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Abstract

Mechanical milking may be considered of crucial importance in order to achieve maximum milk
production in donkey. The aim of this study was to test the effects of milking pulsator frequencies on
milk yield and milking efficiency. Two groups of donkeys (n. 5) at the 3rd month of lactation, milked
by mechanical milker thrice a day, corresponding to milking pulsator frequency of 90 and 120
cycles/min, were considered. At the 1400 h milking the donkeys were treated with oxytocin after the
milking, and then milked again. Harvested milk and milking time were recorded. The pulsator
frequency of 120 cycles/min increased the average daily milk yield (P<0.01) and milk harvested per
day (+12%), in comparison to 90 cycles/min. The pulsator frequency of 120 cycles/min also affected
the lower milking time (P<0.05) and resulted in the greater milking efficiency (69.0 vs. 55.3%;
P<0.05) in respect to the total milk stocked in the udder as total cisternal and residual milk. The
ultrasound scanning of the udders showed several pockets of ducts empting directly into the teat
instead of a single cisternal cavity.

INTRODUCTION

An increasing interest in recent years has been focusing on the use of donkey’s milk for human
consumption (Chiofalo et al., 2006; D’Alessandro et al., 2010; Martemucci and D’Alessandro, 2012)
as a hypoallergenic substitute in children affected by cow’s milk protein allergy or multiple food
intolerance (Monti et al., 2007; Tesse et al., 2008). Moreover, donkey’s milk seems to be a promising
nutraceutical for aged people due its effects of up-regulation of the immune system (Tafaro et al.,
2007; Amati et al., 2010).

Mechanical milking may be considered of crucial importance in improving milk production due to its
prompt direct and indirect effects on productive aspects (Ambord and Bruckmaier, 2010). The storage
of milk between milkings and its recovery at the time of milking is affected by the anatomy and
morphology of the udder (Labussière, 1988) which varies widely among species. In donkeys, no
information is available on the efficiency of milking in relation to different mechanical milking
pulsator frequencies nor on the characteristics of the udder.

The aim of this study was to test in jennies the effects of milking pulsator frequencies on milk yield
and milking time. The morphological and anatomical characteristics of the udders and teats by direct
measurements and ultrasonographic scanning was also recorded.

MATERIALS AND METHODS

The experiment was carried out in southern Italy (southeastern Murgia, Apulia region, 40°37’20’’
latitude, 60°17’44’’ longitude) on a total of 26 healthy adult jennies of the Martina Franca breed.
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The animals were farmed in a semi-intensive system based on natural grazing and oats integration (2.0
– 2.5 kg/day/head).

The jennies were routinely milked by mechanical milker (42 kPa vacuum, 50:50 pulsator ratio) in the
presence of the foal (D’Alessandro and Martemucci, 2012) thrice a day (at 0800, 1100 and 1400 h).
The experiment lasted 4 weeks. Two groups of donkeys (n. 5) at the 3rd month of lactation,
corresponding to a milking pulsator frequency of 90 and 120 cycles/min, were considered. On the last
3 days of the trial (28th – 30th d), in correspondence of the third daily milking (at 1400 h), the jennies
were treated with oxytocin (40 IU i.m.) (Pitocina 10 IU/mL; Intervet Productions, Aprilia, LT, Italy)
after the milking, and then milked again 5 min after the injection. Before and after the oxytocin
administration, harvested milk and milking time were recorded. The milking time was recorded using
a stopwatch to measure the time (seconds) from the application of the teat cup to the cessation of milk
flow.

Morphological linear measurements of the udders were performed before and after milking on 16
jennies The external linear measurements were: length (the distance between the most cranial and
caudal points of udder attachment at the intramammary groove); width (the distance between the
widest lateral points of the udder); depth (the distance between the abdominal wall at the base of the
udder and the base of the teat.

For 5 jennies, the internal structures of the udder were observed by ultrasonography with 5 / 7.5 MHz
linear array linear probe (Agroscan ALR 575; Foschi, Italy) before and after milking.

All data were analysed using the GLM model for repeated measurements ANOVA (SAS 2000).

RESULTS AND DISCUSSION
The milk fraction released during the mechanical milking was considered to be ‘cisternal’ milk,
although it is known that in the cow, a small amount of alveolar milk typically moves down into the
cisternal sinus after milking (Stelwagen et al., 1996). The milking pulsator frequency of 120
cycles/min affected (P<0.01) the higher daily milk yield per milking in comparison with the frequency
of 90 cycles/min (Fig.  1)  which led to a  significant  increase of  approximately 16% of the total  milk
harvested per day (1,869.1 vs. 1,614.1 mL of 90 cycles/min).
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The milking time and the amount of milk recovered after oxytocin administration were significantly
(P<0.05) lower with the milking performed at 120 cycles/min in comparison with the 90 cycles/min
(Table 1).

Therefore, the frequency of 120 cycles/min resulted in a higher milking efficiency with regard to the
total milk yield, consisting of the amount collected before oxytocin administration plus the amount of
milk collected after oxytocin administration, in comparison with the pulsator frequency of 90
cycles/min (69.1 vs. 54.5%; P<0.05) (Table 1).

The improvements in the quantity of harvested milk and in milking time are in agreement with some
studies in cows (Stewart and Schultz, 1958; Jorgensen and Caruolo, 1963). The amount of milk
fractions after the oxytocin administration found in the jennies udders was in agreement with the
residual milk amount estimated in mares (43%; Džidi , 2004) and higher than that reported in cows
(10 to 30%; Bruckmaier and Blum, 1998).

Table 1. Effects of milking pulsator frequency on the means of time for milking and milk recovery
before and after the oxitocin administration (means ± SD).

PF 90 Cycles/min PF 120 Cycles/min

Animals, n. 5 5

Before Oxytocin

Milking time, sec 86.0 ± 12.2 84.0 ± 8.2

Milk recovery, mL 296.0 ± 52.3 488.0 ± 65.3

After Oxytocin

Milking time, sec 77.0 ± 7.7 70.0 ± 6.5

Milk recovery, mL 354.0 ± 40.2 a 218.0 ± 198.7 b

Total milk recovery, mL 1 650 a 706 b

Efficiency of milking, % 2 54.5 a 69.1 b

1Sum of the milk recovered before and after oxytocin administration.
2Calculated as percentage between the milk recovered before oxytocin administration and the total
milk recovery.

a, b: P<0.05.

In Table 2 are shown the data on the measurements of the udders before and after milking. The most
prevalent shape of the udder was “bowl” in the 89% of of the jennies or “globular” in 11% of jennies.
The size, shape and conformation of the udders of dairy animals are considered fundamental traits for
genetic selection. In donkeys, no information is available on these aspects.

After milking, all the measurements showed a significant (P<0.01) decrease in comparison with the
values obtained before the milking.
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Table 2. Variations of the udder morphological traits in jennies measured before and after milking
(means ± SD).

Time from milking

Before After

Udder length, cm 16.69 ± 1.62 A 13.77 ± 1.16 B

Udder width, cm 11.78 ± 1.83 A 9.39 ± 1.42 B

Udder depth, cm 11.19 ± 1.56 A 9.71 ± 1.62 B

A, B: P<0.01.

The ultrasound images of the mammary glands of the jennies showed several pockets of numerous
ducts empting into the teat instead of a single cisternal cavity like in cow. Moreover, a reduction of the
cisternal areas in the gland after milking was observed.

On the whole, considering the findings of this study relative to the udder anatomy and morphology,
the ability of the udder to stretch between milking, and our previous study (D’Alessandro and
Martemucci, 2012) we may state that jennies udder has a certain “compliance”, which in cow has been
related to the storage of milk (Davis et al., 1998). This explains the increase in the milk yield per
milking obtained by increasing the milking interval from 3 h to 8 h, that has been attributed to the
ability of the cistern to dilate (D’Alessandro and Martemucci, 2012). This is in contrast to the
requirement in equids of a greater number of milkings per day with a shorter interval between the
milkings (2 or 3h) (Doreau and Martuzzi, 2006) due to their low storage capability (2 L in mares)
compared with ruminants (Le Du, 1986).

CONCLUSION

This study shows that in the jenny the use of milking pulsator frequency of 120 cycles/min improved
mechanical milking efficiency resulting in a higher average daily milk yield per head and
consequently milk harvested per day, and in lower the milking time, in comparison with the frequency
of 90 cycles/min.

The ultrasound scanning of the udders showed several pockets of ducts empting directly into the teat
instead of a single cisternal cavity.

The ability of the jennies’s udder to stretch after milking observed in this study, confirm our previous
studies (D’Alessandro and Martemucci, 2012) about the capability of mammary gland to dilate and
permitting an milking interval of 8h.
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