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1 Uvob

vvvvvv

O kazdém litru navic rozhoduji jen detaily. Dojnice jsou vystavené ¢im dal vétsi zatézi, kterou
pro né prestavuje vysoka produkce mléka. Plemenice nemusi reflektovat pro oSetfovatele zcela
jasné nebo viditelné signaly 0 svém stavu. Nejéastéji se jedna o projevy fije, kdy s ¢im dal
vetsi uzitkovosti dojnic Casto probihd bez viditelnych pfiznakd. Na druhé strané musi
management tesit otazku stale vétsiho odlivu pracovnikli ze zemédélstvi. Klicem k vyfeSeni
této slozité situace, mohou byt sensory, které sleduji aktivitu dojnic béhem dne. Diky nim mize
vytizeny tym pracovnikd farmy svéfit €ast svych povinnosti modernim automatickym
systémum. Dal$i vyhodnou automatickych senzort je schopnost detekovat onemocnéni dojnic,
nez se plné manifestuje a je nutny zasah veterinafe. Pfi v€asném zaregistrovani zmén chovani

dojnice, muze véas zasahnout zootechnik a predejit tak vaznéjsim komplikacim.

V budoucnu miizeme predpoklddat, ze budou farmy plné¢ automatizované¢ s minimalni
potfebou pracovni sily oSetfovatelli. Z tohoto divodu vznika tlak na vyvoj novych systémil
detekce aktivity dojnic. Na zéklad¢ vyspélych algoritmti budeme v blizké budoucnosti moci
odhadovat i predpokladanou produkci dojnic pro nasledujici den vcetné slozek mléka. Také
detekce fije se zpiesni na zakladé hodnoceni kombinace vice parametrd, nez je jen pouha

pohybova aktivita dojnic.



2 LITERARNI PREHLED

2.1 VYBRANE AKTIVITY DOJNIC

2.1.1 Doba lezeni a stani dojnic
Doba lezeni s frekvenci ulehdni a délka jednotlivych ulehnuti je identifikovana jako citlivy
indikator pro méfeni odpocinku dojnic (Haley et al., 2000). Tyto ukazatelé jsou navic vyuzitelné
i jako indikator welfare dojnic (Fregonesi & Leaver, 2001) a to z divodu vysoké priority
odpocinku nad krmenim a socidlnimi interakcemi (Munksgaard et al., 2005). Primérnd doba
odpocinku dojnic se ve studii Drissler et al. (2005) pohybovala od 11.37 do 13,70 h/den. Jensen
(2005) pozoroval jalovice, které ve tietim mésici biezosti maji taktéz silnou potiebu odpocinku,
okolo 12 -13 h lezeni za den. Na dobu odpoc¢inku maji vliv faktory managementu chovu a
designu stje, zahrnujici povrch stdje a kvalitu podestylky (Drissler et al., 2005; Fregonesi et
al., 2007; Tucker et al., 2003) velikost a konfiguraci staje (Tucker et al., 2004, 2006), zapInénost
kotct (Fregonesi, et al., 2007), lokaci staje a rozvrzeni lozi (Wagner-Storch et al., 2003),
material podlahy (Fregonesi et al., 2004) a management dojeni, resp. zakrmovani (Devries &
Keyserlingk, 2005; Overton et al., 2002). Dobu, kterou dojnice stravi lezenim lze snadno
ovlivnit stajovym managementem, napiiklad vyménou mokré podestylky za suchou, se doba

leZeni dojnic prodlouzila z 8,8 h/den na 13,8 h/den (Fregonesi et al., 2007).

Susina podestylky hraje dulezitou a kritickou roli v délce odpocinku a zdravi dojnic. Pokud
dojnice byly ustajeny ve staji, kde podestylka lozi méla 26,5 % susiny, jejich ¢as lezeni byl 0 5
hodin niz$i, nez u dojnic s podestylkou o suSin¢ 86,4 % (Fregonesi et al., 2007). V piipad¢, ze
byly dojnice vystaveny podestylkam 0 suSiné 89.8 + 3.7 %, 74.2 + 6.4 %, 62.2 + 6.3 %, 43.9 =
4.0 %, a 34.7 + 3.8 %, tak se jejich doba stravend v lozi zkratila v priméru s kazdym stupném
vlhkosti o 1 hodinu (Reich et al., 2010). Tento trend zkracovani doby lezeni v zavislosti na
vlhkosti podestylky trval az do suSiny 34 %. Po dosazeni této hodnoty se uz pfi nizsi suSiné
podestylky doba leZeni nadéle nezkracovala (Reich et al., 2010). Dalsi pfic¢inou zkraceni doby
leZeni je ustajeni vétSiho poctu zvitat, nez je pocet lozi. Tento vEtsi pocet zvitat, nez kapacita
loZi ovlivni odpocinek, pfijem potravy a piezvykovani zvifat (Krawczel & Grant, 2009). Pfi
zvySeni poctu zvifat na 130 % kapacity kotce dochazi ke snizeni doby leZeni (Fregonesi et al.,
2007; Krawczel et al., 2012), sniZeni pfijmu potravy (Krawczel et al., 2012; Proudfoot et al.,
2009) a snizeni doby ptezvykovani (Krawczel et al., 2012). V piipadé zaplnéni kapacity na 150
% poklesla doba lezeni o 1,7 hodiny/den (Fregonesi et al., 2007). V piipadé opakovaného



nedostatku odpocinku dojnic dochazi ke zvySovani koncentrace kortizolu v krvi (Munksgaard
et al., 1999). Oproti tomu koncentrace riistového hormonu se snizuje po nedostatku odpoc¢inku
(Ingvartsen et al., 1999; Munksgaard et al., 1993). Tento pokles koncentrace rtstového
hormonu muze snizit mléénou uzitkovost z divodu galaktopoetického ucinku rtstového
hormonu (Hart, 1988; Munksgaard et al., 1993). Pokud jsou dojnice dlouhodob¢ vystaveny
odpocinkové deprivaci, projevuji abnormalni vzorce chovani indikujici frustraci (Munksgaard

et al., 1996).

Dojnice s nedostatkem odpocinku v prvni hodiné deprivace nahrazuji lezeni stanim bez
ptezvykovani a vice ¢asu vénuji ptijmu krmiva (Metz 1985). Z pozorovani Munksgaard et al.
(1996) vychazi, ze kravy radéji prezvykuji, kdyz lezi. Grant (2004) uvadi dobu pfezvykovani v
leze 6 hodin a délku prezvykovani ve stoje 4 hodin + 30 min na piti. Cas straveny
piezvykovanim ve stoje se u dojnic navysuje s dobou, po kterou jsou deprivovany od lezeni

(Ingvartsen et al., 1999; Lene Munksgaard & Simonsen, 1996).

2.1.2 Pohybova aktivita dojnic
Chtize je nezbytna pro udrzeni Zivotné diilezitych Cinnosti, jako je hledani potravy, ptijimani

potravy, dojeni, vyhybani se agresivnim kolegim ve stad¢, hledani ukrytu, reproduk¢ni chovani
atd. Je vsak znamo, ze chiize piedstavuje pro kravy vyznamnou aktivitu, ktera zvysuje nutri¢ni
naroky a snizuje dojivost (Ribiero et al., 1977; Lawrence & Stibbards, 1990; Matthewman et
al., 1993; Mendez et al., 1996). Rada studii uvadi pozorovani tykajici se reprodukce a zdravi
(jako kulhani, metabolické poruchy), ktera jsou piisuzovana nedostatku pohybu (Anderson et

al., 1979; Miettinen et al., 1991).

V dobe¢ tije kravy vyrazné zvysuji svou fyzickou aktivitu: pocet krokt, které krava v fiji udéla
za hodinu, je piiblizn¢ dvakrat az Ctyfikrat vyssi, nez v dob¢ fije. Pohybovou aktivitu kravy Ize
kvantifikovat pomoci krokoméru, elektronického zatizeni pfipevnéného paskem k noze zviiete

(Lopez-Gatius et al., 2005).

2.1.3 Zrani
Mechanismus piijimani potravy a piezvykovani u skotu je dobfe znam (Church, 1975;

Hofmann, 1988). Vzhledem k tomu, Ze v poslednich letech nedoslo k Z4dnym vyznamnym
zménam V tomto poznani, nasleduje pouze struény popis procesu zrani a prezvykovani. Béhem

zrani se Krmivo pomoci pyskd, zubu a jazyka presouva do tlamy, kde se zvyka. Pii konzumaci



odrostlejsi pice skot vtahuje pici do tlamy jazykem, zatimco u jadrného krmiva nebo TMR z
bo¢nimi pohyby dolni celisti, coz vede k rozméliiovani, které krmivo spiSe stiihd nez feze.
Krmivo je zvykano stoliCkami na jedné strané tlamy v daném okamziku (Hofmann, 1988).
Béhem pfijimani potravy se vylucuje velké mnozstvi slin, které umoznuji vytvoieni bolusu a

jeho spolknuti (Church, 1975).

Doba, kterou mlécny skot stravi pfijimanim potravy, je pfi kombinaci riznych vlivli velmi
variabilni. White et al., (2017) uvadi primérnou dobu zrani 284 min/d (n = 182) v rozmezi od
141 do 507 min/d. na zakladé studii vice autori. Toto rozpéti vysvétluje z Casti rozdily
zpusobenymi mirné odliSnymi kritérii pouzivanymi v jednotlivych studiich pro definici doby
piijmu potravy, ale doba pfijmu potravy je také siln¢ ovlivnéna managementem krmeni, DMI,

fyzikalnim a chemickym sloZzenim krmiva a ptirozenou variabilitou mezi zvifaty.

V rozsahlé studii De Mol et al. (2016) byla korelace mezi dobou Zrani a pfijmem krmiva 0,53
v systému uplné smésné krmné davky (TMR) a 0,56 v systému castecného TMR. Sledovani
doby Zrani na farm¢, zejména v kombinaci s dalsimi informacemi (mlé¢na uzitkovost, hmotnost
zvitat, velikost krav), by mohlo byt uzite¢né pti odhadu individudlniho piijmu krmiva Connor,
(2015). Vzhledem ke vztahu mezi ptijmem susiny a dobou zrani, je vliv slozek krmiva, jako je
obsah neutraln¢ detergentni vlakniny nebo velikost ¢astic, vice spojen s dobou Zrani, pokud je

vyjadien jako piijem slozek, nikoliv jako koncentrace.

2.1.4 Priezvykovani
Ptezvykovani je ptfirozené chovani skotu a vSech piezvykavcii obecné. Béhem piezvykovani

nejprve dochazi k vyvrzeni sousta (regurgitace), béhem niz dochazi k navratu mikrobialné
natravené¢ho krmiva do dutiny ustni. Poté dochazi k pfezvykovani (remastikace) a dodate¢nému
proslinéni sousta. Na zavér je opétovné piezvykané sousto spolknuto a vraci se do predzaludku,
kde opét probihd proces traveni. Jak piezvykovani, tak i samotné Zvykani béhem piijmu
potravy, pomahd pro zmenSovani ¢asteCek krmiva. Soucasné se zmenSenim ¢astic krmiva se
zvétsuje jejich aktivni povrch a tim se zvétSuje stravitelnost. Diky vétsi ploSe krmiva, ktera je
dostupnd mikroorganismim, dokazi pfezvykavci U¢inngji rozkladat piijaté krmivo v pribéhu
fermentace. Zvykani krmiva ptisobi na sekreci slin ze slinnych 7laz. Pufry obsazené ve slinach,
napomahaji udrzet idealni hodnoty pH pro bachorové mikroorganismy. Delsi doba
pfezvykovani u dojnic je spojena s vyssi produkei slin a v disledku toho zlepSeni zdravotniho

stavu bachoru (Kononoff et al., 2002; Schirmann et al., 2009).
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Dojnice ptevazné prezvykuji béhem doby odpocinku, kdy lezi. Avsak prezvykovani probiha
nejen pii lezeni, ale i béhem dalSich aktivit, jako jsou stani, chtlize, oSetfovatelské zasahy atd.
Pokles doby pfezvykovani lze vyuzit jako ukazatel zvySeného stresu dojnic, piipadné jako

ukazatel zmény zdravotniho stavu (Schirmann et al., 2009, 2012).

Schirmann et al. (2012) uvadégji, ze doba prezvykovani dosahuje vrcholu ptiblizné€ 4 hodiny po
krmeni, a ze obdobi piezvykovani souvisi také s dobou stravenou vleZe. S prodluzujici se dobou
pirezvykovani vS8ak dochazi k tomu, ze kravy prezvykuji delSi dobu béhem dne, tmérné se
zkracuje doba piezvykovani v noci a pii lezeni krav (Stone et al., 2017). White et al. (2017)
uvadi, ze primérny cas piezvykovani byl 436 min/den (n = 179), v rozmezi od 236 do 610
min/den. Podobné pak Zebeli et al. (2006) uvadi, ze primernd doba piezvykovani byla 434
min/den (n = 99), s rozmezim od 151 do 630 min/den. K velké variabilité doby piezvykovani
napii¢ méfenim doslo z mnoha divodd, véetné techniky méfeni a pfirozené variability mezi

zviraty (De Boever et al., 1990).

2.2 VLIV DOBY ODPOCINKU NA MLECNOU UZITKOVOST

vvvvvv

(Krawczel & Grant, 2009). Odpocinek u dojnic patii k vysoce prioritné postavenym potiebam,
kdy se motivace k odpocCinku zvysuje se zvySujici se deprivaci odpocinku (Munksgaard et al.,
2005). Potieba odpocinku dojnic je nadfazena potfebé krmeni i socialnim interakcim
produkci mléka. B€hem doby lezeni dochazi k lepSimu prokrveni vemene a lepSimu prokrveni
gravidni d€lohy. V pribéhu pozdni faze laktace dochazi ke zlepsSeni efektivnosti ruminace,
snizeni tlaku na paznehty a tim snizeni vyskytu laminitid, a dale dochazi ke zmirnéni inavového
stresu a vys$Simu piijmu krmiva (Grant 2004, Nishida et al., 2004). Pritok krve vemenem u
lezicich krav je vy$si o 24 - 28 % oproti stojicim dojnicim (Rulquin & Caudal, 1992).
Zlepsené zasobovani vemene Zivinami zajistuje lepsi syntézu mléka oproti tomu, kdy dojnice
stoji (Natzke, 1982). Casovy harmonogram (time budget) dojnice ve volném ustajeni popsal
naptiklad Albright a Grant (2000) viz tabulka 1.



Tabulka ¢.1. Casovy harmonogram dojnic.
Aktivita Cas straveny aktivitou za den

Zrani 3t0 5h (9 to 14 navstév krmného stolu/d)

Lezeni/ odpocinek 12 az 14 h

Socialni interakce 2az3h
Prezvykovani 7az10h
Piti 30 min

Mimo box (dojeni) 2,5az3,5h

Albright et Grant (2000).

V dalsi studii Matzke (2003) porovnaval pramér dennich aktivit celého stada s dennimi aktivitami

10 % nejlepsich dojnic — viz tabulka 2.

Tabulka ¢.2. Porovnani dennich aktivit u Top 10 % dojnic oproti praméru.

Aktivita Top 10 % Pramér
Zrani 55h 55h
Odpocinek 14,1 h 11,8 h
Stani v ulicce 1,1h 2,2h
Stani v boxu 0,5h 1,4h
Piti 0,3h 0,4 h

Matzkeho (2003).

Z experimentu Matzkeho (2003) vychézi, ze vysokouzitkové dojnice stravi v priméru o vice
nez dvé hodiny vice ¢asu odpocinkem nez primérné dojici kravy. Dobu stravenou stdnim v
ulicce zkratila tato zvifata o hodinu a taktéz stala v boxech skoro o hodinu méné. Doba, kterou
dojnice stravi navic leZenim, se promitne do jeji uzitkovosti navySenim produkce mléka az o

1,7 kg za hodinu odpoc¢inku navic (Bach et al., 2008). K podobnému vysledku se dobral i (Grant
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& Miner, 2011), kdy s kazdou hodinou lezeni navic se zvysila produkce 0 0,9 — 1,57 | mléka.
Vysvétlenim muze byt, Ze snizenim doby odpocinku dojnicim klesa hladina ristového hormonu
v krevni plazm¢ (Munksgaard & Levendahl, 1993), ktery je zodpovédny za mléénou uzitkovost
(Hart, 1988).

Snizend doba odpocinku vede ke zvySenému stresu dojnic a s nim spojenym vylu¢ovanim
velkého mnozstvi stresového hormonu kortizolu do krevniho fecist¢ a k poklesu hladiny
rastového hormonu. Tato disbalance hormonti zptsobuje zhorSeni zdravi paznehtl a nizsi

uzitkovost (Cooper et al., 2007; Munksgaard & Levendahl, 1993).

Na dobu lezeni ma vliv i faze laktace. Kravy na zacatku laktace stravi méné ¢asu lezenim oproti

kravam v pozd¢jsich fazich laktace a zaprahnutym kravam (Chaplin and Munksgaard, 2001).

2.3 VLIV PRIJMU KRMIVA NA PRODUKCI MLEKA
Produkce mléka je pozitivné ovliviiovana piijmem krmiva (Dado & Allen, 1994; Shabi

et al., 2010). Taktéz produkci mléka ovliviiuje vzorec chovani dojeného skotu, jako je doba

odpocinku, ptezvykovani, krmeni (zrani) apod. (Grant, 1995).

Studie Johnston & DeVries (2018) méla za cil identifikovat a spojit méfeni pfijmu krmiva s
daty z produkce mléka, s daty z predeslych studii zaméfenych na pfijem krmiva a mlécnou
produkci. Dataset obsahoval behavioralni a produkéni data z 5-ti studii. Priimérné dojnice byla
na 1,8 laktaci s odchylkou 0,9 laktaci, 108,4 dnii v produkci (42,7 dnii v produkci) a vazila
654,6 kg (71,4 kg). Data z produkce obsahovala piijem suSiny, ktery byl 27 kg/den (£3,1
kg/den), mlé€nou uzitkovost, kterd dosahovala 43,0 kg/den (+ 7 kg/den), obsah tuku3,6 %
(+0,49 %) a obsah mlé¢ného proteinu 3,05 % (+0,25 %). Behavioralni data obsahovala: dobu
krmeni s primérnou hodnotou 230,4 min (£35,5 min), tempo piijmu krmiva s primérem0,13
kg/min (0,03 kg/min), frekvenci krmeni s hodnotou 9,0 krmeni/den (2,0 krmeni/den), béhem
jedné navstévy krmného zlabu dojnice prumérné ptijala 3,2 kg krmiva (0,9 kg), délka Zrani
byla 279,6 min/den (£51,7 min/den) a doba pfezvykovani méla primér 516,0 min/den (£90,7

min/den).

Pt{jem suSiny je spojen s dobou krmeni, kdy je primérny piijem (0,02 kg/min). Doba krmeni
je spojena s dobou ptezvykovani (+0,003 kg/min) a Cetnosti krmeni (+0,2 kg/ navstéva Zlabu).
Podobné je spojena i mlé¢na uzitkovost s dobou krmeni (+0,03 kg/min) a dobou piezvykovani
(+0,02 kg/min) s tendenci byt také spojovana s Cetnosti krmeni (+0,3 kg/ navstéva Zlabu).
Produkce mlécného tuku je spojena s frekvenci krmeni (+0,02 kg/ navstéva zlabu) (Johnston &

DeVries, 2018). Celkové vysledky naznacuji, ze mlécna produkce muze byt zvysena
11



situacich, kde dojnice jsou schopny prodlouzit sviij ¢as pro krmeni. Takové dojnice maji také
Castéjsi frekvenci krmeni a vys$i Cas straveny piezvykovanim (Johnston & DeVries, 2018).
Také poradi laktace a mlécna uzitkovost maji signifikantni vliv na nékteré z charakteristik
prijmu krmiva (Azizi et al., 2009). Dojnice na vyssich laktaci pfijimaji o 1 kg susiny vice nez
prvotelky, taktéz jejich rychlost piijimani krmiva byla o 30 g susiny/min vyssi nez u prvotelek
(95,06 vs 66,09 g susiny/min). Prvotelky s vysokou produkci mléka oproti nizko produkénim
prvotelkam vykazovaly signifikantni rozdil v pfijmu krmiva na jedno nakrmeni. Tento rozdil
¢inil zhruba 1,2 kg (3,42 vs 2,24 kg). V porovnani s prvotelkami dojnice na vyssi laktaci
ptijimaly 0 4,21 kg krmné davky denné vice. Vysoko uzitkové dojnice ptijimaly 0 5 kg krmiva
vice nez nizko produkcni dojnice (23,44 vs 18,28 kg) (Azizi et al., 2009). V podobné studii
(Dado & Allen, 1994) zabyvajici se pfijmem krmiva mezi prvotelkami a dojnicemi na vyssi
laktaci pozorovali autofi 6 prvotelek a 6 dojnic na vyssi laktaci béhem rané faze laktace. Tito
autofi zaznamenali primérny pfijem krmiva u starSich dojnic o 4,8 kg vyssi oproti prvotelkam
(24,8 vs 20 kg). Také primérny piijem krmiva béhem jednoho krmeni byl vyssi u starSich krav

(2,5 kg) oproti prvotelkam (1,8 kg). Vyse citované zdroje, a i vysledky dalsich studii ukazuji

na vysokou korelaci mezi pfijmem krmiva a mlécnou uzitkovosti (Dado & Allen, 1994;

Friggens et al., 2010).

2.4 VLIV DNE LAKTACE NA MLECNOU UZITKOVOST

MIécna uzitkovost dojnic je ovlivnéna poctem dnti, kterou je dand dojnice v produkci
(DIM) a potadim laktace dojnice. Dojnice na vyssi laktaci dosahuji vyssi produkce oproti
prvotelkdm (Niozas et al., 2018). Ve studii Niozas et al., (2018), se porovnavaly prvotelky s
dojnicemi na vyssi laktaci béhem tii fazi laktace 1-100 den, 101-200 den, 201-305 den a za
celkovou dobu normované laktace 1-305 den. Porovnaval se praimérny nadoj mléka véetné
nadoje korigovaného mléka. Béhem prvni faze mély primérny nadoj prvotelky 35,2 kg/den a
kravy na vyssi laktaci 46,9 kg/den (Niozas et al., 2018). Ostatni autofi (Arbel et al., 2010;
Bertilsson et al., 2003; Jozwik et al., 2012; Kolver et al., 2007; Vijayakumar et al., 2017) pfi
svych studiich dosli k podobnym vysledkiim béhem obdobi 1-100 dni laktace, kdy dosahovaly
nejvyssich nadoji stars$i dojnice oproti prvotelkdm. V druhé fazi 101-200 dni jiz dochazi k
poklesu produkce mléka, jak u prvotelek, tak i u star§ich krav. Dojnice na druhé a vyssi laktaci
mély nicméné Ve vSech pozorovanych fazich laktace vyssi primérny denni nadoj nez prvotelky.
Na druhou stranu, prvotelky dosahovaly lepsi perzistence oproti kravam na vyssi laktaci, jak z
hlediska denniho nadoje, tak z hlediska denniho nadoje korigovaného mléka v obdobi
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normované laktace 305 dnd (Niozas et al., 2018). K podobnému zavéru dosel Arbel et al.,
(2001). Prvotelky profituji vice z prodlouzeni délky laktace oproti dojnicim na vyssi laktaci. To
reflektuje lepsi perzistenci laktace u prvotelek, kterd byla zaznamenana ve studiich (Arbel et
al., 2010). Perzistence laktace byla signifikantn¢ snizena béhem posledni tietiny biezosti
(Sorensen et al., 2008). Tento jev byl také pfimo evidovan z odvozené laktace od Wilminkovo
funkce. Toto je zplisobeno vétsim pomérem laktace oproti dob¢ stani na sucho, kdy kravy s
regulérni laktaci o délce 305 dni maji tento pomér horsi oproti kravam s prodlouzenou délkou

laktace.

2.5 TEPELNY STRES
Nejbézn€jsim zplisobem chovu skotu ve sttedni Evropé je volné ustajeni v stijich s

piirozenou ventilaci (Ammer et al., 2016; Hempel et al., 2016). Kravy jsou proto vystaveny
problémiim S vn&jSimi tepelnymi podminkami (Ammer et al., 2016; Heinicke et al., 2018;

Hempel et al., 2016). Hempel et al. (2018) a Schiiller et al. (2013) prokazali, ze vnitini klima
ve stajich s pfirozenou ventilaci je pfimo zavislé na klimatickych podminkach vnéjsiho
prostiedi. Dojnice jsou navic obzvlasté citlivé na vyssi teploty vnéjsiho prostiedi (Kadzere et
al., 2002). Citlivgjsi jsou zejména vysoko produkcni a dojnice na vyssi laktaci (Kadzere et al.,
2002; Renaudeau et al., 2012; Stone et al., 2017). Obecné plati, Ze kravy mohou udrzovat svou
télesnou teplotu na konstantni trovni pomoci konvekce a kondukce (Kadzere et al., 2002), ale
nemohou vzdy efektivné uvoliovat své vnitini metabolické teplo (Allen et al., 2015;
Bernabucci et al., 2014; Broucek et al., 2007; West, 2003) pii zvySeni okolni teploty a vihkosti
(Ammer et al., 2016; West, 2003). Tento d¢j se vyskytuje pii piekroceni tepelné neutralni zony
krav, ktera je od -0,5 °C do 20 °C (Hahn, 1999) nebo spise mezi 5 °C a 25 °C (Gantner et al.,
2017). Teploty nad teplotné neutralni zénou krav vedou k zméné fyziologického stavu zvirat
(Moretti etal., 2017) a produkce (Ammer et al., 2016; Collier et al., 2017; de Rensis et al., 2015;
Noordhuizen, 2015), zejména v mlécné uzitkovosti (Gorniak et al., 2014; Schiiller et al.,2013;
West, 2003), ale cilené produkéni cile jsou spojeny se zvySenim mlééné uZitkovosti (Gantner
et al., 2017; van Arendonk & Liinamo, 2003). Pro vypocet vlivu teploty okolniho prostfedi a
relativni vlhkosti (Polsky & von Keyserlingk, 2017) byl Thomem (1959) vyvinut teplotné-
vlhkostni index (THI), ktery se pouzZiva k popisu tepelného stresu u skotu (de Rensis et al.,
2015). S ohledem na klimatické zmény je ptedpoklad vétsiho vyuziti v budoucnosti, kdy bude
pravdépodobné vice dnili se zvySenymi hodnotami THI (Dunn et al., 2014; Segnalini et al.,
2013).
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V diivéjsich studiich se THI kategorizuje podle Zimbelmana & Colliera (2011), prevzatych z
Armstronga (1994), nasledovné:

. THI <68 jako Zadny stres,

. 68 < THI <72 jako mirny stres,
. 72 < THI <80 jako stfedni stres
. THI > 80 jako silny stres.

Kadzere et al. (2002) vysvétluji, Ze tepelny stres zacina v subtropickych/tropickych oblastech s
prahovou hodnotou THI 70. V ptipadé, ze je THI vyssi nez 70, je tieba jej snizit. Na druhou
stranu Schiiller et al. (2014) popsali, Ze tepelny stres vznika jiZz pti nizkych jednotkach THI v
mirném klimatu. Podobn¢ Heinicke et al., (2018) stanovili, ze kli¢ovymi hodnotami THI pro
snizeni produkce mléka jsou THI nad 67 bodu. Doba piezvykovani zavisi na prumérném
dennim THI a to se projevuje na trovni mlécné uzitkovosti dojnic. Obecné vSechny skupiny s
riznou uzitkovosti reagovaly na podminky tepelného stresu s THI nad 52 snizenim doby
piezvykovani. Tento efekt se projevil zejména u krav s vysokou mlécnou uzitkovosti (p
<0,001). Vysoce uzitkové kravy vykazovaly v podminkach prostiedi s THI pod 52 vysokou
dobu ptezvykovani, piiblizn¢ 550 min (9 h 05 min) za den, ale nad THI 52 svoji dobu
piezvykovani siln€ snizily na troven 485 min (8 h 05 min). Pfi THI 77 dosahovala doba
piezvykovani vysoko produkénich krav stejné nizké urovné jako u nizko produkénich krav.
Tyto kravy ptezvykovaly od THI 52 do THI 77 o 1 h mén¢. Na druhou stranu u krav s nizkym
a stfednim nadojem byl pokles doby piezvykovani pii THI 52 plynulejsi. Doba ptezvykovani
na vlivech THI, nez doba piezvykovani vysoko produkénich krav. Nizko produkéni kravy
snizily svoji dobu piezvykovani 0 30 min z 515 min (8 h 35 min) na 485 min (8 h 05 min) za
den pii jmenovanych zménach THI. Je patrné, Ze stiedné uzitkové kravy mély pted prahem
tepelného stresu (THI 52) dobu piezvykovani 525 min (8 h 45 min) za den, ale se zvySujicim
se THI se jejich doba piezvykovani snizovala na trovein 495 min (8 h15 min) za den. V
piipadé stfedn€ uzitkovych krav se doba piezvykovani sniZzovala na uroveit 495 min (8 h 15

min) za den pfi stejné situaci (Miischner-Siemens et al., 2020).
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Obr. 1 Vliv primérného denniho teplotné-vlhkostniho indexu na dobu piezvykovani.
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(Miischner-Siemens et al., 2020).

Délka prezvykovani v hodinach za den v zéavislosti na primérném dennim teplotné-vlhkostnim
indexu (THI; prah tepelného stresu THI jako svisla Seda cara) tykajici se urovné dojivosti
(Miischner-Siemens et al., 2020).

2.6 VYUZITi SENZORU A MONITOROVACICH SYSTEMU V MANAGEMENTU
MLECNYCH STAD
Pro zlepseni fizeni velkych stad dojnic byly vyvinuty senzory, které mohou méfit
fyziologické, behavioralni (Zrani, pfeZvykovani, pohybova aktivita) a produkéni ukazatele
jednotlivych krav (zrani, pfezvykovani, pohybova aktivita). Tato zafizeni poskytuji
automatizovanou detekci zmén sledovanych stavil, které souviseji se zdravotni udéalosti pfimo
na farm¢, ¢imZ umoznuje v€asny zasah ze strany chovatele (Rutten et al., 2013). V poslednich
letech bylo vyvinuto mnoho typt senzord. Mohou naptiklad méfit kvalitu mléka, ¢ili obsah tuku

a bilkovin (Katz et al., 2007) a dalsi slozky mléka, jako je napiiklad laktdza souvisejici
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se zdravim vemene (Kamphuis et al., 2008). Zajimavou moznosti je i schopnost stanoveni
hladiny hormonti, naptiklad obsahu hormoni pro sledovani vysledkt plodnosti krav (Friggens
& Chagunda, 2005; Posthuma-Trumpie et al., 2009). Pro zlepSeni a automatizaci detekce fije
(Firk et al., 2002; Holman et al., 2011) a kulhani byly vyvinuty méfice aktivity, krokoméry a
tiiosé akcelerometry (Chapinal et al., 2010; Miekley et al., 2012; Pastell et al., 2009). V posledni
dobé¢ byly vyvinuty senzorové systémy, které méfi i hmotnost krav (van der Tol et van der
Kamp, 2010), dobu piezvykovani (Bar et Solomon, 2010; Biichel & Sundrum, 2014), a dalsi

senzorové systémy jsou V soucasné dob¢ ve vyvoji.

V poslednich letech se zvysil pocet mléénych farem, které vyuzivaji senzorové systémy, a to
zejména ty umoziujici automatizaci detekce fije. Predpoklada se, ze ptiblizné 20 %
nizozemskych farem vyuziva automatizovanou detekci fije (Steeneveld & Hogeveen, 2015).
V Nizozemsku a dalSich zemich severozapadni Evropy se pouzivani senzori zvySuje v
dusledku rostouciho vyuzivani automatickych systémut dojeni (ASD). Vzhledem k tomu, zZe
pii automatickém dojeni neni ptitomen doji¢, ktery by posuzoval vemeno a mléko z hlediska
abnormalit, zahrnuji ASD senzory pro detekci mastitid na zakladé PSB. S AMS lIze kombinovat
stale vEtsi pocet dalSich senzorovych systémil, jako je naptiklad véazici ploSina pro sledovani
hmotnosti krav (van der Tol & van der Kamp, 2010), sensory konduktivity mléka, pritoku
mléka atd (Kamphuis et al., 2010).

vvvvvv

protoze sledovani jednotlivych krav fyzickym pozorovanim ze strany farmare se ve velkych
staddech stava narocnym. V Evropé je pracovni sila drahd a zemédé€lci hledaji zpiisoby, jak
fyzickou préci nahradit. Senzorové systémy pro detekci fije mohou snizit pracovni silu tim, ze
eliminuji potfebu pozorovat kravy pfi fiji. Napiiklad pro detekci fije se doporucuje pozorovat
kravy 3x denné po dobu 20 minut (Firk et al., 2002). Pfi pouZiti senzorového systému pro
detekci fije lze tento Cas prace zkratit, ale odhad, kolik ¢asu Ize uSetfit, neni znam. O¢ekavané
zlepSeni detekce onemocnéni a fije muze byt jednim z hlavnich davodd Kk investici do
senzorovych systému. Nékteré studie uvadéji, ze senzorové systémy detekuji ptiblizné 80 az 85
% krav v 1iji (Hockey et al., 2010), zatimco primérny farmai detekuje ptiblizn€ 55 % krav v
iiji (Firk et al., 2002). Divodem pro investice do senzorovych systémil je také pravdépodobné
o¢ekavana vyssi ziskovost farmy. Ekonomické dusledky investic do senzorovych systému byly
zkoumany s vyuZitim vyvinutych normativnich modelt (J. M. Bewley et al., 2010; Rutten et
al., 2013) a aplikace senzorovych systému vedla ke v€asnéjsim a informovanéjsim rozhodnutim

a nasledné k vyssi ziskovosti farmy.
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2.7 ZAKLADNI DELENi SENZORU Z HLEDISKA ZVIiRETE.
Senzory lze rozdé€lit na senzory ptipojené a senzory nepripojené. Pro zvyseni udrzitelnosti

mlékarenského primyslu se zvysila potieba nahradit tradi¢ni skupinové fizeni preciznim
chovem dojnic, ktery prub&zné monitoruje a fidi individualni produktivitu a zdravotni problémy
(Bewley, 2010). Individualni sledovani prostfednictvim piimého pozorovani zaméstnancti
farmy nebo videozaznami je vSak Casové narocné, pracné, obtizné piesné zjistitelné a ve
velkych farmach prakticky nemozné. Z téchto diivodu byly pro individualni monitorovani krav
zavedeny bezdratové biosenzorové systémy, jejichz vyzkum se v poslednich 40 letech aktivné

provadi (Rutten et al., 2013).

2.7.1 Ptipojené senzory
Ptipojené bezdratoveé biosenzorové systémy se sklddaji z baterie, vysilace dat a jednoho, nebo

vice senzoru (tfiosy akcelerometr, teplomér, pH elektroda, mikrofon atd.), které jsou piipevnény
na téle kravy za uc¢elem méfeni a sbéru biometrickych udaju. Tyto snimace lze podleumisténi na
téle dojnice rozdélit na osm typa (uSni znamky, ohlavky, kréni obojky, retikulo- brudni
bolusové snimace, sensory na nohach, senzory na ocase, senzory na hlavé a vaginalni senzory)
(Caja et al., 2016). Tato zafizeni slouzi ke sbéru a ptenosu biometrickych udaji, jako je
zrychleni, teplota, pH a krevni tlak ve stanovenych ¢asovych intervalech. Ziskana nezpracovana
data se pak pomoci algoritmii ve snimaci, softwaru v pocita¢i nebo prostiednictvim cloud
computingu prepocitavaji na fyziologické a behavioralni parametry (napft. pocet kroki, tiroven
aktivity, Cas straveny jidlem, pfeZvykovanim nebo lezenim). Tyto parametry se navic pouZzivaji
jako prediktivni proménné pro diagnosticky model pti zjisStovanifyziologického a zdravotniho

stavu (napf. fije, teleni a riznych napt. metabolickych onemocnéni) (Lee et Seo, 2021).

2.7.2 NepFipojené senzory
Nepfiipojené snimace jsou snimace mimo kravy, okolo kterych kravy pti méfeni projdou kolem,
ptes né, nebo jimi prochazeji. Dvé specifické formy nepfipojenych snimaci jsou in-line a on-
line snimace. In-line senzory provadéji méteni v nepietrzitém toku produktu naptiklad mléka
od kravy. Jedina dostupna moznost in-line méfeni je v mlé¢ném potrubi. On-line senzory

automaticky odebiraji vzorek (napiiklad mléka), ktery je analyzovan senzorem (Rutten et al.,
2013).
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2.8 SYSTEMY SLEDOVANI DOBY ZRANI A PREZVYKOVANI
napiimo pracovnikem farmy (Couderc et al., 2006; Krause et al., 1998), nebo z videozaznamu
(Lindstrom et al., 2001). Vizudlni pozorovani je naro¢né na praci a obvykle lze sledovat pouze
nékolik krav soucasné. Neptimé metody sledovani prezvykovani byly zalozeny na zatizenich
detekujicich pohyby celisti (tj. tenzometrech, nebo tlakomérech) ptipevnénych k ohlavce, nebo
do ni zabudovanych (Dado & Allen, 1993; Matsui & Okubo, 1991). Tyto metody poskytovaly
uzitecné informace, ale zatfizeni bylo tézkopadné a mélo nékolik technickych omezeni. Vétsina
zatizeni vyzadovala celohlavové ohlavky, které obsahovaly pohybliva zatizeni umisténa pod
Celisti. Tato zafizeni mohla byt pro zvifata nepohodlnd a mohla ovliviiovat jejich chovani.
Nicméné cetné studie ukazaly, ze tyto senzory byly u¢inné pii rozliSovani pohybu celisti
spojenych se zvykanim a ptezvykovanim (Beauchemin et al., 1989;Dado & Allen, 1993; Matsui
& Okubo, 1991). Prvni verze téchto zatizeni vyzadovaly pro pienos dat kabely pfipojené k
pocitaci a byly omezeny na pouziti u krav ustjenych ve vaznych stajich (Beauchemin et al.,
1989). Pozd¢;jsi prace popisovaly zafizeni vyvinuta pro pouziti u volné se pasouciho, nebo volné
ustajeného skotu (Kononoff et al., 2002). Kapacita pamé&ti pro ukladani dat byla omezena a pro
stazeni dat bylo nutné odstranit ohlavku. Tyto technické problémy, pfedevsim kapacita paméti,
omezovaly sbér dat na mén¢ nez 21dni, o kontinualnim piezvykovani voln¢ ustajenych krav

(Matsui, 1994).

V posledni dobé se ve stadech nejCastéji vyuzivaji senzorové systémy na obojku. Skladaji se ze
zafizeni senzoru pripevnéného k popruhu, ktery je zavéSeny na krku kravy. Tento typ snimace
se v chovech dojnic pouziva nejCastéji; vyrabi jej mnoho spolecnosti. Obecné se dale tyto
obojky hojné pouzivaji ke kontrole ptijmu krmiva, nebo k méfeni prezvykovani. Pro méfeni
doby Zrani, pfezvykovani a urovné aktivity se na obojky ptidavaji snimace, jako jsou
akcelerometry a mikrofony, které méfi dobu zrani, dobu piezvykovani a troven aktivity. Déle
mohou byt jmenované sady snimacli vybaveny teplotnimi ¢idly pro méfeni télesné teploty
zvitete. Tyto snimace poskytuji manazerum farem informace o0 zdravotnim stavu krav a vyskytu
{ji. Nekteré snimace na obojcich se mohou pouZzivat v kombinaci s automatickymi systémy

dojeni (Lee et Seo, 2021).

2.9 SYSTEMY A DETEKCE RIJE
Utinna detekce iije je nezbytnou soudasti Gisp&sného fizeni plodnosti a zakladem

ekonomické produkce mléka (Nebel et al., 2000; J. Roelofs et al., 2010). Vzhledem k
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intenzifikaci zeméd¢lstvi, naslednému nartstu stad dojnic a zvySujici se pracovni zatézi
projevuji ve Spatném zabiezavani a prispivaji kK ekonomickym ztratam a zhorSovani uzitkovosti
(Diskin & Sreenan, 2000). Vizualni pozorovani fijové aktivity je subjektivni a nepraktické u
vétsich stad, a s tendenci, kdy se kazdy chovatel stara 0 vice zvifat, se stava Casové
nezvladatelné, coz piispiva k neuspokojivym vysledkum detekce (Roelofs et al., 2006). Kromé¢
toho snizena exprese a zkracené trvani fije u modernich vysoko produkénich dojnic ztizily

detekci fije a nacasovani umélé inseminace (Dobson et al., 2008).

Toto Casto vede k vyfazovani domnéle neplodnych zvitat a prodluzovani mezidobi. Spravné
provedena detekce fije je Casov€ narocny postup. Chovatelé s vysokym pracovnim zatizenim
maji mensi Sanci spravné detekovat fiji. Mira detekce tije by m¢la v chovech dojnic piesahnout
70 % (Esslemont, 1992). Ani zkuSeni pozorovatelé vSak nejsou schopni rozpoznat vice nez 40-
60 % vsech tiji u krav (Firk et al., 2002; Rodrigues et al., 2010).

Byly popsany cetné metody automatické detekce fije, které se vyhybaji nutnosti vizualniho
pozorovani (Andersson et al., 2016). Akcelerometry se zacaly hojné vyuzivat k méfeni zvysené
fyzické aktivity krav, pficemZ mira detekce chovani pfi fiji dosahuje 80 az 90 %, avsak
chybovost se mize pohybovat v rozmezi 17 az 55 % (Firk et al., 2002).

Aktivita dojnic se béhem fije méni, kdy se fyzicka aktivita zvysuje na ukor ptezvykovani a doby
krmeni (Reith et al., 2014). Snizeni doby pfezvykovani a krmeni, nebo zvyseni fyzické aktivity,
&i jejich kombinaci, 1ze tedy vyuzit k relativné piesné piedpovédi fije u dojnic. Uspésnost detekce
fije u dojnic se zvysuje, pokud se pro detekci kombinuji dva nebo vice fyziologickych parametra

(Brehme et al., 2008), a ¢etnost chyb pii detekci se podle o¢ekavani snizuje.

2.10 DETEKCE NASTUPU PORODU
Zmény chovani pfed otelenim u skotu jsou reprezentovany zvySenym neklidem,

snizenym piijmem krmiva a ptezvykovanim, vyhledavanim izolace spojenym S cCastymi
zménami drzeni téla, zveddnim ocasu a Castéj$§im lehanim (Jensen, 2012; Ouellet et al., 2016;
Speroni et al., 2018). Tyto zmény chovani jsou Cetnéjsi v poslednich hodinach pied otelenim
(Saint-Dizier & Chastant-Maillard, 2015). Z téchto divodd byly vyvinuty rtizné pfistupy k

automatické detekci za ucelem predpovedi ¢asu porodu.

Vizualni pozorovani zvifat v tomto obdobi by mohlo byt provadéno prostiednictvim

videozdznamu kamerami umisténymi s vyhledem na porodni kotce, ale tato metoda je casove

naroéna a pouziva se jen ziidka (Sumi et al., 2017). Casta pfitomnost pozorovatele by také
19



mohla u zvitat v peripartalnim obdobi vyvolat nepohodli, uvoliiovani katecholamini a narusit

proces teleni (Mee, 2008).

Nejcastéji pouzivanymi senzory v chovu skotu jsou krokoméry a akcelerometry, ptivodné
urcené pro detekci fije, dale obojkové mikrofony pro kontrolu krmeni, resp. pirezvykovani a
teploméry. Tyto snimace 1ze pouzit na raznych mistech téla kravy za Gcelem sbéru tdaji o
pohybech ve tfech osach a vyhodnocovani zvuka (nohy, krk, usi nebo ocas). Studie ukazaly, Ze
automatické senzory detekce porodu, jsou ve srovnani s vizudlnim pozorovanim spolehlivé
(Borchers et al., 2016). Mezi analyzované parametry patii doba ptezvykovani, doba stani, pocet
krokti, doba leZeni, pocCet zalehnuti, zvedani ocasu nebo jejich kombinace, které se pouZzivaji k
vytvofeni zakladni linie. Odchylky svéd¢i o porodu v nasledujicich 6-12 h (Nabenishi et al.,
2015). Pti pouziti jako prediktoru oteleni je vSak tfeba zvazit uréité zptesnéni algoritmu; néktefi
autofi uvadéji, ze frekvence zvedani ocasu, stani a zalehnuti se zvysSuje 4 h ptfed otelenim u
prvotelek a 2 h ptfed porodem u dojnic na vyssi laktaci holstynskych krav (Barraclough et al.,
2020; Borchers et al., 2016). Proudfoot et al. (2009) pozorovali, ze kravy s obtiznym porodem
vykazovaly 24 h ptred otelenim vétsi pocet zalehnuti ve srovnani s kravami s normalnim
porodem (préh: 33,8 ulehnuti/den; Se = 77,8 %; Sp = 77,8 %). Kromé toho mohly byt zmény
chovani ovlivnény také genotypem; peripartalni HolStynské kravy vykazuji vétsi aktivitu pii
pieslapovani a chizi nez jerseysky skot a jejich ktizenky (Zuko & Jaja, 2020). Senzor
piezvykovani piipevnény na ohlavce (ART-MSR; Agroscope Reckenholz-Ténikon,
Ettenhausen, Svycarsko) vytvofili pro experimentalni Gcely Grothmann, et al., (2010) a pouzili
jej Pahl et al. (2014). Autofi zjistili, ze kravy piestaly pfezvykovat v priméru 123 & 58 min pired
zacatkem teleni. Ke kontrole ptezvykovani pro ucely piedpovédi oteleni by bylo mozné

pouzit ohlavku ptilozenou na zvykaci svaly, ale tento prototyp se v soucasné dobé nepouziva

(Biichel & Sundrum, 2014).

Pfi pouziti komer¢né dostupnych mikrofont pro sledovani piezvykovani Calamari et al. (2014)
a Schirmann et al. (2013) pozorovali, ze kravy stravily v obdobi 24 h pied otelenim v priméru
070 %, tj. 63 =30 min/24 h, mén¢ Casu piezvykovanim. Podle jejich pozorovani se také zkratila
doba krmeni 0 66 + 15 min, kdy pfijem suSiny se v poslednich 6 h pted otelenim snizil o 56 %
ve srovnani s vychozim stavem. Tato zjiSténi by mohla byt uZitecna pro nastaveni algoritml

pro upozornéni na teleni v budoucich aplikacich.

Moocall (Moocall Ltd., Dublin, Irsko) je inklinometr-akcelerometr vytvofeny specialné pro

ocas krav a pro sledovani pohybu ocasu za ucelem predpovedi porodu (Giaretta et al., 2021).
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Vyrazné odchylky od vypoétené hodinové zakladni hodnoty v pohybech ocasu vedou k alarmu
oteleni, ktery je operatorem zaslan prostiednictvim GSM. Rizné studie ovéfily tento produkt v
polnich podminkach: oteleni bylo mozné ptredpovédét v nasledujicich 24 h se Se = 100 % a
Sp =95 % ase Se =94 % a Sp =77 % v Casovém okn¢ 3 h. VoB} et al. (2021) zaznamenali
pokles Se a Sp ze 75 % na 19 %, resp. z 96 % na 63 %, a pozitivni prediktivni hodnoty (PPV)
z 56 % na 12 %, a to pro piedpovéd’ porodu v intervalu 24, resp. 1 h. Horvath et al., (2021)
zaznamenali PPV 12,6 %, pficemz vétsi pocet faleSné pozitivnich upozornéni byl u prvotelky
ve srovnani s kravami na vyssich laktacich (p < 0,05). Néktera zvitata vykazovala nizkou kozni
toleranci na upevnéni zafizeni. Podobny senzor, ktery je ptipevnén k ocasu ovinutim elastickou
bandazi, se vyviji v Irsku (Mee & English, 2019).

2.11 SYSTEMY DETEKCE ONEMOCNENI

Zrani a piezvykovani patii mezi zakladni Zivotni projevy skotu spojené s piijmem a
travenim krmiva. Pozorovani potravniho chovani mlééného skotu poskytuje piinosné
informace 0 zdravotnim stavu zvifete. Urc¢ita aroven zdravotniho stavu a pohody je
piedpokladem normalniho potravniho chovani. Potravni chovani je zasadni pii sestaveni
klinického obrazu nemocného jedince. Proto se zrani a piezvykovani bézné sleduje u
nemocnych krav béhem a po ukonceni 1é¢by (Braun et al., 2014). Zdravotni problémy mlééného
skotu zptisobuji produkéni ztraty, zvysSuji ndklady na péci a zhorSuji welfare zvirat (Gonzélez
et al., 2008). Ziskovost stada je negativné ovlivnéna snizenou produkci mléka, niZsi reprodukci
a kratsi délkou zivota dojnic. Proto je vC€asna identifikace onemocnéni krav kliova pro zdravi
a ziskovost stada (Huzzey et al., 2007). Studie zjistila, Ze snizeny piijem krmiva a produkce
mléka jsou spojeny se zdravotnimi poruchami (Bareille et al., 2003). Kravy s mastitidou maji
snizeny piijem krmiva a susiny (Fogsgaard et al., 2012, 2015). Mezi kulhajicimi a nekulhajicimi
kravami je ndpadny rozdil v dobé krmeni, frekvenci krmeni a pfijmu krmiva (Thorup et al.,
2016). Na zakladé¢ tohoto rozdilu Ize tedy posoudit zdravotni stav nohou kravy. Tyto studie
jasné ukazaly, Ze onemocnéni muze mit vyznamny vliv na chovani pii pfijmu potravy.
Sledovani piijmu potravy dojnic je proto dulezitym nastrojem pro zajisténi inteligentniho

chovu a zlepSeniwelfare zvirat.

Studie zjistila, ze snizeny ptijem krmiva a produkce mléka jsou spojeny se zdravotnimi poruchami
(Bareille et al., 2003). Kravy s mastitidou maji snizeny pifijem krmiva a suSiny (Fogsgaard et al.,

2012, 2015). Mezi kulhajicimi a nekulhajicimi kravami je napadny rozdil v dob¢ krmeni, frekvenci
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krmeni a pfijmu krmiva (Thorup et al., 2016). Na zaklad¢ tohoto rozdilu lze tedy posoudit
zdravotni stav nohou kravy. Tyto studie jasné ukazaly, ze onemocnéni mize mit vyznamny vliv
na chovani pii piijmu potravy. Sledovani piijmu potravy dojnic je proto dilezitym nastrojem pro

zajisténi inteligentniho chovu a zlepSeni welfare zvirat.

2.11.1 Mastitidy

Klinicka mastitida je jednim z nejcastéjsich onemocnéni ovliviyjicich zdravi a uzitkovost krav
(Dsteras et al., 2007). Mastitidy vedou k velkym ztratam mléka (Schukken et al., 2009) a snizuji
reprodukéni schopnosti (Hertl et al., 2010); nékteré typy mastitid mohou vazné ohrozit zdravi
krav, coz vede ke zvySenému vytazovani nebo thynu (Whist et al., 2009; Hertl et al., 2011).
Prezvykovani bylo niz§i u krav ve skupiné s klinickou mastitidou nez u krav ve skupiné se
zdravymi kravami od tii dni pied diagnostikou tak i jeden den po diagnostice vzhledem ke
dni klinické diagnozy. Kravy s klinickou mastitidou dosédhly svého minima piezvykovani (397
min/den) v den -1. U aktivity zjistil interakci mezi skupinou a dnem (P < 0,01). Kravy s
klinickou mastitidou mély nizsi aktivitu nez kravy ve skupiné zdravych dojnic béhem celého
analyzovaného obdobi, pficemz prumeér prezvykovani byl 485 minut/den (Stangaferro et al.,

2016).

2.11.2 Poporodni problémy
Z vysledka Cocco et al. (2021) vyplyva vyrazny pokles piezvykovani v obdobi pied porodem

a po porodu u dojnic postizenych metritidou. Tento pokles nastal jesté predtim, nez se u nich
objevily klinické ptiznaky metritidy, coz podporuji jednotlivé vysledky uvedené ve studii
Liboreiro et al. (2015), kdy rozdil mezi zdravymi kravami a krdvami postihnutymi metritidou
byl 25 minut za den u prezvykovani, a z hlediska pohybové aktivity to bylo snizeni 27 minut za
den. Pérez et al., (2020) rovnéz potvrdili, ze kravy s diagnozou metritidy snizily dobu
prezvykovani 5-7 dni pted stanovenim diagnozy ve srovnani se zdravymi dojnicemi. Stejné tak
Steensels et al. (2017) uvadi, ze béhem prvnich 10 dnd po porodu mély kravy s metritidou

vyznamné snizit dobu ptezvykovani ve srovnani se zdravymi kravami.

2.11.3 Ketodza

Ketdza byla charakterizovana rychlym poklesem piijmu krmiva béhem 3 az 5 dni pfed jejim

zjisténim pracovniky farmy, pficemz v den diagnozy byl piijem témét nulovy. Pocet dnti, kdy
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byl pozorovéan negativni vliv ketézy na pfijem, se shoduje s udaji, které uvedli Bareille et al.,
2003., ale Gonzalez et al., (2008) odhady kumulativnich ztrat DMI béhem téchto dnti jsou vyssi
nez 7,5 kg DM uvadénych témito autory. Rychly pokles piijmu krmiva byl spojen se zkracenim
denni doby krmeni o 45 min/d béhem dnii bezprostfedné pied stanovenim diagnézy, a tato

charakteristika se proto zda byt vhodna pro vyuziti v programech v¢asného odhaleni.

2.11.4 Acidéza

Dojnice krmené pro maximalni produkci mléka jsou ohrozeny bachorovou acidézou, jak
nedavno uvedli (Krause et al., 2006). U dojnic s vysokou produkci mléka kolisa pH v bachoru
v pribéhu dne v dusledku procest pfijimani potravy, piezvykovani, traveni v bachoru a
vstitebavani VFA. Pokud bachorové pH klesne pod 5,2 po dobu né€kolika hodin, je bachorova
acidéza charakterizovana jako akutni (Owens et al., 1998). Ve studii DeVriese et al., (2009)
acidoza vedla u vSech krav ke zménam v chovani. V porovnani S vychozim stavem se prvni den
po acidoze prodlouzila doba krmeni (395 vs. 310 min/d), zatimco doba lezeni se snizila (565
vs. 634 min/d). Doba ptezvykovani se prvni den po vyzvé snizila (436 min/d) ve srovnani
s vychozi hodnotou (533 min/d), ale nasledujici den se zvysila (572 min/d). Prvni den po vyzvé
bylo pozorovano méné krav, které v danou dobu piezvykovaly, ve srovnani s vychozim

obdobim.

2.11.5 Laminitida
Ani akutni, ani chronické kulhani nevedlo k velkym zménam v piijmu krmiva, nicmén¢ denni

variabilita pfijmu krmiva se obecné zvySila. Protoze onemocnéni paznehtd a koncetin
zpusobuje kravam bolest (Whay et al., 1998) a stani zptisobi nepohodli, a proto se kravy snazi
krmit krat$i dobu a kompenzuji to rychlejsim krmenim, neZ je preferovana rychlost u zdravych
dojnic. O'Callaghan et al., 2003 ukazal, Ze skore chovani v disledku kulhani a Groven aktivity
krokoméru tzce souvisi se zavaznosti 1ézi na nohou, protoze jsou ukazateli bolesti spojené s
kulhanim. Jini vyzkumnici také dospéli k zavéru, ze 1éze paznehtl jsou bolestivé a kravy, které
jimi trpi, se zdrahaji pohybovat a mohou pfijimat méné potravy (Hassall et al., 1993). Pocetné
krat§i doba krmeni byla také pozorovéna, kdyz se zvysilo skore lokomoce dojnic (Cook et al.,

2004). Podobné Bacha et al., (2007) pozoroval zkraceni celkové doby krmeni z 268 na

240 min/d pii zvySeni skore lokomoce z 1 na 5. Na rozdil od téchto vysledkii se ve studii
Gonalez et al., (2008) cetnost krmeni se zvySujicim se skore lokomoce také snizovala, pfijem
susiny se taktéZ snizovala (<1 kg DM/d) a produkce mléka (<2 kg/d) se snizovaly jen mirn¢, a

to pouze u krav s klinickym kulhanim. Studie O'Callaghan et al., (2003) ukazala snizeni
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primérného poctu krokd za hodinu o 24, resp. 38 %, coz je ve stejném sméru, ale
proporciondlné¢ mensi nez snizeni doby krmeni kulhajicich krav ve srovnani s nekulhajicimi v
nasi studii. Vzhledem k tomu, Zze vétSinu denni doby stani kravy tvoii ¢innosti spojené s
krmenim (Cook et al., 2004), je pravdépodobné, ze doba krmeni bude jednou z Cinnosti, které

jsou nejvice ovlivnény poruchami lokomoce.
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3 CILE AHYPOTEZY

3.1 VEDECKE HYPOTEZY
1. Doba Zrani a ptezvykovani za den souvisi s dojivosti a zdravotnim stavem dojnic.

2. Doba Zrani a ptezvykovani se s nastupem porodu zKracuje.

3.2 CILE PRACE
Vyhodnotit vztah mezi dobou a druhem aktivity (pohyb, zrani, pfezvykovani), resp. délkou lezeni

béhem 24 hodin a dojivosti, zdravotnim stavem, piipadné zac¢atkem porodu dojnic.

Dil¢i cile pro hypotézu 1.

Dil¢i cil 1) Vyhodnoceni doby Zrani a piezvykovani a parametri zvySené aktivity za den,

namlécnou produkci dojnic v zavislosti na plemeni a obdobi roku.
Dil¢i cil 2) Vyhodnoceni vztahu mezi vybranymi aktivitami jejich délkou a tiji dojnic béhem roku.

Dil¢i cil 3) Vyhodnoceni vlivu doby Zrani a piezvykovani na produkci mléka a jeho slozek tuk

abilkovina.
Dil¢i cile pro hypotézu 2.

Dil¢i cil 4) Vyhodnoceni vyuziti doby Zrani a pfezvykovani na nastup porodu a zmény zdravotniho

stavu dojnic.
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Abstract

Eating time, rumination and activity is affected by many factors. Evaluation of the parameters
obtained from Vitalimeter 5P was performed on 719 dairy cows Czech fleckvieh cattle and Holstein
cattle and their hybrids within one farm. Data collecting took place for one year. As part of a detailed
evaluation using the GLM procedure, the lactation number, the period of the year and the pedigree
(P < 0.001) had a significant effect on the time of rumination, eating, increased activity and the sum
of activities. The highest values in all monitored parameters were reached by H 51-87. Within the
effect of the lactation number was evident a certain discrepancy when the longest eating time was
observed in cows at the first lactation (293.20 min.), while the longest rumination time in cows at 3,
resp. 4 and further lactation (484.82 and 482.46 min, respectively). The lowest values were monitored
for these two parameters in exactly the opposite order, the lowest eating time in older cows and the
shortest rumination time in the youngest cows. Results of evaluated periods of the years confirmed
mainly the differences in the time of eating and rumination in the summer months compared to
the rest of the year (P < 0.01). These results, both individually and within the interactions of factors,
confirm the effects of the body framework in the case of breeds, the age of the animals within the
lactation order and the importance of assessing heat stress in assessing the effect of the year.

Keywords: dairy cow, activity, chewing, eating, season

Number 4, 2020

INTRODUCTION

Monitoring the time of eating and rumination is
becoming a trend in modern dairy farming. Feed
intake and rumination time are affected by a number
of effects. During the year, the rumination time and
thus the performance of dairy cows demonstrably

change. These indicators and especially productivity
is an important parameter for farmers in the
economy of breeding (Krpalkova et al.,, 2016). For
this reason, it is necessary to explain the effects on
the performance of dairy cows during the year. It
is important to create suitable conditions for dairy
cows throughout the year, so as to ensure consistent
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milk production throughout the year. During the
summer, dairy cows suffer most from heat stress,
which is manifested by a reduction in rumination
time or a reduction in rumination comfort (Acatinai
etal., 2010). This phenomenon can be prevented
by the stable condition by using forced ventilation
and evaporation during the summer days when the
dairy cows suffer from heat stress. Heat stress has
the greatest impact on high-production dairy cows
compared to low- producing dairy cows (West etal.,
2003), which goes hand in hand with their more
intensive metabolism and also with an increase
in the lactation number. The decrease in milk
yield during heat stress can be up to 25% (Cerny
etal,, 2016). Due to climate adaptation, European
genotypes are more resistant to cold stress (Novak
etal., 2002). During these cold months, there is
only a minimal decrease in production of about 1-
2 l/day (Angrecka and Herbut, 2015). However,
during these months, more emphasis is placed on
the quality of the feed ration so that dairy cows can
compensate for the heat loss caused by the cold
(Dolezal and Cerna, 2003). The lactation number
also has a significant effect on the production of the
total amount of milk on the farm (Hart et al., 2013)
through the percentage of culling and the proportion
of dairy cows in higher lactations. The use of dairy
cows at higher lactations is a way not only to
increase longevity, but also to improve the economy
of dairy cattle breeding in the Czech Republic. To
our knowledge, this is the first comprehensive study
summarizing the relationships between rumination
time, eating, increased activity, lactation order, and
daily production in crossbreeds of Czech fleckvieh
and Holstein cattle throughout the calendar year.
The aim of the work was therefore to evaluate the
relationships between these described parameters
and describe the development of feed intake time,
rumination, increased activity and total duration of
all activities depending on the breed, the lactation
number and the period of the year.

MATERIALS AND METHODS

Description of Evaluated Farms and Animals

The monitoring was carried out on a farm in the

Olomouc region, which is at an altitude of 458 m
above sea level. The farm is focused on breeding
dairy crossbreeds of Czech fleckvieh cattle and
Holstein cattle. 719 cows entered the evaluation,
which entered the database in different months
of the data collection, and therefore there was
a different number of observations for each dairy
cow (approximately 251 records per animal). In
the monitored company, an average milk yield of
7 247 kg of milk was achieved for standardized
lactation with a fat content of 4.38% and a protein
content of 3.66%. Vitalimeter 5P neck responders
(Farmtec a. s.) were used to identify rumination
time and eating time.

The dairy cows were housed in four freestall
barns. The boxes with straw bedding. Milking took
place twice a day in the fish bone milking parlor
2 x 16 stalls with a fast departure. The milking parlor
technology automatically performs identification of
dairy cows, measurement of milk yield and milk
conductivity. On the evaluated farm, the animals
are fed with a mixed feed ration (TMR) which is
mixed for each production group separately. The
classification of dairy cows into groups was based
on the degree, lactation number and with regard
to the milk yield of dairy cows, or according to
health status. For dairy cows, 5 feed rations are
implemented daily: TMR for weaning, TMR for
lactating dairy cows, TMR for end of lactation,
TMR for dry cows and TMR for pre-fresh. A feed
wagon with a strain gauge is used to load the feed,
which enables precise weighing of the necessary
components. The feed is established twice a day,
always in the morning and in the afternoon. The
food is added as needed throughout the day.

Data Description

A database with calved animals throughout
2018 was analyzed. The database included data on
eating and rumination time and increased activity
from the Vitalitmeter 5P. Unlike rumination and
eating, increased activity was recorded as the
number of increased activity events because it was
recorded only when the animal moved and made
a movement with an acceleration greater than 0.7 g.
Daily milking, which were automatically recorded
at the milking parlor and other parameters of dairy
cows (pedigree, month of evaluation and lactation
number) were added to the data afterwards.
Obviously erroneous data were excluded from
the evaluation, when on some days there were
zero records of activities from the Vitalimeter 5P.
In addition, the data were adjusted for external
measured values for rumination below 300 and
over 960 minutes for eating below 120 and over
420 minutes. Discarded observations accounted for
up to 8% of all records.

Statistic Evaluation

The data were evaluated with statistical
software SAS 9.3. (SAS/STAT® 9.3, 2011). Procedure
UNIVARIATE and MEANS were used for basic
statistics parameters evaluation. Relationships
between evaluated parameters was computed with
CORR procedure. The STEPWISE method and REG
procedure was used for selection suitable factors to
model equation. GLM procedure was used for main
evaluation of feeding time, rumination time, daily
milk production. The best model for evaluation was
selected in accordance with the values of the Akaike
Information Criterion (AIC). The Tukey-Kramer
method was used for evaluation of differences of
least square means. The model equation used for
the evaluation was as follows:
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Y, = 1+ BREED, + PARITY, + SEASON, +

ijkl —
+ BREED x PARITYii + BREED x SEASON,, +

+ PARITY x SEASON,, + b1*(MILK) +

+b2*(DIM) + e, (1)

where:

Y eeeereeessessssessssesnens dependent variable (feeding
time, rumination time, increased
activity, sum of increased
activity time);

vl mean value of dependent
variable;

127382020 D S — cumulative fixed effect of ith
group of breed (i = C > 88,
n = 21342; i = C 51-87,
n = 131773; i = H 51-74,
n = 27646);

| Z2VIVU b G fixed effect of jth parity of
lactation (j=1,n =54142;j=2,
n=51108;j=3,n=38649;j=4
and more, n = 39862);

)70 0]\ — fixed effect of kth season
(k=XII-II, n = 46103; k = I1I-V,
n = 50641, k = VI-VII],
n = 44943);

BREED x PARITY,....fixed interaction effect of ijth
combination of breed group
and parity;

BREED x SEASON,,...fixed interaction effect of ikth
combination of breed group
and season;

PARITY x SEASON;,..fixed interaction effect of jkth

combination of parity and
season;
b1*(MILK) .oeeeeereeneenne linear regression on milk
production;
b2*(DIM)..veeererrereereens linear regression on days in
milk;

random error.

Significance levels P < 0.05, P < 0.01, and P < 0.001
were used to evaluate the differences between
groups.

RESULTS

Tab. 1 shows the correlations between the
monitored parameters. Weak positive correlations
(r = 0.013 to 0.122; P < 0.001) were calculated
between eating time and increased activity, resp.
day milk yield. Conversely, a negative relationship
(r = -0.057 to -0.221; P < 0.001) can be described
between the time of eating and the lactation
number, e.g. days in lactation. The chewing time
was weakly correlated with the lactation number,
daily milking (r = 0.071; P < 0.001). Again, a negative
correlation (r = -0.074; P < 0.001) of chewing time
to lactation days was observed. Subsequently, the
lactation number was moderately correlated with
daily milk production (r=0.261; P < 0.001). A slightly

negative correlation was then calculated between
the lactation number and the days of lactation
(r = -0.084; P < 0.001). Relatively high negative
correlations were then observed between the days
of lactation and daily milk (r =-0.343 P < 0.001).

The basic statistically used model equations for
the evaluation of the monitored parameters of
feed intake and production are given in Tab. IL
The model equation was statistically significant
(P <0.001) and explained from 5.9 to 12.3% of
the variability of the monitored parameters. In
addition, all the effects used in the model equation
were conclusive for all monitored parameters
(P < 0.001). The only exceptions in this were the
effect of linear regression on milk production in the
case of chewing time and breed interaction x period
of the year at the time of feed intake.

The following Tab. III already expresses a detailed
evaluation according to the observed effects (breed,
parity and season) without interactions. As part of
the breed effect, the highest values of feed intake
time were recorded in group H 51-75. This group
ate on average 9.48 to 21.58 minutes longer than the
other groups (P < 0.01). Statistical evidence (P <0.01)
was also observed during the chewing time. Here in
this case the highest value was reached for H 51-75
(480.15 minutes). Conversely, the lowest value was
calculated for C 51-87 (473.73 minutes). Within the
increased activity, the highest values were recorded
for H 51-75 (+0.30 to 0.32, P < 0.01). The longest
time of all activities was also achieved by H hybrids
(770.08 minutes) due to the longer time of feed
intake and chewing. In contrast, the shortest time of
all activities was observed for essentially purebred C
(743.19 minutes). There were significant differences
between the individual groups of animal breeding
(P <0.01).

The effect of lactation order was manifested by
a markedly decreasing tendency at the time of feed
intake (293.20 to 246.13 minutes, P < 0.01). On the
contrary, a growth trend with the lactation number
was recorded for the chewing time. The lowest
value was reached in first calves (462.76 minutes),
while the highest in cows for 3 lactations
(484.82 minutes). There was a slight decrease in
the values of this indicator in cows at 4 and further
lactation. Nevertheless, statistically significant
differences (P < 0.01 - 0.05) were recorded between
all lactation orders. The increased activity indicator
had a similar trend with the lactation number
as in the case of feed intake. Differences between
lactation number ranged from 0.51 to 1.34 (P < 0.01).
As part of the evaluation of the sum of activities, the
highest times were observed in cows on the second
lactation (767.35 minutes) and the lowest then on
cows on the 4"and subsequent lactations (735.08).
Here as well can be seen from Tab. III, there were
statistically significant differences (P < 0.01).

Seasonality within the calendar year was also
reflected in all evaluated parameters of feed intake
and activities. The statistically significant highest
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I: Correlations

Rumination time Parity Daily milk production Milking time Days in milk
r -0.004 -0.221 0.122 0.013 -0.057
Feeding time P 0.113 <0.001 <0.001 <0.001 <0.001
n 183761 183761 171235 171235 183761
r 0.133 0.166 0.071 -0.074
Rumination time P <0.001 <0.001 < 0.001 < 0.001
n 183761 171235 171235 183761
r 0.278 0.261 -0.083
Parity P <0.001 <0.001 <0.001
n 171235 171235 183761
r 0.705 -0.514
Daily milk production P <0.001 <0.001
n 171235 171235
r -0.343
Milking time P <0.001
n 171235

r = correlation coefficient; P = statistical significance; n = number of observing value

feed intake time (286.58 minutes), but also the
surprisingly lowest chewing time (462.41 minutes)
can be observed in the period VI-VIII. The statistically
significant (P < 0.01) shortest feed intake time was in
autumn (IX-XI) and winter months (XII-II) (262.19
and 26196 minutes, respectively). Within the
chewing time, the longest time was recorded in the
winter months (XII-II) (483.25 minutes; P < 0.01).
The length of the chewing time in spring (III-V)
and autumn (IX-XI) did not differ much from the
winter months (XII-II) (-1.77 to -5.05 minutes).
The increased activity was highest in the summer
months (VI-VIII) (7.16). In the autumn and winter
months of the calendar year, they hardly differed
(6.86 and 6.89, respectively). The demonstrably
lowest value of increased activity was calculated
but for the summer months (6.58, P < 0.01). Finally,
the sum of all activities where the highest value was
reached in the spring months (I1I-V) (767.35 minutes)

min.
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a
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C>88 C51-87 H51-74 C=88

C51-87 H51-74 C=88

and the lowest value was in the autumn months
(747.25 minutes). All evaluated periods of the
calendar year were significantly different (P < 0.01).
Fig. 1-3 then express the results for the interactions
of the effects of breed group x parity, breed
group x season and parity x season. Fig. 1 show
that especially the cows on the first lactation in all
groups of breeds achieved higher values of feed
intake time (P < 0.01). When evaluating the chewing
time, it can be seen from Fig. 1 that for C > 88 and
H 51-75 the longest times were observed in the
animals on the third lactation, while in C 51-87 the
highest values were in the animals on the 4" and
subsequent lactation. The highest values of the sum
of all activities are observable for C > 88 in cows per
3 lactations, while for C 51-87 the highest value is
for cows for 2 lactations and for H 51-87 heifers. Only
in the case of H hybrids was there a clear trend in the
decrease of the sum of activities with the lactation

1 1 1 2 2 2 3 3 3 4 4 4

C51-87 H51-74 C=>88 C51-87 H51-74

u feeding time  ® rumination time

1: Interaction between breed group within lactation number



11: Basic statistics for model equation

MODEL Breed Parity Season Breed x parity Breed x season Parity x season Milk production Days in milk
r2 P F-test P F-test P F-test P F-test P F-test P F-test P F-test P
Feeding time 0.123 <0.001 512.01 <0.001 1731.67 <0.001 859.54 <0.001 33.52 <0.001 1.99 0.063 21.2 <0.001 5386.46 <0.001 343.84 <0.001
Rumination time 0.064 <0.001 114.12 <0.001 502.5 <0.001 517.26 <0.001 186.53 <0.001 20.74 <0.001 21.04 <0.001 2363.66 <0.001 0.05 0.817
Activity 0.059 <0.001 148.57 <0.001 922.17 <0.001 180.76 <0.001 106.5 <0.001 7.1 <0.001 30.14 205.34 < 0.001 20.64 <0.001
Sum of activity time 0.084 <0.001 490.28 <0.001 362.23 <0.001 208.35 <0.001 122.19 <0.001 10.07 <0.001 15.24 <0.001 7337.73 <0.001 178.98 <0.001

I1I: Measured parameters of evaluated groups an observed characteristics

Feeding time

Rumination time

Activity

Sum of activity time

LSM + SELSM

LSM + SELSM

LSM + SELSM

LSM + SELSM

261.28 + 0.5824
273.38 £ 0.181"
282.86 + 0.384¢

475.12 + 0.583%
473.73 £ 0.1814
480.15 + 0.384"

6.78 £ 0.0254
6.76 + 0.008*
7.08 £ 0.0178

743.19 = 0.8254
753.87 £ 0.257"
770.08 + 0.544¢

293.20 + 0.352*
284.94 + 0.3708
265.75 + 0.558¢
246.13 = 0.609°

462.76 + 0.353*
475.30 + 0.371"
484.82 + 0.559¢2
482.46 + 0.610¢°

7.62 + 0.015%
7.11 £ 0.016"
6.28 + 0.024°¢
6.49 * 0.026°

763.58 = 0.4994
767.35 £ 0.525°
756.84 = 0.791¢
735.08 = 0.863P

Eitect Level
C>88
Breed C51-87
H51-75
1
2
Parity
3
4 and more
XII-11
1I-v
Season
VI-VIII
IX-XI

261.96 = 0.4374
279.29 = 0.426"
286.58 + 0.435¢
262.19 = 0.4494

483.25 + 0.43742
481.48 + 0.4270
462.41 + 0.436°
478.20 = 0.449¢

6.89 + 0.019%
6.58 + 0.018°"
7.16 £ 0.019¢
6.86 + 0.019%

752.10 = 0.6194
767.35 = 0.604"
756.16 = 0.617¢
747.25 = 0.636°

Different letters in columns means statistical significance

= £}1ANDY paseatdu] A[re( jo sialoweaed pue Suimay) ‘ouwil], Suned jo y38uaT Jo [9A9T 93 JO UonEN[EAY
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number. The remaining groups tended to increase
first with the lactation number and then decrease.

Fig. 2 does not show too significant changes
in the time of feed intake within the period and
group of breeds. Nevertheless, it can be said that
the highest time of feed intake was in the summer
months (VI-VIII) (P < 0.01). To evaluate the chewing
time within this interaction, it can be stated that
each group of breeds has the lowest and highest
values in a different period. When comparing the
increased activity in Fig. 2 in detail between the
groups of breeding affiliation and period, significant
differences are evident. For all groups of breeding
affiliation, the highest values were evaluated in
the period VI to VIII and the lowest on the contrary
in the period III to V within the calendar year
(P < 0.01). The sum of the time of all activities was
finally based on the highest breeding groups of all
groups in the period III to V within the calendar
year. Statistically significant (P < 0.05 - 0.01) the
lowest values within this parameter and evaluation
were achieved in the period IX to XI.

In Fig. 3 we can observe the interaction of
parity and season. Cows on the first to fourth and
subsequent lactation had a significantly higher
feed intake period in the period I1I-V (P < 0.01). For
the period of chewing, there is always a noticeable
drop in values in the summer months of the year

for all lactation order (P < 0.01). When evaluating
the increased activity, no obvious tendencies or
trends are evident within this interaction. However,
lower values are observed during the spring of the
year compared to other periods of the year across
lactations. The sum of increased activity times
then copied the chewing time with its tendencies.
Numerous statistically significant differences
(P <0.05 - 0.01) were also observed here.

DISCUSSION

Between cows of Czech fleckvieh cattle and
Holstein cattle, and their hybrids were observed
relatively significant differences in the time of feed
intake, eating, milk yield. These differences can be
explained, among other things, by the heterosis
effect. This is confirmed in work Hirooka and
Bhuiyan (1995).

The negative correlation between eating time
and lactation order is explained by Azizi et al.
(2009). Beauchemin et Rode (1994) observed
a slower rate of eating compared to older cows
and a higher frequency of feed trough visits. This
was also confirmed by the results in our work,
when the eating time of heifers in our study was
on average higher than in cows on 2 and other
lactations. Similar results are reported in the study
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by Azizi et al. (2010), when heifers spent a similar
amount of time eating 270 to 325 minutes and dairy
cows for the third lactation 214 to 264 minutes as
dairy cows in our study. The difference between
lactations Azizi et al. (2010) attributed to the slower
food intake of heifers. These results are further
confirmed by other authors (Beauchemin and Rode,
1994; Dado and Allen, 1994; Maekawa et al., 2002,
Kowsar etal., 2008). A slightly higher correlation
(r = 0.384) than in our study, but also a positive
correlation between chewing time and daily milk,
is described in the study by Antanatias et al. (2018).
Stone et al. (2017) reported a moderate correlation
between milk yield and chewing time at (r = 0.22)
(Antanaitis et al., 2018; Moretti et al., 2017), with our
calculated correlations between good chewing and
performance is slightly lower (r = 0.166).

The negative correlation between chewing and
lactation days can be explained by the relationship
between chewing time and milk yield. During the
early lactation phase in the study (Beauchemin,
1991), dairy cows chewed on average more than
600 minutes per day with a maximum chewing
time of 685 min/day. In the middle of lactation,
the average chewing time (Devries et al., 2009)
averaged 555 min/day. In addition, Kaufman et al.
(2018) reported a medium relationship between
milk production at the beginning of lactation and
the time spent chewing.

A strong correlation between daily milk
production and lactation order has been confirmed
by other authors (Hart et al., 2013; Vijayakumar

etal., 2017). These authors confirmed that there isan
increase in milk production until the third lactation.
This also corresponds to our results, resp. the
difference between heifers and multiparous dairy
cows. However, for example, Mellado etal. (2011)
in their study observed an increase in the amount
of milk yield up to 6 lactations. However, our study
does not confirm this. Hart etal. (2013) observed
a difference in the milk yield of multiparous dairy
cows and heifers in favor of multiparous cow + 20%
of production.

The effect of the season has a significant effect
on the feed intake and daily milk production
parameters evaluated by us. Negative changes in
chewing parameters are attributed by other authors
to the heat stress that dairy cows suffer during the
summer months (VI-VIII), when on average dairy
cows chewed the shortest time in our work (Dado
and Allen, 1994; Acatinai etal., 2010; Bernabucci
etal., 2010; Soriani et al., 2013, Moretti etal.,, 2017).
In contrast, in the winter (XII-II), dairy cows
chewed in our work for a long time, which is agreed
with other studies. A longer chewing time is was
reported by Acatinai et al. (2010) and Miischner-
Siemens et al. (2020) for the reason that the dairy
cow does not suffer from heat stress. Furthermore,
a similar period of chewing during spring and
autumn in our work can be explained by similar
climatic conditions, both in terms of thermal stress,
when there is no crossing of the thermoneutral
zone, and in terms of length of the day.

CONCLUSION

The results we obtained show a significant effect of breeding affiliation (or degree of hybridization),
the lactation number and season on the daily length of eating, chewing, physical increased activity
and the total duration of activities. The results we obtained, both independently and within the
interactions, activities of dairy cows with the help of Vitalitmeters 5P, which in the future can bring
not only valuable information for breeders, but also significantly improvement and simplification of
the entire herd management.
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Abstract

The aim of this study was to evaluate the amounts of time that selected crossbreeds
of Holstein (H), Red-Holstein (R), and Czech Fleckvieh (C) cattle spent chewing, eating, being
physically active using a Vitalimetr 5P neck responder during the period around oestrus in
all seasons of the year. Oestrus and the days preceding it greatly affected the times of events
of increased activity, eating, and rumination. Eating and chewing times were longest for
H cows, at 51-74%, and shortest for C cows, at > 88%. The number of events of increased
activity was highest (533.4 + 8.94 events, P < 0.01) for cows R 51-74%. Oestrus in dairy cows
was manifested by decreases in the times of chewing and eating and the frequency of events
of increased activity. Feeding time decreased by 8.01 min from the second day before oestrus
to the day of oestrus. Rumination time also decreased from the second day before oestrus to the
day of oestrus. Rumination time on the day of oestrus decreased by an average of 61.80 min
but increased the next day by 33.39 min. In contrast, events of increased activity were highest
on the day of oestrus (623 + 7.68 events). Our findings on differences between breeds, lactation
order, and months may contribute to the improvement of algorithms for detecting oestrus,
thereby improving the economic status of farms.

Oestrus, dairy cattle, chewing, activity, eating

The detection of oestrus is important for the successful management of dairy cattle
breeding. Poor reproductive performance is responsible for the highest rates of culling in
dairy cows. However, only 10% of cows culled due to poor reproductive performance were
found to have a reproduction system problem, a 90% majority of them were improperly
culled based on oestrus management failure (Diskin and Sreenan 2000).

Breeding costs due to poor oestrus detection, and the associated lack of pregnancy
in dairy cows, cause economic losses of up to US$ 360 for each oestrus missed (De
Vries 2006). The activity of dairy cows changes during oestrus, with physical activity
increasing at the expense of rumination and feeding times (Reith et al. 2014). Decreases
in rumination and feeding times or an increase in physical activity may thus be used to
predict oestrus in dairy cows. The success of detecting oestrus in dairy cows improves
when two or more physiological indicators are combined for detection (Brehme et al.
2008), and the frequency of errors in detection is reduced, as expected. We used changes in
activity to detect the oestrus period using activometers and pedometers, which can detect
changes in activity during the oestrous cycle and alert management to the arrival of oestrus.
Oestrus detection in dairy cows is more accurate using activometers and pedometers than
observation. The accuracy of oestrus detection is only 54-56% for observation (At-Taras
and Spahr 2001) but 79-94% using activometers (Levendahl and Chagunda 2010).

The Vitalimetr 5P neck responder can detect changes in dairy cows in chewing, eating,
and activity, providing a tool for monitoring oestrus and other indicators to help the
management of farms. The use of Vitalimetr 5P, however, has not yet been scientifically
validated.
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Therefore the aim of this study was to evaluate the amounts of time that selected
crossbreeds of Holstein and Czech Fleckvieh cattle spent chewing, eating, being physically
active using a Vitalimetr 5P neck responder during the period around oestrus in all seasons
of the year.

Materials and Methods

The experiment was conducted on a farm in the Olomouc region of the Czech Republic at an altitude of about
458 m a.s.l. The breeding on the farm is focused on milk production in a herd of crossbreeds of Holstein (H),
Red Holstein (R), and Czech Fleckvieh cattle (C). The farm had 685 dairy cows at the time of the experiment and
averaged 7247 kg of milk produced in 305 d. The milk had averages of 4.38% fat and 3.66% protein. Data were
collected during oestrus and two days before and after oestrus for one year (2019). Records from 542 dairy cows
with complete records (3352) were selected for evaluation.

The Vitalimetr 5P neck responder (Farmtec a.s., Tisova, Czech Republic) was used to identify the eating time,
rumination time, and events of increased activity. Rumination, eating, and increased activity are recognised by
accelerometers, and records can be analysed using a detection algorithm. Events of increased activity are recorded
when an animal moves at an acceleration > 0.7 g.

The cows were housed in four freestall barns with straw bedding. The cows were milked twice a day in
a 2 x 16 stall herringbone milking parlour with rapid exits. The cows were fed twice a day using a feed wagon
with a strain-gauge scale. The cows were divided into five groups based on the lactation order and stage
of lactation. A diet of total mixed feed rations was prepared for each group, and the feed was pushed as needed
(5-10 times) each day.

Statistical analysis

The data were analysed using SAS 9.3 (SAS/STAT® 9.3, 2011). UNIVARIATE and MEANS were used for
evaluating basic statistical parameters. REG and STEPWISE were used for selecting factors suitable for use
in our model. GLM was used for the evaluation of feeding time, rumination time, activity. The best model was
selected based on the Akaike information criterion. Tukey-Kramer post hoc test was used to identify significant
differences between least square means. The model used for the evaluation was:

Y, = 1+ BREED, + LACTATION ORDER, + MONTH, + OESTRUS, + b1*(DIM) + b2*(MILK) + &,

where Yy, is the dependent variable (feeding time, rumination time, events of increased activity), u is
the mean value of the dependent variable, BREED, is the cumulative fixed effect of group i of a breed
(C>88%, n=337; C51-74%, n = 1161; and C 75-87%, n = 1280; H 51-74, n = 115; and R 51-87, n = 459),
LACTATION ORDER: is the fixed effect of lactation order j (1, n = 807; 2, n = 946; 3, n = 767; 4, n = 308;
> 5, n = 452), MONTH  is the fixed effect of month k (January, n = 310; February, n = 285; March, n = 390;
April, n = 360; May, n = 305; June, n = 272; July, n = 256; August, n = 276; September, n = 236; October,
n = 220; November, n = 211; December, n = 231), OESTRUS; is the fixed effect of period k around oestrus
(2 d before oestrus, n = 849; 1 d before oestrus, n = 859; day of oestrus, n = 778; 1 d after oestrus, n = 866),
b1*(DIM) is the linear regression of days in milk, b2*(MILK) is linear regression of milk production, and
&y IS the random error.

Significant differences between groups were evaluated at P < 0.05, P <0.01, and P <0.001.

Results

The following average values were determined for the period around oestrus: eating
time, 282.27 min; rumination time, 462.94 min; and 495 events of increased activity.
For all indicators evaluated, the model was significant (P < 0.001) and explained 15.4—
22.0% of the variability. All effects (breed, lactation order, month, days around oestrus,
and regression to days of lactation and daily milk) in the model were significant for all
times evaluated (eating, rumination, events of increased activity) (P < 0.001). Interactions
between effects were not evaluated as part of the model because they were inconclusive.
The evaluations for eating time, rumination time, and events of increased activity for the
effect of breed are presented in Table 1. The times of eating and chewing during the
period around oestrus were significantly (P < 0.01) longest for cows H 51-74%. In
contrast, the times of eating, chewing, and other activities were shortest for cows C
> 88%. The number of events of increased activity was highest (533.4 + 8.94 events, P
< 0.01) for cows R 51-74.
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Table 1. Evaluation for the breed effect (LSM + SELSM).

Group of breed Feeding time Rumination time Number of incresed activity events
(min/day) (min/day) (events/day)
1C>88%  (n=337) 261.57 £ 3.53/2 454,08 +3.79A42 467.40 +10.62~
2C51-74% (n=1161) 273.21+1.89A0 466.72 +2.03¢0 478.20 +5.70~
3C75-87% (n=1280) 273.20 £ 1.87Ap 457.28 +2.01PE 495.00 + 5.644
4H51-74% (n=115) 294.13 +5.898 484.47 +6.34BF¢ 474.00 + 17.762
6 R51—74% (n=459) 286.97 +£2.978 462.21 +3.19¢ 533.40 +8.9480
Overall means 282.27 462.94 495.00

LSM - least square means; SELSM - standard erorr of least square means; C - Czech Fleckvieh; H — Holstein;
R - Red Holstein;

Different uppercase superscripts (4 8 ¢ P ) in columns mean statistical significance at P < 0.01

Different lowercase superscripts (= ¢9) in columns mean statistical significance at P < 0.05

The order of lactation was also represented by the lengths of time spent eating and chewing
and the number of events of increased activity (Table 2). Feeding time (+3.64 to +51.99 min,
P <0.01) was longest in heifers but decreased for subsequent lactations. Events of increased
activity had a similar trend. Heifers had the most events of increased activity (519.0 + 8.46
events), which decreased with the progression of lactation to five calvings. Only rumination
time had no clear tendencies with the number of lactations. Rumination times during the
period around oestrus were longest at the fifth and subsequent lactations, differing only
slightly compared to other lactations, but some of these differences were significant.

Table 2. Evaluation for parity effect (LSM + SELSM)

Lactation order Feeding time Rumination time Number of incresed activity events
(min/day) (min/day) (events/day)

1 (n=807) 302.24 +2.80~ 461.44+3.01 519.00 + 8.46A

2 (n =946) 298.60 + 2.304 469.93 + 2.48A 514.20 + 6.90~

3 (n=767) 281.60 + 2.568 465.33 +£2.75 479.40 +7.688

4 (n=308) 256.05 + 3.47¢ 45557 +3.738C 467.40 + 10.448

5and more (n=452) 250.25 + 3.35¢ 472.50 + 3.60° 468.00 + 10.088

Overall means 282.27 462.94 495.00

LSM - least square means; SELSM - standard error of least square means
Different superscripts (A 8 ¢ P) in columns mean statistical significance at P < 0.01

The effect of month on the indicators monitored is presented in Table 3. Feeding
time during the period around oestrus was longest (P < 0.05-0.01) from April to July
(289.71-299.45 min) and was significantly shorter from October to February. Chewing
time during the period around oestrus was longest in November and December and
shortest in summer (June to October), but chewing times often differed significantly
(P < 0.05-0.01). Activity times were similar between months but were longest in January,
February, August, and September and often differed significantly between months
(P < 0.05-0.01).

The effect of days around oestrus at the end of the evaluation is presented in Table 4.
Feeding time decreased from 283.55 to 270.93 min between the second day before oestrus
and the day after oestrus (P < 0.01). Rumination time decreased from the second day before
oestrus to the day of oestrus (-61.80 min) and then increased again (+33.39 min). Rumination
time differed significantly between the days of evaluation (P < 0.01). The number of events
of increased activity was highest for the day of oestrus (623 + 7.68 events) and differed
significantly between days (P < 0.01).
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Table 3. Evaluation for month effect (LSM + SELSM).

Month Feeding time Rumination time Number of incresed activity events
(min/day) (min/day) (events/day)
January (n =310) 263.98 +£3.714 472.09 + 3.98~ 505.20 £11.16
February  (n=285) 265.84 +3.94A 456.42 + 4.23¢2 520.80 +11.82~
March (n=390) 273.58 +3.47¢ 459.01 +3.73F 492.60 +10.44
April (n=360) 299.45 + 3.578DE 474.56 + 3.84C0¢ 496.80 +10.74
May (n=305) 297.55 + 3.80BPE2 472.58 +4.09'e 475.20 +11.46
June (n=270) 298.90 + 4.02BPE2 454.25 + 4,33%K 19 457.80 +12.128
July (n = 256) 289.71+4.1186 432.52 + 4.42BDFHIMN 497.20 +12.36
August (n=276) 279.67 +4.00F° 456.09 + 4.30N04 507.60 + 12.00
September  (n = 236) 275.04 + 4.22F 460.62 + 4.54NQ 506.40 + 12.72
October (n=220) 261.48 £4.33FH 464.04 +4.66NS 466.80 + 13.02
November (n =211) 261.06 +4.46"H 481.35+4.80PFLNP 476.40 +13.44
December  (n=231) 267.53+4.207H 495.92 + 4.52BDFILNPRTA 473.40 +12.66
Overall means 282.27 462.94 495.00

LSM - least square means; SELSM - standard erorr of least square means
Different uppercase superscripts (* 8 ¢P.E) in columns mean statistical significance at P < 0.01

Different lowercase superscripts (2 ¢9) in columns mean statistical significance at P < 0.05

Table 4. Evaluation for days around heat effect (LSM + SELSM).

Period around oestrus Feeding time Rumination time Number of incresed activity events
(min/day) (min./day) (events/day)

-2 (n=849) 282.25+ 2.45A4 490.03 + 2.64A 392.00 + 7.38~

-1 (n=859) 283.85 + 2.45A 479.94 + 2,638 423.00 +7.388

0 (n=778) 274.24 £2.548b 428.23 £2.74¢ 623.00 = 7.68¢

1 (n = 866) 270.93 £ 2.458 461.62 +2.63P 521.00 = 7.38P

Overall means 282.27 462.94 495.00

LSM - least square means; SELSM - standard erorr of least square means
Different uppercase superscripts (» 8¢ P-E) in columns mean statistical significance at P < 0.01
Different lowercase superscripts (=2 ¢¢) in columns mean statistical significance at P < 0.05

Discussion

Feeding time (+3.64 to +51.99 min, P < 0.01) was longest in heifers (cows at the first
lactation). Gomez and Cook (2010) reported similar results. These studies associated the
longer feeding times of heifers with a lower rate of feed intake and more frequent visits to
the feeding trough. Heifers receive smaller portions than older dairy cows, when feeding
time gradually decreases in subsequent lactations.

Other studies have also found that physical activity was highest for heifers. Similar studies
have also concluded that large decreases in rumination time in heifers during oestrus were at
the expense of higher activity (Yaniz et al. 2006), perhaps due mainly to the higher activity
of heifers compared to older dairy cows. This phenomenon (Roelofs et al. 2005) is also
explained by the variable length of oestrus, which averages 3 h longer in heifers than older
cows (Yaniz etal. 2006) following a 21.4% decrease in activity in the older cows.

Chewing times in our study were longest at the fifth and subsequent lactations, consistent
with the findings of other studies that also reported longer rumination times in older dairy
cows (Kowsar et al. 2008).
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Rumination time was longest in winter. Similar results were reported by Acatinai
et al. (2010) and Miischner-Siemens et al. (2020), who associated them mainly with
heat stress, from which dairy cows do not suffer during winter. In contrast, chewing time
for our dairy cows was lowest in summer, consistent with the finding that cows chewed
more while standing in the summer than the winter (Acatinai et al. 2010), the same as
our results.

The decrease in rumination time in the days before oestrus is associated with a decrease
in feed intake, which is strongly correlated with rumination time (Kaske et al. 2002).
Indeed, dairy cows spend less time feeding during oestrus. Phillips and Schofield (1990)
observed a 5-20% reduction in feed intake, with the largest decrease on the day of oestrus,
because the total intakes of feed and water decrease during oestrus (Reith and Hoy 2012).
Feed intake in our experiment had already decreased two days before oestrus. In contrast,
Pahl et al. (2015) recorded decreases in feed intake and rumination time only the day
before oestrus. Rumination time in dairy cows before oestrus decreases by averages of 18—
20% (Reith and Hoy 2012). In contrast, the difference between rumination times before
and on the day of oestrus in our animals averaged only 12.6%. Pahl et al. (2015) recorded
a reduction in rumination time of 68 min in heifers and of 80 min in older cows on the day
of oestrus, which were slightly higher than in our study, where the average reduction in
rumination time was only 61.80 min. Decrease in rumination time, however, may be even
smaller during oestrus, as confirmed by Reith and Hoy (2012), who reported an average
decrease of only 55 min. Pahl et al. (2015) reported that times returned to normal the day
after oestrus.

The activity of dairy cows increases greatly during rutting, in contrast to previous
indicators of rumination and feeding times, which decrease during rutting. The activity
of dairy cows increases by an average of 38.7% at the time of oestrus (Firk et al. 2002),
when cows are more restless and display more mounting and walking behaviours and when
locomotor activity can be four times higher compared to non-ovarian days (Schofield
et al. 1991). The amount of time dairy cows spend walking increases linearly from 72 to
16 h before oestrus and then increases significantly during oestrus (Arney et al. 1994).

The effect of breed on changes in rumination and chewing times and number of events
of increased activity during oestrus has not previously been reported. The herd in our
study was in a phase of upgrading crossbreeding with Holsteins. Dairy cows with a higher
proportion of Holstein blood eat and ruminate longer than do Czech Fleckvieh cows,
because milk yield and therefore metabolism are higher.

Vitalimetr 5P was an efficient technology for improving the management of dairy cows.
Due to its ability to use more physiological indicators for the detection of oestrus, Vitalimetr
5P is a good tool for improving the reproductive traits of herds and thus for reducing
culling due to the problematic reproduction of dairy cows, thereby increasing profits. Our
findings can improve the precision of the algorithm for detecting oestrus in different breeds
and in all seasons of the year.
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Abstract: The aim of this study was to evaluate the effect of rumination time, eating time and season on milk yield
and on milk component content in the context of milk recording. The experiment was carried out with two breeds
— Czech Fleckvieh cattle and Holstein cattle — for one year. Vitalimetr 5P neck responders were used to monitor
eating and rumination time. For statistical evaluation, the time of eating and rumination was divided into three
groups according to the length of eating and ruminating, with each breed being categorised separately. The high-
est protein content, which was 3.6%, was calculated for the group with an average eating time. The fat content
was highest for the group with a below-average eating time. On the other hand, the highest milk yield was statisti-
cally significantly (P < 0.01) higher in the group with the longest eating time. In terms of rumination, the trend
was similar to that of the eating period. In the evaluation of the effect of rumination time, there was no difference
in protein %, fat kg and fat % content. A significant (P < 0.05) increase of protein kg was observed with higher
rumination time. Changes in milk yield and milk components also occurred throughout the year. During the winter
months, the yield decreased, but there was an increase in milk constituent content. During the summer months,
the reverse results were obtained. The findings of this study highlight the importance of evaluating eating and rumi-
nation time as a potential predictor of milk yield and milk solids content, which are important in milk monetization.
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Milk production is affected by many factors.
These factors can be divided into environmental
factors such as temperature, photoperiod, nutri-

to keep track of the cash flow of dairy cows in the
herd and to use modern automated technologies
(Brito et al. 2021).

tion and internal factors, i.e. genetic background
and, for example, the time of eating or rumination
of dairy cows. These factors are interrelated, ei-
ther directly or indirectly, and can influence both
the quantity of the milk produced and its compo-
nents (Dahl et al. 2000; Bernabucci et al. 2015).
With the increasing pressure on milk production
and the economics of dairy farming, it is important

In addition, systems based on the measurement
of the physiological parameters of dairy cows could
also help us with milk price prediction based on
the estimation of yield and on the content of im-
portant milk components, such as fat and protein,
for milk monetisation.

Before the invention of automated rumination log-
ging systems, researchers estimated the rumination
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time based on direct visual observations (Stone et al.
2017). Nowadays, modern active sensor systems
are used that share information at short intervals
directly with the farm management on a device
connected to the network (Barker et al. 2018). It is
already known from a great deal of previous research
(Beauchemin 2018) that eating times are closely re-
lated to rumination times, and these longer times are
connected with the probability of higher milk yields.
Rumination time is also an indicator of welfare, i.e.
cow satisfaction (Bernhard et al. 2021).

The literature review described above suggests
that monitoring and evaluating eating and rumina-
tion times can have a significant relationship with
overall yield and milk solids content. Therefore,
the objectives of this study were to assess the effect
of eating, rumination time and parity in combina-
tion with the season on the amount of milk pro-
duced, or on milk component content on the day
of milk recording.

MATERIAL AND METHODS

Data from two farms were used for the evaluation;
454 Czech Fleckvieh cows on the first one, and 303
Holstein cows on the second one. The trial was per-
formed over the course of one year. The average
milk yield of the Czech Fleckvieh herd was 7 247 kg
of milk per standard lactation, with fat content
of 4.38% and protein content of 3.66%. The aver-
age yield in the Holstein herd was 10 063 kg of milk
per 305-day lactation, with fat content of 4.12% and
protein content of 3.55%. On both farms, the dairy
cows were housed in freestall barns during lactation.
Milking took place three times per day in a herring-
bone milking parlour for 24 cows (2 x 12 stalls).
The milk recording was carried out according to the
standard method of the ICAR by milk performance
control. All dairy cows were fed a total mixed ra-
tion (TMR) based on maize silage, higher dry mat-
ter silage, concentrated grain feed, and mineral
feed supplements. The composition of the rations
was matched to the lactation stage and the current
daily milk yield of the dairy cows.

Both farms used the same system for record-
ing dairy cow activities (eating, ruminating) —
Vitalimetr 5P (FARMTEC a.s., Jistebnice, Czech
Republic). Data on cow lactation number (NL),
milk yield control results (protein %, protein kg,
fat %, fat kg, milk yield kg), and calving date were

162

https://doi.org/10.17221/228/2022-CJAS

taken from the dairy herd management soft-
ware FARMSOFT Management (FARMTEC a.s.,
Jistebnice, Czech Republic).

Compiling and filtering of eating and
rumination data

Data on eating and rumination time from nine
days prior to the milking records until the actual day
of the milking records were selected for evaluation
for the observed dairy cows. Records with a very
low eating time (< 50 min/day) and rumination time
(< 100 min/day) were excluded from the final evalu-
ation. Data were also adjusted for excessive eating
(> 500 min/day) and rumination (> 700 min/day)
records. Furthermore, data where complete daily
milk yield records were missing were not used
for evaluation. Finally, dairy cows with two or more
days of missing records of eating and rumination
were excluded from the evaluation.

Statistical evaluation

Statistical evaluation was performed in SAS
v9.4 (SAS Institute, Inc., Cary, NC, USA). The ba-
sic statistics of the dataset were calculated using
the MEANS and UNIVARIATE procedures. Further
evaluation was carried out using the REG proce-
dure to determine the relationship between eating
time or rumination time and milk yield parameters.
Fat and protein contents in kg were also evaluated
and converted to grams in the regressions for better
illustration. Main evaluation was performed using
the MIXED procedure with a repeated measures
design. The STEPWISE method of the REG pro-
cedure was used to select the appropriate model
to evaluate the indicators. The most appropriate
model was selected based on the Akaike informa-
tion criterion. For the actual evaluation, groups
of daily eating and rumination times were cre-
ated for each of the evaluated breeds separately.
The groups were formed based on the arithmetic
mean and standard deviation of the values ob-
tained (< (X) — 1/2s; (X) — 1/2s to (X) + 1/2s; > (X) +
1/2s). This ensured an even distribution of breeds
within the groups while accounting for the meta-
bolic differences between the specialized milking
and dual-purpose (cattle) breeds. For the Czech
Fleckvieh cows, the daily eating time groups were
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divided into intervals of up to 244 min for group 1,
245 to 314 min for group 2, and over 315 min for
group 3. For Holstein cows, the daily eating time
groups were divided into intervals of up to 278 min
for group 1, 279 to 352 min for group 2, and over
353 min for group 3. For Czech Fleckvieh cattle,
the daily rumination time groups were divided into
intervals of up to 436 min for group 1, 437 to 493 min
for group 2, and over 494 min for group 3. Similarly,
for Holstein cattle, the daily rumination time groups
were up to 454 min for group 1, 454 to 515 min
for group 2, and over 516 min for group 3. For evalu-
ation, the effect of parity was divided into four lev-
els: dairy cows in the first, in the second, in the third,
and in the fourth and subsequent lactations. The ad-
dition of the breed effect was a matter of course
(Czech Fleckvieh, Holstein). The seasons of the year
were then entered into the actual model equation:
Spring — March, April and May; Summer — June,
July and August; Autumn — September, October
and November; Winter — December, January and
February. Finally, the model equation was augment-
ed with linear regressions for days in milk at milk-
ing records, appropriate breeding values for the
parameters evaluated, and a random animal effect.
A detailed evaluation of the significance of differ-
ences between effect levels was performed using
the Tukey-Kramer test. The following model equa-
tions were used for the actual evaluation:

Yijim = u + GEi* or GCH; *+ NL; + SO+ BRi + (1)
+ b1*(DIM) + by*(anim) + bs*(MY) + €ijkim

where:

Yijam — monitored parameters from the milk perfor-
mance control (protein %, protein kg; fat %,
fat kg; milk yield kg);

u — mean value of the dependent variable;

GE; - fixed effect of eating time group (i = < 244 min
and/or < 278 min, n=1798; i = 245-314 min and/
or 279-352 min, n = 2 077; i = > 315 min and/or
> 353 min, n = 1 631);

GCH; —fixed effect of rumination time group (i = <436 min
and/or < 454 min, n = 1 556; i = 437-493 min and/
or 455-515 min, n = 2 321; i = > 494 min and/or
> 516 min, n = 1 629);

NL; —fixed parity effect (j=1,n=1489; j=2,n=1809;

j=3,n=1305; j =4 and subsequent, n = 903);

— fixed seasons of the year (k = Spring — March,

April, May, n =1 347; k= Summer — June, July,
August, n = 1 418; k = Autumn — September,

SOk
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October, November, n = 1 378; k = Winter —
December, January, February, n = 1 363);
BR, - fixed breed effect (I = Czech Fleckvieh cattle,
n =3 093; | = Holstein cattle, n = 2 413);
b:*(DIM) - linear regression on days in milk;
b,*(anim) — repeated effect of animal (n = 698);

bs*(MY)  — linear regression on milk yield kg (for fat %,
fat kg, protein %, protein kg);
eijum — random estimation error.

Significance levels P < 0.05 and P < 0.01 were used.

RESULTS

The average eating time was 292.94 + 74.37 min
for both breeds evaluated (276.43 + 70.45 min for
Czech Fleckvieh, 314.11 + 73.91 min for Holstein).
For the rumination time parameter an average
of 471.8 + 60.46 standard deviation (SD) min
was determined [462.46 £+ 57.79 (SD) min for Czech
Fleckvieh, 483.76 + 61.69 (SD) min for Holstein].
The observed animals were on an average of 171
+ 95.93 (SD) days of lactation, and the average par-
ity was 2.29 + 1.04 (SD) lactations.

The evaluation of the linear regressions using
the REG procedure led to the following conclusions.
For every extra minute of rumination, a dairy cow
increased the milk yield by +0.03 kg, whereas for
rumination it was +0.02 kg. From our findings it ap-
pears that in one minute of eating, 0.039 kg of milk
is produced by Holsteins and 0.035 kg by Czech
Fleckvieh cows. Completely opposite results were
calculated for protein in kg and %, with a decrease
of about 0.001% for each additional minute of eating
time. The rumination time showed an opposite but
mostly clear tendency for protein content. Almost
completely reverse results were then observed when
expressing the relationship of the eating time or ru-
mination time to the fat content in % and kg.

In total, two variants of the evaluation were per-
formed, namely with eating time groups and ru-
mination time groups. The model equation with
the effect of eating group for the evaluated param-
eters of milk recording was statistically significant
and explained from 18% (% milk fat) to 56% (milk
yield kg) of the variability. All effects in the model
equation for milk yield and fat content were sta-
tistically significant (P < 0.01). In the evaluation
of the milk protein content parameter, only the ef-
fect of animal was not significant.
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Under the variant of the calculation with the ef-
fect of rumination group, the model equation
was also significant for all evaluations, and an r?

ranging from 0.183 (fat %) to 0.547 (milk yield kg)
was observed. For the milk yield parameter, all ef-
fects were statistically significant (P < 0.01) in the
model equation. Most of the effects for fat con-
tent were statistically significant (P < 0.01). Lower
significance was observed in this model equation
for the effects of lactation number and animal
(P < 0.05). As in the variant evaluation with eating
groups, only the effect of animal was statistically in-
significant when evaluating milk protein % content.

Table 1 shows the results for the evaluation of the

eating and rumination time groups for protein %

and kg, fat % and kg content and milk yield. In terms
of protein content, the highest protein content
was in the group with the longest eating time.

The lowest protein content was in the group with

the shortest eating time that was lower compared
to the group of average eating time. Fat content
had a reverse trend of protein. As the eating time
increased, the fat content decreased. Milk yield had
the same trend as protein, when the highest milk
yield was obtained in the group with above-average
eating time. In terms of the duration of rumina-
tion time, the highest protein content was found
in the second group, compared to the lowest value
recorded in the first group. A similar trend, but
significant, was then recorded for the protein con-
tent in kg. In the case of fat percentage, the trend
of fat was similar to that of the rumination group
where the fat content decreased with the length
of rumination time. This was also confirmed in the
evaluation of fat content in kg, when the lowest
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value was in the group with the longest rumina-
tion time. Milk yield increased with rumination
time. Table 2 shows the evaluation for the lactation
number, season and breed effect. In terms of pro-
tein content, the trend of the evaluation was not
completely clear; in both cases, the highest protein
content was in the third lactation and the lowest
was in the first lactation. Fat content had a decreas-
ing trend with the number of lactations in both
evaluation variants. For the variant with rumina-
tion effect, the trend was similar. The same trends
in values and significance were confirmed in the
evaluation of protein and fat content in kg, see
Table 2. With the parity, the daily milk yield in-
creased statistically significantly from the first lac-
tation to the fourth and further lactations (P < 0.01)
in both calculation variants. The seasons of the year
also had a significant effect on milk yield control re-
sults. In the case of protein, winter months showed
the highest protein content. In contrast, the lowest
protein content was observed in summer. In the
case of variable eating, the highest milk fat content
was found in winter. For the rumination variable,
the highest milk fat contents were found in win-
ter and spring. The lowest milk fat was found in
summer, both for eating and for ruminating. The
protein and fat content per kg were very similar and
there was a large number of differences that were
statistically significant (at the level of significance
P < 0.01). The highest values of milk yield were
recorded during summer for eating and for rumi-
nation. In contrast, the lowest value was measured
in spring for milk and rumination time. Numerous
statistically significant (P < 0.01) differences were
observed between the different seasons of the year.

Table 1. Effect of eating and rumination on milk yield and milk solids components

Eating Rumination P-value
SEM
1 2 3 1 2 3 eating rumination
C (min) <244  245t0314 >315 <436 43710493  >494 - - -
H (min) <278 279t0352  >353 <454  415t0515  >516 - - -
Protein (%) 3.53% 3.608 3.618 3.57 3.58 3.58 0.21 0.01 0.13
Protein (kg) ~ 0.98* 1.018 1.018 0.994a 1.008 1.00°  0.16 0.01 0.01
Fat (%) 4.3 4.3 4.25 4.3 4.29 4.27 0.51 0.05 0.39
Fat (kg) 1.20° 1.20° 1.19° 1.2 1.2 1.19 0.21 0.01 0.42
Milk yield 26.824 29.558 30.85°¢ 27.20° 29.158 30.20°  4.61 0.01 0.01

C = Czech Fleckvieh; H = Holstein; SEM = standard error of the mean
A-CDifferent uppercase superscripts in columns indicate a statistical significance at P < 0.01
abDijfferent lowercase superscripts in columns indicate a statistical significance at P < 0.05
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Table 2. Effect of parity, season and breed on milk yield and milk solids components

Parity Season Breed P-value
4and - . SEM .

1 2 3 more  SPring summer fall  winter C H season parity breed

protein (%) 3.52% 357% 361 3.60° 3.60° 344® 360" 3.68° 368° 348 021 001 001 001
o Protein (kg) 0.99* 1.00%* 101¢ 101® 100 096° 101" 103 1.03* 097° 016 001 001 001
-% fat (%) 426 43 432 426 437" 4.12% 428° 4377 432% 425° 051 001 0.04 0.01
W fat (kg) 1.2 1.2 1.21%  1.19° 1.21 1158 1.19° 1.22* 120 1.19% 0.21 001 0.06 001
milk yield 25.70% 29.52% 30.45° 30.63° 28.62" 30.01% 28.68" 28.99" 25.90* 32.25% 455 0.01 001 001
protein (%) 354" 358 361 358% 359 344 359" 367° 368* 347° 021 001 001 001
.§ protein (kg) 0.99"* 1.00%° 1.01%8 1 1.004 0.96® 1.01* 1.03° 1.03* 0.97® 0.16 0.01 0.01 0.01
E fat (%) 426° 43 432 427 438" 4118 428° 4.38% 432° 4258 051 001 0.03 0.01
g fat(kg) 119 12 121 119 1224 1158 120° 1.22% 1.20 1.19® 021 001 007 001
milkyield 26.22* 29.67% 30.18° 29.33% 2821 30.41® 28.44* 28.35% 2563" 32.07® 4.61 001 001 0.01

C = Czech Fleckvieh; H = Holstein; SEM = standard error of the mean
A-CDifferent uppercase superscripts in columns indicate a statistical significance at P < 0.01
abDifferent lowercase superscripts in columns indicate a statistical significance at P < 0.05

Finally, an evaluation for the effect of breed af-
filiation can be added. As expected, Holstein cattle
had significantly (P < 0.01) higher milk yield values,
but their milk had lower fat and protein content
in % and Kkg.

DISCUSSION

Our findings for average eating and rumination
times were consistent with the values measured
for rumination and eating by other authors (Braun
et al. 2015; Johnston and DeVries 2018). In the case
study (Braun et al. 2015), dairy cows were eat-
ing and ruminating for a shorter time on average
than in our study, averaging 265 min/day of eat-
ing and 441 min/day of ruminating. In the study
by Johnston and DeVries (2018), dairy cows were
eating for 279.6 min/day on average for a slightly
shorter time and ruminating for a longer dura-
tion of 516 min/day. Johnston and DeVries (2018)
also found a correlation between the milk yield,
eating time and rumination time of dairy cows.
High-yielding cows tend to have greater feed in-
take to support energy demand (Krpalkova et al.
2022). Our results of linear regression confirmed
that milk production is positively influenced
by feed intake (Shabi et al. 2005). Also, milk pro-
duction is influenced by the behavioural pattern
of dairy cattle such as resting time, rumination,
eating (Grant 1995). Fregonesi and Leaver (2002)
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reported that high-yielding dairy cows have higher
feed intake, which translates into longer rumina-
tion times than in low-yielding cows. Schirmann
et al. (2012) confirmed this statement and added
that dairy cows with higher dry matter intake also
take longer to process the feed received and thus
they have longer rumination times. Following this,
Krause et al. (2002) found a positive correlation
between feed particle length, feed intake and ru-
mination.

The rumination time may also be relatable to milk
yield and milk composition (Byskov et al. 2015).
In the study of Marino et al. (2021), dairy cows
with the longest rumination time had the highest
total protein content, but the percentage of protein
content decreased from 3.48% to 3.38% with higher
rumination time, compared to a 0.18 kg increase
in total protein content. In our results, compared
to the above-mentioned study, there was a progres-
sive increase in protein content with rumination
time and thus a 0.2 kg increase in milk protein
compared to the group with the shortest rumina-
tion time.

The percentage of fat in milk followed the op-
posite trend to that of protein, with fat being
negatively affected by a longer rumination time
in dairy cows. This fact was confirmed by other
authors, for example by Andreen et al. (2020).
These authors observed a 0.02% decrease in fat per
60 min increase in rumination. The difference
in our study was between rumination groups 1
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and 3 ruminating for approximately 70 min and
a 0.03% decrease in fat content was the same.
The study of Kaufman et al. (2018) also confirmed
the negative effect of rumination time on the per-
centage of milk fat content. In their study, there
was a 0.059% decrease in fat content for every
30 min of rumination time. According to the cit-
ed authors, a decrease in the percentage of milk
fat content was associated with higher milk yield,
which was also associated with higher rumination
(Kaufman et al. 2018; Andreen et al. 2020).

As the rumination time increased, milk yield
increased. Consistent with this finding are the re-
cords of Johnston and DeVries (2018) and Marino
et al. (2021). Johnston and DeVries (2018) predicted
an increase of 1.26 kg of milk for each additional
hour of rumination and, in addition, their result
shows that there is a difference of 8.7 kg of milk
per day between cows with the highest and the low-
est rumination times. In the work of Marino et al.
(2021) a difference of 6.22 kg of milk per day
was found between the highest and the lowest ru-
mination groups. Compared to the data found in
our study, the differences were more significant
in the authors cited. In our observation, the differ-
ence between the longest and the shortest rumina-
tion time was 3 kg of milk yield from the regression
results, with each additional hour of rumination
there was an increase of 1.59 kg of milk in milk
production.

Marino et al. (2021) also described the relationship
between daily rumination time, milk yield and milk
solids content. This relationship may be influenced
by two factors: simple dilution effects due to differ-
ences in milk yield; or differences in the availability
of precursors at the udder level that originate from
ruminal activity and absorption. It is clear from their
study that milk yield increases with higher average
rumination time per 10 days. Additionally, these au-
thors described a higher total fat content in milk,
which was slightly lower in percentage terms than
in cows with shorter rumination time. A similar
conclusion was reached by White et al. (2017), who
found that high-yielding dairy cows ruminate close
to their physiological maximum.

The amount of milk produced and its composi-
tion change throughout the year. These chang-
es were the focus of several authors in the past
(Barash et al. 2001; Dahl and Petitclerc 2003;
Soriani et al. 2012; Bertocchi et al. 2014). In their
studies, these authors attribute a decline in milk
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production during the winter months to a shorter
photoperiod. The opposite is the case in the sum-
mer months, when the days are longer and an in-
crease in milk production is observed. Barash
et al. (2001) and Bezdicek et al. (2021) reported
an average increase of 1.2 kg in milk production
for every extra hour of sunlight. They also ob-
served a decrease in milk fat and protein in spring
and an increase in autumn again. These times
of the year correspond to approximately the same
climatic conditions. Thus, the difference in the
spring and autumn months is due to the lengthen-
ing photoperiod or the stage of lactation rather
than to heat stress. In contrast, the large decrease
in fat and protein percentage content observed
in summer, both in our study and in that of the au-
thors mentioned above, is probably related to the
negative effect of the hot conditions on the synthe-
sis of these milk components. Dahl and Petitclerc
(2003) also found changes in milk production and
milk constituents. They attributed these changes
mainly to the dilution of the components in milk
due to its increased production. This was con-
firmed by our work. In a study (Bertocchi et al.
2014) of the effect of seasons on milk production
and characteristics, the authors observed a re-
duction in milk fat and protein concentrations
when the average daily temperature was above
14 °C and the average daily temperature-humidity
index (THI) was above 55, corresponding to the
summer months. Milk composition is affected
by both longer days and higher temperatures dur-
ing the summer season. Acosta-Balcazar et al.
(2022) and Park (2022) explain a decrease in milk
constituent content by the fact that high tem-
peratures above 30 °C reduce the eating time and
the associated milk constituent content. Thus,
our calculated milk yield and milk composition
values are physiologically justified and agree with
the above-mentioned studies.

CONCLUSION

The results of our study confirm the importance
of routine monitoring of eating and rumination du-
ration using modern automatic devices. Despite
some differences in the milk production of Holstein
and Czech Fleckvieh dairy cows, changes in the
length of eating and rumination time were similar.
The increase in the eating and rumination time
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was reflected in higher milk yield but also in slightly
lower milk solids content, on which the milk is mon-
etized. Our work has also confirmed the influence
of the season, which, in combination with the re-
sults presented earlier, can provide a good basis
for predicting milk production based on nutrition,
rumination and other factors. Based on this predic-
tion, we will be able to refine models for milk yield
and solids content. These models will be the next
step in precision animal production and will help
farmers to plan cash flows more efficiently.
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Abstract

Monitoring the time of rumination and eating of dairy cows, by new technologies, is increasingly
used in commercial herds. Evaluation of parameters obtained from Vitalimeter 5P, was performed
in 656 dairy cows Czech Fleckvieh and Holstein cattle, including their crossbreeds. The aim of the
study was evaluation the relationship between the impending calving, the occurrence of the diseases
with a change in rumination, and eating time. On the day of birth, the rumination time decreased
by 122.9 min. and eating by 11.35 min. compared to the normal state before calving. The decrease
in rumination and eating on the day of calving was significantly (P < 0.05) different depending on
the lactation order. The decrease in rumination time and eating is also significant (P < 0.01) with the
onset of the diseases. In metabolic disorders, the rumination time decreased on the day of detection
by 128.95 min./day compared to the 3" day before the problem was detected. Following this, the
eating time decreased by 72.03 min./day. For postpartum diseases, the rumination time changed in
day of detection by - 88.75 min./day and the eating time by - 68.67 min. against the normal set 3 days
before the disease is detected. The lowest decreases in terms of rumination and eating occurred
in the case of mastitis, when the eating time decreased by 36.28 min. and a rumination time by
43.01 min. This balanced decrease in both parameters did not manifest itself in other diseases. Our
results show Vitalimetr 5P as a good tool for the detection onset of calving and diseases.

Keywords: dairy cattle, rumination, eating, onset of partutition, health

INTRODUCTION

Enlarge dairy herds and a shortage of workers dairy cows are needed (Helwatkar et al., 2014).

Number 5, 2021

capable of detecting changes in the health status of

lead to the need for ever-greater use of automation
while ensuring dairy farming. Also, related to
reducing the number of attendant's pressure
to reduce the cost of milk production (Awasthi
et al, 2016). This has reduced human contact
with animals and thus reduced the possibility of
early detection of changes in health. Therefore, in
automatic farms, automatic monitoring systems

The profitability of dairy farming largely depends
on good management of the periparturient period.
Therefore, early and accurate detection of the
onset of calving is also important. Calving detection
is difficult in modern breeding conditions with
numerous herds (Benaissa et al., 2020). Visual signs
signaling the onset of calving are known, but these
signs show variability and their monitoring requires
the physical presence of a person. Therefore, there
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is room for automatic monitoring systems to
record changes in eating behavior and the use
of these changes to indicate the onset of calving
(Schirmann et al., 2013; Pahl et al., 2014). Eating
and rumination belong among the cattle's basic
vital signs associated with receiving and digesting
food. Observing the feeding behavior of dairy cattle
provides useful information about the health of
the animal and approaching calving. Good health
and welfare is a prerequisite for their normal
feeding behavior. Eating behavior is essential in
compiling the clinical picture of a sick animal
Therefore, eating and rumination are commonly
monitored in sick cows during and after treatment
(Braun et al., 2014). Dairy cattle health problems
cause production losses, increase care costs and
worsen animal welfare (Gonzalez et al., 2008).
The profitability of the herd is negatively affected
by reduced milk production, lower reproduction,
and shorter production life of these dairy cows.
Therefore, early identification of cow diseases is
key to herd health and profitability (Huzzey et al.,
2007). Modern automatic monitoring systems can
contribute to the early detection of changes in
health and help the farmer to manage the dairy
herd. The aim of this work was to evaluate changes
in the time of eating and rumination (measured by
Vitalitmetr 5P) depending on the oncoming calving
and the occurrence of dairy health problems.

MATERIALS AND METHODS

Data from the herd of dairy cows of various
observed 656 cows of the Czech Fleckvieh and
Holstein breed and their crossbreeds. Obtained
data from cows were used to evaluate the influence
of the onset of calving and the occurrence of the
disease on the change in eating and rumination time.
Monitoring was carried out on a farm in the Olomouc
Region, which is at an altitude of 458 m above sea
level. Observations of dairy cows took place from
15 October 2017 to 30" September 2018. The cows in
the herd had an average milk production of 9112 kg
of milk in 305 days, with a fat content of 4.18% and
a protein content of 3.55% During lactation, the
dairy cows were housed in a reconstructed free-
stall barn with straw bedding. The cows calved in
group pens, where the cows were moved about
3 weeks before the expected date of calving. The
calved cows were then transferred to a group of
cows after calving, where they remained for 10
to 20 days. From there, they were transferred to
the production group of high-yielding dairy cows.
For the evaluation of the disease, we grouped the
diseases into three groups based on their similarity
due to the frequency of occurrences:

1. mastitis;

2. postpartum diseases (metritis, retained placenta);

3. metabolic disorder (ketosis, acidosis, milk fever,
resp. parturient paresis).

Data on daily total eating and rumination time
in seconds were obtained using Vitalimeters 5P
(FARMTEC a.s., Czech Republic) for our evaluation,
we convert seconds to minutes.

Obtained database of data from Vitalitmeters 5P
and FARMSOFT. The Vitalimetr 5P neck responder
(Farmtec a.s.) was used to identify eating and
rumination time. Rumination and eating, are
recognised by accelerometers, and records can
be analysed using a detection algorithm. The
FARMSOFT is a dairy management software that
collects data from Vitalimeter 5P, milking parlour,
medication, treatment and reproduction records.
The effect of the onset of calving on the time of
eating and rumination was evaluated based on the
average time of both activities during 10 days before
calving (group 1), the observed time on calving day
(group 2), and the average time during 10 days
after calving (group 3). Eating and rumination time
was recorded for three days before detection of
the disease (day - 3, - 2, - 1) and the day of detection
of the disease (day 0). Data from the management
program was analyzed in SAS 9.4 (SAS ® 9.4, 2013)
using the GLM method (analysis of variance). The
REG procedure, the STEPWISE method, was used to
select a suitable model for evaluating the indicators.
A detailed evaluation of the significance of the
differences between the effect levels was performed
using the Tukey-Kramer test.

The following model equations were used for
evaluation: To estimate the effect of calving on the
time of eating and rumination.

Yu=n+PL+0O+R, + b,*(PLEM) + b,*(DAT) + s (1)

T I— the observed value of eating or
rumination time as a dependent
variable (in minutes per day);

| DR mean value of the dependent variable;

PL... fixed effect of lactation order (i = 1,

n=3050;i=2,n=4170;i=3,n=2847;i=4,
n=1738;i=">5 and higher,n =2065);
O, fixed effect of a defined period before,
during and after calving (j = 10 days
before calving, n = 876; j = calving
day,n=656; j= 10 days after calving,
n=12338);
fixed effect of evaluated year (k = 2017,
n =7290; k = 2018, n = 6580);
b1*(PLEM).. linear regression on belonging to the
breed and hybrids;
... linear regresion on calving date;
random estimation error.

To estimate the effect of health disorders on the
time of eating and rumination

Yium = W+ PLi+ O;+ D, + R, + OD, + b *(PLEM) +

yklm

+ bz*(DAn + eijklm 2 [2)
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| T the observed value of eating or

jklm
’ rumination time as a dependent variable
(in minutes per day);
(VR the mean value of the dependent
variable;
PL..e. fixed effect of lactation order (i = 1,

n=371;i=2,n=575;i=3,n=482;i=4,
n=330; i =5 and higher, n = 405);

L© T fixed effect of the type of disease
(j = mastitis, n = 1829; j = postpartum
diseases, n = 465; j = metabolic disorder,
n==65);

D, . fixed effect days before disease
recording (k = -3 days, n = 391;
k = - 2 days, n = 395; k= -1 day, n = 397,
k = day of recording, n = 1176);

R fixed effect of evaluated year (k = 2017,
n=7290; k = 2018, n = 6580);

ODy ...ccvvvv. fixed effect of the interaction of the

type of disease and the days before the
recording of the disease (n = 14 to 881);
b1*(PLEM).. linear regression on belonging to the
breed and hybrids;
linear regresion on calving date;
random error.

b2*(DAT)

RESULTS

As part of the evaluation using the GLM
procedure, the model equation for calving and for
diseases evaluation were statistically significant
(P < 0.01) and explain from 13.13 to 38.75% of
variability. It was confirmed that all effects included
in the both model equation were statistically
significant (P < 0,05) for the evaluation of the time
of eating and rumination in the period around
calving and health disorders.

The effect of the lactation order, year, and the
period around calving on the time of eating and

rumination in the peripartum period are shown
in Tab. I. Statistically significant (P < 0.05-0.01)
highest values of eating time (230.19 min.) and
rumination (388.44 min.) were observed in dairy
cows on the second lactation. The average values
of the eating time gradually decreased from the
second to higher lactations. Between 1*and 5"and
higher lactation was difference 47 min. of eating
time decrease. In the evaluation of the rumination
time, lower differences were recorded between the
average values of cows in each lactation (approx. 6-
30 min.). However, even here there is a clear trend
of a decrease in this time from the second to the
next lactations. The significant effect of the year of
follow-up was also confirmed (P < 0.01). However,
this difference was only about 9.5% for the eating
time and 10.8% for the rumination time, but
significant (P < 0.05). Regarding the differences in
the time of eating and rumination between the
defined periods, the table shows a decrease in both
variables on the day of calving (-11.35min,; or

- 122.9 min.). In the period after calving, there was
an increase in the time of eating and rumination,
when these values exceeded the original values
from the period before calving. The differences
between these periods were statistically significant
(P < 0.05-0.01). This decrease and subsequent
increase were more pronounced at the time of
rumination when there was an increase of 63.9%
compared to the calving day.

Tab. II shows the evaluation of the time of eating
and rumination as a function of the days before
identification by, the order of lactation, the disease
record and the type of disease. The evaluation of
the effect of the days before recording the disease
(treatment) shows that with the approaching
disease there was a gradual decrease in both
evaluated cases. Between the third and second day
before the disease, there was a decrease of about

I: Influence of lactation order and the period around calving on time of eating and rumination in the perinatal period

Eating time Rumination time

Effect Level LSM + SELSM LSM + SELSM
Min/day Min/day
1 212.12 + 2.519* 367.08 + 3.430%
2 230.19 + 2.279¢ 388.44 + 3.103°
Lactation order 3 203.04 + 2.389¢ 371.13 + 3.25342
4 186.40 * 2.629° 358.72 + 3.5804"

5 and higher

165.09 * 2.526F

364.65 = 3.4404

2017
Year of evaluation
2018

209.28 + 2.414*
189.46 * 2.343"

391.15 + 3.2874
348.86 + 3.190°8

10 days before calving
Peripartal period Calving day

10 days after calving

200.72 £ 3.0002

394.13 + 4.0844

189.37 + 3.334Ab 271.23 + 4.540°

208.00 + 1.5198» 444.66 + 2.068°¢

Different letters in columns means statistical significance A,B,C,D (P <0.01); a,b (P < 0.05).
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II: Influence of days before treatment, order of lactation, and disease groups on the time of eating and rumination

Eating time

Rumination time

Efect Level LSM = SELSM LSM + SELSM
Min/day Min/day
1 196.11 + 6.967 363.61 + 9.8354
2 179.12 + 6.183 341.55 + 8.729
Lactation order 3 156.86 + 6.328" 331.49 + 8.900°
4 158.33 + 6.315" 325.63 + 8.9158>

5 and higher

131.17 # 5.969¢

355.92 + 8.426*

2017 157.74 + 5.4384 327.15 + 7.677*
Year ot evaluation
2018 170.89 + 5.076" 360.12 + 7.166°
-3 197.24 + 9.348* 382.72 £13.19742
=7 174.06 + 8.7274 357.10 + 12.320%
Day of treatment
-1 147.71 + 8.4828 338.94 + 11.974>
0 138.25 + 6.476" 295.80 + 9.14158¢
Mastitis 230.71 + 3.2694 447.13 £ 4.615%
Type of disease Postpartum diseases 171.58 + 5.6028 356.15 + 7.9098

Metabolic disorder

90.65+12.316° 227.64 £ 17.370¢

Different letters in columns means statistical significance A,B,C (P < 0.01); a,b,c (P < 0.05).

11.8% at the time of eating and 6.7% at the time of
rumination. However, these differences have not
been statistically significant yet. There was a much
larger decrease in the time of eating and rumination
between day 2 and day 1 before the onset of the
disease. In this case, a significant (P < 0.01) decrease
in eating time of 26.35 min was recorded. However,
the decrease in rumination time was slightly lower,
only by 18.16 min. Significantly (P < 0.05-0.01) the
lowest values of total eating time (138.25 min.) and
rumination time (295.80 min.) were found on the
day of recording the disease (0 day). A significant
effect on changes in the time of eating and
rumination (P < 0.05-0.01) was also demonstrated
in the lactation order. The lowest eating time
(131.17 min.) was observed in cows on the fifth and
subsequent lactation. On the contrary, the highest
value (196.11 min.) was recorded for heifers.
However, this almost linear decrease with the
lactation order at the time of eating was not valid
for the time of rumination (P < 0.05). The highest
value (363.61 min.) for rumination time was again
observed in heifers and in older cows, the value
with the order of lactation decreased except of cows
at the 5"and higher lactation when the difference
of this value compared to heifers was the lowest.
The shortest rumination time (325.63 min.) was
found in this case in cows on the fourth lactation.
The influence of the type of disease on the change
of the evaluated indicators was also evaluated.
Significantly (P < 0.01) the highest value of indicators
was found in the incidence of mastitis (230.71 and
44713 min.), followed by postpartum diseases

(171.58 and 356.15 min.). The lowest value was
found in metabolic disorder (227.64 and 90.65 min.).
Finally, the interaction of individual types of
disease to changes in eating and chewing time
during the 3 days before disease recording and
the day of disease detection was evaluated. Tab. III
shows a decrease in eating time 3™ days before
the recording of mastitis by 14.76% (P < 0.01).
However, no significant differences were found
at the time of rumination. There was a significant
decrease only 11.45% (P < 0.01) compared to day 0
and to the 1 day before the disease was recorded.
When postpartum diseases occurred, an eating time
was reduced from 201.08 (-3 days) to 132.41 min
(0 day). This decrease was statistically significant
(P <0.01) and corresponded to about 34.16%. At the
time of rumination, a slight decrease was observed
between the 3™ and 2™ day before the detection
of postpartum diseases. The highest decrease
(-58.25 min.) was recorded between the 1% day
before the disease and the day of detection this
group of disease. Metabolic disorders manifested
themselves in the highest decline from all diseases
at the time of eating and rumination. The decrease
in eating time was by more than 50%. However,
due to the lower incidence of this group of diseases,
and thus the large mean errors, these differences
were not significantly confirmed. Similarly, in the
case of the rumination time, a linear decrease from
298.12 min. to 169.17 min. was observed. However,
these differences were not statistically significant
for the same reasons.
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III: Evaluation of the interaction of a group of diseases on the time of eating and rumination during the days before the

recording of the disease

Type of disease Day of treatment

Eating time

Rumination time

LSM + SELSM
Min/day

LSM + SELSM
Min/day

-3

-2
Mastitis

-1

0

245.86 + 5.360*
239.83 £ 5.350

227.59 + 5.3444
209.58 + 3.7208

457.24 + 7.5664
455.37 £ 7.553

461.67 + 7.5454
414.23 + 5.2528

-3

-2
Postpartum diseases

201.08 + 10.9124
188.31 + 10.817
164.54 + 10.817
132.41 + 5.960°

392.77 + 15.4054
365.54 + 15.2704
362.27 + 15.270
304.02 + 8.414*

Metabolic disorder

144.80 + 25.133
94.03 £ 23.136
51.00 * 22.258
72.77 £ 17.357

298.12 + 35.480
250.41 + 32.661
192.88 + 31.422
169.17 + 24.502

Different letters in columns in select deseases means statistical significance A,B (P < 0.01). w

DISCUSSION

Effect of calving on decreasing the time of eating
(Braun et al., 2014; Biichel and Sundrum, 2014;
Schirmann et al., 2013) and rumination time (Braun
et al, 2014; Pahl et al., 2014) are also described by
other authors. Average daily eating time 10 days
before calving in our research decreased from
200.72 min/day to 189.37 min/day in calving day.
Time of rumination was decreased from an
average 394.13min/day 10 days before calving to
271.2 min/day in calving day. Huzzey et al. (2005)
reported an average decrease 25 min/day of eating
time between 10 days before and 2 days after calving.
This value is higher than in our results because the
data of the compared study did not contain values
2 days before and 2 days after calving. However,
results still confirm a decrease of eating time in time
before calving. It is necessary to respect the influence
of the social behavior of animals. According to
Soriani et al. (2012) was average rumination time in
period 20 to 6 days before calving 463 min/day for
heifers and 522 min/day for cows. The lowest time
of rumination was in calving day with 262 min/day
for heifers and 278 min/day for cows. These values
from the rumination time monitored by us on the
day of calving and perform the confirmatory of the
lactation order effect demonstrated in this work.
According to Schirmann et al. (2013) cows reduce
the eating time by 66 min/day and the rumination
time by 63 min/day in 3 days before calving and
1 day before calving. Different values of the decrease
of the monitored parameters and a negligible
difference between the decrease of the eating and
rumination time could be caused by different time
periods of observation. Through these results, this

study confirms reduction in eating and rumination
time. Braun et al. (2014) measured the time of eating
and rumination in the period 10 days before and
10 days after calving using a pressure sensor. The
average pre-calving eating time was 186 min/day
and dropped to 114 min/day on the day of birth.
The rumination time was constant for the duration
of the experiment, except calving day. According
to Braun et al. (2014), the rumination time ranged
from 329 to 391 min/day and dropped significantly
to 214 min/day on the calving day. Ouellet et al.
(2016) found a decrease in mean rumination time
on the day of birth by 41 min/day compared to the
previous four days. This result is lower than ours
but was obtained in the pre-calving period shorter
by 6 days. The rumination time showed the most
significant changes in the last six hours before
calving. According to this study, rumination time
provides the best results in predicting the onset
of calving. This conclusion is consistent with our
observation that the decrease in rumination time
was more pronounced in the pre-calving period
than in the eating period.

The influence of individual types of diseases on
the time of day eating and ruminatiwon was more
significant, which was confirmed by significant
differences in the decrease of monitored indicators
between mastitis, postpartum diseases (metritis,
retained placenta, increase in body temperature),
and metabolic problems (ketosis, acidosis,
hypocalcemia). According to Gonzalez et al. (2008)
changes in eating time in udder disease are highly
variable. A decrease in eating time was observed
in eleven of twenty-six dairy cows diagnosed
with mastitis, but no consistent change in feeding
behavior occurred in the remaining fifteen dairy
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cows. In dairy cows with mastitis, where there was
a change in the time of eating, there was a sudden
and sharp decrease on the day of diagnosis. In
our observation, the eating time was gradually
shortened as early as 2 days before the disease
was detected. According to Urton et al. (2005)
cows showing signs of metritis had on average
22 min/day shorter feeding times than cows without
metritis. With a decrease in the average eating time
of 10 min/day, the probability of a diagnosis of
metritis doubled. According to Huzzey et al. (2005)
dairy cows with severe metritis had a shorter
eating time compared to healthy dairy cows. The
decrease in eating time began 2 weeks before the
onset of clinical manifestations of metritis. With
a decrease in average before occurrence time
of 10 min/day, the probability of severe metritis
increased 1.72 times. The results of both of the
above studies correspond to our observation,
where the eating time decreased by 12.77 minutes
two days before the disease was recorded, by
another 23.77 minutes the following day, and by an
additional 32.13 minutes on the day the disease was
recorded. Both of the above studies worked with
data from 2 weeks before disease recording, while
our research evaluated 3 days before clinical signs
and on the day of disease recording. Liboreiro et al.
(2015) in the period of 3 weeks before parturition
did not observe differences in the daily time of
rumination between dairy cows with metritis
and healthy dairy cows. This conclusion is not in

line with our results, where the rumination time
decreased by 88 minutes during the 3 days before
and on the day of postpartum disease recording,
which corresponds to a decrease of 22.6%. This
can be explained to some extent by combining
several types of postpartum complications in our
evaluation. According to Gonzilez et al. (2008)
ketosis was accompanied by a sharp decrease in
the daily eating time of 45 min/day. The decrease
in eating time occurred on average 3.6 days before
the diagnosis of the ketosis. This result is consistent
with our observation that the time of eating 2 days
before the recording of the disease decreased by
about 50 min/day and the next day by another
43 min/day. According to Goldhawk et al. (2009)
increased the probability of subclinical ketosis by
1.9-fold with a decrease in mean eating time of
10 min/day one week before calving. The sharper
decrease in eating time in our work compared to
the above study may have been due to a shorter
follow-up period. According to Liboreiro et al. (2015)
in the period of 3 weeks before calving, the daily
time of rumination does not indicate subclinical
ketosis and hypocalcemia. In our observation, the
rumination time 2 days before the onset of the
disease decreased by about 81 minutes. On the
other hand, the inconclusiveness of the difference
in rumination time in metabolic diseases on
different days before the disease can be confirmed
by the above-mentioned study.

CONCLUSION

The influence of the onset of calving and the disease on the time of eating and rumination was
conclusive based on the obtained data. Both monitored parameters decreased in the period before
calving, while the recorded decrease was more pronounced at the rumination time. Similar
trends in a decrease in eating and rumination were also apparent in selected diseases evaluation.
Furthermore, there was a difference between the individual diseases, where the highest decrease in
both parameters was measured in metabolic disorders and the lowest decreases were recorded in
mastitis. Our results show that Vitalimetr 5P can be a good tool to detect changes in the time of eating
and rumination in the pre-calving period so in the period at the onset of the disease show a specific
decrease can be considered a good tool of detecting the onset of calving and disease.
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5 SOUHRNNA DISKUZE

5.1 VYHODNOCENI DOBY ZRANI A PREZVYKOVANI A PARAMETRU ZVYSENE
AKTIVITY ZA DEN, NA MLECNOU PRODUKCI DOJNIC V ZAVISLOSTI NA PLEMENI
A OBDOBI ROKU.

V doktorské disertacni praci byl sledovan vliv doby Zrani a piezvykovani v kombinaci s

plemennou pfislusnosti a obdobim roku na mlé¢nou produkci (Codl et al. 2020).

Mezi kravami Ceského strakatého skotu a holstynského skotu, resp. jejich k#izenci byly
pozorovany pomérné znac¢né rozdily v dobé pfijmu krmiva, Zrani a mlécné uzitkovosti. Tyto
rozdily si 1ze mimo jiné vysvétlit i za pomoci heterdzniho efektu. Toto ve své praci potvrzuje

naptiklad Hirooka & Bhuiyan (1995).

Negativni korelaci mezi dobou Zrani a potfadim laktace vysvétluje Azizi et al. (2009), resp.
Beauchemin & Rode (1994) pomalej$im tempem zrani oproti star$im kravam a vyssi Cetnosti
navstév krmného zlabu. To bylo potvrzeno i vysledky v nasi préci, kdy doba zrani prvotelek v
nasi studii byla v priméru vyssi, nez u krav na 2. a dalSich laktacich. Podobné vysledky jsou
uvedené ve studii Azizi et al. (2010), kdy prvotelky stravily podobnou dobu piijmem potravy
270 az 325 min a dojnice na tieti laktaci 214 az 264 minut jako dojnice v nasi studii. Rozdil
mezi laktacemi Azizi et al. (2010) pfisuzuje pomalejSimu piijmu potravy u prvotelek. Tyto
vysledky dale potvrzuji i dalsi autofi (Beauchemin & Rode, 1994; Dado & Allen, 1994,
Kowsar et al., 2008; Maekawa et al., 2002). O néco vyssi korelaci (r= 0,384), nez v nasi
studii,ale také pozitivni, mezi dobou prezvykovani a dennim nadojem popisuje ve své studii
Antanatias et al. (2018). Stone et al. (2017) a Moretti et al. (2017) uvadgji stiedné silnou
korelaci mezi mlé¢nou uzitkovosti a dobou piezvykovani na urovni (r=0,22), pfi¢emz nami

vypoc¢itana korelace mezi dobou piezvykovani a uzitkovosti je 0 néco nizsi (r= 0,166).

Zaporna korelace mezi ptezvykovanim a dny laktace Ize vysvétlit vztahem mezi dobou
ptezvykovani a dojivosti. Béhem rané faze laktace dojnice prezvykovali v priméru vice nez
600 minut denné¢ s maximalni dobou piezvykovani 685 min/den (Beauchemin, 1991). Ve stiedu
laktace se prumérna doba prezvykovani u Devries et al. (2009) pohybovala v priméru na 555
min/den. Navic Kaufman et al. (2018) reportoval stfedni zavislost mezi mlécnou produkei na

zacatku laktace a dobou stravenou ptezvykovanim.

56



Silné korelace mezi denni produkci mléka a potfadim laktace byla potvrzena i dal§imi autory
(Hart et al., 2013; Vijayakumar et al., 2017). Tito autofi potvrzuji, ze dochazi k nartstu
produkce mléka az do 3. laktace. To odpovida i nasim vysledki, resp. rozdilu mezi prvotelkami
a star§imi dojnicemi. Nicmén¢ napiiklad Mellado et al. (2011) ve své studii pozoroval nartst
mnozstvi nadojeného mléka az do 6. laktace. To ovSem naSe studie nepotvrzuje. Hart et al.
(2013) pozorovali rozdil v dojivosti multiparnich dojnic a prvotelek ve prospéch vicekrat

otelenych +20% produkce.

Také efekt ro¢niho obdobi mé nezanedbatelny vliv na ndmi hodnocené parametry piijmu
krmiva a denni produkce mléka. Negativni zmény v parametrech ptezvykovani jsou ptikladany
ostatnimi autory (Acatinai et al., 2010; Bernabucci et al., 2010; Dado & Allen, 1994; Moretti et
al., 2017; Soriani et al., 2013) k tepelnému stresu, kterym dojnice trpi béhem letnich mésict
(VI-VIII), kdy v priméru dojnice ptezvykovaly v nasi praci nejkrats$i dobu. Oproti tomu v
zimnim obdobi (XII-II) dojnice v nasi praci piezvykovaly delsi dobu, s ¢imZ souhlasi 1 studie
vyse. Delsi dobu piezvykovani davaji Acatinai et al. (2010) a Miischner-Siemens et al. (2020)
za ptic¢inu tomu, ze dojnice netrpi tepelnym stresem. Dale podobnou dobu piezvykovani béhem
jara a podzimu v nasi praci si Ize vysvétlit podobny klimatickymi podminkami, jak z hlediska

tepleného stresu, kdy nedochazi k piekroc¢eni termoneutralni zony, tak z hlediska denni délky.
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5.2 VYHODNOCENI VZTAHU MEZI VYBRANYMI AKTIVITAMI JEJICH DELKOU A RiJI DOJINIC

BEHEM ROKU.

Dale byl v doktorské disertacni praci sledovan vztahu mezi vybranymi aktivitami jejich délkou
a tiji dojnic béhem roku (Codl et al. 2021).

Doba zrani (+3,64 az +51,99 min, P < 0,01) byla nejdelsi u prvotelek. Gomez & Cook (2010)
uvadéji podobné vysledky. Jejich studie spojovala del§i dobu krmeni u jalovic s nizs§i mirou
piijmu krmiva a ¢ast¢j$Simi navstévami. Krmného zlabu u prvotelek. Prvotelky dostavaji pti
krmeni mensi porce nez dojnice na vyssich laktacich. Doba krmeni v nasledujicich laktacich se
postupné zkracuje. Jiné studie také zjistily, Ze pohybova aktivita byla nejvyssi u prvotelek.
Podobné studie také dospély k zavéru, ze velké snizeni doby prezvykovani u prvotelek v dobé
tije bylo pii tkor vyssi aktivity (Yaniz et al. 2006), coz bylo mozZna zptsobeno piedevsim vyssi
aktivitou prvotelek ve srovnani se dojnicemi na vyssi laktaci. Tento jev (Roelofs et al. 2005) je
také vysvétluje proménliva délka fije, kterd je u jalovic v priméru o 3 h delSi nez u starSich
dojnic. jalovic (Yéniz et al. 2006) v navaznosti na 21,4% pokles pohybové aktivity u star§ich
krav. Doba piezvykovani v nasi studii byla nejdelsi na paté a dalsich laktacich, coz odpovida se
zjisténimi jinych studii, které rovnéz uvadéji delsi dobu piezvykovani u starSich dojnic.

(Kowsar et al. 2008).

Doba piezvykovani byla nejdelsi v zim¢. Podobné vysledky uvadéji Acatinai et al (2010) a
Miischner-Siemens et al (2020), ktefi je spojuji pfedevS§im s tim ze béhem zimnich mésict
dojnice netrpi tepelnym stresem. Naopak doba piezvykovani byla u naSich dojnic nejnizsi v
1ét¢, coz odpovida zjisténi, ze kravy piezvykuji vice ve stoje v 1été€ nez v zimé (Acatinai et al.
2010), tedy stejné jako nasSe vysledky. Zkraceni doby ptezvykovani ve dnech pied fiji souvisi S
poklesem piijmu krmiva, ktery s dobou ptezvykovani siln¢ koreluje (Kaske et al. 2002). Dojnice
skute¢né travi v dobé fije méné ¢asu krmenim. Phillips & Schofield (1990) pozorovali 5-20%
snizeni pfijmu krmiva, pficemz nejvétsi pokles byl zaznamenan v den fije, protoze celkovy
ptijem krmiva a vody se béhem fije snizuje (Reith & Hoy 2012). Piijem krmiva v nasem
pokusu se snizil jiz dva dny pted tiji. Naproti tomu Pahl et al. (2015) zaznamenali pokles piijmu
krmivaa doby ptezvykovani az den pted tiji. Doba piezvykovani se u dojnic pted fiji snizuje v
pruméru 0 18- 20 % (Reith & Hoy 2012). Naproti tomu rozdil mezi dobou piezvykovani pied
fiji a v den fije u nasich zvirat Cinil v priméru pouze 12,6 %. Pahl et al. (2015) zaznamenali

zkraceni doby ptrezvykovani u jalovic 0 68 min a u starsich krav 0 80 min v den fije, coz bylo 0
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néco vice nez Vv nasi studii, kde primérné zkraceni doby prezvykovani u jalovic ¢inilo 68 min a
u starSich krav 80 min. Prezvykovani ¢inilo pouze 61,80 min. Zkraceni doby pfezvykovani

vSak mtze byt béhem fije jesté mensi, coz potvrzuji Reith & Hoy (2012), ktefi uvadéji praimérné
zkraceni pouze o 55 min. Pahl et al. uvadi (2015), ze Casy se vratily k normalu den po fiji.
Aktivita dojnic se béhem fije vyrazné zvysuje, na rozdil od predchozich ukazatelt prezvykovani
a doby krmeni, které se béhem fije snizuji. Aktivita dojnic se v dob¢ fije zvySuje v priméru o
38,7 % (Firk et al. 2002), kdy jsou kravy neklidnéjsi a vykazuji vice chovani pfi nasedani a
chuizi a kdy mize byt pohybova aktivita ctyfikrat vyssi ve srovnani s netfijovymi dny (Schofield
et al. 1991). Mnozstvi Casu, které dojnice stravi chiizi, se linearné zvysuje od 72 do 16 h pred

fiji a poté se vyrazné zvySuje béhem fije (Arney etal. 1994).
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5.3  VYHODNOCENI VLIVU DOBY ZRANI A PREZVYKOVANI NA PRODUKCI MLEKA A JEHO

SLOZEKTUK A BILKOVINA.

Ttetim cilem pro prvni hypotézu bylo zhodnoceni vlivu doby zrani a piezvykovani na produkci
mléka a jeho slozek tuk a bilkovina. Codl et al. (2023)

Nase zjisténi pramérnd doba zZrani a piezvykovani v dobé Kontroly uzitkovosti, odpovidala
hodnotam naméfenym pro zrani a pfezvykovani jinymi autory (Braun et al. 2015; Johnston et
al. 2019). V ptipadové studii (Braun et al. 2015) dojnice zraly a ptezvykovaly v priuméru kratsi
dobu nez v nasi studii, v priméru 265 min/den Zrani a 441 min/den pfezvykovani. Ve studii
Johnston et al. (2019) dojnice zraly v priméru 279,6 min/den po 0 néco kratsi dobu a
prezvykovaly po delsi dobu 516 min/den, nez bylo zméteno v nasi studii. Johnston et al. (2019)
také zjistili pozitivni korelaci mezi mlécnou uzitkovosti dojnic, dobou zrani a dobou
ptezvykovani. Kravy s vysokou uzZitkovosti maji tendenci pfijimat vétsi mnozstvi krmiva, aby
podpotily potiebu energie (Krpalkova et al. 2022). Nase vysledky byly v souladu s vysledky
studie Shabi et al., (2005), Ze produkce mléka je pozitivné ovlivnéna piijmem krmiva. Produkci
mléka ovlivituje také vzorec chovani dojnic, jako je doba odpocinku, ptezvykovani, zrani
(Grant, 1995). Fregonesi et al. (2002) uvadi, Ze dojnice s vysokou uzitkovosti maji vyssi piijem
krmiva, coz se projevuje delsi dobou piezvykovani nez u dojnic s nizkou uzitkovosti.
Schirman et al. (2012) toto tvrzeni potvrzuji a dodavaji, ze dojnice s vyS$§im pfijmem suSiny
také déle zpracovavaji ptijaté krmivo, a proto maji delsi dobu piezvykovani. V navaznosti na
to Krause et al. (2002) zjistili pozitivni korelaci mezi délkou krmnych ¢astic, ptijmem krmiva

a prezvykovanim.

Doba piezvykovani mize souviset také se slozenim mléka (Byskov et al. 2015). Ve studii
Marino et al. (2021) mély dojnice s nejdelsi dobou ptezvykovani nejvyssi celkovy obsah
bilkovin, ale procento obsahu bilkovin se s vyssi dobou piezvykovani snizilo z 3,48 % na 3,38
%, zatimco celkovy obsah bilkovin se zvysil o 0,18 kg. V naSich vysledcich doslo v porovnani
s vySe uvedenou studii k progresivnimu nartistu obsahu bilkovin s dobou piezvykovani, a tedy
ke zvySeni obsahu bilkovin v mléce o 0,2 kg v porovnani se skupinou s nejkratsi dobou
prezvykovani. Podil tuku v mléce mél opaény trend nez podil bilkovin, pfi¢emz tuk byl u dojnic
negativné ovlivnén delsi dobou prezvykovani. Tuto skute¢nost potvrzuji i dalsi autofi, naptiklad
(Andreen et al. 2020). Kolektiv téchto autorti zaznamenal pokles tuku 0 0,02 % p¥i prodlouZeni

prezvykovani 0 60 min. Pro srovnani, v nasi studii byl rozdil mezi prezvykovanim skupinou 1
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s nejkratsi dobou prezvykovani a 3. skupinou s nejdelsi dobou piezvykovani, které
prezvykovaly ptiblizné 70 minut, a pokles obsahu tuku o 0,03 % byl stejny. Negativni vliv doby

prezvykovani na procentualni obsah tuku v mléce potvrzuje i studie Kaufman et al. (2018).

V ptipad¢ této prace doslo ke snizeni obsahu tuku o 0,059 % na kazdych 30 minut
prezvykovani. Podle citovanych autorti (Andreem et al. 2020; Kaufman et al. 2018) je pokles
procenta obsahu tuku v mléce spojen s vyssi dojivosti, ktera souvisi i S vy$§im piezvykovanim.
S prodluzujici se dobou prezvykovani se zvySovala i dojivost. S timto zjisténim jsou v souladu
zaznamy Johnstona et al. (2018) a Marina et al. (2021). Johnston et al (2018) ptedpovédeli
nartst o 1,26 kg mléka za kazdou dalsi hodinu pfezvykovani a navic jejich vysledek ukazuje,
ze mezi kravami s nejvyssi a nejnizsi dobou prezvykovani je rozdil 8,7 kg mléka za den. V praci
Marino et al. (2021) byl zjistén rozdil 6,22 kg mléka za den mezi skupinami s nejvyssi a nejnizsi
dobou prezvykovani. V porovnani s udaji zjiSténymi v nasi praci byly rozdily u citovanych
autort vyrazn&j$i. V nasem pozorovani ¢inil rozdil mezi nejdelsi a nejkratsi dobou
prezvykovani 3 kg mlécné uzitkovosti z vysledku regrese, s kazdou dalsi hodinou piezvykovani

doslo ke zvyseni produkce mléka 0 1,59 kg mléka.

Marino et al. (2021) také popisuji vztah mezi denni dobou piezvykovani, dojivosti a obsahem
slozek mléka. Tento vztah mtize byt ovlivnén dvéma faktory: prostym efektem fedéni v
dasledku rozdilti v dojivosti nebo rozdily v dostupnosti prekurzori na urovni vemene, které
maji ptivod v ¢innosti bachoru a absorpci. Z jejich studie je ziejmé, ze mléna uzitkovost se
zvysuje s vyssi dobou prezvykovani. Kromé toho tito autoii popisuji vyssi celkovy obsah tuku
v mléce, ktery je v procentech o néco nizs§i nez u krav s krat$i dobou pfezvykovani. K
podobnému zavéru dospéli 1 White et al. (2017), ktefi zjistili, ze dojnice s vysokou uzitkovosti

prezvykuji blizko svého fyziologického maxima.

Mnozstvi vyprodukovaného mléka a jeho slozeni se v priibéhu roku méni. Na tyto zmény se v
minulosti zaméftilo nékolik autorti (Barash et al. 2001; Bertocchi et al. 2014; Dahl et al. 2003,
Soriani et al. 2012). Tito autofi ve svych studiich pfipisuji pokles produkce mléka v zimnich
mésicich kratSi fotoperiod€. Opacna situace nastava v letnich mésicich, kdy jsou dny delsi a
dochazi k nartstu produkce mléka. Barash et al. (2001) a Bezdicek et al. (2021) uvadéji
prumérné zvySeni produkce mléka o 1,2 kg na kazdou hodinu slune¢niho Svitu navic.
Pozorovali také pokles mlééného tuku a bilkovin na jafe a opétovny nartist na podzim. Tato
roni obdobi odpovidaji pfiblizn¢ stejnym klimatickym podminkdm. Rozdil v jarnich a

podzimnich mésicich je tedy zptisoben spise prodluzujici se fotoperiodou, nebo fazi laktace nez
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tepelnym stresem. Naopak velky pokles procentudlniho obsahu tuku a bilkovin pozorovany v
1ét€, a to jak v nasi studii, tak ve studii vySe uvedenych autorti, pravdépodobné souvisi s
negativnim vlivem teplych klimatickych podminek na syntézu téchto slozek mléka. Dahl &
Petitclerc (2003) rovnéz zjistili zmény v produkci mléka a jeho slozkach. Tyto zmény pficitali
predevsim natedéni slozek v mléce v disledku jeho zvysené produkce. To potvrdila i nase
prace. Ve studii (Bertocchi et al. 2014) zabyvajici se vlivem ro¢nich obdobi na produkci a
vlastnosti mléka autofi pozorovali snizeni koncentrace mlééného tuku a bilkovin, kdyz byla
pramérnd denni teplota vyssi nez 14 °C a primérny denni THI vys$$i nez 55, coz odpovida
letnim mésicim. Slozeni mléka je ovlivnéno jak del§imi dny, tak vys$$imi teplotami v letnim
obdobi. Acosta-Balcazar et al. (2022) a Park (2022) vysvétluji snizeni obsahu slozek mléka tim,
ze vysoké teploty nad 30 °C zkracuji dobu krmeni a s tim souvisejici obsah slozek mléka. Nami
vypoctené hodnoty mlécné uzitkovosti a slozeni mléka jsou tedy fyziologicky opodstatnéné a

souhlasi s vy$e uvedenymi studiemi.
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5.4 VYHODNOCENI VYUZITi DOBY ZRANi A PREZVYKOVANI NA NASTUP PORODU A ZMENY
ZDRAVOTNIHO STAVU DOJNIC.
Posledni ¢asti disertacni prace je zhodnoceni vyuziti doby Zrani a piezvykovani na nastup
porodu a zmény zdravotniho stavu dojnic (Codl et al. 2022). Vliv nastupu porodu na zkraceni
doby Zrani a doby ptezvykovani zaznamenali i dalsi autofi (Braun et al., 2014; Pahl et al., 2014;
Schirmann et al., 2013). Praimérna denni doba Zrani béhem 10 dnt pied otelenim se pfi nasem
vyzkumu snizila z hodnoty 200,72 minut/den na 189,37 min/den v den oteleni. Doba
prezvykovani se pak snizila z primérné denni hodnoty 394,13 min/den 10 dnti pfed otelenim
na 271,2 min/den v den oteleni. Pokles pii porovnani téchto dvou obdobi tedy ¢inil 11,35
min/den (-5,7 %) u doby Zrani a 122,9 min/den (-31,2 %) u doby pifezvykovani. Huzzey et al.
(2005) zaznamenali snizeni doby zrani v pruméru o 25 min/den mezi 10 dni pfed otelenim a 2
dny po oteleni. Tato hodnota je vys$i nez u naSich vysledkt, jelikoz data srovnavané studie
neobsahovala hodnoty 2 dny po porodu. Nicméné vysledky 1 tak potvrzuji pokles doby Zrani v
obdobi pted porodem. Jensen (2012) sledoval zrani pouze nékolik hodin okolo porodu a zjistil,
ze se doba zrani zkratila 2 hodiny pied porodem a v ¢ase t€sné po porodu, kdy je nejintenzivnéjsi
interakce mezi kravou a teletem. Zde je potieba respektovat vliv socialniho chovani zvitat. Dle
Soriani et al. (2012) byla pramérna doba piezvykovani v obdobi 20 az 6 dni pied porodem 463
min/den u jalovic a 522 min/den u krav. Doba pfezvykovani ve jmenované studii dosahla
minima v den porodu na urovni 262 minut/den u jalovic a 278 min/den u krav. Tyto hodnoty
odpovidaji ndmi pozorované dob¢ piezvykovani v den porodu a soucasné potvrzuji vliv potradi
laktace prokazany v této praci. Dle Schirmann et al. (2013) se u krav zkratila v obdobi 3 dny
pied porodem az 1 den pied porodem doba zrani o 66 min/den a doba pfezvykovani o 63
min/den. Doby Zrani a ptezvykovani zacaly klesat 4 az 8 hodin pied porodem a nasledné zacaly
stoupat od 4 az 6 hodin po porodu. Rozdilné hodnoty poklesu sledovanych parametri a
zanedbatelny rozdil mezi poklesem doby zrani a piezvykovani mohly byt zplsobeny
rozdilnym ¢asovym obdobim pozorovani. Piesto vysledky této studie potvrzuji pokles doby
zrani a prezvykovani. Biichel & Sundrum (2014) porovnali dobu Zrani a pfezvykovéani 72
hodin az 7 hodin pifed otelenim a poslednich 6 hodin pied otelenim. Doba Zrani se 6 hodin
pted otelenim zkratila o 57 % a doba prezvykovani se zkratila o 27 %. Pfi porovnani mezi
jednotlivymi kravami byla zaznamenana vysoka variabilita doby Zrani a ptezZvykovani. Pahl et
al. (2014) sledovali ptezvykovani 24 hodin pted a 24 hodin po porodu. Doba ptezvykovani se
snizila mezi 4 hodinami pfed porodem az 8 hodinami po porodu. I zde doba prezvykovani
vykazovala vysokou variabilitu mezi jednotlivymi kravami. Podle této studie ma doba
prezvykovani nejvétsi potencial pfi monitorovani nastupu porodu, coz koresponduje s nasim

pozorovanim, kdy doba ptfezvykovani vykazovala vyraznéj$i zmény v pfedporodnim obdobi,
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nez doba zrani. Braun et al. (2014) méfili dobu Zrani a piezvykovani v obdobi 10 dnt pied a
10 dnti po porodu pomoci tlakového senzoru. Primérna doba zZrani v obdobi pied otelenim
byla 186 min/den a v den porodu klesla na 114 min/den. Doba ptezvykovani byla stala po
dobu trvani experimentu, krom¢ dne porodu. Doba piezvykovani se podle autord pohybovala v
rozmezi 329-391 min/den a v den porodu vyrazn¢ klesla na 214 min/den. V porovnani s
vysledky naseho vyzkumu byl pokles obou méfenych parametri vyraznéjsi. U doby Zrani byl
pokles cca desetinasobny a u doby piezvykovani cca dvojnasobny pii priblizné stejnych
vychozich hodnotach sledovanych parametrd v obdobi 10 dni pied porodem. Jednou z
moznych pficin rozdilnych vysledkii mohl byt odliSny typ zafizeni vyuzity ke sbéru dat.
Ouellet et al. (2016) zjistili pokles pramérné doby piezvykovani v den porodu o 41 min/den v
porovnani s predchéazejicimi ¢tyfmi dny. Tento vysledek je v porovnani s nasim nizsi, ale byl
ziskan v predporodnim obdobi krat$im o 6 dnti. Doba pfezvykovani vykazovala nejvyraznéjsi

zmény V poslednich Sesti hodinach pied porodem.

Posouzeni vlivu onemocnéni na dobu Zrani a pfeZvykovani bez rozliSeni druhu onemocnéni
ukazalo, Ze sledované parametry (Zrani, piezvykovani a aktivita) lze vyuzit k ptredpovédi
nastupu onemocnéni pouze omezené. Rozdily mezi jednotlivymi dny pfed zaznamendnim
onemocnéni byly pomérné malé. Tato informace je pro praktické vyuziti témét nepiinosna,
jelikoz se jedna o jiz relativné pozdni predpovéd’ néastupu nemoci. Prikaznéjsi byl pak vliv
jednotlivych druhti onemocnéni na denni dobu Zrani a piezvykovani, coz potvrdily i1 prikazné
rozdily poklesu sledovanych ukazateli mezi mastitidou, poporodnimi komplikacemi (metritida,
zadrZzeni luzka, zvySeni t€lesné teploty) a metabolickymi problémy (ketéza, aciddza,

hypokalcemie).

Dle Gonzalez et al. (2008) jsou zmény doby Zrani pfi onemocnéni vemene vysoce variabilni. U
jedenacti z dvaceti Sesti dojnic s diagnostikovanou mastitidou byl pozorovan pokles doby Zrani,
ale u zbylych patnacti dojnic nenastala zadna konzistentni zména v potravnim chovani. U dojnic
s mastitidou, kde se projevila zména doby Zrani, doslo k ndhlému a prudkému poklesu v den
diagndzy. Pti naSem pozorovani se doba zrani postupné zkracovala jiz 2 dny pied zjiSténim

onemocnéni.

Dle Urton et al. (2005) kravy projevujici znaky metritidy mély v priméru o 22 min/den kratsi
dobu Zrani nez kravy bez vyskytu metritidy. Pfi poklesu primérné doby Zrani o 10 min/den

stoupla pravdépodobnost diagndzy metritidou dvojnasobné. Dle Huzzey et al. (2005) dojnice

64



postizené tézkou metritidu mély krat$i dobu Zrani v porovnéani se zdravymi dojnicemi. Pokles
doby zrani zacal 2 tydny pfed projevem klinickych projevii metritidy. Pti poklesu pramérné
doby zrani v obdobi pfed porodem o 10 min/den stoupla pravdépodobnost vyskytu tézké
metritidy 1,72krat. Vysledky obou vyse uvedenych studii koresponduji s nasim pozorovanim,
kdy se doba Zrani snizila dva dny pied zaznamenanim onemocnéni 0 12,77 min, nasledujici den
o dal$ich cca 23,77 min a v den zaznamendni onemocnéni navic jest¢ o cca 32,13 min. Ob¢
vySe uvedené studie pracovaly s daty z obdobi 2 tydny pied zaznamenani onemocnéni, zatimco
nas vyzkum hodnotil 3 dny pfed projevem klinickych ptiznakli a v den zdznamu onemocnéni.
Liboreiro et al. (2015) v obdobi 3 tydny pfed porodem nepozorovali rozdily v denni dobé
ptezvykovani mezi dojnicemi s metritidou a zdravymi dojnicemi. Tento zavér neni v souladu s
nasimi vysledky, kdy doba piezvykovani poklesla béhem 3 dni pied a v den zaznamu
onemocnéni poporodnimi problémy 0 88 minut, coz odpovida poklesu 0 22,6 %. To lze do jisté

miry vysvétlit slou€enim nékolika druhli poporodnich komplikaci v ptipad€ naseho hodnoceni.

Dle Gonzalez et al. (2008) byly ketéza provazena prudkym poklesem denni doby Zrani o 45
minut/den. Pokles doby Zrani se objevil v priiméru 3,6 dnii pted diagn6zou onemocnéni. Tento
vysledek je v souladu s naSim pozorovanim, kdy se doba zrani 2 dny pfed zaznamem
onemocnéni snizila 0 cca 50 minut/den a nasledujici den o dalsich 43 minut/den. Dle Goldhawk
et al. (2009) stoupla pii poklesu primérné doby Zrani tyden pied otelenim o 10 minut/den
pravdépodobnost vyskytu subklinické ketdzy 1,72krat. Prudsi pokles doby Zrani v nasi praci v
porovnani s vyse uvedenou studii mohl byt zptisoben krat§im obdobim sledovani. Dle Liboreiro
et al. (2015) v obdobi 3 tydny pied porodem neindikuje denni doba ptezvykovani subklinickou
ketéozu a hypokalcémii. P¥i naSem pozorovani se doba piezvykovani pii metabolickych
onemocnénich za 2 dny pied zaznamenanim onemocnéni snizila o cca 81 minut. Na druhou
stranu neprukaznost rozdilu v dobé piezvykovani u metabolickych onemocnéni v riznych

dnech pted onemocnénim muize byt potvrzenim zminéné studie.
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6

ZAVER

Doktorska disertani prace se zabyvala vyhodnoceni vztahii mezi dobou a druhem aktivity,
nebo odpocinku dojnic a jejich vykonnosti a zdravotnim stavem. To zahrnovalo piedevs§im vliv
doby ptezvykovani a Zrani na produkci mléka, zdravi a reprodukci dojnic. Hlavnim cilem této
zaverecné prace bylo hlubsi prozkoumani a rozsifeni dosavadnich znalosti, v oblasti vlivu doby

prezvykovani a zrani na produkci mléka, zdravi a reprodukci dojnic.

Byl potvrzen vliv plemenné pfislusnosti (resp. stupné hybridizace), poc¢tu laktaci a rocniho
obdobi na denni délku zrani, pfezvykovani, zvySenou fyzickou aktivitu a celkovou dobu trvani
aktivity, vyplyva vyznamny vliv plemenné ptislusnosti (resp. stupné hybridizace), poc¢tu laktaci
a ro¢niho obdobi na denni délku Zrani, pfezvykovani, zvySenou fyzickou aktivitu a celkovou
dobu trvani aktivity. Vysledky, které jsme zjistili jak samostatné, tak v ramci interakci, aktivit
dojnic pomoci aktivometri mohou v budoucnu piinést nejen cenné informace pro chovatele,

ale také vyrazné zlepsit a zjednodusit fizeni celého stada.

Druhym dil¢im cilem prace bylo zhodnoceni vztahu mezi vybranymi aktivitami, jejich délkou
a vyskytem tiji dojnic béhem roku. Stado v nasi studii se nachéazelo ve fazi prevodného kiizeni
na holstynské plemeno. Dojnice s vys$im podilem holStynské krve Zerou a piezvykuji déle nez
kravy ¢eského strakatého plemene, protoze maji vys$si mlécnou uzitkovost, a tim i intenzivné;si
metabolismus. Diky moznosti vyuziti vice fyziologickych ukazateld pro detekci fije se
aktivometr muze stat dobrym nastrojem pro zlepSeni reprodukcnich vlastnosti stad. Nase
zjisténi mohou zlepsit presnost algoritmu pro detekci fije u riznych plemen. a ve vSech ro¢nich
obdobich.

Vysledky nasi studie potvrzuji vyznam rutinniho sledovani délky Zrani a pfezvykovani pomoci
modernich automatickych pfistroji. | pies nékteré rozdily ve fyziologii holstynskych a ¢eskych
dojnic plemene Ceského strakatého skotu byly zmény v délce Zrani a dob¢ pifezvykovani
podobné. Prodlouzeni doby Zrani a prezvykovani se projevilo vyssi dojivosti, ale také mirné
niz8im obsahem slozek mléka, podle které se mléko zpenézuje. Nase prace také potvrdila vliv
kalendarniho meésice, ktery v kombinaci s dfive prezentovanymi vysledky muize poskytnout

dobry zaklad pro predikci produkce mléka na zéklad¢ vyzivy, prezvykovani a dalSich faktort.

Nase vysledky potvrdili, ze vliv nastupu teleni a onemocnéni na dobu zrani a ptezvykovani byl
na zakladé¢ ziskanych udaju prukazny. Oba sledované parametry Zrani a pfezvykovani se snizily
v obdobi pfed otelenim, pfi¢emZ zaznamenany pokles byl vyraznéjsi v dobé piezvykovani.

Podobné trendy poklesu zrani a ptezvykovani byly patrné i pii hodnoceni vybranych
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onemocnéni. Dale byl zaznamenan rozdil mezi jednotlivymi onemocnénimi, kdy nejvyssi
pokles obou parametrit byl naméten u metabolickych poruch, a nejnizsi poklesy byly
zaznamenany U mastitid. Nase vysledky ukazuji, ze aktivometr mize byt dobrym nastrojem pro
detekci zmén v dobé¢ piijmu potravy a piezvykovani v obdobi pted otelenim. Také to, ze v
obdobi pfi nastupu onemocnéni vykazuji parametry piijmu krmiva specificky pokles lze

povazovat za dobry nastroj detekce nastupu onemocnéni.
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