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The aim of the study was to create an algorithm for controlling subclinical forms of mastitis of cows
on the basis of determining the activity of lactate dehydrogenase and the number of somatic cells in
milk. Milk samples were taken from conditionally positive cows according to the results of the California
test; the activity of lactate dehydrogenase was determined and compared with the content of somatic
cells in milk.

According to the results of the analyzes, 2 out of 20 milk samples had low values of lactate dehydro-
genase activity, an increased number of somatic cells (more than 250 000 in 1 ml) and negative results
of bacteriological examination, which may indicate on the absence of intra-infection and a physiological
increase in the number of secreted somatic cells. With increased lactate dehydrogenase activity and a
somatic cell level of no more than 250 000 in 1 ml, Streptococcus agalactiae or Staphylococcus aureus
bacteria were isolated, indicating on a mono-infection. At the level of somatic cells from 250 000 to
500 000 in 1 ml (4 of 20 milk samples) bacteria Streptococcus agalactiae and Staphylococcus aureus
were isolated, indicative on of mix infections.

Thus, the determination of lactate dehydrogenase activity makes it possible to more accurately
determine the presence of inflammatory processes in the udder, since the number of somatic cells can
also increase with physiological changes (e. g., stress, etc.). The results obtained can be used to deter-
mine the subclinical forms of mastitis in the infected herd. Recommendations developed on the basis of

this study were implemented in practice in the economy of the Chernihiv region.
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The lowered breast resistance and
penetration of pathogenic microorganisms
into the parenchyma of the organ is the trigger
mechanism in the mastitis development.
Mastitisis amultifactorial disease, which causes
a number of interrelated issues relevant not
only to the animal welfare, but also to the food
safety. Economic damage caused by mastitis
is the reduction in milk yields, deterioration
in the quality of milk leading to its rejection,
as well as the costs of animal treatment [1].
Milk contamination by pathogenic bacteria
from infected cows can cause a wide range of
human diseases (tuberculosis, streptococcosis,
staphylococcosis, brucellosis, leptospirosis,
bacterial food poisoning, etc.)[2, 3].

In most herds, subclinical mastitis is
more common than clinical, so that it is
difficult to diagnose due to the lack of visual
signs [4]. The inflammation of the mammary

gland lobes is characterized by the increased
content of somatic cells in its secretion, among
which leukocytes (neutrophils, macrophages,
lymphocytes) account for 75% , red blood cells
and epithelial cells — for 25% . Inflammatory
processes are also accompanied by the release
of a number of enzymes, including lactate
dehydrogenase (LDH) into the milk [5, 6].

Some authors admit that the content of
somatic cells up to 150,000 in 1 ml is normal
[7—8]. Somatic cells (SC) in milk are one of
the infection status determinants, since blood
monocytes enter the milk as macrophages.
During the lactation and dead period in cows,
the percentage of macrophages in milk is the
highest up to 68%, and up to 21% in the post-
partum period.

Similar to neutrophils, somatic cells
perform nonspecific functions such
asphagolysisof bacteria and their destruction
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by proteases and reactive oxygen species (ROS)
[5, 9]. Polymorphonuclear neutrophils (PMNs)
absorb and lyses bacteria; however in cows the
phagocytic activity of polymorphonuclear
lymphocytes (PMNLs) in milk can be inhibited
by dairy fat globules and casein that leads to
decay. Mastitis with a high content of somatic
cells in milk is characterized by the increased
proteolytic activity of enzymes [10, 11].

Bacterial toxins, enzymes, cell wall
components directly affect the functions of
epithelial cells, and stimulate the production
of multiple inflammatory mediators.
Epithelial cells of the mammary gland can
produce various inflammatory mediators:
cytokines, chemokines, protective peptides
and arachidonic acid metabolites, which play
a protective role in the infectious process
prevention, enhancing the absorption and
digestion of phagocytised microbes [12].
Normally, mammary epithelial cells regenerate,
but during the infectious process, their number
in milk will increase significantly due to the
release of neutrophils into the mammary
secretion [13].

The effective marker for the destruction
of secretory tissues in the udder is the LDH
concentration in milk, which determines the
infectious process in the mammary gland.
LDG is a glycolytic enzyme involved in the last
stage of glycolysis process — the pyruvic acid
conversionto lactic acid. The enzyme consists
of four subunits of two different types H
and M, respectively; therefore there are five
LDH isoenzymes. The LDH concentration is
interrelated with the level of somatic cells in
milk, which depends on the effects of such
conditions as stress, nutrition, lactation stage,
etec. [14].

The enzyme presence in the milk of cows
with mastitis is associated with an increased
number of leukocytes and epithelial cells in
the udder. Studies suggest that LDH activity
often rises earlier than the content of somatic
cells, which makes it an excellent biomarker for
early detection of intra-venous infection [15].
Measurements of LDH activity using modern

automated milk systems (e.g.:Delavale, etc.)
are included in the breast health monitoring
program and used as an early indicator of
mastitis[16,17].

The purpose of study was to create the
subclinical mastitis monitoring algorithm to
determine the activity of lactate dehydrogenase
and the content of somatic cells in the milk of
COWS.

For this purpose, it was necessary to collect
milk samples from conditionally- positive
animals based on the California test results, and
determine the ratios of lactate dehydrogenase
activity and somatic cell content in milk.

Materials and Methods

The subjects of the study were milk samples
taken from cows suspected of subclinical
mastitis based on the California test. 22 cow
milk samples collected at the Ukrainian farm
in 2017 were examined.

Milk samples to be studied were taken to
sterile bottles of 30 ml and stored at +8 °C for
no longer than 8 hours. [17] Containers with
samples selected for testing were marked with
the date of sampling. Before the study, milk
samples were heated up to +20 °C and mixed
until a uniform consistency was obtained.

The lactate dehydrogenase activity in milk
was determined using the UdderChecktm
kit (PortaChek'™, USA). The test strip was
extracted with tweezers and lowered into a
pre-selectedsample (from one quarter of the
udder) for 10 s. Then the strip was removed,
and the milk remainder was shaken off, after
2 min, it was compared with the colour scale on
the manufacturer’s jar.

The test strip pad contains an immobilized
substrate — L-lactate. After a series of
enzymatic reactions, this substrate isoxidized
by milk LDH, while the Nitrotetrazolium
Blueindicator is converted to violet formazan.
The colour intensity of the final formazan
is proportional to the lactate dehydrogenase
activity in milk. The results were evaluated
according to Table 1.

Table 1. Determination of LDH activity level on the basis of visual evaluation of test results UdderChecktm

Result UdderChecktm Probability of infection LDH activity level
- Low <100 U/L
+ Middle 100-200 U/L
++ High 200-500 U/L
+++ Very high > 500 U/L
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The number of somatic cells was
determined using the PortaSCC Quick
Test™ kit (PortaChek™, USA). Milk drops
were added to the test strip hole, without
touching the strip with the pipette tip. After
the milk was absorbed, 4 drops (150 ul) of the
activating solution were added to the same
hole. In 5—6 min, the number of somatic cells
was evaluated by comparing the strip with
the colour scale.

This method is based on the principle of
enzymatic reaction of esterase. Enzymes
located on the white blood cell wall have
esterolytic activity. White blood cells in
milk samples are retained in a special reagent
layer on a test strip, which also contains a
substrate represented by an immobilized
dye. Enzyme esterase from white blood
cells catalyses the reaction of substrate
staining to blue, the intensity of which is
proportional to SC in the sample (for more
details visit www.portacheck.com).

The result is considered negative or
zero if the substrate colour has not changed
(<100,000). If alight blue colour is observed,
the result was considered as “one plus”
(200,000 in 1 ml). If the test area is coloured
sea-green, the result was considered as “two
pluses” (200,000-500,000 in 1 ml). The blue
colour of test strip was counted as “three
pluses” (1,000,000 cells/ml, respectively).
Any change in the colour of test strip,
corresponding to a cell count above 250,000
per ml, is considered positive.

For a bacteriological study, the milk
sample was aseptically distributed over the
burner flame with a bacterial loop on the
agar surface. Colombia’s CNA agar + 5%
sheep blood was used to extractthe pure
culture (Biomerieux, France). Then it was
incubated in a thermostat at +37 °C for
18-24 hours. After that, the grown colonies
were subject to examination using Petri
dishes and microscopic examination. After
confirming the culture purity, the oxidase
and catalase test was carried out, and the
haemolysin response in the grown colonies
was also evaluated. Colonies suspicious for
Staphylococcus aureus were subject to a
coagulase test with rabbit plasma. Gram-
positive coccoid bacteria with negative
response to catalase activity were identified
by biochemical tests Strepto-test 16
(Lachema, Czech Republic).

Results and Discussion

Cow milk samples were selected based on
conditionally positive response in the California
test. The results of analysis of 20 milk samples
obtained from dairy farms for determination of
LDH activity with simultaneous SC detection
and the results of bacteriological examination
of mammary secretion are presented in the
Table 2.

The findings showed that 2 out of 20 milk
samples had low values of LDH activity, an
increased SC number (250,000 in 1 ml), and
negative bacteriological test results, which
may indicate the absence of intra-infection
and a physiological increase in the SC number
in the secretion. With increased LDH activity
and a SC level not exceeding 250,000 per ml,
Streptococcus agalactiae or Staphylococcus
aureus bacteria were extracted, indicating
a mono-infection. At a SC level of 250,000
to 500,000 in 1 ml (4 of 20 milk samples),
Streptococcus agalactiae and Staphylococcus
aureus bacteria were extracted, indicative of
mix infections.

Based on the findings, it could be concluded
that the enzyme activity is interrelated with
the increase in the SM number in the mammary
gland secretion. Thus, the tests for LDH
activity enables to determine the presence
of inflammatory processes in the udder more
accurately, since SC can also increase due to
physiological changes (stress, etc.). There are
no data that the level of LDH activity raises
earlier than the SC number.

Based on the conducted studies, the authors
propose the following milk analysis algorithm
for the detection of subclinical mastitis: the
California test, the subsequent analysis of
conditionally positive samples (+/-) for LDH
activity and the SM number in milk, and, if
necessary, bacteriological studies (Figure).

Thus, the control of main markers of the
infectious process (the level of LDH activity
and the presence of somatic cells in milk)
allows for the more precise determination of
subclinical mastitis in the infected herd. The
analysis is necessary to identify risk groups and
to improve the milk quality monitoring, as well
as to monitor the effectiveness of preventive
measures (vaccination, udder treatment with
special preparations before and after milking,
etc.)

Test systems for the LDH and SC
determination were provided by PortaChek'™,
USA, free of charge.
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Table 2. Results of detection of biomarkers of infection and carrying out microbiological investigation
in secretion of the mammary gland in lactating cows

No milk samples LDH (U/L) SC (in 1 ml) Bacteriological culture
1 <100 <100 000 Negative
2 200-500 250 000 Streptococcus agalactiae
3 100-200 250 000 Negative
4 <100 <100 000 Negative
5
6 200-500 250 000 Staphylococcus aureus
7 <100 <100 000 Negative
s
9 <100 <100 000 Negative
10 <100 <100 000 Negative
11 <100 250 000 Negative
12 100-200 250 000 Staphylococcus aureus
13 200-500 250 000 Streptococcus agalactiae
1
1
1
17 <100 250 000 Negative
18 200-500 250 000 Streptococcus agalactiae
19 <100 <100 000 Negative
20 200-500 250 000 Streptococcus agalactiae
21 <100 <100 000 Negative control
22 > 500 1000 000 Positive control
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MeToto mocaimkeHHs OYJIO CTBOPEHHS ajiro-
PUTMY KOHTPOJIIO CyOKJIiHIYHUX (hOPM MACTUTY
KOPiB Ha IificTaBi BUBHAUYEeHHA aKTUBHOCTI JaK-
TaTAerifporeHasu i KiJIbKOCTi cOMaTUUYHUX KJIi-
THUH B MOJIOIi. 3pasKM MOJIOKaA BimOupasam Bifm
YMOBHO-IIO3UTUBHUX KOPiB 3a pesyJbTaTaMU Ka-
JihopHIACHKOTO TECTy, BU3HAUAJIU aKTHUBHICTH
JaKTaTJeriiporeHasu i mopiBHoOBaIu 3i BMicTOM
COMAaTUYHUX KJIITUH y MOJIOII].

3a pesysbrTaTamMu aHaJidiB 2 3 20 3paskiB mMo-
JIOKa MaJu HU3bKi 3HAUEHHA aKTUBHOCTI JIAKTaT-
JerigporeHasu, NiABUINEHY KiJIbKicTh coMaTHUY-
HuX KiaiTuH (6inbmre 250 000 B 1 mur) i HeraTuBHi
pesyabTaTy 0aKTEepioJIOTiYHOTO AOCTimKeHH,
[0 MOKE CBiIUUTU TPO BiACYTHICTH BHYTPIII-
HBOBUM IHOI iH(peKii i ¢isiosmoriune 36inbIneH-
HSA KIJIBKOCTi COMAaTUUYHUX KJIITHUH y ceKperi. 3a
OigBUINEHOI aKTUBHOCTI JIaKTaTAerigporeHasu
i piBHa comaTuuHuX KJiTuH He BuIrne 250 000
B 1 ma Bupinanuca 6arxtepii Streptococcus
agalactiae abo Staphylococcus aureus, mo cBin-
YUTHh IIPO MOHOiH(eKIii. 3a piBHA cOMaTUUYHUX
kJiituH Big 250 000 xo 500 000 B 1 mu (4 3 20 3pas-
KiB MoJIOKa) Buminaaucsa 6akrepii Streptococcus
agalactiae i Staphylococcus aureus, siKi cBiguarn
npo MiKc-iH(peKii.

TakumM YMHOM, BHU3HAUYEHHA AKTHUBHOCTI
JaKTaTaeriIporeHasdu MO3BOJIAE OLJIBLII TOUYHO
BU3HAUNUTHU HAABHICTHh 3amalibHUX IIPOIECIB y
BUMEHi, OCKiJIBKHY KiJBKiCTH COMATUUYHUX KJIi-
TUH MOXKe IMifBUINyBaTUCh i B pasi ¢isiosoriu-
HUX 3MiH (HanpukJjaz, crpecy iT. n.). Orpumani
pes3yabTaTy MOXKYTh OyTH 3aCTOCOBaHi AJId BU-
3HAUeHHA CYOKJiHiuHMX (popM mMacTuTy B iH(Di-
KoBaHOMY crajni. PekomeHngaiiii, pospobieni Ha
migcTaBi I[OTO JOCJiAKeHHA, OyJau peaizoBaHi
Ha mpakTuili y rocuogapctsi YepHiriBcsKoi 06-
jacTi.

Knarouwosi cnrosa: cyOKIIHIUHUTT MACTUT, JIaKTaT-
IerigporeHasa, MOJOYHA 3aJ103a KOPiB.
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ITenpio mccaenoBaHusa OBIJIO CO3JaHUE aJi-
roputrMa KOHTPOJIA CYOKJIMHUYIECKUX (OPM Ma-
CTHUTa KOPOB HA OCHOBAHUWU OIIPeJeJIeHUA aK-
TUBHOCTH JIAKTATIEruIporeHasbl U KOJUIECTBA
coMaTUUYeCKUX KJIETOK B MOJIOKe. O6pasIbl MOJIO-
Ka oTOupAaJi OT YCIOBHO-IIO3UTUBHBIX KOPOB II0O
pe3yabTaTaM KaJau(OpHUNCKOTO TecTa, oupeze-
JISIIV aKTUBHOCTD JIAKTATIeTuIPOreHas3bl U CpaB-
HUBAJIU C COePKAaHUEeM COMaTUUECKUX KJIETOK B
MOJIOKeE.

ITo pesynbpraTam amanusoB 2 us 20 o6pasioB
MOJIOKA MMeJN HU3KNe 3HaUeHUs aKTUBHOCTU
JaKTaTAeTuaporeHasbl, MOBBIIIIEHHOE YKUCJI0 CO-
MaTudecKux KiyeTok (6osee 250 000 B 1 ma) u
HeraTUBHBIE PE3yJbTaThl 0AKTEPUOJOTUIECKOTO
WCCJIeJOBAHUS, UYTO MOXKET CBUAETEJIbCTBOBATH
00 OTCYTCTBUM BHYTPUBLIMEHHOW MH(PEKIIUU U
GU3MOJIOTUYECKOM YBEJINUYEHUU KOJUUECTBA CO-
MaTHUUYECKUX KJIETOK B ceKkpeTe. [Ipu IOBBIIIIEHHOM
COZlepIKaHNU JIAKTATAETUAPOTEHA3Hl U YPOBHE CO-
MaTudyecKuXx KJjaeTok He BeIime 250 000 B 1 Mt BbI-
nensanuchk 6akTepuu Streptococcus agalactiae nnu
Staphylococcus aureus, 4To0 CBUJETEJIbCTBYET O
mMoHouH(peKIuu. [Ipu ypoBHE COMAaTUYECKUX KJIe-
ToK oT 250 000 10 500 000 B 1 M (4 u3 20 o6pas-
I[OB MOJIOKA) BBIZEJIANNCH OakTepuu Streptococcus
agalactiae n Staphylococcus aureus, cBUIeTEIb-
CTBYIOIIME O MUKC-UH(PEKITUIX.

Takum o6pasom, ompenaeieHrNe aKTUBHOCTU
JIaKTaTAeruApoTreHassl I03BOJIAEeT 00Jee TOUHO
OmpeIeSUTh HaJIUUYNe BOCHAJIUTEIbHBIX IPOIleC-
COB B BEIMEHU, MTOCKOJIbKY KOJITMUECTBO COMaTUYe-
CKUX KJIETOK MOJKET MOBBIIIATLCA U TIPU (HhU3UO-
JIOTMYECKUX M3MeHeHusX (Hampumep, cTpecce
u T. 1.). [TonyueHHble pe3yJabTaThl MOI'YT OBITH
IPUMEHEHBI JJIA OIpeaeJeHnsI CYOKINHUTUSCKUX
¢dop™m mactuTta B uHGUIIUPOBAHHOM cTaje. Peko-
MeHJAIlluM, pa3paboTaHHbIe HA OCHOBAHUU ITOTO
ucceoBaHUA, ObIIN PeaJTn30BaHbI HA IPAKTUKE
B X03slicTBe YepHUTOBCKOII 00JaCcTH.

Kawuyesvle ciosa: CyOKIMHUYECKU MacTUT, JIAK-
TaTAerugporeHasa, MOJOUYHAS JKejie3a KOPOB.





