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ABSTRACT

The udder is one of the most important physiological and conformational characteristics of all dairy animals.
Genetic parameters have been estimated for linear udder traits (Udder depth, Cistern depth, Teat position, Teat
size, Udder cleft, Udder attachment and Udder shape) - 1275 assessments for each trait were included in the
analysis of 381 ewes of 9 genotypes. Nine breeds and genotypes were included in these experiments: Improved
Valachian (IV), Tsigai (T), Lacaune (LC) ewes, and IV and T crosses with genetic portion of Lacaune and East
Friesian (EF) - 25 %, 50 % and 75 %. Primary data were processed using the restricted maximum likelihood
method (REML) and the multiple-trait animal model, using the programs REMLF90 and VCE 4.0. Heritability
coefficients estimated for linear udder traits were low and ranged from: h> = 0.09 for udder attachment and
for cistern depth: h> = 0.30. This study suggests that selection programs can be effective for modifying udder
morphology, particularly teat test placement and cistern height traits. Further research is needed to better define
udder traits and linear scores for use as selection criteria for improvement in the machine milking aptitude of
these breeds.
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Introduction

A number of studies have investigated the relationships between the dairy performance
of different dairy species and morphological udder traits and these relationships have
been measured in dairy ewes (LEGAZ et al., 2011; POURLIS, 2011; PRPIC et al., 2013;
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AYADI et al., 2014; LERIAS et al., 2014), goats (EYDURAN et al., 2013; TORRES et al.,
2013; UPADHYAY et al., 2014), cows (BOBIC et al., 2014; KASAP et al.,, 2014; LIU et al.,
2014), camels (AYADI et al., 2013), buffaloes (PRASAD and LAXMI, 2014) and donkeys
(D‘ALESSANDRO et al., 2015). Breeding programmes and measures to improve milk
quality and udder health in European dairy breeds may benefit from more detailed
information about the relationships between these traits. According to DE LA FUENTE
etal. (2011) breeding programs to increase milk yield in dairy ewes have led to increased
cistern height and more horizontal teats, which dimish machine milking-ability.

Udder morphology has been recognized as one of the main factors affecting the
ability to machine-milk dairy ewes (GOOTWINE et al., 1980; LABUSSIERE, 1988;
MAVROGENIS et al., 1988; FERNANDEZ et al., 1997). Morphological udder traits have
not been considered as a primary objective in dairy sheep selection. Nevertheless, these
traits determine several aspects of machine milking and manageability. Taking this into
account, mammary traits must be considered as economically important traits, especially
in highly selected herds. Better understanding of morphological variations would identify
those traits which are most appropriate for incorporation in the listed breeds selection
programs. The objective of this work was to find the genetic characteristics of selected
parameters characterizing the linear udder traits of ewes.

Materials and methods

Nine different sheep genotypes were included in this study to determine the
morphological traits of ewes belonging to the following populations: Purebred Improved
Valachian (IV), n = 232; Improved Valachian x East Friesian (25 %), n = 68; Improved
Valachian x East Friesian (50 %), n = 93; Improved Valachian x East Friesian (75 %), n
= 82; Purebred Tsigai (T), n = 289; Tsigai x East Friesian (25 %), n = 18; Tsigai x East
Friesian (50 %), n = 170; Tsigai x East Friesian (75 %), n = 46; Purebred Lacaune (LC),
n=277.

Three-breeding crosses with 25 %, 50 % and 75 % of genetic proportion of both
specialized dairy breeds: Lacaune and East-Friesian (SBD) formed during the entire
period were significantly fewer in number than the assessed population (about 5 %). For
estimation of covariance components and genetic parameters determining the linear udder
traits of sheep were used from our own database, where the measurements were made on
one experimental flock. Estimation of covariance components followed by calculation
of genetic parameters was conducted using the restricted maximum likelihood method
(REML) and the multiple-trait animal model, using the REMLF90 and VCE 4.0 programs
(GROENEVELD and GARCIA-CORTES, 1998). The estimation of covariance was based
on a multiple-trait animal model including 7 traits. Genetic parameters were determined
separately for: udder depth (UD), cistern depth (CD), teat position (TP), teat size (TS),
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udder cleft (UC), udder attachment (UA) and udder shape (US) using untransformed data:
1275 linear assessments were taken in the 7 year experimental process, from 381 ewes.
Two hundred and nine of them were purebred, and 172 crossbred. In addition to genetic
correlations, values were set using Pearson phenotype correlations, for calculation of
the same data sets were used as the calculation for genetic correlations. Phenotypic
correlations were calculated using the CORR procedure in mathematical-statistical
program package SAS/STAT v. 9.2, 2002 - 2008.

For estimation of covariance components and genetic parameters for all the above
parameters, the following model was used:

yijklmno = I"'L + Yi + LSj+ GENk + Pl + b*])Hv[ijklm + am + tpn + eijklmno"
where:
Yijamno — 18 the vector of observations for the investigated characteristics (see above for

details); Y, = year (fixed effect with 5 to 7 levels; depending on the analysed indicator),
LSJ. = lactation stage (fixed effect with 4 levels; from the 40% to the 99 lactation days,
from the 100" to the 129" lactation days, from the 130" to the 159" lactation days and
from the 160™ to the 210™ lactation days); GEN, = genotype (breed group, fixed effect
with 9 levels; see above for characterization); P, = parity (fixed effect with 3 levels; first,
second, third and further parity); a = is the additive genetic effect of ewes; DIM, =

ijklm
days in milk (covariate; 40 to 210 days in milk); tp_ = is the permanent environmental
effect of ewes; e.. = is the residual error.
ijklmno
Results

Table 1. Heritability coefficients (on diagonal), genetic (above diagonal) and phenotypic (below
diagonal) correlations for linear udder traits

Traits UD CD TP TS ucC UA Us

Udder depth 0.22 0.58 0.56 0.05 -0.06 -0.09 0.45
Cistern depth 0.45 0.30 0.98 -0.26 -0.38 0.07 0.06
Teat position 0.36 0.85 0.24 -0.38 -0.40 0.09 0.08
Teat size 0.18 -0.11 -0.12 0.28 -0.39 -0.18 0.09
Udder cleft -0.04 -0.19 -0.23 0.06 0.21 -0.32 -0.27
Udder attachment |  0.24 -0.06 -0.08 0.04 0.33 0.09 0.76
Udder shape 0.53 0.25 -0.03 0.06 0.26 0.75 0.12

In dairy ewes, estimating correlations between traits are useful in determining the
predictive power of a screen in deciding whether to select directly for a target trait or
indirectly for a secondary or correlated trait. Table 1 shows the coefficients of heritability
(on the diagonal), genetic correlations (above the diagonal) and phenotypic correlations
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(below the diagonal), characterizing the linear udder traits of sheep. Heritability
coefficients calculated, using a 7 character system, were low and ranged h? = 0.09 for
udder attachment and for cistern depth: h?> = 0.30. The knowledge of the relationships
between morphological udder traits would permit prediction of future correlated responses
in milk-oriented selection schemes.

Discussion

Heritabilities of udder traits reported in Assaf (h?> = 0.23 to 0.42; GOOTWINE et al.,
1980), Chios (h*> = 0.50 to 0.83; MAVROGENIS et al., 1988), and Sarda with the seven
expanded typologies (h? = 0.55; CARTA et al., 1999) gave higher values but, as indicated
by the last authors, they were probably overestimated. SERRANO et al. (2002) also
reported the importance of udder depth as an intermediate optimum trait for machine
milkability, due to its high genetic correlation with milk yield. MAVROGENIS et al.
(1988) estimated considerably higher heritabilities in the Chios breed for udder depth
(0.50), udder circumference (0.54), and teat size (0.64 to 0.83). CHARON (1990) reported
heritabilities of 0.43 and 0.28 for udder depth and circumferences, and 0.6 for teat size
and placement. SERRANO et al. (2002), working in the Spanish Manchega breed, reported
very low estimates of heritability for udder attachment (0.06), which they attributed to
poor assessment by the scorers, and for teat size (0.10).

Conclusion

The genetic parameters estimated for linear udder traits in this study were in general
agreement with other estimates in the available scientific literature. The genetic variability
and heritability of the studied udder traits indicate that the efficiency of breeding programs
could be improved, and some selection pressure on udder traits in long-term breeding
programs needs to be considered. The utilization of a selection index, including udder
depth in selection programs, in order to increase the milkability of dairy sheep, is also
recommended.
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SAZETAK

Po svojim fizioloskim i konformacijskim obiljezjima vime je od posebne vaznosti kod svih Zivotinja
namijenjenih za proizvodnju mlijeka. U radu su procijenjeni genetski pokazatelji za linearna svojstva vimena:
dubina vimena, dubina cisterne, polozaj sisa, veli¢ina sisa, izrazenost suspenzornog ligamenta, spoj vimena i
oblik vimena. Analizom 381 ovce, razvrstane u 9 razli¢itih genotipova, obuhvaceno je ukupno 1275 procjena za
svako svojstvo. Pasmine, odnosno genotipovi, ovaca bili su: oplemenjena valaska (OV), cigaja (C), lakon (L) te
krizanci OV i C s genetskim udjelom lakon pasmine i isto¢nofrizijske pasmine od 25 %, 50 % i 75 %. Primarni
podaci obradeni su uz pomo¢ programa REMLF90 i VCE 4.0 koji su uklju¢ivali REML (restricted maximum
likelihood) metodu te metodu animalnog modela za vise svojstava. Koeficijenti heritabiliteta procijenjeni za
linearna svojstva vimena bili su niski i kretali se u rasponu od h>= 0,09 za povezanost vimena, do h’= 0,30 za
dubinu cisterne. Istrazivanje pokazuje da programi odabiranja mogu biti ué¢inkoviti u mijenjanju morfologije
vimena, posebno s obzirom na smjestaj sisa i visinu cisterne. Potrebna su daljnja istrazivanja kako bi se
bolje definirala svojstva vimena i linearna ocjena kao selekcijski kriteriji kojima bi se poboljsale sposobnosti
promatranih pasmina za strojnu muznju.

Kljuéne rijeci: korelacija, mlije¢ne ovce, heritabilitet, svojstva vimena
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