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ABSTRACT

The aim of the field study was to test the performance of the quarter-individual milking machine “StimuLactor”
(ST-C) in a camel farm in Switzerland. Eight one-humped lactating dromedaries were used for this purpose. The
camels were milked twice a day with a unit milking machine-StimuLactor for camels. The setting of the milking
machine was as follows: vacuum level 36 kPa, pulsation rate 90 cycles/min and, pulsation ratio 65/35. In addition,
the milking machine was equipped with sequential pulsation (25% offset quarter to quarter) and the teat cups are
equipped with round silicone liners and an air inlet valve (Bio-Milker). Daily milk yield was recorded over a period
of one year and milk samples were taken for qualitative analysis. The results have shown that after using the new
milking machine no pathogenic bacteria were detected in the milk produced during the trial period. The examined
milk parameters fat, protein, lactose, somatic cell count (SCC) and non-pathogenic bacteria (NPB) were in the
physiological range and the concentration were 3.33%, 2,39%, 4.09%, 79000 cells/ml and 6150 b/ml, respectively.
Finally, milking with StimuLactor has shown very good results, since this milking machine has been adapted to the
anatomical, morphological and physiological characteristics of the camel’s udder.
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Camel milk is still the most important
nutritional source for pastoralists in rural areas in
Asia and Africa. However, in the last 2 decades,
camel milk has been in great demand in Europe
and north America (Dijk, 2021), because camel milk
has several minor components that have special
bioactive properties. These are present at significant
concentrations and are extremely important and
beneficial for human diet and health (Kaskous, 2016;
Kaskous and pfaffl, 2017; Sumaira Shah et al, 2020;
Swelum et al, 2021; Ismail et al, 2022; Behrouz et al,
2022). Therefore, the amount of camel milk needs to
be increased to meet the demand. To increase the milk
yield for each camel and to improve the quality as
well as the safety of raw camel milk, machine milking
must be used instead of hand milking (Hammadi
et al, 2010; Nagy and Juhasz, 2016; Kaskous, 2018).
Nowadays, the development of milking technology
is making great strides. A special modern milking
machine for camels “StimuLactor” (ST-C) was
developed in 2018 by Siliconform, Germany and has
been used in practice since then (Kaskous, 2019a;
2021a; 2023). This new milking technique has not
only improved milk yield and quality, but also the

working conditions for the milkers and the welfare of
the camels (Kaskous, 2023). Fast milking and above
all complete milking is a matter of course in the
StimuLactor milking system. In addition, this new
milking technique was adapted to the morphological,
anatomical and physiological requirements of
camels (Kaskous, 2019a). The aim of this field study
was therefore to demonstrate the efficiency of the
StimuLactor milking machine on a commercial camel
farm.

Materials and Methods

The experiments of this study were conducted
in compliance with the requirements of the Swiss
animal protection and welfare law.

Animals and Housing

Eight one-humped lactating camels from a
commercial camel farm in Switzerland were used.
The camels varied in parity numbers and stages of
lactation. The camels were kept outdoor most of the
time. However, at night and in the cold winter they
were kept in a loose housing system. Camels were fed
primarily on pasture grass and were also provided
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with grass hay and supplements of vitamins and
minerals. Drinking water was administered ad libitum.

Milking Equipment and Properties

The camels were milked twice a day with
a unit milking machine - StimuLactor for camels
(Siliconform, Germany) (Fig 1). The working vacuum
level was 36 kPa and sequential pulsation (25%
offset quarter to quarter) was adopted. The pulsation
rate was 90 cycles per minute and the pulsation
ratio was 65/35 during the milking time. The main
characteristics of the milking machine used were as
follows:

- It was an easily handled and animal- as well as
person-friendly semi-automatic milking system
that differed technically and impressively from
conventional milking machines.

- It was based on a quarter-individual milking
system. This meant that teat cups worked
completely independently of each other (without
a claw).

- The teat cups were equipped with round silicone
liners and an air inlet valve (called Bio-Milker).

- The teat cups could be easily attached to the teat
with one hand. In this way, accidents, or injuries to
the milker during milking were avoided.

- The milking machine milks as the calf suckles, so
the calf did not have to be present during milking.

- Inaddition, the system included a very special pre-
stimulation program and an excellent cleaning and
sanitary process.

The milking routine

The milking routine was performed according
to the usual routine of the farm. This included pre-
milking preparations, in which the teats were cleaned
with a wet udder tissue and afterwards dried with

farm in Switzerland.
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another tissue. Then, each teat cup was individually
or in pairs manually attached to the teats. After this
step, the system was started on the control display
and stimulation began. The system was programmed
to intensively stimulate through a standard pulse
rate (90 cycles/min) and a reduced milking phase
(bphase)of 10 % over a period of 90 s. Simultaneously,
additional stimulation was reached through intensive
movement of the teat cups by an actuator. This
mechanical arm supports the four milk tubes. During
the stimulation phase and the milking phases the arm
moved up and down. This movement was transferred
to the teat cups and made the teats erect. With this
method, the liners apply a vibratory massage to
the udder and teats, like the calf would do during
suckling. After this stimulation phase the main milk
phase began and the milk flow was observed on the
display. When the milk flow decreased to a certain
level, the milking process was automatically stopped
by detaching the milking unit. After all animals had
been milked, the milking system was cleaned.

Milk sampling and milk analysis

Daily milk yields were recorded and milk
samples were taken for qualitative analysis for a
period of one year after the introduction of the new
milking machine. The milk samples were examined
by the animal health service and the Milchpriifring
Bavaria e. V.

Statistical Analysis

For statistical analysis, the SAS program
(version 9.2. SAS Institute Inc.) was used. The results
were presented as arithmetic means and standard
€errors.

Results and Discussion

- Findings of bacteria in the examined milk samples.

The milk analysis has shown that after installing
the new milking machine no pathogenic bacteria
were to be found in the milk produced during the
trial period. These results clearly showed that the
StimuLactor milking machine is adapted to the
camel’s udder. Thus, milking machine design and
function are critical for rapid and efficient removal
of milk without damaging the teat and without
transmitting pathogenic microorganisms that might
cause mastitis. Similar results were shown by Kaskous
(2019a). The milk remained clean and free from
pathogenic bacteria. Furthermore, it has been shown
that the use of machine milking is preferable to hand
milking, since the contamination with pathogenic
bacteria was very high in hand milking compared to
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machine milking (Saleh and Faye, 2011). It has also
been found that improper use of the milking machine,
especially improper use of liners, can damage the
camel’s udder and lead to oedema and promote the
colonisation of Staphylococcus aureus during the time
of machine milking (Juhasz and Nagy, 2008). New
results from Tunisia showed that the use of machine
milking in the field was associated with increased
milk yields but that in also caused an increased
microbial load compared to hand milking (Atigui
et al, 2023). These results emphasise that improper
use of the milking machine has a negative impact
on teat health. Apparently, the good results of this
study are due to the use of a lower vacuum (36 kPa)
in the milking machine. The use of high vacuum for
camels could lead to udder health problems, which
are reflected by high SCC in the milk produced and
a negative impact on the health status of the teat
(Kaskous, 2018).

Camel milk parameters

As shown in Table (1), the mean of fat
concentration in the camel milk was 3.33£0.07%.
This value was within the normal range for camel
milk and meets other study results (Siboukeur, 2007;
Chethouna, 2011; Nagy et al, 2013; Benyagoub et al,
2013; Alwan et al, 2014; Kaskous, 2019a). However,
fat content of camel milk varies greatly between
2% and 5% in the literature depending on many
factors such as parity, stage of lactation, breeds,
weather conditions, feed, presence of water, country,
weaning time and milking methods (Hassan et al,
2007; Haddadin et al, 2008; Bekele et al, 2011; Mustafa
et al, 2020; Bakry et al, 2021; El-Hanafy et al, 2023).

The mean content of camel milk protein was
2.39+0.03% (Tab. 1) and it ranged between 2.17+0.05%
and 2.57+0.07%. This protein concentration correlates
with various studies (Ellouze and Kamoun, 1989;
Raghvendar et al, 2004; Bakheit et al, 2008), while it
appears quite low, compared to other author’s results
(Mal et al, 2006, 2007; Yadav et al, 2015). Indeed,
this protein content in camel milk can be normal
under Swiss conditions, since water is free and green
fodder or hay is available all year round. Under these
conditions, the protein synthesis in the udder were in
the physiological range.

The average lactose content in camel milk was
4.09+0.03% and ranged from 3.91+0.04% to 4.16+0.04 %
(Tab. 1). Similar results were reported by Hassan et al
(1987); Elamin and Wilcox (1992); Wangoh et al (1998);
Raghvendar et al (2004); Kouniba et al (2005); Haddadin
et al (2008) and Smits et al (2011). However, many
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researchers reported that lactose concentration of camel
milk varied between 2.4% and 5.8% (Khan and Igbal,
2001; Konuspayeva et al, 2009; Karaman et al, 2022).
Faraz (2020) reported lactose contents from 4.8-5.8%,
which are slightly higher than those of cow’s milk.

The mean SCC in raw camel milk was
79000+£23000 cells/ml and it ranged between
66000 and 118000 cells/ml (Tab. 1). Under Swiss
conditions, this SCC concentration was normal and
within the physiological range. Kaskous (2021b)
reported that a SCC 150000 cells/ml in camel milk
was a threshold value for healthy camels and that
it is within physiological values. SCC in camel milk
could be the main indicator of milk hygiene, milk
quality and udder health (Hadef ef al, 2016). Results
from literature studies have shown that SCC were
higher in camel milk compared to these results. The
investigation by Hamed et al (2012) found that the
arithmetic means of SCC in camel milk were 100000
cells/ml. Another study found that the mean SCC in
raw camel milk from healthy udders under German
conditions was 126430+7210 cells/ ml (Kaskous,
2019a). The concentration of SCC in Saudi Arabia
has been obtained by Saleh and Faye (2011) and the
mean value of SCC was 125000 cells/ ml. The results
from Golestan province in Iran have shown that
out of 243000 cells/ml in camel milk samples from
individual quarters (95 milking camels), 18.1% were
subclinical mastitis and that SCC values beyond
306000 cells/ml could be considered as subclinical
mastitis in the camel (Niasari-Naslaji et al, 2016).
Abbood (2016) suggested that an SCC value of 250000
was specified as the limit value for a healthy camel.

The mean value of NPB in raw camel milk
was 6150£230 b/ml and it ranged between 5780
and 6330 b/ml. This non-pathogenic germ count
in the raw camel milk was normal during the
experiment and the udders remained healthy.
Kaskous (2019b) reported that raw milk from a
healthy udder contained a very low concentration
of microorganisms, typically less than 1000 colony-
forming units of total bacteria per ml (cfu/ml). It is
important to remember that the milk from a healthy
udder was virtually sterile (Johnson et al, 2015),
since the camels udder was protected by a variety
of defense mechanisms such as innate or specific
immunity and physiological peculiarities and that
it was only contaminated with germs when passing
through the teat canal (Zangerl, 2007). However, the
germs that got into the milk cause from the surface
of the udder and teats, the stall, the feed, the milker,
the air, the water and the milking machine (Kaskous,
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2019b). Anyway, the number of NPB was low in this
study, because the farm condition is ideal.

Table1. Average of camel milk parameters during the
experimental period.

Parameter N Concentration
Fat % 208 3.33+0.07
Protein % 208 2.39+0.03
Lactose % 208 4.09£0.03
SCC Cells/ml 208 79000£23000
Non-Pathogenic Bacteria /ml 208 6150£230

Conclusion

- The results of this study clearly showed that
the quarter-individual camel milking machine
“StimuLactor” is adapted to the anatomical,
morphological and physiological needs of camel
udders.

- The milking machine ST-C is easy for the milker
to use and requires less effort compared to
conventional milking machine.

- The calves do not need to be present during
milking as this milking machine mimics the way
the calf suckles.
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