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Abstract

Breeders have always been interested in improving the ewes’ milkability, since the milking is the most time-consuming task of
dairy sheep farmers. This work was aimed at studying the evolution during the productive life and the individual variability of milk
emission traits at machine milking in sheep. Data were recorded in an experimental flock of 889 Sardinian x Lacaune back-cross
ewes, by using an automatic device developed by INRA. The analyzed variables (59,615 records) were total milk yield (TMY, ml),
machine milk yield (MMY, ml), stripped milk yield (SMY, ml), machine milking time (MMT, s), latency time (LT, s), maximum
(MMF) and average (AMF) milk flow (ml/s), collected fortnightly at a.m. and p.m. milking for 4 years. Univariate mixed models
were used for estimating the evolution of traits with lactation stage and parity number and the relative weights of sire and individual
variances within date and lactation and across lactations.

As general trend, MMY and SMY decreased with lactation stage. SMY and its ratio with TMY increased from first to fourth
parity. TL increased and MMF and AMF decreased with lactation stage and parity number. Machine milking time decreased with
lactation stage and increased in adult ewes less than proportionally to the variation in machine milk yield. Most of milkability
traits were highly repeatable within date. Within lactation repeatability was high for MMY, MMF and LT and moderate for TMY,
SMY and AMF. Similar within date, within lactation and across lactations repeatability estimates for MMF and LT suggest that
these traits are affected by random sources of variation, both environmental and genetic, which are constant in time. The proportion
of the sire variance respect to the overall phenotypic variance ranged from 4% for MMT to 27% for MMF. These proportions
were particularly high for MMY, LT, AMF and MMF and low for SMY and MMT. All the milk emission traits were favorably
correlated between them and with milk yield. Only SMY showed low individual correlation with the other traits. Results suggest
that milk emission traits are genetically determined and can be improved through selection. LT and MMF are the most relevant
measurements to characterize the ewes’ machine milking speed due to the high repeatability and the favorable correlation with
MMT.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Machine milking is the most time-consuming and
laborious task of dairy sheep farmers. The ability of the
personnel, the technical characteristics of the machine
and the milking parlour affect the efficiency in terms of
number of ewes milked by an operator per time unit.
The time devoted to this task is also related to the sin-
gle ewe’s milkability. For small ruminants, which are
generally milked in group, homogeneity in milkability
of the whole flock is also essential. Indeed, the pres-
ence of a single animal needing long time to be milked
slackens the working rate and extents the whole milking
duration.

Machine milkability is the capacity of a dairy ewe
to allow the machine extracting quickly and completely
the milk from the udder with few manual interventions.
Completeness of udder empting depends on both physio-
logical and anatomical features. Between two successive
milkings, a portion of milk is discharged into the cistern
whereas a certain amount still remains in the alveoli and
the small galactophores at the top of the udder. Dur-
ing the milking, the alveolar milk, which is the richest
in fat (Labussiere, 1969; McKusic et al., 2002), can be
ejected only after the contraction of the myoepithelial
muscle cells surrounding the alveoli. This process is
mediated by the oxytocin, a pituitary hormone released
into the blood after a neuro-humoral reflex (Labussiere
et al., 1969; Bruckmaier et al., 1997) induced by exter-
nal stimuli (the start of the milking or suckling but
also the sight of the lamb or the usual milker and the
sound of the vacuum pump). The complete extraction
of the cisternal milk is mainly related to udder mor-
phology (Labussiere, 1988). In fact, a variable amount
of cisternal milk can be kept below the teats in the
mammary gland pocket (Bruckmaier and Blum, 1992;
Bruckmaier et al., 1997) and needs manual interven-
tions of the milker to be extracted (stripping, i.e. the
massage of the udder with the clusters still attached).
Thus, udder morphology traits, in particular teat posi-
tion and udder height, determine the need of stripping
and the relative amount of milk (Casu et al., 1983,
2000). Appraisal methods of udder morphology enabling
large scale phenotype recording have been developed
during the last decade (de la Fuente et al., 1996; Marie-
Etancelin et al., 2001). Udder traits show moderate to
high heritability (Fernandez et al., 1997; Serrano et
al., 2002; Legarra and Ugarte, 2005; Marie-Etancelin
et al., 2005; Casu et al., 2006) and have been taken
into account in several dairy sheep breeding programs
(Legarra and Ugarte, 2005; Casu et al., 2006; Barillet,
2007).

On the other hand, individual milking speed depends
on the capacity of the ewe to express and maintain high
milk emission flows. As demonstrated in dairy cattle (Le
Du et al., 1994; Weiss et al., 2004) and suggested both
in dairy goat (Le Du and Benmederbel, 1984) and sheep
(Marnet et al., 1999), milk emission flows depend on
anatomical and functional characteristics of the teat such
as the canal length and diameter or the sphincter tightness
and elasticity.

In both dairy cattle and goat the genetic variability
of milking speed, measured by different criteria, has
been demonstrated. In cattle milkability is taken into
account as selection objective in several breeding pro-
grams (Sprengel et al., 2001; Santus and Ghiroldi, 2005).
In goat, there is evidence of a major gene affecting the
speed of the first minute milk emission (Ricordeau et
al., 1990; Ilahi et al., 2000) but no selection for this
trait has been implemented yet. In sheep, few stud-
ies on the genetic determinism of milking speed have
been carried out (Marie-Etancelin et al., 2006; Casu,
2004) due to the laboriousness of large scale record-
ing. In the nineties, INRA developed an electronic
jar for milk recording of small ruminants (European
patent no. 94916284.6) which is able to register the
kinetics of milk emission of a single ewe during the col-
lective milking. Before possibly extending the use of
such electronic meters in the selection nucleus flocks,
INRA electronic jars have been tested in experimental
flocks in France (Marie-Etancelin et al., 2002, 2006) and
Italy (Carta et al., 2000; Marie-Etancelin et al., 2001,
2003). In particular, they have been used in a back-
cross Sardinian x Lacaune population procreated in the
framework of an EU funded project (“Genesheepsafety”,
Barillet et al., 2006), aimed at detecting chromosomal
regions (QTL) which affect traits of economic impor-
tance in sheep.

This paper presents the results of a study aimed at
evaluating the evolution during the productive life and
the individual variability of milk emission traits recorded
in the Sardinian x Lacaune population using INRA elec-
tronic jars. Estimation of individual variance as well as
repeatability of the traits within and across lactations are
presented.

2. Materials and methods

2.1. Experimental population

The 967 ewes of the Sardinian x Lacaune back-cross pop-
ulation were born between December 1998 and January 1999
from 10 F1 Lacaune x Sardinian sires and 2719 Sardinian
ewes. They were bred in an experimental farm located in the
South of Sardinia. The feeding regimen was based on 4-5h
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of grazing irrigated mixed swards of ryegrass and berseem
clover with important supplementations of alpha—alpha hay,
maize silage and concentrates particularly in winter and late
spring. First lambings occurred between January and March
2000 whereas further lambings occurred between November
and December in 2000, 2001 and 2002. Neither voluntary
culling nor selection was applied to the experimental popu-
lation before 2004. Thus the back-cross ewes, except those
which died by natural causes, performed 4 lactations before
being slaughtered. Every year, after 20-30 days of suckling,
ewes were milked twice a day (at approximately 5.00 a.m. and
3.30 p.m.) until July when they were progressively dried off
and milked only at morning.

2.2. Milking installation and milk yield recording device

The milking installation was a 24 x 2 stalls milking parlour
with high-level pipeline and 12 milking units. Milking was
conducted with pressure vacuum of 44 kPa, pulsation rate of
120 pulses/min and 50% pulsation ratio. The automatic milk
recording system consists of 12 electronic jars (Guillouet et
al., 1990; Ricard et al., 1994). Each jar is equipped with
electronic sensors able to follow and record the milk that is
progressively collected during the milking. Each jar, of 2.91
volume, has a 160 ml bottom space which has to be filled to
allow the starting of milk yield recording. The time needed to
fill this space (latency time, LT, s) is recorded. Twelve mea-
sures of cumulated milk yield (MY}, i=1-12) can be stored
for each milked ewe. The intermediate measures are taken at
constant lag, which can be fixed for each collective milking.
Only the first measurement of milk yield (MY}) is recorded
at an interval from the teat cup attachment (T;, s) which is
variable. Actually, MY, is recorded after the first 160 ml of
milk have been collected, at a time that is a multiple of the
chosen lag (T} =n x lag). For example, setting a 8 s lag, if the
first 160 ml of milk are collected in 13s (LT=13s) MY, is
recorded at 71 =2 x 8=16s, that is the first multiple of the
lag after LT. The INRA device finally provides the measure of
total milk yield (TMY, ml) and the time of teat-cups attachment
(Fig. 1).

MMY
A

160 ml MY; MY4

2.3. Data collection and traits definition

From 2000 to 2003, milk yield and milk emission traits were
measured fortnightly, at the morning and afternoon milkings.
Lag between intermediate measures was 8 s except for the last
part of the first lactation when it was set at 6 s. Indeed, at that
period a 6 s lag was sufficient to allow the end of machine milk
emission before the 12th measure for most of milkings. No
manual intervention was done before the last (12th) interme-
diate measurement, and machine stripping started only after
this measure had been recorded. A total of 83,018 individ-
ual milkings were recorded. For each individual milking, 11
milk emission flows (ml/s) were calculated as the ratio between
the milk collected between two successive measures and the
lag. The initial milk emission flow was calculated as the ratio
between MY, and T;.

Machine milkability was studied through the following ele-
mentary traits:

e Machine milk yield (MMY, ml), that is the amount of milk
extracted by the milking machine with no manual interven-
tion. This amount is equal to MY,, but can be collected
before the 12th measurement.

e Machine milking time (MMT, s), that is the time of the first
intermediate measure in which MMY is recorded.

e Stripped milk yield (SMY, ml), that is the amount of milk
extracted by massing the udder after the 12th measurement
and before the clusters removal (SMY =TMY — MMY).

e Average milk flow (AMEF, ml/s), that is the ratio between
MMY and MMT.

e Maximum milk flow (MMEF, ml/s), that is the maximum
among the 12 calculated milk flows.

The duration of teat-cups attachment was not retained as a
criterion for evaluating milking time because it is determined
by the collective routine of milking rather than by the individ-
ual milkability. Abnormal data, i.e. from milkings with teat-cup
falls, or presenting LT <2 s or >90 s or MMF > 200 ml/s, were
discarded (22% of recorded data). Furthermore only ewes hav-
ing performed the first lactation in 2000 and with at least

SMY

‘\/—L\

MYg MYio MYz ™Y

> dems e o | o [ ] ea |

0 LT 1 2 3 4 5

7 8 9 10 11 12

T e g T
cluster machine cluster
attachment constant lag measurements stripping detachment

MYi. i=1 to 12: intermediate measure of milk yield: LT latency time: MMY': machine milk yield:

SMY': stripped milk yield: TMY: total milk yield:

Fig. 1. Schematic representation of milk emission data recording with the INRA automatic device.
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three correctly recorded kinetics were retained (discarding fur-
ther 5122 records of 43 animals). Finally, the edited dataset
included 59,615 individual milkings from 889 ewes recorded
in 55 test-dates.

2.4. Statistical models

The statistical models of analysis included as main envi-
ronmental factors the parity number (four levels), the lactation
stage (six 30 days intervals in first lactation and seven in later
parities), the moment of milking (morning or afternoon), the
litter size (one lamb or more) and the milker (four opera-
tors). The level of udder filling was also considered to take
into account intra-mammary pressure which can modify milk
emission speed. Indeed a high level of intra-mammary pres-
sure may result in high milk flow rate and large amount of
MMY. The intra-mammary pressure depends either on the
amount of milk in the udder at the moment of the milking
or the ewe’s udder volume. As a matter of fact the intra-
mammary pressure may be low in large udders even with high
milk yields. On the contrary, small udders may be submitted
to high intra-mammary pressures even with low milk yields.
The udder volume was estimated for each ewe-lactation as
the maximum recorded milk yield (MY max). To adjust for the
intra-mammary pressure the level of udder filling was calcu-
lated as the ratio between TMY at the considered milking and
MY max.-

A linear mixed model was used for analyzing individ-
ual repeated records of milk emission traits. Fixed effects to
include in the final model were selected by preliminary anal-
yses, performed with a mixed model (Mixed procedure of
SAS software SAS, 2000) which contained the ewe random
effect.

The final model used to study the evolution of milk emission
traits during the productive life and the individual variability
of these traits was the following:

Yijklmnopg = M + PLMiq + Oiqj + NLiqk + blUF + Qmn
+apmn0 + admnp + Sn + Spm, + Sdnp + eijklmn{)pq

where Yijmnopqg 1 the performance (LT, SMY, MMY, MMT,
AMF or MMF) of ewe m from sire n, u the population mean,
PLM,, the fixed effect of the parity—lactation stage combina-
tion i x milking moment g, O;,; the fixed effect of the milker j
within parity—lactation stage-milking moment ig, NL;g
the fixed effect of the number of lambs born k within
parity—lactation stage—milking moment ig, UF is a covariate
describing the level of udder filling at that considered milking
(expressed as the deviation from the average level of udder
filling of the parity-lactation stage combination i) and b; is
the corresponding regression coefficient. The model for TMY
did not include the regression on UF since TMY was used to
calculate it.

For all traits dyum, aDpno» admmps Sp» SPno» Sdy, were the
ewe, ewe within lactation, ewe within date and the sire, sire
within lactation, sire within date random effects; ejjximnopq Was
the random residual. All the random effects were consid-

Table 1

Descriptive statistics of milk emission traits

Trait Mean S.D. Min Max
TMY (ml) 797.5 262.6 280.0 2330.0
MMY (ml) 676.4 244.4 270.0 2030.0
SMY (ml) 121.2 92.8 0.0 1110.0
MMT (s) 86.5 17.6 12.0 176.0
LT (s) 12.7 6.4 2.0 90.0
AMF (ml/s) 8.0 2.8 1.6 40.6
MMF (ml/s) 19.7 8.0 5.0 95.0

TMY: total milk yield; MMY: machine milk yield; SMY: stripped milk
yield; MMT: machine milking time; LT: latency time; AMF: average
milk flow; MMF: maximum milk flow.

ered independently and normally distributed with variances

2 2 o2 52 o2 o2 2 ;
0,05, 004,05, 0, and o7, respectively.

ap’ sp?
Thl:: evolution (ff the traits with the lactation stage and parity
was studied by adding to the overall mean the average of the
a.m. and p.m. PLM effect solutions and the averages of the
related O and NL effects solutions.
The repeatability of the traits within date (rp; ), within lacta-

tion (rp,) and across lactations (rps;) were estimated as follows:

2 2 2 2 2 2
Oy + Gap + Oad + Oy + Usp + Oy

p, =
2 2 2 2 2 2 2
Ua+6ap+aad+as +osp+osd+6c

op +op+ol+og

p, =
2 2 2 2 2 2 2
Ua+aap+aad+as +Gsp+asd+oe

0§+<73
Ip; =

2 2 2 2 2 2 2
Oa + O-ap + Oad + Oy + O-sp + O + O¢

Finally, covariances between milk emission traits and with
TMY were estimated with 28 bi-trait analyses including the
same fixed effects as the univariate models. Only the random
effect of the ewe was considered in order to estimate the time
independent individual correlations between traits.

The REML method provided by the ASREML software
(Gilmour et al., 2002) was applied for variance components
estimation.

3. Results and discussion
3.1. Descriptive analysis of milking traits

Machine milk yield (MMY) was collected on average
in approximately 86 s (Table 1) whereas the average time
at the 12th measure was 100 &£ 11 s. When machine milk
emission was ended before the 12th measurement (68%
of milkings) average machine milking time (MMT)
was 80£ 16s. In the remaining 32% of cases, where
MMY corresponded to MYi,, both MMY and MMT
may be underestimated, because the machine milk emis-
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sion would have continued. The average ratio between
machine and total milk yield was 0.85, indicating that
most of the milk yield was extracted without manual
interventions of the milker. This ratio was similar to that
registered in Sardinian ewes by Casu (1967) and higher
than that reported by Labussiere (1983, 1988) for several
dairy sheep breeds.

The average value of stripped milk yield (SMY) was
relatively low (122 ml), and probably overestimated in
32% of not ended machine milkings, when additional
milk might have been extracted without handlings.

Latency time (LT) represented approximately 13%
of MMT. It was similar to LT measured in Sardinian
primiparous ewes (12s; Carta et al., 2000) and lower
than that registered in the INRA experimental flock of
Lacaune ewes (29 s; Marie-Etancelin et al., 2006). Since
LT is a measure specific of the INRA milk record-
ing devise, no comparison with other studies can be
done.

Both maximum (MMF) and average (AMF) milk flow
means (Table 1) fell in the range of values reported in
literature. Previous studies carried out with the same
electronic device on Sardinian (Carta et al., 2000) and
Lacaune (Marie-Etancelin et al., 2006) ewes showed
average MMF of respectively 19.4 and 12.9 ml/s. Using
manual measurement systems, Casu (1967) reported
average MMF close to 40 ml/s in Sardinian ewes. Such
et al. (1999) found an average MMF value of 25.5 ml/s
for the Lacaune breed, i.e. about 2 times more than the
Lacaune measurements in the French experimental flock
(Marie-Etancelin et al., 2006). In other studies average
values of MMF ranged from 9 to 18 ml/s (Labussiere
and Ricordeau, 1970; Bruckmaier et al., 1997). Such
variability illustrates that available results can be hardly
considered representative of a given cross or breed, since
they also depend on the used milking routine, milking
machine and recording device.

The AMF average value was lower than that reported
in Sardinian ewes (Carta et al., 2000). On the other hand,
no direct comparison can be done with the Lacaune
experimental flock, since French researchers consid-
ered only measurements of yield collected after LT
and thus did not include in the estimation of AMF the
flow corresponding to the emission of MY;. In fact,
Marie-Etancelin et al. (2006) reported the mean of 11
intermediate milk flow measurements (5.4 ml/s).

As a whole, short LT and early occurrence of MMF
indicate a rapid response of an animal to the stimulus
of the milking. In our experiment the highest milk flows
occurred in the first 30 s from the clusters attachment.
This outcome, as well as MMF and AMF values, sug-
gests that the Sardinian x Lacaune back-cross had good

machine milkability when compared to previous studies
on other populations.

3.2. Evolution of the traits during the productive life

As expected, the degree of udder filling significantly
affected all milk emission traits. Indeed the estimates of
the regressions coefficient were negative for LT and pos-
itive for all the other traits: the higher the intra-mammary
pressure the higher the milk emission flows, the machine
and stripped milk yield and the shorter the latency
time.

Fig. 2 shows milk yield and milking traits with lac-
tation stage by parity number. As general trend, TMY,
MMY and SMY decreased with lactation stage. This
pattern was less evident for MMY in first lactation prob-
ably because the decrease in the production capacity of
young ewes, pointed out by the constant reduction of
TMY, was counterbalanced by the development of the
udder and the fact that they got progressively used to
the machine. Decrease of TMY and MMY with lacta-
tion stage is consistent with results of Ricordeau et al.
(1963), Casu (1967) and Gallego et al. (1983). Differ-
ences in TMY between lactations were low and this can
be partly due to the confounding between the parity and
the year of production effects.

SMY and its ratio with TMY noticeably increased
from first to fourth parity. This was likely a consequence
of the progressive deterioration of udder morphology,
particularly evident in this flock in which no culling was
performed for udder morphology defects before the end
of the 4th lactation. Indeed, Casu et al. (2006) reported
for the same flock a clear increase of cistern height and a
progressive deterioration of the degree of udder suspen-
sion with the age of the ewes.

LT showed a slightly increasing trend with the lac-
tation stage, except in 1st lactation. Marie-Etancelin et
al. (2006) found a more marked increasing pattern in
Lacaune ewes. This difference is probably due to the
adjustment for the degree of udder filling rather than
to the different analyzed genetic types. From 1st to 4th
parity LT increased (from 11.5 to 14.3 s on average) in
agreement with results of Marie-Etancelin et al. (2006).
MMF and AMF showed a decreasing trend with lactation
stage and parity number.

As a whole, milkability worsens with the lacta-
tion stage and number. Indeed, MMT decreased with
lactation stage and increased with parity number less
than proportionally to the variation of MMY. These
results were in agreement with the phenotypic trends of
milkability traits observed in the Lacaune ewes (Marie-
Etancelin et al., 2006).
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Fig. 2. Evolution of milk yield and milk emission traits with lactation stage (30 days interval classes) by parity number.

3.3. Variance component and repeatability
estimation

Most of milkability traits were highly repeatable
within date (Table 2). Estimated rp; value was low only
for MMT (0.32) and high for all others traits (>0.62).
Actually MMT was not exactly recorded in 32% of
milkings for which the machine milk emission was not

ended before the 12th automatic measure. Within lacta-
tion repeatability (rpy) was high for MMY, MMF and
LT (>0.70) and moderate for TMY, SMY and AMF
(between 0.54 and 0.61). Even in this case, the low-
est repeatability value was estimated for MMT (0.24).
Finally, across lactation repeatability (rp3) was greater
than 0.60 for LT and MMF, whereas the lowest val-
ues were estimated for TMY and MMT (0.36 and 0.20
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8236.13 (538.1)  9336.79 (289.3)

MMY (ml)
SMY (ml)

2556.99 (22.49)

18.55 (11.97)

1036.89 (36.68)

3094.50 (166.3)

0.32 (0.01)
0.73 (0.03)
0.62 (0.03)
0.73 (0.03)

169.44 (1.49)

0.17 (0.37)
0.12 (0.04)
0.05 (0.02)
0.36 (0.13)

9.45 (4.82)
7.94 (3.86)
0.91 (0.44)

15.43 (7.44)

8.97 (1.21)

9.40 (0.60)
2.35 (0.09)
0.87 (0.03)
5.03 (0.18)

39.43 (2.19)
19.42 (0.97)

MMT (s)
LT (s)

11.34 (0.10)

0.12 (0.02)
0.14 (0.01)
0.54 (0.05)

0.48 (0.08)
0.19 (0.01)
1.28 (0.11)
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1.95 (0.02)
15.50 (0.14)

1.05 (0.06)
19.83 (1.04)

AMEF (ml/s)

MME (ml/s)

In parenthesis standard error of estimates. TMY: total milk yield; MMY: machine milk yield; SMY: stripped milk yield; MMT: machine milking time; LT: latency time; AMF: average milk flow; MMF: maximum milk flow.

respectively). For MMF and LT estimated repeatabil-
ity values were similar within date and lactation and
across lactations. This result indicates that these traits
are affected by both environmental and genetic sources
of variation which are constant in time. This is true
also if asz is considered, highlighting the prevalence of a
time independent genetic component of the variability of
these traits. This is in agreement with results of Marie-
Etancelin et al. (2002, 2006), who, by analyzing records
from successive milk recordings as different traits, found
that /2 are stable within lactation and estimated a high
genetic correlations between performances of the first
and the following lactations (>0.90).

On the contrary, genetic and environmental sources of
variation are strongly time-dependent for the other traits,
in particular TMY, MMY and AMF which showed rela-
tive low values of the individual and sire across lactations
variance components respect to the overall individual
variance.

The random sire effect was included in the model to
provide an estimation of the genetic variance compo-
nent. However, it has to be considered that this estimate
is based on only 10 sires and could be inflated by other
sources of covariation between daughters of a same sire.
In fact, the experimental population (conceived for QTL
detection purposes) was created by mating each F1 sire
with ewes homogenous for age and flock of origin and
each half-sib family was managed in the most possi-
ble homogeneous way. Notwithstanding, the comparison
between the sire (o7, aszp, os2d) and the ewe (02, a,fp, ofd)
variance component estimates (Table 2) allows draw-
ing some inferences on the relative weights of additive
genetic and permanent environmental variances. The
proportion of the sire variance respect to the overall
phenotypic variance ranged from 4% for MMT to 27%
for MMEF. These proportions were particularly high for
MMY, LT, AMF and MMF. Heritability estimates based
on 0‘52 for LT, AMF and MMF were higher than TMY, in
agreement with results of Marie-Etancelin et al. (2006) in
the Lacaune breed. The weight of 03 respect to the over-
all phenotypic variance was low for SMY and MMT. As
already reported by Flamant (1974), this outcome sug-
gests that direct selection for these two traits in dairy
sheep would be difficult.

3.4. Correlations between traits

Individual and total phenotypic correlations are
presented in Table 3. As expected, TMY was highly
correlated with MMY (0.89 and 0.90 for individual and
phenotypic correlations respectively) but less correlated
with SMY (0.40-0.34). TMY was favorably correlated
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Table 3
Correlations between milk emission traits: individual correlations above the diagonal, phenotypic correlations below the diagonal

T™™Y MMY SMY MMT TL AMF MMF
™Y 0.89 (0.007) 0.40 (0.029) 0.23 (0.033) —0.22 (0.032) 0.77 (0.014) 0.45 (0.027)
MMY 0.90 (0.003) —0.01 (0.030) 0.15 (0.034) —0.31 (0.031) 0.89 (0.007) 0.56 (0.023)
SMY 0.34 (0.014) —0.19 (0.019) 0.14 (0.034) 0.03 (0.034) —0.05 (0.034) —0.05 (0.034)
MMT 0.17 (0.005) 0.16 (0.012) —0.07 (0.012) 0.82 (0.012) —0.30 (0.032) —0.55 (0.024)
TL —0.18 (0.018) —0.23 (0.020) 0.03 (0.020) 0.46 (0.009) —0.64 (0.021) —0.80 (0.012)
AMF 0.69 (0.007) 0.69 (0.007) —0.09 (0.016) —0.53 (0.009) —0.43 (0.014) 0.81(0.012)
MMF 0.43 (0.015) 0.48 (0.015) —0.09 (0.019) —0.26 (0.011) —0.60 (0.012) 0.59 (0.009)

In parenthesis standard error of estimates. TMY: total milk yield; MMY: machine milk yield; SMY: stripped milk yield; MMT: machine milking
time; LT latency time; AMF: average milk flow; MMF: maximum milk flow.

with milk flow traits, in particular AMF (0.77 and 0.69)
and MMF (0.45 and 0.43). Both individual (—0.22) and
total phenotypic (—0.18) correlations between TMY and
LT were low and negative. The individual correlation
estimated between these two traits was similar to the
genetic correlation estimated in the Lacaune breed
(Marie-Etancelin et al., 2006). Both individual and phe-
notypic correlations between MMT and TMY or MMY
were low. In a previous trial on Sardinian primiparous
ewes, Carta et al. (2000) found a stronger individual
correlation between MMY and MMT. However, in that
trial machine milk emission was always completed
when MMY was recorded, whereas in our case the
machine stripping probably occurred before the end of
the machine milk emission in 32% of cases. As a matter
of fact MMT resulted more affected by milk emission
flows rather than yields, as confirmed by the favorable
individual and phenotypic correlations estimated with
AMF (0.89 and 0.69) and MMF (0.36 and 0.48). Prac-
tically, the aptitude of high producing animals to show
higher milk flows than the less productive ones seems
compensating the negative effect of a high milk yield
on the time needed to extract it. In agreement with this
outcome Marie-Etancelin et al. (2006) showed that the
Lacaune line selected for high milk yield had a signif-
icant higher milking speed than the divergently selected
line.

Individual correlation between LT and MMT was
high (0.82). Thus, ewes which respond quickly to the
machine milking stimuli also tend to have high milk
emission flows and short milking time.

Finally, all the milk emission traits were favorably
correlated between them and with milk yield. Only SMY
was not noticeable correlated with the other milk emis-
sion parameters. As previously observed by Marie et al.
(1999) and Carta et al. (2000), this finding confirms that
the milk emission speed concurs to define the machine
milking ability of an ewe but does not determine the num-

ber of manual interventions for stripping, which mainly
depends on udder conformation.

4. Conclusion

This work showed that machine milkability of dairy
ewes tends to worsen with the lactation stage and par-
ity. As a whole, milk emission traits showed a quite
important individual variability suggesting that they are
genetically determined and can be improved through
selection. Even if further research is needed to precisely
estimate genetic parameters, latency time and maximum
milk flow seem to be the most relevant measurements to
characterize the ewes’ machine milking speed. Indeed,
they are highly repeatable within and across lactation
and show favorable correlations with machine milking
time. Selection for milk yield leads to a favorable corre-
lated response on milk emission traits, as demonstrated
by Marie-Etancelin et al. (2006). The increasing diffu-
sion of automatic clusters detachment at a given time will
strengthen the correlated genetic gain on milking speed
when directly selecting only for milk yield. However, a
direct selection for machine milking speed should be use-
ful either to fasten the genetic improvement or to obtain
animals more homogeneous in terms of machine milk-
ing duration. Anyway, the increased genetic progress
expected from a direct selection on milk emission speed
should be compared to the feasibility and the costs of
an accurate large scale recording. Thus, the inclusion
of milk emission speed in the selection objectives of
dairy ewes lies either on the spreading of milk flow auto-
matic recording devices approved by ICAR or on the
detection of genes affecting milk emission traits. The
latter could be used to plan gene-assisted selection in
breeding schemes based on a small number of recorded
phenotypes. In this view, results of QTL detection in the
experimental Sardinian x Lacaune back-cross resource
population will be exploited to implement marker or
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gene-assisted selection on such traits in the near future
(Casu, 2004; Casu et al., 2004).
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