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Ne prezivi najmocnejsa vrsta,
niti najbolj inteligentna;
prezivi tista, ki se najbolje prilagaja spremembam.

Charles Darwin (1809 - 1882)
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Glavni namen doktorske disertacije je bil prouditi cikasto govedo kot edino
slovensko avtohtono pasmo govedi iz razliénih vidikov. Z analizo lastnosti
zunanjosti smo dokazali, da nanje vpliva ve¢ dejavnikov okolja, kar lahko povzroci
nepravilno razvrstitev Zivali v ustrezen tip. Prvi¢ so bili ocenjeni dednostni delezi za
lastnosti zunanjosti pri cikastem govedu, ki smo jih uporabili tudi za genetsko
vrednotenje. Prvi¢ ocenjene plemenske vrednosti omogocajo pravilnejSo razvrstitev
zivali v ustrezen tip, kar lahko uporabimo za ucinkovitejSo selekcijo populacije z
vidika ohranjanja avtohtonih lastnosti. Z genetsko karakterizacijo na osnovi
razliénih genetskih oznacCevalcev smo prvic dokazali, da je cikasto govedo
avtenticna slovenska avtohtona pasma in naSli moznost za reSevanje avtohtonega
genetskega ozadja. V skladu z novo klasifikacijo pasem na osnovi genetske
raznolikosti, geografske blizine in zgodovine pasme je bilo cikasto govedo prvic¢
razvrsc¢eno v skupino »Centralno-evropsko govedo« in v podskupino »Centralno-
vzhodne pasme«, kamor sta razvrSceni tudi pincgavsko in pustariSko govedo. Cika
bo, na podlagi genetske karakterizacije, kot avtenti¢na avtohtona pasma tudi prvic¢
predstavljena v novi enciklopediji pasem govedi, ki jo pripravljajo na Univerzi v
Lincolnu v Veliki Britaniji. Cika je kombinirana pasma, ki so jo v preteklosti redili v
glavnem za prirejo mleka. S prvimi poskusi pitanja mladih bikov cikastega goveda
smo potrdili, da je pasma povsem primerna tudi za prirejo mesa. V poskusu pitanja
skupaj z lisastimi biki so dosegli podobno dobro klavno kakovost in kakovost mesa.
Cika je slovenska kulturna dediS¢ina in edinstven genetski vir, ki si tudi na podlagi
novih ugotovitev v doktorski disertaciji, zasluzi primeren nacin ohranjanja.
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The main objective of the present dissertation was to survey Cika cattle from
different aspects. Cika is at present considered as the only Slovenian autochthonous
cattle breed. With the analysis of Cika cattle type traits it has been proven that these
traits are affected by several environmental effects, which could lead to
misclassification of animals in the appropriate type. For the first time, the estimated
heritabilities for type traits in Cika were determined and also used for the genetic
evaluation. Thus, first estimated breeding values allow adequate classification of
animals in the appropriate type, which can from now on be used for more efficient
selection of the population in terms of preserving autochthonous traits. The genetic
characterization based on different genetic markers demonstrated Cika for the first
time in history as an authentic Slovenian autochthonous breed. In this respect, the
possibility to rescue autochthonous genetic background was found as well. In
accordance with the new breed classification based on the genetic diversity,
geographical proximity and breed history Cika has been classified in the group of
"Central-European cattle" and the subgroup "Central-Eastern breeds" along with
Pinzgauer and Pustertaler cattle. Based on the genetic characterization Cika as an
authentic autochthonous breed, will be presented for the first time in a new
encyclopedia of cattle breeds published by the University of Lincoln, UK. Cika is
regarded as a dual-purpose breed. In the past it was mainly used for milk production.
Later on, first fattening trials confirmed that young Cika bulls are quite suitable for
beef production as well. In the fattening trial together with Simmental bulls, they
achieved similarly good carcass and meat quality. Cika can be ranked among the
Slovenian cultural heritage, and is a unique genetic source, which also due to new
findings in the present dissertation deserves a suitable conservation program.
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SLOVARCEK
Alel — oblika gena ali oznacevalca na nekem lokusu
A kategorija — biki do starosti 24 mesecev, mladi biki
B kategorija — biki starejSi od 24 mesecev, starejsi biki
Bos indicus — indijsko govedo, zebu govedo, govedo z grbo
Bos taurus — evropsko govedo, govedo brez grbe
Bos taurus brachyceros — kratkorozno govedo
Bos taurus brachycephalus — govedo s kratko glavo
Bos taurus longifrons — govedo z dolgim ¢elom
Bos taurus frontosus — govedo s Siroko glavo

BovineSNP50 Genotyping BeadChip — €ip za genotipizacijo goveda, ki vsebuje 54.609
zelo informativnih SNP-ov enakomerno porazdeljenih po celotnem genomu pri glavnih
pasmah govedi in se uporablja za genomsko selekcijo, identifikacijo lokusov za
kvantitativne lastnosti, vrednotenje plemenskih vrednosti in za primerjalne genetske
raziskave.

Dednostni delez — je delez genetske variance v fenotipski varianci za doloeno lastnost v
neki populaciji; tudi heritabiliteta

Difiletsko poreklo — vrsta, ki naj bi nastala kot potomec prednikov dveh razli¢nih vrst
Druga pasna sezona — pasna sezona po koncanem prvem zimskem obdobju Zivljenja Zivali

EUROP Kklasifikacija — razvr$€anje klavnih trupov v kakovostne razrede na koncu linije
klanja na podlagi mesnatosti in zamaScenosti

Fenotip — so morfoloske, fizioloske ali opazovane lastnosti nekega organizma, ki jih doloca
genotip v povezavi z okoljem

Filogenija — je sorodstveno razmerje skupin organizmov glede na evolucijsko preteklost

Genetski oznacevalec — fenotipski, biokemijski ali DNK polimorfizem, ki ga uporabljamo
za opis osebka ali populacije
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Genetska raznolikost — je raznolikost alelov ali genotipov, ki so prisotni v proucevani
skupini

Genetska razdalja — je merilo za oddaljenost dveh populacij ali dveh vrst na podlagi alelnih
zamenjav na lokusih, ki so nastale v toku lo¢ene evolucije

Genotip — skupek vseh podedovanih lastnosti nekega organizma, razpoznavnega po
njegovi zunanjosti ali fenotipu; tudi stanje alelov na enem ali ve¢ lokusih nekega
organizma

Genotipizacija — proces ugotavljanja genotipa posameznika, pri katerem se lahko ugotavlja
genotip enega ali pa ve€ih genov

Haplotip — je skupina med seboj tesno povezanih genov, ki se navadno dedujejo skupaj
Krizanje — parjenje genetsko razli¢nih osebkov (pasem) nasprotnega spola

Mikrosatelitni oznacevalci, mikrosateliti — genetski oznacevalci za populacijske Studije, ki
omogocajo proucevanje genetske strukture populacij, pretoka genov in u¢inka ozkega grla;
so segmenti DNA, ki vsebujejo ponovitve nukleotidnih motivov dolzine od 1 do 6 baznih
parov

Molekularna genetika — veja genetike, ki proucuje sestavo in delovanje genov na
molekularni osnovi

Monofiletsko poreklo — pomeni, da se je ena ali veC vrst razvila iz enega samega skupnega
prednika. Domace zivali imajo praviloma monofiletsko poreklo, kar pomeni, da je bila
udomacena ena sama divja vrsta

Oplemenjevanje — vnasanje boljsih lastnosti ene pasme v drugo pasmo
Plemenska vrednost — vsota aditivnih u¢inkov genov za doloc¢eno lastnost

Pretapljanje — vnasSanje lastnosti ene pasme v drugo pasmo dokler druga pasma povsem ne
prevzame vnesenih lastnosti
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1 PREDSTAVITEV PROBLEMATIKE IN HIPOTEZE

Cikasto govedo ali cika je danes slovenska avtohtona pasma. Rejski cilj je ohranjanje
pasme v prvotnem tipu in preprecevanje parjenja v sorodstvu. V preteklosti je bilo to
govedo razsirjeno predvsem v Alpah in predalpskem svetu sedanje Slovenije. Danes je
cikasto govedo razsirjeno skoraj po vsej Sloveniji. Po podatkih Sluzbe za identifikacijo in
registracijo (SIR) je bilo v juniju 2014 v Sloveniji 3.351 zivali cikastega goveda. V
centralni podatkovni zbirki (CPZ) Govedo na Kmetijskem inStitutu Slovenije je bilo v
decembru 2014 v rodovniski knjigi za cikasto govedo vpisanih 2.021 cistopasemskih
plemenic, od katerih jih je bilo 379 v glavnem razdelku rodovniske knjige. Stevilo Zivali in
Stevilo kmetij, ki redijo to pasmo, se v zadnjih letih povecuje. Najvec rej je na Gorenjskem
(okolica Kamnika, Bohinj in Zgornjesavska dolina), v Zgornji Savinjski dolini in v
Zgornjem Poso¢ju. V juniju 2014 so cikasto govedo redili na 949 kmetijah v Sloveniji.

Razvoj cikastega goveda je bil na podlagi pisnih zgodovinskih virov podrobno proucen v
doktorski disertaciji (Zan Lotri¢, 2012). Tukaj navajamo le nekaj prelomnic pri razvoju te
pasme. Govedo na Kranjskem je bilo prvi¢ popisano 1872 leta kot govedo brez posebnega
imena, rumene, rdece, rdeCerjave in rjavocrne barve. Govedo je bilo majhno zaradi
skromnih rejskih in krmnih razmer (Schollmayr, 1873). V letu 1878 je bilo opisano
bohinjsko govedo (Hitz, 1878), rjavordece barve z lepim telesnim okvirom, tankih kosti in
z relativno veliko mle¢nostjo. Bohinjsko govedo so nekateri rejci Ze takrat oplemenjevali z
biki belanskega goveda (Molltaler) iz Belanske doline v dezeli Koroski takratne Avstro-
Ogrske monarhije. Veliko $tevilo rejcev pa je Se naprej vztrajalo pri uporabi bohinjskih
bikov.

Na Gorenjskem je Povse (1893) opisal rdeCe pisano gorenjsko govedo, ki je po opisu
najbolj podobno cikastemu govedu kot ga poznamo danes. Poleg tega je opisal tudi
skromno in mle¢no bohinjsko govedo, ki ga ni imenoval kot posebno pasmo. V Posocju je
Povse (1894) opisal tolminsko in bovsko govedo kot lazji tip belanskega goveda z veliko
mlecnostjo. V tistem Casu je potekalo intenzivno trgovanje z govedom med razli¢nimi
dezelami Avstro-Ogrske monarhije. Bohinjske krave so bile cenjene kot dobre molznice na
Koroskem in na Salzburskem (Zan Lotri¢, 2012), bovike krave pa so prodajali v Belansko
dolino.

Belansko govedo je imelo relativno majhen telesni okvir, temnejSo rdeco osnovno barvo
plasca in zelo dobro mlecnost, a je bilo leta 1925 prikljuceno k pincgavskemu govedu in je
tako izumrlo (Sambraus, 1999). To korosko dezelno govedo je dominanten barvni vzorec
prenaSalo na potomstvo. Ko je prvotno enobarvno lokalno govedo ob koncu 19. stoletja od
belanskega goveda prevzelo barvni vzorec, so ga poimenovali cikasto govedo. Po barvnem
vzorcu je bilo podobno belanskemu govedu, po telesnih oblikah pa prvotnemu lokalnemu
govedu (Fercej, 1947). Slovelo je po dobri mle¢nosti in primernosti za paso na strmih
visokogorskih pasnikih. Sistematicno in organizirano rejsko delo, vodenje rodovniske
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knjige in kontrola mlecnosti je bila pri cikastem govedu uvedena Ze leta 1906 (Ovsenik,
1926). Leta 1935 so bila v Sluzbenem listu kraljevske banske uprave dravske banovine kot
Banova uredba objavljena »Navodila za presojo barvnih znakov cikastega goveda«
(Navodila za presojo..., 1935).

Po letu 1935 so za namen oplemenjevanja cikastega goveda zaceli uvazati bike
pincgavskega goveda iz Avstrije, katerih je bilo na slovenskem ozemlju najve¢ v Casu
druge svetovne vojne. Napredni rejci v dolinah so uporabljali te bike, da bi povecali telesni
okvir in s tem prirejo pri cikastem govedu, ki je takrat §telo 58.000 glav (Zan Lotri¢, 2012).
Rejci na hribovskih kmetijah so zavrnili pincgavske bike zaradi tezkih telitev in velike
porabe krme pri njihovih potomcih. Posledicno sta se oblikovala dva razli¢na tipa
cikastega goveda, vecji »ravninski« in manj$i »planinski« ali »Bohinjski« tip (Fercej,
1947).

V ¢casu po drugi svetovni vojni je bilo v Sloveniji okoli 80.000 glav cikastega goveda
(Cepon in sod., 1999). To pasmo so rejci uporabljali zlasti za prirejo mleka in za predelavo
le-tega v sir. Na obmocjih, kjer je prevladovalo cikasto govedo, naj bi bila teleta
neprimerna za intenzivno prirejo mesa, zato je bilo leta 1964 sklenjeno, da se cikasto
govedo na Gorenjskem pretopi z lisastim govedom. Na KamniSkem in DomZalskem
obmocju se je pretapljanje cikastega z lisastim oziroma z rjavim govedom zacelo Ze prej.
Na Tolminskem so cikasto govedo zamenjevali z rjavim govedom. Pretapljanje z lisastim
govedom in zamenjava z rjavim govedom sta bili uspesnejsi na kmetijah v dolini. Tako so,
najbrz, z lisastim govedom pretopili in z rjavim govedom zamenjali povecini Ze
oplemenjeno cikasto govedo s pincgavskim govedom.

Manjse Stevilo rejcev je Se naprej uporabljalo licencirane bike cikastega goveda za naravni
pripust. Taksni pripusti po letu 1976 niso bili ve¢ dovoljeni, a so nekateri rejci nadaljevali s
pripusti z nelicenciranimi biki cikastega goveda in tvegali kazen. Za osemenjevanje je bilo
po letu 1976 na razpolago seme uvozenih bikov pincgavskega goveda in seme bikov
krizancev s 25 - 50 % genov cikastega goveda in 50 - 75 % genov pincgavskega ali
rdecega holStajnskega goveda (Jeretina, 2004).

Tako je bila reja cikastega goveda skoraj 40 let brez nadrtnega selekcijskega dela. Stevilo
zivali cikastega goveda se je zmanjSevalo do leta 1992, ko je bilo v registru govedi na
Kmetijskem institutu Slovenije le Se 59 krav, vefinoma krizank med cikastim in
pincgavskim govedom, ki so imele poznano poreklo (Jeretina, 2004). Na osnovi popisa
zivali v letu 1992 in ocene stopnje ogrozenosti se je zacel izvajati program ohranjanja
pasme. Leta 2000 je bilo cikasto govedo vklju¢eno v program »Ohranjanje biotske
raznovrstnosti v slovenski zivinoreji«, na Oddelku za zootehniko, Biotehniske fakultete,
Univerze v Ljubljani. Sistemati¢no iskanje zivali cikastega goveda za program ohranjanja
se je pricelo leta 2002. Takrat je postala obvezna tudi identifikacija goveda z uSesnimi
znamkami. Takoj je postalo jasno, da so izvorno cikasto govedo ohranili rejci na
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hribovskih kmetijah na KamniSskem in na obmocju Bohinja, kjer so se uprli prepovedi
naravnega pripusta in nadaljevali z uporabo nelicenciranih cikastih bikov. Na novo je bilo
registriranih okoli 300 zivali cikastega goveda, ki so bile potencialno brez primesi
pincgavskega goveda. Zaradi neznanih podatkov o poreklu in podobnosti v barvnem
vzorcu cikastega in pincgavskega goveda, je bilo nemogoce izkljuciti zivali s primesmi
genov pincgavskega goveda v cikastem govedu. Vse zivali, ki so bile po zunanjosti
podobne cikastemu govedu, so bile vpisane v register in kasneje v rodovnisko knjigo kot
cikasto govedo. Leta 2001 so se rejci organizirali v Drustvo za ohranjanje cikastega goveda
v Sloveniji, ki je bilo kasneje preimenovano v ZdruZenje rejcev avtohtonega cikastega
goveda v Sloveniji.

1.1  LASTNOSTI ZUNANJOSTI

Za cikasto govedo je bil leta 2005 sprejet in potrjen rejski program (Zan in sod., 2005).
Leta 2010 se je rejski program nekoliko dopolnil in ponovno sprejel (Zan Lotri¢ in sod.,
2010). Selekcija cikastega goveda temelji na ocenjevanju lastnosti zunanjosti pri
potencialnih plemenskih bikih ter pri vseh prvesnicah. Vse plemenske zivali cikastega
goveda, ne glede na starost, so bile prvi¢ ocenjene v letu 2002 in 2003, ko so se ugotovile
precej velike razlike v zunanjosti med Zzivalmi znotraj populacije. Prvo ocenjevanje
cikastega goveda je potekalo na nacin, ki je bil enoten za vse populacije v kontroli prireje
mleka v Sloveniji. Leta 2006 (Zan Lotri¢ in sod., 2010) se je zato ponovno ocenilo vse
zivali v populaciji cikastega goveda z vkljucitvijo sklopa tako imenovanih »avtohtonih
lastnosti«. Pregled je pokazal velike razlike v lastnostih zunanjosti med zivalmi v
populaciji cikastega goveda, zato so bile vse Zivali razvrS€ene v tri tipe in sicer: cikasti,
delni cikasti in pincgavski tip.

RazvrS€anje Zivali v ustrezen tip na podlagi ocene za avtohtonost se izvede neposredno ob
koncu ocenjevanja, kar onemogoca, da bi upostevali morebitne vplive okolja. Mednarodni
komite za kontrolo proizvodnje zivali (ICAR) (International agreement..., 2012) priporoca
izvrednotenje ocen za lastnosti zunanjosti s statisticnim modelom, kjer naj bi bili vkljuceni
vplivi starosti, stadija laktacije in sezone. Ocenjevalci ne bi smeli delati popravkov ocen
glede na starost, stadij laktacije, sezono, oceta in tehnologijo reje v ¢asu postopka
ocenjevanja, ampak se ta korekcija izvede racunsko s pomocjo statisticnega modela.

Pri ocenjevanju cikastega goveda se zabelezijo naslednje informacije, ki bi jih lahko
uporabili kot potencialne vplive »leto ocenjevanja«, »starost na dan ocenjevanja«, »Stevilo
dni po telitvi« pri prvesnicah. Predpostavljamo, da sedaj prihaja do napak pri razvrstitvi
zivali v tip, ker se vplivov okolja ne uposteva.

Tudi pri analizah lastnosti zunanjosti za italijanske avtohtone pasme govedi valdostana
(Mazza in sod., 2013), rendena (Mazza in sod., 2014) in piemontese (Mantovani in sod.,
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2010) so uporabili statisticni model za korekcijo vpliva starosti zivali ob ocenjevanju in
vpliva stadija laktacije. V model za izvrednotenje lastnosti zunanjosti pri prvesnicah
asturiana de los valles govedi so prav tako vkljucili vplive kot so ¢reda, interakcija
ocenjevalec-leto-sezona, ¢as po telitvi in starost (Gutiérrez in Goyache, 2002). Pri
prvesnicah holstajn-frizijskega goveda so v model za analizo variance lastnosti zunanjosti
vkljucili naslednje vplive: ocenjevalec, sezona telitve, starost ob telitvi ter interakcijo med
¢redo, sezono ocenjevanja in ocenjevalcem (Némcovéa in sod., 2011). Pri prvesnicah
ameriSkega rjavega goveda v Italiji so v model za analizo variance lastnosti zunanjosti
vkljucili vplive kot so interakcija creda-leto-sezona, starost ob telitvi in ocenjevalec
(Samor¢ in sod., 2010). Nekateri avtorji (npr. Dal Zotto in sod., 2007; Klop¢i¢ in Hamoen,
2010) priporoc¢ajo tudi vkljucitev telesne kondicije v model kot vpliv pri analizi variance
za lastnosti zunanjosti.

1.2 GENETSKA KARAKTERIZACIJA

Glede na vsa dejstva iz zgodovinskih zapisov in zaradi velikih razlik v zunanjosti med
posameznimi zivalmi v populaciji cikastega goveda, smo predpostavili, da se je do danes
ohranilo prvotno cikasto govedo in cikasto govedo oplemenjeno s pincgavskim govedom
ter prekrizano z lisastim govedom. Poleg tega imajo nekatere zivali tudi v poreklu
zabelezen manjsi ali vecji delez genotipa pincgavskega goveda, kot rezultat
oplemenjevanja. Pincgavsko govedo je bilo v 70. letih prejSnjega stoletja v Avstriji pod
vplivom oplemenjevanja z rde¢im holstajnskim govedom (Felius, 1995), zato je prisla v
populacijo cikastega goveda tudi primes rdeega holstajnskega goveda, kar je zabelezeno
pri manjSem Stevilu zivali z znanim poreklom.

Med rejci, strokovno in lai¢no javnostjo je zaradi tega Se vedno prisoten dvom, katero
govedo se je ohranilo, cikasto, pincgavsko ali je to samo prekrizana populacija z razliénimi
delezi pasem, ki so sodelovale pri nastajanju. Ce se je ohranilo cikasto govedo, potem gre
za avtenticno pasmo, ki jo redimo samo v Sloveniji. Na drugi strani se pojavljajo
predpostavke, da je to pincgavsko govedo, ki je zaradi skromnejSih koli¢in krme ostalo
manjSega telesnega okvira.

Prve filogenetske raziskave sorodnosti med desetimi pasmami govedi v centralni Evropi,
kamor sta bili vkljuéeni tudi pincgavsko in pustarisko govedo, so temeljile na frekvenci
alel za enajst krvnih skupin in proteinskih polimorfizmov (Kidd in Pirchner, 1971). Na
osnovi krvnih skupin, proteinskih polimorfizmov iz mleka in krvi so Medugorac in sod.
(1994) cikasto govedo razvrstili v »Balkansko-Alpsko« skupino z nestabilno filogenetsko
pozicijo. Vzorce krvi so zbirali od cikastega goveda v Zgornjem Posocju, kjer so cikasto
govedo oplemenjevali z biki pincgavskega goveda z ve¢jim delezem rdeCega holStajnskega
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goveda, da bi povecali mle¢nost. Predpostavljamo, da so bile vzorcene Zivali krizanci treh
pasem, kar bi lahko vodilo do nestabilne filogenetske pozicije.

Z razvojem molekularne genetike so raziskovalci zaceli rutinsko uporabljati mikrosatelitne
genetske oznadevalce (mikrosateliti). Medugorac in sod. (2009) so s pomocjo tak$nih
informacij prikazali genetsko raznolikost in sorodstvo med primitivnimi pasmami goveda
na Balkanu (buSa, ¢rno anatolijsko govedo in gatacko govedo) in pasmami goveda v
zahodni Evropi (tirolsko sivo, originalno rjavo, pomursko, frankovsko rumeno, lisasto,
tarenteise, rdece holStajnsko, belgijsko belo-plavo in galloway). Podobno so Edwards in
sod. (2000) v Awvstriji ocenili sorodstvo med pustariSkim, pincgavskim, vosges ter
simentalskim govedom, medtem ko so Manatrion in sod. (2008) naredili genotipizacijo
dveh avstrijskih pasem govedi (korosko plavo, waldviertler blond) in madzarskim sivim
govedom. Del Bo in sod. (2001) so v podobno raziskavo vkljucili sedem avtohtonih pasem
govedi v Alpah v Italiji (¢rno-bela aosta, rdeCe-bela aosta, kostanjeva aosta, rdece-bela
oropa, siva alpska, rendena in burlina) in izracunali genetske razdalje med njimi. V
centralni Evropi so Citek in sod. (2006) ter Czernekova in sod. (2006) proucevali genetske
razdalje med CeSkim rde¢im, nemsSkim rdefim, ¢eskim lisastim, poljskim rde¢im, ¢eSkim
¢rno-belim in nemskim ¢rno-belim govedom. Amigues in sod. (2011) so s pomocjo
mikrosatelitov iskali sorodstvo med francoskimi pasmami goveda blonde d'aquitaine,
limuzin in salers. Kantanen in sod. (2000) so predstavili genetsko raznolikost in strukturo
populacij za 20 severno evropskih pasem govedi iz Danske, Finske, Islandije, Norveske in
Svedske.

V zaletnih raziskavah so bile genetske razdalje najveckrat izratunane med posameznimi
pasmami znotraj drzave ali med pasmami v sosednjih drzavah. Kasneje pa so raziskovalci
zaceli zdruzevati podatke o pasmah iz razlicnih drzav z namenom, da bi izracunali
genetske razdalje med vecino pasem govedi v Evropi in s tem pojasnili njihov izvor in
razvoj (Felius in sod., 2011). Pri tem so se pojavile tezave, saj so razlicni znanstveniki
uporabljali razlicne mikrosatelitne genetske oznacevalce in je bila primerjava nemogoca ali
omejena. Zato so raziskovalci v okviru organizacij FAO (Food and Agriculture
Organisation of the United Nations) in ISAG (International Society of Animal Genetics)
izbrali in priporocili 30 mikrosatelitnih oznacevalcev primernih za genotipizacijo goveda
za molekularno genetske analize razli¢nih pasem (FAO, 2011).

V zadnjem casu se, namesto mikrosatelitov, ¢edalje bolj uveljavljajo genetski oznacevalci
SNP (Single Nucleotide Polymorphism; polimorfizem na posameznem nukleotidu).
Genotipizacija z velikim Stevilom (cca. 54.000) oznacevalcev SNP (BovineSNP50
Genotyping BeadChip) je postala finan¢no ugodnejSa in hkrati nudi vecje Stevilo
informacij o genomu. Zal so raziskovalci v razvoj BovineSNP50 ¢ipa vkljugili predvsem
spektrum alel ozko selekcioniranih, komercialnih, dobro poznanih in razsirjenih pasem
govedi (Matukumalli in sod., 2009). Posledi¢no lahko na ocene genetske raznolikosti
vpliva potrjena pristranost ¢ipa, kar lahko vodi do pristranih ali celo napaénih zaklju¢kov
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Studij. Gautier in sod. (2010) so naredili prvo Studijo na osnovi oznacevalcev SNP med 47
pasmami govedi iz celega sveta, ko so analizirali genetske strukture populacij ter izra¢unali
genetske razdalje med njimi, ob tem pa niso upoStevati pristranosti in pristrano ocenili
parametre genetske raznolikosti med pasmami.

V novejsih molekularno genetskih $tudijah z vkljucenim velikim Stevilom pasem govedi iz
celega Sveta na osnovi genotipizacije z BovineSNP50 cipom (Decker in sod., 2009;
Decker in sod., 2014) so za izraCun parametrov raznolikosti zaradi pristranosti Cipa
namesto SNP genotipov uporabili haplotipe. Tako kot mnoge avtohtone pasme, tudi
cikasto govedo ni bilo vkljueno v razvoj BovineSNP50 ¢ipa. Privatne alele znacilne za
avtohtone pasme govedi niso vkljucene v Cip in tako ostanejo nezaznane. Da bi se v nasi
raziskavi izognili pristranim ocenam, smo uporabili haplotipe, ki smo jih sestavili iz $tirih
zaporednih oznacevalcev SNP v genomu.

Glede na veliko Stevilo raziskav, kjer so s pomocjo genetske karakterizacije ugotovili
avtenti¢nost pasme in iz programov ohranjanja izlocili zivali, ki so vkljuevale primesi
drugih pasem, smo se odlocili za podoben pristop tudi pri cikastem govedu. Genotipizacija
z manj$im Stevilom mikrosatelitnih oznaCevalcev je bila narejena na vecjem Stevilu zivali,
medtem ko smo kasneje ponovili genotipizacijo z vecjim Stevilom oznafevalcev SNP na
manjSem Stevilu Zzivali. Na podlagi dobljenih rezultatov smo naredili genetsko
karakterizacijo pasme. Cikasto govedo, kot pasma, Se ni bilo razvr§€eno v pasemsko
skupino, zato smo jo zeleli ustrezno razvrstiti.

1.3 KLAVNE LASTNOSTI IN LASTNOSTI MESA

Po drugi svetovni vojni je bilo cikasto govedo namenjeno za prirejo mleka, vendar se je
nacrtno rejsko delo pri pasmi zakljucilo, ko so se strokovnjaki odlocili pasmo pretopiti z
lisastim oziroma zamenjati z rjavim govedom. Danes je mlec¢nost krav cikastega goveda
majhna v primerjavi z drugimi pasmami, ki so usmerjene v trzno prirejo mleka. V letu
2013 je bilo na podlagi 23 laktacijskih zaklju¢kov ugotovljeno, da so krave cikastega
goveda na laktacijo priredile v povprecju 2.691 kg mleka s 3,84 % mlecne mascobe in
3,30 % mlec¢nih beljakovin (Sadar in sod., 2014).

Zastavilo se nam vpraSanje, kako v prihodnosti ohraniti pasmo, saj je ohranjanje
avtohtonih pasem bolj uspesno, ¢e je pasma gospodarsko zanimiva in uporabna za prirejo.
Zaradi majhne mlec¢nosti je cikasto govedo nekonkurencno za trzno prirejo mleka, zato bi
morali taks$no prirejo vzdrzevati s pomocjo vec¢jih podpor. V sedanjem Casu bi bila pasma
lahko zanimiva za »buti¢no« prirejo mleka in predelavo le-tega v izdelke z veliko dodano
vrednostjo, npr. sir, skuta, jogurt. Potrebno je poudariti, da na posameznih kmetijah, kjer se
je ohranilo plansarsko gospodarstvo, pasmo Se vedno uporabljajo v ta namen.
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S podobnim problemom se srecujejo tudi rejci drugih avtohtonih pasem govedi. Francoski
kombinirani pasmi goveda salers in aubrac so v preteklosti uporabljali za delo in za prirejo
mleka. Danes vecino krav obeh pasem redijo kot krave dojilje za prirejo Cistopasemskih ali
krizanih telet z mesnimi pasmami za nadaljnje pitanje (Piedrafita in sod., 2003). Prireja
mleka s kravami salers goveda se je ohranila le v manjSem Stevilu rej, ki so nasli trzno niSo
v »buti¢ni« prodaji mle¢nih izdelkov. Vecina avtohtonih pasem govedi iz alpskega
prostora je bila v preteklosti kombiniranih s poudarkom na prireji mleka. Danes pa je v
primerjavi s pasmami za trzno prirejo mleka njihova mlecnost majhna. Raziskovalci so se
zato odloc€ili prouciti moznosti prireje mesa z avtohtonimi pasmami in dolo€iti klavno
kakovost mesa teh pasem. Nekateri so proucevali prirejo mesa v tipicnih proizvodnih
sistemih s kravami dojiljami lokalnih pasem v pasni reji (Piedrafita in sod., 2003; Serra in
sod., 2004), drugi pa so intenzivno pitali bike lokalnih pasem z namenom proucitve
njihove zmogljivosti za prirejo mesa (Cozzi in sod., 2009; Ozliitiirk in sod., 2004).

V rejskem programu za cikasto govedo je sicer zapisano, da je cikasto govedo kombinirana
pasma s poudarkom na prireji mleka (Zan Lotri¢ in sod., 2010). Kljub temu pa sedaj ve¢ina
rejcev cikastega goveda redi krave dojilje, kjer je glavni dohodek odstavljeno tele ob koncu
laktacije.

V preteklosti je bil glavni namen reje cikastega goveda prireja mleka in predelava le tega v
sir, zato se klavnim lastnostim in lastnostim mesa ni posvecalo pozornosti. Kljub temu smo
zasledili zapis (PovSe, 1894), da je bilo meso tolminskega goveda zelo cenjeno pri
mesarjih v Trstu in Gorici. Meso telet tolminskega goveda je bilo poznano po fini strukturi
vlaken in izjemnem okusu, zaradi ¢esar so mesarji placevali po Sest kron vec za kilogram
takega mesa v primerjavi z mesom drugih pasem. Naj spomnimo, da je bilo tolminsko
govedo lokalna populacija goveda oplemenjena z belanskim govedom.

Vprasali smo se, ali je morda cikasto govedo v sedanjih razmerah in ¢asu primerno tudi za
prirejo mesa. Glavni namen nasih prvih raziskav na podro¢ju mesa cikastega goveda je bil
dobiti vpogled v klavno kakovost cikastega goveda, kakor je bila ovrednotena na klavni
liniji v komercialnih klavnicah v Sloveniji. Zbrali smo podatke iz klavnic od leta 2005 do
2007. Cikasto govedo je v letu 2007 predstavljalo le 0,24 % vsega zaklanega goveda v
Sloveniji, ki je bilo po posameznih kategorijah zelo raznoliko v masi klavnega trupa.
Povprecna masa klavnega trupa mladih bikov do starosti 24 mesecev je bila 260,3 £+ 73,2
kg. Mladi biki v kategoriji A (do starosti 24 mesecev) so bili zaklani pri povprec¢ni starosti
18,6 £ 4,7 mesecev. Vecina jih je bila razvrS¢ena po EUROP klasifikaciji v O razred za
mesnatost in v razred 2 za zamas¢enost (Sim¢i¢ in sod., 2008). Zaradi majhnega Stevila
zaklanih zivali (645) vseh kategorij, nepozanega izvora (velikega Stevila kmetij z razlicnim
tradicionalnim nacinom reje) in neznanega morebitnega deleza primesi drugih pasem pri
zaklanih zivalih, je bilo tezko zakljuciti, kaj je vzrok za slabSo klavno kakovost cikastega
goveda v primerjavi z drugimi pasmami. Tudi sicer med odkupovalci Zivine in mesarji
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velja sploS$no uveljavljeno mnenje, da je cikasto govedo popolnoma neprimerno za prirejo
mesa, zato rejcem za te zivali placujejo man;.

Podobno raziskavo smo ponovili Se v letu 2011 (Sim¢i¢ in sod., 2011a) z nekoliko vecjim
Stevilom zaklanih zivali cikastega goveda v komercialnih klavnicah od leta 2007 do 2010.
Klavne lastnosti cikastega goveda smo takrat primerjali z rjavim govedom. Cikasti biki
mlajsi od 24 mesecev (n = 391) so dosegli manjSo maso klavnega trupa (266,7 + 3,3 kg) v
primerjavi mladimi rjavimi biki (330,0 = 0,6 kg). Ocenjena mesnatost (EUROP
klasifikacija; 1 - 15) je bila v povprecju zelo podobna pri mladih bikih cikastega (6,4) in
rjavega goveda (6,3). Poleg tega so bili cikasti biki v kategoriji A znacilno manj zamasceni
(5,8) od rjavih bikov (6,4). Zakljucili smo, da je cikasto govedo manjSega telesnega okvira,
kar se je izrazilo tudi z manjSo maso klavnih trupov. Presenetljiva pa je bila ugotovitev, da
so bili cikasti biki starejSi od 24 mesecev (B kategorija) bolj mesnati in manj zamas¢eni od
rjavih bikov, kar je potrjevalo domnevo, da se cikaste bike oddaja v zakol premlade in
nedopitane.

Populacija cikastega goveda se je zadnja leta povecevala, zato je bilo na voljo vse vec
odstavljenih bikcev, ob koncu pasne sezone, primernih za nadaljnje pitanje. To je vodilo k
odlocitvi, da smo od rejcev zaceli odkupovati odstavljene bikce cikastega goveda vsako
leto po koncu pasne sezone, veC let zapored. Odstavljene bikce priblizno enake telesne
mase in starosti smo vsako leto v jeseni uhlevili na Pedagosko raziskovalni center (PRC)
Logatec in izvedli ve¢ poskusov pitanja. Tako smo lahko izkljucili vplive okolja
(tehnologija reje, krmni obrok) saj so bili vsi biki rejeni v enakih pogojih reje. Namen teh
poskusov je bil prouciti sposobnost bikov cikastega goveda za rast v intenzivnih in v
ekstenzivnih pogojih reje ter ugotoviti klavno kakovost in kakovost mesa. V tehnologijo
pitanja smo vkljucili tudi pitanje na pasi v ¢asu druge paSne sezone.

1.4 HIPOTEZE

V disertaciji smo uporabili ve¢je Stevilo razli€nih zbirk podatkov in z njimi preverili
naslednje hipoteze:

e Na lastnosti zunanjosti in posledi¢no na razvrstitev zivali v ustrezen tip vplivajo
poleg genetskih dejavnikov tudi dejavniki okolja.

e C(ikasto govedo je avtenticna avtohtona pasma, ki je genetsko razlicna od
pincgavskega goveda in od drugih pasem govedi v Alpah.

e Biki cikastega goveda so ob ustrezni tehnologiji pitanja primerni za prirejo mesa in
imajo primerljivo klavno kakovost in kakovost mesa s kombiniranimi pasmami
govedi.
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2 ZNANSTVENA DELA

2.1 ANALIZA  LASTNOSTI = ZUNANJOSTI IN OCENA  GENETSKIH
PARAMETROV PRI CIKASTEM GOVEDU

Mojca Sim¢i¢', Miran Stepec', Betka Logar?, Gregor Gorjanc', Klemen Poto¢nik'

"Univerza v Ljubljani, Biotehniska fakulteta, Oddelek za zootehniko, Groblje 3, 1230 Domzale, Slovenija;
*Kmetijski intitut Slovenije, Hacquetova ulica 17, 1000 Ljubljana, Slovenija

Neobjavljeno delo
IZVLECEK

Cilj raziskave je bila analiza lastnosti zunanjosti pri 330 plemenskih bikih in 1.086
prvesnicah cikastega goveda. Sistem ocenjevanja zunanjosti pri cikastem govedu vkljucuje
merjene, posamezne ocenjevane in sestavljene ocenjevane lastnosti. Posamezne
ocenjevane lastnosti so razdeljene v tri sklope in sicer, avtohtonost, telesne oblike in pri
prvesnicah Se vime. Pri potencialnih plemenskih bikih se oceni tri sestavljene ocenjevane
lastnosti (avtohtonost, omiSi¢enost, telesne oblike), pri prvesnicah se poleg teh oceni Se
vime. Sistematski del modela smo analizirali s proceduro GLM v programskem paketu
SAS, ki je vklju€eval vplive leto ocenjevanja in starost Zivali ob ocenjevanju kot linearno
regresijo. Sistematski del modela za prvesnice je poleg teh dveh vplivov vkljuceval Se Cas
po telitvi kot linearno regresijo. Pri prvesnicah smo z modelom Zzivali ocenili tudi
parametre disperzije za vse lastnosti zunanjosti z metodo REML v paketu VCE-6. Model
zivali je poleg sistematskih vplivov vkljuceval $e naklju¢ni vpliv ¢rede in aditivni genetski
vpliv zivali. V povprecju so bili 14,6 mesecev stari plemenski biki v vihru visoki 117,1 cm,
prvesnice pa 126,5 cm pri starosti 33,9 mesecev. Na podlagi viSine vihra in posameznih
ocenjevanih lastnosti iz sklopa avtohtonost so bili potencialni plemenski biki in prvesnice
razvrSceni v cikasti, delni cikasti in pincgavski tip. Ocenjeni dednostni delezi za merjene
lastnosti so bili od 0,48 do 0,79 in za posamezne ocenjevane lastnosti v sklopih pa od 0,37
do 0,87 za avtohtonost, od 0,17 do 0,70 za telesne oblike in od 0,26 do 0,51 za vime.
Ocenjeni dednostni delezi za sestavljene lastnosti za avtohtonost, omiSi¢enost, telesne
oblike in vime so bili 0,62, 0,29, 0,20 in 0,30. Ocenjeni delezi pojasnjene variance z
vplivom ¢rede so bili od 0,08 do 0,25 za merjene lastnosti in za posamezne ocenjevane
lastnosti v sklopih od 0,01 do 0,08 za avtohtonost, od 0,01 do 0,20 za telesne oblike in od
0,06 do 0,15 za vime. Ocenjeni deleZi pojasnjene variance z vplivom Crede za sestavljene
lastnosti avtohtonost, omiSi¢enost, telesne oblike in vime so bili 0,10, 0,27, 0,09 in 0,13.
Ocenjeni dednostni deleZi za lastnosti zunanjosti cikastega goveda so primerljivi z
ocenjenimi dednostnimi delezi pri drugih pasmah in omogocajo genetsko vrednotenje
cikastega goveda. Na osnovi napovedanih plemenskih vrednosti je mogoce vsako ocenjeno
zival ustrezneje razvrstiti v posamezen tip. Vse navedeno lahko uporabimo za
ucinkovitejso selekcijo v populaciji Se posebno z vidika ohranjanja avtohtonih lastnosti.
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Kljuéne besede: cikasto govedo, lastnosti zunanjosti, ocenjevanje, dednostni delez,
genetske korelacije

UvOD

Cikasto govedo je slovenska avtohtona kombinirana pasma s poudarkom na prireji mleka.
Rejski cilj je ohranjanje pasme v prvotnem tipu in preprecevanje parjenja v sorodstvu.
Cikasto govedo je razsirjeno skoraj po vsej Sloveniji, vendar je Steviléno najbolj zastopano
na obmocju, od koder izvira (Bohinj, okolica Kamnika in okolica Kobarida). Barvni vzorec
je tipicen in znacilen za to pasmo ter se zelo razlikuje od drugih pasem govedi v Sloveniji.
Nekatere zivali cikastega goveda so po barvnem vzorcu bolj podobne pincgavskemu
govedu, druge pa tux-zillertaler govedu iz Avstrije (Sambraus, 1999). Osnovna barva
plasc¢a je rumenordeta do temno rdecerjava, najveCkrat kostanjevo rjava, ki mora
prevladovati nad belo barvo. Glava mora biti osnovne barve. Po hrbtu imajo zivali Sirsi ali
07ji bel pas, ki se nadaljuje pod repom do vimena ali mod in po trebuhu naprej do prsi. Rep
je bele barve. Ozji ali SirSi beli pasovi so prisotni tudi ¢ez zgornji del prednjih nog (v
predelu komol¢nega sklepa) in zadnjih nog (v predelu kolenskega sklepa). Barva vseh
sluznic je roznata. Barva rogov ob korenu je belorumena, na gornji tretjini rjavkasta,
konice pa so svetlejse. Parklji so temne barve (Navodila za presojo ..., 1935; Zan Lotri¢ in
sod., 2010). Zunanji znak pasemske pripadnosti je bela ozja ali SirSa podolZna lisa po hrbtu
in trebuhu (Navodila za presojo ..., 1935).

Znacilnost pasme je sposobnost za paSo na visokogorskih pasnikih. Velikost telesnega
okvira je majhna do srednja. Zivali so dobro plodne in dolgoZive, kar je skupna lastnost
skoraj vsem avtohtonim pasmam na alpskem obmocju. V letu 2013 je bilo na podlagi 23
laktacijskih zakljuckov ugotovljeno, da so krave cikastega goveda v standardni laktaciji
priredile v povprecju 2.691 kg mleka s 3,84 % mlecne mascobe in 3,30 % mlecnih
beljakovin (Sadar in sod., 2014). Kljub poudarku na prireji mleka, vecina rejcev cikastega
goveda redi krave dojilje. Rejci oddajajo v zakol mlajsa (kategorija V) in starejsa teleta
(kategorija Z) ob povprecni starosti 4,8 oziroma 9,7 mesecev. Klavni trupi pri mlajsih
teletih tehtajo v povprecju 94,4 kg, pri starejsih pa 136,7 kg. Mladi biki se oddajo v zakol
pri povprecni starosti 19,9 mesecev in klavni trupi so v povprecju tezki 266,7 kg (Sim¢ic in
sod., 2011). Mladi biki vkljuceni v poskusno pitanje na Pedagosko raziskovalnem centru
(PRC) Logatec so dosegli v povprecju 595,8 kg telesne mase ob zakolu, 332,7 kg mase
klavnih trupov in 55,8 % klavnost pri povpreéni starosti 22,5 mesecev (Zgur in sod., 2014).

Selekcija cikastega goveda temelji na lastnostih zunanjosti, ki so bile pri zivalih prvi¢
ocenjene v letih 2002 in 2003, ko je bila ugotovljena velika fenotipska raznolikost med
zivalmi znotraj populacije. Poleg tega je prvo ocenjevanje cikastega goveda potekalo po
sistemu ocenjevanja, ki je bil takrat v uporabi za tri pasme govedi (rjavo, lisasto, ¢rno-
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belo), ki so jih redili za prirejo mleka v Sloveniji (Pogacar in sod., 1995; Pogacar in
Poto¢nik, 1997). Na podlagi ugotovljene vecje raznolikosti med Zivalmi so v letu 2006 vse
plemenske zivali ocenili Se enkrat. Ocenjevanje je takrat potekalo na podlagi obrazca, ki je
bil posebe;j prirejen za cikasto govedo.

Za potrebe selekcije se ocenjujejo potencialni plemenski biki in vse prvesnice. Za cikasto
govedo je bil leta 2005 sprejet in potrjen rejski program (Zan in sod., 2005). Leta 2010 se
je rejski program nekoliko dopolnil in ponovno sprejel (Zan Lotri¢ in sod., 2010). V okviru
tega se izvaja ocenjevanje zunanjosti, ki vkljuuje merjene in ocenjevane lastnosti. Pri
bikih je merjenih lastnosti sedem, pri prvesnicah pa §tiri. S pomocjo merilnega traku se pri
plemenskih bikih dolo¢i tudi telesna masa na podlagi obsega prsi. Posebnost ocenjevanja v
primerjavi z drugimi pasmami je dvanajst tako imenovanih posameznih lastnosti za
avtohtonost, ki opisujejo pasemske znacilnosti. Poleg tega se oceni tudi Sest posameznih
lastnosti za telesne oblike in pri prvesnicah Se pet posameznih lastnosti za vime. Na koncu
se oceni Se $tiri sestavljene lastnosti. Na obrazcu za ocenjevanje zunanjosti sta tudi dve
lastnosti (temperament in iztok mleka), ki nista lastnosti zunanjosti in sta ocenjeni na
podlagi izjave rejca z ocenami od 1 do 5. Na podlagi posameznih ocen za avtohtonost,
ocene za izrazenost skocnega sklepa in viSine vihra se vse zivali neposredno na koncu
ocenjevanja razvrsti v tri tipe (cikasti, delni cikasti, pincgavski). Na podlagi ocen
zunanjosti se odberejo potencialni plemenski biki in bikovske matere.

Rejski program (Zan Lotri¢ in sod., 2010) dolo¢a, da se v ocenjevanje zunanjosti vkljuéi
vse prvesnice in krave, ki niso bile ocenjene kot prvesnice. Starost prvesnice na dan
ocenjevanja je omejena na najmanj 560 dni tako, da se iz ocenjevanja po prvi telitvi izlo¢i
vse prvesnice, ki so telile premlade (t.i. »prezgodnjice«). Prvesnice, ki so telile mlajSe od
560 dni, se oceni po drugi zaporedni telitvi. Najvecja starost prvesnice oz. krave na dan
ocenjevanja ni omejena, ker se po rejskem programu predvideva, da se ocenijo tudi vse
krave, ki kot prvesnice iz razli¢nih razlogov niso bile ocenjene. Cas ocenjevanja je
prilagojen tehnologiji reje, zato se zivali ocenjuje izven paSne sezone. Po rejskem
programu je predvideno ocenjevanje prvesnic od 15 do 120 dne po telitvi, kar velikokrat ni
mogoce zaradi pase. Posebnost sistema ocenjevanja cikastega goveda je tudi, da so v
ocenjevanje lastnosti zunanjosti vkljuceni tudi vsi potencialni plemenski biki, ki se jih
oceni v starosti od 12 do 20 mesecev. Velikost populacije cikastega goveda je, v primerjavi
z ostalimi pasmami v Sloveniji, majhna, zato vse plemenske Zzivali ocenjuje samo en
ocenjevalec. Analiza lastnosti zunanjosti se opravlja z namenom spremljanja primernosti
porazdelitve ocen posameznih lastnostih in je hkrati osnova za oceno genetskih
parametrov, ki so potrebni za napovedovanje plemenskih vrednosti.

Genetske parametre za lastnosti zunanjosti pri specializiranih mle¢nih pasmah govedi so Ze
v preteklosti ocenili pri prvesnicah holstajn-frizijskega goveda (Van Dorp in sod., 1998;
Rupp in Boichard, 1999; Larroque in Ducrocq, 2001; Neuenschwander in sod., 2005; de
Haas in sod., 2007; Nemcova in sod., 2011), jersey goveda (Thomas in sod., 1985; Norman
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in sod., 1988; Rogers in sod., 1991), rjavega goveda (Norman in sod., 1988; Dal Zotto in
sod., 2007; de Haas in sod., 2007; Samore in sod.; 2010), rdecega holstajnskega goveda (de
Haas in sod., 2007) ter pri prvesnicah ayrshire, guernsey in shorthorn goveda (Norman in
sod., 1988). Raziskovalci so najveCkrat iskali povezave med lastnostmi zunanjosti in
mlecnostjo, plodnostjo ter dolgozivostjo zivali. Analizo lastnosti zunanjosti in ocene
genetskih parametrov za pasme govedi za prirejo mleka v Sloveniji so predstavili Poto¢nik
(2005) in Logar in sod. (2011) za &ro-belo, rjavo in lisasto govedo ter Spehar in sod.
(2012) za rjavo govedo.

Pri specializiranih mesnih pasmah govedi so genetske parametre za lastnosti zunanjosti pri
prvesnicah proucevali Gengler in sod. (1995) pri belgijskem belo-plavem govedu z dvojno
omi$icenostjo in Guitiérrez in Goyache (2002) ter Guitiérrez in sod. (2002) pri Spanskem
asturiana de los valles govedu. S pomocjo ocen zunanjosti, ki so v korelaciji z
dolgozivostjo, so lahko dolgozivost tudi posredno ocenili (Forabosco in sod., 2004). V
zadnjem obdobju so bile objavljene analize lastnosti zunanjosti tudi pri prvesnicah
nekaterih avtohtonih pasem govedi. Genetske parametre za lastnosti zunanjosti pri
prvesnicah italijanskih avtohtonih pasem so ocenili pri chianina (Forabosco in sod., 2004),
piemontese (Mantovani in sod., 2010), rendena (Mazza in Mantovani, 2012; Mazza in sod.,
2014), cabanina (Comunod in sod., 2013) in valdostana govedu (Mazza in sod., 2013).
Kastelic in sod. (2005) so analizirali merjene lastnosti zunanjosti pri prvesnicah cikastega
goveda na podlagi prvotnega enotnega sistema ocenjevanja zunanjosti in potrdili
raznolikost med zivalmi znotraj populacije.

Lastnosti zunanjosti pri cikastem govedu se na poseben nacin ocenjujejo od leta 2006
dalje. Namen te raziskave je bil analizirati lastnosti zunanjosti in oceniti genetske
parametre za merjene in ocenjevane lastnosti ter s tem pripraviti osnovo za pravilnejSo
razvrstitev zivali v tipe ter preveriti smiselnost uvedbe rutinskega napovedovanja
plemenskih vrednosti za potrebe selekcije.

MATERIAL
Podatki

Podatke smo pridobili iz Centralne podatkovne zbirke (CPZ) Govedo, ki jo vodijo na
Kmetijskem institutu Slovenije (KIS), ki je druga priznana organizacija v Zivinoreji, med
drugim pooblascena tudi za arhiviranje podatkov. Pridobljeni podatki zabelezeni v okviru
ocenjevanja lastnosti zunanjosti so vkljucevali 2.397 zivali cikaste pasme, od katerih je
bilo 375 plemenskih bikov in 2.019 Zivali Zenskega spola (prvesnice in krave) ocenjenih v
letih od 2002 do 2014. Najvec zivali je bilo ocenjenih v letu 2006, ko je bil vpeljan nov
nadin ocenjevanja, skladen z rejskim programom za cikasto govedo (Zan in sod., 2005). V
letu 2006 se je ponovno ocenila celotna populacija plemenskih Zivali cikaste pasme, tudi
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tistih, ki so bile pred letom 2006 Ze ocenjene na enoten nacin, ki je veljal za populacije
prvesnic vklju€enih v kontrolo prireje mleka v Sloveniji.

Izbor podatkov

V nadaljnjo analizo smo vkljucili samo zivali, ki so bile ocenjene po novem nacinu
ocenjevanja. Zivali, ki so bile ocenjene pred letom 2006 smo iz obdelave izkljuéili in s tem
izkljucili tudi sistematski vpliv razlicnega nacina ocenjevanja. V skladu z omejitvami v
rejskem programu, glede ustrezne starosti na dan ocenjevanja, bi v analizo vkljudili zelo
majhno Stevilo plemenskih bikov, saj se v praksi biki ocenjujejo mlajsi kot je priporo€eno.
Da bi dosegli boljSo ocenljivost posameznih vplivov smo v analizo vkljucili vse plemenske
bike, ki so bili na dan ocenjevanja stari od 10 do 20 mesecev. Pri upostevanju omejitev po
rejskem programu za prvesnice glede na ustrezno starost na dan ocenjevanja, bi v obdelavo
zajeli 2.019 zenskih zivali, kamor bi bile vkljuc¢ene tudi krave, saj po rejskem programu
najveCja starost ob ocenjevanju ni omejena. Predpostavili smo, da je ocenjevanje
zunanjosti namenjeno prvesnicam, zato smo omejili starost ob ocenjevanju na najve¢ 1.460
dni oziroma 4 leta, tako kot so priporoc¢ali de Haas in sod. (2007). Poleg tega smo izkljucili
tudi vse krave mlajSe od Stirih let, ki so bile ocenjene Sele po drugi zaporedni telitvi. V to
skupino so spadale prvesnice, ki so telile mlajSe od 560 dni in krave, ki so bile iz razli¢nih
razlogov ocenjene Sele po drugi telitvi. Prvesnic, ki so bile na dan ocenjevanja izven
priporoc¢enega stadija v laktaciji, nismo izkljucili iz nadaljnje analize. Vsem navedenim
kontrolam je ustrezalo 1.086 prvesnic in 330 plemenskih bikov cikastega goveda, ki smo
jih vkljucili v kon¢no analizo (Preglednica 1). Zivali so bile ocenjene v letih od 2006 do
2014 (Preglednica 2).

Preglednica 1: Stevilo zivali cikastega goveda vklju¢enih v analizo lastnosti zunanjosti

n Starost (dni) Stevilo dni po telitvi (dni)
Povpre¢je+ SD  Min Max Povpre¢je+SD  Min  Max
Plemenski biki 330 446,2 £ 81,3 307 850
Prvesnice 1086 1033,0 £ 161,2 628 1460 230,0 + 109,6 2 446

n — §tevilo zivali, SD — standardni odklon, Min — najmanj$a vrednost, Max — najvecja vrednost
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Preglednica 2: Porazdelitev ocenjenih plemenskih bikov in prvesnic cikastega goveda po letih

Leto Plemenski biki Prvesnice Skupaj
2006 25 99 124
2007 26 101 127
2008 30 146 176
2009 35 137 172
2010 35 153 188
2011 40 154 194
2012 46 177 223
2013 53 119 172
2014 40 0 40
Skupaj 330 1086 1416

Sistem ocenjevanja zunanjosti vkljuuje sklop merjenih lastnosti (3- 7, @ - 4), sklop
posameznih ocenjevanih lastnosti za avtohtonost (12), sklop posameznih ocenjevanih
lastnosti za telesne oblike (6), sklop posameznih ocenjevanih lastnosti vimena (4) in sklop
sestavljenih lastnosti (& - 3, @ - 4). Istodasno se na podlagi izjave rejca ocenjuje Se
temperament in iztok mleka. Poleg tega se zabeleZijo Se odstopanja od Zelenih lastnosti
zunanjosti kot napake. Ocenjevane napake v sklopu za avtohtonost so: temen gobec,
neustrezna barva plasca, beli znaki na glavi, beli znaki na nogah, pikasto pisana barva
plasca, prekinjena hrbtna lisa in hrbtna lisa na krizu. Ocenjevane napake v sklopu za
telesne oblike so: razpleCenost, visoko nasajen rep, vdolbina med sednicama, kravja stoja
in razprti parklji. Ocenjevane napake v sklopu za vime so: stopnicasto vime, lijakasti seski
in stran Strle¢i seski. Sestavljene lastnosti ocenjujejo avtohtonost (pasemske znacilnosti),
omis$icenost, telesne oblike in vime. Merjene lastnosti so podane v centimetrih, ocenjevane
pa na linearni lestvici z ocenami od 1 do 9.

Merjene lastnosti za velikost okvirja, ki se merijo z Lydtinovo palico so pri plemenskih
bikih in prvesnicah viSina vihra, viSina kriza in dolZina telesa. Pri plemenskih bikih se
izmerijo Se Sirina prsi, globina prsi in Sirina kriza. Z merilnim trakom se pri plemenskih
bikih in prvesnicah izmeri obseg prsi, na podlagi katerega se s pomocjo lestvice na
merilnem traku dolo¢i telesna masa (kg) samo pri plemenskih bikih. Enota merjenja za vse
merjene lastnosti je centimeter (cm).

Posamezne lastnosti za avtohtonost, ki so pasemske znalilnosti, se ocenjujejo pri

plemenskih bikih in prvesnicah z ocenami 1 do 9. Ocena 1 pomeni nezaZeleno oceno za
lastnost, ocena 5 povprecno in ocena 9 zelo zazeleno oceno. Ocena 1 ne pomeni pri vseh
lastnosti najmanj izrazene lastnosti, kakor tudi ne pomeni ocena 9 najbolj izrazene
lastnosti, kot je poznano pri linearnem nacinu ocenjevanja zunanjosti v skladu s pravili
Mednarodnega komiteja za kontrolo proizvodnje zivali - ICAR (International agreement...,
2012; Klop¢i¢ in Hamoen, 2010). V preglednicah 4 in 5 je za vsako posamezno lastnost za
avtohtonost navedeno, kaj pomenita ekstremni oceni 1 in 9. Ob ocenjevanju lastnosti za
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avtohtonost se zabelezijo tudi napake zunanjosti glede barve plasca in sluznic. Posamezne
lastnosti za telesne oblike pri plemenskih bikih in prvesnicah ter posamezne lastnosti za
vime se pri prvesnicah ocenjujejo z ocenami od 1 do 9 v skladu s pravili ICAR
(International agreement..., 2012).

Sestavljena ocena za avtohtonost se oceni z upostevanjem optimalnih vrednosti nekaterih
posameznih lastnosti za avtohtonost, za izrazenost skocnega sklepa ter za viSino vihra
(Preglednica 3), kot je navedeno v rejskem programu (Zan Lotri¢ in sod., 2010).

Preglednica 3: Optimalne ocene za lastnosti, ki se upostevajo v sestavljeni lastnosti za avtohtonost

Sklop Lastnost Optimalna vrednost

Lastnosti za avtohtonost Dolzina glave 6-38
Izrazenost oci
Debelina rogov
Dolzina rogov
Usmerjenost rogov
Vrat
Izrazenost podgrline

I
OO © © O 0 X

Lastnosti za telesne oblike Izrazenost sko¢nega sklepa

Merjene lastnosti telesnega okvira Visina vihra 9
Visina vihra &

—
—_ N
whn D

NN S|y w9 o &
I

el @]

B B

Sestavljeno oceno za omiSi¢enost predstavlja predvsem ocena zunanje linije stegna pri
pogledu od zadaj z ocenami 1 - 9. Sestavljena ocena za telesne oblike (1 — 9) se oceni na
podlagi posameznih lastnosti za telesne oblike in z uposStevanjem napak zabelezenih v tem
sklopu. Sestavljena ocena za vime (1 - 9) se oceni na podlagi posameznih lastnosti za vime

in z upostevanjem napak zabelezenih v tem sklopu.

Glede na priporocila ICAR-ja (International agreement..., 2012) naj bi bila izra¢unana
srednja vrednost in standardni odklon analizirana z namenom spremljanja dela
ocenjevalcev. Srednja vrednost naj bi bila okoli 5, kar se izracuna kot razlika med najvecjo
in najmanjSo mozno oceno deljeno z 2. Standardni odklon naj bi bil okoli 1,5, kar
izraCunamo kot razliko med najvecjo in najmanjSo oceno kateri priStejemo 1 in delimo s 6.

Vse prvesnice (1.086) z ocenjenimi lastnostmi zunanjosti in njihovi znani predniki so bili
vkljuc¢eni v matriko sorodstva (skupaj 1.747 Zivali). Ocetje so bili poznani pri 87,8 %
prvesnic, matere pa pri 81,3 % prvesnic. Prvesnic, ki so imele poznane ocete in matere je
bilo 77,3 %. Vseh 1.086 prvesnic je bilo potomk 180 znanih ocetov in 793 znanih mater.
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METODE

Sistematski del statisticnega modela smo analizirali s proceduro GLM v statisticnem
paketu SAS/STAT (SAS Institute Inc., 2001). Model 1 smo uporabili za lastnosti
zunanjosti pri plemenskih bikih, model 2 za lastnosti zunanjosti pri prvesnicah:

Yijie = 1+ Ly + by (xijx — %) + ey Model 1
Yije = #+ Ly + by (xijc — %) + by (zijic — ) + ey Model 2

kjer je yix lastnost zunanjosti, u je povpre€je populacije, L; je sistematski vpliv leta
ocenjevanja (i = 1,..., 9), by je linearni regresijski koeficient za starost na dan ocenjevanja,
X;k je starost na dan ocenjevanja (dnevi), by je linearni regresijski koeficient za ¢as po
telitvi, z; je Cas po telitvi na dan ocenjevanja (dnevi) in e je nakljucni ostanek.

Za oceno parametrov disperzije pri prvesnicah (Model 3) smo sistematskemu delu modela
2 dodali $e nakljucna vpliva ¢reda (%) in Zival kot aditivni genetski vpliv (a;).

yijk = U + Li + b,(xijk - f) + bII(Zijk - Z_) + h] + al-jk + el-jk Model 3

Komponente variance in kovarianc za direktni aditivni genetski vpliv (vpliv Zivali), vpliv
¢rede in ostanek smo ocenili z modelom zivali z metodo REML v paketu VCE-6
(Groeneveld in sod., 2010). V matri¢ni enacbi smo uporabljeni model zapisali kot:

y=Xp+Zu+e

kjer je y vektor meritev ali ocen za vse lastnosti zunanjosti, X je matrika dogodkov za
sistematske vplive, Z je matrika dogodkov za nakljucne vplive, £ je vektor parametrov za
sistematske vplive, u je vektor naklju¢nih vplivov in e je vektor ostanka.

Parametre disperzije smo za biolosko podobne lastnosti ocenjevali z vec-lastnostnimi
meSanimi modeli, za vsako skupino lastnosti posebej. Vse lastnosti smo razdelili v Sest
skupin. Sklop merjenih lastnosti je bil vklju¢en v skupino 1 (viSina vihra, viSina kriza,
dolzina telesa, obseg prsi). Sklop avtohtonih lastnosti smo razdelili na tri skupine.
Lastnosti glave (dolzina glave, plemenitost glave, izrazenost o¢i, debelina rogov, dolZina
rogov, usmerjenost rogov) so bile v skupini 2. Lastnosti vratu (vrat, izraZenost podgrline)
sta bili v skupini 3 in lastnosti barve plasca (barva plasca, izrazenost hrbtne lise, izrazenost
pasov na zadnjih nogah, izraZenost pasov na prednjih nogah) v skupini 4. Sklop lastnosti za
telesne oblike (hrbet, nagib kriza, kot sko¢nega sklepa, izrazenost sko¢nega sklepa, biclji,
parklji, telesne oblike — sestavljena lastnost) je bil v skupini 5. Sklop lastnosti za vime
(vime pod trebuhom, globina vimena, debelina prednjih seskov, dolzina prednjih seskov,
vime — sestavljena lastnost) je bil v skupini 6. Dve sestavljeni lastnosti (avtohtonost,
omisi¢enost) smo analizirali z eno-lastnostnim meSanim modelom.
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REZULTATI IN RAZPRAVA

Pricujoca raziskava je prva podrobna analiza lastnosti zunanjosti plemenskih zivali v
populaciji cikastega goveda. Glede na posebnost sistema ocenjevanja je bil le-ta nekoliko
bolj podrobno opisan. Ocenjevanje lastnosti zunanjosti skladno z Rejskim programom
(Zan Lotri¢ in sod., 2010) vklju¢uje merjene in ocenjevane lastnosti zunanjosti pri
plemenskih bikih in prvesnicah, ki se nekoliko razlikujejo med spoloma. Ocenjevanje
zunanjosti v skladu z Rejskim programom, ki velja od leta 2010 dalje (Zan Lotri¢ in sod.,
2010) je vkljuCevalo dve lastnosti ve¢ (plemenitost glave, dolzina rogov) v primerjavi z
Rejskim programom iz leta 2005 (Zan in sod., 2005).

Za analizo variance lastnosti zunanjosti Zivali nismo razvrstili glede na tip, temve¢ smo
zajeli celotno populacijo, ne glede na tip. Analizo variance smo naredili loceno po spolu
zaradi razlike v povpre¢ni starosti med spoloma in razli¢nih dejavnikov, ki so vplivali na
lastnosti zunanjosti glede na spol.

Cikasto govedo je zgodaj zrela pasma, zato so telice sposobne za oploditev Ze zelo zgodaj,
pri starosti 10 mesecev ali celo manj. Do prezgodnjih oploditev in posledi¢no do
prezgodnjih telitev pride najveckrat na kmetijah, kjer imajo v ¢redi na pasi plemenskega
bika za naravni pripust. V takih primerih je v rejskem programu dolo¢eno, da se prvesnice,
ki so telile mlajsSe od 560 dni oceni Sele po drugi telitvi. Podobno kot pri cikah se z
zgodnjimi telitvami sreCujejo tudi pri drugih pasmah (de Haas in sod., 2007), vendar
ocenijo tudi take prvesnice po prvi telitvi. Na ta nacin izklju¢imo sistematski vpliv
zaporedne telitve na lastnosti zunanjosti do Cesar prihaja pri cikah po sedaj veljavnih
priporo¢ilih.

V Svici (de Haas in sod., 2007) prvesnice holstajnskega, ameriskega rjavega in rdedega
holstajnskega goveda telijo pri starosti od 500 do 1.460 dni in jih ocenijo pri starosti od
500 do 1.825 dni. Za primerjavo lahko navedemo, da se prvesnice rjavega goveda v
Sloveniji ocenjuje pri starosti od 505 do 1.565 dni (Spehar in sod., 2012), prvesnice
ceSkega holstajnskega goveda pri starosti 660 do 960 dni (Némcova in sod., 2011) in
prvesnice piemontese goveda pri starosti 670 do 1.160 dni (Mantovani in sod., 2010). Pri
chianina govedu v Italiji pa so v ocenjevanje zunanjosti vkljucene tako prvesnice kot tudi
krave po drugi zaporedni telitvi in vpliva zaporedne telitve ne upostevajo (Forabosco in
sod., 2004).

Za prvesnice cikastega goveda je v rejskem programu doloceno, da se jih oceni 15. do 120.
dan po telitvi, kar je v skladu z Navodili ICAR (International agreement..., 2012), ki tudi
priporoca, da se presusenih krav ne bi vklju¢ilo v ocenjevanje. Cas §tirih mesecev po telitvi
je zelo kratek, zato npr. prvesnice ¢eSkega holStajnskega goveda ocenjujejo med 30 in 210
dnem po telitvi (Némcova in sod., 2011). Vse plemenske zivali cikastega goveda v
Sloveniji ocenjuje samo en ocenjevalec, saj ICAR priporoca, da naj bi vsak ocenjevalec v
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enem letu ocenil vsaj 200 zivali dolocene pasme. Poleg tega isti ocenjevalec ocenjuje tudi
prvesnice drugih pasem.

Opisna statistika

Opisna statistika je prikazana posebej za plemenske bike (preglednica 4) in prvesnice
(preglednica 5) skupaj z opisi lastnosti. Plemenski biki cikaste pasme (preglednica 4) so
bili v povprecju v vihru visoki 117,09 + 4,63 cm in nekoliko nadgrajeni, saj so bili v krizu
v povprecju visoki 120,20 + 4,71 cm, kar je pricakovano glede na starost. Povprec¢na
dolzina telesa je bila 116,15 = 6,71 cm, kar kaZe na kvadraten telesni okvir. Povprec¢na
telesna masa je bila 319,42 + 61,57 kg z najvecjim koeficentom variabilnosti (19,28 %)
med vsemi merjenimi lastnostmi. Sestavljene lastnosti so bile v povpre¢ju za avtohtonost
6,36 + 1,18, za omiSiCenost 5,73 + 1,13 in za telesne oblike 6,38 + 1,01. Koeficient
variabilnosti je bil pri plemenskih bikih za merjene lastnosti od 5,78 % do 19,28 %. Pri
analiziranju ocen smo opazili tudi zelo majhno zastopanost obeh ekstremnih ocen na
lestvici, kar potrjujejo tudi majhni standardni odkloni pri nekaterih lastnostih. Nekatere
lastnosti niso bile ocenjene z ekstremnima ocenama, Ceprav bi lestvica morala pokriti
bioloske ekstreme populacije, ki se ocenjuje (Klopci¢ in Hamoen, 2010).

Primerjava lastnosti zunanjosti s plemenskimi biki drugih pasem je pomanjkljiva, saj so pri
vecini populacij v ocenjevanje zunanjosti vkljucene le prvesnice. Plemenski biki cikastega
goveda so bili ob starosti 14,6 mesecev v povpre¢ju v vihru primerljivo visoki (117,09 +
4,63 cm) kot 12 mesecev stari biki Spanskega pirenaica (117,6 cm), italijanskega
piemontese (118,8 cm) in francoskega limuzin (118,7 cm) goveda (Alberti in sod., 2008),
ki spadajo med pasme z velikim telesnim okvirom (Felius in sod., 1995). Sirina kriZa in
telesna masa cikastih bikov (40,15 £+ 3,54 cm; 319,42 + 61,57 kg) sta bili podobni kot pri
12 mesecev starih bikih Spanskega goveda casina (40,9 cm; 321.4 kg) (Alberti in sod.,
2008), ki spada med pasme z majhnim okvirom (Felius in sod., 1995).
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Preglednica 4: Opisna statistika za lastnosti zunanjosti pri plemenskih bikih cikastega goveda

Lastnosti n Povpreéje = SD Min  Max KV  Optimalna Opis ocen 1 — 9
(%) vrednost

Starost (meseci) 330 14,60 + 2,68 10,0 28,0 18,38

Merjene lastnosti za telesni okvir

Visina vihra (cm) 330 117,09 + 4,63 103,0 131,0 3,95 <I15cm

Visina kriza (cm) 330 120,20 4,71 108,0  135,0 3,92

Dolzina telesa (cm) 330 116,15+ 6,71 85,0 1350 5,78

Obseg prsi (cm) 330 157,89 + 10,49 134,0  190,0 6,64

Sirina prsi (cm) 330 38,75 +3,77 30,0 55,0 9,72

Globina prsi (cm) 330 60,10 4,19 49,0 72,0 6,98

Sirina kriza (cm) 330 40,15+ 3,54 30,0 54,0 8,82

Telesna masa (kg) 330 319,42 + 61,57 202,0 540,0 19,28

Posamezne lastnosti za avtohtonost (1 —9)

Dolzina glave 330 6,15+1,25 2 9 2040 6—8 dolga— kratka

Plemenitost glave 179 5,78+ 1,13 3 8 19,60 groba — plemenita

IzraZenost oci 330 5,64 +0,92 3 9 16,30 6—8 slaba— mocna

Debelina rogov 330 494 +1,29 1 9 26,02 6—8  debeli — tanki

Dolzina rogov 305 5,84 +1,28 3 9 2190 6—-9 dolgi — kratki

Usmerjenost rogov 330 525+1,39 2 9 26,51 6—-9 navzven — naprej

Vrat 330 5,02+1,45 2 8 28,94 7-9  grob — plemenit

Izrazenost podgrline 330 4,70+ 1,43 2 8 3041 6—-9 mocna— slaba

Barva plasca 330 5,39+ 1,40 2 8 2596 zelo temna — zelo svetla

IzraZenost hrbtne lise 330 6,21 1,39 1 9 2240 mocna — slaba

Izrazenost pasov na zadnjih nogah 330 6,61 +1,71 1 9 2590 mocna — slaba

Izrazenost pasov na prednjih nogah 330 7,40 +1,33 2 9 18,03 mocna — slaba

Posamezne lastnosti za telesne oblike (1 —9)

Hrbet 330 4,66 +0,58 3 7 12,52 4—-6 uleknjen — izbocen

Nagib kriza 330 5,04 +£0,57 3 7 11,40 4 -6 nadgrajen — pobit

Kot sko¢nega sklepa 330 5,19+£0,70 3 8 13,56 4—-6  strm—sabljast

Izrazenost sko¢nega sklepa 330 6,21+ 1,15 3 9 18,59 6—-9 zadebeljen — tanek

Biclji 330 6,33 +£0,97 3 8 1526 6 -8  mehki— strmi

Parklji 329 6,00 £ 0,99 3 9 16,46 6—-9  nizki — visoki

Izjava rejca (1 — 5)

Temperament 329 4,22 4+0,78 2 5 1843 nervozen — miren

Sestavljene lastnosti (1 — 9)

Avtohtonost 329 6,36 + 1,18 3 8 18,49 pincgavski — cikasti tip

Omisi¢enost 329 573 +1,13 2 9 19,80

Telesne oblike 329 6,38 +1,01 3 8 15,80

SD - standardni odklon, KV — koeficient variabilnosti

Srednje vrednosti za merjene lastnosti telesnega okvira pri prvesnicah (preglednica 5) so
bile 126,49 + 5,51 cm (visina vihra), 129,89 £+ 5,56 cm (viSina kriza), 127,65 + 6,13 cm
(dolzina telesa) in 174,64 = 9,80 cm (obseg prsi). Ocenjena variabilnost po posameznih
lastnostih je bila vecja pri prvesnicah v primerjavi s plemenskimi biki, kar je bilo
pricakovano, saj je bilo Stevilo ocenjenih prvesnic vec¢je in so bile manj strogo odbrane.
Koeficient variabilnosti za merjene lastnosti pri prvesnicah je bil od 4,28 % do 5,61 %, za
sestavljene lastnosti za avtohtonost 30,38 %, za omiSi¢enost 20,32 %, za telesne oblike
20,20 % in za vime 22,67 %. Pri analiziranju ocen smo opazili zelo majhno zastopanost
obeh ekstremnih ocen na lestvici, 1 oziroma 9.
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Preglednica 5: Opisna statistika za lastnosti zunanjosti pri prvesnicah cikastega goveda

Lastnosti n Povprecje £ SD Min  Max KV (%) Optimalna Opis ocen 1 -9
vrednost

Starost (meseci) 1086 33,88 +5,29 21,0 48,0 15,61

Merjene lastnosti za telesni okvir

Visina vihra (cm) 1086 126,49 +5,51 112 142 4,35 <125 cm

Visina kriza (cm) 1086 129,89 +5,56 114 146 4,28

Dolzina telesa (cm) 1086 127,65+ 6,13 105 146 4,81

Obseg prsi (cm) 1086 174,64 +9,30 150 203 5,61

Posamezne lastnosti za avtohtonost (1 — 9)

Dolzina glave 1086 5,23 +1,31 2 9 25,13 6 —8 dolga — kratka

Plemenitost glave 450 5,45+1,27 2 9 23,33 groba — plemenita

Izrazenost o¢i 1086 5,59 +1,02 2 9 18,28 6 —8 slaba — moc¢na

Debelina rogov 1064 4,73+ 1,37 1 9 28,97 6 —8 debeli — tanki

Dolzina rogov 869 5,08 +1,25 2 9 24,64 6—9 dolgi — kratki

Usmerjenost rogov 1064 5,15+ 1,59 2 9 30,90 6 —9 navzven — naprej

Vrat 1086 5,17+1,36 2 9 26,33 7-9 grob — plemenit

Izrazenost podgrline 1086 493 +1,33 2 9 26,91 6—9 mocna — slaba

Barva plasca 1086 5,10+ 1,37 1 9 26,87 zelo temna — zelo svetla

Izrazenost hrbtne lise 1086 5,17+1,53 1 9 29,62 moc¢na — slaba

Izrazenost pasov na zadnjih nogah 1086 5,40+ 1,87 1 9 34,62 mocna — slaba

Izrazenost pasov na prednjih nogah 1086 6,25+ 1,75 1 9 27,93 mocna — slaba

Posamezne lastnosti za telesne oblike (1 —9)

Hrbet 1086 4,73 + 0,60 2 7 12,66 4 -6 uleknjen —izbocen

Nagib kriza 1086 5,18 +0,79 2 8 15,25 4 — 6 nadgrajen — pobit

Kot skoénega sklepa 1086 5,54+ 0,80 3 8 14,38 4 -6 strm — sabljast

Izrazenost sko¢nega sklepa 1086 5,56+ 1,29 2 9 23,26 6 -9 zadebeljen — tanek

Biclji 1086 5,89 +0,95 3 8 16,14 6 — 8 mehki — strmi

Parklji 1086 5,73 £ 0,96 2 9 16,67 6 -9 nizki - visoki

Posamezne lastnosti za vime (1 — 9)

Vime pod trebuhom 1086 490+ 1,06 2 8 21,58 6 —9 majhno — obsezno

Globina vimena 1086 5,39+ 1,04 2 8 19,29 6—9 spusceno — pripeto

Debelina prednjih seskov 1086 5,01 £0,97 2 8 19,30 4 -6 tanki— debeli

Dolzina prednjih seskov 1086 5,36 £ 1,06 2 9 19,69 4 -6 kratki — dolgi

Izjava rejca (1 - 5)

Iztok mleka 1082 3,54 +0,59 1 16,51 pocasen - hiter

Temperament 1082 3,75+0,76 1 5 20,42 nervozen - miren

Sestavljene lastnosti (1 —9)

Avtohtonost 1086 5,03+ 1,53 1 9 30,38

Omisicenost 1086 547+1,11 2 9 20,32

Telesne oblike 1086 5,67+1,14 2 8 20,20

Vime 1086 5,01+1,14 1 8 22,67

SD — standardni odklon, KV — koeficient variabilnosti

Pri ocenjevanih lastnostih zunanjosti pri prvesnicah piemontese goveda na lestvici od 1 do
9 so bili izraunani koeficienti variabilnosti od 12 — 26 % (Mantovani, 2010). Primerjava
ocenjevanih lastnosti zunanjosti cikastega goveda z drugimi pasmami je bila mogoc¢a samo
v primerih, ko se je uporabljala enaka lestvica za ocenjevanje. Pri ocenjevanju zunanjosti
italijanskih avtohtonih pasem govedi rendena, valdostana in chianina uporabljajo lestvico
od 1 do 5 (Mazza in sod., 2013; Mazza in sod., 2014, Forabosco in sod., 2004), pri
piemontese govedu pa 1 — 9 (Mantovani in sod., 2010). Za ocenjevanje zunanjosti prvesnic
asturiana de los valles goveda so razvili poseben sistem z lestvico od 1 do 9, s katerim
ocenijo razvitost skeleta in omisSi¢enost ter pasemske znacilnosti (Gutiérrez in Goyache,
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2002). Do razlik med pasmami prihaja tudi zaradi razlicnih definicij lastnosti z istim
imenom.

Némcova in sod. (2011) ter Spehar in sod. (2012) so na osnovi ocen na linearni lestvici od
1 do 9, v skladu s pravili ICAR (International agreement..., 2012), analizirali lastnosti
zunanjosti pri prvesnicah ¢eskega holStajnskega in rjavega goveda. Srednje vrednosti za
posamezne lastnosti zunanjosti pri prvesnicah holStajnskega (4,9 — 5,9) in rjavega goveda
(4,73 — 5,86) so bile podobne srednjim vrednostim posameznih ocenjevanih lastnosti
zunanjosti pri prvesnicah cikastega goveda (4,73 — 6,25).

Srednja vrednost za viSino vihra pri prvesnicah cikastega goveda (126,49 + 5,51 cm)
nedvoumno kaze, da spada cika med pasme z manjSim do srednje velikim telesnim
okvirom, saj je v vihru manjSa v primerjavi s prvesnicami holStajnskega (143 cm),
ameriskega rjavega (139 cm) in rdecega holStajnskega goveda (142 cm) (de Haas in sod.,
2007) ter prvesnicami piemontese goveda (130,81 £ 3,64 cm) iz Italije (Mantovani in sod.,
2010). V krizu so bile prvesnice cikastega goveda visoke 129,89 cm, kar je manj od
prvesnic rjavega goveda (139,8 cm) v Sloveniji (Spehar in sod., 2012).

Poleg povpre¢nih vrednosti ocen za lastnosti zunanjosti pri plemenskih bikih in prvesnicah,
prikazujemo tudi povprecne vrednosti ocen za lastnosti zunanjosti lo¢eno za vsak tip
(cikasti, delni cikasti, pincgavski). Razvr§¢anje zivali v ustrezen tip poteka na osnovi
sestavljene ocene za avtohtonost, ki zajema lastnosti zunanjosti kot je navedeno v
preglednici 6. Razvr§¢anje zivali v tip se izvede neposredno na koncu ocenjevanja.

Preglednica 6: Opis treh tipov cikastega goveda (Zan Lotri¢ in sod., 2010)

Tip Sestavljena ocena Opis zunanjosti
za avtohtonost
Cikasti tip 7,8,9 fina konstitucija, manjsi okvir, kratka glava, Sirok gobec, izrazene

velike o¢i, tanki in kratki rogovi usmerjeni naprej in navzgor,
tanka nagubana koza na vratu, neizrazita podgrlina, tanke noge,
obsezen vamp

Delni cikasti tip 4,5, 6 srednje velik telesni okvir, zdruzuje lastnosti zunanjosti cikastega
in pincgavskega tipa, doloCene lastnosti zunanjosti so znacilne za
druge pasme (primesi)

Pincgavski tip 1,2,3 vecji okvir, dolga glava, ozek gobec, neizrazite majhne oci, debeli
in navzven usmerjeni rogovi, debela koza na vratu, obsezna
podgrlina, debele noge, povit trup

Pri ocenjevanju sestavljene lastnosti za avtohtonost se, poleg posameznih ocen v sklopu za
avtohtonost in zabelezenih napak, upostevajo tudi »Navodila za presojo barvnih znakov
cikastega goveda«, ki so bila objavljena leta 1935 v Sluzbenem listu kraljevske banske
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uprave dravske banovine kot Banova uredba. Bistvene napake opisane v navodilih, ki Zival
»izkljuCujejo« so ¢rna ali presvetla (Zzemljasta ali rumenkasta) barva plasca, ocitna
pomesanost osnovne rjave barve z belo barvo, beli znaki na glavi in na nogah. Pri bikih Se
prevladujoca bela barva nad rjavo, bele lise v biclju, brezbarvni rogovi in popolnoma
modrosiv gobec (Navodila za presojo..., 1935).

V preglednici 7 so delezi plemenskih bikov in prvesnic z napakami lastnosti zunanjosti.
Najve¢ plemenskih bikov (35,76 %) in prvesnic (18,78 %) je imelo prekinjeno hrbtno liso,
ki se uposteva kot napaka v sklopu avtohtonih lastnosti. V sklopu napak telesnih oblik je
bil najve¢ji delez plemenskih bikov (14,24 %) in prvesnic (18,14 %) z visoko nasajenim
repom. Napake vimena zabelezene kot Stevilo paseskov je imelo 27,35 % prvesnic in stran
Strlece seske je imelo 10,31 % prvesnic. Vse druge zabelezene napake v vseh sklopih so
bile prisotne pri manjSem delezu zivali v populaciji.

Preglednica 7: Delez zivali z napakami za lastnosti zunanjosti

Plemenski biki (n = 330) Prvesnice (n = 1.086)
Napake v sklopu avtohtonost n % n %
Temen gobec 1 0,30 55 5,06
Neustrezna barva plasca 2 0,61 14 1,29
Beli znaki na glavi / / 44 4,05
Beli znaki na nogah 2 0,61 75 6,91
Pikasto pisana 1 0,30 55 5,06
Prekinjena hrbtna lisa 118 35,76 204 18,78
Hrbtna lisa na krizu 39 11,82 72 6,63
Napake v sklopu telesne oblike
Razplecenost 3 0,91 44 4,05
Visoko nasajen rep 47 14,24 197 18,14
Vdolbina med sednicama / / 5 0,46
Kravja stoja 11 3,33 92 8,47
Razprti parklji 2 0,61 4 0,37
Napake v sklopu vime 0,00
Stopnic¢asto vime / / 45 4,14
Lijakasti seski / / 32 2,95
Stran Strleci seski / / 112 10,31
Paseski / / 297 27,35
Medseski / / 14 1,29
Priseski / / 5 0,46

Od leta 2006 do 2014 je bilo ocenjenih in v analizo vklju¢enih 330 plemenskih bikov
(preglednica 8), ki so bili razvrséeni v cikasti tip (186), delni cikasti tip (142) in v
pincgavski tip (2). Biki v pincgavskem tipu niso predvideni za pleme, zato bomo v
nadaljevanju primerjali le plemenske bike v cikastem in delnem cikastem tipu. Plemenski
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biki v cikastem tipu so bili v povprecju nizji za 3,6 cm v vihru in 3,7 cm v krizu od bikov v
delnem cikastem tipu. Prav tako so imeli 4,8 cm krajSo dolzino telesa, 2 cm ozje prsi, 2,3
cm oZzji kriz in za 2,8 cm manjSo globino prsi. Plemenski biki v cikastem tipu so imeli 7,5
cm manjsi obseg prsi in posledi¢no so bili kar za 43 kg 1azji od plemenskih bikov v delnem
cikastem tipu pri skoraj isti starosti. Prav vse posamezne lastnosti za avtohtonost so bile v
povprecju ocenjene kot bolj zazelene pri plemenskih bikih v cikastem tipu. Sestavljena
lastnost za avtohtonost je bila za 1,9 ocene vecja in s tem bolj zazelena pri bikih v cikastem
tipu. Posamezne lastnosti za telesne oblike so bile zelo podobne pri obeh tipih cikastih
bikov z izjemo izrazenosti sko¢nega sklepa, ki je bil pri bikih v cikastem tipu v povprecju
ocenjen z eno oceno bolje v primerjavi z delnim cikastim tipom. Sestavljena lastnost za
telesne oblike je bila za 0,7 ocene boljsa pri bikih v cikastem tipu. Biki v delnem cikastem
tipu pa so imeli za 0,4 ocene boljSo omiSi¢enost.
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Preglednica 8: Opisna statistika za lastnosti zunanjosti pri plemenskih bikih treh tipov cikastega goveda
Lastnosti (povprecje = SD) Cikasti tip Delni cikasti tip Pincgavski tip

(n=186) (n=142) (n=2)
Starost (meseci) 14,33 £2,67 14,96 £ 2,67 14,50 + 3,54
Merjene lastnosti za telesni okvir
Visina vihra (cm) 115,47 £ 4,22 119,11 £4,22 124,00 £ 9,90
Visina kriza (cm) 118,53 +4,26 122,28 £4,29 128,00 £ 9,90
Dolzina telesa (cm) 114,05 + 6,76 118,81+ 5,59 123,00 + 5,66
Obseg prsi (cm) 154,61 + 9,64 162,06 + 10,04 167,00 + 12,73
Sirina prsi (cm) 37,85+3,51 39,92 +£3,78 38,00 + 5,66
Globina prsi (cm) 58,88 £4,00 61,66 + 3,90 62,50 £ 6,36
Sirina kriza (cm) 39,14+ 3,51 41,43 +£3,12 44,00 £ 5,66

Telesna masa (kg)

300,83 + 54,97

342,99 + 61,52

375,00 = 73,54

Posamezne lastnosti za avtohtonost (1 — 9)

Dolzina glave 6,35+ 1,19 5,87 +1,29 6,50+ 0,71
Plemenitost glave 6,42 + 0,86 5,01 £0,93 5,00+ 0,00
Izrazenost oci 5,92+ 0,86 5,29 + 0,85 4,00+1,41
Debelina rogov 5,29 £ 1,25 447+1,18 6,00 + 0,00
Dolzina rogov 6,20+ 1,24 5,36 £1,16 5,50+£2,12
Usmerjenost rogov 5,59 + 1,31 4,83 +1,38 4,50+2,12
Vrat 5,71 +£1,20 4,15+ 1,23 2,00 £ 0,00
Izrazenost podgrline 5,26 £ 1,31 4,00+ 1,25 3,00 £+ 0,00
Pigmentacija plasca 5,80+ 1,28 4,89+ 1,35 2,50+0,71
Izrazenost hrbtne lise 6,31 + 1,34 6,06 + 1,44 8,00+ 0,00
Izrazenost pasov na zadnjih nogah 6,81 +1,70 6,31 +£1,69 8,50 £ 0,71
Izrazenost pasov na prednjih nogah 7,49 £1,27 7,26 1,41 8,50 £ 0,71
Posamezne lastnosti za telesne oblike (1 —9)

Hrbet 4,69 + 0,53 4,63 +0,65 4,50+0,71
Nagib kriza 4,99 +0,51 5,09 + 0,64 5,50+ 0,71
Kot sko¢nega sklepa 5,18 £0,68 5,20+ 0,74 5,00 £ 0,00
Izrazenost sko¢nega sklepa 6,68 0,99 5,64 £1,03 3,00 £+ 0,00
Biclji 6,44 + 0,85 6,20 £ 1,09 6,00 £ 0,00
Parklji 5,99 + 0,99 6,01 = 1,00 6,00 + 0,00
Izjava rejca (1 - 5)

Temperament 435+0,73 4,04 £0,81 4,00 £ 0,00
Sestavljene lastnosti (1 — 9)

Avtohtonost 7,22 +0,42 5,28 +0,83 3,00 + 0,00
Omisi¢enost 5,56+ 1,08 5,96+ 1,18 6,00 £ 1,41
Telesne oblike 6,69 + 0,85 5,99 + 1,06 5,50+ 0,71

SD — standardni odklon

V preglednici 9 so prikazane srednje vrednosti za lastnosti zunanjosti pri 1.086 prvesnicah,
ki so bile razvrS¢ene v cikasti tip (213), delni cikasti (681) in pincgavski tip (192). Med
prvesnicami vseh treh tipov je bila tudi razlika v starosti in sicer, prvesnice razvrscene v
cikasti tip so bile 1,3 meseca mlajSe od prvesnic razvr§¢enih v delni cikasti tip in 2,9
meseca mlajSe od prvesnic v pincgavskem tipu. Prvesnice v cikastem tipu so bile v
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povprecju v vihru in krizu niZje od prvesnic v delnem cikastem tipu za 4,5 cm oz. 4,8 cm
in 10,9 cm oz. 11,2 cm od prvesnic v pincgavskem tipu. Prav tako so imele prvesnice v
cikastem tipu za 4,6 cm krajSo dolzino telesa od prvesnic v delnem cikastem tipu in za 10,4
cm od prvesnic v pincgavskem tipu. Prvesnice v cikastem tipu so imele 6,5 cm manjsi
obseg prsi od prvesnic v delnem cikastem tipu in 15,6 cm od prvesnic v pincgavskem tipu.
Prav vse posamezne lastnosti za avtohtonost so bile v povprecju ocenjene kot bolj zazelene
pri prvesnicah v cikastem tipu. Sestavljena lastnost za avtohtonost je bila za 2,2 ocene
bolje ocenjena pri cikastem tipu v primerjavi z delnim cikastim tipom in za 4,5 ocene bolje
v primerjavi s pincgavskim tipom prvesnic, kar pomeni, da so imele prvesnice razvrs¢ene v
cikasti tip najbolj izraZene avtohtone lastnosti. Ocene za posamezne lastnosti za telesne
oblike so bile zelo podobne pri vseh treh tipih prvesnic, z izjemo izrazenosti skocnega
sklepa, ki je bil pri cikastem tipu v povprecju ocenjen za 1,2 ocene bolje v primerjavi z
delnim cikastim tipom in 2,5 ocene bolje v primerjavi s pincgavskim tipom prvesnic.
Sestavljena lastnost za telesne oblike je bila za 0,7 ocene boljSa pri cikastem tipu v
primerjavi z delnim cikastim in za 0,9 ocene boljSa v primerjavi s pincgavskim tipom
prvesnic. Prvesnice v cikastem tipu so imele za 0,2 ocene slabSo omiSicenost v primerjavi z
delnim cikastim in za 0,8 ocene slabSo omiSi¢enost v primerjavi s pincgavskim tipom
prvesnic. Sestavljena lastnost za vime je bila za 0,8 ocene boljSa pri cikastem tipu prvesnic
v primerjavi z delnim cikastim in za 1 oceno boljSa v primerjavi s pincgavskim tipom
prvesnic.

Merjene lastnosti telesnega okvira sedanje populacije prvesnic cikastega goveda smo
primerjali s populacijami, ki so bile v preteklosti razSirjene na obmocju, ki ustreza danasnji
raz$irjenosti cikastega goveda in so imele po opisu podobno barvo plas¢a. Ugotovili smo,
da so prvesnice sedanje populacije v cikastem tipu, ki naj bi predstavljal prvotni tip
cikastega goveda, v vihru (121,77 £ 3,78 cm) in krizu (124,92 + 3,92 cm) vi§je od krav
bohinjskega (118 cm; 116 cm) in rdecega pisanega gorenjskega goveda (118 cm, 120 cm)
(Povse, 1893) ter visje od krav bovskega (119 cm, 118 cm) in tolminskega goveda (120
cm, 114 cm) (Povse, 1894). Razlike lahko pojasnimo tudi z bolj$imi rejskimi in krmnimi
pogoji reje v sedanjem casu. Feréej (1947) je izmeril telesne mere kravam planinske in
ravninske »zvrsti« gorenjskega pincgavca. Prvesnice v cikastem tipu v sedanji populaciji
so v vihru visje od krav planinske »zvrsti« (119,5 cm). Krave ravninske »zvrsti
gorenjskega pincgavca pa so bile v vihru visoke 123,8 cm, kar je ve¢ kot pri sedanjih
prvesnicah v cikastem tipu (121,77 + 3,78 cm) in manj kot pri prvesnicah v delnem
cikastem tipu (126,22 + 4,64 cm). Glede na standardni odklon lahko zaklju¢imo, da so
prvesnice, v cikastem in delnem cikastem tipu v sedanji populaciji, po velikosti podobne
populaciji krav gorenjskega pincgavskega goveda iz leta 1947.
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Preglednica 9: Opisna statistika za lastnosti zunanjosti pri prvesnicah vseh treh tipov cikastega goveda
Lastnosti Cikasti tip Delni cikasti tip Pincgavski tip
(povprecje = SD) (n=213) (n=0681) (n=192)
Starost (meseci) 32,61 £5,12 33,88 £5,38 35,29 +4,80
Merjene lastnosti za telesni okvir
Visina vihra (cm) 121,77 £3,78 126,22 + 4,64 132,69 + 4,00
Visina kriza (cm) 124,92 £ 3,92 129,68 + 4,65 136,12 + 3,82
Dolzina telesa (cm) 122,94 + 4,67 127,53 £ 5,52 133,29 +4,91
Obseg prsi (cm) 167,83 +7,36 174,30 + 8,81 183,41 + 8,94
Posamezne lastnosti za avtohtonost (1 — 9)

Dolzina glave 6,18+ 1,10 5,16 1,20 4,44 + 1,28
Plemenitost glave 6,61 £ 0,85 5,25+ 1,05 3,75+ 1,03
Izrazenost oci 6,26 + 0,85 5,53 +£0,96 5,02 £ 1,00
Debelina rogov 5,87+1,14 4,65+1,22 3,71+ 1,19
Dolzina rogov 5,68+1,14 5,04+ 1,19 430+1,27
Usmerjenost rogov 6,20 + 1,26 5,08 1,49 4,17 +1,58
Vrat 6,53+ 0,84 5,14 +1,15 3,80 £ 1,06
Izrazenost podgrline 6,02 = 1,08 4,89+ 1,21 3,87+ 1,04
Pigmentacija plasca 5,63+ 1,24 5,06 £1,37 4,64+ 1,34
IzraZenost hrbtne lise 5,48 £1,41 521 £ 1,50 4,68 + 1,66
Izrazenost pasov na zadnjih nogah 5,83+1,72 545+ 1,84 4,76 £ 1,98
Izrazenost pasov na prednjih nogah 6,62 + 1,51 6,29+ 1,73 5,71+£1,93
Posamezne lastnosti za telesne oblike (1 —9)

Hrbet 4,74 £ 0,55 4,75 £ 0,60 4,68 + 0,64
Nagib kriza 4,99 +0,77 5,20+0,77 5,31+0,85
Kot sko¢nega sklepa 5,62 +0,74 5,53+£0,80 5,50+ 0,84
Izrazenost sko¢nega sklepa 6,74 0,81 5,57+ 1,09 4,20+ 1,03
Biclji 5,94 +0,80 5,84 £ 0,96 6,01 £1,07
Parklji 5,78 £0,86 5,70 £ 0,93 5,77 +£1,13
Posamezne lastnosti za vime (1 — 9)

Vime pod trebuhom 5,51+0,91 4,80 £ 1,04 4,58 £0,99
Globina vimena 5,86 +0,92 5,34 +£0,99 5,07+ 1,17
Debelina prednjih seskov 4,71 £0,88 5,03 +0,95 5,29 +£1,04
Dolzina prednjih seskov 5,12 +£1,04 5,40 £ 1,04 5,46 £1,10
Izjava rejca (1 —5)

Iztok mleka 3,82+£0,56 3,49 £0,57 3,43 £0,58
Temperament 3,95+0,85 3,71 +0,74 3,66 +£0,70
Sestavljene lastnosti (1 —9)

Avtohtonost 7,19 £ 0,41 5,00 £ 0,81 2,72 +£0,47
OmisSi¢enost 5,20+ 0,88 541+1,10 5,99 +£1,22
Telesne oblike 6,27 £ 0,95 5,58 £1,11 531+1,23
Vime 5,68 + 0,99 4,90 + 1,09 4,64 + 1,14

SD — standardni odklon

Razliko med povpre¢nimi vrednostmi pri merjenih lastnostih pri prvesnicah vseh treh tipov
lahko pojasnimo z oplemenjevanjem cikastega goveda s pincgavskim in s pretapljanjem z



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015 27

lisastim govedom v preteklosti. Pincgavsko in lisasto govedo imata vecji telesni okvir, zato
so zivali v delnem cikastem in pincgavskem tipu ve&jega okvira. Zivali v pincgavskem tipu
imajo v genotipu najveckrat vecji delez pincgavskega goveda, kar je bilo potrjeno tudi z
genetsko karakterizacijo na osnovi genetskih mikrosatelitnih oznacevalcev (Sim¢i€ in sod,
2013a, Sim¢i¢ in sod, 2013b) in oznacevalcev SNP (Sim¢ic¢ in sod., 2015). Plemenski biki
in prvesnice v cikastem tipu so manjSega telesnega okvira, kar je pozitivna lastnost za
pasmo, katere tehnologija reje temelji na pasi na strmih alpskih pa$nikih. Zivali manjsega
telesnega okvira imajo, namrec, nizje postavljen center za teznost, kar omogoca, da so bolj
stabilne na strmih pasnikih. Poleg tega imajo pasme z manjSim okvirom tudi manjse
potrebe po vzdrZzevalni krmi (Communod in sod., 2013).

Viri variabilnosti

V preglednici 10 so prikazani viri variabilnosti na osnovi GLM analize za lastnosti
zunanjosti pri plemenskih bikih, izracunani na osnovi modela 1. Sistematski vpliv leto
ocenjevanja je bil statisticno znacilen pri Stirih merjenih lastnostih (dolzina telesa, Sirina
prsi, globina prsi, Sirina kriza) in pri Stirih posameznih ocenjevanih lastnostih. Leto
ocenjevanja je statisticno znacilno vplivalo na sestavljeni lastnosti za omiSicenost in za
telesne oblike. Starost ob ocenjevanju je statisticno znacilno vplivala na vse merjene
lastnosti in na Sest posameznih ocenjevanih lastnosti za avtohtonost ter na sestavljeno
lastnost za avtohtonost. Najve&ji delez variabilnosti (R?) za lastnosti zunanjosti pri
plemenskih bikih cikastega goveda smo pojasnili z modelom 1 pri merjenih lastnostih (18
— 30 %). Delez pojasnjene variabilnosti pri posameznih lastnostih v sklopu avtohtonost je
bil med 3 in 13 %, pri posameznih lastnostih za telesne oblike pa med 2 in 9 %. Delez
pojasnjene variabilnosti za sestavljeno lastnost avtohtonost je bil 6 %. Lastnosti
temperament in iztok mleka smo iz nadaljnjih analiz izkljucili, ker nista lastnosti
zunanjosti in na njiju vplivajo drugacni dejavniki kot na lastnosti zunanjosti.
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Preglednica 10: Viri variabilnosti za lastnosti zunanjosti pri plemenskih bikih cikastega goveda

Viri variabilnosti (p-vrednosti) R’

Leto ocenjevanja Starost ob ocenjevanju
Merjene lastnosti
Visina vihra (cm) ns < 0,001 0,20
Visina kriza (cm) ns < 0,001 0,20
Dolzina telesa (cm) < 0,001 < 0,001 0,26
Obseg prsi (cm) ns < 0,001 0,27
Sirina prsi (cm) 0,016 <0,001 0,18
Globina prsi (cm) <0,001 <0,001 0,30
Sirina kriza (cm) 0,001 < 0,001 0,25
Telesna masa (kg) ns < 0,001 0,28
Posamezne lastnosti za avtohtonost (1 — 9)
Dolzina glave 0,001 0,003 0,13
Plemenitost glave ns ns 0,03
Izrazenost oci ns 0,002 0,05
Debelina rogov ns ns 0,03
Dolzina rogov 0,044 0,002 0,08
Usmerjenost rogov < 0,001 ns 0,12
Vrat ns 0,038 0,06
Izrazenost podgrline 0,003 ns 0,07
Pigmentacija plasca 0,005 0,010 0,09
Izrazenost hrbtne lise ns 0,036 0,04
Izrazenost pasov na zadnjih nogah ns ns 0,04
Izrazenost pasov na prednjih nogah ns ns 0,03
Posamezne lastnosti za telesne oblike (1 —9)
Hrbet ns ns 0,04
Nagib kriza ns ns 0,02
Kot sko¢nega sklepa 0,005 ns 0,07
Izrazenost sko¢nega sklepa ns 0,018 0,05
Biclji ns 0,001 0,08
Parklji 0,001 ns 0,09
Sestavljene lastnosti (1 — 9)
Avtohtonost ns 0,025 0,06
OmiSic¢enost 0,035 ns 0,05
Telesne oblike 0,002 ns 0,08

R’ — koeficient determinacije, ns — ne znagilen vpliv (p > 0,05)

V preglednici 11 so prikazani viri variabilnosti za lastnosti zunanjosti pri prvesnicah,
izraCunani na osnovi modela 2.
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Preglednica 11: Viri variabilnosti za lastnosti zunanjosti pri prvesnicah cikastega goveda

Lastnosti Viri variabilnosti (p-vrednosti) R’

Leto ocenjevanja  Starost ob ocenjevanju  Cas po telitvi

Merjene lastnosti za telesni okvir (cm)

Visina vihra < 0,001 < 0,001 <0,001 0,17
Visina kriza < 0,001 < 0,001 <0,001 0,15
Dolzina telesa < 0,001 < 0,001 0,023 0,16
Obseg prsi < 0,001 < 0,001 ns 0,14
Posamezne lastnosti za avtohtonost (1 — 9)

DolZina glave 0,003 < 0,001 ns 0,06
Plemenitost glave ns 0,009 ns 0,03
Izrazenost oci < 0,001 ns ns 0,03
Debelina rogov < 0,001 < 0,001 0,001 0,07
Dolzina rogov < 0,001 0,003 ns 0,04
Usmerjenost rogov 0,004 0,001 ns 0,03
Vrat 0,001 0,011 ns 0,05
Izrazenost podgrline < 0,001 0,002 ns 0,06
Pigmentacija plasca 0,005 ns ns 0,02
IzraZenost hrbtne lise 0,001 ns ns 0,03
Izrazenost pasov na zadnjih nogah 0,001 ns ns 0,03
Izrazenost pasov na prednjih nogah 0,001 0,021 ns 0,03
Posamezne lastnosti za telesne oblike (1 —9)

Hrbet ns ns ns 0,01
Nagib kriza 0,009 0,001 0,001 0,03
Kot sko¢nega sklepa ns 0,007 ns 0,02
Izrazenost sko¢nega sklepa < 0,001 <0,001 ns 0,08
Biclji ns 0,006 ns 0,02
Parklji < 0,001 ns ns 0,04
Posamezne lastnosti za vime (1 — 9)

Vime pod trebuhom <0,001 ns <0,001 0,09
Globina vimena < 0,001 0,021 0,001 0,09
Debelina prednjih seskov < 0,001 0,034 ns 0,04
Dolzina prednjih seskov < 0,001 0,002 ns 0,06
Sestavljene lastnosti (1 —9)

Avtohtonost < 0,001 < 0,001 0,043 0,12
OmiSic¢enost 0,001 ns 0,050 0,03
Telesne oblike < 0,001 0,001 ns 0,05
Vime < 0,001 0,014 <0,001 0,09

R” — koeficient determinacije, ns — ne zna¢ilen vpliv (p > 0,05)

Pri prvesnicah je bil sistematski vpliv leto ocenjevanja (preglednica 11) statisticno znacilen
pri vseh merjenih lastnostih in tudi pri vseh posameznih ocenjevanih lastnostih za
avtohtonost z izjemo lastnosti »plemenitost glave«. Prav tako je leto ocenjevanja statisticno
znacilno vplivalo na vse posamezne lastnosti za vime. Leto ocenjevanja je statisti¢no
znacilno vplivalo na vse sestavljene lastnosti, in sicer na avtohtonost, omiSi¢enost, telesne
oblike in na vime. Starost ob ocenjevanju je pri prvesnicah statisticno znacilno vplivala na
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vse merjene lastnosti in skoraj na vse posamezne lastnosti za avtohtonost. Prav tako je
starost ob ocenjevanju statisticno znacilno vplivala na sestavljene lastnosti avtohtonost,
telesne oblike in vime. Cas po telitvi je statisti¢no znailno vplival na tri merjene lastnosti
(viSina vihra, viSina kriza, dolzina telesa), na debelino rogov in na vime pod trebuhom ter
na globino vimena. Prav tako je Cas po telitvi statisti¢no znacilno vplival na sestavljene
lastnosti avtohtonost, omiSi¢enost in vime.

Najvecji delez variabilnosti za lastnosti zunanjosti pri prvesnicah cikastega goveda smo
pojasnili z modelom 2 pri merjenih lastnostih telesnega okvira (14 — 17 %). Delez
pojasnjene variabilnosti je bil pri posameznih lastnostih za avtohtonost med 3 in 7 %, pri
sestavljeni lastnosti za avtohtonost pa 12 % (Preglednica 11).

ICAR (International agreement..., 2012) priporoca analizo lastnosti zunanjosti z modelom,
kjer naj bi bili vkljuceni vplivi starosti, stadija laktacije in sezone. Ocenjevalci naj ne bi
korigirali ocen glede na starost, stadij laktacije, sezono, oceta in tehnologijo reje v Casu
postopka ocenjevanja, ampak morajo oceniti le biolosko izrazenost lastnosti. Zabeleziti bi
morali Se naCin uhlevitve (prosta reja, vezana reja, reja z izpustom) in tip tal (beton,
cement, les, pesek, guma, slama, pasnik), ker bi lahko vplivali na nekatere lastnosti
zunanjosti.

Tudi pri analizah variance lastnosti zunanjosti pri prvesnicah italijanskih avtohtonih pasem
valdostana (Mazza in sod., 2013), rendena (Mazza in sod., 2014) in piemontese
(Mantovani in sod., 2010) so vkljucili oba vpliva, starost ob ocenjevanju in ¢as po telitvi.
Poleg tega so vkljucili Se interakcijo ¢reda-leto-ocenjevalec. Z navedenim modelom so
pojasnili tudi ve&ji delez variabilnosti (R* = 0,19 — 0,36) pri prvesnicah rendena v
primerjavi s cikastim govedom. V model za analizo lastnosti zunanjosti Spanske pasme
asturiana de los valles so vkljucili vplive ¢rede, interakcijo ocenjevalec-leto-sezona, ¢as po
telitvi in starost (Gutiérrez in Goyache, 2002). Pri prvesnicah holStajn-frizijskega goveda
so v model za analizo variance ocen zunanjosti vkljucili naslednje vplive in sicer,
interakcijo ¢reda-sezona ocenjevanja-ocenjevalec, ocenjevalec, sezona telitve in starost ob
telitvi (Némcova in sod., 2011). Pri prvesnicah ameriSkega rjavega goveda so v model za
analizo variance ocen zunanjosti vkljucili vplive kot so interakcija ¢reda-leto-sezona,
starost ob telitvi in ocenjevalec (Samor¢ in sod., 2010). V nasem primeru interakcij med
vplivi ni bilo mogoc¢e upostevati, ker je ocenjevalec samo eden. Poleg tega je Stevilo zivali
v Credah zelo majhno in je bilo zajeto zelo veliko Stevilo ¢red, zato smo vpliv Crede
vkljucili kot nakljuéni vpliv.

Nekateri avtorji (npr. Dal Zotto in sod., 2007, Klop¢i¢ in Hamoen, 2010) priporocajo tudi
vkljucitev telesne kondicije v model kot vpliv pri analizi variance lastnosti zunanjosti.
Telesna kondicija predstavlja pokritost s podkozno mascobo oziroma lojem, ki ga otipamo
na predelu korena repa in ledvenih vretenc, in lahko vpliva na ocene zunanjosti, Se
posebno, ko so zivali v preskromni ali v predobri kondiciji. Menimo, da bi bilo potrebno
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ocenjevanje telesne kondicije vpeljati tudi v ocenjevanje zunanjosti prvesnic in plemenskih
bikov cikaste pasme.

Ocenjeni delezi variance

Deleze pojasnjene variance smo z modelom zivali (model 3) ocenili samo za prvesnice
(preglednica 12), ker je bilo podatkov o ocenah zunanjosti plemenskih bikov premalo (330
zivali) in struktura podatkov ni bila primerna za zanesljivo oceno. Desna asimetricnost je
bila posledica ocenjevanja samo odbranih potencialnih plemenskih bikov iz populacije
(cikasti in delni cikasti tip), ki imajo samo viSje ocene na lestvici od 1 do 9. Poleg tega,
raziskovalci v literaturi, navajajo deleze varianc samo za lastnosti zunanjosti prvesnic. Pri
prvesnicah so bili ocenjeni dednostni delezi za vse lastnosti zunanjosti med 0,17 in 0,87
(preglednica 12), delez pojasnjene variance z vplivom c¢rede pa je bil med 0,01 in 0,27.
Ocenjeni dednostni delezi za merjene lastnosti so bili od 0,48 do 0,79, za sklop
posameznih lastnosti za avtohtonost od 0,37 do 0,87, za sklop posameznih lastnosti za
telesne oblike od 0,17 do 0,70 in za sklop posameznih lastnosti za vime od 0,26 do 0,51.
Ocenjeni dednostni delezi za sestavljene lastnosti avtohtonost, omiSicenost, telesne oblike
in vime so bili 0,62, 0,28, 0,20 in 0,30.

Delezi pojasnjene variance za lastnosti telesnega okvira

Ocenjena dednostna deleza (h?) za vi§ino vihra in za vigino kriZa sta bila pri prvesnicah
cikastega goveda 0,78 £ 0,06 in 0,79 + 0,06. Manjsi h? za visino vihra so ocenili pri
prvesnicah piemontese goveda (0,31 + 0,02) (Mantovani in sod., 2010). Podoben h?® za
visino kriza so ocenili pri prvesnicah holstajnskega (0,69 + 0,03), ameriskega rjavega (0,64
+ 0,02) in rde¢ega holtajnskega goveda (0,74 + 0,03) iz Svice (de Haas in sod., 2007),
medtem ko je bil ocenjen h* manjsi pri prvesnicah rjavega goveda (0,46) (Spehar in sod.,
2012). Manjsi h? za vi§ino kriZa so ocenili pri prvesnicah rendena (0,52) (Mazza in sod.,
2014), ameriskega rjavega (0,32) (Dal Zotto in sod., 2007) in ¢eSkega holstajn-frizijskega
goveda (0,45) (Némcova in sod., 2011).

Ocenjeni dednostni delez za dolzino telesa je bil pri prvesnicah cikastega goveda 0,66 +
0,06. Manijsi h” za dolZino telesa so ocenili pri prvesnicah rendena goveda (0,41) (Mazza in
sod., 2014). Ocenjeni h” za obseg prsi je bil pri prvesnicah cikastega goveda 0,48 + 0,06,
kar je le nekoliko ve& od h” za obseg prsi pri prvesnicah holitajnskega (0,38 + 0,02),
ameriskega rjavega (0,35 + 0,02) in rdeéega holstajnskega goveda (0,36 + 0,02) iz Svice
(de Haas in sod., 2007).
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Preglednica 12: Delezi komponent variance za lastnosti zunanjosti pri prvesnicah cikastega goveda

Lastnosti h’ Creda (sy") Ostanek (e”)
Merjene lastnosti za telesne oblike

Visina vihra 0,78 + 0,06 0,08 + 0,03 0,14 £ 0,05
Visina kriza 0,79 + 0,06 0,09 £0,03 0,12 +£0,05
Dolzina telesa 0,66 + 0,06 0,14 + 0,03 0,20 + 0,05
Obseg prsi 0,48 + 0,06 0,25 + 0,04 0,27 £ 0,05
Posamezne lastnosti za avtohtonost

Dolzina glave 0,53+ 0,05 0,06 + 0,02 0,41 +0,05
Plemenitost glave 0,66 + 0,07 0,05+0,02 0,29 +0,07
Izrazenost o€i 0,53 + 0,05 0,06 + 0,02 0,42 + 0,04
Debelina rogov 0,66 = 0,06 0,07 +£0,02 0,27 £ 0,05
Dolzina rogov 0,59 + 0,05 0,04 + 0,03 0,38 + 0,04
Usmerjenost rogov 0,37 £ 0,05 0,05+ 0,02 0,58 £ 0,05
Vrat 0,63 + 0,06 0,04 £0,03 0,33 £0,05
Izrazenost podgrline 0,68 + 0,06 0,08 + 0,03 0,25+ 0,05
Pigmentacija plasca 0,73 £ 0,05 0,03 +0,01 0,24 + 0,05
Izrazenost hrbtne lise 0,87 £0,05 0,02+ 0,01 0,11 +£0,05
Izrazenost pasov na zadnjih nogah 0,86 £ 0,05 0,02+ 0,01 0,12 +0,04
Izrazenost pasov na prednjih nogah 0,76 + 0,06 0,01 + 0,006 0,23 £0,05
Posamezne lastnosti za telesne oblike

Hrbet 0,20 + 0,05 0,08 £ 0,02 0,72 £0,05
Nagib kriza 0,32 + 0,06 0,01 £0,007 0,67 £ 0,06
Kot sko¢nega sklepa 0,17 +0,03 0,12+0,03 0,71 +£ 0,04
Izrazenost sko¢nega sklepa 0,70 £ 0,05 0,06 + 0,02 0,24 + 0,06
Biclji 0,20 + 0,04 0,11 +0,03 0,70 + 0,04
Parklji 0,20 + 0,03 0,20 £ 0,03 0,60 £ 0,04
Posamezne lastnosti za vime

Vime pod trebuhom 0,26 + 0,04 0,12+ 0,03 0,62 + 0,04
Globina vimena 0,28 + 0,05 0,15+0,03 0,57 + 0,04
Debelina prednjih seskov 0,33 +£0,05 0,10+ 0,02 0,57 £ 0,05
Dolzina prednjih seskov 0,51 +0,06 0,06 + 0,02 0,43 + 0,05
Sestavljene lastnosti

Avtohtonost 0,62 + 0,06 0,10+ 0,03 0,28 £ 0,05
Omisi¢enost 0,28 £ 0,07 0,27 £ 0,04 0,45 + 0,06
Telesne oblike 0,20 + 0,03 0,09 + 0,02 0,71 +£ 0,04
Vime 0,30 £ 0,05 0,13+0,03 0,57 £0,04

h? = dednostni delez — deleZ pojasnjene variance z aditivnim genetskim vplivom
Delezi variance za sklop posameznih lastnosti za avtohtonost

Ocenjeni dednostni delez (h®) za dolZino glave je bil pri prvesnicah cikastega goveda 0,53
+0,05. Manj3i h? za dolzino glave so ocenili pri prvesnicah asturiana de los valles (0,25 +
0,02) (Gutiérrez in Goyache, 2002) in piemontese (0,15 + 0,02) (Mantovani in sod., 2010).
Ocenjeni h? za sestavljeno lastnost avtohtonost je bil pri prvesnicah cikastega goveda 0,62
+ 0,06. Pri prvesnicah §panskega asturiana de los valles goveda so ocenili h” za lastnost
imenovano pasemske znacilnosti (0,33 + 0,02) in zdruzuje barvo plasca in splosen izgled
zivali glede na pasemski standard (Gutiérrez in Goyache, 2002).
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Delezi variance za sklop posameznih lastnosti za telesne oblike

Ocenjeni dednostni delez (h?) za hrbet je bil pri prvesnicah cikastega goveda 0,20 + 0,05.
Manjsi h® za hrbet so ocenili pri prvesnicah asturiana de los valles (0,11 = 0,01) (Gutiérrez
in Goyache, 2002), piemontese (0,07 £ 0,01) (Mantovani in sod., 2010), slovenskega
rjavega (0,16) (Spehar in sod., 2012) in ameriskega rjavega goveda (0,10) (Dal Zotto in
sod., 2007). Ocenjeni h” za nagib kriza je bil pri prvesnicah cikastega goveda 0,32 + 0,06.
Podoben h? za nagib kriza so ocenili tudi pri prvesnicah rendena (0,36) (Mazza in sod.,
2014) in ceSkega holstajn-frizijskega goveda (0,34) (Némcova in sod., 2011) medtem, ko
je bil h? pri prvesnicah slovenskega rjavega goveda 0,22 (Spehar in sod., 2012) in 0,24 pri
prvesnicah ameriSkega rjavega goveda (Dal Zotto in sod., 2007). Ocenjeni dednosti delez
za sestavljeno lastnost telesne oblike je bil pri prvesnicah cikastega goveda 0,20 + 0,03,
podoben kot pri prvesnicah rendena (0,18) goveda (Mazza in sod., 2014).

Ocenjeni dednostni delez za kot sko¢nega sklepa je bil pri prvesnicah cikastega goveda
0,17 + 0,03. Podoben h* za kot sko¢nega sklepa so ocenili tudi pri prvesnicah rendena
(0,21) (Mazza in sod., 2014), piemontese (0,12 + 0,02) (Mantovani in sod., 2010),
slovenskega rjavega (0,13) (Spehar in sod., 2012), ameriskega rjavega (0,14) (Dal Zotto in
sod., 2007) in ceSkega holstajn-frizijskega goveda (0,16) (Némcovéd in sod., 2011).
Ocenjeni h” za izraZenost skoénega sklepa je bil pri prvesnicah cikastega goveda 0,70 +
0,05. Manjsi h® za izrazenost skocnega sklepa so ocenili pri prvesnicah rjavega goveda
(0,11) (Spehar in sod., 2012) in ameriskega rjavega goveda (0,08) (Dal Zotto in sod.,
2007). Ocenjeni dednostni delez za parklje je bil pri prvesnicah cikastega goveda 0,20 +
0,03. Manjsi h” za parklje so ocenili pri prvesnicah rendena (0,12) (Mazza in sod., 2014),
piemontese (0,09 + 0,01) (Mantovani in sod., 2010), rjavega (0,04) (Spehar in sod., 2012),
ameriSkega rjavega (0,09) (Dal Zotto in sod., 2007) in ¢eskega holstajn-frizijskega goveda
(0,10) (Némcova in sod., 2011).

Delezi variance za sklop posameznih lastnosti za vime

Ocenjeni dednosti delez za vime pod trebuhom je bil pri prvesnicah cikastega goveda 0,26
+ 0,04, podoben kot pri prvesnicah rendena (0,32) (Mazza in sod., 2014) in ceskega
holstajn-frizijskega goveda (0,24) (Némcova in sod., 2011) ter vecji kot pri prvesnicah
rjavega (0,14) (Spehar in sod., 2012), ameriskega rjavega (0,14) (Dal Zotto in sod., 2007)
in francoskega holsStajnskega goveda (0,18) (Rupp in Boichard, 1999). Ocenjeni dednosti
delez za sestavljeno lastnost vime je bil pri prvesnicah cikastega goveda 0,30 + 0,05,
podoben kot pri prvesnicah rendena (0,37) (Mazza in sod., 2014) in vecji kot pri
prvesnicah rjavega goveda (0,16) (Spehar in sod., 2012).

Prav tako je bil ocenjen dednosti delez za globino vimena pri prvesnicah cikastega goveda
(0,28 £+ 0,05) podoben kot pri prvesnicah rendena (0,27) (Mazza in sod., 2014), rjavega
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(0,22) (Spehar in sod., 2012), ameriskega rjavega (0,23) (Dal Zotto in sod., 2007), éeskega
holstajn-frizijskega (0,32) (Némcova in sod., 2011) in francoskega holstajnskega (0,29)
goveda (Rupp in Boichard, 1999). Ocenjeni dednosti delez za dolzino prednjih seskov pri
prvesnicah cikastega goveda (0,51 + 0,06) je bil veliko ve¢ji v primerjavi s prvesnicami
rendena (0,34) (Mazza in sod., 2014), rjavega (0,33) (Spehar in sod., 2012), ameriskega
rjavega (0,32) (Dal Zotto in sod., 2007), ¢eSkega holstajn-frizijskega (0,28) (Némcova in
sod., 2011) in francoskega holStajnskega goveda (0,30) (Rupp in Boichard, 1999).

Delezi variance za sestavljeno lastnost omiSi¢enost

Ocenjeni dednosti delez za omiSi¢enost je bil pri prvesnicah cikastega goveda 0,28 + 0,07
in je bil podoben kot pri rendena (0,31) (Mazza in sod., 2014) in asturiana de los valles
govedu (0,22 + 0,01) (Gutiérrez in Goyache, 2002). Ocenjeni dednosti delez za
omis$i¢enost pri prvesnicah cikastega goveda je bil vecji kot pri prvesnicah rjavega goveda
(0,16) (Spehar in sod., 2012) ter manjsi kot pri prvesnicah ameriskega rjavega (0,42 +
0,02) in rde¢ega holstajnskega goveda (0,59 + 0,03) iz Svice (de Haas in sod., 2007).
Ocenjeni dednostni delezi za isto lastnost se lahko razlikujejo med populacijami (pasmami)
zaradi razlicnega nacina ocenjevanja, razlicne usklajenosti ocenjevalcev, razlicnih
statisticnih modelov in strukture ter ¢iScenja podatkov.

Delezi variance za ¢redo in ostanek

Delez pojasnjene variance z vplivom ¢rede za lastnosti zunanjosti pri prvesnicah je bil od 1
do 27 % (preglednica 12). Delez pojasnjene variance z vplivom ¢rede za merjene lastnosti
je bil od 8 do 25 %, za posamezne lastnosti za avtohtonost od 1 do 8 %, za posamezne
lastnosti za telesne oblike od 1 do 20 % in za posamezne lastnosti za vime od 6 do 15 %.
Delezi pojasnjene variance z vplivom c¢rede za sestavljene lastnosti avtohtonost,
omiSic¢enost, telesne oblike in vime so bili 10 %, 27 %, 9 % in 13 %. Delez variance
ostanka je bil od 11 — 72 %.

Ocenjene genetske in fenotipske korelacije

Preglednica 13: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
merjenimi lastnostmi

Lastnost Visina vihra Visina kriza Dolzina telesa Obseg prsi
Visina vihra 0,99 +0,01 0,98 £ 0,01 0,89 +£ 0,03
Visina kriza 0,98 0,97 +0,01 0,87 £ 0,04
Dolzina telesa 0,85 0,86 0,93 +0,03

Obseg prsi 0,69 0,69 0,77
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Ocenjene genetske in fenotipske korelacije med merjenimi lastnostmi za velikost okvirja
(preglednica 13) so bile pozitivne in zelo visoke, vse nad 0,69. Glede na to, da so bile
ocenjene genetske in fenotipske korelacije med vsemi merjenimi lastnostmi zelo visoke, bi
bilo smiselno zmanjsati Stevilo merjenih lastnosti ob ocenjevanju. Navodila za ocenjevanje
zunanjosti po ICAR (International agreement..., 2012) namre¢, izmed vseh merjenih
lastnosti pri ciki, predvidevajo samo merjenje visine kriza. Tudi pri prvesnicah rendena
(Mazza in sod., 2014) so ocenili zelo visoke genetske (nad 0,79) in visoke fenotipske
korelacije (nad 0,53) med lastnostmi telesnega okvira. Pozitivne nekoliko manjSe ocenjene
genetske korelacije med viSino kriza in obsegom prsi so ocenili pri prvesnicah
holstajnskega (0,45), ameriSkega rjavega (0,34) in rdeCega holStajnskega goveda (0,54) (de
Haas in sod., 2007).

Sklop posameznih ocenjevanih lastnosti za avtohtonost smo za oceno variance razdelili na
tri skupine. Prva skupina je vkljucevala posamezne lastnosti glave in rogov, druga je
vkljucevala posamezni lastnosti vratu in tretja skupina je vkljucevala posamezne lastnosti
barvnega vzorca plasca.

Preglednica 14: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
posameznimi lastnostmi za avtohtonost iz prve skupine

Lastnost Dolzina Plemenitost  Izrazenost Debelina Dolzina  Usmerjenost

glave glave oci rogov rogov rogov
Dolzina glave 0,38 +0,09 0,68 + 0,05 0,21 +£0,08 -0,10+0,09 0,17+0,10
Plemenitost glave 0,38 0,71 £ 0,06 0,68 + 0,06 0,46 + 0,06 0,65 + 0,07
Izrazenost oci 0,46 0,47 0,29 +£0,07 0,31 +0,08 0,35+0,09
Debelina rogov 0,15 0,51 0,13 0,52 + 0,06 0,58 +£0,08
Dolzina rogov 0,06 0,27 0,12 0,46 0,66 = 0,08
Usmerjenost rogov 0,14 0,46 0,27 0,40 0,47

Ocenjene fenotipske korelacije med posameznimi lastnostmi glave (preglednica 14) so bile
nizke do zmerne in vse pozitivne, od 0,06 (dolzina rogov — dolzina glave) do 0,51
(debelina rogov — plemenitost glave). V primerjavi z ocenjenimi genetskimi korelacijami
so bile odgovarjajoCe fenotipske korelacije manjSe. Bolj izrazene o€i so imele zivali s
krajSo (0,68 £ 0,05) in bolj plemenito glavo (0,71 £ 0,06). Glava je bila bolj plemenita, ko
so bili rogovi tan;jsi (0,68 + 0,06).
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Preglednica 15: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
posameznima lastnostma za avtohtonost iz druge skupine

Lastnost Vrat Izrazenost podgrline
Vrat 0,88 + 0,04
Izrazenost podgrline 0,63

Ocenjena fenotipska korelacija med lastnostma vrat in izraZenost podgrline (preglednica
15) je bila visoka in pozitivna (0,63). Zivali s plemenitim vratom so imele slabo izrazeno
podgrlino. Prav tako so imele Zivali z grobim vratom zelo izrazeno podgrlino.

Preglednica 16: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
posameznimi lastnostmi za avtohtonost iz tretje skupine

Lastnost Barva Izrazenost Izrazenost pasov  Izrazenost pasov na

plasca hrbtne lise  na zadnjih nogah prednjih nogah
Barva plasca 0,15+0,04 0,10+0,03 0,04 + 0,05
IzraZzenost hrbtne lise 0,10 0,96 + 0,02 0,91 + 0,02
Izrazenost pasov na zadnjih nogah 0,09 0,86 0,95+ 0,02
Izrazenost pasov na prednjih nogah 0,03 0,79 0,82

Ocenjene genetske in fenotipske korelacije med posameznimi lastnostmi za barvo plasca
(preglednica 16) so bile Sibke do zelo visoke (0,96; izraZenost hrbtne lise — izrazenost
pasov na zadnjih nogah) in vse pozitivne. Prvesnice, ki so imele $irSo hrbtno liso so imele
tudi SirSe pasove na zadnjih in prednjih nogah. Prav tako so imele Zivali s $ir§Sim belim
pasom na zadnjih nogah tudi SirSi bel pas na prednjih nogah.
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Preglednica 17: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
posameznimi lastnostmi za telesne oblike in sestavljeno lastnostjo telesne oblike

Lastnost Hrbet  Nagib kriza Kot Izrazenost Biclji Parklji Telesne

skoCnega skoénega oblike
sklepa sklepa (sestavljena)

Hrbet 027+0,15 -0,07+0,15 0,14+0,08 -0,08+0,12 -0,16+0,13 0,28 £0,13

Nagib kriza 0,24 023+0,11 -025+0,08 -0,10+0,13 -0,11+0,13 -0,55+0,12

Kot -0,04 -0,04 0,07+0,06 -0,70+0,09 -0,40+0,10 -0,35+0,13

skocnega sklepa

Izrazenost 0,08 -0,11 0,10 -0,22+0,12 -0,46+0,10 0,18 0,09

sko¢nega sklepa

Biclji 0,04 -0,07 -0,28 -0,10 0,90 + 0,05 0,62 + 0,08

Parklji 0,01 -0,07 -0,18 -0,24 0,60 0,62 + 0,07

Telesne oblike 0,26 -0,18 -0,28 0,08 0,55 0,51

(sestavljena)

Vecina ocenjenih fenotipskih korelacij med lastnostmi za telesne oblike (preglednica 17) je
bilo negativnih Sibkih do zmernih od -0,04 (kot skocnega sklepa - hrbet in kot sko¢nega
sklepa - nagib kriza) do -0,28 (kot skocnega sklepa - biclji in kot sko¢nega sklepa - telesne
oblike). Ocenjene pozitivne fenotipske korelacije so bile nizke do visoke. Pozitivna
genetska korelacija je bila najvecja med biclji in parklji (0,90 = 0,05), kar pomeni, da so
imele zivali z mehkimi biclji nizke parklje, Zivali s strmimi biclji pa visoke parklje.
Najvec¢ja ocenjena negativna genetska korelacija je bila med kotom skocnega sklepa in
biclji (-0,70 + 0,09), kar pomeni, da so imele zivali s strmim kotom sko¢nega sklepa visoke
parklje in zivali s sabljastim kotom nizke parklje. Visoke ocenjene genetske korelacije med
sestavljeno lastnostjo telesne oblike in posameznimi lastnostmi so bile z biclji (0,62 +
0,08), parklji (0,62 + 0,07) in nagibom kriza (-0,55 £+ 0,12). To pomeni, da so imele Zivali z
dobro ocenjeno telesno obliko strme biclje, visoke parklje in nadgrajen kriz. Spehar in sod.
(2012) so ocenili podobne genetske korelacije med kotom in izrazenostjo skocnega sklepa
(0,06) in med kotom skocnega sklepa in parklji (-0,33) pri prvesnicah slovenskega rjavega
goveda. Némcova in sod. (2011) so ocenili podobne fenotipske in genetske korelacije med
nagibom kriza in parklji (-0,06; -0,04) ter genetske korelacije med nagibom kriza in kotom
sko¢nega sklepa (-0,07) pri prvesnicah ¢eskega holstajn-frizijskega goveda.
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Preglednica 18: Ocenjene genetske korelacije (nad diagonalo) in fenotipske korelacije (pod diagonalo) med
posameznimi lastnostmi za vime in sestavljeno lastnostjo vime

Lastnost Vime pod Globina Debelina Dolzina Vime
trebuhom vimena prednjih seskov  prednjih seskov (sestavljena)

Vime pod 0,84 + 0,06 -0,53£0,11 -0,55+0,09 0,96 + 0,02

trebuhom

Globina 0,60 -0,79 £ 0,08 -0,82 £ 0,06 0,90 +£ 0,03

vimena

Debelina prednjih -0,16 -0,38 0,87 + 0,04 -0,69 £ 0,08

seskov

Dolzina prednjih -0,26 0,45 0,65 -0,69 £ 0,06

seskov

Vime 0,81 0,77 -0,28 -0,39

(sestavljena)

Ocenjene fenotipske korelacije med lastnostmi za vime (preglednica 18) so bile zmerne in
negativne od -0,39 (vime — dolZina prednjih seskov) do zelo visoke pozitivne 0,81 (vime —
vime pod trebuhom). Vse ocenjene genetske korelacije so bile zelo visoke do visoke, tako
pozitivne kot negativne. Dobro (funkcionalno) vime je bilo obsezno pod trebuhom (0,96 +
0,02), dobro pripeto (0,90 =+ 0,03) s tankimi (-0,69 + 0,08) in krajSimi seski (-0,69 £ 0,06).
Pripetost vimena pod trebuhom in globina vimena sta bili zelo povezani (0,84 + 0,06), prav
tako dolzina in debelina prednjih seskov (0,87 + 0,04). Krave z genetskimi
predispozicijami za slabo pripeto vime imajo navadno globlje vime. Némcova in sod.
(2011) so ocenili nekoliko nizje fenotipske in genetske korelacije med vimenom pod
trebuhom in globino vimena (0,44; 0,75) pri prvesnicah ceSkega holStajn-frizijskega
goveda. Mazza in sod. (2011) so ocenili nekoliko niZjo fenotipsko in genetsko korelacijo
med sestavljeno lastnostjo vime in posamezno lastnostjo vime pod trebuhom (0,68; 0,78)
pri prvesnicah rendena goveda.

SKLEPI

Razvrs$€anje zivali v tip poteka na osnovi ocene za sestavljeno lastnost avtohtonost in se
izvede takoj po ocenjevanju, kar onemogoca, da bi upostevali morebitne vplive okolja.
Ugotovili smo, da na lastnosti zunanjosti in posledicno na razvrstitev zivali v tip
pomembneje vplivajo najmanj naslednji dejavniki: leto ocenjevanja, starost in stadij
laktacije. Ocenjeni dednostni deleZi za vse lastnosti zunanjosti so bili v okviru
pri¢akovanega in so primerljivi s tistimi navedenimi v literaturi. Najvec¢je dednostne deleze
smo ocenili pri merjenih lastnostih za velikost okvirja in pri posameznih ocenjevanih
lastnostih za avtohtonost. Razvrstitev zivali v ustrezen tip, bi bilo zaradi tega, potrebno
opraviti po izvrednotenju ocen za lastnosti zunanjosti in izkljucitvi vplivov okolja. S tem bi
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dobili bolj pravilne razvrstitve zivali v tip. Plemenske vrednosti bi lahko bolje sluzile kot
osnova za selekcijo, saj predstavljajo vec¢jo variabilnost kot delitev Zivali na tri tipe.

Predlagamo, da bi ob ocenjevanju zunanjosti bolj upostevali pravila ICAR-ja in ocenili
tudi telesno kondicijo zivali in jo vkljucili kot vpliv v postopku genetskega vrednotenja.
Tudi pri drugih pasmah Ze upostevajo telesno kondicijo. Glede na to, da so bile ocenjene
genetske korelacije med nekaterimi lastnostmi zelo visoke je smiselno zmanjsati Stevilo
merjenih lastnosti, kar bi poenostavilo postopek ocenjevanja.

Ocenjene dednostne deleze za lastnosti zunanjosti smo primerjali z dednostnimi delezi pri
prvesnicah drugih avtohtonih, mle¢nih in kombiniranih pasem govedi. Razlike so bile
majhne, zato lahko zaklju¢imo, da so ocenjeni genetski parametri primerni za
napovedovanje plemenskih vrednosti za lastnosti zunanjosti pri prvesnicah cikastega
goveda. Rezultati te raziskave so pokazali, da je genetski napredek nedvoumno mogo¢ pri
vseh vklju€enih lastnostih zunanjosti, zaradi relativno velikih dednostih delezev in velike
genetske variabilnosti.
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2.2 O I1ZVORU SLOVENSKEGA CIKASTEGA GOVEDA
On the origin of the Slovenian Cika cattle

Mojca Simci¢, Johannes A. Lenstra, Roswitha Baumung, Peter Dov¢, Marko Cepon,
Dragomir Kompan

Journal of Animal Breeding and Genetics, 2013, 130, 6: 487-495
Izvlecek:

V letu 2002 je bilo ugotovljeno, da so se nekatere zivali cikastega goveda iz hribovitih
obmocij v Sloveniji izognile uradni politiki pretapljanja pasme. V ¢lanku prikazujemo
genetsko karakterizacijo, da bi ocenili status avtohtone pasme. Primerjali smo genotipe na
14 mikrosatelitnih oznacevalcih pri 150 zivalih cikastega goveda z genotipi 16 pasem
govedi iz srednje Evrope. Pokazali smo, da je cikasto govedo genetsko enako raznoliko kot
druge vzhodno alpske pasme, bolj raznoliko od avstrijskega lisastega goveda, vendar manj
od balkanske buSe. Analiza s programom Structure je zaznala primesi pincgavskega
goveda pri ve¢ zivalih, vendar je pokazala tudi edinstveno genetsko identiteto cikastega
goveda. Ta analiza omogoca izbor genetsko najbolj Cistih Zivali cikastega goveda ocenjeno
z naborom mikrosatelitnih oznacevalcev. Izvorno cikasto govedo oblikuje skupino
vzhodno alpskih pasem skupaj s pincgavskim in pustariSkim govedom. Cikasto govedo je
potrebno obravnavati kot avtenticno pasmo in dragocen genetski vir, ki ponuja jasne
priloZnosti za trajnostno kmetijstvo in ohranjanje krajine na obrobnih in gorskih obmo¢jih.
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Summary

In 2002, it was discovered that several Cika cattle in the mountain areas
of Slovenia had escaped the official policy of cross-breeding. Here, we
report a genetic characterization to assess their status as autochthonous
breed. We compared genotypes for 14 microsatellite markers in 150 Cika
cattle individuals with data from 16 Central European cattle breeds. We
show that Cika cattle are genetically as diverse as other Eastern Alpine
breeds, are more diverse than Austrian Simmental but less than the Bal-
kan Busha cattle. STRUCTURE analysis showed Pinzgauer admixture in
several individuals but also indicated a unique genetic identity for Cika.
This analysis also allowed a selection of the most genetically pure Cika
individuals as assessed by the panel of microsatellites. These original Cika
cattle form an Eastern Alpine breed cluster together with Pinzgauer and
Pustertaler cattle. Cika cattle should be considered as an authentic and
valuable genetic resource, which offers clear opportunities for sustainable
agriculture and landscape conservation in marginal and mountain areas.

Introduction

Slovenia is with other Balkan countries located
between the Southwest Asian domestication centres
and Northwest Europe, where the most productive
cattle breeds have been developed. During the agricul-
tural colonization of Europe repetitive founder effects
decreased livestock genetic diversity with increasing
distance from the domestication centre (Cymbron
et al. 2005; Ajmone-Marsan ef al. 2010). Approxi-
mately two hundred years ago, homogeneous and
genetically isolated breeds emerged with more system-
atic selection and the standardization of morphology
and performance (Felius 1995; Medugoracet al. 2009).

Slovenian cattle were described for the first time in
1872 (Schollmayr 1873) as widespread but unnamed,
yellow, red, red-brown or brown-black cattle from
the Alpine part of the Austro-Hungarian province
Carniola (present north-west Slovenia). These cattle
were small due to very poor feeding and rearing
conditions. In 1878, the brown-red Bohinj cattle in
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the north-west Slovenian Bohinj valley (Figure 1)
had an elegant body frame, light bones, and a rela-
tively high milk production of 1.200 to 1.500 l/year
considered a body weight of only 225-280 kg and
poor rearing conditions (Hitz 1878). These cattle were
kept pure, but were from 1869 also cross-bred with
Carinthian Molltaler sires. The Molltaler was devel-
oped from light-red-pied cattle cross-bred to Pustertal-
er and Tyrolean Pinzgauer (Felius 1995) and became
in 1925 absorbed by the popular Pinzgauer. It had a
relatively light body frame (300-400 kg if kept in the
mountains), a dark-red coat colour and a high milk
production (Felius 1995; Sambraus 1999). In 1894,
Tolmin and Bovec cattle from the Soca valley were
described as a lighter type of Molltaler cattle with a
high milk production (Povse 1894). There was
intensive trading in cattle between different Austro-
Hungarian provinces. Bohinj cows were appreciated
as milk cows in the Carinthia and Salzburg provinces
in Austria (Zan Lotri¢ 2012), and Bovec cows were
sold in the Moll valley.

doi:10.1111/jbg.12034
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Figure 1 Sampling sites of Slovenian Cika cattle.

Belore 1900, improved Bohinj and other local
unnamed primitive cattle with Molltaler sires were
named Cika, derived from the ragged demarcation
between red basic colour and the white stripe. Cika
cattle adopted the red-pied Molltaler coat colour pat-
tern, but the body frame retained features of the
primitive local cattle (Fercej 1947). Systematic and
organized breeding, herd book and milk recording
started for Cika cattle in 1906 (Ovsenik 1926).

After 1st World War, the western part of Slovenian
territory, where Bovec and Tolmin Cika were kept,
became Italian territory and the Carniola province in
which primitive Bohinj and Cika cattle were wide-
spread came under Yugoslavian rule. Because import
of sires from Austrian Molltal became expensive,
breeders preferred Cika sires. From 1935 to 1940, a
number of Austrian Pinzgauer sires were imported to
improve body frame and production of the Cika,
counting at that time 58 000 heads (Zan Lotric 2012).
During the 2nd World War, the Germans brought in
more than 300 original Pinzgauer sires, which were
used widely in north-western Slovenian lowlands
farms for increasing body size. However, in the
mountains, breeders rejected  Pinzgauer
because of calving difficulties and large feed consump-
tion of the offspring. Consequently, two different
types of Cika were developed, the large ‘lowland” and
the light ‘mountain or Bohinj" type, respectively
(Feréej 1947).

After 2nd World War, import of larger Pinzgauer
sires from Austria became too expensive. In 1952, the
Cika population counted 80,000 animals. From 1956
to 1962 breeding shifted to a lighter type of cattle.
However, from 1964, Cika were crossed in north-west
Slovenia to Simmental and were in West Slovenia
replaced with Brown cattle because these breeds
should have the less marbled beel, lower fatness,

sires
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higher milk production, daily gain of the calves and
dressing percentage (Zan Lotric 2012). Only few
breeders continued to use the licensed Cika sires for
natural service. After 1976, Cika sires were not
licensed anymore, and natural services were prohib-
ited by law. Breeders had to choose between the
semen of few imported Pinzgauer sires and the semen
of crossed Cika sires with only 25-50% of Cika genes
(Jeretina 2004). Only later it became known that
breeders in the mountains had defied the ban on nat-
ural service of unlicensed Cika sires.

In 1992, when autochthonous breeds conservation
became popular, breeding experts recorded 59 Cika
cattle with known pedigree, most of which were
influenced by the Pinzgauer (Jeretina 2004). In 2002,
ear tag identification became compulsory, which led
to the finding in the mountains of around 300 unreg-
istered original Cika cows that were possibly free from
Pinzgauer influence. Because of a lack of breeding
records, the similarity of the Pinzgauer and Cika col-
our pattern and a large variation among animals in
conformation traits, Pinzgauer influence could not be
excluded. All Cika-like cattle were recorded and
divided on the basis of phenotype into three types:
Cika type, Semi-Cika type and Pinzgauer type.

Since 2001, breeders are included in the Association
of the autochthonous Cika cattle breeders in Slovenia.
Since 2005, a breeding programme for Cika cattle was
instituted (Zan Lotri¢ ef al. 2010). In 2011, the popu-
lation counted 2558 head with 1115 cows and breed-
ing heifers, mainly located in the northern and
western parts of Slovenia.

Original Cika cattle have red coat colour, a typical
white lengthwise stripe along the whole back, a
ragged demarcation between red and white, white
abdomen, chest, udder, and tail, a short red head,
rose muzzle, large eyes, well-expressed arcades, short
and thin horns with dark points and turned onwards
and upwards, a thin skin pleated in the neck and
dark hooves. The breeding goal for the cows and sires
in the original Cika type suggests less than 125-cm
wither height (Zan Lotri¢ ef al. 2010). The main
breed attributes are early maturity, longevity and
resistance, ease of calving, adaptation on poor rearing
and feeding conditions, excellent persistency and
ability for grazing on the steep mountainous pastures
(Simcic 2008) as well as high ratio of lean meat to
bones in the carcasses (Simcic et al. 2010). During
305 days of lactation, cows produce ca. 3000 kg of
milk. Cows are mainly kept in a cow-call system.
The traditional milk and cheese production is still
based on mountain dairy farming during the summer
(Sim¢ic 2008).
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Despite the increasing population size of the Cika
cattle in the last 10 years, it is not yet clear whether it
should still be considered as an autochthonous breed
and how it is related to other European breeds. On
the basis of protein polymorphisms (Medugorac et al.
1994), Cika from the Pinzgauer-introgressed popula-
tion were assigned to a ‘Balkan — Alpine’ cluster with
an unstable phylogenetic position. The aim of this
study is a broader DNA-based characterization of Cika
cattle by an analysis of its genetic variability and rela-
tionships to Pinzgauer and other Central European
breeds.

Material and Methods
Animals

Blood samples from 93 cows and blood (42) or
semen (15) samples from 57 sires were collected in
the spring time of 2008 at several farms located in
Slovenia (Figure 1). These include semen samples
from all Cika sires used in the population. Further
we considered breeding area, number of Cika cattle
on the farm, age and phenotype and only chose
animals unrelated according to pedigree data. The
150 Cika cattle were divided according to pheno-
type (type traits scores) in Cika type (70), Semi-
Cika type (37) and Pinzgauer type (43). DNA was
extracted from blood-EDTA samples and from
semen employing the DNeasy Blood and Tissue kit
(Qiagen). Data from other breeds were contributed
by members of the European Cattle Genetic Diver-
sity Consortium (Table 1).

Microsatellites markers

Eighteen microsatellite markers from the Finn-
zymes” Bovine Genotypes TM Panel 3.1 were
amplified in a single multiplex reaction. These
include 15 markers (TGLA227, BM2113, TGLAS3,
ETH10, SPS115, TGLA126, TGLA122, INRA23,
BMI1818, ETH3, ETH225, BMI1824, CSRMo60,
CSSM66 and ILSTS006) recommended by the FAO
(http://dad.fao.org/), from which TGLAS53 was
excluded because scoring of genotypes was not
unambiguous. Allele sizes were standardized using
reference DNA (European Cattle Genetic Diversity
Consortium. 2006). Standard PCR amplifications
were performed in multiplex reactions in 20-ul
reaction volumes and analysed on an ABI3130xl
Genetic Analyzer (Applied Biosystems). Genotypes
were assigned wusing GeneMapper 4.0 program
(Applied Biosystems).
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Analysis

Cika cattle were compared either to cattle from
Southeast Europe for detection of geographic clines
(Figure 2), to breeds that possibly have contributed
to the Cika germplasm (Figure 3), or to breeds from
surrounding regions for inferring phylogenetic rela-
tionship (Figure 4, Lenstra et al. 2012). Deviation
from Hardy-Weinberg equilibrium (HWE) and
locus-by-locus deviations from linkage disequilib-
rium were detected by the exact test in GENEPOP
version 3.4 (Raymond & Rousset 2003). Observed
(Hp) and unbiased expected (Hg) heterozygosity as
well as the mean number of alleles were calculated
using the MICROSATELLITE TOOLKIT (Park 2001).
Ancestral components of Cika type, Semi-Cika type,
Pinzgauer type were assessed by model-based clus-
tering of genotypes from Cika, and the 6 European
reference breeds that were possibly introgressed in
Cika (Red Holstein, Limousin, Simmental, Brown
Swiss, Pinzgauer, Tux-Zilletaler) using the program
STRUCTURE version 2.1 (Pritchard et al. 2000) with
the admixture model, correlated allele frequencies,
a burn-in of 15.000 iterations followed by a 35.000
Markov chain Monte Carlo iterations and assuming
seven real populations (K =7, one per breed).
Results were visualized in DISTRUCT wversion 1.1
(Rosenberg 2004). Reynolds genetic distance
between three types ol Cika cattle, ‘Original Cika’
(see below) and other Alpine and Balkan breeds
were visualized via NeighbourNet graphs using
SPLITSTREE version 4.0 (Reynolds ef al. 1983; Hu-
son & Bryant 2006).

Results

In spite of a reduction in the population size, hetero-
zygosities and number of alleles of the Cika subtypes
and Pinzgauer are comparable (Table 2). The Semi-
Cika type has the lowest diversity, but the values are
still higher than those of other Alpine breeds. Figure 2
shows the geographic diversity pattern in the Alps,
Italy and the Balkan with a clear decrease from south-
east to north-west and, as already reported by Medug-
orac et al. (2009) the highest diversity in the Balkan
Busha breeds.

As alternative of the phenotypic subdivision of
Cika, a subset of 66 Cika type or Semi-Cika type sam-
ples were selected on the basis of lowest admixture as
apparent [rom model-based clustering (see below).
These ‘Original Cika’ cattle are slightly less diverse
than the phenotypic Cika type due to the elimination
of admixed animals.
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Table 1 Source of microsatellite genotypes from Central European breeds

M. Simcic et al.

Country of origin Breed N References

Albania lllyrian Lowland Busha 30 Medugorac et al. (2009)

Albania lllyrian Mountain Busha 35 Medugorac et al. (2009)

Albania Prespa Cattle 50 Medugorac et al. (2011)

Austria Carinthian Blond 60 Personal communications *

Austria Ennstaler Bergschecken 41 Personal communications *

Austria Murbodner 47 Medugorac et al. (2009)

Austria Pinzgauer 40 Personal communications *

Austria Pustertaler 44 Personal communications *

Austria Simmental 44 Personal communications *

Austria Tux-Zillertaler 34 Personal communications *

Austria Tyrolean Grey 48 Medugorac et al. (2009)

Austria Waldviertel Blond 60 Personal communications *

Bosnia & Herzegovina Grey Gacko Busha 41 Medugorac et al. (2006)

Bosnia & Herzegovina Bosnian-Herzegovinian Busha 44 Medugorac et al. (2011)

Croatia Istrian cattle 45 European Cattle Genetic Diversity Consortium 2006
Croatia Croatian Busha 50 Medugorac et al. (2011)

Croatia Slavonian Syrmian Podolian 49 Medugorac et al. (2011)

France Limousin 50 European Cattle Genetic Diversity Consortium 2006
France Montbéliarde 31 European Cattle Genetic Diversity Consortium (2006)
France Tarentaise 43 Medugorac et al. (2009)

Germany Original Brawn 25 European Cattle Genetic Diversity Consortium (2006)
Germany Murnau Werdenfelser 52 European Cattle Genetic Diversity Consortium (2006)
Germany, the Netherlands Red Holstein (dairy type) 25 European Cattle Genetic Diversity Consartium (2006)
Hungary Hungarian Grey 60 European Cattle Genetic Diversity Consartium [2006)
Italy Bruna ltaliana 20 European Cattle Genetic Diversity Consartium (2006)
Italy Cabannina 26 European Cattle Genetic Diversity Consartium (2006)
Italy Chianina 36 European Cattle Genetic Diversity Consortium (2006)
Italy Grey Alpine 28 European Cattle Genetic Diversity Consortium (2006)
Italy Marchigiana 22 European Cattle Genetic Diversity Consortium (2006)
Italy Maremmana 22 European Cattle Genetic Diversity Consortium (2006)
Italy Pezzata Rossa Italiana 49 European Cattle Genetic Diversity Consortium (2006)
Italy Piedmontese 48 European Cattle Genetic Diversity Consartium (2006)
Italy Rendena 34 European Cattle Genetic Diversity Consortium (2006)
Italy Romagnola 32 European Cattle Genetic Diversity Consartium [2006)
Kosovo Red Metohian Busha 27 Medugorac et al. (2008)

FYR Macedonia Macedonian Busha 35 Medugorac et al. (2011)

Montenegro Montenegrin Busha 43 Medugorac et al. (2011)

Serbia Serbian Busha 35 Medugorac et al. (2011)

Switzerland Eringer 50 Schmid et al. (1999)

Switzerland Evolene 15 Schmid et al. (1999}

Switzerland Original Brown Swiss 43 Schmid et al. (1999)

Switzerland Simmental 50 European Cattle Genetic Diversity Consortium (2006)

N, number of animals.
*Baumung and Manatrinon (2007).

To assess introgression of Cika cattle with Pinzgauer
or other breeds, genotypes from the three phenotypic
types of cattle were analysed by model-based cluster-
ing (Figure 3). In addition to Pinzgauer, the Austrian
Tux-Zillertaler breed was tested because of its
geographic proximity to Cika and similar coat colour
pattern. Brown Swiss and Simmental were recom-
mended as breeds for replace Cika in its original
breeding area and their semen were used for crossing.
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Crossing with Limousin and Red Holstein may have
taken place for improving carcass quality and milk
yield, respectively.

Analysis with K = 7 defined six clusters associated
with one of reference breeds with only limited
crosstalk between the clusters. A seventh cluster is
dominant in all three Cika types. This most likely
corresponds to the original Cika allele frequencies
and suggests that Cika breed has a unique genetic

© 2013 Blackwell Verlag GmbH » J. Anim. Breed. Genet. 130 (2013) 487-495
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Figure 2 Locations and their expected heterozygosity (HE) of Cika and surrounding breeds. APR, Prespa cattle, ASl, Austrian Simmental, BHB, Bos-
nian-Herzegovinian Busha, BRI, Bruna ltaliana, CAB, Cabanina, CBL, Carinthian Blond, CBU, Croatian Busha, CHI, Chianina, GGB, Grey Gacko Busha,
GOB, German Original Brown, GRA, Grey Alpine, ENB, Ennstaler Bergschecken, ERI, Eringer, EVO, Evalene, HGR, Hungarian Grey, ILB, lllyrian Lowland
Busha, IMB, lllyrian Mountain Busha, IST, Istrian cattle, MAC, Marchigiana, MAR, Maremmana, MBE, Montbéliarde, MBO, Murboden, MBU, Macedao-
nian Busha, MNB, Montenegrin Busha, MWF, Murnau Werdenfelser, PIE, Piedmontese, PIG, Pinzgauer, PRI, Pezzata Rossa ltaliana, PUS, Pustertaler,
REN, Rendena, ROM, Romagnola, RMB, Red Metohian Busha, SBU, Serbian Busha, 55I, Swiss Simmental, SSP, Slavonian Syrmian Podolian, SWB, Ori-
ginal Swiss Brown, TAR, Tarentaise, TGV, Tyrolean Grey, TXZ, Tux-Zillertaler, WVB, Waldviertler Blond. The expected heterozygosities on the basis of
14 microsatellites do not differ substantially from estimates based on 30 microsatellites. The colours indicate genetic cluster of breeds (Felius et al.
2011): purple, Central Spotted, light-purple, West-Alpine, brown, Central Brown, green, Central-Yellow, pink, East Alpine except Cika, red, Cika, dark

grey, Central Grey, light grey, Podolian and Piemontese, black, Balkan.

Simmental Brown Swiss

Red Limousin
Holstein

Figure 3 Population partitioning suggested by STRUCTURE.

background. In agreement with the breeding his-
tory, there is clear Pinzgauer introgression, most
notably in the phenotypic Pinzgauer type (46%),
but also in the Cika and Semi-Cika type (14 and
22%, respectively) with hardly any influence of
other breeds. Selection of 66 animals with the low-
est degree of introgression with this panel of mark-
ers resulted in an ‘Original” type of Cika cattle with
only 5% Pinzgauer introgression.

@© 2013 Blackwell Verlag GmbH # J. Anim. Breed. Genet. 130 (2013) 487-495

Pinzgauer Tux Cika Cika Cika

Zillertaler Cika Semi-Cika Pinzgauer
type type type

To infer breed relationships of Cika and surround-
ing Alpine and Balkan breeds, Reynolds genetic dis-
tances (Figure 4a) were visualized in a NeighborNet
graph. This indicated several clusters, one of which
groups the three types of Cika cattle with Pinzgauer
and Pustertaler. The Pinzgauer type of Cika cattle is
again intermediate between the Cika type and Pin-
zgauer breed. The ‘Original Cika’ cattle (Figure 4b)
with minimal Pinzgauer influence still clusters with
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(a)

Brown Swiss

Pinzgauer  pustertaler

Gray Alpine
Tyrolese Gray

Tux-Zillertaler

Evolene

Eringer

M. Simcic et al.

Pinzgauer
Cika (Pinzgauer type)
Pustertaler ika (Semi-Cika type)
Tux-Zillertaler ika (Cika type)
Tyrolese Gray
Evolene Gray Alpine
Eringer

Austrian Simmental Brown Swiss

Figure 4 NeighbourNet based on Reynolds genetic distances showing the relationship of (a) the three types of Cika cattle and (b) Original Cika with

16 other European breeds. Colours are as in Figure 2

Pinzgauer and Pustertaler cattle. This breed cluster is
relatively close to a cluster of Tux-Zillertaler, and the
Evoléne and Eringer breeds from the Swiss canton of
Valais.

Also the Busha breeds cluster together, with the
exception of the cross-bred Grey Gacko Busha, which
is linked to Tyrolean Grey and Italian Grey Alpine. A
separate cluster is formed by Simmental and the Aus-
trian Yellow breeds (Carinthian Blond, Murboden),
while in agreement with the genetic classification of
cattle breeds, the Brown Swiss occupies an indepen-
dent position (Felius 1995).

Discussion

In spite of becoming almost extinct around 1991,
Cika has apparently preserved a relatively high level
of genetic diversity, which is comparable with the
diversity of Pinzgauer and intermediate between the
diversity of other Alpine breeds and the Balkan
Busha breeds (Medugorac er al. 2009). The high
heterozygosity of Pinzgauer type of Cika probably
reflects the cross-breeding.

Model-based clustering clearly indicated admixture
with Pinzgauer, which is in agreement with the breed
history. Cika breeders who inseminated their cows
with Pinzgauer semen have now a Pinzgauer
cross-bred type of cattle. In contrast, breeders in the
mountains have preserved an Original type (66) of
Cika cattle, which according to their phenotype belong
to either the Cika type (44) or the Semi-Cika type (22).

Our results validate the decision to divide the heter-
ogeneous Cika population in three different types
according to phenotype scores when the first breeding
programme was started. Phenotypic evaluation
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detected adequately non-admixed Cika animals with
Pinzgauer influence reared in normal rearing condi-
tions, where original Cika has a small body frame
despite the enough feed amounts. On the other hand,
a few old cows with a sizeable Pinzgauer ancestry
(according to the herd book) but with a small body
frame because of poor feed conditions were misidenti-
fied as Cika type. Phenotypic evaluation also success-
fully detected Pinzgauer admixture. Introgression of
other breeds may be revealed by phenotypic signs as
white spots on the head or the legs from Red Holsteins
or Simmentals, grey muzzle from Browns or Limou-
sins or yellow claws from Simmentals. However,
animal in which cross-breeding (as documented by
their pedigree) has not generated any of these signs
may be misidentified.

The Original Cika type appears to be well differenti-
ated from 16 nearby European breeds and to consti-
tute a unique genetic resource. As the only authentic
and autochthonous cattle breed, it belongs to the
Slovenian cultural heritage. It has been adapted to
extensive management in the mountains and can
contribute in maintaining the Alpine landscape, offer-
ing opportunities for sustainable agriculture in
marginal areas. These considerations may justify both
conservation as well as more detailed genetic and
genomic investigations.

Breeding can be targeted towards reducing the Pin-
zgauer components on the basis of both phenotypic
scores and genotypes. Genetic data, preferably with a
higher number of markers, would be especially valu-
able to exclude the possibility that a typical Cika body
frame size and morphology reflects environmental
factors as poor rearing and feeding conditions rather
than its unique genetic background. This approach
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Table 2 Number  of sampled  animals,
observed and expected heterozygosity aver-
aged overall 14 loci. Data from Cika cattle are

Average heterozygosity

Breed Sample size  Mean number of alleles  Hg & SD He £ SD
fram this study; for the source of data on
other breeds, see Table 1. Cika cattle
Cika type 70 836 + 2.56 0.701 £ 0015 0.739 + 0.022
Semi-Cika type 43 6.92 £ 1.80 0.671 £ 0.020 0.696 + 0.034
Pinzgauer type 37 7.00 + 2.04 0.760 £ 0.020 0740 + 0.018
‘Original’ Cika cattle 66 750 + 231 0.691 + 0.016 0720 + 0.024
Pinzgauer 40 7.00 +1.92 0.743 + 0.018  0.739 + 0.020
Pustertaler 44 614 + 135 0.731 + 0.018 0721 + 0.023
Tux-Zillertaler 34 6.07 + 1.49 0.683 + 0.021  0.681 + 0.027
Eringer 50 6.64 +1.95 0.647 + 0.018  0.638 + 0.036
Evolene 15 529 + 1.68 0.667 + 0033  0.674 + 0.036
Austrian Simmental 40 636 + 155 0.700 £ 0.019 0701 + 0.023
Carinthian Blond 60 657 + 1.50 0.661 + 0.016  0.647 + 0.050
Ennstaler 4 529 + 138 0672 £ 0020  0.629 + 0.032
Bergschecken
Murboden 47 629 +1.44 0.744 +£ 0017 0726 + 0.024
Swiss Brown 43 6.00 £ 1.47 0.669 £ 0.019 0676 + 0.024
Tyrolean Grey 48 6.00 £ 2.1 0.677 £ 0.018  0.675 + 0.033
Grey Alpine 28 6.21 £ 2.08 0.654 + 0.024 0704 + 0.035
Istrian cattle 14 7.86 £ 251 0.745 £ 0.017  0.747 £ 0.02¢
Red Holstein 89 793+ 216 0.731 £ 0.013 0755 + 0.027
(dairy type)
Illyrian Lowland 30 757 +£1.79 0.728 + 0.022 0788 + 0.019
Busha
lllyrian Mountain 45 8.14 +1.70 0.769 + 0.017 0.786 + 0.014
Busha
Red Metohian 44 8.92 + 2.62 0.765 +£ 0.017 0776 + 0.016
Busha
Grey Gacko 41 7.36 £ 1.82 0.702 £ 0.019 0.734 + 0.026
Busha

Ho, observed heterozygosity; He, expected heterozygosity; SD, standard deviation.

would also be useful for indigenous Croatian Busha
with Alpine influence, again masked by poor rearing
conditions (Ramljak et al. 2011).

The close breed relationships shown in Figure 4 are
consistent with previous literature and breed history.
We confirmed the finding of (Edwards er al. 2000)
that Pustertaler is closely related to Pinzgauer.
According to historic sources information (Kalteneg-
ger & Adler 1893), Pustertaler was crossed with
Pinzgauer to increase their body size. The close
relationship of the Swiss Valais breeds Evoléne and
Eringer has also been reported previously (Schmid
et al. 1999). Their close clustering with Tux-Zillertaler
is explained by the role of Evolene and Eringer in the
development of Tux-Zillertaler breed. The breeds of
both clusters also share characteristic short-headed
(brachiocephalicus) morphology, which was diagnostic
in old cattle breed classifications (Felius et al. 2011).
Likewise, the link of Grey Gacko Busha with Tyrolean
Grey and its Ttalian counterpart Grey Alpine is
explained by the use of semen of Tyrolean Grey for
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improving Busha in Bosnia
(Medugorac et al. 1994).

The results presented here are consistent with
genetic classification of European cattle (Felius et al.
2011), which closely correlates with geography. In
fact, these data contributed to this classification by
defining an East Alpine breed cluster containing
Pinzgauer, Pustertaler and Cika. As shown in
Figure 2, Cika conforms to a marked cline of decreas-
ing diversity from the Balkan and Austria to Switzer-
land and Germany (Medugorac et al. 2009). Breeds,
not conforming this cline, have either a low diversity
because of small population sizes (Ennstaler Bergsc-
hecken, Carinthian and Waldviertler Blond, Slavo-
nian Syrmian Podolian) or a high diversity because of
multiple admixtures (Piedmontese). In spite of their
primitive appearance, the Podolian breeds are about
as diverse as the developed Alpine breeds and are
clearly less diverse than the authentic Balkan cattle.
Although the origin of the Podolian is not clear —
descending from Italian Roman period in Italy, but

and Herzegovina
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more likely emerged in the Middle Ages on the
Podolian steppe (Felius 1995) — the Busha breeds may
be the best representative of the primitive taurine
cattle from the Neolithic immigration.
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2.3 RESEVANJE AVTOHTONEGA GENETSKEGA OZADJA V POPULACIJAH S
PRIMESMI DRUGIH PASEM Z UPORABO HAPLOTIPOV, FENOTIPOV IN
POREKLA — NA PRIMERU CIKASTEGA GOVEDA

Recovery of the native genetic background in admixed population using haplotypes,
phenotypes, and pedigree information - using Cika cattle as a case breed

Mojca Simci¢, Anamarija Smetko, Johann Soélkner, Doris Seichter, Gregor Gorjanc,
Dragomir Kompan, Ivica Medugorac

PloS ONE, 10, 4: 0123253, doi: 10.1371/journal.pone.0123253: 20 str.
IzvlecCek:

Cilj raziskave je bil pridobiti nepristrane ocene parametrov raznolikosti, zgodovino
populacije in delez primesi drugih pasem v genomu cikastega goveda. Cika je avtohtona
populacija s primesmi drugih pasem, ki ji grozi izumrtje in potrebuje ustrezen program
ohranjanja. Genetske analize so bile narejene na genomu na osnovi vecjega Stevila
polimorfizmov na posameznem nukleotidu (SNP) Illumina BovineSNP50 ¢ipa pri 76
zivalih cikastega goveda in pri 531 Zivalih iz 14 referen¢nih populacij. Za pridobitev
nepristranih ocen smo uporabili kratke haplotipe iz Stirth oznaCevalcev SNP, namesto
posameznega SNP, da bi se izognili ugotovljeni pristranosti BovineSNP50 ¢ipa. Haplotipi
so v kombinaciji z nepopolnim poreklom in ocenami lastnosti zunanjosti pokazali
potencial za izboljSanje identifikacije Cistopasemskih Zivali z majhnim delezem primesi
drugih pasem. Filogenetske analize so pokazale edinstveno genetsko identiteto zivali
cikastega goveda. Matrika genetskih razdalj »ukoreninjenega drevesa« je pokazala dolgo
in Siroko filogenetsko povezavo med ciko in pincgavcem. Nenadzorovano oblikovanje
skupin narejeno z »Admixture« analizo in dvodimenzionalen prikaz genetskih razdalj med
posameznimi zivalmi sta tudi pokazala, da je cika avtenticna pasma, ¢eprav je po videzu
podobna pincgavcu. Zivali, ki so identificirane kot najbolj Gistopasemske, se lahko
uporabljajo kot jedro za reSevanje avtohtonega genetskega ozadja v sedanji populaciji s
primesmi drugih pasem. Rezultati so pokazali veliko haplotipsko raznolikost lokalno dobro
prilagojenih populacij, ki jih rejci niso nikoli intenzivno odbirali in selekcionirali v
doloceno pasmo. Vse to predlaga nacin ohranjanja in reSevanja, ki se ne opira izkljuéno na
iskanje prvotnega avtohtonega genetskega ozadja, ampak predlaga identifikacijo in
odstranitev tujih primeSanih haplotipov, kar bi zmanjSalo erozijo genetske pestrosti.
UspesSna uvedba takSnega nac¢ina bi morala temeljiti na zdruZevanju podatkov o fenotipu,
poreklu in genomu za proucevano pasmo in za spekter referencnih pasem, ki so morebiti
imele neposreden ali posreden zgodovinski prispevek h genetskemu oblikovanju
proucevane pasme.
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Phenotypes, and Pedigree Information —
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Abstract

The aim of this study was to obtain unbiased estimates of the diversity parameters, the popu-
lation history, and the degree of admixture in Cika cattle which represents the local admixed
breeds at risk of extinction undergoing challenging conservation programs. Genetic analyses
were performed on the genome-wide Single Nucleotide Polymorphism (SNP) lllumina Bovine
SNP50 array data of 76 Cika animals and 531 animals from 14 reference populations. To ob-
tain unbiased estimates we used short haplotypes spanning four markers instead of single
SNPs to avoid an ascertainment bias of the BovineSNP50 array. Genome-wide haplotypes
combined with partial pedigree and type trait classification show the potential to improve iden-
tification of purebred animals with a low degree of admixture. Phylogenetic analyses demon-
strated unique genetic identity of Cika animals. Genetic distance matrix presented by rooted
Neighbour-Net suggested long and broad phylogenetic connection between Cika and Pinz-
gauer. Unsupervised clustering performed by the admixture analysis and two-dimensional
presentation of the genetic distances between individuals also suggest Cika is a distinct breed
despite being similar in appearance to Pinzgauer. Animals identified as the most purebred
could be used as a nucleus for a recovery of the native genetic background in the current ad-
mixed population. The results show that local well-adapted strains, which have never been in-
tensively managed and differentiated into specific breeds, exhibit large haplotype diversity.
They suggest a conservation and recovery approach that does not rely exclusively on the
search for the original native genetic background but rather on the identification and removal
of common introgressed haplotypes would be more powerful. Successful implementation of
such an approach should be based on combining phenotype, pedigree, and genome-wide ha-
plotype data of the breed of interest and a spectrum of reference breeds which potentially have
had direct or indirect historical contribution to the genetic makeup of the breed of interest.
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Introduction

After domestication in the near east cattle became widespread in Europe along the Danubian
and Mediterranean route [1]. During the spread across Europe the populations of cattle experi-
enced the harsh Balkan region, the high Alpine region, and finally reached the middle Europe-
an lowlands where many modern cattle breeds were developed through selection for high
production. The industrial revolution and growth of cities demanded higher efficiency of agri-
culture. Breeders started to increase and consolidate their herds and consequently first herd
books were established in regions with growing demand for food [2]. Natural and artificial se-
lection led to the creation of the first breeds from local populations reared close to these re-
gions. On the other hand, sparsely populated areas far from densely populated cities remained
behind with scarcely selected heterogeneous local populations of domestic animals. Progressive
growth of global human population, improvement of transport and trade initiated improve-
ment of numerous local populations by importing sires of concurrently well-known breeds.
The primary loss of genetic diversity within these species is therefore due to progressive up-
grading and replacement of local strains with the imported germplasm of highly selected
breeds instead of laborious and slow improvement of local populations based on the local agri-
cultural infrastructure (e.g., [3]). In practice, the accelerated achievements of the short-term
breeding objectives are directly related to the genetic homogenization of livestock species and
the loss of cultural and traditional values of the respective regions [4,5]. The genetic homogeni-
zation of livestock is a special form of biotic homogenization which is considered as one of the
most prominent forms of the biotic impoverishment worldwide. This process could even en-
danger the long-term success of species (populations) that are seemingly the ‘winners” in the
homogenization process [6].

In this study, the Cika cattle breed was chosen as an example that embodies the processes
outlined above. Cika cattle originated from local single-coloured cattle in the region of today’s
Slovenia. To improve milk yields and body frame breeders were upgrading local cows with
more productive Mélltaler sires during the second half of the 19" century [7,8]. The Molltaler
breed was assimilated in the Pinzgauer herd-book in 1925 [9] due to the similar red pied sided
coat colour pattern [10], although the Mélltaler breed had a lighter body frame and higher
milk production. Thereafter, Pinzgauer sires were used for the continuous upgrading of the
Cika breed. After the Second World War upgrading with Pinzgauer was discouraged in favour
of displacement crossing with the Simmental (Fleckvieh) breed or replacing with the Braunvieh
breed depending on the area and breeding policy [7,8]. This change led to near extinction of
the Cika breed. In the meantime, the Pinzgauer population was upgraded with the Red Hol-
stein (RHF) breed on a large scale to improve milk production [9]. This contributed to an indi-
rect gene flow from the RHF also into the Cika population. In 1992, a small number of lowland
farms held only about 60 Cika cows admixed with Pinzgauer [11]. These animals were regis-
tered in the herd book and had therefore known pedigree. In addition, there were about 300
potentially pure Cika cattle in mountain farms preserved by breeders who preferred natural
service with Cika sires but kept no pedigrees. In the last two decades Cika, like other local
breeds facing extinction, is gaining popularity and some of these populations are increasing in
number due to the higher awareness of farmers about the advantages of their traditional breeds
(genetic, cultural and economic) and due to the financial incentives to conserve animal
genetic resources.

There are a large number of local domesticated populations of various species worldwide
that share commonality with the Cika breed in terms of the processes that shaped their current
genetic makeup. Some of them were incorporated into large cosmopolitan populations of cur-
rently popular breeds [4]. Some populations, however, exist as separate strains or breeds with
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various degrees of the admixture. In some cases, breeder associations and governments initiat-
ed conservation programs to protect and recover such populations. However, there is consider-
able discussion about the value and effectiveness of such programs and how such programs
should be applied in practice [3].

The aim of this study was to obtain unbiased estimates of the diversity parameters, the popu-
lation history, and the degree of the admixture in Cika cattle using genome-wide marker data.
The Cika breed was taken as a representative of local breeds at risk of extinction and with an un-
known degree of the admixture. The genetic analyses presented here are of broad interest due to
(i) the known local origin, (ii) the well documented admixture process in one part of the popula-
tion with deep pedigree records, (iii) the unknown admixture in the other part of the population
without pedigree records, and (iv) the availability of type trait classification for the entire popu-
lation. To assess admixture and diversity parameters 14 reference populations were included.
These breeds represented possible sources of both admixture and different levels of artificial se-
lection encompassing highly selected single-purpose dairy breeds, moderately selected dual-
purpose Alpine breeds, western neighbors predominantly selected for meat traits, scarcely se-
lected Balkan breeds and one African taurine breed as outlier. To obtain unbiased estimates of
diversity parameters short haplotypes were used instead of single SNPs to avoid the ascertain-
ment bias of the BovineSNP50 array. Finally, we discuss a strategy for conservation and revitali-
sation of Cika and equivalent domestic populations taking into account all the available data.

Materials and Methods
Ethics statement

For samples used in this study no specific permission or ethical approval was required. As spec-
ified below we only used already existing DNA from regularly sampled blood and semen sam-
ples that had already been used in previous studies. More precisely, DNA samples from the
cattle breeds Red Holstein (RHF), Franken Gelbvieh (FGV), German Fleckvieh (DFV), Mur-
nau—Werdenfelser (MWEF), Braunvieh (BBV), Original Braunvieh (OBV) and Illyrian Moun-
tain Busa (IMB) were used in number of published studies [3,12,13,14,15]. DNA samples from
three Croatian cattle breeds Istrian cattle (HRI), Slavonian—Syrmian Podolic (HRP), Croatian
Busa (HRB) were used in two published studies [3,16]. DNA samples from Pinzgauer (API)
were used in study published by Feren¢akovi¢ et al. [17] and DNA from the case breed, Slove-
nian Cika (SIC), was used in microsatellite analyses by Simdic et al. [8]. Piedmontese (PMT),
Romagnola (RMG) and N'Dama (NDA) genotypes were kindly provided by R.D. Schnabel
(University of Missouri, Columbia, USA) and M. Gautier (INRA, CBGP; France). Collection of
the original samples was conducted exclusively during regular quality control of the breeding
records. These regular quality controls include paternity and identity testing and are organised
by the respective breeding associations. Paternity testing involves blood and semen samples.
Blood sampling was conducted by veterinarians using approved procedures that avoid unnec-
essary pain, suffering and damage and which are in accordance with the German Animal Wel-
fare Act. Semen samples were collected by approved commercial artificial insemination
stations as part of their regular reproduction and breeding management in the cattle industry.
All samples and data analysed in the present study were obtained with the permission of breed-
ers, breeding organizations and researchers. This study did not involve endangered or pro-
tected species. Sampling locations of all samples are shown more precisely in Fig 1.

Animals and breeds

Cika cattle are the autochthonous cattle breed in Slovenia with a part of population having
evident admixture with the Pinzgauer breed. In 2013, the population size of Cika was 3,097

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 3/20
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ﬂm

Fig 1. Geographical origin of sampled cattle breeds and more precise sampling locations for Cika within Slovenia. RHF, Red Holstein; FGV,
Franken Gelbvieh; DFV, German Fleckvieh; MWF, Murnau—Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; API, Pinzgauer; SIC, Cika; HRI,
Istrian cattle; HRP, Slavonian—Syrmian Podolic; PMT, Piedmontese; RMG, Romagnola; HRB, Croatian Busa; IMB, lllyrian Mountain Busa; NDA, N'Dama.

doi:10.1371/journal pone.0123253.g001

animals in total with 1,750 cows and breeding heifers. Breeding animals (potentially pure and

evidently admixed) are divided into three different types based on the available pedigree infor-
mation and the type traits classification assigned according to body frame size and other mor-
phological traits, as detailed below.

Blood samples from 38 Cika cows and 16 Cika natural service sires were collected from sev-
eral farms in Slovenia (Fig 1). To obtain representative sample breeding area, number of Cika
cattle on the farm and the age of animals were taken into consideration. Additionally, 22
semen samples of Cika sires used for insemination in the population in recent years were ob-
tained from the insemination centre. Based on the known pedigree data a number of sampled
animals were related. The majority of animals (46) were considered as purebred (100%) Cika, 6
animals had less than 12.5% of Pinzgauer contribution, while 24 animals had between 14% and
78% of Pinzgauer contribution. All 76 sampled animals had type trait classification and were
grouped in the Cika type (59), Semi-Cika type (6), and Pinzgauer type (11).

To integrate the limited information on the case breed into a broader genetic context, the
analysis of genetic variability also included 14 breeds covering an area from the Balkans and
Italian Peninsula across the Alps to the North Sea. Additionally, taurine cattle breed N'Dama

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 4/20
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Table 1. Sample collection: Breed name and code, breeding purpose, sample size (N), origin of the breed and samples.

Breed Code
Red Holstein RHF
Franken Gelbvieh FGV
German Fleckvieh DFV
Murnau—Werdenfelser MWF
Braunvieh BBV
Qriginal Braunvieh OBV
Pinzgauer API
Cika SIC
Istrian cattle HRI
Slavonian—Syrmian Podolic HRP
Piedmontese PMT
Romagnola RMG
Croatian Busa HRB
lllyrian Mountain Busa IMB
N'Dama NDA

Breeding purpose Origin of breed Published in N

Dairy Germany [3,12,13,14] 50
Dairy, beef Germany [3,12,13,14] 49
Dairy, beef Germany [3.12,13,14] 50
Dairy, beef Germany [8,12,13,14] 46
Dairy Germany [3,12,13,14,15] 50
Dairy, beef Germany, Switzerland [3,12,13,14,15] 35
Dairy, beef Austria [17] 50
Dairy, beef Slovenia 6] 76
Work, beef, (dairy) Croatia [3,18] 30
Work, beef Croatia [3,186] 24
Dairy, beef Italy [35,55] 22
Beef Italy [35,55] 21
Dairy, beef, (work) Croatia [3,16] 24
Dairy, beef, work Albania [3,12,13,14] 43
Dairy, work, beef Burkina Faso, Guinea, Ivory Coast [35,55] 37

doi:10.1371fjournal pone.0123253 1001

(NDA) from Africa (Burkina Faso, Guinea and Ivory Coast) was included as outgroup neces-
sary for some phylogenetic analyses (Table 1, Iig 1). Two Busa (written also as Busha or
Buscha) breeds (IMB from Albania and HRB from Croatia) as well as two Podolian breeds
from Croatia (HRI and HRP) were considered as southern Cika neighbours. Two Podolian
breeds (PMT and RMG) from Italy were considered as western Cika neighbours. Pinzgauer
(API) from Austria was used for upgrading the Cika population in the past. Cika and Pinzgauer
(API) share similar pied sided coat colour pattern, while the difference in body frame size and
some morphological characteristics are evident. Red Holstein (RHF) is included based on its
indirect gene flow into the Cika population. Dual-purpose Original Braunvieh (OBV) and
Braunvieh upgraded by Brown Swiss (BBV) were suggested as breeds for replacing Cika while
German Fleckvieh (DFV) was suggested for displacement crossing of Cika cattle. Additionally,
two German dual-purpose breeds, Franken Gelbvieh (FGV) and Murnau-Werdenfelser
(MWF), were included as potential indirect historical contributors. Description of the origin of
the breeds and the samples, as well as the breeding purpose and number of samples are shown
in Table 1. We used pedigree records (RHF, FGV, DFV, MWF, BBV, OBV, API, and SIC) as
well as written and oral evidences from the animal owners (HRI, HRP, HRB, and IMB) to sam-
ple mostly purebred and unrelated animals.

SNP and haplotype analyses

All 607 animals (Table 1) were genotyped with the Illumina BovineSNP50 BeadChip array
using standard procedures (http://www.ilumina.com). Quality control procedures excluded
SNPs with genotyping errors (based on available genotypes of relatives), unknown chromo-
somal position according to the Bos taurus genome assembly UMD 3.1 (http://www.cbcb.umd.
edu/research/bos _taurus_assembly.shtml#1; autosomal SNPs only), call rate <95%, minor al-
lele frequency <0.025, and the departure from Hardy Weinberg equilibrium within breed
(P<0.01). Finally, 44,496 autosomal SNPs were considered for the analysis with an average
marker density of 56.4 kb.

For haplotype analysis, SNP haplotypes were inferred and missing genotypes were imputed
using hidden Markov model of the BeacLe software package [18]. Three cohorts were formed,
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consisting of trios (two parents and one offspring), pairs (one parent and one offspring), and
unrelated animals, respectively. Included were also those animals that turned out not to be rele-
vant for this study (7,032 animals in total) but had potential to improve haplotyping accuracy
[18]. Genome-wide relationships between individuals were estimated using the method of
Powell etal. [19] applied to 44,496 SNP genotypes of 607 animals.

Most phylogenetic analyses were based on a smaller subset of 557 animals since they require
representative sample of respective population, where a set of 76 Cika animals was reduced to a
set of 26 most unrelated purebred animals and likewise for the other breeds. This selection was
based on available pedigree information and genome-wide relationship matrix.

Haplotype diversity

First, the genome was divided into non-overlapping blocks comprised of four SNPs for which
the inter-marker distance was less than 50 kb for neighbouring SNPs. We then considered
4,972 blocks as alleles in further analysis. Using short haplotype blocks (maximal length <150
kb) as multi-allelic markers enabled the use of various methods developed for biochemical and
microsatellite markers over the past decades.

Genetic variability

The number of distinct haplotypes across and within each breed for each 4-SNP-block was
counted. These counts and derived allele frequencies were used for the estimation of genetic
variability parameters. Initially, a set of 99 random blocks was selected for the purpose of test-
ing using Fsrarv.2.9.3 [20]. Identical results from a standard software packages and our own
software ensured reliability of the application used here. In the second phase, our validated pro-
grams (suitable for larger datasets) were applied on an entire set of 4,972 blocks. The following
statistics were collected: the total number of observed alleles (nA), mean number of alleles per
block (mA), number of private alleles (npA, i.e., alleles observed in one subpopulation only),
number of common alleles (ncA, observed in all subpopulations), and rare alleles (nrA, i.e., al-
leles observed in two subpopulations only). This definition of rare alleles largely implies private
alleles introgressed from a donor breed into a recipient breed at a lower frequency by crossing.
Since the number of distinct haplotypes is influenced by the sample size, we estimated allelic
richness (AR) [21] too. Furthermore, estimates of genetic variability, observed (Hy) and ex-
pected heterozygosity (H) [22], as well as F-statistics [23] for each block including population
pairwise Ggy [24,25] were determined. To take into account the concerns about the reliability
of classical population differentiation measures like Ggr [24,25], we predicted the true popula-
tion differentiation Dggr [25] as the harmonic mean of D values across loci using the approach

described by Crawford [26].

Cluster analysis

Overall relationships between the breeds were estimated from the D, distances [27], while the es-
timation of genetic distances between individuals (Dps = In(PS)) was based on the proportion of
shared alleles, PS [28]. A Neighbour network was constructed and plotted with the SpLirsTree4
program [29]. A heuristic approach, as described in Veit-Kensch et al. [30], was used to present
the individual Dps-distance matrix in the two-dimensional (2D) space. The great deluge algo-
rithm described by Veit-Kensch et al. [30] uses the first two principal components as a starting
configuration and further improves it by maximizing the correlation between the multidimen-
sional distance matrix and Euclidean distance matrix of a 2D-plot. This heuristic algorithm aims
to organize individuals into groups without prior knowledge of individuals’ membership to the
predefined breeds or groups. For this reason, the resulting 2D-plot could be seen as a product of
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unsupervised clustering. This analysis was carried out in a complete set of 607 and in a reduced
set of 557 animals. The graphical presentations of 2D-plots of Dpg-distance matrix were generat-
ed using the R programing language [31].

While above genetic distances and clustering methods rely on short haplotypes, two follow-
ing clustering methods, Apumixrure and TreeMix, are based on SNP genotypes. First, unsuper-
vised clustering was performed on the 44,496 autosomal SNPs in both sets of animals (607 and
557) by the Apmixrure program [32] that adopts the likelihood model implemented in the
Srructure program [33,34] but runs considerably faster. To determine the most likely number
of clusters (K) in our datasets, we estimated cross-validation error based on 20-fold cross-vali-
dation. The best value of K exhibited the lowest cross-validation error compared to other K val-
ues. To improve presentation of the ApmixTure results based on a larger set of Cika animals the
input data were sorted by breed proportions estimated from pedigree—from those of 100%
pure Cika to those containing up to 78% of Pinzgauer genotype, and likewise for Cika cross-
breeds with Red Holstein. The Apmixrure results were presented in a stacked barplot generated
using the R programming language [31].

Second, inference of population splits and mixtures based on allele counts of the same set of
44,496 autosomal SNPs and using only design with 557 unrelated animals grouped into 15
breeds was performed by the TrecMix program [35]. To set position of the root in the maxi-
mum likelihood (ML) tree we define N’Dama, a cattle breed from Africa, as the outgroup pop-
ulation. Furthermore, in two alternative analyses we add one or three migration events in the
ML tree, respectively. To account for linkage disequilibrium we used blocks of 100 nearby
SNPs in all TreeMix analyses.

Results

The average genome-wide relationship coefficient for all 76 Cika animals was -0.013 (+ 0.063)
with the maximum of 0.68. To create a subset of the most unrelated purebred Cika animals re-
quired for phylogenetic analyses we removed highly related animals (relationship

coefficient > 0.25), and animals that had exceptionally high relationship coefficient (2 SD
above average) compared to the animals from other breeds. Eleven Cika animals were inbred
(self-relationship coefficient > 1.05) as well as highly related (> 0.25) to one or more Cika ani-
mals. In these pairs the preference was to exclude inbred animals. With the gradual improve-
ment of the pedigree records it became clear that some of these animals are highly admixed.
Seventeen Cika animals were misclassified due to the missing or false pedigree data. Among
these, 15 were misclassified as pure Cika type but contained 7%-50% API genes and two pure
Cika were misclassified as Semi-Cika type. Consequently, at the beginning of the construction
of the reduced dataset we excluded 24 admixed animals based on the known pedigree, which
contained more than 12.5% of foreign genes. This exclusion was supported by the estimated ge-
nome-wide relationships. Furthermore, the analysis of the genome-wide relationship matrix,
Dpgs-distance matrix in the two-dimensional space, and the ApauxTure results between all the
remaining animals indicated seven additional Cika animals as related to one or more Alpine
breeds (DFV, FGV, OBV and MWEF). Even though the background of these relationships in
most cases remains unknown we also excluded these animals from the phylogeny analysis and
suggest excluding these from the conservation nucleus as well. Combination of all these exclu-
sions led to the final sample of 26 most unrelated purebred Cika animals. The genome-wide re-
lationship coefficient among these 26 Cika animals was on average very low -0.039 (£ 0.073)
with the maximum of 0.25. This set included only seven genome-wide relationship coefficients
over 0.20 (2.2%). Most phylogenetic analyses were based on the reduced subset of 557 animals,
i.e., 26 the most unrelated purebred Cika and the similar selection of 531 animals from other

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 7120



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.

Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015 62
Y s e

@ P Los | ONE Recovery of Native Genetic Background in Admixed Domestic Populations
Table 2. Summary statistics—neutral genetic diversity of 15 cattle breeds.

Breed N nA mA npA nrA Ho Hors;qp] HE AR
RHF 50 34474 6.93 465 602 0.709 0.342 0.703 6.050
FGV 49 35178 7.08 319 472 0.713 0.334 0.699 6.160
DFV 50 34674 8.97 238 393 0.700 0.326 0.687 6.018
MWF 46 31627 6.36 227 306 0.717 0.334 0.681 5.594
BBV 50 31006 6.24 158 251 0.660 0.307 0.647 5.355
OBV 35 33344 6.71 251 367 0.701 0.325 0.688 6.082
API 50 37987 7.64 451 676 0.716 0.335 0.706 6.493
SIC 26 34807 7.00 237 422 0.737 0.343 0.718 6.695
HRI 30 36364 7.31 380 603 0.719 0.331 0.711 6.735
HRP 24 26053 5.24 219 299 0.681 0.312 0.642 5.101
PMT 22 36084 7.26 430 526 0.738 0.343 0.721 7141
RMG 21 30170 6.07 305 368 0.680 0.312 0.667 6.031
HRB 24 40116 8.07 664 847 0.702 0.324 0.746 7.771
IMB 43 44416 8.93 1307 1467 0.743 0.344 0.748 7.620
NDA 30135 6.06 875 801 0.581 0.237 0.589 5.332
All 477 58632 11.79 6526 4200 0.699 0.323 0.690 6.279

The sample size (N), total number of observed alleles (nA), mean number of alleles per haplotype block (mA = nA/ 4817), number of private alleles (npA),
number of rare alleles defined as alleles observed in only two subpopulations (nrA), average observed heterozygosity (Ho), Ho estimated from SNP
genotypes (Hoyswey), average expected heterozygosity (He) and allelic richness (AR[21]). RHF, Red Holstein; FGV, Franken Gelbvieh; DFV, German
Fleckvieh; MWF, Mumau—Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; AP, Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Slavonian—
Syrmian Podolic; PMT, Piedmontese; RMG—Romagnola; HRB, Croatian Bu$a; IMB, lllyrian Mountain Bu$a; NDA, N'Dama.

doi:10.1371/journal pone.0123253.1002

14 comparison breeds. On the other hand, all 76 purebred and admixed Cika animals were in-
cluded in the larger dataset of 607 animals, which was used for the 2D presentation and the Ap-
mixTUre analyses. Throughout the remainder of the text, when dataset is not explicitly
mentioned the smaller set is implied.

Genetic diversity

The number of the common alleles (1cA) was 11,231 with 2.26 per haplotype block on average.
The nA, mA, npA, Ho, Hogswpp, Hi, and AR of Cika in comparison with the other 14 breeds are
shown in Table 2. The total number of observed alleles (nA) and the mean number of alleles
(mA) per haplotype block ranged from 26,053 and 5.24 in HRP to 44,416 and 8.93 in IMB, re-
spectively, while Cika (nA = 34,807; mA = 7.00) was in the middle of these extremes. Cika also
showed lower nA and mA compared to API (nA = 37,987; mA = 7.64). IMB showed the highest
number of private (npA = 1,307) and rare alleles (nrA = 1,467) while BBV had the lowest values
(npA = 158, nrA = 251). The discrepancy between these two extremes is enormous, 1.e., the
number of private and rare alleles in the highly selected BBV breed is 8.27 and 5.84 times
lower, respectively. The second Buga breed (HRB) showed lower but still very high npA (875)
and nrA (801). However, Cika showed the largest difference between npA (237) and nrA (422).
Among all 15 breeds only in two Bugas (HRB and IMB) and N'Dama were H, lower than Hy.
Only IMB (0.743) and PMT (0.738) showed higher H, compared to Cika (0.737). Allelic rich-
ness, a diversity measure not influenced by sample size, was the highest in HRB (7.771) and the
lowest in HRP (5.101). Cika had allelic richness (6.695) similar to API (6.492), HRI (6.735) and
PMT (7.141), which are the three geographically closest breeds. Allelic richness showed highest
correlation with mA (0.90) and Hg: (0.88) but lowest with Heypswpy (0.53).
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Table 3. Pair-wise population differentiations.

RHF FGV DFV MWF BBV OBV APl SIC HRI HRP PMT RMG HRB IMB NDA  p_

RHF 0.166 0.185 0.1%0 0.220 0.174 0.153 0.134 0.162 0.241 0.120 0.199 0403 0.119 0318 04177
FGV  0.087 0077 0129 0.161 0.109 0.112 0074 0117 0207 0.065 0.156 0.061 0.087 0.273 0.128
DFV  0.097 0.051 0125 0.157 0.107 0.119 0061 0123 0.213 0070 0.166 0065 0100 0278 0.132
MWF 0.100 0.074 0.075 0.167 0.122 0.134 0.104 0137 0223 0.092 0177 0.084 0.111 0282 0.148
BBV  0.122 0.098 0.099 0.104 0.114 0.167 0.135 0.163 0.253 0.124 0200 0.121 0.147 0.312 0.174
OBV 0.093 0.066 0.067 0073 0.078 0115 0081 0.109 02056 0.068 0153 0058 0086 0267 0.126
API 0.080 0.065 0.069 0.075 0.099 0.069 0046 0.109 0.199 0.065 0.150 0.055 0076 0.266 0.126
SIC 0.071 0.047 0043 0.061 0.082 0.052 0.033 0.078 0.174 0.033 0122 0022 0045 0.243 0.097
HRI 0.082 0.065 0069 0.076 0.095 0064 0.062 0.047 0.166 0.061 0.102 0043 0.061 0240 0.119
HRP  0.131 0.118 0.124 0128 0.152 0120 0.113 0.099 0.09 0.160 0.210 0.137 0.153 0.293 0.202
PMT 0.065 0.043 0.047 0.056 0.077 0047 0.042 0028 0041 0.093 0.099 0012 0.024 0.227 0.087
RMG 0.108 0.092 0.099 0103 0.124 0.094 0088 0074 0085 0.126 0.065 0.086 0.102 0.256 0.155
HRB 0.055 0.037 0041 0048 0070 0.039 0035 0019 0029 0077 0015 0.054 0.008 0.204 0.076
IMB 0.060 0.048 0055 0.059 0.081 0050 0044 0030 0036 0084 0022 0060 0.010 0219 0.095
NDA 0.179 0.163 0.170 0.172 0.197 0.165 0.158 0.145 0.145 0.190 0.138 0.167 0.120 0.125 0.263
G o 0.095 0.075 0.079 0.086 0.105 0077 0.074 0.059 0069 0.118 0056 0094 0.046 0.054 0.160

Desy values as an estimator of true differentiation [24] among 15 breeds are presented above the diagonal and pair-wise Gsr below the diagonal. Average

values (st and Gsr) are presented in the last column and row. RHF, Red Holstein; FGV, Franken Gelbvieh; DFV, German Fleckvieh; MWF, Murnau—
Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; API, Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Slavonian—Syrmian Podolic; PMT,
Piedmontese; RMG, Romagnola; HRB, Croatian Busa; IMB, lllyrian Mountain Bu$a; NDA, N'Dama

doi:10.1371/journal pone,0123253.1003

Clustering analyses

Pairwise population differentiations are shown as Dgsyand Gy values in Table 3. The correlation
between Dpgrand Gsp was very high (0.990) but Dgg; showed better diversification (from 0.008 to
0.318). The highest average D7 values were observed among NDA from Africa, autochthonous
HRP and highly selected RHF as well as BBY when compared with other breeds (0.174-0.263).
The lowest average genetic differentiations were observed for Bugas, PMT and Cika when com-
pared with other breeds (0.076-0.097). Pairwise D¢y value between Cika and API (0.046) was
similar to the one between Cika and IMB (0.045) as well as between API and HRB (0.055). The
lowest Dygr value when comparing Cika with other breeds was between Cika and HRB (0.022)
followed by Cika and PM'T (0.033) differentiation. The lowest Dy.¢ when comparing all breeds
was between HRB and IMB (0.008), which demonstrates the low genetic differentiation of Busa.

Nei’s D, -distances were plotted as a Neighbour-Net (Fig 2) rooted by NDA population. The
taurine outgroup from West Africa joined the network of the European cattle breeds at group
of three Podolian breeds (HRI, HRP, RMG). The fourth Podolian breed PMT with relatively
high allelic diversity (AR = 7.141) doesn’t show clear clustering in this design and has a higher
genetic similarity to Alpine breeds. The Neighbour-Net graph suggested relatively long-term
and close co-evolution of both Braunvieh populations (OBV and BBV). Similarly close but
shorter co-evolution is suggested for DFV and FGV. On the contrary, Cika and Pinzgauer
showed relatively long but wide phylogenetic connection (Fig 2). Both branches were similarly
long. The Cika-Pinzgauer cluster was flanked by RHF with its relatively long branch on the one
hand, and by the FGV-DFV cluster on the other. Both Busa breeds, HRB and IMB, were easy
to recognise due to their short branches. They were clustered together, but split from each
other just after the tree trunk. The longest branches belonged to the HRP and NDA.
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Fig 2. Presentation of Nei's DA-distance matrix as a rooted Neighbour-Net graph. RHF, Red Holstein; FGV, Franken Gelbvieh; DFV, German
Fleckvieh; MWF, Murnau—Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; API, Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Slavonian—
Syrmian Podolic; PMT, Piedmontese; RMG, Romagnola; HRB, Croatian Busa; IMB, lllyrian Mountain Busa; NDA, N'Dama.

doi:10.1371/journal.pone.0123263.9002

Additional to the above mentioned phylogenetic analysis, we inferred patterns of splitting
and possible historical mixing between investigated populations with maximum likelihood
(ML) methods implemented in the TreeMix program. The ML tree, rooted by N'Dama popula-
tion (S1 Fig), shows highly similar characteristics to the above described Neighbour-Net. As-
suming one migration event, we detect relatively recent migration of DFV genes into the Cika
breed while remaining structure of tree stays unchanged (51 Fig). This result is consistent over
series of five independent TreeMix runs. Assuming two and three migration events leads to in-
consistent results over five independent TreeMix runs (S1 Fig). Most common feature of these
inconsistent runs is suggested migration of early N'Dama-ancestors to the root of the South-
East European cattle populations (IMB, HRB and HRP) or to HRB only. Next common feature
is suggested migration of PMT ancestors to the root of the HRI-RMG cluster (51 Fig).

Fig 3 shows the Dpg distances in the two dimensional presentation (2D). The distribution of
the larger set with 607 individuals of 15 breeds is shown in Fig 3a, where Cika population was
represented by 76 pure and admixed individuals. Thirteen breeds formed well-recognized clus-
ters and were clearly separated from each other, while Cika and HRB animals were scattered to
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Fig 3. Individual Dps-distance matrix in the two-dimensional space. A dataset with all 76 Cika animals (a) and a reduced dataset with 26 animals (b).
RHF, Red Holstein; FGV, Franken Gelbvieh; DFV, German Fleckvieh; MWF, Mumau—Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; API,
Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Slavonian—Syrmian Podolic; PMT, Piedmontese; RMG, Romagnola; HRB, Croatian Busa; IMB, lllyrian
Mountain Busa; NDA, N'Dama.

doi:10.1371fjournal.pone.0123253.g003

a large extent. Most HRB individuals were scattered close to the IMB and HRI clusters, while
others seemed to be outliers. Cika clustered in the neighbourhood of API with few individuals
falling into the API cluster. Some Cika individuals also seemed to be outliers. Fig 3b shows the
distribution of the reduced set, where Cika is represented by 26 purebred individuals that were
less inbred and were nominally unrelated. Analysis of this data led to the formation of 14 dis-
tinct clusters. Pure Cika individuals were clustered independently from the API cluster though
in the neighbourhood of the API cluster. Only HRB showed a lot of outliers just like in the

Fig 3a and did not form its own cluster.

The results of the Apmixrurk analysis of the reduced set detected the lowest cross-validation
error at K = 13. Fig 4 and 52 Fig presents the Apmixrure results for this K value in the larger set
with 76 Cika animals (Fig 4a) and in the reduced set with 26 Cika animals (Fig 4b). Fourteen
breeds created their own clusters and these results suggested that HRB is a synthetic population
(Fig 4). In Fig 4a admixture is clearly seen with the API (26%), DFV (9%), Brown breeds (3%),
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Fig 4. The Admixture analyses of two data sets. A dataset with all 76 Cika animals (a) and a reduced dataset with 26 animals (b). RHF, Red Holstein;
FGV, Franken Gelbvieh; DFV, German Fleckvieh; MWF, Murnau—Werdenfelser; BBV, Braunvieh; OBV, Original Braunvieh; AP, Pinzgauer; SIC, Cika; HRI,
Istrian cattle; HRP, Slavonian—Syrmian Podolic; PMT, Piedmentese; RMG, Romagnola; HRB, Croatian Busa; IMB, lllyrian Mountain Busa; NDA, N'Dama.

doi:10.1371/journal.pone.0123253.g004
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and RHF (2%). Contribution from the Cika’s southern neighbours (HRI-IMB 8%) was also in-
dicated. However, when we considered the reduced set (Iig 4b) the admixture proportions in
Cika animals were evidently lower though still present (API 9%, DFV 6%, OBV-BBV 2% and
HRI-IMB 5%).

Correlations between genetic, pedigree and phenotypic parameters

The correlation between type trait classification and the pedigree contributions from Pinzgauer
was 0.71 (S1 Table). Likewise, the correlation between type trait classification and the average
genome-wide relationship between each Cika animal to all sampled Pinzgauer animals was
0.65, while the correlation between the pedigree contributions from Pinzgauer and average ge-
nome-wide relationship coefficient between each Cika animal to all included Pinzgauer ani-
mals was nominally higher (0.69). The correlation between type trait classification and the
proportion of admixed Pinzgauer genes within Cika individuals from the Apmixrure analysis
was 0.64, while the correlation between type trait classification and the proportion of Cika
genes from the ApmixTure analysis was 0.53.

S3 Fig shows the Dpg distances in the two dimensional presentation (2D). The dataset in-
cluded Cika and four breeds (RHF, FGV, DFV and API) with possible direct contribution to
the Cika gene pool as identified by genome-wide IBS and IBD matrix. In the three parts of the
$3 Fig we highlighted animals selected as pure Cika based on a) combined haplotype, pedigree
data and type trait classification, b) pedigree information alone and c) type trait classification
alone. The comparison of these figures reveals the subtle differences between separate and
combined approach for selection of conservation-worthy animals. Type traits and pedigree in-
formation used separately identify Cika animals with API contribution correctly. Only one of
14 animals with significant API contribution was misallocated to pure Cika by type traits classi-
fication (53 Fig). On the other hand, both pedigree information and type traits wrongly placed
seven animals with significant contribution of foreign breeds other than API (i.e. DEV, FGV or
RHF). Furthermore, combined approach as well as type traits alone classified 13 Cika animals
as worth conserving even if the written herd-book records suggested some contribution of AP1
breed. Likewise, two additional animals were classified as pure Cika in spite of type trait classi-
fication as Semi-Cika. In total, 54 (71%) of 76 investigated animals were classified as pure Cika
by combined approach. Only two third of these (37) would be allocated to pure Cikas by herd-
book records or type traits alone.

Discussion

Cika cattle, like many other local breeds, was under pressure with the introduction of cosmopol-
itan breeds and was near extinction due to the continuous upgrading with Pinzgauer as well as
crossing with Fleckvieh and replacement with Braunvieh. When Cika population was included
in the conservation program, doubts have been raised about the uniqueness of the breed and the
level of the admixture. The Cika herd book had records on mostly admixed animals with known
pedigree going back a number of generations and with relatively accurate estimated proportions
of foreign genes from Pinzgauer and Red Holstein. In 2002, potentially pure Cika animals from
the mountain area were included in the program as 100% pure Cika based only on type traits
classification even though their pedigree was unknown. However, this increased population size
but also doubts in the breeding community about the uniqueness of the population.

These conditions partly resemble a curious situation that arose from the restoration and
conservation of the Austrian Murbodner (AMB) cattle breed [12]. Original Murbodner cattle
were gradually upgraded by Franken Gelbvieh and/or replaced with Fleckvieh after the Sec-
ond World War. At the beginning of 1980s, some Austrian organisations started to search for
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the typical AMB animals preferably without the Gelbvieh genes. Since the most typical AMB
candidates with extensive pedigrees had one or more Gelbvieh ancestors the selected putative
purebred AMB animals predominantly did not have pedigree records. Because both AMB and
Gelbvieh show morphological similarity, it was not possible to effectively exclude Gelbvieh ad-
mixture in these animals based on the phenotype alone. Recently, phylogenetic results showed
large admixture of Gelbvieh genes in the restored AMB population [12]. Despite the current con-
servation program of AMB as a putative autochthonous cattle breed, in fact it appears nowadays
as a subpopulation of Gelbvieh that is also endangered. This demonstrates that upgrading and
subsequent selection on the introgressed genes could result in the loss of genetic identity of a spe-
cific breed, even if considerable efforts were made to find the original purebred animals, One of
the goals of this study was to capitalize on the recent advent of high-throughput genotyping tech-
niques to check if a comparable scenario is probable for Cika and Pinzgauer. With the power of
high-throughput data providing accurate genetic structure of the subpopulations [36] and
knowledge of actual individual relationships derived from more than 40,000 SNP markers [37],
it should be ensured that an appropriate conservation program is in place for Cika.

In order to achieve these conservation goals and to avoid the ascertainment bias of the Bovi-
neSNP50 array we used the results based on the 4-SNP-block haplotypes. The BovineSNP50
array was developed mainly on the SNP allele frequency spectrum of highly selected, commercial,
and cosmopolitan breeds [38]. Estimates of genetic diversity can therefore be influenced by the
ascertainment bias of the array and can even lead to incorrect conclusions [36, 38-41]. On the
other hand, haplotype diversity is robust to the marker ascertainment bias and provides more in-
formation regarding diversity and population history as shown through simulations and empiri-
cal data [42-44]. In spite of this, most currently published studies on cattle diversity are based on
the BovineSNP50 genotype data instead of the haplotype data. One exception is the phyloge-
nomic study of ruminants by Decker et al. [41]. Likewise, Amador et al. [45] used haplotypes of
10 consecutive SNPs from the OvineSNP50 BeadChip. The comparisons of diversity parameters
or phylogeny based on the SNP allele frequency and the short haplotypes were of secondary in-
terest of this study, but we would like to point out to the difference in the observed heterozygosity
(Table 2). Based on haplotypes the highest He, was obtained for IMB (0.743), while Hy, estimated
from the SNP genotypes (Hesypy) was comparably high in RHF, SIC, PMT and IMB (0.342-
0.344). The high Heypy estimated in RHE sample is in conflict with a relatively low haplotype
diversity and could be due to the ascertainment bias. Supporting this result is also the low corre-
lation (0.53) between haplotype allelic richness and Hoygnp (Table 2). In order to avoid the ascer-
tainment bias, only results based on the 4-SNP-block haplotypes are discussed below.

Considering the situation that arose when restoring the AMB, the main idea was to com-
bine all of the available data to identify admixed animals which were recorded as purebred
Cika based only on type traits classification after their discovery in 2002. In addition, ani-
mals with known pedigree can be misclassified due to the errors in the pedigree or the dis-
crepancy between the expected and the actual admixture. With the exclusion of the admixed
and highly related Cika animals we wanted to show the phylogenetic characteristic of the
original (pure) Cika only as well as to build a knowledge base for later practical conservation
work on similar populations. Ability of the methods implemented in the ApmixTure and
comparable programs to allocate foreign genome and haplotypes to their respective breed
depends on the study design. Our experience suggests that in cases where pedigree is not
known, a feasible way to find unknown genetic admixture is to add all possible direct and in-
direct source populations to the initial dataset. Similar to other endangered breeds with com-
parable history there is no perfect design and it is likely that the dataset used in this study
does not include all breeds from which genes could have been admixed in Cika, e.g. the al-
ready extinct Molltaler breed.
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Cika and HRB animals, which were identified as highly inbred by the genome-wide IBD
matrix, were outliers in the 2D space, far away from their breed clusters (Fig 3a). These outliers
are present in the population of Cika and HRB due to the population fragmentation [16].
Breeders in the marginal mountain areas that prefer local breeds used their own natural service
bulls. These bulls were usually related to the dams, which led to inbreeding. This could be a
common situation in endangered indigenous breeds under low management level. Cika ani-
mals identified as highly inbred were also detected as highly related to one or more other ani-
mals in our design. In such a situation we preferred to exclude inbred animal from the set for
phylogenetic analyses but not from a conservation program.

According to the expected and observed haplotype heterozygosity, Balkan breeds were
more diverse than Alpine breeds and dual-purpose breeds were more diverse than highly se-
lected single-purpose breeds. Large current and past effective population size as well as virtual
absence of systematic artificial selection combined with proximity to major centres of domes-
tication in the Fertile Crescent could be main reasons for higher diversity in Buga strains
[12,14]. Even if there are no historical records for ancient or recent introgression of indicine
or African taurine ancestry into Balkan cattle breeds (Busa or Podolic) this possibility exists.
Furthermore, Balkan cattle population is located closer to current Anatolian cattle that carried
both indicine and African taurine ancestry [46] which could indirectly shape the distribution
of rare and private alleles in cattle population of Balkan. If so, we would expect systematic ef-
fect in all indigenous Balkan cattle breeds, i.e. increased allelic diversity in both Busa and
Podolic cattle. On the contrary, two Balkan breeds (IMB and HRP) are at the opposite ends
for allelic diversity according to our results. However, some results of the TreeMix procedure
support results of [46] and suggest possible migration of earlier N’'Dama-ancestors to the root
of the South-East European cattle populations (IMB, HRB and HRP). This migration edge
added basal to phylogeny, i.e. close to root, indicates that possible admixture occurred very
early in time or even from a more diverged population ancestral to both South-East European
and African taurine cattle. Be that as it may, the main objective of this study is to verify
known admixture in the case breed Cika which was confirmed by TrezMix analyses. In addi-
tion to the close relationship between Cika and API, TreeMix suggests relatively recent mix-
ture with DFV. This could explain higher genetic diversity of current Cika population. On
average, the neutral diversity estimators put Cika in the position between the Balkan breeds
(Busa and Podolic) and the Alpine breeds, which corresponds with the geographical location
of Slovenia as well as with admixed status of Cika.

The high average Dggr values observed between RHF and other breeds (Dist = 0.177;

Table 3) may reflect artificial selection, while the high Disr value for HRP (Dsr = 0.202) could
reflect long-term isolation of the breed and a limited number of founders after the bottleneck
[16]. Cika showed the lowest pairwise Dgsr values with HRB (0.022) and PMT (0.033) despite
remarkably different breed characteristics (e.g., in horns, coat, and mucosa colour). Further-
more, Dggr value to Busa strain from Albania (0.045) is also lower then to Austrian Pinzgauer
(0.046) despite relatively long geographical distance. These low Dggr values to both Busa strains
and PMT suggest either low genetic differentiation of all four subpopulations or ancient genetic
relationships through past trades which is possible given the geographical proximity. The low-
est Dist values for HRB (0.076), PMT (0.087), IMB (0.095) and SIC (0.097), the broad allelic di-
versity in all four breeds (Table 2) and the clustering by Apmixture suggest low differentiation
as being more relevant. Despite the verifiable evidence of the direct introgression from Pinz-
gauer to Cika, it should be considered that the Dy matrices were prepared with only poten-
tially pure Cika animals. These animals show relatively low genetic differentiation to Pinzgauer
(Dgsy = 0.046). The key question is which part of relatively high genetic diversity in Cika is
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caused by admixture and which part represents original neutral diversity of the population
under relatively low artificial selection.

Allelic diversity represented by nA, mA, npA, nrA, and AR (Table 2) clearly suggests two arti-
ficially unselected Busa strains as the populations with the highest neutral diversity. On the
other hand, one Podolic breed (HRP, weak artificial selection but with known recent population
bottleneck, [16]) and one highly selected Alpine breed (BBV, with small effective population
size [14]) demonstrated the lowest allelic diversity. Cika shows a low number of private alleles
but relatively high Hy and AR. Comparing nrA and npA Cika show highest proportion of rare
alleles, defined as alleles observed in only two subpopulations (nrA/npA = 1.78). This is due to
sharing of 24% rare allele with API, i.e., otherwise private alleles of API or SIC were classified as
rare due to sharing. Taken together, these patterns suggest that even the sample of 26 most pure
Cika is still partly admixed. Then again, unsupervised clustering performed by Apamixrure and
2D presentation of Dps-distances identified Cika as a breed worth preserving. Even though
there are recognisable proportions of Alpine (mainly API and DFV) and southern (IMB, HRI)
contributions in most Cika animals, both unsupervised approaches identified Cika as a popula-
tion with a unique genetic identity. Comparison of the clustering based on the initial set of 76
Cika animals (Fig 3a and Fig 4a) with the results based on 26 selected Cika animals clearly sug-
gest that the multistage procedure used here is able to detect individuals which are more impor-
tant to preserve. [t is important to keep in mind that additional animals, considered as less
admixed, were not included in the set of 26 Cika animals due to their high relationship to one or
more animals already included in the set. All these currently living, less admixed animals should
be considered as Cika nucleus for breeding of sires and bull dams of the next generations and
thus recovering the native genetic background of Slovenian Cika. Different de-introgression
strategies were developed based on the pedigree information [47], molecular information
[45,48,49], or other traits, like breed specific phenotypes as well as productive traits [50]. A com-
bination and improvement of these approaches should be considered for de-introgression of ad-
mixed endangered domestic populations. The 51 Fig illustrates advantages of combined
approach to the separate usage of pedigree or phenotype information. Practical conservation
breeding should inevitably combine all available information but be aware of the ascertainment
bias of the most SNP arrays developed for the livestock species. This is especially important if
the breed of interest was not involved in the development of the SNP array. Previously published
simulation studies [48,49] did not consider this bias. Local breeds like Cika were not considered
when Bovine SNP array was designed [38] and consequently their private alleles are not known
and not included onto array causing the markers to be on average more informative for the con-
sidered popular commercial breeds. On the other hand, Cika and other endangered breeds are
facing extinction due to the introgression and replacement by the commercial breeds that con-
tribute their most informative markers onto SNP arrays. Therefore, de-introgression strategies
using information on private alleles [48] is currently only of theoretical interest or useful only
for the breeds included in the creation of a SNP array, which are mostly not at risk of extinction.
Also, the use of breed specific phenotypes (i.e. private phenotypes) for de-introgression [50] will
result, at most, in the recovery of certain regions in genome linked to them. For example, there
is a large discrepancy between phenotypic and background genetic differentiation of geographi-
cally close cattle breeds Blanc-Bleu Belge and Holstein [12,14]. As mentioned before, Austrian
Murbodner breeders used a combination of phenotypes and pedigree records to recover the
breed, but according to the molecular genetic results the success of recovery following this ap-
proach was limited [12]. Our case breed is also extensively phenotyped and breeders are more
familiar with using phenotype than haplotype data. However, phenotype information alone is
not conclusive though it is important to preserve some essential breed characteristics. Our
experiences (S1 Fig) suggest combined use of all the available information with an emphasis on
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molecular information. In summary, it can be concluded that pedigree data as well as type traits
classification identified quite well the animals admixed with the main breed (here API) used for
upgrading. Animals with significant proportion of gene introgressed by historical or unexpected
crossing (e.g. OBV, BBV, DFV, FGV, RHF) were not identified by pedigree data and/or type
traits. Erroneous or incomplete pedigree records lead to misclassification in both directions. For
illustration, in this study ten Cika animals were scored as admixed by genealogical coancestry
despite being pure according to molecular coancestry. Detailed investigation of affected cases
suggests wrong pedigree arising from the use of Cika bull for natural mating after official insem-
ination by API sire was not successful. Additionally, we recognized the risk of misclassification
of some purebred animals kept in well controlled environment as Semi-Cika. This is due to the
subjective expectation of the assessor that pure indigenous animal should be smaller sized or
with lower production then observed. These biased expectations present a common threat at
phenotypic evaluation of endangered, indigenous, domestic populations. Making such mistakes
leads to double losses, i.e. we lose preferential indigenous variants able to compete with common
commercial breeds.

Combined use of all the available information with an emphasis on molecular information
should bear on haplotypes, short or long, depending on the characteristics of introgression events.
The successful identification and the removal of exogenous haplotypes present in an admixed
population will depend on the availability of high quality haplotypes of case and source popula-
tions. In this case study we detected admixed and not related animals with large exogenous haplo-
types at different chromosomes (data not shown). Appropriate inclusion of progenies from these
individuals (via regular or target mating) into the nucleus could effectively remove exogenous
haplotypes and avoid increase in inbreeding. Likewise missing and wrong information in the in-
complete pedigree records could be efficiently improved and corrected based on the molecular
composition of a breed. Generally, the advantage of using molecular information increased with
the increase in SNP density. In scenarios evaluated by [51] the SNP density should reach at least 3
times the effective population size per Morgan or about 500 SNPs/Morgan. As repeatedly con-
firmed larger reference panels and high marker density substantially increase haplotype quality
and imputation accuracy, particularly for low-frequency variants [18]. Therefore, unconsolidated
indigenous breeds with large population size whose private or rare alleles were not involved in the
development of the SNP array need even higher SNP density to permit high quality haplotyping.
Many livestock breeds under the pressure or even under the threat of extinction are indigenous
local strains structured in more diffuse subpopulations, like Pramenka sheep [52] or Busa cattle
[3]. Such populations are characterised by a low breeding level in the past, resulting in high neu-
tral diversity and a large effective population size [3]. On the contrary, exogenous haplotypes
come from relatively compact and administratively isolated commercial populations. Therefore,
the de-introgression of these loosely defined and before admixture highly diverse populations
should rely less on the search for the original genetic background of a native population but rather
on the identification and removal of haplotypes from exogenous compact common breeds. Our
case population shows most of these characteristics and is a suitable candidate for the implemen-
tation of the conservation and recovery approach, combining all the available phenotype, pedi-
gree, and high-density haplotype information. Successful de-introgression process will, however,
be influenced by the differentiation among the target population and populations they have ad-
mixed with. The higher the similarity, the more difficult it is to differentiate between both popula-
tions [45] and more dense information (molecular, genealogical and phenotypical) is necessary.
As demonstrated by analyses of composite Swiss Fleckvieh breed [53], when pedigree records
of admixed animals were deep and known to their pure ancestors then the correlation between
pedigree-based and genome-based admixture was very high (0.972). However, the common char-
acteristic of the endangered indigenous breeds under low management level is absence of such
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dense genealogical information. Also, the dataset of 76 Cika with relatively good quality of pedi-
gree records contained 13 animals with unknown both parents as well as six animals with un-
known sire. All these were recorded as 100% pure Cika in a herd book. Consequently, the
correlation between pedigree-based and genome-based admixture of 76 Cika animals was lower
(0.72). It needs to be repeatedly emphasized that studies estimating parameters and developing
tools (e.g. [53] by necessity use designs with denser information and by the majority include sam-
ples of cosmopolitan breeds where lower effect of ascertainment bias could be expected then in
the indigenous breeds.

Populations of livestock animals are characterised by several introgression events since do-
mestication. In cattle, some of these events are known as secondary domestication, mostly due
to the influence of wild aurochs males on domestic dam populations [54]. These ancient intro-
gressions were combined with several long-distance migration events in the time before the in-
dustrial revolution and the subsequent foundation of modern breeds. Many local well-adapted
strains have never been intensively managed and differentiated into regular breeds [3]. It is
difficult (if at all necessary) to draw a clear line between the ancient and modern introgression
events. Accordingly, the goal of this and the future studies aiming for restoration and conserva-
tion of the domestic breeds is not the ultimate recovery of the native genetic background but
rather to stop ongoing erosion of genetic identity, to preserve diversity within the breed and, if
possible, thereby to increase the proportion of native parts of chromosomes without the overall
loss of diversity and increased rate of inbreeding.

Conclusions

Each population is dynamic with a different identity and should be considered on an individual
basis, but the following overall conclusions can be drawn from the results of this study. Com-
bined phenotype, pedigree, and genome-wide information can be used to detect the “purest”
individuals to be used as the nucleus for recovery of the native genetic background of the ad-
mixed domestic population. The ascertainment bias introduced in the construction of SNP ar-
rays must be taken into consideration while estimating diversity and phylogeny parameters as
well as for the removal of introgressed genetic material. The successful implementation of a
conservation and recovery approach will benefit from a design which includes the most com-
plete spectrum of possible source haplotypes.
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S1 Fig. The maximum likelihood (ML) tree inferred from genome-wide allele frequency
data by methods implemented in the TrReeMix program. A) The ML dendrogram of the rela-
tionships between 15 sampled populations rooted by African taurine N'Dama cattle. B) ML
tree of 15 cattle populations assuming one migration event. C-E) Three variants of ML tree of
15 cattle populations assuming two migration events. F-G) Two variants of ML tree of 15 cattle
populations assuming three migration events.

(PDF)

$2 Fig. The Apmixture analyses of two data sets at various levels of K, from 2 to 16. A dataset
with all 76 Cika animals (a) and a reduced dataset with 26 Cika animals (b). RHF, Red Hol-
stein; FGV, Franken Gelbvieh; DFV, German Fleckvieh; MWF, Murnau—Werdenfelser; BBV,
Braunvieh; OBV, Original Braunvieh; API, Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Sla-
vonian—Syrmian Podolic; PMT, Piedmontese; RMG, Romagnola; HRB, Croatian Bu$a; IMB,
Illyrian Mountain Busa; NDA, N’Dama.
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S3 Fig. Individual Dy distance matrix in the two-dimensional space. Animals with Dpgdis-
tance below global average were connected by thin grey line. A) Highlighting a set of 55 pure
Cika animals recognised by merged information of haplotype, pedigree data and type traits
classification, B) a set of 47 pure Cika animals recognised only by pedigree data were highlight-
ed, C) a set of 58 pure Cika animals recognised only by type traits classification. RHF, Red Hol-
stein; FGV, Franken Gelbvieh; DFV, German Fleckvieh; API, Pinzgauer; SIC, Cika; SIC-F,
inbreed SIC animal; SIC*FGV*DFV, SIC related to FGV and DFV; SIC* API(I), SIC related to
particular API animal; SIC* API(P), SIC related to API population; SIC-F*RHF, inbreed SIC
animal related to RHF; SIC*RHF, SIC related to RHF.
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S1 Table. Correlations among type traits classifications, pedigree, genome-wide relation-
ship (IBD) and the proportion of genes from ApmixTure analysis.
(DOCX)

Acknowledgments

We acknowledge Cika cattle breeders for providing animals and Zoran Klinkon, D.V.M for col-
lecting samples. Most HRB, HRI and HRP samples were contributed by Dr. A. Ivankovi¢ and
Dr. J. Ramljak (Zagreb). Some SNP genotypes from the HRI breed were contributed by Dr. I.
Curik (Zagreb). We thank Dr. Stela McLachlan (Centre for Population Health Sciences, The
University of Edinburgh) for comments on English grammar.

Author Contributions

Conceived and designed the experiments: MS DK IM. Performed the experiments: MS DS IM.
Analyzed the data: MS AS DS JS IM. Contributed reagents/materials/analysis tools: JS DS IM.
Wrote the paper: MS GG DK IM.

References

1. Cymbron T, Freeman AR, Isabel Malheiro M, Vigne JD, Bradley DG. Microsatellite diversity suggests
different histories for Mediterranean and Northern European cattle populations. Proc R Soc B. 2005;
272: 1837-1843. PMID: 16096097

2. Felius M. Cattle Breeds: An Encyclopedia. Doetinchem: Misset; 2007

3. Medugorac |, Veit-Kensch CE, Ramljak J, Brka M, Markovi¢ B, Stojanovi¢ S, et al. Conservation priori-
ties of genetic diversity in domesticated metapopulations: a study in taurine cattle breeds. Ecol Evol.
2011; 1: 408-420. doi: 10.1002/ece3.39 PMID: 22393510

4. Taberlet P, Valentini A, Rezaei HR, Naderi S, Pompanon F, Negrini R, et al. Are cattle, sheep, and
goats endangered species?. Mol Ecol. 2008; 17: 275-284. PMID: 17927711

5. Gandini GC, Villa E. Analysis of the cultural value of local livestock breeds: a methodology. J Anim
Breed Genet. 2003; 120: 1-11.

6. OldenJ, LeRoy Poff N, Douglas MR, Douglas ME, Fausch KD. Ecological and evolutionary conse-
quences of biotic homogenization. Trends Ecol. Evol. 2004; 19: 18-24. PMID: 16701221

7. Zan Lotrié M. Razvoj pasme cikastega goveda in planarstva [Development of Cika cattle breed and al-
pine dairy farming). PhD Thesis. University of Ljubljana. 2012.

8. Siméig M, Lenstra JA, Baumung R, Dové P, Cepon M, Kompan D. On the origin of the Slovenian Cika
cattle. J Anim Breed Genet. 2013; 130: 487-495. doi: 10.1111/jbg.12034 PMID: 24236610

9. Sambraus HH. Gefdhrdete Nutztierrassen. lhre Zuchtgeschichte, Nutzung und Bewahrung [Endan-
gered breeds, their breeding history, use and preservation]. Stuttgart: Ulmer; 1999

10. Durkin K, Coppieters W, Drogemidiller C, Ahariz N, Cambisano N, Druet T, et al. Serial translocation by
means of circular intermediates underlines colour sidedness in cattle. Nature. 2012; 482: 81-84. doi:
10.1038/nature 10757 PMID: 22297974

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 18/20



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015 73

B PLOS | one

Recovery of Native Genetic Background in Admixed Domestic Populations

1.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

Jeretina J. Cikasto govedo v Sloveniji [Cika cattle in Slovenia). In: Hernja-Masten M, editor. 100 let dela
v selekciji in kontroli prireje mleka na Slovenskem [100 years of breeding and milk recording in Slove-
nial. Ptuj: KGZ Ljubljana, KIS, GSS; 2004. pp. 79-88.

Medugorac |, Medugorac A, Russ |, Veit-Kensch CE, Taberlet P, Lunz B, et al. Genetic diversity of Eu-
ropean cattle breed highlights the conservation value of traditional unselected breeds with high effec-
tive population size. Mol Ecol. 2009; 18: 3394-3410. doi: 10.1111/].1365-294X.2009.04286.x PMID:
19659482

Medugorac |, Seichter D, Graf A, Russ |, Blum H, Gépel KH, et al. Bovine polledness—an autosomal
dominant trait with allelic heterogeneity. PLoS One. 2012 Jun 21; 7(6).

Rothammer S, Seichter D, Férster M, Medugorac |. A genome-wide scan for signatures of differential
artificial selection in ten cattle breeds. BMC Genomics. 2013; 14: 908. doi: 10.1186/1471-2164-14-908
PMID: 24359457

Maxa J, Neuditschko M, Russ |, Férster M, Medugorac |. Genome-wide association mapping of milk
production traits in Braunvieh cattle. J Dairy Sci. 2012; 95: 5357-5364. doi: 10.3168/|ds.2011-4673
PMID: 22816942

Ramljak J, Ilvankovi¢ A, Veit-Kensch CE, Férster M, Medugorac |. Analysis of genetic and cultural can-
servation value of three indigenous Croatian cattle breeds in a local and global context. J Anim Breed
Genet. 2011; 128: 73-84. doi: 10.1111/.1439-0388.2010.00905.x PMID: 21214647

Ferengakovié M, Sélkner.J, Curik |. Estimating autozygosity from high-throughput information: effects
of SNP density and genotyping errors. Genet Sel Evol. 2013; 45: 42. doi: 10.1186/1297-9686-45-42
PMID: 24168655

Browning SR, Browning BL. Rapid and accurate haplotype phasing and missing-data inference for
whole-genome associations studies by use of localized haplotype clustering. Am J Hum Genet. 2007;
81:1084-1097. PMID: 17924348

Powell JE, Visscher PM, Goddard ME. Reconciling the analysis of IBD and IBS in complex trait studies.
Nat Rev Genet. 2010; 11: 800-805. doi: 10.1038/nrg2865 PMID: 20877324

Goudet J. FSTAT, a program to estimate and test gene diversities and fixation indices (version 2.9.3).
2001, Available: hitp://unil.ch/izea/softwares/fstat.himl. Accessed 1 December 2013.

El Mousadik A, Petit RJ. High level of genetic differentiation for allelic richness among populations of
the argan tree [Argania spinosa (L.) Skeels] endemic to Morocco. Theor Appl Genet. 1996; 92:
832-839. doi: 10.1007/BF00221895 PMID: 24166548

Nei M. Molecular evolutionary genetics. New York: Columbia University Press; 1987.

Weir BS, Cockerham CC. Estimating F-statistics for the analysis of population structure. Evolution.
1984; 38: 1350-1370.

Jost L. Partitioning diversity into independent alpha and beta components. Ecology. 2007; 88:
2427-2439. PMID: 18027744

Jost L. Gsr and its relatives do not measure differentiation. Mol Ecol. 2008; 18: 4015-4026. PMID:
19238703

Crawford NG. SMOGD: software for the measurement of genetic diversity. Mol Ecol Res. 2010; 10:
556-557. doi: 10.1111/].1755-0998.2009.02801.x PMID: 21565057

Nei M, Tajima F, Tateno Y. Accuracy of estimated phylogenetic trees from molecular data. J Mol Evol.
1983; 19:153-170. PMID: 6571220

Bowcock AM, Ruiz-Linarez A, Tomfohrde J, Minch E, Kidd JR, Cavalli-Sforza LL. High resolution of
human evaolutionary trees with polymorphic microsatellites. Nature. 1994; 368: 455-457. PMID:
7510853

Huson DH, Bryant D. Application of phylogenetic networks in evolutionary studies. Mol Biol Evol. 20086;
23: 254-267. PMID: 16221896

Veit-Kensch CE, Medugorac |, Jedrzejewski W, Bunevich AN, Foerster M. A heuristic two-dimensional
presentation of microsatellite-based data applied to dogs and wolves. Genet Sel Evol. 2007; 39:
447-463. PMID: 17612483

R Development Core Team. R: A language and environment for statistical computing. 2008. Available:
htip://www.R-project.org. Accessed 1 December 2012,

Alexander DH, Novembre J, Lange K. Fast model-based estimation of ancestry in unrelated animals.
Genome Res. 2009; 19: 1655—1664. doi: 10.1101/gr.094052.109 PMID: 19648217

Pritchard JK, Stephens M, Donnely P. Inference of population structure using multilokus genaotype
data. Genetics. 2000; 155: 945-959. PMID: 10835412

Falush D, Stephens M, Pritchard JK. Inference of population structure using multilokus genotype data:
linked loci and correlated allele frequencies. Genetics. 2003; 164: 1567-1587. PMID: 12930761

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 19/20



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015 74

- PLOS | one

Recovery of Native Genetic Background in Admixed Domestic Populations

35.

36.

37.

38.

39.

41,

42,

44,

46.

47,

49,

50.

51.

52,

53.

54.

55.

Pickrell JK, Pritchard JK. Inference of population splits and mixtures from genome-wide allele frequen-
cy data. PLoS Genetics. 2012 Nov 15; 8(11).

Gautier M, Laloé& D, Moazami-Goudarzi K. Insight into the genetic history of French cattle from dense
SNP data on 47 worldwide breeds. PLoS One. 2010 Sep 30; 5(9).

Neuditschko M, Khatkar MS, Raadsma HW. NETVIEW: A high-definition network-visualization ap-
proach to detect fine-scale population structures from genome-wide patterns of variation. PLoS One.
2012 Oct 31; 7(10).

Matukumalli LK, Lawely CT, Schnabel RD, Taylor JF, Allan MF, Heaton MP, et al. Development and
characterisation of a high density SNP genotyping assay for cattle. PLoS ONE. 2009 Apr 24; 4(4).

Gautier M, Flori L, Riebler A, Jaffrézic F, Laloé D, Gut |, et al. A whole genome Bayesian scan for adap-
tive genetic divergence in West African cattle. BMC Genomics. 2009; 10: 550. doi: 10.1186/1471-
2164-10-550 PMID: 19930592

Porto Neto LR, Barendse W. Effect of SNP origin on analyses of genetic diversity in cattle. Anim Prod
Scl. 2010; 50: 792-800.

Decker JE, Pires JC, Conant GC, McKay SD, Heaton MP, Chen K, et al. Resolving the evolution of ex-
tant and extinct ruminants with high-throughput phylogenomics. Proc Natl Acad Sci. 2009; 106:
18644—18649. doi: 10.1073/pnas.0904691106 PMID: 19846765

Auton A, Bryc K, Boyko AR, Lohmueller KE, Novembre J, Reynolds A, et al. Glabal distribution of geno-
mic diversity underscores rich complex history of continental human populations. Genome Res. 2009;
19: 795-803. doi: 10.1101/gr.088898.108 PMID: 19218534

Boyko AR, Quignon P, LiL, Schoenebeck JJ, Degenhardt JD, Lohmueler KE, et al. A simple genetic ar-
chitecture underlines morphological variation in dogs. PloS Biol. 2010 Aug 10; 8(8).

Lohmueller KE, Bustamante CD, Clark AG. Methods for human demographic inference using haplotype
patterns from genome wide single-nucleotide polymorphism data. Genetics. 2009; 182: 217-231. doi:
10.1534/genetics.108.099275 PMID: 19255370

Amador C, Hayes BJ, Daetwyler HD. Genomic selection for recovery of original genetic background
from hybrids of endangered and common breeds. Evol Appl. 2013; 7: 227-237. doi: 10.1111/eva.
12113 PMID: 24567744

Decker JE, McKay SD, Ralf MM, Kim JW, Mclina Alcala A, Sonstegard TS, et al. Worldwide patterns of
ancestry, divergence, and admixture in domesticated cattle. PLoS Genet. 2014 Mar 27; 10(3).

Amador C, Toro MA, Fernandez J. Removing exagenous infarmation using pedigree data. Conserv
Genet. 2011; 12: 1565-1573.

Amader C, Toro MA, Fernandez J. Molecular markers allow to remove introgressed genetic back-
ground: a simulation study. PLoS One 2012 Nov 9; 7(11).

Amader C, Femandez J, Meuwissen THE. Advantages of using molecular coancestry in the removal of
introgressed genetic material. Genet Sel Evol. 2013; 45: 13. doi: 10.1186/1297-9686-45-13 PMID:
23634969

Fernandez J, Clemente I, Amador C, Membrillo A, Azor P, Molina A. Use of different sources of informa-
tion for the recovery and genetic management of endangered populations: example with the extreme
case of Iberian pig Dorado strain. Livest Sci. 2012; 149: 282-288.

Gomez-Romane F, Villanueva B, Rodrigues de Cara MA, Fernandez J. Maintaining genetic diversity
using molecular coancestry: the effect of marker density and effective population size. Genet Sel Eval.
2013; 45:38. doi: 10.1186/1297-9686-45-38 PMID: 24088414

inkulov M, Popovski Z, Porcu ZK, Tanaskovska B, Hodzi¢ A, Bytygi H, et al. Genetic diversity and
structure of the West Balkan Pramenka sheep types as revealed by microsatellite and mitachondrial
DNA analysis. J Anim Breed Genet. 2008; 125: 417-426. doi: 10.1111/].1439-0388.2008.00742.x
PMID: 19134078

Frkonja A, Gredler B, Schnyder U, Curik I, Sélkner J. Prediction of breed composition in an admixed cattle
population. Anim Genet. 2012; 43:696-703. doi: 10.1111/].1365-2052.2012.02345.x PMID: 23061480

Gotherstrom A, Anderung C, Hellborg L, Elburg R, Smith C, Bradley DG, et al. Cattle domestication in
the Near East was followed by hybridization with aurochs bulls in Europe. Proc R Soc B. 2005; 272:
2345-2350. PMID: 16243693

Decker JE, McKay SD, Rolf MM, Kim J, Alcala” AM, Sonstegard TS, et al. Data from: Worldwide Pat-
terns of Ancestry, Divergence, and Admixture in Domesticated Cattle. 2014 Dryad Digit Repos. Avail-
able: doi: 10.5061/dryad.th092

PLOS ONE | DOI:10.1371/journal.pone.0123253  April 29, 2015 20/20



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.

Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015

NDama

Istrian cattle

Romagnela

Slavonian-
Syrmian Podolic

Hyrian Montein Busa

Croatian Busa

Piedmontese

Migration
weight
05

Pinzgauer

Cika

Gelbvieh
Fleckvieh

Original Braurvieh
Braunvieh

H Murnau-Werdenfelser

0se L"“‘—*—_.k_____ﬁ
Red Holstein

r T T T T T 1
0.00 om 0.02 003 0.04 0.05 0.08

Drift parameter

Romagnela
Istrian cattie
Piedmontese
Murnau-Werdenfetser
Braumvieh

Original Braunvieh
Fleckvieh

Gelbvieh

/ Red-Holstein

Croatian Buga

Slavonian-Syrmian Podolic

Iiyrian Montein Busa

Pinzgauer

Cika

NDama

r T T T T T 1
0.00 001 0.02 0.03 004 0.05 0.06

Drift parameter

N'Dama

Istrian cattle

Romagnola

Slavonian—

Syrmian Podolic

lilyrian Montein Bu$a

Croatian Busa
Pinzgauer
e
as
Braunvieh
Original Braunvieh
Murnau=Werdenfelser
a
Gelbvieh
H
Dse
Fleckvieh
Piedmontese
g_‘—“—l_"_“—-—ﬂ Red-Holstein
r T T T T T 1
0.00 0.01 0.02 0.03 004 0.05 0.08
Drift parameter
D) ones.
liyrian Montein Buga
e
g
o5
Red-Holstein
Pinzgauer
Cika
‘ Piedmontese
i
H
10 Braunvieh

Orniginal Braunvieh

Murnau-Werdenfelser

Fleckvieh

Gelbvien

Croatan Busa

Istrian cattle

Romagnola

Slavonian-Syrmian Podelic

NDama

0.00 0.01 0.0z Q.03 0.04 0.05 0.08

75



Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015

76

E} three-times.
Slavenian-Syrmian Podolic

_—;;;;_,_4—-— Red-Holstein

Pinzgauer

Cika

Murnau-Werdenfelser

Original Braunvieh

Braunvieh

Gelbvieh

Fleckvien

Piedmontese

Croatian Busa

llyrian Montein Busa

Istrian cattie

Romagnota

NDama

F) ones

NDama

Pinzgauer

Cika

Piedmontese

%
Murnau-Werdenfelser
N Braunvieh
/,i Original Braunvieh
Fleckvieh

0s
Gelbvieh

Croatian Busa
\ Slavonian—
Syrmian Podolic
o
H Istrian cattie
108
Romagnala

Red-Holstein

Ilyrian Montein Busa

T T T T T 1

0.00 001 002 003 004 005

Drift parameter

G) four-times.
Romagnola

Istrian catile

ilyrian Montein Busa

Pinzgauer

Cika

Gelbvieh

Fleckvieh

Murnau-Werdenfelser

Original Braunvien

Braunvieh

Piedmontese

Red-Holstein

Croatian Busa

Slavonian-Syrmian Podolic

NDama

0.06 0.00 001 0.02 0.03 0.04 0.05 0.06

Drift parameter

r T T T T T
0.00 001 0.02 003 0.04 005

Drift parameter

S1 Fig. The maximum likelihood (ML) tree inferred from genome-wide allele frequency data by
methods implemented in the TREEMIX program. A) The ML dendrogram of the relationships between 15
sampled populations rooted by African taurine N’Dama cattle. B) ML tree of 15 cattle populations assuming
one migration event. C-E) Three variants of ML tree of 15 cattle populations assuming two migration events.
F-G) Two variants of ML tree of 15 cattle populations assuming three migration events.
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S2 Fig. The ADMIXTURE analyses of two data sets at various levels of K, from 2 to 16. A dataset with all
76 Cika animals (a) and a reduced dataset with 26 Cika animals (b). RHF, Red Holstein; FGV, Franken
Gelbvieh; DFV, German Fleckvieh; MWF, Murnau — Werdenfelser; BBV, Braunvieh; OBV, Original
Braunvieh; API, Pinzgauer; SIC, Cika; HRI, Istrian cattle; HRP, Slavonian — Syrmian Podolic; PMT,
Piedmontese; RMG, Romagnola; HRB, Croatian Busa; IMB, Illyrian Mountain Busa; NDA, N’Dama.
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S3 Fig. Individual Dpg distance matrix in the two-dimensional space. Animals with Dpg distance below
global average were connected by thin grey line. A) Highlighting a set of 55 pure Cika animals recognised by
merged information of haplotype, pedigree data and type traits classification, B) a set of 47 pure Cika
animals recognised only by pedigree data were highlighted, C) a set of 58 pure Cika animals recognised only
by type traits classification. RHF, Red Holstein; FGV, Franken Gelbvieh; DFV, German Fleckvieh; API,
Pinzgauer; SIC, Cika; SIC-F, inbreed SIC animal; SIC*FGV*DFV, SIC related to FGV and DFV;
SIC*API(I), SIC related to particular API animal; SIC*API(P), SIC related to API population; SIC-F*RHF,
inbreed SIC animal related to RHF; SIC*RHF, SIC related to RHF
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S1 Table. The table with correlations among type traits classifications, pedigree, genome-wide
relationship (IBD) and the proportion of genes from ADMIXTURE analysis.

Type traits IBD SIC genes API genes  SIC genes API genes
classification  (SIC-API) (Pedigree) (Pedigree) (ADMIXTURE) (ADMIXTURE)

Type traits 1.00

classification

IBD 0.65%** 1.00

(SIC-AP])

SIC genes -0.73%** -0.67***  1.00

(Pedigree)

API genes 0.71%** 0.69***  -0.98*** 1.00

(Pedigree)

SIC genes -0.53%** -0.55%**  0.60%**  -0.58*** 1.00

(ADMIXTURE)

API genes 0.65%** 0.95%*% 0. 70%** (. 72%** -0.73%** 1.00

(ADMIXTURE)

SIC, Cika; API, Pinzgauer
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2.4 VPLIV DVEH RAZLICNIH KRMNIH OBROKOV OB KONCU PITANJA NA
PRIRAST, KLAVNE LASTNOSTI IN OBNASANJE OB KRMLJENJU PRI
BIKIH CIKASTE IN LISASTE PASME V SLOVENIJI

Effects of two finishing diets on growth performance, carcass characteristics and feeding
behaviour of Slovenian Cika and Simmental young bulls

Silvester Zgur, Marta Bri¢i¢, Mojca Sim¢i¢, Nezika Petri¢, Marko Cepon, Giulio Cozzi
Animal Production Science, 2014, 54, 7: 879-885.
Izvlecek:

Cilj raziskave je bil ugotoviti kako tradicionalen nacin dopitanja s krmnim obrokom na
osnovi voluminozne krme v primerjavi s krmnim obrokom z vecjo energijsko vrednostjo
vpliva na rast, klavne lastnosti in obnasanje ob krmljenju pri bikih cikaste in lisaste pasme
(20 bikov na pasmo). Poskusna krmna obroka sta bila: extenzivni (EXT) na osnovi travne
silaze in srednje intenzivni (S-INT), v katerem je bil del voluminozne krme nadomescen s
koruzno silazo in son¢ni¢no moko. Oba krmna obroka sta bila krmljena po Zelji desetim
bikom cikaste (starost 547 dni) in desetim bikom lisaste pasme (starost 442 dni), ki so bili
uhlevljeni v skupinskih boksih po pet zivali skupaj. Zmogljivost za rast je bila podobna pri
bikih obeh pasem, vendar so biki cikaste pasme dosegli komercialno stopnjo dopitanosti en
mesec pred biki lisaste pasme (139 vs. 167 dni, p = 0,016). Biki krmljeni s S-INT obrokom
so imeli vecjo telesno maso ob zakolu (645,3 vs. 590,1 kg; p = 0,05), povprecni dnevni
prirast (1,05 vs. 0,83 kg, p = 0,026) in zauzivanje krme (11,7 vs. 10,6 kg suhe snovi
(SS)/dan, p < 0,001) kot biki krmljeni z EXT obrokom. Ne glede na pasmo in krmni obrok
so biki zauzili 77 — 80 % dnevne SS v prvih osmih urah po pokladanju krme. Biki krmljeni
z EXT obrokom so dlje ¢asa stali (406,4 vs. 355,8 min, p < 0,001) in uzivali krmo (217,2
vs. 155,3 min, p <0,001) in kraj$i ¢as prezvekovali (77,5 vs. 92,9 min; p < 0,001) kot S-
INT krmljeni biki v prvih osmih urah po pokladanju krme. Biki cikastega goveda so imeli
laZji polni vamp in kapico glede na relativno telesno maso ob zakolu (8,7 vs. 10,7 %; p =
0,002) kot biki lisastega goveda. Pozitivni rezultati doseZeni s cikastim govedom bi morali
spodbuditi rejce, da bi dopitali mlade bikce za prirejo mesa, s ¢imer bi prispevali k
ohranitvi tega zivalskega genskega vira. Poleg tega bi morali povecati tudi delez energije v
krmnih obrokih na osnovi voluminozne krme z dodajanjem moc¢nih krmil.
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Abstract.

This study aimed at comparing the effects of a traditional finishing roughage-based diet and a higher energy

diet, on growth, carcass characteristics, and feeding behaviour of Slovenian Cika and Simmental bulls (20 per breed). The
experimental diets were: extensive (EXT) based on grass silage, and semi-intensive (S-INT) in which a part of the
roughage was replaced with maize silage and sunflower meal. Each diet was fed ad libitum to 10 Cika (547 days old) and
10 Simmental (442 days old) bulls housed in group pens of five animals each. Growth performance was similar in both
breeds, but Cika reached commercial finishing 1 month earlier than Simmental (139 vs 167 days; P = 0.016). Bulls fed
S-INT had higher final weight (645.3 vs 590.1 kg; P = 0.05), average daily growth (1.05 vs 0.83 kg: P =0.026), and feed
intake (11.7 vs 10.6 kg dry matter (DM)/day; £ < 0.001) than EXT bulls. Regardless of breed and diet, bulls ate 77-80% of
the daily DM in the first 8 h after feed delivery. Bulls fed EXT showed longer standing (406.4 vs 355.8 min; /< 0.001)
and eating (217.2 vs 155.3 min; P < 0.001) and shorter ruminating (77.5 vs 92.9 min; P < 0.001) times than S-INT bulls
during the first 8 h of feed delivery. Cika bulls had lower full reticulo-rumen weights relative to slaughter weights (8.7 vs
10.7%; P = 0.002) than Simmental. The positive findings obtained with Cika cattle should encourage farmers to finish
their young Cika male stocks for beef production, thus contributing to the maintenance of this animal genetic resource, and

also to increase the energy density of the grass-based finishing diets by feeding supplements.

Additional keywords: beef production, carcass quality, Cika, feeding behaviour, Simmental.
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Introduction

Cattle breeds represent an important contribution in worldwide
biodiversity, but most cattle breeds have been victims of the
agricultural rush to maximise dairy and beef production. In
mountain areas of Northern and Western Slovenia, Cika cattle
were the predominant breed until 1960, but they have been
progressively replaced by breeds such as Brown Swiss and
Simmental (Cepon et al. 1999). Similarly, ancient cattle strains
raised in the Italian Alps such as Alpine Grey, Burlina, and
Rendena were replaced by high-yielding dairy breeds
(Cozzi and Bizzotto 2004). The Slovenian autochthone Cika
cattle has a small body frame and liveweight and firm hooves
and it is therefore suitable for grazing on steep slopes and is
well adapted to harsh and unfavourable alpine environmental
conditions (Cepon er af. 1999). The reduction in Cika cattle
population led to a slow but progressive abandonment of the
use of pastures, resulting in a change in the alpine landscape.
The conservation of the autochthonous Cika breed is therefore
important, not only to avoid a loss of animal genetic resources,
but also to preserve the fragile alpine environment. Several
measures have been successfully undertaken to improve the

Journal compilation © CSIRO 2014

size of the Cika cattle population in Slovenia. In the past, Cika
cattle were mainly used for milk production, whereas now,
breeders are interested in traits that are important for beef
production, since most of the cows are included in cow—calf
production system (Sim¢&ic et al. 2010). The majority of Cika
cattle are still raised in their native farming environment in
an extensive production system based on grass silage/hay
feeding with or without a limited addition of concentrates.
This is consistent with several surrounding Balkan countries,
where many autochthonous cattle breeds are reared under similar
extensive conditions (Kompan and Cividini 2008).

The aim of this study was to compare this traditional,
roughage-based feeding with a higher energy diet based on
maize silage. Such an alternative beef production system
could be applied to the finishing of Cika bulls in specialised
fattening units in the lowland where maize crop production
is feasible. Growth, carcass characteristics, and feeding
behaviour of Cika bulls fed the two diets were evaluated
and compared with those obtained by providing the same
diets to a more cosmopolitan, dual-purpose cattle breed, the
Simmental.

www.publish.csiro.au/journals/an
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Materials and methods

Animals, housing, and feeding

The study was carried out at the Educational and Research
Animal Husbandry Centre Logatec of the Department of
Animal Science, Biotechnical Faculty, University of Ljubljana
(Slovenia). Twenty Cika and 20 Simmental young bulls (age
192-325 days) were bought from different farms throughout
Slovenia in March 2010 and transferred to the Centre where
they were housed in a closed barn with multiple pens for an
adaptation—growing period of 200 days. During this period, all
the bulls were fed the same total mixed ration (EXT) based on
grass silage with a limited amount of concentrates (Table 1).

The finishing period started on October 2010. The bulls of
both breeds were divided into two subgroups of 10 animals
cach and matched according to their liveweight (Table 2).
Each subgroup within breed was then assigned to one of the
experimental diets. Ten Cika and 10 Simmental bulls were kept
on the extensive, total mixed ration (EXT) based on grass
silage plus a small amount of maize meal to mimic the feeding
plan of the small, mountain farms. The second subgroup received
a semi-intensive, total mixed ration (S-INT), in which grass
silage was partially replaced by maize silage and sunflower
meal. Within each feeding treatment, bulls of a given breed
were housed in two pens (five bulls per pen). The animals had
a space allowance of 5.1 m*/head and a space at the manger of
1.3 m/head. Each pen had a fully slatted floor and was equipped
with two drinkers to allow ad libitum drinking water. Diets were
distributed at 09 : 00 each day. An ad libitum intake was assured
by adjusting the amount of feed delivered to each experimental
pen in order to obtain approximately a recovery of 3% feed
residue (as-fed basis) 24 h after delivery.

Experimental diets

The particle size distribution of each diet was measured
(Table 1). Dietary samples were collected monthly throughout
the study and frozen for chemical and physical analysis. Samples
were analysed for dry matter, ash, and crude protein content
according to the methods of the Association of Official Analytical
Chemists (AOAC 1990). Neutral detergent fibre (NDF) content of
the same samples was measured as described by Van Soest ef al.

S. Zgur et al.

(1991) and the starch content was determined by high
performance liquid chromatography method (AOAC 1990).
The net energy content of diets was calculated in Unité
Fouragére Viande units using reference values reported by the
Institute National de la Recherché Agronomique (1988) for all
feed ingredients. The EXT diet had a higher dry matter (DM) and
NDF content than the S-INT diet, and there was a 16% difference
in the estimated net energy content between the two finishing
diets (Table 1). Particle-size distribution of the dietary samples
was assessed using the Penn State Forage Particle Separator
(Nasco, Fort Atkinson, WI, USA). More than 50% of the feed
particles in the EXT diet were retained by the top sieve of the
separator, whereas the inclusion of maize silage and concentrates
as partial replacement of grass silage in the S-INT diet increased

Table 1. Feed composition, chemical analysis, and particle-size
distribution of the extensive (EXT) and semi-intensive (S-INT) diets
(mean + s.d.)

Variable EXT S-INT
Ingredients (kg as fed)
Grass silage 9.0 25
Maize silage - 10.0
Maize 2.0 1.43
Sunflower meal - 1.07
Mineral-vitamin pre-mix* 0.2 0.134
Chemical analysis
Dry matter (DM) (%) 70.0 £ 2.8 554 +2.6
Crude protein (% DM) 121+03 123+0.5
Neutral detergent fibre (% DM) 424+ 1.5 376+1.3
Starch (% DM) 16.7+ 1.6 274+ 1.4
Unité Fouragére Viande 1.35 (5.65) 1.60 (6.69)

(Mcal’kg DM) (MI/kg DM)

Particle size distribution (% as fed)

Particles retained by 19-mm sieve 542 +9.6 16.2 £ 9.6
Particles retained by 8-mm sieve 156 4.5 368+ 11.1
Particles passing through 8-mm sieve 302+ 64 47.0+ 4.5

AContained perkg pre-mix: Ca 188 g, Na 70 ¢, P40 g, Mg 1 g, Zn 744 mg, Mn
1116 mg, Cu 297 mg, Co 30 mg, Se 3.7 mg, vitamin A 297 600 [U, vitamin
D3 55 800 IU, alpha-tocopherol 372 mg.

Table2. Leastsquare meansshowing the effects of breed and diet on growth performance of young Cika and Simmental (Sim) bulls fed extensive (EXT)
and semi-intensive (S-INT) diets
B, breed: D, diet; DM, dry matter

Breed Diet s.e. P-value

Cika Sim EXT S-INT B D BxD
Young bulls (1) 20 20 20
Pens (n) 4 4 4
Initial age (days) 547 442 493 496 11 0.002 0.835 0.618
Initial weight (kg) 474.7 471.9 461.8 484.8 16.5 0.911 0.381 0.774
Final weight (kg) 595.8 639.7 590.1 645.3 14.3 0.096 0.050 0.696
Finishing duration (days) 139 167 153 153 49 0.016 1.000 -
Average daily gain (kg/day) 0.87 1.00 0.83 1.05 0.04 0.104 0.026 0911
Feed intake (kg DM/day) 11.1 11.2 11.7 0.04 0.158 <0.0001 0.096
Feed conversion ratio (kg DM 12.2 11.0 10.8 0.6 0.302 0.184 0.773

consumed/kg liveweight gain)
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the percentage of particles either retained by the middle sieve or
settling on the bottom pan (Table 1).

Growth performance and health status

All bulls were weighed at the beginning of the experiment and
then once per month until slaughter. Pen DM intake (DMI) was
recorded three times per week. Pen feed conversion ratio was
calculated by dividing daily DMI by average daily gain (ADG).

Individual health and cleanliness were checked during three
observation sessions carried out between October 2010 and
February 2011 at 2-month intervals. At each session, the bulls
were assessed for signs of poor body condition (compared with
the average of the animals belonging to the same breed), injuries,
skin alterations, lameness, hampered respiration, coughing, nasal
and ocular discharge, rumen bloating, tail docking, cross-
sucking, and being dirty. For this purpose, a method proposed
for each variable by the Welfare Quality™ Assessment protocol
for cattle (Welfare Quality 2009) was used.

During the three observation sessions, a trained observer
assessed the consistency of the faeces at the time of defecation
of each bull by using the following scale: 0, liquid; 1, loose; 2,
normal; 3, firm.

Feeding behaviour and diet selection

Three behavioural observation sessions were carried out on the
same days as the health checks. Each observation session lasted
8 h from 0900 to 1700 hours, starting right after diet delivery.
Direct observations were performed by four trained assessors
using the scan-sampling technique (Martin and Bateson 1993)
with a 5-min interval between scans. Two assessors observed four
pens each for 2 h consecutively ina rotation, so that during the 8-h
period, each assessor observed each diet and breed. The numbers
of animals per pen in a standing or lying position and eating or
ruminating were recorded. Visits at the drinker were recorded
using the behaviour sampling technique (Martin and Bateson
1993).

Ingestive behaviour and diet selection were measured at the
observation sessions by weighing the diet left in the manger at 8
and 24 h after distribution to calculate the percentage consumed
after 8 h (TO-T8) and 24 h (T9-T24). Dietary samples were
collected from the mangers at separate time intervals (T0, T8, and
T24) to evaluate the diet selection activity as proposed by Cozzi
and Gottardo (2005). Samples were chemically analysed for
NDF and starch content, and their particle-size distribution
was assessed using the Penn State Forage Particle Separator.
Selection indexes for NDF, for starch, and for the three fractions
of particles retained by the separator were calculated for each pen
by dividing the value measured in the diet residue at a given
time interval by the value at the previous interval. Index values
<l indicated preferential consumption, >1 indicated selective
refusal, and 1 indicated no selection (Cozzi and Gottardo 2005).

Carcass characteristics

Young bulls were slaughtered when they achieved an appropriate
commercial finishing according to the Slovenian market
requirements as assessed by a beef cattle expert, who
considered finish to mean a slight fat cover in specific body
areas such as ribs, brisket, loin, rump, and tail-head. Four
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slaughter sessions were carried out in the same European
Union-licenced abattoir during a 7-week period from the end
of February to early April 2011. Each slaughter batch comprised
10 bulls; transports one and two contained 10 Cika bulls each,
five animals per diet; and transports three and four contained 10
Simmental bulls each, five animals per diet. Animals were
transported to the abattoir (50 km) in the same truck and
slaughtered immediately after arrival. Measures were taken to
ensure that handling was the same for all animals. During the
slaughtering process, head (without skin and horns), skin (without
head skin), full and empty reticulo-rumen and omasum +
abomasum, and pelvic and kidney fat were weighted. After
slaughter, hot carcasses were weighed and dressing percentage
was calculated as hot carcass weight divided by slaughter
liveweight. Carcasses were graded for conformation (EUROP
erid system) and fatness according to the European grading
scheme (Office National Interprofessionnel des Viandes de
I’Elevage et de I’ Aviculture 1984).

Statistical analyses

Each separate bull was the experimental unit for data regarding
growth and carcass characteristics, health status, chewing
acts, cleanliness, and faecal score. Each separate pen was the
experimental unit for data regarding feed intake, feed conversion
ratio, behaviour, and feed selection.

Growth and slaughter data were analysed with the statistical
package SAS/STAT (SAS 2001) using a MIXED procedure,
considering breed, diet, and their interaction as fixed effects and
pen within breed x diet as a random effect. Pen feed intake
was analysed by a MIXED procedure considering breed, diet,
breed x diet, and week as fixed effects and pen within breed x diet
as random effect with the repeated statement for week. Feed
conversion ratio was analysed by the GLM procedure considering
the effects of breed, diet, and breed x diet.

Behavioural data were gathered by the scan sampling
technique and transformed from absolute frequencies of events
per scan into minutes, assuming that the behaviour lasted the
entire time interval between two scans (Maekawa et al. 2002).
Normally distributed behavioural data (W >0.90, Shapiro—-Wilk
test) and selection indexes were processed with PROC GLM
using a linear model that considered the main effects of diet,
breed, and observation session day and the breed x diet interaction
using the Bonferroni adjustment.

Binary data of health status variables and cleanliness that
showed a prevalence >0 were submitted to statistical analysis
using PROC LOGISTIC (SAS 2001) to obtain odds ratio (OR)
and 95% confidence intervals (CI) for each event according to the
effect of diet and breed. Data with non-parametric distribution
regarding faecal scores were submitted to analysis with PROC
NPARIWAY (SAS 2001) considering the same main effects.
Differences were considered significant at P = 0.05 for all
variables.

Results and discussion
Growth performance and health status

There was no difference between breeds in initial weight, but
Cika bulls were significantly older than Simmental (Table 2).
Final weight, ADG, feed intake, and feed conversion ratio
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were similar in both breeds. However, to achieve an appropriate
commercial finishing, Simmental bulls required an extra month
compared with Cika, and their growth performance was far
below that obtained by Cozzi et al. (2009) with a more
intensive feeding plan (1.76 Mcal (7.36 Ml)kg DM). These
findings suggest that, at least for the Simmental breed, both
experimental diets were insufficient to produce maximum
growth potential and a more efficient finishing, particularly in
terms of time.

Growth performance of Cika bulls was satisfactory when
compared with the recent results obtained by Simcic er al.
(2011), who report a daily gain of 443 g/day from birth to
slaughter for roughage-fed Cika bulls <2 years of age.

Compared with the EXT, the S-INT diet increased the ADG
of bulls by 26%. resulting in a higher (P < 0.05) final weight
(Table 2). The high NDF content and the fill effect of the EXT
diet due to the prevalence of coarsely chopped particles
(Table 1) resulted in a lower DMI than the S-INT diet. There
was no diet effect on the feed conversion ratio (Table 2).

All bulls included in the trial maintained good health, except
for one Simmental bull fed the S-INT diet that showed visible
signs of respiratory problems and poorer body condition than
the other breed-mates due to a broken rib at the onset of the
study. However, this injury did not compromise the health status
of the bull so severely as to require its early culling from the
trial. The problem was gradually overcome with the healing of
the bone. No signs of injuries, lameness, hampered respiration,
coughing, nasal and ocular discharge, bloated rumen, and tail
docking were detected at any of the three observation sessions.
Cross-sucking signs were observed in four bulls (two Simmental
EXT and two Simmental S-INT) at the first, none at the second,
and two bulls (one Simmental EXT and one Cika S-INT) at the
third observation session, with no significant differences due
to diet, breed, or observation day. The prevalence of skin
hyperkeratinisation on the dorsal part of the neck increased
throughout the study involving 2.5% (one Cika), 37.5% (six
Cika and nine Simmental), and 70% of the bulls (15 Cika and 13
Simmental) at the first, second, and third observation sessions
(P < 0.001), respectively. However, the occurrence of this skin
alteration was likely due to the design of the feeding barrier
rather than to breed or diet effects. In contrast, the cleanliness of

Table 3.

S. Zgur et al.

the bulls varied between breeds (P < 0.001) and diets (P=0.003).
The incidence of dirty bulls was lower for Cika than for
Simmental bulls (OR 0.02, 95% CI 0.006-0.096), and was
higher for EXT animals than those fed the S-INT diet (OR
5.12, 95% CI 1.74-15.08). No observation session effect was
obtained for cleanliness (P = 0.495). Consistent with the
outcomes for cleanliness, Cika cattle had faeces of a normal
consistency, whereas Simmental bulls were observed more
often to have more liquid faeces (Fig. la). Faeces of S-INT
bulls had a normal consistency compared with the looser
consistency for EXT bulls (Fig. 15).

Feeding behaviour and diet selection

Regardless of breed (P = 0.582) and diet (P = 0.483), bulls ate
77-80% of their total daily DMI during the first 8 h after feed
delivery (Table 3) and the remaining percentage during the
following time interval (T9-T24), which is in line with
previous studies on the eating behaviour of beef and dual-
purpose cattle (Cozzi and Gottard 2005; Cozzi ef al. 2009).
Cattle spent ~6 h standing, but standing and eating times were
prolonged for bulls fed the EXT diet. In addition, the time spent
by bulls eating a unit of DM was longer for the EXT diet than the
S-INT diet. This behaviour could be the outcome of both the
higher content and the type of NDF included in the EXT diet.
Extended eating time is required for the intake of coarsely
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Cika Simmental EXT S-INT
Breed Diet
Fig. 1. Means + standard errors showing the effect of (a) breed (P=0.001)

and (b) diet (P < 0.0001) on the faecal score of young bulls assessed during
the three observation sessions at 2-month intervals. Score: 0, liquid diarrhoeic:
1. loose; 2, normal; 3, firm,

Least square means showing the effects of breed, diet, and observation session on feed intake and behaviours in the first 8 h after diet delivery in

young Cika and Simmental (Sim) bulls fed extensive (EXT) and semi-intensive (S-INT) diets
B, breed: D, diet; OBS, observation session (three observation sessions at 2-month intervals); DM, dry matter; DMI, DM intake; NDF, neutral detergent fibre

Variable in the Breed Diet s.e. P-value
first 8 h Cika Sim EXT S-INT B D BxD 0BS
Feed intake:
(kg DM) 8.0 8.7 7.9 8.8 0.4 0.207 0.108 0.484 0.031
(% of daily DMI) 77.6 79.4 77.4 79.7 22 0.582 0.483 0.513 0.001
Time standing (min) 3729 3893 406.4 355.8 5.9 0.066 <0.0001 0.064 <0.0001
Time eating:
(min) 180.4 192.0 217.2 155.3 4.5 0.088 <0.0001 0.016 <0.0001
(min/kg DM) 232 229 284 17.7 1.2 0.861 <0.0001 0.149 0.072
Time ruminating:
(min) 87.3 83.2 71.5 92.9 2.6 0.275 0.001 0.485 <0.0001
(min/kg DM) 11.7 10.0 10.6 11.1 0.9 0.192 0.695 0.798 0.0002
(minkg NDF) 254 221 22.1 254 1.9 0.236 0.234 0.796 0.0002
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chopped, fibrous feeds, which require a prolonged chewing
activity during eating. Mazzenga ef al. (2009) showed that the
eating rate of beef cattle was slowed by feeding a total mixed
ration in which there was an inclusion of long particles of
roughage (straw) compared with a diet in which this roughage
was replaced by the shorter particles of maize silage. Similarly,
dairy cows spent more time eating a total mixed ration with a
60 : 40 fibre : concentrate ratio compared with a diet in which the
ratio was lowered to 43:57 (Maekawa ef al. 2002). Bulls fed
S-INT spent more time ruminating than those fed EXT but
there was no difference between diets when this behaviour
was expressed as min/kg DM or min/kg NDF (Table 3).

The number of visits at the drinkers during the 8-h observation
period was also not affected by the breed (P = 0.812). However,
EXT bulls visited the drinker in higher frequency than S-INT
bulls (34.7 + 1.71 vs 24.6 + 1.71; P < 0.001). Water intake in
beef cattle is positively correlated with DM content of the diet
(National Research Council 2000), and this might explain the
drinking behaviour of EXT bulls. Increased interest in drinking
water could also contribute to their looser faecal consistency
(Fig. 1b), with a negative impact on their cleanliness.

Selection indices showed a preferential consumption of the
smallest particles for both diets in the TO-T8 time interval
(Table 4). Selective behaviour towards less structured particles
in the finishing diet was also observed in intensively fattened
young bulls of Alpine native breeds (Alpine Grey, Rendena, and
Burlina) with no difference among breeds (Cozzi er al. 2009).
However, in the present study, this behaviour was more marked
in Simmental bulls, supporting the need of this breed for a diet
richer in concentrates to fulfil its greater growth potential. In the
TO-TS time interval, selective indices for long particles (19-mm
sieve) and mid-size particles (8-mm sieve) were lower for EXT
bulls, and this could be a further explanation for their prolonged
eating time. The selection indices calculated for chemical
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constituents in the TO-T8 time interval confirmed a general
preference across treatments for the consumption of small,
starchy feed particles. In the second interval after feed delivery
(T9-T24), only diet had significant effects on feed particle
selection (Table 4). Bulls fed the S-INT diet kept selecting for
small starch particles whereas EXT bulls had a preferential
consumption for the long ones.

Carcass characteristics

At the abattoir, there was no difference between breeds for carcass
weight, dressing percentage, and EUROP conformation and
fatness scores (Table 5). Carcass weight, dressing percentage,
and conformation score of carcasses from Simmental bulls were
similar to those reported by Alberti et al. (2008), but due to the low
energy content of our finishing diets, the animals were 5 months
older at slaughter and carcasses had a lower fatness score.
Siméi¢ e al. (2011) reported a carcass weight of 267 kg for
roughage-fed Cika bulls <2 years of age. Results of the present
study were extremely encouraging since carcasses of Cika bulls of
similar age weighed 333 kg. Moreover, Cika had a lower
proportional weight of the full rumen and reticulum at
slaughter weight compared with Simmental. This outcome is
consistent with the findings by Cozzi et al. (2009) for the
autochthonous, dual-purpose breeds raised in the Italian Alps.
Bulls finished with the S-INT diet had heavier carcass than the
bulls fed the EXT diet; however, no differences were observed for
EUROP and fatness scores (Table 5). Several studies on beef
cattle (Keane and Allen 1998; Berthiaume ef al. 2006; Marino
et al. 2000) reported a positive effect on carcass weight from an
increase in the energy density of low-energy diets. Breed and diet
effects were not significant for the other fifth-quarter traits.
Final liveweights and carcass traits of Cika bulls obtained in
this trial should encourage farmers to finish their young Cika

Table4. Leastsquare means showing the effects of breed, diet, and observation session on selection for dietary particles and chemical constituents by
yvoung Cika and Simmental (Sim) bulls fed the extensive (EXT) and semi-intensive (S-INT) diets during two subsequent daytime intervals after diet
delivery
B. breed: D, diet: OBS, observation session; T0-T8, 0-8 hours after diet delivery; T9-T24, 9-24 h after diet delivery; NDF, neutral detergent fibres. A selection
index is the proportion remaining after 8 and 24 h relative to the proportion offered: <1, preferential consumption; >1, selective refusal; 1, no selection

Selection index Breed Diet s.e. P-value
Cika Sim EXT S-INT B D BxD 0OBS
TO-T8
For particles:
Retained by 19-mm sieve 1.38 1.39 1.22 1.54 0.07 0.945 0.004 0.667 0.200
Retained by 8-mm sieve 1.04 1.17 0.93 1.28 0.11 0.404 0.035 0.871 0.463
Passing 8-mm sieve 0.68 0.61 0.67 0.61 0.02 0.049 0.127 0.958 <0.0001
For chemical constituents:
Neutral detergent fibre 1.06 1.08 1.05 1.08 0.01 0.901 0.137 0.518 0.039
Starch 0.88 0.86 0.87 0.86 0.04 0.727 0.777 0.638 0.034
T9-T24
For particles:
Retained by 19-mm sieve 0.90 0.86 0.75 1.02 0.06 0.688 0.008 0.694 0.0004
Retained by 8-mm sieve 0.77 1.67 1.12 1.33 0.51 0.230 0.775 0.233 0.060
Passing 8-mm sieve 0.99 0.93 1.13 0.79 0.06 0.428 0.001 0.838 0.001
For chemical constituents:
Neutral detergent fibre 0.99 0.99 0.97 1.00 0.01 0.893 0.078 0.359 0.005
Starch 1.07 1.04 1.10 0.91 0.04 0.537 0.090 0.887 0.002
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Table 5.

S. Zgur et al,

Least-squares means showing the effects of breed and diet on slaughter performance and fifth-quarter traits of young Cika and Simmental

(SIM) bulls fed the extensive (EXT) and semi-intensive (S-INT) diets during the finishing period
B, breed; D, diet

Breed Diet s.e. P-value

Cika Sim EXT S-INT B D BxD
Young bulls (n) 20 20 20 20
Carcass weight (kg) 3327 348.7 320.6 360.8 10.2 0.327 0.049 0.544
Dressing (%) 558 54.4 54.3 55.9 0.5 0.136 0.101 0.341
EUROP conformation (score)™ 9.1 8.8 8.7 9.2 0.4 0.559 0.459 0.673
Fatness (score)” 5.4 5.1 s.1 5.4 0.3 0.406 0.406 0.901

Fifth-quarter traits (% slaughter weight)

Full rumen + reticulum 8.7 10.7 10.4 9.0 0.2 0.002 0.007 0.191
Empty rumen + reticulum 1.7 1.7 1.8 1.7 0.03 0.350 0.225 0.360
Full omasum + abomasum 2.5 24 25 24 0.1 0.737 0.366 0.765
Empty omasum + abomasum 1.3 1.4 1.4 1.4 0.04 0.328 0.599 0.979
Pelvic and kidney fat 1.1 0.8 0.8 1.0 0.1 0.118 0.155 0.904
Skin 7.2 7.4 7.2 7.4 0.3 0.547 0.775 0.338
Head 2.6 2.5 2.6 25 0.1 0.561 0.250 0.842

A, Poor; 15, excellent+. ®1, Minimum: 15, maximum.

bulls for beef production, thus contributing to the maintenance
of this animal genetic resource. In this scenario, a significant
improvement in cattle growth performance could be achieved
by increasing the energy density of the traditional, extensive
grass silage/hay based production system by feeding
supplements.

Conclusions

The outcome of the study clearly indicates that the finishing of
young bulls for beef production can be a practical solution to
preserve the autochthonous Cika breed. For this purpose, it is
advisable to increase the energy density of the traditional
roughage-based diets currently used in Slovenia and in the
Balkan countries. The results of the study prove that a partial
substitution of grass silage with maize silage and sunflower
meal in the S-INT diet improved growth of the animals
assessed, but for Simmental bulls, it was insufficient to enable
them to express their full growth potential.
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2.5 ZNACILNOSTI KLAVNIH LASTNOSTI IN LASTNOSTI MESA PRI MLADIH
BIKIH AVTOHTONEGA CIKASTEGA GOVEDA

Characterisation of indigenous Cika cattle in relation to carcass and meat quality of young
bulls

Mojca Sim¢ig, Silvester Zgur

University of Ljubljana, Biotechnical Faculty, Department of Animal Science, Groblje 3,
SI-1230 Domzale, Slovenia

Neobjavljeno delo
Izvlecek:

Primerjali smo klavno kakovost in kakovost mesa 20 mladih bikov avtohtone cikaste
pasme in 20 mladih bikov lisaste pasme vzrejenih na osnovi dveh razlicnih krmnih
obrokov pri vsaki pasmi. Deset bikov cikaste in deset bikov lisaste pasme je bilo krmljenih
z ekstenzivnim popolnim krmnim obrokom na osnovi travne silaze z dodano manjsSo
koli¢ino koruzne moke. Ostalih 10 bikov cikaste pasme in 10 bikov lisaste pasme je bilo
krmljenih s srednje intenzivnim popolnim krmnim obrokom, v katerem je bila travna silaza
delno zamenjana s koruzno silazo in soncni¢no moko. Klavne lastnosti in lastnosti mesa
smo analizirali s statisticnim paketom SAS/STAT z uporabo procedure GLM. V model
smo vkljucili sistematska vpliva pasma in krma. Za analizo sestave maScobnih kislin smo v
model vkljucili sistematske vplive pasma, krma in interakcija pasma x krma. Cikasti biki
so imeli neznacilno manjSo maso klavnega trupa (332,64 + 6,63 kg) in znacilno vecjo
klavnost (55,79 + 0,35 %), v primerjavi z biki lisaste pasme (348,72 + 6,63 kg; 54,42 +
0,35 %). Cikasti in lisasti biki so imeli podobno svetlo (L*) meso (35,63 + 0,36; 35,86 +
0,36), medtem ko so imeli cikasti biki znacilno bolj rdece (a* = 24,98 £ 0,58) in bolj
rumeno (b* = 11,56 + 0,35) meso od lisastih bikov (a* = 21,55 £ 0,58, b* =9,83 £ 0,35). Z
disekcijo desne klavne polovice smo dobili 73,66 + 0,37 % mesa, 9,51 + 0,36 % loja, 1,48
+ 0,05 % kit in 15,35 + 0,21 % kosti v polovici cikastih bikov, medtem so bile polovice
lisastih bikov sestavljene iz 73,37 + 0,37 % mesa, 8,20 + 0,36 % loja, 1,81 &+ 0,05 % kit in
16,63 + 0,21 % kosti. Warner-Bratzlerjeva strizna sila je bila nekoliko vec¢ja pri vzorcih
mesa lisastih bikov (49,32 + 3,92 N) v primerjavi s cikastimi biki (43,16 = 3,91 N), a
razlika ni bila statisticno znacilna. Vsebnost skupne intramuskularne mascobe je bila
znacilno vecja v mesu cikastih bikov (24,06 + 1,95 g/kg) v primerjavi z lisastimi biki
(13,02 + 1,95 g/kg), kar bi bilo mogoce pojasniti s starostjo ob zakolu pri bikih lisaste
pasme glede na to, da vpliv krme ni bil znacilen. Meso cikastih bikov je vsebovalo
znacilno ve¢ SFA (nasi¢enih mascobnih kislin) (48,61 + 0,36 %) in manj PUFA (veckrat
nenasic¢enih mascobnih kislin) (12,65 £ 1,10 %) v primerjavi z lisastimi biki (45,28 +
0,36 %; 18,28 + 1,10 %). Krma ni znacilno vplivala na delez SFA, MUFA (enkrat
nenasic¢enih mascobnih kislin) in PUFA v mesu obeh pasem. Rezultati te raziskave so
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pokazali, da lahko s cikastimi biki priredimo meso dobre kakovosti. Fizikalne in kemijske
lastnosti so primerljive s kakovostjo mesa bikov lisaste in nekaterih drugih pasem govedi v
Evropi, katerih rejci so Ze nasli »lokalne trzne niSe« za proizvode teh pasem.

ABSTRACT

Carcass and meat quality characteristics of 20 indigenous Cika and 20 Simmental young
bulls from two different diets within each breed were compared. Ten Cika and ten
Simmental bulls received the extensive total mixed ration based on the grass silage plus a
smaller amount of maize meal. The other 10 Cika and 10 Simmental received a semi-
intensive total mixed ration, in which grass silage was partially replaced by maize silage
and sunflower meal. Carcass and meat traits were analysed with the statistical package
SAS/STAT using a GLM procedure, considering breed and diet as fixed effects. Fatty
acids profile was analysed considering breed, diet and breed x diet interaction as fixed
effects. Cika bulls had non-significantly lower carcass weight (332.64 + 6.63 kg) and
significantly higher dressing percentage (55.79 + 0.35%) compared to the bulls of
Simmental breed (348.72 + 6.63 kg; 54.42 + 0.35%). Cika and Simmental young bulls had
similarly light (L*) meat (35.63 + 0.36; 35.86 + 0.36), while Cika bulls had significantly
more red (a* = 24.98 £ 0.58) and more yellow (b* = 11.56 + 0.35) meat than Simmental
(a* = 21.55 £ 0.58; b* = 9.83 + 0.35), respectively. The dissection of right carcass sides
resulted in 73.66 + 0.37% of lean meat, 9.51 + 0.36% of total fat, 1.48 + 0.05% of tendons
and 15.35 £ 0.21% of bones in Cika carcasses, while 73.37 + 0.37% of lean meat, 8.20 +
0.36% of total fat, 1.81 £ 0.05% of tendons and 16.63 £ 0.21% of bones in Simmental
carcasses. Warner-Bratzler shear force were slightly higher in Simmental (49.32 = 3.92 N)
compared to Cika samples (43.16 = 3.91 N), but the difference was not significant. Total
intramuscular fat content was significantly higher in Cika beef (24.06 = 1.95 g/kg)
compared to Simmental (13.02 + 1.95 g/kg) what could be explained with lower slaughter
age of Simmental young bulls regarding that the effect of the diet was not significant. Cika
beef contained significantly more SFA (48.61 £+ 0.36%) and less PUFA (12.65 + 1.10%)
compared to Simmental (45.28 + 0.36%; 18.28 + 1.10%), respectively. However, the diet
did not significantly affect the percentage of SFA, MUFA, PUFA in beef of both breeds.
The findings from this study show that Cika young bulls can provide meat of good quality.
Physical and chemical characteristics seem to be comparable to meat quality of Simmental
and some other breeds of cattle in Europe which have already found a “local niche” for
their products.

Keywords: Cika cattle, carcass traits, meat quality, sensory quality, fat, fatty acids
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INTRODUCTION

Cika cattle is an indigenous breed in Slovenia more precisely described in other papers
(Sim¢ic et al., 2013). In the past, it was traditionally kept for milk production especially in
the regions where Alpine dairy-farming prevailed. Nowadays, Cika is mostly reared in the
cow-calf system for beef production and to a smaller extend for milk production and
processing. Breed is excellently adapted to harsh environmental conditions like grazing on
slope mountain pastures and is mainly spread in mountain and marginal areas. Breed is
considered as dual-purpose (dairy, meat) cattle with medium sized body frame. In 2014,
the population of Cika cattle was numbering 3351 animals in total (Sector for
Identification and Registration at the Ministry for Agriculture, Forestry and Food).

Husbandry of indigenous breeds in protected areas provides an opportunity for sustainable
use of natural ecosystems and supports socio-economic development of marginal areas
(Marino et al., 2006). Several studies have been reported to show carcass and meat quality
of young bulls belonging to some European beef and dual-purpose breeds, as well as
autochthonous breeds (Alberti et al., 2008). Some papers consider traditional production
systems for fattening young bulls of autochthonous breeds (Piedrafita et al., 2003; Serra et
al., 2004; Marino et al., 2006), while other authors try to promote the intense fattening of
autochthonous young bulls to show their potential for beef production (Cozzi et al., 2009;
Ozliitiirk et al., 2004). It is well known that fattening technology also affects consumer’s
preferences when choosing beef. Those preferences include both, the ecological, as well as
ethological aspects.

According to our best knowledge, little information about fatty acid composition in beef of
indigenous cattle breeds is available in the literature. Nowadays, it is widely known that
fatty acid composition in meat has an implication on the human health. In addition, fatty
acid composition affects the sensory traits of meat (Oliver et al., 2006).

Sim¢i¢ et al. (2008) analysed carcass traits of slaughtered Cika cattle from commercial
slaughtering. Unfortunately, there were no known data about rearing technology and its
effect on the carcass and meat quality of Cika cattle. Beef from a specific production
system represents the combined effects of breed, genotype, sex, age, nutrition and
management, and these effects can interact at many points (Raes et al., 2003). To provide
similar environmental conditions fattening trial with Cika young bulls was performed. Cika
young bulls were fed two different diets (semi-intensive vs. extensive) and were compared
to the well-known Simmental young bulls. So, the aim of this study was to investigate
some carcass and meat quality traits of indigenous Cika cattle.
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MATERIAL AND METHODS
Animals, diets and slaughter

This study included 20 young bulls of indigenous Cika cattle and for comparison 20 young
bulls of Simmental cattle. Weaned bulls were selected from different herds all over
Slovenia and housed at the Educational and research animal husbandry centre Logatec of
the Department of Animal Science, Biotechnical Faculty, University of Ljubljana as was
precisely described elsewhere (Zgur et al., 2014). Two different diets were used. Ten Cika
and ten Simmental bulls received the extensive total mixed ration (EXT) based on the grass
silage plus a small amount of maize meal to mimic the feeding plan of the small mountain
farms. The other 10 Cika and 10 Simmental bulls received a semi-intensive total mixed
ration (S-INT), in which grass silage was partially replaced by maize silage and sunflower
meal. Diet samples were analysed for dry matter, ash, crude protein, neutral detergent fibre
and starch content. Bulls were weighted once per month. Young bulls were slaughtered
when they achieved an appropriate commercial finishing according to the Slovenian
market. They were visually assessed by a beef cattle expert who determined slight fat
cover in specific body areas such as ribs, brisket, loin, rump and tailhead (Zgur et al.,
2014). S-INT fed Cika young bulls were slaughtered in average at 673.50 + 32.5 days
compared to the EXT fed bulls (678.50 = 23.0 days), while they achieved larger slaughter
weight (619.1 = 41.4 kg; 572.4 £ 36.9 kg), respectively. Simmental young bulls were
younger at slaughter (S-INT = 606.8 + 38.7 days, EXT = 595.3 + 31.8 days) compared to
Cika young bulls and achieved 671.5 £ 53.5 kg and 607.8 + 45.4 kg slaughter weight,
respectively.

Table 1: Diets composition and chemical analysis of the extensive (EXT) and semi-intensive (S-INT) diets
(Zgur et al., 2014)

Variable Diet (mean + SD)
EXT S-INT

Ingredients (kg as fed)

- Grass silage 9.0 2.5

- Maize silage - 10.0

- Maize 2.0 1.43

- Sunflower meal - 1.07

- Mineral-vitamin pre-mixf 0.2 0.134
Chemical analysis

- Dry matter (%) 70.0+£2.8 55.4+£2.6

- Crude protein (% DM) 12.1£0.3 123£0.5

- NDF (% DM) 424+15 37.6+13

- Starch (% DM) 16.7+ 1.6 274+14

- Unité Fouragere Viande (Mcal/kg DM) 1.35 1.60

tContained per kg of pre-mix: Ca 188 g; Na 70 g; P 40 g; Mg | g; Zn 744 mg; Mn 1116 mg; Cu 297 mg; Co
30 mg; Se 3.7 mg; Vitamin A 297600 UI; Vitamin D3 55800 UI; Alpha-tocopherol 372 mg.
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Carecass traits

After slaughter, carcasses were split and hot carcass weight, carcass length as well as chest
depth were recorded. Carcass length was measured as the distance from the anterior edge
of the symphysis pubis to the middle of the anterior edge of the visible part of the first rib.
Chest depth is the distance from the ventral edge of the spinal canal to the ventral edge of
the broken sternum of the fifth rib. Dressing percentage was calculated as a quotient
between carcass weight and slaughter weight. Conformation index was computed as a
quotient between carcass weight and the product of carcass length and chest depth. Carcass
sides were chilled at 4°C for 24 hours.

The pH value, electrical conductivity and meat colour were measured 24h after the
slaughter and just before dissection procedure on the cross section of Longissimus dorsi
muscle behind the 6™ rib. pH value was measured using a pH-meter equipped with a
penetrating electrode. The electrical conductivity was assessed with a LF/PTSTAR
(Matthdus) conductometer. Meat colour was measured using chromo meter (Minolta CR
300). Before measurement, cut surface was allowed to bloom for 30 min at 4°C. The
following CIE colour coordinates (CIE, 1986) were measured: lightness (L*), redness (a*)
and yellowness (b*) from three locations on the cut surface of the Longissimus dorsi.
Marbling was assessed and subjectively scored on the cut surface of Longissimus dorsi in
the scale from 1 to 9 against the AUS-MEAT marbling reference standards (Australian
Beef..., 2014).

Carcass dissection and sampling

After 24h of chilling dissection of the right carcass side according to DLG method
(Scheper and Scholz, 1985) was carried in the Experimental slaughter and dissection house
at the Department of Animal Science. The main commercial cuts (chuck, shoulder, front
shank, rib roast, back, loin, tender loin, brisket, rib, flank, leg, hind shank) were separated
into the main carcass tissues (lean meat, subcutaneous fat, intermuscular fat, tendons and
bones) and weighted using calibrated scale. Total weight of the main cuts and the total
weight of separated tissues within each main cut were used to calculate the proportions of
five various tissues in the carcass. Likewise, lean meat to bones as well as lean meat to the
total fat ratio were calculated.

Longissimus dorsi area in the cross section between 6™ and 7™ rib was traced as the
perimeter of the area on the paus paper. Lately, the area was calculated with a
compensating polar planimeter, which is an instrument that measures the area of
irregularly shaped objects.
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Figure 1: The location of each sample in the Longissimus dorsi

In the same day when dissection was performed, Longissimus dorsi muscle starting at the
7™ rib was removed and its samples were used for the meat quality analysis (Figure 1). A
sample for sensory quality determination represented 6 cm thick steak, immediately
vacuum-packed, aged at 4°C for 10 days post-mortem and then frozen (-20°C) until
analysis. A sample for Warner-Bratzler shear force as well as cooking loss determination
represented 2 cm thick stake, vacuum-packed, aged at 4°C for 10 days post-mortem and
then frozen (-20°C) until analysis. A sample for fat content and fatty acid profile
determination represented 1 cm thick steak (70 g) without connective tissue epimysium,
vacuum-packed and immediately frozen (-20°C) until analysis. Samples for drip loss
recording represented a 70 g steak 1 cm thick hanged in a plastic bag.

Analytical methods
Sensory quality

Sensory analysis was performed on 10 days aged stakes (3 cm thick samples) from
Longissimus dorsi thawed overnight at 4 — 5°C. Stakes were grilled on the pre-heated
double hot-plate grill at 200°C until the internal temperature reached 60°C. Sample internal
temperature was monitored using a thermocouple probe inserted in the stake midpoint. The
core portion of the stakes were cut on pieces of 2 x 2 x 1 cm and were offered to four
panellists. Four panellists were asked to assess meat colour in the raw stakes as well as
tenderness, juiciness, texture in mouth and flavour of grilled samples on a 7-point scale,
with the intensity increasing from 1 to 7. Additionally, each panellist assessed the same
steak-location subsample in order to minimise any steak-location effects.
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Cooking loss

Samples were represented by ten days aged 2 cm thick stakes from Longissimus dorsi.
They were thawed for 24 h at 5°C and weighed. Stakes were put in a thin-walled plastic
bags and placed in a continuously boiling temperature-controlled water-bath (80°C) with
the bag opening extending above the water surface. Samples were cooked when they
attained an internal temperature of 70°C recorded by thermometer. They were removed
from the water-bath, cooled in an ice water and held in chill conditions. Then they were
taken from the bag, blotted dry and weighed. Cooking loss was estimated as the weight-
difference between initial and cooked stakes and is expressed as the percentage of the
initial sample weight (Honikel, 1998).

Warner-Bratzler shear force

Warner-Bratzler shear force (N) was measured on ten square cores (1.00 cm’ area)
removed parallel to the muscle fibre direction from ten days aged, cooked and cooled
Longissimus dorsi steak sample. Square cores were removed by taking five 1.00 cm strips
from the steak. Each strip was then cut to obtain two square cores of 1.00 cm? area. Then
cores were sheared once perpendicular to the long axis of the fibres using an Instron
Universal Testing machine (Model 3345, Instron, Canton, MA), equipped with a Warner-
Bratzler shear device. The Instron unit was calibrated to a full scale using a 500 Newton
load cell, a crosshead speed of a 250 millimetres/minute, and a sample rate of 10
points/second. The mean value of the replicate determinations of the maximum force
needed to shear ten square cores was taken as the shear force value.

Drip loss after 2 and 6 days

Drip loss was measured according to bag method. A slice of meat from Longissimus dorsi
(1 cm thick and approximately 80 — 100 g weight) was hung in a plastic bag. It was
ensured that the sample was not in contact with the bag. After a storage period of 2 days at
chill temperature (4°C) the sample was weighed again and again, after 6 days of storage.
Drip loss was calculated as the difference in weight before and after hanging (2" and 6™
day) and expressed as a percentage of initial weight (Honikel, 1998; Barton-Gade et al.,
1994).
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Fat and fatty acid composition

Each sample was defrosted and ground to homogeneous consistency using a food
processor. Crude intramuscular fat content was determined using petroleum ether
extraction after hydrolysis of sample in 4 M HCI solution according to manufacturer's
application note (Foss, Application note AN 3904). Total fat determination includes acid
hydrolysis step, in which fat bound polar components are separated and later extracted. In
this case, samples were hydrolysed in 4 M HCI in SoxCap 2047 (Soxtec 2050, Foss
system, Hoganids, Sweden). After drying, fat from hydrolysed samples was extracted using
petroleum ether in Soxtec 2050 (Foss system, Hoganids, Sweden).

Fatty acid methyl esters were prepared according to Park and Goins (1994) using in-situ
trans-esterification method and analysed using gas chromatograph (6890 series, Agilent,
Santa Clara, CA, USA). Fatty acid methyl esters were separated using a capillary column
(Varian CP 4720, length 100 m, internal diameter 250 um, film thickness 0.25 pm).
Agilent GC ChemStation was used for data acquisition and processing. Separated fatty
acid methyl esters were identified by retention time comparison and results were calculated
using response factors derived from the chromatographic standards of known fatty acid
composition (Nu Chek Prep). The exactness and reliability of the method used was
assessed with the certified reference material NIST SRM 1546 Meat Homogenate. Fatty
acid composition was expressed as the percentage of total identified fatty acids (wt.%).

Statistical analysis

Carcass and meat traits were analysed with the statistical package SAS/STAT (SAS
Institute Inc., 2001) using a GLM procedure, considering breed and diet as fixed effects
(Model 1). Fatty acids composition was analysed by a GLM procedure considering breed,
diet and breed x diet interaction as fixed effects (Model 2).

RESULTS AND DISCUSSION

At the beginning of Cika cattle conservation and at time when breeding program was
established, the population size was too low to arrange any fattening trial with young bulls
in comparable environmental conditions. Only the slaughter data from the commercial
slaughter houses existed for all categories of Cika cattle. Consequently, Simci¢ et al.
(2008) and Simci¢ et al. (2011) reported carcass weight, as well as conformation and
fatness scores of slaughtered Cika cattle. However, enormous variability among records
was found due to very different fattening technologies. Low carcass weight (266.7 kg),
poor conformation (6.4) and fatness (5.8) low scores on the 1 — 15 points scale of young
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bulls (Sim¢i€ et al., 2011) made bad recommendations for rearing and fattening bulls of
Cika breed. Lately, when the population size increased a few fattening trials were carried
out and the results of growth performance and carcass quality of Cika young bulls were
published (Zgur et al., 2014), but where meat quality has not been completely considered
yet.

Young bulls of Cika were fattened with two different diets and Simmental bulls in the
same conditions were used like a reference breed because Simmental is the most
widespread and fattened breed in Slovenia. Cika bulls achieved non-significantly lower
carcass weight (332.64 + 6.63 kg) compared to Simmental (348.72 + 6.63 kg) (Table 2).
Young Simmental bulls included to feeding regime by which Cika young bulls are
commonly fattened did not show their growth and production potential, what should be
explained with low energy content in the EXT and S-INT diet. On the other hand, dressing
percentage was significantly higher in Cika (55.79 + 0.35%) compared to Simmental
young bulls (54.42 + 0.35%). Carcass morphological measurements showed shorter
carcass length of Cika (135.11 £ 0.64 cm) compared to Simmental young bulls (138.03 +
0.64 cm). However, there was no difference between young bulls of both breeds in chest
depth and conformation index (Table 2).

Cepin et al. (1988) reported carcass and meat quality of Simmental bulls reared in very
similar conditions and fed similar S-INT diet. In fact, they found lower carcass weight (327
kg), similar dressing percentage (54.96%) and conformation index (56.28) compared to
Simmental bulls from this study (348.72 kg, 54.42%, 56.63), respectively. Zapletal et al.
(2009) found higher carcass weight and similar dressing percentage in Czech Fleckvieh
(360.4 kg, 54.1%) and Montbeliarde young bulls (388.6 kg, 55.0%) fattened in Moravia
and slaughtered one month earlier.

Regarding the effect of the diet (semi-intensive vs. extensive total mixed ratio) there were
significant difference between S-INT and EXT fed bulls (Table 2) in carcass weight
(360.80 += 6.63 kg; 320.58 + 6.63 kg), dressing percentage (55.88 + 0.35%; 54.33 +
0.35%), carcass length (138.98 + 0.64 cm; 134.16 £ 0.64 cm) and conformation index
(58.59 +£ 0.98; 54.48 £ 0.98), respectively. On the other hand, Marino et al. (2006) reported
no differences in carcass traits (slaughter weight, carcass weight, weights of the main cuts,
and dressing percentage) of Podolian bulls fed with high (forage to concentrate ratio 60:40)
and low concentrate feed (forage to concentrate ratio 70:30).
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Table 2. Carcass and meat traits of Cika and Simmental young bulls from different diets

Trait Breed (LSM + SE) Diet (LSM =+ SE) p-values R?
Cika Simmental S-INT EXT Breed Diet

Carcass weight (kg) 332.64 +6.63 348.72+6.63 360.80+6.63 320.58 £ 6.63 ns. 0.001 0.37
Dressing percentage (%) 55.79+0.35 5442+035 55.88+0.35 5433+£035 0.010 0.004 0.32
Carcass length (cm) 135.11 £ 0.64 138.03+0.64 138.98+0.64 134.16+0.64 0.003 <0.001 0.51
Chest depth (cm) 43.60+0.36 44.57+036 4430+0.36 43.87+0.36 n.s. ns. 0.11
Conformation index 56.45+0.98 56.63+098 58.59+098 54.48+0.98 ns. 0.005 0.19
L* 35.63+0.36  35.86+0.36 3593+0.36 35.56+0.36 n.s. ns. 0.02
a* 2498+0.58 21.55+£0.58 23.69+0.58 22.84+0.58  0.002 ns. 0.33
b* 11.56 £ 0.35 9.83+£0.35 1090+035 1049+0.35 0.001 ns. 0.26
pH (24 h) 5.57+0.03 5.80+0.03 5.66 +0.03 5.70+£0.03 <0.001 ns. 045
Electrical conductivity 8.78 £0.50 8.49 +0.50 9.79 £ 0.50 7.48 £0.50 ns. 0.003 022
Visual marbling (points 1 —9) 2.25+0.15 1.95+0.15 2.05+0.15 2.15+£0.15 n.s. n.s. 0.06

LSM - least square mean, SE — standard error, R? — coefficient of determination, S-INT — semi intensive total
mixed ratio, EXT — extensive total mixed ratio, n.s. — not significant

The colour of fresh meat is one of the most important parameters for consumers. In this
study, Cika and Simmental young bulls had similar meat lightness (L*) (35.63 + 0.36;
35.86 + 0.36), respectively. On the other hand, meat of Cika bulls had significantly higher
redness (a* = 24.98 + 0.58) and yellowness (b* = 11.56 £ 0.35) than meat of Simmental
young bulls (a* =21.55 £ 0.58; b* = 9.83 £ 0.35), respectively.

Cepin et al. (1988) and Zgubi¢ et al. (1999) recorded meat colour of Simmental and Brown
bulls finished in similar rearing conditions like S-INT fed bulls in this study. Simmental
and Brown bulls had lighter (L* = 36.02; L* = 38.53), less red (a* = 20.53; a* = 21.07)
and more yellow (b* = 10.05; b* = 11.61) meat compared to Simmental bulls in this study,
respectively. However, Belgian Blue (a* = 20.7) and Limousin (a* = 21.7) bulls (Raes et
al., 2003) had less red meat compared to our Cika and Simmental bulls. Among the studied
indigenous breeds, Liotta et al. (2011) found lighter (L* = 44.90 £ 1.70), less red (a* =
18.03 £ 2.23) and more yellow (b* = 15.39 + 1.69) meat of indigenous Cinisara young
bulls from Sicily compared to Cika bulls. Sargentini et al. (2010) found lighter (L* =
40.70), less red (a* = 22.00) and less yellow (8.68) meat of Maremmana young bulls, and
Beriain et al. (2009) found lighter (L* = 38.04), less red (a* = 14.8) and less yellow (b* =
10.2) meat of indigenous Pirenaica young bulls from Navarra in Spain compared to Cika
bulls. Marino et al. (2006) found a difference only in the yellowness in meat colour of
Podolian bulls fed low (L* = 36.6, a* = 19.09, b* = 4.05) and high (L* = 35.13, a* =
20.11, b* = 4.28) concentrate to forage ratio diet. There was a significant difference in pH
value 24h after slaughter between Cika (5.57 £+ 0.03) and Simmental (5.80 + 0.03) bulls. It
slightly elevated in Simmental breed, though the pH value 24h after slaughter was lower
than 6.00 in meat of both breeds and both diets. Higher pH is usually taken as an indicator
of dark-cutting beef.
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Despite the electrical conductivity is used mainly as the indicator of pork quality (Shirsat et
al., 2004) it can be used also in beef. Meat has a sizeable amount of water and dissolved
salts what makes it electrically conductive. Higher conductivity values for lean meat in
relation to fat was due to the presence of higher level of moisture and salt content in lean
meat. However, there was no difference in the conductivity between Cika and Simmental
beef, while the diet significantly affected electrical conductivity. S-INT fed bulls had
higher electrical conductivity (9.79 £+ 0.50) than EXT fed bulls (7.48 + 0.50). However,
higher fat content in pork was the reason for lower conductivity (Shirsat et al., 2004). On
the other hand, Sarang et al. (2008) reported that in the lean beef it was difficult to find any
relationship between the electrical conductivity and determined intramuscular fat content.
In many countries, the degree of marbling is considered the major factor in determining
beef “quality grade” (Indurian et al., 2009). Here, marbling was very similar in carcasses of
both breeds in both diets, the differences were not significant.

Carcass composition is an important factor in the evaluation of carcass quality. Carcass
tissue proportion for Cika and Simmental young bulls is presented in Table 3. The
dissection of the whole right carcass sides gave 73.66 + 0.37% of lean meat, 9.51 + 0.36%
of total fat (2.01 = 0.10% subcutaneous fat, 7.50 = 0.29% intermuscular fat), 1.48 £ 0.05%
of tendons and 15.35 + 0.21% of bones in Cika carcasses, while 73.37 + 0.37% of lean
meat, 8.20 + 0.36% of total fat (1.68 + 0.10% subcutaneous fat, 6.52 + 0.29%
intermuscular fat), 1.81 £ 0.05% of tendons and 16.63 = 0.21% of bones in Simmental
carcasses. Considering all tissue proportions, Cika young bulls had significantly more total
fat, less tendons and less bones in carcasses compared to Simmental. The lower fat
proportion in carcasses of Simmental bulls could be explained with the lower slaughter age
and achieved lower proportion of adult size. Likewise, when total fat was separated on
subcutaneous and intermuscular fat Cika bulls had significantly more subcutaneous (2.01 +
0.10%), as well as intermuscular (7.50 £ 0.29%) fat compared to Simmental young bulls
(1.68 £ 0.10%, 6.52 + 0.29%), respectively. The subcutaneous fat represented 21.00 +
0.71% (Cika) and 20.68 + 0.71% (Simmental) of total fat. The difference between breeds
was not significant. It is widely known that British beef breeds have higher percentage of
subcutaneous fat, while dairy breeds deposit more fat like kidney and channel fat. Zgur and
Cepon (2007) investigated the distribution of total fat in carcasses of slightly younger bulls
of Simmental and Brown dual-purpose breeds from very similar rearing conditions as S-
INT fed bulls. They found no differences in the distribution of subcutaneous and
intermuscular fat between breeds. However, the percentage of subcutaneous fat in total fat
content was higher in Simmental (27.41%) and Brown (26.40%) bulls (Zgur and Cepon,
2007) compared to bulls in this study. If we consider the fact that early matured animals
had more developed subcutaneous fat at the same age or weight, then the higher proportion
of it in Cika compared to Simmental could be explained with higher maturity of Cika bulls.

The lean meat to bones ratio in Cika carcasses (Table 3) was significantly higher (4.82 +
0.07) compared to Simmental carcasses (4.43 + 0.07). On the other hand, Simmental
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carcasses had significantly higher lean meat to total fat ratio (9.23 + 0.38) compared to
Cika carcasses (8.07 + 0.38). The effect of the diet was significant in bones proportion and
lean meat to bones ratio. S-INT fed bulls has lower bones proportion (15.58 £+ 0.21%) and
higher lean meat to bones ratio (4.74 + 0.07) compared to EXT feed bulls (16.40 £ 0.21%;
4.51 £ 0.07), respectively.

Cepin et al. (1988) reported carcass composition of Simmental bulls from similar rearing
conditions. In the carcasses of Simmental young bulls there was less lean meat (70.09%),
more fat (11.76%), and similar bones (16.37%), as well as tendons (1.63%) proportion
compared to Simmental bulls from this study.

Compared to carcasses composition in others indigenous breeds, Cika and Simmental bulls
were the most similar to Gasconne young bulls (73.9% lean meat, 14.5% bones, 2.2%
subcutaneous fat, 7.8% intermuscular fat) from France (Piedrafita et al., 2003), and to
Spanish local Pirenaica bulls in the proportions of lean meat (72.9%), total fat (9.7%,) and
bones (17.5%) (Alberti et al., 2008). Among Portuguese breeds, the most similar carcass
composition had Mertolenga young bulls, with 70.0% of lean meat, 15.4% of bones and a
little higher total fat (15.4%) (Simdes and Mendes, 2003).

Table 3. Carcass composition and Longissimus dorsi area in Cika and Simmental young bulls from different
diets

Trait Breed (LSM + SE) Diet (LSM =+ SE) p-values R’
Cika Simmental S-INT EXT Breed Diet

Lean meat (%) 73.66 £0.37 73.37+0.37 73.48+0.37 73.55+0.37 ns. n.s. 0.01
Total fat (%) 951+036 820+036 932+0.36 839+036 0.015 ns. 021
Tendons (%) 148+0.05 1.81+0.05 1.61+0.05 1.67+0.05 <0.001 ns. 0.39
Bones (%) 15.35+0.21 16.63£0.21 15.58+0.21 16.40+0.21 0.001 0.009 0.41
Subcutaneous fat (%) 2.01+0.10 1.68+0.10 193+0.10 1.76+0.10 0.023 ns. 0.16
Intermuscular fat (%) 7.50£029 6.52+029 7.40+£029 6.62+0.29 0.021 ns. 0.20
Subcutaneous fat/total fat (%) 21.00+0.71 20.68 £0.71 20.56+0.71 21.12+0.71 ns. ns. 0.01
Lean meat : bones ratio 482+0.07 443+0.07 4.74+0.07 4.51+0.07 0.001 0.029 0.35
Lean meat : total fat ratio 8.07+0.38 9.23+0.38 8.24+0.38 9.06+0.38 0.040 n.s. 0.16

Longissimus dorsi area (cm®)  55.59 +1.33 57.10+1.33 59.96 +1.33 52.73 + 1.33 n.s. 0.001 0.29

LSM - least square mean, SE — standard error, R? — coefficient of determination, S-INT — semi intensive total
mixed ratio, EXT — extensive total mixed ratio, n.s. — not significant

There was no difference in the Longissimus dorsi area in the level between 6™ and 7™ rib
between Cika (55.59 + 1.33 cm?) and Simmental (57.10 + 1.33 cm®) young bulls’ carcasses
(Table 3). On the other hand, the effect of the diet was significant in S-INT fattened bulls
(59.96 + 1.33 cm?) with larger Longissimus dorsi area compared to EXT fattened (52.73 +
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1.33 cm®) young bulls. The Longissimus dorsi area of Cika was similar to Gasconne (55.1
cm®) young bulls (Piedrafita et al., 2003).

Sensory analysis included meat colour determined on the defrosted stakes, as well as
tenderness, juiciness, texture in mouth and flavour determined on grilled steaks sampled
from Longissimus dorsi which were aged for ten days (Table 4). The effect of the breed
was significant just in flavour intensity, where Cika bulls had more flavoured beef (5.39 +
0.11) compared to Simmental bulls (5.09 £ 0.12). Though Cika beef (5.56 = 0.16) was
slightly more tender compared to Simmental beef (5.17 + 0.18) what corresponds with
Warner-Bratzler shear force, a slightly higher force was applied in Simmental (49.32 +
3.92 N) compared to Cika beef (43.16 £ 3.91 N), the differences were not statistically
significant. Similar shear force found Keane and Allen (1998) in the meat of extensively
fattened steers (40.3 N) of Charolais x Friesian breed. Meat belonging to Simmental young
bulls was also less tender in the sensory analysis in the study of Cepin et al. (1988), where
Simmental (3.70), Brown (4.64), Black and White (4.85) and crossbred young bulls (5.43)
were included.

The differences in sensory quality between 10 days aged Simmental meat from this study
and 14 days aged Simmental meat (Lebaric et al., 2011) were very low (tenderness 5.17 vs.
4.7, juiciness 5.42 vs. 5.9, flavour 5.09 vs. 5.6), while the difference in Warner-Bratzler
shear force was higher (49.32 N vs. 37.4 N). Lebari¢ et al. (2011) described suitable
sensory quality for loin (Longissimus dorsi) when all included parameters (meat colour,
tenderness, juiciness, flavour) are scored with scores more than five. Considering this rule,
Simmental meat as well as meat of indigenous Cika young bulls from this study was
appropriate regarding sensory quality expected by consumers. The diet did not
significantly affected sensory quality parameters, what is not in accordance with Resconi et
al. (2010) who found flavour intensity in the meat of Uruguayan Hereford steers negatively
correlated/associated with the diet energy content.

The cooking loss was determined on ten days aged samples taken from Longissimus dorsi
(Table 4). The cooking loss was similar in Cika (20.81 + 1.21%) compared to Simmental
bulls (20.10 + 1.21%). On the other hand, cooking loss determined in Longissimus dorsi of
Cinisara bulls (Liotta et al., 2011) was almost 4% higher (24.44 + 7.56%).
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Table 4. Sensory quality, shear force, cooking and drip loss in the meat of Cika and Simmental young bulls
from different diets

Trait Breed (LSM =+ SE) Diet (LSM = SE) p-values R’
Cika Simmental S-INT EXT Breed Diet

Meat colour (points 1 — 7%) 505+0.15 526=+0.16 5.13+£0.15 5.17+£0.15 ns. ns. 0.03
Tenderness (points 1 — 7%) 556+0.16 5.17+£0.18 535+0.17 538+0.17 n.s. n.s. 0.08
Juiciness (points 1 — 7%) 549+0.06 542+0.07 540+0.06 5.50+0.06 n.s. ns. 0.06
Texture in mouth (points 1 —7*)  532+0.07 5.17+£0.08 5.22+0.07 528+0.07 ns. ns. 0.07
Flavour (points 1 — 7%) 539+0.11 5.09+£0.12 521+£0.11 524+0.11 0.042 ns. 0.12
Warner-Bratzler shear force (N) 43.16 £3.91 49.32+3.92 48.19+391 4428+391 ns. ns. 0.04
Cooking loss (%) 20.81 £1.21 20.10+1.21 20.72+1.12 20.18+1.12 ns. ns. 0.01
Drip loss, after 2 days (%) 0.92+0.05 0.66+0.05 0.84+0.05 0.75+0.05 0.002 n.s. 0.26
Drip loss, after 6 days (%) 2.79+0.19 1.75+0.19 239+0.19 2.154+0.19 0.001 n.s. 0.30

LSM — least square mean, SE — standard error, R? — coefficient of determination, S-INT — semi intensive total
mixed ratio, EXT — extensive total mixed ratio, n.s. — not significant, *1 — extremely bland, 7 — extremely
intense

The drip loss (Table 4) of Longissimus dorsi samples after 2 days hanging were
significantly higher in Cika (0.92 + 0.05%) compared to Simmental samples (0.66 +
0.05%). The difference in drip loss of Longissimus dorsi increased after six days when was
2.79 + 0.19% in Cika and 1.75 + 0.19% in Simmental samples. However, the effect of the
diet was not significant for drip as well as for cooking loss. Likewise, Keane and Allen
(1998) found no difference in the drip loss after four days in the meat of intensively
(2.38%) fattened bulls, and conventionally (2.37%) as well as extensively (2.20%) fattened
steers of Charolais x Friesian breeds.

Cooking loss of young bull’s Longissimus dorsi samples of indigenous Cika (20.81 +
1.21%) and Simmental (20.10 = 1.21%) was similar to cooking loss of young bulls of
indigenous Bruna del Pirineus (22.91%), Avilefia-Negra Ibérica (23.40%) and Morucha
from Spain (24.62%) (Serra et al., 2008). There were no significant differences in the
cooking loss between Cika and Simmental breeds and between diets.

In many countries, fat is an unpopular constituent of meat for consumers, being considered
unhealthy. Yet, fat and fatty acids contribute importantly to various aspects of meat quality
and are central to the nutritional value of meat (Wood et al., 2008). In this study, total
intramuscular fat content (Table 5) was significantly higher in Cika beef (24.06 + 1.95
g/kg) compared to Simmental (13.02 + 1.95 g/kg) what could be explained with higher
carcass fat percentage in Cika bulls. On the other hand, Sargentini et al. (2010) found even
less intramuscular fat (0.75%) in the beef of 24 months old Maremmana bulls. Likewise,
Marino et al. (2006) reported no differences in the intramuscular fat content of Podolian
bulls fed with high (forage to concentrate ratio 60:40) and low concentrate feed (forage to
concentrate ratio 70:30). Intramuscular fat content increases with animal’s age and live
weight and affects also its fatty acid composition (Wood et al., 2008).
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Consequently, Cika beef contained significantly more SFA (48.61 + 0.36 wt.%) and less
PUFA (12.65 £ 1.10 wt.%) compared to Simmental (45.28 + 0.36 wt.%; 18.28 = 1.10
wt.%), respectively. The MUFA content in beef from both breeds was very similar (Cika =
38.74 £ 1.10 wt.%, Simmental = 36.44 + 1.10 wt.%). However, the diet did not
significantly affect the percentage of SFA, MUFA, PUFA in the beef from both breeds.

Sargentini et al. (2010) found less SFA (41.98 wt.%), less MUFA (32.74 wt.%) and higher
percent of PUFA (25.29 wt.%) in the beef of 24 months old Maremmana bulls fed on
pastures supplemented with mixed hay ad libitum and concentrates. Marino et al. (2006)
investigated the effect of different forage to concentrate ratio on SFA, MUFA and PUFA
in the beef of Podolian bulls. In the beef of bulls fed with low concentrate ratio there was
less SFA (44.41 wt.%) and MUFA (28.86 wt.%), as well as more PUFA (26.73 wt.%)
compared to high concentrate diet fed bulls (46.50 wt.%, 34.10 wt.%, 19.23 wt.%),
respectively. De la Fuente et al. (2009) determined fatty acid composition in the beef of
Fleckvieh x Limousin crossbred bulls, finished on the corn silage ad libitum with restricted
soy and cereal meal. They found 45.60 wt.% SFA, 46.90 wt.% MUFA and 7.50 wt.%
PUFA. Corazzin et al. (2012) determined neutral lipids fatty acid composition in the meat
of Simmental and Holstein bulls. Simmental meat contained more SFA (57.14 wt.%) and
MUFA (38.48 wt.%) and consequently less PUFA (4.38 wt.%) compared to Holstein beef
(54.51 wt.%, 36.81 wt.%, 8.68 wt.%), respectively.

However, beef of Cika and Simmental bulls in this study compared to beef of Fleckvieh x
Limousin bulls (De la Fuente et al., 2009), as well as Simmental and Holstein bulls
(Corazzin et al., 2012) contained considerably less intramuscular fat, as well as similar
SFA, lesser MUFA and much higher PUFA proportion. The reason for the difference could
be in low intramuscular fat content in the lean meat and consequently high proportion of
phospholipid content in the total lipid content. A significant proportion of fat in muscles
are phospholipids which have much higher PUFA content in order to perform muscle
function as a constituent of cellular membranes (Wood et al., 2008).

Raes et al. (2003) found 21.7 wt.% of PUFA in double muscling Belgian Blue beef which
contained 8.6 mg/g intramuscular fat whereas Irish beef meat contained 6.93 wt.% of
PUFA and 37.1 mg/g intramuscular fat. Likewise, Sargentini et al. (2010) reported the low
level of intramuscular fat (0.7%) and high level of PUFA (23.2 wt.%) in the Longissimus
thoracis muscle of Maremmana bulls.

The relative proportion of n-6PUFA was significantly lower in Cika (10.36 + 1.00 wt.%)
compared to Simmental (15.30 = 1.00 wt.%), while there was no effect of the diet.
Likewise, the relative proportion of n-3PUFA was significantly lower in Cika (1.98 + 0.13
wt.%) compared to Simmental (2.75 £ 0.13 wt.%). There was also significantly higher
proportion of n-3PUFA in the beef of EXT (2.97 + 0.13 wt.%) fed bulls compared to S-
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INT (1.75 £ 0.13 wt.%). Above all, the breed x diet interaction significantly affected n-
3PUFA proportions.

Consequently, the n-6/n-3 PUFA ratio was significantly lower in Cika beef (5.35 £+ 0.22)
compared to Simmental beef (5.99 + 0.22). There was also seen a significant effect of the
diet where S-INT fed bulls had higher n-6/n-3 PUFA ratio (7.03 + 0.22) compared to EXT
fed bulls (4.32 £ 0.22). Lower n-6/n-3 ratio due to higher content of n-3PUFA in Cika and
Simmental beef could be a result of grass silage included in the S-INT and EXT diet. Beef
from both breeds and diets had the n-6/n-3 ratio inside the recommended values 10:1
(Commission of European Communities, 1993). Very similar n-6/n-3 ratio found Marino et
al. (2006) in the beef of Podolian bulls fed high (6.37) and low (6.63) concentrate to forage
diet as well as De la Fuente et al. (2009) in the beef of Fleckvieh x Limousin crossbred
bulls (7.60) finished on the corn silage and restricted soy and cereal meal.

Considering individual fatty acids, breed significantly affected the percentage of almost all
individual fatty acids from SFA and from PUFA groups. The major fatty acid in the meat
was oleic acid (C18:1cis-9) predominant in neutral lipids, where the difference was not
significant between breeds. Oleic acid is formed from stearic acid (C18:0) (Wood et al.,
2008) where a significant difference between breeds (Cika = 17.55 += 0.35 wt.%,
Simmental = 15.88 + 0.35 wt.%) was determined. Higher intramuscular fat content in Cika
beef could be the reason for higher stearic percentage in Cika.

All included individual PUFA had higher percentage in the beef of Simmental bulls, with
the exception of C18:3 n-6. The proportion of linoleic fatty acid (C18:2 n-6) which is the
major PUFA was significantly higher in Simmental (11.10 £+ 0.71 wt.%) compared to Cika
(8.14 £ 0.71 wt.%) beef (Table 5). Linoleic acid derived from the diet (grains and oilseeds)
is exposed to microbial biohydrogenation in the rumen, so only around 10% of dietary
linoleic acid is available for the incorporation into tissue lipids. Furthermore, linoleic acid
is at much higher proportions in phospholipids than in neutral lipids. In young lean
animals, genetically lean or fed a low energy diet, the lower oleic and higher linoleic fatty
acid proportion is expected (Wood et al., 2008).

On the other hand, the effect of the diet significantly affected only a few individual fatty
acids, where the most important were a-linolenic, EPA, and DPA with higher percentage
in the beef of EXT fed bulls. Quite significant was also the interaction between breed and
diet (Table 5). a-linolenic acid (C18:3 n-3) is the second most important PUFA with the
proportion higher in phospholipid, as well as a major dietary fatty acid for ruminants since
it constitutes over 50% of total fatty acids in the grass and grass products. Likewise, a
higher proportion is biohydrogenated in the rumen (Wood et al., 2008). There was found
significant effect of diet (S-INT = 0.92 + 0.07 wt.%, EXT = 1.78 £ 0.06 wt.%) and breed x
diet interaction on the a-linolenic fatty acid proportion. If we remind, in the EXT feed ratio
there was 80% of grass silage.
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Two important products formed from linoleic and a-linolenic acid are arachidonic (C20:4
n-6) and EPA (C20:5 n-3) fatty acids (Wood et al., 2008). Similar to linoleic fatty acid, the
proportion of arachidonic acid (C20:4 n-6) was significantly higher in Simmental (3.19 +
0.24 wt.%) compared to Cika (1.61 + 0.24 wt.%) beef. And similar to a-linolenic acid, a
significant effect of breed (Cika = 0.20 + 0.02 wt.%, Simmental = 0.40 £+ 0.02 wt.%), diet
(S-INT = 0.23 + 0.02 wt.%, EXT = 0.37 + 0.02 wt.%) and their interaction on the EPA
(C20:5 n-3) fatty acid proportion was found (Table 5).

In ruminants, as a result of biohydrogenation in the rumen, a significant proportion of
double bonds are of the framns type and these fatty acids have particularly low melting
points. One of them is conjugated linoleic acid (CLA, C18:2cis-9, trans-11). Like
Cl18:1cis-9 also CLA are at higher proportions in neutral lipid than phospholipid and
higher in adipose tissue than in a muscle. CLA has health benefits in the human diet
(Wood et al., 2008). Consequently, Cika beef contained more conjugated linoleic acid
(CLA) (0.30 £ 0.01 wt.%) compared to Simmental (0.26 + 0.01 wt.%) what could be partly
explained by the higher intramuscular fat content in Cika beef, since it is well known that
the CLA content of meat increases with fatness.
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Table 5. Intramuscular fat content and fatty acid composition in beef of Cika and Simmental young bulls

from different diets

Trait Breed (LSM + SE) Diet (LSM + SE) p-values R?
Cika Simmental S-INT EXT Breed (B) Diet(D) BxD

Intramuscular fat (g/kg) 24.06+195 13.02+195 19.70+£1.95 17.38+1.95 0.001 n.s. ns. 0.32
Fatty acid (wt. %)

C12:0 (Lauric) 0.07 +0.01 0.05+0.01 0.06 +0.01 0.06 +0.01 0.010 ns. ns. 0.17
C13:1n-1 0.06 +0.01 0.05+0.01 0.05+0.01 0.05+0.01 0.001 n.s. ns. 0.26
C14:0 (Myristic) 2.37+0.11 1.69+0.11 2.04+0.11 2.02+0.11 0.001 n.s. ns. 0.35
Cl4:1 n-5 0.38 £0.04 0.42+0.04 0.43+0.04 0.36 +0.04 n.s. n.s. ns. 0.10
C15:0 iso 0.17+0.01 0.15+0.01 0.15+0.01 0.17+0.01 0.012 ns. ns. 0.24
C15:0 aiso 0.22+0.01 0.23+£0.01 0.21+0.01 0.24+0.01 ns. 0.002 0.018 0.33
C15:0 0.40 +0.01 0.39+0.01 0.36 +0.01 0.43 +£0.01 ns. 0.001 ns. 0.34
Cl15:1n-5 0.24 £0.03 0.42 +0.03 0.30 £ 0.03 0.35+0.03 0.001 n.s. ns. 031
C16:0 iso 0.20+0.01 0.19+0.01 0.20+0.01 0.19+0.01 n.s. n.s. ns. 0.01
C16:0 aiso 1.60+0.14 2.28+0.14 1.80+£0.14 2.08+0.14 0.002 n.s. ns. 0.27
C16:0 (Palmitic) 22424049 2020+0.49 21.58+0.49 21.04+0.49 0.003 n.s. ns. 0.23
Cl16:1 n-7 270 £0.14 2.89+0.14 2.88+0.14 271+£0.14 ns. n.s. ns. 0.05
C17:0 iso 0.37+0.01 0.41+0.01 0.37+0.01 0.41+0.01 0.001 0.002 ns. 041
C17:0 aiso 0.49+0.01 0.49+0.01 0.48 £0.01 0.50£0.01 n.s. n.s. ns. 0.05
C17:0 (Margaric) 0.84 +0.02 0.80 + 0.02 0.77+0.01 0.86 +0.01 ns. 0.002 ns. 0.28
C17:1 n-7 0.55+0.02 0.60 £ 0.02 0.53 £0.02 0.62 = 0.02 ns. 0.010 ns. 0.21
C18:0 (Stearic) 17.55+035 15.88+0.35 16.64+£0.35 16.80+0.35 0.002 ns. ns. 0.26
C18:0 iso 0.15+£0.01 0.17+0.01 0.16 +0.01 0.16 +£0.01 0.002 ns. ns. 0.24
C18:0 aiso 1.57+0.17 2.23+0.17 1.77+0.17 2.03+£0.17 0.010 ns. ns. 0.20
C18:1 (Oleic) 3451£097 31.79+0.97 34.07+0.97 32.22+0.97 n.s. n.s. ns. 0.17
C18:2 n-6 (Linoleic) 8.14+£0.71 11.10+£0.71 9.51+0.71 9.73+£0.71 0.006 n.s. ns. 0.19
Cl18:3 n-6 0.10+0.01 0.08 +£0.01 0.08 +0.01 0.10£0.01 0.001 0.008 ns. 043
C18:3 n-3 (a-linolenic) 1.26 +£0.07 1.44+0.07 0.92+0.07 1.78 £0.07 ns.  <0.001 0.021 0.72
C18:2cis-9,trans-11 (CLA) 0.30+0.01 0.26 +0.01 0.27+0.01 0.25+0.01 0.002 n.s. ns. 0.37
C20:0 0.12+0.01 0.12+0.01 0.12+0.01 0.12+0.01 n.s. ns. ns. 0.14
C20:1 n-12 + C20:1 n-15 0.13+0.01 0.12+0.01 0.13+£0.01 0.12+0.01 ns. n.s. ns. 0.09
C20:1 n-9 0.11+0.01 0.11+0.01 0.12+0.01 0.10+0.01 ns. 0.016 0.029 0.25
C20:2 n-6 0.07 +0.01 0.11+0.01 0.09+0.01 0.09+0.01 0.001 n.s. ns. 0.29
C20:3 n-6 (Dihomo-y-linoleic) 0.31+0.04 0.58 £0.04 0.44 £ 0.04 0.45 +0.04 <0.001 ns. ns. 0.40
C20:4 n-6 (Arachidonic) 1.61+£0.24 3.19+£0.24 2.33+£0.24 2.46 +£0.24 <0.001 n.s. ns. 0.39
C20:5 n-3 (EPA) 0.20 +0.02 0.40 +0.02 0.23+£0.02 0.37 £0.02 <0.001 <0.001 0.028 0.63
C22:4 n-6 (Ardenic) 0.13 £0.02 0.25+0.02 0.20 £ 0.02 0.18 +£0.02 0.001 ns. ns. 0.35
C22:5n-3 (DPA) 0.44 +0.04 0.79 £ 0.04 0.53+0.04 0.71 £0.04 <0.001 0.006 0.044 0.57
C22:6 n-3 (DHA) 0.04+0.01 0.09+0.01 0.06 +0.01 0.08 +£0.01 <0.001 ns. 0.038 0.60
C24:1 n-9 0.05+0.01 0.06 +£0.01 0.05+0.01 0.06 £ 0.01 n.s. n.s. ns. 0.11
SFA 48.61£036 4528+036 46.74+036 47.14+0.36 <0.001 ns. 0.040. 0.57
MUFA 3874+£1.10 36.44+1.10 3857+1.10 36.61+1.10 n.s. n.s. ns. 0.13
PUFA 1265+1.10 1828+1.10 14.68+1.10 16.25+1.10 0.001 n.s. ns. 0.29
n-3PUFA 1.98 £0.13 2.75+0.13 1.75+0.13 2.97+0.13 0.001 <0.001 0.018 0.66
n-6PUFA 1036 £1.00 1530+1.00 12.66+1.00 13.01=+1.00 0.001 n.s. ns. 0.27
n-6/n-3 PUFA ratio 5.35+0.22 5.99 £0.22 7.03 £0.22 4324022 0.042 <0.001 ns. 0.71

LSM - least square mean, SE — standard error, R? — coefficient of determination, S-INT — semi intensive total
mixed ratio, EXT — extensive total mixed ratio, n.s. — not significant, CLA — conjugated linoleic acid, EPA —
eicosapentaenoic acid, DPA — docosapentaenoic acid, DHA — docosahexaenoic acid, SFA — saturated fatty
acids, MUFA — monounsaturated fatty acids, PUFA — polyunsaturated fatty acids
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CONCLUSIONS

The findings from this study show that Cika young bulls, reared in the traditional extensive
production system can provide meat of good quality. Physical and chemical characteristics
of meat seem to be comparable to meat of young bulls of Simmental cattle and some other
indigenous breeds in Europe which have already found a “local niche” for their products.
Cika breeders should be encouraged to produce fattened Cika bulls on the farms of their
origin. The moderate total fat proportion in dissected carcass sides provides another
encouragement for breeders to fatten bulls to higher weights, while still maintaining good
carcass and meat quality.
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3 RAZPRAVAIN SKLEPI
3.1 RAZPRAVA

Geografska lega Slovenije je med Alpami in Dinarskim gorovjem Balkana ter med
Sredozemljem in Panonsko kotlino. Danes vemo, da je prav za vsako izmed nastetih
obmocij, znacilno po zunanjosti druga¢no govedo. Gledano nekoliko SirSe, lezi Slovenija
med Bliznjim vzhodom (Plodni Polmesec), kjer je bilo pred 10.500 leti udomaceno
evropsko govedo in severozahodno Evropo, kjer so pred nedavnim vzredili najbolj
specializirane pasme za prirejo mleka ali mesa. Udomaceno govedo se je iz Azije v Evropo
v glavnem Sirilo po podonavski in sredozemski poti. Na svoji poti se je »sreCevalo« s
kraskim svetom Balkana, gorskim svetom Alp in prispelo v niZzavje srednje Evrope. Med
kmetijsko kolonizacijo Evrope se je genetska pestrost domacih Zzivali zmanjSevala s
povecevanjem razdalje od centra udomacitve. Evropsko govedo se je prilagodilo lokalnim
razmeram in rejci so odbirali zivali z najvecjo prirejo mleka in/ali mesa ter z najboljSimi
delovnimi sposobnostmi. Pred priblizno 200 leti so z bolj sistematicno selekcijo nastale
izenacene populacije in genetsko izolirane pasme s standardiziranimi lastnostmi zunanjosti
in prireje (Felius, 1995; Cymbron in sod., 2005; Medugorac in sod., 2009).

Cikasto govedo je bilo, podobno kot druge avtohtone pasme in lokalne populacije goveda,
pod vplivom oplemenjevanja in krizanja z drugimi pasmami govedi z ve¢jim telesnim
okvirom in z vejo prirejo mleka in/ali mesa. V preteklosti je bilo oplemenjeno s
pincgavskim govedom, prekrizano z lisastim govedom in zamenjano z rjavim govedom.
Poleg tega je preko pincgavskega goveda dobilo Se gene rdecega holstajnskega goveda, saj
je bilo pincgavsko govedo pod vplivom holsteinizacije (Felius, 1995) v sedemdesetih letih
prejSnjega stoletja. Za 59 krav, ki so se ohranile do leta 1992 in so bile vpisane v registru v
CPZ Govedo, je bilo znano poreklo in z njim tudi delez drugih pasem (Jeretina, 2004). Za
300 krav, ki so jih na$li na odro¢nih hribovskih in gorskih kmetijah, ni bilo znanih
podatkov o poreklu.

Vse zivali, tiste z znanim poreklom in tiste, ki so po lastnostih zunanjosti spominjale na
cikasto govedo, so bile leta 2002 vpisane v register in kasneje v rodovnisko knjigo za
cikasto govedo. Na podlagi ocenjevanja lastnosti zunanjosti se je ugotovila velika
raznolikost med zivalmi znotraj populacije, tako glede visSine vihra kot tudi drugih lastnosti
zunanjosti. Na podlagi tega so leta 2006 (Zan in sod., 2005) razvili prilagojen sistem za
ocenjevanje zunanjosti (Priloga A, Priloga B), da bi lazje ocenili pasemske znacilnosti
oziroma ugotovili, katere zivali so bolj podobne prvotnemu cikastemu govedu, preden je
bilo le-to izpostavljeno prilivu genov drugih pasem z oplemenjevanje in krizanjem. Na
podlagi lastnosti zunanjosti so vse plemenske zivali v populaciji razvrstili v cikasti, delni
cikasti in pincgavski tip. Velika raznolikost je bila potrjena tudi na podlagi analize variance
za lastnosti zunanjosti (Sim¢i¢ in sod., 2015a). Poleg tega, je bilo ugotovljeno, da na
lastnosti zunanjosti v vecji ali manjS$i meri vplivajo tudi dejavniki okolja, kot so leto
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ocenjevanja, starost ob ocenjevanju in ¢as po telitvi. Na podlagi tega smo ugotovili, da
prihaja do napak pri razvrstitvi zivali v tip, ker se pri razvrstitvi ne uposteva vplivov
okolja. Poleg tega je razvrstitev zivali v ustrezen tip tudi podlaga za odbiro plemenskih
bikov in bikovskih mater. Teoreti¢no bi lahko odbrane zivali samo na podlagi lastnosti
zunanjosti, po genotipu ne pripadale cikastemu govedu.

O podobni problematiki pri pomurskem govedu v Avstriji so porocali ze Medugorac in
sod. (2009). Pomursko govedo so po drugi svetovni vojni oplemenjevali z rumenim
frankovskim govedom in/ali ga zamenjevali z lisastim. V osemdesetih letih prejSnjega
stoletja so priceli z iskanjem tipi¢nih predstavnikov pasme, da bi ohranili originalno
pomursko govedo. Ker so imeli tipi¢ni predstavniki pasme enega ali ve¢ prednikov v
poreklu, ki so pripadali rumenemu govedu, jih niso vkljucili v program ohranjanja. V
program so tako vkljucili zivali pomurskega goveda brez znanega porekla. Ker sta si
pomursko in rumeno frankovsko govedo zelo podobna, je pasmi samo po zunanjosti skoraj
nemogoce lo¢iti. Pred nedavnim pa so s filogenetskimi Studijami ugotovili, da je ohranjeno
pomursko govedo podpopulacija rumenega goveda, ker je z njim tako zelo prekrizano. S
tem so pokazali, da ohranjanje in selekcija zivali brez znanega porekla in odbira samo na
osnovi lastnosti zunanjosti lahko vodi v izgubo genetske identitete dolocene pasme
oziroma do premika populacije k drugi pasmi.

Po barvnemu vzorcu sta si zelo podobna tudi cikasto in pincgavsko govedo in ne moremo z
gotovostjo trditi, kateri pasmi pripada posamezna zival oziroma kolikSen delez
pincgavskega genotipa je pri posamezni zivali v populaciji cikastega goveda. Kljub
vpisanim zivalim v rodovniski knjigi in uspeSnemu povecevanju Stevila zivali, je bila
popolnoma nepoznana genetska struktura populacije in sorodnost z drugimi pasmami.
Teoreticno bi se lahko po genotipu ohranilo cikasto, belansko ali pincgavsko govedo in
krizanci z lisastim ter rjavim govedom. Poleg tega, bi bila lahko v posamezni Zivali
prisotna Se katera druga pasma, saj je bilo znano (Jeretina, 2004), da za osemenjevanje
krav cikastega goveda ni bilo na razpolago licenciranih cikastih bikov od leta 1976 dalje.
Na voljo je bilo le seme bikov krizancev med cikastim in pincgavskim govedom ter seme
bikov pincgavskega goveda.

Na podlagi omenjenih dejstev in dvomov, katero govedo se je ohranilo, smo priceli z
zbiranjem vzorcev bioloskega materiala iz katerega smo izolirali DNK in dolocili genotip
za izbrano Stevilo genetskih oznacevalcev. Takrat je vecCina pasem govedi iz sosednjih
drzav Ze imela dolocene genotipe za mikrosatelitne oznacevalce in raziskovalci, ki so se s
tem ukvarjali, so bili povezani v Konzorcij za genetsko raznolikost govedi v Evropi
(European Cattle Genetic Diversity Consortium; Felius in sod., 2011) . V konzorcij smo se
povezali tudi mi in v skupno zbirko podatkov prispevali 150 genotipov cikastega goveda
na podlagi 17 mikrosatelitnih oznacevalcev. V zameno smo dobili v souporabo genotipe za
42 pasem, ki so geografsko blizu cikastemu govedu ali pa je obstajala moznost, da bi bile
nacrtno ali nenacrtno prisotne v populaciji cikastega goveda.
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Na podlagi mikrosatelitnih genotipov za 150 zivali cikastega goveda v primerjavi z
genotipi drugih pasem in s pomocjo razli¢nih statisticnih programov smo naredili
molekularno genetsko karakterizacijo cikastega goveda, ki je zajemala oceno populacijsko
genetskih parametrov, izraCun genetskih razdalj in sorodnosti med pasmami. Dolocili smo
tudi delez genov drugih pasem v populaciji cikastega goveda (Simci¢ in sod., 2013a).
Ugotovili smo, da je cikasto govedo kljub zmanjSanju velikosti populacije in skoraj$Snjemu
izumrtju v letu 1991, ohranilo relativno visoko stopnjo genetske pestrosti znotraj pasme, ki
je vecja kot pri alpskih in manjSa kot pri balkanskih pasmah. To potrjuje geografsko lego
Slovenije in dejstvo, da se genetska raznolikost zmanjSuje z oddaljenostjo od centra
udomacitve proti severu ter da cikasto govedo ni bilo podvrzeno intenzivni selekciji. Z
genetsko analizo v programu Structure smo cikasto govedo locili od drugih pasem na
podlagi edinstvene frekvence alel, ki jo opredeljujejo kot samostojno pasmo. Ne glede na
primesi drugih pasem, se je izvorno cikasto govedo ohranilo in lahko smo potrdili, da
imamo avtenti¢no avtohtono pasmo govedi, ki predstavlja edinstven genetski vir.

Zaradi oplemenjevanja in krizanja populacije cikastega goveda v preteklosti, smo odkrili
tudi zivali z ve¢jim ali manj$im delezem pincgavskega, lisastega, rdecega holStajnskega in
drugega goveda. Vecina Zzivali z ve¢jim deleZzem pincgavskega goveda je bila tudi na
podlagi ocenjevanja zunanjosti razvrS¢ena v pincgavski tip. Vendar pa smo odkrili tudi
nekaj napacno razvr$€enih Zivali. V cikasti tip so bile npr. razvr§ene zivali z majhno
visino vihra, ki je bila posledica slabega krmljenja, Ceprav so imele zivali vecji delez genov
pincgavskega goveda. Zivali, ki so imele vedji delez genov cikastega goveda so bile
razvrséene tako v cikasti, delni cikasti in tudi v pincgavski tip (Sim¢i¢ in sod., 2013a). S
tem smo potrdili domnevo, da Zivali med seboj ni mogoce lociti samo na podlagi lastnosti
zunanjosti.

Na podlagi vkljucitve v Konzorcij za genetsko raznolikost govedi v Evropi smo genotipe
66 zivali cikastega goveda brez primesi drugih pasem vkljucili Se v vecjo Studijo, ki je
vkljucevala 167 pasem iz 21 drzav (Felius in sod., 2011; Sim¢i€ in sod., 2012). Na podlagi
genetske raznolikosti med pasmami, zgodovinskega nastanka in geografske lege, kjer je
pasma raz$irjena, smo pripravili nov sistem klasifikacije pasem govedi, ki so razSirjene v
evropskem prostoru. Pravilna klasifikacija pasem prispeva k poznavanju zgodovine pasem,
kar je pomembno za ucinkovito ohranjanje genetske raznolikosti. Veliko starejSih nacinov
klasifikacije pasem govedi na podlagi oblike lobanje in rogov ter barve plasca je bilo Ze
pred razvojem molekularne genetike ovrzenih. Prav tako je bila ovrZena tudi difiletska
teorija nastanka evropskega goveda (Felius in sod., 2011), ¢eprav jo najdemo Se marsikje
prepisano iz starejSe literature (Cizej, 1967) in zapisano kot veljavno, tudi v novejsi
literaturi (Miti¢ in sod., 1987; Zan Lotri¢, 2012) in v Rejskem programu za cikasto govedo
(Zan Lotri¢ in sod., 2010).

Wilckens (1876) je razvil klasifikacijo goveda na podlagi meritev lobanje, ki je veljala le
za pasme, katere je lahko locil med seboj. Opisal je stiri glavne tipe govedi. Bos taurus
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primigenius ali primigeno govedo podobno divjemu turu, kamor je razvrstil podolsko sivo
stepsko, nizinsko mle¢no in galloway govedo. V Bos taurus brachyceros (kratkorozno
govedo) imenovano tudi Bos taurus longifrons (govedo z dolgim ¢elom) je razvrstil sivo in
rjavo hribovsko govedo. V Bos taurus frontosus (govedo s Siroko glavo) je razvrstil lisasto
govedo. V Bos taurus brachycephalus (govedo s kratko glavo) je razvrstil herens in tuxer
govedo. Pincgavsko in marijadvorsko govedo je pustil kot nerazvrSceno, ker je
predvideval, da sta vmesni krizani tip med navedenimi tipi.

Adametz (1898) je na podlagi klasifikacije Wilckens-a (1876) in razlik v merah lobanje
razvil difiletsko teorijo, s katero je trdil, da je govedo s kratkimi rogovi imenovano Bos
brachyceros (Bos longifrons) nastalo iz avtenti¢nega evropskega divjega goveda kot
neodvisna samostojna udomacitev od Bos primigenius-a. Ta difiletska teorija je veljala le v
»nemsko govore€ih Solah« in je ostali niso priznavali. Britanski znanstveniki so pasme
goveda locevali po barvi dlake in barvnemu vzorcu in ignorirali teorijo »nemsko govorece
Sole«. Leithner (1926), cit. po Felius in sod. (2011), je pojasnil, da ima tudi Bos
brachyceros izvor v Bos primigenius-u. Ceprav teorija »nemske $ole« za loéevanje pasem
na osnovi lobanje ni bila nikoli povsod sprejeta, se je obdrzala do sredine dvajsetega
stoletja. Izraz wprimigenius« se je uporabljal za vse pasme z dolgimi rogovi in izraz
wbrachyceros« za vse pasme s kratkimi rogovi. Ideja o neodvisni domestikaciji
wbrachyceros-a« je bila v knjigah Se velikokrat napisana (Cizej, 1967; Miti€ in sod., 1987),
ceprav ze dolgo ni vec¢ drzala.

Hiter razvoj DNK tehnologij je vplival tudi na prouCevanje pasem govedi. Eno
pomembne;jsih odkritij na podlagi DNK je bila potrjena locena domestikacija evropskega
goveda (Bos taurus, govedo brez grbe) v jugozahodni Aziji na obmocju Plodnega
polmeseca (Fertile Crescent) od indijskega goveda (Bos indicus, govedo z grbo, zebu) v
dolini Indus. Drugi loceni izvori goveda niso bili potrjeni. Na podlagi vecjega Stevila Studij
je obveljala monofiletska teorija. Sedaj je potrjeno, da ima vse evropsko govedo izvor v
jugozahodni Aziji (Fertile Crescent) in da se je govedo s kratko glavo razvilo po
domestikaciji (Felius in sod., 2011).

Povezani raziskovalci in zdruzeni podatki o genotipih zivali na osnovi mikrosatelitnih
oznacevalcev so bili pogoj za izraCun genetskih razdalj med pasmami in za analizo
razvr$¢anja pasem po skupinah na osnovi frekvence alel. Na osnovi molekularno genetskih
analiz in geografske blizine so sedaj evropsko-azijske pasme goveda razvrS€ene v pet
glavnih skupin, in sicer: »1. Severno-evropsko govedo«, »2. Centralno-evropsko govedo«,
»3. Iberijsko govedo«, »4. Podolsko govedo« in »5. Jugovzhodno evropsko/Jugozahodno
azijsko govedo«. Znotraj teh skupin so oblikovane podskupine na razli¢nih nivojih.
Cikasto govedo je, na podlagi izraCunanih genetskih razdalj in analize razvrScanja v
skupine na podlagi rezultatov iz programa Structure, razvrS¢eno v drugo skupino
»Centralno-evropsko govedo« in v peto podskupino »Centralno-vzhodne pasme« (Felius in
sod., 2011; Sim¢i¢ in sod., 2012). Poleg cikastega goveda sta v skupini »Centralno-
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vzhodne pasme« Se pincgavsko in pustariSko govedo. PustariSko govedo (pustertaler) je
bilo v preteklosti raz§irjeno na Juznem Tirolskem v Italiji in na Tirolskem v Avstriji. Krave
so slovele po izjemni mlecnosti in so bile zelo cenjene pri rejcih v okolici Dunaja, ki so z
mlekom oskrbovali mesto. Dunajski rejci so krave in telice kupovali na Tirolskem in jih
drago placevali, s tem pa posredno povzrocili, da je danes pustariSko govedo ogrozena
pasma (Felius, 1999; Sambraus, 1999). Cikastemu govedu smo tako zagotovili vecjo
prepoznavnost tudi izven meja Slovenije, v evropskem prostoru. Kot avtenti¢na avtohtona
pasma bo na podlagi genetske karakterizacije prvi¢ v zgodovini vpisana in predstavljena v
novi enciklopediji pasem, ki jo pripravljajo na Univerzi v Lincolnu v Veliki Britaniji.

Genetsko karakterizacijo na osnovi mikrosatelitnih oznacevalcev smo ponovili z
oznacevalci SNP (Single Nucleotide Polymorphism) vecje gostote (Sim¢i¢ in sod., 2015b).
Prav tako smo ocenili parametre genetske raznolikosti in delez primesi drugih pasem ter
poskusali pojasniti zgodovino pasme. Zaradi cenovno drazje tehnologije smo vkljucili
samo 76 zivali cikastega goveda poleg 531 zivali iz 14 referencnih evropskih
populacij/pasem. Za oznacevalce SNP na BovineSNP50 cipu je bilo ugotovljeno, da
raznolikost ocenjujejo pristrano, ker je bil Cip izdelan na osnovi vzorca manjSega Stevila
zivali iz dobro znanih in razSirjenih pasem. Da bi se izognili pristranosti, smo Stiri
zaporedne oznacevalce SNP spojili v haplotip. Uporabili smo znane podatke iz porekla,
ocene zunanjosti in haplotipe, da bi izboljSali nacin identifikacije Cistopasemskih zivali
cikastega goveda. S filogenetsko analizo na podlagi oznacevalcev SNP smo potrdili
avtenticno genetsko identiteto cikastega goveda. Med cikastim in pincgavskim govedom
smo zaznali dolgo in Siroko povezavo na podlagi izratuna genetskih razdalj. Tudi analiza
razvrS$canja v skupine (Admixture) in dvo-dimenzionalna razvrstitev sta pokazali, da je
cikasto govedo avtenti¢na pasma, ¢eprav po barvi plasca spominja na pincgavsko govedo.
Priporocili smo, da bi lahko s tako analizo z ve¢jim Stevilom genetskih oznacevalcev dokaj
zanesljivo odbirali plemenske bike in bikovske matere. Ugotovili smo tudi, da imajo
populacije, ki niso bile pod pritiskom selekcije ve¢jo haplotipsko raznolikost. V takih
populacijah ni priporoc¢ljivo samo iskanje originalnega genotipa, ampak predvsem
odstranjevanje primesi tujih pasem iz takih populacij, saj s tem zmanjSujemo erozijo
genske pestrosti. UspeSnost iskanja cCistopasemskih zivali bi lahko Se povecali s
kombinirano uporabo ocen lastnosti zunanjosti, znanih podatkov iz porekla in haplotipov
na osnovi vecjega Stevila genetskih oznacevalcev za proucevano pasmo. Poleg tega je
potrebno v tako analizo vkljuciti ¢im vecje Stevilo referencnih pasem, ki so bile kakorkoli
povezane s proucevano pasmo. Referencne pasme so pasme, ki so razsirjene v geografski
blizini proucevane pasme. Prav tako so to vse pasme, ki so jih v preteklosti uporabljali za
oplemenjevanje, krizanje ali pretapljanje proucevane pasme. Referencne pasme so lahko
tudi pasme, ki so proucevani pasmi podobne v morfoloskih lastnostih zunanjosti in/ali po
barvi plasca.

Selekcija cikastega goveda bi morala biti usmerjena predvsem v zmanjSevanje primesi
pincgavske pasme in v popolno izkljucevanje primesi drugih pasem na podlagi
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genotipizacije z ve¢jim Stevilom genetskih oznacevalcev. Poleg tega je potrebno upostevati
optimalne vrednosti za ocene lastnosti zunanjosti, ki so zapisane v rejskih ciljih. Ocenjeni
dednostni delezi za lastnosti zunanjosti prvesnic cikastega goveda so primerljivi z
ocenjenimi dednostnimi delezi pri drugih pasmah in omogocCajo uporabo za genetsko
vrednotenje cikastega goveda. Ocenjene plemenske vrednosti bi omogocale ustreznejso
razvrstitev vsake zivali v posamezen tip, kar bi lahko uporabili za u¢inkovitejSo selekcijo
populacije z vidika ohranjanja avtohtonih lastnosti.

Kot edina avtenti¢na in avtohtona pasma govedi v Sloveniji, spada cika med slovensko
naravno in kulturno dediS¢ino. Prilagojena je na ekstenzivne pogoje reje v hribovitem
svetu in prispeva k ohranjanju alpske krajine, ki ponuja priloZznost in moznost za trajnostno
kmetovanje. Vse te ugotovitve opravicujejo finanéne podpore za ohranjanje pasme in
zahtevajo ustrezno selekcijsko delo, preprecevanje parjenja v sorodstvu in kontrolo
porekla.

Kljub finan¢nim podporam drzave, je ohranjanje pasme bolj upravi¢eno in povecevanje
Stevila zivali v populaciji hitrejSe, ¢e od pasme dobimo proizvod, ki ga lahko trzimo. V
preteklosti je bilo cikasto govedo kombinirana pasma, namenjena predvsem za prirejo
mleka. Danes za trzno prirejo mleka ni ve¢ konkurencna, ker je bila predolgo brez kontrole
prireje mleka in selekcije na mlecnost. Poleg tega se je zelo zmanjSalo Stevilo zivali v
populaciji. Prireja mesa s to pasmo je veljala za slabo alternativo, zaradi slabSe klavne
kakovosti v primerjavi z drugimi pasmami. Z ve¢ zaporednimi poskusi pitanja bikov
cikastega goveda na PRC Logatec smo Zeleli poiskati vzrok za slabso klavno kakovost,
katere pokazatelji so bile lastnosti, ki se belezijo na liniji klanja v klavnicah (Sim¢i¢ in
sod., 2008; Simci¢ in sod., 2011a).

Za zacetek, smo v prvem poskusu v jeseni 2008 leta, na PRC Logatec uhlevili osem
odstavljenih cikastih bikcev. Krmili smo jih s srednje intenzivnim (S-INT) krmnim
obrokom na osnovi travne in koruzne silaze z dodatkom moc¢nih krmil. Bike smo oddali v
zakol ob povprecni starosti 20,0 mesecev in s telesno maso 543,6 kg, saj smo pri¢akovali
veliko zamaScenost klavnih trupov v obliki ledvi¢nega in medeni¢nega loja, ki je znacilna
za mle¢ne pasme. Za primerjavo smo od rejcev odkupili deset klavnih polovic cikastih
bikov, ki so bili oddani v zakol po koncu druge pasne sezone, ob povpre¢ni starosti 23,5
mesecev, neposredno s pasnika. Ugotovili smo, da so bili uhlevljeni spitani cikasti biki 3,5
meseca mlajsi in so imeli v povprecju za 59 kg tezje klavne polovice (294,8 kg) od cikastih
bikov vzrejenih na pasi (232,8 kg). Poleg tega sta bili pri spitanih bikih znacilno boljsa
mesnatost (7,1) in zamascenost (5,2) kot pri bikih s pase (mesnatost = 5,4; zamaS¢enost =
3,4). Na podlagi vecje mase klavnih polovic, boljSe mesnatosti in zamas€enosti, so bili
spitani biki razvr§¢eni v boljsi placilni razred, kar je pri takratni ceni klavnih polovic
pomenilo v povprecju 388,00 € ve¢ za klavni trup spitanega cikastega bika v primerjavi s
klavnim trupom cikastega bika s paSe. Ugotovili smo, da je tehnologija reje bistveno
vplivala na klavno kakovost. Biki s pasSe so bili oddani v zakol nedopitani, kar sta potrdili
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znacilno slabSa ocena za zamascenost klavnega trupa na liniji klanja (3,4) in znacilno
manj$i delez loja v klavni polovici (5,95 %). Priporocali smo, da bi se po koncu pasne
sezone take bike spitalo v hlevu, preden bi jih rejci oddali v zakol, saj bi tako izboljSali
klavno kakovost in posledi¢no zasluzek pri prodaji (Sim¢i¢ in sod., 2010; Sim¢i¢ in sod.,
2011b).

V drugem poskusu, ki se je zacel v jeseni 2009 smo na PRC Logatec uhlevili skupino 20
odstavljenih bikcev cikastega goveda in za primerjavo Se 20 odstavljenih bikcev lisaste
pasme (Zgur in sod., 2014). Zeleli smo prou¢iti tradicionalen nadin pitanja na osnovi
voluminozne krme v primerjavi s pitanjem z ve¢jo vsebnostjo energije v krmnem obroku
in vpliv na klavno kakovost ter kakovost mesa tako spitanih bikov. V zacetku zaklju¢ne
faze pitanja smo bike obeh pasem razdelili Se na dve podskupini. Biki v EXT skupini so
dobivali ekstenziven krmni obrok, ki je bil sestavljen iz travne silaze z dodatkom manjse
koli¢ine koruzne moke, da bi posnemal nacin pitanja na majhnih hribovskih kmetijah. Biki
v S-INT skupini so dobivali srednje intenziven krmni obrok, kjer smo del travne silaze
zamenjali s koruzno silazo in son¢ni¢nimi tropinami. Bike smo zaklali, ko so dosegli
optimalno stopnjo dopitanosti. Ugotovili smo, da pasma ni znacilno vplivala na maso ob
zakolu, saj so bili biki cikastega goveda le malo lazji od bikov lisaste pasme. Na maso ob
zakolu, dnevni prirast in zauzivanje krme je znacilno vplivala krma. Biki iz EXT skupine
so bili ob zakolu lazji, imeli so slabsi dnevni prirast in manjSe zauzivanje krme od bikov v
S-INT skupini. Ugotovili smo, da bi morali imeti vsaj biki lisaste pasme obrok z vecjo
vsebnostjo energije, da bi lahko v celoti izkoristili njihovo zmogljivost za rast. Klavna
kakovost bikov je bila med pasmama podobna, saj vpliv pasme ni bil znacilen. Na maso
toplih polovic je znacilno vplivala le krma, saj so imeli biki iz S-INT skupine v povprecju
za 40,2 kg tezje polovice, medtem ko na klavnost, mesnatost in zamascenost, krmni obrok
ni znagilno vplival (Zgur in sod., 2014).

Ko smo med seboj primerjali samo bike cikastega goveda iz drugega poskusa (Sim¢i¢ in
sod., 2011c) na S-INT in EXT obroku, smo ugotovili, da so bili ob zakolu tezji in starejsi
od cikastih bikov iz prvega poskusa, ki smo jih leto prej spitali z enakim S-INT obrokom.
Kljub temu, da so bili cikasti biki iz drugega poskusa za skoraj tri mesece starejSi ob
zakolu, niso bili prekomerno zamasc¢eni. Masa polovic cikastih bikov ob zakolu in ostali
pokazatelji klavne kakovosti bi morali prepricati rejce, da je smiselno spitati cikaste bike iz
lastnih ¢red, ¢e le imajo moznost zagotoviti krmni obrok z nekoliko vecjo energijsko
vrednostjo. V nasprotnem primeru pa je priporocljivo z ekstenzivnim obrokom bike pitati
dlje cCasa, saj so tudi pri vecji starosti Se zadovoljivo priraScali brez povecevanja
zamascenosti.

Glede na dejstvo, da se cikasti biki tudi pri vecji starosti niso prekomerno zamastili in da
so tudi na revnejSem krmnem obroku dosegli primerno mesnatost klavnega trupa, smo
zastavili Se tretji poskus, v katerem smo proucevali vpliv vkljucitve druge pasne sezone v
tehnologijo pitanja na klavno kakovost (Sim¢i¢ in sod., 2014a; Simci¢ in sod., 2014b).
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Uhlevili smo 20 odstavljenih cikastih in 19 odstavljenih lisastih bikcev v jeseni 2010 in jih
krmili s S-INT krmnim obrokom. Ob zacetku paSne sezone spomladi 2011 smo bike obeh
pasem razdelili v dve podskupini. Prva podskupina je ostala na S-INT krmnem obroku,
drugo podskupino bikov obeh pasem pa smo dali na celodnevno paso od zacetka do konca
pasne sezone. Po konc¢ani pasni sezoni smo bike dopitali v hlevu z enakim S-INT obrokom,
ki so ga dobivali Ze pred odhodom na pasSo. Ob zakolu so bili biki spitani s S-INT obrokom
v hlevu tezji od bikov, ki so bili v Casu pasne sezone na pasi. Ugotovili smo, da med
pasmama ni bilo znailnih razlik v klavni kakovosti, medtem ko je tehnologija pitanja
znacilno vplivala na klavno kakovost. Biki, ki so bili na pasi in kasneje dopitani, so imeli
za 12,2 kg lazje klavne polovice, za 1,6 % slabSo klavnost, za 0,6 ocene slabSo mesnatost
in za 0,7 ocene slabSo zamascenost od bikov na S-INT obroku. Kljub temu, da so bile
razlike v klavnih lastnostih med razlicnima tehnologijama reje znacilne, pa niso bile velike.
Gledano s stalisca stroskov krme, je bila pasa zagotovo cenejs$a od krmljenja S-INT obroka
v hlevu, kar upravi¢i nekoliko slabso klavno kakovost. Potrdili smo, da je mogoce v Casu
pasne sezone bike cikastega goveda vzrediti tudi na paSi in jih kasneje dopitati pred
zakolom, saj smo iz prvega poskusa ze vedeli, da biki ob koncu paSe Se niso dovolj
dopitani. Poleg tega smo v tretjem poskusu cikaste bike pitali s S-INT obrokom do starosti
23,5 mesecev, ko so dosegli v povprecju 674,4 kg telesne mase ob zakolu s primerno
oceno za mesnatost in zamascenost. To je bila tudi najvecja povprecna masa ob zakolu
cikastih bikov iz vseh treh poskusov, s tem, da so Se vedno spadali v kategorijo A (mladi
biki do 24 mesecev) (Sim¢i€ in sod., 2014a; Sim¢i€ in sod., 2014b).

Poleg razlik med cikastim in pincgavskim govedom, ki smo jih prikazali z genetskimi
analizami, smo nasli razlike tudi v klavnih lastnosti (npr. masi toplih polovic) pri obeh
pasmah. Kogel in sod. (1997) so porocali, da so imeli biki pincgavskega goveda, stari 16,7
mesecev ob zakolu, maso klavnih polovic 360,3 kg. Biki cikastega goveda so na S-INT
obroku dosegli podobno maso toplih polovic (350,2 + 26,3 kg) Sele Stiri mesece starejsi,
pri starosti 22,7 + 1,1 meseca.

Ob pregledu podatkov o klavni kakovosti drugih pasem govedi v Evropi smo ugotovili, da
so bili biki cikastega goveda ob zakolu starejsi in tezji od bikov vecine drugih avtohtonih
in kombiniranih pasem (Alberti in sod., 2008). Klavna kakovost bikov cikastega goveda je
bila zelo podobna klavni kakovosti bikov avtohtonih pasem aubrac in salers, ki jih redijo
na tradicionalen nacin (Piedrafita in sod., 2003). V preteklosti so krave obeh pasem
uporabljali za delo in za prirejo mleka, danes pa jih redijo kot krave dojilje. Biki pasme
aubrac so bili odstavljeni ob koncu pasne sezone in preko zime uhlevljeni. Po koncu druge
paSne sezone pri starosti 19 mesecev so jih priceli intenzivno pitati $tiri do Sest mesecev s
koruzno silazo in senom ter z dodatkom moc¢ne krme. Bike pasme salers so priceli pitati pri
starosti devet do deset mesecev s travno in koruzno silazo po volji z dodatkom mocnih
krmil. Biki aubrac pasme so bili zaklani pri starosti 23,7 mesecev in telesni masi 753,3 kg.
Ob zakolu je bila masa toplih polovic 451,0 kg, klavnost 59,9 %, ocenjena mesnatost 9,5 in
zamaScCenost 7,8. Biki salers pasme so bili zaklani pri starosti 19,1 mesecev in telesni masi
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714,1 kg. Ob zakolu je bila masa toplih polovic 417,1 kg, klavnost 58,5 %, ocenjena
mesnatost 8,3 in zamascenost 8,8. V klavnih polovicah so imeli biki aubrac pasme 76,1 %
mesa, 15,4 % kosti in 7,6 % loja, biki salers pa 73,4 % mesa, 15,2 % kosti in 10,0 % loja.
Vse klavne lastnosti so bile zelo podobne klavnim lastnostim cikastih bikov. Podobnost
med vsemi tremi pasmami je tudi v spremembi namena reje avtohtonih pasem, ki so bile v
preteklosti tradicionalno za delo in za prirejo mleka, sedaj pa so postale primerne za rejo
kot krave dojilje za prirejo odstavljenih telet za nadaljnje pitanje.

Poleg klavne kakovosti smo proucili tudi kakovost mesa pri bikih iz prvega in drugega
poskusa. V prvem poskusu smo v vzorcih mesa iz dolge hrbtne miSice cikastih bikov,
spitanih v hlevu s S-INT krmnim obrokom in na pasi, dolocili kemijsko sestavo in sestavo
mascobnih kislin. Pri¢akovano je bilo v mesu spitanih bikov znacilno ve¢ intramuskularne
mascobe v primerjavi z mesom bikov s pase. Tehnologija reje je znacilno vplivala na
sestavo mascobnih kislin. Razmerje med n-6/n-3PUFA (veckrat nenasi¢enih mascobnih
kislin) je bilo boljse v mesu cikastih bikov s pase v primerjavi z mesom spitanih bikov v
hlevu. V travi je bilo namre¢ ve¢ a-linolenske kisline, ki je prekurzor dalj$ih n-3PUFA, kot
sta EPA (eikosapentaenojska kislina) in DHA (doikosaheksaenojska kislina), kar se je
pokazalo kot vecji delez le-teh kislin v mesu prirejenem na pasi. Vendar moramo opozoriti,
da je poleg tehnologije reje na maSCobnokislinsko sestavo vplivala tudi vsebnost
intramuskularne mascobe v mesu. S povecevanjem vsebnosti intramuskularne masc¢obe so
se povecali delezi miristinske, palmitinske, stearinske in oleinske kisline ter zmanjSali
delezi linolne, a-linolenske, arahidonske, EPA, DPA (doikosapentaenojska kislina) in
DHA kisline (Simci¢ in sod., 2013b). Zelo majhna vsebnost intramuskularne mascobe v
misici ima za posledico, da je le-ta sestavljena predvsem iz fosfolipidov, ki vsebujejo vecji
delez PUFA (Raes in sod., 2003). Mascobnokislinska sestava je bila ugodnejSa v mesu
bikov s paSe, vendar je k temu pripomogla tudi zelo majhna vsebnost intramuskularne
mascobe v tem mesu. Z vidika vpliva na zdravje ljudi je bila ugodna tudi
mascobnokislinska sestava spitanih bikov s S-INT obrokom, saj so le ti prejemali v obroku
vecji delez travne silaze, ki vsebuje tudi a-linolensko kislino. Krmni obroki za pitance v
Sloveniji vsebujejo praviloma vecji delez travne silaze zaradi geografskih znacilnosti
drzave, ker ima veliko ve¢ travniskih in pasnih povrSin v primerjavi z njivami za pridelavo
koruze in zit.

Ob zakolu bikov iz drugega poskusa smo zbrali vzorce mesa, da bi Se bolj podrobno
proucili kakovost mesa med biki cikaste in lisaste pasme spitanih na S-INT in EXT obroku
(Sim¢i€ in sod., 2015¢). Proucevali smo vplive pasme in krmnega obroka na pokazatelje
kakovosti mesa. Barva svezega mesa je ena izmed pomembnejsih lastnosti pri odloCitvah
porabnikov o nakupu mesa. Ugotovili smo, da je bilo meso cikastih in lisastih bikov
podobno svetlo. Hkrati pa je bilo meso cikastih bikov znacilno bolj rdece in rumeno od
mesa lisastih bikov. V polovicah cikastih in lisastih bikov je bil podoben delez mesa in
med pasmama ni bilo znacilnih razlik. Kljub temu pa je bilo v klavnih polovicah cikastih
bikov znacilno ve¢ loja, manj kit in manj kosti v primerjavi s polovicami lisastih bikov.
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Poleg tega je bilo razmerje meso : kosti v klavnih polovicah znacilno boljSe pri cikastih v
primerjavi z lisastimi biki. Meso cikastih bikov je imelo podobne senzori¢ne lastnosti kot
meso lisastih bikov. Znacilna razlika med pasmama je bila samo v aromi, saj so imeli
cikasti biki bolj aromatiéno meso od mesa lisastih bikov. Ceprav razlika ni bila znacilna,
smo ugotovili, da je bilo meso cikastih bikov nekoliko mehkejSe od mesa lisastih bikov,
kar je potrdilo tudi merjenje mehkobe z Warner-Bratzlerjevo (WB) strizno silo, ki je bila
vecja pri rezu vzorcev lisastih bikov. Med pokazatelje kakovosti mesa Stejemo tudi
vsebnost intramuskularne mascobe in masc¢obnokislinsko sestavo. Dolo¢€ili smo nekoliko
vecjo vsebnost intramuskularne mascobe v mesu cikastih bikov v primerjavi z lisastimi,
kar je bilo pricakovano glede na vecjo vsebnost loja v polovicah cikastih bikov. Posledi¢no
je bilo v mesu cikastih bikov znacilno ve¢ SFA (nasi¢enih maScobnih kislin) in manj
PUFA (veckrat nenasi¢enih mascobnih kislin) v primerjavi z lisastimi biki. Vsebnost
MUFA (enkrat nenasi¢enih mas¢obnih kislin) je bila podobna v mesu obeh pasem. Poleg
tega krmni obrok ni vplival na vsebnost SFA, MUFA in PUFA. Razmerje med n-6/n-3
PUFA masc¢obnimi kislinami je bilo znacilno manjSe v mesu cikastih bikov v primerjavi z
lisastimi biki. Tudi vpliv krme je bil znacilen, saj so imeli biki iz S-INT skupine v mesu
vi§je razmerje n-6/n-3PUFA od bikov v EXT skupini. ManjSe n-6/n-3PUFA razmerje je
bilo zaradi vecje vsebnosti n-3PUFA v mesu cikastih in lisastih bikov, kar lahko pojasnimo
s travno silazo v obeh krmnih obrokih (S-INT, EXT). Meso bikov obeh pasem prirejeno z
dvema razli¢nima krmnima obrokoma je imelo n-6/n-3 PUFA razmerje znotraj priporoc¢ene
vrednosti 10:1 (Commission of European Communities, 1993).

Na splosno uveljavljeno mnenje, da je cikasto govedo neprimerno za prirejo mesa, je
verjetno nastalo na podlagi neprimernih tehnologij reje oz. pitanja bikov te pasme. Pri
ustrezni tehnologiji pitanja in ob optimalno dosezeni stopnji dopitanosti, lahko ti biki
dosezejo dobro klavno kakovost, podobno kot biki drugih kombiniranih pasem in kriZanci.
Velika prednost cikastega goveda, v primerjavi z drugimi pasmami, je manjsi delez kosti v
klavnih polovicah in sposobnost za pitanje do vecje telesne mase in starosti, ne da bi se
prekomerno zamastili. Menimo, da smo z vsemi izpeljanimi poskusi pitanja cikastih bikov
na PRC Logatec, pomembno doprinesli k boljSemu poznavanju pitovnih in klavnih
lastnosti ter lastnosti mesa mladih bikov cikastega goveda. Zelimo si, da bi bila pasma tudi
z vidika prireje mesa sedaj bolj realno vrednotena.

Cikasto govedo redijo na majhnih, tudi ekoloskih kmetijah, v poletnem ¢asu na pasi brez
dodajanja mo¢nih krmil. Pasma je zelo prilagojena na okolje in primerna za sonaravno
(ekolosko) kmetijstvo, Se posebno na marginalnih obmocjih. To bi lahko bila priloznost za
rejce cikastega goveda, za promocijo pasme, njene dobre klavne kakovosti in
kakovostnega mesa. Kakovost mesa je namre¢ primerljiva z mesom bikov lisaste pasme in
tudi drugih avtohtonih pasem govedi v Evropi, katerih rejci so Ze nasli trzno niSo za
prodajo kakovostnih proizvodov. Kot bliznji primer uspeSnega trzenja mesa avtohtone
pasme lahko vzamemo meso istrskega goveda v Istri na Hrvaskem (Caput in sod., 2009).
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3.2 SKLEPI

Na lastnosti zunanjosti vpliva ve¢ dejavnikov. V tem delu smo ugotovili znacilen vpliv leta
ocenjevanja, starosti ob ocenjevanju in Stevila dni po telitvi, kar lahko posledi¢no povzroci
nepravilno razvrstitev zivali v ustrezen tip v skladu z rejskim programom. Telesne
kondicije se ob ocenjevanju zunanjosti ne zabelezi, zato tega vpliva nismo mogli prouditi.
Ocenjeni dednostni delezi za lastnosti zunanjosti prvesnic cikastega goveda so primerljivi z
ocenjenimi dednostnimi delezi pri drugih pasmah in omogocajo moZznost uporabe za
genetsko vrednotenje. Ocenjene plemenske vrednosti omogocajo ustreznejSo razvrstitev
zivali glede na tip, kar lahko uporabimo za ucinkovitejSo selekcijo populacije z vidika
ohranjanja avtohtonih lastnosti.

Cikasto govedo je avtenticna avtohtona pasma govedi v Sloveniji, kar smo potrdili z
genetsko karakterizacijo na osnovi genetskih mikrosatelitnih oznacevalcev in oznacevalcev
SNP v primerjavi z drugimi referenénimi pasmami. V skladu z novo klasifikacijo na
osnovi genetske raznolikosti, geografske blizine in zgodovine pasem je cikasto govedo
razvrs¢eno v drugo skupino »Centralno-evropsko govedo« in v peto podskupino
»Centralno-vzhodne pasme, kjer sta Se pincgavsko in pustariSko govedo. Kot avtenti¢na
avtohtona pasma bo na podlagi genetske karakterizacije vpisana in predstavljena v novi
enciklopediji pasem, ki jo pripravljajo na Univerzi v Lincolnu v Veliki Britaniji.

Mladi biki cikastega goveda so ob ustrezni tehnologiji pitanja povsem primerni za prirejo
mesa. Dosegajo dobro klavno kakovost in kakovost mesa, ki je primerljiva z drugimi
kombiniranimi in avtohtonimi pasmami govedi v Evropi. Velika prednost cikastega goveda
je manjsi delez kosti v klavnih polovicah in sposobnost za pitanje do vecje telesne mase in
starosti ob zakolu, ne da bi se pri tem prekomerno zamastili.
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4 POVZETEK (SUMMARY)
4.1 POVZETEK

Glavni namen te disertacije je bil proucevanje cikastega goveda, ki je edina avtohtona
pasma govedi v Sloveniji. V preteklosti je bila ta pasma razsirjena predvsem v Alpah in
predalpskem svetu sedanje Slovenije. Danes je cikasto govedo razsirjeno skoraj po vsej
Sloveniji. Po podatkih Sluzbe za identifikacijo in registracijo (SIR) je bilo v juniju 2014 v
Sloveniji 3.351 zivali cikastega goveda. V centralni podatkovni zbirki (CPZ) Govedo na
Kmetijskem inStitutu Slovenije je bilo v decembru 2014 v rodovniSki knjigi za cikasto
govedo vpisanih 2.021 cistopasemskih plemenic, od katerih jih je bilo 379 v glavnem
razdelku rodovniSke knjige.

Razvoj cikastega goveda je bil na podlagi pisnih zgodovinskih virov podrobno proucen v
doktorski disertaciji (Zan Lotri¢, 2012). Govedo na Kranjskem je bilo prvi¢ popisano leta
1872 kot govedo brez posebnega imena, rumene, rdece, rdecerjave in rjavocrne barve
(Schollmayr, 1873). V letu 1878 je bilo opisano bohinjsko govedo (Hitz, 1878), rjavordece
barve z lepim telesnim okvirom, tankih kosti in z relativno veliko mle¢nostjo. Bohinjsko
govedo so kasneje oplemenjevali z biki belanskega goveda (Mdlltaler). Na Gorenjskem je
Povse (1893) opisal rdece pisano gorenjsko govedo. Poleg tega je opisal tudi skromno in
mlecno bohinjsko govedo, ki ga ni imenoval kot posebno pasmo. V Posocju je Povse
(1894) opisal tolminsko in bovsko govedo kot lazji tip belanskega goveda z veliko
mlecnostjo.

Belansko govedo je imelo relativno majhen telesni okvir, temnejSo rdeco osnovno barvo
dlake in zelo dobro mlecnost, a je bilo leta 1925 priklju¢eno k pincgavskemu govedu in je
tako izumrlo (Sambraus, 1999). Ko je prvotno enobarvno lokalno govedo, ob koncu 19.
stoletja na ozemlju danasnje Slovenije, od belanskega goveda prevzelo barvni vzorec, so
ga poimenovali cikasto govedo. Po barvnem vzorcu je bilo podobno belanskemu govedu,
po telesnih oblikah pa prvotnemu lokalnemu govedu (Fercej, 1947). Leta 1935 so bila v
Sluzbenem listu kraljevske banske uprave dravske banovine kot Banova uredba objavljena
»Navodila za presojo barvnih znakov cikastega goveda« (Navodila za presojo..., 1935).

Po letu 1935 so za namen oplemenjevanja cikastega goveda zaceli uvazati bike
pincgavskega goveda iz Avstrije, katerih je bilo na slovenskem ozemlju najve¢ v ¢asu
druge svetovne vojne (Zan Lotri¢, 2012). Posledi¢no sta se oblikovala dva razli¢na tipa
cikastega goveda, vecji "ravninski" in man;jsi "planinski" ali "Bohinjski" tip (Fercej, 1947).
V ¢asu po drugi svetovni vojni je bilo v Sloveniji okoli 80.000 glav cikastega goveda
(Cepon in sod., 1999). To pasmo so redili zlasti za prirejo mleka in za predelavo le-tega v
sir. Na obmodjih, kjer je prevladovalo cikasto govedo, naj bi bila teleta neprimerna za
intenzivno prirejo mesa, zato je bilo leta 1964 sklenjeno, da se cikasto govedo na
Gorenjskem pretopi z lisastim govedom. Na Tolminskem so cikasto govedo zaceli
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zamenjevati z rjavim govedom. ManjSe Stevilo rejcev na odro¢nih kmetijah je Se naprej
uporabljalo licencirane bike cikastega goveda za naravni pripust. Tak$ni pripusti po letu
1976 niso bili ve¢ dovoljeni, a so nekateri rejci nadaljevali s prepovedanimi pripusti z
nelicenciranimi biki cikastega goveda. Za osemenjevanje je bilo po letu 1976 na voljo
seme uvozenih bikov pincgavskega goveda in seme bikov krizancev s 25 - 50 % genov
cikastega goveda in 50 - 75 % genov pincgavskega ali rdecega holStajnskega goveda
(Jeretina, 2004).

Reja cikastega goveda je ostala brez naértnega selekcijskega dela. Stevilo Zivali se je
zmanjSevalo do leta 1992, ko je bilo v registru govedi na Kmetijskem inStitutu Slovenije le
Se 59 krav cikastega goveda, ki so imele znano poreklo (Jeretina, 2004). V letu 2002 se je
pricelo sistemati¢no iskanje Zivali cikastega goveda za namen ohranjanja. Kmalu je postalo
jasno, da so cikasto govedo redili in ohranili rejci na hribovskih kmetijah na Kamniskem in
na obmocju Bohinja, kjer so se uprli prepovedi naravnega pripusta in nadaljevali z uporabo
nelicenciranih cikastih bikov. Na novo je bilo registriranih Se okoli 300 zivali cikastega
goveda, ki so bile potencialno brez primesi pincgavskega goveda. Zaradi neznanega
porekla in podobnosti v barvnem vzorcu cikastega in pincgavskega goveda je bilo
nemogoce izkljuciti zivali s primesmi pincgavskega goveda. Vse zivali, ki so bile po
zunanjosti podobne cikastemu govedu, so bile vpisane v register in kasneje v rodovnisko
knjigo kot cikasto govedo. Za cikasto govedo je bil leta 2005 sprejet in potrjen rejski
program (Zan in sod., 2005). Leta 2010 se je rejski program nekoliko dopolnil in ponovno
sprejel (Zan Lotric in sod., 2010). Selekcija cikastega goveda sedaj temelji na ocenjevanju
lastnosti zunanjosti pri potencialnih plemenskih bikih ter pri vseh prvesnicah. Leta 2006
(Zan Lotri¢ in sod., 2010) se je ponovno ocenila zunanjost vsem plemenskim Zivalim z
vkljucitvijo tako imenovanih »avtohtonih lastnosti«. Pregled je pokazal velike razlike v
lastnostih zunanjosti med zivalmi v populaciji cikastega goveda, zato so bile vse Zivali
razvrscene v tri tipe in sicer: cikasti, delni cikasti in pincgavski tip. RazvrScanje zivali v tip
na podlagi ocene za sestavljeno lastnost avtohtonost, se izvede istoasno ob ocenjevanju,
kar onemogoca, da bi upostevali morebitne vplive okolja.

V disertaciji smo uporabili vecje Stevilo razlicnih zbirk podatkov in z njimi preverili vec
hipotez. V prvi hipotezi smo predpostavili, da na lastnosti zunanjosti in posledi¢no na
razvrstitev zivali v ustrezen tip vplivajo poleg genetskih tudi vplivi okolja. Cilj raziskave je
bila analiza lastnosti zunanjosti pri 330 plemenskih bikih in 1.086 prvesnicah cikastega
goveda. Proucili smo Stiri merjene lastnosti pri prvesnicah in sedem pri plemenskih bikih.
Posamezne ocenjevane lastnosti na linearni lestvici od 1 do 9 so bile razdeljene v tri sklope
in sicer, avtohtonost, telesne oblike in vime pri prvesnicah. Sestavljene ocenjevane
lastnosti so bile tri pri plemenskih bikih in S$tiri pri prvesnicah. S proceduro GLM v
statisticnem paketu SAS smo ocenili vplive na posamezno lastnost. Sistematski del
statisticnega modela za plemenske bike je vkljuceval vpliv leta ocenjevanja in starost zivali
ob ocenjevanju kot linearno regresijo. Sistematski del statisticnega modela za prvesnice pa
je poleg teh, vkljuceval Se Cas po telitvi kot linearno regresijo. Pri prvesnicah smo z
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modelom Zivali ocenili tudi parametre disperzije za vse lastnosti zunanjosti. Uporabili smo
metodo REML v paketu VCE-6. Poleg sistematskih vplivov je model Zivali vkljuceval Se
naklju¢ni vpliv €rede in aditivni genetski vpliv Zivali. Vse razpolozljive informacije o
prednikih zivali z meritvami (1.747 zivali) smo uporabili za izgradnjo matrike sorodstva. V
povprecju so bili 14,6 mesecev stari plemenski biki v vihru visoki 117,1 c¢cm, prvesnice pa
126,5 cm pri starosti 33,9 mesecev. Ker se zivali v populaciji cikastega goveda glede na
lastnosti zunanjosti med seboj zelo razlikujejo, so vse plemenske zivali razdeljene Se na
tip. Na podlagi viSine vihra in ocen zunanjosti iz sklopa avtohtonost so bili plemenski biki
in prvesnice razdeljeni na cikasti tip (186 &, 213 @), delni cikasti tip (142 &, 681 ) in
pincgavski tip (2 &, 192 Q). Plemenski biki v cikastem tipu so bili v vihru visoki 115,8 cm
pri 14,3 mesecih, prvesnice 121,8 cm pri 32,6 mesecih in so imeli povprecno oceno za
sestavljeno lastnost avtohtonost 7,22 (&) in 7,19 (9). Ocenjeni dednostni deleZi za merjene
lastnosti so bili od 0,48 do 0,79, za posamezne ocenjevane lastnosti za avtohtonost od 0,37
do 0,87, za posamezne lastnosti za telesne oblike od 0,17 do 0,70 in za posamezne lastnosti
za vime od 0,26 do 0,51. Ocenjeni dednostni delezi za sestavljene lastnosti avtohtonost,
omiSicenost, telesne oblike in vime so bili 0,62, 0,29, 0,20 in 0,30. Delez pojasnjene
variance z vplivom ¢rede za merjene lastnosti je bil od 0,08 do 0,25, za posamezne
lastnosti za avtohtonost od 0,01 do 0,08, za posamezne lastnosti za telesne oblike od 0,01
do 0,20 in za posamezne lastnosti za vime od 0,06 do 0,15. Delezi pojasnjene variance z
vplivom ¢rede za sestavljene lastnosti avtohtonost, omisi¢enost, telesne oblike in vime so
bili 0,10, 0,27, 0,09 in 0,13. Ocene genetskih korelacij med merjenimi lastnostmi so bile od
0,87 do 0,99, med posameznimi lastnostmi za avtohtonost od -0,10 do 0,96, med
posameznimi lastnostmi za telesne oblike od -0,55 do 0,90 in med posameznimi lastnostmi
za vime od -0,79 do 0,96. Ocenjene korelacije so bile visoke med lastnostmi, ki opisujejo
podobne morfoloske znacilnosti, npr. lastnosti telesnega okvira, vimena ter beli pasovi na
prednjih in zadnjih nogah. Ocenjeni dednostni deleZi za lastnosti zunanjosti prvesnic
cikastega goveda so primerljivi z drugimi pasmami in jih lahko uporabimo za genetsko
vrednotenje lastnosti zunanjosti. Ocenjene plemenske vrednosti omogocajo ustreznejSo
razvrstitev zivali v posamezne tipe, kar lahko uporabimo za ucinkovitejSo selekcijo
populacije, Se posebno z vidika ohranjanja avtohtonih lastnosti.

Glede na vsa dejstva iz zgodovinskih zapisov in zaradi velikih razlik v zunanjosti med
posameznimi zivalmi v populaciji cikastega goveda nismo mogli trditi, da je ohranjeno
govedo res prvotno cikasto govedo. V drugi hipotezi smo predpostavili, da je ohranjeno
cikasto govedo avtenti¢na avtohtona pasma, ki je genetsko razlicna od pincgavskega
goveda in od drugih pasem v Alpah. Naredili smo genetsko karakterizacijo cikastega
goveda, da bi ocenili status avtohtone pasme. Primerjali smo genotipe za 14
mikrosatelitnih oznacevalcev pri 150 Zivali cikastega goveda z genotipi 16 pasem govedi iz
srednje Evrope. Pokazali smo, da je cikasto govedo genetsko enako raznoliko kot druge
alpske pasme, bolj raznoliko od avstrijskega lisastega goveda, vendar manj od balkanske
buse. Analiza s programom Structure je pokazala primesi pincgavskega goveda pri ve¢jem
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Stevilu zivali, vendar je zaznala tudi edinstveno genetsko identiteto cikastega goveda. Ta
analiza omogoca izbor genetsko najbolj ¢istih zivali cikastega goveda, kar je bilo ocenjeno
z naborom mikrosatelitnih oznacevalcev. Cikasto govedo je potrebno obravnavati kot
avtenti¢no pasmo in je dragocen genetski vir.

V zadnjem casu se ¢edalje bolj uveljavljajo genetski oznacevalci SNP. Genotipizacija z
velikim Stevilom oznacevalcev SNP (BovineSNP50 ¢ip) je postala financno ugodnejsa in
hkrati nudi vecje Stevilo informacij o genomu. Cilj raziskave je bil pridobiti nepristrane
ocene parametrov raznolikosti, doloc€iti deleZze primesi drugih pasem v genomu cikastega
goveda in pojasniti zgodovino populacije. Genetske analize so bile narejene na osnovi
vecjega Stevila polimorfizmov na posameznem nukleotidu (SNP) pri 76 Zivalih cikastega
goveda in pri 531 zivalih iz 14 referen¢nih populacij. Za pridobitev nepristranih ocen smo
uporabili kratke haplotipe iz Stirih oznacevalcev SNP namesto posameznega SNP, da bi se
izognili pristranosti BovineSNP50 ¢ipa. Haplotipi po celem genomu v kombinaciji z
nepopolnim poreklom in ocenami za lastnosti zunanjosti so pokazali potencial za
izboljSanje identifikacije Cistopasemskih zivali z majhnim delezem primesi. Filogenetske
analize so pokazale edinstveno genetsko identiteto zivali cikastega goveda. Matrika
genetskih razdalj v obliki mreze je pokazala dolgo in Siroko filogenetsko povezavo med
cikastim in pincgavskim govedom. Nenadzorovano oblikovanje skupin narejeno z
»Admixture« analizo in dvodimenzionalen prikaz genetskih razdalj med posameznimi
zivalmi sta tudi pokazala, da je cika edinstvena pasma, Ceprav je po videzu podobna
pincgavcu. Zivali, ki so bile identificirane kot najbolj ¢istopasemske, se lahko uporabljajo
kot jedro za reSevanje avtohtonega genetskega ozadja v sedanji populaciji. Rezultati so
pokazali veliko haplotipsko raznolikost lokalno dobro prilagojenih populacij, ki jih rejci
niso nikoli intenzivno odbirali in selekcionirali v dolo¢eno pasmo. Vse to predlaga nacin
ohranjanja in reSevanja, ki se ne opira izkljuno na iskanje prvotnega avtohtonega
genetskega ozadja, ampak predlaga predvsem identifikacijo in odstranitev tujih primeSanih
haplotipov, kar bi bolj u¢inkovito zmanjSalo erozijo genetske pestrosti. Uspesna uvedba
takSnega naCina bi morala temeljiti na zdruZevanju podatkov iz ocenjevanja lastnosti
zunanjosti, podatkov v poreklu in haplotipov iz celega genoma za prouc¢evano pasmo in za
spekter referencnih pasem, ki so morebiti imeli neposreden ali posreden prispevek h
genetskemu oblikovanju prou¢evane pasme.

V preteklosti je bilo cikasto govedo v glavnem namenjeno za prirejo mleka. Danes je
mle¢nost krav majhna v primerjavi z drugimi pasmami, ki so usmerjene v trzno prirejo
mleka. V rejskem programu je sicer zapisano, da je cikasto govedo kombinirana pasma s
poudarkom na prireji mleka (Zan Lotri¢ in sod., 2010). Sedaj veéino krav redijo kot krave
dojilje, kjer je glavni proizvod odstavljeno tele ob koncu laktacije. Povse (1894) je zapisal,
da je bilo meso tolminskega goveda zelo cenjeno pri mesarjih v Trstu in Gorici. V tretji
hipotezi smo predpostavili, da so biki cikastega goveda ob ustrezni tehnologiji pitanja
primerni za prirejo mesa in imajo primerljivo klavno kakovost in kakovost mesa z ostalimi
kombiniranimi pasmami govedi v Sloveniji.
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Populacija cikastega goveda se je zadnja leta povecevala, zato je bilo na voljo vse vec
odstavljenih bikcev ob koncu pasne sezone primernih za nadaljnje pitanje. To je vodilo k
odlocitvi, da smo od rejcev zaceli odkupovati odstavljene bikce vsako leto po koncu pasne
sezone, veC let zapored. Odstavljene bikce priblizno enake telesne mase in starosti smo
vsako leto v jeseni uhlevili na PRC Logatec in izvedli ve¢ poskusov pitanja.

Cilj raziskave je bil ugotoviti kako tradicionalen nacin dopitanja s krmnim obrokom na
osnovi voluminozne krme v primerjavi s krmnim obrokom z vecjo energijsko vrednostjo
vpliva na rast, klavne lastnosti in obnasanje ob krmljenju pri bikih cikastega in lisastega
goveda (20 bikov na pasmo). Poskusna krmna obroka sta bila: extenzivni (EXT) na osnovi
travne silaZe in srednje intenzivni (S-INT), v katerem je bil del travne silaZe nadomescen s
koruzno silazo in son¢ni¢no moko. Oba krmna obroka sta bila krmljena po Zelji desetim
bikom cikaste in desetim bikom lisaste pasme, ki so bili uhlevljeni v skupinskih boksih po
pet zivali skupaj. Zmogljivost za rast je bila podobna pri bikih obeh pasem, vendar so biki
cikastega goveda dosegli komercialno stopnjo dopitanosti en mesec pred biki lisaste pasme
(139 vs. 167 dni, p = 0,016). Biki krmljeni s S-INT obrokom so bili tezji ob zakolu (645,3
vs. 590,1 kg; p = 0,05), imeli so vecji povprecni dnevni prirast (1,05 vs. 0,83 kg, p = 0,026)
in zauZivanje krme (11,7 vs. 10,6 kg suhe snovi (SS)/dan, p < 0,001) kot biki krmljeni z
EXT obrokom. Ne glede na pasmo in krmni obrok so biki zauZili 77 - 80 % dnevne SS v
prvih osmih urah po razdelitvi krme. Biki krmljeni z EXT obrokom so dlje Casa stali
(406,4 vs. 355,8 min, p < 0,001) in uzivali krmo (217,2 vs. 155,3 min, p <0,001) in krajsi
¢as prezvekovali (77,5 vs. 92,9 min; p < 0,001) kot S-INT krmljeni biki v prvih osmih urah
po razdelitvi krme. Biki cikastega goveda so imeli lazji polni vamp in kapico glede na
relativno telesno maso ob zakolu (8,7 vs. 10,7 %; p = 0,002) kot biki lisaste pasme. Taki
pozitivni rezultati dosezeni s cikastim govedom bi morali spodbuditi rejce, da bi vzredili
mlade bikce za prirejo mesa, s ¢imer bi prispevali k ohranitvi tega genskega vira. Poleg
tega bi morali povecati tudi delez energije z dodajanjem moc¢nih krmil v krmne obroke na
osnovi voluminozne krme.

Klavne lastnosti in lastnosti mesa smo analizirali s statisticnim paketom SAS/STAT z
uporabo procedure GLM. V model smo vkljucili pasmo in krmo kot sistematska vpliva.
Sestavo mascobnih kislin smo analizirali s proceduro GLM, kjer smo v model vkljucili
pasmo, krmo in interakcijo pasma x krma kot sistematske vplive. Cikasti biki so imeli
manjSo maso klavnega trupa (332,64 + 6,63 kg) in znacilno boljSo klavnost (55,79 +
0,35 %), v primerjavi z biki lisaste pasme (348,72 + 6,63 kg, 54,42 + 0,35 %). Cikasti in
lisasti biki so imeli podobno svetlo (L*) meso (35,63 + 0,36; 35,86 =+ 0,36), medtem ko so
imeli cikasti biki znacilno bolj rdece (a* = 24,98 + 0,58) in bolj rumeno (b* = 11,56 +
0,35) meso od lisastih bikov (a* = 21,55 + 0,58, b* = 9,83 + 0,35). Z disekcijo desne
klavne polovice smo dobili 73,66 + 0,37 % mesa, 9,51 + 0,36 % loja, 1,48 £+ 0,05 % kit in
15,35 = 0,21 % kosti pri cikastih bikih, medtem ko so bile polovice lisastih bikov
sestavljene iz 73,37 = 0,37 % mesa, 8,20 + 0,36 % loja, 1,81 + 0,05 % kit in 16,63 +
0,21 % kosti. Warner-Bratzlerjeva strizna sila je bila nekoliko vecja pri vzorcih mesa bikov
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lisaste (49,32 + 3,92 N) v primerjavi s cikasto pasmo (43,16 = 3,91 N), vendar razlika ni
bila znacilna. Vsebnost skupne intramuskularne mascobe je bila znacilno vecja v mesu
cikastih bikov (24,06 + 1,95 g/kg) v primerjavi z lisastimi biki (13,02 + 1,95 g/kg), kar bi
bilo mogoce pojasniti z manjso starostjo ob zakolu pri mladih bikih lisaste pasme glede na
to, da vpliv krme ni bil znacilen. Meso cikastih bikov je vsebovalo znacilno ve¢ SFA
(48,61 = 0,36 %) in manj PUFA (12,65 + 1,10 %) v primerjavi z lisastimi biki (45,28 +
0,36 %, 18,28 = 1,10 %). Krma ni znacilno vplivala na delez SFA, MUFA in PUFA v
mesu obeh pasem. Rezultati te raziskave so pokazali, da lahko s cikastimi biki priredimo
meso dobre kakovosti. Fizikalne in kemijske lastnosti so primerljive s kakovostjo mesa
bikov lisaste in nekaterih drugih pasem govedi v Evropi, katerih rejci so ze nasli "lokalne
trzne nise" za proizvode teh pasem.

V doktorski disertaciji smo potrdili vse tri hipoteze. Potrdili smo, da na ocene zunanjosti
vpliva ve¢ dejavnikov okolja, kar je lahko posledicno povzrocilo nepravilno razvrstitev
zivali v ustrezen tip. Ocenjeni dednostni delezi za lastnosti zunanjosti cikastega goveda so
primerljivi z drugimi pasmami in jih lahko uporabimo za genetsko vrednotenje lastnosti
zunanjosti cikastega goveda. Ocenjene plemenske vrednosti omogocajo ustreznejSo
razvrstitev zivali glede na tip, kar lahko uporabimo za ucinkovitejSo selekcijo populacije z
vidika ohranjanja avtohtonih lastnosti.

Z genetsko karakterizacijo na osnovi genetskih mikrosatelitnih oznacevalcev in
oznacevalcev SNP smo potrdili, da je cikasto govedo avtenticna avtohtona pasma v
Sloveniji. V skladu z novo klasifikacijo pasem na osnovi genetske raznolikosti, geografske
blizine in zgodovine pasem je sedaj cikasto govedo razvrs¢eno v drugo skupino
»Centralno-evropsko govedo« in v peto podskupino »Centralno-vzhodne pasme«, kamor
sta razvrS€eni tudi pincgavsko in pustariSko govedo. Cika bo kot avtenticna avtohtona
pasma na podlagi genetske karakterizacije predstavljena v novi enciklopediji pasem, ki jo
pripravljajo na Univerzi v Lincolnu v Veliki Britaniji.

Potrdili smo, da so mladi biki cikastega goveda ob ustrezni tehnologiji pitanja povsem
primerni za prirejo mesa. Dosegajo dobro klavno kakovost in kakovost mesa, ki je
primerljiva z drugimi kombiniranimi in avtohtonimi pasmami govedi v Evropi. Velika
prednost cikastega goveda je manjSi delez kosti v klavnih polovicah in sposobnost za
pitanje do vecje telesne mase in starosti, brez prekomerne zamascenosti klavnega trupa.

4.2 SUMMARY

The main objective of the present dissertation is the survey of Cika cattle which is at
present considered as the only Slovenian autochthonous cattle breed. In the past, this breed
was spread mainly in the Alps and in the Sub-Alpine parts of present-day Slovenia. Today,
it is spread almost all over Slovenia. In June 2014 according to the Office for the
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identification and registration (SIR) there were 3351 animals of Cika cattle in Slovenia. In
December 2014, the herd book for Cika cattle, managed at the Agricultural Institute of
Slovenia, included 2021 registered pure-bred females, where 379 of them were in the main
section of the herd book.

Development of Cika cattle was examined in detail on the basis of written historical
sources and described in the dissertation of Zan Lotri¢ (2012). Cattle in Carniola was for
the first time surveyed in 1872 and noted as cattle without a specific name of yellow, red,
redbrown or brownblack colours (Schollmayr, 1873). Bohinj cattle was described in 1878
(Hitz, 1878) as brownred cattle with a beautiful body frame, thin bones and a relatively
high milk yield. Bohinj cattle was later improved with the bulls of Mélltaler cattle. Povse
(1893) described the Red Pied Upper Carniola cattle. In addition, he described the poor and
dairy Bohinj cattle, which was not named as a specific breed. Povse (1894) described
Tolmin and Bovec cattle, found in the river Soc¢a valley, as a lighter type of Molltaler cattle
with a high milk yield.

Molltaler cattle had a relatively small body frame, dark red basic coat colour and a very
high milk yield, but in 1925 it was disseminated to Pinzgauer cattle and thus become
extinct (Sambraus, 1999). When the original single coloured local cattle at the end of the
19™ century, in the territory of present-day Slovenia, took the coat colour pattern from the
Molltaler cattle, they named it as Cika cattle. The coat colour pattern was similar to the
Molltaler cattle, and the body frame was like the original local cattle (Fercej, 1947). In the
official Journal of the Royal Ban Administration of the Drava province the Ban regulation
"Guidelines for the assessment of the coat colour signs of Cika cattle" was published in the
year 1935 (Navodila za presojo..., 1935).

After the year 1935 for the purpose of improving Cika cattle, the import of Pinzgauer bulls
from Austria has started. Pinzgauer bulls were the most widespread in Slovenia at times
after the Second World War (Zan Lotri¢, 2012). As a result, two different types of Cika
cattle were created, large "lowland" and small "mountain" or "Bohinj" type (Fercej, 1947).
After the Second World War there were around 80,000 heads of Cika cattle in Slovenia
(Cepon et al., 1999). This breed was bred especially for milk production. Most of milk
yield was processed into cheese. In the areas where Cika cattle dominated, calves were
considered as unsuitable for intensive meat production. Consequently, in 1964 it was
concluded that Cika cattle needs to be displacing crossed with Simmental in the Upper
Carniola region. In the Upper Soca valley Cika was replaced by Brown cattle. A low
number of breeders in the marginal farms continued using the licensed Cika bulls for
natural service. Despite natural service was banned after the year 1976, some breeders still
continued to use unlicensed Cika bulls. After the year 1976, the semen of imported
Pinzgauer sires was available for the insemination of Cika cows as well as the semen of
crossbred Cika sires with 25-50% of Cika cattle and 50-75% of Pinzgauer or Red Holstein
cattle (Jeretina, 2004).
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Breeding of Cika cattle has been without a systematic selection work for quite some years.
The population size of Cika cattle was decreasing till 1992. Only 59 cows that had known
pedigree were recorded in the Register at the Agricultural Institute of Slovenia (Jeretina,
2004). In 2002, a systematic searching of Cika animals for conservation purposes had
begun. It soon became clear that Cika cattle was preserved and maintained by the breeders
on the mountain farms in Kamnik and Bohinj area. They rebelled the ban of the natural
service and continued using unlicensed Cika bulls. For the first time, about 300 Cika
animals were registered with potentially no Pinzgauer admixture. Due to the unknown
pedigree and similarities in the coat colour pattern of Cika and Pinzgauer cattle, it was
impossible to exclude Cika animals with Pinzgauer admixture. All animals which were
similar in type traits to Cika cattle were registered in the herd book of Cika breed. Cika
cattle breeding program was adopted and confirmed in 2005 (Zan et al., 2005). In 2010, the
breeding program was slightly modified and re-adopted (Zan Lotri¢ et al., 2010). Breeding
of Cika cattle is now based on the type traits scoring for young bulls for the artificial
insemination and natural service, as well as first-parity cows. In 2006 (Zan Lotri¢ et al.,
2010) the type traits scoring was repeated for all breeding animals with included the so-
called "autochthonous characteristics". The review showed significant differences in the
type traits among animals of Cika population. All animals were divided into three types
like: Cika, Semi-Cika and Pinzgauer type. Classification of each animal in the appropriate
type based on the score for the composite autochthonous trait was carried out immediately
after the scoring, which made it impossible to consider the potential environmental effects.

In this dissertation, we used a number of different databases and checked several
hypotheses. In the first hypothesis, we assumed that the type traits and therefore the
classification of animals in the appropriate type are affected by the environmental effects,
besides the genetic influences.

The aim of the research was to analyse the measured and scored type traits of 330 sires and
1086 first-parity cows of Cika cattle. We examined four measured traits of first parity cows
and seven measured traits of sires. Individual traits scored on a linear scale from 1 to 9
were divided into three groups, autochthonous traits, form and udder. The composite
scored traits were three for sires and four for first-parity cows. The GLM procedure in the
statistical package SAS was used to determine environmental effects on a particular trait.
Fixed part of the statistical model used for sires included fixed effects of scoring year and
age at scoring as linear regression. Fixed part of the statistical model used for cows
included fixed effects of scoring year, as well as age at scoring and time after calving as
linear regressions. Based on the animal model for first-parity cows the dispersion
parameters were assess for all type traits. We used the REML method in the VCE-6
package. In addition to included fixed effects, animal model included the random herd
effect and additive genetic effect. All available ancestors’ information of animals with
records (1,747 animals) were used for the relationship matrix construction. On average,
14.6 months old sires had 117.1 cm wither height, while first-parity cows at the age of 33.9
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months had 126.5 cm in wither. Since animals in Cika population vary widely in type
traits, they were subdivided into different types. Sires and cows were classified on the base
of wither height and score for composite autochthonous trait into Cika type (186 &, 2139),
semi Cika type (142 &, 6819) and Pinzgauer type (2 &, 1929). Sires in Cika type were in
withers 115.8 cm at 14.3 months, first-parity cows were 121.8 cm at 32.6 months and had
composite autochthonous trait 7.22 () and 7.19 (Q), respectively. Estimated heritabilities
for measured traits were from 0.48 to 0.79, for individual autochthonous traits from 0.37 to
0.87, for individual form traits from 0.17 to 0.70, and for individual udder traits from 0.26
to 0.51. Estimated heritabilities for the composite traits of autochthonous, muscularity,
form and udder were 0.62, 0.29, 0.20 and 0.30. Estimated herd variance ratios for
measured traits were from 0.08 to 0.25, for individual autochthonous traits from 0.01 to
0.08, for individual form traits from 0.01 to 0.20 and for individual udder traits from 0.06
to 0.15. Estimated herd variance ratios for composite traits of autochthonous, muscularity,
form and udder were 0.10, 0.27, 0.09 and 0.13. Estimated genetic correlations among the
measured traits were from 0.87 to 0.99, among individual autochthonous traits (-0.10 to
0.96), among individual form traits (-0.55 to 0.90) and among individual udder traits (-0.79
to 0.96). Estimated correlations were high among traits that describe similar morphological
characteristics, for example body frame, udder, white bands on the fore and hind legs.
Estimated heritabilities for type traits of Cika are comparable with other breeds and can be
used for genetic evaluation of type traits in Cika cattle. Estimated breeding values allow
adequate classification of animals in each type, which could be used for the efficient
selection in the population in terms of preserving autochthonous traits.

In the light of all the facts of the historical records and due to the large differences in the
type traits among individual animals in Cika population, we could not say that preserved
cattle really belong to the original Cika. In the second hypothesis, we assumed that the
preserved Cika is an authentic autochthonous breed which is genetically different from the
Pinzgauer cattle and other breeds in the Alps.

We report a genetic characterization of Cika cattle to assess their status as autochthonous
breed. Genotypes of 14 microsatellite markers in 150 Cika cattle individuals with data
from 16 Central European cattle breeds were compared. It has been found that Cika cattle
are genetically as diverse as other Alpine breeds, are more diverse than Austrian
Simmental but less than the Balkan BuSa cattle. Structure analysis showed Pinzgauer
admixture in several individuals but also indicated a unique genetic identity for Cika. This
analysis also allowed a selection of the most genetically pure Cika individuals as assessed
by the panel of microsatellites. Cika cattle should be considered as an authentic and
valuable genetic resource.

Recently, SNP genetic markers have been more and more in use. Genotyping of a large
number of SNP markers (50,000 BovineSNP chip) has become a financially favourable
and also provides more information about the genome. The aim of the study was to obtain
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unbiased estimates of the diversity parameters, the population history, and the degree of
admixture in Cika cattle. Genetic analyses were performed on the genome-wide Single
Nucleotide Polymorphism (SNP) array data of 76 Cika animals and 531 animals from 14
reference populations. To obtain unbiased estimates we used short haplotypes spanning
four markers - instead of single SNPs to avoid an ascertainment bias of the BovineSNP50
array. Genome-wide haplotypes combined with partial pedigree and type trait scores show
the potential to improve identification of purebred animals with a low degree of admixture.
Phylogenetic analyses demonstrated unique genetic identity of Cika animals. Neighbour-
Net distance matrix suggested long and broad phylogenetic connection between Cika and
Pinzgauer. Unsupervised clustering performed by the admixture analysis and two-
dimensional presentation of the genetic distances between individuals also suggest Cika is
a distinct breed, despite being similar in appearance to Pinzgauer. Animals identified as the
most purebred could be used as a nucleus for a recovery of the native genetic background
in the current admixed population. The results show that local well-adapted strains, which
have never been intensively managed and differentiated into specific breeds, exhibit large
haplotype diversity. This suggests a conservation and recovery approach that does not rely
exclusively on the search for the original native genetic background but also on the
identification and removal of common introgressed haplotypes would be more powerful.
Successful implementation of such an approach should be based on combining phenotype,
pedigree, and genome-wide haplotype data of the breed of interest and a spectrum of
reference breeds which potentially have had direct or indirect historical contribution to the
genetic makeup of the breed of interest.

In the past Cika cattle was used mainly for milk production. Today, the milk yield of Cika
cows is low compared to other breeds, which are used for the market milk production. In
the breeding program it is written that Cika is a dual-purpose breed with the emphasis on
milk production (Zan Lotri¢ et al., 2010). Now, most of the cows are kept as suckler cows
in the cow-calf system, where the main product is weaned calf at the end of lactation.
Povse (1894) wrote that the meat of Tolmin cattle was greatly appreciated by butchers in
Trieste and Gorizia. In the third hypothesis was assumed that Cika bulls in the appropriate
fattening technology are suitable for beef production and have a comparable carcass and
meat quality as other dual-purpose breeds in Slovenia.

The population of Cika cattle has increased in recent years. Consequently, there were more
weaned calves on the market at the end of the grazing season that were suitable for further
fattening. This has led to the decision that we bought weaned calves from the breeders each
year after the grazing season for several years. Weaned calves of about the same live
weight and age were housed each year in autumn at the PRC (Educational Research
Animal Husbandry Centre) Logatec and conducted several fattening trials.

This study aimed at comparing the effects of a traditional finishing roughage-based diet
and a higher energy diet, on growth, carcass characteristics, and feeding behaviour of
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Slovenian Cika and Simmental bulls (20 per breed). The experimental diets were:
extensive (EXT) based on grass silage, and semi-intensive (S-INT) in which a part of the
roughage was replaced with maize silage and sunflower meal. Each diet was fed ad libitum
to 10 Cika (547 days old) and 10 Simmental (442 days old) bulls housed in group pens of
five animals each. Growth performance was similar in both breeds, but Cika reached
commercial finishing one month earlier than Simmental (139 vs. 167 days; p = 0.016).
Bulls fed S-INT had higher final weight (645.3 vs. 590.1 kg; p = 0.05), average daily
growth (1.05 vs. 0.83 kg; p = 0.026), and feed intake (11.7 vs. 10.6 kg dry matter
(DM)/day; p < 0.001) than EXT bulls. Regardless of breed and diet, bulls ate 77-80% of
the daily DM in the first 8h after feed delivery. Bulls fed EXT showed longer standing
(406.4 vs. 355.8 min; p < 0.001) and eating (217.2 vs. 155.3 min; p < 0.001) and shorter
ruminating times (77.5 vs. 92.9 min; p < 0.001) than S-INT bulls during the first 8 h of
feed delivery. Cika bulls had lower full reticulo-rumen weights relative to slaughter
weights (8.7 vs. 10.7%; p = 0.002) than Simmental. The positive findings obtained with
Cika cattle should encourage farmers to finish their young Cika male stocks for beef
production, thus contributing to the maintenance of this animal genetic resource, and also
to increase the energy density of the grass-based finishing diets by feeding supplements.

Carcass and meat traits were analysed with the statistical package SAS/STAT using a
GLM procedure, considering breed and diet as fixed effects. Fatty acids profile was
analysed by a GLM procedure considering breed, diet and breed X diet interaction as fixed
effects. Cika bulls had lower carcass weight (332.64 + 6.63 kg) and significantly higher
dressing percentage (55.79 £ 0.35%) compared to the bulls of Simmental breed (348.72 +
6.63 kg; 54.42 + 0.35%). Cika and Simmental young bulls had similarly light (L*) meat
(35.63 + 0.36; 35.86 = 0.36), while Cika bulls had significantly more red (a* = 24.98 +
0.58) and more yellow meat (b* = 11.56 + 0.35) than Simmental (a* = 21.55 = 0.58; b* =
9.83 + 0.35), respectively. The dissection of right carcass sides resulted in 73.66 + 0.37%
of lean meat, 9.51 + 0.36% of total fat, 1.48 + 0.05% of tendons and 15.35 + 0.21% of
bones in Cika carcasses, while 73.37 £+ 0.37% of lean meat, 8.20 = 0.36 of total fat, 1.81 +
0.05% of tendons and 16.63 + 0.21% of bones resulted in Simmental carcasses. The breed
significantly affected only the flavour among all sensory traits, where meat of Cika had
more intensive flavour (5.39 £ 0.11) compared to Simmental (5.09 £ 0.12). Warner-
Bratzler shear force were slightly higher in Simmental (49.32 + 3.92 N) compared to Cika
samples (43.16 = 3.91 N) where the difference was not significant. Total intramuscular fat
content was significantly higher in Cika beef (24.06 + 1.95 g/kg) compared to Simmental
(13.02 £ 1.95 g/kg) what could be explained with lower slaughter age of Simmental young
bulls, regarding that the effect of the diet was not significant. Cika beef contained
significantly more SFA (48.61 £ 0.36%) and less PUFA (12.65 + 1.10%) compared to
Simmental (45.28 + 0.36%, 18.28 £ 1.10%), respectively. However, the diet did not
significantly affect the percentage of SFA, MUFA, PUFA in beef of both breeds. The
findings from this study show that Cika young bulls can provide meat of good quality.
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Physical and chemical characteristics seem to be comparable to meat quality of Simmental
and some other breeds of cattle in Europe which have already found a “local niche” for
selling their products.

In this dissertation, we confirmed all three hypotheses. We confirmed that type traits are
influenced by several environmental effects, which could lead to misclassification of
animals in the appropriate type. Estimated heritabilities for type traits of Cika cattle are
comparable with other breeds and can be used for genetic evaluation of type traits in Cika
cattle. Estimated breeding values allow adequate classification of animals in each type,
which could be used for efficient selection of the population in terms of preserving
autochthonous traits. The genetic characterization based on microsatellite and SNP genetic
markers confirmed that Cika cattle is an authentic indigenous breed in Slovenia. In
accordance with the new classification based on genetic diversity, geographical proximity
and breed history Cika cattle were classified in the second group of "Central-European
cattle" and in the fifth subgroup "Central-Eastern breeds", where Pinzgauer and Pustertaler
cattle are classified as well. Based on the genetic characterization, Cika cattle as an
authentic autochthonous breed, will be recorded and presented in a new encyclopaedia of
cattle breeds, published by the University of Lincoln, UK. We confirmed that young Cika
bulls with an appropriate fattening technology are suitable for beef production. They
achieve good carcass and meat quality, which are comparable to other dual-purpose and
autochthonous breeds in Europe. The great advantage of Cika cattle is lower bones
proportion in the carcass and the ability for fattening to higher slaughter weight and age,
without over fatness.
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PRILOGE
Priloga A:
Obrazec za ocenjevanje zunanjosti plemenic cikastega goveda
OBRAZEC ZA OCENJEVANJE IN RAZVRSCANJE PLEMENIC CIKASTEGA GOVEDA
Rejec:
Ime in Id.8t. Zivali:
Datum rojstva:
Ime in Id.st. oceta:
Ime in Id.st. matere:
Zaporedna telitev in datum:
OKVIR:
Visina vihra (cm) Visina kriza (cm) DolZina telesa (cm) Obseg prsi (cm)
OBLIKE:

Opisovane lastnosti Izrazen?‘ffgl;astnostl Ocena Napake
Dolzina glave dolga - kratka -1,-2
Plemenitost glave groba — plemenita temen smréek ||
IzraZzenost oci slaba — moéna neustrezen pigment |_|
Debelina rogov debeli — tanki beli znakinaglavi ||
DolZina rogov dolgi - kratki beli znaki na nogah |_|
Usmerjenost rogov navzven — naprej pikasto pisana Il
Vrat grob — plemenit prekinjena hrbtna lisa |_|
|zrazenost podgrline mocna — slaba hrbtna lisa na krizu | |
Pigmentacija plas¢a zelo temna - zelo svetla
lzrazenost hrbtne lise mocna — slaba
IzraZenost pas na stegnih mocna — slaba
lzrazenost pas na golenih mocna — slaba
Hrbet uleknjen — izbocen razpleéenost 1|
Nagib kriza nadgrajen — pobit visoko nasajenrep ||
Kot skoénega sklepa strm — sabljast vdolbina med sednicama

|
IzraZenost sko¢nega sklepa zadebeljen — tanek kravja stoja |
Biclji mehki - strmi razprti parklji |
Parklji nizki - visoki
Vime pod trebuhom majhno - ohseZno stopni¢asto vime ||
Globina vimena spuséeno - pripeto lijakasti seski )
Debelina prednjih seskov tanki - debeli stran strleci seski | |
Dolzina prednjih seskov kratki - dolgi
Cistost vimena ($tevilo) paseski| | medseskil_| priseski |_|
Iztok mleka (izjava rejca) pocasen - povprecen - hiter (ocena 1-5)
Temperament (izjava rejca) nervozen - povprec¢en - miren (ocena 1-5)
AVTOHTONOST OMISICENOST OBLIKE VIME
SKUPNA OCENA
TIP (obkrozi) CIKASTI DELNI CIKASTI PINCGAVSKI
Datum ocene: Ocenjevalec: |_|_|_I_| Podpis:




Sim¢i¢ M. Fenotipske in genetske znacilnosti cikastega goveda.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehniska fakulteta, 2015

Priloga B:

Obrazec za ocenjevanje zunanjosti plemenskih bikov cikastega goveda

OBRAZEC ZA OCENJEVANJE IN RAZVRSCANJE PLEMENJAKOV CIKASTEGA GOVEDA

Izvorni rejec:

Rejec:

Ime in Id.8t. Zivali:

Datum rojstva:

Ime in Id.St. oCeta:

Ime in |d.st. matere:

OKVIR:

KMG-MID

KMG-MID

Visina vihra (cm)

Visina kriza (cm)

Dolzina telesa (cm)

Obseg prsi (cm)

Sirina prsi (cm)

Globina prsi (cm)

Sirina kriza (cm)

Telesna teza (ka)

OBLIKE:

Opisovane lastnosti

lzrazenost lastnosti
(1-9)

Ocena

Napake

DolZina glave

dolga - kratka

-1, -2

Plemenitost glave

groba - plemenita

temen smréek ||

lzrazenost o€i

slaba — moéna

neustrezen pigment |_|

Debelina rogov

debeli — tanki

beli znakinaglavi _|_|

DolZina rogov

dolgi - kratki

beli znaki na nogah |_|

Usmerjenost rogov

navzven — naprej

pikasto pisan I..]

Vrat

grob — plemenit

prekinjena hrbtna lisa
|

Izrazenost podgrline

mocna — slaba

hrbtna lisa na krizu | |

Pigmentacija plas¢a

zelo temna - zelo svetla

Izrazenost hrbtne lise

mocna — slaba

IzraZzenost pas na stegnih

mocna — slaba

IzraZenost pas na golenih

mocna — slaba

Hrbet

uleknjen — izboéen

razplecenost ||

Nagib kriza

nadgrajen — pobit

visoko nasajenrep ||

Kot sko€nega sklepa

strm — sabljast

Izrazenost skoCnega sklepa

zadebeljen — tanek

kravja stoja Il

Biclji

mehki - strmi

razprti parklji |

Parklji

nizki - visoki

| Temperament (izjava rejca)

| nervozen - povpreéen - miren (ocena 1-5) |

AVTOHTONOST

OMISICENOST

OBLIKE

SKUPNA OCENA

TIP (obkrozi)

CIKASTI

DELNI CIKASTI

PINCGAVSKI

NAMEN UPORABE BIKA:
OBDOBJE PRIZNANJA:

Datum ocene:

Komisija za oceno in odbiro bikov:
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Priloga C:
Licen¢na pogodba za uporabo ¢lanka v tiskani in elektronski verziji disertacije 1

JOHN WILEY AND SONS LICENSE

TR AN SONDITIONS Terms and Conditions

Oct 16, 2014

Is you have I permission o reproduce or reuse (the "Wiley

"} are protected by copyright,

This is a License Agreement between Mojea Simeic ("You™) and John Wiley and Sons
("lohn Wiley and Sons™) provided by Copyright Clearance Center ("CCCT), The license
consisis of your order detal c terms and conditions provided by John Wiley and Sons,
and the payment terms and ¢

hereby granted a g i . non-sub i ble (on a stand-
non-transferable, \mrldn ide, limited license to reproduce the Wiley
Materials for the purpose specified in the licensing process. This license is for a one-
time use oniy and limited w any maximum distribution number specified in the

All payments must ba mads in full to GGG, For payment Instructions, plesse ses license. The first instance of n:-publin:alim? or reuse g.r:_imf:d h} this licence must b«.
information listed at the bottem of this form. completed within two vears of the date of the grant of this licence (although copies
prepared before the end date may be distributed thereafier). The Wiley Materials shall
not be used in any other manner or for any other purpose, beyond what is granted in
the license. Permission is granted subject (o an appropriate acknowledgement given o
sed content publisher  John Wiley and Sons the suthor, title of the material/book journal and the publisher, You shall also

License Number 3490690737050
License date Oct 16, 2014
u

Licensed content publication Journal of Animal Breeding and Genetics duplicate the copyright noti hat appears in the Wiley publication in your use of the
Licensed content title On the origin of the Slovenian Cika cattle Wiley Material. Permission is also granted on the understanding that nowhere in the
Uicensed copyright line © 2013 Blackwell Varlag GmbH text is a previously published source acknowledged for all or part of l]lll. W:Itv
Licensed content author M. Sim&ié, 1.4, Lenstra,R. Baumung,P. Dové,M. Cepon,D. Kompan Material. Any third party content is expressly luded from this g
Licensed content date Apr 8, 2013 . p . p .

+ With respect to the Wiley Materials, all rights are reserved. Except as expressly
£t poan i granted by the terms of the license, no part of the Wiley Materials may be cc
End page 495 maodified, 'nlnpn.d h.\x,r:pl for minor reformatting required by the new Publlcmmm
Type of use Dissertation/Thesis. translated. ferred or distributed, in any form or by any means, and no
Requestor type Author of this Wiley article derivative \mrl@ may bc made based on the Wiley Materials without the prior
Format Print and electronic permission of the respective copyright owner. You may not alter, remove or suppress
Portion Full article in any manner any copyright. trademark or other notices displayed by the Wiley
Wil e ba translating? NG Materials. You may nm”I se. rent. sell. loan, lease, pledge, offer as securd
Titia oF your thesis 7 Phengtypic:and genutic charscrgatian of Clka. cattle transfer or assign the Wiley Materials on a stand-alone basis, or any of the nights
dissartation granted to you hereunder to any other person.

Expected completion date  Feb 2015

Expeiced skie Gaumberof 100 * The Wiley Materials and all of the intcllalclual property rights the "Il.:ihil" at all times
pages) remain the exclusive property of John Wiley & Sons Ing, the Wiley Companies, or
Total 0.00 EUR their respective licensors, and your interest therein is only that of having posse:
and the right to reproduce the Wiley Materials pursuant 1o Section 2 herein dur
continuance of this Agreement. You agree that you own no right, title or interest in or
o the Wiley Materials or any of the intellectual property rights therein. You shall have
This copyrighted material is owned by or exclusively licensed o John Wiley & Sons, Inc. or no rights hereunder other than the as provided for above in Sec 2. No right,
one of its group companies (cach a"Wiley Company™) or handled on behalf of a society with license or interest to any trademark, trade name, service mark or other branding

ley Company has exclusive publishing rights in relation o a particular work ("Marks") of WILEY or its licensors is granted hereunder, and you agree that you

i of

Terms and Conditions

TERMS AND CONDITIONS

ely ..“.” EY"). By clicking accept  in with pleting this 1i i shall not assert any such right, license or interest with respect thereto.

ing terms and iti pply 1o this i
flong with | payment terms and conditions esablished by the Copyrigh « NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
Clearance Center Inc.., ("CCC's Billing and Payment terms and conditions™ ). at th IIML that REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY.

k aceount (these are available atany time at
Lcom),

you opened your Rights]
hittp://myaccount.copy

EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS

OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING. WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, ESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
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BY YOU

WILEY shall have the right 1o this A

this Agreement by you.

v upon breach of

You shall indemnily, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and a 1y actual or
threatened claims, demands, of action or proceedings arising from any breach
of this Agreement by you.

IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
TIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
ECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,

'HER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
SLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
ON, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
S OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND
WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY
LIMITED REMEDY PROVIDED HEREIN.

Should any provision of this Agreement be held by a court of competent jurisdiction
1o be illegal, invalid, or unenforceable, that provision shall be deemed amen.
achieve as nearly as possible the same economic effect as the original pro
the legality, validity and enfi ility of the ining provisions of this Agreement
shall not be affected or impaired thereby.

The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforee each and every term and condition
of this Agreement. No breach under this agreement shall be deemed waived or
excused by either party unless such waiver or consent is in writing signed by the party
granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent 1o any other or subsequent breach by such other party.

This Agi may not be | {including by operation of law or otherwise) by
vou without WILEY's prior written consent.

Any fee I for this shall be non-refundable after thirty (30) days

from receipt by the CCC.

These terms and conditions ogether with CCC s Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and

.

In the event of any conflict between your obligati blished by these terms and
conditions and those established by C s Billing and Payment terms and
conditions, these terms and conditions she i

.

WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licer
transaction, {ii) these terms and conditions and (iii) CCC s Billing and Payment
terms and conditions,

.

This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

1.

.

This A shall be g i by and d in with the laws of
the State of New York, USA, without regards to such state s conflict of law rules,
Any legal action, suit or proceeding arising out of or relating to these Terms and
Conditions or the breach thereol shall be instituted in a court of ¢ Jurisdiction
in New York County in the State of New York in the United States of America and
each party hereby consents and submits to the personal jurisd of such court,

wal any ohjection to venue in such court and consents to service of process by
registered or centified mail, return receipt requested, at the last known address of such
party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish

es under the terms of the Creative Commons Attribution (CC BY) License
subscription journals and a few of the Open Access Journals offer a choice of
Creative C Li Creative C Autrik (CC-BY) license Creative
Commons Attribution Non-Commercial (CC-BY -NU) license and Creative Commons
Attribution Non-Commercial-NoDerivs (CC-BY-NC-ND) License. The license type is
clearly identified on the anticle.

Copyright in any research article in a journal published as Open Access under a Creative
Commons License is retained by the author(s). Authors grant Wiley a license to publish the
article and identify itself as the original publisher. Authors also grant any third party the
right 1o use the article freely as long as its integrity is maintained and its original authors,
citation details and publisher are identified as follows: [ Title of Article/ Author/Journal Title
and Volume/Issue, Copyright (¢) [vear] [copyright owner as specified in the Journal]. Links
1o the final article on Wiley s website are encouraged where applicable.

The Creative Commons Attribution License

The Creative Commaons Attribution License (CC-BY ) allows users 1o copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-commercial re-use of an open access article, as long as
the author is properly atributed.

The Creative Commons Antribution License does not affect the moral rights of authors,
including without limitation the right not to have their work subjected to derogatory

It also does not aftect any other rights held by authors or third parties in the
article, including without limitation the rights of privacy and publicity. Use of the article

WILEY ing this li ion and (in the ab of fraud) sup J
all prior and rep of the parties, oral or written, This Agreement
may not be amended except in writing signed by both parties. This Ag shall be
binding upon and inure to the benefit of the parties’ s, legal rep ives,

and authorized assigns.
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must not assert or imply, whether implicitly or explicitly, any ion with, end,
or sponsorship of such use by the author, publisher or any other party associated with the
article.

For any reuse or distribution, users must include the copyright notice and make clear 1o
others that the article is made available under a Creative Commons Attribution license,
linking to the relevant Creative Commons web page.

To the fullest extent permitted by applicable law, the article is made available as is and
without representation or warranties of any kind whether express, implied story or
otherwise and including, without limitation, warranties of title, merchantabi ness for a
particular purpose, non-infringement, absence of defects, accuracy, or the presence or
absence of errors.

Creative Commans Attribution Non-Commercial License

The Creative Commaons Attribution Non-Commern
distribution and reproduction in any medium, prov
and is not used for commercial purposes.(see below)

al (CC-BY-NC) License permits use,
ed the original work is properly cited

Creative C Attr Non-C inl-NoDerivs License

The Creative Commaons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly eited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

Use by non-commercial users

Forr 1l and non- pury individual users may aceess, download,
copy. display and redisiribute o colleagues Wiley Open Access articles, as well as adapt,
translate, text- and data-mine the content subject t the following conditions:

+ The authors’ moral rights are not compromised. These rights include the right of
"paternity” (also known as "attribution” - the right for the author to be identified as
such) and "integrity” (the right for the author not o have the work altered in such a
way that the author's reputation or integrity may be impugned).

‘Where comtent in the article is identified as belonging to a third party, it is the
obligation of the user to ensure that any reuse complies with the copyright policies of
the owner of that content.

If article content is copied. d or reused for ial
research and education purposes, a link to the appropriate bibliographic citation
(authors, journal, article title, volume, issue, page numbers, DOL and the link to the
definitive published version on Wiley Online Library) should be maintained.
Copyright notices and disclaimers must not be deleted.

Any translations, for which a prior transkation agreement with Wiley has not been
agreed, must ly display the : "This is an unofficial translation of an
article that 1ina Wiley publi The publisher has not end d this
translation.”

Use by cial "for-profit”

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee, Commercial
purposes include:

+ Copying or downloading of articles, or linking to such articles for further
redistribution, sale or licensing:

= Copying, downloading or posting by a site or service that incorporates advertising
with such content;

The inclusion or incorporation of article content in other works or services (other than
normal g ions with an appropriate ci that is then available for sale or
licensing, for a fee i for example, a compilation produced for marketing purposes,
inclusion in a sales pack)

Use of article content (other than normal quotations with appropriate citation) by for-

profit arg jons fior 1 pury

Linking to article content in e-mails redistributed for promotional, marketing or
educational purpose:

Use for the purposes of monetary reward by means of sale, resale, licence, loan,
transfer or other form of ial exploi such as market d

Print reprints of Wiley Open Access articles can be purchased from:
corporntesalesinwiley com

Further details can be found on Wiley Online Library
hitp:Volabout wiley. comWilewCDA/Section/id-4 10895 html

Other Terms and Conditions:

v1.g

com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.,
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Priloga D:
Licen¢na pogodba za uporabo ¢lanka v tiskani in elektronski verziji disertacije 2

Siméi¢, Mojca

Od: one_production <one_production@plos.org>

Poslano: 13. marec 2015 21:36

Za: Siméi€, Mojca; ivica.medjugorac@gen.vetmed.uni-muenchen.de

Zadeva: PONE-D-14-24065R2 ref:_00DUOIfis._SOOUOIKIF [ ref._00DUOIfis._S00UOIKIFO:ref |
Priloge: Acceptance letter for PONE-D-14-24065.pdf

Dear Dr. Medugorac and Dr. Simcic,

Thank you for your message. Unfortunately, we do not provide a formal permission for authors to include their
manuscript as part of a PhD thesis. However, we request that you clearly indicate that the manuscript has been
accepted for publication in your PhD thesis.

| have also included a formal acceptance letter to this email if it helps Dr. Simcic with her thesis project. If there is
anything else | can assist with, please let me know.

Kind regards,
Saziya

PLOS | OPEN FOR DISCOVERY
Saziya Latif | Publications Assistant, PLOS ONE
1160 Battery Street, Suite 100, San Francisco, CA 94111 plosone@plos.org | plos.org | Facebook | Twitter | Blog
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ref:_00DUOIfis._S00UOIKIFO:ref
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Priloga E:
Licen¢na pogodba za uporabo ¢lanka v tiskani in elektronski verziji disertacije 3

CSIRO PUBLISHING Licence to Publish

Animal Production Science Manuscript No. AN13095

Title of the paper (the ‘Work’" ) Effects of finishing diets on arowth, slaughter performance and feeding

haviour of Slovenian hth ika and Simmental n Il

Author(s)

By submitting this paper, the Author { Authors if a multi-authored paper) warrams that the Author has the right or has obtained
authorisation 1o enter into this Licence.

The Author warrants that the Work:

*  Has not been published before (except if included in an instittional pre-print server)

»  Isnot presently being considered for publication elsewhere

*  Does not infringe any intellectual propeny right of any person and its use in accordance with this Licence will not infringe any
imellectual property right of any person

*  Does not contain any subject matter that contravenes any laws (including defamatory material and misleading and deceptive
material) and

»  Meets ethical standards applicable to the research discipline.

Terms of the Licence to Publish

1. In consideration for publication of the Work, the Author grants to CSIRO, through CSIRO PUBLISHING (the 'Publisher), an
m.lnsm- and rovalty-free worldwide I.ru:nu o
o d publish and the Work, or any part of the Work, to the public in any and all media. whether existing
bcrorr: or after the date of this Licence, for commercial. educational and all other purposes for the full remaining term of the
copyright subsisting in the Work in each applicable junisdiction,
o Approve fair and reasonable permission requests from third parties to reuse material contained in the Work for the purpose of
study, research or subsidiary publication,

2, In addition to the Author's moral rights in respect of the Work, the Author retains the right to;
o Use copies of the work for ial pury within his‘'her institution subject to the usual copyright licencing agency
umangements
Use the work for further research and ions at ings and
he ill ioms (line an, ph s, figures, plates) and research data in his'her own future works

=] are print or digital copies of his/her work with colleagues for personal use or siudy

5 Include the work in part or in full thesis pro published for commercial gain

o Place his'her pre=publication version of the work on a pre=print server

> Place his/her pre-publication version of the work on a personal website or | | repository on condition that there is a
link to the definitive version on the CSIRO PUBLISHING website.

3. The Author agrees to:
o Include a link and/or refi to the Work as published by the Publisher on all digital copies used within his/he
o Not reproduce or authorise others to reprod laptations of the Work that are substantially identical to the Work for any
commercial publication
5 Not permit digital copies of the Work as published by the Publisher to be systematically networked to external users
o Notuse the Work iy way that implies that the Publisher, the Jounal or the Editors endorse any product or procedure
described in the Work,

4. When exercising any of the rights assigned or granted, each pany is required to give suffi acknowledg of the
made by the other party to the published material including a citation to the Joumnal.

5. Ifthe paper is rejected, all rights under this licence revert to the Author and, where relevant, to the Author's employer.

Waorks made in the course of employment

6, Where the Work has been made by the Author (or in the case of multiple Authors, by any of them) in the course of employment and
the employer owns copyright in the Work, that employer must sign this Licence, The employer has the same rights and obligations
and gives the same warranties and licence rights as an Author under this Licence.
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