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Simple Summary: In the literature reviewed, there were no studies about how automatic mechanical
stimulation affects milking efficiency and teat-end status in dairy goats. Three experiments were
performed at the onset, middle, and end of lactation on Murciano-Granadina goats. In each exper-
iment, milking with and without previous mechanical stimulation was tested. Milk fractioning,
milking time, milk flows, and teat-end status assessed by ultrasonography and vacuum levels in
the short milk tubes and short pulsation tubes were registered. Results showed that, conversely to
dairy cows, investing in equipment for performing mechanical prestimulation in dairy goats is not
needed, as it did not offer any advantage regarding the above mentioned variables.

Abstract: Experiments carried out in dairy cows show that mechanical stimulation prior to milking
offers a good release of oxytocin without involving changes in milk yield or a reduction of the
milking time. The objective of the present study was to evaluate the effect of automatic prestimulation
on milk fractioning, milking duration and milk flows, teat-end status, and vacuum levels at the
short milk tubes and in the pulsation tubes of dairy goats. With this aim, three experiments in Latin
square design were developed employing goats in different moments of the lactation: one of them
at the onset of lactation, one at mid-lactation, and the last at the end of lactation. Two treatments
were tested: milking with a mechanical prestimulation of 300 ppm for a 20-s period and milking
without prestimulation. Results showed that prestimulation at the end of lactation showed slightly
lower average milk flow (kg/min) values (0.53 ± 0.02 vs. 0.60 ± 0.02; p = 0.03) and lower maximum
vacuum level values (Kpa) in the pulsation tubes (27.08 ± 0.15 vs. 39.48 ± 0.25; p < 0.01). No other
differences were found in the variables related to milking efficiency or teat-end status in the three
experiments carried out.

Keywords: milk fractioning; Murciano-Granadina goats; mechanical prestimulation; teat condition

1. Introduction

Stimulation of the udder previous to milking is the common way to produce a good
release of oxytocin and, therefore, entailing higher average milk flow, faster milkings,
better emptying of the mammary gland, and better teat condition, improving the milk-
ing performance of the animals and, moreover, the optimal level of animal welfare [1].
Stimulation of the udder can be done by different methods: hand milking [2], suckling
of the calf [3], or even vaginal stimulation [4]. The most common method of prestimu-
lation includes forestripping of each teat and cleaning each teat with individual towels.
As these operations involve investments in labor and time, some authors recommend that,
in some situations, to achieve the greatest milking efficiency, clusters should be attached
immediately without premilking stimulation [5].
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Nowadays, in small ruminants, common milking routines include cluster attachment
without preparation of the udder, machine milking, brief machine stripping, and cluster de-
tachment [6]. Some authors [7,8] have even proposed elimination of the machine-stripping
phase in those particular breeds selected for their milkability [9]. This reduction time would
even be also enhanced with the implementation of automatic cluster removers [10].

As cisternal milk fraction of small ruminants can range from 40% in sheep [9] to
82% in goats [11] so, in these species, milking can begin without oxytocin release prior
to milking [9]. In the other hand, lack of oxytocin-mediated milk ejection limits lactation
persistency, potentially involving a loss of about 35% of the milk of the entire lactation [12].
It is also important in small ruminants to recuperate the last alveolar milk fraction, as it can
contain up to 75% of the milk fat [12]. Recent studies carried out in Murciano-Granadina
breed goats showed that daily values of residual milk in this breed can range from 112 [13]
to 314 g [14]. Thus, any advance in getting a better milk yield from the animals could be
decisive in the profitability of farms.

In recent decades, the level of automations implemented in milking machines has
significantly increased [6,15–17]. In this line of work, milking machine manufacturers have
implemented new generation pulsators with the option of practicing automatic stimulation
of the teats. This automatic stimulation includes an elevation of the pulsation rate, up to
300 ppm for a period of 20–90 s, during the first part of the milking, just after milking units
are attached [18]. The use of automatic prestimulation has been described as a favorable
option to ensure a good release of oxytocin, improving the milking performance of dairy
cows [19]. The use of automatic prestimulation in dairy cows can offer an increase in milk
flow rate [20] and a reduction of machine-on time [21].

Experiments carried out in Saanen goats showed that manual prestimulation offered
an enhancing of milk yield in late lactation and a daily reduction of 50 g in stripping yield
in mid-lactation [22]. Another study found a delay in milk flow to reach 500 g/min after
cluster attachment [23]. Another study performed in Alpine goats showed that manual
prestimulation of 30 s resulted in higher average and peak flow rate, shortest milking time,
highest milk yield, and lowest stripping [24]. Considering these latter results, automatic
prestimulation in Murciano-Granadina goats can be a very profitable option to improve
milking efficiency and reduce the residual milk fraction without time losses, as milkers did
not have to handle the goats one by one, as would be the case in manual prestimulation.

To our knowledge, in the literature there are no experiments regarding automatic
stimulation in dairy goats. The aim of this study was to evaluate the effect of automatic
prestimulation on milking efficiency (milk fractioning, milking duration, and milk flows),
teat-end status of dairy goats, and vacuum level at the short milk tube (maximum, mini-
mum, average, and vacuum drops) of dairy goats during onset, mid-, and end of lactation.

2. Materials and Methods
2.1. Facilities and Animal Handling

The experiments were carried out at the research and teaching farm of the Escuela
Politécnica Superior de Orihuela (Universidad Miguel Hernández de Elche, Spain). The In-
stitutional Animal Care and Use Committee (IACUC) of this university approved the refer-
enced Animal Use (UMH.DTA.JDS.001.09). A GeaFarm Technologies (Bönen, Germany)
low line milking machine in a Casse 1 × 12 × 12 milking parlor was used. The parlor
was equipped with a new-generation pulsator (StimoPuls Apex M, GeaFarm Technologies,
Bönen, Germany), allowing automatic stimulation. Stimulation consisted of an elevation
of the pulsation rate, up to 300 ppm for a 20-s period, during the first part of the milking,
just after the milking units were attached. The milking units were equipped with TopFlow
teatcups (GeaFarm Technologies, Bönen, Germany), short milk tubes with internal diameter
of 10 mm, and 1-m -long milk tubes with internal diameter of 14 mm. Milking parameters
were: system vacuum of 40 kPa, pulsation rate of 90 cycles/min, and pulsation ratio of
60:40. Milking was carried out once a day, as usual in this breed in Southeastern Spain,
at 9:00 a.m. The milking routine included cluster attachment, machine milking, and auto-
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matic cluster removal at the end of the milking. If a teatcup falloff was observed during
milking, it was immediately reattached. Finally, teats were immersed in an iodine solution
(Proactive, DeLaval, Tumba, Sweden). Automatic cluster removers were programmed with
a minimum milking time of 50 s, a milk flow threshold of 150 g/min, and a delay time of
10 s [25]. No manual stimulation for cleaning procedures previous to cluster attachment
was performed.

2.2. Experimental Design

Three identical experiments were carried out as three distinct Latin squares: one of
them at the onset of lactation (3rd ± 1 week post-partum), one at mid-lactation
(18th ± 1 week post-partum), and the other at the end of lactation (29th ± 1 week post-
partum). The duration of each experiment was eight days (two periods of four days’
duration) and the animals enrolled in each experiment were different: n = 68 goats
(n = 52 multiparous and n = 16 primiparous) in the first experiment, n = 46 goats
(n = 34 multiparous and n = 12 primiparous) in the second, and n = 42 goats
(n = 34 multiparous and n = 8 primiparous) in the third. The average weight of the goats
was 50 kg and parities ranged from 1 to 5. Goats during lactation were fed twice a day
with 1500 g/day per animal of cereal mixture (corn 23%, barley 21%, beet pulp dried 14%,
oat groats 13%, soybean meal 9.2%, peas 8%, sunflower seeds 3.3%, sunflower meal 3%,
orange pulp dried 4.8%, salt 0.4%, and soybean oil 0.3%; DM (Dry matter) 87.2%) and
1000 g/day per animal of alfalfa hay (DM 89.3%). Straw and water were offered ad libitum.
No pregnant goats were used in these experiments.

Pre-experimental sampling was carried out beforehand to know the pre-experimental
conditions and select the goats enrolled in each of the three experiments. The variables
recorded were milking duration, machine milk, hand stripping milk, residual milk,
maximum and average milk emission flow, and udder health status (see Section 2.3).
The goats selected had a milk yield of over 1 kg at the onset and mid-lactation or 0.5 kg
at the end of lactation, respectively, with milking time lower than 6 min, and without
clinical mastitis. Milk yield and milking duration (mean ± sd) of the goats selected for
each experiment were, respectively, 3.06 ± 0.77 kg and 246 ± 85 s at the onset of lactation,
2.19 ± 0.51 kg and 221 ± 57 s at mid-lactation, and, finally, 1.26 ± 0.31 kg and 151 ± 45 s at
the end of lactation. Selected animals were split into two groups with similar characteristics
in terms of parity, machine milk yield, milking time, and udder health status (same number
of subclinical mastitis animals in every group). Before each experiment, in order to accli-
mate the animals to the new group and pen, both groups were milked with normal milking
during a four-day acclimation period. Later, during the experimental period, each group
was milked with a treatment (normal milking or milking with automatic prestimulation) for
four days: the first two days to accustom the animals to the treatment (adaptation period),
a third day to record milking efficiency variables (sampling day), and the fourth day to
record teat end condition variables (sampling day), whereupon animals were switched to
another treatment and the procedure was repeated (Figure 1).
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Figure 1. Schedule of each of the three experiments developed at the onset of lactation, at mid-lactation, and at the end of
lactation according to the type of milking and the period within each experiment.

2.3. Variables Analyzed
2.3.1. Efficiency of Milking (Milk Fractioning, Milking Duration, and Milk Flows)

Milking routine during this sampling day included: attaching the teatcups, auto-
matic prestimulation according to experimental design, machine milking (recording of
machine milk and milking duration), automatic cluster removal, hand stripping (recording
hand stripping milk), and recording of residual milk after application of 4 IU oxytocin
(Dalmatocina®, Fatro Ibérica, Barcelona, Spain). Finally, teats were immersed in an iodine
solution. Machine milk (kg) was the amount milked in the period from teatcup attach-
ment to teatcup detachment, carried out by an experienced milker. This variable and
average (kg/min) and maximum (kg/min) milk flows during the main milking phase
were registered using Lactocorder® devices (Lactocorder, Balgach, Switzerland). Milking
duration (min) was the time required to obtain machine milk and was registered using a
digital chronometer (HS–70W, Casio®, Tokyo, Japan). Hand stripping milk (g) and resid-
ual milk (g) were weighed with a digital device with ± 1 g precision (BC-200, Fagor®,
Mondragón, Spain).

2.3.2. Sanitary Status of the Mammary Gland

Milk samples were taken by hand from each mammary gland before milking. For bac-
teriological analysis, foremilk was discarded, the teats were cleaned with 70% alcohol,
and 5-mL samples of milk were taken. For somatic cell count (SCC) analysis, 50-mL sam-
ples of milk were taken and azidiol was added to them. The evaluation of the mammary
gland health status of the goats in the three pre-experimental periods was developed to
include the same number of animals with subclinical mastitis in both groups according the
procedures of Bueso-Ródenas et al. [13].

2.3.3. Teat-End Status

To study the teat-end status of the goats, a portable ultrasound device (Agroscan AL,
ECM, Noveko International Inc., Angoulême, France) was used. During the experiment
performed at the onset of lactation, ultrasound scans of the right teat of each animal were
performed before and after milking with a linear probe at 5 MHz frequency and 8 cm
depth [26]. The sonographic images obtained were recorded and digitally scanned with
Real DVD Studio Gold software (NPG Technology, Madrid, Spain). Later, video editor
software (Ulead Video Studio, Corel, Ottawa, ON, Canada) was used to take a frame of
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the sagittal plane of the teat end at the level of the teat sphincter. Finally, another software
suite (Ecopezón, Universidad Miguel Hernández de Elche, Elche, Spain) was used to
measure the following variables: (1) teat wall thickness (TWT, cm): two lines (lines A and
B) were traced along the middle axis of the two teat walls and at 1 cm a line was drawn
perpendicular to it, measuring the width of each wall (upper and lower) to obtain the mean
value of both measurements; (2) teat-end area (TEA, cm2): area from the inner to the outer
end of the teat canal; (3) teat wall area (TWA, cm2): area covering both walls (upper and
lower) to a distance of 1 cm from the teat end, including the teat-end area; (4) teat canal
length (TCL, cm): distance from the inside to the outside of the teat canal. From the values
recorded in the scans before the cluster attachment and after their removal, the percentage
increase of each variable was computed according to the following mathematical formula:
Increase % = ((Value after milking–Value before milking)/ Value before milking)) × 100.
The new variables were: increase of teat wall thickness (ITWT, %), increase of teat wall area
(ITWA, %), increase of teat-end area (ITEA, %), and, increase of teat canal length (ITCL, %).

2.3.4. Vacuum Level Variables and Pulsation Tests

During the experiment performed at the onset of lactation, the variables related to the
variation of vacuum level were recorded using a Vadia® device (Biocontrol®, Rakkestad,
Norway). Twenty vacuum level measurements within each of the groups were recorded
in random goats. The vacuum level measurements were performed in the short milk
tubes (SMT) and in the short pulsation tubes (SPT) during (1) the first 20 s after the
cluster attachment, which included the stimulation phase in the control group, and (2)
the main milking phase in both groups. Variables recorded were maximum vacuum level
(kPa), average vacuum level (kPa), and minimum vacuum level (kPa). From the values
of maximum vacuum level, average vacuum level and minimum vacuum level during
measurements in the SMT and in the SPT, vacuum drop in the SMT (maximum vacuum
level in the SMT—minimum vacuum level in the SMT, kPa), difference in maximum
vacuum level (DifMaxVL, maximum vacuum level in the SMT—maximum vacuum level
in the SPT), and difference in average vacuum level (DifAvgVL, average vacuum level
in the SMT—average vacuum level in the SPT) were calculated. These previous two
variables were used as an estimation of the vacuum level difference between both parts of
the liner. During the experiment performed at the onset of lactation, the pulsation tests
were carried out during (1) stimulation and (2) normal milking with a Pulsotest Comfort
(GeaFarm Technologies, Bönen, Germany) device (response rate of 1500 kPa/s when
directly connected to the pulsator [27] and set at a sampling rate frequency of 166.7 Hz).
Variables recorded were duration of A-phase duration, of B-phase duration, of C-phase,
and duration of D-phase (all of them expressed as percentage of the pulsation cycle and
time in ms).

2.4. Statistical Analysis

To determine whether there were differences between the groups of animals at the
onset of the three experiments, a general linear model was applied (Proc. GLM, SAS 9.2.,
2012). Dependent variables were milking duration, machine milk, hand stripping milk,
residual milk, and maximum and average milk emission flow. The fixed effect considered
was the animal group (1 or 2). For each experiment, the relationship between the vari-
ables related to milking efficiency (milking duration, machine milk, hand stripping milk,
residual milk, and maximum and average milk emission flow) and teat-end condition
(ITWT, ITWA, ITEA, ITCL) with the treatment applied (with automatic stimulation or
without it) was studied using a general mixed model (Proc. Glimmix, SAS 9.2., 2012).
Fixed effects considered were the treatment and the period in each experiment (period one
and period two). For milking duration, the machine milk was added as covariable. Interac-
tion between the period in each experiment and the treatment was not significant for any
variable and was discarded from the final model. For every variable, the individual goat
was considered the random term. The model using this hierarchical structure provided
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the best fit for the data when compared to different models considering other covariance
and hierarchical structures (as assessed using Bayesian and Akaike information criteria).
The effect of the treatment on the maximum, minimum, and average vacuum levels in
SMT and SPT, vacuum drops, DifMaxVL, and DifAvgVL was analyzed using a general
linear mixed model (Proc. GLM, SAS, 9.2., 2012), considering the treatment applied (with
automatic stimulation or without it), the moment at which measurements were taken (first
20 s after cluster attachment or main milking phase), and the interaction between both,
as fixed effects. Finally, the effect of the treatment on the pulsation tests’ variables (duration
of A-phase, duration of B-phase, duration of C-phase, and duration of D-phase; all of
them expressed as percentage of the pulsation cycle and time in ms) was analyzed using a
general linear mixed model (Proc. GLM, SAS, 9.2., 2012), considering the treatment applied
(with automatic stimulation or without it) as fixed effect.

3. Results

There were no significant differences between groups of animals during the three pre-
experimental periods for any of the variables analyzed (milking duration, machine milk,
hand stripping milk, residual milk, maximum and average milk emission flows, p > 0.05).
The evaluation of the mammary gland health status of the goats in the three pre-experimental
periods showed that at the beginning of lactation there were n = 6 goats with subclinical
mastitis (three per group), n = 4 in mid-lactation (two per group), and n = 4 at the end of
lactation (two per group). During the experimental periods, the statistical analysis showed
that at the beginning of lactation there were no effects of the treatment or the period in each
experiment (period one or period two) on the milk fractioning, milking duration, or milk
flows (p > 0.05). In mid-lactation, the period in each experiment had an effect on milking
duration (p = 0.02) and average milk flow (p = 0.03). At the end of lactation, the treatment
applied had an effect on average milk flow (p = 0.04). Thus, values of the variables regarding
milking efficiency did not differ among treatments during the onset of lactation or in mid-
lactation. The only differenc. was at the end of lactation, where the milking with automatic
previous stimulation showed significant lower values of average milk flow with differ-
ences up to 0.07 kg/min (0.53 ± 0.02 vs 0.60 ± 0.02, Table 1). Notwithstanding this fact,
values for milking duration and machine milk were similar (147 ± 10 s vs. 157 ± 10 s and
1.24 ± 0.06 kg vs. 1.22 ± 0.06 kg, respectively). Moreover, none of the effects studied was
significant (p > 0.05) on teat-end status variables (ITWT, ITEA, ITWA, ITCL); thus, values of
these variables did not differ among treatments (Table 2).

Regarding variables related to vacuum levels in the SMT, none of the effects studied
affected the average vacuum level and maximum vacuum level variables, so no differences
between milking treatments or times were found. However, during the 20 s of stimulation,
higher values for minimum vacuum level (difference of 3.81 KPa) were found, which im-
plied that during stimulation the vacuum drop values (difference of 3.83 KPa) were lower.
A similar situation was shown in the vacuum levels of the SPT. During stimulation,
average and maximum vacuum levels in pulsation tubes were significantly lower than in
the other treatments or times, with differences of 9.5 and 12.4 KPa, respectively. The most
relevant results were found when the differences in vacuum level between the two parts of
the liner were calculated. Previous stimulation offered much higher significant values of
DifMaxVL and DifAvgVL (difference of 12.3 and 9.55 KPa, respectively, Table 3).

Values of the pulsation tests revealed that stimulation at 300 cycles/min, compared to
normal milking at 90 cycles/min, affected not only duration of the pulsation phases ex-
pressed in ms, as expected, but also the corresponding percentage of each phase (A, B, C, D)
in the single pulsation cycle. Regarding the complete pulsation cycle (100%) A-phase dur-
ing stimulation showed an absolute difference of +5.5%; B-phase, −1%; C-phase, +8.2%;
and D-phase, −12.7%. This last result implied that D-phase during stimulation was short-
ened to only 28.57 ms (179.18 ms in normal milking, Table 4).
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Table 1. Effect of the treatment (normal milking vs. milking with automatic prestimulation) on variables related to milking
efficiency in Murciano-Granadina goats on three moments of the lactation (least square means ± standard error of the mean).

Variable Normal Milking Automatic Prestimulation SEM Significance Level

Experiment 1: Onset of lactation
Machine Milk (Kg) 3.05 3.09 0.11 0.44

Hand Stripping Milk (g) 205 213 27 0.72
Residual Milk (g) 207 219 20 0.53

Milking Duration (s) 252 251 13 0.91
Average Milk Flow (Kg/Min) 0.87 0.87 0.03 0.68

Maximum Milk Flow (Kg/Min) 1.17 1.17 0.05 0.89

Experiment 2: Mid-lactation
Machine Milk (Kg) 2.18 2.17 0.1 0.95

Hand Stripping Milk (g) 191 158 36 0.39
Residual Milk (g) 129 129 19 0.98

Milking Duration (s) 223 229 12 0.58
Average Milk Flow (Kg/Min) 0.73 0.70 0.03 0.35

Maximum Milk Flow (Kg/Min) 1.01 0.99 0.04 0.68

Experiment 3: End of Lactation
Machine Milk (Kg) 1.24 1.22 0.06 0.58

Hand Stripping Milk (g) 85 73 13 0.24
Residual Milk (g) 125 101 17 0.58

Milking Duration (s) 147 157 10 0.67
Average Milk Flow (Kg/Min) 0.60 a 0.53 b 0.02 0.03

Maximum Milk Flow (Kg/Min) 0.83 0.87 0.03 0.07

Values in the same line with different letters (a, b) differ at p < 0.05.

Table 2. Effect of the treatment (normal milking vs. milking with automatic prestimulation) on
variables related to teat-end status in Murciano-Granadina goats on the onset of lactation (least
square means ± standard error of the mean).

Variable Normal Milking Automatic Prestimulation Significance Level

ITWT (%) 40.36 ± 2.14 43.44 ± 2.12 ns
ITEA (%) 16.11 ± 1.11 15.82 ± 1.10 ns
ITWA (%) 30.73 ± 3.31 31.36 ± 3.27 ns
ITCL (%) 21.14 ± 2.38 24.20 ± 2.36 ns

ITWT: increase in teat wall thickness; ITEA: increase in teat-end area; ITWA: increase in teat wall area;
ITCL: increase in teat canal length; ns: not significant, p > 0.05.

Table 3. Effect of the treatment (normal milking vs. milking with automatic prestimulation) during two moments of
the milking (first 20 s and main milking phase) on variables related to vacuum level during the mechanical milking of
Murciano-Granadina goats on the onset of lactation (least square means ± standard error of the mean).

Treatment Normal Milking Automatic Prestimulation

Moment Moment

Variable First 20 s Main Milking
Phase First 20 s Main

Milking Phase
Significance

Level

AvgVLSMT 38.27 ± 0.15 38.35 ± 0.11 38.45 ± 0.11 38.41 ± 0.06 ns
MinVLSMT 32.23 ± 1.35 a 31.05 ± 0.95 a 34.86 ± 0.88 b 32.35 ± 0.49 a <0.01
MaxVLSMT 39.81 ± 0.11 39.68 ± 0.08 39.66 ± 0.07 39.75 ± 0.04 ns

Vac Drop SMT 7.5 ± 1.35 a,b 8.62 ± 0.96 b 4.79 ± 0.88 a 7.4 ± 0.49 b <0.01
AvgVLPulsation 23.10 ± 0.12 a 23.15 ± 0.08 a 13.65 ± 0.07 b 23.13 ± 0.04 a <0.01
MinVLPulsation 0.01 ± 0.11 a 0.01 ± 0.08 a 0.98 ± 0.07 b 0.01 ± 0.04 a <0.01
MaxVLPulsation 39.48 ± 0.25 39.47 ± 0.18 27.08 ± 0.15 39.34 ± 0.08 <0.01

Average VDiff 15.28 ± 0.15 a 15.26 ± 0.23 a 24.81 ± 0.54 b 15.34 ± 0.46 a <0.01
Maximum VDiff 0.31 ± 0.17 a 0.29 ± 0.18 a 12.59 ± 1.41 b 0.42 ± 0.21 a <0.01

AvgVLSMT: average vacuum level in the short milk tubes; MaxVLSMT: maximum vacuum level in the short milk tubes; MinVLSMT:
Minimum Vacuum Level in the Short Milk Tubes; Vac Drop SMT: Vacuum Drop in the Short Milk Tubes (maximum–minimum vacuum
levels in the short milk tubes) AvVLPulsation: average vacuum level in pulsation tubes; MaxVLPulsation: maximum vacuum level in
pulsation tubes; MinVLPulsation: minimum vacuum level in pulsation tubes; VDiff: vacuum difference between short milk tubes and short
pulsation tubes (estimation of the vacuum difference between both parts of the liners); values in the same line with different letters (a, b)
differ at p < 0.01. Total measurements: 80.
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Table 4. Effect of the treatment (normal milking, 90 cycles per min, vs. milking with automatic
prestimulation, 300 cycles per min) on the pulsation phases during the mechanical milking of
Murciano-Granadina goats on the onset of lactation (least square means ± standard error of the mean).

Pulsation Phases Normal Milking Automatic
Prestimulation Significance Level

A-phase duration (%) 17.12 ± 0.24 a 22.67 ± 0.22 b <0.01
A-phase duration (ms) 113 ± 1.35 a 45.23 ± 1.25 b <0.01
B-phase duration (%) 43.36 ± 0.25 a 42.31 ± 0.23 b <0.01
B-phase duration (ms) 287.95 ± 1.36 a 84.38 ± 1.25 b <0.01
C-phase duration (%) 12.54 ± 0.45 a 20.74 ± 0.42 b <0.01
C-phase duration (ms) 83.27 ± 1.45 a 41.38 ± 1.36 b <0.01
D-phase duration (%) 27.01 ± 0.63 a 14.34 ± 0.58 b <0.01
D-phase duration (ms) 179.18 ± 1.74 a 28.57 ± 1.61 b <0.01

Values in the same line with different letters (a, b) differ at p < 0.01. Total measurements: 80.

4. Discussion

Milk yields observed in this study agree with those observed in other studies con-
ducted in the same goat breed in similar conditions [13]. Machine milk was not affected
by the stimulation in any of the experiments performed. This fact is consistent with the
experiments carried out in cows [4,5,20].

Despite the considerable benefits described in Alpine goats in terms of milking effi-
ciency and milk fractioning [24], in the present study there was no positive effect of the
stimulation on these variables. In another previous study also carried out in goats [22],
practicing manual stimulation in mid-lactation, there was a decrease of stripping milk
(0.15 vs. 0.10 kg, normal milking and manual prestimulation, respectively) but no differ-
ences were found at the onset and end of lactation in other variables. These latter authors
suggested that release of oxytocin was not important for milk removal, but observed an
increase in oxytocin during the stripping phase. It seems that the variability of the proce-
dures carried out during the previous stimulation (manual vs. automatic) and the different
milkability of the breeds (Alpine, Saanen, and Murciano-Granadina) could have had an
influence on the results. For now, it is unclear whether stripping at the end of milking
is necessary or not in goat milking, and the results suggest that there are big differences
between breeds [28]. Studies conducted in Murciano-Granadina goats, comparing routines
including machine stripping and automatic cluster removal without stripping, showed no
differences in milk fractioning, milk composition, or milk yield persistency throughout
lactation [25]. Meanwhile, Canary breed goats have large stripping milking fractions (up to
0.69 kg) and, including the stripping phase in the routine, may have economic significance
for the profitability of farms [29]. In any case, although dairy goats store a great percentage
of their milk in the gland cistern, and, after cluster attachment, milk is available from the
very beginning of the milking process, the release of oxytocin is mandatory to achieve the
maximum yield and fat from the udder, minimizing the amount of residual milk [4,12].
Moreover, this oxytocin release would produce a second peak of milk flow and, if the
oxytocin release happens while the cisternal fraction has not been completely removed,
the cited second milk peak would happen even earlier and the two peaks would be over-
lapped [9], thus increasing milking efficiency. So, although in the present experiment
automatic prestimulation offered no advantages on the milking of Murciano-Granadina
goats, the benefits of an early release of oxytocin should be considered when developing
the milking routine, including calmed surrounding and gentle handling of the animals.

According to ISO standards for small ruminants’ milking [30], B-phase should be
longer than 30% of the pulsation cycle, C-phase shorter than A-phase, and D-phase longer
than 15%. In this sense, prestimulation cycles would breach this last standard, considering
the shortening of the D-phase observed during prestimulation compared to that of normal
milking (14.34% vs. 27.01%, respectively). This fact could have limited the massage effect
of the liner, potentially causing more edema in the teat end, as has been described in
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cows [31]. However, this shortening had no effect on the variables related to teat-end
status after milking. Until now, only milking without automatic cluster removers [32] or
extreme situations such as forced overmilking or old and twisted liners [33] have been
factors affecting teat-end status in small ruminants. The lack of any significant effect of the
treatments on the variables related to teat-end status is also linked to the similarity of the
values for milking duration and average vacuum level at the teat end.

In their experiments on prestimulation in dairy cows, Weiss and Bruckmaier [20]
used different maximum pulsation vacuum levels. These authors found that when ap-
plying a low maximum pulsation vacuum during prestimulation (17 KPa), the milk yield
recorded during this prestimulation period was lower than when high maximum pulsation
vacuum was applied (30 KPa). In the present experiments, maximum pulsation vacuum
recorded during prestimulation was lower (27.08 KPa) than in the control group (39.34 KPa),
which would have limited the extraction of milk during the prestimulation time. At the
beginning of lactation and in mid-lactation, this fact was diluted by greater machine milk
and longer milking duration, but at the end of lactation, when the total milk available and
the milking duration are lower, the variable average milk flow was negatively affected. It is
possible that, during this previous stimulation, due to the difference in maximum vacuum
between the two parts of the liner (12.59 KPa), milking is not so effective, as liners are not
completely open during the milking phase of the pulsation cycles.

Vacuum level values in the SMT were similar among treatments and similar to those
observed in experiments carried out in this breed and milking conditions (40 KPa system
vacuum and low-line installation) [25]. Although the present study was performed as three
short-term experiments and a long-term experiment during a lactation is needed to confirm
this hypothesis, according to previous results of this research group [13], vacuum drops
recorded and the abovementioned lack of significant differences in variables related to
teat-end status, automatic prestimulation would not involve risks for the mammary gland
health status.

5. Conclusions

Milking with previous automatic stimulation in dairy goats did not show any advan-
tage in enhancing the milking efficiency. Moreover, it offered lower average milk flow
values during the end of lactation of the animals without consequences in terms of milking
duration or in milk extracted. In view of the results of this study, including pulsators with
these features when installing milking machines for dairy goats could be a questionable
additional investment.
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