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Efficiency of the data generated

by the robotic milking system for comprehensive
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SUMMARY

Early mastitis diagnosis and treatment play a significant role in reducing the disease incidence in a dairy herd. Examination of the animals (n = 61) milked with
VMS™ V300 automated voluntary milking system (DeLaval, Sweden) showed that mean milk yield was 15.03 kg (min — 4.50 kg, max — 24.52 kg); mean milking
time in the group was 8 min 14 sec (min — 5 min 24 sec, max — 12 min 29 sec) during the observation period equal to 10,300 milkings. Milking time for the majority
of the cows (67.2%) complied with the standards and equaled to 4—7 min, mean milking time for 32.7% of the animals was 8 minutes. Mean interval between
milkings in the test animal group was 11 hours 30 minutes (min — 6 h 04 min, max — 18 h 54 min). Mean electrical conductivity of the milk was 4.14 1/0mxcm? for
the whole group of animals. Determined mean mastitis detection index (MDi) was 1.6 and varied in the range of 1.03 to 1.41. Minimal and maximal MDi was 1.0
and 11.1, respectively. Diagnostically representative increase in MDi within 1.8—2.2 was observed in 24.6% of animals. Significant MDi increase to more than 2.2
was found in 21.3% of high-yielding cows. All animals with MDi higher than 1.8 (28 animals) were examined for mastitis. Inflammatory reactions in udder were
detected in 28.6% of the animals, clinical and latent inflammations were detected in 7.1 and 21.4% of the cows, respectively. Tests of mammary gland secretion
showed that average somatic cell count was up to 200 and 201-300 ths cells/mL in 45.9 and 37.7% of the animals, respectively. Udder secretions of 4.9% of cows
contained 301-400 ths somatic cells/mL. In 9.8% of tested animals average somatic count was 401-700 ths somatic cells/mL, and in 1.6% of the animals — more
than 701 ths somatic cells/mL. Microbiological and PCR tests of mammary gland secretion samples taken from the animals with mastitis detected the following
contagious and coliform mastitis agents: Staphylococcus spp. (St. epidermidis, St. saprophyticus, St. haemolyticus), Streptococcus agalactiae, Staphylococcus aureus,
Escherichia coli, Enterococcus faecium. Various diagnostic techniques are found to be used for detection of mastitis in the herd and the data generated by robotic
voluntary milking station such as mastitis detection index (MDi) can be used for earlier detection of changes in cow’s mammary gland.
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JOPeKTUBHOCTD UCMOMb30BAHNA AaHHbIX, NOJTYYEeHHbIX
C 3NIEKTPOHHON CMCTEMbI POOOTU3MPOBAHHOIO J0EHUA,
NPy KOMNNEKCHOI ANArHOCTIKE MACTUTA Y KOPOB

M. H. UcakoBa, M. B. PanocoBa

OTBHY «Ypanbckuit desepanbHblil arpapHblit HayuHO-1CCeS0BaTENbCKNIA LieHTP Ypanbckoro oTaenexna Poccuitckoi akagemmn Hayk» (OTBHY Yp@AHILL YpO PAH),

r. Ekateputbypr, Poccua

PE3IOME

BaxHyto ponb B CHUXKeHNKM 3a60neBaeMOCTY MONOYHOTO CTajja MACTUTOM UTPaloT PaHHAA AMATHOCTUKA U CBOEBPEMeHHble neyebHble MeponpuaTua. B pe-
3ynbTaTe UCCIeA0BAHMA XIUBOTHBIX (1 = 61), J0eHNe KOTOPbIX OCYLLeCTBAANOCH NPU NOMOLLY aBTOMATU3NPOBAHHOIA CMCTEMbI J06POBONBHOMO AOEHMA
VMS™V300 (DeLaval, LLBewnsa), yctaHoBneHo, uto 3a nepuoz HabntodeHus, paBHbiil 10 300 akTam JoeHna, cpesHuii Hapoit coctasun 15,03 kr (min — 4,50 kr,
max — 24,52 Kr); cpeHAA NPOROKNTENbHOCTb J0eHA No rpynne — 8 MinH 14 cek (min — 5 MuH 24 cek, max — 12 MuH 29 cex). [eprop BpemeHrM, 3a KoTopoe
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MPONCXOAINN LUK AOEHMA 6ONBLIMHCTBA KOPOB (67,2%), COOTBETCTBOBAN HOPMATUBHBIM NOKa3aTeNAM U COCTaBUA 4—7 MUH, y 32,7% XMBOTHBIX CPeAHAA
MPOAOMKUTENbHOCTb AOeHNA Obina 6onee 8 MUH. CpeLHMIA HTEPBAN MEXAY AOEHUAMM B UCCNEAYeMONi rpynne XUBOTHbIX paBHANCA 114 30 MuH (min — 64
04 MuH, max — 18 u 54 muH). CpeaiHAs 3NeKTPONPOBOAHOCTL MOMIOKA MO BCeli Fpynne XMBOTHbIX cOCTaBUNa 4,14 1/0mMxcm’. Onpeaeninu, uto cpefHuii no-
ka3atenb MDi (MHAeKC BblaBNeHUs MacTuTa) 6bin paseH 1,16 ¢ ananazoxom ot 1,03 go 1,41. MuHMManbHoe 1 MakcuManbHoe 3HaueHne MDi Haxoaunoch Ha
yposHe 1,01 11,1 cootBeTCTBeHHO. [IuarHocTuyeckoe ygenuuenue niaekca MDi B npegenax 1,8—2,2 Habniopanu y 24,6% xuBoTHbix. locToBepHOE NOBbILLE-
Hue HpeKca bonee 2,2 yctaHosneHo y 21,3% BbICoKONpoAYKTUBHbIX KOPOB. Bce xmnBoTHble c ypoHem MDi 6onee 1,8 (28 ron.) 6bin 06cnesoBaHbl Ha MacTyT,
BOCMANUTENbHbIE peakLyun B BbIMeHIn 06Hapyunn y 28,6% ocobeit, KNMHIYeCKoe 1 CKpbiToe BocnaneHine umenn 7,1 u 21,4% KopoB COOTBETCTBEHHO. lpu
NCCneoBaHNM CeKpeTa MONOYHOI Xene3bl yCTaHoBUAM, uTo Y 45,9 11 37,7% KNBOTHbIX CpeSiHee CofepXaHie COMaTUyeckinx KNeTok HaXOAUN0Ch B AnanasoHe
10 200 1 201-300 Tbic/Mn COOTBETCTBEHHO. B cekpeTe Bbimenn 4,9% kopoB cofepxanoch 301-400 Tbic/Mn comaTnuecknx Knetok, y 9,8% nccnenyembix
KUBOTHbIX NOKa3aTenb 6bin Ha yposHe 401-700 Tbic/mn, y 1,6% — cBbiwe 701 Tbic/mn. Mukpobuonornueckue n MLP-uccnesosanua npob cekpeta Mmonoy-
HOI Xene3bl OT XUBOTHbIX C MACTUTOM MOKa3anu, YTo CNeKTp Bo36YAuTeNeil KOHTarno3Horo 1 KonudpopmHoro MacTUToB NpeacTaBaeH: Staphylococcus spp.
(St. epidermidis, St. saprophyticus, St. haemolyticus), Streptococcus agalactiae, Staphylococcus aureus, Escherichia coli, Enterococcus faecium. YctaHoBReHo, uTo
ANA BbIABNEHNA MaCTUTa B CTaZe AOMKHbI ObITb UCMONb30BaHbI Pa3NMUHble NHCTPYMEHTbI ANATHOCTUKY, @ NOyYeHHble AaHHbIE C aBTOMATU3NPOBAHHDBIX
cuctem f06pOBONBHOTO 0eHNA, TaKKe Kak UHAEKC BbiABNeHUA MacTuta (MDi), MoryT npuMeHATbCA AnA 6onee paHHero BbIABNEHUA U3MEHeHWH, Npouc-
XOAALLUX B MONIOYHOIA Xene3e KopoB.

Kntoueble cnoBa: BbICOKONPOAYKTUBHbIE KOPOBbI, MACTUT, AMArHOCTUKA, aBTOMATU3MPOBAHHbIE CICTeMbI 406POBONIbHOTO A0EHMS, HaZ0W, NPOAOMKMUTENb-
HOCTb JI0EHNA, UHTepBaN MeXAY A0eHNAMU, JNeKTPONPOBOAHOCTb, MHAEKC BbABNeH!A MacTuTa (MDI), comatiueckue KneTkw, Bo36yAnTenn MacTiTa, KOHTaru-
03Hblii MaCTUT, KOUGOPMHbI MacTUT
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INTRODUCTION

Milk production scaling-up focusing on raw milk quality
improvement is of great importance in the modern dairy
industry [1-3]. Inflammatory reactions of cow’s mamma-
ry gland are one of the factors affecting the milk quality
at the stage of primary milk production [3-5]. Mastitis in
high-yielding cows is a significant financial problem es-
pecially in dairy industry. Inflammatory cow’s mammary
gland diseases are one of the obstacles to extra premium
and premium milk production and marketing to processing
establishments due to high somatic cell levels in the milk
especially in animals with latent mastitis, increased milk
contamination with pathogenic and opportunistic micro-
flora and changes in milk fat-to-protein ratio [6]. There-
with, early diagnosis and treatment play an important role
in reducing the disease incidence in dairy herd. Detection
of somatic cells and analysis of their levels in cow’s milk
enable subclinical mastitis diagnosis at an earlier stage,
when no clinical manifestations are observed. Microbio-
logical and PCR tests of cow’s mammary gland secretions
allow for detection of a range of agents responsible for
inflammatory processes in cow’s udder and for identifi-
cation of the disease etiology. In our country, there has
been recently a steady trend for construction of large dairy
holdings for keeping large lactating cow populations that
hampers early diagnosis of the pathological process in
the mammary gland. Automated milking systems capable

of registering different parameters during milking can be
used for solving this problem. Analysis of the said para-
meters allows for detection of changes in cow’s mammary
gland [7].

Automatic milking systems (AMS) were first introduced
on dairy farms in 1990s [8]. For several decades, the dairy
farming industry of our country has been transitioning
to labor automation [9-14]. AMSs are increasingly being
introduced into practice owing to their undoubted advan-
tages, such as milk quality improvement and labor cost
reduction [12-16]. This voluntary milking technology for
dairy cattle provides for full automation of the process,
that is based on computer control and significant ave-
rage increase in milking frequency. AMSs are economically,
technically and socially relevant for agriculture industry
as well as animal physiology, health and welfare [17-21].
The cow’s udder is not examined at every milking when
the above said automatic milking systems are used. There-
fore, analysis of online measurements is of great impor-
tance [22-24]. Parameters registered by robotic milking
systems can vary depending on the robotic milking sus-
tem model and equipment configuration. Standard para-
meters to be controlled are as follows: milk yields, milking
time, interval between milkings, milk electrical conductivi-
ty, blood in milk [12, 24, 25]. Mastitis detection index (MDi)
is less known value registered by robotic milking system.
It is calculated based on three parameters: milk electrical
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conductivity, interval between milkings and presence of
blood in each udder quarter [12]. Currently, basic informa-
tion on this index can only be found in the user manual for
DelLaval VMS™ milking system (Sweden). MDi can be with-
intherange of 0.8 to 4.0. When it is lower than 1.8 it means
that this animal has no problems with its mammary glands.
When MDi is higher than 1.8 this indicates that the par-
ticular cow should be examined for mastitis, MDi higher
than 2.2 is indicative of inflammation in the cow’s udder.
However, there is no sufficient obvious scientific evidence
of relationship between MDi and mastitis in high yielding
cows.

The study was aimed at complex mastitis diagnosis
in cows, analysis of parameters registered by automated
voluntary milking system as well as assessment of MDi ef-
fectiveness for mastitis diagnosis in cows.

MATERIALS AND METHODS

The study was performed within the governmental pro-
gramme of the Ministry of Science and Higher Education
of the Russian Federation: research area No. 160 - Federal
Research Programmes of the Governmental Academies
of Sciences, research topic No. 0532-2021-0009 “Deve-
lopment of biological technologies for animal health
management and lifetime animal and poultry product
quality management” at the Reproductive Technolo-
gies Department of the Federal State Budgetary Scienti-
fic Institution “Ural Federal Agrarian Scientific Research
Centre, Ural Branch of the Russian Academy of Sciences”
(FSBSI UrFASRC, UrB of RAS) in 2020-2021.

The experiments were performed in high-yielding cows
(milk production — more than 8,000 kg) kept in the breed-
ing holding located in the Kamyshlovsky Raion, Sverdlovsk
Oblast. VMS™ V300 automated voluntary milking system
(DeLaval Company) was put into operation for group
of 61 cows in September 2020. A total of 10,300 milkings
were examined during the tested period (mean period -
4.9 months; min - 1 month, max - 7 months), the following
parameters were examined: milking time, interval between
milkings, milk electrical conductivity, MDi. The animals
with MDi higher than 1.8 were additionally examined for
clinical and subclinical mastitis. The animals were also exa-
mined for mastitis clinical signs by test milkings includ-
ing examination for symmetry and size of udder quarters,
changes in mammary gland skin and temperature. Special
attention was paid to supramammary lymph nodes: they
were examined for indurations. Changes in teat sphincters
and drawn udder secretions were registered.

Tests for subclinical mastitis were performed using
Keno™test diagnostic rapid test-kit (CID LINES, Belgium).
Somatic cell counts in the mammary gland secretions
were measured with viscometric milk analyzer “Somatos
Mini” (Sibagropribor Ltd., Russia) and DeLaval DCC coun-
ter (Sweden). The method for somatic cell count quan-
tification complies to the Russian Federation standards,
GOST 23453-2014".

Samples of mammary gland secretions (n = 8) were col-
lected from animals with mastitis during the observation
period for further microbiological and PCR tests aimed at
identification of the disease etiology. Tests were carried

" GOST 23453-2014 Milk. Methods for determination of somatic cells.
Available at: https://docs.cntd.ru/document/1200115756. (in Russ.)

out with real-time polymerase chain reaction (PCR) us-
ing set of reagents: Vetscreen.STREPTOROL-V, Vetscreen.
STAFIPOL, Vetscreen.KOLIPOL, Vetscreen.STREPTOROL
(OO0 IDS, Russia) and Rotor-Gene 3000 system (Corbett
Research, Australia). Cow udder secretion samples were in-
oculated in liquid and solid nutrient media: meat peptone
broth (MPB), meat peptone agar (MPA), Endo’s medium,
Sabouraud medium, mannitol-salt agar, enterococcus agar,
Gissa'’s colour media, for bacteriological and mycological
testing. The recovered isolates were identified in accord-
ing to Bergey’s Manual of Determinative Bacteriology
and Manual for determination of pathogenic and oppor-
tunistic fungi.

RESULTS AND DISCUSSION

Average milk yield in the group was 15.03 kg (min -
4.50 kg, max — 24.52 kg) during the observation period.
The mean milking time in the group was 8 min 14 sec,
minimal milking time was 5 min 24 sec, maximum milking
time was 12 min 29 sec. Mean milking time was 5-7 min,
and was consistent to physiological parameters of milk
ejection reflex and complied with the limits required for
machine cow milking. It was found that 67.2% of cows
were milked out in 4-7 minutes and average milking time
in 32.7% of cows was more than 8 minutes (Fig. 1).

Mean interval between milkings was 11 h 30 min in
the tested group, ranging from minimal interval of 6 h
04 min up to maximum interval of 18 h 54 min. Therewith,
the maximum interval of 20 h 11 min - 24 h 00 min was
registered once or more times in 31.2% of cows during
the observation period (Fig. 2).

Our previous tests showed that milk electrical conduc-
tivity in healthy cows was 3.5-4.5 1/0mxcm?, milk electri-
cal conductivity in cows with subclinical and clinical mas-
titis was 4.5-6.0 and 6.1-7.0 1/0Omxcm?, respectively [26].

Milking of cows with VMS™ V300 automatic volun-
tary milking system enables generation of the data on
the electrical conductivity of the milk from each mam-
mary gland quarter. Analysis of the data for the whole
observation period showed that mean electrical con-
ductivity in the test group was 4.14 1/0mxcm?; there-
with, in 16.4% of cows the milk electrical conductivity
was 4.5-6.0 1/0mxcm?. At the level of individual ani-
mal, electrical conductivity of the milk from left front
quarter of the udder was 4.50-5.23 1/0mxcm? in 23.0%
of the cows and more than 7.11 1/0mxcm? in 4.92%
of cows; electrical conductivity of the milk from right
front quarter of the udder was 4.52-5.05 1/0mxcm?
in 13.1% of the cows and 6.24-9.39 1/0mxcm? in 8.2%
of cows during the whole observation period. Simi-
lar analysis showed that the electrical conductivity
of the milk from left hind quarter of the mammary gland
was in the range of 4.54-5.20 and 6.06-9.14 1/Omxcm?
in the same number of animals (13.1%). Increase in elec-
trical conductivity of the milk from the right hind quarter
of the udder from 4.51 to 5.73 1/0mxcm? and from 6.22
to 7.93 1/0mxcm? was registered in 21.31% and 4.92%
of the animals, respectively.

Mean MDi was 1.16 (range: 1.03-1.41) during
the 7-month test period and 10,300 milkings. Minimum
and maximum MDi was 1.0 and 11.1, respectively (Fig. 3).
Therewith, MDi was 1.8 up to 2.2 in 50.8% of high yield-
ing cows, single index increase was registered in 26.2%
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Fig. 1. Distribution of the time of cow milking with robotic milking system
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Fig. 2. Distribution of the interval between cow milkings with robotic milking system

of animals. Thereat, diagnostically significant MDi increase
within the range of 1.8-2.2 was registered in 24.6% of cows.
MDi higher than 2.2 was registered in 36.1% of animals;
therewith increased MDi was observed in 14.8% of cows
during one up to four milkings but subsequently found
not be associated with mastitis in these animals. As aresult,
MDi higher than 2.2 in 21.3% of high-yielding cows was
considered indicative of mastitis. Increased MDi, 1.8-2.2
and higher than 2.2, was registered during maximum 38
and 19 milkings, respectively.

All animals with MDi of 1.8-2.2 and higher than 2.2 (15
and 13 cows, respectively) registered during more than
four milkings were examined for subclinical and clinical
mastitis. Mastitis was diagnosed in 28.6% of 28 examined
cows. Clinical and latent inflammation was detected in 7.1

and 21.4% of cows, respectively. Clinical mastitis was de-
tected in the cows with MDi higher than 2.2. registered
during 13-18 milkings. Subclinical mastitis was detected
in cows with MDi of 1.8-2.2 registered during 17-28 milk-
ings. No mastitis was detected in the cows with MDi less
than 1.8 during the whole test period. Examinations for
association between MDi and diagnosed mastitis showed
positive correlation (correlation coefficient: r = 0.78).
Tests of mammary gland secretions showed that mean
somatic cell count was 200 and 201-300 ths cell/mL
in 45.9% and 37.7% of animals, respectively, that was in-
dicative of absence of pathological processes in mammary
glands. Therewith, MDi for these animals was less than 1.8.
There were 301-400 ths/mL of somatic cells in the udder
secretions from 4.9% of cows with MDi of 1.8-2.0. Clini-
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Fig. 3. Mastitis detection index (MDi)

cal examination of these cows revealed subclinical mas-
titis in 3.6% of them. Somatic cell count was 401-700 ths

cell/mL in 9.8% of tested cows and their MDi was in

therange of 2.0-2.2. All these animals had inflammation in

the mammary gland and subclinical mastitis was detected

in 7.1 and 14.3% of cows, respectively. More than 701 ths

somatic cells/mL were detected in the milk from one cow

(1.6% of tested animals) with MDi higher than 2.2. Clinical

mastitis (3.6%) was detected during the clinical examina-
tion of the cow. Examination results are given in the Table

below.

Fourteen bacterial isolates were recovered from mam-
mary gland secretion samples collected from the cows
with mastitis and tested with PCR. The following etio-
logical agents of contagious mastitis were detected in
the samples: Staphylococcus spp. (St. epidermidis, St. sapro-
phyticus, St. haemolyticus) were detected 100% of samples;
Streptococcus agalactiae and Staphylococcus aureus were
detected in 25.0% and 12.5% of samples, respectively.
Escherichia coli inducing coliform mastitis in cows was re-
covered from 37.5% of samples.

Microbiological tests of mammary gland secretion
samples from the cows with diagnosed mastitis detec-
ted Enterococcus faecium, environmental microorganism,
in 100% of samples as well as Escherichia coli and Staphy-
lococcus epidermidis in 62.5% and 37.5% of samples, re-
spectively, and Staphylococcus aureus in 12.5% of samples.

Thus, microbiological and PCR tests are complemen-
tary methods for mastitis etiology identification enabling
detection of wide range of pathogens and selection of ef-
fective treatment.

CONCLUSION

All available diagnostic techniques (clinical examina-
tion, rapid tests, somatic cell counting, analysis of milk
electrical conductivity and microbiological and PCR
tests) should be used identification of mastitis of a par-
ticular type and for prescribing treatment and predic-
tion of the disease course. Tests results showed that
mean mastitis detection index (MDi) varied from 1.03
to 1.41, therewith, minimal and maximum MDi was 1,0
and 11.1, respectively. Diagnostically representative MDi
increase within 1.8-2.2 was registered in 24.6% of ani-
mals. Significant MDi increase to more than 2.2 was found

Table
Somatic cell counts in mammary gland secretion collected from
tested cows (n=61)

Number of animals

Somatic cell count, ths cells/mL

less than 200 28 459
201-300 23 37.7
301-400 3 49
401-700 6 9.8
more 701 1 1.6

in 21.3% of high yielding cows. Mastitis was detected
in 28.6% of animals with MDi more than 1.8, therewith
clinical and subclinical inflammations were detected
in 7.1% and 21.4% of cows, respectively. Tests of cow
udder secretions showed that mean somatic cell count
was not more than 200 ths cells/mL in 45.9% of animals;
somatic cell count was 201-300 ths cells/mL in 37.7%
of cows, and MDi for these animals was less than 1.8.
There were 301-400 ths somatic cells/mL in mammary
gland secretions collected from 4.9% of cows with MDi
within the range of 1.8-2.0. Somatic cell counts in 9.8%
and 1.6% of tested cows with MDi within the range
of 2.0-2.2 were 401-700 and more than 701 ths cells/mL,
respectively. Microbiological and PCR tests of mammary
gland secretion samples from the animals with mastitis
detected the following pathogens responsible for conta-
gious and coliform mastitis: Staphylococcus spp. (St. epi-
dermidis, St. saprophyticus, St. haemolyticus), Streptococ-
cus agalactiae, Staphylococcus aureus, Escherichia coli,
Enterococcus faecium. Estimated coefficient of correlation
between MDi and diagnosed mastitis was +0.78. Taking
into account recommendations given in VMS™ V300
Milking System Manual, where mastitis detection indi-
ces are roughly divided into the following ranges: less
than 1.8 -“normal udder’, 1.8-2.2 -“udder requires atten-
tion’, more than 2.2 - “mastitis”, performed experiments
have confirmed that MDi can be used as an additional
tool for mastitis diagnosis that allows early prompt mea-
sures to be taken.
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