UNIVERSITA
DEGLI STUDI
DI PADOVA

Sede Amministrativa: Universita degli Studi di Padova

Dipartimento di Agronomia Animali Alimenti Risorse Naturali e Ambiente
(DAFNAE)

CORSO DI DOTTORATO DI RICERCA IN: Scienze Animali e Agroalimentari
INDIRIZZO: Scienze Animali
CICLO: XXIX

GENETIC ANALYSIS OF MILK AND BEEF TRAITS IN

THE AUTOCHTHONOUS RENDENA DUAL PURPOSE

BREED

Coordinatore: Ch.mo Prof. Stefano Schiavon

Supervisore: Ch.mo Prof. Roberto Mantovani

Dottorando : Nadia Guzzo






INDEX

ABSTRACT 5
RIASSUNTO 9
INTRODUCTION 15
AIMSOF THISSTUDY 29

CHAPTER 1. HETEROGENEITY OF VARIANCE FOR MILK, FAT AND PROTEINYIELD

IN SMALL CATTLE POPULATIONS: THE RENDENA BREED AS ASE STUDY 31

CHAPTER 2. DEVELOPMENT OF A METHOD FOR TEST-DAY MODELS ANALYS OF

SOMATIC CELL IN RENDENA BREED 53

CHAPTER 3. GENETIC PARAMETERS OF MILK TECHNOLOGICAL TRAITS PRECTED

USING FOURIER-TRANSFORM INFRARED SPECTROSCOPY INRREENA BREED 75

CHAPTER 4. ANALYSIS OF GENETIC CORRELATIONS BETWEEN BEEF TRAS IN

YOUNG BULLS AND IN PRIMIPAROUS COWS BELONGING TO TH DUAL PURPOSE

RENDENA BREED 101

GENERAL CONCLUSIONS 125






ABSTRACT

The Rendena breed is an Italian small cattle pojpulaccounting for about 4,000 registered cows
in the herd book, native of the homonymous Valleyrento province and currently reared in the
North-east of Italy. The selection objective in Bena breed is the improvement of both quality
and quantity of milk and meat with higher emphdsrsmilk, in tune with the maintenance of the
fertility, longevity and rusticity in the breed, é&anwith a special attention to the control of
inbreeding, considering the reduced population. size

This thesis has aimed to deepen some aspects etigsealection for the main productive aptitudes
in the breed (milk and meat) investigating the pmolty of implementing new breeding goals on
the basis of new phenotypes such as udder heatthm@lik technological properties considering
carefully their genetic correlations with the qugnand quality of milk. Beside these objectives,
the investigation on possible variance heterogegrfeit milk yield traits and on the relationship
between beef traits obtained in primiparous cows young candidate bulls have been carried out.
Therefore, the ultimate aim was a further improf/¢he knowledge on the genetic structure of the
whole panel of traits accounting for the dual pseattitude in the Rendena breed looking at
possible additional improvement of the selectiohesge. The first three steps of the study have
been concerned different aspects of the milk prodac@ptitude in the breed, using the currently
repeatability test-day model applied in routineBngtic evaluation for milk. The first chapter of
this thesis evaluated possible heterogeneity ofamee for productive traits using average milk
yield recorded in Rendena farms under functionatrab in years 2004-2013 (114 farms). Medium
and high productive groups (average milk yield 6f6B + 4.96 and 19.95 * 5.95, respectively)
were identified via cluster analysis. Subsequetlig,estimated heritability and genetic correlation
between groups were obtained via bi-trait animatehasing 73,916 test-day records of milk, fat

and protein yield belonging to a sample of 49 hesith the same numerical proportion as in
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medium and highly productive levels and consideryigjds in the two productive groups as
different traits. The genetic components and Haititp of milk, fat and protein yield were
heterogeneous between the two productive groupb, migher values for the highly productive
group (0.16 and 0.30, respectively). However, theetic correlations for milk yield traits between
productive groups resulted sufficiently greatQ(88) to support the hypotheses of no heterogeneit
between productive groups. Even the rank correldietween EBVs of bulls that had daughters in
both groups confirmed this finding (0.98). The feswsuggested that genetic evaluation not
accounting for the heterogeneous variance may pkedpwithout producing biased estimates for
the bulls EBVs. However, a more careful selectiooutd be considered for bull dams.

In the second study genetic parameters for theeocomf milk somatic cells (SCC) were estimated
using different and alternative methods. In pataguhe SCC traits defined for genetic evaluation
were: somatic cells score (SCS), log total somagtt counts (LTSCC) and three different
thresholds (80,000, 150,000 and 400,000 cells/anlsbmatic cells. A total of 69,796 TD records
of milk, fat, protein yields and SCC belonging t825 cows was used to analyse heritability and
genetic correlations between SCC and yield tragisgu bi-trait animal model under Bayesian
approach. The threshold traits showed heritabialues expressed under a liability scale ranging
from 0.04 to 0.07, lower than those obtained foSSMDd LTSCC traits that were equal to 0.09 and
0.10, respectively. The genetic correlations behmgeld traits and the SCC traits were almost null
(from -0.09 between fat yield and SCS, to 0.13 ketwprotein yield and SCC400), with the only
exception of LTSCC (0.29 for milk, 0.16 for fat a@d8 for protein). These results indicated that
the genetic selection for milk, fat and proteindarction does not negatively influence the content
of somatic cells in milk. Nevertheless, the compleamework of genetic relationships of SCC with
all traits under selection should be consideredi¢oide for possible inclusion of SCC in the
breeding program.

In the subsequent study, milk technological tréotscheese production were analysed using their

Fourier Transform Infrared (FTIR) predictions (mitbagulation properties, MCP, curd firmness
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model parameters, cheese yields, the nutrient egm®vin the curd and the daily cheese yields),
obtained from routinely functional controls carriedt in the Trento province. A total of 9,947
FTIR predictions representing the test-day recad®97 Rendena cows, collected over a 5-yr
period, were available for the study. The (co)var& components were estimated for the milk
technological traits, milk production, and milk cpasition traits (fat, protein and lactose
percentages, and SCS), via a bi-trait analysis bgn®s of a Gibbs sampling algorithm. Milk of
Rendena cows exhibited good aptitude for coaguiatio general the heritability obtained for all
the predicted traits were comparable and in sons® ageater than those reported for milk
production and composition. Heritability estimaties quality traits ranged from 0.11 for fat
percentage to 0.39 for time of maximum curd firnmeghereas SCS showed the lowest heritability
(0.01). The improvement of milk production favourgaime of the traditional MCP traits, but did
not promote cheese vyield traits (average genetieladion of -0.34). However, the relationships
between milk production and the nutrients recoveaits were almost null. Conversely, favourable
genetic correlations were obtained between milk mpwsition and cheese yields and nutrient
recoveries traits (average values of 0.57 and Ge®pectively). These results suggested that it is
possible to efficiently improve the technologicabperties of milk for cheese production and
therefore the economic value of milk in the Renderesed.

The improvement of beef aptitude together with ik ability has played an important role for
maintaining the dual attitude in the selectionled Rendena breed. Therefore, the last part of the
study was aimed at estimating genetic relationsbgtsveen muscularity type traits obtained in
primiparous cows (front muscularity; back, loinedaump; thigh, buttocks side and rear views)
with the same types scored on candidate young hultee end of the performance test for beef
aptitude, and the performance test traits (avedaglg gain, ADG; EUROP fleshiness evaluation
and dressing percentage). Muscularity linear typést recorded on 11,992 first parity cows and
both performance test traits and the muscularipgs$yscored on 957 candidate young bulls at the

end of the performance test were used. Througlriassef single-trait REML analyses, genetic
7



parameters for both muscularity traits of cows gadng bulls, and beef performance test traits of
young bulls were obtained. The models for the tvabasets of cows and bulls accounted for
different fixed effects, i.e., herd-year-classifiage at calving and days in milk for muscularity
evaluated on primpiparous cows, and group of copteary, parity order of mother for muscularity
and performance test traits relative to young bdlle only communality between data sets was the
random additive genetic variance. All the previefifects were jointly retained for the AIREML
bivariate analysis to assess the genetic corramti@tween beef traits. Heritability estimates were
moderate for both groups of traits and ranged f@o2% for front muscularity in primiparous cows,
to 0.36 for both back, loins and rump and drespeigentage recorded in young bulls. Medium to
high genetic correlations were found between parémce test and muscularity type traits collected
in young bulls (from 0.47 between thigh, buttockdesview and ADG to 0.97 between thigh,
buttocks side view anth vivo EUROP score). Low genetic relationships were olethibetween
muscularity linear type traits of primiparous coasd performance test traits or the same types
traits scored on young bulls , which showed genaditelations ranging from 0.07 to 0.82. These
results indicate a common way for the meat selectote in Rendena, suggesting the possibility to
account for young bull muscularity traits in genethprovement of the breed.

In conclusion, all the four studies suggested bsgpositive aspects, either methodological or
related to productive or functional traits, likely be used in the selection practice of Rendena

breed.



RIASSUNTO

La razza Rendena € una piccola popolazione botafiad che conta circa 4,000 vacche registrate
al libro genealogico, originaria dal’omonima Valike provincia di Trento é allevata nel nord-est
dell'ltalia (nelle regioni del Trentino Alto Adige del Veneto). L'obiettivo di selezione della razza
Rendena e il miglioramento sia della quantita ceadqualita di latte e carne con una maggiore
enfasi per la produzione di latte, in sintonia domantenimento delle caratteristiche di fertilita,
longevita e rusticita della razza e con una attarezparticolare per la consanguineita, considerando
la ridotta dimensione della popolazione.

Questa tesi ha voluto approfondire alcuni aspetiadselezione genetica delle principali attitudini
produttive della razza (latte e carne) e valutarpdssibilita di implementare la selezione con altr
fenotipi come per esempio la salute della mamneelproprieta tecnologiche del latte, valutando
le correlazioni con i caratteri quantitativi e qteglvi del latte. A partire da questi obbiettigono
stati condotti degli studi volti a valutare la pibdle eterogeneitd di varianza per i caratteri di
produzione di latte e le relazioni tra i carategati alla produzione di carne ottenuti da bovine
primipare e giovani tori candidati. Lo scopo ultimiogquesta tesi e stato quindi quello di ampliare |
conoscenza della struttura genetica dell'insiemaptessivo di caratteri volti al miglioramento
della duplice attitudine nella razza Rendena, otétta di un possibile sviluppo dello schema di
selezione. | primi tre studi hanno quindi riguaaldiversi aspetti dell’attitudine alla produzione d
latte della razza, usando il modello a ripetibilthe & attualmente applicato alla valutazione
genetica del latte.

Nel primo capitolo di questa tesi € stata valutateentuale eterogeneita della varianza dei caiatte
della produzione di latte utilizzando la media pribida aziendale annua di tutte le aziende con

bovini di razza Rendena sotto controllo funziorredgli anni 2004-2013 (114 aziende agricole).



Attraverso una analisi cluster sono stati indivitldae gruppi produttivi di aziende: uno a media ed
uno ad alta produzione (la media produttiva é tisamente di 15.6314.96 e 19.95+5.95).
Successivamente, usando 73,916 rilievi test daje damloduzioni di latte, grasso e proteine
appartenenti ad un campione di 49 aziende sceltpraporzione tra il medio e l'alto livello
produttivo, sono state stimate le ereditabilita ee dorrelazioni genetiche tra i due livelli
considerando i caratteri produttivi nei due gruppine se fossero caratteri diversi. Le componenti
di varianza e le ereditabilita delle produzioni ldite, grasso e proteine sono risultate essere
eterogenee tra i due gruppi produttivi, con valpii alti nel gruppo ad alta produzione
(rispettivamente 0.16 e 0.30). Tuttavia, le comelai genetiche dei caratteri produttivi tra i due
gruppi sono risultate sufficientemente grandi 0.88) per sostenere lipotesi che non c'e
eterogeneita della varianza tra i due gruppi pribdwg anche la correlazione dei rank tra i valori
genetici (EBV) dei tori con figlie in entrambi igppi conferma questo risultato (0.98). I risultati
hanno suggerito che la valutazione genetica pearatteri produttivi pud essere effettuata senza
produrre stime pregiudizievoli per gli EBV dei tamche senza tenere conto dell’eterogeneita della
varianza. Tuttavia, sarebbe opportuno operare eleziene piu attenta alla presenza di eterogeneita
della varianza nelllambito del miglioramento geoetdelle vacche, in particolare delle madri di
toro.

Nel secondo studio sono stati stimati i parametygietici per il contenuto di cellule somatiche del
latte (SCC) utilizzando metodi diversi e alternatNello specifico, sono stati definiti i seguenti
caratteri di SCC per la valutazione genetica: iitpggio normalizzato di cellule somatiche (SCS),
la conta totale delle cellule somatiche (LTSCCYediversi caratteri soglia (80.000, 150.000 e
400.000 cellule / ml) della conta delle cellule smiche. Per stimare le componenti genetiche sono
stati usati 69,796 rilievi test day delle produziah latte, grasso e proteine (kg/d) e SCC
appartenenti a 4,332 vacche, usando un bi-tramanmodel con un approccio bayesiano. |
caratteri soglia hanno mostrato valori di eredli@hiespressi su scala liability, che variavano da

0.04 a 0.07, piu bassi rispetto alle ereditabildienute per i caratteri SCS e LTSCC,
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rispettivamente pari a 0.09 e 0.10. Le correlazgemetiche tra i caratteri produttivi e i caratteri
SCC erano quasi nulle (da -0.09 tra la produziangrasso e le SCS, a 0.13 tra la produzione di
proteina e la soglia SCC400), ad eccezione di LTSTLE9 per latte, 0,16 per il grasso e 0,28 per
proteine). Questi risultati indicano che la selaeigenetica per la prodizione di latte, grasso e
proteina non influenza negativamente il contenuétledcellule somatiche. Tuttavia, dovrebbe
essere presa in considerazione una valutazione datzioni genetiche delle SCC con tutti i
caratteri oggetto di selezione prima di decidereunéeventuale inclusione del carattere nell’ambito
delle programma di selezione della razza.

Nello studio successivo sono state analizzate éliponi FTIR (Fourier Transform Infrared
Spectroscopy ) dei caratteri tecnologici del |§fimprieta coagulative del latte, MCP, i parametri
del modello di rassodamento della cagliata, le fas@®rmaggio, i recuperi dei nutrienti nella
cagliata e le rese in formaggio giornaliere) otterdai controlli funzionali periodici in provincii
Trento. Per lo studio erano disponibili 9,947 xilieest day di predizioni FTIR appartenenti a 997
vacche di razza Rendena raccolti nell’arco di 5i.a@on lo scopo di stimare le componenti di
(co)varianza dei caratteri tecnologici del latt,produzione di latte e le percentuali di grasso,
proteine, lattosio e SCS sono state condotte anldirait con algoritmo Gibbs sampling.
Complessivamente, il latte delle vacche di razzaadeea ha mostrato buona attitudine alla
coagulazione. In generale, le ereditabilita otterta tutti i caratteri predetti erano simili e louani
casi piu alte di quelle ottenute per la produzieri@ composizione del latte. Le stime di eredittbil
variavano da 0.11 per la percentuale di grass®@% [fer il tempo massimo di rassodamento della
cagliata, mentre le SCS ha mostrato i valori pissbdi ereditabilita (0,01). Il miglioramento della
produzione di latte ha favorito i tradizionali ctheai MCP, ma non ha favorito i caratteri di resh d
formaggio (correlazione genetica media di -0.34iitdvia, le correlazioni tra la produzione di latte
e i caratteri di recupero dei nutrienti erano quaglie. Al contrario, sono state ottenute corralazi
genetiche favorevoli tra la composizione del latte rese in formaggio e il recupero dei nutrienti

(valori medi rispettivamente di 0.57 and 0.34). Queisultati suggeriscono che e possibile
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migliorare in modo efficace le proprieta tecnoldgicdel latte per la produzione di formaggio e
quindi il valore economico del latte nella razzan&ena.

Il miglioramento della capacita di produrre carnsieme alla capacita di produrre latte svolge un
ruolo importante nel mantenere la duplice attitedimella selezione della razza Rendena. Pertanto,
l'ultimo studio ha inteso valutare le relazioni génhe dei caratteri di muscolosita rilevati con la
valutazione morfologica lineare nelle primipare @oelosita dell’anteriore, del dorso, lombi e
groppa della coscia e natica visti di lato e ddrd)econ gli stessi caratteri rilevati sui candidat
giovani tori alla fine del performance test pettltadine alla produzione di carne, e per i caratte
performance test (accrescimento medio giornali®EG, valutazione in vivo della conformazione
EUROP e della resa percentuale). Nello studio sstat usati i caratteri morfologici lineari di
muscolosita valutati su 11,992 primipare e i caratli performance test e muscolosita rilevati su
957 giovani tori alla fine del performance testtraterso una serie di analisi REML single-trait,
sono stati stimati i parametri genetici sia deatt@ri muscolosita delle primipare e dei giovami, to
sia dei caratteri carne del performance test. letfliodsati per vacche e tori differenti effetti dis
riguardanti I'allevamento-anno-esperto, le cladgsetd al parto e quelle di giorni in lattazione al
momento della valutazione per la muscolosita splienipare, e il gruppo di contemporanei,
I'ordine di parto della madre per la muscolositiecaratteri di performance test rilevati nei giovan
tori. | due dataset avevano in comune solo I'effetisuale della varianza genetica additiva. Tutti
gli effetti sopra citati per i due differenti daghssono stati poi uniti in un unico modello per
analizzare le correlazioni genetiche tra i cargtétraverso una serie di analisi REML bi-trait.

Le stime di ereditabilita sono risultate moderage @ntrambi i gruppi di caratteri e variavano da
0.25 per la muscolosita della spalla rilevata nptienipare, a 0.36 sia per la muscolosita di dorso,
lombi e groppo che per la resa percentuale rilesatayiovani tori. Sono state stimate correlazioni
genetiche medio alte nei giovani tori tra i carattie performance e i caratteri morfologici linedlii
muscolosita (da 0.47 tra coscia e natica vistatdié AMG, a 0.97 tra coscia e natica vista di &ato

in vivo EUROP). Sono state ottenute correlaziomegiehe basse tra i caratteri morfologici lineari
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di muscolosita delle primipare e i caratteri difpenance test e i lineari di muscolosita rilevagi n
giovani tori alla fine del performance test e hamiportato correlazioni che variavano da 0.07 a
0.82. Questi risultati indicano che la selezionkadearne ha la stessa direzione del miglioramento
della morfologia, suggerendo la possibilita di teneonto dei caratteri muscolari dei giovani tori
nel miglioramento genetico della razza.

In conclusione, tutti i quattro studi hanno sug@epiossibili aspetti, sia metodologici che corriedat
caratteri produttivi o funzionali, che potrebbessere utilizzati nella pratica selettiva della eazz

Rendena.
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INTRODUCTION

RENDENA BREED

Rendena (Figure 1) is a small local breed of tlpgnal arch, native of the homonymous
Valley in Trento province, Italy. A recent classdtion based on molecular data (Felius et al., 011
accounted the breed in the group of central Eumoeawn cattle, including Italian Brown Swiss,
Swiss Brown, and Cabannina. Rendena cattle watyfireentioned in documents of early 1700s.
After cattle plague the breed was crossed withllgecay and brown breeds till 1870, when it
increased in size and importance. Herds and animaie found in the original areas, and also in
South Tyrol, in Veneto and in Lombardy. After aipglof massive crosses with more productive
breeds started in early 1900s, and after the sffettwo world wars, the situation of the breed
became critical and required, in 1947, the creatiba local breeders association. The herd book
was established in 1976, and the National Assatiati Breeders of Rendena cattle (A.N.A.RE)
since 1981 deals with collecting and storing gesgial information, productive and reproductive
data, morphological evaluations and genetic indéké&mtovani et al., 1997; Del Bo et al., 2001;
Mazza and Mantovani, 2012). Currently, Rendena doraecounts for about 7,000 registered
animals in the herd book, 3985 of which are cowsyed in 199 farms mainly in Trentino Alto
Adige and Veneto regions in provinces of Trentajd¥a, Vicenza and Verona in the North-east of
Italy (Bittante et al., 1993). The current disttion of the breed is reported in Table 2. The farms
are of small-medium size, (around 20 heads ead),l@ated both in mountain and in plain. In
these two environments the management of farmstla@deeding strategies are different and
associated with the territory's resources. The ifagmsystems are traditional in mountain (i.e., tied
animals fed hay and concentrate) and based onrdlotige of the alpine pasture for the whole herds
during the summer season, whereas in plain theynare intensive (i.e, feeding system mainly

based on the use corn silage), with the summenea|pasture that is common for young cattle only.
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Typical of the Rendena cattle is the coat withedi#ght shades of dark brown with hairs of tuft and
the dorsal line with lighter dorsal stripe, almbkick in males, with a white ring around the black
muzzle. As many other Alpine breeds, Rendena cettharacterized by small to medium body
size, dual purpose aptitude for milk and beef patidn, good fertility and longevity (Forabosco
and Mantovani, 2011). The main characteristic @f bheed is the rusticity, namely its ability to
adapt itself to living and producing in harsh eomments with low quality forages, as well as its
suitability to graze during the summer season edlpine high pastures (Mantovani et al. 1997).
Indeed, almost all of the cows reared in Trentind anore than 50% of those reared in Veneto
spend the four months in the summer period frortyame to late September in the mountains of
Val Rendena and in the Altopiano di Asiago (ANARI17). As effect of the pasture, this breed
maintains the seasonality of calving, with a maximaoumber of calving between October and
February.

Figure 1. Cows of Rendena breed at pasture

The average milk yield registered in 2015 was alf9R00 kg per lactation with 3.47% fat and
3.24% protein (ANARE, 2017). Rendena cows calvetlfier first time at around 33 months of age

and have on average 3.3 lactations with a mean ojags of approximately 116 days (ANARE,
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2016). The meat aptitude is evaluated in youngsbwlhich at the end of performance test, at
around 11 months of age, weight between 350 and kg0®ith a mean of in vivo dressing
percentage of 58% (Forabosco & Mantovani, 2011).

Figure 2. Current geographical distribution of Rendena br@ée X indicates the Rendena Valley.

I > 100 cows
20 - 100 cows
< 20 cows

SELECTION SCHEDULE

The selection objective in Rendena breed is theawgment of milk yield and quality and
the beef aptitude, in tune with the functionaltgaf fertility, longevity and rusticity, with a spial
attention for inbreeding. In Rendena cattle, theuahinbreeding increase is 0.16% per year (FAO,
2017) considering an average generation length4d years. This value is lower than the critical
threshold of 1% per generation proposed by FAO.deea is labelled as “not-at-risk” (FAO,
2017), and reared following a selection prograneftaof the genetic relationships among selected
animals to limit the inbreeding increase.
The selection set for the Rendena breed is an deanfipnodern genetic improvement strategies
applied to a population of limited numbers. In artte improve both milk and beef abilities, the
Rendena breeders association (A.N.A.RE.), understipervision of the former Department of
Animal Science of the University of Padova (now Bement of Agronomy Food Natural

resources Animals and Environment, DAFNAE), hasptelb a selection scheme (Figure 3) that
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involves the use of young bulls and heifers (ansgnvaithout genetic evaluation), as bull sires and
bull dams, bringing to an assortative matings phithae comes before the beginning of the actual
progeny testing.

Figure 3. Selection schedule applied in Rendena breed (Mantet al., 1997)

BULL BULL CoOw cow
SIRES DAMS SIRES DAMS

I N N

PERFORMANCE
TEST

l HEIFERS |.....

PROGENY
TEST

|

.......... PROVEN
BULLS

This scheme, in detail described by Mantovani et(H97), allows a reduction in generation
interval as respect to what generally observedusl gurpose cattle as it enters the denominator in
the formula for calculating genetic progress (VdacK L.D. et al., 2003):

r-i o,
L

AG =

Where:

AG = Genetic progress

r = accuracy of estimated genetic values
I = selection intensity

04 = genetic standard deviation of trait

L = generation interval

18



Furthermore, this method applied to Rendena is domehtal, because allows to differentiate the
bloodlines of bull sires, avoiding the use few movbulls that would cause high increases of
inbreeding levels, thereby compromising the suhafahe population.

The genetic improvement of quantity and qualityboth milk and meat, in Rendena, is possible
through selection global index (TSI; Figure 4) tpatvides an economic weight of 0.65 to protein
and fat yields (kg), in proportion of 3:1 and catesl for the milk yield. Udder conformation and
muscularity of cows have the same weight, that.1€® @ach. The other 0.15 of weight is for the
beef traits measured at performance testing staiforcandidate young bulls, that is 0.045 for
average daily gain (ADG) and 0.105 for the prodafcin vivo fleshiness and dressing percentage
(Mantovani et al., 1997; Mazza et al., 2014). Milloductive traits have been evaluated using a
test-day model since 2009, whereas linear typeuatiah started in 1994. Candidate young bulls at
performance testing stations have been valued €888, and a subsequent progeny testing for

milk yield is routinely taken on candidate youndl®{Mantovani et al., 1997).

Figure 4. Milk Quality index in Rendena breed. ADG=Averagailp) Gain

m Udder conformation

B Muscularity
Fleshiness

mADG

B Milk Quality

ILQCM Rendena

Milk Aptitude
From the early 1990s the genetic evaluation fok miibduction is largely carry out using single test
day (TD) records (Ptak e Schaeffer, 1993). The nooreservative and better adaptable model in

small local breeds, with animals distributed in Brhard sizes, is a repeatability test-day, because

19



as reported by Dal Zotto (2000) the numbers of afsmand farms implicated in the genetic
evaluation systems were more high than those vaghrandom regression models. In Italy, the
repeatability test day model is applied in theidtalBrown (Dal Zotto, 2000), Italian Simmental

(Degano et al., 2003), and local dual-purpose \4ihita breed (Mazza et al., 2016b).

In a preliminary study conducted in the Rendenaedyesuzzo et al. (2009) reported that the
application of Test Day model as alternative talitranal lactation model was possible, so the
genetic evaluation for milk, fat and protein protloic are currently evaluated using a repeatability

test-day model as follows:

Yikimn = | + HTD-LN + GEST + Xr_; 0, AP-LNk + YF_o 9,MP-LN, + P&, + & + Gjimn,

The model considers: the fixed effect of herd-tis-within lactation number (HTD-LN), at least 4
test-day within lactation and at least 2 test-daghiw herd with the same lactation number, the
fixed effect of the days of gestation class (GESd classes: the first class means no gestation; the
further classes accounts for 15 d intervals froim 240 d of gestation; and the last class consklers
241 d of gestation), the fixed effect of age aitpawithin lactation (AP-LN; 42 classes in totathe
fixed effect of the month of parity (MP-LN; 36 ctes corresponding to single month of year within
lactation number), the random permanent environatecdomponent and the genetic additive
component. The shape of the lactation curve is ritest by 4th order Legendre polynomials

(Strabel and Misztal, 1999) for the fixed effectA®-LN and MP-LN.

Meat Aptitude

Beef traits are routinely evaluated by performatest on young bulls, which measures average
daily gain (ADG), in vivo dressing percentage esti®s and in vivo fleshiness estimates according
to SEUROP grading (European Community, 2006) asrte@ in Table 1. In Rendena breed about

50 male candidate calves per year, born througbrtasive mating, are grouped by month of birth
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and reared from 1 to 11 months of age at the pedoce testing station, where they are monthly
weighted (Mantovani, 1997). The ADG (kg/d) is cddted by a linear regression of the weight on
age. The in vivo SEUROP fleshiness and dressingepéaige are evaluated at the end of the period
of performance by three trained classifiers thalvigle separate scoring (percentage points), and
then the mean are calculated within each traite. Vidiue of 100% points is attributed at the R class
(intermediate) with variations of £ 10% for eachpap or lower class and introducing three
subclasses for each class. Young bulls at the dndhe performance test are evaluated
morphologically. The linear type classification ®m consists in 13 linear traits and 4 composite
traits. The individual type traits describe spechody regions of an animal, while composite traits
resume specific aspects as the general score, fsmaethe muscular development and the body
shape. About 25 young bulls are yearly approvetti@end of test and subsequently evaluated for

milk attitude in progeny testing (Mantovani et 4997; ANARE, 2017).

Table 1. Europe SEUROP classification grid

CONFORMATION

Development of carcass profiles, in particular the essential parts {round, back. shoulder)

Conformation class Description
S All profiles extremely convex; exceptional muscle development (double-muscled carcass type)
Superior
E All profiles convex to super-convex; exceptional muscle development
Excellent
U Profiles on the whole convex; very good muscle development
Very good
R Profiles on the whole straight; good muscle development
Good
8] Profiles straight to concave; average musde development
Fair
P All profiles concave to very concave; poor muscle development
Poor
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The ADG and the product of in vivo fleshiness amesding percentage obtained in performance

test are routinely analysed in genetic evaluattbreugh the following single-trait animal model:

Yik = +Gr+PQ +a+ au

The model accounts for the fixed effect of group cohspecifics reared in the same pen at
performance testing station, the parity order efriother (4 levels: first parity, second paritgnir

third to seventh, and greater than seventh), amdaihdom additive genetic effect.

Mor phology

Morphological evaluation is an aspect importantattle selection, because enables an immediate
evaluation of the animal conformation and a re#dsivsimple classification (Forabosco et al.,
2005). Through the morphological evaluation, trdickassifiers provide a description of the animal
compared to a breed standard using points scalRehdena cattle, the morphological evaluation
has been performed since 1993 on primiparous cowisained classifiers considering a 1-5 point
scale with biological meaning for extremes (Maztaale 2014). The linear type classification
system consists in 20 linear description traits anel composite traits (Table 2). The individual
type traits describe specific body regions of amaihincluding the thorax, rump, feet, legs, thigh
and udder conformation. The composite traits sunmadvody size, fleshiness, body shape and
udder as well as an overall animal conformationresc®n the linear type traits related to
muscularity (shoulder, fore view, back, loins andhp, thigh, buttocks side view, thigh, buttocks
rear view) and the mammary correctness (i.e. uddpth, suspensory ligament, teat placement side
view) a factor analyses is routinely performed|dwing the same approach applied and described
in detail in a previous study in Rendena (Mazzalgt2016a). This analysis allows to obtain two
factor scores that are used in genetic evaluatibne.advantage of this approach is to summarize

the information of a number of genetically relategts all describing an aspect of interest of alim
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morphology, but, due to an high collinearity, thdsmts could not be included together in a

selection index (Sieber et al. 1988).

Table 2. Descriptor of 20 linear type traits and 4 composidits in Rendena breed. Traits included

in the factor scores are highlighted in blue.

. Descriptor
Traits — -
Minimum (1) Maximum (5)
Composite traits
Overall score Poor Excellent
Body size Little Large
Fleshiness Poor Excellent
Body shape Fine Heavy
Udder Poor Excellent
Linear type traits
Body size
Stature Short Tall
Body length Short Long
Thorax depth Very thin Very large
Thorax length Short Long
Fleshiness
Shoulder, Fore view Scarce Developed
Back, Loins and Rump Scarce Developed
Thigh, Buttocks side view Hollow Rounded
Thigh, Buttocks rear view Hollow Rounded
Body shape and feet and legs
Thinness Heavy Fine
Rump angle Back-inclined Counter-inclined
Rump width Narrow Broad
Rear legs side view Straight Sickle
Feet Weak Straight
Udder
Fore udder attach Loose Tight
Rear udder attach Short Tall
Udder width Narrow Broad
Udder depth Deep Shallow
Suspensory ligament Weak Strong
Teat placement side view Close Far
Teat length Short Long
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The factor scores obtained for the 10 type tragscdbing muscularity and udder are analysed ones

per year through the following single-trait animaddel (Mazza et al.,2014):

Yik = + HYG + AG + DIM¢ + a + g

The model considers the fixed effect of herd yeasgifier of evaluation (HYC) at least 2

primiparous within herd year classifier, the fixetfects of age of calving (AC; 9 classes: <24
months, from 25 to 38 using 2-months intervals, aB@ months for the last class), the fixed effects
of days in milk (DIM; 8 classes from 10 to 30 dafter calving and from 31 to 210 days after
calving using 30-days intervals, or for later ewaion >210 days), and the random additive effect

of cows.
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AIMSOF THISTHESIS

The present thesis has been carried out with intedeepen further the procedures for calculating

genetic parameters of the quantitative traits dbpécselection (milk and meat) in autochthonous

dual purpose Rendena breed and evaluating the bildgsiof implementing selection with

phenotypes related to udder health, as for exathplsomatic cells and new phenotypes related to

the technological properties of the milk for theguction of cheese and their relationship with the

guantity and quality of milk. The studies have amigrom the collaboration between the University

of Padua, Department of Agronomy, Food, Naturabueses, Animals and Environment, the

National Association of Rendena breeders and teedirs Federation of Trento Province, based in

Trento, Italy. In particular, the thesis is compbsé four chapters with the following aims:

to estimate variance components, heritability dmel genetic correlations for milk, fat and
protein yields between different productive envirants defined in Rendena breed. In
addition, to evaluate rank correlations between EB\bulls simultaneously estimated in
different environments as possible fall-out of theiance heterogeneity problem in some
cases evidenced by breeders;

to investigate different and alternative methodsisihg data of the content of milk somatic
cells as udder health indicator and evaluate tiedgationships with the yield traits included in
genetic selection for milk aptitude of the Rendbreed,;

to estimate the variance component and heritabitityFourier-transform infrared (FTIR)
predictions of the milk technological traits (MGP¥, cheese yields, the nutrient recoveries in
the curd and the daily cheese yields), and to etaltheir genetic relationships with the milk
production and composition with the aim to analpsssible new selection criteria to be

implemented, in addition to the present selectmritie dual purpose, in the Rendena breed;
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to estimate genetic correlations between beefstrand the linear type traits related to
muscularity evaluated in young bulls during perfanoe test and muscularity linear type
traits collected in first parity cows. This evalioat was performed to consider the possibility

of selecting the morphological traits measured aumng bulls instead that on cows.
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CHAPTER 1

HETEROGENEITY OF VARIANCE FOR MILK, FAT
AND PROTEIN YIELD IN SMALL CATTLE
POPULATIONS: THE RENDENA BREED AS CASE

STUDY

Under Submission
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ABSTRACT

The aim of this study was to identify possible hegeneity of variance for productive traits in a
small cattle population. The Rendena breed, aceayfdr about 4,000 registered cows, was used
as case study. At first, using average milk yieddorded in each Rendena farm under functional
control in years 2004-2013 (114 farms) productiveugs (low, medium and high levels) were
identified via cluster analysis. Only the farmsmedium and high productive levels were retained
for the following analysis. Subsequently, a sangfld9 herds with the same numerical proportion
as in medium and highly productive levels was atadj and 73,916 test-day records for milk, fat
and protein yields belonging to 4,582 cows wereduse estimate heritability and genetic
correlations between groups. The (co)variance compis estimated for yields traits (kg) between
productive groups were obtained via bi-trait repbdgity test day model in which milk, fat and
protein yields in two productive groups were comsddl as different traits using a bayesian
approach. The estimated genetig) (and permanent environmentald variances resulted higher
in highly than in medium productive level, i.e5,was doubled andye was increased of about 60%
for both milk, fat and protein yields. Heritabiég for milk, fat and protein yields in medium
productive level were lower (0.16, 0.15 and 0.Z%pectively) than in highly productive levels
(0.30, 0.22 and 0.25). However, the genetic catiicela between productive groups were 0.90 for
milk and 0.88 both for fat and protein yield and tiank correlation between EBVs of bulls that had
daughters in both groups resulted 0.98. This stuygests that a genetic evaluation not accounting
for the heterogeneous variance may be applied wuithwducing biased estimates, at least for bulls
EBVs. On the other hand, a more careful selectmmulsl be considered for cows, i.e., for bull dams

in particular.

Key Words: Heterogeneity of variance, yield traits, geneticapaeters, Rendena breed
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INTRODUCTION
Small local breeds have gained increasing inténetste maintenance of genetic diversity within the
animal genetic resources (Ollivier and Foulley, 200 he survival of the small local populations is
mainly attributable to their diffusion in marginateas and factors related to the traditional rural
culture (Gandini and Villa, 2003). Native cattleebds, especially dual purpose breed, have fewer
productions than cosmopolitan breeds, and theythaefore economically less competitive, but
they have important secondary characteristics oflihess and adaptability to the environment,
longevity, good fertility, and resistance both be tdisease and to the stress that the cosmopolitan
breeds have lost in the process of selection fangua greater productivity (Biscarini et al. 2015).
The main breeding goal in many small local popalai deals with the control of the annual
inbreeding rate that according to Meuwissen and NWéamas (1994) should be less than 1% per
generation. However, selection goals of these spogdulation is also based on the maintenance of
a good compromise between the improvement of ptamtuperformance (both milk and meat) and
the preservation of the functional traits thatidmish them as compared to cosmopolitan breeds
(Biscarini et al. 2015).
From a practical point of view, selection in sn@dpulations must take into account some technical
problems linked to the population structure. Duehteir adaptability to different environments,
these populations may have different breeding arkasd size, farming systems and feeding
strategies, as well as production levels. In tregations, an effective genetic improvement must
take into account both the small population sizé #re heterogeneity of breeding environments
that may differ largely causing heterogeneity ofiaace between environments and/or farms
(Brotherstone and Hill, 1986; Weigel et al., 199%nez et al., 1996; Costa, 1999; Fuerst-Waltl
2013). Numerous studies have indeed reported gersgtvironmental and residual variances and,
thus, the heritability of production traits heteeogous between environments and farms (Hill et al.,
1983; De Veer and Van Vleck, 1986; Boldman and e 1990; Dong and Mao, 1990).

According to some authors, there is a positive ection between the increase in production levels
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and the increase in variance components and hidititafor this reason to cluster the herds on the
mean Yyields could be considered an effective wayldbne environments potentially showing
heterogeneity of variance (De Veer and Van Vled®87t Dong and Mao, 1990; Boldman and
Freeman, 1990). Falconer (1952) proposed to utfjeagetic correlations to assess heterogeneity of
variance, considering the same trait in differemtimnments as different traits. Robertson (1959)
suggested a genetic correlation of 0.80 betweesahee trait in different environments as threshold
to discriminate between the presence and the absehcvariance heterogeneity. Ignoring
heterogeneous variances reduces indeed the accafdtye estimated breeding values (EBV),
resulting in inappropriate selective choices thaild affect the genetic progress for a given trait
(Hill, 1984; Vinson, 1987). To mitigate the probl@hheterogeneous variance, different procedures
have been suggested and implemented. Among sudgestinods, the adjustment of production
data before the genetic evaluation has been prdptse Wiggans and VanRaden (1991).
Subsequently, others methods considering modelspuatiag directly for the effect of the
heterogeneity of variance have been suggested (Msemet al., 1996).

Considering that the productive environments cardifferent both within and between breeds,
detailed studies on heterogeneity of environmeatsdcbe useful for a correct breeding plan to be
adopted for any small cattle population. In theteghof the Italian local breeds, the Rendena is a
small dual purpose cattle breed selected for mmitk meat productions (Mazza et al., 2014). This
breed has the peculiarity of being raised both auntain and in plain with similar amount of heads
in the two environments, where the management rofidaand the feeding strategies are different
and associated with the area's resources; in mayfda example, the farming system is traditional
(i.e., tied animals fed hay and concentrate) arsdban the practice of the alpine pasture for the
whole herds during the summer season. Howeverlain ghe rearing system of Rendena cattle is
more intensive (i.e, feeding system mainly basedhenuse corn silage), with the summer alpine
pasture that is common for young cattle only. Mgz bull sires and bull dams yearly selected

seems to come from a too limited group of farmsl lareeders’ complain on this problem are well
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known to the breeders association that is changéh®selection program. Therefore, investigation
on possible between-herd variance heterogeneitytaltiee small population size could be useful
for the Rendena cattle breed, but it could be ofega interest also for other small dual purpose
breeds under selection. The objectives of this ystumgre to estimate variance components,
heritability and the genetic correlations for milkat and protein yields between different
environments defined for the Rendena breed. Rankelations between EBV of bulls

simultaneously estimated in different environmen&e also analysed as possible fall-out of the

variance heterogeneity problem.

MATERIALSAND METHODS
ubject of the study
The Rendena breed is a small cattle populationwatow for about 4,000 registered cows in the
herd book, reared in the North-east of Italy (iTeentino Alto Adige and Veneto regions). Rendena
cattle is characterized by small to medium bodg,sgood fertility, i.e., a median days open period
of about 116 days, and good longevity, accountpy@imately 3.3 lactations per cow (ANARE,
2015). The main characteristic of the breed is risgicity, namely its ability to adapt itself to
difficult environments and marginal areas, as veallits suitability to graze during the summer
season in the alpine high pastures (Mantovani. 8198l7). The selection objective in Rendena breed
is the improvement of milk yield and quality withtdosing the beef aptitude. In 2015 the average
milk yield was about 5,200 kg per lactation witdB% fat and 3.24% protein. As reported by
Mazza et al. (2014), the 65% of the selection indexently applied to Rendena cattle includes
protein and fat (3:1) corrected milk yield, whileetremaining 35% account for beef traits measured
at the performance testing station and with lirtgpe evaluations. The traditional lactation model
used for the genetic evaluation of the milk attgudl Rendena breed has been replaced in 2009 by a

repeatability test day model (Guzzo et al, 2009).
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Definition and characteristics of productive groups

A total of 963 conventional average lactation nyiklds (i.e., 305 DIM) belonging to 114 Rendena
farms under functional control between the yeaf420 2013 was initially used to define possible
within breed productive groups. Data were extradteth the whole national dataset collected by
the Italian Animal Breeders Association. A weightadrage herd milk yield per cow for each farm
over the 10 years was calculated by weighting tely herd milk yield per cow for the number of
cows under functional control. Three productiveup® of farms were identified via cluster analysis
performed using the CLUSTER procedure (SAS Ingtitiac., 2009). The groups of farms were
defined as low, medium and high level of productmal they differed for number of herds (13, 80
and 21 respectively) and average lactation milkdy{2,797, 4,464 and 6,142 kg, respectively). The
group of low production contained only marginalnfist and had few farms, thus it was not
considered in subsequent analyses. Factors sugbaggaphical location, management practices,
feeding strategies and practice of alpine pastweeehen recruited from the herd book database
and used to check for possible further differemrabf farms belonging to the different productive
groups identified. The main characteristics of ¢glneups of farms are given in Table 1. The first
group (farms with medium production level) congisie 80 herds with an average 305 DIM milk
yield of 4,464 kg/year/cow. The 56% of these farare located in mountain and in hill
environments, and they are characterised by toaditifarming systems, i.e., tie-stalls (90%) with
feeding based on hay and compound feeds (73%). ddere 63% of farms practice the alpine
pasture during the summer season (Table 1). Thendegroup of farms (i.e., those with higher
production level) consisted in 21 herds with anrage 305 DIM milk yield of 6,142 kg/year/cow.
The farms are largely situated in plain (67%), &mtning systems is mainly traditional although
with the presence of modern dairy systems baselbase housing of animals (52%) and TMR
feeding practice (33%). Finally, only a small pramm of farms in this group (i.e., 20%) practice

the alpine pasture during the summer season.
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A random sampling of 49 herds, maintaining the sam@erical proportion as in the two medium
and high productive groups previously identifiedrevthen considered for the subsequent analysis.
From these farms a total number of 73,916 test{d@&y) records of milk, fat and protein yields of
9,538 lactations, belonging to 4,582 cows and refeito 9,715 animals in pedigree file, was
obtained and used to estimate variance componleatsability and genetic correlations between
groups. Individual TD data for milk, fat and proteyields were provided by the National
Association of Breeders of Rendena cattle and celte from 1999 to 2014. The TD records
allowed to enter the final data set belonged tdfitise 3 lactations of cows, were registered ast fir
TD within the first 45 DIM, and were recorder beeme5 to 305 DIM. Lastly, only the herd-TD
within lactation with at least 2 TD records and thetations with a least 4 TD were retained for

analysis.

Satistical Analysis
The (co)variance components estimated for yieldgstr(kg) between productive groups were
obtained via bi-trait repeatability test day modglswhich milk, fat and protein yields in two

productive groups were considered as differentstraine final model may be written as follows:

Yijimn = . + HTD-LN + GEST + ¥7_ ¢, AP-LNy + Y7 _o 9, MP-LN; + P&, + & + &jimn,

where ymn IS the test-day record o of milk, fat or protekg) of the cow n; p the overall mean;
HTD-LN; is the fixed effect of herd-test-day within laatat number i (12,905 levels); GES$ the
fixed effect of the days of gestation class j (I&ses: the first class means no gestation; thieefiur
classes accounts for 15 d intervals from 1 to 240 gestation; and the last class consideggll d

of gestation); AP-LNis the fixed effect of age at parity within lactet k (42 classes in total); MP-
LN, is the fixed effect of the month of parity | (3&sses corresponding to single month of year

within lactation n); Pg is the random permanent environmental componegnts éhe additive
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genetic component, angxgn is the random residual term. The shape of thetiact curve was
described by 4th order Legendre polynomials forfitked effects of AP-LN and MP-LN.

The bi-trait analyses considered the following Yeolance assumptions:

2 2 2
0a1 Oa1a2 Ope1 Ope1 pe2 Oe1 Oe1e2

2
Cai1 a2 Oa2

A= ; Pe= ; R=

Ope1 pe2 sz)ez Oc1e2 ng
where A is the matrix of additive genetic (co)vanasc?ai, 6%z Gaazfor traits 1 and 2, Pe is the
matrix of permanent environmental (co)varian6&ss, cpeipez 6 pea and R the matrix of residual
covariances’e, 6°e2 andoeea

Data were analysedlia a Bayesian approach through the program “git@83Misztal, 2008). The
Gibbs sampler performed 950,000 iterations withastiag burn-in that discarded 50,000 samples.
The posterior mean of 3,000 samples (i.e., 1 ofye880 samples of the remaining 900,000) was
used as a point estimate of (co)variance comporamdsrelated parameters under investigation.
Lower and upper bounds of the 95% highest posteemsity intervals (HPD 95%) for additive,
permanent environment and residual effects weimatdd from the Gibbs samples. The posterior
means and corresponding HPD 95% were also compiatedhll heritability estimates and
correlations between vyield traits and the two défet farm groups. Heritability were obtained &s h
= o°Jo%p, With the phenotypic variance’, as the sum of all the other variances. The genetic
correlations of yields traits in different enviroants were obtained as ¥ ca1af(c%1-06%2) . The
heterogeneity of variance was assessed from thetigaerorrelation @) of the same traits (milk, fat
and protein yield) measured in different environteas in Costa (1999). A threshold gfr0.80
was considerate to establish if heterogeneity afwmae occurred or not (Boettcher et al., 2003). A
rank correlation analysis was performed considegstimated breeding values (EBVs) derived
from a best linear unbiased prediction (BLUP) bist® analysis on the same vyield trait considering
different groups (BLUPF90, Misztal et al., 2008ach BLUP run was performed by accounting for
the appropriate estimates of (co)variances prelyastained via Bayesian approach (i.e., posterior
mean). EBVs belonging to bulls evaluated in medpnoductive farm group were correlated with

38



EBVs of the same bulls obtained in highly produetfarm group. Rank correlation analyses were
carried out within traits (milk, fat and proteinpresidering the bulls that had daughters in both

groups.

RESULTS
Table 2 shows some descriptive statistics of tinepéa dataset and all considered yield traits in two
productive groups identified in the Rendena brd@dwk mean daily milk, fat and protein yield was
greater in highly productive than in medium prodwetfarms of 27.6%, 27.3%, and 31.4%,
respectively. For each trait analysed the coeflicief variation was slightly greater in medium
productive that in highly productive farm grouge.j.resulting about 32% and 30% for milk, 35%
and 31% for fat, and 31% and 28% for protein, respely.
The point estimates, mean and standard deviatiomarfyinal posterior densities, for additive
genetic, permanent environment and residual vaemnand heritability obtained from bi-trait
analysis are presented in Table 3. The differeacesng variance components for milk yield traits
estimated by production farm groups were largenesé data. The milk yield showed higher point
estimate for additive, permanent environment, agldual variances in highly than in medium
productive farm groups of 188%, 43% and 20% respsgt Consequently, the heritability was
0.16 in medium and 0.30 in high productive groufdse HDP 95% for variance components and
heritability of milk yield indicated asymmetry imé marginal posterior distribution with a more
dispersion of additive and permanent environmeniamaes, and heritability in highly productive
farm group as respect to medium productive farnhe fgoint estimate of additive genetic variance
in fat and protein yields were 0.003%kg medium and 0.005 kgn highly productive farm groups
and similar values were obtained for the permamarniance estimates (i.e., 0.004lend 0.008 kg
in medium and highly productive groups, respeciivelhe heritability of fat and protein yields
were about 0.15 in medium productive farm groupilevin the other group a point estimate of 0.22

for fat and 0.25 for protein yields were observ@dth in fat and protein yields, the two productive
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farm groups showed asymmetry in the marginal pimstelistribution of variance components and
heritability, with still a greater dispersion inghly productive farm group.

The point estimate of the genetic correlationgiiersame trait but between the two productive farm
groups were all high and positive considering aélldy traits. A point estimate (mean of the
posterior distribution) of 0.90 for milk, 0.88 fdat and 0.88 for protein yields were obtained,
respectively. The posterior density obtained fa& ¢ienetic correlations for the same trait between
different productive farm groups showed an overliagplistribution both milk (Figure 1; HDP 95%
0.69-1.11), fat (HDP 95% 0.66-1.11), and proteiDBH5% 0.67-1.10) yields.

The rank correlations between EBVs of bulls thad daughters in both productive farm groups
considering milk, fat and protein yields are repdrin Table 4. A total of 499 bulls were evaluated
in both productive groups (i.e. 452 and 368 bulis medium and high productive groups,
respectively), 64% of which were shared betweendycbve groups. In all cases, the rank
correlation of shared bulls for the 3 traits yied$ulted rather high, ranging from 0.97 for fat and

protein to 0.98 for milk.

DISCUSSION

Grouped farms based on average milk yields wamplsiway for investigating possible effects of

heterogeneity of variance in genetic evaluatioprofduction traits (Boldman and Freeman, 1990).
However, in the present study, this criterion akowto found a connection between productive
level of farms and management practices in the cdsBendena breed. Genetic, permanent
environment and residual variances estimated iniume@dnd high productive levels, in this work,

resulted lower and higher, respectively, than theance components obtained in same breed
considering all farms (Guzzo et al., 2009). Thialddoe expected considering that the combination
of the two different productive groups represemiadt the entire herds. Indeed, without grouping
the farms for productive levels the following vart@ components were obtained: genetic variance

of 2.780 for milk, 0.004 for fat and 0.002 for peot; permanent environment variance of 5.500 for
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milk, 0.006 for fat and 0.005 for protein; residuatiance of 4.547 for milk, 0.012 for fat and (600
for protein yield (data not shown). Using a repb#itg test-day model similar to the one used in
this study, Dal Zotto (2005) reported genetic vac@values for milk yield in Italian Brown Swiss
in the middle between those obtained in mediumtagh productive groups of the present study.
Mazza et al. (2016) reported genetic, permanenir@mwent and residual variances in the local
Italian dual purpose Aosta Red Pied breed that weea lower than those estimated in the medium
productive group in this study. However, the AoRed Pied is characterized by a lower average
milk production as compared to the Rendena breetth, donsidering the whole lactation and a test
day base (Guzzo et al., 2009; Mazza et al., 204Blyses carried out in this work indicated that
the genetic, permanent environment and residuamivaes are not homogeneous for the different
productive groups. In agreement with previous ssidDe Veer and Van Vleck, 1987; Boldman
and Freeman, 1990; Dong and Mao, 1990; Ceron-Mu094) using lactations milk yield,
estimates of the variance components increasedinatbased productive level.

The heritability () values estimated for milk, fat and protein yieldstwo different productive
groups of this work were different from the heritidyp obtained considering all farms of the same
breed by Guzzo at al. (2009), wherevhalues of 0.21 for milk and 0.17 for fat and protgield
were reported. The heritability estimates for mfl, and protein yield obtained in this study were
in the range of values reported for the same f{raitshg a repeatability test-day model, in
specialized Holstein and Jersey (Bormann et ab2p@nd in local Italian dual purpose Aosta Red
Pied breed (Mazza, 2016), but were greater thamatss reported by Dal Zotto (2000) in Italian
Brown Swiss (i.e., 0.14, 0.09 and 0.13 for milk, dad protein yields, respectively). In the present
study, the heritability of yield traits increasedhwincreased production level. Similar results ever
reported by numerous studies (De Veer and Van VI£8R7; Dong and Mao, 1990; Ceron-Munoz,
2004). Boldman and Freeman (1990), e.g., reporé&dability values of 0.18, 0.22 and 0.24 for
milk yield in low, medium and high productive herd@®onversely, Costa (1999) obtained for milk

and fat yields greater heritability in low thanhigh herd production level (0.30 vs. 0.22 for milk,
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and 0.23 vs. 0.20 for fat, respectively) consicegtime herd-year phenotypic standard deviation for
mature equivalent milk as reference for groupingdbe Results from De Veer and Van Vleck
(1987), and Weigel et al. (1993) suggested thatl s&re, management practices, and feeding
strategies may be factors responsible for changeairance components and heritability values
between different herd or environments. Conceroungstudy, some possible causes explaining the
heterogeneity of variance attained may be maingntified in the management systems of herds
included in the two groups. The highly productieenfis’ group included indeed both tie-stall and
loose housing systems almost in the same propsr{ibable 1), whereas in the medium productive
group 90% of farms were tie-stalls. Furthermores High productive group included a greater
proportion of farms that did not practice the sumaipine pasture, being most of them located in
plain and adopting management and feeding practicesd at maximizing milk yield. In addition,
farms in the high productive group invested moreneyoin modernity and efficiency of their
structures and their herd size resulted on aveshgjetly greater (e.g., 51+38 vs. 41+33 cows; data
not shown), i.e., increasing the chance of a witierd greater yield variability among animals than
in smaller herds.

The estimates of genetic correlations for milk, dad protein yields between the two productive
groups of farms were around 0.88 or more, well altbe threshold of 0.80 suggested by Robertson
(1959) as critical point to detect variance hetermgty. However, the value of correlation for milk
yield obtained in this work was lower than the eataported by Boldman and Freeman (1990) and
Dong and Mao (1990), which were around 0.97 ortgrezonsidering different groups on the basis
of their productive level. Correlations similarttise here obtained were also reported from studies
that have defined the environments on the basmarfagement systems or feeding strategies. For
example, Boettcher (2003) reported genetic coroglatequal to 0.93 for milk, 0.88 for fat and 0.94
for protein yields between conventional and grazingnagement systems, while Cromie et al.
(2006) after clustering herd environments accordimghe input of concentrate have reported

genetic correlations of 0.92 for milk, 0.89 for &atd 0.91 for protein yields.
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Estimates of genetic correlations for milk, fat grdtein yields in the present study were relaivel
large between productive groups, suggesting simmdakings for milk, fat and protein yield in
different environments. The high rank correlati@meen EBVs of bulls that had daughters in both
productive groups for all traits yield confirmedathithe bulls evaluated in a group or another were
not affected by a re-ranking due to variance hetmeity. However other authors (Boldman and
Freeman, 1990; Aliloo et al., 2014) reported thadjusted estimates for heterogeneity had greater
impact on cows’ evaluation than on bulls’ evaluatioonsidering that bulls are generally evaluated

in both environments, while cows are evaluatediwitierd and compared across herds.

CONCLUSIONS
Results of this study revealed differences in vax@acomponents and heritability for milk, fat and
protein yields between medium and high productieelhn Rendena breed. Variance components
and heritability values increased as the produaticrease, and consequently, the selection would
be more efficient using information form farms witlgher average production level. Although the
differences in variance components between herdamaents, the genetic correlations for milk,
fat and protein yields in different environmentsreviigh, as well as the rank correlation of bulls
having daughters in both environments. The deteatiiba possible heterogeneity in variance is
important when population may be grouped in diffiérevell defined environments as in Rendena
breed. However the high genetic correlations betweats in different environments and the high
rank correlation between EBVs of bulls, this stgdggests that a genetic evaluation not accounting
for the heterogeneous variance may be applied wuithducing biased estimates, at least for bulls
EBVs. On the other hand, a more careful selectmmulsl be considered for cows, i.e., for bull dams

in particular.
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Table 1. Number of herds, mean, standard deviation, anderdor 305 DIM average milk yield

within herd-year and characteristics of herd infdren groups.

Farm groups

Item

Medium productive farms Highly productive farms

Herds, no. 80 21
Milk yield, kg

Mean £ SD 4,464.2 +529.0 6,142.0 £ 447.5

Range 3,508.1 to 5,450.3 5,531.1t0739.4
Type of housing, %

Tie-stall 0.90 0.48

Loose housing 0.10 0.52
Feeding system, %

Traditional 0.73 0.57

Traditional with silage 0.15 0.10

TMR 0.13 0.33
Geographical area, %

Hill 0.08 0.05

Mountain 0.49 0.29

Plain 0.44 0.67
Alpine pasture, %

Yes 0.63 0.19

No 0.38 0.81
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Table 2. Descriptive statistics for daily milk, fat and pemn yields recorded in medium productive

and highly productive farm groups of Rendena cattkhe sample dataset used.

Farm group

Item Medium productive farms Highly productive farms
Herds, no. 39 10
Test Day records, no. 48,608 25,308
Milk yield, kg/d

Mean £ SD 15.63 £ 4.96 19.95+5.95

Range 1.60 to 39.80 1.90t0 43.70
Fat yield, kg/d

Mean £ SD 0.55+0.19 0.70£0.22

Range 0.04t0 1.83 0.031t0 1.98
Protein yield, kg/d

Mean £+ SD 0.51+0.16 0.67 £0.19

Range 0.05t0 1.42 0.06 to 1.50
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Table 3. Estimated marginal posterior densities and HPD #&%enetic variancests), permanent

environmental variancecioe), residual varianceofs), and K for milk, fat and protein vyields

obtained in two different farm groups of Rendendlea

Farm group
Item Medium productive farms Highly productive farms
Mean + SD HDP 95% Mean + SD HDP 95%
Milk yield, kg
6%a 1.737 £ 0.247 1.253; 2.221 5.000 + 0.682 3.6646.
6’pe 4.700 £ 0.308 4.099; 5.308 6.740 + 0.699 5.37418.
0% 4.134 +0.032 4.072; 4.197 4.950 + 0.053 4.84655.
h? 0.164 + 0.022 0.121; 0.207 0.299 + 0.036 0.23869.
Fat yield, kg
0% 0.003 + 0.000 0.002; 0.004 0.006 + 0.001 0.0020D.
6’pe 0.006 + 0.000 0.005; 0.007 0.008 + 0.001 0.00809.
0% 0.011 £ 0.000 0.011; 0.011 0.013 £ 0.000 0.0131®.
h? 0.147 +0.018 0.111;0.183 0.219 + 0.027 0.16573.
Protein yield, kg
6%a 0.002 £ 0.000 0.001; 0.002 0.004 £ 0.001 0.00306.
pe 0.004 + 0.000 0.004; 0.004 0.007 + 0.001 0.00308.
0% 0.005 £ 0.000 0.005; 0.005 0.006 + 0.000 0.00806.
h? 0.152 £ 0.021 0.110; 0.194 0.251 £ 0.035 0.18220.
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Figure 1. Estimated marginal posterior densities of genetoretations between medium and
highly productive groups of Rendena farms for nfd&ntinuous line), fat (dashed line) and protein

(dotted line) yields.
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Table 4. Rank correlations obtained from EBV produced byabate BLUP analysis of the same
trait in medium and highly productive groups of Bena farms for milk, fat and protein yields.

Rand correlations were obtained for bulls with daags in both groups.

Farm groups

ftem Medium productive farms Highly productive farms
Bulls, no. 452 368
Shared bulls, % 0.64
Rank correlation, %
Milk 0.98
Fat 0.97
Protein 0.97

52



CHAPTER 2

DEVELOPMENT OF AMETHOD FOR TEST-DAY

MODELSANALYSISOF SOMATIC CELL IN

RENDENA BREED

Under Submission
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ABSTRACT

The objective of this study was to consider difféerand alternative methods of using somatic cell
count (SCC) data recorded during functional costad udder health indicator in Rendena breed,
estimating its genetic parameters and the coroglatvith the yield traits (milk, fat and protein)
under selection. The SCC traits defined for genmteluation were: somatic cells score (SCS), the
logarithm of the total somatic cell count (LTSCQ)dathree different thresholds (80,000 cells/ml:
SCC80, 150,000: SCC150 and 400,000: SCC400) for &fed to the incidence of mastitis. A
total of 69,796 TD records of milk, fat, proteirelds and SCC belonging to 4,325 cows was used
to estimate heritability and genetic correlationstween SCC and yield traits via bi-trait
repeatability test day model using a Bayesian aumiroThe heritability values estimated for the
threshold traits ranged from 0.04 to 0.07, lowemntkhose observed for SCS and LTSCC traits that
were equivalent to 0.09 and 0.10, respectively. Tighest genetic correlations were estimated
between LTSCC and productive traits (0.29 for milkL6 for fat and 0.28 for protein). The others
udder health traits considered have showed almastgenetic correlations with the productive
traits (from -0.09 between fat yield and SCS, tb30between protein yield and SCC400). These
results indicated that the genetic selection fdknfiat and protein production does not increage th
content of somatic cells in milk and therefore does negatively influence the udder health in
Rendena breed. However, the complete frameworkengtic relationships of SCC with all traits
under selection should be considered to evaluap@ssible inclusion of SCC in the breeding

program.

Key Words: Somatic cell count, udder health, Rendena bremtktee parameters.
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INTRODUCTION
Mastitis is an inflammation of the mammary glanddat is one of the most frequent and costly
diseases in dairy cattle (Nielsen, 2009). Congngerihe economic consequence of mastitis,
selection for mastitis resistance should not belewegn dairy breeding program, but genetic
evaluation of mastitis is difficult because of libsv heritability (Urioste et al, 2010; Koeck et,al.
2012) and the routine recording of mastitis is moattinely carried out in many countries, including
Italy. Usually, the somatic cell count (SCC), thetregularly recorded in functional controls, is
considered the most common and suitable indicdtamastitis, in light of its high positive genetic
correlation with mastitis and a greater than migshieritability (Carlen et al, 2004; Koivula et,al.
2005; Vallimont et al., 2009). Recent studies (Meita et al., 2012; Bobbo et al., 2014) reported
that also other traits such as lactose, pH, lagiof@and minerals could be used as udder health
indicators, opening the space for a deep controhadtitis at herd level using data from functional
control.
However, at present the SCC still remain the midgisid method for controlling udder health, and
in most countries (Miglior et al., 2005), geneticakiation of udder health is based on the
logarithmic transformation of SCC in somatic celbe (SCS) to achieve normality of distribution
(Ali and Shook, 1980). It is well known indeed tI&a€C data are not normally distributed and some
studies have indicated that the logarithmic trams&dgion of SCC produces data with a more normal
distribution, increasing heritability, and reducingithin-herd heterogeneity (Shook, 2006).
Recently, alternative SCC traits have been propasetew method to highlight mastitis, suggesting
possible improvement of genetic evaluations mettiodmastitis resistance. The new traits studied
should make clearer the dynamic nature of mastiits to be flexible enough to accommodate for
sudden changes in SCC, especially resulting frosescaf clinical mastitis. For example, Urioste et
al. (2010) have used the measures of days siclgluhe lactation as a trait to be used for
controlling mastitis resistance in dairy cattle;tbe other hand, peak patterns have been suggested

by de Haas et al. (2008) to better describe thamymnature of mastitis cases.
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Other traits have been derived directly form SCC dsfining a test-day SCC threshold
distinguishing healthy or unhealthy cows, or sugggshe occurrence of a subclinical or a clinical
mastitis (de Haas et al., 2008; Urioste et al.,020Together with SCS and with the other udder
health indicators abovementioned, all these tea#saimed to provide reliable indicators of mastiti
incidence to be included in breeding programs. €urselection indices in specialized dairy cattle
breeds typically include udder health indicatorshsas SCS to counteract the negative effects of
selection for yield on health, longevity and reprotibn (e.g., Miglior et al., 2005; Oltenacu and
Broom, 2010). Recently, udder health indicatorsehbgen also introduced in selection indices of
some dual purpose breeds as Austrian SimmentatgFF&ltl et al., 2016), but a number of dual
purpose populations has not considered udder hieaitators in genetic improvement yet. This is
the case of many small autochthonous local breféagisdd in Italy like the Rendena, an Italian dual
purpose breed native of Trento province in theegashtalian Alps (Mazza et al., 2014). In this
breed the current selection program does not ireclidtier health indicators, although test-day SCC
information have been routinely recorded and steiede 1996 (ANARE, 2016). In addition, milk
production is increasing in the breed (ANARE, 20&6) considering the positive correlation with
the mastitis incidence, there is an increasingestefor mastitis control even in this small breed.
Furthermore, milk yield is the most important trarider selection in the dual purpose breeding
scheme of the Rendena (65% of incidence in theaglddection index), and possible new selection
strategies toward udder health is under consideraby the national breeders organization.
Therefore, the perspective of new tools in the diregprogram of the Rendena cattle is nowadays
actual. On the basis of this new possible breedmg for the Rendena breed, the present study
aimed at investigating the feasible inclusion oWwnadder health traits in the Rendena breeding
program. Particularly, the study has consideref@idiht and alternative methods of using SCC data
from functional controls as udder health indicatorRendena breed, investigating its genetic

parameters and the correlations with other milldpotion traits at present under selection.
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MATERIALSAND METHODS

Data and editing

Production, quality traits (fat and protein conjer8CC, and population genealogic data were
provided by the National Association of Breederfkehdena cattle (ANARE). Somatic cells count
(SCC) is routinely collected from official milk reading system since 1996 in Rendena cattle. The
initial dataset used in the present study consisted37,616 monthly test-day (TD) records for
milk, fat, protein yields and SCC recorded betw&889 and 2014. For this study, the test-day
records with missing milk, fat, protein and SCClgsewere discarded and only TD in the first 3
lactations with the first TD record obtained witl& days in milk (DIM) were allowed to enter the
data set. Furthermore, only TD collected betweem® 305 DIM were retained. Finally, only the
lactations with at least 4 TD records and the REddwithin lactation with at least 2 TD records
were retained for analysis. The final edited datiscluded 187,052 test-day records from 211
herds. A smaller, computationally manageable datanas obtained by sampling randomly 55
herds. A final number of 69,796 TD records for miflat, protein yields and SCC of 9,023
lactations, belonging to 4,325 cows was used. Tduwgoee file obtained for genetic analysis was
generated by tracing the pedigrees of 11 genematimek. The resulting pedigree file included

9,607 animals.

Definition of somatic cell count traits

Five alternative SCC traits were defined as udasith indicators for further genetic evaluation.

The TD SCC converted by logarithm transformationSmmatic Cell Score (SCS) [SCS = 3 +

log2(SCC/100,000)] was the first trait considerad. proposed by Urioste et al. (2010) to avoid

possible effects of milk dilution, a second transidering the total amount of SCC was considered.
The TD SCC was then multiplied by TD milk yielddbtain the total number of cells and then log-

transformed (LTSCC). Finally, knowing that the tday SCC is an indication of the mammary

gland health status the, three different threshtiaiss (80,000, 150,000 and 400,000 cells/ml) of
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somatic cells were defined as possible differeméle of mammary infection or inflammation. In
this latter case, each test-day SCC was indivigud#ssified as a binary trait depending on the
threshold considered. Moving from the consideratitat a somatic cell count lower than 100,000
cells/ml is typically considered physiological fodividual (Hillerton, 1999), a threshold of 80,000
cells/ml was chosen to ensure that cows with a 8&lGw this threshold did not present infection
or inflammation of the mammary gland. A test-dayCS&80,000 cells/ml (SCC80) was registered
as 1; otherwise, it was registered as 0. The settmeghold trait at 150,000 cells/ml was defined
following De Haas et al. (2008), considering thi€CGSas the limit beyond which the national
recording system highlights the animals as likelgxhibit the occurrence of pathological mastitis.
A test-day SCC >150,000 cells/ml (SCC150) was terpsl as 1; otherwise, it was registered as 0.
Finally, the presence or absence of TD >400,003/odl (SCC400) was scored as 1 or 0. This
threshold was chosen as legal limit of milk merd¢hhitity, as it is in many countries including

Italy (Jayarao et al, 2004).

Satistical analysis
Bi-traits repeatability test day animal model asaly were run considering the three productive
traits (milk, fat and protein) with each of altetima SCC traits in order to estimate the genetic

parameters and genetic correlations between tidtslinear model applied was as follows:

Yijimn = i + HTD-LN + GEST + ¥7_ ¢, AP-LNy + ¥ _o 9, MP-LN; + P, + & + &jimn,

where ymn is the test-day record of milk, fat and proteielgiand alternative somatic cell count
traits of the cow n; u the overall mean; HTD+Lidlthe fixed effect of herd-test-day within lacbat
number i (12,520 levels); GESIB the fixed effect of the days of gestation clpés8 classes: the
first class means no gestation; the further classesunt for 15 d intervals from 1 to 240 d of

gestation; and the last class conside241 d of gestation); AP-LNis the fixed effect of age at
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parity within lactation k (42 classes in total); M, is the fixed effect of the month of parity | (36
classes corresponding to single months of yearinvitictation n); Pg is the random permanent
environmental component; & the additive genetic component, anghe is the random residual
term. The shape of the lactation curve was destrilje4th order Legendre polynomials for the
fixed effects of AP-LN and MP-LN.

The assumptions on estimated (co)variances fobithrait analyses were obtained @R A, PeR|
andR®I, with G, Pe andR as 2 x 2 matrices respectively including addipemetic, permanent
environmental, and residual (co)variance matriceshe respective trait pairA and| are the
additive relationships matrix and an identity mgtand®) is the Kronecker product.

Variance components and genetic parameter estifaat&CS and LTSCC were obtained using the
program “gibbs3f90”, while for traits expressed adinary was used “thrgibbs1fo0” (Misztal,
2008), both using a Bayesian approach via Gibbspkagn A single Gibbs chain of 480,000
interactions was run for each bivariate analysiall cases, the first 30,000 samples were disdarde
as burn-in. Samples were stored every 150 iterattonleave 3,000 samples for inferences. The
posterior mean of the samples was used as a iintatde of the (co)variance component and the
related parameters. The lower and upper bound$efO6% highest posterior density interval
(HPD) were obtained from the estimated marginalsdies. The values of variance components,
heritability and genetic correlations obtainedtfue threshold traits were reported in liability lsca
The heritability were defined as:

2
2 _ ga

" oZtoZetol
wherec?, cpez, andos’ were the additive genetic, permanent environmemd, residual variances,
respectively.
The additive genetic correlations)(of milk, fat and protein yield and somatic cethits were

obtained as:

Ja1,a2

Oa1- Oq2
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wherecai aoWas the additive genetic (co)variance betweemstiaiand 2, and,; andc,, were the

additive genetic standard deviations for traitsid 3, respectively.

RESULTS
The basic statistics for yield traits, SCC, SCS BM8CC are presented in Table 1. Mean of milk,
fat and protein yields were 17.09, 0.598 and 0kg/@, and traits showing similar coefficients of
variation (CV; 0.34, 0.36 and 0.33, respectiveljh)e mean trait values for SCC, SCS and LTSCC
of Rendena cows were 177 (x 1,000) cells/ml, andmexores of 3 and 7, respectively. A very
large standard deviation was in this case obseimguhrticular for SCC. Compared with the milk,
fat and protein production, the SCC and SCS tshitaved higher variabilities, with CV of 1.63 and
0.67, respectively. Conversely, the LTSCC traitibitéd a lower CV than values obtained for SCC
and SCS. The distribution of test-day records iche@ireshold trait are reported in Table 2. The
test-day records in threshold SCC80 are equalltriloiged below and above the threshold of
80,000 cells/ml. For SCC150 and SCC400 traits tbecgntage of test-day records below the
thresholds is greater (0.68 and 0.89, respectivtbbn the records above the thresholds of 150,000
and 400,000 cells/ml. Table 3 presented the meant pstimates of marginal posterior densities,
for additive genetic, permanent environment andlues variances obtained from bivariate analysis
for the studied traits. The additive genetic vatiads estimated for the SCS and LTSCC were
higher than those for the threshold traits (SCC8QC150, SCC400), which showed additive
genetic variability comparable or higher than thoktat and protein yields.
Posterior heritability values expressed on theilligbscale ranged from 0.04 to 0.07 , while
heritability values on normal scale were set at90ahd 0.10 for SCS and LTSCC traits,
respectively. As expected, productive traits showegher heritability estimates, i.e., 0.22 for milk
yield, 0.17 for fat yield and 0.19 for protein yisl The HDP 95% for heritability of all analysed

traits indicated asymmetry in the marginal posterstribution with a more dispersion in
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heritability for productive traits, SCS and LTSCIhe standard deviation for all the analysed traits
was on average very low.

The point estimate of the genetic correlations ketwproductive traits and all considered udder
health traits were almost null except with log t&amatic cell count (LTSCC). In particular, the
point estimate (mean of the posterior distributioh)genetic correlations between milk yield and
SCS, LTSCC, SCC80, SCC150 and SCC400 were 0.0R2, @.06, 0.03 and 0.10, respectively.
The posterior density obtained for the geneticadations (Figure 1) between milk yield and SCS
(HDP 95% -0.196; 0.201), SCC80 (HDP 95% -0.25540)1SCC150 (HDP 95% -0.176; 0.240)
and SCC400 (HDP 95% -0.155; 0.362) traits were lapped and all estimates included zero.
Conversely, the posterior density for the genetizaetations between milk yield and LTSCC was
positive and ranged from 0.104 to 0.479. The fatdyishowed the point estimate (mean of the
posterior distribution) for genetic correlations-6f09, 0.156, -0.121, -0.042 and -0.024 with SCS,
LTSCC, SCC80, SCC150 and SCC400, respectively.eatimates included zero in the 95%
highest posterior density region interval. Finallge protein yield showed values of the point
estimates (mean of the posterior distributions)gimetic correlations of 0.018, 0.282, -0.036, 0.04
and 0.126 with SCS, LTSCC, SCC80, SCC150 and SCQO+48pectively. All estimates included
zero in the 95% highest posterior density regideriral, except with LTSCC (HDP 95% 0.092;

0.473).

DISCUSSION
Rendena is a local breed traditionally selecteddiaal-purpose (milk and meat), which presents
daily production levels on average much lower th@rse reported by AIA (2016) in specialized
Italian Holstein (31.3 kg/d), Italian Brown Swissebds (23.6 kg/d) and in dual-purpose Italian
Simmental cows (22.0 kg/d).
The udder health indicators in Rendena breed haverrbeen investigated before this study. In

Italy, the somatic cell count (SCC) regularly coted during the functional controls is the most
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commonly used udder health indicator. However, 8@C trait in genetic evaluation is log-
transformed because it is not normally distribut€de mean value of SCS observed in Rendena
cows in this study was lower than that reportethensame breed by De Marchi et al. (2007), where
mean SCS resulted 4.27. Briefly focusing on Italmeeds, Dal Zotto et al. (2007) reported mean
SCS of 2.22 in Italian Brown Swiss, whereas Cassanatal. (2008) in Italian Holstein observed
mean SCS comparable to our study (3.08).

The heritability value of SCS observed in this $tu@l.09, was in agreement with the heritability
reported in others breeds (Reents et al., 1995elkoet al., 1999; Cecchinato et al., 2015).
However, a lower heritability value (0.05) was atved in Burlina cattle (Penasa et al., 2010),
whereas higher heritability were reported whentthi was evaluate a lactation-basis mean SCS. In
these cases, a heritability estimate of 0.14 waemed in Italian Brown Swiss and Swiss Holstein
(Samore et al., 2010 and Kadarmideen, 2004), afdl@fin German Holstein (Martin et al., 2013).
Our study on milk somatic cells aiming at introchgcian udder health trait in the breeding of
Rendena has led to the exploration of possiblersthrait on the basis of the same phenotype
(SCC). A trait little used but reported in litereguis the log total somatic cell counts (LTSCC),
which was a measure of the amount of SCC presetiteirdaily milk production and then log-
transformed, with the purpose to bypass possildeciedf dilution. This trait was considered by
Heuven et al. (1988), which reported heritabiliglues of 0.06 in first lactation, 0.19 in second
lactation and 0.15 in third lactation, all valuesver or higher than our result. Alternative traits
derived from information present in TD SCC recowse studied as indicator traits for mastitis.
For example, Green et al. (2004) considered thé&illision characteristics of test-day log-
transformed SCC (mean, standard deviation, maximaach minimum values) and reported that
maximum and standard deviation of log SCC wereltbst indicators of clinical mastitis, with
respect to mean SCC. Others authors (De Haas €08aB; Urioste et al., 2010) used the average of
test-day SCC calculated over different lactationgqus to compare the first versus the second parts

of lactation. De Haas et al. (2008) reported gregémetic correlation between clinical mastitis and
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SCC in the first part than in the second part ofdon, confirming the results observed in presiou
studies (Emanuelson et al., 1988; Barkema et 8B8)lshowing that the frequency of cases of
mastitis is much greater in the first part of thethtion than in the second part Urioste et al1Q20
used the measures of number of days sick duringlattion as a trait to increase mastitis
resistance in dairy cattle and found a high cotielabetween clinical mastitis and number of
infectious peaks.

An alternate way is to consider SCC as threshadstras in the present study, in which three
threshold traits (SCC80, SCC150 and SCC400) haea bensidered. These traits were treated as
dummy variable, and the heritability was reported liability scale.

The heritability value estimated for SCC150 traithis study (0.06) was similar to the heritability
reported by De Haas et al. (2008) for "suspiciordMF' (intramammary infection) trait (0.06),
which used the same SCC threshold of the presedy.dtrioste et al. (2010) using the threshold of
TD > 500,000 cells/ml reported heritability value@12 both for SCC traits recorded weekly and
monthly, higher than the heritability obtained fareshold trait of SCC400 (0.04) in the present
research. On the other hand, Koeck et al. (2012guke same threshold of Urioste et al. (2010)
reported heritability more similar to values ob&arin the present study with threshold traits (.03
Almost null genetic correlations were found in thiady between yield traits (milk, fat and protein)
and alternative somatic cell traits except for togal somatic cell count (LTSCC), which, as
expected, was moderate and positive. In literalowe,but a little greater than in this study geoeti
correlations have been reported considering proamludraits and SCS, although evaluated as
average somatic cell score on lactation basisekample, Kadarmedeen (2004) in Swiss Holstein
observed genetic correlations of 0.13, 0.10 and Between lactation-mean SCS and milk, fat and
protein yields, respectively. Whereas, Dechow e{28)07) reported higher genetic correlation for
milk, fat and protein yields with lactation avera§€S (0.53, 0.27, and 0.51, respectively) in
Holstein, Brown cows and their crossbreds. In Salediolstein cows, Carlén et al. (2004) reported

lower genetic correlations between production graind SCS than the corresponding genetic
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correlations between mastitis and production trddsreover, the same study observed genetic
correlations between mastitis and SCS ranging fa66 and 0.77, highlighting the positive
relationships that existing between these traits.

To our knowledge no studies have evaluated thetiger@ationships between productive traits and
SCC threshold traits yet, but many researchersH&as et al., 2008; Urioste et al., 2010; Koeck et
al., 2012) have found that some of these threstnaits are positively correlated with clinical and
subclinical mastitis, suggesting that are probdelger predictor of mastitis than classical SCS Th
SCC150 trait considered in this study showed ctoseero genetic correlations with milk, fat and
protein yields. Nevertheless, De Haas et al. (2068hsidering this threshold trait "suspicion of
IMI", reported high genetic correlation with climiicmastitis (0.68) and very strong correlations
with subclinical mastitis (0.96). These resultsicate that the trait threshold of SCC150 could be
considered in genetic evaluation as indicator dicBnical mastitis. The SCC80 and SCC400
thresholds also, considered in present work, shalmdst null genetic correlations with milk, fat
and protein yields. The chosen threshold of 80 &€&/ml was, however, too low to differentiate
between healthy and infected cows. However, the40Ghreshold, which represent the legal limit
of milk merchantability, could be confronted witietthreshold of TD>500,000 cells/ml (TD>500)
considered in the researches of Koeck et al. (2ah&8)Urioste et al. (2012). In these latter studies
high genetic correlations were obtained between SUD>and clinical mastitis (0.83) and very
strong correlations with subclinical mastitis (0,98ighlighting this threshold trait as one of the
best predictors of resistance to mastitis. Restots our study may be considered as a first step
into the possible application of a udder healtlit irabreeding goals of the Italian dual purpose
Rendena breed as already carried out in both dedaMiglior et al., 2005) and in other dual-
purpose breeds (Fuerst-Walt et al., 2016). Althosgmatic cells are not directly selected in
Rendena population, yet, a recent study from oougr(Sartori et al.,, unpublished data), have
highlighted that the actual breeding goal for dualpose in Rendena is favourably improved (via

indirect selection) by the progress for beef trgparticularly by ADG), while mammary correctness
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(e.g. udder depth, suspensory ligament, teat placeside view) is unfavourably linked to udder
health, indicating once again that more supporiders with strong suspensor ligament are less

susceptible of mastitis.

CONCLUSIONS
The results obtained in this study demonstrated $@C data could be easily introduced as
breeding goal to improve of udder health in thealdgendena breed. The SCS and LTSCC traits
have shown the greater genetic variability and thleitity as respect to other threshold traits
suggested in literature as more reliable prediatdrmastitis. In addition, the present selectioalgo
based on milk and beef trait is not heavily comifig with worsening of somatic cells traits and
with udder health in Rendena cattle. Further insigire therefore needed with regard to the

threshold traits before possible application intireely genetic evaluation of the Rendena breed.
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Table 1. Descriptive statistics for productive traits amtngtic cell expressed as count (SCC), score

(SCS) and score of total SCC in daily milk prodoct{(LTSCC).

Item M ean SD Min Max
Milk, kg/d 17.09 5.751 0.600 43.70
Fat, kg/d 0.598 0.217 0.022 1.980
Protein, kg/d 0.566 0.186 0.022 1.500
Somatic Cell Count, SCC (x 1,000 cellgml) 177 289 1 19,349
Somatic Cell Score, SCS 3 2 -4 11
L og daily total somatic cell count, LTSCC 7 2 -1 15
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Table 2. Test-day records distribution in each threshold.

[tem - +

SCC80 0.50 0.50
SCC150 0.68 0.32
SCC400 0.89 0.11
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Table 3. Estimated marginal posterior densities and HPD @8%arentheses) for genetic variance
(c%), permanent environmental variane&,§, residual variances(e), and 1 of productive traits

and threshold somatic cell count traits.

Trait 6% czpe 6% h?

Milk 5 865225 344 3,655 2L 4001 6.37 65299 545 0,222 BT 02
Fat 0.0040-008: 0.00¢ 0.0040.004; 0.00¢ 0.01.40.014; 0.01¢ 0.1690-137: 0.20¢
Protein 0.0030:002: 0.00¢ 0.0040.003; 0.00¢ 0.00#2.007: 0.007 0.1.940.154 0.231
scs 0.2440-154: 0.33¢ 0.6350.561; 0.70¢ 1.90(-877: 1.92¢ 0.08#0.056: 0.11¢
LTSCC 0.2660-181:0:351 0.5750.506; 0.64¢ 1 g3H1 812 1851 0.09g0-069:0.130
sccso™ 0.01,40-009: 0.01¢ 0.0380.034; 0.04¢ 0.1550-153; 0.157 0.06#0-043: 0.001
scc150®) 0.07.40-007: 0.01¢ 0.0340.028; 0.03¢ 0.1.440-140; 0.14¢ 0.0640-041; 0.08¢
sccaoo® 0.0040-002: 0.00¢ 0.0740.010: 0.01¢ 0.0810:080:0.082 0.0360.018: 0.05¢

(*) liability scale
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Table 4. Estimated marginal posterior densities and HDP 9b%parentheses) of genetig)(r
correlations obtained from bivariate animal modelgsis between milk, fat and protein yields and

alternative somatic cell count traits.

Trait Milk Fat Protein

SCS 0.0020195: 0-201 ~0.09470-280: 0101 0.0180 BT 02
LTSCC 0.2920-104: 0.47¢ 0.1 550.028; 0.33¢ 0.2830.092; 0.47¢
sccso® -0.05870-2550.140 -0, 12403140079 -0.03¢0:2450.169
sccisot) 0.0330176 0240 -0.044°0:24 0159 0.0440170.250
scc400) 0.10370-1550369 -0.02402560.21) 0.126 0136 0390

(*) liability scale
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Figure 1. Estimated marginal posterior densities of geneticatations between milk yield and
alternative somatic cell count traits of Rendena3GS (continuous line blue), LTSCC (dashed line

blue), SCC80 (continuous line red), SCC150 (dasiheded) and SCC400 (dotted line red)traits.
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CHAPTER 3

GENETIC PARAMETERS OF MILK

TECHNOLOGICAL TRAITSPREDICTED USING

FOURIER-TRANSFORM INFRARED

SPECTROSCOPY IN RENDENA BREED

Under Submission
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ABSTRACT

The aim of the study was to estimate the heritgbdnd the genetic correlations between milk
production, milk composition (fat, protein, lactpdrits and somatic cell score (SCS) with novel
traits regarding milk coagulation properties (MCBYyd firming and syneresis traits (CF), total
cheese (CY), curd nutrients and energy recoveRE&C) and daily cheese yields (dCY) attainable
from milk of the Rendena cattle breed. The new phgres were predicted with proper calibration
equations from Fourier Transform Infrared spectmaalysis of milk. The new milk phenotypes
accounted for 4 MCP traits, i.e., rennet coagutatime (RCT, min); time to a curd firmness of 20
mm (ko, min); and curd firmness at 30 and 45 min aftaenet addition (& and as, respectively;
mm), 4 parameters modelling the curd firmness (C&), the potential asymptotic at infinite time
(mm); the CF instant rate constant (%/ min); theesgsis instant rate constant (%/min); and the
RCT obtained from modelling individual samples, &laits calculated from individual equations
i.e., the maximum CF (Gkx mm); and the time at Gk (tmax Min). Additional new traits
estimated from FTIR were 3 CY traits: CY fresh qu@&l dry matter; and CY curd moisture
expressed as % of weight of processed milk; 4 REa{st calculated as ratio between single
nutrient or energy in curd and in processed mitld @ dCY traits expressing the amount of cheese,
total solids and water obtained from the milk yezlddaily by a cow. A total of 9,947 test-day
records belonging to 997 cows collected in year$020015 were used in the study. Bi-trait
analyses under a repeatability test-day model bgnsmef a Gibbs sampling algorithm were carried
out. In general the heritability values obtained dtl the predicted traits were comparable and in
some case greater than those reported for milkystaxh and composition. Heritability estimates
for the traits ranged from 0.11 for fat percentay8.39 for time at Ck,, whereas SCS showed the
lowest heritability (0.01). The improvement of miitoduction favoured some of the traditional
MCP traits, but did not promote cheese yield tr@tserage genetic correlation of -0.34). However,
the relationships between milk production and therients recovery traits were almost null.

Conversely, favourable genetic correlations weriabd between milk composition and cheese
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yields and nutrient recoveries traits (average eslof 0.57 and 0.34, respectively). These results
suggested that it is possible to efficiently imprahe technological properties of milk for cheese

production and therefore the economic value of mmilthe Rendena breed.

Key Words: genetic parameters, Rendena breed, milk coagolatheese cheese yield, whey loss
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INTRODUCTION
In recent years the amount of milk used for ch@esduction has been increased in many countries
including Italy, where more than 70% of the avdeafmilk is used in the cheese manufacture and
50% of this milk is used to produce PDO (Protededignation of Origin) products (Cassandro et
al.,, 2008). At the same time, the interest in stuglythe cheese making technology has been
increased in the last two decades worldwide. Mdlgulation properties (MCP) are an important
aspect for cheese production and the parametersmooiy used to evaluate cheese-making ability
of milk are the rennet coagulation time (RCT, mitge time required for curd-firming £ min)
and curd firmness §g mm), which, traditionally, are determinate duriagest of 30 min using
mechanical lactodynamograph instruments (LDG) perted by Cipolat-Gotet et al. (2012). Some
studies have reported that exploitable additiveegervariation exists for MCP (lkonen et al., 1999;
Cassandro et al., 2008), but LDG methods requiratizer long time for analysis and automated
measuring devices are insufficient for a routinseasment of MCP in all cows involved in milk
recording programs. However, the aspects criticabhibited by the traditional MCP methods have
been overcome by the introduction of alternativehméologies based on of infrared spectroscopy
(Laporte et al.,1998; Dal Zotto et al., 2008) as thid-infrared reflectance spectroscopy (MIRS).
This technology is widely used in milk recordingpgrams to predict milk fat and protein contents.
Calibration equations to predict MCP of bovine nbikMIR spectroscopy have been developed by
Dal Zotto et al. (2008), and following Cecchinataak (2009), the predicted MCP using MIRS can
be used at population level for genetic purposestitical aspect in MCP assessment/prediction is
that, in some cases, the RCT is not observed fmessamples during the 30-min test interval and
therefore samples are classified as non-coagulateagwith missing information on RCT,kand
ago. A possible solution to this problem has been psed by extending the lactodynamographic
observations and record of curd firmness at 456fhdin (as, ao; Cipolat-Gotet et al., 2012; De
Marchi et al., 2013). In this regard, Bittante e(2013b), using all available information recorded

during of the milk coagulation and curd-firming tegrolonging lactodynamographic observations
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until 90 min, have developed and proposed a 4 patersimodel to describe curd-firming process
as a function of time (GJF This approach allows to characterize the norgulading milk samples,
describes more deeply the milk coagulation proeesissyneresis, and allows to estimate traditional
MCPs (RCT, k and ag and new parameters of the whole coagulation gctor which a
medium heritability has been reported (Cecchinatd Bittante, 2016). In recent years further
parameters have been added, in order to answeaetjuests of the dairy industries. Indeed, the
economics and profitability of the cheese-makingcpsses is dependant more from the cheese
yield and the proportion of various milk nutrieti&t are retained in the curd or lost in whey than
the MCP (Emmons, 1990). The cheese yield normalgxpressed as the percentage ratio between
the weights of the curd and of the milk, the feensisting in protein, fat and water retained by th
cheese-making process. Both cheese yield and themtuecoveries of fat, protein, total solids and
energy in the curd, the latter expressed as pexgerdf the same nutrient in the milk (Cipolat-Gotet
et al., 2012), have shown a genetic variabilityt thake them suitable for genetic improvement in
dairy cattle (Bittante et al., 2013a).

The Fourier-transform infrared (FTIR) spectroscopytype of MIRS, has allowed predicting the
above mentioned traits in recent studies. Thisrteldgy is very rapid and applicable in large-scale
contests (Karoui et al., 2010), and already rolginesed to predict the fat, protein, and lactose
contents of milk. Using the spectra of individualkrsamples, a set of calibration equations have
recently been developed for predicting these meagiierragina et al., 2013) and high correlations
between measured and predicted traits have beertedBittante et al., 2014), concluding that the
predicted traits can be used at population levesé&bection purposes. Up to now, cheese yield and
nutrient recoveries have been predicted in somengpslitan breeds (ltalian Holstein, Italian
Brown Swiss, Italian Simmental; Cecchinato et 2015) for whom the spectra of individual milk
samples routinely collected have been stored sid®). However, the proper knowledge of the
relationships between cheese making process paresvaetd milk production and composition may

be of importance for breeds in which a certain amboof milk yield is intended to cheese
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transformation. To date, in cattle, the genetiagalations of milk production and composition with
traditional MCP have been estimated in a numbestudies (e.g. Ikonen et al., 1999; Cassandro et
al., 2008; Cecchinato et al. 2011), whereas gewetielations involving cheese yield and nutrient
recoveries have been found only in the cosmopoliteeeds of the abovementioned study
(Cecchinato et al., 2015). No studies have beeuastxt on heritability and genetic correlations for
cheese-technology parameters, apart traditional M&Pcal breeds, where cheese production is
very important, because of inked to traditional edee products and the specific environment in
which these are obtained. In addition, often irséhbreeds the whole milk production is addressed
to cheese transformation to cover local marketireqments of traditional products. In addition,
some of these local breeds show milk very suitddteprocessing into cheese, with better milk
coagulation properties than in cosmopolite bre@adsNlarchi et al., 2007).

A local breed for which a dataset of individual kndpectra is available is Rendena breed, a dual
purpose breed widespread in the Alpine regionsi®MNorth East of Italy (Trentino Alto Adige and
Veneto) and accounting for about 4,000 cows (ANAREL7). The average milk yield, obtained in
2015, was about 5,200 kg per lactation with 3.4&ahd 3.24% protein. Almost all this milk is
currently converted in cheese products in bothattea of origin (Trento province) and diffusion
(Veneto region) of the breed. Focusing on this lldo@ed as case study, this study aimed to
estimate the genetic parameters for FTIR predistiohthe milk technological traits (MCP, CF,
cheese yields, the nutrient recoveries in the emdl the daily cheese yields), and to evaluate their
genetic relationships with the milk production ammmposition. As final layout this study aimed to
analyse possible new selection criteria to be implated, in addition to the present selection fer th

dual purpose, in the Rendena breed.
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MATERIALSAND METHODS
Data and editing
Milk production and composition data were providdthe National Association of Rendena cattle
Breeders (ANARE). Milk yield was measured duringtmely national milk recording, and a test
day milk sample for each individual was collectedgredicting fat, protein, lactose and SCC using
FTIR spectroscopy (ICAR, 2012). The Breeders Fdugraf Trento Province provided spectral
data obtained from all milk samples collected friamms of the Trento province. A total of 26,743
FTIR spectra test-day records of the Rendena brealized between 2010 and 2015 in Trento
province were preliminary extracted from the dasgband edited for further analysis. All records
contained the test day milk yield, the protein, fattose and SCC content and the whole spectra
obtained from FTIR spectroscopy to estimate millkgrdation, curd firming and cheese making
ability. Values of SCC were converted by logarithmansformation to SCS [SCS = 3 +
log2(SCC/100,000)].
The test-day records with negative milk coagulaticurd firming and cheese-making ability and
with missing milk traits were discarded. Only tdsly records of the first five lactations, collected
between 5 to 305 days in milk (DIM) and belongifgy, each trait considered in the study, to a
range accounting for the mean and =3 standard wavsawithin lactation (NL) and 15 d DIM
classes, were retained for further analysis. Intehd only the lactations with a least 4 TD record
and the herd-TD within lactation with at least 2 T&ords were retained in the database. After
editing, 9,947 test day records belonged to 1,at¥tions and 997 cows were used. The pedigree
file obtained for genetic analysis, extracted frtra genealogical database provided by ANARE,
included all phenotyped animals and their ancestigrs¢o the 12th generation, including 4,970

animals.
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Definition of milk coagulation, curd firming and cheese-making traits FTIR

The milk coagulation and curd firming traits weredgicted with proper calibration equations using
data recorded in Brown Swiss cows by Cipolat-Getedl. (2012). The FTIR predicted traditional
single point MCP was defined as: RCT, the time Jnfiiom enzyme addition to gelation of the
milk; koo, the time (min) from milk gelation to a curd firess equivalent to 20 mmgedays), the
curd firmness (mm) recorded after 30 (45) min froemnet addition. In addition, the FTIR
predicted parameters for modelling the curd-firmamgl syneresis process over time JCF each
individual milk sample were obtained as describedittante et al., 2011; 2013. The predicted
parameters were RGq like the traditional RCT (min) but estimated frahe prediction equation;
CFs, potential asymptotic curd firmness (mm) at irténtime assuming the absence of syneresis;
kcr, curd firming instant rate constant (%/min); ang, knstant syneresis rate constant (%/min).
Two predicted traits derived from CiRdividual equations were GE, the maximum curd firmness
(mm) attained by GRndividual equations, ang4y i.e., the time (min) at which GExis achieved.
Cheese-making traits were additionally predictethwaroper calibration equations developed by
Ferragina et al. (2013) based on data recordeti@same Brown Swiss cows by Cipolat-Gotet et
al. (2013). The FTIR predicted cheese-making traitkided the fresh cheese yield (%&¥p), the
total solid cheese yield (%0G¥.ps), and the water retained in curd (Y%Afer), all expressed as a
percentage of the processed milk; the nutrientuertes of fat (REEat), protein (REGroteN),
total solids (REGoLps), and energy (RE&eray) in the curd as a percentage of the same nutrient
contained in the milk were also obtained. The d&iésh cheese yield (d&Y¥rp), solid cheese
yield (dCYsoLps), and water cheese vyield (d@Xrer) were determined by multiplying the
different predicted %CYs (curd, dry matter and watespectively) by the daily milk yield of
individual cows (dMY; kg/d). Predicted traits arkeir calculation have been fully described in

Cipolat-Gotet et al. (2013).
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Satistical Analysis

The (co)variance components for milk yield, milkngmosition and FTIR predicted traits were
estimated through bivariate repeatability test daydels considering all the possible trait pairs
obtained by using both milk yield, milk compositiand new FTIR milk predicted phenotypes. The

linear mixed model was:

Yikimn = 1 + HTD-LN + GEST+ Z;‘fzo (pTAP-LNk + Zi:o (pTMP-LN| + Pe,+a, + Gikimn

where yumn IS the test-day record of milk yield, milk compamn and FTIR predicted traits of the
cow n; W the overall mean; HTD-LN the fixed effect of herd-test-day within lagbat number i
(2,231 levels, considering up to 5 lactations); GES the fixed effect of the days of gestation class
j (18 classes: the first class means no gestatienfurther classes accounts for 15 d intervalsfio

to 240 d of gestation; and the last class consielé@41 d of gestation); AP-LNs the fixed effect

of age at parity within lactation k (73 classegatal); MP-LN is the fixed effect of the month of
parity | (60 classes corresponding to single mowthgear within lactation n); Reis the random
permanent environmental componentissthe additive genetic component, agqghe is the random
residual term. The shape of the lactation curve described by 4th order Legendre polynomials
for the fixed effects of AP-LN and MP-LN.

The bivariate analyses considered the following@oeance assumptions:
021 Oetez

2 2
Oa1 Oa1a2 Ope1 Ope1 pe2

2
Cai1 a2 Oa2

G= ; Pe= ; R=

2 2
0_pel pe2 0_pe2 Ocie2 Oe2
whereG is the matrix of additive genetic (co)varianes,, %o, caiaz for traits 1 and 2Pe is the
matrix of permanent environmental (co)varian6&si, cpeipez 6°pez aNdR the matrix of residual

covariances’e, 6% andoe1ea Matrix G multiplied a matrixA of additive relationships, whereRe

andR multiplied an identity matrix of the same dimemso
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Variance components and genetic parameter estimatre obtained using the program
“gibbs3f90”, (Misztal, 2008), which uses a Bayesamproach via Gibbs sampling. A unique Gibbs
chain of 480,000 iterations was run for each batarianalysis. One sample was saved every 150
iterations, and length of the burn-in period waste&0,000 iterations. The posterior mean of 3,000
samples were used to determine the point estinfageretic, permanent environment and residual
variances, heritabilities, and correlations betweglk yield, milk composition and FTIR predicted
traits. The lower and upper bounds of the 95% lagip®sterior density interval (HPD) were

obtained from the estimated marginal densities. Heréability (If) was defined as:

W= _
G§+Gl2)e+6e ’

wherec.?, cpez, andos’ were the additive genetic, permanent environmemd, residual variances,
respectively.
The additive genetic correlations)(of milk yields, quality traits and FTIR predictédhits were

obtained as:

_ Cal,a2 |

PR ;
Gal- Ga2

whereoa; a2 Was the genetic covariance between traits 1 arah@p,1 and o, were the genetic
standard deviations for traits 1 and 2, respedtivel
The phenotypic correlationsiwere obtained as:

_ Op1,p2

r
P )

where op1p2 Was the phenotypic covariance between traits 1 Zndndocp: and o2 were the

phenotypic standard deviations for traits 1 andegpectively.
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RESULTS
Descriptive statistics
Descriptive statistics for the investigated traite presented in Table 1. The Kolmogorov-Smirnov
test showed that all traits were normally distrdoitSkewness and kurtosis values were within the
ranges of £ 2 and £7, respectively, often indicatednsure a normal distribution (e.g. Kim, 2013).
Milk yield mean was 17.7 kg/d, but characterizedablarge coefficients of variation (CV; 32%),
and skewness and kurtosis close to zero. The avendl composition and SCS of Rendena breed
were 3.48, 3.28, 4.88% and 2.633 for fat, protieictose and SCS, respectively. Compared with the
milk production, the milk composition showed loweariabilities with CV ranging from 5% for
lactose to 17% for fat. The SCS showed a CV of 68%ach higher than those reported for
productive and composition milk traits. The fatqetage showed more values around the average
with kurtosis of 2.092, while the values of skewsiaad kurtosis for lactose percentage were -1.116
and 3.316, respectively. All the new phenotypeateel to the milk coagulation, curd firming and
cheese-making showed a normal distributions. Averedues for RCT, &, as and as were 16.39
min, 5.041 min, 31.50 mm, and 30.60 mm, respectiwah greater variability (CV between 13 and
33%). Also the parameters modelling the CF (RfTF, kcr, ksr) and maximum curd firmness
(CFnax tmaxy showed high variabilities with values of CV ramgifrom 13% for CRax to 31% for
RCTeq All the %CY displayed high and equal variabiliti@.e., CV=13%). The average cheese
yield (%CYcurp) Was 12.8%, half of which was %G¥ ps (6.14%) and half was %GwaTer
(6.98%). The nutrient recovery averaged 47.8% (&6 to 88.9% (REGroTen), With low

variabilities (CV between 3 and 6%).

Variance components and heritability
The mean point estimates of marginal posterior itleas for additive genetic, permanent
environment and residual variances obtained frowartdte analysis for the studied traits are

presented in Table 2. Heritability estimate forlylanilk production was moderate (0.20), while
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slightly higher heritabilities were found for mitomposition (0.26 both for protein and lactose),
with the exception for fat content, which resulteder (i.e., 0.11). The SCS showed the lowest
heritability (0.02) as respect to the others tratsd medium high heritability values were obtained
for traditional MCP traits (0.35, 0.30, 0.38 an@3®for MCP, Ky, ao and as, respectively), CF
model parameters (0.35, 0.23, 0.35 and 0.31 for KAJIF, kcr and kg, respectively) and
maximum curd-firmness traits (0.27 and 0.39 forp&Fand tax respectively). Heritability
estimates for cheese vyield traits resulted moddfag, 0.19 and 0.23 for G¥rp, CYsoLps and
CYwaTter, respectively), but higher than estimates for ydaiheese vyield traits (dCY; 0.18 on
average). Regarding the nutrient recoveries the iR&En trait shown the higher heritability (i.e.,
0.36), while the other recovery traits showed mediaw heritability, i.e., 0.27 for RE&GT, 0.22

for REGsoLps and 0.21 for REGercy. The HDP 95% for heritability of all traits studiendicated
similar dispersion in the marginal posterior disaition. Only the left HDP 95% of SCS was

slightly exceeding zero.

Genetic and phenotypic correlations

Table 3 shows the mean point estimates of margioaterior densities for additive genetic and
phenotypic correlations between milk productionaldgy traits and all the new phenotypes related
to milk coagulation, curd firming and cheese-makliragts. The additive genetic correlations were
characterized by larger variability estimates thia@ phenotypic correlations, as reflected by the
lower and upper bounds of the 95% highest postdeasity. In general, milk yield showed genetic

correlations moderate and negative with milk fatot@in and SCS contents. The SCS was
negatively associated with milk fat and lactosecpetage, while it was positively correlated with

protein composition. Very low correlations were ridubetween lactose percentage and milk
production and others quality traits (fat and protontents). Finally, fat and protein percentages
tended to be positively correlated. The phenotgpitelations between milk production and quality

traits were similar, but generally lower than th@responding genetic correlations. Milk yield
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showed strong and positive genetic and phenotygieations with daily cheese production traits
(dCY¥Ycurp, dCY¥soLips, dCYwaTer). The genetic correlations of milk production witre traditional
MCP traits, the parameters Gihd the maximum curd firmness traits resulted ligighriable. Milk
yield tended to be negatively correlated with R@Js, RCTeq, CR, and with maximum curd
firmness traits (Chax and tay) and positively correlated withyi asp and the constants instant rate
the curd-firming (kr) and the curd syneresissfx. Negative correlations were also found for milk
production with all the %CY traits (average-0.34), and with some REC traits (R&fups and
REGenercy), While no relationships were found with RRE and REGrotein The phenotypic
correlations had the same sign, apart froy Bnd were lower in magnitude than the genetic
correlations, except for RCTz@atmax REGaT and REGgrorentraits.

The milk fat percentage was much more correlateth wheese yields and overall nutrient
recoveries (REGoLps and REGnercy) than with their own recoveries in the curd (RisfCand
REGsroTEN), bOth genetically and phenotypically. The genatid phenotypic correlations between
fat percentage and traditional MCP traits werealdd. The relationship between fat percentage and
RCT was low both genetically ;6-0.06) and phenotypically £0.07). The fat content was
negatively correlated withok (r-=-0.42 and y=-0.33; favourably) and positively withg@and as
(r==0.21 and 0.50,,¥0.03 and 0.33 respectively; favourably). The geneotrrelation obtained
between fat content and pattern Rg¢Was negative (-0.12) and higher than the corredipgn
phenotypic correlation (-0.03). Medium-low and piesi genetic correlations were found with CF
kce (model parameters) and & (maximum curd firmness) traits, while negative efen
correlations were found with,4x trait (-0.12). The phenotypic correlations had saene sign but
were lower in magnitude than the genetic ones,@xoe ksg that showed higher value (-0.21). The
milk fat percentage was slightly or null correlateih all daily cheese production traits (dCY). The
corresponding phenotypic correlations were muchhdrng The milk protein percentage showed
greater genetic and phenotypic correlation witheskeyield traits (%CY). The genetic and

phenotypic correlations between protein contentRBQE traits were moderate and positive, except
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that for REGar trait, which showed negative genetic correlatie®.27) and null phenotypic
correlation (-0.01). The protein percentage shomederate and positive genetic correlation with
traditional RCT and pattern RGgI(unfavourably), a45 (favourably), GFCFyax tmax traits and
negative genetic correlation withpgunfavourably) and both the constants instant fatecurd-
firming (kcp) and curd syneresis4d®. The phenotypic correlations had the same sigmtdpr a30
and were lower (as RCT, RG[ kcr, ksr and fax ) or higher (as J, ao, a&s, CH, and Chay in
magnitude than the genetic ones. The milk lactasgenit showed moderate positive genetic and
phenotypic correlations with all of the %CY, RECQIaCY traits except for REf,ps, which was
inconsistent. Moderate genetic correlations werendo also between lactose percentage and
traditional MCP traits. In particular lactose carttevas negatively correlated with RCT and &nd
positively with &g (0.45). The phenotypic correlations were simieith slightly higher values than
the genetic correlations. Regarding the genetaticiships with CFparameters and the maximum
curd firmness traits, the lactose content was meggtcorrelated with RCd;, ksg and kax and
positively correlated with Gff CFnax and kr, which showed rather low genetic correlation. The
phenotypic correlations concerning these traiteevgemerally lower as respect to the corresponding
genetic correlations. The genetic correlations betwSCS and traditional MCP, the {GRodel
parameters and maximum curd firmness traits wdteerahigh in absolute values. The SCS was
positively correlated with RCT andg(0.82 and 0.75, respectively), with R&GDf the model CF
(0.80) and with fax trait (0.77) of the maximum CF, while was negdineorrelated with all others
traits (a0, as, CFy, kcr, ksr and Chkay. The corresponding phenotypic correlations wele a
markedly lower. The SCS showed moderate negatinetgecorrelations with all of the %CY, REC
and dCY traits, except with REgoren and %CY¥yater, Which were inconsistent or slightly
positive. The phenotypic correlations between S@G8& the entire %CY and overall recoveries
(REGsoLips and REGneray) traits were rather low or almost null. Negativeepotypic correlations

were found between SCS and the recoveries of thpestein and with all dCY traits.
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DISCUSSION

The milk of Rendena cows is generally consideray seitable for processing into cheese, with
good aptitude for coagulation, (De Marchi et aDP2;, Mantovani et al., 2011). However, milk
production and composition of Rendena cows are fidlagn those reported for cosmopolite Italian
Holstein, Italian Brown Swiss and dual purposeidtalSimmental cows (AlA, 2016). The fats and
proteins are the main solid components of the il affect cheese yield (Verdier-Metz et al.,
2001), therefore, the minor fat and protein corgenit the milk of Rendena breed, could have
affected all of the %CY, %REC, and dCY (kg/d), whigere much more low than at those reported
for Holstein, Brown Swiss and Simmental cows rearedirento province, except for REgoten
and REGat, which were comparable or higher than correspandraits reported in the same

cosmopolite breeds by Cecchinato et al. (2015).

Heritability

The heritability () value estimate in the present study for milk¢/iefas alike to that reported in a
previous study in the Rendena breed by Guzzo e28109), where hvalue was of 0.21. On the
other hand, heritability around at 0.10 has beeonted in Italian Holstein and Brown Swiss breeds
by Cecchinato et al., (2011). Thé for fat and lactose contents assessed by Cecoh@taal.,
(2015) in the Brown Swiss population were 0.11 @rib, i.e., very close to the values for Rendena
here reported, while?ffor protein content was slightly higher (0.30)ritthat obtained in this study.
Penasa et al. (2010) obtained very higffon fat and protein contents (0.28 and 0.35, retpaly)

in Burlina cattle, while Cecchinato et al. (2018ported in Simmental highef lfior fat content
(0.15), but lower values for protein percentagéqpPthan values estimated for Rendena cattle. The
h? estimate in this work for SCS was equal to 0.08/vee., lower than values reported by Dal
Zotto et al. (2007) for Brown Swiss (0.07) and kgprien et al. (1999) for Finnish Ayrshire and

Finnish Friesian (0.09).
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The estimates of heritability obtained for all ik technological traits (MCP, CF, cheese yield
and cheese nutrient recoveries) were comparablegber than that of milk yield traits currently
included in the breeding goal for the Rendena egitipulation (i.e., 0.20, 0.14, 0.20 for milk, fat
and protein yields, respectively) and offer an apputy of being exploited in selection programs
aiming at improve cheese-making ability and chegslels. In particular, the heritability estimated
in this study for RCT was higher than that repoitedthers breeds. For example, Cassandro et al.
(2008) reported heritability value of 0.25 in It Holstein cows and Tyriseva et al. (2003) in
Finnish Ayrshire breed obtained heritability valoie0.28. The heritability of 4 obtained in our
study was similar at that reported from a sampld-iohish Ayrshire and Holstein-Frisian cows
(i.e., 0.40) by lkonen et al. (1999), but was geedhan estimates reported by Cassandro et al.
(2008) in ltalian Holstein h= 0.15), Cecchinato et al. (2016) in Brown Swik$% 0.18) and
Bonfatti et al. (2011) in Italian Simmental cows ¢h 0.12). The heritability of the GFnodel
parameters and the maximum CF were estimated nriByawn Swiss by Cecchinato et al. (2016),
which reported values of heritability ranging frdh©7 for Ck to 0.25 for tax lower than values
estimated in this study. However, a different repleiéity model was applied in this latter study as
compared to the present one. The heritability edgts obtained in the present study for the
percentage cheese yields were similar than theegponding estimates of daily milk yield, and
higher to that of daily cheese yields. In a presistudy of Cecchinato et al. (2015), using FTIR
predictions, heritability estimates obtained foeebe yields resulted greater for Italian Holsteid a
Brown Swiss breeds and lower for Simmental cowsoaspared to the present study. In agreement
with the study of Cecchinato et al. (2015), thethbility estimates for the percentage R&z£and

REGsrotenresulted much higher than the corresponding estsrat milk fat and protein contents.

Genetic and phenotypic correlation
The genetic correlations between the milk technobdgraits (MCP, CF, cheese yields and cheese

nutrient recoveries) and the milk production andnposition in Rendena breed are useful to
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understand how these new traits respond to theeprelection process based on fat and protein
yields, but also to investigate their potential uiseselection toward the improvement of milk
technological properties for cheese production. Thik yield displayed negative genetic
correlation with RCT (favourable) in agreement wilie results reported in Holstein and Brown
Swiss (-0.33 and -0.15, respectively) by Cecchirgtal. (2011), although almost null genetic
correlation was reported by lkonen et al. (1999Finnish Ayrshire and Finnish Friesian (0.02).
The relationship between milk yield angpain this study, was lower than those observed for
Holstein (0.22) by Cassandro et al., (2008) angagbent confirmed by Cecchinato et al. (2011),
which reported also negative correlation for Bro®wiss (-0.18). To our knowledge, no other
studies have considered the relationships existtgeen milk production and composition and the
CkR model parameters. The relationship observed betweitk yield and RCY, even if weak,
confirmed the favourable effect that an increasenitk production produces on the coagulation
time. However, the increase of milk production asegative effect on GFCFnax and kax and
positive effects onde and kg As reported in previous studies (Bittante et2013; Cecchinato et
al., 2015), the genetic correlations between mighkdyand the percentages of the cheese yield traits
resulted negative. This effect could be explaingdhe negative relationship between milk yield
and the percentage of fat and protein, which agenthin solid components of the curd. However,
genetic correlations almost null were obtained riespnt work between milk production and the
recoveries of fat and protein, while negative genatrrelations have been obtained in Holstein and
Brown Swiss cattle (Cecchinato et al., 2015). Tlees these results indicate that a greater
selective pressure for milk production could lindtfferently the percentage cheese yields
depending on the breed considered.

The genetic correlations estimated between RCT matid fat and protein contents in this study
were comparable to the corresponding estimatesnalokan Finnish Ayrshire (-0.01 and 0.49 for fat
and protein, respectively) by lkonen et al. (199Bhe same authors reported similar genetic

correlation than those obtained in this study betway and protein content (i.e., -0.24) and lower
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genetic correlation between RCT and fat percenfage 0.09). Cecchinato et al. (2011) obtained
almost null relationships in Brown Swiss betweea traditional MCP (RCT andsg and milk
protein percentage, and strong positive relatigndlgtween @ and protein content in Holstein
(0.35) confirming the result obtained in a previstusdy by Cassandro et al. (2008).

Considering the relationships between fat and pratentent with the CHmodel parameters and
two predicted traits derivate from CR is possible to highlight the more favourabfteet that the
increase of fat content has on modelling &-respect to the percentage of protein. In péaticas
observed for traditional RCT, the relationship betw RCT, and fat content was negative
(favourable), while it resulted unfavourable wittetprotein percentage (i.e., positive correlation).
Therefore, the increased milk fat and protein conpgomote the increase of Cand Chyay but in

the case of protein percentage there is a reduatiaine curd-firming rate constantqf and,
consequently, an increase in the timg,jtto attain Ckax

Milk proteins are the most important tool for theogesses of coagulation and syneresis, but the
recovery of fat in the curd is important for theeebe yield. The genetic correlations between the
milk fat and protein contents and %CY, in this studere positive but slightly lower than the
corresponding estimates obtained in Holstein, Br@wnss and Simmental using FTIR predictions
(Cecchinato et al., 2015). The solids and energoweries were positively related to milk
composition but lower, especially, the protein patage, with the results reported by Cecchinato et
al. (2015). The same authors reported that tharfdtprotein contents of the milk were moderately
correlated (in a favourable direction) with the tpino recovery in the curd, as in this study, and
comparable relationship between fat content anddbpective recovery in the curd was observed.
The negative genetic correlation obtained betweaetem content and fat recovery in curd in the
present study, are not in agreement with the cporeding estimates reported for Brown Swiss
(0.40) by Bittante et al. (2013) using the indiatlunodel-cheese production procedure and in
Holstein, Brown Swiss and Simmental cows (0.292@&d 0.01, respectively) by Cecchinato et al.

(2015) by the means of the FTIR predictions.
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The lactose content, as previously observed forfahecontent, showed genetic and phenotypic
correlations favourable with the traditional MCRe tCk model parameters and the two maximum
curd firmness traits. Moreover, positive relatiapshwere observed with %CY, %REC and the
dCY (kg/d) in agreement with the results reportgddecchinato et al. (2015) for all the breeds
considered.

The SCS is an important factor that affects thegulzion of milk; indeed, as reported in several
studies (Ikonen et al, 2004; Cassandro et al., 20@8chinato et al., 2011), the SCS trait exerts
unfavourable phenotypic and genetic effects on REA and g. Moreover, the SCS of milk was
negatively related, from a genetic point of viewthwall cheese-making traits in agreement with the
results obtained by Bittante et al. (2013) using dlata of the cheeses model from individual milk
samples di Brown Swiss, and confirmed in a suceesstiudy by Cecchinato et al.(2015), which

used the FTIR predictions in Holstein, Brown Svassl Simmental cows.

CONCLUSIONS
This preliminary study provided the estimation ehgtic parameters in Rendena cattle breed for
the milk technological traits (MCP, CF, cheese dselthe nutrient recoveries in the curd and the
daily cheese yields), using their FTIR predictiofke heritability obtained from all the predicted
traits were comparable and in some case higher thase reported for milk production and
composition with an exploitable additive genetiaiagon to improve genetically the cheese-
making ability, the cheese yields and the nutrregbveries in the curd from the milk of this local
cattle breed. The favourable genetic correlatidmaitk production and composition with %CY and
REC highlight that it is possible to frothily impre the technological properties of milk for cheese

production in the breed.
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Table 1. Descriptive statistics of productive traits, mid@mposition and milk technological traits of

Rendena breed reared in the Trento province.

ltem Mean SD Skewness Kurtosis K olmogor ov-
Smirnov
Milk Production kg/d 17.67 5.578 0.218 0.096 0.029
Milk composition
Fat, % 3.483 0.607 0.333 2.092 0.043
Protein, % 3.282 0.329 0.476 0.891 0.035
Lactose, % 4.884 0.219 -1.116 3.316 0.073
SCS, U 2.623 1.817 0.415 -0.213 0.045
Traditional MCP
RCT, min 16.39 4.788 0.273 0.418 0.024
Koc, min 5.041 1.656 0.050 0.163 0.009
agc, MM 31.50 9.069 -0.218 0.184 0.023
84z, MM 30.60 4.008 -0.127 0.508 0.018
CR model parameters
RCTe, min 17.16 5.208 0.258 0.442 0.024
CF,, mm 47.08 6.467 -0.164 0.432 0.018
Kcr, %/min 14.28 2.738 0.236 0.432 0.020
Ksr, %/min 1.455 0.252 0.182 0.426 0.017
Maximum curd firmness
CFmay, mm 35.74 4.722 -0.153 0.193 0.016
tmay, MIN 34.40 9.253 0.113 0.210 0.016
Cheese yields, %
CYcure 12.85 1.724 0.362 0.497 0.026
CYsoLps 6.137 0.787 0.254 0.902 0.027
CYwater 6.977 0.904 0.214 0.287 0.016
Curd recoveries, %
REGorotEN 77.54 2.185 -0.253 0.532 0.019
REGeat 88.99 2.317 0.061 0.164 0.010
REGsoLips 47.79 2.730 0.269 0.908 0.028
RECGeneroy 63.57 3.300 0.253 0.989 0.029
Daily production of cheese, kg/d
dCYcurp 2.250 0.726 0.491 0.777 0.033
dCYsoLips 1.077 0.353 0.489 0.741 0.033
dCYwater 1.226 0.403 0.424 0.608 0.029
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Table 2. Estimated marginal posterior densities and HPD @&%arentheses) for genetic variance
(6%%), permanent environmental varian(zépg), residual variances(s), and K of production traits,
milk composition, traditional milk coagulation pmgties (MCP), curd firming (CF model

parameters, maximum curd-firmness traits, cheesd,ynutrient recoveries and daily production of

cheese yield in Rendena breed.

Item

0.2

0.2

0.2

h2

Milk production kg/d
Milk composition

2 54%.?55; 4.256)

4.7853.131623; 6.14¢)

5 2085.531; 5.390)

0 2020.C94; 0.327)

Fat % 0.026:01:0.048 0.0240.007; 0.03¢ 0,27 40204 021 0,17 1056 0.189
Pro,tien % 0' 019:009:0.025 0'0150.008; 0.021 0'0310.030; 0.03 0.2650'“8; 0.292)
Lactosé, % 0'_0(5%00:; 0.013 0:0060.003; 0.00¢ 0:01-/0.016; 0.017 0:2610.14(; 0.39)
SCS, U O.OG@IOOE; 0.191) 0.9810.835; 1.135) 1.3721.326; 1.421) 0.0220.004; 0.(88)
Traditional MCP ) )
RCT, mln 5.19§.lll; 7.46° 2.7371.173; 4.34¢ 6.4936.268; 6.72: 0.3590.225; 0.4‘0)
Ksg, MiN 0.534:2760.64) 0.29(0-11% 0.389 0937075 0.819 0.3030190: 0414
a ' mm 01 238299 8 61 08714.9) 26442559 21.7) 0.3760253 0.4%)
a4§' mm 1 7'6§.97z;2.67:) 1'3710.704; 2.03¢ 4 6'064.442; 4779 0'2260.129; 0.333)
CF,model parameters
RCT.., min 6.04 436368719 3.1241:30%5.020 g 1347-848: 841 0.3460-215 0.47)
CF n']m 5. 154006 7.649 3 59018145429 13 1 fl2®:1359 02340145 0.3%)
kCFD’ o%/min 143926 1.960 0.5 10165 0.919 o 152071 2:22) 0.3460.234 0.47)
ksv:' o%/min 0.076-006 0.014 0.0040.00%; 0.007 0.07.40.018: 0.01¢ 0.3080:205 0.4)
Maximum curd firmness
CE- mm 3 106906 4529 18460876 2:869 6.6056.373: 6.83¢ 0.2680:165 0.379
¢ mar)r,ﬂn 0o 3l4.09; 31.2¢ 0 55 13.53815.94: 04 gd24.02i 5.75¢ 0.3940.25 0.52)
maxy . . . .
Cheese yields, %
CY curo 03860237 0.569 0.2460-121; 037 0.99g0-964: 1.08¢ 0.2350-145: 033)
cy . 0.0760.0% 0.119 0,05 10:02 0.080 0284004 0.1 0. 1860105 0.27)
CY\?\I(,)Al‘_I'IEI; 0'0960.052; 0.139 O.OGIO'CSO; 0.083) 0'2640.255; 0.279 0'2250.141; 0.220)
Curd recoveries, %
REGomoren 116707841579 0.390-1340.680 1.494L4c 155) 0380265 0489
REG. 0.6730415 0.950 0.3360-1450.549 1 445136 14D 027740176 0.37)
RECSAT . 1'0610.624 1.55%) 0'5850.25(; 0.940) 3'1283.02:; 3.240 0'2200.135; 0.313)
RECES:;IR[:Y 1'3830.835; 1.997) 0'5900.18:; 1.026) 4'6944.535; 4.860) 0'2060.1:8; 0.2¢8)

Daily production of cheese, kg/d
dCYCURD
dCYSOLIDS
dCYWATER

0.0440.0%: 0.C71)
0'0100.004 0.016
0:0 140004 0.02¢

0.0770.054 0.10¢
0'0180.013; 0.02¢
0:0230.016; 0.03¢

0.1140-109: 0111
0'0290.028; 0.03¢
0:0320.031; 0.0

0.17d0.0¢L; 0297
0'1710@77; 0.284)
0'1760.c79; 0.294)
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Table 3. Estimated marginal posterior densities and HDP @Pfparentheses) for genetig)(and phenotypic gy correlations obtained in Rendena

breed from bivariate animal model analysis betweik production, quality and traditional milk codgtion proprieties (MCP), curd firming (QF

model parameters, maximum curd-firmness traitsesbegield, nutrient recoveries and daily productibeese yield.

la o
Item Milk, kg/d Fat, % Protein, % Lactose, % SCS, U Milk, kg/d Fat, % Protein, % Lactose, % SCS, U
Milk composition
Fat, % -0, 2469675 0.220 -0.03%50.075: 0.01¢
Protien % -0.4140-71 0.03) 0.2434019057) -0.3240369:0277 0.20d01710.246
Lactose. % 0,193 0.50) 0.12103% 0519 0.0640:3150.46) 017801290221 (3 0pcf0.068,001C 0y 75:0123:0.028
SCs. U 0. 5P 03% () 2550.96%0.460 0.515065099) ) 5gf0.98 0.4 -0.16&0214-0121 0.0660027:0.10¢ 021601670265 () 3 £0.447,:0.342
Traditional MCP
RCT. min 0.195054:0199 g g5E0.4750349 0.42¢0105069) ) 15049 023) 0.8710230.99 -0, 207F0259:-0.154 0.066%.923: 0.10¢ 0.0260178.027 () 30503720277 0.3250.274 0.37:
Kac min 0.09£030404%) ) 40F0725003) )3 F0366032) () 50585 0.070 0.7540-00 0999 [0.01(00L 004 () 3040362:029 ) 503430249 () 24 60389:0.303 0.196014%; 0.24:
aec' mm 00740300419 0.21G01760570 g 910510119 () '5d01450509 (@1 (0.99% 0.25) 0.1140.058; 016¢ 0.0330010:007 5 050.008; 0.09¢ 0.36H03170414 () 5q0.348:0.242
a45: mm —0:1850'59& 0.24) 0'_50 401450769 0 5400266 0.75) 0:333-0.04(; 0.639 _0' 3540.9870.80) 0. (')9 £0.143:0.046 0'_3270.295; 0.35¢ 0 5g70557: 061t 0: 30(i035% 0.42¢ _0:072-0.116;-0.027

CR model parameters
RCTe, min
CFK,, mm
kCFy %/min
ksp, %/min
Maximum curd firmness
CFna, Mm
tmas, MIN
Cheese yields, %
CYcuro
CYSOLIDE
CYWATER
Curd recoveries, %
REC;:’ROTEII\
REGear
REGsoLips
RECeneroy
Cheese production, kg/d
dCVYcuro
dCYSOLIDE
dCYWATER

_0.0560.431; 0.349)
_0.1290.5151 0.27J)
0.1430.22.’: 0.48()
0.2290.13& 0.567)

-0 1250.507: 0.267)
_o:lng.ASi; 0.230)

-0.3440:70%0.04)
_0'312,0_69:; 0.110
-0.364072002)

0'006—0.362; 0.359)
0'071—0.322; 0.42()
_0.211-0.595: 0.197)
_0'169—0.575; 0.229)

0.8640-72: 0950
0.8940.76!; 0.967)
0:8760.735; 0.950

-0.11605150309
0.419004 0719
0.13970.25% 0529

-0.071.60-386 0409

0 3710.001: 0.67€)
_o'.116—0.501; 0.27)

0.71.(0-49 086
0.8610'73‘; 0.94%)
0:4510.105; 0716

0'291—0.065; 0.607)
0'210—0.16(; 0.55¢)
0.8080.63.’: 0.927)
0'7930.63'.; 0.907)

0.1.350-365 0579
0. 180.29 0609
_0:0 46054 0.449

0.2860-066 0619

0.4950-205 0.709
_0.3380.62 0.01)
_0.49F074019)

0.42G0-13 0.659
0:4280.11:; 0.697)

0.74(055 087
0 ' 50103240789
0:8080.635; 0.93)

0.3790-07% 0.659
_0.26&05740.06)
0.477018:0.69)
0.2440106 0539

-0,0350.4% 0.399
0 ' 145053 02%)
_0: 026043 0419

_0'221—0.531; 0.18)
0.321-0.042: 0.66¢)
0.071-0.30(: 0.40%)

_0'110—0.458; 0.237

0 4150.0851 0.701)
_o'.135—0.45'.; 0.24¢)

0.2160166 0569
0'29 0106 0.64)
0"4170.07‘; 0713

0'4740.16!; 0.727)
0'304—0.05(; 0.579)
0.081-0.32(: 0.456)
0'271—0.11{; 0.59))

0.205027: 060
0.203'0'27:; 0.600)
0:336—0.11'.; 0720

0.7990-14 0.99)
_0.52}0-985 0567
_0.7430.9% 0.08
_0.7070-9940.009

_0.5580.99 0517
d 771009 0.99)

-0.09740.98:0.919
0 ' 3071:0.9870.85)
0 11F09% 0969

_0.05 710964 0929
_0.6630-99%6 0250
_0.31#0-986 0.82)
_0.53710996 0639

-0, 565 0.99 0,629
0 ' 6450.9% 0.400
_0: 425099 0829

-0 .046—0.062:70.031
-0. 1080.156;-0.060
0. 1140.062; 0.16€
0.0990.049: 0.14¢

-0 0780.128;-0.029
-0 192—0.247:70.138

-0.15(0 1970102
-0.1050148:0.056
.01 2401710077

0. 1150.060: 0.16¢
0.1050.056: 0.15¢
-0. 111—0.158;-0.063
_0.006—0.053: 0.041

0.88(}0-869; 0.891
0 ' 740864 0.8
0:8950.885: 0.90¢

_0'0270.069; 0.014
0.2220.189; 0.25¢
0.1200.081; 0.15¢

_0'205—0.242;—0.168

0 1680.132; 0.20:
_0'632—0.075; 0.011

0.686066%; 0.701
0.8680.859; 0.871
0:2900.259;0.321

0'3230.288;0.361
_0'035—0.072; 0.00z
0.8000.786; 0.814
0'8430.830; 0.85¢€

0.310271:0.34¢
0'4120.375; 0.45¢
0:1030.063; 0.14¢

0 .0800.029: 0.131
0 .5700.539; 0.60z
-0 .065-0'115;-0'015
-0. 191—0.237:70.145

0 5380.503; 0.57¢
0:2300.180: 0.27¢

0.6560-631: 0.68¢
0' 49dP-469; 053¢
0 :6560.632: 0.681

0.12-’0.077: 0.17¢
_0.012—0.060: 0.03¢
0.5020.470; 0.53¢
0.2790.238: 0.32(

-0.000.054 004
-0.06F0115-0.019
-0.02(50.070: 002

-0. 38570.429:70.340
0 .2780.236; 0.32(
0 .0870'038; 0.13¢
-0 .062—0.110:70.015

0 .4050.365; 0.44¢
-0. 25270.301:70.202

0.1.1.40-068; 0.15¢
0'0790.037; 0.12:
0:3000.260: 0.34¢

0.4080.364: 0.45%
0.4000.3615 0.44C
_0.0380.082; 0.00¢
0.1050.063: 0.14¢

0.2770-169; 0.26¢
0' Q0147024
0:2920.245; 0.34¢

0'3280.278; 0.37¢
_0.071-0.115;-0.027
_0.183-0.233;-0.133
_0'132—0.179;—0.085

-0 145—0.191;-0.099
6'2960.242; 0.35(

0.03¢0.006; 0.08¢
0.0540.016: 0.101
-0.061-0-106:0017

_0'318—0.383;—0.253
_0'168—0.214;—0.122

0.0950.050;0.139
_0'0070.05(; 0.036

-0.1470-186:0097
-0, 1260170:0.083
.0.1810.226:0137




CHAPTER 4

ANALYSISOF GENETIC CORRELATIONS

BETWEEN BEEF TRAITSIN YOUNG BULLSAND

IN PRIMIPAROUS COWSBELONGING TO THE

DUAL PURPOSE RENDENA BREED

Under Submission
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ABSTRACT

This study aimed at estimating genetic relatiorslptween muscularity type traits obtained in
primiparous cows (front muscularity; back, loinedaump; thigh, buttocks side and rear views)
with the same types scored on candidate young hultee end of the performance test for beef
aptitude, and with the performance test traits r@ye daily gain, ADG; EUROP fleshiness
evaluation; dressing percentage), in local duappse Rendena breed. Muscularity linear type
traits recorded on 11,992 first parity cows andrthescularity types scored on 957 candidate young
bulls at the end of the performance test were aedlyAfter obtaining genetic parameters for both
muscularity traits of cows and young bulls, andflpegformance test traits of young bulls through
a series of single-trait REML models, bivariate lgs@s were performed on a data set accounting
for 12,949 records belonging to the same numbenohals (females and males) to estimate the
genetic correlations among beef traits recordethén different sexes. The heritability estimates
obtained were moderate for both groups of traitd emnged from 0.25 for front muscularity in
primiparous cows, to 0.36 for both back, loins amtp and dressing percentage recorded in young
bulls. Medium to high genetic correlations wererfdibetween performance test and muscularity
type traits collected in young bulls (from 0.47een thigh, buttocks side view and ADG to 0.97
between thigh, buttocks side view and in vivo EURSZBre). The genetic relationships between
muscularity linear type traits of primiparous coasd performance traits of young bulls were
variable (from 0.07 between front (chest and shemjldnd ADG to 0.822 between thigh, buttocks
rear view and dressing percentage). Generallytréits measured during performance test in young
bulls and muscularity traits evaluated on primip&rcows were favourably correlated, indicating a

common way for the selection route.

Key Words: genetic parameters, Rendena breed, beef tras;utarity linear type traits
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INTRODUCTION
In the present days most part of the European pugbose cattle breeds are traditional local
populations diffused in marginal areas (Gandini &flth, 2003). Selection in these populations
requires a good balance between milk and beektragcause of the very strict bound that local
breeds maintain with milk and beef products obtimetheir specific environment (Gandini and
Villa, 2003). Selection for beef in cattle is oftdsased primarily on growth anth vivo
conformation recorded at test stations on younglicate bulls (Andersen et al., 1981; Albera et al.,
2001; Sbarra et al, 2013), but also on musculdrigjts scored during routinely linear type
evaluation (Mantovani et al., 2010; Frigo et al012), or, more recently, on quantitative and
gualitative traits data recorded at abattoirs (Revest al., 2000; Bonfatti et al., 2013; Sbarralet
2013). However, in dual purpose cattle breeds,géleanr data have been introduced for selection
purposes only recently and particularly in popwalasi as the French Normande and Montbeliarde
(Croué et al., 2016; Croué and Ducrocq, 2017) #natcharacterized by a wider population size
than the remaining European dual purpose breediscttom for beef traits in Italian dual purpose
cattle breeds is organized through the performaesefor young bulls’ evaluation (Sbarra et al.,
2009), but it is also based on the evaluationraddr type traits on primiparous cows (Frigo et al.,
2013; Mazza et al., 2014, 2015, 2016), that amamy cases both included in a global index used
for selection (Sdlkner et al., 2000; Fuerst-Walthke, 2016; Mazza et al., 2016). Among the type
traits included in the global index of dual purpasdtle breeds, muscularity and/or mammary traits
are the most commonly used (Solkner et al., 2008rst-Waltl et al., 2016; Mazza et al., 2016).
The Rendena breed is autochthonous of the Itallpe &nd particularly of the homonymous alpine
valley located in north-east of Italy, in the pmose of Trento, enclosed between the Adamello
(west) and the Brenta (east) mountain groups. TéredBna has ancient origins and it has survived
to the massive introduction of cosmopolitan breedshe northern part of Italy during the XX
century (Forabosco & Mantovani, 2011). At preséiet Rendena population is mainly raised in the

mountainous area of origin and in the flatlandsthed Veneto region (provinces of Padua and
103



Vicenza) in the area called “Destra Brenta”, wheys on the right bank of the river Brenta. This is
a highly fertile area of alluvial origin in which lat of land is under grass, and the remaining is
mostly dedicated to the production of maize usedsflage. The Destra Brenta is one the most
important dairy area of the Veneto region. The afathe Rendena cattle is usually dark brown
accounting for a white ring around the black muzaleimals are of small to medium body size and
are characterized by a good grazing ability exgessn mountain pastures in both the area of
origin and in the Veneto region (Mantovani et 4897). The present Rendena population accounts
for about 4,000 registered cows selected for thed gurpose attitude through the use of a global
index accounting for a protein-and fat- correctetk nyield index, a performance test index,
measured on candidate young bulls and based oragevataily gain plusn vivo estimate of
dressing percentage and EUROP score, and musgudait mammary traits obtained from linear
type classification of primiparous cows (Mazzalet2z014). In recent years accurate analyses of the
genetic relationship between milk and meat traggehbeen carried out in many breeds aiming at
identifying the proper combination of traits wheartagonistic aspects concur in selection (Liinamo
et al.,, 2001; de Haas et al., 2007; Frigo et @132 Mazza et al., 2016). However, to our
knowledge, no previous study has been carried @etvaluate the genetic structure of beef traits
obtained in different sexes and at different tinoeirth life. The aim of this study was to estimate
genetic relationships of muscularity type trait$amtied in primiparous cows with the performance
test traits and the same types scored on candydateg bulls at the end of the test. The Rendena

cattle breed was chosen as case study for othék, $voal dual-purpose breeds.

MATERIALSAND METHODS
Data were provided by the National Association eh&ena cattle Breeders (ANARE) and included
linear type and performance test traits recordsgaetively in primiparous cows and in candidate
young bulls at the age of about one year (i.egteethe progeny testing for milk yield). Linear &yp

traits recorded between the years 1994 and 20144 @31 first parity Rendena cows were initially
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considered. The linear type classification systemnststs of in composite traits and 20 linear
description traits (Mazza et al., 2014). The contpadsaits summarize body size, fleshiness, body
shape and udder. The individual type traits descsiiiecific body regions of animal (Mazza et al.,
2014). For this study, only 4 individual muscuhatitaits (front muscularity; back, loins, and rump;
thigh, buttocks side view; thigh, buttocks reamiiescored on a linear scale from 1 to 5 points were
taken into account (Table 1). To enter the dattasdtrther analysis, only cows with an age attfirs
calving between 22 and 48 months and with daysilk (@IM) between 10 and 305 days were
considered. In addition, data from herd-year-cfegsicontemporary groups with less than two
records were discarded. After editing, the linggetdata set considered in records on 11,992 first
parity Rendena cows.

For the purpose of the study, type traits were exbrgith beef traits recorded in 957 Rendena
young bulls at performance test station betweenydas 1997 to 2014. The young bulls were
measured for average daily gain (ADG; obtainedihgdr regression of weight on age recorded 11
times during the stay of young bulls at the teatigh), estimatedn vivo dressing percentage,
estimatedn vivo fleshiness score (EUROP scale), and linear typdéuation carried out at the end
of test, i.e., at about 11 months of age. For thred the research only 4 linear type traits redaie
muscularity (front muscularity; back, loins, andmuy thigh, buttocks side view; thigh, buttocks
rear view) were taken into account (Table 1). Mlesaty traits were evaluated in both males and
females by visual appraisal by a classifier of Wational Association of Rendena cattle Breeders
(ANARE). Thein vivo EUROP score considering the grades E, U, R, ORgridom the best to
worst conformation, was transformed in a linealesé@m 80 (for P) to 120 (for E) and furtherly
subdivided into + or — subclasses (Croué et al6p@iwhich were added or subtracted 3.33 points
as respect to the full class, i.e., for a R+ th@resavas 103.33, while and for the U- 106.66. The
whole numeric values, ranging from 76.66 (less mlasy to 123.33 (more muscular), were
considered as continuous. Both evaluationgnofivo EUROP and dressing percentage for young

bulls were carried out by three experts of thegiéer industry and values were averaged by each
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bull before the analysis. Finally, the two datasktscribed above were joined into a single data set
accounting for 12,949 records belonging to the sanmaber of animals (females and males), for
carrying out bivariate animal model analyses. Tedigree file obtained traced back subjects up to

10 generations and contained a total of 19,265 asim

Genetic analyses and models
(Co)variance components were estimated betweenpschf the target traits by running bivariate
animal model analyses in the AIREMLF90 program fithv BLUPF9O0 family (Misztal, 2008). For
data on young bulls, a series of bi-trait analysese carried to obtain (co)variance components
between type (front muscularity: FM; back, loinsdaump: BLR; thigh, buttocks side view: TBS;
and thigh, buttocks rear view: TBR), and perfornsanest traits (ADG, EUROP, and dressing
percentage). Otherwise, all the possible traitgpalstained by combining muscularity linear type
traits recorded on primiparous cows with muscufatipe traits and performance test traits
recorded on young bulls were set up to estimatyé&@nce components.
In matrix notation, the models used were as foltows

y=Xp+Zu+e
wherey is the vector of a given observer phenotypeandZ are the incidence matrices of fixed
effects and genetic effects, respectively, the areal and e represent the additive genetic and
residual effects, respectively, and the ve@tancludes the fixed effects. For type traits reear@n
primiparous cows, the fixed effects accounted i@ thodel were, as described in Mazza et al.
(2014): the herd year classifier (1,729 levelsg, dlge at calving (9 classes: <24 months, from 25 to
38 using 2-months intervals, ar@9 months for the last class), and the days in (Bilklasses from
10 to 30 days after calving and from 31 to 210 dafysr calving using 30-days intervals, or for
later evaluation >210 days). For performance temtst the fixed effects considered were the

contemporary group effect (84 levels), the paritgen of the mother effect (4 classes: 1st parity;
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2nd parity; 3rd to 7th parity; over the 8th parjtghd, for the estimated dressing percentage and
EUROP scores only, the age at the end performasteised as linear covariate.

The assumptions on estimated (co)variances fobtheit analyses were obtained @§1A and

ROI, with G, andR as 2 x 2 matrices respectively including the adeligenetic, and residual
(co)variance matrices of the respective trait paigndl are the additive relationships matrix and
an identity matrix; and] is the Kronecker product. The residual (co)varam@s set at zero in
bivariate analyses of traits coming from differelattasets because those traits were measured at
different times.

The heritability (R) was defined as:

2
G
h2_ a .

0§+0(25 !

wheres.? andss? were the mean additive genetic and mean residuances estimated in different
series of bivariate analyses, respectively.
The additive genetic correlationg)(between muscularity type traits measured in betmales and

males and performance test traits were obtained as:

_ Oal,a2
ra_ -
Ga1- Oa2

whereoa; a2 Was the genetic covariance between traits 1 arah@p,1 and o, were the genetic
standard deviations for traits 1 and 2, respedtivel

The standard error of heritability and correlatiomsre calculated following the “delta method”
outlined in Lynch and Walsh (1998) and consideting variances of the estimated (co)variance

matrices.

RESULTS
Descriptive statistics of all considered beef grate reported in Table 1. Mean values for all the
individual muscularity type traits in primiparousves and young bulls were close to 3, although

slightly lower in females than in males (2.77 v€43 2.93 vs. 3.15; 3.00 vs. 3.24; and 2.83 vs8 2.9
107



for FM, BLR, TBS and TBR, respectively). An ADG &f011 g/d was observed in young bulls
under performance test, with vivo EUROP score and dressing percentage (DP) at thefeest,
that resulted on average of 98.9 points (R-/R) 28d%, respectively. The DP showed the lowest
CV (0.012) followed by EUROP score (0.036), musgtydype traits in females (0.28 + 0.02) and
muscularity type traits in young bulls (0.27 + 0.01

The estimated (co)variance components and hertiabilere reported in Table 2. The additive
genetic variances evaluated for linear musculayipe traits in primiparous cows were on average
lower than the genetic variances observed in theedaaits in young bulls (e.g., 0.14 and 0.26 on
average, respectively). As a consequence, theabdity values estimated were generally lower in
the females as compared to the males, ranging &@to 0.31 for the primiparous cows, and from
0.28 to 0.41 for young bulls (Table 2). Among muadty traits, tight and buttocks heritability
resulted greater than other traits in females (@rage 0.305), while in males they resulted lower
than other traits (0.315 on average) consideriag black, loins and rump muscularity reached the
substantial value of 0.41 (Table 2).

Heritability values for ADG, EUROP, and DP were ramate, i.e., 0.35, 0.34, and 0.36,
respectively. In general, standard errors (SE)eoitébility were lower in primiparous cows than in
young bulls.

Genetic correlations {r between muscularity linear type traits and ADGyoung bulls showed
moderate genetic correlations, i.e., around 0.5Zawerage (Table 3). On the other hand, high
genetic correlations were found between musculdyjpe traits and EUROP (from 0.81 with front
muscularity to 0.99 with thigh, buttocks side viear)d between muscularity and DP (from 0.81
with front muscularity to 0.98 for thigh, buttockile view). The SE forbetween muscularity and
ADG resulted greater than SE obtained fgrbetween muscularity and EUROP and between
muscularity and DP (Table 3).

Table 4 reports the genetic correlations betweescuiarity type traits recorded on primiparous

cows and the corresponding type traits evaluategqoamg bulls. In general, the lowest genetic
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correlation was found between FM observed in prarops cows and muscularity traits recorded in
young bulls (e.g., 0.53 on average; Table 4), wdsettbe highest genetic correlation was found
between the TBR in females and TBS in males (OT@&bje 4). In general, the single muscularity
type traits observed in young bulls showed rathgin lgenetic correlations with the corresponding
muscularity type traits in primiparous (i.e., 067 FM, 0.76 for BLR and TBS, and 0.74 for TBR;
Table 4). The average SE resulted 0.11 for all gewerrelations between muscularity type traits
obtained in the two compared animal categories.

Genetic correlations between muscularity type drait primiparous and performance test traits
recorded in young bulls are reported in Table % Tdwest genetic correlation (0.07) was found
between ADG and FM in females. However, low genetiorelation values were also estimated
between ADG and all others muscularity type traatprimiparous cows (e.g., 0.24 on average). On
the other hand, EUROP and DP showed modesatéthr FM in primiparous cows (0.44 and 0.47,
respectively), but higheg with the remaining traits, i.e., 0.71 and 0.75mBLR, respectively, 0.78

and 0.80 with TBS, and 0.81 and 0.82 with TBR. Ag&E reached the considerable of 0.11.

DISCUSSION
All muscularity traits scored both in primiparousas and young bulls have shown to be close to
the mean expected values, i.e., mid-point of tleeesscale, reflecting the tendency toward a normal
distribution of these traits as expected at populatevel. The mean values obtained for
primiparous cows in this study are almost the spmegiously reported by Mazza et al. (2014) for
the Rendena breed, but they are also close to vatymrted by Mazza et al (2015, 2016) for the
Aosta Red Pied, another dual purpose Italian Iboed, although characterized by a more rounded
TBR trait than the Rendena. However, the same nhastyutraits have been reported to be more
developed in the Aosta Black Pied and Aosta CegiMatza et al., 2015; Sartori et al., 2015) as
compared to the Rendena breed. Therefore, datnebtitauggest a general lower muscularity in

Rendena primiparous than in Valdostana cattle thistcould be due to the greater milk yield and
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selection pressure toward this trait in Rendena tha/aldostana autochthonous breeds (Mazza et
al., 2014; Mazza et al., 2016). Surprisingly, theam muscularity scores reported by Forabosco et
al. (2004) for Chianina cows were only slightly gper than values reported for the Rendena breed,
but this could be attributable to the different afjscoring that is more precocious in Chianinatha
in Rendena females (Forabosco et al., 2005). M#Hlése Rendena have shown an average greater
score than female considering the same body retigcould be attributable to both the expected
sexual differentiation due to sexes, to the yourmge at which young bulls are evaluated as
compared to cows, and to the feeding plan usedddpormance tested males as compared to cows,
also. Indeed, performance testing is always chamaed byad libitum feeding regimen to allow
young bulls to fully express their growth poten(@hdersen et al., 1981; Sbarra et al, 2013), while
cows have a different feeding regimen up to th& frarity. The mean ADG in the whole testing
period, the mean EUROP score and estimated drepsirtgntage (evaluated at the end of test),
have resulted in a low-moderate growth and confaondor the Rendena young bulls, much lower
than values reported for other Italian (Mantovdrale 1999; Albera et al., 2001) or Irish beettleat
(Crowley et al., 2010), but also lower than growgiported for other dual purpose tested young
bulls (i.e., Norvegian dual purpose cattle; Aas396t Czech Pied bulls; Bouska et al., 2003;
Simmental in South Africa; Archer and Bergh, 200Byen in this case the feeding regimen
adopted in different test stations around the waosldorobably the most important source of
variation affecting the observed growth rate.

Heritability values obtained in this study resultedy slightly greater (+0.02 on average) than ¢hos
previously reported for the Rendena primiparous <ty Mazza et al. (2014), but lower than a
muscularity factor obtained combining the four muladty traits in Rendena breeds by Mazza et al.
(2016). In this latter study the same musculamgtdr obtained for the Aosta Red Pied produced
estimates of heritability comparable to those olsdi in the present study, confirming the
similarities between these two autochthonous itabeeeds. Similar estimates of heritability for

muscular trait development (i.e., 0.27) were als@aimed by Crowley et al. (2011) using population
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data for Irish beef cattle breeds, while Frigo ket(2013) have reported a value of 0.38 for the
muscularity of primiparous Italian Simmental cowswer values than in the present study were
reported by Forabosco et al. (2005) for Chianinglezawith a mean heritability of 0.20 for 8
different regions scored for muscularity. In gehenat accounting for differences across studies
and breeds, the heritability of single musculatigits obtained from population data has always
been reported of medium value (Forabosco, 2005y@soet al., 2011; Mazza et al., 2014), while
factorial or composite traits have shown mediuntithgritability (Frigo et al., 2013; Mazza et al.,
2016), indicating a more efficient use of the latte possible traits for selection.

The heritability of the 4 muscularity traits obtathon young bulls aged 11 months resulted on
average greater than values reported for femal®@07y}, due to the lower age at which the
evaluation was carried out that produced also arease in the genetic variability of traits. Apart
from the differences in age, also the more homogeneonditions due to the test station should
have contributed to the greater genetic variancd laeritability estimates for males than for
females. Indeed, the use of control stations fetirtg accurately beef traits in an early phasefef |
has been suggested as the preferable methods temc80 also due to the greater heritability
attainable (Andersen et al., 1981). However, forilgir muscularity traits evaluated on young bulls,
Bouquet et al. (2010), have reported much higheitatality in beef Blonde d'Aquitaine and
Limousin breeds (i.e., 0.65 and 0.51, respectiveély) the other hand, Bonfatti et al. (2013), have
reported closer results to our study, with herligbivalues ranging from 0.22 to 0.44 in
Piedmontese tested beef bulls, depending on the flegibn scored (i.e., lower for front and greater
for back). Performance test evaluation of musciylgscale 1-10) in Norvegian dual purpose cattle
has shown even lower heritability, i.e., 0.24 (Aassl.; 1996), while Sbarra et al. (2009), have
reported a wide range of heritability for muscularvisually assessed on performance tested
Chianina, Marchigiana and Romagnola beef bulls5@ds Chianina; 0.30 for Marchigiana; and
0.19 for Romagnola; respectively). Therefore, &itare is rich of many different heritability values

for bulls muscularity depending on the breed ccerad.
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The heritability estimates for ADG resulted medibigh and were in range reported for other
performance tested bulls of different breeds swsctha Norvegian dual purpose cattle (0.30; Aass,
1996), the Czeck Fleckvieh (0.28fiyl et al., 2007) and a mixture of breeds includipeef
(Charolias, Limousin, Aberdeen Angus and Herefaml) Simmental bulls tested in Ireland (0.30;
Crowley et al., 2010). For Chianina, Marchigiana &omagnola tested bulls, Sbarra et al. (2009)
estimated a mean heritability of 0.30. Howeveratge valued for ADG on test stations have been
highlighted for Piedmontese (Bonfatti et al., 2013)

Thein vivo EUROP score and dressing percentage are not easilgarable with literature, being
the most part of studies carried out on data frtattair. In this situation, heritability reportedrf
EUROP score have resulted highly variable, i.eamfr0.24 reported for Piedmontese cattle by
Bonfatti et al. (2013), to 0.47 for Limousine, atwd0.62 for Blonde d’Aquitaine (Bouquet et al.,
2010). Analysing slaughter data from crosses cht@nmal breeds, Hickey et al. (2007), highlighted
heritability estimates for EUROP ranging from 0fo4 Friesian to 0.36 for limousine. Similarly,
heritability of post mortem dressing percentage has been reported in literaturbe variable
considering different breeds and situations. ldiss conducted on French beef breeds heritability
of dressing percentage has been reported highentilaes of 0.28-0.39 reviewed by Rios-Utrera
and Van Vleck, (2004), reaching the value of 0. d3CGharolais crosses (Fouilloux et al.; 1999), or
0.47 in Blonde d’Aquitaine and 0.54 in Limousineo(Bjuet et al., 2010). On the other hand, lower
values have been indicated in earlier studies atteduon Norvegian dual purpose cattle bulls by
Aass (1996). In general, results obtained in thesgmt study forn vivo EUROP (but also for
dressing percentage) reflect the mean heritallitserved for the muscularity type scores and for
ADG. However, if the similar heritability observddr muscularity type traits and EUROP is
expected, being the morphology score and EURORedrath methods for the visual assessment on
animals of the same characteristics, less expeatedthe similarities with ADG estimates. A
medium genetic correlation was indeed estimatedAf@& and all 4 muscularity traits in Rendena

young bulls, indicating that only a partial groupgenes are commonly expressed in these traits. On
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the other hand, greater genetic correlations, a.enore communality in terms of gene expression
for different traits, were observed for the 4 muaaty traits when analysed in combination with
vivo EUROP and dressing percentage, supporting agdeast for the first trait, the trait similarity
with the muscularity type evaluation. Opposite eslwf correlation between ADG on test and
muscularity score have been reported by Alberd.gR@01) on Piedmontese bulls (-0.24), while
Filloux et al. (2000) have reported almost nullretations on Charolais (0.06) or low positive
genetic correlation on Limousin performance testells. However, Filloux et al. (2000) have also
reported a greater genetic correlation betweenniuscularity assessed on performance tested bulls
and thepost mortem dressing percentage obtained from the progenyhefsame Charolais and
Limousine bulls (0.28 and 0.59, respectively). @omfation score and ADG have resulted in a very
unfavourable genetic correlation (-0.62) in Noneegidual purpose tested bulls (Aass; 1996),
although, again, a positive genetic correlation wesorted betweem vivo visual appraisal of
conformation and dressing percentage measuredooniynselected bulls (0.52). Results from our
study highlight that, in spite of the high genetorrelations betweemn vivo estimates and
muscularity traits, performance test traits ark gteferable indicators of beef attitude, partanly

the dressing percentage appraisal, which is niyt ¢orrelated with the muscularity traits.

The genetic correlation between muscularity tralitained on Rendena primiparous and on young
bulls was favourably correlated, although the estés obtained were, on average, 0.65. This value
reflects possible interference on primiparous eatabm due to the milk production, i.e. a thinnest
aspect of cows, as respect the young bull evalmwaGomparing the results of this study with other
literature reports is very difficult, due to abseraf similar studies. The only possible comparison
with live and post mortem conformation data on Eherbeef breeds, for which correlations
coefficients ranging between 0.61-0.79 have beported (Fouxillou et al., 2000; Bouquet et al.,
2010). However, very different conditions have aoed in this comparison considering that in both
cases data obtained were the results of perform@stiag of young bulls and fattening of their

progeny in commercial conditions.
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Muscularity type traits scored on primiparous cdwse resulted in medium-low correlation with
ADG, and medium-high withn vivo estimates of EUROP and dressing percentage, intjca
again, at least for animal beef conformation, a rmm@m component of the gene-pools involved in
the expression of the traits, particularly for thed quarter. This in spite of different farmingdan
feeding practices between primiparous cows and gadested bulls. No previous studies have

reported information about the genetic relationstiptween these traits.

CONCLUSIONS
This study indicated that traits measured durindopmance testing of Rendena young bulls are
heritable and favourably correlated. Lower heriigbiexists for muscularity traits evaluated on
primiparous cows, but even these traits are favmureorrelated to muscularity type traits scored
on performance tested bulls, or with growth amgivo commercial evaluation of bulls, indicating a
common way for the selection route. Further analysiterm of genetic trend for traits included in
the global selection index could be useful to fullyderstand the relationship among the traits here
analysed, allowing additional knowledge on the appate weight to give beef traits under
selection for the autochthonous Rendena breed.|Resithis study may also provide useful
suggestions for genetic relationships among passiaits of interest in genetic improvement of

other dual purpose breeds.
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Table 1. Descriptive statistics of individual linear musaty type traits and performance test traits

measured in Rendena primiparous and young bufipectively.

Traits Minimum Maximum  Mean  Standard
Deviation
Muscularity typetraitsin primiparous cows (scor €) 1 5
Front (chest and shoulder) Scarce Developed 2.77 82 0.
Back, loins and rump Scarce Developed 2.93 0.78
Thigh, buttocks side view Hollow Rounded 3.00 0.77
Thigh, buttocks rear view Hollow Rounded 2.83 0.80
Muscularity typetraitsin young bulls (score) 1 5
Front (chest and shoulder) Scarce Developed 3.04 82 0.
Back, loins and rump Scarce Developed 3.15 0.85
Thigh, buttocks side view Hollow Rounded 3.24 0.86
Thigh, buttocks rear view Hollow Rounded 2.98 0.84
Performancetest traitsin young bulls
ADG!, g/d 516 1326 1011 106
In vivo EUROP, score 80.0 108.9 98.9 3.55
In vivo dressing percentage, % 50.0 55.7 53.7 0.66

'ADG = average daily gain;

“Grades E, U, R, O and P, were subdivided into a1 = subclasses and transformed in a linear shateattributed
100 to R class and £3.33 points to each subclassvba above the R, obtaining a continuous scadenfi76.66 to
123.33.
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Table 2. Estimated genetic variancex), residual variancesf’), heritability (i), ad SE of h
(within brackets) of muscularity linear type tragsored in primiparous cows and in young bulls,

and performance test traits in young bulls of tleadena breed.

Traits 6.2 6.2 h2

Muscularity typetraitsin primarous cows

Front (chest and shoulder) 0.13 0.38 0.25 (0.02)
Back, loins and rump 0.13 0.36 0.26 (0.02)
Thigh, buttocks side view 0.15 0.34 0.31 (0.02)
Thigh, buttocks rear view 0.15 0.36 0.30 (0.02)
Muscularity typetraitsin young bulls
Front (chest and shoulder) 0.25 0.45 0.36 (0.09)
Back, loins and rump 0.31 0.45 0.41 (0.08)
Thigh, buttocks side view 0.27 0.51 0.35 (0.08)
Thigh, buttocks rear view 0.20 0.51 0.28 (0.08)
Performance test traitsin young bulls
ADG!, g/d 3035.3 5622.7 0.35(0.08)
In vivo EUROP, score 4.20 8.26 0.34 (0.09)
Invivo dressing percentage, % 0.14 0.24 0.36 (0.09)

TADG = average daily gain;

’Grades E, U, R, O and P, were subdivided into et = subclasses and transformed in a linear shateattributed
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Table 3. Genetic correlations between muscularity linegretyraits and performance test traits

obtained in Rendena young bulls.

Performance test traitsin young bulls
Muscularity traitsin young bulls

ADG! In vivoEUROP? I'n vivo dressing per centage
Front (chest and shoulder) 0.501 (0.144) 0.81178).0 0.812 (0.074)
Back, loins and rump 0.524 (0.136) 0.904 (0.051) 870.(0.060)
Thigh, buttocks side view 0.478 (0.150) 0.989 (0)02 0.983 (0.037)
Thigh, buttocks rear view 0.575 (0.138) 0.954 (8)04 0.926 (0.056)

'ADG = average daily gain;

’Grades E, U, R, O and P, were subdivided into et = subclasses and transformed in a linear shateattributed
100 to R class and *3.33 points to each subclassvba above the R, obtaining a continuous scadenfi76.66 to
123.33.
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Table 4. Genetic correlations frand SE of 4 (within brackets) between muscularity linear type
traits in primiparous cows, and the correspondingdr type traits evaluate in young bulls of the

Rendena breed.

. I Muscularity typetraitsin young bulls
Muscularity traitsin primiparous cows

FM BLR TBS TBR
Front (chest and shoulder; FM) 0.574 (0.124) 0@0809) 0.516 (0.123) 0.402 (0.139)
Back, loins and rump (BLR) 0.678 (0.107) 0.757930 0.667 (0.119) 0.563 (0.135)
Thigh, buttocks side view (TBS) 0.566 (0.110) 0.78D85) 0.756 (0.096) 0.659 (0.122)
Thigh, buttocks rear view (TBR) 0.627 (0.107) 0.783%83) 0.811 (0.097) 0.741 (0.118)
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Table 5. Genetic correlations between muscularity linegsetyraits in primiparous cows and

performance test traits recorded in young bullthefRendena breed.

Performancetest traitsin young bulls

Muscularity traitsin primipar ous cows

ADG! In vivo EUROP? In vivo dressing per centage
Front (chest and shoulder; FM) 0.071 (0.131) 0.4B126) 0.480 (0.122)
Back, loins and rump 0.258 (0.131) 0.711 (0.109) 748.(0.107)
Thigh, buttocks side view 0.263 (0.125) 0.776 (8)09 0.798 (0.102)
Thigh, buttocks rear view 0.209 (0.128) 0.811 (8)09 0.822 (0.104)

'ADG = average daily gain;

’Grades E, U, R, O and P, were subdivided into et = subclasses and transformed in a linear shateattributed
100 to R class and *3.33 points to each subclassvba above the R, obtaining a continuous scadenfi76.66 to
123.33.
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GENERAL CONCLUSIONS

This thesis have treated various topics concerthegevaluation of productive traits (milk and
meat) already included in the selection index, paodsible new traits to consider for the genetic
improvement of local dual purpose Rendena breed.

In the first of the four chapters of the thesignfa of Rendena cattle were grouped on basis of
average milk yields for investigating possible effe of heterogeneity of variance in genetic
evaluation of production traits. The study allowtedind a connection between productive level of
farms and management practices. The genetic asatyselucted for milk, fat and protein yields
have revealed that variance components and hditigaini medium and high productive groups
were heterogeneous. However, the estimates ofdhetig correlations of all yield traits between
the two productive groups of farms were above fineshold suggested in literature for considering
the groups as homogeneous in variance, and thedBWlIs that had daughters in both productive
groups were not affected by a re-ranking due toamae heterogeneity. The study has suggested
that a genetic evaluation not accounting for theetogeneous variance may be applied without
producing biased estimates for bulls EBVs, bubiild allow for a more careful selection on cows.
The introduction of udder health traits in the st index could be a useful integration of yield
traits in genetic evaluation of the aptitude at thék production. Therefore, in the second
contribution the content of milk somatic cells frofanctional controls was considered and
investigated using different and alternative phgpes$ obtained from the somatic cell count. Two-
logarithm-based and normally distributed traitsmely the somatic cell score (SCS) and the
product of somatic cells and test day milk yield @CC), and three threshold traits linked to the
occurrence of pathological mastitis. Results oletaishowed an higher genetic variability and
heritability of SCS and LTSCC traits as comparedhteshold traits. The genetic improvement of

milk, fat and protein yields seems to have no negadffects in terms of increase in somatic cells,
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as suggested by the almost close to zero genetielaions between somatic cells traits, excluding
LTSCC, and milk yield traits. Nevertheless, furtimesights are needed before considering somatic
cells in selection index of Rendena breed.

The economic value of milk could be further impnoment through the introduction of novel
phenotypes regarding milk technological traits gdimeir FTIR predictions. In the third chapter the
genetic parameters of the technological traits #radr relationships with milk production and
composition were estimated. The results confirnt tha milk of Rendena cows is suitable for
processing into cheese, with good aptitude for clzdigpn. All the milk technological traits showed
heritability comparable or higher than milk prodantand composition. The improvement of milk
production did not affect the nutrients recovegits. Moreover, favourable genetic correlations of
milk composition with the percentages of cheesddysnd nutrient recoveries suggest that it is
possible to frothily improve the technological peojes of milk for cheese production in the breed.
This is an aspect of great importance for the genetprovement in Rendena, considering that
almost all the milk production of the breed is certed into cheese.

Together with the genetic improvement of milk ajlthe Rendena shows also a good beef ability,
which is measured in young bulls in performance &gl in primiparous cows by describing
muscularity linear type traits. Moving from the pbthat linear type evaluation is also performed in
young bulls at the end of the performance testergpg, the last chapter considered the possibility
to include male muscularity linear type traits @&t of the female ones in selection practice. This
was due by evaluating genetic parameters for mastutraits collected both in males and females
at different times during life, and their relatibigss with beef traits recorded at performance test.
Heritability estimates were moderate and similardlb beef traits. Generally, the traits measured
during performance test in young bulls and musaylaraits evaluated on primiparous cows were
favourably correlated, indicating a common waytfe selection route.

The results of all the chapters shed light on thesjwility to consider additional traits, either

functional as the somatic cells, or productivethesmilk technological properties, or the male type
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traits for muscularity, within the routinely gereimprovement of Rendena dual purpose breed.
Also the possibility to account for the heterogénén variance for milk production may lead to
some improvement in selection practice. Nevertiselesther analysis in term of genetic trend for
traits included in the global selection index coddd useful to properly understand all the
relationships among the traits under selectiompwailg additional knowledge on appropriate

choices in terms of traits to consider and econamaights to be assigned.
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