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The Milk Yield Response to Frequent Milking in Early Lactation
of Dairy Cows Is Locally Regulated
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ABSTRACT

Frequent milking during early lactation of dairy cows
increases milk production throughout lactation; how-
ever, whether this response is regulated systemically
via lactogenic hormones, locally in the mammary gland,
or both is unknown. We hypothesized that the effects
of frequent milking on milk production during early
lactation are regulated via local mechanisms. Ten mul-
tiparous cows were assigned at parturition to unilateral
frequent milking [UFM; twice daily milking of the left
udder half (2×), or 4 times daily milking of the right
udder half (4×)] for d 1 to 21 of lactation. After treat-
ment, cows were milked twice daily for the remainder
of lactation. At the first milking after calving, milk yield
from individual quarters was measured to verify that
udder halves produced equal amounts of milk prior to
treatment. Thereafter, individual quarters were milked
on d 3 and 7, weekly for the first 5 wk of lactation, and
once every 3 mo for the remainder of lactation. During
UFM, cows produced 3.9 ± 0.7 kg/d more from the side
milked 4× than the side milked 2×. Upon cessation of
treatment, milk production from the side milked 4×
decreased, but remained at 1.8 ± 0.5 kg/d more than
the side milked 2× for the remainder of lactation. After
milk yield was corrected to the equivalent of a whole-
udder basis, acute milk yield responses to frequent
milking were found to be consistent with previous re-
ports. Moreover, we observed greater persistency in the
milk yield response, which lasted throughout lactation.
We conclude that both immediate and persistent effects
on milk production of frequent milking during early
lactation are regulated at the level of the mammary
gland. Our results demonstrate that UFM is a valid and
efficient model for investigating the effects of frequent
milking during early lactation in dairy cows.
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INTRODUCTION

Efficient milk production is critical to the success
of the dairy industry. Accordingly, there is a constant
demand by dairy producers for management tools that
help increase the efficiency and economic profitability
of their cows. It is well established that frequent milk
removal (3 or more times daily) stimulates milk produc-
tion compared with twice daily milking (Erdman and
Varner, 1995). In addition, a critical time exists during
early lactation in which frequent milking or suckling
can stimulate milk production for the remainder of lac-
tation (Everitt and Phillips, 1971; Bar-Peled et al.,
1995; Hale et al., 2003). Hale et al. (2003) reported that
frequent milking for just the first 3 wk of lactation was
sufficient to elicit a carryover effect on milk production
that continued into late lactation, and this result was
subsequently confirmed in a field study by Dahl et al.
(2004).

The mechanism by which frequent milking enhances
milk production is unknown; however, local regulation
of milk production in response to frequent milking of
half-udders has been reported (Claesson et al., 1959;
Morag, 1973; Hillerton et al., 1990). Half-udder designs
are extremely powerful because they eliminate varia-
tion between animals attributable to environment, nu-
trition, and genetics. In addition, both udder halves are
exposed to the same systemic factors; hence, responses
to frequent milking are strictly at the level of the mam-
mary gland. To our knowledge, no frequent milking
studies have been performed on half-udders during
early lactation in dairy cows. Therefore, whether the
carryover effect on milk production is regulated by local
factors, systemic factors, or both is unknown. We used
a unilateral frequent milking (UFM) model to isolate
the effects of frequent milking during early lactation
on the mammary gland of dairy cows. We hypothesized
that frequent milking during early lactation enhances
milk production through local mechanisms. Our objec-
tives were to test this hypothesis as well as to validate
the use of a UFM model for future mechanistic and
applied experiments.
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MATERIALS AND METHODS

Animals and Treatments

Ten multiparous Holstein cows were assigned at par-
turition to UFM for d 1 to 21 of lactation. Cows were
housed in a free-stall barn and received water and a
TMR ad libitum. Regular milkings took place at 0230
and 1430 h, and the 2 extra milkings (during which
only the right udder half was milked) took place at
0530 and 1730 h. After the treatment period, cows were
milked twice daily (at 0230 and 1430 h) for the remain-
der of lactation. The University of Vermont Institu-
tional Animal Care and Use Committee approved all
animal use.

Quarter Milking

Quarter milking was performed using a portable
milking system with a milking claw designed to collect
milk from each quarter into individual vessels. During
quarter milking, milk from each quarter was collected
into sterile 18.5-L plastic bags (Parish Manufacturing,
Indianapolis, IN) and then weighed. At the first milking
after calving, milk yield from individual quarters was
measured to verify that udder halves produced equal
amounts of milk prior to treatment; cows that were
unbalanced by >0.7 kg were rejected from the study.
Thereafter, quarter milking was performed during the
afternoon milking (1430 h) on d 3 and 7, then weekly
for the first 5 wk of lactation and once every 3 mo for
the remainder of lactation. Milk samples from each
udder half were collected during quarter milking and
were analyzed for SCC and percentages of milk fat and
milk protein by the Vermont DHIA.

Statistical Analyses

Statistical analyses were performed using the PROC
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC;
version 9.1). A paired t-test was used to determine
whether differences in milk production between udder
halves were significant at each quarter milking. Sig-
nificance was declared at P < 0.05.

RESULTS

Quarter milk yields from 4 cows during the first 3
wk of lactation were analyzed to confirm that the front
and rear quarters of the udder responded similarly to
UFM (P > 0.90; Figure 1). After this was confirmed,
front and rear quarter milk yields were combined for
the remainder of the experiment. The combined milk
weights were used to quantify the milk yield response
of the right and left udder halves to UFM. Milk produc-
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tion at the 2 afternoon milkings was recorded for the
first 3 wk of lactation to confirm that quarter milk
weights were representative of milk production at
those milkings.

Cows responded quickly to UFM and produced 2.1 ±
0.1 kg of milk during each of the extra milkings (4.3 ±
0.2 kg/d; Figure 2). Milk production from the left (2×)
side of the udder was subtracted from that of the right
(4×) side of the udder to quantify the differential milk
production response to UFM. On d 1 of lactation, udder
halves produced similar amounts of milk (P > 0.60;
Figure 3). During UFM, milk production from the 4×
side of the udder increased dramatically and was 3.5 ±
0.2 kg/d greater than that of the 2× udder half (P <
0.001; Figure 3). Immediately following cessation of
UFM, milk production from the 4× udder half decreased
(P < 0.01). Despite the decrease in milk production fol-
lowing cessation of UFM, the 4× udder half continued
to produce 1.8 ± 0.2 kg/d more milk than the 2× udder
half for the remainder of lactation (P < 0.01; Figure
3). The SCC, milk fat percentage, and milk protein
percentage were 141 ± 48 (× 1,000/mL), 4.3 ± 0.1, and
3.1 ± 0.07, respectively, and were not affected by UFM
(P > 0.50).

DISCUSSION

We observed both an acute and long-term increase
in milk production from the 4× side of the mammary
gland in response to UFM. To compare our results with
previous work that did not use a half-udder design, we
multiplied the difference between the right and left
udder halves by 2 (Table 1). After correcting milk yield
to the equivalent of a whole-udder basis, the acute and
long-term milk yield responses to frequent milking that
we observed were consistent with those reported by
Hale et al. (2003). However, we observed greater persis-
tency in the milk yield response, which lasted through-
out lactation. That our observations were similar to
those of Hale et al. (2003) indicated that the increase
in milk yield with frequent milking during early lacta-
tion in dairy cows was regulated by mechanisms within
the mammary gland. The consistency in results vali-
dates the use of a UFM model for experiments investi-
gating frequent milking during the early lactation of
dairy cows. After validating the UFM model, we con-
ducted power calculations and determined that we
would have 82% power to detect a 0.90-kg difference in
milk production between udder halves using 6 cows. To
obtain this same level of power using cow groups, we
would need 53 cows. Our calculations illustrate the ex-
tremely high power and efficiency of the unilateral ap-
proach, and this has major implications with respect
to the use of animals and associated expenses.
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Figure 1. Difference in milk production between the right and left quarters of 4 cows assigned to unilateral frequent milking [twice
daily milking of the left side (2×), 4 times daily milking of the right side (4×)] for d 1 to 21 of lactation. Quarter milk yields were recorded
on d 1, 7, 14, and 21 of lactation, and milk production from the 2× side was subtracted from that of the 4× side. Milk yield increased similarly
in the 4× front and rear quarters of the udder.

Two recent studies have reported no effect of frequent
milking during early lactation on milk production (Fer-
nandes et al., 2004; VanBaale et al., 2005). These find-
ings conflict with the results of the current study, as
well as with the results of previous studies (Bar-Peled
et al., 1995; Hale et al., 2003; Dahl et al., 2004). This
inconsistency in results illustrates the importance of a
well-controlled experimental model; therefore, a UFM
model is ideal for investigating frequent milking during
early lactation.

Figure 2. Milk production at regular and extra milkings of cows assigned to unilateral frequent milking [twice daily milking of the left
side (2×), 4 times daily milking of the right side (4×)] for d 1 to 21 of lactation. Regular milkings were at 0230 and 1430 h, and extra milkings
were at 0530 and 1730 h. During the extra milking, only the right side of the udder was milked.
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Several possible explanations can be given for the
observed increase in milk production with UFM. One
possibility is that there is an increase in blood flow to
the 4× side of the mammary gland, which would allow
for increased exposure to the blood supply and to lacto-
genic hormones in circulation. Two arguments against
blood flow exist: Although milk yield and blood flow are
sometimes positively correlated, an increase in blood
flow to the mammary gland does not always enhance
milk production (reviewed in Prosser et al., 1996). Sec-
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Figure 3. Difference in milk production between the right and left udder halves of 10 cows assigned to unilateral frequent milking [UFM;
twice daily milking of the left side (2×), 4 times daily milking of the right side (4×)] for d 1 to 21 of lactation. Quarter milk production was
measured throughout the lactation, and milk production from the 2× side was subtracted from that of the 4× side. There was no difference
in milk production between udder halves on d 1 of lactation (P > 0.60). Milk production in the 4× udder half increased dramatically (P <
0.001) during UFM and was greater than that of the 2× udder half through 270 DIM (P < 0.01).

ond, if an increase in vascular development is mediating
the milk yield response, we would not expect an immedi-
ate decrease in milk production following cessation of
UFM, but would expect more of a gradual decline as
the vasculature regressed. Another possibility is that
the capacity of the 4× side of the udder was increased
with frequent milking, which could support a higher
level of milk production. Although it has been estab-
lished that mammary capacity is correlated with milk
production (Ayadi et al., 2003), milk secretion is not
limited by mammary capacity until about 12 h after
milking (Knight et al., 1994). Therefore, it is unlikely

Table 1. Validation of a unilateral frequent milking model (UFM)1

Days Days
1 to 21, 22 to 270,

4× vs. 2× kg/d kg/d

UFM observed +3.5 +1.8
UFM adjusted, observed × 2 +7.1 +3.6
Hale et al. (2003) +8.6 +2.6

1Twice daily milking of the left side (2×), 4 times daily milking of
the right side (4×) for d 1 to 21 of lactation. Observed milk yield
response in the current study was adjusted to a whole-udder basis
and compared with the observations of Hale et al. (2003), who used
cow groups. The observed milk yield response to 4× milking was
consistent across the 2 experiments; however, the persistency of the
response was greater in the current study.
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that an increase in mammary capacity contributed to
differences in milk production between udder halves
during the short milking intervals (9 and 3 h) used
in our study. Because milk production is ultimately
a function of mammary cell number and activity, we
speculate that the enhanced milk production observed
with UFM is the result of an increase in either or both
of these factors in the 4× side of the udder. Studies
currently being conducted in our laboratory could en-
able us to determine the mechanism(s) by which UFM
increases milk production.

We did not observe an effect of UFM on the SCC or
on the percentages of milk fat and milk protein. Based
on previous data (Hale et al., 2003), we did not expect
an effect of frequent milking on the SCC; however, we
did expect a decrease in the percentages of milk fat and
milk protein in the 4× side relative to the 2× side. Milk
samples were collected at the afternoon milking. Thus,
they did not represent a composite sample of all 4 milk-
ings. This may explain why we did not observe a de-
crease in the fat and protein percentages in milk from
the 4× udder half.

CONCLUSIONS

We conclude that frequent milking of dairy cows dur-
ing early lactation increases milk production via mecha-
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nisms within the mammary gland. In addition, a UFM
model is a valid and efficient model for use in experi-
ments investigating frequent milking during early lac-
tation.
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