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While moving along the milk-con-
ducting systems in a milking machine,
milk is in contact with the inner surface
whose area exceeds 20 m?. That leads to

contamination, which are a nutrient me-
dium for the development of microorga-
nisms. With insufficiently effective clean-
ing of these contaminants, in the periods
between milking, the number of microflo-
rae located in milk-conducting systems
increases by tens of thousands of times.

When cleaned with ineffective clean-
ing agents, mineral elements from milk
are adsorbed on the surface of a pro-
tein-fat bio-film, which are subsequent-
ly compacted, changed, and converted
into milk stone. In this case, the technical
implementation of milk conducting sys-
tems is of critical importance.

It has been established that a milk
line made from any material is better
cleaned with a hot washing solution than
a cold one. Thus, with an increase in the
temperature of a washing solution from
60°C to 85°C, the cleaning time of the
milk line is reduced from 9.5 minutes to
1.5 minutes, or by 6 times.

It was established that during the
washing phase of a milk line there is
a significant decrease in the temperature
of the washing solution (=30 %), which
reduces the effectiveness of cleaning the
parts of the system. Therefore, there is a
need to maintain the solution temperature
throughout the entire cleaning process.

adhesion of pollution in water is 2 times
higher than that in a washing solution.
With an increase in the temperature of the
solution for every 10 °C, the decrease in
the specific energy of pollution adhesion
is on average 13 %. With an increase in
the period after the end of milking before
washing the milk line, the specific energy
of its purification increases.

The study reported here could lead
improve the productivity of milking
machines and the quality of the resulting
product. That involves designing milk-
ing and dairy equipment from innovative
materials
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1. Introduction

tamination, has a very low degree of mechanical purity. As

The milk that is obtained when sanitary production
regimes are violated, in addition to increased bacterial con-

a result of the intensive activity of microflora that secretes
lactic acid, the acidity of such raw materials during storage
increases dramatically. The density of milk, in this case,




decreases due to the transition of part of denser lactic sugar
to a less dense lactic acid. Consequently, the milk obtained
when sanitary and hygienic production regimes are not com-
plied with cannot meet the requirements for any of the indi-
cators put forward by processing enterprises to high-quality
raw materials [1-3].

The sanitary and hygienic quality of milk production is
an integrated issue, predetermined by a number of factors
that are united by the concept of the «technology and culture
of production». However, it is possible to distinguish the
factor that exerts a dominant effect on quality, which is the
sanitary and hygienic condition of milking equipment [4].

At present, the manufacturing of high-quality, safe milk
involving modern high-tech means and methods [5] is con-
sidered relevant.

In addition, one of the important issues is the lack of in-
formation on the effects of washing solutions on milking and
dairy equipment, in particular milk lines of various designs.

Thus, the current study needs to establish the effective-
ness of cleaning milking and dairy equipment from contami-
nation in milk lines with different structures.

Such an approach would make it possible to carry out
effective cleaning of milking and dairy equipment. That
could increase the performance of milking machines and the
quality of the resulting product. In addition, this would make
it possible to reveal the mechanism of interaction between
pollution and the inner surface of a milk line, which is both
theoretically and practically interesting.

2. Literature review and problem statement

Milking equipment is polluted mainly by milk fat and
protein. Fat is not only firmly held on the surface but also con-
tributes to the gluing of protein and mineral milk particles.
Holding the contamination on the equipment depends on
the materials from which it is made, as well as on the quality
of surface finishing (its roughness). Pollution is longer main-
tained on aluminum and plastic equipment, less — on glass
and stainless steel. Materials with a smooth surface demon-
strate the least gluing of pollution particles, with porous and
rough — the largest. The residues of fat are easily adsorbed by
the rubber parts of equipment [6]. Works [7, 8] note that if
cleaning measures are not carried out in a timely manner, fat
easily penetrates through the pores deep into the parts, which
is why the loss of the primary properties of rubber elements
occurs. The specified issue is of the scientifically applied na-
ture as regards the operational duration of rubber elements.

Up to now, classical foundations of adhesion and moisten-
ing theory have been studied and developed. These include the
nature of adhesion interaction, the dependence of adhesion on
the properties of contacting hard surfaces, the parameters that
characterize these processes, and some other phenomena in
simple liquid media. However, natural milk is a complex liquid
polydisperse system containing many interrelated structural
formations in the form of fat balls of various sizes, milk bodies,
proteins, colloidal particles, and ions of soluble salts.

In the case of careless and irregular washing of milking
machines and dairy equipment, pollution is constantly accu-
mulated and held so tightly that it is impossible to remove it
without special agents [9]. This problem requires a scientific
approach to solve it. That can be done by designing and ap-
plying the newest technological solutions to remove pollu-
tion and improve cleaning technologies.

Given a significant number of connections between milk
lines, their small diameter, the distance from the milking
machines in the milk transport chain, and the sharp bends of
the profile, it is extremely difficult to maintain a satisfactory
sanitary and hygienic condition of milking machines [10].
The difficulties in cleaning, as indicated in work [11], involve
the use of plastic and rubber connecting pipes, air access to
a closed milking and transportation system, insufficient vo-
lume of the collector’s receiving chamber. Along with this,
a strong hydrodynamic effect exerted on milk in the process
of transportation through a milk line, the absence of a wash-
ing device for the cooling tank, and many other factors con-
tribute to the intensive formation of heavy pollution.

The efficiency of washing is achieved at such a flow rate
of the washing solution that is enough for the flow to detach
and remove pollution particles, as indicated in [12]. In [13],
it is emphasized that the flow rate value required to detach
particles depends on their size, density, and shape, the rough-
ness of the surface to be cleaned, the quality of a cleaning
fluid, the magnitude of the liquefaction, the hydraulic para-
meters of a line, etc. At an unreasonably fast rate of fluid
movement, energy costs for pumping the solution increase [14].
This issue is resolved with the introduction of advanced
technological cleaning operations.

At the same time, in order to achieve maximum washing
results, brushes of different models are used.

It should be noted that there is no consensus in relation
to the flow rate of a washing solution, which would enable
the most effective washing of milking machines.

In order to intensify the stirring of the solution, which
has a significant impact on the rate of removal of contami-
nants, it is proposed to install special throttle washers in
a milk line [15]. The intensity of stirring a washing solution
and, therefore, the quality of washing, are effectively affected
by flow pulsations created by various devices [16].

Fluid circulation modes are important for the effective
washing of the system [17]. It has been proven in [18] that
the high quality of cleaning can be achieved under the deve-
loped turbulent mode of the flow of a washing liquid at high
speeds. In that case, the most favorable conditions for the me-
chanical effect of the flow on pollution particles are created.
According to [19], the quality of washing milking machines
is directly proportional to the temperature of a washing
solution. With an increase in temperature, the physical
and chemical activity of a washing solution increases, the
energy of adhesion at the interphase decreases (washing
solution — pollution), its kinematic viscosity decreases, and,
as a result, turbulence increases [20]. It is also noted [21]
that an increase in temperature above 60 °C does not cause
a noticeable increase in washing properties; for this reason,
the temperature regime of washing is close to that value. Of
course, the temperature at different points of a milk line is
not the same, it varies as the hot solution passes through it.
If the system is closed and heat is not supplied externally,
then the circulating solution is gradually cooled while the
efficiency of washing is reduced.

However, in any case, it can be argued that the tempera-
ture regime is directly proportional to the temperature, the
volume of the incoming solution, and the ambient tempera-
ture, and is inversely proportional to the length of a milk line.

The researchers’ opinions on a temperature regime for wash-
ing the milking machines are different. Thus, work [22] states
that effective washing is possible at a solution temperature not
lower than 85 °C. At the same time, it is noted in work [23]



that washing should be carried out at a solution temperature
of 70-80 °C. Some firms (DeLava, BouMatic), engaged in the
production of milking machines, recommend cleaning milk lines
with solutions at a temperature not lower than 77 °C.

At the same time, researchers found that as the washing
time increases, the cleaning quality improves. It has been
proven [24] that the circulation washing of milk conducting
systems with a significant number of parts and assemblies
made of aluminum should last from 10 to 20 minutes. At the
same time, manufacturers (GEA Farm Technologies, Lely) of
milking and dairy equipment recommend processing time in
the range of 5-30 minutes [25].

A cardinal way to maintain the necessary sanitary and
hygienic condition of milking and dairy equipment is the use
of highly effective means of sanitary treatment [26].

It is noted in [27] that for the sanitary treatment of milk-
ing machines, milk lines, and other technological milking and
dairy equipment, drugs that have both detergent and disinfec-
tant properties are increasingly used. There is a large amount
of these means in the market, which predetermines a scientific
study into their impact on milking and dairy equipment.

It is emphasized in [28] that the use of chemicals of va-
rious types depends on the method of washing. Disinfection
can be carried out by special agents as a separate operation,
or combined with a circulation washing if complex washing
solutions are used. Acid can also be used as a disinfectant [29].

At present, highly effective washing, washing and disin-
fecting solutions, as well as modes of their use for sanitary
treatment of the entire set of dairy equipment [30, 31] have
been developed. However, there is no single opinion on clean-
ing modes involving the use of modern washing solutions.

Consequently, the cleaning process is one of the most im-
portant technological operations, whose effectiveness affects
the level of primary milk contamination.

Thus, resolving the issue related to improving the sanitary
quality of milk necessitates research, revision, and improve-
ment of key provisions and elements of the system of techno-
logical measures and technical means for servicing milking and
dairy equipment. This is of both scientific and practical interest.

3. The aim and objectives of the study

The aim of this study is to establish the effectiveness of
cleaning milking and dairy equipment from contamination
for various designs of a milk line. This would improve the
productivity of milking machines and the quality of the re-
sulting product.

To accomplish the aim, the following tasks have been set:

—to experimentally establish the quality of cleaning
milking and dairy equipment from contamination during its
circulation washing;

— to determine the dynamics of change in the tempera-
ture of the liquid during its circulation in a milk line;

— to determine the specific energy of washing a milk line.

4. The study materials and methods

4.1. Procedure for determining the quality of cleaning
milking and dairy equipment from contamination during its
circulation washing

We studied the quality of cleaning milking and dairy
equipment from pollution in an industrial setting. The study

factors selected are the material of milking and dairy equip-
ment (stainless steel, polymer, rubber, glass, aluminum), the
type of washing solution (sulfuric acid, Bluer solution, the al-
kaline solution CleanCowBASE based on sodium hydroxide
and active chlorine), a washing solution temperature (from
60 °C to 85°C), the flow rate of a washing solution (from
1 m/sto8m/s).

The temperature of a washing solution was set using
a heater and controlled by the DS18B20 temperature sensor.
The flow rate of a washing solution was set by a pump and
controlled by measuring the volumetric fluid consumption
using the Elecrow liquid flow sensor, and subsequent recal-
culation. These sensors were connected to the Milking Ma-
chine Tester v. 2.0 (designed by E. B. Aliyev), shown in Fig. 1.

b c

Fig. 1. Equipment used in the study:
a — Milking Machine Tester v. 2.0; b — temperature
sensor DS18B20; ¢ — Elecrow liquid flow sensor

In order to determine the quality of cleaning a milk
line, we applied the designed device and appropriate proce-
dure [32]. The designed device for determining the quality of
washing (Fig. 2) is a tube installed in a straight section of the
milk line with the help of connecting couplings. In the tube,
a hole perpendicular to its axis is made, which is closed by
a stopper with a subject plate fixed in it. On opposite sides of
the subject plate, there is the light diode 1 W 100 Lm (China)
and the photoresistor FR1-3 (China), 47 kOhm, which,
through the replaceable resistor 10 kQ, and a resistor of
10 kOhm, respectively, are connected to the board Arduino
Uno (China). Arduino Uno is connected to a 12—-24 V power
supply via an external power connector, and connected to
a personal computer via a USB connector. The personal
computer runs software for fixing the voltage of an analog



signal acquired from the photoresistor FR1-3. For a perfectly
clean subject plate, fixed data correspond to 100 %. When
milk passes through a milk line, the plate becomes dirty and
the photoresistor F1-3 absorbs less light from the light diode
of 1 W 100 Lm, thereby reducing the voltage value of the
analog signal. For a completely impenetrable plate, the data
corresponds to 26 %. This is due to the possibility of light
bending the subject plate and reflecting it from the walls of
the milk line. In turn, when passing the detergent through
the milk line, the subject plate is cleaned, which makes it
possible to increase the intensity of light absorption by the
photoresistor FR1-3. The washing intensity was chosen
as a criterion for assessing the quality of cleaning milking
equipment from pollution. This indicator was determined as
the duration of the process of cleaning the equipment to the
predefined level of light passing through the subject plate to
the photoresistor FR1-3 at the level not exceeding 95 %.

We controlled the degree of purification of the milk line
during washing according to a procedure from [33]. The con-
tent of the protein components from the contaminants left
in the milk line was controlled. The contaminants’ residues
were converted in the Bluer solution or solution of sulfuric
acid depending on the milk line’s material.

Fig. 2. Setup for determining the quality of washing a milk line:
a — structural diagram; b — general view: 1 — section of the pipe; 2 — stopper;

3 — clamps for fastening the stopper; 4 — subject plate; 5 — connecting couplings;
6 — LED 1W 100 Lm; 7 — alternating resistor 10kQ2; 8 — photoresistor FR1-3 47
kOhm; 9 — resistor 10 kOhm; 10 — Arduino Uno board, external power connector
12—24 V; 11 — USB connector for connecting to a personal computer

4. 2. Procedure for establishing the dynamics of change
in the temperature of the liquid during its circulation in
a milk line

The efficiency of washing the milking and dairy equip-
ment largely depends on the temperature of washing solu-
tions and their stability during the washing time. In this
regard, one of the areas of our research was to determine the
dependence of the intensity of washing a milk line on the
temperature of the washing solution.

The process of washing a milk line includes two tempera-
ture regimes. A first mode is enabled in the initial and final
phase of washing when rinsing the milk line to wash off milk
residues immediately after milking and after washing it with
washing and disinfecting solutions. A second mode is enabled
during the washing and disinfection phase with a pulsating
air supply to it.

The temperature of the washing solution at different
points of the milk production line was determined us-
ing the electronic thermometer TM-32/H-5T (Ukraine)
equipped with a system of temperature probes based on the
temperature sensors DS18B20. The electronic thermome-
ter TM-32/H-5T was connected to a personal computer to
acquire and process the data (Fig. 3).

Experiments were carried out in
two stages.

At the first stage, the washing solu-
tion was not additionally heated during
the circulation process. Data on the
temperature of the solution and the flow
rate of its circulation were measured
every minute. The water consumption
for washing ranged from 20-40 liters
every 5 liters; the washing time — with-
in 5-30 minutes every 5 minutes.

At the second stage, the tank was
equipped with water heaters with a
thermal relay, maintaining the tempera-
ture of the washing liquid with fluc-
tuations within £1 °C from the estab-
lished value.

In the experiments, we varied the
temperature of water in the range of
55-85°C with an interval of 5°C, as
well as a washing time and water con-
sumption within the same limits and
intervals as in the first experiment.

Fig. 3. Measuring the temperature and quality of milk line cleaning:
1 — personal computer; 2 — electronic thermometer TM-32 /H-5T; 3 — a system of temperature probes based
on temperature sensors DS18B20; 4 — a device for determining the quality of washing the milk line



4. 3. Procedure for determining the specific energy of
washing a milk line

The alkaline agent CleanCowBASE (Poland) and the
PZ-chorolite 2000 by ECOLAB (Ukraine) were used as washing
solutions to investigate the effect exerted on the specific energy
of adhesion by the protein-fat contaminants of the milk line. The
multiplicity of studies was taken equal to five (n=5). The rela-
tive error of the average value of the measuring value was =1 %.

The adhesive strength of protein-fat contaminants was
determined according to [28]. In line with that procedure,
adhesion strength was determined taking into consider-
ation the relief of the surface, the interphase surface energy,
moistening, and other surface phenomena, as well as taking
into consideration the conditions of contact formation (the
pressure, temperature, duration of contact, etc.).

5. The results of studying the effectiveness of cleaning
milking and dairy equipment from contamination

5. 1. Establishing the quality of cleaning milking equip-
ment from contamination during its circulation washing

In our experiments on the quality of cleaning the insert
into a milk line made from various materials, the best indica-
tors of circulation washing at the generally accepted factory
instructions of the cleaning regime (5 min preliminary wash-
ing +15 min circulation washing

A milk line made from any material is better cleaned
during any washing with a hotter cleaner solution than with
a cold one. Thus, with an increase in the temperature of the
CleanCowBASE washing solution from 60 °C to 85 °C, the
cleaning time of the milk line is reduced from 9.5 minutes to
1.5 minutes, or by 6 times.

In the experiments, the worst cleaned areas were those
milk line sections (and, consequently, the parts of the milk
line) that were made of food aluminum.

In the process of washing a milk line, the protein and
mineral components are washed quite quickly, the fat com-
ponents are harder to remove, especially in dried conglomer-
ates. Under the action of the washing solution, fat pollutants
are hydrolyzed more intensively with an increase in the
temperature of the solution and the time of its circulation in
the milk line. Dried areas of pollution and the film from it are
removed mainly by high-speed pressure of the solution flow,
followed by crushing during transportation.

According to data from Fig. 5, an increase in the rate of cir-
culation of the washing solution in a milk line helps reduce the
duration of its cleaning to the zoo-technical norms of cleanli-
ness of the inner surface. In this case, the areas of aluminum
and rubber are cleaned much longer. This is due not only to the
significant roughness of their inner surfaces but also to stron-
ger adhesion properties, which gives reason to recommend
using them as parts of the dairy line only in extreme cases.
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2 — flushing of the Bluer solution



The regression equations of the dependence of the du-
ration of washing a milk line on the flow rate of a washing
solution take the following form (Fig. 5):

— stainless steel:

t=-1.2023-V+4.4727, R>=0.9841; (6)
— glass:

t=—1.3106-V+5.1708, R>=0.9917; ©)
— polymers:

t=-1.0352-V+5.0576, R>=0.9909; ©))
— rubber:

t=-0.9799-V+6.1183, R>=0.9958; )
— aluminum:

t=—-0.7589-V+8.1204, R?>=0.9985. (10)

Based on the results of our study, the rational modes for
washing parts of a milk line made from various materials are
within the limits specified in Table 1.

Table 1

Rational modes for washing a milk line made from various
materials (by the agent CleanCowBASE)

- . Washing solu- | Solution | Washing duration
Milk line section | . . .
material tion tempera- | flow rate | until good-quality
ture T, °C V, m/s cleanliness ¢, min
Stainless steel 60.7-81.6 1.0-3.9 0.5-3.0
Glass 61.2-84.5 1.0-4.1 0.5-4.0
Aluminum 61.2-84.9 1.0-7.5 5.0-7.5
Rubber 60.2-84.0 1.3-6.4 3.0-6.5
Polymer 61.6-82.5 1.2-51 2.0-5.0

These are rational parameters. However, the fact that
the upper part of a milk line is washed weaker by the flow
of a washing fluid than the lower one is still not taken into
consideration; it is cleaned of dirt worse due to this. This
phenomenon can be eliminated by increasing the pulsation
of the flux of a washing liquid un-

Table 2

Effect of the time of rinsing a milk line in the first phase of
washing on the temperature of the liquid discharged from it

Rinsing duration | Water temperature at the system discharge
Lrinsing: S after rinsing Tipging, °C
60+2.5 25+1
120£2.5 27+1
180£2.5 29+1
240+2.5 32+1
300£2.5 35+1

With a reduction in the duration of rinsing a milk line,
the water temperature at the outlet from the system decrea-
ses by almost 1.5 times. At the same time, a significant part
of the heat is spent on heating the milk line’s parts. With
a further increase in the duration of rinsing to 5 minutes, the
water temperature at discharge rises to 35 °C.

This pattern of change in the temperature of wash-
ing water was observed at different water temperatures:
20, 30, 40 °C. Water with a higher temperature in the initial
washing phase was not used as this adversely affects the
quality of the rinsing process and the washing off of protein
components of pollution.

Reducing the temperature of the water during rinsing
after a circulation washing is less significant. This is because
heat loss on heating parts of the system is reduced.

For the high-quality washing and disinfection phase, it is
necessary to maintain the stability of the temperature regime
during the circulation of the solution along the entire length
of the milk line.

In the experiments, we used the detergent CleanCowBASE.
The initial temperature of the solution was taken equal to
60, 70, and 80 °C, the temperature in the room was 24 °C.
In the first series of experiments, the washing solution was
not heated in the studied system. The results of measure-
ments at the initial temperature of 70 °C are shown in Fig. 6;
the corresponding approximated equations are:

— heated:

T=—6.937-In(£)+102.18, R2=0.9949; (11)
- not heated:

T=-9.192-In(£)+112.05, R2=0.9977. (12)
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milk line

Energy costs for cleaning a milk line depend on the adhe-
sion of protein and fat contaminants to its inner surface. The
specific energy of adhesion in the dairy line used is directly
dependent on the material of the parts of this line, the pro-
perties of pollutants, the composition of the detergent, and
its temperature.

The estimated values (based on[28]) for the specific
energy of adhesion of protein-fat contaminants to the milk
line made from various materials, given in Table 3, show that
its value decreases with an increase in the temperature of the
detergent solution. This decrease is on average 13 % for every
10 °C increase in the temperature of the solution.

Table 3

Influence of the temperature of detergent solutions
on the specific energy of adhesion of protein-fat
contaminants in a milk line

Washing solution temperature, °C

CleanCowBASE PZ-chorolit 2000

Milk line
material

60+ 1 | 70+1 | 80+1 | 60+1 | 70+1 | 80+1

Adhesion specific energy, 1073 J /m?
Stainless steel [2.7£0.1|2.240.1]2.0£0.1|3.0£0.1{2.5£0.1(2.2+0.1

Aluminum [7.5+0.2({6.2+£0.3|5.5£0.37.9+0.4|7.4£0.4|7.0£0.3
Rubber 5.7£0.4]4.6+0.1|14.2£0.3(6.1£0.3|5.3£0.2{4.7£0.2
Glass 4.8+0.2{3.9£0.1|13.5+0.1]5.2£0.3|4.5£0.1{4.1£0.2

The specific energy of the pollutant adhesion in water
is almost 2 times higher than that in the washing solu-
tion, which explains the poor cleaning of milk lines with
clean water.

With an increase in the period after the end of milking
cows before washing the milk line, the specific energy of its
purification increases (Fig. 7).

That increase is critically important at long intervals be-
fore washing a milk line and, especially, for its sections made
of hard-to-wash materials. This indicates the inadmissibility
of significant deferrals in the care of the dairy milking line
after milking cows.

6. Discussion of results of studying the effectiveness
of cleaning milking and dairy equipment

Our analysis of numerous experiments [34—36] reveals
that cleaning milking and dairy equipment from contami-
nation affects the quality of the resulting product and the
performance of equipment stronger than any other factor.

At the initial stage of research, it was intended to determine
the quality of cleaning milking and dairy equipment from con-
tamination during its circulation washing. During the research,
the original procedure was used, which involved the use of an
innovative device (Fig. 2). Based on the results of our study, the
rational modes for washing parts of a milk line (Table 1) have
been established. The reported results reveal the mechanism of
interaction between a washing agent and elements of milking
and dairy equipment, which are made of various materials.
Thus, we have established the dependence of the duration of
cleaning a milk line made from various materials on the tem-
perature of the washing solution (Fig. 4) and the dependence of
the duration of washing a milk line on the flow rate of a washing
solution (Fig. 5). Owing to this, the issue related to the rational
selection and use of washing solutions is resolved.

In works [37, 38], it is noted that the effectiveness of
washing milking and dairy equipment is significantly influ-
enced by the roughness of the material from which the milk
line is made, as well as microbial adhesion. The advantages of
our study compared to those cited are to identify differences
in the cleaning of elements of milking equipment made of va-
rious materials. That fully reveals the pattern of the process
of cleaning milking and dairy equipment.



At the next stage, we determined the dynamics of change
in the temperature of the liquid during its circulation in a
milk line. Fig. 3 shows the innovative technical solution used.
Our study has established the effect of the time of rinsing
amilk line in the first phase of washing on the temperature of
the liquid discharged from it (Table 2), as well as the pattern
of change in the temperature of a washing solution during its
circulation (Fig. 6). Our results expand the understanding of
processes that occur during the washing of a milk production
line and make it possible to detect their effect on the tem-
perature indicators of the washing solution.

In work [39], attention is paid to the fact that improper
cleaning of milking and dairy equipment can lead to a sig-
nificant deterioration in the milk produced. The current
research confirms this theory, make it possible to take a cri-
tical approach to the issue of technical maintenance of dairy
equipment.

Next, we determined the specific energy in washing a
milk line. Thus, the estimated values of the specific energy
of adhesion of protein-fat contaminants to a milk line made
from various materials (Table 3) have been derived. It was
established that with an increase in the period after the end
of milking cows before washing the milk line, the specific
energy of its purification increases (Fig. 7). Our study shows
that it is unacceptable to allow significant delays in the care
of the milking line of the milking plant after milking cows.

The study reported here differs favorably among
others [40—42] by the complexity, the application of innova-
tive approaches, and scale. At the same time, given the con-
siderable variability of structural materials inherent in the
milking equipment, there are difficulties in solving the issue
of complete cleaning from pollution. This remains a prob-
lematic part of the overall technological process of obtaining
high-quality milk.

The results of the research are consistent with the studies
by other authors, carried out earlier in the field of develop-
ment of technical and technological means and technologies
for dairy cattle breeding [43—45], and complement them.
A significant difference in the methodological plan of our

research was that the parameters that affect the efficiency of
cleaning milking and dairy equipment from contamination
were taken into consideration as much as possible. This has
created the opportunity to study and substantiate the opti-
mal parameters for cleaning dairy equipment.

The limitation of the results is the difficulty in establish-
ing the effectiveness of cleaning milk conducting systems
when using modern washing solutions. The availability of
a large number of means today predetermines further detec-
tion of their effective action.

Given a wide range of means for cleaning milking and
dairy equipment, it becomes necessary to carry out further
research in the field of selection of washing solutions. There-
fore, it is promising to undertake a study aimed at estab-
lishing the mechanism of interaction of milking equipment
elements with modern cleaning products. That would make
it possible to expand the area of both theoretical and practi-
cal knowledge in dairy cattle breeding, which could serve as
a prerequisite for the rational utilization of milking equipment.

7. Conclusions

1. A milk line made from any material is better cleaned
with a hot cleaner solution than with a cold one. Thus, with
an increase in the temperature of the washing solution from
60 °C to 85 °C, the cleaning time of a milk line is reduced
from 9.5 minutes to 1.5 minutes, or by 6 times.

2. During the washing phase of a milk line, there is a
significant decrease in the temperature of the washing solu-
tion (=30 %), which reduces the efficiency of cleaning the
parts of the milking system.

3. The specific energy of adhesion pollution in water
is 2 times higher than that in a washing solution. With an
increase in the temperature of the solution for every 10 °C,
the decrease in the specific energy of pollution adhesion is on
average 13 %. With an increase in the period after the end of
milking cows before the milking system is washed, the speci-
fic energy of its purification increases.
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