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Abstract - The effect of temporary once-daily milking, starting right after calving, on milk production
and nutritional status of 50 Holstein cows (15 primiparous) was studied. Primiparous cows were
divided into two groups: a control group (Pc) continuously milked twice daily and an experimental
group (P3) milked once a day for the first three weeks of lactation and then twice daily. Multiparous
cows were divided into three groups: a control group (Mc) continuously milked twice daily, an
experimental group milked once a day for the first three weeks of lactation and then twice daily
(group M3), and another experimental group milked once a day for the first six weeks after calving
and then twice daily (group M6). The trial ended when the cows were turned out to pasture. Cows
milked once daily did not seem to suffer from discomfort. Once-daily milking decreased the milk yield
by 2.7 kg.d-I (P < 0.10) in week I of lactation, by 8.4 kg.d-I (P < 0.01 ) in week 3 and by 14.5 kg.d-I
(P < 0.01 ) in week 6. The effect of once-daily milking was not different between primiparous and mul-
tiparous cows. During the first week of twice-daily milking, the milk yield of experimental groups
increased by 6.8 8 kg.d!’ (a non significant difference between P3, M3 and M6 groups). From week 7
onwards, the milk yield of the P3 and M3 groups was lower than the milk yield of the Pc and Mc groups
by 2.4 kg.d-I (P < 0.10), and the milk yield of the M6 group was lower than the milk yield of the Me
group by 5.4 kg-d-I (P < 0.01 The protein content of milk was higher in experimental groups than
in control groups by 2.4 g.kg-’ during both experimental and post-experimental periods. Somatic
cell counts in milk were not significantly different between the groups. Cows milked once a day
lost less body condition and live weight in early lactation than control cows, and their energy balance
was less negative or more positive (the difference was significant for the M6 group). The blood pro-
file (glucose, non-esterified fatty acids, beta-hydroxybutyrate contents in plasma) attested for a bet-
ter energy balance in cows milked once a day in early lactation. This trial suggests that high producing
cows tolerate to be milked once a day during early lactation and that, through this management, it could
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be envisaged to feed high producing cows with diets poorer in concentrates than what is currently given
today, without impairing health. (&copy; Elsevier / Inra).
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Résumé &mdash; Effet de la traite temporaire une fois/jour en début de lactation sur la production lai-
tière et l’état nutritionnel de vaches laitières. Chez 50 vaches Holstein (15 primipares), nous
avons étudié l’effet de la traite temporaire une fois par jour, à partir du vêlage, sur la production lai-
tière et l’état nutritionnel. Les vaches primipares ont été réparties en deux lots: un lot témoin (Pc) trait
en permanence 2 fois/j et un lot expérimental (P3) trait une fois/j pendant les trois premières semaines
de lactation puis deux fois par jour. Les vaches multipares ont été réparties en trois lots: un lot témoin
(Me) trait en permanence deux fois par jour ; un lot expérimental trait une fois par jour pendant les
trois premières semaines de lactation puis deux fois par jour (lot M3) ; un autre lot expérimental
trait une fois par jour pendant les six premières semaines de lactation puis deux fois par jour (lot
M6). L’essai s’est terminé à la fin de la période hivernale. La traite une fois par jour n’a pas semblé
provoquer d’inconfort chez les vaches. Elle a diminué la production laitière de 2,7 kg-j-1 en

1 re semaine de lactation, de 8,4 kg-j-1 en 3’ semaine, et de 14,5 kg!jw en 6e semaine. Son effet n’a pas
été différent entre les vaches primipares et multipares (p > 10 %). Dès la première semaine de traite
deux fois-j-1, la production laitière des vaches expérimentales a augmenté de 6,8 kg-j-1 (différence non
significative entre les lots P3, M3 et M6). À partir de la semaine 7 la production laitière des lots P3
et M3 a été, en moyenne, plus faible que celle des lots Pc et Me de 2,4 kg-j-, en moyenne, et celle du
lot M6 a été plus faible que celle du lot Mc de 5,4 kg-j-1 en moyenne. Le taux protéique du lait des
vaches traites une fois par jour a été plus élevé que celui des vaches témoins, de 2,4 g.kg-1 pendant
les périodes expérimentale et post-expérimentale. Le nombre de cellules somatiques dans le lait n’a
pas été significativement différent entre les lots. Les vaches traites une fois-j-1 ont perdu moins d’état
corporel et moins de poids vif en début de lactation que les vaches témoins, et elles ont présenté un
bilan énergétique moins négatif ou plus positif (différence significative pour le lot M6). Le profil san-
guin (teneurs en glucose, acides gras libres, 3-hydroxybutyrate) a attesté un meilleur équilibre éner-
gétique des vaches traites une fois par jour en début de lactation. Cet essai suggère que les vaches fortes
productrices supportent sans inconvénient apparent d’être traites une fois par jour pendant le début
de la lactation et qu’il pourrait être envisageable d’alimenter ces animaux avec des régimes plus
pauvres en concentrés que maintenant, sans accroissement des risques sanitaires. (&copy; Elsevier / Inra).

vache laitière / traite une fois par jour / début lactation / production laitière / bilan nutritionnel

1. INTRODUCTION

The current milk quota policy in the
European Community determines the vol-
ume of milk each farmer may sell and, con-
sequently, his income. The main way to
improve this income is, now, to reduce the
cost of milk production and, in particular,
the cost of feeding. For this reason milk pro-
ducers try more than ever to increase the
forage contribution in the diet by reducing
the quantity of concentrates offered. This
feeding strategy inevitably leads to a grow-
ing negative energy balance in cows in early
lactation and, consequently, to a higher prob-

ability of health incidents, reproductive fail-
ure and low protein content in milk. To
avoid these unacceptable drawbacks, it could
be judicious to temporarily reduce the quan-
tity of milk that the udder secretes, in order
to adapt it to the lower quantity of nutrients
that the cow ingests. The most powerful tool
in reaching this adjustment is to reduce the
milking frequency.

Omission of one milking out of four for
the first three weeks of lactation in order to

improve the energy balance of the cows
results in a very weak effect on milk yield
(about 3 kg.d-I in primiparous cows, and
less than 1 kg-d-I in multiparous; [21, 22]).



Once-daily milking decreases the yield of
milk in a larger manner, that tends to be more
pronounced in early or mid lactation than in
late lactation (38 versus 28 % respectively,
for Stelwagen and Knight [30]; 14 to 17 %
versus 9 to 13 % respectively, for Carruthers
et al. [3]). Nevertheless, these decreases are
variable according to trials, from 7 to 33 %
[1, 7, 16, 19, 27]. The decrease in milk yield
appears to be more marked as the duration of
the milking omission becomes longer [3,
5], but not always [7]. High producing cows
are more sensitive to this treatment than low

producing cows according to Claesson et
al. [5]; however Holmes et al. [ 10] observed
the contrary, whereas Knight and Dewhurst
[ 16] did not observe any influence of the
level of milk production. When cows are
milked twice daily after a period of once-
daily milking, milk yield resumes com-
pletely [16], incompletely [7, 27] or very
little [5] according to the duration of once-
daily milking period.

The great variety in the experimental con-
ditions (duration of once-daily milking, pro-
duction level of the cows, stage of lactation)
probably explains the variability in the
observed effects. Nevertheless, no experi-
ment was conducted on the effect of once-

daily milking for a few weeks immediately
after calving, followed by a conventional
milking regime (twice daily), in order to
level off the peak of lactation, thereby
improving the energy status of the cows.

In this study, we examined the perfor-
mance and the nutritional status of primi-
parous and multiparous cows milked once a
day for the first 3 or 6 weeks of lactation
and then twice daily.

2. MATERIAL AND METHODS

2.1. Cows and experimental protocol

Fifteen primiparous cows (38 months old at
calving) and 35 multiparous cows (mean parity:
3.4) of the Holstein-Friesian breed were used.
They calved between 30 October 1996 and

4 March 1997 (22 December 1996 on the aver-
age). Primiparous cows were allocated at calving
to two groups according to expected calving date,
the genetic index for milk yield and fat and pro-
tein contents, and live-weight: a control group
milked twice a day over the trial (group Pc) and
a group milked once a day for the first three
weeks of lactation and then twice daily (group
P3). Multiparous cows were divided into three
groups according to the expected calving date,
parity, milk yield and its content in protein
recorded during the beginning of the preceding
lactation, and live-weight. The groups were a
control group milked twice a day during the trial
period (group Mc), a group milked once a day
for the first 3 weeks of lactation and then twice

daily (group M3), and a group milked once a day
for the first 6 weeks of lactation and then twice

daily (group M6). The trial ended when cows
were turned out to pasture on 28 April 1997.

Throughout the rest of this article, we will
call ‘control cows’ (control group) the cows con-
tinuously milked twice daily, and ’experimental
cows’ (experimental group) the other cows. Sim-
ilarly, we will call the ’experimental period’ the
period for which once-daily milking was applied,
and ‘postexperimental period’ the following
period of twice-daily milking.

2.2. Herd management and feeding

Cows were returned from pasture into the
barn at least 4 weeks before the expected calving
date, and no later than 10 November 1996. Dur-
ing the winter period, they were housed in two
free-stall barns either equipped with electronic
gates permitting individual control of food intake
(for multiparous cows) or without electronic gates
(for primiparous cows). All cows were fed in the
same manner, with the same feeds. During late
pregnancy (indoor) cows received cocksfoot
silage ad libitum and, for the last three weeks
before calving, an increasing quantity of con-
centrates according to the 1989 Inra recommen-
dations. During lactation in the barn, they
received the same complete diet composed (on a
dry matter (DM) basis) of 42 °lo grass silage,
23 % maize silage, I 2 % hay from re-growth of
natural pasture and 23 % of a commercial con-
centrate (see chemical composition in table 0.
The energy value of this diet was estimated at
0.90 FUm.kg-I DM, and its crude protein content
(N. Kjeldahl * 6.25) was 15.3 %. This diet was
calculated using the software Inration [ 12] based
on 1989 Inra feeding allowances [11 It was pre-



pared in a desiling-mixing-distributing machine
equipped with strain gauges and distributed once
daily, ad libitum, between 9:00 and 10:00.

Milkings were between 6:00 and 7:30 and
16:30 and 18:00 in a milking parlour equipped
with automatic cluster removers and jars on strain
gauges. In the case of mastitis, antibiotics were
injected in the injured quarter.

2.3. Measurements and samplings

Milk yield was weighed at each milking. Fat,
protein and lactose were measured by infra-red
speclrophotoinelry (Milkoscan 4000; Foss
System, Hillerod, Denmark), two days per week
in each milk sample. In the same samples,
somatic cells were automatically counted (Fos-
somatic 5000; Foss System; Hillerod, Denmark). ).
During weeks 3, 6 and 12 of lactation, supple-
mentary samples of milk were taken at the morn-
ing milkings. Cascin N was calculated as the dil- lL
ference between total N and soluble N measured

according to Rowland [241. Immunoglobulins
(IgG I ) and serum albumin were measured by
the radioimmunoassay technique 1181.

Food intake was measured four days per week
in multiparous cows. Cows were weighed twice
in the first week after calving and every other
week thereafter, on Wednesday early in the aftcr-
noon. Body condition was scored on a 0 (very
lean) to 5 (very fat) scale at weeks 1 and 8 or
9 after calving. Energy balance of multiparous
cows was calculated by difference between
energy intake (food intake - estimated energy
content of the diet) and energy utilisation (main-
tenance + milk yield) [1 1 Energy in milk was
calculated according to Sjaunja et al. [25j, taking
into account protein, fat and lactose contents. In
order to estimate the metabolic status of the cows,

glucose, beta-hydroxybutyratc and non-estcri-
fied fatty acids were determined in the plasma
with an ELAN auto-analyscr (Merck-Cl6venot

SA, France) by enzymatic methods (see [2J). ).
Blood samples were taken during week 3 of lac-
tation, at about 9:00, before diet distribution.

2.4. Statistical analysis

One cow from the M3 group broke a leg and
was culled from the experiment. Data (on
49 cows) were submitted to analysis of variance
using the GLM procedure [261. Analysis of
somatic cell counts was done on lo,,arithmically
transformed data. Because of the unbalanced

experimental scheme (two groups of piimiparous
cows, three groups ol multiparous), all data from
these two categories of cows were analysed sep-
arately, except data on blood constituents. In
analysing milk data from multiparous cows, per-
formances from the preceding lactation were
used as covariates.

The lactation time in the barn was divided
into several consecutive periods: weeks I to 3, 4
to 6, 7 to 12 and 13 to 18. This last period only
comprised the earliest calved cows, i.e., 4 and
5 cows in the Pc and P3 groups respectively, and
6, 4 and 8 cows in the Mc, M3 and M6 groups,
respectively. Six cows (from 34) were turned out
to grass before the l3th week of lactation. Their
feed intakes were extrapolated.

3. RESULTS AND DISCUSSION

According to the technicians who cared
for the cows, separating the cows milked
once a day from the rest of the herd before
afternoon milking did not pose any prob-
lem. They did not try to follow their mates
to the milking parlour, nor did they vocalise.
Before the morning milking (24 h after the
preceding milking), behaviour of twice and



once daily milked cows did not differ, sug-
gesting that the latter did not suffer from
discomfort. In a trial where they omitted
one or two milkings weekly, Radcliffe et
al. [20] noted that cows ceased to manifest
a different behaviour after three weeks of

once-weekly milking omission. In this trial,
beginning once-daily milking at calving
could have made the adaptation of the cows
to this type of management easier.

3.1. Milk yield

Once-daily milking decreased the quan-
tity of milk secreted (figure I and table II).
The difference between control groups and

once-daily milked groups increased with
the length of the milking regime imple-
mentation. It increased from 2.7 kg.d-I
(P < 0.10) at week I of lactation to 8.4 kg.d-’ I
(P < 0.01 ) at week 3 (means are for primi-
parous and multiparous (M3 + M6) cows
combined for which the difference was not

significant), and to 14.5 kg.d-I (P < 0.01)
at week 6 of lactation (comparison between
M6 and Mc groups). The amplitude of the
negative effect of once-daily milking
observed in this trial (25 % at week 3 and
40 % at week 6) was of the same order as
those observed by Claesson et al. [5] dur-
ing the same physiological period and by
Stelwagen and Knight [30! with high pro-
ducing cows in early lactation. The effect
of once-daily milking, that increases with
duration of treatment, was previously
observed by Claesson et al. [5] and Remond
and Boit [22], who also reduced milking
frequency from calving onward. During the
declining phase of lactation, a decrease in
milk yield resulting from short-term (2 to
3 weeks) once a day milking should be due,
at least partly, to a decrease in the secretory
activity of mammary cells without modifi-
cation of their number [29, 34]. Just after calv-
ing (during the ascending phase of lactation),
the cause of milk secretion reduction as a
result of once a day milking remains to be
determined. During this period, the number

of secretory cells increases, at least in prim-
iparous goats [14] and they become differ-
entiated (see [15]). Stelwagen et al. [27, 29]
suggested that the decrease in the milk yield
is partially due to the loss of integrity of
tight junctions in mammary tissue, evi-
denced in their studies by an increased con-
tent of serum albumin in milk or alpha-lac-
talbumin and lactose in blood. In our study,
the increase in the content of serum albu-
min in milk was much less marked and sys-
tematic (table III), perhaps because once-
daily milking was implemented immediately
after calving and that cows could progres-
sively adapt.

The change from once to twice-daily
milking entailed a large and rapid increase in
the milk yield (figure I), which was of a
similar magnitude in the 3 groups. In one
week (from week 3 to week 4 for groups P3
and M3, and from week 6 to week 7 for
group M6) this increase was 6.8 kg (no sig-
nificant difference between the 3 groups).
During weeks 7 to 18, lactation curves of
different groups evolved in a parallel man-
ner. Temporary decreases of milk yield in
group M3 during weeks 14 to 16 were due to
2 of the 4 cows during this period (see Mate-
rial and Methods, § Statistical analysis) suf-
fering from mastitis (see later). In postex-
perimental periods, the milk yields of groups
milked once a day for 3 weeks (P3 and M3)
was lower than milk yields of control groups
(Pc and Mc), by 2.3 kg on the average
(P < 0.10 or at the limit of 0.10, depending
upon the periods) (table II). Milk yield of
M6 cows during the postexperimental period
was lower than that of the control group by
5.4 kg.d-’ on the average (P < 0.01). The
growing residual effect (significant or not)
with the length of the treatment implemen-
tation, that we observed, agrees with the lit-
erature: a reduced milking frequency had a
longer and larger residual effect as it was
implemented sooner in lactation and over a
longer period [5, 31, 32, 33]. The lack of
difference in the effect of omission of one

milking-d-I between primiparous and mul-
tiparous cows confirms our preceding obser-





vations [22]. Nevertheless, Claesson et al.
[5) observed a more important decrease in
first lactation (50 %) than in the second one
(40 %). Implementing three milkings/two
days, Woolford et al. [35] also noticed a
more accentuated reduction of milk yield
in primiparous cows (18 %) than in multi-
parous (7 %) over a complete lactation.

3.2. Milk composition

Once-daily milking decreased lactose
content as previously recorded [3, 5, 10,
27]. It increased fat content (in multiparous
cows only), as observed, significantly or
not, by Holmes et al. [10] and Carruthers et
al. [3] but not by Claesson et al. [5] nor by



Wheelock et al. [33]. It also increased pro-
tein content (by 2.4 g!k!! on average) dur-
ing both experimental and postexperimental
periods (figure 7 and table II), as observed
in most trials [5, 10, 19, 27]. This increase in
the protein content was due to an increase in
whey proteins rather than to an increase in
caseins, - despite this protein fraction also
increased -, at least during the period of
reduced milking frequency (table III). In
agreement with the higher total whey protein
content, both bovine serum albumin and

immunoglobulins G 1 were increased with
once-daily milking (table III). It follows that

the casein/protein ratio was significantly
lower at week 3 of lactation in once-daily
milked cows (table /7/). These shifts in pro-
tein content and composition have been pre-
viously observed [1, 5, 10, 27] and are con-
sistent with the changes recorded by
Wheelock et al. [33] after a suspension of
milking for 24 to 60 h. These modifications
could result from the effect of once-daily
milking on: 1/ the energy balance (increased;
see later) of the cows [6]; 2/ the rates of lac-
tose synthesis and protein synthesis by the
mammary tissue that could have been dif-

ferently affected; 3/ the leakage of lactose



from milk to blood [29], that should decrease
the volume of milk secreted; 4/ the leakage
of proteins from blood to milk [27] that
should increase the non casein fraction of
milk.

As a consequence of increased protein
and fat contents, the yield of these con-
stituents by experimental cows decreased
less than the yield of milk did. During weeks
4 to 18, yields of proteins and fat by P3 and
M3 groups (average) were respectively only
11 I g-d-I (1.1 %) and 51 g.d-l (4.1 %) lower
than the yields by the control groups (Pc
and Mc).

3.3. Food intake

Despite large differences in milk yield,
food intake (only measured in multiparous)
was not different for the 3 groups during
any of the first 18 weeks of lactation !g-
ure 1). For the first 12 weeks of lactation,
intakes (adjusted means) were 21.2 kg,
21.5 kg and 21.6 kg DM.d-1 for Mc, M3
and M6 groups, respectively. In the statisti-
cal analyses, the live weight on week 1 of
lactation, the milk yield during the preced-
ing lactation, and the milk yield during the
experimental period, used as covariates,
were not significant.

This finding was in contrast with posi-
tive relationships between milk yield level
and intake level observed previously (see
[13]). In fact, these positive relationships
were always calculated from data where
milk yields expressed the genetic capacity of
the cows to produce milk. This is not the
case in this trial where differences in milk

yield resulted from management. The intake
data in the present study are consistent with
those in a trial where cows were not dried off
in late pregnancy. Their food intake at the

beginning of the following lactation period
was similar to the food intake of conven-

tionally managed control cows (dried off
for about 2 months), despite the fact that
control cows produced 7.6 kg’d’! more milk
[23]). Moreover, Chilliard [4] observed that

administration of growth hormone to dairy
cows almost immediately increased milk
yield by several kg-d-I whereas food intake
increased only after more than one month.
So it appears that the quantity of food
ingested adapts after a lag period to a vari-
ation in milk yield which is due to a partic-
ular management practice (e.g., omission
of dry period, modification of the milking
frequency, administration of growth hor-
mone). The regulation mechanism seems to
implicate the level of body reserves (see
[9]). Nevertheless, with cows at pasture,
Holmes et al. [10] observed that once-daily
milked cows ingested less grass than twice-
daily milked ones.

3.4. Nutritional indices

As a consequence of the significant drop
in milk yield while food intake was main-
tained, the energy balance was less nega-
tive or more positive in once-daily milked
cows than in control cows (table TV). Losses
of body condition and of live weight in early
lactation (first 2 to 3 months) were lower
(albeit not always significantly) in cows
milked once a day in early lactation than in
control cows, which is consistent with a less

negative or more positive energy balance.
This effect was bigger in multiparous cows
and in the M6 treatment group !gure 7 and
table IV). Different authors [5, 10, 19] had
already observed a smaller liveweight loss as
a result of a reduction in milking frequency.
Once-daily milking caused a decrease in the
plasma content of non-esterified fatty acids
and beta-hydroxybutyrate, and an increase in
glucose (table V). These changes, consis-
tent with the better nutritional status of the

cows, were significant only in multiparous
cows.

3.5. Health status

Somatic cell counts were not statistically
different between the groups (table II). High
cell counts in experimental multiparous



groups around week 15 of lactation were
due to 3 cows (out of 4) of the M3 group
for which somatic cell counts were over
2 x 10!!mL-’. In the M6 group, the high cell
counts were because 3 cows (out of 8) had
somatic cell counts over 4* l O6!mL-’

(table 11).

Many cases of mastitis occurred during
the trial. During the first 12 weeks of lacta-

tion when all cows were included, mastitis
affected 9 of the 19 control cows ( 11 masti-
tis in total) and 10 of the 30 experimental
cows ( 15 mastitis in total). During weeks 13 3
to 18 where the number of cows was reduced

(see Materials and methods), mastitis affected
3 of the 10 control cows (3 mastitis in total)
and 9 of the 17 experimental cows (I mas-
titis in total). The drop in the milk yield



curve of group M3 around week 15 was due
to the fact that this group was then only
composed of 4 cows, 2 of which were suf-
fering from mastitis. Three multiparous con-
trol cows suffered from milk fever. The fact
that no cases of milk fever were found in

experimental groups is consistent with the
improved nutritional status of experimen-
tal cows.

In the literature, a reduction of milking
frequency or the periodic omission of milk-
ings increased somatic cell counts [10, 20,
28] and even the number of cells secreted
in milk [28]. However, they did not aug-
ment the damage to secretory cells [28] nor
the number of udder infections [8, 10, 17,
20, 31].

4. CONCLUSION

This trial shows that once-daily milking
of high producing cows from calving: i) is
possible and does not seem to cause dis-
comfort for cows; ii) permits to transiently
reduce the milk yield; iii) only moderately
reduces the capacity of the udder to produce
milk after resumption of twice-daily milking
if omission only lasts for about 3 weeks;
iv) does not change the food intake of the
cows. These results allow one to envisage
feeding high producing cows with diets
richer in forages than today, while markedly
reducing risks of health incidents and repro-
ductive failure related to the nutritional
deficit in early lactation. These effects need
to be confirmed, in particular when diets
very low in concentrates are utilised. More-
over it is necessary to specify the possible
consequences of such management on milk
quality (in particular on the secretion of
lipolytic and proteolytic enzymes) and on
the health (mastitis) and longevity of the
udder.

ACKNOWLEDGEMENTS

We gratefully acknowledge M. Petit for help-
ful discussions in the preparation of this project,

J. Bony, M. Barbet and the technicians from the
experimental farm of Orcival (Inra) for managing
the trial and taking care of the cows, and
J.C. Bonnefoy for some of the chemical analyses
and the preparation of the figures.

REFERENCES

[ I] Auldist M.J., Prosser C.G., Mackie T.R., Effects
of once-daily milking (ODM) on yield and com-
position of milk and metabolic status of dairy
cows with high or low pasture intake, J. Anim.
Sci 76 (1998) 234 (Abstr.).

[2 ! Bocquier F., Bonnet M., Faulconnier Y., Guerre-
Millo M., Martin P., Chilliard Y., Effects of
photoperiod and feeding level on perirenal adi-
pose tissue metabolic activity and leptin syn-
thesis in the ovariectomized ewe, Reprod. Nutr.
Dev. 38 ( 1998) 489-498.

[3] Carruthers V.R., Davis S.R., Bryant A.M., Hen-
derson H.V., Morris C.A., Copeman P.J.A.,
Response of Jersey and Friesian cows to once-
a-day milking and prediction of response based
on udder characteristics and milk composition,
J. Dairy Res. 60 (1993) I-I I.

[4] Chilliard Y., Roles et m6canismes d’action de la

somatotropine (hormone de croissance) chez le
ruminant en lactation, Reprod. Nutr. Dev. 28
(!988)39-59.

[5 ! Claesson 0., Hansson A., Gustafsson N., Bran-
n!ng E., Studies on monozygous cattle twins.
17, Once-a-day milking compared with twice-a-
day milking, Acta Agric. Scand. 9 (1959) 33-58.

[6] Coulon J.B., Rdmond B., Variations in milk out-
put and in milk protein content in response to
the energy supply in the dairy cow: a review,
Livest. Prod. Sci 27 (1991) 31-47.

[7] De Villiers P.A., Smith A., Die invloed van die
melkinterval op melkproduksie, S. Afr. J. Anim.
Sci. 6 (1976) 181-185.

[8J Eldridge G.A., Clark J., Production of cows
milked 3 times each 2 days, J. Dairy Res. 45
(1978)509-513.

[9) Faverdin P., Agabriel J., Bocquier F., Ingrund S.,
Maximiser I’ ingestion de fourrages par les rumi-
nants: maitrise des facteurs li6s aux animaux et
a leur conduite. Renc. Rech. Rum. 4 (1997)
65-74.

[ 10! Holmes C.W., Wilson G.F., McKenzie D.D.S.,
Purchas J., The effects of milking once daily
throughout lactation on the performance of dairy
cows grazing on pasture, Proc. NZ Soc. Anim.
Prod. 52 (1992) 13-16.

[Ill Inra (Institut National de la Recherche

Agronomique), in: Jarrige R. (Ed.), Ruminant
Nutrition. Recommended allowances and feed

tables, Paris: Inra and London: John Libbey
Eurotext, 1989.



( 12] Inration. Logiciel de rationnement des rumi-
nants, in: Agabtiel J., Champciaux J., Espinasse C.
(Eds.), Inration 2.6. CNERTA, 26, bd du docteur
Petitjeun, 21000 Dijon, France, 1989.

r 131 Journet M., Rémond B., Physiological factors
affecting the volulary intake of feed by cows:
a review, Livest. Prod. Sci. 3 (1976) 129-146.

[14! Knight C.H., Peaker M., Mammary develop-
ment and regression during lactation in goats in
relation to milk secretion, Quart. J. Exper. Phys-
iol. 69 ( 1984) 331-338.

[ !5) Knight C.H., Wilde C.J., Mammary cell changes
during pregnancy and lactation, Livest. Prod.
Sci. 35 (1993) 3-19.

1161 Knight C.H., Dewhurst R.J., Once-daily milking
of dairy cows: relationship between yield loss
and cisternal milk storage, J. Dairy Res. 61 1
(1994) 441-449.

1171 Labussière J., Coindet J., Effcts de la suppression
de la traite du dimanche soir, chcz les bovins
de race Fi-anqaise Frisonne Pie Noire, Ann. Zoo-
tech. 17 ( 1968) 231-244.

[ 18! Levieux D., Dosagc des IgG du laii de vuche
par immunodiffusion radiale semi-au1oma1isée,
pour la detection du colostrum. des laits de mum-
mites ou de fin de gestation. I - Mise au point,
Lait 71 ( I 991 ) 327-338.

[ 19/ Lynch G.A., Hunt M.E., Mackenzie D.D.S., The
effects of once-daily milking as a management
practice in late lactation, Proc. NZ Soc. Anim.
Prod. 51 (1991) 191-195.

f20l Radcliffe J.C., Bailey L.F., Horne M.L., Peri-
odic omission of dairy cow milking, I. Effect
on milk yield and composition and on udder
health, J. Dairy Res. 40 ( 1973) 247-254.

!21 ! Remond B.. Petit M.. Other A.. Milking primi-
parous cows three times every two days in early
lactation: milk sci-etion and nutritional status.
In: Prospects forautomatic milking, I lpeima A.H.. ..

Lipus A.C., Metz J.H.M. and Rossing W. cdi-
tors) Pudoc Scientific Publishers, Wageningen,
EAAP Publication n° 65 ( 1992) 227-232.

[22! Remond B., Boit M.P., Effects of milking three
times in 2 days for 3 weeks in early lactation or
in the declining phase on milk production in
primiparous and multiparous dairy cows, Ann.
Zootech. 46 (1997) 339-348.

!23I Rémond B., Rouel J.. Pinson N., Jabet S., An

attempt to omit the dry period over three con-
secutive lactations in dairy cows, Ann. Zootcch.
46 ( 1997) 399-408.

! 24 ! Rowland S. J., The determination of the nitrogen
distribution in milk, J. Dairy Res. 9 (1938)
42-46.

!25! Sjaunja L.O., Baevre L., Junkkarinen L., Ped-
ersen J., Setala J., A nordic proposal for an
energy corrected milk (ECM) formula, in: Per-
formunce recording of unimals; State of the art
1990. EAAP Publication n° 50 ( 1991) 156-157.

!26! Statistical Analysis Systems Institute, SAS
User’s Guide: Statistics, SAS Institute, Inc. Cary,
north Carolina, USA, 1992.

! 27 ) Stelwugen K.. Davis S.R., Farr V.C., Eichler S.J.,
Effect of once-daily milking and concurrent
somatotropin on mammary tight junction per-
meahility and yicld of cows, J. Dairy Sc. 77
( 1994) 2994-3001. 1 .

1281 Stclwagen K., Lacy-Hulbert S.J., Effect of milk-
ing frequency on milk somatic cell count char-
acteristics and mammary secretory cell damage
in cows, Anl. J. Vet. Res. 57 ( 1996) 9002-9005.

1291 Stelwagen K., Farr V.C., McFadden H.A.,
Prosser C.G., Davis S.R., Time course of milk
accumulation-induced opening of mammary
tight junctions, and blood clearance of milk
components, Am. J. Physiol. 273 ( 1997)
R379-R386.

13(II SteN’agcn K., Knight C.H., Effect of unilateral
oncc or twicc-daily milking of cows on milk
yield and udder characteristics in early and late
lactation, J. Dairy Res. 64 ( 1997) 487-494.

1311 1 Walsh J.P., Bovine milk secretion following the
omission of milking immediately postpartum
and during mid-lactation, Ir. J. agric. Res. 15 5
( 1976) 91-106.

132! Wheelock J.V., Rook J.A.F.. Dodd F.H., The
effect of incomplete milking or of an extended
milking interval on the yield and composition
of cow’s milk, J. Dairy Res. 32 ( 1965) 237-248.

1331 Wheelock J.V., Smith A, Dodd F.H., The effect
of a temporary suspension of milking in mid-
lactation on milk secretion after the resumption
of milking and in the following lactation.
J. Dairy Res. 34 (1967) 1 5 t- 1 6 1.

1341 Wildc C.J., Knight C.H., Milk yield and mam-
mary function in goats during and after once-
daily milking, J. Dairy Rcs. 57 (1990) 441--447.

1351 Woolford M.W., Copeman P.J.A., Napper A.R.,
Phillips D.S.M., Williamson J.H.. Ulfcc E.J..
Milking intervals: are changes worthwhilc’? Proc.
Ruakura Fanner’s Conll 37 (1985) 12(>-128.


