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Lespro TaHHOTO MCCIIEIOBAHUS OBUIO N3YyUYEHHUE pe-
MPOJAYKTUBHBIX XapaKTEPUCTUK MOJIOYHBIX KOPOB Ha
OCHOBE aHaJlM3a yPOBHEH NporecTepoHa, a TakkKe
OIICHKA HAJIC)KHOCTHU YCTPOMCTB ISl MOHUTOPUHTA
AKTHBHOCTH, B Y4CTHOCTH IIATOMEPOB, /I O0HApY-
JKEHUsI OXOThI B cTajie. Ha OCHOBaHMM MHANBUYaJb-
HBIX TIpoUIIeH IporecTepona OblIa onpeaeaeHa
MPOJIOIDKUTENLHOCTD OBYJISITOPHBIX IIUKIIOB B CTAJIE,
NpOU3BE/ICHA OLIEHKA [UKIMYECKUX MaTTepHOB. Tak-
ke OBLIO TIPOBEICHO MCCIIEA0BaHUE IS ITOJITBEP-
JKJICHHSI TOYHOCTH ONPEJICIICHHS TI0JIOBOI OXOTHI B
CTaJic Ha OCHOBAaHUU CPABHEHUS YPOBHS IPOrecTe-
POHA ¥ CUTHAJIOB, IMOJIy4aeMbIX C aBTOMATUYCCKUX
yCTpOHCTB. B 11€710M HccieoBaHme 1Mo1pa3yMeBact,
YTO MIArOMEPHI UMCIOT TIOTCHIIMAI JJIsl ONIPEICIICHHS
OXOTbI Y MOJIOYHBIX KOPOB B OIPE/ICIICHHO CTeIeHN
U [IPEJ0CTABJICHHS [ICHHON MHPOPMAIMU O HX Pe-
HPOJYKTUBHBIX XapakrepucTukax. OHaKO BaXKHO
MIPOSIBIISATH OCTOPOKHOCTH TIPU 000OIIEHUH ITHX
pe3yJbTaToB Ha OoJiee HIMPOKUIT KOHTEKCT, MTOCKOJIb-
Ky HCCJIeI0BaHKE MPOBOJIMIOCH HA OJIHOM CTaJie U
MOTJIO MTO/IBEPraThCsl BIUSIHUIO PA3JIMYHBIX (PaKTO-
POB, BIHSIONINX HA MIPOSBICHUE OXOTHI U PabOTO-
CIIOCOOHOCTb yCTPOWCTBA
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The aim of this study was to investigate the repoad
tive characteristics of dairy cows based on pragest
one level analysis and to assess the reliabilitycof
tivity monitoring devices, specifically pedometers,
for detecting estrus in the herd. The study invdlve
determining the duration of estrous cycles in thedh
based on individual progesterone profiles and evalu
ating cyclic patterns. Additionally, research was-c
ducted to validate the accuracy of detecting sexual
heat in the herd by comparing progesterone levels
with signals obtained from automatic devices. In
summary, the study suggests that pedometers have
the potential to detect estrus in dairy cows terain
extent and provide valuable information about their
reproductive characteristics. However, caution &hou
be exercised when generalizing these results to a
broader context, as the study was conducted on a
single herd and may have been influenced by various
factors affecting estrus expression and device per-
formance

Keywords: REPRODUCTIVE CYCLE,
PROGESTERONE, ESTRUS, DAIRY COWS,



Hayumnsrii sxypuan Kyol'AY, Ne193(09), 202301 2

MOJIOYHBIE KOPOBBI, ITAT'OMEPBI PEDOMETERS

http://dx.doi.org/10.21515/1990-4665-193-001

INTRODUCTION

Efficient reproductive management is crucial forxmazing profitability
in dairy farming. Timely identification and monitog of a cow's fertility status
play a pivotal role in minimizing fertility-relateldsses, such as reduced concep-
tion rates, embryonic loss, and extended calvingrwals (Bruinjeet al. 2017).
Traditional methods relying on external estrousggms alone often fail to detect
silent estruses or provide comprehensive insigittsthe cow's reproductive health.
Therefore, there is a growing need for reliable abgctive tools to assess accu-
rately the reproductive status of dairy cows (Aehiset al. 2018).

Milk progesterone (P4) analysis has emerged asuabla tool for obtain-
ing a comprehensive and direct image of a cow'sdetive status. Measuring
P4 levels in milk over time provides essential mfation about the onset of cy-
clicity, estrus detection, successful inseminatiganegnancy, and the occurrence
of ovarian abnormalities causing fertility proble(@$avy et al. 2016; Gaudet al.
2021).

Furthermore, automated systems for on-farm milk nReasurement are
now commercially available, enabling real-time ntoring of reproductive pa-
rameters.

However, the interpretation of milk P4 data posksllenges due to the
inherent variability in measurements. Factors saghmeasurement techniques,
calibration methods, sampling procedures, and salkple composition can in-
troduce variability in P4 profiles (Blavyet al. 2016; Ealyet al. 2019;
Domingueset al. 2023). Furthermore, each cow's progesterone |aaaisbe
quite different, making it challenging to interptee data. These variations in-
clude the actual progesterone values, how theygehawer time (the slopes),

how long they last, and irregular patterns. Desphiesse complexities, studying
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milk progesterone profiles provides a reliable wayunderstand how dairy
cows' ovaries are functioning after calving (Wihkaet al. 2014).

Normal milk P4 profiles typically show a low condeation after calving,
followed by a gradual increase indicating the fpsstpartum ovulation. This is
followed by a cyclical pattern of rising and fallimorogesterone levels until
pregnancy is established. Deviations from this radnpattern have been associ-
ated with decreased fertility. Early resumptionpoktpartum ovarian cyclicity
has been linked to improved reproductive perforreamecluding shorter calv-
ing-to-conception intervals, higher conception sa@nd reduced costs per con-
ception (Frickeet al.2014; de Bruijret al.2023). Moreover, factors such as par-
ity, calving-related issues, negative energy baamterine inflammation, and
prolonged luteal phases have been identified &sfaigors affecting reproduc-
tive function and influencing the resumption of fpastum cyclicity (Opsomer
et al. 2000; Royakt al.2000; Gorzeckat al.2011; Bretzingeet al. 2023).

In addition to milk progesterone analysis, thegragon of data obtained from
activity monitoring sensors provides a valuable ganson for assessing reproduc-
tive status in dairy cows. Activity monitors detebianges in behavior, such as in-
creased physical activity and mounting behavioricwlare indicative of estrus.
This activity monitoring offers a complementary eggch to milk progesterone
analysis, as they provide real-time information tbe timing of estrus events
(Mazeris 2010; SaintDizier et al.2012; Rutteret al.2013; Lardyet al 2023)

By comparing the profiles of progesterone levelmioied through milk anal-
ysis with the data collected from activity monitayisensors, dairy farmers can
gain a more comprehensive understanding of thesc@productive status. This
combined approach allows for the identificationcofvs that may exhibit silent
estrus, in which no observable behavioral signsdatected, but progesterone
levels indicating ovulation are increased (Randwrgg al 2010; Gaudest al.
2021).

http://ej.kubagro.ru/2023/09/pdf/02.pdf
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Conversely, this approach also helps identify ctlveg may exhibit estrus
behaviors without a corresponding increase in @tEgene levels, suggesting
anovulation or other reproductive abnormali{ieeelofset al.2010).

Therefore, the combination of milk progesteronelymis and activity
monitoring provides a powerful toolset for assegdime reproductive status of
dairy cows. The integration of these data setslesatairy farmers to obtain a
holistic view of reproductive performance, considgrboth hormonal and be-
havioral aspects. By leveraging this comprehenapgoach, farmers can opti-
mize reproductive management strategies, leadingnpooved reproductive ef-
ficiency, increased conception rates, and enhapoafitability in dairy opera-
tions. In this study, we combined two analyticaltimels (progesterone analysis
and activity monitoring) to achieve a more accueagsessment of the presence

of heat in cows.
MATERIALSAND METHODS

Animals and housing. The study was conducted at the Livestock Re-
search Center of the Niigata Prefectural Agricaltiresearch Institute, Japan as
part of the exchange of experience. The study waduwcted from April to Jan-
uary 2021. The herd were consisting from 58 Halskgiesian cattle. The aver-
age BCS of 25 milking cows (13 primiparous cows,mi@tiparous cows) was
3.0 [3.1/3.0]. The herd had an average 305-dayectad milk yield 9661 kg.
Milking cows were housed in a free stall lined witbe husk with a walkway
lined with rubber mats, and milking was performetbanatically using an AMS
(DairyRobot R9500, GEA Orion Farm Technologies)wSavere fed a partially
mixed ration (PMR) consisting mainly of grass amdncsilage (38.0% Italian
ryegrass silage, 28.0% compound feed, 8.0% coagesil8.0% sorghum silage,
1.0% soybean meal), additives (vitamin mix, minerak, mineral salt), and
formulated feed in AMS. Artificial insemination ¢zen semen) was performed

by a veterinarian.
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The project and all procedures were reviewed amioaed by the Care
and Use Committee of the Livestock Research Cexfitdre Niigata Agricultur-
al Research Institute (approval no. 210104).

Automatically milking system and sensors of activity. At the initiation of
the milking process, dairy cows were equipped witlie-of-the-art reproductive
management instruments readily accessible to farf@owscout, GEA Orion
Farm Technologies). The activity of the herd waseased on an individual cow
basis utilizing specialized motion sensors integgtahto both the neck and foot
devices. These sensors recorded metrics suchmsaiats, feeding durations,
lying periods, and standing intervals. This cokectdata was wirelessly trans-
mitted from the devices to a computer on an hob@sis. The computerized ac-
tivity records were then processed through a petgmy system to establish spe-
cific criteria for estrous activity. When the systédentified that an animal was
displaying signs of estrus, it emitted a signaingying the commencement of
the estrous phase.

Determining the Accuracy of Activity Monitors. An estrus was expected
around an ovulation, that is, at a low P4 level hefore a luteal phase (high P4).
Signals from the devices were recorded as “coriédt’occurred during a peri-
od when estrus was expected according to the asaprogesterone level, or
“false” if it occurred during a period when estwas not expected because the
level of progesterone was high. If the progestelemel was low but there was
no signal from pedometers during the period ofcpdition of estrus, then this
period was characterized as a “missed” response.

Milk Sampling. Milk samples were taken daily from 1 to 5 timesidgr
the day during milking using an automated milkingtem (Cowscout, GEA
Orion Farm Technologies). Immediately after sangplthe milk was stored at -
20 °C. Sampling began at least 7 days after calaimdjcontinued until at least

day 83 of postpartum.
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ELISA for determination of progesterone level. Progesterone concentra-
tions in whole milk were measured by direct enzymmunoassay (Isobet al.
2004).

Coating the microplatesThe P4 antibody was diluted 10,000 times with
carbonate buffer, 150 of the diluted antibody solution was added toheaell
of the microplate. The microplate was wrapped awdbated for 4 h at 20°C in
an incubator. The wells were washed with saline%0NacCl) three times and
the microplate was patted dry. 20@f Assay Buffer was added to each well,
and the microplate was incubated for 30 min, then Assay Buffer was dis-
posed of from the microplate.

ELISA.Initially, HRP-P4 was diluted by 500 times and dedl into sepa-
rate doses for storage in the 4 °C until use. Thtewas further diluted by 50
times during the assayesulting in a final dilution of HRP-P4 by 25,00hes.
The sample was warmed up for 30 min at 37 °C anedtbefore being it to the
wells of the microplate. P4-free milk was also midhtly stirred. 1Ql of each
standard solution (concentrations: 0.1, 1.0, 30,3D, 100, respectively) was
added in duplicate to the wells containing P4-frelk. Before using the stand-
ard solutions, they were thoroughly stirredull6f Assay Buffer was added to
all wells, except for the wells containing the stard solutions. 180 of 25,000
times diluted HRP-P4 was added to all wells, intlgdhe standard and sample
wells. The microplate was sealed with tape andexed at 600 rpm for approx-
imately 1 min. Then the microplate was wrappeddihdnd incubated in the in-
cubator at 20 for 3 h. The solution was disposed of from theroptate. The
plate was washed three times with PBS solutionpattéd dry on paper towels.
TMB solution was prepared, and 1plOof the TMB solution was added to each
well. The microplate was sealed with tape, wrappdoil, and incubated in the
incubator at 20 for about 30 min. The incubation time was adjustecording
to the reaction. Approximately 5 min before finistpithe incubation, the micro-

plate reader was turned on. After incubationubof 6N H,SO, was added to
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each well to stop the reaction. The microplate sesded with tape and vortexed
at 600 rpm for about 1 min. The absorbance at 48@vas measured using the
microplate reader.

A standard curve was constructed with progesterooecentrations
(ng/mL) plotted on the logarithmic scale on thexisaand optical density on the
y-axis. The concentration of progesterone in thik mias determined based on

this curve.

RESULTS

Analysis of cyclicity based on progesterone level. Each normal profile was
divided into two phases: ovulatory and non-ovukatdihe phase of interval to
commencement of luteal activity postpartum (CLA)swadso counted for each
individual profiles. Cows were in a non-ovulatorygse if the concentration of
progesterone in their milk exceeded 5 ng/mL, ananimvulatory phase if it was
below 5 ng/mL. A physiologically normal reprodudieycle of a healthy cow
consists of one ovulatory and one non-ovulatoryspha

Reproductive cycles were further classified astsEd8 days), normal (18—
24 days), and long cycles (>24 days) (Rasfahl. 2000). Cows with milk pro-
gesterone concentrations that never exceeded 3_ngére identified as being

in anestrus or the non-ovulatory phase throughwustudy.

http://ej.kubagro.ru/2023/09/pdf/02.pdf




Hayunsrii sxypran Kyol'AY, Ne193(09), 202301 8

Representative data of individual progesteroneilprehows in the Fig.1.

Figure 1. Progesterone profile for cow number 611.

Figure 1 shows the individual profile of cow numiédrl as a representative
data. In accordance with this figure, two full ®&lare observed, consisting of a
non-ovulatory phase and an ovulatory phase. Thgtheof the CLA is 18 days.
The length of the first cycle is 22 days (16 dayson-ovulatory phase, 6 days
in ovulatory phase). The length of the second cix24 days (16 days in non-
ovulatory phase, 8 days in ovulatory phase). lroatance with the classifica-
tion of ovarian cyclicity, this cow was charactedzas an animal with normal
cyclicity.

During the experiment, 24 cycles were studied imeed of 9 animals, and

one cow was not included in the total sample destans.
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Days after calving

Ovarian cycling was estimated to resume 28.7 + #ay® after calving. The
overall average value of the interval from calvtoghe onset of luteal activity,
CLA (28.7 days), can be used as an indicator oirttezval to the first ovulation,
which occurs on average 5 days before CLA. In asecthe interval from calv-

ing to the first ovulation was at the level of 28ays.
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The estimated duration of normal cycles was 20157+days. The frequency
of a normal, short, and long cycle was 50.0%, 20.9%1%. The duration of
short cycles in this study was 15.4 + 1.5 days, land cycles was 27.5 £ 1.9
days.

The first cycles had an average duration of 21422+days with a frequency
of 44.5% of the normal, 22.2% of the short and 83 the long cycle. The du-
ration of the short and long cycles, in this sttitly short cycle averaged 15.5 +
1.5 days, and the long cycle averaged 26.7 + ly2.da

Also, the P4 profiles for each cow separately watassified into 4 catego-
ries (Table 1) based on a modified definition (Qpsoet al. 2000; Peterssoet
al. 2006). The pattern of cyclicity was characteritedeach cow: 66.7% (6/9)
were normal, 22.2% (2/9) — prolonged luteal phdd4el% (1/9) — delayed cy-
clicity. Cessation of cyclicity was not observedhis herd.

Table 1 — Description of ovarian cyclicity.

Type of profile Description %

Normal First rise in progesterone before days 5&-po 66.7
partum, followed by regular cyclicity

Delayed cyclicity Low progesterone for the first 88ys postpart 11.1
tum

Cessation of cyclicity Normal start of cyclicityubinterrupted for at
least 14 days with low progesterone levels

Prolonged luteal phase Normal start of cyclicityf twvith high proges 22.2
terone levels for at least 20 days

Analysis of pedometer signal. After the end of the experiment period, 41
signals were received according to level of progreste and pedometer’s sig-
nals. 34.1% (14/41) were not detected and clads#ge“missed”, 17.0% (7/41)
were false. 48.9% (20/41) estrus signals were ifieshias “correct” in Fig. 2.

DISCUSSION

In our studies CLA amounted 28.7 days after calvihg interval from calv-
ing to the first ovulation was at the level of 284Yys that is the average statisti-
cal indicators of calculation of first ovulationte®ious studies have shown the
median interval CLA was 32.9 days (Horanal. 2005) and 27.4 — 27.9 days,

http://ej.kubagro.ru/2023/09/pdf/02.pdf
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consistent with our findings (Royat al.2000). (Darwaslet al. 1997) got short-
er results for these intervals. In this study gh&linterval to the first ovulation
was 21.8 days and the mean interval from calvinGltéd was 25.6 days. In ad-
dition, it claimed that the means for the intere&lCLA during the four calving
seasons were 25.5, 27.9, 25.1, and 23.1 days femvspring, summer, and au-
tumn, respectively. Because of this, a more detddeus on the relationship be-
tween the CLA interval in our herd and the enviremtis needed.

Regarding the length of normal cycles, some stuslesv 22.8 days (Ny-
man et al. 2014), in our study these data weréthlighorter (20.5 days). Our
findings are more consistent with another studyy@Ret al. 2000) which shows
that the interovulatory interval increases withdiffirom 20.2 to 22.3 days). In
general, the consensus regarding cycle lengthing daws is that it lasts 18 to
24 days, with an average of 21 days (Satial. 1990). The frequency of nor-
mal cycle duration in our study was 50.0%, whichl& consistent with values
in another study (48.5%) (Nymaat al. 2014). Regarding the frequency of short
estrous cycles, some study showed the percentagews with short cycles at
the level of 13.6% (Hinshelwoaet al. 1982). Also, a long cycle rate was found
of 24.3% (Old=et al. 1951). In our study, the frequency of short anjloycles
is higher than expected (20.9% — short cycles,%9-1long cycles). The dura-
tion of the short and long cycles averaged 15.4 dslyort cycle), and 27.5 days
(long cycle).

The duration of the first cycle in this study 28&ys, this is longer than the
duration of cycles in general (20.5 days). Alsor data of the duration of a
normal cycle for the first ovulation is less tha®2days (Nymaret al. 2014).
The duration of the short and long cycles averadge8 days (short cycle), and
26.7 days (long cycle). The percentage of normalesyalso was decreased
(44.5%), but percentage of the short and long cy@e higher (22.2% for the
short and 33.3% for the long cycle). Perhaps thag be due to the recovery of

the body after calving because this recovery psbésuld take time and may
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affect the length of the first cycle and incredse percentage of long and short
cycles.

The pattern of cyclicity was characterized for eeoWw: 66.7% were normal;
22.2% — prolonged luteal phase; 11.1% — delayeticttyc The cessation of cy-
clicity was not observed in this herd. Informatadvout this pattern in the herd is
consistent in that the cessation of cyclicity istguare(Opsomeret al. 2000).
However, it should be noted that the absence faties of cyclicity may be
due to the small sample of experimental animalglitahally, a prolonged lute-
al phase was described such as the most commoicatipgd profile in the herd
(Royalet al.2000).

The frequency of false signal given by pedometersur study was 17.0%.
In others study false signals range from 6.5% (Hwimt al. 2011) to 28.0%
(Ranasinghet al.2010). The missed signal was 34.1% in our studiegs, our
data is higher than data in other studies whiclcriesd missed signal rates
ranging from 8.0% to 31.0% (Ruttex al. 2013). Correct signals were 48.9%,
suggesting that activity tracked by the pedometetdcbe used to detect estrus.

Despite the consistency of the obtained data witstiag studies, this inef-
ficiency of the devices can be explained by sevé&elors discussed below.
Suboptimal algorithm- the reduction in the effectiveness of devicesdfetect-
ing estrus in cows can be attributed to severaibates. Firstly, some algo-
rithms used in these devices may prove to be isenft estrus detection. Sec-
ondly, inadequate adaptation of algorithms to tidividual characteristics of
cows, such as their behavior, can diminish thdeatifreness. The third f attrib-
ute is the unaccounted external environmental facgBuch as temperature fluc-
tuations or feeding conditions, which can alsouefice cow activity and, con-
sequently, estrus detection accuracy. Finally, saigerithms may not align
with the actual behavioral traits of cows, leadiodalse positives or missed es-
trus signals. Addressing or improving these factars significantly enhance the

efficiency of algorithms in devices for estrus a@géten for cow’s herd Experi-
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mental designthe cows fed in individual raised, and as a tesiulhis, repeated
wide movements of the head are possible which eslitlee accuracy of devices
attached to neck collars. Additionally, our estdetection was only based on
milk P4 assay data but not on visual observe, whiamtifies the occurrence of
estrus (duration and intensityhdividual or environmental factors influencing
the expression of estruBetween 9% and 16% of dairy cows have at least one
ovulation without estrus, so some missed signalgbmalmost associated with
these silent ovulations, and device performance b&aynderestimated in our
study. In addition, false pedometer signals candwsed by cows becoming hy-
peractive due to an environment, such as temperahanges.

The present results were obtained from single loékrvations, so ex-
trapolation should be treated with caution. It'parant to note that these devic-
es may not always be entirely reliable due to the&sbility of silent ovulation.
However, this isn't a significant issue becauseregcommended to inseminate
within 50 days after the last observed heat (Wilkoat al. 2014). Moreover, the
devices in our study only capture part of the atshiaehavior. So, combining
these devices with visual observations might betgebstrategy to improve heat
detection, increase conception rates, and redudtegcdue to presumed infertil-
ity.

Farmers decision to invest in such devices dependiseir cost-performers
and should be considered in the context of farmnagtices and specific breeding
goals. The benefits of using these devices can vasgd on breeding manage-
ment methods, including calving seasons, herd ,sa®$ other factors. It's also
essential to consider the farmer's lifestyle. B@naple, if a farmer wants to sim-
plify labor-intensive tasks, have more free timealocate time to other activities,
that can be a crucial factor in deciding to investutomated devices. Ultimately,
the cost-benefit ratio of these devices requiresee detailed analysis, consider-

ing technical, economic, and labor-related asdectsach individual farm.
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