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Abstract — This review describes the effects of milking (routine and management) on milk yield and
milk quality on dairy ruminants and examines the physiological effects of milking on the synthesis
and secretion of milk. During milking, differences in the composition of milk as a result of milk
ejection reflex are observed: the cisternal milk, immediately available, contains little fat, then milk
ejection provokes active transport of high-fat content alveolar milk, into the cisternal compartment.
Milking frequency has the capacity to affect milk production too. So, an increase in milking fre-
quency augments milk yield whereas a decrease in milking frequency decreases milk production, with
effects on milk composition. The milk ejection reflex is mediated by oxytocin, which induces myoep-
ithelial cell contraction. Nevertheless, other actions of oxytocin may exist, such as a direct effect
on proliferation and differentiation of myoepithelial cells and on secretory processes in the mammary
epithelial cells. 
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Résumé — Ocytocine et vidange mammaire : deux facteurs de variation essentiels de la
quantité et la qualité du lait pendant la traite et entre les traites. Cette revue bibliographique pré-
sente les effets de la traite (technique et conduite) sur la production quantitative et qualitative de
lait, puis précise les mécanismes d’action des effets physiologiques de la traite sur la synthèse et la
sécrétion des composants du lait. Au cours d’une traite, la composition du lait évolue, grâce au
réflexe d’éjection du lait qui provoque le transfert du lait alvéolaire, riche en matières grasses, vers
la citerne. Ainsi, le lait de début de traite est pauvre en matière grasse, tandis que le lait de fin de traite
est riche en matière grasse. Les rythmes de traite ont aussi un impact sur la production laitière. Ainsi,
l’accroissement de la fréquence de traite augmente la production laitière alors que la réduction du
nombre de traite la diminue, avec des répercussions en terme de qualité du lait. L’hormone respon-
sable de l’éjection du lait, l’ocytocine, exerce son rôle de vidange mammaire par déclenchement de la
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1. INTRODUCTION

The agricultural sectors of Europe, with
its traditional twice daily milking, and of
North America, with its intensive manage-
ment and milking practices of three milk-
ings per day, are attempting to improve their
management systems in order to be more
economical and thus more efficient. Because
one of the priorities for dairy farmers is to
reduce labor input, management techniques
which involve longer milking intervals and
perhaps omission of one or more milkings
per week, are now being considered. On the
contrary, some dairy producers are experi-
menting with the use of automatic milking
systems (robotic milking) in an effort to
maximize the milk production potential by
allowing their animals to be milked up to
six times per day, at their convenience.
Therefore, it is now a priority for dairy farm-
ers, milk manufacturers and ultimately con-
sumers to evaluate the consequences that
these different management techniques may
have on milk production and quality and to
understand how the mammary gland
responds to either less or more frequent
milking. 

Ruminants, as well as all other mammals,
are capable of modifying mammary devel-
opment and thus milk production, in
accordance with the number of offspring
“in utero” [63]. However, it is still unclear
how the ruminant mammary gland is able
to modify milk production during an estab-
lished lactation as a result of changes in the
environment or management technique.
Milk production has been shown to increase
in response to increased frequency of suck-
ling and/or number of offspring [16, 56, 60,

85]. Conversely, milk production decreases
in response to incomplete milking [59], if
the milk ejection reflex and oxytocin release
are disturbed [10], and/or if the milking
interval is too long. Furthermore, failure to
completely remove milk from one quarter
of the mammary gland in dairy cattle will
lead to drying off of that gland; however,
the remaining three glands continue to lac-
tate normally [98].

It is thus quite clear that proper stimula-
tion of the mammary gland, and complete
milk ejection and removal to avoid milk
stagnation within the gland, involve both
systemic and local factors that are essential
for regulating and maintaining milk pro-
duction. The objectives of this review are
to describe the effects of different manage-
ment systems and milking routines on the
variation observed in milk production and
milk quality of dairy ruminants. This review
will emphasize the role of oxytocin, the hor-
mone of milk ejection, in order to describe
how oxytocin affects lactation performances
of dairy ruminants and to understand the
importance of milk removal and conversely,
milk stagnation, on the mechanisms, which
regulate synthesis and secretion of the dif-
ferent milk components.

2. EFFECTS OF MANAGEMENT
SYSTEM AND MILKING ROUTINE
ON MILK PRODUCTION

2.1. Milk removal during milking
and milk quality

The mammary gland possesses an internal
anatomy which is shared by all ruminants
and includes secretory tissue (alveoli) located

contraction des cellules myoépithéliales. Cependant, d’autres effets sont envisagés avec notamment
un effet direct de l’ocytocine sur la prolifération et la différentiation des cellules myoépithéliales et
épithéliales et sur les processus sécrétoires des cellules épithéliales.
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Oxytocin and milk removal

Oxytocin is transported by the systemic
circulation to the mammary gland where it
binds to its specific membrane receptor
located on mammary myoepithelial cells,
which surround the alveoli and small
intralobular ductules. Myoepithelial con-
traction causes flattening of the alveolar
lumen, and thus milk is transferred through
the ductules in the direction of the cistern
and teat for eventual milk removal. 

Milk ejection is an essential component
for complete milk removal during machine
milking. When milk ejection is inhibited, for
example by anesthesia [55], by environ-
mental disturbances due to milking in unfa-
miliar surroundings [10], or by injection of
oxytocin receptor antagonists such as Atosi-
ban [12, 67], milk removal is not complete
and as a result milk yields are decreased,
which proves the importance of oxytocin for
optimal milk removal. This importance was
confirmed by the invalidation of the oxy-
tocin gene [69, 103]. Although even weak
increases of oxytocin concentrations are suf-
ficient to elicit milk ejection [11, 84], con-
tinuously elevated concentrations through-
out the milking process are required for
efficient milk removal in dairy cattle [11].
Such continuously high concentrations of
endogenous oxytocin release during
machine milking optimize milk removal by
preventing myoepithelial relaxation and
therefore help to inhibit milk from returning
to the alveoli and small ductules.

more centrally, and milk storage areas (gland
cistern) located more peripherally and ven-
trally. During machine milking, the cister-
nal milk is immediately available and can
be obtained independently of an active milk
ejection; cisternal milk represents approxi-
mately 20% of the total milk volume in dairy
cows after a normal 12 hours milking interval
[78], and between 50 and 80% in dairy ewes
[62, 66] and goats [62]. In contrast, the alve-
olar milk, which remains fixed in the mam-
mary gland by capillary forces and by the
presence of sphincters in the small intralob-
ular ducts [104], is only obtained when active
expulsion of milk occurs during the oxytocin-
mediated milk ejection reflex [26]. 

The milk ejection reflex occurs as a result
of nervous stimulation at the level of the
teat and mammary gland by either the suck-
ling young or the milking machine, followed
by transmission of nerve impulses through
the mammary gland and spinal cord, which
finally reach the supraoptic and paraven-
tricular nuclei within the hypothalamus.
Stimulation of these hypothalamic nuclei
provokes a release of oxytocin from its stor-
age site in magnocellular neurons that extend
into the neurohypophysis and through the
posterior pituitary into the systemic circu-
lation (see review [95]). In dairy cows, dur-
ing the first 2 minutes following applica-
tion of the teat cups, plasma oxytocin
concentrations rise, and then slowly decline,
reaching basal oxytocin concentrations
between 10 and 15 minutes (Fig. 1).
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Figure 1. Plasma oxy-
tocin profiles in a dairy
cow in mid-lactation dur-
ing milking.
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Moreover, the milk ejection reflex has a
significant effect on the quality of milk
obtained during milking. During machine
milking, the concentration of milk fat
increases with time; milk removed at the
beginning of a milking, corresponding to
the cisternal milk, is less rich in milk fat
than milk removed at the end of a single
milking, corresponding to the alveolar milk
(2.5 to 5 times more rich in milk fat com-
pared to the cisternal milk) (Fig. 2). Indeed,
milk fat globules are transferred from the
alveoli to the cistern during machine milk-
ing as a result of oxytocin-mediated milk
ejection [36, 43]. Conversely, removal of
milk protein and lactose is rather consistent
during a single machine milking.

2.2. Effect of interval between milkings

Since efficient milk ejection is essential
to ensure complete milk removal and sustain
milk secretion, milking intervals are also
determinant with regards to lactational
performances. In general, dairy cows are
milked twice per day with milking intervals
varying between 12:12 and 8:16 hours.
Much research has been devoted to deter-
mine an appropriate milking routine, which
maximizes milk production yet minimizes
labor input. In high producing dairy cattle, a
milking interval of 12:12 hours improved
milk yield by about 3 to 5% compared to
a milking interval of 10:14 hours [30],

suggesting that milk secretion might be
inhibited when the milking interval is too
long. Some studies have attempted to delin-
eate the maximum milking interval without
inducing a loss in milk production. As a
result, some authors have reported that
down-regulation of milk secretion begins
10 hours after milking whereas others have
observed longer intervals (16 hours after
milking) [25, 104]. Such discrepancies might
depend on individual animal variations [25,
66, 104] and may be partly linked to the
anatomical characteristics of the udder. The
ability of an animal to withstand longer
intervals between milkings could be related
to their larger cisternal volume of milk. Such
an observation is particularly true with
species having large cisterns as in dairy ewes
[62] and this has also been reported for dairy
cows [52]. Indeed, dairy cows with large
cisterns are more persistent and produce
more milk than cows with small cisterns.

Additionally, milk composition shows
diurnal variations. Milk from evening milk-
ings is more rich, both in fat and protein
(5–8 g.L–1 and 2 g.L–1, respectively) than
milk from morning milkings (see review
[53]). This is probably due to an unequal
interval between the milkings: milk from
morning milkings is collected after a long
interval. Fat globules, which are trapped in
the alveoli, are not totally transferred along
the mammary ducts before the end of the
morning milking and are only delivered at
the evening milking.
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Figure 2. Evolution of
milk fat content during
milking in dairy cows [36].
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cows (see review [4]). This effect is more
marked in high-producing dairy cows
(+9.2% in cows with daily production levels
of 26 to 34 kg, compared to +23.8% in cows
with > 34 kg, [91]). Furthermore, this effect
is in relation to lactation number: some stud-
ies indicate that primiparous cows benefit
the most from more frequent milkings (19.4,
13.5, 11.7, and 13.4% increase in milk pro-
duction for cows in their first through fourth
lactation, respectively, [2, 6]), whereas one
report concludes that the effect is more ben-
eficial in multiparous cows (+15 vs. +6%
increase, for multiparous and primiparous
cows, respectively, [21]). Increased milk
production associated with more frequent
milkings appears to be more important for
animals at the end of lactation [77] than at
the beginning [76] (+16 to 90% vs. +7 to
12% increase at the end or beginning of lac-
tation, respectively). The acquired effect of
more frequent milking on increased milk
production is rapid and is consistently main-
tained throughout the period of more fre-
quent milkings [38, 76], and perhaps even
after returning to twice daily milkings [7].
Finally, lactation persistency is increased in
dairy goats that are milked more frequently
[49]; this effect also appears to be plausi-
ble for lactation persistency in dairy cows
[38].

The effect of three-daily milkings has
been shown to either have no significant
effect on milk composition [3, 21] or a slight
yet significant reduction in milk fat con-
centration (–0.15 percentage units) com-
pared to twice-daily milkings [6], with the
reduction being more important for primi-
parous, compared to second parity dairy
cows (–0.32 vs. –0.23 percentage units,
respectively, [91]). Conversely, there is at
least one report that the reduction in the per-
centage of milk fat in three-daily milked
dairy cows is lower for multiparous than
primiparous animals (–0.10 vs. –0.06 per-
centage units, respectively [2]). Over the
entire lactation, there does not appear to be
an effect on milk protein concentration due
to an increased milking frequency [13, 91].

2.2.1. Lengthening the milking interval

According to Stelwagen et al. [88], milk-
ing intervals should not exceed 18 hours in
order to avoid any deleterious effects on
milk yield and/or quality. However, milk-
ing routines of mid-lactation dairy cows
with consecutive intervals of 14, 16 and
18 hours (i.e., three milkings every two
days) result in a 16% reduction in milk yield
with no change in milk composition [80].

Lengthening the milking interval up to
24 hours leads to a decrease in milk yield
of about 10 to 50% in dairy cows (see
review [19]). Short-term research trials (one
week) with mid-lactation Friesian and Jersey
dairy cows has demonstrated that once-daily
milking reduces milk production by 10 to
25% [14, 52]. Responses to once-daily milk-
ing are a function of the stage of lactation
because a decrease in milk production is
more pronounced for animals in early lac-
tation compared to late lactation (–38 vs.
–28%, respectively, [87]). With long-term
research trials (the entire lactation), once-
daily milking results in production losses
of approximately 50% [15] and 35% with
high individual variations (from 10 to 50%)
[40]. 

With regards to milk composition, inter-
vals longer than 16 hours may lead to vari-
ations in fat content in dairy cows ([80], see
review [104]). On the contrary, in mid- and
late-lactation dairy ewes, a 16 hour milking
interval has no effect on milk composition as
compared to ewes milked every 12 hours
[66]. In contrast, passage from twice daily
milkings to once daily milkings is gener-
ally accompanied by an increase in milk
contents of fat, protein, sodium, chloride
and somatic cell count, and a decrease in
lactose and potassium (see review [19]).

2.2.2. Decreasing the milking interval

Three-daily milkings results in an
improvement in milk production of 3 to 39%
compared to twice-daily milkings in dairy
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However, this is in contrast to one report,
which demonstrated a lower percentage of
milk protein and casein content in cows
milked thrice-, compared to twice-daily
(–0.085 percentage units lower) [47].

Work done with robotic milking of dairy
cows (otherwise known as an automatic
milking system or AMS) demonstrated that
cows voluntarily presented themselves to
the AMS for milking an average of 3.9 times
per day [42], which could indicate a pref-
erence of dairy cows in accordance with
their behavior and physiology. Interestingly,
when the milking interval for dairy cows in
the milking parlor is increased to four times
per day for a period of 4 weeks, milk pro-
duction increases between 10.4 and 14%
[38]. However, increasing the milking fre-
quency to 6 times per day does not further
augment milk production (10.7%) [94].
Thus, there does not appear to be any advan-
tage to increasing the milking frequency
beyond 3 to 4 times per day in dairy cows
[86] and in dairy ewes [68].

3. EFFECTS OF EXOGENOUS
OXYTOCIN ADMINISTRATION
ON MILK PRODUCTION

Milking is a source of variation in deter-
mining milk yield and milk quality and
one of the major events of milking is the
oxytocin-mediated ejection reflex. Then,
we focus on oxytocin in order to examine
how this hormone acts on milk yield and
composition.

Although there are numerous reports that
exogenous oxytocin administration at the
time of machine milking can increase milk
production, there are contradictions in the lit-
erature with respect to its effect on milk pro-
duction and milk quality. These are primarily
due to differences in methodology and exper-
imental design between researchers: for
example in the number of animals, length
of experimentation, stage of lactation, injec-
tion followed by milk removal or not,

injection given to animals with full or empty
udders, and dose of oxytocin administered.
Milk ejection is elicited with 0.1 I.U. of oxy-
tocin [82], and complete milk removal is
obtained following intravenous injection of
0.5 to 1 I.U. in dairy cows [54], and with
0.1 to 1 I.U. in dairy goats [64]. Neverthe-
less, in most of the reports, researchers used
nonphysiologic (10 or 20 I.U.) doses or even
extraphysiologic doses of oxytocin (40 I.U.).
It would thus appear necessary to better
delineate the effects of physiologic con-
centrations of oxytocin on milk production.

Small doses of oxytocin (0.02 to 0.3 I.U.)
administered over a short period (2 d) prior
to milking result in either a significant
increase in milk production [33, 34] or no
change in milk yield, but induce an increase
in milk flow rate and a shorter machine
milking time [82]. According to Knight [48],
administration of large quantities of oxy-
tocin (20 I.U.) over one week resulted in an
increase in milk production of 15.5% only if
each milking was followed by complete
milk removal from the udder. Conversely,
when oxytocin (20 I.U.) was administered to
dairy cows over a couple of weeks, either
before or after milking, milk production
increased by 3%, regardless of the time of
injection [5]. However, another more long-
term study demonstrated that oxytocin injec-
tion (20 I.U.) prior to each milking for the
entire lactation increased milk production
by 11.6%; most of the increase in milk yield
occurred during the descending phase of
lactation [71].

Some authors would claim that there is no
modification of milk composition (milk fat,
protein, lactose, somatic cell count, or plas-
min activity) regardless if oxytocin is admin-
istered over medium or long periods of time
[5, 71]. However, oxytocin administration
was shown to significantly modify milk
quality proportionally to dose: increasing
doses (0.1 to 3 I.U.) results in increases in
milk fat, but concurrent doses results in
decreases in milk protein [31, 82]. Addi-
tionally, massive doses of oxytocin (40 I.U.
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pathway of milk protein biosynthesis
(specifically the transport between the endo-
plasmic reticulum and the Golgi apparatus,
as well as intra-Golgi transport) in mam-
mary epithelial cells, resulting in the inhi-
bition of casein and lactose synthesis, as
well as the stimulation of the intracellular
degradation of newly synthesized casein
[101]. In addition, FIL might regulate the
size of the secretory cell population, in part
by triggering apoptosis in the mammary
gland [79], and/or by reducing the sensitiv-
ity of mammary epithelial cells to galac-
topoietic hormones, such as prolactin, by
reducing the number of prolactin receptors
[8]. A reduction in prolactin receptors is
thought to reduce the normal anti-apoptotic
properties of prolactin [28, 92, 93]. Finally,
when machine milking is incomplete, or
when the daily number of milkings is
reduced, it is believed that the accumula-
tion of FIL within the alveoli increases,
which leads to reduced milk synthesis as
described above.

Alternatively, one could also envisage
that more frequent udder evacuation and
milk removal would not only reduce accu-
mulation of FIL, but would also avoid any
deleterious effects of increased intra-alveo-
lar pressure on milk synthesis. Indeed, in
dairy goats it has been shown that after
21 hours of milk accumulation, the resulting
increased intra-mammary pressure provokes
a destruction of alveolar secretory epithe-
lium via tight junction rupture. Tight junc-
tions begin to become leaky after 18 to
20 hours of udder filling [87], which coin-
cides directly with the beginning of a
decrease in the milk secretion rate in dairy
goats [89] and cows [18]. This rupture results
in a significant modification of the ionic
composition of milk, with an increase in milk
lactose, sodium, and chloride and a decrease
in milk potassium [89]. Physiological
increases of intra-mammary pressure causes
compression of mammary secretory epithe-
lia, resulting in accompanying mechanical
changes within the alveoli including per-
turbation of the cytoskeleton [70] and

every 20 min for 80 min following milk-
ing) reduce milk fat content without affect-
ing milk fatty acid composition [22]. Finally,
oxytocin administration could have a nega-
tive effect on milk fat content, by retaining
milk fat within the alveolar compartment.
Actually, two injections of 10 I.U. of oxy-
tocin, without milk removal, significantly
increase fat globule diameter by 0.22 mm
(4.25 to 4.47 mm). In fact, the resulting
increase in intra-mammary pressure might
induce fat globule coalescence [36]. 

4. PHYSIOLOGIC EFFECTS
OF MILKING ON THE SYNTHESIS
AND SECRETION OF MILK

4.1. Effect of milk removal

The mammary gland, although physio-
logically considered a powerful machine, is
constantly faced with the juxtaposition of
producing sufficient amounts of milk (orig-
inally destined for nutrition of the young),
yet adequately ridding itself of this milk in
order to avoid the negative effects of milk
stagnation on milk synthesis and on the
eventual involution of the gland. In order
to not over-produce, which would be a waste
of valuable nutrition that could be used for
other life processes (reproduction, for exam-
ple), the mammary gland is equipped with
an auto-regulatory mechanism for the con-
trol of milk synthesis. Frequent and com-
plete milk removal reduces the negative
effect of this self-regulatory mechanism on
milk secretion. This mechanism has been
associated to the co-secretion of a glyco-
protein in milk, which might have the abil-
ity to exert negative feedback locally on
milk protein and lactose synthesis. This gly-
coprotein (known as the Feedback Inhibitor
of Lactation, FIL) and its effects was first
described in the goat [102], because of its
ability to reduce the rate of milk secretion in
vitro [99, 101] and in vivo [100] when it is
in contact with the alveolar epithelium [74].
FIL might reversibly block the constitutive
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mechanotransduction effects on gene expres-
sion [19, 86], which all interfere with milk
secretion and could lead to apoptosis. Addi-
tionally, high intra-mammary pressure
between milkings reduces mammary blood
flow by 10% after 24 hours of udder filling
in dairy cows [35] and by 50% after
36 hours in dairy goats [89], which at the
same time reduces the supply of nutrition
and hormones to the udder and then reduces
the rate of milk secretion [32, 73, 75]. Alter-
natively, milk removal from the gland dur-
ing machine milking improves mammary
blood flow in dairy cows [41] and in dairy
goats [81].

4.2. Systemic effects

Stimulation of the mammary gland dur-
ing nursing and machine milking is of great
benefit to the gland due to the release of
several lactogenic hormones from the pitu-
itary. Prolactin [44] favors the synthesis and
secretion of the milk components, and also
influences fat metabolism within mammary
adipose tissue. Adrenocorticotrophin hor-
mone (ACTH), which is also released during
milking [20], participates in conjunction with
the glucocorticoids in maintaining lactation
via its general effects on metabolism, by
markedly amplifying the gland’s response
to prolactin [39]. It was originally suggested
that growth hormone (GH) is released dur-
ing milking in goats [37]. This has not been
confirmed for goats [50] nor for cows [51],
and the simultaneous effect of administration
of GH and increasing the milking frequency
is additive; this indicates that these two
galactopoietic stimuli operate by indepen-
dent mechanisms.

Increased milking frequency could assure
a better hormonal maintenance of lactation
simply as a result of increased stimulation of
hormonal release, and thus more metabolic
and synthetic activity within the mammary
gland. These hormones, in addition to their
metabolic effects, could improve the number
of secretory cells and thus increase the vol-

ume of milk secreted [29, 45, 49]. In rumi-
nants, the number of secretory cells slowly
decreases throughout the course of an estab-
lished lactation via apoptotic mechanisms
[79], without modification of the secretory
activities of the remaining cells [49]. The
diminution in the number of secretory cells
is not pre-determined and instead can be
modified by milking frequency [58]; increas-
ing the number of daily milkings results in
cellular hypertrophy, which is followed by
proliferation of new secretory cells and then
an increase in secretory cell number. This
permits an increase in lactation persistency
with little, if any, effect on milk composition
[38].

Machine milking or nursing, as indicated
previously in this review, is the principal
stimulus responsible for the release of oxy-
tocin from the posterior pituitary, and for
the subsequent oxytocin-mediated myoep-
ithelial contraction for milk removal. For
many years this reflex has been considered
the only mechanism within the mammary
gland capable of eliciting milk ejection. Pitu-
itary oxytocin is thus generally considered as
the only hormone capable of increasing milk
production via stimulation of the milk ejec-
tion reflex [1, 9, 23, 31, 48]. In addition to
neurohypophyseal release of oxytocin dur-
ing machine milking, oxytocin is synthe-
sized, stored, and released by the corpus
luteum [90, 96, 97], which is continual and
repetitive during an estrous season, yet inde-
pendent of lactation. This luteal oxytocin
may also participate in facilitating milk
removal by its influence on milk transfer
from the alveoli to the cistern between milk-
ings [57, 65]. 

In brief, for most authors, the increase in
milk production associated with the injection
of oxytocin can only be explained by a
mechanical action of oxytocin as a result of
myoepithelial contraction and thus expul-
sion of the synthesized milk products from
the alveoli [17], thereby limiting the negative
effects of FIL or increased intra-alveolar
pressure on milk secretion.
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alveolar emptying, but also with a direct
role in influencing mammary secretory
epithelium [61]. More precisely, we demon-
strated that oxytocin first provokes a rapid
release of casein into the alveolar lumen,
which is accompanied by displacement of
the two markers, GP58 and annexin II. GP58
is a Golgi membrane protein, which permits
monitoring of the early events in the secre-
tory pathway (intracellular transfer of secre-
tory vesicles). Annexin II is part of a family
of proteins that enables the in vitro estab-
lishment of homotypic connections between
secretory vesicle membranes, thereby allow-
ing us to follow the process of exocytosis
(final stages of secretion) [24]. Our obser-
vations concerning the localization of GP58
and annexin II at the apical end of the cell,
also led us to believe that there is an influ-
ence of oxytocin during the whole protein
secretion process. At the same time, we
observed a transfer of fat globules on the
apical part of the epithelial cell, as a result of
the oxytocin effect. Moreover, we observed
specific linkage sites between oxytocin and
rabbit mammary epithelial cells, which
would confirm a direct cellular action of
this hormone. Receptors for oxytocin have
already been localized in mammary epithe-
lia in lactating women and marmosets [46],
which indicates that oxytocin should have a
direct physiologic role in secretory activity.
However, the above-mentioned model
species are devoid of the cisternal compart-
ment, therefore such an oxytocin receptivity
still has to be proven in the ruminant mam-
mary gland. 

5. CONCLUSIONS

Stimulation of the mammary gland dur-
ing milking is necessary for the initiation
and maintenance of lactation, quite as much
as nutrients captured by the gland (Input),
and will ultimately affect milk production
(Output) via the effect of milk removal and
separate systemic effects. The most impor-
tant factor influencing milk removal and

The galactopoietic action of oxytocin
could also be explained by direct stimulation
of mammary blood flow [27], probably as a
result of the vasopressin-like effect of oxy-
tocin, which would augment the supply of
nutrients and lactogenic hormones to the
gland. 

Yet another possibility exists: oxytocin
may exert a direct effect on the epithelial
cell. For instance, Nostrand [71] demon-
strated that long-term daily injections of oxy-
tocin in dairy cows resulted in an increase
in milk production, particularly during the
descending phase of lactation. These results
might be explained by a galactopoietic effect
of oxytocin, as is the case for antiapoptotic
prolactin, permitting a more persistent lac-
tation. Moreover, oxytocin may act on mam-
mary cells by inducing cell differentiation
and proliferation as was shown in the non-
lactating mouse mammary gland [83].
Finally, a direct galactopoietic effect of oxy-
tocin on milk synthesis in the mammary
gland may exist, which might explain the
increases in milk production [5]. This is to
say, that perhaps in addition to the effect of
oxytocin on milk ejection and removal, this
hormone may exert direct effects on secre-
tory epithelial cells and thus stimulate their
secretion. In accordance with this hypothe-
sis, Ollivier-Bousquet [72] demonstrated
that in vitro, the addition of oxytocin resulted
in the acceleration of intracellular transit of
casein as well as in the augmentation of its
secretion in lactating rabbit mammary frag-
ments. Increases in the secretion rate of
casein were not simply due to a mechani-
cal effect of myoepithelial contraction,
because intracellular transport of nascent
protein between the endoplasmic reticulum,
Golgi apparatus, and secretory vesicles
(stages which all require an active partici-
pation from the energetic processes of the
cell), was also affected.

Recently, we observed a double effect of
oxytocin within lactating mammary tissue,
which is consistent not only with its classic
role in myoepithelial contraction and
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evacuation of the gland is the presence of
the oxytocin-mediated milk ejection reflex.
Oxytocin influences milk production by
reducing intra-alveolar pressure, reducing
the presence of the feedback inhibitor of
lactation from around the alveoli, and
reestablishing normal mammary blood flow.
Furthermore, the presence of a proper milk
ejection reflex during milking is a crucial
factor for obtaining alveolar milk that is rich
in total solids. In addition to the beneficial
effect of oxytocin on milk production and
milk quality due to better milk transfer
within the mammary gland, oxytocin could
also have a direct stimulatory effect on
mammary metabolism. In fact, the mecha-
nisms behind the effect of oxytocin on mam-
mary metabolism have only recently been
addressed, and merit further research, specif-
ically with the use of physiological con-
centrations of oxytocin during or without
milk removal. If the effect of physiological
concentrations of oxytocin is demonstrated,
this would confirm our observations con-
cerning its effect on intracellular processes
of milk secretion. Thus, it will be particu-
larly useful to further study the regulation of
intracellular signaling cascades associated
with oxytocin binding of its receptor on
secretory mammary epithelial cells.

It is clear that the effects of oxytocin on
milk production are numerous, complex,
and difficult to quantify at present. Further
studies in this area will be achieved at dif-
ferent levels: cell, tissue, and animal, and
although the results of this work will no
doubt yield copious amounts of informa-
tion, it will be most interesting to eventu-
ally categorize and rank all the possible
effects of oxytocin on the mammary gland.
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