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Abstract

The objective was to evaluate the effects of two (2x) vs three (3x) times per
day milking on milk production and milk composition in dairy cows. Fourteen
scientific papers, containing production data from 16 trials, where dairy cows
were milked 2x or 3x, were analysed using meta-analysis with fixed and ran-
dom-effects with the R statistical program. The degree of heterogeneity and
publication bias were measured with the 12 statistic and Begg's test, respec-
tively. In addition, the meta-regression analysis explored other sources of het-
erogeneity for the response. The estimated effect size of 2x and 3x milkings
was calculated for dry matter intake (DMI), milk production, and milk com-
position. Dry matter intake, milk production, and milk fat and protein yields
showed substantial heterogeneity (12>50%). Whereas milk fat-percentage
had moderate heterogeneity (12<509%), and milk protein had no (12=0%)
heterogeneity. The year of publication, trial duration, and cattle breed did not
influence production response parameters to milking frequency. We found
no evidence of publication bias for the parameters evaluated (Begg's test;
P>.05). Cows milked 2x produced less milk (2.23 kg/d), less milk fat (0.06
kg/d), and less milk protein (0.05 kg/d). In contrast, the fat percentage was
lower (0.07 units) in 3%, compared with 2x milking frequency. There was
no effect of milking frequency on DMI and milk protein percentage. In con-
clusion, milk production and milk fat and protein yields improves as milking
frequency increase from 2x to 3x daily, without affecting DMI. The imple-
mentation of 3x milking frequency must consider dairy cow management,
labor, and milking parlour infrastructure, particular to each dairy farm.

Keywords: Milking frequency; Milk yield; Milk composition; Heterogeneity; Effect size
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Introduction

One of the main objectives in dairy farming is to improve milk production and
composition. Milking frequency can modify the quality and the amount of milk
produced. The substantial increase in milk production, achieved through genetic
selection, has compelled dairy producers to increase milking frequency.'? Research
conducted under controlled conditions and on commercial dairy farms demonstrat-
ed a milk production increase (1.72 kg/d) in cows milked 3x compared to those
milked twice. This increase was accompanied by a decrease in body condition
score.” Similarly, milk protein yield increased (0.15 kg/d) in cows milked 3x, com-
pared with 2x, as a result of the increased milk production.* Likewise, milk fat yield
also increases in thrice-daily milking. Indeed, Allen et al.> and Atashi® found that
increasing the frequency of milking from 2x to 3x, boosted milk production (3.46
and 3.69 kg milk/d) and milk fat yield 0.05 kg/d and 0.11 kg/d respectively. These
and other studies are summarised in literature reports,'” showing the positive re-
sponse of 3x vs 2x milking at different stages of lactation, and age (primiparous vs
multiparous) of the cows. However, an effect of milking frequency on feed intake,
parallel to those observed on milk composition and yield, remains debatable. Com-
bining and analysing this information through a meta-analysis would add insight to
the production benefits of this management alternative.

The meta-analysis is a powerful statistical tool to cumulate and summarise the
knowledge in certain research fields.® Through a meta-analysis, individual results
are combined to identify the overall treatment effects.” However, analysing data
with a meta-analysis is not devoid of problems. Pooling data can create non-linear
correlations, multifactorial rather than unifactorial effects, and limited coverage or
non-homogeneous data that fails to connect results with the hypothesis tested.® In
contrast, meta-analysis produces effect size estimates with considerable statistical
power compared to individual studies, which improves the estimation of the treat-
ment effect. It also combines results of studies that are contrasting, in a way that
it weighs those.!” The objective of this study was to combine generated research
data in a meta-analysis to provide a more precise estimate of the effect of 2 or 3
times daily milking sessions on the production of dairy cows.

Materials and methods

Literature search

A literature search was performed in PubMed, Google Scholar, and Agricola-USDA,
together with citations in reviews or scientific papers for a more comprehensive
search. Selected studies had to meet the following criteria: 1) use of lactating dairy
cows as experimental units; 2) report information on dry matter intake (DMI), milk
production, and milk composition; 3) include contrasts between twice (2x) and
thrice (3x) daily milking sessions; and 4) report the standard error, or the standard
deviation of the mean for the variables measured. A total of 21 publications were
found, but only 14 met the previous criteria for conducting the meta-analysis. Three
of the articles used in the meta-analysis were pen studies, and two used Jersey
cows and reported two different trials (Table ). Only a single study used lactating
dairy cows on pasture®C. The average trial duration was 220+102 milking days.
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Table 1. Summary of papers used for a meta-analysis of production response of cows on 2x or 3x milking frequency.

Author (s) and year Trial duration (d) | Feeding system Response variables

Pearson et al. (1979)2!
Poole (1982)%2
Waterman et al. (1983)2%
Amos et al. (1985)2*

DePeters et al. (1985)2°

Allen et al. (1986)°
Gisi et al. (1986)26
Barnes et al. (1990)%/

Economides (1999)?

Smith et al. (2002)2¢
McNamara et al. (2008)2°

Hart et al. (2013)*
Phyn et al. (2014)30

Atashi (2015)°

58
48
47

52

14
56
183

142

20044
42

24

62

648

182 Individual
H 210 Individual
H,)J 88 Individual
H 301 Individual
H 308 Individual
H 305 Pen
H 305 Individual
H 305 Individual
H 53 Individual
H 305 Pen
H 42 Individual
H 149 Individual
H, HxJ 224 Individual
H 305 Pen

DMI: dry matter intake; H: Holstein cows; J: Jersey cows.

DM, milk yield, yield of milk fat and protein
DMI, milk yield, percentage of milk fat
Milk yield

DMI, milk yield, percentages of milk fat and
protein, yield of milk fat

DMI, milk yield, percentages of milk fat and
protein, yield of milk fat and protein

Milk yield, yield of milk fat
Milk yield, percentage of milk fat, yield of milk fat

DMI, milk yield, percentages of milk fat, yield of
milk fat

DMI, milk yield, percentages of milk fat and
protein

Milk yield, percentages of milk fat and yield

DM, milk yield, percentages of milk fat and
protein, yield of milk fat and protein

DMI, milk yield, percentages of milk fat and
protein, yield of milk fat and protein

Milk yield, percentages of milk fat and protein,
yield of milk fat and protein

Milk yield, yield of milk fat
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It has been reported that milk production response to frequent milking is more
pronounced in primiparous than multiparous cows.'!1? In this meta-analysis, data
from primiparous and multiparous cows were pooled, because of the impracticality
of applying different milking frequencies in large commercial herds.

Parameters and data extraction

The parameters evaluated were DMI, milk production, and percentages and yields
of milk fat and protein. The data set included mean, standard deviation, and num-
ber of cows per treatment group. Production parameters of the studies used in
the meta-analysis averaged 21.40%4.84 kg/d of DMI, 27.44+5.07 kg/d milk yield,
3.714£0.34 % milk fat, 1.01£0.19 kg/d milk fat, 3.15+£0.27 % milk protein, and
0.9310.16 kg/d milk protein. The precision of the estimate was based on the
standard deviation for treatment and control groups reported in the article. When
the article did not provide the standard deviation, it was calculated by multiplying
the standard error of the mean by the square root of the number of cows. Some
studies did not report yields of milk fat and protein, and these were estimated from
their percentages in milk. In this case, the standard error from their respective milk
fat and protein percentages were used. This strategy was adopted to increase the
amount of milk fat and protein yield data, which improved the power of the me-
ta-analysis for these parameters.

Statistical analyses

The effects of milking frequency (2x vs 3x) on the production responses of lactat-
ing dairy cows were evaluated through a meta-analysis using the fixed and random
effects models with the R statistical software program (2015).'® The specific me-
ta-analysis package Metafor was used.'# Each production parameter was first ana-
lysed by the fixed effects model to estimate the effect size (ES), 95% confidence
interval (Cl), and statistical significance of ES. Heterogeneity in experiment level ES
was assessed with the Cochran’s Q statistic chi-square test,'> which reflects fun-
damental differences in study design and analytical methods, as well as statistical
variation around the response. The analysis of the estimated ES was calculated by
the standardised Z-statistic. If the Q test was significant, a random effect model was
used.'® The meta-analysis was adapted to a random-effect model since the Q test
indicated heterogeneity among ES for all variables (P<0.05). The heterogeneity
among studies was evaluated with the 12 statistic,'” which describes the percent-
age of total variation across studies due to heterogeneity, rather than chance.'® A
value higher than 509% is considered substantial heterogeneity.'® For all production
response outcomes, the weighted mean difference of 2x, relative to 3x milking,
were calculated. Statistical significance was considered at P<0.05.

The effects of milking frequency on the production response were displayed
in forest plots, using the standardised mean difference (SMD) of each parameter
according to the random-effect model. Information presented in forest plots also
provided the means and 95%(Cl for primary studies. The weight of each study is
calculated by the inverse of the variance of the ES. The SMD shows the difference
across studies as an index, and is calculated by dividing the mean difference in
each study by the standard deviation of one or both opulations.'® The SMD of each
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production response parameter between 2x and 3x was the outcome of interest
displayed in the forest plot. The presence of publication bias was investigated using
funnel plots, which is a simple scatterplot of the treatment effects estimated from
individual studies (horizontal axis) against a measure of study size (vertical axis19),
and the Begg's test.?0

Meta-regression analysis was used to explore any other source of undetected
heterogeneity and to provide greater insight and a more unambiguous interpre-
tation of how study outcomes are not affected by factors other than milking fre-
quency. The variables for meta-regression were year of publication, trial duration,
and breed.

Results

Meta-regression analysis demonstrated that the year of publication, the trial dura-
tion, and cattle breed did not contribute to the heterogeneity of milk production
parameters (P>0.05; Table 2).

Estimates for the differences in production parameters (effect size estimates)
for cows milked either 2x or 3x are shown in Table 3. Daily milk production
(ES= —0.510; P<0.0001), milk fat yield (ES=—0.026), and milk protein produc-
tion (ES=—0.310; P=0.04) was lower 2.23, 0.06, and 0.05 kg/d, respectively, for
cows milked 2x. However, milk fat percentage (ES=0.329; P=0.0004) was 0.07
kg/d higher in 2x milking frequency. No effects were found for DMI (ES=0.064;
P=0.709) and milk protein percentage (ES=0.026; P=0.460). Heterogeneity in
the results among publications (12 statistic) was moderate for milk fat percentage
(1?=48%), and high (12>509%) for DMI, milk production, milk fat yield, and milk
protein yield. No heterogeneity was observed for milk protein percentage (12=0%).
Meta-analysis of multiple studies produce a more precise estimate of the negative
(diamond to the left of the dotted line) or positive (diamond to the right) response
to milking frequency, and are shown in forest plots (Figures 1 and 2). No signifi-
cant publication bias was found for the parameters analysed (Figure 3; Begg's test;
P>0.05). However, a trend (P=0.071) in publication bias was observed for milk fat
percentage. Funnel plots of the effect of milking frequency on production response
parameters for assessing publication bias are in Figure 3. Funnel plots showed al-
most an equal number of studies on every side of the overall ES estimate for DMI,
milk production, and percentage and yield of milk fat and protein, which supports
the inference that no publication bias existed among studies.

Discussion

High producing dairy cows in early lactation are most of the time in negative energy
balance. During the transition period, they also have reduced appetites which fur-
ther challenges their ability to fulfil their nutrient requirements. When milking goes
from 2x to 3x, the sudden increased yield is not immediately accompanied by a
parallel higher nutrient uptake which further challenges this balance. The severity
of this discrepancy depends on the cow's genetic potential for milk production,
the adequacy of the diet, feed and herd management practices, and the environ-
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Table 2. Estimated effect of year of publication, duration of the trial and cattle breed on the effect
of milking frequency on dry matter intake, milk yield, milk and protein percentage and yield.

Coefficient
Variable 959%0ClI

I S R R I

Intercept
Year
Trial duration

1.706
—0.190
—0.005

[0.712; 2.700]
[-0.332; —0.048]
[0.008; —0.002]

0.230
0.333
0.135

| wikyed g | | |

Intercept
Year

Trial duration
Breed

Milk fat (%)
Intercept
Year

Trial duration
Breed

-2.144
0.105
—0.007
0.558

0.092
—0.002
-0.000
—0.002

[-6.215; 1.928]
[-0.107; 0.317]
[-0.017; 0.002]
[-1.559; 2.676]

[0.140; 0.324]
[-0.031; 0.027]
[~0.0007; 0.0007]
[-0.236; 0.231]

0.302
0.330
0.132
0.606

0.437
0.911
0.988
0.985

oestgs | [ |

Intercept

Year

Trial duration
Breed

Milk protein (%)
Intercept

Year

Trial duration
Breed

—0.662
0.052
—0.001
0.378

—0.121
0.009
0.0002
0.060

[1.452; 0.128]
[0.005; 0.098]
[-0.003; 0.0003]
[-0.266; 1.022]

[-0.289; 0.047]
[-0.021; 0.038]
[~0.0003; 0.0006]
[-0.148; 0.268]

0.100
0.129
0.126
0.250

0.157
0.556
0.452
0.578

poweinyiedbg/ | | ]|

Intercept
Year

Trial duration
Breed

—0.035

—0.003

—0.0004
0.063

[-0.265; 0.195]

[0.027; 0.022]
[-0.001; 0.0002]
[-0.161; 0.288]

Cl = confidence interval.

0.767
0.816
0.146
0.581
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Table 3. Summary of effect size estimates on production response of dairy cows on 2x vs 3x milking frequency.

Outcome measured (difference Weighted mean difference p-value for Number of records/
between 2x and 3x milking for 2x-3x milking frequency? Effect size [95% CI] . treatment
effect size
s o I

DMI (kg/d) —0.11 [-1.29; 1.07] 0.064 [-0.271; 0.398] 59.4 0.709 288 286

Milk production (kg/d) —2.23 [-3.15; —1.30] —0.510 [-0.739; —0.282] 69.0 <0.0001 10540 10906
Milk fat (%) 0.07 [0.03; 0.11] 0.329 [0.146; 0.512] 47.6 0.0004 10172 10538
Milk fat yield (kg/d) —0.06 [-0.15; 0.03] —0.223 [-0.422; —0.024] 60.5 0.028 10516 10882
Milk protein (%) 0.001 [-0.02; 0.02] 0.026 [-0.043; 0.097] 0.0 0.460 10022 10391
Milk protein yield (kg/d) -0.05 [-0.08, -0.02] -0.310 [-0.615, -0.004] 71.3 0.047 10035 10882

@ Difference between cows milked 2x and 3x, weighted by the precision of the study.

b Milking frequency: 2x = two times per day, 3x = three times per day.

12 measure de proportion of variability that is explained by differences between the included studies rather than by sampling error in the meta-analysis.
Cl: confidence interval.
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Item Forest plot
DMI (kg/cow/d) Author (s) and year Weight SMD [95%CI]
Pearson et al, 1979 —— 9950  0.65 [-0.14; 1.44]
Poole, 1982 - 14.45%  0.45 [-0.08; 0.97]
Amos et al,, 1985 — 13.330% —0.48 [-1.06; 0.10]
DePeters et al., 1985 n—l—H 13.88% —0.47 [-1.02; 0.08]
Economides, 1999-T1 8.24% —0.06 [-0.98; 0.87]
Economides, 1999-T2 .—.—. 17.82%  0.30 [-0.06; 0.65]
McNamara et al, 2008 (S 12.71%  0.51 [-0.10; 1.12]
Hart et al, 2013 —-—ﬁ 9.62% —0.50 [~1.31;0.31]
RE Model g 100%  0.06 [-0.27; 0.40)]
T T T T T 1
-1.50 -0.50 0.50 1.50
Standardized Mean Difference
Milk production (kg/cow/d)  Author (s) and year Weight SMD [95%CI]
Pearson et al,, 1979 -—-—- 458% —0.83 [-1.63; —0.02]
Poole, 1982 Com 6.76% —0.52 [—1.04; 0.00]
Waterman et al.,, 1983-T1 —_— 4.36% —0.86 [-1.70; —0.03]
Waterman et al,, 1983-T2 .—-—.. 4.38% —0.82[-1.65; 0.02]
Amos et al, 1985 —— 6.02% —1.01 [~1.62; —0.40]
DePeters et al., 1985 —a 6.48% —0.58 [-1.13; —0.02]
Allen et al,, 1986 = 2.72% —1.53 [-2.72; —0.34]
Gisi et al,, 1986 —a— E 6.51% —0.92 [-1.47; —0.37]
Barnes et al., 1990 —l— 8.95% —0.32 [-0.61; —0.03]
Economides, 1999-T1 '—'—' 3.54% —1.07 [-2.06; —0.08]
Economides, 1999-T2 + 8.36% —0.39 [-0.75; —0.04]
Smith et al, 2002 [ | 10.36% —0.08 [~0.15; 0.00]
McNamara et al, 2013 ?—'—' 5.91% 0.64 [0.02; 1.26]
Hart et al, 2013 —_— 412% —1.26 [-2.14; —0.39]
Phyn et al, 2014 —— 6.95% —0.37 [-0.88;0.13]
Atashi, 2015 - 10.00% —0.17 [-0.32; —0.02]
RE Model - 100% —0.51 [-0.74; —0.28]
| T T i T |
-3.00 -1.00 0.00 100 200

Standardized Mean Difference

Figure 1. Forest plot of the effect of milking frequency on dry matter intake (DMI) and milk yield production in dairy
cows. The x-axis shows the z-statistic- standardised mean difference (SMD). The length of the horizontal lines represents
the 95% ClI for the SMD of milking frequency on milk variables from each study. The size of the square in the center is
proportional to the weight assigned to the study, and specific values in percentage are listed in the following column. The
vertical dotted line represents a mean difference of O or no effect. Points to the left of the dotted line represent a decrease
in the measured variable, whereas points to the right indicate an increase. The diamond at the bottom represents the effect
of 2x vs 3x milking frequency on DMI and milk production.
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Item Forest plot

Milk fat (%) Author (s) and year Weight SMD [95%Cl]
Poole, 1982 “—'— 7.98%  0.45 [-0.07; 0.97]
Amos et al,, 1985 e 6.87%  0.56 [-0.03; 1.14]
DePeters et al,, 1985 *-—'— 741%  0.49 [-0.06; 1.04]
e

Gisi et al,, 1986 7.81%  0.44 [-0.09; 0.97]
Barnes et al,, 1990 ! 14.34%  0.30 [0.01; 0.60]
Economides, 1999-T1 " 3.13%  0.81 [-0.15; 1.77]
Economides, 1999-T2 *—.—' 12.20%  0.37 [0.01; 0.72]
Smith et al, 2002 . 21.67%  0.07 [0.00; 0.15]
McNamara et al., 2013 6.39% —0.49 [-1.10; 0.12]
Hart et al, 2013 ; = 405% 0.72 [-0.11; 1.54]
Phyn et al, 2014 —. 8.15%  0.69 [0.18; 1.20]
RE Model | - 100%  0.33[0.15; 0.51]
| T i T |
-2.00 -1.00 0.00 1.00 2.00
Standardized Mean Difference
Milk fat yield (kg/cow/d) Author (s) and year Weight SMD [95%Cl]

Pearson et al.,, 1979 -—I—i—- 4.43% —0.65[—1.43;0.14]
Poole, 1982 ——— 7.37% —0.05 [-0.56; 0.47]
Amos et al, 1985 o 6.44% —0.61[-1.19; —0.02]
DePeters et al., 1985 -—l—u 6.86% —0.49 [—1.04; 0.06]

Allen et al, 1986 . 2.38% —1.47 [-2.65; —0.29]
Gisi et al, 1986 T 703% —0.69 [-1.23; —0.15]
Bames et al, 1990 11.08% —0.30 [-0.59; —0.01]

Economides, 1999-T1 = 3.21% —1.01 [-1.99; —0.03]
Economides, 1999-T2 9.99% —0.02 [-0.37; 0.33]
Smith et al., 2002 14.24% —0.07 [-0.14; 0.00]

B
=
McNamara et al, 2008 .-n—I—. 6.09% 052 [-0.10; 1.13]
-—E—-—-
|

Phyn et al, 2014 754% 039 [-0.11;0.90]

Atashi, 2015 13360 —0.14 [-0.29; 0.02]

RE Model .. 100% —0.22 [-0.42; 0.02]
|

[ [ [
-3.00 -1.00 1.00
Standardized Mean Difference

Figure 2.
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Smith et al,, 2002 [ | 18.12% —0.07 [-0.15; 0.00]
McNamara et al., 2013 --—I—- 10.51%  0.53 [-0.09; 1.14]
Hart et al, 2013 — 7330% —124 [-2.12; 0.37]
Phyn et al, 2014 + 12.31% —0.09 [-0.59; 0.41]
RE Model ......., 100% 031 [-0.61; 0.00]
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Figure 2. Forest plot of the effect of milking frequency on components percentage and yield in dairy cows. The x-axis shows
the z-statistic- standardised mean difference (SMD). The length of the horizontal lines represents the 95% ClI for the
SMD of milking frequency on milk variables from each study. The size of the square in the center is proportional to the
weight assigned to the study, and specific values in percentage are listed in the following column. The vertical dotted line
represents a mean difference of 0 or no effect. Points to the left of the dotted line represent a decrease in the measured
variable, whereas points to the right indicate an increase. The diamond at the bottom represents the overall effect of 2x
vs 3x milking frequency on milk components percentage and yield.
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Figure 3. Funnel plots of the effect of milking frequency on DMI (A; P=0.557), milk production (B; P=0.167), milk fat percentage (C; P=0.071), milk fat yield (D;
P=0.861), milk protein percentage (E; P=0.507), and milk protein yield (F; P=0.587). The x-axis shows the standardised mean difference, and the y-axis shows its
standard error. The vertical lines represent the overall effect size (ES) estimate. The diagonal lines indicate an estimate of the 95% Cl of the ES estimate. An almost
equal number of studies was found on every side of the overall ES estimate, implying no publication bias between studies. Begg's test significance is in the parenthesis.
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ment. Higher milking frequencies in early lactation, lead to metabolism changes in
response to the increased nutrient demand.®! These metabolic changes seem to
be dependent not only on the expanded frequency but also on the length of time
under the new frequency. If the additional milking is done only up to 21-30 days
post-calving, then there are little metabolic changes in response to it.?? This needs
to be taken into consideration when designing experiments to evaluate metabolic
changes between different frequencies. Three distinct adaptation phases have been
proposed through which the mammary gland adapts to increased or decreased
milking frequency.®? A first one or acute phase (one to several days), a second one
or medium-term phase (days to weeks), and a third one a long-term phase (weeks
to months). The first phase is characterised by acute regulatory mechanisms such
as feedback inhibition of lactation, leakiness, and the onset of apoptosis. During
the second phase, the gland adapts to a state of lower or higher cellular activity
(e.g., enzyme activity) and that results in limited metabolic changes.? The long-
term phase results in changes in the mammary parenchyma resulting in changes
in cell numbers.

One of the most apparent effects as a result of the increased milking fre-
quency is the mobilisation of body reserves. Research has shown that fat mobil-
isation is the primary mechanism by which this is accomplished. Higher plasma
NEFA and BHBA concentrations, together with losses in BCS are typical as a result
of increased milking frequency.®® The later was confirmed by observing reduced
BCS, in cows milked 6x when compared to 3x.>4 The opposite is also true since
decreasing milking frequency improves energy balance, as demonstrated in cows
milked 1x with reduced BCS loss, and reduced BW loss during early.?? The meta-
bolic changes that result from the stimulation that happens as a result of additional
milkings are complex. They depend on the coordination of nutrient and hormone
peripheral signals, with local regulatory mechanisms that adjust rates of nutrients
availability to match mammary epithelial cells synthetic capacity.>® Plasma growth
hormone and insulin-like growth factor type | (IGF-I) concentrations, were elevated
in cows milked six times daily; prolactin and oxytocin also increased, but insulin de-
creased.>® Post-treatment differences persisted only for insulin and IGF-I. Increased
frequency of udder emptying increased milk production and was associated with
elevated growth hormone, IGF-I, prolactin, and oxytocin. Similarly, increases in en-
zyme activity, lactose synthesis, and DNA in the alveolar tissue of the mammary
gland have been observed when cows are milked more frequently.?” Meanwhile,
the rise of milk production and changes in milk composition with more frequent
milking intervals are regulated by local factors within the mammary gland, rather
than other physiological mechanisms.’

This has been proven by a few experiments in which the treatment (e.g., 1x
or 3x) was applied to two quarters on the same side of the udder, and the other
contralateral half was milked 2x as the control. Since the treatments are applied
to the same cow, both halves of the udder are under the same environmental and
management factors except the milking frequency. Hence, any treatment difference
must be solely due to intramammary factors. The intramammary effects of milking
frequency on milk yield have ranged from —38% with 1x to +32% with more
frequent milking regimens.*®

The papers of the present meta-analysis were strictly confined to those that re-
ported DMI, milk production, and milk composition. This selection was an attempt
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to identify better the effect of increasing milking frequency on milk production
ruling out the interference of stage of lactation, feeding system, type and quality of
the diets, and lactation number.

Even though milking thrice-daily was proposed since 1920, it is not widely im-
plemented in dairy farms, probably because the variability in production responses,
which range between 9 to 39%.3° Benefits of the use of meta-analysis is that mul-
tiple studies can be integrated, resolving contradictions among different research,
and offer critical insights into the current state of knowledge.*0“! The value of the
present meta-analysis is that the positive effect of 3x milking was confirmed for
milk production and yields of milk protein and milk fat, without increasing DMI.

With thrice-milking higher milk production is expected to promote an increase
in dry matter intake because of energy demands; however, cows milked 3x did not
consume more feed.?/ Only when milk frequency increased up to 6x, a rise on
DMI was observed.** This was confirmed in earlier research?® where Holstein first
lactation cows during a full lactation (44 week) milked twice and three times a day.
When older cows were switched from 2 to 3x they produced 17 % more milk over
the entire lactation than cows on 2x daily. Dry matter and energy intakes were not
affected by three times milking, but gain of body weight was reduced. Cows milked
3x during their first lactation produced 6% more milk than the 2x controls. Dry
matter and energy intakes were not affected by 3x milking, but did affect first lac-
tation cows with reduced weight gains over the lactation. No changes in DMI were
also reported more recently for cows milked 2x vs 3x. In a large and prolonged
experiment,”/ Holstein cows were milked twice or thrice daily beginning at calving.
Cows yielded approximately 25 and 30% more milk during first and second lacta-
tion, respectively, than control cows. Cows milked 3x daily had decreased milk fat
percentage and tended to weigh less, suggesting more body tissue was catabolised
for milk production, though DMI did not differ from that of cows milked 2x.

Therefore, the present meta-analysis confirms that increasing milking frequen-
cy did not affect DMI. Nonetheless, we cannot discard that the lack of effect is
not related to the moderate heterogeneity observed for DMI in the present study
(1?=59%). One additional explanation is that the metabolic changes that will lead
to changes in feed intake depend in the milking frequency, but also on the duration
of the new frequency.?® The lack of effect of 3x milking frequency on DMI could
be explained if we recall that milk production increase to more frequent milking is
mostly due to local regulation at the mammary gland.®/3842 Indeed, milk yield de-
pends on the number and activity of secretory cells, and increasing the milking fre-
quency reduces the alveoli epithelial cell apoptosis* and improves enzyme activity
and DNA synthesis, making milk production more efficient without the requirement
of additional nutrients.?”384% These effects are mediated by several galactopoietic
hormones like growth hormone, insulin-like growth factor I, oxytocin, and prolactin
which blood concentrations are increased in cows that are milked more frequent-
ly.37 Specifically, an increase in prolactin secretion and its receptor with 3x milking
has been observed.* Prolactin is essential for the regulation of milk synthesis at
the local level as it stimulates lactose synthesis (the primary regulator of milk vol-
ume) and has a proliferative effect on mammary gland cells.*® Additionally, prolac-
tin reduces the leakiness of the tight junctions of mammary gland epithelial cells.®
This leakiness increases mammary gland pressure and loss of epithelial cells func-
tion that reduce milk secretion.”
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As milk fat and protein yields are variables calculated from milk production and
milk components percentage, the positive effect of milking frequency on these vari-
ables in the present meta-analysis is mostly attributable to the increase in milk vol-
ume related to lactose synthesis. Mammary gland ability to extract nutrients is not
different between cows milked 2x or 3x, and only an increase in glucose-1-phos-
phate has been reported when cows are milked thrice per day.*/ Therefore, the
increase in lactose synthesis could be related to the upregulation of the phospho-
glucomutase enzyme that catalyses the synthesis of glucose-1-phosphate as part of
the galactose production pathway.*/48

An increase of 2.23 kg per day in milk production without an increase in DMl is
highly desirable, since it would result in approximately 468 kg additional milk over
a 210-day lactation. Assuming milk prices at close to MX $6.11,9 this could result
in an additional MX $2,859 to the producer. It is important however to balance
this extra income with the necessary management changes that assure adequate
feed bunk management, adding milking shift, and improved milking management
to guarantee udder health.>® An economic analysis demonstrated that it is more
feasible switching to 3x when cows in 2x milking produce more than 24.5 kg of
milk per day.>®

Factors such as body condition score, health, reproduction, and economic im-
pact were not included in this meta-analysis, and the authors recommend their
study in future research. It has been reported that cows on 1X experienced less
negative energy balance than cows on 2x and 3x; however, without a negative
effect on reproduction.?? Also, cows on 3x were prone to increased lameness
(36%) when compared to 2x.°!

Conclusions and implications

Increasing milking frequency from 2x to 3x has a positive effect on milk produc-
tion and yields of milk fat and milk protein without increasing DMI. The application
of 3x milking frequency must consider dairy cow management, labor availability,
and milking parlour infrastructure particular to each dairy farm. While the economic
results may not justify 3x milking for the entire herd, it certainly could be consid-
ered for pens of cows more likely to respond. Future research should consider the
energy balance of the cows, animal health, breed and the economic viability when
implemented 3x milking frequency in lactating dairy cows.
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