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Summary

The objective of this study was to evaluate the milking system performance (MSP) using a simulated milking
device to provide dairy farmer with the information they need to select an appropriate milking system.

The MSP of different milking parlor types and manufacturers (n=75 Milking systems) was evaluated using a
flow simulator device in Japan. Claw vacuum level (CVL) and CVL range (maximum - minimum vacuum at each
flow rate) were measured at five flow rates (1.9, 3.8, 5.7, 7.5, and 8.7 kg/min) and compared to levels recommended
by the National Mastitis Council (NMC).

Numerous milking systems were found to have insufficient CVL, providing only 5.7 kg/min, which is lower than
NMC guidelines. The CVL of rotary parlors was higher than that of other parlor types, but the range in claw
vacuums was smaller than that observed with other parlor types (P=0.1394). Even with equipment installed by
the same manufacturer, differences in MSP were observed depending on how the devices (e.g., milk claws, milk
tubes, milk meters, vacuum cutting devices) were selected and located, especially for parallel and herringbone
parlor types. Conversely, in rotary parlors, the location of devices was fixed according to design standards and
constraints. In comparisons of CVL range, no significant differences were observed among milking parlor types
and manufacturers.

In conclusion, MSP could only be done using a simulated milking device and this study will provide useful
information that milking units installation is greater than manufacture name to dairy farmers.

Key words : Flow simulator test, Manufacture, Milking cow performance, Milking parlor type, Milking system
performance
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tends to decrease over time. This gap can cause mastitis,

Intr ion . . .. .
troductio low milk quality and productivity loss ®. Dairy farmers

An important factor for determining milking cow
performance (MCP) is milking system performance
(MSP). While MCP tends to increase every year, MSP

BT ) 4R A=V A Y M= AHREE
T085—1211 AvifpE Ry SR EAT TERES - 9
TlREE R BAHESC (enoki@seagreen.ocn.ne.jp)

should therefore aim to reduce this gap by preventing
the degradation of MSP.

Mastitis is the costliest disease affecting dairy cows
(Hokkaido livestock insurance data, 2018). Since the
causes of mastitis vary, prevention requires careful
consideration of all relevant risk factors and

subsequent measurement of the parameters that
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might contribute to mastitis risk. Regarding the factors
that cause mastitis, numerous reports have implicated

, 4, 1 11,2 1, 2,58, 11-15
5419 and milking systems " #*% 119,

milking procedures
These studies described the relationship between risk
factors, milk quality and mastitis, and showed that
poor MSP increases the risk of mastitis.

Poor MSP can also limit milk production, which can
become more problematic as the genetic potential of
milk production continues to increase among dairy
cows. MSP tends to decrease over time as the
equipment ages *”, even if the MSP was high when
the milking system was initially installed.
Consequently, the gap between the potential milk
production of cows and MSP may widen over time.

To prevent mastitis, it is important to keep the teat
ends healthy. Reinemann et al. (2001, 2005) stressed the
importance of an appropriate claw vacuum level (CVL)
during milking as teat ends can be damaged when the
CVL is too high. Conversely, when the CVL is too low,
the longer milking times required may also increase
damage to teat ends ™. Thus, to maintain healthy teat
ends, CVL should be kept constant regardless of the
milk flow rate.

1.%7 evaluated MSP in detail in Japan.

Enokidani et a
When MSP was evaluated by flow simulator tests
(FST), only 21.9% (16/73) of milking systems achieved
the CVL recommended by the National Mastitis
Council (NMC). They also reported multiple cases in
which the milk tube was too long thus introducing lift
(milk tube lift), as well as other problems that could
not be detected by conventional milking system
evaluation tests (MSET).

The MSET and FST in these studies >® showed that
the MSP in Japanese dairy farms is typically poor.
However, it remains unclear whether this poor MSP
can be attributed to different system manufacturers
and/or milking parlor types.

Unfortunately, there are currently no field case
reports on MSP that dairy farmers can refer to for
optimizing their milking systems. For dairy farmers,
installing a milking system requires significant
investment and careful judgment. It is evident that
information regarding MSP is urgently required for
dairy farmers and would aid them in selecting the
most appropriate milking system for preventing
mastitis and improving MSP.

In this study, the MSP of Japanese dairy farms was
assessed using FST. The objective of this study was to
provide dairy farmers with the necessary information
for choosing an appropriate milking system.

To this end, this study provides graphical
visualizations of the MSP to identify and solve the
problems that conventional MSET fail to address.

Materials and Methods

Overview of Treatment

MSET and FST were conducted on 75 milking
systems used on Japanese dairy farms from 2001 to
2013. Of the 75 milking systems tested, 36 were
herringbone parlors, 25 were parallel parlors, nine
were rotary parlors, and five were tandem parlors.
Parlors ranged in size from double-4 parallel parlors to
60-point rotary parlors. The 75 systems were
manufactured by eight system manufacturers (referred
to as manufacturers A through H in this study.
Manufacturer H represents the total number of 5
companies).

Classification

For the MSET and FST, milking systems were
divided into three categories based on the number of
years that had elapsed since installation of the milking
system (i.e., <3 years, 4-7 years, =8 years). Parlors
were further divided into three categories (<100 cows,
101-299 cows, =300 cows) according to the number of
milking cows at the time of inspection.

Flow Simulator Tests

Details of the flow simulator device (Jenny Lynn
Flow Simulator, Rocky Ridge Dairy Consulting, Hazel
Green, WI, USA) are shown in Figure 1. Simulated
teats were attached to four liners and fixed with
adhesive tape to prevent liner slips. The milk claw was
set to the standard height typically used for milking,
and the height of each device was adjusted to maintain
the bucket tank with the flow meter and the simulated
teats in a horizontal orientation.

Five flow rates (1.9, 3.8, 5.7, 7.5 and 8.7 kg/min) were
adopted for the test. Mean, maximum and minimum
CVL were measured using a vacuum measuring
device (Triscan, Westfalia Surge, Babson Bros. Co.,
Naperville, IL, USA); assays were run for 2 minutes
after an initial 30-second delay to permit stabilization.
The CVL (kPa) was measured by inserting a 14-gauge
needle into a short milk tube and using a backflow
prevention trap. Slightly warm salt water, at a
temperature similar to that of raw milk, was used to
operate the milk meter.

Currently, the maximum peak milk yield of dairy
cows exceeds 8.0 kg/min. Hence, a maximum flow rate



Masafumi Enokidani : Comparisons of Milking System Performance between Milking Parlor Types and System Manufacturers 167

kg/min (gallon/min)
19 05 Simulated teats
3.8 (1.0)
5.7 (1.5)
7.6 (2.0)

8.7 (2.3)

Milk line €<—

Simulated milking

Jenny Lynn Flow Simulator

Flow controller (Rocky Ridge Dairy Consulting, Hazel Green, WI, USA)
4 =

Vacuum
Measurement
Device

Triscan, Westfalia Surge
(Babson Bros. Co., Naperville, IL, USA)

Figure 1. Flow Simulator and Vacuum measurement device
Flow simulator device, vacuum measurement device, flow rate and setting of simulated teats setting were shown.

of 8.7 kg/min was used in this study to simulate the

peak milk yield of high-lactating cows ”.

Milking System Performance Diagnostics

1) MSET: The observation tests, dry tests and wet
tests were performed according to the NMC
protocol ™ with 75 parlors.

2) Parlor age: To eliminate the effect of the age of
the milking system, assessment of the CVL of the
new parlors was limited to those parlors installed
within 3 years of the assessment.

3) FST: The CVL measured with the flow simulator
device at five different flow rates was compared
with the NMC recommended range (35-42 kPa). In
addition, the CVL range (maximum vacuum -
minimum vacuum) at 8.7kg/min flow rate was
calculated. CVL ranges were classified into the
following three categories: <7 kPa (since the NMC
recommended value range is <7 kPa), <14 kPa,
and >14 kPa. The percentage of numbers in each
category was compared for each system
manufacturer and each milking parlor type.

4) Vacuum loss of milking devices: To clarify the
vacuum loss for each milking device (i.e., milk
meter, vacuum cutting device, milk tube etc.”), the
FST was performed with and without each milking
device, and the CVL values were compared. A
difference of 2.0 kPa or more at the maximum flow
rate of 8.7 kg/min was considered to indicate

vacuum loss ",

Statistical Analysis

Fisher’s exact test was used for comparisons among
manufacturers and milking parlor types, depending on
the CVL ranges. The percentage of vacuum loss
obtained for each milking device was compared by
Fisher’s exact test with post hoc multiple comparison
by the Bonferroni method.

Results

Information of Inspection Milking Systems

The number of milking cows, parlor type, parlor age
(vears since installation), and milking system
manufacturers are listed in Table 1 and 2. The
herringbone parlor type was the most common,
followed by the parallel type. For the herringbone
type, systems more than 8 years old were the most
commonly analyzed type, while for the parallel, rotary
and tandem types, the most commonly analyzed
systems were less than 3 years old. With respect to
the number of milking cows, the herringbone and
tandem types were mostly being used with fewer than
100 cows, while for the parallel type, many were being
used with fewer than 300 cows, and for the rotary
type many, were being used with more than 300 cows.
Manufacturers A, B and C installed the greatest
variety of parlor types.

MSET

The results are shown in Table 3. The problems
affecting MSP with MSET were the small Amount of
Effective Reserve and the pulsation mode.
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Table 1. Information of milking systems type and milking cows

No. of years after installation

No. of milking cows

System type\No. of years and milking cows =3 4.7 =8 Total = 100 101-300 >300 Total
Parallel 14 4 7 25 8 15 2 25
Herringbone 9 6 18 33" 22 13 1 36
Rotary 3 1 9 1 1 7
Tandem 1 1 5 5 0 0
Total 31 14 27 72 36 29 10 75

a: No information for 3 systems

This table show the information of inspection farms and manufacturer

a: Missing information at each one data

Table 2. Information of milking systems

No. of milking systems

No. of years after installation

Manufacturer\System type  Parallel Herringbone Rotary Tandem Total <=3 4-7 >=8 Total
A 7 10 4 0 21 12 3 5 20°
B 6 4 1 0 11 4 1 6 11
C 4 2 2 0 8 5 2 1 8
D 0 7 0 0 7 1 2 3 6"
E 4 1 0 0 5 1 1 2 4°
F 2 3 0 0 5 2 0 3
G 0 2 2 1 5 1 4 0
H* 2 7 0 4 13 5 1 7 13
Total 25 36 9 5 75 31 14 27 72
This table show the information of inspection farms and manufacturer
b: Missing information at each one data
* Manufacturer H represents the total number of 5 companies
Table 3. Distribution of vacuum loss factors for milking devices of each milking parlor types
Herringbone Parallel Rotary Tandem
Total
Vacuum loss factors systems systems systems systems
\Parlor types + Rate Rate Rate Rate Rate .
Number ©%) Number %) Number %) umber %) Number ©%) P value
Milk tube length 9 25 5 20 1 11.1 2 40 17 227 0.657
Milk tube diameter 5 139 0 0 0 0 0 0 5 6.7 0.16
Milk tube lift 11 30.6 7 28 5 55.6 2 40 25 33.3 0479
Milk-meter connection 10 278 7 28 1 11.1 1 20 19 25.3 0.816
Vacuum cutting device 18 50.0° 10 40 0 0.0° 4 80.0° 32 427 <0.01
Milk-meter tubing 18 50 13 52 4 444 1 20 36 48 0.654
Claw type (top flow type) 20 55.6 6 24 2 22.2 0 0 28 37.3 0.013
Small amount of effective 4 11 1 400 4 44 4 800 13 173 <001
reserve
Simultaneous pulsation 0 0 1 4 0 0 2 40 3 4 0.073
Total number/Total systems 95 36 50 25 17 9 16 5 178 75

Fisher test and Bonferroni test ab, be, df: P<0.05 ef:P<0.01
T : Numbers shows number of milking system with each problem.

Vacuum loss definition: A difference of 2.0 kPa or more at the maximum flow rate of 8.7 kg/min was considered to indicate vacuum loss.
Vacuum fluctuation range = CVL without device - CVL with device is over 2.0 kPa at 8.7kg/min flow.

Top flow type: Milk flow pipe in central claw. Simultaneous pulsation: 4 Liner have same action
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Comparisons of CVL for Each Milking Parlor Type

The CVL at each flow rate for each parlor type is
shown in Figure 2. CVL decreased as the flow rate
increased in parallel, herringbone, and tandem parlor
types.

For most of the systems, at a testing flow rate of 5.7
kg/min, CVL decreased below the NMC recommended
range. In contrast, at all of the tested flow rates, CVL
was almost within the NMC recommended range in
rotary parlors.

Many new parlors within 3 years of their installation
often fall below NMC standards regarding CVL.
However, for the rotary type, the CVL was within the
range recommended by the NMC for all flow rates
(Figure 3).

The number and percentage in brackets for CVL
ranges for <7 kPa, <14 kPa, and >14 kPa parlor types
are shown in Figure 4. Percentages of CVL with
ranges <7 kPa in rotary parlors were higher than
those in herringbone parlors (P=0.1394). Thus, CVL
and CVL ranges for rotary parlors approached the
NMC recommended range, regardless of flow rate.

Comparison of Each System Manufacturer (Excluding
Rotary-Type Parlors)
CVL values obtained with equipment from each

n
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>
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w
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N
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50.0 2-C
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e ———
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0.0 1.9 3.8 5.7 7.6 8.7
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milking system manufacturer are shown in Figure 5.
For equipment produced by manufacturers A to D
and F, CVL decreased as the flow rate increased, and
CVL values less than 35 kPa were often observed
when flow rate exceeded 5.7 kg/min. The CVL values
obtained using equipment from system manufacturers
E and G were nearly within the NMC recommended
range at every flow rate tested.

The numbers and percentages of systems showing
different CVL ranges, from each system manufacturer,
at <7 kPa, <14 kPa, and >14 kPa are shown in Figure
6. No significant differences were observed among the
different system manufacturers (P=0.4764).

Comparison of Vacuum Loss Due to Milking Device
Percentages of vacuum loss by milking device for
each parlor type are listed in Table 3. In herringbone
parlors, vacuum losses were observed in vacuum
cutting devices (50.0%), milk meter tubing (50.0%), and
top-flow claws (55.6%). In parallel parlors, vacuum
losses were observed in vacuum cutting devices (40.0%)
and milk meter tubing (52.0%). In rotary parlors,
vacuum losses were observed in milk meter tubing
(44.4%), as well as due to milk tube lift (55.6%).
Insufficient amounts of effective reserve (air flow in
dry test) were also observed in 44.4% of rotary parlors.
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Figure 2. Claw vacuum level at all dairy farms with using flow simulated device

The shaded area shows the National Mastitis Council (NMC) recommended vacuum range.
Each curve shows the claw vacuum level of each milking system. No. of inspection milking systems were Parallel
type 25 systems, herringbone type 36 systems, Rotary type 9 systems and Tandem type 5 systems.
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Figure 3. Claw vacuum level at new systems within 3 years from installation

Each curve shows the claw vacuum level of each new milking system installed within three years of testing.

The shaded area shows the NMC recommended vacuum range.

No. of inspection milking systems were Parallel type 14 systems, herringbone type 9 systems, Rotary type 5 systems
and Tandem type 3 systems.

(%)
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Claw vacuum range (%)
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32%
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14%
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Parallel n=25 Herringbone n=36 Rotary n=9 Tandem n=5

£>14 kPa <14 kPa [ <7 kPa P=0.1394

Figure 4. Fluctuation range distributions by milking parlor type

<7 kPa, <14 kPa, >14 kPa: Operating vacuum - Claw vacuum level at 8.7 kg/min flow. NMC recommended vacuum
range: <7 kPa.

Number of inspected milking systems were as follows: parallel type, 25 systems; herringbone type, 36 systems; rotary
type, 9 systems; and tandem type, 5 systems.
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Figure 5. Claw vacuum level between installed manufacturer without rotary parlor

The shaded area shows the range recommended by the NMC. Number of inspected milking systems by manufacturer
were as follows: Manufacturer A, 17 systems; Manufacturer B, 10 systems; Manufacturer C, 6 systems; Manufacturer
D, 7 systems; Manufacturer E, 5 systems; Manufacturer F, 5 systems; Manufacturer G, 3 systems; * Manufacturer H

represents the total number of 5 manufactures.
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Figure 6. Fluctuation range distributions by system manufacturer

A to G: Manufacturer name. <7 kPa, <14 kPa, >14 kPa: Operating vacuum - Claw vacuum at 8.7 kg/min.
Without manufacturer H is excluded for a total of 5 manufacturers

In tandem parlors, vacuum losses were observed in
vacuum cutting devices (80.0%), milk meter tubing
(20.0%), and due to milk tube lift (40.0%). Further,
insufficient effective reserve was observed in 80.0% of
tandem parlors.

For incidence of vacuum loss with vacuum cutting
devices, herringbone parlors (50.0%) and tandem
parlors (80.0%) were higher than rotary parlors (0.0%)
(P<0.01). For incidence of insufficient effective reserve
amounts on dry tests, herringbone parlors (11.1%) were
lower than tandem parlors (80.0%) (P<0.01), and parallel
parlors (4.0%) were lower than tandem parlors (80.0%)
(P<0.01). When using a pulsation setting, there was a
trend toward statistical significance in the difference
between the tandem type (simultaneous pulsation) and
other parlor types (alternative pulsation) (P=0.073).

Discussion

The MSP of 75 milking systems between miking
system types and manufacturers in Japan were
evaluated using MSET and FST. By milking system
types, the herringbone type had installed firstly, while
parallel and rotary types had installed relatively
recently. The number of milking cows in the
herringbone type and tandem type were less than 100,
parallel type less than 300, and rotary type more than
300, indicating that the milking system was changing
as the number of milking cows increased. Even if older

parlors had checked and had found the problems,
there is a fear that it might be due to the elapsed time,
so we limited the comparison to new milking systems
within 3 years to eliminate the influence of the elapsed
time. Even with the new milking system, CVL
decreased with increasing flow rate in the herringbone
and parallel parlors. On the other hand, almost all of
the rotary parlor CVL were within the NMC
recommended CVL range; the low CVL was caused
not by the parlor age.

Enokidani ®* ” reported that even milking systems
installed less than one year had many of the same
problems from installation time, which may indicate
that there are problems independent of the elapsed
time. This is considered to be a problem separate from
the elapsed time.

Herringbone parlors have a wider spacing between
each milking stall than both parallel and rotary parlors.
Consequently, installation of the milking devices is
straightforward, but the milk tube tends to be long.
On the other hand, since parallel parlors and rotary
parlors have a narrow space between the rear sides of
each milking stall, installation of the milking devices is
difficult.

We consider that these factors related to installation
account for the discrepancies observed in the CVLs of
each parlor type. For each manufacturer, since milking
devices are installed using similar methods based on
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experience, they are considered to show similar CVL
curves (similar MSP). Therefore, referring rotary type
install method, it is necessary to have a thorough
understanding of the factors (i.e., milk tube length and
diameter, lift formation, milk meter, and vacuum
cutting device, claw type as shown in Table 3) that
affect CVL, and to install the milking devices carefully.

The likelihood of CVL being below the NMC
recommended range increased for all parallel,
herringbone, and tandem parlors when tested at flow
rates above 5.7 kg/min. However, in rotary parlors,
most of the CVLs were within the range recommended
by the NMC, even at high flow rates. Rotary parlors
are largely pre-assembled and only a limited number
of the components are assembled on location at the
farms. Therefore, this is thought to reduce differences
between milking systems during installation time.
However, in other parlor types, MSP may differ
markedly, even among milking systems designed for
the same milking parlor type and by the same
manufacturer.

Vacuum loss was observed in the older herringbone
installed over 8 years (Table 1) and tandem parlors.
Enokidani et al.” found that many of the problems that
appeared to have existed from the time of installation,
including problems related to vacuum line piping
(narrow line, lift formation, no slope), vacuum pump
selection (small and over capacity), regulator location
(low sensing position), pulsator piping (small line
volume/pulsator), and milking units (milk tube, milk
meter, vacuum cutting devices). By the 5-years mark
from installation, problems associated with
maintenance were seen to increase even further.

The decrease in CVL was defined as a vacuum loss
exceeding 2 kPa at a maximum flow rate of 8.7 kg/
min, which was attributed to the low effective reserve,
vacuum cutting device, milk meter tube, milk meter,
and claw type. Numerous vacuum cutting devices
have components with small diameters that can
restrict milk flow. These reductions on vacuum supply
have the effect of reducing CVL, particularly in
vacuum cutting devices with a diaphragm. Regarding
milk meter tubing, milk collected in milk meters (to
permit measurement of milk quantity) is instantly
flushed, so the diameter of a discharge tube needs to
be large and the length needs to be short. However,
there are numerous cases in which this diameter is
small, the tube is crushed due to misalignment, or the
milk tube is plugged with discharged milk; in such
cases, CVL is decreased due to momentary

interruption of the vacuum. Vacuum drop has
frequently been reported in milking systems that
employ top-low-type claws ®. However, since this claw
type has the advantage in that it is easy to adjust the
alignment of the claw, use of this claw type should be
evaluated considering the performance of the entire
milking unit (i.e.,, parts from milk line to the claw).
Having a small effective reserve can be problematic
when designing a milking system, and Japanese dairy
farmers often find small effective reserves in dry
tests ™.

The CVL range must be kept within the NMC
recommended range in order to keep teat ends healthy

" The resulting that there was

regardless milk flow
no significant difference in the CVL range by parlor
type and manufacturers showed that the differences in
CVL range can be attributed to other factors.
Enokidani et al.>® reported that factors affecting CVL
include system operating vacuum, milk tube length,
milk tube aperture, tubing configuration, milk tube lift,
milk claw type, and milk sampler setup. We
hypothesize that these factors are the sources of the
differences observed among the CVL curves obtained
for each dairy farm in this study. The vacuum loss
factors in Table 3 were almost same factors of
Enokidani et al. > reports.

Ideally, there should be no vacuum drop from any of
the milking devices. At least for the entire milking unit
(i.e., the parts from milk line to the claw), it is
necessary to ensure that both the CVL (=35.0 kPa )
and the CVL range (<7.0 kPa) can be withstood, as the

14, 15 . .
) meeting the requirements for a

NMC recommends
maximum flow rate of 8.7 kg/min *.

These milking unit parts cannot be evaluated by the
conventional MSET, and can only be evaluated by
FST. The dry test of MSET evaluates the air flow in
the piping, but cannot evaluate problems with the
length and diameter of the milk tube. The wet test of
MSET is performed during milking, but the milk flow
cannot be the same condition for each test. The
problems with length, diameter, and milk device
location that cannot be detected by MSET were
detected by FST, and the contents in Table 3 were
clarified.

Enokidani et al.® reported that evaluating MSP
using a flow simulator device contributed to the
improvement of milk yield and milk quality on dairy
farms by improving MSP. By visualizing and clarifying
the problems of parlors with FST, the actual MSP can
be easily evaluated, and the performance of an
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individual system can be graphically compared to the
MSP of other same-type parlors.

In this study, even with equipment made by the
same manufacturer, the factors that affect CVL during
milking can vary markedly depending on the
installation conditions, equipment age, and the types of
devices used. On the other hand, for rotary parlors, it
is considered that the small degree of construction
required on site accounted for the relatively high MSP.

Conclusions

- Numerous milking systems have insufficient CVL
that is lower than NMC guidelines.

- The CVL of rotary parlors was higher than that of
other parlor types.

- Differences in MSP were observed depending on how
the devices were selected and located, especially for
parallel and herringbone parlor types.

- These findings will benefit dairy farmers and
manufacturers with respect to the installation and
improvement of milking systems.

- Milking system performance could only be done by
inspection using a simulated milking device.
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Summary

We compared the Akkermansia muciniphila detection rate, short-chain fatty acids and mucin concentrations in
the feces of piglets between farm with postweaning diarrhea (diarrhea farm) and without diarrhea (control farm).
In control farm, A. muciniphila was detected in all piglets during the suckling period, and significant differences
were observed in butyrate and mucin concentrations compared with diarrhea farm. This suggests that A.
muciniphila enhances mucin secretion and forms a physical barrier in the intestinal tract in suckling period, and
that the healthy development of the intestinal tract during the suckling period may be a factor in preventing

diarrhea during the weaning period.

Key words * pigs, postweaning diarrhea, short-chain fatty acids, mucin, Akkermansia muciniphila
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