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ABSTRACT

Sarda (n = 8), Awassi (n = 8), and Merino (n = 8)
ewes were subjected unilaterally to once-daily milking
(ODM) or twice daily milking (TDM) to test the hypothe-
sis that the two breeds highly selected for milk produc-
tion (Sarda and Awassi) would not respond as much to
a change in the frequency of milking as the Merino, a
wool sheep that has not been selected for dairy produc-
tion. Milk composition and somatic cell count (SCC)
were also assessed to determine if the changes in milk-
ing frequency affected milk quality. Milk yield was 24%
and 18% lower in ODM udder halves than TDM udder
halves in Sarda and Awassi breeds, respectively. The
yield loss due to ODM was similar to that observed in
Merino ewes (23%) and did not support our hypothesis.
Fat content did not differ significantly in any breeds
between ODM and TDM udder halves. Protein content
was higher in the milk of ODM than TDM udder halves
in Sarda and Merino ewes. The SCC was influenced by
milking treatment only in the Sarda ewes, with high
values observed in the milk of ODM udder halves. The
same trend was observed in the Awassi and Merino
breeds, but the differences were not significant. The
effects on milk yield, composition, and SCC caused by
ODM were completely reversed when TDM was re-
sumed. This suggests that in sheep flocks the milk yield
losses due to short-time suppression of one daily milk-
ing, for example, on festive days, are low and temporary.
(Key words: sheep, milking frequency, milk yield,
milk composition)

Abbreviation key: FIL = feedback inhibitor of lacta-
tion, ODM = once-daily milking, TDM = twice-daily
milking.
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INTRODUCTION

In dairy sheep, once-daily milking (ODM) reduces
milk yield (Morag, 1968; Labussière et al., 1974; Can-
nas et al., 1991) in comparison with twice-daily milking
(TDM). However, ODM can be appealing in sheep flocks
if milk yield losses due to the suppression of one daily
milking, for example, on festive days are low and tem-
porary.

It is known that unilateral alteration of the frequency
of milking affects only the treated gland (Wilde and
Knight, 1990; Auldist and Prosser, 1999), suggesting
that milk secretion in the mammary gland is regulated
locally by the Feedback Inhibitor of Lactation (FIL), a
fraction of the whey proteins present in milk (Peaker
and Wilde, 1987). Moreover, because the alveolar tissue
is the site of action of the FIL (Henderson and Peaker,
1984), the effect of ODM on milk yield and composition
would be expected to be smaller for animals with large
mammary gland cisterns, due to the shorter contact
time of milk with the alveoli. This hypothesis is sup-
ported by the finding that the milk production of cows
with large cisterns was almost unaffected by changes in
the frequency of milking (Knight and Dewhurst, 1994;
Stelwagen and Knight, 1995; Stelwagen et al., 1996).

In sheep (Pulina, 1990; Bencini, 1993) and cattle
(Stanton et al., 1992), the concentrations of fat and
protein are lowest at the peak of lactation when the
rate of synthesis of lactose is maximal, possibly because
the rates of synthesis of protein and fat cannot keep
up with that of lactose. However, Wilde et al. (1988,
1996) reported that, in dairy goats highly selected for
milk production, the FIL acts equally on all milk compo-
nents so that the composition of the milk does not vary
when the frequency of milking is altered. In sheep,
there have been few studies on the effects of milking
frequencies on fat and protein production, and they
reported contradictory results (Morag, 1968; Casu and
Boyazoglu, 1974; Battaglini and De Maria, 1977). Such
contrasting reports may be due to a difference between
breeds of sheep based on their level of selection for
milk production.
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Therefore, it is crucial to verify if effects of changes
in milking frequency on milk yield and milk composi-
tion are different in breeds selected or not selected for
milk production. To test this, we milked unilaterally
Sarda, Awassi, and Australian Merino sheep once or
twice daily. We compared milk yield and composition
to test the hypothesis that the Sarda and Awassi breed,
which are highly selected for milk production, would
be less affected by changes in the frequency of milking
than the Australian Merino, a wool sheep. We also mea-
sured SCC to verify if the variation in milking frequency
resulted in stress to the mammary gland epithelium.

MATERIALS AND METHODS

Animals and Management

Eight Sarda primiparous ewes at the wk 15 of lacta-
tion were chosen from a flock in the north of Sardinia
(Italy). Eight Merino and eight Awassi ewes, in their
second to fourth lactation, also at the wk 15 of lactation,
were chosen from a flock of sheep milked at The Univer-
sity of Western Australia, Perth, Western Australia.

Ewes were selected with the constraint that there
be no sensible difference in milk yield between udder
halves; average daily milk yields at the beginning of
the experiment were 617 ± 17.7 g, 460 ± 32.2 g, and
208 ± 15.9 g for each udder half in Sarda, Awassi, and
Merino, respectively. For the whole experimental pe-
riod the animals were kept in paddocks and were
hand-milked.

Sarda ewes were fed 1.5 kg of concentrate (CP =
15.20%; NDF = 43.81%) distributed four times per day
and meadow hay, available ad libitum. The Awassi and
Merino ewes received 500 g each of lupins/d and 300 g
of a feed mix (40% oaten chaff, 30% lupin, 15% oats,
and 15% barley) on the milking platform. They also
grazed irrigated pasture composed predominantly of
kikuyu, rye grass, and subterranean clover, along with
meadow hay, available ad libitum. The above diet en-
sured energy requirements were satisfied to remove
any interference of nutrition on our experiment.

Experimental Design

The experiment was conducted in early summer (May
in Sardinia and November in Australia) so that both
groups of animals were exposed to similar environmen-
tal conditions characterized by long day lengths and
declining pasture nutritive value. Before the experi-
ment, animals were milked twice daily with intervals
between milkings of about 12 h. In the last 2 d of the
pre-experimental period, milk yields were recorded,
and milk samples were collected separately for each
udder half. In the first period of the experiment (4 d),
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the ewes were milked unilaterally at different frequen-
cies: the right udder half was milked twice a day and the
left once a day. In the second period (4 d) the treatments
were reversed. The two phases were separated by a 3-
d recovery period, during which TDM was resumed to
remove carry-over effects. Milk yields were recorded
and milk samples were collected for the last 3 d of
each experimental period. Fat, protein (TN × 6.38), and
lactose content were determined, with a Milkoscan 605
and, for the Australian samples, with a MilkoScan 104
(Foss Electric, Hillerod, Denmark); both instruments
were calibrated with the same procedure (AOAC, 1990;
methods nos. 905.02, 920.105, and 984.15 for fat, pro-
tein, and lactose, respectively). SCC were determined
with Fossomatic 360 cell counter (Foss Electric).

Statistical Analysis

Data for milk yield, fat, protein, and lactose content,
and log-transformed SCC between milking treatments
were analyzed using the following mixed linear model:

Yijkp = µ + Bi + Mj + Pk + Ep + (B × M)ij
+ (B × P)ik + (M × P)jk + εijkp

where

Yijkp = observation of the dependent variable
(milk, fat, protein, and lactose concentra-
tions SCC)

µ = overall mean
Bi = fixed effect of breed i (i = 3)
Mj = fixed effect of milking treatment j (j = 2)
Pk = fixed effect of the experimental phase k (k

= 1, 2)
Ep = random effect of ewes

εijkp = random residual

For the half udder milked twice-daily, the mean of
two milkings was considered. Effects were considered
to be significantly different at P < 0.05, and tendencies
were declared at P < 0.10.

RESULTS

Milk yields, SCC, fat, protein, and lactose concentra-
tions from the udder halves of Sarda, Merino, and
Awassi sheep milked once or twice a day are reported
in Table 1.

Milk yield was significantly higher in Sarda and
lower in Merino ewes compared with Awassi ewes (P <
0.01). Milk yield of ODM udder halves was lower than
the yield from TDM udder halves in Sarda (P < 0.01)
and Awassi (P < 0.05) ewes by 24% and 18%, respec-
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Table 1. Least squares means of daily milk yields and composition of each udder halves in Sarda, Awassi,
and Merino sheep milked once (ODM) or twice (TDM) a day.

Breed1 Contrast,3 P value

Variables Sarda Awassi Merino SEM2 S vs. A S vs. M A vs. M

Milk yield, g/d ODM 472A 325a 139 104.27 ** ** **
TDM 623B 396b 181 ** ** **

Fat, % ODM 6.69 7.48c 8.31c 0.950 * ** **
TDM 6.44 6.86d 7.67d NS ** **

Protein (TN × 6.38), % ODM 5.99A 5.58c 6.32A 0.631 † NS **
TDM 5.41B 5.15d 5.66B NS NS *

Lactose, % ODM 4.74 4.79c 4.61a 0.113 NS NS NS
TDM 4.88 5.02d 4.86b NS NS NS

SCC × 1000, log10 ODM 2.38a 1.90 2.07 0.220 ** † NS
TDM 2.01b 1.80 1.79 NS NS NS

1Subcolumn means between rows with different superscript differ (A,BP < 0.01; a,bP < 0.05; c,dP < 0.10).
2Pooled standard error of least squares means.
3S = Sarda; A = Awassi; M = Merino (**P ≤ 0.01; *P ≤ 0.05; †P ≤ 0.10; NS not significant P ≥ 0.10).

tively. The extent to which milk secretion was reduced
by ODM for the Merino breed (23%) was similar to
that observed in Sarda ewes, but the difference was
not significant.

Daily milk yield did not differ between the two experi-
mental periods in any breed (Figure 1) and, when the
frequency of milking was returned to TDM, there was
a full recovery in the rate of milk secretion. Fat content
tended to be greater in ODM than TDM udder halves
for the Awassi and Merino sheep (P < 0.1), whereas in
the Sarda breed there was no difference in fat content.
Contrast showed that fat content was significantly
lower in Sarda ODM and higher in Merino ewes com-
pared with Awassi ewes. Protein content was greater
in the milk of ODM than TDM udder halves in Sarda
and Merino ewes (P < 0.01). Contrast revealed a differ-
ence in milk protein content in Awassi versus Merino
ewes for both frequencies of milking. Lactose content
was lower in the milk of ODM than TDM udder halves
for Merino (P < 0.05) and Awassi (P < 0.1) ewes, whereas
in Sarda ewes it did not vary. No differences between
breeds were detected for lactose content.

The effect of period was not significant for fat, protein,
and lactose contents, and when TDM was resumed they
returned to pretreatment values.

Milking treatment influenced SCC only in the Sarda
ewes, where high values in the milk of ODM udder
halves were observed (P < 0.05). The same trend was
observed in Awassi and Merino breed, but the difference
failed to reach significance. The increase in SCC due
to the reduction of milking frequency was temporary,
because when TDM was restored, SCC returned to pre-
treatment values.

Interactions were not significant (P > 0.1) except for
that of breed × milking for milk yield (P < 0.01). Individ-
ual variability affected the response to the treatment for

Journal of Dairy Science Vol. 85, No. 11, 2002

all the variables considered, as showed by the statistical
significance (P < 0.01) of the random effect of animal.

DISCUSSION

Milk yield obtained from each udder half milked twice
a day was within the range of estimates that have been
recorded for the same breeds in the middle and the end
of lactation (Bencini, 1993; Gursoy et al., 2001; Sanna
et al., 2001).

The hypothesis that breeds highly selected for milk
production, such as the Awassi and the Sarda, would
respond less to a decrease in the milking frequency
than Merinos was not supported by our results. All
three breeds responded to ODM with production losses
within a narrow range of 18 to 24%, similar to previous
findings in sheep (Labussière et al., 1974; Battaglini et
al., 1979; Papachristoforou et al., 1982) where milking
frequency was altered in all glands.

A reduction in milking frequency from TDM to ODM
produced a significant decrease in milk yield only in
Sarda and Awassi sheep, which are highly selected for
milk production. Although in the Merino ewes milk
yield was decreased by the reduction in milking fre-
quency, the difference failed to reach significance. This
could be due to the fact that our Merino ewes were not
exposed to milking frequencies normally experienced
when they nurse their lambs. If we had increased the
frequency of milking to simulate the suckling of lambs,
we may have obtained a different response (Bencini,
1993).

The significant reduction in milk yield observed in
the Sarda and Awassi breeds does not support the hy-
pothesis that these breeds would not respond to a re-
duced frequency of milking because they have been se-
lected for high milk yield and so for large udder storage
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Figure 1. Milk production (g/d) of right (�) and left (�) udder
halves milked once or twice a day. The right udder halves were
subjected to TDM for the first period of the experiment and to ODM
in the second period. The left udder halves received the reciprocal
treatment and were subjected to ODM in the first period and to TDM
in the second period.

capacities (Pulina and Nudda, 1996). Sarda sheep char-
acterized by large cistern volume and a high cistern
milk fraction (82%, Nudda et al., 2000) showed the
greater reduction in milk yield. It is possible that the
volume of milk produced by the Sarda and Awassi sheep
in this experiment was greater than that of their mam-
mary gland cisterns, so local inhibition of milk secretion
did occur in these specialized dairy sheep.
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In Sarda ewes, production losses of 37% due to ODM
were previously reported by Cannas et al. (1991). Simi-
lar or greater production losses with ODM were ob-
served in other high-producing breeds such as Prealpes
du Sud (Labussière et al., 1974), Lacaune (Labussière
et al., 1983), and Churra (Purroy Unanua and Martin
Diaz, 1983). This association between the extent of the
response to ODM and the level of production has been
observed also in cows (Auldist and Prosser, 1999).

The TDM gland did not show an increase in milk
production due to the greater availability of nutrient
supply caused by the suppression of milking in the oppo-
site gland (systemic factor). This is in contrast with the
early report by Morag (1968) that when one udder half
was milked less frequently the other responded by pro-
ducing more (Wilde and Peaker, 1990).

The reduction in milk yield is due to localized factors,
as unilateral ODM reduced milk secretion only in the
ODM gland and not in the other TDM gland. The exact
mechanisms by which milk secretion is reduced by the
FIL are still not fully understood, but the fact that the
effect was unilateral confirms that the secretion of milk
is controlled also in dairy sheep by a local mechanism,
as observed in goats (Wilde and Knight, 1990) and cows
(Hillerton et al., 1990).

The effect of ODM on milk yield and composition is
a “short-time effect” as milk secretion returns to pre-
treatment values as soon as milking frequency is re-
stored. Such a complete reversibility of the response to
milking frequency seems surprising because all ewes
were in an advanced stage of lactation, when a reduc-
tion of milking frequency should result in a loss of mam-
mary gland tissue and an irreversible loss of milk yield
(Wilde and Peaker, 1990). As rate of milk production
is a function of the number of secretory epithelial cells
and their metabolic activity, we suppose that FIL acts
on the latter and that no more milk has been produced
by the TDM gland because their rate of synthesis was
saturated by milk precursor supply.

The fact that fat concentration did not vary signifi-
cantly seems in agreement with the reports of Wilde et
al. (1988, 1996), who stated that the FIL is involved in
the modulation of the synthesis of all the major compo-
nents of milk, so that the composition of milk would
not be affected by changes in milking frequency.

Instead, the concentration of protein was signifi-
cantly higher in ODM than TDM udder halves in Sarda
and Merino breeds. So it appears that the reports of
Wilde et al. (1988, 1996) that milk composition would
be unaffected by changes in the milking frequency can-
not be applied in the same manner to fat and protein.
Because the biochemical pathways for the synthesis of
fat and protein are different, it would seem unlikely
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that the FIL may act on both pathways to the same
extent.

The result for the SCC showed a significant increase
only in ODM udder halves of Sarda ewes, and it ex-
ceeded the level usually considered as a threshold for
subclinical mastitis (Ranucci and Morgante, 1994; Gon-
zález-Rodrı́guez et al., 1995). This could be explained
by a concentration of SCC in the milk of ODM udder
half due to high yield loss. This situation is clearly
transient because when TDM was restored, the values
for SCC returned to pretreatment values. Such result
is in agreement with previous finding in cows (Stelwa-
gen and Lacy-Hulbert, 1996), where an increase in SCC
in animals exposed to ODM for the same short period
has been observed. This study also demonstrates that
high SCC counts induced by a change in milking fre-
quency in sheep milk may be temporary and not neces-
sarily due to mammary gland infections.

CONCLUSIONS

The unilateral decrease in milking frequency from
TDM to ODM reduced milk yield only in the udder
halves that had been milked once daily, indicating that
local control of milk secretion is present also in sheep.
The response in yield losses due to ODM was observed
only in dairy breeds. The short-time effect of ODM indi-
cates that the suppression of milk production due to
one milking daily is feasible in the middle and advanced
stage of lactation for a short-time period with yield
losses of about 20% and without major alteration of
milk composition.

A practical implication for the sheep dairy industry
is that one daily milking can be temporarily omitted,
for example, on festive days or in labor shortage circum-
stances, in the middle and final part of lactation without
compromising the economic returns of the enterprise.
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