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Simple Summary: Barns equipped with the automatic milking system (AMS) record huge amounts
of data on milk flow rate, milk yield and composition, milk temperature, amount of concentrate
intake and rumination time. Our study attempted to use this information, recorded during the
periparturient period (divided into subperiods: second (14–8 days) and first (7–1 days) week before
calving; 1–4, 5–7, 8–14, 15–21 and 22–28 days of lactation), to predict lactation milk yield in Polish
Holstein–Friesian cows. In the first stage of statistical analysis, coefficients of simple correlation
between lactation milk yield and AMS parameters were calculated. We found that prediction of
lactation milk yield based on individual pieces of data may be ineffective—the calculated coefficients
of correlation were low or moderate. In the next step of data analysis, we used a modern data
mining technique in the form of decision trees. Based on the graphic, easy-to-interpret decision tree,
we concluded that the highest lactation yield is to be expected for cows with completed lactations
(survived until the next lactation), which were milked 4.07 times per day on average in the 4th week
of lactation.

Abstract: Early prediction of lactation milk yield enables more efficient herd management. Therefore,
this study attempted to predict lactation milk yield (LMY) in 524 Polish Holstein–Friesian cows,
based on information recorded by the automatic milking system (AMS) in the periparturient period.
The cows calved in 2016 and/or 2017 and were used in 3 herds equipped with milking robots.
In the first stage of data analysis, calculations were made of the coefficients of simple correlation
between rumination time (expressed as mean time per cow during the periparturient period: second
(14–8 days) and first (7–1 days) week before calving, 1–4, 5–7, 8–14, 15–21 and 22–28 days of lactation),
electrical conductivity and temperature of milk (expressed as means per cow on days 1–4, 5–7, 8–14,
15–21 and 22–28), amount of concentrate intake, number of milkings/day, milking time/visit, milk
speed and lactation milk yield. In the next step of the statistical analysis, a decision tree technique
was employed to determine factors responsible for LMY. The study showed that the correlation
coefficients between LMY and AMS traits recorded during the periparturient period were low or
moderate, ranging from 0.002 to 0.312. Prediction of LMY from the constructed decision tree model
was found to be possible. The employed Classification and Regression Trees (CART) algorithm
demonstrated that the highest lactation yield is to be expected for cows with completed lactations
(survived until the next lactation), which were milked 4.07 times per day on average in the 4th week
of lactation. We proved that the application of the decision tree method could allow breeders to
select, already in the postparturient period, appropriate levels of AMS milking variables, which will
ensure high milk yield per lactation.
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1. Introduction

From the economic point of view, milk yield is the most important productive trait
of cows. It increases consistently due to effective breeding work and improved welfare.
At the same time, increases in cow herd size [1], changes in herd management procedures
and replacement of the time-consuming and labor-intensive conventional milking system
(CMS) with the automatic milking system (AMS) have been observed in many countries.
Milking robots are constantly being improved and equipped with additional functionality.
Unlike the CMS, the AMS not only records numerous data (milking parameters and
milk characteristics—milk composition and cytological quality, electrical conductivity,
temperature) during successive visits of the cows to the milking robot [2], but also allows
for easier and more thorough monitoring of daily rhythms and behaviors of the cows
during the entire production cycle [3].

The AMS also monitors rumination [4], which is essential to the normal digestive
function of cattle. Rumination time provides extensive information about the quality of
feed offered, but can also be used to predict the cow’s milk yield [5]. Higher yielding cows
require more feed, which Stone et al. [6] believe can increase rumination time compared to
lower yielding cows. Positive correlations between rumination time and milk yield of early
lactation cows were reported by Antanaitis et al. [4], Soriani et al. [5], Calamari et al. [7],
Liboreiro et al. [8], but the authors did not analyze the incidence of these correlations in
particular weeks after calving. Box time, milking time and milking speed are important for
utilizing AMS efficiently, because short milking time and the ability to quickly leave the
AMS after the last teat cup is removed are desirable traits [9].

Modern statistical data analysis techniques are needed to process the enormous
amount of data recorded by the AMS. The results of many studies provide evidence that
the decision tree technique, which is one of the data mining approaches, is a useful method
to explore data in this respect.

Decision tree techniques have found application in dairy cow breeding to study
mastitis [10], predict milk yield [11], parturition process [12] and reproduction in cows [13].
The advantages of decision trees (composed of the root, trunk, branches and leaves) [14]
are that they are intuitive and it is easy to interpret the data shown as simple graphical
models for analyzing the effect of single factors in the model but also their interactions.
The obtained results could be an excellent tool for managers of AMS herds, allowing them
to predict events and take decisions for improved performance of the cows. Such an
approach may help to reveal factors that had previously been disregarded when predicting
lactational milk yield. Considering the complex nature of the problem and the search for
new solutions to predict milk yield as soon as possible after calving, the present study
accounts for data from the periparturient period (two weeks before and four weeks after
calving), which is considered critical for the cow’s production cycle [15]. Two weeks before
parturition, the amount of feed intake decreases. In turn, the first weeks postcalving are
crucial for whole-lactation efficiency, because milk production increases from zero to the
maximum level.

For breeding practice, it is important to predict lactation milk yield as early as pos-
sible; our research hypothesis was that there are relationships between some AMS data
about cows in the perinatal period, which reflect, e.g., digestive system function (chewing
time), mammary gland health (electrical conductivity and temperature of milk) and other
factors (amount of concentrated feed consumed in AMS, number of milkings/day, milking
time/visit) and their lactation efficiency.

The aim of the study was to determine the possibility of using AMS data for peripar-
turient cows to predict their lactation milk yield.

2. Materials and Methods

The study material was obtained from Lely T4C data and herd management system.
The analysis covered data for 18,055 milkings of 524 Polish Holstein–Friesian (PHF) cows,
which calved in 2016 and/or 2017 and were used in 3 herds equipped with the Lely
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Astronaut A4 automatic milking system (AMS) (Lely Industries N.V.: Cornelis van der
Lelylaan 1, Maassluis, The Netherlands) (Table 1). Milk yield for the study cows was
12,103 kg per lactation (13,212 kg for cows survived until the next lactation and 9019 kg for
cows culled during lactation).

Table 1. General characteristics of the studied herds.

Herd Number of
Milking Robots

Number of
Cows in Barn

Technological
Groups

Number of
Cows/Robot Feeding System Housing System

A 1 65 In lactation,
dry period 52–55 Partial Mixed

Ration free stalls, grates

B 3 225 In lactation,
dry period 65–68 Partial Mixed

Ration free stalls, grates

C 2 150 In lactation,
dry period 64–67 Partial Mixed

Ration free stalls, grates

The following 24-h data were collected for each cow:

1. Data on rumination time per day (min) during the periparturient period (14 days
before and 28 days after calving)

2. Data on milking parameters per day during 1–28 days of lactation:

(a) quantity of programmed concentrate feed (kg/day)
(b) amount of concentrate intake (kg/day)
(c) number of milkings/day
(d) number of refusal milkings/day
(e) AMS box time (s/visit) = total time spent by cow in the AMS box per day/number

of visits per day
(f) milking time (s/visit) = total milking time per day/number of visits
(g) time of colostrum/milk flow from the udder quarter (s/visit) = total time of

colostrum/milk flow per day from individual quarters/(number of quarters
× number of milkings per day)

(h) dead milking time for udder quarters (s/visit) = total dead milking time per
day in different quarters/number of quarters × number of milkings per day

3. Data on colostrum/milk traits per day during 1–27 days of lactation

(a) electrical conductivity of colostrum/milk (µS/cm) = total electrical conductiv-
ity from

(b) colostrum/milk temperature (◦C) = total colostrum/milk temperatures in all
milkings per day/number of milkings

(c) colostrum/milking speed (kg/min) = total colostrum/milking speed in all
milkings per day/number of milkings

(d) yield of colostrum/milk per day (kg) = total from all milkings
(e) fat content (%) = mean from 24-h visits
(f) protein content (%) = mean from 24-h visits
(g) different quarters per day/number of quarters × number of milkings

The analysis of the collected numerical data started by calculating coefficients of
simple correlation between rumination time (expressed as mean time per cow during the
periparturient period: second (14–8 days) and first (7–1 days) week before calving, 1–4,
5–7, 8–14, 15–21 and 22–28 days of lactation), electrical conductivity and temperature of
milk (expressed as means per cow on days 1–4, 5–7, 8–14, 15–21 and 22–28), amount of
concentrate intake in the AMS, number of milkings/day, milking time/visit, milk speed
and lactation milk yield. For this purpose, the CORR procedure was used [16].

In the next step of the statistical analysis, the decision tree technique was employed
to determine factors responsible for lactation milk yield. The decision tree modelling
started by splitting the data set (524 cows) into a training (60%) and validation set (40%).
Cows were assigned to the training and validation sets by the random sampling method.
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The training set contained data serving to detect possible relationships between variables.
It was used for preliminary estimation of the model’s parameters. In turn, the validation
set served to adjust the model’s parameters, which were estimated based on the training
set, and its use improved the model’s predictive capability. When constructing the decision
tree, the minimal final node size was set to 30 and the maximum depth size to 5. This
approach was aimed to avoid overfitting the tree to training data, which could lead to
random correlations in the validation set.

The CART (Classification and Regression Trees) algorithm, employed to construct
the decision tree, used variance reduction as a criterion for division of the data set (SAS
Institute Inc., Cary, NC, USA, 2014). When constructing the tree, we accounted for all the
data recorded by AMS during the periparturient period (Tables 2 and 3), with a division
into predefined time intervals (14–8, 7–1 days before calving; 1–4, 5–7, 8–14, 15–21 and
22–28 days of lactation) and additional variables: herd, year and calving season. Each
node or leaf in the decision tree contained the following information: node ID (1), mean
lactation milk yield (12,103.7 kg milk) (2) and number of observations in node or leaf (314)
(3) (Figure 1).

Table 2. Descriptive statistics of rumination, milking parameters and colostrum traits in the period from 1 to 4 days
of lactation.

Trait N ¯
x SD CV (%)

Rumination time (min/day) 2665 326.76 125.77 38.49
Quantity of programmed concentrate feed (kg/day) 2675 3.26 0.65 19.86

Amount of concentrate intake (kg/day) 2669 2.56 1.03 40.16
Number of milkings/day 2603 1.82 0.60 33.21

Number of refusal milkings/day 2603 1.15 2.89 251.79
Automatic milking system (AMS) box time (s/visit) 2626 419.37 138.19 32.95

Milking time (s/visit) 2626 322.04 135.24 42.00
Time of colostrum flow from the udder quarter (s/visit) 2626 222.24 99.27 44.67

Dead milking time for udder quarters (s/visit) 2626 13.48 6.28 46.61
Colostrum milking speed (kg/min) 2613 2.78 1.14 40.95

Eectrical conductivity of colostrum (µS/cm) 2613 69.35 5.45 7.86
Colostrum temperature (◦C) 2613 38.96 1.09 2.79

Colostrum yield (kg/day) 2591 17.91 9.62 53.75
Fat content (%) 2170 4.89 1.60 32.77

Protein content (%) 2170 4.85 0.46 9.59
Fat/protein ratio 2170 1.02 0.33 32.52

x—mean, SD—standard deviation, CV—coefficient of variation.

Table 3. Descriptive statistics of rumination, milking parameters and milk traits in the period from 5 to 28 days of lactation.

Trait N ¯
x SD CV (%)

Rumination time (min/day) 15,390 444.90 81.00 18.4
Quantity of programmed concentrate feed (kg/day) 15,466 6.19 1.68 27.1

Amount of concentrate intake (kg/day) 15,408 5.56 1.77 31.9
Number of milkings/day 15,285 2.78 0.85 30.52

Number of refusal milkings/day 15,336 1.70 3.21 188.4
AMS box time (s/visit) 15,285 446.43 143.80 32.2
Milking time (s/visit) 15,285 351.97 144.33 41.0

Time of milk flow from the udder quarter (s/visit) 15,285 250.41 106.14 42.4
Dead milking time for udder quarters (s/visit) 15,285 14.13 6.81 48.2

Milking speed (kg/min) 15,267 2.81 1.07 38.2
Electrical conductivity of milk (µS/cm) 15267 68.77 4.93 7.2

Milk temperature ◦C 15,267 39.03 0.75 1.92
Milk yield (kg/day) 15,359 35.23 11.51 32.7

Fat content (%) 13,295 4.00 0.76 18.9
Protein content (%) 13,295 3.54 0.33 9.4
Fat/protein ratio 13,295 1.14 0.23 20.1

x—mean, SD—standard deviation, CV—coefficient of variation.



Animals 2021, 11, 383 5 of 11

Animals 2021, 11, x FOR PEER REVIEW 4 of 11 
 

started by splitting the data set (524 cows) into a training (60%) and validation set (40%). 
Cows were assigned to the training and validation sets by the random sampling method. 
The training set contained data serving to detect possible relationships between variables. 
It was used for preliminary estimation of the model’s parameters. In turn, the validation 
set served to adjust the model’s parameters, which were estimated based on the training 
set, and its use improved the model’s predictive capability. When constructing the 
decision tree, the minimal final node size was set to 30 and the maximum depth size to 5. 
This approach was aimed to avoid overfitting the tree to training data, which could lead 
to random correlations in the validation set. 

The CART (Classification and Regression Trees) algorithm, employed to construct 
the decision tree, used variance reduction as a criterion for division of the data set (SAS 
Institute Inc., 2014]). When constructing the tree, we accounted for all the data recorded 
by AMS during the periparturient period (Tables 2 and 3), with a division into predefined 
time intervals (14–8, 7–1 days before calving; 1–4, 5–7, 8–14, 15–21 and 22–28 days of 
lactation) and additional variables: herd, year and calving season. Each node or leaf in the 
decision tree contained the following information: node ID (1), mean lactation milk yield 
(12,103.7 kg milk) (2) and number of observations in node or leaf (314) (3) (Figure 1). 

 
Figure 1. Description of node for kg of milk per lactation. 

The ranking of variables in terms of their importance in creating data set splits was 
prepared based on the “importance” measure (SAS Institute Inc., Cary, NC, USA, 2014). 
A statistical analysis was conducted using the Enterprise Miner 15.1 software included in 
the SAS package [16]. 

3. Results and Discussion 
During the colostral period, rumination time of the cows averaged 327 min/day 

(Table 2). The relatively short rumination time during this period was likely the effect of 
parturition and the associated parturition stress [17] or social stress due to change in herd 
hierarchy after the cows were moved from the dry-off group to the lactating group [18]. 
The amount of programmed concentrate feed was 3.26 kg, and the amount of feed 
ingested was 2.56 kg. There were 1.82 successful milkings and 1.15 refusal milkings. Visit 
time per cow per AMS box time was 419 s, with milking time of 322 s/visit. Quarter 
milking time was 222 s/visit. The difference between milking time and quarter milking 
time could be explained by the fact that milking yield and milking time are different for 
each quarter. In addition, udder milking time covers the time from the start to the end of 
colostrum flow, and colostrum does not start and end to flow from the quarters at the 
same time. The “blind” milking time was 13.48 s/visit. Hovinen and Pyörälä [19] in the 
review paper showed that teat preparation of AMS was sufficient for milk ejection, 
independent of the teat preparation method, that is, brushing or cleaning with a cup of 
warm or cold water. 

The secretion rate of colostrum averaged 2.78 kg/min. Daily yield of colostrum was 
around 18 kg and it had a high content of basic nutrients: 4.85% protein and 4.89% fat. 
Healthy udders were reflected in the electrical conductivity of colostrum, which was less 
than 70 μS/cm. According to Ontsouk et al. [20], increased the electrical conductivity 
values of milk immediately after calving are generally due to increased somatic cell count, 
especially during the colostral subperiod, which mainly results from udder morphological 
structure, which is characterized by high sensitivity and permeability of tissue. Colostrum 
temperature averaged 39 °C, which is similar to the value of 38.7 ± 1.1 °C reported by King 
et al. [21]. 

Figure 1. Description of node for kg of milk per lactation.

The ranking of variables in terms of their importance in creating data set splits was pre-
pared based on the “importance” measure (SAS Institute Inc., 2014). A statistical analysis
was conducted using the Enterprise Miner 15.1 software included in the SAS package [16].

3. Results and Discussion

During the colostral period, rumination time of the cows averaged 327 min/day
(Table 2). The relatively short rumination time during this period was likely the effect of
parturition and the associated parturition stress [17] or social stress due to change in herd
hierarchy after the cows were moved from the dry-off group to the lactating group [18].
The amount of programmed concentrate feed was 3.26 kg, and the amount of feed ingested
was 2.56 kg. There were 1.82 successful milkings and 1.15 refusal milkings. Visit time per
cow per AMS box time was 419 s, with milking time of 322 s/visit. Quarter milking time
was 222 s/visit. The difference between milking time and quarter milking time could be
explained by the fact that milking yield and milking time are different for each quarter.
In addition, udder milking time covers the time from the start to the end of colostrum
flow, and colostrum does not start and end to flow from the quarters at the same time.
The “blind” milking time was 13.48 s/visit. Hovinen and Pyörälä [19] in the review paper
showed that teat preparation of AMS was sufficient for milk ejection, independent of the
teat preparation method, that is, brushing or cleaning with a cup of warm or cold water.

The secretion rate of colostrum averaged 2.78 kg/min. Daily yield of colostrum was
around 18 kg and it had a high content of basic nutrients: 4.85% protein and 4.89% fat.
Healthy udders were reflected in the electrical conductivity of colostrum, which was less
than 70 µS/cm. According to Ontsouk et al. [20], increased the electrical conductivity
values of milk immediately after calving are generally due to increased somatic cell count,
especially during the colostral subperiod, which mainly results from udder morphological
structure, which is characterized by high sensitivity and permeability of tissue. Colostrum
temperature averaged 39 ◦C, which is similar to the value of 38.7 ± 1.1 ◦C reported by
King et al. [21].

During 5–28 days of lactation, rumination time was around 445 min/day (Table 3). This
value falls within the typical range reported in the literature (340–540 min/day) [4,5,21,22] and
shows that the cows were in a good health condition. Rumination time increased in relation
to the colostral period, which is consistent with the findings of other authors [21]. During
early lactation, cows generally show increased appetite, resulting in higher feed intake. In our
study, the amount of programmed concentrate feed offered in the AMS and ingested by the
cows was 6.19 and 5.56 kg/day, respectively. The stay of the cows in the box was 446 s/visit.
In the study by Sitkowska et al. [23], the time spent in the milking robot was 361 s for
primiparous cows and 383 s for multiparous cows. Compared to the colostral period, there
were increases in the number of milkings/day (up to 2.78) and in the number of refusals
milkings (up to 1.70). The observed number of milkings per day is in agreement with the
range (2.5–2.9) reported in the literature for AMS-milked cows [24–28]. Cows released
milk after an average of 14 s, milking time was 352 s/visit, and milk flow time from the
udder was 250 s/visit. In the study by Sitkowska et al. [23], milking time/visit during
the first 100 days of lactation was 268 s, whereas Edwards et al. [28] reported that milking
during the first 60 days of lactation took 416 s/visit. Compared to the colostral period,
milking speed slightly increased (up to 2.81 kg/min), milk electrical conductivity decreased
(to 68.77 µS/cm), and milk temperature, like in the study of King et al. [21], remained
similar at 39.03 ◦C. Similar values (2–2.5 kg/min) for milking speed were reported by
Gäde et al. [29] and Bogucki et al. [25], and higher values (3–4 kg/min) were observed
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by Carlström et al. [30], who concluded that milking time and milk flow rate determine
the cow’s milkability. During 5–28 days of lactation, cows yielded over 35 kg milk/day,
which is more than daily yield of AMS-milked cows in the EU countries and the USA in
the years 2014–2017 reported by Piwczyński et al. [11], who showed the highest value in
the US population (33.5 kg/day) and the lowest value in Lithuania (22.7 kg/day). Milk fat
content averaged 4.00% and average protein content was 3.54%. It is assumed that in PHF
cows, normal milk protein content ranges from 3.2 to 3.6%, and that of fat from 3.5 to 4.5%.
The fat/protein ratio was 1.14. This value is considered normal based on the fat/protein
ratio of 1.1–1.4 reported by Guliński and Kłopotowska [31] as being indicative of proper
feeding.

Table 4 presents the coefficients of linear correlation between lactation yield and AMS-
recorded periparturient traits. A weak but statistically significant correlation was found
between rumination time in the periparturient period and lactation milk yield. Lengthening
rumination time, both during the dry-off period and in the first weeks of lactation, had a
positive effect on milk yield. The magnitude of these relationships depended on the week
of the periparturient period—it was the weakest during the colostral period (r = 0.097x)
but increased to over 0.3 in the subsequent weeks. These results are consistent with the
study by Antanaitisi et al. [4], in which rumination time was positively correlated with
milk yield (r = 0.384, p < 0.001). Other authors [5,7,8] also noted a positive correlation
between rumination time in early lactation cows and milk yield, but the cited studies failed
to account for the effect of week of lactation.

Table 4. Pearson correlation coefficients between rumination time, milking parameter and milk traits in in different
periparturient periods and lactational milk yield.

Days of
Periparturient

Period

Rumination Time
(min/day)

Electrical
Conductivity of
Colostrum/Milk

(µS/cm)

Colostrum
/Milk

Temperature
(◦C)

Amount of
Concentrate

Intake
(kg/day)

Number of
Milkings

/Day

Milking
Time

(s/visit)

Colostrum
/Milking

Speed
(kg/min)

–14 to –8 0.126 xx

–7 to –1 0.111 x

1 to 4 0.097 x −0.060 0.002 0.109 x 0.257 xx 0.116 xx 0.110 x

5 to 7 0.249 xx −0.078 −0.003 0.101 x 0.279 xx 0.135 xx 0.089 x

8 to 14 0.312 xx −0.083 −0.021 0.136 xx 0.301 xx 0.155 xx 0.082
15 to 21 0.307 xx −0.081 −0.010 0.150 xx 0.280 xx 0.168 xx 0.100 x

22 to 28 0.310 xx −0.086 x −0.015 0.197 xx 0.252 xx 0.174 xx 0.107 x

xx p < 0.01, x p < 0.05.

The correlation coefficients between AMS-recorded periparturient parameters of
udder health (electrical conductivity and milk temperature) and lactation milk yield, re-
gardless of the week, had low, negative values (most often <−0.1), sporadically statistically
significant (Table 4). Week of lactation caused small differences in the coefficients of cor-
relation between electrical conductivity and lactation yield. During successive weeks of
lactation, the magnitude of these correlations increased (r = −0.060 vs. r = −0.086xx), which
suggests milk production losses. Higher values (r = −0.32xx) of the correlation coefficients
between electrical conductivity and daily milk yield were obtained by Boas et al. [32]. In
turn, Neamt, et al. [33] showed no statistically significant effect of milk electrical conductiv-
ity on milk production.

Further information provided by AMS milking and used in the study to determine
its usefulness for predicting the milk yield included the amount of concentrate intake in
AMS, the number of milkings/day, milking time/visit, milking speed. The coefficients of
correlation between the amount of concentrate feed intake/day in the AMS and lactation
milk yield were positive and significant, and the magnitude of their relationship increased
over subsequent weeks of lactation (0.109xx vs. 0.197xx) (Table 4). The relationships between
the number of milkings/day and lactation milk yield were positive and significant—their
magnitude was highest in the second week of lactation (r = 0.301xx) and ranged from 0.252
to 0.280 in the other periods. Due to the stimulation of milk production associated with
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frequent milking, and the individual rewarding with feed in the AMS, it is possible to
milk out the cows from the start of lactation. When using free movement of the cows
preferred by Lely, the cow itself decides the time of milking or resting. Our study showed
that milking time/visit has a positive effect (p ≤ 0.05 and p ≤ 0.01) on lactation milk yield,
and the magnitude of the relationships increased over the subsequent weeks of lactation
(0.116 vs. 0.174 and 0.062 vs. 0.134). In New Zealand studies, genetic correlations between
milking time and milk yield were 0.23, and the phenotypic ones were 0.27 [28]. Even higher
values (0.36–0.47) of simple linear correlations were reported by Sitkowska et al. [23] and
Sandrucci et al. [34]. Our study showed statistical correlations between milking speed and
lactation milk yield (r = around 0.1 regardless of the period). The literature provides much
stronger relationships between milking speed and yield; for example, Edwards et al. [28]
reported genetic correlations of 0.39 and phenotypic correlations as high as 0.55.

In the next stage of study, for prediction of the cows’ milk yield based on periparturient
data recorded by Lely milking robots, we used the decision tree method, which serves
as a tool in making optimal decisions. According to Piwczyński et al. [35], the decision
tree method, through analysis of the graphical model, makes it possible to identify factors
affecting certain productive traits of animals. Breeders can use the graphical model to find
a leaf node with the best value of a given trait and then, following the division path, reach
the root node while identifying factors and their levels which affect that trait.

Table 5 identifies the variables used to construct the graphical model of the decision
tree, which describes lactation milk yield expressed by their magnitude and number of
divisions made on their basis. The obtained results indicate that lactation milk yield was
mostly dependent on whether a cow survived to the next calving or was prematurely
culled; the importance of this variable was 1 (on a scale of 0–1). Two divisions were made
based on milking time (from 22 to 28 and from 5 to 7 days of lactation), and the other factors
making up the tree were: number of milkings/day from 22 to 28 days of lactation, milking
speed from 8 to 14 days of lactation and colostrum protein content, but the importance of
these variables was lower and ranged from 0.2183 to 0.7783.

Table 5. The importance of tested variables based on “Importance” measure.

Variable Number of Devisions Importance

Survival to next calving 1 1
Milking time during 22–28
days of lactation (s/visit) 1 0.7782

Number of milkings/day
during 22–28 days of lactation

(no./day)
1 0.4793

Milking speed during 8–14
days of lactation (kg/min) 1 0.3720

Milking time during 5–7 days
of lactation (s/visit) 1 0.2717

Protein content during 1–4
days of lactation (%) 1 0.2183

The decision tree model for lactation yield of a cow contained 4 levels and 6 leaves
(Figure 2). The information presented in the Figure 2 refers to the training set. The algorithm
responsible for decisions of the tree showed that the most important variable differ-
entiating the set was survival to next calving (Node 14, 15). Culling of the cows be-
fore the next calving (Node 14) naturally resulted in their lower milk yield. The node
formed by the culled cows (26% of general) branched according to milking time dur-
ing 22–28 days of lactation, and for this variable the threshold value was 245.25 s/day.
Higher milk yield was achieved by the cows with longer milking times, and their advan-
tage over cows with shorter milking times was 50%. The subset of cows that survived
to the next calving (Node 15) was branched according to the number of milkings/day
during 22–28 days of lactation into <4.07 (Node 18) and ≥4.07 (Node 19 became a leaf
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node). Higher lactation yield was achieved by the cows that were milked more fre-
quently per day (15,470.1 kg vs. 12,739.3 kg). This supports the results of other authors [36].
Sorensen et al. [37] concluded that milking frequency is one of the determinants of the
cow’s milk yield. More frequent milking increases their productivity and improves lac-
tation persistency. Piwczyński et al. [35], who used decision tree technique to determine
factors responsible for high monthly yield of AMS-milked cows, showed milking frequency
to be the most important factor. According to Lyons et al. [38], increased milking frequency
does result in higher milk yield of the cows, but this effect is largely dependent on the
stage of lactation and udder health. Castro et al. [39] concluded that the optimal number
of milkings/day is 2.4–2.6. In our study, the highest lactation yield was obtained by the
cows which were milked ≥4.07 times/day during 22–28 days of lactation, whereas in the
study by Piwczyński et al. [35], the highest daily yield was achieved by the cows milked
≥3.87 times/day. Hogeveen et al. [36] observed that the effect of milking frequency on
milk yield was higher for higher yielding cows compared to lower producing cows.
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The factor differentiating lactation yield of the cows with lower milking frequency
(Node 18) was milking speed during 8–14 days of lactation (<2.71 kg/min (Node 20) and
≥2.71 kg/min (Node 21)); higher yield was achieved by the faster milkers and the milk
yields were more equalized (11,774.9 kg vs. 13,546.0 kg). In herds in which milking parlours
or milking robots are used, it is essential that cows are milked easily and quickly [40].
Tremblay et al. [41] stressed the importance of milking speed, because faster milkers occupy
the AMS for a shorter time, thus contributing to its more efficient use. The results for
division of Node 20 indicate that higher lactation milk yield was achieved by the cows
whose colostrum contained more protein (≥4.91%). Probably leaf node 23 was formed by
multiparous cows, whose colostrum was richer in protein, and in addition their yield was
higher. In turn, the results of the last division of Node 21 indicate that higher lactation milk
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yield was achieved by the cows whose milkings during 5–7 days of lactation were longer
(≤202.93 s/day).

It follows from the decision tree model that the highest full lactation milk yield
(15,470.1 kg) was obtained by the cows milked ≥4.07 times/day from 22 to 28 days
of lactation. For the other cows that survived to the next calving, the highest yields
(14,488.9 kg) were assigned to leaf node 25, which was formed by the following divisions:
milking speed (≤2.71 kg/min), milking time during 5–7 days of lactation (≥202.94 s/day).
Sitkowska et al. [42] also showed that increased number of milkings and longer milking
times were associated with higher milk yield. In turn, according to Wethal and Her-
ingstad [9], the desirable traits are short milking time and ability to quickly leave the AMS
after the last teat cup is removed.

4. Conclusions

The increasing rumination time and milking time/visit, as well as the increasing intake
of AMS concentrate contributed to an increase in lactational milk yield, and the magnitude
of these relationships increased with each week of lactation. Useful for predicting the milk
yield per lactation was also the number of milkings/day.

The decision tree method showed that the most important factors responsible for
lactation yield of the AMS cows was, in descending order of importance: survival to the
next calving, milking time/visit and number of milkings/day (22–28 days of lactation),
milking speed (8–14 days of lactation), milking time/visit (5–7 days of lactation) and
protein content of colostrum. We proved that the application of the decision tree method
could allow breeders to select, already in the postparturient period, appropriate levels of
AMS milking variables, which will ensure high milk yield per lactation.
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