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Abstract

Estrus synchronisation in high yielding dairy cows is becoming an increasingly important
aspect of reproductive management in the dairy industry, showing results of improved
fertility and reproductive efficiency. Therefore, we wanted to study these effects and changes
in reproduction of the Double-Ovsynch protocol in a large number of animals over three
years. Our research took place at two large-scale dairy farms in Hungary with a total of more
than 2,542 Holstein-Friesian dairy cows included in the study, recording the data of both
reproduction and milk production parameters, before analysing the results. We discovered
during our study that the fertility parameters showed significant improvement, such as a
shorter calving interval and a significantly high pregnancy rate per Al. Also noteworthy
differences were found in the parity of the cows, suggesting a similar fertility in the older
multiparous cows when compared with the younger primiparous individuals. This fact is in
contradiction to previous studies. However, even though the results of this study showed
promising results for dairy operators, this is also likely linked to the high level of close
management seen in large farms as well as the cost of treatments. It may therefore not show
the same results in smaller operations. Further research and evaluation of such data is needed

in the future in order to improve herd level reproduction.



Abstract
Az ivarzas szinkronizaldsa a magas hozamu tejeld teheneknél egyre fontosabba valik a

tejiparban a reprodukciés menedzsmentben, valamint a termekenység és a reprodukcios
hatékonysag javulasanak eredményei mutatkoznak. Ezért ezeket a hatdsokat és a Double-
Ovsynch protokol reprodukcidra gyakorolt hatdsait kivantuk tanulményozni nagyszamu
allatnal harom éven keresztll. Vizsgalatunk két magyarorszagi nagylétszamu tejtermel6
gazdasagban zajlott, 6sszesen 2542 holstein-friz tejeld tehenet vontunk be a vizsgalatba,
mind a szaporodasi, mind a tejtermelési paraméterek adatait rogzitve, majd az eredményeket
elemezve. Vizsgéalatunk soran megallapitottuk, hogy a termékenységi paraméterek jelentds
javulast mutattak, mint példaul révidebb két ellés kozotti id6 és szignifikdnsan magasabb
vemhestilési ardny egy mesterséges termékenyitésre vetitve. A tehenek életkora szerint is
emlitésre mélto kiilonbségeket talaltunk, ami arra utal, hogy az iddsebb, tobbpetéjli tehenek
termékenysége hasonlo volt a fiatalabb, elsdpetéjii egyedekhez képest. Ez a tény ellentmond
a korébbi vizsgalatoknak. A vizsgalat eredményei igéretesek a termel6k szadmara, ez azonban
valoszintileg 6sszefiigg a gazdasagokban tapasztalhatd magas szintii tejtermeléssel. Ezért
eléfordulhat, hogy a modell a kisebb tizemekben nem mutat ugyanilyen eredményeket. Az
ilyen adatok tovabbi kutatdsara és értékelésére van sziikség a jovében az allomanyszintii

reprodukci6 javitasa érdekében.
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Abbreviations

Al: artificial insemination

LH: luteinising hormone

FSH: follicle stimulating hormone
PGF2-alpha: prostaglandin F2-alpha
GnRH: gonadotropin releasing hormone
CL: corpus luteum

ET: embryo transfer



1. Introduction and Aim

1.1 Introduction

The reproduction of high producing dairy cattle and its efficiency is one of the most pressing
problems within the dairy industry today. With the modern dairy cows producing such high
amounts of milk for the need and consumption of humans, amongst other factors such as the
environment etc., their reproductive performance is stagnating. With a medium level fertility
and conception rate of high yielding dairy cows, difficulties and delays in birthing calves as
well as starting the high milk production is heavily influencing the income and profit of dairy
farmers. Estrus synchronization was developed several decades ago to increase reproductive
efficiency and to theoretically solve these problems, making dairy cows more fertile and
physiologically ready for a successful conception upon insemination. However, the results
of these decades of hormonal synchronization has left us with a somewhat unclear definite
solution. Despite huge amounts of research in the field of estrus synchronization in dairy
cows, we wanted to figure out how such a protocol can affect the fertility and possibly other
aspects of the production in such high production farms.

In this paper, we performed a study in two Hungarian high-yielding dairy farms using the
Double-Ovsynch protocol in order to figure out how the fertility parameters in such farms
would be affected when such an estrus synchronization protocol is being used.

1.2 Aim of the study

The aim of our study was to collect and analyze a large amount of data in two Hungarian
large scale dairy farms on reproductive performance. We collected data regarding the
application of the Double-Ovsynch protocol as a method for synchronizing the first
ovulation and to achieve acceptable numbers in the first service conception rate parameter,

which is a basic key performance index in the management of cattle herds.



2. Literature review

2.1 History of estrus synchronization in dairy cattle

A good reproductive performance in cattle can be considered as one of the most important
aspects of the cattle industry in order to make profit. This is especially true for dairy cows
to produce the optimal quantity of milk and other dairy products, which is the main source
of income for dairy farmers. Calves born are also an important income as they can be used
as future replacement dairy cows, or sold to other businesses[1]. The history of estrus
synchronization in cattle goes back to the very understanding of the hormonal and
physiological aspects and effects of the estrus cycle itself. Firstly, the significant discovery
and understanding of using artificial insemination (Al), in order to improve the efficiency of
breeding as well as the enhanced genetic variability, led to a need for a deeper knowledge of
the female estrus cycle in order to find the optimal time for insemination[2, 3]. This
eventually led to further research into different aspects of the normal estrus cycle, in addition
to the hormonal effects and aspects concerning the function of the corpus luteum during the
1950s to the 1980s. More importantly, detailed research started to focus on progesterone and
gonadotropins and their use in synchronizing the estrus cycles of different animals in the
1940s to the 1960s[4]. This laid the groundwork and established the foundation of estrus
synchronization protocols, leading the way to further development in producing cost-
efficient synchronization products in the future. Such products first became available in 1967

as the predecessor of today's commercially available synchronization products[4].

The interest of estrus synchronization started in cattle with the introduction of artificial
insemination (Al) at the end of the 18th century in Russia. Later in Denmark, the first
corporate artificial breeding institution was introduced in 1936[5]. The development and
practice of Al quickly spread worldwide as more research was published concerning its
benefits regarding genetic variability, reproductive efficiency, prevention of venereal
diseases and better control of the quality and quantity of the semen before insemination. This
also sparked further interest in improving the estrus detection in female animals in
connection with a timed Al to further increase the fertilization and pregnancy rates by
inseminating at the correct time of estrus according to the visual detection of estrus signs[3].
This was in addition to other significant breakthroughs in new understanding of the hormonal
background involved in the estrus cycle during the same time period. As a result of this,

intensive research was put into the hormonal regulation of estrus, which continued during
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the next several decades[6]. The discovery and isolation of the gonadal and pituitary
hormones in the 1930s and 1940s let to huge strides in the field, including further isolation
of hormones such as estrogen[3, 7], progesterone[3, 8], luteinising hormone (LH) and
follicle stimulating hormone (FSH)[3, 9]. One of the first examples of early estrus
synchronization in cattle was in 1952, where progesterone was administered in dairy cows
in order to find out the effect of the ovarian hormone on ovulation, the release of LH and the
physiologic role of such ovarian hormones in female animals[10]. Later on, the discoveries
and developmental research into further reproductive hormones such as prostaglandin F2«
(PGF2-alpha) and the hypothalamic peptide gonadotropin-releasing hormone (GnRH),
leading to the introduction of commercial products for synchronization and control of estrus
and ovulation in the 1970s[3]. The use of intravaginal progesterone products as a way to
inhibit estrus cycle, in combination with GnRH injections to control release of LH and the
time of ovulation, was introduced as new technologies in the field of reproduction to control
the estrous cycle and ovulation time.[11] . As the cattle and dairy industry has become more
and more industrialized and intensified in the modern age, various synchronization protocols
have been developed and are in use worldwide today, often combined with timed Al

programs|3].

2.2 Compounds used for the synchronization of cattle

Various veterinary products are used in the estrus synchronization programs in dairy cattle
to result in a timed estrus in correlation with a timed insemination procedure. In this section
of this paper, a brief explanation of the most commonly used compounds for

synchronization, mainly in dairy cows, will be presented individually in more detail.

2.2.1 Progesterone/progestogens

As mentioned earlier, progesterone has been used as one of the earliest synchronization
methods in cattle, dating all the way back to the 1940s[3 ,8]. Early on, its effect in delaying
estrus and ovulation was demonstrated during its application. However, estrus would be
expressed in the animal again approximately 4-5 days later after the application has ceased.
Progesterone is a natural hormone present in the body of both female and male animals, and
has various roles mainly in the reproductive system concerning normal estrus cycles. In
female animals it is mainly produced in the CL after ovulation, as well as in the placenta
during pregnancy[12, 13]. Progestogens on the other hand, are different variations of

progesterone with various effects in the body, whilst progestins are the synthetic variants of
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progesterone[14]. Progesterone can be used as a hormonal agent to reestablish cyclicity in
anestrous animals and, to some degree, be used as a part of a synchronization protocol in
combination with other agents[15, 16]. As a synchronization tool, progesterone is generally
administered intravaginally or by injection, keeping the body progesterone levels high
during this time. After the termination of the administration, a synchronized estrus usually
follows after a few days. It has also been proven that following progesterone applications,
the fertility rate of the cows would significantly decrease, limited to the following timed
Al[3, 12]. It has been suggested that one of the reasons for this temporary drop in fertility
can be linked to the formation of early follicular development and abnormal luteal growth
seen in the cows who were treated[17]. It is generally believed that estrus synchronization
including progesterone will help maintain a normally timed estrus and luteal phase in
anestrous animals, as well as improve conception rates if compared to animals in unprovoked
cycles or control groups[16]. Today there are several different progestogen products on the
market, used for various synchronization protocols. One of the most commonly used today
is the CIDR (Controlled Internal Drug Release) devices; an intravaginal device which
enables slow, long-term release of progesterone over several days, minimizing the need for
continuous application and handling of the animals[16, 18]. Other progesterone products
used are the melengesterol acetate (MGA) applied via feed or injection, as well as the

Syncro-mate-B ear implant[18].

2.2.2. PGF2-alpha

Other early methods which are considered as a synchronization protocol in dairy cows is the
use of PGF2-alpha injections to induce luteolysis of the CL, in combination with timed
Al[19, 20]. When administered to diestrus cows, the luteolytic effect will cause the animal
to enter a new estrus phase within 2-5 days post-injection[21]. PGF2-alpha is a prostaglandin
which is produced and excreted in the uterus and has a luteolytic effect[22, 23]. The
luteolytic effects causes the regression of the CL, which develops after the previous
ovulation and the rupture of the dominant follicle at the end of the follicular phase, and this
will eventually create the possibility of new follicular growth and a subsequent estrus cycle
to commence[23, 24]. Essentially, PGF2-alpha can be administered to induce estrus, and in
combination with estrus detection, be inseminated once the signs of estrus were detected.
However, the efficacy of the injections are still highly dependent on the manual estrus
detection and it did not control the timing of the following Al[25]. Another significant flaw

of this method was the significant decrease in conception rates in the cows treated with the
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PGF2-alpha injections after a timed Al compared to the cows inseminated after a manually
detected estrus[25, 26]. It has also been stated that the effect of the PGF2-alpha injections is
variable, depending on where in the estrus cycle the individual cow is when the injection is
given. Due to its luteolytic effect, the particular stage of the estrus cycle of the animal at the
time of the PGF2-alpha injection will have a big impact on the results of CL regression. This
means that the cows in the luteal phase with a present CL will be able to have an effect on
the PGF2-alpha and stimulate a new estrus cycle[20, 25, 27]. Cattle in the later stages of the
luteal phase will also have a greater response, showing better fertility and stronger estrus
after correctly-timed injections compared to the treatment given in the early luteal phase[28].
However, due to this protocol still needing manual estrus detection, although to a less
significant degree than before, as well as no controlled Al program and a variable effect,
there was still a need for improvement to make the synchronization more reliable and

profitable as a generalized synchronization method.

The early synchronization protocols involving the use of PGF2-alpha started to develop after
its discovery in the 1970s[21]. Two separate injections would be given to cows in different
parts of estrus, as the exact stage of estrus would normally not be known under practical
circumstances. The injections would be given 11-14 days apart in order for the highest
possible number of cows to undergo CL regression by the time of the second injection.
However, as described earlier, the percentage of cows showing estrus signs after the second
injection was not satisfactory and therefore not considered an accurate protocol[20, 21, 29].
Today, PGF2-alpha is still partaking in various estrus synchronization protocols in lactating
dairy cows, most famously in the Ovsynch protocol, due to its previously mentioned

luteolytic effect with the subsequent estrus.

2.2.3. GnRH

GnRH is a peptide produced in the hypothalamus of the brain which causes a pulsatile release
of LH and FSH from the anterior pituitary gland during the normal estrus cycle of female
animals. It was first linked to the release of LH from the anterior pituitary gland[3, 30, 31].
Later it was demonstrated and documented that the introduction of GnRH will induce the
pulsatile secretion of both LH and FSH in the pituitary gland concurrently[3, 21], as well as
inducing a high level of LH leading to the ovulation of follicles over a respectable size of
more than 10 mm in diameter, a so-called dominant follicle[3, 29]. The stimulated ovulation,

caused by the peak of the LH levels, will lead to a new wave of follicular growth produced
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by the effects of the FSH. This would result in the development of a new dominant follicle
in approximately 7 days[29]. These effects of the GnRH led to the possibilities of a more
accurate way of controlling the time of ovulation more precisely than before, as well as the
development of new follicles at a more controlled rate. The administration of GnRH would
result in ovulation of large dominant follicles present at the time, as well as inducing a new
follicular wave to emerge, depending on where in the estrus cycle the individual animal
would be at the time of the treatment[20]. When it comes to its use in synchronization
protocols, the usage of GnRH together with PGF2-alpha was starting to get thoroughly
researched in the 1990s. The combination of these two compounds at strict time intervals
proved to be largely efficacious in the successful synchronization as well as in the conception
rates, showing promising results[3]. It became evident that the manipulation and stimulation
of the follicular growth should be combined with a timed regression of the formed CL to
more accurately synchronize ovulation and the time of Al. This discovery in combination
with a more profound understanding of the follicular development and its complicated

physiology is what led to the current modern synchronization protocols we have today[3].

2.3 How to improve reproductive efficacy with estrus synchronization

The reproductive efficiency in dairy cows is extremely important in order to be able to run
an economically successful and profitable business within the dairy industry. For the milk
production to be consistent throughout the year and produced in acceptable amounts, the
pregnancy and successful calving rates of the herd will need to be relatively high to be able
to maintain a profitable production and more or less continuous milk production. In the dairy
industry, there are several factors which cause problems and reduce reproductive efficacy,
such as poorly expressed estrus, anestrus, low conception rates, poor health status and body
condition, early and late embryonic death, heat stress and infectious diseases[32—34]. These
factors will all have a negative impact on the cows ability to have a successful pregnancy
and deliver a viable calf. Synchronization programmes are useful in the way that it eliminates
the need for manual estrus detection before breeding and reduces the labor required by the
workers, making the reproduction management more efficient as a whole[35, 36]. Estrus

synchronization can therefore be considered as a great alternative to the traditional methods.

2.3.1 Reduces the need of manual estrus detection
Heat detection is one of the most important tasks when it comes to the reproduction of cattle,

which can be very challenging and time-consuming using the traditional methods by means
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of simple observation[37, 38]. Heat is considered the period of time when female, non-
pregnant cows are receptive to being mounted by nearby bulls. Heat takes place in female
animals every three weeks, due to their 21 day estrus cycle, and will be accompanied by
behavioral and physical signs of heat for approximately 12-18 hours[39]. In cattle, there are
several behavioral signs indicating that the female animal is in heat and ready for a fertile
estrus. The term “standing heat” indicates the immobilization of the cow during mounting,
and accepting the bull”s attempt to mount her without objection for a limited time during the
estrus cycle[40]. The “standing heat” sign of estrus is often considered to be the most reliable
visual sign in comparison with the rest, which are more variable in accordance with the
intensity of the individual hormonal levels of the female animals[41, 42]. Other significant
behavior signs of heat in cows include restlessness and increased physical motility, rubbing,
the flehmen response and mounting other animals as well as being mounted without
immobilization[40]. Changes in and around the vulva can also be observed as reddening and
swelling, together with behaviors like sniffing other female animals' vulva and urine[43].
These behavioral signs, in addition to several others depending on the individual cow, should
be observed by regular visual checks by the farmers or workers. During the visual inspection
as part of the heat detection, these heat signs are what is of importance to be able to tell
which animals are ready for insemination or breeding within the next several hours. The
quality of the observation in terms of successful heat detection depends mainly on the
farmer's experience and motivation to invest the amount of time needed to be reasonably
accurate enough for a successful insemination at the correct timing in the estrus cycle[40].
This clearly leaves a lot of room for managemental mistakes and missing estrus signs, as
visual observation during all hours of the day and night generally is not possible for the
average farmer. In addition to it being a somewhat inaccurate method to detect estrus, simple
observation is no longer feasible with the developing intensity of the modern dairy industry
with an increasing number of animals per holding, inevitably increasing the inaccurate estrus

detection even further.

In order to make the estrus detection more successful and manageable for the farmers,
hormonal estrus synchronization protocols can be introduced in combination with timed Al,
making the need of such time-consuming observation no longer needed and greatly
improving the reproductive efficiency in the production[37]. Estrus synchronization
protocols can therefore be used as a great alternative to the manual estrus detection in dairy

herds, saving costs of labor and intense observation to detect the signs of heat in many
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different animals in various stages of estrus[19]. This is one of the main reasons why
synchronization is considered so valuable for the farmers and the dairy industry as a whole.
It is also worth mentioning the fact that a considerable number of cows in a dairy herd will
not show any signs of heat at all, a so-called “silent heat”, resulting in an increase in days
open and economical losses[19, 44]. It would be near impossible to estimate the time of
insemination in such cows, but by means of estrus synchronization this would be a much

less significant problem.

2.3.2 Improves pregnancy and calving rates

Another big issue regarding the reproductive efficacy in cattle, especially considering dairy
cattle, is the generally low reproductive efficiency of the cows. In the dairy industry, the
production is highly dependent on the cows ability to become pregnant relatively fast after
the previous calving to maintain a more or less stable milk production throughout the
year[45]. If a cow repeatedly fails to become pregnant after repeated inseminations, fails to
conceive, maintain the pregnancy or deliver viable calves, it will be considered of little
production value and be culled based on such reproductive performance, which is a huge
loss to the farmer as well[46]. Therefore, optimizing the conditions for a successful
pregnancy and delivery by improving reproductive efficiency is highly valuable and crucial

in a successful business.

Reproductive efficiency is considered to be a measurement of the ability for a cow to produce
viable offspring[47]. Another measure is the calving interval, meaning the time period
between two successive calvings in the same individual cow[47]. An optimal calving interval
is usually aimed at approximately 365 day interval between the successive calvings,
considering the cow will be pregnant for approx. 9 months and with no more than 80-85
days open[47]. However, the trend in dairy cows today is a generally declining reproductive
efficiency due to numerous challenges within the industry[1]. Synchronization protocols
allow for a relatively precise onset of estrus at the time of Al, which in return increases the
fertility rates and chances for a successful pregnancy[34]. After parturition, it is important
for the cows to return to estrus for Al as soon as reasonably possible in order to maintain the
optimal calving interval. Maintaining the physiological cyclic ovarian activity is essential
also for a sustainable calving-to-conception interval, making sure that the whole process is
financially beneficial for the farmers as well[48, 49]. Therefore, estrus synchronization can

ensure a higher calving interval by reducing the time of the onset of estrus after parturition,
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increasing the fertility rates and improving the chances of pregnancy. This results in an
improved reproductive efficiency overall when the synchronization protocols are performed

correctly and with desirable results.

When focusing on the effects of the calving interval, sub-optimal calving intervals can have
large consequences for the profitability and economic success of the dairy production[19].
Repercussions such as reduced milk yield produced daily by the herd, higher number of
culled animals and a reduced number of replacement heifers born, leads to significant
economical losses for the producers[19, 50, 51]. More about the financial aspects when it
comes to synchronization protocols will be discussed in detail in a later segment.

Another important aspect of estrus synchronization when it comes to the reproductive
efficiency of the cows is that it allows for a shorter breeding and calving period. As the cow
has a known estrus period of 21 days, it would take as much as 63 days for three separate
breeding opportunities to be completed when the cows are in their natural cycles. This is
opposed to a much shorter period of 45 days for the same three breeding sessions when the
cows have been previously synchronized[52]. A shortened breeding season will significantly
reduce labor costs for the workers, as well as shorten the interval between the previous
calving and the following one, resulting in an overall improved and optimal calving interval.
In addition to this, cows would be inseminated in groups at a predetermined time, in contrast
with cows inseminated upon signs of heat individually and more spread out according to
their cycles[52]. This therefore benefits the workers with a much more efficient breeding
period, even if the estrus detection is still necessary as the animals are grouped according to

an approximate stage in estrus[19].

2.3.3 Improves the success of timed Al

Dairy cows in the physiological state of lactation have been associated with a considerably
lower rate of reproduction and fertility compared to heifers, due to their excessive milk
production as a result of the modern intensified dairy industry[32, 53]. By the use of various
estrus synchronization protocols, we have the opportunity to improve the general fertility of
lactating dairy cows back to a more normal level[32]. Synchronization protocols used today
have truly improved the timed Al strategy to optimize reproductive efficiency, by reducing
the number of inseminations needed for a successful conception and fertilization. Therefore,

the time between calving and conception of a new pregnancy will be considerably shorter,
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meaning the calving interval will be kept at the optimal level when this procedure is
successful. It has also been reported that the pregnancy rates of the first insemination post-
partum (after the previous pregnancy and calving) using timed Al with synchronization were
higher than in case of the following inseminations[54]. The process of controlling the time
of follicular development and ovulation as well as the regression of the CL with relatively

precise accuracy is what allows the timed Al to be more efficient[32].

It has been stated in previous research that the time for the first Al after pregnancy is
considerably shorter in cows synchronized than in cows with a natural estrus cycle. This is
also true regarding the second and third insemination, where the Al could be performed even
30 days earlier in the cows which have been pharmaceutically synchronized[25]. This clearly
will lead to a positive effect on the reproduction management in making the calving interval
shorter, which evidently leads to a shorter time period until the next pregnancy and lactation,
compared to a much later successful insemination of cows in their natural estrus cycle. This
ensures an efficient and time- and labor-reducing reproductive management which is highly

beneficial for the farmers, and in the end a more profitable business overall for producers.

2.4 Financial benefits of synchronization

When considering the reproduction efficacy and management of any dairy farm, the
economical aspects and financial benefits cannot be ignored as this is one of the main focus
points for any legitimate business. The implementation of the estrus synchronization with
timed Al protocols have been reported to greatly improve the reproductive performance of
the herd, which inevitably leads to economic growth and a greater source of income. This is
especially important in herds where the estrus detection methods are proving to have a low
accuracy[55, 56]. Although there are undeniable costs involved with the application of such
synchronization programs, considering the costs of the pharmaceutical products used as well
as the veterinary bills, the value of these costs when compared to the successful application
and outcome can in most cases be overlooked. In a study conducted by Giordano et al.[57],
the results of comparing two synchronization programs to the Al with estrus detection,
revealed that the overall cost of the programs per cow per year were significantly less
compared to the overall increase in income per cow per year, including an increase of the
pregnancy rates of the first and subsequent inseminations[55, 57]. When considering these
improvements in the herd reproduction, it is evident that these protocols are more profitable

to the business financially, as it is more economically fruitful to increase the number of
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successful pregnancies than the expenses used on the commercial products which ensures

such results[55].

A reduced reproductive efficiency in a herd will have significant economical consequences
for the affected producers. The main losses associated with this are increased cost of semen,
higher levels of reproductive management needed such as labor, veterinary investigations,
treatments and frequent heat detection[58]. As synchronization programs are aimed at
improving reproductive efficiency, these costs will be markedly reduced as a result. The
reduction of costs when using estrus synchronization programs in a dairy herd mainly come
from the decreasing number of days open, as well as fewer cullings of cows considered
infertile after a period of unsuccessful inseminations[56, 58, 59]. It is important to consider
the improved results of the production in addition to the overall cost of the synchronization
program if we want to find out the benefits compared to natural estrus cycles. The desired
benefits of the synchronization programs are the rise in the number of pregnant cows within
the appropriate amount of time, whilst the costs include the drugs and treatments, veterinary
assistance and number of Al sessions needed for the confirmed pregnancy[56]. For a
synchronization program to be considered useful and profitable for the farmers, it is
necessary that the benefits outweigh the costs of the procedure itself. Therefore, the results
of such programs should ensure a high response rate to the treatments in various stages of
the estrus cycle, a predictable synchrony of the treated animals, normal fertility and return
to estrus after, in case of repeated procedures[19]. This would ensure positive results and
eventually lead to an increased profit. The final financial gain of synchronization protocols
are usually not obvious in an immediate fashion after the cows become pregnant, but become
obvious after a more long-term application technique. The increase in income can be seen
with the timed subsequent calvings following the succeeding treatments, keeping the animals
in earlier lactation for a longer time throughout their lifetime, which is the most productive
phase of lactation. This will in return increase the profit of each cow per year on the holding,

as well as keeping a steady flow of replacement heifers for future production[58].

2.5 Synchronization used in embryo transfer

The use of estrus synchronization has not only made a huge impact on the day-to-day
reproductive management of the farmers and the general dairy industry, but it is also
considered of great importance when it comes to various modern embryo transfer and

manipulation procedures in cattle, as well as in other mammalian species. Embryo transfer
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(ET) is the procedure where an embryo or several embryos are retrieved from the
reproductive tract of a female donor animal and then transferred into one or more recipient
female animals for the remaining pregnancy and delivery. The process of fertilization of the
oocyte(s) can happen inside the live animal (in vivo) or outside in a controlled environment
(in vitro)[60]. ET is only one procedure of a long series of actions taken to impregnate the
recipient cow and produce a viable calf, and estrus synchronization is one of these
prerequisites to make this ET strategy more successful. Estrus synchronization was primarily
used to synchronize the recipient females, inducing estrus in the recipient animals to prepare
them to receive the fertilized embryos[61]. Synchronizing the recipient animals is beneficial
in ET because it does not require estrus detection of the recipient animals, similar to how it
is beneficial during normal reproductive management as well. In addition to this, it has been
documented that the number of recipients sucessfully receiving embryos are higher in
synchronized recipients[62]. Many ET protocols using various hormones as part of the
superovulation were still dependent on the knowledge of the exact day of the individual
animal's estrus cycle. This made the use of estrus synchronization, to initiate superovulation,
a lot more favorable as the time of the estrus cycle would be a controlled event[63]. In the
past, the use of estrus synchronization of the recipients was crucial to ensure there were
animals in the appropriate stage of estrus to receive the embryos when it was necessary.
After the development of methods to store the embryos frozen, or cryopreservation, the need
of synchronized recipients animals were not as dire anymore, as the embryos did not need
to be transferred fresh and could be stored and transported over long distances[64]. The
modern ET protocols today, provided by commercial embryo transfer companies and its
industry, are predominantly using the frozen embryos due to its convenient storage and
possibility of long-distance transportation, reducing the need of synchronized recipients[64,
65].

2.6 Current synchronization protocols

The use of hormonal synchronization protocols have increased in recent years around the
world, and is today a largely known part of the reproductive management of dairy producers
all around the world in varying degrees[66]. The exact percentage of farms and veterinary
practices using such synchronization protocols can be hard to estimate, although several
studies have conducted surveys to find an approximate estimation of this. In one study in
England (Europe) in 2013[67], 20 veterinary practices regularly working with dairy cattle

were asked to answer a questionnaire with some questions about their use of hormonal
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preparations in their practice and with their dairy clients. The results of this questionnaire
was that only 0.6% of the farms they work with did not use any reproductive hormones to
promote breeding at all, excluding the farms working under organic conditions where
hormonal products are prohibited to be used overall. In another study from the USA (North-
America) in 2015[68], more than 70% of dairy cows are treated with hormonal
synchronization as well. This shows the importance of the synchronization protocols in the
general reproductive management on a large number of farms in various countries, as well
as the overall popularity of such products. Due to this growth in the interest of using estrus
synchronization protocols as part of the reproductive management within the dairy industry,
many different protocols exist today with numerous application methods, all of them with

their own advantages and disadvantages.

2.6.1 Ovsynch

The Ovsynch protocol, first performed and published by Pursley et al. in 1995[20], was one
of the first synchronization protocols implemented for dairy cattle for estrus synchronization
to avoid the need of heat detection as well as maintaining acceptable conception rates. The
application of the protocol was first applied with an injection of GnRH into the muscle tissue
of all the cows and heifers at various stages of their estrus cycles, not previously known and
without a previously detected estrus performed by the workers. Seven days after the GnRH
injection, PGF2-alpha would then be injected intramuscularly. Lastly, a second GnRH
injection would be given 48 hours after the PGF2-alpha, intending to induce ovulation in the
animals. To summarize the stages of this protocol more clearly, on day 0, GhRH would be
injected. On day 7, PGF2-alpha is injected as well. Lastly, on day 9, the second GnRH
injection would be given. The timed Al of the animals would then ideally happen on day 10,
within 16-24 hours after the second GnRH injection[20, 37]. The effect of the initial GhRH
injection is to stimulate and induce ovulation of the dominant follicle present in various
stages in the different animals, which would then produce a CL after ovulation. When the
PGF2-alpha is injected seven days later, the CL would ideally be mature enough to respond
and regress to its application. This would result in new follicular growth to start in the now
synchronized animals at the same time. Lastly, the second GnRH injection on day 9 would
ultimately lead to the ovulation of the new dominant follicle in all the synchronized animals,

allowing for Al shortly after and within the same time frame as each other[20, 37].

19


https://www.zotero.org/google-docs/?nM75WI
https://www.zotero.org/google-docs/?B6Rte9
https://www.zotero.org/google-docs/?7GK8Si
https://www.zotero.org/google-docs/?NUNZwZ

In the original study performed by Pursley et al. (1995), it was demonstrated how an
increased number of cows can become pregnant when using such a protocol by means of
eliminating the need of time-consuming estrus detection, thus increasing the service rate of
the number of Al performed[20]. In other words, fewer sessions of Al would be necessary
to result in pregnancy when compared to inseminated based on manual estrus detection.
However, the pregnancy rates per Al performed did not improve in the synchronized animals
when compared to the Al after a detected estrus[69, 70]. This leaves a very significant
limitation to the Ovsynch protocol, as the pregnancy rates of the synchronized animal do not
improve compared to the control groups. This can be considered a significant downside to
the protocol, as it may not be considered worth implementing in the reproductive
management to some farmers due to the costs if the efficiency of the protocol is not generally

improving.

One big limitation to the Ovsynch protocol is the general need to start the protocol at nearly
optimal times in the estrus cycle to be able to influence the success and efficiency of the
synchronization[37]. For the synchronization protocol to be successful in a desirable way,
the ovaries need to respond to the first GnRH injection by ovulating the dominant follicle,
as well as forming a CL ready to be regressed by the PGF2-alpha injection 7 days later. A
failure of that first ovulation and the subsequent luteolysis will result in an ultimately failed
synchronization, decreasing the effect of the protocol significantly[37]. Due to these
challenges with the Ovsynch program, it has been suggested to include thorough
gynecological examinations of all heifers and cows before implementing this protocol, or
the use of so-called presynchronization protocols before the Ovsynch in order to better

regulate the timing of the application[37, 71, 72].

2.6.2 Presynch-Ovsynch

The idea of a pre-synchronization before the initiation of the Ovsynch is one of the
modifications made to the original Ovsynch protocol due to some of its original limitations,
as mentioned earlier. It had been reported in previous research that the Ovsynch protocol is
the most effective at synchronization of estrus if it is started between day 5 and 12 of the
estrus cycle, as the optimal time window for its application[72—74]. Due to this discovery,
generally two PGF2-alpha injections would be administered before the initiation of the
Ovsynch with the first GnRH application. This is to increase the amount of female animals

being present in this time window more precisely, to then begin the Ovsynch protocol at a
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more optimal time of the estrous cycle and make the synchronization protocol more effective
to more animals treated[72]. This pre-synchronization involves the administration of two
PGF2-alpha injections applied 14 days apart and 12 days before the initiation of the Ovsynch
protocol with GnRH[75]. The pre-synchronization has been reported to have positive effects
on the pregnancy rates, especially in cyclic cows, meaning the cows which show normal
signs of heat and cyclicity. It has also been seen how this protocol exhibits little to no effect
of anestrus cows with physiologically abnormal estrus cycle, due to them being unresponsive
to PGF2-alpha[72, 75]. It can therefore be argued that the use of pre-synchronization before

the use of Ovsynch should be considered in order to gain more desirable results.

2.6.3 Double-Ovsynch

The Double-Ovsynch protocol, as suggested by its name, is another protocol developed with
the intention of improving the reproductive efficiency of the original Ovsynch. As this
protocol also uses hormonal products in order to spike the effect of the following Ovsynch,
it can be categorized as a pre-synchronization protocol as well. This protocol was officially
developed and introduced by Souza et. al. in 2008[76], with the idea to use an initial Ovsynch
protocol as a pre-synchronization technique, followed by another Ovsynch. At the end of the
final Ovsynch protocol, the timed Al should be performed as usual. The initial hypothesis of
this research was that the conception rates would be higher after the use of Double-Ovsynch,
due to a higher ovulation response to the first GnRH after such a pre-synchronization
protocol[76]. This is again due to increasing the number of animals in that optimal time
frame of their estrus cycle for the Ovsynch protocol to be more efficient with a higher success
rate[76, 77]. As one would expect, the Double-Ovsynch protocol itself is very similar to the
original Ovsynch, with just the timing of the injections being slightly different. The protocol
starts 16 days before the Ovsynch, thus the first GnRH injection is administered on day -16.
This is followed by the PGF2-alpha on day -9, one week later. Lastly, the second GnRH is
administered on day -7, two days after the prostaglandin injection. The original Ovsynch can
then be initiated on day O of the protocol, seven days after the pre-synchronization and
following the same procedure as before. At the end the Ovsynch, timed Al will be performed

on day 10 as usual[37].

As mentioned before, the idea behind Double-Ovsynch as a pre-synchronization protocol is
to optimize the conditions for the Ovsynch protocol to be as efficacious as possible for the

timed Al, leading to a higher fertility rate. This can be achieved by making a greater number
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of cows respond by ovulating following the first GnRH injection, as well as responding to
the subsequent injection of the Ovsynch protocol after pre-synchronization[78]. Increasing
the amount of cows ovulating to the timed treatments will make the Ovsynch with timed Al
more successful, enhancing the chances of conception and pregnancy of the herd. In the
original study [76], where Double-Ovsynch was compared to Presynch-Ovsynch, the
fertility rates were considerably higher for both and the highest for Double-Ovsynch. As
indicated previously, the Presynch-Ovsynch was considered to provide low fertility in
anestrus animals, which can prove to be a significant limitation to that protocol[75, 76].
Unfortunately, the original study on Double-Ovsynch did not categorize the anestrous
animals and could therefore not determine if the protocol had positive effects on their
fertility. However, this has been revealed in more recent and larger studies, suggesting that
Double-Ovsynch can also improve fertility and conception rates of anestrous animals by
reestablishing cyclicity of inactive ovaries, in a larger degree than Presynch-Ovsynch[79,
80]. Anestrous animals and other reproductive disorders are a huge financial problem in the
high-yielding dairy industry. This results in a lower milk production, as the days between
calving and conception increases, causing the interval between days in production to increase
as well[80]. It is therefore encouraging that Double-Ovsynch is showing tendencies to
improve the fertility and productivity in high-yielding dairy operations, also for the anestrous

animals when used as reproductive treatment.

2.6.4 Double PGF2-alpha during Ovsynch

Another modification to the original Ovsynch synchronization protocol is the use of a double
PGF2-alpha injection. In this protocol, there is the addition of a second PGF2-alpha injection
24 hours after the PGF2-alpha of the Ovsynch[81]. The reason for this introduction of
another injection is to increase the chance of a luteolysis and a complete luteal regression
when compared to the one injection of the original protocol, in a greater number of cows
than originally[81]. In some individuals, the CL formed after the initial ovulation from the
GnRH injection is too young and immature to respond to the following PGF2-alpha, and will
therefore not fully regress in the normal Ovsynch protocol[82]. Without a fully regressed
corpus luteum, there will be no following follicular wave and development, resulting in a
failed estrus synchronization and no longer a possibility of timed Al in accordance with the
synchronization protocol[37]. As the Ovsynch protocol is tightly linked to the timed Al, a
delay in luteal regression will cause the cow to be in the wrong stage of the cycle for a

successful insemination. Therefore, this addition of a second PGF2-alpha will consequently
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improve the overall success of the Ovsynch protocol. This is due to the cases of luteal
regression in the treated animals increasing, ultimately increasing the pregnancy rates per
Al[81]. However, in a study performed by Brusveen et. al. in 2009 [83], the addition of a
second PGF2-alpha injection showed a very marginal improvement in the fertility of the
cows, measured in pregnancies per Al. Nevertheless, this double injection is certainly
successful in increasing the luteal regression when compared to the one injection of the

Ovsynch protocol[83].

2.6.5 Progesterone-based synchronization protocols

Progesterone and progestin commercial products can also be useful when it comes to estrus
synchronization of dairy cows. By administering progestin, either via the feed of the animal
or through slow-release insertion devices into the vagina, the animals will demonstrate estrus
within a few days after the withdrawal of the treatment[18]. Progesterone insertion devices
have been reported to be useful to return the cyclicity of anestrus female animals [16], as
well as the return to estrus in postpartum and non-pregnant cows[84]. This can make them
very useful for the treatment and management of reproductive problems often seen in the
high production dairy cows[15]. This kind of estrus synchronization in such animals can
therefore be considered a sort of “resynchronization”, essentially returning the normal
function of the ovaries after a time of inactivation[84]. Especially the use of slow-releasing
progesterone devices, which are to be inserted into the vagina for a fixed period of time,
have gotten more popular in reproductive treatments. These devices, often called
progesterone-releasing intravaginal device (PRID) or controlled internal drug release
(CIDR), are inserted into the vagina of the desired cows for approx. 7 days before they are
removed[85]. The number of days in which the device is kept inside the vagina varies
according to different studies. The concept behind slow-releasing progesterone devices is to
maintain a stable level of progesterone in the body of the animal, with an initial rapid
increase in the levels[85-87]. A high level of progesterone in the body will simultaneously
minimize the release of LH from the pituitary gland, resulting in the inhibition of estrus and
ovulation. Once the device is removed and the progesterone levels decline, this will
consequently stimulate follicular development and a subsequent estrus[86]. However, as
mentioned before, it has also been reported how the use of progesterone for synchronization
protocols significantly reduces the fertility of the animals, especially when the
administration is for 10 days or longer[3, 12, 88], suggesting improved results when used

for a shorter period of time[88]. Progesterone together with PGF2-alpha is an example of a
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synchronization protocol using CIDR. In one of the original studies on the CIDR
devices[88], the use of PGF2-alpha in combination with the progesterone device showed
promising results in signs of estrus with the subsequent insemination 1-2 days after the
removal. Adding the application of PGF2-alpha is to combine luteinization with
synchronized follicular growth, where PGF2-alpha is administered around the time of
removal after the CIDR has been present for 7 days[88]. CIDR devices are also combined
with other commercial hormones for estrus synchronization, such as GnRH, equine

chorionic gonadotropin (eCG) and estradiol[86].
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3. Materials and methods

3.1 Description of Experimental Farms

Our study was conducted on two Hungarian Holstein-Friesian dairy farms in Hungary. Both
farms housed approximately 1,000 lactating dairy cows each. One of the farms is located in
the eastern region of Hungary, while the other is situated in the northern Great Plain region
of the country. The study analyzed the results of the estrus syncrhonization protocol Double-
Ovsynch treatments administered on these two farms over the course of three years, between
January 1st 2021 and July 7th 2023.

At both farms, the animals were housed in an open housing system with barns equipped with
waterbed resting boxes. The barns were climate-controlled and featured misting gates and
automated manure scrapers. The barns were also equipped with headlocks at the feeding
barriers, where the cows were restrained for treatments and pregnancy checks for this study.
Cows were fed a Total Mixed Ration (TMR) appropriate for their production group. On one
of the farms, the feed was distributed by a feed delivery robot. On the other farm, a self-
propelled feeding cart and a feed push-up robot were used. Cows were milked three times a
day on both farms, either in a 2x18 herringbone milking parlor or in a barn equipped with

17 milking robots for the whole herd.

3.2. Synchronization methods

3.2.1 Experimental Animals

Data was collected from the first artificial insemination, from a total of 2,542 cows. All cows
were synchronized for ovulation using the Double-Ovsynch presynchronization protocol
prior to Al. Cows were enrolled in the program two weeks after a transrectal ultrasound
confirmed the end of the involution period, around day 35 postpartum. Cows showing signs
of bacterial complications during the ultrasound were excluded from the experiment and
only inseminated after treatment. A detailed description of the Double-Ovsynch protocol is

provided in Figure 1.
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Figure 1 lllustration describing the process of the Double-Ovsynch protocol, which injections were used and
on which specific day during the protocol.

-
o
-
o
.-
N
2
lo—
"o
jg=

3.2.2 Protocol details

On the first day of the protocol, cows received the first GnRH injection (100 micrograms),
followed by a PGF2a injection (10 mg) one week later, usually on a Friday. Ten days after
the initial GnRH injection, the cows received a second GnRH injection (100 micrograms).
Seventeen days after the first GnRH injection, the cows were administered the first GnRH
of the Ovsynch protocol, followed by a PGF2a injection one week later. A second PGF2a
injection was administered the next day, followed by a third GnRH injection (100
micrograms) on day 26 of the protocol. The cows were inseminated 16-20 hours after the
second GnRH injection of the Ovsynch protocol. Cows that exhibited estrus symptoms and
returned to estrus were re-inseminated before the pregnancy check. All injections were
administered intramuscularly using an 18G needle. During the protocol, gonadorelin
(Ovarelin 50 mg/ml, Ceva, France) was used as the GnRH analogue, with a 2 ml dose per
injection. Cloprostenol sodium (PGF Vevx, Vevx Pharma, Germany), a PGF2a analogue,
was also administered in 2 ml dosages during the protocol. As illustrated in Figure 1, the
first GNRH injection of the protocol is considered the starting point of the following
injections. It is therefore displayed being administered on day 0 of the protocol, with the
succeeding days injections calculated from this first application.

3.3. Pregnancy Diagnosis

Pregnancy checks of the cows included in the protocol were performed 28-41 days after Al
using transrectal ultrasound. Two veterinarians conducted the ultrasound exams biweekly
throughout the three-year study. The transrectal ultrasounds were performed using a linear
transducer (Easi-Scan Ill, IMV, France). A positive pregnancy diagnosis required the
simultaneous confirmation of embryo presence, heartbeat, amniotic fluid, and the presence
of a corpus luteum on the ovary, clearly illustrated by the ultrasound machine. In cases of
uncertain pregnancy, a follow-up ultrasound was conducted two weeks later, and these cows
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were excluded from the study. An additional pregnancy check was performed 57-70 days
after Al through transrectal palpation to detect potential pregnancy loss after 41 days.

3.4 Data Collection

The data required for the study were recorded using the Riska (Systo Kft, Hungary) and
Afimilk (Afilact, Israel) herd management systems used by the farms and were organized
using Microsoft Excel (Microsoft, Redmond, USA). The excel table included the date of the
first GnRH injection of the Double-Ovsynch protocol, Al dates, name of the bull used for
insemination, the result of the first Al (pregnant or open), the date of the insemination that
resulted in pregnancy, the number of inseminations, the date of the pregnancy confirmation,
and the voluntary waiting period. Additionally, the date of calving, lactation number, calf
sex, and any incidents of stillbirth, dystocia, or twin births were recorded. Other recorded
data included milk yield and duration of the previous lactation, the dry period length, the
interval between calvings, average daily milk yield in the current lactation, and milk
composition (protein, fat, and sugar content). Postpartum diseases were also recorded,
including retained placenta, metritis (0-21 days postpartum), endometritis (21-42 days
postpartum), lameness (0-42 days postpartum), milk fever, metabolic diseases, and mastitis
(1-10 and 0-30 days postpartum). Cows that died or were culled by day 60 postpartum were
also recorded.

3.5. Data Analysis

The data were analyzed using the SPSS statistical software (IBM® SPSS®, Version 27,
Chicago, USA).
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4. Results

4.1 Number and description of animals in the farms

Figure 2 describes the number of first services carried out with the Double-Ovsynch method
during the study years on the two different farms included in our study. We collected data
from the years 2021, 2022 and 2023, whereas the largest number of data were collected from
2022. Farm F did not initiate the protocol until 2022, which explains why there is no visible
data from 2021 from this farm.

Figure 2 Distribution of dairy cows included in this study (n=2542) and synchronized with the Double-Ovsynch
protocol, categorized by two farms across 3 years.
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Table 1 describes the lactation performance of the study animals from each farm separately.
The lactational production was higher in Farm B with 1300 kgs milk yield. However, both
of the farms represent large scale dairy farms and production in Hungary. In accordance with
this, the first 100 days milk production was also significantly higher in Farm B. We can also
see in this table that the levels of the milk components are much higher in Farm B than in
Farm F. As seen below, Table 1 contains all the production data of the two farms in terms of
the study animal’s milk production. The table shows significant differences between the two
farms. However, both farms are in the high milk yield categories, with a total milk production
of 11,515 kilograms in Farm B vs. 10,263 kilograms seen in Farm F, recorded by the study
population. In accordance with this, the produced total milk solids in the current lactation,
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when ovulation synchronization was performed, are also differing significantly between the
two farms. Although, the farm with the higher milk production also produced more milk
solids during the lactation. There was also a difference seen in the milk yield of the first 100
days, as well as in the milk solid production.

Table 1 Lactation performance of dairy cows synchronized using Double-Ovsynch protocol at the two farms
included in the study.

Farm
Parameters P-value
Farm B Farm F

No. of cows 1692 850

Milking days (d) 281.0+1.8° 302.2 +2.52 <0.001
Average DMY (Kg) 41.1+0.22 33.8+0.3° <0.001
Largest DMY (Kg) 50.9 +0.3? 440+ 0.4° <0.001
Persistency (d) 80.5+0.32 77.2+0.4° <0.001
Total MY (Kg) 115155 + 87.2¢2 10263.2 + 122.9b <0.001
Total fat (Kg) 437.3£3.32 393.6+4.7° 0.003
Total fat (%) 3.82+0.01° 3.89 £ 0.022 <0.001
Total protein (Kg) 412.0 +3.12 356.1 +4.3° <0.001
Total protein (%) 3.58 +0.012 3.47 £0.01° <0.001
Total lactose yield (Kg) 565.8 + 4.2° 469.8 + 5.9 <0.001
Total lactose (%) 4.93+£0.012 4,59 + 0.01° <0.001
SCC (103 cells/mL) 133.8+6.1 136.0 + 8.6 0.83
D100-MY 4428.5 + 28.62 37715+ 40.1° <0.001
D100-Fat (Kg) 170.4 + 1.23 147.3 + 1.6° <0.001
D100-Fat (%) 3.81+0.02° 3.96 £ 0.03? <0.001
D100-Protein (Kg) 152.3+1.02 1259 +1.3° <0.001
D100-Protein (%) 3.41+£0.018 3.35+0.02° 0.003

*DMY:: daily milk yield; MY: milk yield; SCC: somatic cell count; D100: day 100 of lactation; D305: day 305
of lactation.

4.2 Results of Double-Ovsynch protocols in the different farms

In Table 2, we can see the first service conception rates performed with the Double-Ovsynch
protocol in both farms during the period of our study. There was no significant or
immediately exciting difference between the two farms, as the data remains relatively similar
between them. However, a clear difference was shown in the services per conception
parameter. This parameter described the number of inseminations, or services, needed for
the cows to finally become pregnant on an average. From this fact alone, the calving to
conception (days open) and calving interval parameters also differed significantly when
using the same protocol on both farms. To evaluate this point further, we also assessed the
culling rate from the study animals in the subsequent lactation, which can also be seen in
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Table 2. The culling rate was found to be low and did not differ significantly between the

two farms.

Table 2 Fertility parameters of dairy cows synchronized using the Double-Ovsynch protocol at two farms
included in the study.

Farm
Parameters P-value
Farm B Farm F

No. of cows 1692 850

1t Al conception (n, %) 763 /1692 (45.1%) 401 /850 (47.2%) 0.32
Total conception (n, %) 1467 /1692 (86.7%) 725 /850 (85.3%) 0.33
Calving rate (n, %) 1353 /1467 (92.2%)? 648 /725 (89.5%)° 0.03
Pregnancy loss (n, %) 114 /1467 (7.8%)° 77 1725 (10.6%)? 0.03
Services per conception 1.9 +0.04° 2.1 +0.05° <0.001
Calving to 1% Al (d) 70.1+£0.192 68.2+0.27° <0.001
Calving to conception (d) 98.2 +1.3° 1109+ 1.92 <0.001
Gestational length (d) 277.4 +£0.152 276.9 + 0.22° 0.04
Calving interval (d) 375.6 +1.4° 387.2+2.02 <0.001
Culling rate* (n, %) 439/1692 (25.9%) 214 /850 (25.2%) 0.68

4.3 Some factors providing effect on pregnancy rates in the Double-Ovsynch protocol

In Table 3, we can see the differences in reproductive parameters between primiparous and
multiparous cows during the use of the synchronization protocol at the two farms. In this
table, primiparous animals is defined as cows which had their first calf, whilst multiparous
are cows have had two or more calves in the past. The biggest differences we can see between
primiparous and multiparous animals in this study, according to Table 3, are the decrease in
the total conception parameter of multiparous animals. This is likely due to the decrease in
fertility of multiparous animals and their increased age compared to young primiparous
cows. We can also see a clear increase in the culling rate of multiparous cows when
compared to primiparous, with an increase of almost 1.7 times higher incidence rate. This
might be explained by the increased chance of complications postpartum, especially when
the cow has given birth to more calves in the past. Also, the chance of more age and
metabolic related problems are higher in multiparous animals. Twinings are also more
common in multiparous cows, which can also be a greater risk for the life and health of the

cow postpartum and during calving.
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Table 3 Fertility parameters of dairy cows synchronized with the Double-Ovsynch protocol influenced by

parity.
Parameters P-value
Primiparous Multiparous

No. of cows 1174 1368

1t Al conception (n, %) 561 /1174 (47.8%) 603 /1368 (44.1%) 0.06
Total conception (n, %) 1060 /1174 (90.3%)? 1132 /1368 (82.7%)" <0.001
Calving rate (n, %) 986 /1060 (93.0%)? 1015 /1132 (89.7%)° 0.005
Pregnancy loss (n, %) 74 /1060 (7.0%)° 117 /1132 (10.3%)? 0.005
Services per conception 1.92+£0.04 1.95+0.04 0.68
Calving to 1%t Al (d) 69.4 £ 0.22 69.5+0.22 0.76
Calving to conception (d) 101.0+£ 1.6 1034+ 16 0.29
Gestational length (d) 278.0£0.22 2775+0.2° 0.05
Calving interval (d) 377.7+1.6 380.9+1.6 0.16
Culling rate* (n, %) 220 /1174 (18.7%)° 433 /1368 (31.7%)? <0.001

Table 4 demonstrates the fertility parameters of the two farms together over the course of

the three-year period of the protocol, separated into different columns according to the year.

An interesting finding in this table is the steady increase in the calving to 1st conception

parameter over the three-year period, increasing from 64.5 days in 2021 to 71.6 days in 2023.

This means a longer interval between the previous calving until the first Al is performed on

the same cow, suggesting that the involution period is increasing over the three-year period.

Table 4 Fertility parameters of dairy cows synchronized using Double-Ovsynch protocol over three different

years of the study.

Parameter year P-value
2021 2022 2023
No. of cows 595 1363 584
1t Al conception (n, %) 255 /595 (42.9%) 619 /1363 (45.4%) 290 /584 (49.7%) 0.06
Total conception (n, %) 511 /595 (85.9%) 1176 /1363 (86.3%) 505 /584 (86.5%) 0.09
Calving rate (n, %) 463 /511 (90.6%) 1080 /1176 (91.8%) 458 /505 (90.7%) 0.61
Pregnancy loss (n, %) 48 /511 (9.4%) 96 /1176 (8.2%) 47 /505 (9.3%) 0.61
Services per conception 2.0 £ 0.06a 2.0 £0.04a 1.8 £0.06b 0.006
Calving to 1%t Al (d) 64.5 + 0.30c 70.8 £ 0.20b 71.6 +0.30a <0.001
Calving to conception (d) 98.3+2.3a 106.0 £ 1.5b 978+ 2.3a 0.002
Gestational length (d) 277.7 +0.25a 276.9+0.17b 277.5 +0.26a 0.01
Calving interval (d) 376.0 £ 2.3a 382.6+1.5b 375.4+2.4a 0.009
Culling rate* (n, %) 159 /595 (26.7%) 359 /1363 (26.3%) 135 /584 (23.1%) 0.25
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5. Discussion

5.1 Ovulation synchronization results in two Hungarian high yielding dairy farms

The recently developed ovulation synchronization programs are challenging in modern dairy
farming. There are several circumstances which should be optimal for the successful
application of these programs. On one hand, several injections must be administered in a
strict order and within a strict timeframe. Another important factor is the fact that usually
more programs or protocols are running at the same time, under practical circumstances.
Therefore, strict regulation of these factors are required at farm level when speaking about
dairy farming. Another aspect is that these protocols, such as the Double-Ovsynch used in
our study, contain 6-7 injections per cow, meaning higher cost compared to the original
Ovsynch protocol, where only 3 injections were part of the synchronization. Thirdly, these
protocols are designed to synchronize the first insemination, to achieve good results in

pregnancy rate and to successfully modify farm level reproductive protocols.

Another aspect is, that due to these aforementioned factors, the application of these protocols
are mainly achievable only on well-managed farms. This also means that these farms are
typically better in milk production due to appropriate nutrition, better cow comfort, better
housing conditions etc. These farms are able to make use of the advantages of the “high
fertility cycle” resulting from such synchronization protocols. These higher fertility cycles
are not a single reproductive cycle, but a complex one with a low rate of peripartial clinical

diseases and good transition of the animals.

Under the circumstances of this study, nearly half of the animals are being declared pregnant
within 100-120 days after calving, when the synchronization can be ruled successful. In the
long run, this will affect calving intervals lower than 400 days, making round-year calving
achievable in high producing dairy cattle. This is highly desireable for the farmers, as it
provides a more efficient and larger amount of production when the cows are more in the
productive state. Also in a more distant future, with a lower incidence of clinical peripartial

problems, a robust pressure can be achieved in the genetic forestepping.

It is also worth mentioning that in those farms where the application of the protocol does not
bring good results, due to the aforementioned reasons for those farms, a shift in the

reproductive strategy for the first insemination is required. This level of success is between
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35 to 40 percent pregnancy rate. This result was achieved in our retrospective data collection
even in the summer months during the study. This validates the method for further

application.

5.2 Factors affecting the successful fertilization of the first synchronized ovulation

Numerous factors may influence pregnancy outcomes of synchronisation protocols. Among
practical circumstances, farm level differences vary in a great range. Our study showed
nonsignificant difference between the two farms, whereas the year of the study was also not
influenced by the data. With year distribution, our results were ranging between 43 and 49
percent conception after first insemination, indicating a non-significant trendline difference
in the results. It is worth mentioning that in the year of 2022, an extreme drought was present
all alongside Hungary, causing serious problems in corn silage production. As our results
are showing, this has influenced the data as well. However, even in the conditions of a
serious drought and climate, the pregnancy rate did not decrease under 40 percent. In other
words, extreme weather conditions are accompanied by only a 5 percent decreased

pregnancy rate under farm circumstances, according to our study.

Another interesting issue was the parity distribution. Multiparous animals had 3.5 percent
lower pregnancy rate in the study, but these data also did not differ significantly from the
pregnancy results of primiparous animals. Therefore, this can be considered yet another great
advantage of the utilisation of these protocols, that we can achieve almost similar good
results in cases of older cows like in heifers after calving. As shown in Table 3, culling rate
for multiparous animals is 1.7 times higher than primiparous animals. This finding is
considered to be strongly significant. This means that older animals, which are representing
higher value in a farm overall, are able to achieve nearly the same pregnancy rates as younger
animals. In addition, these animals are producing 10-15 percent more milk during their
lactation period, making the lactation more profitable. Earlier studies in the literature
reported a much lower pregnancy rate of these animals (1,12,26). Therefore, the reproductive

management of these animals is essential.

During the study, every grouping of our data showed lower calving intervals than 400 days.
This calving interval is generally accepted as an indicator number of herd level reproductive
performance. If we achieve more than 40 percent pregnant animals at herd level, then under
optimal circumstances, 80-95 percent of our cows will become pregnant within 3

33



inseminations. If this fact is connected with a low herd level culling rate, like in our case,
then within 2 years, most of the animals can be replaced through this higher genetic progress.
It is also worth mentioning that low milk production and poorly managed herds may result
in lower pregnancy rates for first service. For them, continuous monitoring of the results
will be necessary. Also in case when these protocols are not beneficial, protocol change is
then required. At the moment this means a shift to lesser synchronised ovulation like G6G

protocol a ProvSynch.

34



6. Summary

In order to study the first service conception rate in dairy cattle with recent ovulation
synchronization protocols, we synchronized 2,524 dairy cows in two Hungarian large scale
dairy farms using the Double-Ovsynch protocol. The study was carried out over the course
of 3 years, in which most of the animals were involved in the year of 2022. Both farms gave
excellent results in terms of fertility after the synchronization protocols. As a result of our
study, it has turned out that the good results of fertility programs also have consequences on
the herd level fertility parameters. Both days open, calving interval and P/Al were influenced
after the usage of the protocol. In all the animals included in our study, we achieved less than
2.5 P/Al, less than 120 days open, and less than 400 days calving interval.

We evaluated retrospectively multiple factors, which influence our results, parity and
partially the year, while the specific farm effect was not present in our data. In the future we
plan further evaluation of our data and novel studies to improve herd level progression in

reproduction.
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