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ABSTRACT

The objective of this observational study was to determine the effect of two (2x) compared to three (3x) times a day milking in Holstein
cows undergoing lactations =600 d on milk production and reproductive performance. Two large adjacent commercial dairy herds with
similar size, facilities, and management in a hot area of northern Mexico (25° N) were used. Cows in one herd (n= 214) were milked
two times a day (2x), the other herd was milked three times a day (3x; n=245) and both groups were milked for at least 600 days.
For cows in first lactation, total milk yield did not differ between 3x and 2x cows (19796 + 3354 vs. 19269 + 3652 kg; p > 0.10) in
lactations with an average of 696 and 650 days in milk (DIM), respectively. Multiparous 3x cows produced more total milk days than
2x cows (20942 + 3920 vs. 18910 + 2632 kg; p < 0.01) with greater (p < 0.01) DIM for 3x (685 = 117 days) than 2x (631 + 88
days) cows. Lactation persistence was greater (p < 0.05) in 2x (62 + 9%) than 3x (60 = 10%) cows. Overall conception rate (CR)
did not differ between 2x and 3x cows (53.3% vs. 49.8%) but 3x cows required one more service (p < 0.01) to get pregnant than 2x
animals. Given that average milk yield throughout the complete lactation did not differ between 2x (29.8 + 2.0 kg) and 3x (29.3 +
2.9 kg) cows, it was concluded that two-times-a-day milking is equally effective as three-times-a-day milking to attain acceptable milk
yield in lactations over 600 days. However, reproductive performance based on first-service CR and services per pregnancy was negatively

affected by three-times-a-day milking.
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INTRODUCTION

In temperate zones with limited impact of heat stress, a
305-d lactation is considered an optimum lactation length.
However, in zones where dairy cows undergo thermal stress
for most of the year, heat stress negatively impacts the
ability of a cow to become pregnant before 100 days post-
calving and this infertility leads to involuntary extended
lactations (Mellado et al., 2016).

In Australia and New Zealand the potential role of
extended lactations with a 24-mo calving interval on
pasture-based systems has been studied (Auldist et al., 2007;
Kolver et al., 2007). This management practice is the result
of the marked transformation that the modern dairy cow
had gone through during the past decades. These effects
included reproductive failure derived from the steady and

continued selection for increased milk yield (Walsh et al.,
2011; Berry etal., 2016), and today it is not uncommon for
cows to be dried off with very high milk yields (Lehmann
et al., 2017; Rajala-Schultz et al., 2018).

Drawbacks of extended lactations are alteration of herd
composition as it results in fewer calvings per year, and
hence fewer replacement calves, heifers, and dry cows if
the number of lactating cows is maintained for prolonged
periods of lactation. This may reduce herd feed use, and
it thereby should increase the forage to concentrate ratio
because cows will spend a greater period of the year on
the downward slope of the lactation curve. Additionally,
cows with extended calving intervals have longer periods
in late lactation, which leads to a greater partitioning of
nutrients away from the udder and toward body energy
reserves (Marett et al., 2015).
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On the other hand, advantages of extended lactations are
fewer calvings per cow per year which reduces the number
of dry days per cow per year and results in lower incidences
of periparturient diseases, and hence fewer parturitions
per cow per year should improve animal health, which
would improve longevity of cows (Schested et al., 2019).
Additionally, extended lactations of high-yielding cows
could have economic advantages (Lehmann et al., 2019)
and allows the farmer to decide the fate of individual cows
(Rodriguez-Godina et al., 2021).

Total milk yield can be stimulated by increasing milking
frequency (Wall and McFadden, 2012). This effect has been
attributed to a protein feedback inhibitor of lactation (FIL)
(Weaver and Hernandez, 2016) or serotonin (Hernandez
et al., 2011) in milk, which seems to act via a negative
teedback mechanism on the udder secretory cells; thus,
their removal from the mammary tissue allows additional
milk synthesis. Additionally, change in milking frequency
affects proliferation of mammary cells as well as expression
of the major milk protein genes, which both contribute to
the observed changes in milk yield (Murney et al., 2015).
Some studies in cows have shown no response in milk
production to thrice daily milking (McNamara et al., 2008),
but other studies have shown a steady increase of milk
yield with increased milking frequency (Vijayakumar et al.,
2017). It is not quite clear if three times a day milking is
strictly necessary to maintain a greater milk persistency,
and therefore to reach economically viable lactations over
600 days. Therefore, this observational study aimed to
analyze the effect of the frequency of milking (two vs. three
milkings a day) on the reproductive performance and milk
yield in high-producing dairy cows whose lactation length
was over 600 days.

MATERIAL AND METHODS

Study herds

Milk yield and reproductive performance records for
2016 and 2018 were obtained from two adjacent large
intensive dairy herds (>2500 milking cows) in northern
Mexico. Cows suffered hyperthermia for most of the year
which caused that many cows got pregnant >300 days
postpartum, which led to extended lactations (669 + 117
days for cows included in the present study; mean + SD).

Herds were selected based on good milk and reproductive
record-keeping (Afifarm; Kibbutz Afikim, Israel), high
closeness between them (similar climatic conditions),
fairly similar nutritional health and management programs
(both herds belonged to the same company; Fig. 1). In
one of the farms, cows were subjected to two-times-a-day
milking (2x) whereas in the other farm cows were milked
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Fig 1. Cows with lactation length =600 days enrolled in this. Cows
on the left were milked two times a day; cows on the right were milked
three times a day.

three times a day (3x). These dairy farms are located in
northern Mexico (25° N) in a zone characterized by high
daytime temperatures in spring, summer, and fall (around
40 °C) and intense solar radiation with an average annual
precipitation of 230 mm.

Cows facilities and feeding

Cows were kept in open dirt pens with plenty of shade
equipped with fans in both barns. Cows were fed the same
total mixed ration diet thrice daily. Diet was formulated to
meet the nutrient requirements for Holstein cows weighing
650 kg and producing 45 kg of 3.5% fat-corrected milk
(NRC, 2001). The forage: concentrate ratio was 50:50 and
diets consisted of the following primary ingredients on a
DM basis: alfalfa hay, corn silage, soybean meal, corn grain,
cottonseed meal, and a mineral premix.

Reproductive management and variables

Cows in both dairies received vaccines against the major
cause of abortion. The herd veterinarians examined fresh
cows to detect and treat cows with postpartum reproductive
disorders as well as ketosis (urine ketone evaluation with
Ketostix; Bayer Corp. Diagnostics Division, Elkhart, IN).

Cows were enrolled in fixed-time artificial insemination
receiving two injections of PGF,a (Lutalyse, Zoetis
Animal Health, NJ) at 54 = 2 and 68 * 2 days in milk
(DIM). They were subsequently submitted to the Ovsynch
protocol: 100 ug GnRH (Cystorelin, Merial Ltd, NJ) at
81 £ 3 DIM, PGF,« at 88 = 3 DIM, and GnRH at 90 + 3
DIM, and then inseminated at fixed time at 90 + 2 DIM.

Cows not pregnant with the first service were observed for
estrus detection aided by tail chalk which was applied daily.
Cows in estrus were artificially inseminated with frozen/
thawed semen from multiple USA Holstein sires. Artificial
insemination (Al) following the AM-PM guideline.

Due to severe heat stress, the majority of cows continued
to be inseminated beyond 250 DIM; the range for number
of services was 1-15 for 2x cows and 1-22 for 3x cows.
Pregnancy diagnoses were performed at 45£3 days from
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their last AL. Reproductive performance was monitored at
a herd-level based on first service conception rate (CR),
overall CR, services per conception (SC; only pregnant
cows). First service CR was defined as the number of
cows that were pregnant to their first Al divided by the
total number of cows for which a first service date was
recorded after calving. CR to all services was defined as
the number of cows that became pregnant up to 500 DIM
divided by the number of cows inseminated throughout
their lactation. SC was defined as total Al to pregnant cows
divided by total pregnant cows.

Milk recording

All cows were between first and five lactations and were
selected based on 1) lactation not starting with an abortion,
2) cows not induced hormonally into lactation; 3) four
functional quarters; 4) at least 600 DIM, 5) good general
health, and 6) without ovarian or uterine disorders after
calving, Cows at both dairies were machine milked two
(0500 and 1700 h) or three times a day (0000, 0800, and
1600 h), and yields were recorded electronically at each
milking for all cows and were used to calculate 305-d milk
yield and total milk yield.

Cows were dried off 60 d before their expected parturition
date, or when daily milk yield was < 20 kg. Cows were
categorized as primiparous (parity one) and multiparous
(parity = two). Outcome variables were 305-d milk yield,
daily milk yield up to 305 days postpartum, DIM, average
daily milk yield during the entire lactation, and 305-d
lactation milk yield persistence [305-d milk yield/(peak
milk yield x 305) x 100].

Statistical analyses

Descriptive statistics of these observational data were
obtained with the FREQ procedure of SAS (SAS Inst.
Inc., Cary, NC). Conception data were analyzed using
the GENMOD procedure of SAS. The model statement
for these dependent variables contained only the effect
of treatment (number of milkings per day); month of
parturition was included as covariate. After limiting
the number of SC to cows with a confirmed gestation
diagnosis, the effect of treatment on the number of SC was
evaluated by the bivariate Wilcoxon rank-sum test (proc
nparlway of SAS) without adjustment for confounders.
For all analyses, significance was set at p < 0.05.

Data on milk yield as well as various reproductive intervals
were analyzed according to a completely randomized
design using the PROC MIXED procedure of SAS. The
general model used was Y, =+ A, + ¢, where Y, is the
dependent variable, W is the overall mean, A is the effect of
the ith treatment (number of milkings per day) and ¢, is the
random residual error. Non-linear functions were used to
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describe the association between DIM and total milk yield
(CurveExpert Professional 2.5.6; Hyams Development,
Huntsville, Alabama).

RESULTS

Milk production traits are shown in Table 1. Lactation
length was 50 days longer (p < 0.01) in 3x cows than 2x
cows. Parity did not influence this trait. Regardless of patrity,
increasing milking frequency from 2x to 3x raised 305-d
milk production by 648 kg (6%; p <0.01) and, as expected,
pluriparous cows produced 1623 more milk in 305 days
than primiparous cows. 2x cows reached peak milk yield
later (p < 0.01) in lactation (79 d) than 3x cows (64 d).
There was a parity by days to peak milk yield interaction
(» <0.01). The mean days to milk yield was higher in 2x
primiparous cows than pluriparous cows; the opposite
occurred with three times a day milking,

Peak milk yield was higher in 2x cows (p < 0.02) than
3x cows, likewise multiparous cows presented higher
(» < 0.01) milk yield at peak than primiparous cows. 3x
cows produced 470 more (p < 0.05) kg of milk from 305
DIM to the end of lactation than 2x cows. There was a
significant interaction between parity and frequency of
milking for milk yield produced from 305 DIM to the
end of lactation. There was a reduction in this trait in
3x primiparous cows compared to 2x primiparous cows;
the opposite occurred with multiparous cows. Across
parities, total milk yield was 1091 kg higher (p < 0.01) in
3x cows than 2x cows. There was a parity by total milk
yield interaction (p < 0.01). The mean total milk yield was
higher in 2x primiparous cows than pluriparous cows; the
opposite occurred with 3x cows.

Across parity, persistency during 305-d lactations was
significantly improved (p < 0.01) by milking the cows more
frequently. However, when the analysis was extended to
the whole lactation 2x cows presented a higher (p < 0.05)
persistence than 3x cows. Across frequency of milking,
primiparous cows presented a higher persistence than
multiparous cows. The association between DIM and total
milk yield is presented in Fig, 2. For both primiparous and
multiparous cows, cows with lactations >1000 days had a
negligible rate of increase in milk yield after this stage of
lactation.

Reproductive data are presented in Table 2. First service
conception rate was affected (p < 0.01) by frequency of
milking being 7 percentage points lower in 3x compared
to 2x cows. Conception rate to all services did not differ
between 2x or 3x cows and 3x cows required on average one
more service (p < 0.01) to become pregnant than 2x cows.
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Table 1: Effect of milking two compared to three times a day on different milk production variables in primiparous and multiparous
subfertile Holstein cows undergoing extended lactations (=600 days) in a hot environment

Milk variables 2x 3x SEM MF effect Lact effect MF x Lact
1st lact >2 lact 1st lact >2 lact
n=(132) n=(82) n=(154) n=(91)
Lactation length, 650 631 696 685 99 <.0001 0.1107 0.6731
days
305-d milk yield, kg 10006 11600 10619 12284 995 <.0001 <.0001 0.7093
Days to peak milk 79 75 63 66 15 <.0001 0.4722 0.0022
yield
Peak milk yield, kg 46 53 47 55 8 0.0244 <.0001 0.5863
Milk yield 305 9262 7310 9177 8657 3290 0.0475 0.0001 0.0246
t0=600 d, kg
Total milk yield, kg 19269 18910 19796 20942 3250 <.0001 0.2103 0.0169
Milk/day in 305 32.8 38.0 34.8 40.2 3.2 <.0001 <.0001 0.7093
d, kg
Milk/day whole 29.6 30.0 28.5 30.7 2.4 0.3368 <.0001 0.0003
lactation, kg
Milk/day from 600 d 26.5 22.4 234 22.5 4.6 <.0001 <.0001 0.0003
to end, kg
Persistence 305-d 72.5 72.4 75.9 75.0 11.9 0.0094 0.6389 0.6973
milk yield (%)
Persistence whole 65.4 57.2 62.2 56.6 9.0 0.0363 <.0001 0.1524

lactation (%)

SEM-= standard error of the mean; MF=milking frequency; Lact= lactation; 2x= two times daily milking; 3x= three times daily milking.
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Fig 2. Association between total milk yield and lactation length in high-
yielding Holstein cows undergoing lactations =600 days and subjected
to prolonged thermal stress.
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Table 2: Influence of milking two compared to three times a
day on different reproductive variables in subfertile Holstein
cows undergoing extended lactations (=600 days) in a hot
environment

Reproductive variable 2x 3x
Conception rate at first 19.2 (41/214)2 12.2 (30/245)°
service

Conception rate to all 53.3 (114/214) 49.8 (122/245)
services

Services per 4.8+3.42 5.9+3.7°

conception (pregnant cows)

2x= two times daily milking; 3x= three times daily milking. ®*Means in the
same raw do not shearing the same superscript differ p < 0.01)

DISCUSSION

Even though this was not a randomized control trial, the
present study was deemed adequate methodologically
because of the large number of data used and because
it included an appropriate cohort that provided good
estimates of treatment effect. Across parity, lactation length
was significantly longer for 3x than 2x cows, and for both
groups, mean lactation length was 669 days. This response
seems to be related to poorer reproductive performance
in 3x than 2x cows. Herds milked 3x in southern USA
tended to have more days open, longer calving intervals,
and greater services per pregnancy than herds milked 2x
(Smith et al., 2002). In the present study, 3x cows required
more SC than 2x cows, which led to greater calving to
conception interval and consequently to longer lactations.
Lactation lengths =600 days have been also reached in
Holstein-Friesian cows with two times a day milking on
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pasture-based production systems (Kolver et al., 2007;
Grainger et al.,, 2009). Thus, clearly, three times a day
milking is not an essential condition to achieve lactation
of over 20 months in high-yielding Holstein cows.

In this study, parity did not influence lactation length,
which is not in line with previous studies indicating that
cow’s age (lactation number) is a strong factor influencing
the proportion of extended lactations (Sawa and Bogucki,
2009), seemly due to a higher persistence observed in
primiparous compared to pluriparous cows (Miller et al.,
20006). However, in line with previous studies (Lopez et al.,
2015), primiparous cows presented a higher persistence
than multiparous cows, which indicates that lactation
length was primarily influenced by earlier pregnancy of
cows rather than parity.

Peak milk yield was higher in 3x than 2x cows. The increase
in milk production from calving to peak milk yield is due to
increased secretory activity per secretory cell rather than to
accretion of supplementary epithelial cells (Capuco et al.,
2003). Data of the present study then suggest that increasing
frequency of milking increased sectretory activity of epithelial
cells which resulted in greater milk yield at peak lactation.

There is plenty of evidence to prove that high-yielding
cows milked more frequently than twice-daily significantly
produce higher yields (Smith et al., 2002; Osterman
and Bertilsson, 2003; Stelwagen et al., 2013). Results of
the present study reaffirm this fact because 3x milking
increased 305-d milk yield for pluriparous cows and
cows in first lactation by 5.9% and 6.1% compared with
2x milking. Field studies evaluating 3x milking reported
greater response of milk production per lactation (12-15%;
Smith et al., 2002; Vijayakumar et al., 2017) than that in
the present study. Undefined management factors other
than milk frequency may have accounted for some of the
reduced milk yield differences in this study.

When considering total milk yield, 3x cows produced more
milk than 2x cows, which is in agreement with Sorensen
et al., (2008), but by looking at the milk/day during the
whole lactation, there were no differences between 2x and
3x cows. This implies that both groups of cows had a low
rate of milk decline, which led to a high persistence well
beyond 600 days of lactation. Lactation persistence not
only is due to the cow’s ability to maintain milk secretory
activity after peak of lactation but is also a consequence
of the postpartum development of the mammary gland
and tissue remodeling as milk yield decays at the end of
lactation (Dessauge et al., 2011). Yet the proliferative rate
of mammary cells is sufficient to replace most mammary
epithelial cells by the end of lactation (Capuco et al.,
2003). Regulation of mammary cell renewal provides a
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key to increasing persistency and various factors influence
lactation persistency, particularly hormonal changes (Yart
et al., 2013, 2014) and cell regulation mechanisms leading
to apoptosis (Sorensen et al., 2006; Norgaard et al., 2008).

Milk yield of cows with =600 DIM was remarkably high in
both 2x and 3x cows, which allowed some cows to extend
their lactations to neatly 1000 days with a mean total milk
vield of 19714 kg. This milk yield is about 20% higher
than milk yield reached in previous studies with well-fed
cows with lactations ranging from 486 to 670 days (Van
Amburgh et al., 1997; Grainger et al., 2009). The fact that
milk yield plateaued at around 1000 DIM supports previous
research indicating that, after 300 DIM in cows undergoing
extended lactations, cows progressively partition energy
toward tissue gain rather than milk production (Williams
etal., 2013; Marett et al., 2017, 2018). Also, more nitrogen
is partitioned to urine and less to milk and feces at the final
stages of prolonged lactations (Moate et al., 2017). Hence,
it seems that it exists a decreased priority of lactation during
the last phase of the extended lactation.

Regardless of frequency of milking, the overall first service
pregnancy rate was 15%, which is similar to previous studies
of farms that used similar reproductive management
strategies and cows undergoing prolonged heat stress
(Mellado et al., 2016). The low first-service conception rate
denoted a series of obstacles for a successful pregnancy
carly in lactation which led to prolonged calving to
conception interval and consequently to extended
lactations. 3x cows had a reduced probability of first service
conception rate as compared to 2x cows. Other researchers
(Smith et al., 2002; Patton et al., 2006; Garcia-Ispierto et al.,
2007) have found a relationship between milking frequency
and reduced fertility. CR to first service and SC for 3x
animals were poorer compared with 2x cows. The lower
reproductive performance of 3x cows may be related to the
less negative daily energy balance for 2x compared to 3x
cows (Patton et al., 20006). Additionally, 3x cows lost more
weight over lactation than 2x cows indicating that 3x cows
were in negative energy balance for a greater proportion
of their lactation (Andersen et al., 2003).

Regardless of milking frequency, only about half the cows
become pregnant to all services. This low level of fertility in
high-yielding Holstein cows has been previously reported
for dairy herds in this region (Mellado et al., 2013). SC for
pregnant cows were lower for 2x than 3x cows, but both
groups required about 5 inseminations to become pregnant.
This high number of insemination per pregnancy was
due to the chronic heat stress experienced by these cows.
The strong deleterious effect of heat on SC is not only
manifested on the day of Al but in subsequent services

(Mellado et al., 2013).
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CONCLUSIONS

Although three times a day milking instead of twice a
day resulted in an increase in total milk yield during the
entire lactation, this study found that profitable extended
lactations (about 30 kg milk/day for over 600 days) can be
achieved with twice a day milking. Therefore, three times
a day milking is not essential for maintaining a high milk
yield persistency and milk production in high-yielding
Holstein cows undergoing extended lactations under
intensive production systems. These results also indicate
that three times a day milking had negative effects on first
service conception rate and services per pregnancy, two
well-known contributors to extended lactations. However,
extended lactations could be a part of a management
strategy rather than the result of the inability of cows to
become pregnant.
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