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Abstract

In recent years there has been an increasing trend in research of sheep and goat udder morphology,
not only from the view of its suitability for machine milking, but also in terms of milk yield and mam-
mary gland health. More precisely, herds consisting of high-yielding sheep and goats as a result of
long-term and one-sided selection to increase milk yield, have been characterised by distortion of the
udder morphology caused by increasing the pressure of udder weight on its suspensory system. Along
with the deteriorated milking traits, which is negatively reflected on the udder health, some udder mor-
phology traits are often emphasized as factor of production longevity of dairy sheep and goats. Since
the intention of farmers and breeders nowadays is to increase the milk yield of sheep and goats while
maintaining desirable udder morphology and udder health, the aim of this paper is to give a detailed
overview of the current knowledge about the relationship of morphological udder traits with milk yield,
and the health of the mammary gland of sheep and goats. External measures of udder size (circum-
ference, width and depth of the udder) are strongly correlated with milk production in sheep and goats.
The morphological udder traits determining its suitability for machine milking (such as teat position
and teat angle, udder depth, teat size, cistern height) are related to the mammary gland health in sheep
and goats. Thus, the incidence of mastitis is noticeably higher in the udders of unsuitable shape for
machine milking (deep and hung udders, unfavourable position of teats, etc.). Consequently, the mor-
phological udder traits that affect the milkability of sheep and goats are indirectly related to milk yield.
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Introduction

Over the last two decades, and concurrently with
the more frequent machine milking of sheep and
goats, there has been an increasing interest in study-
ing udder morphology with regard to the suitability of
udder to machine milking, i.e., the relationship between
udder morphological traits and the milking character-
istics of sheep and goats (Marnet and McKusick,
2001; Dzidic et al, 2004; Makovicky et al, 2019).
However, nowadays there is an increasing number
of studies aimed at identifying different factors of
udder morphology variability (Mavrogenis et al,
1988; Fernandez et al, 1995; Prpi¢ et al, 2013;
2016; Salamon et al, 2019) from the aspect of
milk production and mammary gland health and,
thus identifying those udder morphology traits suit-
able for inclusion in selection programs (Ugarte
and Gabina, 2004; Macciotta et al, 2005; Teis-
sier at al, 2019). Namely, in herds of high produc-
ing dairy ewes and goats, as a result of long-lasting
and, most often, unilateral selection for increasing
milk yield, disturbance of udder morphology (deep
and hung udder, unfavourable position of teats, etc.)
is increasingly noticeable due to increasing pressure
of udder weight to its suspension system (McKus-
ick, 2000; Barillet, 2007). This, in addition to im-
paired milking traits, has a negative effect on udder
health, so that certain udder morphology traits are
used as factors of premature culling of dairy animals
(Castaneda-Bustos etal, 2017).

The importance of udder health should not only
be viewed through the productive longevity of an-
imals, as mastitis is a major cause of premature
culling of dairy sheep, but also from the aspect
of the hygienic quality of the produced milk. The
majority of sheep and goat milk produced in Cro-
atia, as well as throughout the Mediterranean, is
used for cheese production without heat treatment.
Since mastitis is the most expensive and common
disease in flocks of dairy sheep and goats and ma-
chine milking is more frequent, functional udder
traits (udder morphology, mastitis resistance, etc.)
are included in dairy sheep and goat breeding pro-
grams (Barillet, 2007), especially in countries with
developed sheep and goat milk production (France,
Italy, Spain, etc.). Functional udder traits increase
the biological and economic efficiency of produc-
tion, not necessarily by increasing the quantity of

milk produced, but by reducing production costs
(Macciotta et al, 2005; Barillet, 2007).

Since the intention of farmers (and breeders) is
to increase the milk yield of sheep and goats while
maintaining desirable morphology and udder health,
the aim of this paper is to give a detailed overview
of the current knowledge about the relationship of
morphological udder traits with milk yield, and the
health of the mammary gland of sheep and goats.

Relationship between udder
morphology and milk yield

Dairy ewes

The first udder morphology measurements were
conducted by Labussiere (1988) over three dec-
ades ago on Mediterranean dairy sheep breeds. Milk
production is an important factor that determines
the size and the shape of the udder (Fernandez et
al, 1995; Lérias et al, 2014). Taking into account
the fact that udder morphology is an important
determinant of udder suitability to machine milk-
ing (Labussiere, 1988; Bruckmaier et. al, 1997;
Dzidic et al, 2019), the first practical classification
of sheep udder was conducted precisely on the ba-
sis of its suitability for machine milking in four basic
types or shapes, as shown in Figure 1 (Sagi and
Morag, 1974). Kukovics et al. (2006) concluded
that the relationship between udder shape and milk
production, as well as its chemical composition,
is highly variable and genotype dependent. While
investigating udder morphological traits of Assaf
sheep, Sagi and Morag (1974) were the first to
identify a significant relationship between udder
shape and milk yield, while; for example, Volanis
et al. (2002) found no significant differences in the
quantity of milk produced between hand-milked
Sfakia ewes of different udder shapes.

Ferndndez et al. (1995) found marked differ-
ences in external udder measures of Churra ewes
of different lactation milk yields. Emediato et al.
(2008) reported low phenotypic correlations be-
tween the milk yield and morphological udder traits
during the suckling period (first 30 days of lacta-
tion), as opposed to milking period when high and
positive correlations between milk yield and udder
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FIGURE 1. Types of sheep udder according to machine milking
suitability (Sagi and Morag, 1974)

circumference (0.74), followed by milk yield and
udder depth (0.75), udder width (0.63) and udder
volume (0.83) were established. Similar correlation
coefficients were found by Unal et al. (2008) by in-
vestigating the crosses of Chios sheep, followed by
Iniquez et al. (2009) in Awassi sheep and Prpi¢
etal. (2012;2013) in sub Mediterranean indigenous
sheep breeds. Fernandez et al. (1997) pointed out
low phenotypic correlations between the milk yield
and analysed linear udder traits, except for ud-
der depth whose correlation coefficient with daily
milk yield was 0.40 and with quantity of proteins
produced 0.38. This corresponds to the results re-
ported by Labussiére (1988), who explained that
udder depth actually indicates a measure of the
development of the secretory tissue of the mam-
mary gland, and is therefore directly related to the
quantity of milk produced.

Although Izadifard and Zamiri (1997) found
high correlation coefficients between the milk yield
and udder morphology traits in Ghezel sheep two
weeks after lambing, the correlations found be-
tween these traits during the milking period were
not statistically significant. However, in a more
recent study Ayadi et al. (2014) reported posi-
tive correlations between sheep milk production
and some measures of udder size (circumference,
depth and width of the udder, and distance be-
tween teats) during the suckling period, as well as
during the milking period.

McKusick et al. (1999) found that an increase
in the circumference and the depth of the udder of
East Friesian ewes by 1 cm results in an increase
of daily milk yield in range from 0.06 to 0.11 litres,

respectively, which is consistent with the previ-
ous findings that the volume and depth of udder
explain about 62 % of variations in milk produc-
tion (Perez-Linares et al, 1983). Izadifard and
Zamiri (1997), however, found that udder circum-
ference is the most accurate single estimator of
total lactation milk yield in sheep. Consequently,
many authors have concluded that certain mor-
phological udder traits should be used in breed-
ing programs to improve milk production in sheep
(Ugarte and Gabina, 2004; Barillet et al, 2007;
Gutiérrez-Gil et al, 2008). Rovai et al. (2008)
and Macuhova et al. (2008) established a positive
phenotypic correlation between the cistern height
(externally measured distance between the lowest
udder point and the teat implantation line) and the
quantity of milk produced, while Fernandez et al.
(1997) found no significant differences in cistern
height between sheep of different milk yield.

Kominakis et al. (2009) found a correlation
between the length of teats and the reduced milk
yield of hand-milked Frizarta sheep in Greece, while
other external teat traits (teat width and teat an-
gle) were not related to milk yield. Negative genet-
ic correlations (from low to moderate values) be-
tween teat dimensions and milk production have
also been found in machine-milked Latxa and Chur-
ra ewes (Fernandez et al, 1997; Legarra and
Ugarte, 2005). However, Prpi¢ et al. (2012;2014)
found that there was a positive and significant phe-
notypic correlation between teat width and daily
milk yield in hand-milked sheep.

Studies on the relationship of udder morphology
with the chemical composition of sheep’s milk have
rarely been reported in the literature. In most cas-
es, correlations were found between measures of
udder size (udder circumference, udder width and
depth, and volume of the udder) and the content of
some constituents in milk, as well as between teat
dimensions (especially width) and the milk chem-
ical composition (McKusick et al. 1999; Ifiiquez
et al, 2009; Kominakis et al, 2009). McKusick
et al. (1999) clarified that the above discussed cor-
relations result from the relationship of external
measures of udder size and the quantity of milk
produced, i.e. from the existence, of negative cor-
relations between milk yield and the content (%) of
milk fat and protein in milk.
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Dairy goats

In high yielding dairy goats, properly developed
and healthy udder is large in volume and rounded,
well attached to the abdomen, of medium depth
without exceeding the height of the hocks (Gall,
1980). Montaldo and Martinez-Lozano (1993)
found that round-shaped udder, which corresponds
with bowl-shaped udder presented in Figure 2, is
the most desirable with respect to milk production
as well as mammary gland health. In the same
study, goats with round udder achieved the highest
average daily milk production, with a significantly
lower number of somatic cells in milk and a lower
incidence of mastitis than found in goats of a dif-
ferent udder shape.

a b d

FIGURE 2. Shapes of goat udder: a, funnel; b, cylindrical; c, bowl
(adapted from James et al, 2009)

As early as 1980, Gall concluded that the size
of goat udder was positively correlated with the
quantity of milk produced, and that milk production
in goats could be estimated by visual assessment
of udder (Gall, 1980). However, in an earlier study
McNulty et al. (1960, cited by Gall, 1980) con-
cluded that large udder does not necessarily mean
a high milk production.

Montaldo and Martinez-Lozano (1993) and
Keskin et al (2005) concluded that udder circum-
ference was in the highest correlation with the goat
milk yield compared to other external udder meas-
ures. Although they found a relatively weak rela-
tionship between most of the analysed morpho-
logical traits of udder and milk production, Capote
et al. (2006) and McLaren et al. (2016) concluded
that large volume udders, as well as deep and well

attached udders are significantly and positively
correlated with the quantity of produced goat milk.
Cedden et al. (2008) and Upadhyay et al. (2014),
however, found that there were high phenotypic
correlations (r=0.6-0.8) between external meas-
ures defining udder size (circumference, depth, and
width of the udder) and milk yield.

Despite the positive correlation with the daily
milk yield, Cividini et al. (2016) stated that there
was a significant negative correlation between
some external udder measures (udder depth and
udder width) and duration of lactation of French
Alpine goats since a decrease in udder depth and
width was found in parallel with the advancement
of lactation. Peris et al. (1999) and Pawlina et
al. (2005), found that, simultaneously with the ad-
vancement of lactation, udder size decreases, while
teat length and width increases, although stated
is in interaction with parity. Lactation order is, in
addition to the lactation stage (Lérias et al. 2014),
as well as litter size (Upadhyayi et al, 2014; Atay
and Gokdal, 2016) and milking frequency (Capote
et al, 2006), an important source of variability of
goat udder morphology. Thus, Montaldo and
Martinez-Lozano (1993) found that, compared
to the first parity goats, those in the second and
later lactations had longer teats, smaller udder
circumference, and shorter distance from the teat
ends to the floor. Goats milked once daily, accord-
ing to Capote et al. (2006), have greater udder
volume, udder circumference and udder depth, and
a shorter distance from the teat end to the floor
than goats milked twice daily. The same authors
found higher phenotypic correlations coefficients
between external udder measures (udder volume,
udder circumference and distance between teats)
and milk yield in goats milked once compared to
those milked twice a day.

In addition to measures of udder size, accord-
ing to Montaldo and Martinez-Lozano (1993),
Keskin et al. (2005) and Upadhyay et al. (2014),
the morphological traits of teats are positively cor-
related with the quantity of milk produced, with the
circumference of teats being in the highest correla-
tion with milk yield. In addition to the fact that the
teat angle is one of the most important traits that
determines the suitability of the udder to machine
milking (Peris et al, 1999), Eyduran et al. (2013)
found a positive phenotypic correlation between



teat angle and milk production, wherein the highest
lactation milk yield being achieved by goats with a
teat angle greater than 50°.

Some morphological udder traits are signifi-
cantly associated with the chemical composition
of goat milk, i.e. with an increase in udder (circum-
ference, depth and width of udder) and teat size
(teat length and width), a marked decrease in the
content (%) of milk fat in milk was established
(Cedden et al. 2008). However, EI-Gendy et al.
(2014) concluded that the correlation between the
morphology of the udder with the chemical compo-
sition of goat milk is genotype depend.

Relationship between udder
morphology and mammary
gland health

Dairy sheep

Although mastitis, especially its subclinical form,
is one of the major health problems and causes
culling of dairy sheep, the relationship between the
morphological traits of the udder and somatic cell
count, as an indicator of udder health and milk hy-
giene quality, so far has been studied in only a few
sheep breeds. Since the heritability of somatic cell
counts in milk is low and, therefore, the reduction
of somatic cell counts by selection is relatively slow
and difficult to achieve, it is considered that there
is a possibility of improving mastitis resistance by
indirect selection of certain udder morphological
traits (Legarra and Ugarte, 2005; Barillet, 2007;
Crump et al, 2019). For example, Barillet (2007)
found, from a breeding point of view, a desirable
correlation between the number of somatic cells in
milk and some morphological traits of sheep udder,
such as teat position, udder depth, and prominence
of the udder suspensory system.

According to Casu et al. (2006), the shape and
the size of the udder are related to the productive
longevity of the sheep, especially those kept on
pasture. The sheep with deep (suspended) udder
are more exposed to mechanical injuries of the ud-
der and, consequently, earlier culled from breeding.
Dag and Zulkadir (2004) found a significant ef-
fect of the udder type (shape) on the incidence of

mastitis in sheep, stating that Awassi sheep with
high cisterns (externally measured) and horizontally
placed teats (type of udder | and II, Figure 1) were
more likely to develop mastitis.

Kretschmer and Peters (2002) found that
the number of somatic cells in the milk of East Frie-
sian sheep is affected by the udder depth and the
position and size of the teats, while Margetin et
al. (2005) conclude that sheep with horizontally ori-
ented and longer teats have a significantly higher
number of somatic cells per millilitre of milk.

On the contrary, Akdag et al. (2018) found that
sheep’s milk obtained from the udder of type Il
and type IV (Figure 1), i.e, from udder with verti-
cally oriented teats, has the highest mean number
of somatic cells. The same authors found a pos-
itive phenotypic correlation between teat length
and somatic cell count in sheep’s milk (Akdag et
al, 2018). Accordingly, Fahr et al. (2004) reported
a higher incidence of mastitis in dairy sheep with
a smaller distance between the teats and the floor
level. This is supported by the low, but positive, phe-
notypic correlations between the somatic cell count
and udder depth (0.13), as well as teat dimensions
(0.18) in machine-milked Churra sheep (Fernan-
dez et al, 1997), which is consistent with results
established by Prpi¢ (2011) in hand-milked Pag
and Istrian sheep.

Margetin et al. (2005) found a significant ef-
fect of the breed on the incidence of mastitis in
sheep. The same authors found a positive pheno-
typic correlation between the size of glandular ud-
der cistern and somatic cell count (r=0.17) in the
Lacaune breed, unlike other genotypes covered by
the study.

McKusick et al. (1999) found significantly neg-
ative correlations between the somatic cell count
and externally measured cistern height, as well as
between SCC and udder circumference and ud-
der width of East Friesian sheep. On the contrary,
Kominakis et al. (2009) found no significant cor-
relations between any of the studied udder mor-
phological traits and SCC in Greek Frizarta sheep.

Also, Casu et al. (2010) estimated the likeli-
hood of udder inflammation during the production
life of Mediterranean dairy ewes based on the
morphological traits of udders evaluated in their
first lactation. Ewes with deep udders and teats
oriented more forward had a greater likelihood of
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udder inflammation than sheep with well-attached
udders and less cranially oriented teats (Casu et
al, 2010). This indicates the possibility of practical
implementation of the early selection of sheep for
better udder health based on udder morphology.

Dairy goats

According to Cedden et al. (2008), regarding
the mammary gland health it is preferable for dairy
goats to have a wide udder due to a negative phe-
notypic correlation between udder width and so-
matic cell counts, as well as between the distance
between teat ends and the number of somatic cells
in goat milk. Novotna et al. (2018) found that so-
matic cell count as one of udder health indicators
was significantly related to udder width and udder
depth. In this case, a greater number of somatic
cells were found in the milk of goats of greater ud-
der depth. On contrary, with the increase in udder
width, the number of somatic cells in goat's milk
was lower, with the number of somatic cells begin-
ning to increase in udder widths greater than 17
cm. Considering the somatic cell count in milk, the
udder width of 13 to 17 cm was optimal (Novotna
et al, 2018).

Although Santos et al. (2015) found that the
most of udder morphological traits in Saanen
goats wass not related to the number of somatic
cells in milk, the udder circumference was nega-
tively correlated to the number of somatic cells,
with a moderately high heritability of udder circum-
ference, suggesting the possibility of including this
trait in breeding programs. Montaldo and Mar-
tinez-Lozano (1993) examinedthree different
goat genotypes and found that milk obtained from
globular udder had a lower California Mastitis test
value than milk obtained from udder of a different
form. Similar to these results, Rupp et al. (2011)
concluded that it is desirable for the udder of dairy
goats to be well attached to the abdominal wall but
not too deep (hanged). That is because they have
also found that with increasing the udder depth,
the number of somatic cells in the milk of French
Alpine and Saanen primiparous goats significantly
increased. Also, the authors indicated the existence
of significant phenotypic correlation between the
somatic cell count in milk and teat size, with shorter

and narrower teats associated with a fewer somat-
ic cells in milk of Saanen goat, which was not found
in French Alpine goat (Rupp et al, 2011). Santos
et al. (2015) found no significant association of any
of the studied morphological teat traits of Saanen
goats with the somatic cell count in milk, as well as
with the results of the California mastitis test.

In addition to the teat size, according to the re-
sults of some studies, the shape of the teat is relat-
ed to the health of the mammary gland of dairy
goats (Figure 3). In a study involving several dairy
goat genotypes Montaldo and Martinez-Lo-
zano (1993) found that milk obtained from dairy
goats with bottle-shaped teats had a significantly
higher California Mastitis test value than the milk
from goats with funnel- or cylindrical-shaped teats.
Similar findings were reported by Schulz et al.
(1999) in German Improved Fawn. Schultz et al.
(1999) found that apart from the shape of the
teats, an important trait of the udder associated
with the mammary gland health are the teat dis-
tance from the floor and the udder depth. In the
same study, goats with hanging udder and bot-
tle-shaped teats that were closer to the floor had
an increased somatic cell count in milk (>1.000.000/
mL), higher number of polymorphonuclear leuko-
cytes (>40 %), higher electrical conductivity of milk
(>6.8 M/cm) and lower lactose content (<4.6 %).
Schulz et al. (1999) found that the incidence of
goats with this shape of teats increases with lacta-
tion advancement and lactation order.

a b C

FIGURE 3. Goat teat shapes: a, funnel; b, cylindrical; ¢, bottle
(adapted from James et al,, 2009)

Pajor et al. (2014) also found a significant ef-
fect of teat shape on the hygienic quality of French
Alpine goat milk, with significantly fewer somatic
cells found in milk of cylindrical-shaped goats than
in milk of funnel-shaped goats. Also, significant-
ly higher prevalence of minor and major mastitis
pathogens has been found in milk obtained from



goats with funnel-shaped teats (Pajor et al, 2014).
Although Rupp et al. (2011) found no significant
relationship between the teat shape and the so-
matic cell countsr in French Alpine goats, conclud-
ing that Saanen goats with cylindrical-shaped teats
produced milk with significantly fewer somatic cells
than funnel-shaped goats. Based on the established
genetic correlations, Manfredi et al. (2001), Rupp
et al. (2011) and McLaren et al. (2016) conclud-
ed that further selection to increase the milk pro-
duction of high-yielding goat genotypes does not
necessarily have a negative impact on the health
of their udders if appropriate udder morphological
traits are included in breeding programs.

Conclusions

Udder morphology traits, primarily external
measures of the udder size (circumference, width

and depth of the udder) are strongly associated
with milk production in sheep and goats. The mor-
phological udder traits determining its suitabili-
ty for machine milking (such as teat position and
teat angle, udder depth, teat size, cistern height, or
udder height below the teat implantation line) are
related to the mammary gland health in sheep and
goats. Thus, the incidence of mastitis is noticeably
higher in the udders of unsuitable shape for ma-
chine milking (deep udders with highly implanted
and horizontally oriented teats). As a consequence,
the morphological traits of udders that affect the
milkability of sheep and goats are indirectly relat-
ed to their milk yield. Correlations found between
measures of udder size and the content of some
constituents in milk, result from the relationship
of mentioned udder traits and the quantity of milk
produced, i.e. from the existence of negative corre-
lations between milk yield and the content of milk
fat and protein in milk.

Morfologija vimena, proizvodnja mlijeka i zdravlje mlijeCne Zlijezde

malih prezivaca

Sazetak

Posljednjih godina povecan je interes za istrazivanjem morfologije ov¢jeg i kozjeg vimena, ne samo
sa stanovista njegove prikladnosti strojnoj muznji, ve¢ i u pogledu proizvodnje mlijeka i zdravlja mli-
jeCne Zlijezde. Naime, u stadima visokomlijecnih ovaca i koza kao rezultat dugotrajne i jednostrane
selekcije na povecanje mlijecnosti sve je zamjetnije narusavanje morfologije vimena prvenstveno zbog
sve veceg pritiska mase vimena na njegov suspenzorni sustav ligamenata. Navedeno se, uz narusene
muzne odlike, negativno odrazava na zdravlje vimena, tako da se pojedine morfoloske odlike vimena
sve ceS¢e navode kao ¢imbenik proizvodne dugovjecnosti mlijecnih koza. Buduci da je namjera uzga-
jivaca (i selekcionara) povecanje mlije€nosti ovaca i koza uz zadrZzavanje poZeljne morfologije i zdravlja
vimena, cilj je ovog rada je detaljno prikazati dosadasnje spoznaja o povezanosti pojedinih morfoloskih
odlika vimena s mlije¢no3¢u i zdravljem mlijecne Zlijezde ovaca i koza. Mjere veli¢ine vimena (opseg,
Sirina i dubina vimena) su snazno povezane sa proizvodnjom mlijeka ovaca i koza. Morfoloske odlike
koje odreduju prikladnost vimena strojnoj muznju (kao 5to su poloZaj i kut sisa, dubina vimena, veliCi-
na sisa i visina cisterne) su povezane sa zdravljem mlijecne Zlijezde ovaca i koza. Stoga je ucestalost
mastitisa zamjetno veca u vimena neprikladnog oblika za strojnu muznju (duboka i objeSena vimena s
nepoZeljnim poloZajem sisa, i dr.). Posljedi¢no, morfoloske odlike vimena koje imaju utjecaj na muznost
ovaca i koza neizravno su povezane i s laktacijskom proizvodnjom mlijeka.

Kljucne rijeci: kozje mlijeko, ov¢je mlijeko, laktacija, odlike vimena, zdravlje vimena, sastav mlijeka
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