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Kinvkicms comamuunux kaimun y monoui
KOpi6é 6naueae Ha AKICHI NOKA3HUKU, TAMYHOK
ma 0e3neunicmo. Pisetv 6 MONOUL COMAMUMHUX
KJIMum 3anexicunto 6i0 cmany 6um’s y meapum.
Tomy easiciusum € 6uacho nposooumu diazHoc-
MUKy Kopie Ha cCYOKNIHIMHUL MAcmum ma npo-
Qinaxmyeamu tioeo sunuKHeHHs.

B pesyavmami npogedenux oocnioxicens
BU3HAYMEHULL 2iCMOI02IMHUL CREKmP CoMamu-
HUX KAIMUH Y K0pie YKkpaincokoi wopHo-paéoi
Monounoi nopoou. Excnepumenmanvio doge-
deno, wo Mikpoopeanismu, euodiieni 3 wKipu
eum’s xopie, idenmuuni mixpodaopi, axa éu-
KAUKAE Y KOPI6 3aX60PIOCAHHS HA CYOKNIHIY-
Hul Macmum.

B pesyavmami npoeedenux 0ocaidxcens
ecmamnosnenuil cnoci6 nepedaui 30yonuxie
macmumnoi ingpexyii uepes eymy MoJIOUHUX
cmarxanie 00inbH020 001A0HAHHS.

Taxodc susnauenuii cnexmp 30yonuxie cyo-
KJIIHIMH020 Macmumy ma po3podnena cxema
npopinaxmuxu 3axeoprosanns i sanobieamu-
Ha il020 nowupennio ceped OiiHo20 cmaoa.
B pesynvmami excnepumenmanvnux 0ocui-
Odicenv dosedena eexmueHicmo 6UKOPUCTAH-
HSL WEUOK020 MACMUMHO20 Mmecmy, AKUuil oae
3MO2Y ceéo€uacHo eudiaumu 3 cmaoa Kopie
3 HeAKICHUM MOJLOKOM.

Iosisa xemonosux min y moaoui nioeu-
wye 1020 KUCTOMHICIMD MA 3HUNCYE AKICMb
monoxa. Iloxasnux xucaomnocmi xapaxme-
PpuU3ye xapuoey uiHHICMb MOJ0KA Ma KOH-
MPOTIOEMBCA NPU NPULIOMI HA MOTIOKA3A600.
ITpu ybomy 20cnodapcmeo empanae epowi Ha
3HUINCEHHI COPMHOCMI MONOKA.

Excnepumenmanvno pospoodaenuii cno-
ci0 npoginaxmuxu ma nKYyeawns xKemosy
Y KOpie Ha 0CHOGI Xeslamie Mema.ie 3a paxy-
HOK NOKpaw,eHHs 00MIHHUX npoyecis Y pyoui
xopie. B pesynvmami npogedenux oocni-
0jceHb 6CMAHOBNEHUI 63AEMO38’A30K MIdNC
cmanom Mikpodaopu pyous ma sunuKHenns
auemonemii y xopie. Taxum uunom, 3anpo-
nonosawni 3axodu 0arOmMv MONCAUBICMb Ni0-
sumumu axicmo ma 6GesneunHicmv MoaOKA
KOpi6 WAAX0M 3MEHUEHHA KIJIbKOCMI mM8apuH
Y cmaodi 3 03HAKAMU MACMUMY MA Kemo3y

Kniouoei cnoea: comamuuni xaimunu,
cybrniniunull. macmum, mikpodaopa, syma
MOJIOUHUX CMAKAHIB, AKICMb MOJIOKA, Kemo-
HOG61 mina

u =,

1. Introduction

Milk and dairy products occupy one of the significant
places in the food chain of people of any age. Cow milk, in
addition to main components (fat, protein, carbohydrates),
contains about 150 nutrients (vitamins, micro- and micro-
elements, etc.) that are essential for the vital activity of the
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human body. Along with the fact that milk and milk products
are necessary for vital activity of people, they are also a good
nutrient medium for the development of microorganisms. If
sanitary conditions for obtaining and storing are violated,
milk can be a dangerous source of infection.

To prevent mastitis at farms, it is necessary to apply
modern systems of milking and disinfection of dairy equip-




ment. In addition, not less important indicator is microbial
contamination of the air and the floor the cows lie on.
Compliance with the premises disinfection schemes and hy-
giene of cow udders prevents the pathogens of mastitis from
spreading around the farm.

In fact there is a big problem of detection of cows with
the signs of sub-clinical mastitis in a herd due to the lack of
characteristic symptoms in animals. Some animals may not
get sick, but be carriers of mastitis pathogens. Due to this, it
is not possible to remove sick animals from a herd by 100 %.
Regular milk monitoring for the content of somatic cells will
allow prevention of unwanted losses because of milk quality,
and the use of an express test for mastitis will help detect sick
animals in a herd.

An increase in acetone bodies in cow milk is a sign of
ketosis. Diseases are characterized by metabolic disorder
that is not diagnosed at the beginning of the development,
which leads to the loss of milk quantity and quality followed
by rejecting such animals. That is why keeping to a balanced
diet for animals with addition of chelate metals will prevent
the occurrence of ketosis in cows and will allow retaining the
milk quality at a high level. Thus, systematic monitoring and
following the scheme of measures will help reduce the risk of
low-quality milk occurrence at an enterprise.

Milk quality and safety in case of cows being sick with
mastitis is a relevant, however, still not completely solved
problem. It is very difficult to monitor the milk quality at
a production enterprise because the animal state is constant-
ly changing. There is a constant danger of catching infection
and occurrence of sub-clinical mastitis and ketosis in a herd.
Given the above, it is necessary to constantly monitor these
diseases. The progressive direction in mastitis prevention,
above all, its sub-clinical form, is the implementation of tech-
nological processes in its production. It is control of sanitary
and hygienic parameters of the microclimate in premises
where animals are kept, milking technology and the use of
dairy equipment.

At present, a significant number of schemes were pro-
posed for the treatment of mastitis, but the use of antibiotics
is the main one. In turn, it affects milk quality and safety. The
quality and safety of milk at sub-clinical mastitis are directly
related to each other. While the milk quality indicator is nut-
ritional value, which changes during the disease, the number
of somatic cells and bacterial seeding are safety indicators.

2. Literature review and problem statement

Paper [1] reports results of research into safety and
quality of milk. According to data from FAO, milk and milk
products are referred to the first category of risks that are
caused by food intoxications of microbial etiology. Stan-
dards and regulations of the European Union (ISO 13366-2
IDF 148-2, ISO 5725-1, 1SO 5725-2) and general health
care rules for the trade in milk and milk products for human
consumption in the European Union (Council Directive
2002/99/EU) form the legal basis for all animal health
rules governing the production, processing, distribution and
introduction of products of animal origin for human con-
sumption. Regulation (EU) No. 178/2002, Regulation (EU)
No. 852/2004, Regulation (EU) No.853/2004, Regula-
tion (EU) No. 854/2004 and Regulation (EU) 882/2004
form the legal base for the public health rules for trade and
delivery to the EU, and require monitoring the amount of

somatic cells of ketone bodies and microorganisms in milk.
In accordance with the international requirements to food
products, it is not sufficient to control quality and safety of
products at the final stage, because it could not guarantee
their safety. Milk that is of high-quality in its physical and
chemical composition, obtained in unhygienic conditions can
quickly become unsuitable for human consumption or even
harmful to the health of consumers. However, as noted in pa-
per [2], high-quality and safe milk can be obtained only from
healthy animals. To solve such problems, the modern world
food industry implements new systems of product quality
control. One of them is HACCP, and such an approach is
used in article [3].

Up to now, the problem of controlling milk quality and
safety at an enterprise remains not fully resolved. The reason
for this may be hidden (symptom-free) forms of cow diseases,
which are difficult to diagnose early [2].

Among dairy cow diseases, one of the significant places is
occupied by mastitis, especially in sub-clinical (latent) form,
the main causes of which are the violation of keeping con-
ditions and milking technology. The non-observance of the
technology of milking (breaking the vacuum mode, worn-out
rubber, «dry milking», etc.) leads to the occurrence of micro-
traumas of skin, epithelium of mammary paths, and udder
parenchyma. As a result, this causes the impact of negative
environmental factors, followed by joining of pathogenic
microflora [4].

According to the requirements of the veterinary-sanitary
expert examination, it is forbidden to use and sell milk from
cows that are sick with mastitis. Milk of sick animals contains
alarge amount of pathogenic microflora and is not suitable to
produce sour milk products, especially cheese [5]. Such milk
has elevated acidity, and bacteria destroy valuable substan-
ces, including fat and protein, which spoils the taste, smell
and consistence of dairy products. Along with this, toxins
(products of vital activity of bacteria), including heat-resis-
tant forms, remain in such milk [6].

It is not possible to prevent the problem of occurrence of
sub-clinical mastitis in dairy cattle completely. It all depends
on the animal breed, propensity to the disease, resistance of
the organism, and the climatic conditions of the farm loca-
tion, milking equipment, modes of disinfection, etc. [7].

That is why, given the created operating conditions and
animals keeping, it is appropriate to develop a sequence of
measures to prevent and eliminate the problems of sub-clinic
mastitis at a dairy farm [8].

The problem of milk safety and the content of somatic
cells in it (epithelial cells that were separated from the se-
crete part of the udder and mammary paths, and blood cells)
remains not fully resolved so far. During the inflammatory
process in the mammary gland (mastitis), the number of
leukocytes increases according to the cell theory of inflamma-
tion, and the phagocytosis process starts. This increases the
total number of somatic cells, which is a cow health indicator
(udder). In addition, not only the number of somatic cells
changes, but also the ratio of their species composition [9].

A variant to overcome this problem could be the ap-
plication of a cytological study, which gives an idea of the
nature, level of inflammatory process and mastitis spreading
in a herd. In addition, one of the most important measures is
the use of a rapid mastitis test for sick cows’ rejection from
a herd. Even the existence of 2 % of sick cows in a herd can
ruin the overall indicator and decrease milk quality, leave
alone milk safety [10].



Another problem of milk safety is bacterial contamina-
tion, which most closely reflects the sanitary conditions of
its production [11]. If the number of somatic cells depends
on the state of health of a cow (udder), bacterial infection,
to a large extent, depends on a series of technological factors.
These include the conditions of animal keeping, hygienic
state of the udder skin and bacterial contamination of dairy
equipment [12].

The variant to overcome this problem is the disinfection
of milking cups before each milking operation and removal
the animals that are sick with mastitis from a herd. Such ra-
dical measures of animal rejection are necessary due to the
fact that even 100 % regular disinfection of the cow udder
and milking equipment does not destroy all pathogenic
microflora and it can spread throughout a dairy herd [13].

An important milk quality indicator is the absence of
ketone bodies in it. But this problem very often arises in high-
ly productive animals through their metabolic disorders [14].

The main requirement in the dairy industry is economic
profitability of a dairy herd. According to the latest calcu-
lations, it is necessary to receive from cows not less than
9.000-9.500 kg of milk per lactation. In order to increase
lactation, fat content and protein content, animals are given
a large amount of concentrated feed, which causes metabolic
disorders [15]. Ketosis occurs as an independent disease due
to the violation of energy imbalances of protein and carbo-
hydrates of feeds. In this regard, it can be attributed to the
alimentary factor. A significant number of researchers note
the changes in the biochemical reactions of the rumen: an
increase in acidity (pH), a change in the ratio of fatty volatile
acids and a decrease in the amount (an increase in content of
butyric acid) and a decrease in the number of the simplest
(Infusoria) [16].

All this makes it possible to assert that it is advisable to
use such measures of ketosis prevention as balanced feeding
of cows and the treatment with the use of a complex of che-
lates of iron, zinc and manganese.

3. The aim and objectives of the study

The aim of this study is to develop measures to enhance
milk quality and safety at enterprises by reducing the risks of
cows catching sub-clinical mastitis and ketosis.

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

— to improve the method for determining the quantitative
and species composition of somatic cells; to detect the main
sources of ways of cow milk contamination with microflora;

— to establish the efficiency of applying chelate metals for
the animals that are sick with ketosis; to determine their cli-
nical status; the level of metabolic processes in the organism,
the impact on the rumen microflora, to determine acidity
and the level of ketone bodies in milk; to develop a system of
measures to improve the quality and safety of milk.

4. Materials and methods for the development
of measures to enhance milk quality and safety during
production

4. 1. Procedure of research into the species composi-
tion of somatic cells and microflora in milk

The work was performed at the laboratory of clinical
diagnosis at Sumy National Agrarian University (Ukraine)

and under industrial conditions at farms in Sumy oblast
over 2018. The cows of Ukrainian black-speckled dairy breed
of 1—4 lactations were studied. To determine the healthy
and diseased quarters of the udder, the Californian masti-
tis test [17] and the microscopic test for counting somatic
cells [18] were used. After investigating the state of the
healthy quarter of the udder, the secrete from the one with
positive reaction was selected into sterile cups, observing the
rules of asepsis. In the lab, the milk smears were performed
according to the standard methods for studying dairy pro-
ducts. The total number of somatic cells was counted using
the Prescott and Britt method [19] and their species compo-
sition was determined.

The composition of the microflora of milk, skin, udder,
nipples and dairy equipment was determined using the
microbiological methods [20]. Before starting milking, dis-
infection of dairy equipment was conducted. Bacterial con-
tamination of the rubber of milking cups was studied after
each milking.

4. 2. Procedure for clinical examination of animals,
for determining acidity and ketone bodies in milk

To detect ketosis, 4 groups, each including 5 heads of
cows of similar age having 3—4 lactations, were selected. The
control group included a group of healthy cows and those that
had sub-clinical ketosis and were not treated for it. At the
beginning of the study, the clinical status of the animals was
determined. The temperature was determined using a usual
maximum medical thermometer, the pulse was studied on
the middle caudal artery using the palpation method, respi-
ration was explored by applying the palms of hands to the
nasal openings, the rumen contraction — with a ruminograph
by Z.S. Gorianova. Throughout the experiment, rumen li-
quid was taken from all cows from 10 to 11 a.m. through the
probe to determine the number, intensity, and direction of
Infusoria movement. To determine the intensity and direc-
tion of Infusoria motion, the microscope XS-2610 and the
digital camera DELTA OPTICAL 2.0 MP were used. The
number of Infusoria was counted in the Goryaiev chamber.
For the purpose of fixation, a 4 % formalin solution was used.
The rumen microflora activity was determined by Dirkens
and Hoffrek test with methylene blue [21]. The acidity of the
rumen contents was studied by a pH meter [22].

In addition, the blood was taken from the tail artery for
morphological and biochemical research. The biochemical in-
dices of blood serum of the experimental and control animals
were studied by the following indicators and methods:

— total protein was studied by a refractometer;

— protein fraction was explored using the nephelometric
method;

— reserve blood alkalinity was studied using the diffusion
method with the help of dual flasks (by I. Kondrakhin);

— carotene was explored using the colorimetric method
by G. Koromyslov and L. Kudriavtseva.

The study of ketone bodies was carried out using a keto-
nometer. The content of hemoglobin was explored using
the Sally method. Leukocytic formula was derived by cal-
culation of the relative content of cells in the blood smears
stained by Romanovsky-Gimza. To determine the level of
natural resistance, the Bredeck index was calculated as the
ratio of the number of lymphocytes to stab neutrophils,
and the ratio of sum of neutrophils to lymphocytes. The
number of red blood cells was determined by the blen-
ding method.



3. Results of determining milk quality
and safety during production

5. 1. Results of research into the species composition
of somatic cells and microflora in milk

The conducted microscopic research into the cow milk
smears revealed the species peculiarity and the number of
somatic cells. Thus, the study of the NSC showed that their
number in the main period of lactation (excluding the colos-
trum period and the launch period) is within up to 100 thou-
sand/cm?, which is regulated by DSTU 3662-97 [23]. SC
are differentiated as lymphocytes, monocytes, neutrophils
(Fig. 1,2). When a cow is sick with sub-clinical mastitis,
the NSC increases by tens, and even hundreds of times,
which can reach up to 25,000-30,000 thousand /cm?.

Fig. 1. Lymphocyte (milk of healthy cow) (x1,000)

Thus, Fig. 1 shows the lymphocyte of milk of a healthy
cow. It is characteristic of it that at coloring by Levowitz-
Weber method (L-W), it is of a round shape, the nucleus has
dense consistency, it is intensely colored in dark purple color,
a slight membrane of bluish cytoplasm can be clearly seen
around the nucleus.

Fig. 2. Mature neutrophil (milk of healthy cow) (x1000)

Fig. 2 shows a mature neutrophil. The studies showed
that neutrophils are found in milk of both healthy cows and
those that are sick with mastitis. Along with it, it should be
noted that in case of being sick with sub-clinical mastitis,
their number increases by thousands of times. The number of
neutrophils during the disease can take up to 90 % of all cells.
Stub neutrophils and immature appear in milk together with
mature neutrophils.

Monocytes appear in the secrete of the udder of cows that
have sub-clinical mastitis (Fig. 3).

Monocytes (macrophages) have the non-segmented nuc-
leus of irregular shape with significant amount of cytoplasm.
Macrophages in large quantities are accumulated in the
inflammation centers. Along with this, by Levowitz-Weber,

they are colored in intense violet-brown. A cell has a large
amount of cytoplasm with a significant number of granules
of dark purple to black color (basophile). In the milk of cows
with sub-clinical mastitis they perform anti-allergic function.

Fig. 3. Monocyte (udder secrete
at sub-clinical mastitis) (x1,000)

Fig. 4. Basophile (udder secrete
at sub-clinical mastitis) (x1,000)

It should be noted that in the milk of cows with sub-cli-
nical mastitis, the outside cell membrane of basophiles is not
visible in the light microscope. During the study of the NSC,
no relations between their number, morphological structure
and the period of disease were detected in the cow milk.

The experimental research revealed the species composi-
tion of somatic cells and their number in the cow milk. Thus,
the level of leukocytes in healthy quarters of the cow udder
is within the determined limits. However, due to the fact that
neutrophils perform the udder protection function, they are
constantly changing. The level of macrophages in the milk of
healthy cows does not exceed 2 % of the total amount, the
share of epithelial cells is 60 % (Fig. 5, 6), while the remain-
der consists of lymphocytes and granulocytes.

The improvement of the method for determining the
quantitative and species composition of somatic cells in-
volves the use of alcohol-denaturant to fix the milk smear.
The result of this improvement is that the milk smears almost
in 100 % are kept on the slide during coloring, whereas the
use of the previously proposed methods for fixation of smears
was based on stained blood smears. And as it is known, milk
smears are almost ten times as fatty as those of blood, which
leads to sliding from the slide. It also made it possible to
determine mathematically not only the quantity, but also
the species composition. At the same time, the coefficient
of conversion of determining the number of somatic cells
for the microscope SX 2610 was calculated mathematically.
Thus, having calculated 25 vision areas of a microscope with
an increase by 400 times and knowing the vision area and
having derived the average data, we multiply them by the
proposed coefficient (120405). Thus, we determine the NSC
per cm? of milk.



Fig. 5. Somatic cells of secrete of the udder of a cow that
has sub-clinical mastitis (x400)

™

Fig. 6. Somatic cells of the secrete of udder of a cow that
has sub-clinical mastitis (x1,000)

Results of studying the cows, affected with sub-clinical
mastitis, by using different methods are given in Table 1.

Table 1
Efficiency of research into sub-clinical mastitis

Research methods
NSC,
thousand /cm? Prescott- | «Shalma» | Mastidine | Settling
Brid test test test
100 + - - -
500 + + - -
1,000 + + + -
7,000 + + + +

Based on the conducted research, it is possible to conclude
that the least effective research method at an early stage was
the method of Prescott-Brid. However, it is very time-con-
suming and not acceptable for using under production con-
ditions. The most sensitive test at the production enterprise
turned out to be «Shalma» test. It detects affected animals
even at an increase in NSC within 500,000/cm?. The least
effective test turned out to be the settling test as a positive re-
sult appears only at an increase in NSC < 7,000 thousand /cm?.

As a result of production testing, it was found that in
68 % of cases sub-clinical mastitis was caused by patho-
genic staphylococci (S. aureus). Agalactious streptococcus
(Str. agalactiae) made up 17 % and associated microflora was
found in 15 % of the cases (Fig. 7).

Results of the research into microbial contamination of
the skin of nipples and the udder show that on it there are al-
ways micro-organisms that can cause sub-clinical mastitis dis-
ease. The only difference is that their ratio changes (Table 2).

As Table 2 shows, a primogenital cow has the least
amount of S. aureus and the largest amount of Str. agalactiae.
At an increase in animal age, the ratio changes a little, since
the amount of S. aureus increases and, vice versa, the amount
of Str. Agalactiae decreases. At the same time, a change in the

amount of associated microflora was not detected. It is pos-
sible to make an assumption that the microorganisms on the
udder skin are antagonists among themselves.

15

B S. aureus
B S. agalakt
 Associated

17

68

Fig. 7. Ratio of the pathogens of sub-clinical mastitis

Table 2
Microbial contamination of cow udder skin (M+m)

Age of cows Microflora of nipples skin (%)
(lactation) S. aureus Str. agalactiae Associated
1 (n=5) 29+1.4 60+3.7 11£2.0
2 (n=7) 38+2.0 56+2.3 6+1.4
3 (n=7) 49+3.8 44429 7+1.3
4 (n=6) 48+3.7 4314.2 9+1.2

Therefore, pathogens always exist on the udder skin of
animals. That is why it is difficult to eliminate completely
sub-clinical mastitis in a herd, but it is possible to control it
and its spread within 7-8 %.

The main stages of the disease prevention is strict obser-
vance of the technology of milking cows, systematic examina-
tion of cows using the California mastitis test (test «Shalma»)
and the separation of the affected animals from the healthy in
order to break the epizootic chain. One of the reasons for ra-
pid dissemination of sub-clinical mastitis in a herd is carrying
the pathogen, especially with increased pathogeny, from sick
animals to the healthy during milking. The main mechanical
carrier is the rubber of milking cups through the direct con-
tact with the udder skin of a sick and a healthy animal.

Due to this fact, the research into the dynamics of bacterial
contamination of milking cups rubber was carried out. Before
starting milking, the rubber of milking cups underwent careful
mechanical cleaning, was washed with water and disinfected.
After disinfection, it was thoroughly washed with distilled
water and dried. Research results are shown in Table 3.

Table 3

Dynamics of bacterial contamination of rubber of milking
cups, depending on the number of milked cows (Mt m, n=5)

. Before star- After milking | After milking
Age of animal | . ki i h h

(lactation) ting milking, | five cows, thou- | ten cows, thou-
CFU/cm? |sand, CFU/cm? | sand, CFU /em?

1 2.140.1 534.7+29.9* 1,336.7+45.1*

2 2.340.2 601.4+23.0* 1,486.3£34.6*

3 2.340.3 843.6£45.0* 1,568.4+67.6%

4 2.140.2 811.3+48.1* 1,489.9+£59.0*

Note: * — p<0.05 compared with that before milking



Microbial contamination of the rubber of milking cups
before milking was within 2.1-2.3 thousand CFU /cm? After
milking five and ten heads of cows, bacterial contamination
of the rubber of milking cups in the first lactation increased
by 267 and 668 times, in second lactation — by 261.3 and
646.2 times, respectively. The same tendency was observed
during other lactations (p<0.05). As it can be seen from the re-
search results (Table 2), microbial contamination of the rubber
of milking cups has a dynamic character towards increasing.

The main sources of milk seeding are dairy equipment
and milk pipeline. In order to study bacterial infection of
milk depending on the technologies of its obtaining, experi-
ments were carried out on four farms using different milking
systems (Table 4). Before the research, thorough sanitary
and hygienic cleaning and disinfection of cow udders were
performed. At the same time, dairy equipment (rubber of
milking cups, a collector, a milk hose, a milk pipeline and
a cooling tank) was prepared. In all cases, milk was taken
after its cooling up to 5-6 °C. The Delaval plant was used
at farms 1 and 2. The difference between these plants was
the number of milking machines. The plant ADM-8 with the
milk pipeline of different length was used at farms 3 and 4.

Microbiological seeding of milk at different technologies of its obtaining (M+ m)

To prevent the infection of cows with mastitis pathogens
(8. aureus and Str. agalactiae) during milking, it is necessary
to carry out disinfection of rubber milking cups after milking
every cow. To do this, it is proposed to use the ozone and
air mixture (OAM), which is environmentally friendly. The
ozone and air mixture is obtained using an ozone generator.
For convenience and time saving in the process of milking,
the OAM is fed along rubber tubes to milking cups in bet-
ween milking.

The production of safe and high-quality milk at dairy
farms is possible only at the systematic management based
on the NSC control.

The system of control over obtaining high-quality milk
is based on two programs and prediction of cows getting sick
with a hidden form of mastitis.

The first program determines the correlation depen-
dence of NSC and productivity of animals at a hidden
form of mastitis in individual cows in the specified terms.
The use of the second program makes it possible to deter-
mine the percentage of the cows getting sick with a hid-
den form of mastitis by determining the NSC in collec-
ted milk.

Thus, the proposed Scor can
be used both on individual farms,
and wherever there is significant
amount of livestock. NSC in milk

Table 4

Milking tech- Milking equipment, CFU/em® CBO, CFU/em? | at a hidden form of mastitis is ex-
nology rubber of milk milk wash milking il pressed in millions per cm?. In the
milking cups | hose | collector | water bucket m course of the studies, a simplified

DelLaval No. 1 system of the ratio was proposed.
n=24 24.5+0.90 [27.3£1.20|28.8+7.91| 67.84+6.90 - 91.3£7.9 Each following count of the
DeLaval No. 2 Scor corresponds to a particular
YA 238+017 |26.9+1.30(26.7+5.61| 59.3+4.91 | - 86.9+3.7 number of somatic cells and the
ADM-8 milk percentage of an increase in dairy

-0 Ml ..

pipeline 374023 | 812031 | 4.240.20 [231.8+17.9| - 345.4+38.9 efficiency (Table 5). Therefore, the
=20 study according to the first pro-
ADMS ol gram in the system of control over

-3 portable ducti f saf high- li
milking buckets | 2.8+0.18 | 6.7£0.20 | 3.4£0.20 ~ |2194391|  67.4£39 pr.(fk‘.lc dl,on ol sate anld hig bqua ity
n=20 milk indicate a correlation between

NSC and productivity of animals.

As Table 4 shows, depending on the technology of
obtaining milk and peculiarities of a milking plant, to-
tal milk seeding differs significantly (from 67.4+3.9 to
345.4+38.9 CFU/cm?®). Thus, milk is the best by indicators of
microbial infection (67.4+3.9 CFU/cm?®) when using milking
buckets. This is explained by the fact that in this case all dairy
equipment is taken apart, exposed to careful cleaning and dis-
infection under the control of an operator after each milking.
After washing, milking equipment is dried. Although in this
case all parts of milk equipment also differ slightly in terms of
microbial infection (from 2.840.18 to 21.943.91 CFO/cm?).

Most intensive milk seeding was found at a farm with the
milk pipeline of the plant ADM-8 — 345.4+38.9 CFU /cm?,
This is due to the fact that this milk pipeline of the outdated
model has a number of joints, which accumulate many micro-
organisms, and are difficult to reach by the disinfecting
agent. However, if we compare the results of bacterial con-
tamination of wash water in plants DelLaval, they are almost
similar (67.846.90 and 59.3+4.91 CFU/cm?). Although at
farm 1, which uses a longer milk pipeline, the CBO of milk is
slightly higher (P is unreliable).

Thus, the studies make it possible to affirm that the dairy
equipment has the greatest impact on CBO.

Table 5
Prediction of milk productivity of cows under Scor

Losses of milk productivity of cows for
Number a lactation (kg/305 days)
of somatic - -
Scor cells (thou- 1 lactation 2 lactation
sand/cm®) | Mean | Optimal | Mean | Optimal
value value value value
1 75 - - - -
2 100 72 75 142 150
3 200 148 150 285 300
4 400 225 225 430 450
5 800 293 300 590 600
6 1,600 375 375 710 750

Note: the developed Scor values correspond to the cows with pro-
ductivity within 5,000—7,000 kg of milk per lactation

The second program uses the developed indicators of
dependence between the NSC in the gathered milk and the
percentage of disease of cows in a herd. The correlations bet-
ween them were established (Table 6).



Table 6

The number of somatic cells in gathered milk depending
on percentage of disease incidence

The data from Table 6 show that there is a direct depen-
dence between NSC in milk and percentage of cow disease
incidence in a herd, as well as illustrate the dynamics.

3. 2. Results of studying animals for ketosis and milk
for ketone bodies
The experimental studies of milk for ketone bodies were

The number of pulse waves decreased by 18.8 beats per
minute, the frequency of respiratory motions — by 11.2 to the
physiological norm (p<0.05). Rumen contraction became
normal and was within 8.9+0.2, which is by 5.2 movements

Number of affected cows (%) | NSC in milk, ( thousand /cm?) more (p<0.05) from the beginning of giving chelate metals
7 200-250 (iron, zinc, manganese, copper). The activity of microflora
I 200450 also significantly increased. However, it should be noted
that the number of Infusoria increased by 385.9 pieces. The
20 600-650 acidity of the rumen content was within the 6.7 pH, which
30 1.900-1.350 corresponds to the state of healthy animals. Titrated milk
, , acidity was within 16.5, which corresponds to the «Extra»
50 1,.800-2,000 grade indicators.

Fig. 8,9 show a small number (up to 342.4+18.8 thou-
sand/ml) of Infusoria, which was found in the rumen
content of the sick animals at the beginning of the study.
However, larger forms of Infusoria were not almost ob-
served. According to the results of the experimental studies,
the number of large forms of Infusoria in the rumen content
increased significantly in 5-7 days after the application of
chelate metals.

carried out. Thus, after 30 days from the beginning of the
experiment, the body temperature of animals on average
decreased by 0.7 °C, which corresponds to the healthy state.
The conducted research (Table 7) allows stating that the
clinical status of the animals that are sick with a hidden form
of ketosis changes significantly.

Table 7

Indicators of clinical status and correlation of metabolic processes
in organism of cows (M+m, n=5)

Eamination Group of animals Fig. 8. Infusoria (x400)
Indicators period control control treatment
(healthy) (sick) (30 days)
beginning 38.4+0.1 39.1£0.2 39.340.2
T (°C)
ending 38.31£0.1 39.440.2 38.620.1
Pulse beginning 61.2£0.9 89.2+1.1* 92.1£2.5*
(beats/min) ending | 611308 | 93.1+1.3* | 73.3:07
Respiration beginning | 17.4+07 | 33.6+1.6* | 34.3+1.7*
ti i .
(motion/min) ending 17.3£0.7 | 36.6+2.2* | 23.1*1.1* Fig. 9. Small and large forms of Infusoria (x400)
Contraction of rumen beginning 9.0+0.3 3.510.2* 3.7£0.3*
(motion/5 min) The conducted studies revealed (Table 3) that
ending 9.0+0.3 3.3+0.2% 8.9+0.2 the simplest after the use of feed supplement
. . . with chelate metals became more numerous up to
Activity of microflora beginning 1.9+0.2 62203 64209 753.3141.0 (p<0.05). In them, the active linear
(min) ending 1.940.2 8.6:0.3 27407 motion of both large and small forms was observed
(Fig. 10, 11).
Number of Infusoria beginning | 928.9435.7 | 342.4+18.8* | 367.4+24.3*
(thousand,/ml) ending | 931.7+41.9 | 206.6+27.4* | 753.3+41.0*
(pH) of rumen beginning 6.8+0.4 5.1£.0.3* 4.7£0.2*
content) ending 6803 | 48+04* | 6.6+02
beginning 16.2£0.2 18.2+£0.3 18.1£03
Milk acidity (°T)
ending 16.21£0.3 20.9+£0.7 16.5+0.2

* %

Note: * — p<0.05 compared with healthy animals; — p<0.05 compared in
relation to the beginning of treatment. At p<0.05 changes were considered reliable

Fig. 10. Infusoria (Holotricha) (x400)



Fig. 11. Infusoria (Spirotricha) (x400)

In Fig. 10, one can see on closer inspection that the in-
ternal organs of Infusoria have a bluish shade. This indicates
that Infusoria inactivate methylene blue. Thus, it is possible
to judge on the level of metabolic processes in the body of
cows by the number of Infusoria and their activity. However,
for full understanding of the impact of the feed additive based
on chelate metal on cows, the studies of the morphological
and biochemical composition of venous blood were conduc-

ted (Table 8).
Table 8

Morphological and biochemical composition
of venous blood of cows

Groups of animals
(2-5 day after calving)

Indicators healthy | sick Examination period

(con- | (con- | heginning | ending
trol) trol) 2-4 day | (30 days)

Erythrocytes, T/1 57403 | 56+£0.3 | 5.6£02 5.9+0.3
Leukocytes, g/1 89+0.3 | 5.6+0.5 | 5.3+0.4 8.4+0.5*
Total protein, g/1 84.244.4(97.244.1 | 967431 | 82.744.2%
Glucose, mmol /1 2510.2 | 1.6£0.2 | 1.540.3 | 2.6+0.3*
Hemoglobin, g/1 99.1+3.1(98.1+4.1 | 99.1£3.5 | 102.2+3.7
Reserve alkalinity (%) [50.1+4.2|30.843.4| 31.4+2.8 | 50.145.1*
Ketone bodies, mmol/1 | 2.1+0.2 | 6.240.7 | 5.9+0.5 1.140.2*

Note: * — p<0.05 in relation to the data at the beginning of the
experiment. At p<0.05 changes were considered reliable

Analysis of the data from Table 8 shows positive changes
in the organism of the cows. It is known that on the first
days after calving the number of leukocytes increases, and
at ketosis, vice versa, a decrease was detected (leucope-
nia). Thus, the number of leukocytes, compared to healthy
cows was less by 3.6 T/l. After using the feed additive
based on chelates of metals the leukocytes count increased
by 3.1 T/l (p<0.05). The total protein content decreased
by 14 G/1 (p<0.05). However, the amount of glucose in-
creased by 1.1 mmol/l (p<0.05), which corresponds to the
minimum indicator of healthy animals. Hemoglobin almost
did not differ in indicators. Reserve alkalinity of blood in-
creased by 18.8 % and corresponded to the physiological
norm (p<0.05). The amount of ketone bodies decreased by
4.8 mmol/1 (p<0.05).

6. Discussion of research results and the development
of measures to enhance milk quality during production

Experimental research into cow milk has revealed the
species composition of somatic cells and their number de-
pending on the udder health. That is, it was found that

during occurrence of sub-clinical mastitis, the NSC in milk
gradually increases by tens and even by hundreds of times,
which can reach up to 25,000-30,000 thousand /cm?. It was
established that this happens at the expense of leukocytes
(stab neutrophils). It was proved experimentally that the
most accurate method is direct counting the number of so-
matic cells in raw milk smears — the microscopic method of
Prescott-Brid. The disadvantage of this research is its com-
plexity for using at dairy farms. This method also enables the
earliest diagnosis, but is quite time-consuming for using on
dairy farms. That is why the Californian mastitis test (Shal-
ma test) was used as an alternative at a production enter-
prise. From all of the above, it gives the most approximated
result in comparison with the Prescott- Brid method. It was
found to detect affected animals already at an increase in
NSC within 500 thousand/cm?®. The prospect of subsequent
research is the creation of a more universal mastitis test,
which would be less time-consuming and with less error for
using at production enterprises.

The improved method for blood smear registration, ta-
king into consideration the milk fat content, makes it pos-
sible to determine the species composition of somatic cells.
It is necessary to note that the methods for diagnosis of sub-
clinical mastitis have different sensitivity. Researchers be-
lieve that the settling test in not effective to detect the cows
that are sick with sub-clinical mastitis. The use of dimastine
and mastidine, according to certain authors, is not always
effective, which leads to researchers receiving an increased
number of sick animals [24, 25].

Thus, if at the first stage of milking there is cow that is
sick with sub-clinical mastitis, there is a high probability
that the causative agent of mastitis will be transferred to the
udder skin of other animals. That is why sub-clinical mastitis
can occur at the unsatisfactory condition of the udder skin
(micro cracks, abrasions, etc.) and decreased resistance of the
organism of animals [26].

The method for mathematical calculation of coefficient
of conversion of determining the number of somatic cells
for microscope SX 2610 was experimentally designed. Thus,
we determine the NSC in cm® of milk. According to this, we
determine the physiological state of the udder.

The species composition of mastitis pathogens was de-
termined and the way of their parsing through the rubber
of milk cups during milking with a dynamic increase in the
number of microorganisms was proved. That is why the me-
thod for disinfection with the ozone and air mixture (OAS)
was proposed.

The production of safe and high-quality milk at dairy
farms is possible only if there is a systematic management
that is based on the NSC control.

The system of control over obtaining high-quality milk
is based on two programs and the prediction of cows getting
sick with the hidden form of mastitis. The proposed Scor can
be used both on individual farms and at production enterpri-
ses. A simplified Scor system was developed, which makes it
possible to determine the percentage of the cows with masti-
tis in a herd by the content of somatic cells in gathered milk
and prediction of a decrease in milk productivity.

An animal receives a significant portion of necessary
substances to meet the organism’s own needs and to generate
milk from digestion of microorganisms that are found in the
rumen. Microorganisms need satisfactory conditions for the
reproduction in the rumen. Dairy cows are capable to convert
30 % of vegetable protein into animal protein [27—-29].



During ketosis disease, the physiological state of cows
worsens in consequence of metabolic disorders. Ketone bo-
dies and toxins get into milk. It was experimentally proved
that the use of chelate metals by animals normalizes meta-
bolic processes in the organism of animals due to the align-
ment of the sugar-protein ratio. In the rumen, favorable con-
ditions for the growth and reproduction of rumen microflora
are created and the level of ketone bodies in milk decreases.
Animal feed additive based on chelate metals enables the
prevention of ketosis. In terms of using this means as thera-
peutic, there are some restrictions, depending on the severity
of ketosis in animals.

Compared with other methods of dealing with ketosis,
one uses propylene glycol, which is necessary to be given
to every animal in the form of injections. This method is
time-consuming and cost intensive [30].

The additive based on chelate metals can be used together
with the feeds for the treatment or prevention of ketosis in
cows. Chelate metals (iron, copper, zinc and manganese) are
activating agents of the functions of enzymes, hormones and
vitamins. They take part in the process of blood formation,
growth, reproduction and have antioxidant properties [31, 32].

The study of the activity of Infusoria gives the possibility
to determine not only the functional condition of the rumen,
but also the state of the organism of animals. The simplest are
an indicator of the health of cows. Long-lasting and expen-
sive blood, urine and milk are usually applied at metabolism
disorders in ruminant animals. That is why the method for
studying Infusoria of the rumen to determine changes in the
organism of ruminant animals was proposed.

It should be noted that the proposed measures imple-
mented at a production enterprise make it possible to en-
hance the quality and safety of milk and to increase its grade
up to the «Extra» class. This can be achieved by reducing the
number of somatic cells and microorganisms in milk and de-
creasing the incidence of mastitis in cows. The acidity of milk
can be decreased at the expense of prevention and treatment
of ketosis in cows.

7. Conclusions

1. It was found that at cows getting sick with sub-clini-
cal mastitis, the number of somatic cells in milk increases
and their species composition changes. For early diagnosis
of mastitis at a production enterprise, it is recommended to
use the Shalma test and to use the Prescott-Brid method to
confirm the diagnosis. To prevent cows being infected with
mastitis pathogens (S. aureus and Str. agalactiae) during
milking, it is necessary to perform disinfection of the rubber
of milking cups with the ozone and air mixture (OAM) after
each milking.

2. The effectiveness of using the food additive based
on chelate metals was proved to reduce ketone bodies by
4.8 mmol/1, acidity of milk by 4.4 °T and acidity of rumen
content, as well as to increase the number of Infusoria com-
pared to the physiological norm (p<0.05). The developed
system of measures allows the manufacturer to respond time-
ly to changes in animal health by the NSC indicators, and
consequently, to improve milk quality and safety indicators.
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