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Simple Summary: The dimensioning of cow milking systems has been studied for many years by
many authors, but nobody has addressed the studies on small cow dairies that are actually present in
many Mediterranean countries (with a number milked cows up to 100–120). The number of cows,
the financial resource, the skilled workforce and the availability of time are parameters influencing
the selection of the milking system also in smaller herds. What is actually lacking in these dairy
farms is milking unit dimensioning, whatever the used milking system. This study analyzed the
milk routines performed by milkers with different milking systems in small dairies (tie-stall and little
parlors). The work-flow analysis was the starting point to develop different models for predicting the
optimal milking unit sizing.

Abstract: A dairy farmer chooses the number of milking groups in function of the herd size, stall
type and milking system also in small cow dairies (number of animals lower than 100–120). In these
dairies, there are different milking systems (bucket, trolley, pipeline, little autotandem, herringbone
or parallel parlors) and each of them has a different work routine. The knowledge of the routine is the
starting point for assessing the milking installation, because it determines the number of milked cows
per hour. Different milking systems have common tasks (as pre-dipping, inspecting foremilk, udder
preparation, attaching teat cups, post-dipping), but in the meantime there are different operations
that characterize each specific routine (e.g., animal entry and exit if there is a parlor, bucket, trolley
or milking group positioning if tie-stall). For this reason, we surveyed twenty small dairy farms
located in the Piedmont Region (Italy) with different milking systems to correctly acquire the specific
milking routines. Different models were therefore studied using the observed routines in in the
examined farms. These models were then used to calculate the number of milked cows per hour and
the number of milking groups. The main findings were simple equations, specific for each milking
system, easily accessible by the farmer to correctly size his milking system.

Keywords: milking system; work routine; parlor; milking model; small dairy

1. Introduction

Mechanical milking consists of a logical sequence of straightforward repetitive tasks for the
milkers (after preparing the milking equipment and, when necessary, the parlor): animal approaching,
udder preparation, pre-dipping, attaching the milking unit, waiting for the milk flow, detaching the
milking unit (if the automatic detacher is not present), post-dipping [1].

The main concern of the mechanical milking was at the beginning to increase the efficiency
of the milking process to improve milk quality and quantity, and the labor efficiency [2–5]. Some
studies introduced the time and motion method to establish the work routine [3,6] because this
methodology provides a remarkable measurement of performance, and it is also the baseline for
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the milking mathematical models [7–9]. Computer-assisted simulation models of milking parlor
performance were therefore accomplished since the seventies to improve the milking throughput and
the labor performance [10–12], especially to reduce the daily routine labor and consequently the related
milking costs [13,14]. In the following years, the researchers addressed their studies on mechanized
milking systems also to the operators’ and animals’ welfare, considering the effects on the routine of
the milking tasks [15–17]. Some studies, for example, found that the optimum time to attach teat cups
had benefits on the teat condition as well as on a higher milk yield [18,19]. The main goal of more
recent studies was also to forecast the optimum parlor [1,20], and to assist the farmer for the most
efficient parlor design [21] and management [22–24], because the milking center is the most expensive
item for a dairy farm [25].

In compliance with the herd size and with the stall type (free or tie), the farmer must select the
milking system [17], and consequently the number of the milking units and the necessary labor force.
The main aspect to work out for a rational decision is the work routine of the milking operation.
The time occurred for both the pre-milking and post milking tasks is essential to determine the number
of milking stalls and milking units that a milker can manage in the operation timeframe. Milking
routine defines how one or more milkers perform a mechanic milking procedure over multiple cows
(independently by the animal stalling). The preliminary knowledge of the usage of time for preparing
and finishing the milking determines the number of cows that can be milked per hour and therefore
the precondition for assessing milking installations [26].

Many authors assessed the need to increase the efficiency of the milking process through the
optimization of milking routine and some of them applied their results mainly to the parlors (parallel,
herringbone and rotary) [10,11,14,20,23].

For many decades, mechanical milking is spread everywhere, in a different type of dairy farms
(cows, sheep, goats, buffaloes and others). It is nowadays common also in traditional small-scale
dairy farms of the Mediterranean areas [27–29], where different (and sometimes outdated) milking
systems are present (bucket, trolley, tethered, small parlors). As in large herd sizes, though also in
smaller herds, the number of cows, the financial resource, the skilled workforce and the availability of
time are parameters influencing the selection of the milking system. What is actually lacking in these
dairy farms (with a number milked cows up to 100–120) is an indication for the sizing of the necessary
milking groups, whatever is the used milking system. The main goal of this work was therefore to
suggest different models for predicting the optimal milking unit dimensioning to address the farmers
to the best choice. The modeling is an alternative of the stiff tables of manufacturers, which are not
always flexible in the adaptation to specific small dairy needs.

2. Materials and Methods

2.1. Preliminary Assumptions

Achieving good and realistic results in milking operations in small cow dairies, both in labor
productivity and animal welfare, only one experienced and qualified milker, familiar with the
physiology of dairy cows, was used. The milking systems were moreover all timely revised and
accurately washed after each milking.

2.2. Milking Extraction Time (Milk Flow Time)

Many studies reported the effect of milk flow time on milking performance [4,30,31] as the most
influencing activity. Even though the milk extraction is not a real operation of the routine, its duration
highly influences the work routine time. For example, the milking time could be the key element of
the operator’s idling time in case of cows with high milk flow time, or it may cause a dangerous over
milking in the opposite situation, when a cow has a lower milk flow time than other animals and
automatic cluster removals are not present.
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The milking extraction time of each cow depends on multiple variables: animal milk yield, correct
feeding and stimulation during the preparation tasks, the physiologic predisposition of the cow to
release milk more or less quickly.

Since the seventies, many authors studied and simulated the milking extraction time, and they
found average times around 5–5.5 min [2,6,10,32,33]. In the following decades, however, the milk yield
per milked cow increased, thanks to the genetic improvement of the animals, and thereby the milking
extraction time increased [30]. New relationships between the total milking time and the milk yield
were assessed. As things stand, a milking extraction time between 6 and 8 min is reasonable [34].

2.3. Milking Routine: Definitions

The milking routine is the amount of the operator’s tasks performed during the milking of each
cow. Each task requires a certain amount of time, and the sum of these times in addition to the milking
extraction time determines the number of cows that the operator can milk per hour. The work routine
is defined as the function of the amount and type of the milking equipment, the operators’ skills and
the duration of the milking operations [3].

Even though each milking system has its work routine with specific sequences of operations,
there are some common tasks, mostly manually performed by the milker: pre-dipping, inspecting
foremilk, udder preparation, attaching teat cups, removing teat cups (if the milking cluster removal
is absent), post-dipping (disinfecting teats). Some definitions are necessary before introducing the
proposed models for sizing the milking system in the function of the tie-stall or parlor type (Table 1).

Table 1. Parameters used in the milking sizing model.

Simbol Unit Meaning Further Information

Nc n Number of milked cows

Tm min Milk extraction (or flow) time 6–8 min

Tri s Early (initial) routine

Animal entry (Ten); bucket, trolley, or cluster
positioning (Tpos), pre-dipping (Tpre), foremilk

inspecting (Tfor), udder preparation (Tup),
teat cups attach (Tatt)

Trf s Ending (final) routine
Teat cups removal (Trem), post-dipping (Tpost),

bucket or tank empting (Tempt), relocation of the mobile
parts of the milking system (Trr), animal exit (Tex)

Tr s Milking routine 30–180 s

Td s Downtime Unproductive time due to unpredictable events
(always present and split among Tri, Trf and Trr)

Tc s Milker’s time for milking
each cow

Tc is always higher than, or equal to, the milking
routine Tr

Ng n Number of stalls Only in parlor

Ng n Number of milking groups

Tmw s Milker waiting time Unproductive routine time (for example due to the
absence of the milking cluster removal

The milking routine Tr (the time used by the operator for milking each cow) is split into the
following categories: early (initial) routine (Tri, Equation (1)), ending (final) routine (Trf, Equation (2))
and downtime (Td), always present whatever the milking system. The entry (Ten) and the exit (Tex) of
the animals, in and out of the parlor, are common parameters in Tri and Trf in parlors. Bucket, trolley,
or cluster positioning (Tpos) is a Tri parameter in tie-stall, as the emptying of the bucket or tank in the
trolley (Tempt) in Trf. The relocation of the mobile parts of the milking system (Trr) must be instead
included in the final routine Trf in the trolley system (Equation (2)).

Tri = Ten* + Tpos** + Tpre + Tfor + Tup + Tatt (min) (1)
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* only parlor, ** only tie-stall.

Trf = Trem + Tpost + Tempt* + Trr** + Tex*** (min) (2)

* only bucket and trolley, ** only trolley, *** only parlor.
Downtimes are always present in each phase of the milking routine and must be considered in

the calculation of the total routine time, Tr (Equation (3)).

Tr = Tri + Trf + Td (min) (3)

The output milker’s time, Tc, for milking each cow depends on the milking system and includes
the calculated routine time, Tr (Equation (3)), the milk flow time, Tm, and, when present, the possible
unproductive times, Tmw (as the milker’s waiting time when the automatic cluster removal is absent).
Equations (1)–(3) are used whatever the milking system. The washing and the maintenance of the
milking unit, as well as the transportation of the milk tanks outside the stall at the end of the milking
operation in tie-stall, were not considered in the calculation of the routine time, Tr, since it is strictly
related to the milking tasks with the cows.

2.4. Inspected Milking Systems: Tethering Cows

In tie-stalls, cows are constrained to their stall barns, where they are directly milked. Tethering
cows are still present in little dairy farms of many Mediterranean countries [35], where the milking is
often carried out with trolley or bucket milking systems. In both these systems, the milker’s time for
each cow is greater than the routine time (Tc > Tr), because he/she has to wait for the completion of the
milk flow time before moving to the next animal. If a milk-line (stall barn with pipeline) is not present,
the labor productivity is low, as the milker (besides the basic routine) must move the trolley or the
bucket alongside the next cow and transport the bucket outside the barn when full.

2.5. Inspected Milking Systems: Little Parlors

There are many types of parlor, the choice of which depends on the herd size and characteristics,
the economic impact on the dairy, the number and the ability of the workers, and the automation
level [2,5,25]. Parlor type affects building size, cow traffic to and from parlor, milking routine and
mechanization level. The number of the daily milking is also important, for example, in the small cow
herds of Italy, two milking per days are planned and animals are milked every about 12 h (usually at
4:00 and at 16:00). Two milkings/day represents a standard situation in small cow herds, not only in
Italy. As also observed by other authors [36,37], it is convenient to maintain the same milking intervals
during the day (every 12 h) in the cows, because milking time is one of the components that modulates
the milk lipolytic system.

Parlors may be individual and collective (batch milking). In the first type, cows stand nose-to-tail
inside individual stalls (tandem and autotandem parlors). In the second, cows are milked together
after their entry in the milking stalls. In collective parlors, the milking operations are sequentially
carried out, and it is important that the milking extraction time is almost the same for each animal.
The swing-over milking system permits to shift the milking unit from one stall to another positioned in
front of it, speeding up the milking routine (Figure 1).

Figure 1. Herringbone parlor without (left) and with milking swing-over milking system (right).
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A brief description of the milking systems is provided to understand the different modelled
routines in the result chapter. Rotary parlors, which are more complex and overly expensive in small
dairy herds of Mediterranean countries, were not considered in this work.

2.5.1. Tandem (Side-Opening) and Autotandem

In this type of parlor, the cows move individually to their milking stalls entering and exiting
through gates manually (tandem) or automatically (autotandem) opened up and closed (Figure 2).
The milking operation is performed individually, and cows may have a different milk flow time without
affecting the milking routine of the other animals.

Figure 2. Autotandem parlor with 3 + 3 stalls.

2.5.2. Herringbone

In herringbone and parallel parlors, cows are handled in groups. The size is variable from 4 × 2 to
30 × 2 [25]. Many herringbone and parallel parlors are equipped with rapid-exit stalls (by freeing all
cows at once from one side of the parlor in a direction perpendicular to the entry lane, Figure 3), which
increase the milking parlor efficiency and improve the milking routine.

Figure 3. Herringbone parlor with rapid-exit system.

2.5.3. Parallel

Parallel parlor resembles the herringbone, but cows are arranged perpendicular to the edge of
the milker’s pit, where he/she works back to the animal (Figure 4). Advantages of this system for the
lowering of the milking routine are: higher displacement of the cows (animals move faster) and fewer
movements of the milker. As for herringbone, also in this case, a milking group for each stall or a
milking group every two stalls (swing-over) may be provided.

2.6. Study of the Models

The studied models were based on the available literature [8,11,20,25,37–39], following the
indication provided by Armstrong et al. [3], and analyzing the work flow during the milking operation
in twenty small cow dairy farms located in north-west Italy. The dairy farms were located in the Stura
mountain valley, in the Monferrato hills and in the Po valley in Piedmont Region. Piedmontese cows



Animals 2020, 10, 795 6 of 17

were present in the farms with trolley and bucket systems, while the Italian Friesian breed were in the
other farms equipped with the milk-line and the parlors. The distribution of the surveyed milking
systems was: three buckets, three trolleys and four milk-lines in tie-stalls, two autotandem, three
herringbone and five parallel in parlors. The milking operations in each farm were surveyed for three
days, while the number of lactating cows and milk yield per day per cow were furnished by the farmer.

Figure 4. Parallel parlor.

2.7. Data Elaboration

Each routine task (pre-dipping, post-dipping, foremilk inspection, teat cups attach and so on)
has a short duration, and, for this reason, they were acquired and studied using seconds. Initial and
finale routines Tri and Trf were instead counted in minutes (with seconds expressed in hundreds),
to have the same dimension unit of the milk extraction time (as used by other Authors) and to make
comparisons with other researches. Collected data in the twenty dairy farms were analyzed using
IBM SPSS Statistics (version 25, International Business Machines Corporation, Armonk, New York, NY,
USA). The GLM (general linear model, to analyze quantitative data and to understand how the mean
response relates to one or more independent predictors) was used to assess the effects of the variable
milking system on Tri and Trf routines, with a confidence level p = 0.01. The homoscedastic condition
(assumption of equal variance) was previously tested by the Levene’s test.

3. Results

3.1. Tie-Stalls

3.1.1. Trolley

In trolley systems, all components (vacuum and milk system) are positioned on a mobile frame
and transported inside the barn (Figure 5). One or two milking groups (maximum) are housed on the
trolley, managed by one operator.

Figure 5. Trolley milking system.
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The time Tc used by the milker for a single cow is calculated as in Equation (4), while the number
of milked cows per hour is obtained by Equation (5).

Tc = Tr + Tm (4)

Nc =
60
Tc

(5)

With two milking units, the milking operation can be simultaneously performed by the same
operator on two cows, but he/she must wait the ending of the milk flow regardless. In this case,
an unproductive time is present (Tmw = Tm − Tri), to the detriment of the milking routine.

3.1.2. Bucket

In bucket systems, the motor unit and the vacuum system are located in a special room near the
stable. The mobile milking buckets are connected to the vacuum pipeline (Figure 6), and the operator
must transfer the milk from the buckets to the transport bulk tank and move it out of the stable. He/she
is able to control up to three milking groups.

Figure 6. Bucket milking system.

The number of milked cows per hour Nc depends on the number of the milking groups Ng
managed by the operator (Equation (6)). In this equation, Tm/Tr is usually a decimal number that must
be rounded up or down. The rounding up (ru) may cause the serious problem of over-milking the cow,
and, for this reason, in this milking system it is better to round down (rd) the fraction Tm/Tr.

Ng = rd
(Tm

Tr

)
+ 1 (6)

Equation (7) gives the time Tc dedicated by the milker to each cow, while the number Nc of milked
cows per hour per group is given by Equation (5).

Tc = Tr +
Tm− Tr× (Ng− 1)

Ng
(7)

3.1.3. Milk-Line

The milk-line has two rooms near the barn: a machine room and a milk room. There are two fixed
pipes for milk and for vacuum (Figure 7).
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Figure 7. Milk-line.

The number of milking groups Ng and the milker’s time per cow Tc are once again calculated by
Equations (6) and (7) if the milking cluster removal is not present. With the milking cluster removal,
the number of groups is calculated using Equation (8), rounding up the ratio Tm/Tr. The cow may wait
for the final routine without any over-milking risk (Figure 8).

Ng = ru
(Tm

Tr

)
+ 1 (8)

Figure 8. Milk-line routine in the presence of milking cluster removal (Ng = 5 and Tm = 6 min).

If the milking cluster removal is not present, the number of milked per cows per hour Nc is
calculated by means of Equation (5), otherwise (with automatic milking removal) with Equation (9).

Nc =
60
Tr

(9)

Table 2 gives the routine for bucket and trolley systems, while Table 3 shows the same routine for
the milk-line without and with the automatic cluster removal (NOACR and YESACR respectively).
The routine times were obtained by directly observing the milking operations in the examined diaries
and then comparing them with the bibliography [38–42].

The initial routine Tri in the bucket system is close to the Tri in the milk-line without automatic
cluster removal, while the final routine Trf is definitely shorter in all the milk-line systems (here, there
are not buckets to empty). The automatic cluster removal, other than eliminating the over-milking risk,
reduces the initial routine Tri by 20%, and the final routine Trf by 50% (Table 4).
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Table 2. Routine of trolley and bucket systems.

Task
Time (s) Routine Time (s) Routine Time (min)

Input Data Trolley Bucket Trolley Bucket Trolley Bucket

Bucket or trolley positioning Tpos 10 28

Tri = 67 + 8 * Tri = 85 + 10 * Tri = 1.25 Tri = 1.58
Pre-dipping Tpre 15 15

Foremilk inspection Tfor 8 8
Udder preparation Tup 20 20

Teat cups attach Tatt 14 14

Teat cups removal Trem 25 25
Trf = 84 + 16 * Trf = 84 + 10 *Post-dipping Tpost 9 9 Trf = 1.67 Trf = 1.57

Bucket or container empting Tempt 20 50
Relocation of trolley Trr 30 0

Downtimes * Td 24 20

* Divided among Tri, Trf and Trr (this last only for trolley).

Table 3. Routine of milk-lines.

Time (s) Routine Time (s) Routine Time (min)

Task Input data NOACR 1 YESACR 2 NOACR YESACR NOACR YESACR

Milking group positioning Tpos 23 15

Tri = 80 + 10 * Tri = 72 + 6 * Tri = 1.5 Tri = 1.3
Pre-dipping Tpre 15 15

Foremilk inspecting Tfor 8 8
Udder preparation Tup 20 20

Teat cups attach Tatt 14 14

Teat cups removal Trem 25 -
Trf = 49 + 5 * Trf = 21 + 6 * Trf = 0.9 Trf = 0.45Post-dipping Tpost 9 9

Group removal Tempt 15 12

Downtimes * Td 15 12

1 NOACR: without automatic cluster removal. 2 YESACR: with automatic cluster removal. * Divided between Tri
and Trf.

Table 4. Initial and final routine in trolley, bucket and milk-line systems.

Routine Time (min) Trolley Bucket Milk-Line
NOACR

Milk-Line
YESACR

Tri 1.25 1.58 1.50 1.30
Trf 1.03 1.57 0.90 0.45

3.2. Parlor

In the parlor, the milking time per cow, Tc, is always equal to the routine time, Tr, while the number
of milking groups (and, consequently, the number of milked cows) depends on the milk flow time
Tm and on the routine time Tr. The milking cluster removal is supposed to always be present in the
examined dairies to avoid over-milking, as it is necessary to work with many animals simultaneously.
The initial routine, Tri, and the final routine, Trf, are shorter than in tie-stalls, as there is no need to
move trolleys, buckets or milking groups. After having performed the initial routine on the first cow,
the milker can move on to the second animal for the initial routine and so on, until the first cow has
finished being milked. The milker then returns to the first cow and carries out the final routine.

3.2.1. Autotandem (Side-Open) with Automatic Milking Cluster Removal

In side-open parlors, the swing-over is not present, because animals are handled individually
and not in groups. The number of milking units, Ng, is given by Equation (8), because the automatic
milking removal is present. If Ng is an odd number, the shrewdness is to add a further milking unit,
because the number of stalls is even (cows are positioned on two parallel rows). Tc is equal to Tr and
Nc is given by Equation (8). Figure 9 portrays the routine in the examined autotandem parlor (six stalls
and Te = 6 min).
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Figure 9. Example of a milking routine in an autotandem parlor (3 + 3 stalls and Te = 6 min).

3.2.2. Herringbone and Parallel Parlors

Initial and final routines are the same as in autotandem, but the entrance of the animals and the
pre-dipping operations take less time, as the operations are sequentially performed (collective animal
milking) on two parallel rows. Without swing-over, the number of milking groups Ng (equal to the
number of stalls Ns) is calculated distinguishing if Tm/Tr is an integer number or not (Equation (10)).

Tm
Tr = INT

(
Tm
Tr

)
→ Ng = Tm

Tr × 2
Tm
Tr , INT

(
Tm
Tr

)
→ Ng =

(
INT
(

Tm
Tr

)
+ 1
)
× 2

(10)

When the swing-over is present, the number of milking units Ng (half of the number of stalls Ns)
is now half of the previous calculated by Equation (10), while Equation (11) gives the number of stalls
Ns. The number of milked cows per hour Nc is in Equation (9).

Ns = 2×Ng (11)

The milking routine in parallel parlors is the same as herringbone, but with a lower entry time of
the animals (and consequently with a lower Tr). The milking routine observed in a parallel parlor with
16 stalls and Te = 8 min is depicted in Figure 10.

Figure 10. Milking routine observed in a parallel parlor (8+8 stalls and Te = 8 min).

Table 5 shows the initial and final routines in the examined parlors: autotandem, herringbone
and parallel.

Table 5. Routine of autotandem, herringbone and parallel parlors.

Time (s) Routine Time (s)

Task Input
Data

Auto
Tandem

Herring
Bone Parallel Auto Tandem Herring Bone Parallel

Animal entry Ten 15 8 6

Tri = 53 + 10 * Tri = 40 + 6 * Tri = 38 + 4 *
Pre-dipping Tpre 15 9 9

Foremilk inspecting Tfor 6 6 6
Udder preparation Tup 7 7 7

Teat cups attach Tatt 10 10 10

Post-dipping Tpost 7 7 7 Trf = 9 + 4 * Trf = 9 + 5 * Trf = 9 + 4 *
Animal exit Tex 2 2 2

Downtimes * Td 14 * 11 * 8 *

* Divided between Tri and Trf.

Final routines, Trf, are almost the same in all these parlors, while there is a difference between
the individual (autotandem) and collective parlors in the initial routine, Tri (Table 6). In herringbone
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and parallel parlors, in fact, animal entry and pre-dipping are fastened by the group management of
the cows.

Table 6. Initial and final routine in autotandem, herringbone and parallel parlors.

Routine Time (min) Auto Tandem Herring Bone Parallel

Tri 1.05 0.77 0.7
Trf 0.22 0.23 0.22

3.3. The Examined Dairy Farms

We examined the milking tasks performed in different dairy farms with the same milking system
(three trolleys, three buckets, four milk-lines, two autotandem, three herringbone and five parallel),
and the most interesting result of the survey was that the milker executed the same initial and final
routines in the farms with the same milking system.

3.3.1. Tie-Stall Dairy Farms

The number of lactation cows was between 22 and 45 in the farms with trolley, bucket and
milk-line systems without automatic cluster removal, increasing to 50 animals in the farm with the
milk-line equipped with the automatic cluster removal (the sole investigated, because this milking
system is not spread in the Piedmont Region). The milk flow time was in the range 5.5–7.6 min, with
higher values in the milk-line systems (Table 7).

Table 7. Descriptive statistic of the examined tie-stall dairy farms.

Trolley Bucket Milk-Line NOACR Milk-Line YESACR

Dairy Farm Data Average SD Average SD Average SD Average SD

lactating cows (n) 24.7 2.52 34.3 6.0 35.0 8.89 50 -
milk flow time average (min) 6.4 0.12 6.7 0.17 6.9 0.10 7.1 -

milk flow time min (min) 5.5 0.12 5.4 0.30 5.8 0.17 6.8 -
milk flow time max (min) 7.1 0.12 7.2 0.06 7.6 0.06 7.6 -

Concerning the daily milk yield, some differences were observed (Figure 11).
In the farms with trolley and bucket systems, the milk yield was around 18.7 L per day, against

an average of 32.5 L per day in the farms with the milk-line system. This difference is due to the
breed present in these last farms (Italian Fresian cows), more productive than the Piedmontese breed
cows [43].

Figure 11. Milk production (min, max and mean) in the surveyed tie-stall dairy farms (lday−1).
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3.3.2. Dairy Farms with Parlors

From 95 to 130 lactating cows (Italian Fresian breed cows) were present in the dairy farms equipped
with the parlor. All these farms, but three (located in the Stura valley), were located in the Monferrato
hills and in the Po valley near Cuneo.

The observed milk flow time was between 5.9 and 8.1 min, with lower and more homogeneous
values observed in herringbone and parallel parlors (Table 8).

Table 8. Descriptive statistic of the examined dairy farms with a parlor.

Autotandem Herringbone Parallel

Dairy Farm Data Mean SD Mean SD Mean SD

lactating cows (n) 98.5 4.95 111.7 10.41 121.4 7.40
milk flow time average (min) 7.2 0.07 6.8 0.06 7.0 0.03

milk flow time min (min) 5.9 0.10 6.3 0.04 6.5 0.02
milk flow time max (min) 8.1 0.07 7.4 0.06 7.5 0.20

The milk yield per cow (l day−1) was always around 40 L per day, with peaks of 50 L in two farms
with the parallel parlor and the highest number of lactating cows (more than 120). A slightly lower
production (around 32 L) was observed in two farms with the autotandem milking system and with
the lowest number of lactating cows (less than 100).

3.3.3. Differences in the Observed Routines

Milking systems statistically influenced both the initial (Tri) and final (Trf ) routines (Table 9),
due to the high differences between tie-stall and parlors routines (Tables 4 and 5).

Table 9. General linear model (GLM) statistic of Tri and Trf in the function of the milking system.

Origin ss df Ms F p-Value

Correct model
Tri 7.169 a 6 1.195 131.464 0.000
Trf 22.204 b 6 3.701 282.077 0.000

Intercept Tri 64.386 1 64.386 7083.875 0.000
Trf 28.773 1 28.773 2193.215 0.000

Milking system Tri 7.169 6 1.1948 131.464 0.000
Trf 22.204 6 3.701 282.076 0.000

ss: sum of squares; df: degrees of freedom; Ms: mean square; F: F-value. a: R-squared = 0.937 (R-squared corrected
= 0.930). b: R-squared = 0.970 (R-squared corrected = 0.966).

On the other hand, the Tukey post-hoc test highlighted similarities among some milking systems
(Table 10) for both Tri and Trf. The highest statistical significances were found in Tri of parallel and
herringbone parlors (0.70 and 0.75 average minutes, respectively), and in trolley and milk-lines with
automatic cluster removal (1.26 and 1.30 average minutes). Trf were significantly the same in parallel
(average 0.23 min), herringbone (average 0.25 min) and autotandem parlors (average 0.27 min). Bucket
and trolley milking systems had similar Trf times (1.57 and 1.68 min), but with a lower statistical
significance (0.61).
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Table 10. Tukey post-hoc statistic of Tri and Trf.

Tri Trf

Milk_System Test Subset Milk_System Title Subset

N 1 2 3 4 5 N 1 2 3 4
Parallel 15 0.70 Parallel 15 0.23

Herringbone 9 0.75 Herringbone 9 0.25
Autotandem 6 1.01 Autotandem 6 0.27 0.27

Trolley 9 1.26 Milk-line
YESACR 3 0.45

Milk-line
YESACR 3 1.30 1.30 Milk-line

NOACR 9 0.94

Milk-line NOACR 9 1.46 1.46 Bucket 9 1.57
Bucket 9 1.59 Trolley 9 1.68
Sign. 0.97 1.00 0.98 0.05 0.12 Sign. 0.99 0.07 1.00 0.61

4. Discussion

The efficiency of a milking system is usually assessed on the basis of multiple parameters, which,
in our situation (small herds with a number of animals not higher than 120), are reduced in cows milked
per hour and the number of stalls to complete the milking in time (about 2 h). For this reason, the focus
was to discuss the above-mentioned results, as obtained by the models and by the surveyed farms.

4.1. Tie-Stall

In Table 11, there are the calculated parameters Tr, Tc, Ng and Nc in two different scenarios: milk
flow time Tm = 6 min and Tm = 8 min.

Table 11. Comparison of milking systems parameters in tie-stall.

Milking
System

Tm = 6 min Tm = 8 min

Tr Tc Ng Nc Tr Tc Ng Nc

Trolley 2.91 8.91 2 13.46 2.91 10.91 2 5.50
Bucket 3.15 4.58 2 26.23 3.15 3.72 3 16.14

NOACR
Milk-line 2.40 2.80 3 21.43 2.40 2.60 4 23.08

YESACR
Milk-line 1.75 1.55 5 34.29 1.75 1.63 6 34.29

The trolley system is less convenient than the bucket system because it takes more time and the
number of milked cows per hour is lower (due to the fact that the milker has to wait the complete the
milking of two cows before moving the whole trolley to the following animals). In both cases, from the
routine point of view, the milker has many unproductive times (Tmw), Figure 12.

Figure 12. Example of milker’s waiting time, Tmw, when using the bucket milking system.

The number of the milked cows per hour was 13.46 for the trolley system and 26.23 for the bucket
(Table 11), allowing the milking of the lactating cows in the surveyed farms, 24.7 and 34.3 in average,
also considering the high standard deviation (Table 7).

The milk-line provides, as expected, a more efficient milking, especially when the automatic
cluster removal is present. In this case, the number Nc of milked cows per hour (34.29) does not
change, whatever is the milk flow time (Table 11), because it is calculated using only the routine time
Tr, independently from the milk flow time. Table 11 also shows a firm decrement of the time dedicated
by the milker to each cow in the milk-line when the automatic cluster removal is present (-44.6% if
Tm = 6 min, −37.5% if Tm = 8 min), as also found by Rasmussen [41]. The presence of the automatic
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cluster removal also significantly decreases the over-milking caused by a prolonged teat stimulation,
with the risk of cause teat congestion [44]. The number of calculated milked cows per hour (Table 11)
with the milk-lines were 21.43 (NOACR) and 34.29 (YESACR), which allowed for the milking of the
observed 35 and 50 mean cows (respectively) in time.

4.2. Herringbone and Parallel Parlors

In this example, the routine time Tr is 1.27 min in autotandem, 1 min in herringbone and 0.92
min in parallel (Table 12). The preparation time (initial routine Tri) in herringbone and parallel parlors
is similar to the values recommended by Peychev et al. [38] (between 45 and 90 s, Table 5). Without
considering the animal entry, the Tri calculated in herringbone and parallel parlors (Table 5) are in line
with the data found by Smith et al. [39] (32 s).

Table 12. Comparison of milking systems parameters in different parlor types.

Tm = 6 min Tm = 8 min

Parlor Type Tr Tc Ng Ns Nc Tr Tc Ng Ns Nc

Autotandem 1.27 1.27 6 (3 + 3) 47.4 1.27 1.27 8 (4 + 4) 47.4
Herringbone 1.00 1.00 12 (6 + 6) 60.0 1.00 1.00 16 (8 + 8) 60.0

Herringbone with
swing-over 1.00 1.00 6 (6 + 6) 60.0 1.00 1.00 8 (8 + 8) 60.0

Parallel 0.92 0.92 14 (7 + 7) 65.5 0.92 0.92 18 (9 + 9) 65.5
Parallel with swing-over 0.92 0.92 7 (7 + 7) 65.5 0.92 0.92 9 (9 + 9) 65.5

As Nc is directly obtained by Tr, regardless of the milk flow time, the number of milked cows does
not differ in the two scenarios with a different milk flow time (6 and 8 min). The autotandem is less
efficient than herringbone and parallel parlors, since the time of both animal entry and pre-dipping is
greater (cows move individually and they are not milked together).

Higher is the number, Nc, of milked cows per hour, and lower is the routine time, Tr; this is
a self-evident consequence of the calculation of Nc, but the numbers are confirmed also by other
authors, independently by this equation [4,45]. The number of milked cows per hour in the double-8
herringbone (60) is slightly lower than 64, as found by Burks et al. in 1998 [1], but is in line with
Krumm et al. [23], and the 65 cows per hour of double-9 parallel are compliant with Hatem et al. [20].

Carreira et al. [42] studied and developed some algorithms for the best sizing of herringbone
and parallel parlors, starting from the routine time and the milk flow time, as we did in this work,
but without distinguishing the parlor type. As also observed here, they got similar results (Figure 13),
recording any change when the number of clusters per milker was greater than (or equal to) 12 (we
indeed observed two different values in the number of milked cows per hour with 14 and 18 clusters,
due to the slightly differences in the routines of herringbone and parallel parlors, assumed to be equal
by the other authors).

Figure 13. Number of milked cows per hour in function of the number of clusters per milker (comparison
between this work and the study of Carreira et al. [42]).
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The milker expertise and the type of milking facility affect labor and routine efficiencies: for this
reason, the input values used in these models may change; nevertheless, the equations remain valid.
In the farms equipped with parlors, the number of calculated milked cows per hour Nc (Table 12)
allowed for the milking of all the lactating cows present in the surveyed farms (Table 8) in time.

5. Conclusions

Even though it is not easy to find literature concerning the milking systems in tie-stall and little
parlors, there are still many dairy farms in Mediterranean countries with a low number of cows
(less than 100–120) that cannot face high investment costs in expensive milking plants. It would
appear apparently naïve modelling milking with low numbers of animals, but there is still a lack in the
work organization of these small herds, with few people working a great amount of hours per day.
For this reason, we surveyed twenty small dairy farms located in Piedmont Region (Italy) equipped
with different milking systems to correctly acquire the milking routines. Different models were
therefore studied using the observed routines in the examined farms. These models were developed
independently by the routine times measured in each farm. The measured times were the method to
validate the number of milked cows per hour and the number of milking groups in these small dairies.
The simple models presented in this paper could therefore support the breeder to correctly dimension
and choose the most effective milking system for his dairy farm.

Author Contributions: Conceptualization, G.A.; methodology, G.A.; validation, G.A. and A.C.; formal analysis,
G.A. and A.C.; investigation, A.C.; resources, A.C.; data curation, G.A. and A.C.; writing—original draft
preparation, A.C.; writing—review and editing, G.A. and A.C.; visualization, G.A. and A.C.; supervision, G.A.
and A.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Burks, T.F.; Turner, L.W.; Gates, R.S.; Bridges, T.C.; Crist, W.L. A stochastic simulation model for predicting
cow throughputs in dairy parlors. Trans. ASAE 1998, 41, 1789–1797. [CrossRef]

2. Bickert, W.G.; Speicher, J.A.; Armstrong, D.V. Milking systems for large herds. J. Dairy Sci. 1974, 57, 369–377.
[CrossRef]

3. Armstrong, D.V.; Quick, A.J. Time and motion to measure milking parlor performance. J. Dairy Sci. 1984, 69,
1169–1177. [CrossRef]

4. Blake, R.W.; Mcdaniel, B.T. Relationships among rates of milk flow, machine time, udder conformation, and
management aspects of milking efficiency: A review. J. Dairy Sci. 1978, 61, 363–378. [CrossRef]

5. Smith, J.F.; Armstrong, D.V.; Gamroth, M.J. Labor management considerations in selecting milking parlor
type & size. In Proceedings of the Western Dairy Management Conference, Las Vegas, NV, USA, 13–15
March 1997; pp. 43–49.

6. Thomas, C.V.; DeLorenzo, M.A.; Bray, D.R. Prediction of individual cow milking time for milking parlor
simulation models. J. Dairy Sci. 1993, 76, 2184–2194. [CrossRef]

7. Chang, W.; Barry, M.C.; Jones, L.R.; Merrill, W.G. A computerized milking parlor evaluation system. J. Dairy
Sci. 1992, 75, 2578–2586. [CrossRef]

8. Chang, W.; Streeter, D.H.; Jones, L.R. An object-oriented model for simulating milking parlor operations. J.
Dairy Sci. 1994, 77, 84–93. [CrossRef]

9. Thomas, C.V.; DeLorenzo, M.A.; Bray, D.R. A network simulation model of large herringbone and parallel
milking parlors. J. Dairy Sci. 1996, 79, 1960–1971. [CrossRef]

10. Price, D.R.; Heathington, K.W.; Peart, R.M. Computer simulation of dairy milking parlors. Trans. Amer. Soc.
Agr. Eng. 1972, 15, 317–319. [CrossRef]

11. Micke, C.F.; Appleman, R.D. Simulating herringbone and side-opening milking parlor operations. J. Dairy
Sci. 1973, 56, 1063–1069. [CrossRef]

12. Bickert, W.G.; Gerrish, J.B.; Hurt, J.H. Simulated milking rates in various semi-automatic milking parlors.
Trans. Am. Soc. Agric. Eng. 1972, 15, 482–489. [CrossRef]

http://dx.doi.org/10.13031/2013.17333
http://dx.doi.org/10.3168/jds.S0022-0302(74)84895-2
http://dx.doi.org/10.3168/jds.S0022-0302(86)80518-5
http://dx.doi.org/10.3168/jds.S0022-0302(78)83609-1
http://dx.doi.org/10.3168/jds.S0022-0302(93)77555-4
http://dx.doi.org/10.3168/jds.S0022-0302(92)78020-5
http://dx.doi.org/10.3168/jds.S0022-0302(94)76932-0
http://dx.doi.org/10.3168/jds.S0022-0302(96)76567-0
http://dx.doi.org/10.13031/2013.37895
http://dx.doi.org/10.3168/jds.S0022-0302(73)85306-8
http://dx.doi.org/10.13031/2013.37932


Animals 2020, 10, 795 16 of 17

13. Wagner, A.; Palmer, R.W.; Bewley, J.; Jackson-Smith, D.B. Producer satisfaction, efficiency, and investment
cost factors of different milking systems. J. Dairy Sci. 2001, 84, 1890–1898. [CrossRef]

14. Thomas, C.V.; DeLorenzo, M.A.; Bray, D.R.; Weldon, R.N.; Bucklin, R.A.; Martin, J.G., III. A stochastic
economic analysis of large herringbone and parallel milking parlors. J. Dairy Sci. 1997, 80, 2418–2428.
[CrossRef]

15. Blowey, R.; Edmondson, P. The milking routine and its effect on mastitis. In Mastitis Control in Dairy Herds,
Chapter 6; Farming Press Books: Ipswich, UK, 1995; pp. 83–86.

16. Baines, J.R. The role of machine milking in quality milk production and ensuring dairy cow welfare. Cattle
Pract. 2010, 18, 48–52.

17. Smith, J.F.; Armstrong, D.V.; Gamroth, M.J.; Harner, J., III. Factors affecting milking parlor efficiency and
operator walking distance. Appl. Eng. Agric. 1998, 14, 643–650. [CrossRef]

18. Hamann, J.; Dodd, F.H. Milking routines. In Machine Milking and Lactation, Chapter 3; Bramley, A.J., Dodd, F.H.,
Mein, G.A., Bramley, J.A., Eds.; Insight Books: Berkshire, UK, 1992; pp. 69–96.

19. Reneau, J.K.; Farnsworth, R.J.; Johnson, D.G. Practical milking routines. In Proceedings of the National
Mastitis Council Regional Meeting, East Lansing, MI, USA, 18 August 1994; pp. 22–32.

20. Nitzan, R.; Bruckental, I.; Bar Shira, Z.; Maltz, E.; Halachmi, I. Stochastic models for simulating parallel,
rotary, and side-opening milking parlors. J. Dairy Sci. 2006, 89, 4462–4472. [CrossRef]

21. Hatem, M.; Samer, M.; Grimm, H.; Doluschitz, R.; Jungbluth, T. An expert system for planning and designing
corral systems and their concrete constructions for dairy farms in hot climates. In Proceedings of the CIGR
Workshop Section II: “Animal Housing in Hot Climates”, CIGR Working Group 13 & China Agricultural
University, Chongqing, China, 22–25 October 2009.

22. Armstrong, D.V.; Gamroth, M.J.; Smith, J.F. Milking Parlor Performance. In Proceedings of the Western Dairy
Management Conference, Las Vegas, NV, USA, 4–6 April 2001; pp. 7–12.

23. Krumm, A.; Hartmut, G.; Ordloff, D. Working times and milking capacity in Swingover Parlours. Landtechnik
2004, 6, 42–343.

24. Herd, D.; Seufert, H. Work organization in large parallel or herringbone milking Parlours. Landtechnik 2007,
2, 110–111.

25. Smith, J.F.; Armstrong, D.V.; Gamroth, M.J.; Martin, J.G. Planning the milking center in expanding dairies. J.
Dairy Sci. 1997, 80, 1866–1871. [CrossRef]

26. Graeme, A.M.; Reinemann, D.J. Machine Milking; CreateSpace: Scotts Valley, CA, USA, 2014; Volume 1, ISBN
1517603110.

27. Marnet, P.G. Milking procedures and facilities. In Milk and Dairy Products in Human Nutrition: Production,
Composition and Health; Young, W., Park, G., Haenlein, F.W., Eds.; John Wiley and Sons: Hoboken, NJ, USA,
2013; pp. 46–64. [CrossRef]

28. Douphrate, D.I.; Hagevoort, G.R.; Nonnenmann, M.W.; Kolstrup, C.L.; Reynolds, S.J.; Jakob, M.; Kinsel, M.
The dairy industry: A brief description of production practices, trends, and farm characteristics around the
world. J. Agromedicine 2013, 18, 187–197. [CrossRef]

29. Sturaro, E.; Marchiori, E.; Cocca, G.; Penasa, M.; Ramanzin, M.; Bittante, G. Dairy systems in mountainous
areas: Farm animal biodiversity, milk production and destination, and land use. Livest. Sci. 2013, 158,
157–168. [CrossRef]

30. Petersen, M.L.; Hansen, B.; Young, W.; Miller, K.P. Rates of milk flow and milking times resulting from
selection for milk yield. J. Dairy Sci. 1986, 69, 556–563. [CrossRef]

31. Markos, H.G.; Touchberry, R.W. Heritability of rates of milk flow and time required to milk. J. Dairy Sci.
1970, 53, 188–194. [CrossRef]

32. Appleman, R.D.; Micke, C.F. Relationships of milking systems to adequacy of milking. J. Dairy Sci. 1973, 56,
1450–1458. [CrossRef]

33. Touchberry, R.W.; Markos, H. G Variations in the time required to milk cows. J. Dairy Sci. 1970, 53, 176–187.
[CrossRef]

34. Tamburini, A.; Sandrucci, A.; Nicoletti, C.; Zanini, L. Milking procedures and milk ejection in Italian Brown
cows. Ital. J. Anim. Sci. 2007, 6 Suppl. 1, 478–480. [CrossRef]

35. Raussi, S. Human-cattle interactions in group housing. Appl. Anim. Behav. Sci. 2003, 80, 245–262. [CrossRef]
36. Vanbergue, E.; Peyraud, J.L.; Ferlay, A.; Miranda, G.; Martin, P.; Hurtaud, C. Effects of feeding level, type of

forage and milking time on milk lipolytic system in dairy cows. Livest. Sci. 2018, 217, 116–126. [CrossRef]

http://dx.doi.org/10.3168/jds.S0022-0302(01)74630-9
http://dx.doi.org/10.3168/jds.S0022-0302(97)76194-0
http://dx.doi.org/10.13031/2013.19424
http://dx.doi.org/10.3168/jds.S0022-0302(06)72495-X
http://dx.doi.org/10.3168/jds.S0022-0302(97)76122-8
http://dx.doi.org/10.1002/9781118534168.ch3
http://dx.doi.org/10.1080/1059924X.2013.796901
http://dx.doi.org/10.1016/j.livsci.2013.09.011
http://dx.doi.org/10.3168/jds.S0022-0302(86)80438-6
http://dx.doi.org/10.3168/jds.S0022-0302(70)86178-1
http://dx.doi.org/10.3168/jds.S0022-0302(73)85382-2
http://dx.doi.org/10.3168/jds.S0022-0302(70)86177-X
http://dx.doi.org/10.4081/ijas.2007.1s.478
http://dx.doi.org/10.1016/S0168-1591(02)00213-7
http://dx.doi.org/10.1016/j.livsci.2018.09.019


Animals 2020, 10, 795 17 of 17

37. Bachman, K.C.; Hayen, M.J.; Morse, D.; Wilcox, C.J. Effect of pregnancy, milk yield, and somatic cell count on
bovine milk fat hydrolysis. J. Dairy Sci. 1988, 71, 925–931. [CrossRef]

38. Peychev, K.; Georgiev, D.; Dineva, G.; Dimova, V. Structure-time analysis and development of dairy cows
machine milking models in “Herringbone” milking parlors. Bulg. J. Agric. Sci. 2019, 25, 196–200.

39. Smith, J.F.; Harner, J., III; Armstrong, D.V.; Fuhrmann, T.; Gamroth, M.J.; Brouk, M.J.; Reid, D.A.; Bray, D.
Selecting and managing your milking facility. In Proceedings of the VI Western Dairy Management
Conference, Reno, NV, USA, 12–14 March 2003; pp. 119–131.

40. CRPA (Centro Ricerche Produzioni Animali). Strutture, Attrezzature e Impianti Per Vacche Da Latte;
L’Informatore Agrario: Verona, Italy, 2002; ISBN 8872201705.

41. Rasmussen, M.D. Influence of switch level of automatic cluster removers on milking performance and udder
health. J. Dairy Res. 1993, 60, 287–297. [CrossRef] [PubMed]

42. Carreira, X.C.; Marino, R.A.; Perez-Cancio, X.; Fernandez, M.E. Design of algorithms for evaluating the
efficiency of labour and variability of some group milking parlour parameters. Livest. Sci. 2013, 151, 252–263.
[CrossRef]

43. Boettcher, P. Breeding for improvement of functional traits in dairy cattle. Ital. J. Anim. Sci. 2005, 4, 7–16.
[CrossRef]

44. Hamann, J.; Osteras, O.; Mayntz, M.; Woyke, W. Functional parameters of milking units with regard to
teat tissue treatment. In Teat Tissue Reactions to Machine Milking and New Infection Risk; Bulletin of the IDF
(International Dairy Federation) No. 297/1994; IDF: Brussels, Belgium, 1994; pp. 23–34.

45. Chambliss, R.L., Jr. Labor and Capital Requirements in Herringbone and other Elevated Stall Milking Parlors;
Virginia Agricultural Experiment Station, Virginia Polytechnic Institute: Blacksburg, VA, USA, 1962; p. 46.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3168/jds.S0022-0302(88)79638-1
http://dx.doi.org/10.1017/S0022029900027631
http://www.ncbi.nlm.nih.gov/pubmed/8376630
http://dx.doi.org/10.1016/j.livsci.2012.11.012
http://dx.doi.org/10.4081/ijas.2005.3s.7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Preliminary Assumptions 
	Milking Extraction Time (Milk Flow Time) 
	Milking Routine: Definitions 
	Inspected Milking Systems: Tethering Cows 
	Inspected Milking Systems: Little Parlors 
	Tandem (Side-Opening) and Autotandem 
	Herringbone 
	Parallel 

	Study of the Models 
	Data Elaboration 

	Results 
	Tie-Stalls 
	Trolley 
	Bucket 
	Milk-Line 

	Parlor 
	Autotandem (Side-Open) with Automatic Milking Cluster Removal 
	Herringbone and Parallel Parlors 

	The Examined Dairy Farms 
	Tie-Stall Dairy Farms 
	Dairy Farms with Parlors 
	Differences in the Observed Routines 


	Discussion 
	Tie-Stall 
	Herringbone and Parallel Parlors 

	Conclusions 
	References

