantly higher values in HGB (P<0.05), PLT (P<0.05), MCH
(P<0.001) and MCHC (P<0.001). WBC were measured higher in S-group than those of the
control (P<0.01). Both groups were within the reference range.

In the last month of the trial, 90 days p.p., many parameters were decreased under the
reference limit RBC, HCT or at the lowest limit — WBC, HGB in both groups. HCT was
significantly higher in S-group (P<0.01), MCV as well (P<0.01), on contrary, MCHC was
currently lower (P<0.05).

Biochemical profile and Mineral profile (Tab.5 and 6)

The concentrations of total protein in blood serum were at the same level in both groups
throughout the entire experimental period, no significant differences between groups were
found. The lowest value was measured 21 d a.p., the highest on the day of calving, and then the
values of both groups slowly decreased.

Discussion

All measured biochemical and parameters (Tab. S, Tab. 6) correspond to the
physiological course of these parameters in the period around calving and early lactation during
the first three postpartal months. Kovacevié et al. (2021) reported in their study about dispersion
of reference intervals for hematological, biochemical and mineral parameters in cows in early
lactation and a great range and magnitude of intraindividual variation in healthy individuals.
Some parameters showed large intraindividual variation probably due to metabolic
rearrangement and stress response in early lactating cows. Metabolic rearrangement is
characterized by lipolysis and increased hepatocyte load (AST, ALT, GGT), and stress leads to
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a change in the leukogram of cows (WBC, NEU, LY) high variability for these parameters may
be a consequence of magnitude change in the value of these parameters in the weeks after
calving. Macro-elements (Ca, P and Mg) showed low intraindividual variation in the trial of
Kovacevi¢ et al. (2021), because of homeostatic mechanisms after calving maintain their
concentration in a narrow range of values.

The direct relationship between zinc concentration in blood serum and hematological
parameters was subjected to correlation analysis. A direct linear relationship (rxy=Zn;HCT))
was found between Zn levels and HCT r = 0.281. The correlation coefficient between serum
Zn concentration and RBC was recorded as r = 0.210, which is just above the established
minimum limit (r = 0.2). A direct linear dependence could be observed in the case of the effect
of Zn concentration on the amount of hemoglobin r = 0.465. For the other hematological
parameters, the correlation coefficient was lower than r = 0.2, so neither a direct nor an indirect
relationship was confirmed. Srejberova et al. (2006) and Hussein (2018) observed the
correlation dependence of zinc and copper concentration in blood plasma on hematological
parameters of sheep and cattle. She concluded that direct and indirect linear dependencies were
found in dairy cattle and less so in sheep, mainly in cases where one of the mineral substances
is in deficit or excess in the body. Hussein (2018) tested in 75 sheep with clinical signs of zinc
and copper deficiency in Iraq and compared them to the control without symptoms. The
hematological parameters showed significant decrease P<(0.05) in RBC, HGB, HCT, and no
difference in MCV and MCHC, which means normocytic normochromic anemia. The same
effect was evaluated in our trial too. In his study, Kincaid (1999) evaluated the differences
between methods for diagnosing microelement deficiencies in ruminants and concluded that
metallothionein or RBC concentration in the blood is a suitable indicator for zinc deficiency,
as their levels hardly change during infection. As other indicators of zinc saturation, he
mentions the concentration of zinc in lymphocytes, neutrophils, granulocytes or blood platelets.

Considering that zinc is contained in the blood as part of enzymes in erythrocytes,
platelets and is bound to albumin and globulin (Underwood et Suttle 1999; Milne et al. 1985),
the values of HGB, HCT, RBC and PLT should be higher in the supplemented group. Our
results confirm this thesis. Significantly higher values of RBC, HGB, HCT and PLT of cows of
S-group on the day of parturition, 30th, 60th day p.p. and demonstrably higher values of RBC
and HCT in newborn calves of Zn-supplemented mothers confirm the results of several earlier
studies (Mattioli et al 2019; Sobhanirad et Naserian 2012). The HCT value is highly positively
correlated with the HGB concentration (Soch et al., 2011), which also corresponds to our
results. Cope et al. (2009) observed the effect of zinc chelate supplementation on the same
hematological parameters of cows as our experiment but did not find any demonstrable
difference in the RBC and WBC among four groups supplemented for 14 weeks with a low or
NRC (2001) recommended dose of Zn in organic and inorganic form. Kleckowski et al. (1995)
in his work captures the negative effect of insufficient supply of zinc and copper to the body on
the number of red blood cells, hemoglobin concentration and hematocrit value of cows and
calves. Soch et al. (2010) deals with the relationship between microelements and hematological
parameters in cows. According to the experimental results of their observation, not only the
concentration of zinc and copper in the blood plasma depends, but also the corresponding
hematological parameters fluctuate depending on the altitude, the health status of the organism,
the content of microelements in the ration, race, age, sex of animals and climatic conditions of
breeding. They do not confirm the assumption that the concentration of hemoglobin will rise in
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proportion to increasing altitude. The highest concentration of zinc and hemoglobin in the blood
of Holstein cows was measured at an altitude of 550 m above sea level.

Application of Zn-Met significantly increased the level of bilirubin in S-group on 30
and 60" d p.p. There was no directly positive effect of Zn addition manifested on total protein,
albumin, GLU concentration and AST, GGT, ALP activity in serum, throughout the entire
experimental period. 120 d p.p. there was a decrease of liver enzymes activity of AST, ALP
and GGT. ALP was higher, as expected, in S-group in the first 3 months of the trial, then in the
C-group on 60-120th d p.p., but not significantly. which did not confirm the expected impact
of Zn-Met supplementation. Nagalakshmi et al. (2099) reported increased (P<0.01) alkaline
phosphatase (ALP) aktivity, on 75 d of trial in Zn proteinate supplemented lambs with 15 ppm
Zn added to basal diet containing 29.28 ppm Zn.

21days a.p. and 30 days p.p. there is a significant increase in blood urea in Zn-Met group
(P<0.05). Four months p.p., both groups showed values above the physiological maximum,
which can be related to the high content of crude protein in the ration. At the day of birth there
was a significant increase in Zn (P<0.01) and Mg concentration (P<0.05) in blood serum in S-
group. 30 days p.p. there was a significant reduction of K (P<0.01) and Mn (P<0.05) levels and
an increase in the Zn level in S-group. 60 days p.p. Zn was significantly higher (P<0.001) in S-
group. 90 days p.p. there were shown three statistically relevant differences in Zn (P<0.001), P
(P<0.05) and Mn (P<0.001) concentration. At the end of the experiment there was an increase
in Zn levels (P<0.001) and decreased of Ca concentration (<0.05) in the S-group.

The positive correlation of Zn and Mg confirmed significantly increase of Mg (P <0.05)
at 0 days p.p. in S-group. The Zn-Met supplementation had significant influence on Zn level in
blood serum (P<0.01, P<0.001), observed in S-group from parturition up to the end of the
experiment. The increasing trend of Zn concentration in S-group corresponds to increasing Zn-
Met supplementation according to DM intake in early lactation. The other studies reported
positive effect of organic Zn addition on Zn serum concentration (Dresler et al. 2016,
Sobhanirad et Naserian 2012, Kinal et al. 2011). There were also significant changes in K, Mn,
and P levels. There was a significant decrease in Ca concentration (P<0.05) and Zn increase
(P<0.001) in S-group on 120% d p.p. The Ca decrease may be related to the known antagonism
Ca:Zn. The other elements (Na, Cu and Se) demonstrated no changes.

Conclusion

It was confirmed in the current study, that organic zinc supplementation (Zn-Met) at the
recommended level (NRC 2001) has a significantly positive effects on Zn level in blood serum,
hematological parameters RBC, HCT, HGB and PLT in calves and cows during the entire
experimental period. The biochemical and other mineral levels were not significantly affected.
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ABSTRACT

The aim of the current trial was to evaluate the effect of
organically chelated zinc (Zn-Met) supplementation on lacta-
tion performance of dairy cattle during the first three months
of lactation and to assess the effect of zinc supplementation
on milk yield, milk components (milk protein, milk fat, lacto-
se) and somatic cell count (SCO).

Eighty multiparous cows were assigned o a study at appro-
ximately 21 d pre partum to determine the effect of organicly
bound zinc source on lactation performance (milk yield, milk
solids — protein, fat) and somatic cell count. Cows received
treatments from 21 days prepartum throughout 14 wk postpar-
tum. Treatments consisted of 1) supplemental Zn provided in
organic form Zinc—Methionine (Zn-Met) (Bioplex®, Alltech)
at the dose of 30 mg Zn/kg DM of TMR (540 - 660 mg of Zn
daily per head) (supplemented — S-group) and 2) the basal
total mixed ration (TMR) without any supplementation (con-
trol-C-group). The individual milk samples were collected
every month to test milk components and somatic cell count
(SCC). Milk was sampled and analyzed according to the stan-
dard procedure for (SCC) determination,

Daily milk yield of Zn supplemented cows was in 30 days
post calving not significantly affected (P>0.10) by treatment

(S: 43,02+3,62 kg vs. P: 42.03+3.98 kg). After 60 days the
milk yield in the S-group amounted to 44.70+4.24 kg and
42.08+4.60 in cows of control group. The difference was sta-
tistically significant (P<0,05). In 90 d of lactation there was
higher milk yield in the S-group as well (43.22+4.47 kg vs.
39.98+4.80 kg). The difference was highly statistically signi-
ficant (P<0,005). Cows fed the Zn-Met (S-Group) diet also
produced more milk and protein and then cows fed the other
diet (C-Group). in the second and the third month of lactation
(after 60 and 90 days of trial) there is statistically significant
difference in protein and fat percentage in milk.

In conclusion, the organic zinc supplementation at the
recommended level has significantly positive effect on daily
milk yield, milk components, such as milk fat and milk prot¢-
in, and SCC of dairy cows in early lactation.

Key words: zine, dairy carttle, SCC

MATERIAL END METHODS

. r’
The study was conducted in a free-stall barn on a comm®

cial farm with 400 Holstein dairy cows in Velke 0P‘“°V.ice:
Czech Republic. The previous lactation 305-d mature equ“";l
lent milk yield amounted 9247 kg up to 10150 kg In the 12
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e pelore lh.c experiment the average somatic cell
2 me Jas 286, milk [at 3.77% and milk protein 3.30%,
c(‘['! "‘l"mu“ip;lruus Holstein-Friesian dairy cows (40 cows
Eig j-.|nw“') ware randomly allocated 10 one of (wo lrcm‘-
o 14 g-group (Supplemented) and C—group (Control). The
,ncl\"‘.mcm jasted four months (21d pre partum up to the end
) r‘l‘trd month of lactation). A basal mixed ration for all the
"“h_t-;,cludcd meadow hey, alfalfa-grass heylage, corn silage,
co“_’-‘: dilage, straw, canned wheat and production concentra-
md ,;,()I;ISSCS + propylenglycol (.Tahlc 1., Table 2.) All cows
the same basal total mixed ration (TMR), Zn con-
~ ration in TMR was 37 mg Zn{kg on dry matter basis
CBM)- n average 21 days prior calving all cows of thee zinc
:mmcd oroup (S-group) were g‘iven 30 mg Zn-Mel/kg DM
(Biop|ex®' Alltech Inc, USA) for 90 days post partum and
s of the control group (C-grf)up) was fed the same diet
without organic Zn supplcmcnlauon. Cows were given either
440-660 mg/d (10 provide 100% of NRC recommended supp-

ly) or the basal mixed ration without any additional Zinc.

§ -

e an
were SIVCII

Table 1: Ingredients of basal diet

Ingredient Kg DM/ d per head
Alfalfa-grass heylage 4.8
Corn silage 42

[ cCM com silage 08
Lupina heylage 1.5
Meadowhey 1.7
Straw 0.85
Whaet 1.7
Production concentrate 4
Melavit (molasses + propylenglycol) 0.88

Table 2: Ingredients of Production Concentrat

Ingredient G/kg || Ingredient Mg/kg
Ca 148 || Fe 194,5
P 9 Cu 62,52
Na 156 || Co 1,13
K 139 |[ Mn 376,75
Cl 8.5 Zn 395.28
Mg 48 |[|J 5.88
NaCl 2 Se 1,17

All cows were milked two times a daily and the milk weight
Was recorded automatically every day. The individual milk
samples were collected every month to test milk components
and somatic cell count. Milk was sampled and analyzed
dccording 1o the standard procedure for somatic cell count
(SCC) determination CSN ENISO 13366-3/1998. The eve-
ning and morning samples were preserved and analyzed in
laboratory by Fossomatic.
us;:" Obl.ained results were processed by a statistical analysis
3 mﬂ Microsoft Office EXCEL. The different sets of data
Valucc"mpared by a two choice paired t-test for the median
Rspec[a‘nd wo-choice t-test with equal of unequal variance
Side Ively. As statistically significant, the p<0.05 was con-

¢, p<0.01 as highly significant.

INTRODUCTION

Trace element deficiencies of minerals such as zinc, copper,
manganese or cobalt and have been observed and studied for
many years, they have very important roles in protein synthe-
sis, vitamin metabolism, tissue connectivity, immune system,
hormone regulation, appetite regulation, growth, fertility, qua-
lity of skin and skin derivates integrity (Illek 1987, ek 2003,
Miller et al, 1988, NRC 2001). Zinc is a microelement, that has
an essential function for health and performance by livestock.
Zinc supplementation has affect on cattle performance and
health, such as fertility, lactation, claw integrity and immunity
(Siciliano et al. 2008, Griffiths et al. 2007, Kellogg et al. 2004,
Malcolm-Callis et al. 2000, NRC 2001, SPEARS et al. 2002,
Kincaid 2004, Nocek et al. 2006, Neathery 1973). Zinc is a an
integral part of many enzyme systems or it works as an enzy-
me activator. It affects milk production, reproduction, immune
system and the growth of the animals through the enzyme acti-
vity and gene expression of proteins influenced by zinc (Ches-
ters, 1997). Zinc plays catalytic and structural roles in over 300
enzymes and transcription factors (Lipscomb and Striter,
1996). Function of metaloenzymes such as carbonic anhydra-
se, lactate dehydrogenase, alcohol dehydrogenase, alkaline
phosphatase, carbonic anhydrase, Cu/Zn-superoxide dismuta-
se, carboxypeptidase-A,-B or DNA-, RNA-polymerase is
negatively influenced by zinc deficiency (Miller,Miller 1962,
Kirchgessener et al. 1975, Chahabra, Arora 1993, Chesters
1992, Illek 2003, Underwood, Suttle 1999). Zinc affects acti-
vity of some hormones such as glucagon or corticotrophin, it
is a part of insulin and that's the way how zinc intervenes in
protein and energetic metabolism (Illek 2003). Zinc has two
most direct connections to the immune function, the role of Zn
as an antioxidant (i.e., SOD) and the importance of Zn to cell
replication and proliferation (Spears and Weiss, 2008). Zinc is
essential for leukocyte creation and function, it has an influen-
ce on antibody creation and phagocytosis and is important in
the cell apoptosis process (Droke, Spears 1993; Illek 2003,).
Corinthas et al. (2010) reported about a positive effect of orga-
nic source of Zn on SCC, but no effect on antioxidant enzymes
(ZnCuSOD, GSH-Px, CP). Zinc status in dairy cows is essen-
tial in keratinisation within the teat canal, so that teat health is
related to zinc (Andrieu, 2007). Compared to traditional fee-
ding of inorganic sources of Zn (oxide, sulphate), organically
bound Zn has greater bioavailability (Wedekind et al., 1992;
Kincaid, Socha 2004) and can increase Zn concentration in
tissues and plasma, reduce SCC in milk (Cousins et al. 1988,
Illek, 2007). Whitaker et al. (1997) reported about the influen-
ce of Zn on immune system and therefore higher SCC and
mastitis rates in Zn deficient dairy cows. Hansen (1992) repor-
ted about the zinc supplementation of 2.5 g Zn proteinate/ day,
that caused a great decrease of SCC of 100x103 SCC/ml by
herds with high SCC in average (400x103 SCC/ml). Nocek
(2006) reported about similar reproductive and health perfor-
mance by cows supplemented 100% of NRC (2001) require-
ments of complexed trace minerals as cows fed the same ele-
ments in inorganic form. Milk and component yields were
however higher. Therefore, the objectives of this research were
to assess the effect of organic zinc supplementation on milk
yield, the quality of the milk (milk solids) and SCC in milk.
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RESULTS AND DISCUSSION

From the first day post calving up to the last day of 3
months trial the daily milk yicld was recorded. Cows fed Zn-

Met (S-Group) tended to produce more milk in all 3 months

than the control C-group (Figure 1). Daily milk yield of

cows fed recommended (100% NRC) Zn supply in organic
form was in 30 days post calving not affected (P>0.10) by
treatment. The average milk yield was in the S-group
43.02+3.62 kg, in the C-group 42.03+3.98 kg. After 60 days
the milk yicld amounted to 44.70+4.24 kg and 42.08+4.60 in
cows of control group. The difference was statistically signi-
ficant P<0.05. Also In the third month of lactation there was
higher milk yield in the supplemented group as well
(43.22+4.47 kg vs. 39.98+4.80 kg). The difference was
highly statistically significant (P<0.005). In the study of
Uchida et al. (2001) there is no increase of lactation perfor-
mance observed, Kincaid and Socha (2004) observed higher
Jactation performance in peak lactation, but not at the early

lactation.

Figure 1: Effect of zinc supplementation on milk yield
over 90 days trial period

Figure 1.
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Table 3. Daily milk yield in first 3 months of lactation

30d p.p. 60d p.p. 90 d p.p.
S-group X 43.02 44.7 43.22
SD 3.62 4.24 4.47
C-group | x 42.03 42.08 39.98
SD 3.98 4.6 4.8
p - value >0.5 <0.05 <0.005

Somatic cell count (SCC) in the control group (C-group)
were in all three months of the trial higher than in the cows of
the supplemented group (S-group) (Figure 2., Table 4.). There
was no significant difference in the first month of lactation
(P>0.5). But in the second month for cows receiving the orga-
nic Zn supplementation (S-group) SCC significantly lower
(P<0.05) than those of control group and at the end of the
trial, after 90 days of lactation, the organically supplemented
group has lower somatic cell count, the difference was highly
statistically significant (P<0.001). SCC in the supplemented
group tended 1o decrease in this three months of trial, the con-
trol group had the opposite tendency. Similar result was repor-
ted by Nocek et al. (2006), in his research SCC of cows supp-
lemented by (100% NRC) complexed zinc source was 46.5%
lower than SCC of those supplemented by (100% NRC) inor-
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Table 4. SCC [x10°/ ml] in 30-90 d p.p.

30d p.p. 60 d p.p. 90dp.p
S-group X 94.76 92.72 66.67
SD 91.62 80.55 81.12
C-group X 150.05 165.98 177.6
SD 162.61 173.09 172.33
p - value >0.5 <0.05 <0.00]

ganic zinc and 47.7% lower than those supplemented by (75%
NRC) organic zinc.

Milk composition appears to be affected by organically
bound zinc supplementation as well (Figure 3, Table 5). In
the first 30 days post partum there is no significant differen-
ce in the milk solids amount (P>0,1). But in the second and
the third month of lactation (after 60 and 90 days of trial)
there is statistically significant difference in protein and fa
percentage in milk. 60 days post partum the amount of milk
fat (P<0,01) and milk protein (P<0,05) were higher in zinc
supplemented group of cows and 90 days post partum was
the difference in average protein and fat amount (both
P<0,01).

Positive effect of 100% NRC complexed zinc supplementa-
tion on protein and fat amount in milk are reported by Kellogg
(2004), Nocek (2006), no positive effect on milk composition
by level or source of mineral supplementation is reported by
Ballantine et al. 2002, Kellogg 2003, Uchida et al. Kincaid
and Socha reported about higher amount of milk protein after
complexed zinc supplementation as well.

Milk components [%]

Figure 3.
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