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Abstract. The article presents the results of productionstes$ three designs of mechanical cleaners
intended to increase the efficiency of sanitarycpssing of milking installations. As a result oeth
experiment, the optimal number of mechanical cleaaad their type were determined. The optimization
criterion was the total microbial number (KMAFAnMptained as a result of seeding on the nutrient
medium of washings from the inner surface of thdknine. As a result of the experiment, it was
determined that the optimal result is achieveddnjtzing a milking unit with 4-5 mechanical cleas&vith

a cleaning surface of bristles.

1 Introduction

Milk production is one of the largest and most pising
sectors of the agricultural sector. Annual

according to forecasts of the Russian Ministry o
Agriculture, should reach 31.6 million tons in 2020

Together with increasing the amount of milk
produced, each producer strives to improve itsityal
because its price
physicochemical parameters of milk. It should béedo
that the main two groups of factors affect the tyal
parameters of milk:

- providing production (lactation period, breed of
cows, their health status, conditions of detentidiet
and quality of feed);

- ensuring safety (technology of milking cows and
primary milk processing).

Our research team is directly involved in ensuthmgy
safety of milk after dispensing.

The main reason for reducing the quality of milk is
the activity of microorganisms, the bulk of whicktg
into it as a result of contact with the environmantl the
internal surfaces of the milking equipment.

Milk is a favourable breeding ground for bactena a
microorganisms. For getting an idea of the quatify
milk and its nutritional value, it is examined fpurity,
density, acidity, fat and protein, as well as baate
contamination. The negative effect of bacterial
contamination on milk quality is noted in published
works of domestic and foreign researchers [2—4].

A significant impact on the bacterial contamination
of milk is exerted by the sanitary state of thekmij
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dynamics mark the production of this product and, _ o ] S
y P P ¢ maintenance of ETO milking machines (before milking

in the market depends on the

equipment and its timely cooling (Table 1) [5].tHe
sanitary condition of the milking equipment is
unsatisfactory, then further cooling of the seedatk
will not give the expected results.

The maintenance rules [6, 7] provide for daily

during milking and after milking), maintenance d®1L
(after 180 — 200 hours of operation) and T0-2 (200
— 2500 hours of work).

The most important operation to care for milking
equipment is to flush it. If it is not enough tetbughly
rinse the milking equipment, then moving along the
milking unit, the bacterial contamination will oggow,
and the milk obtained will be infected.

Table 1. The main causes of bacterial contamination of milk

No.| Source of bacterial The number of
insemination bacteria in 1 ml
1 | The first trickles of milk are 100- 1000
not seized 100
2 | Air environment in the barr 100 - 1500
3 Contaminated udder 500 - 15000
4 Inadequate washing and 500000
disinfection of milking and
dairy equipment
5 Inadequate milk cooling 5000000

The concept of “sanitization”, as noted by V. Moor
[2], includes a set of manipulations aimed at agstig
pathogens and reducing the number of non-pathogenic
microorganisms to such a level that they do not
significantly affect the quality of milk during repted
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use of equipment.

Washing milking equipment should ensure the
removal of various kinds of contaminants from the
surface in contact with milk.

Moor V. [2], established that for high-quality
disinfection of a surface cleaned of residues ofk mi
contaminants (especially fat), it is sufficient contact
the disinfectant solution with it for 2 minutes. #ithe
existing technology of multi-stage washing of nmilgi
machines, even with more prolonged disinfectiorg th

cleanliness of the treated surface remains low. Thedetermining bacteriological

reason for this is the insufficient quality of ahiéag its
surfaces from contamination, after which a profain-
film remains on the surface of the equipment, which
protects bacteria from the action of disinfectants.

After washing the bath, collector, the first ands®
milk pipelines with an alkaline solution, and thelkm

CFU,

dispenser and milk receiver with an acid solution,
samples were taken for bacterial contamination.aAs
result, the following values were obtained for
bacteriological contamination of the surfaces of
individual elements of the milk distribution systerdnthe
UDM-200 milking unit (Fig. 1).

With an acceptable level of bacteriological
contamination of the surfaces of milk systems after
washing, it was not exceeding 50 thousand
microorganisms in 1 c¢fm Only in two cases, when
contamination on the
surfaces of the bath and collector, the value @ th
indicator was lower than permissible. In all otleeses,
the level of bacteriological contamination exceedel
permissible level. This fact necessitates the ifleation
of the causes of ineffective washing of surfaces the
development of measures to eliminate deficiencies.
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Fig. 1. The level of bacterial contamination of the surfaoéthe milk piping systems of the UDM-200 milkingit (thousand pieces
per cn): 1 — bath; 2 — collector; 3 — the beginning o fhist line of the milk pipeline; 4 — end of thiest line of the milk line; 5 —

the beginning of the second line of the milk pipeli6 — end of the second line of the milk line:- Tilk dispenser; 8 — milk
receiver; a is the upper limit of the level of @l contamination of equipment; b — the upperitliaf the level of bacterial

contamination of milk in the EU; ¢ — the upper lirof the level of bacterial contamination of mitkthe Russian Federation.

KMAFANM and somatic cells to not more than 5 *510
CFU / cn? (g) [9].

In order to maintain the regulated sanitary stdte o
milking equipment, several measures are providedyo
the Sanitary Rules, but this is not always enougH -
12].

A decrease in the level of bacterial contamination
leads to an increase in shelf life, the presermatid
nutrients and an increase in the safety of milldpoed.

Currently, the degree of purity of milking equipnhen
is determined using visual and bacteriological muint
[8].

During a visual inspection of the equipment,
attention is paid to the condition of the main
components: milking cups, collector, milk hose, eav
of milking buckets, viewing devices, milk pipe,téif,
milk cooler and milk pumps. If contamination filns i
detected on a controlled surface, it is prohibitedise
this equipment without thorough cleaning.

Bacteriological control, the purity of milking
installations is carried out using. GOST 9225-&wall
as the "Sanitary Rules" [8].

The milk pipe is the largest part of the volume of
contact with the surface of milk dispensed. Thaivisy
flushing the milk line should pay special closesation
to all other nodes of the milking equipment.

The technical regulations set the content of

2 Materials and methods

As the object of study, the milking installation tfe
commercial dairy farm SPK Zarya, located in théagé
of Oghibovka, Pilninsky district, Nizhny Novgorod
region, was chosen. The milking unit at this fargn i
equipped with two separate milk circuit, which redd
the time of the study.
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The study aimed to determine the effectiveneshef t
use of various amounts and types of mechanicahetsa
in the sanitary treatment of a milking unit.

- after the indicated time, the liquid was remoaad
the test, the lid tightly closed, was placed inadbinet,
protected from sunlight and at a constant tempezatti

The supply of mechanical cleaners was carried out22 + 2 °C for 24 hours. After the specified time, the

manually by loading them at the beginning of thékmi
line during operation of the washing machine foe th
milking unit in the cycle of circulating washing tifie
washing-disinfecting solution.

results were evaluated.

The evaluation was carried out by comparing the
density of the colonies on the plate. Tests werepared
with reference photographs from the instructionshwi

Foam wad and two constructions of the developed subsequent interpolation of the results.
mechanical cleaners with a cleaning surface made of
foam rubber and bristles acted as mechanical deane 3 Results

(Fig. 2) [13, 14].

a)

Fig. 2. Types of mechanical cleaners of the inner surfddbe
milking unit used for sanitation: a) foam wad; bjnachanical
cleaner with a foam rubber cleaning surface; c)ezhanical
cleaner with a cleaning surface of bristles.

b)

Foam wads are used on most modern milking
installations. However, their number is usuallyited to
one, and they serve more to remove residual milk.
However, they also have a cleaning effect due to
mechanical effects on the surface. In order tordete
this effect, they are added to the experiment.

Also, in the experiment involved two options for
mechanical cleaners with active working bodies. sehe
mechanical cleaners are developed based on theaWizh
Novgorod State University of Engineering and
Economics. They are a cylindrical body on which the
cleaning element is located, rigidly connected le t
propeller, in order to reduce the linear speed haf t
device and increase the speed of rotation in thby lod
the mechanical cleaner made spiral channels. Tieeofo
the cleaning element is either foam rubber or stith
bristles.

The number of mesophilic aerobic and facultative
anaerobic microorganisms (KMAFAnM or total
microbial number, TMP) was chosen as a criterian fo
assessing effectiveness. This indicator was detetni
using the Biocontrol rapid test. The test is a estal
plastic test tube with two test surfaces built itite cap.

In order to increase the accuracy of this expertmnan
test with two identical test surfaces on which padar
(OMC / OMC) was applied and selected. Sampling was
carried out according to the instructions in thiofeing
sequence:

- a washout was taken in a volume of 25 ml directly
into a plastic test tube. Sampling was carried loyt
flushing from the inner surface of the milk lineanghe
receiving tank;

- the test was immersed for 10 seconds in a tést tu
with flushing and shaken for even distribution;

The experiment was planned to determine the optimal
amount of supplied mechanical cleaners and thei,ty
as well as to identify their mutual influence oreth
quality of cleaning the inner surface of the milkgdine
[15].

The influence of the following factors was
investigated: the amount of supplied mechanicalrees
and their type (Table 2) on the level of bactesedding,
in particular, KMAFANnM (TMP).

The value of factor x1 was taken from the analgsis
previous studies and had a value of 1-6 with aatiar
interval equal to 1. The value of factor was taken to
test mechanical cleaners with active working bodies
comparison with the traditionally used foam rubber
wads.

The number of mesophilic aerobic and facultative
anaerobic microorganisms (KMAFANM) was
determined as the optimization criterion, determine
through flushing from the inner surface of the niilie
of the milking unit immediately before the milking
working cycle during three-time milking (Fig. 3).

Table 2. Intervals and levels of variation of
factors studied in substantiating the type and
quantity of mechanical cleaners

Name and The number of
designation of supplied Type of cleaner
the factor cleaners N, pcs
Designation of x %
factors !
©
=
5@
o9
€3 6 3
se
oy
(2]
©
>
(0]
-
5 1- Foam Wad
ki 8 .
5 = 1 2- Mechanical
> g 2 cleaner with a foam
S 3 3 cleaning surface
Q =
& = 4
§ 5 3- Mechanical
I 6 cleaner with the
bristle cleaning
surface
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Fig. 3. Sample samples using the rapid microbiologicdl tes
"Biocontrol."

For process the results, the Statgraphics 18 sadtwa
package was used [16]. When determining the
significance of factors, the factogx, turned out to be
insignificant.

The criterion p evaluated the significance of the
effects, large 0.05, have the following effects:xz, i,
x2?. The paired interactior; is of the most significant
importance.

After eliminating insignificant factors, a regressi
model was obtained with a 95% confidence probabilit
y=3,45667-1,29036%+2,6375%2+0,1325%1%-0,8375%? (1)

The adequacy of the regression model was assessed
by the coefficient of determination R2, which was
93.12%. That is, the constructed model may be
applicable to describe the process under study.

Based on the obtained regression model, response
surfaces were constructed that characterize theeimie
of the studied factors on the performance of meichan
cleaners (Fig. 4).

Fig. 4. The response surface, characterizing the influendde criterion of optimization factors: y — l€¥@MAFAnM, CFU / cn? *
10%; x1 — the number of supplied mechanical cleaners,pestype of mechanical cleaners.

N 25

4,0 \ )

x1

Fig. 5. Two-dimensional cross-section of the responseasarfy —

mechanical cleaners, pos;— type of mechanical cleaners

level KMAFANM, CFU / cAw 10°% x1 — the number of supplied
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From the analysis of the surface (Fig. 4), it can b

seen that with an increase in the number of sugpplie

cleaners (factor

the optimization criterion y

decreases. It is also worth noting that the effeciess of
a mechanical cleaner with a foam rubber cleaning

surface X

2) is lower compared to a mechanical

cleaner with a cleaning surface made of bristtes 3).

with the maximum number of supplied cleaners with =

The minimum level of bacterial seeding is possible

active working bodies from bristles.

However, it should be noted that the optimal values

5.

6

of the factorsx; andx, are 5 mechanical cleaners with a 7
cleaning surface of bristles. Graphically, the wptn

poi

nt can be determined from the contour of the

calculated response surface (Fig. 5).

4 Conclusion

Thus, as a result of the study, the following casitins
can be drawn:

1. The use of mechanical cleaners for circulating

washing of milking units is an effective measure. |
allows reducing the level of bacterial contaminatiof

the

inner surface of the milking unit by more ttg%o.
2. The maximum cleaning effect is achieved by

applying six mechanical cleaners. However, due to a
decrease in efficiency, their optimal number is ges.

3. Of the three structures of mechanical cleaners

under consideration, the mechanical cleaner with th
bristle cleaning surface showed the greatest effy.

The use of mechanical cleaners in conjunction with

traditional methods of sanitizing milking machines
allows KMAFANM being reached significantly below

the

threshold values established by regulatory

documents. Therefore, when using mechanical clsaner
it becomes possible to reduce the duration of dimitary
treatment and the volume of the washing-disinfectin
solution.
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