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Abstract: Nowadays the use of automated milking systems (AMS) is increasingly popular
as a technology that can reduce labor, increase milk production, and maximize profit. This
study, which was carried out on a private dairy farm located in West Hungary, aimed to
examine the relationship between AMS and production efficiency in lactating cows with
herd sizes ranging from 267 to 322 Holstein-Friesian cows in the middle of lactation
specifically 165 + 10 days in milk. The result of this study indicates that on average, an
AMS unit milked 49 + 3 cows daily with each cow being milked 2.7 + 0.1 times per day and
producing a daily milk yield of 32.5 + 1.3 kg per cow. The data was statistically analyzed
using Pearson correlations and multiple linear regression analysis. The study found that
daily milk yield was positively correlated with milking frequency (r = 0.61, p < 0.01) and
negatively correlated with failed milkings (r = - 0.34, p < 0.01) but had no correlation with
refusals (p > 0.05). As we expected, a positive correlation was observed between the
amount of concentrate offered in AMS per cow per day and both milk yield (r = 0.52, p <
0.01) and milking frequency (r = 0.27, p < 0.01). Finally, the fat content was negatively
correlated with daily milk yield (p < 0.05) and the amount of concentrate, however, there
was no correlation observed for protein content with daily milk yield or the amount of
concentrate in the AMS (p > 0.05). Detailed knowledge of these factors such as milking
frequency and concentrate intake associated with increasing milk yield by using AMS will
help guide future recommendations to producers for maximizing milk yield and decreasing
the cost on dairy farms.
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Correlations of production factors in automated milking system in a Hungarian dairy farm

Introduction

The EU is a significant participant in the global dairy industry, with a substantial share
of production for various dairy products. In 2022, it produced about 160 million tonnes of
raw milk. The increase in milk yield of dairy cattle coincides with multiple challenges
imposed on the cows (Probo et al. 2018). During the past century, the dairy industry has
embraced technological advancements to optimize its output and financial gains. There is
a strong connection between technological advancements and structural changes in
agriculture. The livestock industry's fascination with automation and precision
technologies is continuously growing (Cogato et al. 2021). European dairy farms are
presently undergoing a phase of transition to acclimate to modern dairy technology. The
objective is to enhance various activities, such as management, consulting, physical labor,
data collection, and analysis (McKinsey Global Institute, 2017). The persistent shortage
of labor and the dairy farmers' aspirations to enhance their quality of life and
professionalize their farms have resulted in the continuous evolution and modernization
of dairy farming practices. This transformation has progressed from conventional bucket
milking systems to tie-stall systems and milking parlors, and more recently, to the
implementation of automatic milking systems (AMS). The adoption and proliferation of
automated milking systems in European agriculture follow this trend. As of 2020, AMS
manufacturers estimated that roughly 50,000 units were operational worldwide (Simdes
Filho et al. 2020). By 2025, it is projected that 50% of dairy farms in northwestern Europe
will be equipped with AMS (Hansen et al. 2019). AMS farms generate significant volumes
of data associated with the milking process, cow activity, concentrate feed intake, and
rumination time. This data can be utilized to enhance the herd's production level and
improve the welfare of the animals (De Koning, 2010). With the growing adoption of
robotic milking, numerous studies have investigated the impact of automated milking on
various factors. These include milk yield and quality (Lessire et al. 2020), animal behavior,
health, and welfare (Piwczynski et al. 2020), herd management (Penry et al. 2018), and
labor efficiency (Hansen and Strzete, 2020). Schewe and Stuart (2015) observed that the
implementation of AMS has altered the dairy farm's operations and organization, leading
to a restructuring of the relationships between farmers, animals, technology, and the
environment. The objective of this study was to assess the impact of utilizing an Automatic
Milking System on the production efficiency of dairy farms. The study examined various
factors such as milk yield, milking frequency, visit time, feed intake, milk composition,
and more.

Literature survey

Precision Livestock Farming (PLF) is a novel method of animal husbandry that employs
advanced technologies to collect data on every animal within a farm by improving
productivity. One of the most significant developments in some countries is the
introduction of milking robots, or AMS, which has transformed the daily work of farmers
and the relationship between farmers and animals (Harstad, 2019). By 2020, AMS
manufacturers predicted worldwide adoption of 50,000 units (Marcos et al. 2020), dairy
farmers are increasingly evolving toward automation of their farms (Boscaro et al. 2015)
automatic concentrate dispensers and automatic milking systems (AMS) have been
utilized for years, and several manufacturers have introduced automatic feeding systems
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(AFS) during the past decade (Unal and Kuraloglu, 2015). The application of this system
delivers lower feeding costs, improved breeding performance, and healthy, productive
cows (Lencsés et al. 2014). When considering the introduction of milking systems, several
factors should be considered, such as the special features of the stable, the extra
investment cost of the equipment compared to conventional milking, the potential yield
and quality improvement, higher income, indirect effects such as fewer herd diseases,
better production parameters, and possible subsidies (Lencsés et al. 2017).

Historical evolution of AMS

The number of dairy farms using an automatic milking system (AMS) is increasing
rapidly, especially in Northwest Europe (Figure 1). The majority of AMS are in northern
Europe (90%) and Canada (9%), with only about 1% located in the United States (de
Koning, 2010). Though adoption rates have been slower in the States than in Europe,
automatic milking systems seem to be on the rise (Marques et al, 2023).

2009, an estimated

8,000 farms
1990 (AMS) became worldwide had
commercially adopted AMS ;
available (de (Hogeveen and
Koning, 2010). Steenveld, 2013)

1992, first AMS was First automatic
installed in the system in Hungary
netherlands (de started operating in

Koning 2010). 2009 (Szendrei and

Sés, 2010).

Figure 1. Evolution of AMS

According to Svennersten-Sjaunja and Pettersson (2008), the introduction of an AMS
requires not only new milking technology but also a new management system that
encompasses cow traffic, feeding, cow behavior, grazing, and milk quality. The use of AMS
is most effective on farms with 60-260 cows (Gustavsson, 2010). Table 1 shows the benefits
and disadvantages of the AMS.

In an AMS, in the standby position, the rear door is open, and the front door remains
closed. When the cows voluntarily (motivated by the supply of concentrate) enter the
milking box (de Koning et al. 2004) they will be detected by the infrared entry cell and
then identified by their collar. The back door closes, and the computer checks if the cow is
ready to milk. If so, she gets her dose of concentrate. Its mass is recorded using sensors
located under the robot's cage. The system cleans the udder, milks the cow, and analyses
the milk to detect any abnormalities (Freiss, 2009).
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Table 1. Pros and cons of the introduction of AMS

Pros Cons

Reduce the need for hired labour Expensive cost between $150,000 to $200,000
(Bijl et al. 2007).

Behavioural or conformational issues. For
An increase in milk production is due to | example, if a cow has an unfavourable teat
more frequent milking (Svennersten- | position or variations in udder quarter size,
Sjaunja and Pettersson, 2008). cluster attachment may be challenging if teat
cup attachment fails. (Bach and Busto, 2005).

Less time is spent on milking, and less need | Requires approximately 3 to 4 weeks of
for relief in the cow house (Hansen 2015), | intensive labour to achieve a success rate of 80

to 90% of cows voluntarily using the system
(Jacobs et al. 2012).

Improve their quality of life and achieve a
more flexible working day (Hérstad, 2019).

Effect of AMS on Animal performance

Milk Yield: Automatic milking systems have the potential to increase milk production by
up to 12%, decrease labor by as much as 18%, and simultaneously improve dairy cow
welfare by allowing cows to choose when to be milked (Jacobs et al. 2012).

Milking frequency: Studies have shown that increasing milking frequency can increase
milk production by up to 10.4 % when milking cows three times per day compared to twice
Melin et al. 2005. Milking frequency depends on the cows’ willingness to voluntarily visit
the milking unit continuously during the day (Melin et al. 2005).

Milking intervals: Shorter milking intervals have been shown to increase milk
production and reduce somatic cell count (SCC) in dairy cows (Wright et al. 2013).

Compositional Aspects: According to a study by Abeni et al. (2005), the type of milking
system does not appear to have an impact on the protein and fat content in milk, nor does
it affect the levels of lactose and urea in milk as found by Hopster et al. (2002). Instead,
research suggests that the interval length between milkings and variation in milk yield
per milking have more of an impact on fat content, as noted by Friggens and Rasmussen
(2001). Some evidence exists indicating that levels of Free Fatty Acid (FFA) are increased
in milk collected from farms that milk cows with AMS (de Koning and Rodenburg, 2004).

Milk Quality Aspects: Automatic milking units are fitted with sensors that measure
milk quality, for instance, somatic cell count (SCC) and electrical conductivity (Jacobs et
al. 2012). The milk’s electrical conductivity (EC) is a measure of its concentration of anions
and cations. Cows that are suffering from mastitis have an increased level of Na+ and Cl
concentration in the milk, which increases the EC and can be detected with the robotic
milking system (Hovinen and Pyéralé, 2011).

Environment: Recently, robotic milking systems allowed the estimation of methane
emissions using towers equipped with fast-response methane sensors and wind
speed/direction sensors, combined with atmospheric transport modelling. More
specifically, it uses signal processing to detect burping peaks of methane (CH4) released
by dairy cows during robotic milking. It reduces environmental pressure by using
resources more efficiently. By keeping the animal healthier, less will be out, which will
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need to be replaced by fewer heifers, thus reducing the ecological footprint (Van Breukelen
et al, 2023).

Materials and Methods

Study design

The study was carried out on a private dairy farm located in West Hungary. The farm was
characterized by a free-stall system housing 294 lactating cows with concrete floor and
surface scrapers for the frequent removal of manure equipped with a ventilation system.
There are 6 singles AMS units installed in the barn, all of which are Lely Astronaut A5
models from Lely Industries, based in the Netherlands. The milking robots were
purchased from their resources. The prevailing breed was Holstein-Friesian. The original
data were collected over 3 months per AMS from October 2022 to January 2023. In total,
49 Holstein cows were milked daily per AMS unit. The days in milk were 165 (mid-
lactation) with a total of 9542.3 kg of milk production per herd per day.

Data Collection

The data were collected from the farm management software. Every milking and refusal
were registered with the following data: cow ID, date and time of the milking, milk yield
(kg) as measured by the milk meters installed on each AMS unit, milk quality, and type
of visit. The AMS automatically collected all data and saved it as "log files". These log files
included classifications for three types of cow visits: milkings, refusals, and failures.
Milkings indicated that the cow was milked normally, refusals indicated that the cow was
not permitted to be milked and failures indicated that the milking was not successful. The
log files were processed using MS-Excel to calculate various metrics such as mean milk
yield (kg/d/cow), milking frequency (n/d), refusal frequency (n/d) and visit frequency (n/d),
amount of concentrate offered (kg/cow/day) and milk fat and protein content (% of milk
volume) for each day of each feed delivery treatment.

Statistical analysis

A statistical analysis was carried out using Lely T4C and SPSS 12 (IBM Statistical
Package for the Social Sciences). Descriptive statistics were calculated for almost all the
variables. Results were analysed statistically by Pearson linear correlations at 0.95 and
0.99 probability levels. A single-trait model was used to measure the effect of increasing
milk yield per AMS per day. Multiple linear regression data analysis was applied to model
the linear relationship between the dependent variable (milk yield) and the independent
variables. The model expressed the value of the dependent variable as a linear function of
the predictor variables and an error term.

Results and discussion

The study found that the Daily Milk Yield (DMY) at this AMS farm averaged 32.5 + 1.3
kg/cow/day, consistent with Tse et al. (2018) who reported 32.6 kg/cow/day using the same
technology (Table 2).

This surpasses the average milk yield of 28 kg/d reported by Nixon et al. (2009). The
observed milking frequency of 2.7 + 0.1 per cow per day exceeds Gygax et al. (2007) range
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of 2.38 to 2.56, and Bach et al. (2009) reported values for free (1.7 to 2.2) and forced (2.4 to
2.5) cow traffic. However, Madsen et al. (2010) noted 2.96 milkings per cow per day,
suggesting potential for increased throughput. The high milking frequency may result
from the smaller herd size (49 + 3 cows) compared to Dussault's (2001) recommended range
of 60 to 70 cows per AMS. Increasing herd size should be carefully managed to maintain
optimal conditions. The concentrate offered per cow per day averaged 6 + 0.1 kg, aligning
with Rodenburg and Kelton (2001), who reported between 1.8 and 7.7 kg. Unsuccessful
milkings were infrequent (0.1 + 0) compared to refusal or rejection (2 + 0.5), comprising
only 3.7% of total milkings. Fat and protein content averaged 3.4 + 0.2% and 3.3 + 0.1%,
respectively, like Bach et al. (2007) protein levels but slightly lower than their fat content.

Table 2. Descriptive statistics of the production and operation variables for the
automatic milking system (AMS) in West Hungary (n =100)

Variable Mean Minimum Maximum SD1
Days in Milk (DIM) 165 149 181 10
Total Cows milked (n2) 294 267 322 16
Cows per milking unit (AMS) (n) 49 45 54 3
Total Milk Yield (kg/per herd/day) 9542.3 8463.1 11050.7 535
Daily Milk yield per cow per day (kg) 32.5 28.9 36.0 1.3
Milking frequency per cow per day (n) 2.7 2.3 3.0 0.1
Refusals frequency per cow per day (n) 2 0.9 3.4 0.5
Unsuccessful frequency per cow per day 0.1 0 0.2 0
(n)
Separated Milk per herd per day (kg) 251.6 81.8 602.3 110.9
Fat content (%) 3.4 3.1 3.7 0.2
Protein content (%) 3.3 3.2 3.5 0.1
Total cc intake (kg/herd/day) 1566.2 1171 1767 65.56

4

Average concentrate offered per cow per day 6.0 5.8 6.4 0.1
(kg)
Rest of cc per AMS (kg) 0.6 0.4 1.1 0.1

1= Standard deviation; 2= Number

Correlation between milking, failure frequency, and milk production

The study found a strong positive correlation between daily milk yield (DMY) and milking
frequency (r = 0.61, p < 0.01) (Table 3). Using a single-trait model (Model 1), the R2 value for
DMY as a function of milking frequency was 0.37, indicating some information gained (Table 4).
In contrast, a multivariate linear model (Model 5) with a forward stepwise method yielded a higher
R2 value (0.72), identifying significant predictors of DMY including milking frequency, concentrate
intake, total feed intake, failed milkings, refusals, fat, and ruminating minute (Table 5).

Increasing milking frequency typically leads to a proportional rise in milk production, as
supported by Melin et al. (2005), who noted a 2% to 12% increase when frequency increased from
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two to three times a day. However, Gygax et al. (2007) found no impact on milk yield when the
milking frequency was increased in AMS cows with flavoured feed. Automated milking's primary
advantage lies in adjusting milking frequency based on physiological state and milk production.
Numerous studies, such as Knight et al. (1998), justified that milk secretion rate directly correlates
with milking frequency due to mechanisms governing local milk secretion control.

A negative correlation was found between daily milk yield (DMY) and failed milking frequency
(r =-0.34, p < 0.01) (Table 3). Unsuccessful milking can decrease milk yield and increase the risk
of udder health issues, negatively impacting production. The primary cause of unsuccessful milking
was failed teat cup attachments (72.4%). Failure to redirect a cow for subsequent milking after an
unsuccessful attempt can result in production losses and compromise dairy welfare. Daily milk
yield was not correlated with refusal frequency (p> 0.05). However, a negative correlation was
observed between total milk yield and refusal frequency (r = -0.29, p < 0.01) (Table 3). An increase
in refusal frequency leads to decreased milk production per AMS per herd per day.

Additionally, a strong positive correlation between milking and refusal frequency was found (r
= 0.67, p<0.01). Furthermore, our study revealed a positive correlation between total milk yield
and herd size (number of cows) (r = 0.61, P < 0.01). As the number of cows per robot increased,
milking frequency and daily milk yield tended to decrease (p < 0.05), consistent with findings by
Castro et al. (2012).
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Table 3. Linear correlations between production variables of lactating cows on Automated Milking Systems
(Pearson correlation, n=100).

Unsuccess [Separated|Total CC| CCin | Rest of . ..
Parameters DIM Nc T™Y DMY MF | Refusals Jul milk intake AMS cc Fat | Protein |Rumination
Days in milk 1 -0.29* | -0.37%* | -0.13 -0.1 0.31%* -0.06 0.16 -0.32%* -0.1 0.09 -0.59* | -0.37* -0.01
Number of cows 1 0.61%* | -0.32%* | -0.39** | -0.49* 0.24* -0.11 0.45* | -058* | 0.20* | 0.70* | 0.25* 0.014
TMY (kg/herd/d) 1 0.55" 0.16 -0.29** -0.08 -0.01 0.81%* | -0.07 -0.16 | 0.46" | 0.30* 0.11
DMY (kg/cow/d) 1 0.61%* 0.18 -0.34** -0.004 0.45™ | 0.52%* | -0.43%** | -0.20* | 0.09 0.12
Milking 1 0.67" -0.23* -0.07 0.49* | 0.27%* | -0.81%* | -0.25* | -0.13 -0.01
frequency (n/d)
Refusals (n/d) 1 -0.22* 0.02 0.04 0.16 | -0.53™ |-0.45™ | -0.27" -0.03
Unsuccessful (n/d) 1 -0.24* -0.06 -0.14 0.13 0.04 -0.1 0.13
Separated milk 1 -0.22° | 005 | 0200 | -0.12 | 0.17 -0.22
(kg/d)
Total cc intake x -
(kgrherd/d) 1 0.135 | -.514 0.38 0.19 0.01
CC offered in .
AMS (g foowld) 1 0.014 | -0.34 0.07 0.105
Rest of cc (kg) 1 0.174 | 0.14 0.135
Fat (%) 1 0.25* 0.04
Protein (%) 1 -0.35™

Rumination (min)

*= Correlation is significant at the 0.05 level (2-tailed); **= Correlation is significant at the 0.01 level (2-tailed).
DMI: Days in Milk, NC: Number of cows, TMY: Total Milk yield, DMY: Daily Milk yield, MF: Milking frequency, CC: Concentrate, n: number, d: day
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Table 4. Single-trait model and multiple regression analysis output using the forward stepwise method
(dependent variable: daily milk yield)

R R Adjusted Std. error of Change statistics Durbin-
R2 the estimate R2 change | F change df1 df2 Sig. F change Watson
0.612 0.37 0.37 0.91615 0.374 58.636 1 98 0.000
0.72b 0.51 0.50 0.81371 0.137 27.229 1 97 0.000
0.78¢ 0.60 0.59 0.73615 0.093 22.517 1 96 0.000
0.80d 0.64 0.63 0.70445 0.037 9.833 1 95 0.002
0.82¢ 0.67 0.66 0.67472 0.033 9.557 1 94 0.003
0.84f 0.71 0.69 0.63902 0.037 11.795 1 93 0.001
0.85¢ 0.72 0.70 0.62830 0.013 4.203 1 92 0.043 1.394

S@ "o a0 o

Predictors: (Constant). Milking frequency.

Predictors: (Constant). Milking frequency. Average total concentrate intake.

Predictors: (Constant). Milking frequency. Average total concentrate intake.

Predictors: (Constant). Milking frequency. Average total concentrate intake. Unsuccessful.

Predictors: (Constant). Milking frequency. Average total concentrate intake. Unsuccessful. Refusals.

Predictors: (Constant). Milking frequency. Average total concentrate intake. Unsuccessful. Refusals. Fat.
Predictors: (Constant). Milking frequency. Average total concentrate intake. Unsuccessful. Refusals. Fat. Chewing.
Dependent Variable: average daily milk yield.
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a0 Tw

Table 5. Single-trait model and multiple regression analysis output using the forward stepwise method

(dependent variable: total milk yield)

odel o o Adjusted Std. 1f:}ll':or of Change statistics Durbin-
R2 . R2change | F change dfl df2 |Sig. Fchange Watson
estimate
1 0.812 0.66 0.66 235 0.660 190.044 1 98 0.000
2 0.87° 0.76 0.75 199 0.099 40.021 1 97 0.000
3 0.88¢ 0.78 0.77 192 0.018 7.922 1 96 0.006
4 0.894 0.79 0.78 189 0.010 4.608 1 95 0.034 1.275

Predictors: (Constant). Total concentrate intake (robot).
Predictors: (Constant). Total concentrate intake (robot). Failures.
Predictors: (Constant). Total concentrate intake (robot). Failures. Rest of concentrate.

Predictors: (Constant). Total concentrate intake (robot). Failures. Rest of concentrate. Unsuccessful.

Dependent Variable: total milk yield.
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Effect of the concentrate supply in the AMS on production efficiency

Total milk yield per herd per day exhibited a strong positive correlation (r = 0.81, p < 0.01)
with total feed intake of concentrate (Table 3). Additionally, our study found a positive
correlation between the amount of concentrate offered in the AMS per cow per day and
both daily milk yield (DMY) per cow per day and milking frequency MF) (r = 0.52, r =
0.27, p < 0.01). Conversely, the amount of remaining concentrate in the robot was
negatively correlated with both DMY and MF (r = -0.43, r = -0.81, p < 0.01). Henriksen et
al. (2018) noted increased milk yield with higher concentrate allocation, and Menajovsky
et al. (2018) observed a tendency for increased milk yield.

Our findings align with previous research, showing that cows receiving a low
concentrate amount and not fetched were milked 2.4 + 0.1 times per day, while those
receiving a high concentrate amount and not fetched were milked 2.7 + 0.1 times per day,
consistent with Bach et al. (2007). However, Halachmi et al. (2005) found no difference in
milking attendance comparing different daily concentrate allowances at the AMS. Despite
the common practice of feeding large quantities of concentrate, controlled studies suggest
Increasing concentrate quantity in the AMS doesn't necessarily improve visits or milk
yield (Bach et al. 2007; Hare et al. 2018). In line with findings from Bach et al. (2007), no
significant correlations were observed between refusal frequency and concentrate offered
in the AMS (p > 0.05). However, negative correlations were identified between total milk
yield/total concentrate intake and days in milk (r = -0.37; r = -0.32, p < 0.01) respectively,
indicating that increased days in milk resulted in decreased milk production and
concentrate intake. This may be explained by the high persistence of the robotic herd, and
this could be the object of further investigation. Interestingly, days in milk exhibited a
positive correlation with refusal frequency (r = 0.31, p < 0.01), as shown in Table 4.

Correlations between milk composition, milk yield, and feed intake

Examining milk production and cow traits (see Table 2), we found significant negative
correlations between fat content and daily milk yield (DMY) (r = -0.20, p < 0.05), as well
as between fat content and milking frequency (r = -0.25, p < 0.05). Fat percentage increases
as milk yield decreases, likely due to energy allocation for body temperature maintenance.
Additionally, a negative correlation was observed between fat content and AMS
concentrate quantity (r = -0.34, p < 0.01), indicating a decrease in milk fat with increased
concentration. However, protein content showed no significant correlations with DMY,
milking frequency, or AMS concentrate quantity (p > 0.05) (see Table 3). Fat and protein
content were negatively correlated with days in milk (DIM) (r = -0.59; r = -0.37, p < 0.01),
respectively, while separated or poor-quality milk was negatively correlated with failed
milking (r =-0.23, p < 0.05).

Conclusions

Milkings frequency was usually considered as an indicator of robot performance and
researchers focused on ways to optimize it. It showed wide variability and positive
correlation (p < 0.01) with daily milk yield. Consequently, with this increase in milking
frequency, the average milk yield per cow per day would increase. In contrast, a negative
correlation was observed between DMY and failed frequency (p < 0.01).
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Daily milk yield per cow and milking frequency were positively correlated with the
amount of concentrate offered in AMS per cow per day (p < 0.01).

Fat content did negatively correlate with daily milk yield. Milking frequency and
amount of concentrate offered in automated milking systems (p< 0.05).

For protein content no correlations were observed with daily milk yield, milking
frequency as well as the amount of concentrate in the AMS (p > 0.05).

Detailed knowledge of these factors such as milking frequency and concentrate intake
associated with increasing milk yield by using AMS will help guide future
recommendations to producers for maximizing milk yield and decreasing the cost on dairy
farms.

Continuously monitoring and adjusting the concentrate offering based on individual cow
requirements can help maximize milk yield and optimize cow nutrition.

An integrated approach to milk quality: While the focus of the study was on milk yield
and composition, a comprehensive approach to milk quality is essential. Additional
research and monitoring can be conducted to evaluate other quality parameters such as
somatic cell count, bacterial count, electrical conductivity, and other milk components that
may impact overall milk quality. AMS can maximize milk production, improve milk
composition, ensure overall herd health and welfare, and decrease the cost of dairy farms.

References

Abeni, F., Degano, L., Calza, F., Giangiacomo, R., Pirlo, G. (2005): Milk quality and automatic
milking: Fat globule size, natural creaming, and lipolysis. Journal of Dairy Science, 88, 3519—
3529. https://doi.org/10.3168/jds.S0022-0302(05)73037-X

Bach, A., Busto, I. (2005): Effects on milk yield of milking interval regularity and teat cup
attachment failures with robotic milking systems. Journal of Dairy Research, 72, 101-106.
https://doi.org/10.1017/S0022029904000585

Bach, A., Devant, M., Iglesias, C., Ferrer, A. (2009): Forced traffic in automatic milking systems
effectively reduces the need to get cows but alters eating behavior and does not improve milk
yield of dairy cattle. Journal of Dairy Science, 92, 1272—-1280. https://doi.org/10.3168/jds.2008-
1443

Bach, A., Iglesias, C., Calsamiglia, S., Devant, M. (2007): Effect of amount of concentrate offered in
automatic milking systems on milking frequency, feeding behavior and milk production of dairy
cattle consuming high amounts of corn silage. Journal of Dairy Science, 90, 5049-5055.
https://doi.org/10.3168/3ds.2007-0347

Boscaro, D., Pezzuolo, A., Grigolato, S., Cavalli, R., Marinello, F., Sartori L. (2015): Preliminary
analysis on mowing and harvesting grass along riverbanks for the supply of anaerobic digestion
plants in north-eastern Italy. dJournal of Agricultural Engineering, 46(3), 100-104.
https://doi.org/10.4081/jae.2015.465

Castro, A., Pereira, J. M., Amiama, C., Bueno, J. (2012): Estimating efficiency in automatic milking
systems. Journal of Dairy Science, 95, 929-936. https://doi.org/10.3168/jds.2010-3912

Cogato, A., Br&éié, M., Guo, H., Marinello, F., Pezzuo. A. (2021): Challenges and tendencies of
automatic milking systems (AMS): A 20-year systematic review of literature and patents.
Animals, 11(2), 356. https://doi.org/10.3390/ani11020356

De Koning, C.J.A.M., Rodenburg, J. (2004): Automatic milking: State of the art in Europe and North
America, 25-37.

142


https://doi.org/10.3168/jds.S0022-0302(05)73037-X
https://doi.org/10.1017/S0022029904000585
https://doi.org/10.3168/jds.2008-1443
https://doi.org/10.3168/jds.2008-1443
https://doi.org/10.3168/jds.2007-0347
https://doi.org/10.4081/jae.2015.465
https://doi.org/10.3168/jds.2010-3912
https://doi.org/10.3390/ani11020356

Correlations of production factors in automated milking system in a Hungarian dairy farm

De Koning, K. (2010): Automatic milking—Common practice on dairy farms. Proc. Second North
Am. Conf. Robotic Milking, Toronto, Canada, Precision Dairy Operators, Elora, Canada, V59—
V63.

Dussault, M. (2001: Les systémes de traite robotisée et leurs technologies. Symposium sur les
bovins laitiers, CRAAQ
https://www.agrireseau.net/bovinslaitiers/documents/2001_marcel_dussault.pdf.

Lencsés, E., Kovacs, A., Dunay, A., Mészaros, K. (2007): Changes to the HACCP system in a dairy
farm due to the installment of an automatic milking system. 16(6), 313-319.
https://doi.org/10.22004/ag.econ.205906

Freiss, J. (2009) Evolution de la qualité du lait lors de I'installation d'un robot de traite : description
et facteurs de variation.Thése Doct., Ecole nationale vétérinaire de Nantes, pp 214.

Friggens, N. C., Rasmussen, M. D. (2001): Milk quality assessment in automatic milking systems:
Accounting for the effects of variable intervals between milkings on milk composition. Livestock
Production Science, 73, 45—54. https://doi.org/10.1016/S0301-6226(01)00228-7

Gustavsson, A. (2010): Automatiska Mj6lkningssystem - S& Paverkas Arbetstid Och Arbetsmiljé.
JTI informerar, No. 124, JTI - Institutet f6r jordbruks- och miljéteknik.

Gygax, L., Neuffer, I., Kaufmann, C., Hauser, R., Wechsler, B. (2007): Comparison of Functional
Aspects in Two Automatic Milking Systems and Auto-Tandem Milking Parlors. Journal of Dairy
Science, 90, 4265—-4274. https://doi.org/10.3168/jds.2007-0126

Halachmi, I., S. Ofir, Miron. J. (2005): Comparing two concentrate allowances in an automatic
milking system. Animal Science, 80, 339—-344. https://doi.org/10.1079/ASC40480339

Hansen, B.G. (2015): Robotic milking-farmer experiences and adoption rate in Jseren, Norway.
Journal of Rural Studies. 41, 109-117. https://doi.org/10.1016/j.jrurstud.2015.08.004

Hansen, B.G., Herje, H.O., Hova, J. (2019): Profitability on dairy farms with automatic milking
systems compared to farms with conventional milking systems. International Food and
Agribusiness Management Review, 22, 215-228. https://doi.org/10.22434/TFAMR2018.0028

Hansen, B.G., Streete. E.P. (2020): Dairy farmers&#39; job satisfaction and the influence of
automatic milking systems. NJAS - Wageningen Journal of Life Science, 92, 100328.
https://doi.org/10.1016/j.njas.2020.100328

Hare, K., DeVries, T., Schwartkopf-Genswein, K., Penner, G.B. (2018): Does the location of
concentrate provision affect voluntary visits, and milk and milk component yield for cows in an
automated milking system? Canadian dJournal of Animal Science, 98, 399-410.
https://doi.org/10.1139/cjas-2017-0123

Héarstad, R.M.B. (2019): Bonden, familien og melkeroboten — en ny hverdag. Research report.
https://hdl.handle.net/11250/3013496 (last assessment: 30 August 2024)

Henriksen, C.S., Munksgaard, L., Weisbjerg, M.R. (2018): Short-term responses in production and
behavior during periods of change in concentrate allowance for dairy cows. Journal of Dairy
Science, 101, 7942-7953. https://doi.org/10.3168/jds.2018-14624

Hogeveen, H., Steenveld, W. (2013): Integrating it all: Making it work and pay at the farmProc.
Precision Dairy 2013, University of Minnesota, Rochester, MN. St. Paul, pp. 113-121.

Hopster, H., Bruckmaier, R. M., Van der Werf, J. T. N., Korte, S. M., Macuhova, J., Korte-Bouws,
G., van Reenen, C.G. (2002): Stress responses during milking: Comparing conventional and
automatic milking in primiparous dairy cows. Journal of Dairy Science, 85, 3206-3216.
https://doi.org/10.3168/jds.S0022-0302(02)74409-3

Hovinen, M., Pyorila, S. (2011): Invited review: Udder health of dairy cows in automatic milking.
Journal of Dairy Science, 94, 547-562. https://doi.org/10.3168/jds.2010-3556

143


https://doi.org/10.22004/ag.econ.205906
https://doi.org/10.1016/S0301-6226(01)00228-7
https://doi.org/10.3168/jds.2007-0126
https://doi.org/10.1079/ASC40480339
https://doi.org/10.1016/j.jrurstud.2015.08.004
https://doi.org/10.22434/IFAMR2018.0028
https://doi.org/10.1016/j.njas.2020.100328
https://doi.org/10.1139/cjas-2017-0123
https://hdl.handle.net/11250/3013496
https://doi.org/10.3168/jds.2018-14624
https://doi.org/10.3168/jds.S0022-0302(02)74409-3
https://doi.org/10.3168/jds.2010-3556

Correlations of production factors in automated milking system in a Hungarian dairy farm

Jacobs, J., Siegford, J. (2012): The impact of automatic milking systems on dairy cow management,
behavior, health, and welfare. Journal of Dairy Science, 95, 2227-2247.
https://doi.org/10.3168/jds.2011-4943

Knight, C.H., Peaker, M., Wilde, C.J. (1998): Local control of mammary development and function.
Review of Reproduction, 3, 104—112.

Lessire, F., Moula, N., Hornick, J., Dufrasne, I. (2020): Systematic review and meta-analysis:
Identification of factors influencing the milking frequency of cows in automatic milking systems
combined with grazing. Animals, 10, 913. https://doi.org/10.3390/an110050913

Madsen, J., Weisbjerg, M. R., Hvelplund. T., (2010): Concentrate composition for automatic milking
systems —Effect on milking frequency. Livestock Science, 127,45-50.
httpsi//doi.org/10.1016/j.1ivsci.2009.08.005

Marcos, L., Filho, S., Lopes, M.A., Brito, S.C., Rossi, G., Conti L., Barbari, M. (2020): Robotic
milking of dairy cows: A review. Semina Ciéncias Agrarias, 41, 2833-2850.
https://doi.org/10.5433/1679-0359.2020v41n6p2833

Marques, T.C., Lage, C.F.A., Bruno, D.R., Fausak, E.D., Endres, M.I., Ferreira, F.C., & Lima, F.S.
(2023). Geographical trends for automatic milking systems research in non-pasture-based dairy
farms: A scoping review. dJournal of Dairy  Science, 106, 7725-7736.
https://doi.org/10.3168/jds.2023-23313

McKinsey Global Institute. (2017): A future that works: Automation, employment, and
productivity. Future-that-works-Executive-summary. Accessed 3rd May 2021.

Melin, M., Svennersten-Sjaunja, K., Wiktorsson, H. (2005): Feeding patterns and performance of
cows in controlled cow traffic in automatic milking systems. Journal of Dairy Science, 88, 3913—
3922. https://doi.org/10.3168/jds.S0022-0302(05)73077-0

Menajovsky, S.B., Walpole C.E., DeVries, K.S. Schwartzkopf-Genswein, M.E. Walpole, G.B. Penner
(2018): The effect of the forage-to-concentrate ratio of the partial mixed ration and the quantity
of concentrate in an automatic milking system for lactating Holstein cows. Journal of Dairy
Science, 101, 9941-9953. https://doi.org/10.3168/;ds.2018-14665

Nixon, M., Bohmanova, J., Jamrozik, J., Schaeffer, L.R., Hand, K., Miglior, F. (2009): Genetic
parameters of milking frequency and milk production traits in Canadian Holsteins milked by
an automated milking system. Journal of Dairy Science, 92, 3422-3430.
https://doi.org/10.3168/jds.2008-1689

Piwczynski, D., Brzozowski, M., Sitkowska B. (2020): The impact of the installation of an automatic
milking system on female fertility traits in Holstein-Friesian cows. Livestock Science, 240,
104140. https://doi.org/10.1016/j.1ivsci.2020.104140

Probo, M., Pascottini, O.B., LeBlanc,S., Opsomer, G., Hostens,M. (2018): Association between
metabolic diseases and the culling risk of high-yielding dairy cows in a transition management
facility using survival and decision tree analysis. Journal of Dairy Science, 101, 9419-9429.
httpsi//doi.org/10.3168/jds.2018-14422

Rodenburg, J. Kelton, D.F. (2001): Automatic Milking Systems in North America: Issues and
Challenges Unique to Ontario, Proc. of the 40th Ann. Mtg. of the National Mastitis Council, pp
162.

Schewe, R., Stuart, D. (2015): Diversity in agricultural technology adoption: How are automatic
milking systems used and to what end? Agriculture and Human Values, 32, 199-213.
https://doi.org/10.1007/s10460-014-9542-2

Simées Filho, L.M., Lopes, M.A., Brito, S.C., Rossi, G., Conti, L., Barbari,M. (2020): Robotic milking
of dairy cows: A review. Semina Ciencas Agrarias, 41, 2833—2850. https://doi.org/10.5433/1679-
0359.2020v41n6p2833

144


https://doi.org/10.3168/jds.2011-4943
https://doi.org/10.3390/ani10050913
https://doi.org/10.1016/j.livsci.2009.08.005
https://doi.org/10.5433/1679-0359.2020v41n6p2833
https://doi.org/10.3168/jds.2023-23313
https://doi.org/10.3168/jds.S0022-0302(05)73077-0
https://doi.org/10.3168/jds.2018-14665
https://doi.org/10.3168/jds.2008-1689
https://doi.org/10.1016/j.livsci.2020.104140
https://doi.org/10.3168/jds.2018-14422
https://doi.org/10.1007/s10460-014-9542-2
https://doi.org/10.5433/1679-0359.2020v41n6p2833
https://doi.org/10.5433/1679-0359.2020v41n6p2833

Correlations of production factors in automated milking system in a Hungarian dairy farm

Svennersten-Sjaunja, K.M., Pettersson, G. (2008): Pros and cons of automatic milking in Europe.
Jornal of Animal Science, 86, 37—46. https://doi.org/10.2527/jas.2007-0527

Szendrei, Z., Sés, Sz. (2010): Robotfejés a gyakorlatban — az elsé fél év tapasztalatai. Holstein
Magazin, 18, 60—62.

Tse, C., Barkema, H. W., DeVries, T. J., Rushen, J., Pajor, E. A. (2018): Impact of automatic milking
systems on dairy cattle producers’ reports of milking labor management, milk production, and
milk quality. Animal, 12, 2649-2656. https://doi.org/10.1017/S1751731118000654

Unal, H., Kuraloglu, H. (2015): Determination of operating parameters in milking robots with free
cow traffic. Engineering for Rural Development, 14, 234—240.

Van Breukelen, A.E., Aldridge, M.N., Veerkamp, R.F., Koning, L., Sebek, L.B., de Haas Y. (2023):
Heritability and genetic correlations between enteric methane production and concentration
recorded by GreenFeed and sniffers on dairy cows. Journal of Dairy Science, 106, 4121-4132.
https://doi.org/10.3168/jds.2022-22735

Wright, J.B., Wall, E.H., Mcfadden, T.B. (2013): Effects of increased milking frequency during early
lactation on milk yield and udder health of primiparous Holstein heifers. Journal of Animal
Science, 91, 195-202. https://doi.org/10.2527/jas.2012-5692

A mire a Creative Commons4.0 standard licenc alabbi tipusa vonatkozik: CC-BY-NC-ND-4.0.
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

[@lolce)

145



https://doi.org/10.2527/jas.2007-0527
https://doi.org/10.1017/S1751731118000654
https://doi.org/10.3168/jds.2022-22735
https://doi.org/10.2527/jas.2012-5692
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

