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ABSTRACT

Milking characteristics differ between the 4 quar-
ters of a dairy cow udder. In particular, milking time 
is mostly prolonged in hind quarters compared with 
front quarters because of the usually higher amount of 
stored milk. The standard milking routine (STDMR) 
in both conventional and automatic milking systems 
(AMS) consists of teat preparation of all 4 quarters, 
followed by attachment of the 4 teat cups, regardless of 
the distribution of milk between quarters. In the cur-
rent study, an alternative teat preparation and milking 
routine (ALTMR) in AMS was tested, which consisted 
of cleaning and starting the milking of hind teats before 
cleaning and attachment of front teats. The hypothesis 
was based on the fact that hind quarters have usually 
a longer milking time than front quarters. Starting the 
milking of hind quarters while the front teats are being 
cleaned may reduce the difference in the end of milking 
between front and hind quarters and thus reduce total 
milking time. Both routines were tested on 5 Swedish 
dairy farms equipped with AMS in a 4-wk experiment 
in which treatments were alternated weekly. Total milk 
yield did not differ between treatments. Machine-on 
time (MOT) was longer in ALTMR than in STDMR 
because the difference in milking time between hind 
and front quarters was less than the time needed to 
prepare the front teats. However, the longer MOT in 
ALTMR was compensated by a shorter total prepara-
tion time, including the attachment of the first teat 
cup, as only the hind teats (instead of all 4 teats) were 
cleaned before milking was started. This resulted in a 
similar total milking time from start of cleaning of the 
first quarter until the end of milking of the last quarter 
in both treatments. Because of the prolonged MOT, 
average milk flow rate was lower in ALTMR than 
STDMR. Peak flow rate was higher in ALTMR than 

STDMR, but only in teat cups 1 (first attached, hind 
quarter) and 3 (third attached, front quarter), whereas 
main milk flow was higher in ALTMR than STDMR in 
both front quarters. In conclusion, splitting teat clean-
ing and the start of milking between hind and front 
quarters does not prolong total milking time, including 
teat cleaning. The partially positive effect on peak and 
main milk flow indicates that the ALTMR is a suit-
able milking routine in AMS. In herds with a greater 
difference of milk stored in hind compared with front 
quarters, a reduced total milking time can be expected 
for ALTMR.
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Technical Note

In both conventional and automatic milking systems 
(AMS), all 4 teats are usually cleaned and pre-stimu-
lated before teat cup attachment and start of milking. 
However, milking characteristics differ between the 4 
quarters of an individual cow. In particular, milking 
time is usually longer in hind quarters than in front 
quarters due to the difference of stored milk (~43% in 
front and ~57% in rear quarters, respectively; Wellnitz 
et al., 1999). This difference is only partially compen-
sated by a slightly higher milk flow rate in the hind 
quarters (Rothenanger et al., 1995; Weiss et al., 2004).

The lag time from start of pre-stimulation until milk 
ejection depends on the degree of udder filling and is 
less than 1 min in a full udder but can last up to several 
minutes if only a small amount of milk is stored in the 
udder (Bruckmaier and Hilger, 2001). A tactile udder 
preparation of just 15 s is sufficient to induce oxyto-
cin release and therefore milk ejection (Kaskous and 
Bruckmaier, 2011). If the degree of udder filling is low, 
however, up to 1 min should elapse from the beginning 
of the tactile stimulation until teat cup attachment 
to ensure the occurrence of milk ejection immediately 
when the vacuum is generated at the teat (Kaskous 
and Bruckmaier, 2011; Vetter et al., 2014). In AMS, 
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there is always a short latency period after cleaning and 
before teat cup attachment due to the necessary change 
from cleaning device to regular teat cup (Dzidic et al., 
2004; Macuhová et al., 2004). Therefore, the cleaning 
of only 2 teats before attachment might be a suitable 
combination of tactile stimulation and latency period 
to ensure milk ejection at the start of milking even 
at a low degree of udder filling due to short milking 
intervals (Bruckmaier and Hilger, 2001).

Because of the expected longer milking time in hind 
than in front quarters (Rothenanger et al., 1995), we in-
vestigated the suitability of an alternative attachment 
strategy (ALTMR), in which the 2 hind teats are 
cleaned and attached before cleaning and attachment 
of the front teats. We tested the hypothesis that this 
modification of the milking routine leads to a reduced 
total milking time from the start of cleaning of the first 
teat until teat cup detachment of the last teat in AMS. 
The reduced total milking time for individual cows may 
increase the efficiency of the AMS; that is, more cows 
can be milked during a defined time period.

On each of 5 dairy farms in Sweden equipped with 
AMS (VMS, DeLaval SA, Tumba, Sweden), we per-
formed a 4-wk experiment. In total, 864 dairy cows 
(419 Swedish Red, 445 Holstein) were involved in the 
study. Cows were kept in loose housing and were be-
tween 2 and 706 DIM of their first to ninth lactation 
with a daily milk production of 3 to 52 kg.

Two different teat preparation and attachment rou-
tines were tested. The treatments switched every 7 to 
8 d throughout the experimental period; that is, each 
treatment was used during 2 weekly periods on each 
farm. The cows had continuous access to the AMS. 
The standard milking routine (STDMR) comprised 
teat cleaning and attachment procedures as usually 
conducted on farms in the field. The cleaning, premilk-
ing, and drying phase during the preparation process 
of the udder was conducted with warm water and air 
in a separate cleaning cup with the usual settings of 
the used milking system (Dzidic et al., 2004). The se-
quence of events is shown in Figure 1. Preparation time 
(PrepTime) includes the cleaning of the teats and 
lasts until the first quarter starts milking. Thus, remov-
ing the cleaning cup, locating the first teat, and attach-
ing the first teat is included. Therefore, the recorded 
PrepTime is more than just preparation, and this ad-
ditional time is similar in both treatments. In STDMR 
(Figure 1a), the cleaning cup always started with the 
front teat closest to the robotic arm, which was called 
the “inner front” teat (IF). This was either the left or 
the right front teat depending on which side of the cow 
the robotic arm was installed. Then, the inner hind 
teat (IH) was cleaned, followed by the outer front teat 
(OF) and finally the outer hind teat (OH). The attach-

ment sequence of milking teat cups was IH > OH > IF 
> OF. Detachment was individually controlled by the 
milk flow rate of each quarter. The default threshold 
level of detachment for each quarter was set at 200 g/
min. In ALTMR (Figure 1b), the hind teats were both 
cleaned, followed by teat cup attachment and start of 
milking in these 2 quarters. After that, the front teats 
were cleaned, teat cups attached, and milking started.

Milking characteristics were recorded by Milk Sta-
tion Software 16.1Alfa (2007 and 2010), which is avail-
able as software for the DeLaval VMS. Recorded and 
calculated parameters are listed and defined in Table 
1. After elimination of milkings with kickoffs (ap-
proximately 10%) and other irregular events, as well 
as incomplete data sets, 21,788 milking events were 
used for the statistical data evaluation. Data are pre-
sented as arithmetic means and standard errors of the 
mean (SEM), and SAS software (ed. 9.4; SAS Institute 
Inc., Cary, NC) was used for statistical analysis. The 
UNIVARIATE procedure was used for descriptive sta-
tistics and to test for normal distribution of the data. 
Parameters without proof of normal distribution were 
logarithmized before used in the ANOVA. The MIXED 
procedure was used to test for significant differences 
between ALTMR and STDMR. The models analyzed 
total milk yield (TMY), PrepTime, machine-on time 
(MOT), and average milk flow (AMF) at the level of 
the individual milking. For main milk flow (MMF) and 
peak flow rate (PFR), separate models were run for 
each quarter. Clustering at the level of the individual 
cow and farm was accounted for by including farm and 
cow number as random effects, respectively. Treatment 
(ALTMR and STDMR) and lactation number (grouped 
into <third lactation, third and fourth lactations, and 
>fourth lactation) were analyzed as fixed effects. The 
interaction between treatment and lactation group was 
also tested but was not significant for any of the model 
outcomes. To test for specific effects of expected low 
udder filling statistical analyses were additionally con-
ducted for subgroups of cows with milking intervals of 
>3 to <6 h but a TMY of at least 3 kg.

Results of milking are shown in Table 2. As expected, 
TMY did not differ between the 2 treatments. Obvi-
ously, even the shorter PrepTime in ALTMR provided 
a sufficient stimulation time on the teats to induce 
oxytocin release and milk ejection. Furthermore, in 
the present study, the statistical analysis of milkings 
with expected low degree of udder filling did not show 
any difference in milking characteristics between the 2 
treatments. This may be due to the additional latency 
period between cleaning and attachment of the first 
teat cup (Rasmussen et al., 1992; Kaskous and Bruck-
maier, 2011; Vetter et al., 2014). It has been shown 
before that a teat preparation procedure as short as 15 
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