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THESIS STATEMENT 
As the fertility of the dairy cow has decreased, in recent years it has become apparent that a 

solution must be found. This thesis aims to evaluate one of those solutions by investigating the 

possible improvement of conception rate of the dairy cow during fixed time artificial 

insemination through the use of a modified Ovsynch program. 
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ABSTRACT 
This thesis is largely based on a clinical trial that was conducted on dairy cows in Southwest 

Victoria, Australia. The objective of the clinical trial was to evaluate the effect of a second 

prostaglandin F2α injection, within the original Ovsynch program, on the conception rate of dairy 

cows in a fixed time artificial insemination program. The regression of the corpus luteum was 

also assessed and the results between the modified and original Ovsynch programs were 

compared. A randomized clinical trial was conducted, which involved 1703 dairy cows selected 

from five split calving, pasture-fed dairy herds in Southwest Victoria, Australia.  These animals 

included both primiparous and multiparous animals. All of the lactating cows were divided into 

two groups at the start of the joining period in order that artificial insemination would coincide 

with mating start date. This is the day on which joining starts so that the calving period 

coincides with the greatest seasonal pasture growth. Group 1 (n = 851), the control group, 

received the original Ovsynch program: Gonadotropin-releasing hormone at day 0 in the 

morning, prostaglandin F2α at day 7 in the morning, Gonadotropin-releasing hormone at day 9 in 

the afternoon and fixed time artificial insemination on day 10 in the morning, approximately 12 

to 16 hours after the second Gonadotropin-releasing hormone injection. Group 2 (n = 852), the 

treatment group, received a modified Ovsynch program: Gonadotropin-releasing hormone at 

day 0 in the morning, prostaglandin F2α at day 7 in the morning, prostaglandin F2α at day 8 in the 

morning, Gonadotropin-releasing hormone at day 9 in the afternoon and fixed time artificial 

insemination on day 10 in the morning, approximately 12 to 16 hours after the second 

gonadotropin-releasing hormone injection. All artificial insemination was performed by 

experienced technicians. A subset of animals from each group, in each herd (n=95 treatment 

cows and n = 99 control cows), had blood samples taken at the time of the first prostaglandin 

injection and at the time of artificial insemination. Serum progesterone concentrations were 

measured at the time of the first prostaglandin injection to assess the proportion of cows likely 

to be cycling in each of the groups and at the time of artificial insemination to assess the 

proportion of cows with complete luteal regression. After adjusting for the effect of herd, 

conception rates were 7.0% greater in cows in the treatment group compared with cows in the 

control group. The proportion of cows with plasma progesterone concentrations ≥1 ng/mL in 

the treatment group at the time of artificial insemination was 13.5% lower than that of cows in 

the control group at the time of artificial insemination. Compared with the original Ovsynch 

program, it was estimated that a total of 14 (95% CI 8 to 43) cows need to be treated using the 

modified Ovsynch program to return one additional pregnancy. In conclusion, the use of the 

modified Ovsynch protocol is likely to increase conception rates to timed artificial insemination 

programs in dairy cows in Southwest Victoria. 
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PREFACE 
Every thesis has to have a starting point and the project that this thesis is based on was 

conceived after going to a lecture by Dr Gabriel Bo who encouraged me to trial a modified 

Ovsynch program in pasture-based, seasonal or split calving herds. Limited work had been done 

in America with positive results and further work in different areas of the dairy industry was 

needed to continue to validate the study. Several articles detailing the use of a second 

prostaglandin injection within the Ovsynch program had been published in the USA. The data 

collected that was analysed for these articles was predominantly based on farms located in the 

USA on year-round calving herds generally being fed a total mixed ration diet in a housed 

environment. The materials and methods in these articles was studied so that a similar trial 

could be designed and carried out on the herds in Australia 

Through the contacts of Dr David Colson, several farms were contacted in Southwest Victoria, 

Australia and enrolled in the study. Meetings were held with each of the farmers and/or 

managers involved in the trial and a protocol information pack was emailed to the person 

involved. Prior to commencement of the trial, each farm agreed to have a person present at the 

time of the injections for administration and recording purposes and each farm agreed to an 

early pregnancy test to determine the results of the trial. 

The project’s statistical analysis was predominantly designed and run by Professor Mark 

Stevenson, Faculty of Veterinary and Agricultural Sciences, University of Melbourne. In the 

latter stages of the project, a large contribution was made by Dr David Beggs, Faculty of 

Veterinary and Agricultural Sciences. 

This project was financially supported by The University of Melbourne, The Vet Group, Dairy 

Australia, Westvic Dairy, Gardiner Foundation, BCF Ultrasound, Boehringer Ingelheim and 

Gribbles laboratory. This project was also supported through an Australian Government 

Research Training Program Scholarship. 
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1  GENERAL INTRODUCTION 
There are several important factors that are involved in managing a successful dairy farm. One 

of the most important is the reproductive capability of the dairy cow. In recent years the fertility 

of the dairy cow has gradually been declining as the production performance was increasing 

(Pryce et al. 2004). Between 2007 and 2012, Pryce et al (2013) reported that the decline in 

reproductive performance has stopped as fertility has been included in genetic selection. This 

has stopped the decline in reproduction and even started a slight upturn in the reproductive 

trend (Pryce et al. 2013); however, there is still some way to go to recover ground that was lost. 

As a result of the decrease in fertility and low reproductive performances, there has been an 

increased focus on how to improve the conception rates in the dairy cow in the immediate 

future. Low reproductive capability is often due to both low fertility and poor oestrus detection. 

Thus, the use of timed artificial insemination (AI) was introduced to reduce dependence on 

detection of oestrus (Pursley, Kosorok, and Wiltbank 1997). Ovsynch describes ovulation 

synchronisation, where hormone injections are used to synchronise ovulation so that fixed time 

artificial insemination (AI) (FTAI) can be used. The first injection in the original Ovsynch 

program is gonadotropin-releasing hormone (GnRH) on day 0; in the perfect scenario, this is 

responsible for the potential release of follicle-stimulating hormone (FSH) and luteinising 

hormone (LH). A surge in FSH generally precedes a follicular wave in the ovary and it recruits a 

dominant follicle (DF), which begins to grow. However, the dominant follicle will only proceed 

to ovulation if its growth coincides with the regression of the corpus luteum (CL). The second 

injection in the Ovsynch program is prostaglandin F2α (PGF) on day 7; this causes the regression 

of the CL and allows the DF to proceed to ovulation. The third injection is GnRH on day 9, this 

should cause a surge of LH, which leads to ovulation of the dominant follicle and is followed by 

fixed time AI (FTAI) on day 10 (Pursley et al. 1997). The hormones used to control the oestrous 

cycle mimic the reproductive hormones found within the normal cow. Most oestrous 

synchronisation systems employ a method for controlling follicular wave development, 

promoting ovulation in anestrous cows, regressing the corpus luteum in cyclic cows, and 

synchronizing oestrus and (or) ovulation at the end of treatment (Lucy, McDougall, and Nation 

2004). This increases the success of the mating program through increasing the likelihood of 

correct timing of insemination to coincide with ovulation without relying on the farm staff to 

observe oestrus and increases the number of animals submitted for AI (submission rate). 

Artificial insemination is favoured in many management strategies as a way to diversify the 

genetics used on the farm and increase fertility rather than relying solely on the limited genetics 

in a team of farm bulls.  

There has been some speculation that the hormonal injections within the current Ovsynch 

programs available are not being used at the optimum time and that in this simple program, the 

original Ovsynch program, fertility may still be suboptimal (Thatcher, Bilby, and Bartolome 

2006). This program was first introduced in 1997 and since then there have been several 

modifications made around the Ovsynch program, but, until recently, not within the program 

itself. These modifications included presynchronisation programs such as the presynch-

Ovsynch (Moreira et al. 2001). This involved two injections of prostaglandin 14 days apart with 

the second prostaglandin injection 12 days prior to the start of the Ovsynch (Pursley et al. 1997) 

program. Other presynchronisation programs included the Double-Ovsynch (Souza et al. 2008) 

program, which involved presynchronisation with prostaglandin and GnRH injections prior to 

Ovsynch program (Peters and Pursley 2002).  The use of presynchronisation was used in order 
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that the cow was in the correct stage of the oestrous cycle on day 0 of the Ovsynch program and 

therefore the injection of GnRH would have greater effect. While these programs each increased 

the conception rate of the dairy cow incrementally, recent studies have looked at the 

progesterone levels of the cow during the use of the current Ovsynch program (Wiltbank et al. 

2015) and a new modification of the original Ovsynch program has been proposed that will 

incorporate a second injection of PGF on day 8 of the program to increase the probability of 

regression of the Corpus Luteum (CL) and thus increase the likelihood of ovulation at the time 

of FTAI.  These studies have only focused on animals, generally the Holstein-Friesian breed, in 

North America kept in dairies where the animals are housed and fed on a Total Mixed Ration 

(TMR) and predominantly are year-round calving herds with high production levels of 

34L/cow/day on average.  

In order to address some of these knowledge deficits, a clinical trial was conducted that 

involved the comparison of using the modified Ovsynch program (M. C. Wiltbank et al. 2015), 

with the original Ovsynch program (Pursley, Kosorok, and Wiltbank 1997) in dairy cows in 

Southwest Victoria, Australia. The cows involved in this study were being managed in a split 

calving, pasture-based system focusing on the Holstein-Friesian breed, but also looking at cross 

bred animals and a pure-bred Jersey herd.  In this clinical trial, the animals in split calving herds 

were subject to mating start date (MSD) rather than the voluntary waiting period (VWP) seen in 

year-round herds. In the trials conducted in North America, the cows were all started on the 

program with similar days in milk (DIM) as the cows were in a year-round calving herd and 

were submitted for oestrus detection and to start synchronisation programs at 37 DIM +/- 3 

days as a rolling program throughout the year. The cows in this trial were all submitted for a 

synchronisation program 10 days prior to mating start date (MSD). During this trial, all animals 

were submitted for fixed time artificial insemination on day 10 of either the original or modified 

Ovsynch programs and DIM at the start of the program ranged from 1-303. The efficacy of the 

program was established through the use of early pregnancy diagnosis with both ultrasound 

and manual rectal examination. A subset of animals in each group was also submitted for 

progesterone testing at the time of the first prostaglandin injection and at the time of AI as an 

indication of whether there were an increased number of animals with complete regression of 

the CL and thus, the likelihood of ovulation at the time of AI using this modified program. It was 

hypothesised that the use of the modified Ovsynch program would increase the conception rate 

of the cows enrolled in the program compared with those given the original Ovsynch program in 

a fixed time artificial insemination program. 
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2 LITERATURE REVIEW 

2.1 ABSTRACT 
The aim of this review was to evaluate the decline of fertility in the dairy cow and to investigate 

the most recent advances in overcoming this decline in fertility using synchronisation programs 

and to identify any areas that might require further investigation. This literature review has 

assessed the information available regarding the decline in fertility in the dairy cow, particularly 

in the Australian dairy cow, based in a seasonally or split calving pasture-based herd. This will 

encompass the global decline in fertility, the causes that have been identified, examination of 

the oestrous cycle and will then focus on the possible methods that have been explored to 

overcome this issue. This review will encompass papers written describing the first synchrony 

program through to the most recent advances that have been made in this field. 

2.2 INTRODUCTION 
In recent years there has been a decrease in the fertility of the dairy cow, this has been 

influenced by several factors including age and stage of lactation (Bousquet, Bouchard, and 

DuTremblay 2004). For many years, the oestrous cycle of the cow has been studied so that it can 

be manipulated for fixed timed artificial insemination (AI) (FTAI). Hormonal manipulation has 

been used to improve reproductive performance by decreasing the interval from calving to first 

service (Lean et al. 2003) and to help mitigate the human error involved when using 

observation to detect oestrus. “Estrus detection is required for artificial insemination (AI), but it 

is done poorly in dairy cattle and it is difficult in beef cattle. Protocols that synchronise follicle 

growth, corpus luteum regression and ovulation, allowing for FTAI, may result in improved 

reproductive performance, because all animals are inseminated whether they show estrus or 

not. As a result, FTAI programs have become an integral part of reproductive management in 

many dairy herds and offer beef producers the opportunity to incorporate AI into their herds.” 

(Colazo and Mapletoft 2014) These AI programs have been affected by the decline in fertility, 

which has led to a closer study of the oestrous cycle as well as modifications being made to the 

synchronisation programs currently on the market as fertility may still be suboptimal when 

simple synchrony programs are used (Thatcher, Bilby, and Bartolome 2006).  The literature 

reviewed here was found and accessed using the University of Melbourne website, generally 

using the CAB abstracts database. Google Scholar was also used during the literature search as a 

secondary search engine. The literature was predominantly found using the key words 

“Ovsynch”, “dairy cows”, “synchrony”, “progesterone” and “prostaglandin”. The search was 

limited to those articles that were published in the English language only. There was no date 

limit placed on the search; however, the search was set to display the most recently published 

articles at the top of the list. 

Morton (2004) described the Australian dairy system as contrasting markedly with those in the 

Northern hemisphere, particularly Europe, where herds tended to be smaller and the cows 

often housed for part of the year. The larger, more extensively managed farms of the Southern 

hemisphere have led to challenges for the Australian and New Zealand farmer including cow 

identification, oestrus detection, record keeping and drafting cows. This in turn means that 

farmers, particularly in the Southern hemisphere, have come to rely on synchronisation 

programs to manage some of these obstacles and make management a little easier and also to 

manage calving periods in the seasonal herds to coincide with maximum pasture growth rates 

to ensure high production to meet increased nutritional demands (Morton 2004). Focusing on 
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the reproductive cycle should be part of a wider herd health management plan. The primary 

intention of agricultural extension is to improve one or more aspects of farm performance 

(McDougall et al. 2014). As such, the modification of a synchronisation program that will 

improve conception rate within the herd is an important part of the farm management planning. 

Other aspects that must be part of the herd management program include milk quality, calf 

management, nutrition and lameness in no particular order. These are all interrelated and 

should all be considered as part of structured meetings with farm consultants, farm managers 

and farm owners for improving herd performance. 

As part of the investigation into the oestrous cycle and the optimal way in which to use a 

synchrony program; progesterone (P4) levels have been studied. There have been several 

studies into the optimal level that could be considered a low P4 level at the time of AI and a high 

P4 level at the time of the prostaglandin (PGF) injection on day 7 during the Ovsynch program. 

There have been several papers that have reported differing levels of P4 (Bisinotto et al. 2013; 

Souza et al. 2008; Cavalieri and Macmillan 2002) as a measure of low and high levels and no 

definitive answer has yet been agreed upon. Most commonly, P4 levels are considered to be low 

at <0.5ng/mL or <1ng/mL. High P4 levels have a greater range with levels considered high at 

>1ng/mL to >3ng/mL. The main aim of this literature review was initially to evaluate the 

current state of the decline of fertility in the dairy industry both on a global scale and within 

Australia in both year-round and seasonally calving, pasture-based herds. From there, the 

review has investigated the perceived causes of infertility and the response and advances being 

made to rectify this problem for the dairy industry by focusing on the oestrous cycle and 

synchronisation programs as well as identifying any areas that may require further elucidation 

and research. 

2.3 DECLINING FERTILITY 
The role of fertility in the dairy industry is considered very, if not the most, important of the 

principal problems facing the dairy farmer. Fertility has been defined as the inherent capacity of 

the cow to establish ovarian function postpartum (PP), to show overt oestrus, or to conceive 

and maintain pregnancy when inseminated at the appropriate time (Darwash, Lamming, and 

Woolliams 1997). “Resumption of ovulation after parturition is a coordinated process that 

involves re-coupling of the growth hormone (GH)/insulin-like growth factor 1 axis in the liver, 

increase in follicular development and steroidogenesis, and removal of negative feedback from 

oestradiol in the hypothalamus” (Santos, Bisinotto, and Ribeiro 2016). Infectious diseases and 

metabolic disorders can disrupt this pathway and delay first ovulation post partum. It is 

important to recognise that declining fertility is a complex and multivaried issue that faces the 

farmer and the use of synchrony programs is only one factor that is involved in trying to 

overcome this global issue. 

There has been a decrease in the fertility of the dairy cow, which has been established as a 

widespread problem based on studies originating in different parts of the world (Bousquet, 

Bouchard, and DuTremblay 2004). Several factors including age and stage of lactation of the 

cow have had a major influence on the decline in fertility (Bousquet, Bouchard, and DuTremblay 

2004). Bousquet et al, 2004, identified number of lactations as a major risk factor for the decline 

of fertility in the dairy cow; however, this might generally be considered a risk factor for the 

individual animal rather than for an entire herd unless the herd has a low replacement rate and 

the age structure on average is increasing. The stage of lactation is also related to the individual 
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animal and is part of the farm management and, in the case of year-round herds, adhering to an 

appropriate voluntary waiting period (VWP) prior to insemination. The third risk factor that 

was considered an important factor was milk production. This has been identified as a herd 

problem as genetics have been used to select for increased milk production and several papers 

have found a trend for decreasing fertility associated with increasing production (Pyman, M.F.; 

Macmillan 2010). Pryce et al (2004) showed that there has been a decrease in fertility ranging 

from 0.45%-1% per year in the last 10 years in the UK, which was based on a retrospective 

study evaluating the production performance of 3000 dairy cows over a period of 15 years. At 

1%, this has been a major problem for the farmer and has led to a high rate of culling of good 

cows and the loss of important genetics. Relationship between milk yield and fertility was also 

evaluated and genetic correlations have been unfavourable as high milk yield directly correlates 

with low fertility (Pryce et al. 2004). The hypothesis was that 50% of the improvements in milk 

yield can be based on genetics and the other 50% on improved environmental factors such as 

nutrition and housing. Thus, with increasing genetic merit for milk yields, there has been a 

trend towards a decrease in fertility. There are also a large number of estimates available for the 

genetic correlation between milk-yield and calving interval, days open, days to first service and 

conception rate to first service, all of which have been unfavourable based on many studies that 

have been conducted in both Europe and the USA. Pyman et al (2010) conducted an Australian 

based study that analysed a summary of recent and current research reviewing the milk 

production of the modern Holstein-Friesian in relation to fertility. The reduction in fertility of 

the Holstein-Friesian was related to an increase in milk production and supports the findings 

presented by Pryce et al (2004), as they also found that animals selected solely on milk yield 

have poorer reproductive performance. The consequences of reduced reproductive 

performance can be serious and may include an associated increase in replacement costs and a 

reduction in the voluntary culling rate for reasons such as bad udders, chronic mastitis, 

lameness or low production as the rate of involuntary culling increases. This may potentially 

eliminate some of the economic benefit achieved from selection for milk yield (Pyman, M.F.; 

Macmillan 2010). In more recent years, however, Pryce et al (2013) have reported that, with the 

inclusion of genetics with favourable fertility, the result has been a slight upturn in fertility; 

particularly in Australia, with the use of ABVs (Australian Breeding Values). This has made a 

small, but significant improvement in the reproductive performances of the Australian dairy 

herd. However, the fertility rates still remain lower than they were and will need to be 

monitored closely to continue to elevate the levels of reproductive performance to a sustainable 

level. There is also the need for an increase in conception rate to AI as this will continue to 

improve fertility through the use of carefully selected genetics. 

First service conception rates were reported to be below 40% in the UK in a paper published in 

2000 (Royal, Mann, and Flint 2000), which has supported the rate of a decrease in fertility 

reported in the UK as 1% per annum. Although, predominantly, this paper was investigating 

strategies for reversing subfertility in the dairy cow, the background information regarding the 

decline in fertility in the dairy cow was a meta-analysis of well known articles that combined 

this information to give a complete overview of the fertility of the dairy cow in the UK. Royal et 

al (2000) have identified a number of ways to measure infertility; these included interval to first 

service, days open, calving interval, conception rate to first service and number of services per 

conception. Some of these parameters, such as interval to first service may be affected by 

submission rate, which is often affected by heat detection and therefore these factors may be 

subject to other influences rather than simple infertility. However, there has also been evidence 
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found that there is a longer interval to first ovulation in pasture fed dairy cows as seen in the 

study by Morton (2004) based on Australian herds. Morton (2004) described a comparison of 

earlier studies of mounting activity compared with more recent studies and has found that 

average mounting activity was also now lower, this may have impacted on the ability of the 

farmer to carry out accurate heat detection. Further studies in Australia included an 

examination of the efficiency of using a resynchronisation program and used visual aids 

including tail paint and mounting detection devices as well as progesterone testing to determine 

whether the cows involved in the study experienced true oestrus as a result of the 

resynchronisation program (Cavalieri et al. 2003). It was found that median submission rates in 

non-pregnant cows decreased from the first to the second 3 week period. This may be due to a 

decrease in sensitivity of oestrus detection or a decline in the number of animals in oestrus, 

described as the “phantom cow syndrome” (Cavalieri, Morton, and Nation 2003). The paper 

concluded that failure to submit cows for AI was predominantly due to cows not being in 

oestrus rather than a decline in oestrus detection rate, which has been identified as one of the 

major areas by which fertility is declining in the dairy cow. 

In Australia and New Zealand, the InCalf program (Incalf, section 2) was introduced in 2007 to 

help farms assess reproductive performance within their own farm and also in comparison with 

both the average farm and the top performing farms within their region. This program has been 

instrumental in producing fertility focus reports so that the farmer can easily assess the 

different aspects of reproductive performance on the farm. The average targets seen in the 

InCalf project in 2007 not only showed individual farmers how the farm is performing, it also 

showed the performance of the national herds and it can be seen that the targets achievable for 

2017 were lower than those seen in the final report released in 2007. From 2000 to 2009, the 

reproductive performance of dairy herds in Australia declined. The six-week in-calf rate 

declined from 63% to 50%; the final not-in-calf rate increased from 9% to 20% and the final 

first insemination conception rate decreased from 49% to 30% (McDougall et al. 2014). This 

added support to the earlier statement that declining fertility has been a widespread issue as it 

has been seen in many studies from many different parts of the world. This also illustrated the 

probable increase in involuntary culling that may be occurring within the dairy industry. 

However, the work by Pryce et al (2013) will form part of a new report as the reproductive 

performances of the Australian dairy herd are reassessed. 

Baez et al (2015) have recently identified a relationship between uterine size and declining 

fertility. A total of 704 Holstein dairy cows, including both primiparous and multiparous cattle, 

were assessed via rectal ultrasound and it was found in both groups that animals with a smaller 

uterine diameter had a higher conception rate. Thus, it was hypothesised that there was a 

negative relationship between uterine size and fertility. This was assessed using the Double 

Ovsynch FTAI program (the double-Ovsynch consists of one injection of GnRH, PGF 7 days later 

and GnRH 3 days later followed by the Ovsynch-timed AI protocol starting 7 days after that) and 

would indicate that the assessment of the uterine size prior to joining may be a valuable 

management tool (Baez et al. 2015). In addition to this, another study by Carvalho et al (2014) 

has assessed body condition score and body weight as contributing factors to declining fertility 

in the dairy cow in a retrospective study. This was an American based study that was 

predominantly looking at the Holstein breed and evaluated the relationship between energy 

status and fertility in the dairy cow. In this study, all cows were synchronised with the double 

Ovsynch protocol (as described above) before timed AI. A relationship between fertility and 
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body condition score (BCS) was assessed by recording BCS early (in the first week) post partum, 

late (third week) post partum and at the time of AI.  (Carvalho, Souza, et al. 2014). The most 

profound effect on fertility was seen in BCS changes during the early post partum period. This 

reinforced the fact that the reproductive capability of a dairy cow relies on many factors. 

Furthermore, a more recent study in Australia has focused on milk protein levels and has found 

that they have a positive relationship with reproductive performance (Morton et al. 2017). Milk 

protein concentration is known to correlate with energy balance and further reinforces the 

studies focusing on the relationship between BCS and reproductive performance. Morton et al, 

2017, recommended that further research be done to explore the relationship between the milk 

protein concentration and reproductive performance and that, in time, this may be incorporated 

into the farm management strategy.  

Pryce et al (2004) have discussed several possible solutions for the decline seen in fertility. The 

solutions cover a wide range to address the several factors that affect fertility. The first of these 

is to adjust the nutrition as high milk yields have led to a higher demand for energy as it causes 

an increase in circulating concentrations of growth hormone. Extended lactation practices are 

also becoming a popular way of managing high-yielding dairy cows so that peak yield and the 

most extreme negative energy period have passed before the joining period begins and fertility 

is less likely to be affected (Pryce et al. 2004). However, this may be considered contradictory to 

the overall aim of maximising reproductive performance as it is likely to decrease pregnancy 

rates by decreasing submission rates (pregnancy rate = conception rate x submission rate). In a 

seasonal or split calving herd, this means a reduction in the 6 week in calf rate and in a year-

round herd, a reduction in the 100 day in calf rate. In later years, Pryce et al (2013) have also 

emphasised that the use of genetics will be an important factor in increasing fertility in the dairy 

cow. It appears that, at this stage, the genetic trend in fertility has stabilised. However, the use of 

AI will be important so that bulls with improved genetic merit in fertility may be available to 

increase the reproductive performance of the dairy herd (Pryce et al. 2013). As such, the 

successful outcome in AI programs has increased importance as farmers aim to increase the 

genetic merit of their herds and cannot rely on a team of farm bulls that may or may not have a 

known breeding value. 

2.4 OESTROUS CYCLE IN DAIRY COWS 
The oestrous cycle in domestic cattle occurs approximately every 21 days with a range of 17 to 

25 days considered as normal. The oestrous cycle can be described in three endocrine phases 

(1) pregonadotropin surge (2) postgonadotropin surge (3) luteal phase. Follicular growth 

occurs in waves throughout the cycle, during the peak production of follicles and the resulting 

plasma concentrations of oestradiol potentiate the onset of behavioural oestrus and trigger the 

preovulatory surge release of both LH and GnRH (Morrow 1986). A wave of follicular growth 

involves the synchronous development of a group of follicles (Ginther, Knopf, and Kastelic 

1989). When a cow ovulates, the next group of follicles begins to grow. All follicular waves are 

preceded by an increase in FSH. Over the next few days the corpus haemorrhagicum becomes a 

corpus luteum (CL) and secretes progesterone from day 5-18 of the oestrous cycle. One follicle 

emerges as the dominant follicle (DF) and causes the regression of the remaining follicles. The 

DF secretes oestradiol, but does not proceed to ovulation at this stage as the CL is secreting 

progesterone. When this first DF becomes non functional, there is an increase of FSH, a second 

wave begins and a new DF emerges. The concentration of FSH is controlled by the secretion of 

oestradiol and inhibin by the DF. As the concentration of oestradiol increases, the concentration 
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of FSH decreases and LH is secreted in a pulsatile fashion. When the DF is sufficiently developed, 

it produces sufficient oestradiol to cause a surge in LH and ovulation occurs (Morrow 1986). 

Following the work documented by Morrow (1986), the difference between two-wave and 

three-wave interovulatory intervals was looked at by Ginther et al (1989). They found that the 

first part of the cycle appears to be unaffected between either a two or three follicular wave 

cycle; however, in the second half of the cycle, there appears to be a big impact on the timing of 

the emergence of the dominant ovulatory follicle. The start of a third wave was associated with 

a longer luteal phase and the viable dominant follicle present at the time of luteolysis became 

the ovulatory follicle (Ginther, Knopf, and Kastelic 1989). In 1988, Sirois et al reported that, 

through daily rectal ultrasound examination of the ovaries, the most dominant pattern observed 

in heifers was the three follicular wave cycle with an average interval of 7 days between the 

waves (Sirois and Fortune 1988). This would indicate that the heifer has a longer luteal phase 

than the cow and would impact on the timing of a synchrony program. It was also found in later 

studies that cows ovulated later than heifers and had more multiple ovulations (Sartori et al. 

2004). The findings in this paper have led to closer examination of synchrony programs being 

used and how this information could help to shape modifications to the existing programs, 

particularly in tailoring programs for primiparous and multiparous cows. This may also help to 

explain the difference in response between heifers, primiparous cows and multiparous cows 

when subject to an oestrous synchronisation program. Further to this, Pursley et al (1995) 

found that cows had a response rate of 90% to the first GnRH injection given at a random time 

in the oestrous cycle. This was measured through the formation of a new accessory CL 

subsequent to the injection of GnRH; whereas the heifers had a response rate of 54% (Pursley, 

Mee, and Wiltbank 1995). However, a new follicular wave was initiated in 100% of cows and 

75% of heifers. This paper had a low number of participants (20 cows and 24 heifers) and 

therefore, further work is required to verify the response rate; however, it shows a trend 

towards a greater response from cows compared with nulliparous heifers. 

After the initial work by Ginther et al (1989), a more recent study has looked closely into the 

first wave follicle and second wave follicle and whether this made a difference to the conception 

rate of the cow (Bisinotto, Chebel, and Santos 2010). Bisinotto et al, 2010, found that there was 

a much greater chance of pregnancy per AI (P/AI) in cattle that were synchronised to second 

wave ovulation which has led to modifications in some of the synchrony programs currently on 

the market (Brusveen et al. 2008). This is based on the fact that the functionality and 

persistence of the CL is likely to be determined in part by the size of the follicle at ovulation 

(Shephard 2005). A review of anovulatory conditions in dairy cattle indicated that the size of 

the ovulatory follicle is determined by the amount and frequency of exposure of the developing 

follicle to LH prior to ovulation. Further research into the use of hormonal treatments may be 

able to make use of this information to better understand and treat the anovular cow. However, 

a number of factors may alter the LH surge response following a GnRH treatment including 

circulating progesterone levels and heat-stress. It has been shown that greater circulating 

progesterone levels in lactating dairy cows can drastically reduce the GnRH-induced LH surge 

profile (Armengol-Gelonch et al. 2017). This can drastically affect the response that the animal 

has to an Ovsynch protocol and may in some way explain the differing responses and 

conception rates that may be seen in different animals and in different season and should be 

considered when starting an ovulation synchronisation program. 
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2.5 OVSYNCH PROGRAMS - ORIGINAL AND MODIFIED 
Poor reproductive efficiency in lactating dairy cattle has been found to be primarily due to low 

fertility or be the result of low rates of oestrus detection. Fixed time AI programs have 

attempted to target problems with oestrus detection by synchronising ovulations (Pursley, 

Kosorok, and Wiltbank 1997). The Ovsynch48 protocol synchronises the time of ovulation using 

GnRH and PGF injections. The GnRH is administered at a random time during the oestrous cycle. 

This is responsible for the release of follicle-stimulating hormone (FSH) and luteinising 

hormone (LH), a surge in FSH precedes a follicular wave and from this a dominant follicle begins 

to grow. However, it will only proceed to ovulation if its growth coincides with the regression of 

the corpus luteum (CL). An injection of PGF is administered 7 days later to lyse the corpus 

luteum and allow the dominant follicle to proceed to ovulation. Ovulation is synchronised by a 

second injection of GnRH 2 days after the prostaglandin (PGF) injection, causing a surge of LH 

which causes ovulation and the cow is inseminated 24 to 32 hours after the second injection of 

GnRH (Pursley, Kosorok, and Wiltbank 1997) At the time this paper was written, the protocol 

resulted in similar pregnancy results per AI compared with cows bred to a detected oestrus. 

This paper described a randomized treatment trial and had a total of 333 dairy cows over two 

seasons. The animals were evenly distributed between the two groups and there was good 

statistical significance to show that use of a synchronisation program was an effective method of 

bringing cows into oestrus and achieved good results for P/AI. The study was ground breaking 

with respect to bringing cows into oestrus and not relying on heat detection for AI. 

Pharmacological strategies have been developed in lactating dairy cows to manipulate ovarian 

development. This was used  to create a hormonal environment similar to that of heifers as 

circulating concentrations of progesterone during dioestrus are approximately half that in cows 

compared with heifers (Martins and Pursley 2016). 

An Australian based study compared the conception rates between using a PG program and an 

Ovsynch program (Lean et al. 2003). The PG program consisted of two injections of PGF given 

11 days apart followed by the cows being bred to observed oestrus. If they didn't show oestrus, 

the cows were bred 72 and 96 hours after the second PGF injection. The Ovsynch program used 

was the Ovsynch56 protocol and included a blanket AI on day 10, 24 hours after the second 

GnRH injection. A total of 778 lactating Holstein-Friesian cows were included in the trial and it 

was found that the overall conception rates between the two programs were not significantly 

different; however, the conception rates for the PG program tended to stay higher than the 

Ovsynch program as parity increased. A comparison between PGF programs and synchrony 

programs including GnRH was studied by Rabiee et al (2005). This was a meta-analysis that 

concluded that the conception and pregnancy rates with the prostaglandin (single, double and 

triple PGF injections 11 and 14 days apart), Select Synch (GnRH injection followed 7 days later 

with a PGF  injection) and modified Ovsynch (including presynch (1 or 2 PGF injections given 14 

days apart with the second injection 12 days prior to the first GnRH injection)) programs were 

comparable with the Ovsynch program described in the first paragraph of this section (Rabiee, 

Lean, and Stevenson 2005). The findings of the study demonstrated that the Ovsynch program 

could benefit dairy operations because it allowed for timed AI without detection of oestrus. 

However there was little or no significant improvement in pregnancy rates using the Ovsynch 

program compared with the PGF program and cost of labour and hormone administration 

should be considered when deciding to use this program, particularly as parity increases 

(Rabiee, Lean, and Stevenson 2005). This has led to further investigation into more 

modifications to this program in order to improve pregnancy rates per AI. 
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Whilst the Ovsynch program has been ground breaking with respect to using timed AI programs 

and therefore, not being reliant on oestrus detection, further studies have found that the 

original Ovsynch program  is not as effective on anovular cows (Gümen, Guenther, and Wiltbank 

2003). Another study was undertaken to compare conception rates in cows that were subject to 

Ovsynch56 (Table 9), but were divided into 2 groups, the first group was inseminated to 

observed oestrus (Heatsynch) (n = 172) and the second group to timed AI (Ovsynch56) (n = 

116). The cows that were inseminated to observed oestrus had a higher conception rate; 

however, amongst the cows not observed in oestrus, some improvement in conception rate was 

seen and it was recommended that cows not seen in oestrus should be submitted for timed AI 

(Kasimanickam, Cornwell, and Nebel 2005). Although this study showed statistical significance, 

there was a large disparity between numbers of cows in each group that may have skewed the 

results that were reported, which was due to the nature of the trial as the groups were divided 

based on those animals observed in oestrus. However, the findings from Kasimanickam et al 

(2005) were supported by a very extensive clinical trial undertaken in 2013 spanning both the 

initial synchrony of cows and also looking at resynchronisation rates (Bruno et al. 2013). The 

trial consisted of two experiments, with n=1521 animals in experiment 1 and n=2327 animals in 

experiment 2. There was also a disparity in numbers between the groups in this trial, again due 

to the design of the study. The areas of the study that allowed for randomization appeared to 

have equal distributions and were adjusted for confounding factors. A comparison between two 

PS programs was included; the paper concluded that there was a benefit to giving a PGF 

injection prior to the Ovsynch program as this increased the number of animals that were 

inseminated to heat rather than completing the program for FTAI. The author added a word of 

caution to interpreting the P/AI of cows completing the FTAI program compared with the P/AI 

to heat detection in the same group as this would leave a large number of anovular cows in the 

FTAI group compared with the presumably high number of cycling animals in the heat detection 

group. This is a valid concern and suggests that further investigation may be required in studies 

that have compared heatsynch programs to FTAI programs. 

Through trying to improve the conception rate of the dairy cow to a FTAI program, Carvalho et 

al (2015) investigated the progesterone levels and found that animals with a lower 

progesterone level at the time of the first GnRH injection had an improved conception rate as 

the increased P4 level decreases the likelihood that the animal will ovulate at the first GnRH 

injection and if an animal ovulates at the first GnRH injection, the animal is more likely to have 

an improved synchronisation rate and pregnancies per AI (Carvalho, Wiltbank, and Fricke 

2015). This in turn led to the investigation of decreasing P4 prior to synchronisation by giving 

an injection of 125µg PGF 2 days prior to the start of the program to partially lyse the CL. It was 

concluded that overall, cows that ovulated to the first GnRH injection had a higher pregnancy 

per AI rate than cows that did not ovulate and that the inclusion of a half dose of PGF 2 days 

prior to the start of an Ovsynch program may be beneficial in increasing conception rates.  The 

level of P4 at the time of the first GnRH injection was divided into low and high in this paper 

using a cut off of <1.5ng/mL and ≥2.5ng/mL. Further information may be required as another 

paper featuring the same primary author, Carvalho (Carvalho et al. 2015), discussed later in this 

literature review, indicated that a medium P4 concentration is more optimal and that giving 

GnRH 6 days prior to the start of the Ovsynch program was likely to increase P4 and facilitate 

ovulation at the first GnRH. Progesterone concentration was considered to be low at <0.5ng/mL 

and luteal regression was considered to have occurred at P4 <1ng/mL, although  incomplete 

luteal regression at P≥0.4ng/mL was also referenced. There appeared to be a few discrepancies 
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within the paper regarding the optimal P4 concentration both at the first GnRH injection (G1) 

and as a measure of luteal regression and reaffirms the previous statement that further 

investigation is required into this area. 

The concept of ensuring that the cow ovulated to the first GnRH injection (G1) had previously 

been studied by Bello et al (2006); the aim was to develop a Presynch protocol that would 

ensure that the cow was at the correct stage of the oestrous cycle at the first GnRH injection. 

This protocol involved an initiating injection of PGF followed by GnRH given at varying days 

post PGF injection and these were followed by an Ovsynch program. There were 137 lactating 

dairy cows involved that were randomly assigned to one of four treatments and the conclusion 

was that the most productive protocol was to give PGF, then 2 days later GnRH followed  6 days 

later with an Ovsynch program (Bello, Steibel, and Pursley 2006); however, although the P value 

indicated significance, the small sample size in each group would indicate that this should be 

repeated with a larger sample size. In 2010, a clinical trial with a total of 1059 lactating 

Holsteins was reported on resynchronisation protocols that compared a (1) Presynch program 

(357 animals), which involved giving GnRH 7 days prior to the start of the Ovsynch program 

before pregnancy diagnosis with an (2) Ovsynch program that included a P4 implant (CIDR) 

from day 0 to day 7 (316 animals) and a (3) control group (386 animals) that received the 

Ovsynch on its own. The trial was conducted in America using Holstein cows fed TMR in a year-

round calving system. The Ovsynch program used across the 3 groups in this trial involved 

GnRH on day 0, PGF on day 7 and GnRH at the same time as AI on day 10 (Dewey et al. 2010). In 

2016 a similar trial was reported comparing an Ovsynch with P4 (n=868 animals) to an 

Ovsynch with GnRH 7 days prior to the start of the Ovsynch (n=847 animals). In this trial, the 

Ovsynch used was the traditional Ovsynch 56, which included FTAI 16-20 hours after the GnRH 

injection (Giordano et al. 2016). Both papers concluded that the inclusion of GnRH 7 days prior 

to the Ovsynch program sufficiently raised the progesterone levels to be comparable with the 

program that involved the CIDR implant, and in fact, it was slightly superior to this method. 

Both studies had good statistical significance and also confirmed that animals given the 

Presynch (PreG) protocol were more likely to ovulate at the first injection of the Ovsynch 

program. In 2017 a meta-analysis was conducted in Germany comparing the Double Ovsynch 

(DO) protocol with presynchronisation using PGF for anovular cows and to precisely set up 

cows on d 7 of the oestrous cycle when Ovsynch is initiated (Borchardt et al. 2017). The meta-

analysis included 63 herds and 21,000 cows in its analysis. The analysis of papers spanning the 

years 2004 to 2015 concluded that there was a statistically significant benefit to using DO over 

Presynch with PGF in primiparous cows, but that this benefit was not observed to the same 

degree in multiparous cows and did not yield a statistically significant difference. These articles 

predominantly focused on the Holstein and Holstein-Friesian breeds in North America being fed 

a TMR ration in a year-round calving system. 

After the study by Bello et al (2006), further modifications to the Ovsynch program were 

studied, predominantly investigating changes made in the lead up to using the Ovsynch program 

to ensure that the animal is at the correct stage of the oestrous cycle for the first GnRH injection. 

Ayres et al compared the Presynch and Double-synch protocols (Ayres et al. 2013). This study 

included a total of 193 lactating dairy cows. These were examined to investigate the possibility 

of increasing P/AI by ensuring that the cow was at the correct stage of the oestrous cycle at the 

start of the Ovsynch program. The Presynch protocol in this study consisted of two injections of 

PGF 14 days apart, followed by the Ovsynch-timed AI protocol 12 days later. The double-
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Ovsynch consisted of one injection of GnRH, PGF 7 days later and GnRH 3 days later followed by 

the Ovsynch-timed AI protocol starting 7 days after that. Both groups received the same 

Ovsynch-timed AI protocol. Progesterone levels were taken at each injection through the 

Ovsynch-timed AI protocol as well as 6 days after the final GnRH injection. This study found that 

the cows subject to the Double-Ovsynch protocol had a higher percentage of animals with 

medium levels of P4 concentration (0.5 – 3.0 ng/mL) at the first GnRH injection (G1), high levels 

of P4 concentration (>3ng/mL) at the PGF injection and also tended to increase the percentage 

of cows ovulating to G1 and G2 (second GnRH injection). Thus, it was concluded that the use of 

the double-Ovsynch protocol could induce ovulation in non-cycling cows and appeared to 

increase most aspects of synchronisation during the Ovsynch protocol (Ayres et al. 2013). In 

2014, Carvalho et al reported a similar study to the one described by Ayres et al comparing 

different presynch protocols. This study was conducted in America and included a total of 601 

Holstein-Friesian dairy cows. The first group was given the double Ovsynch protocol as 

described above, the second group was given a single GnRH injection 7 days prior to the start of 

the Ovsynch56 program and these two protocols were then compared (Carvalho, Guenther, et 

al. 2014). This study found that the double Ovsynch protocol resulted in more pregnancies per 

AI and that a higher percentage of animals had a medium P4 concentration (>0.5ng/mL to 

<4ng/mL) at the first GnRH injection of the Ovsynch protocol (Carvalho, Guenther, et al. 2014) 

and this was a statistically significant difference indicating that the use of the double Ovsynch 

protocol produces a higher incidence of P/AI than a single injection of GnRH 7 days prior to the 

Ovsynch56 protocol. 

Bartolome et al (2012) investigated the use of equine chorionic gonadotropin (eCG) and human 

chorionic gonadotropin (hCG). A total of 450 lactating Holstein cows in Argentina were given 

eCG to cows 22 days post AI and then giving hCG on day 29 post AI to cows found to be 

pregnant. The conclusions drawn from this study found that the use of eCG at day 22 post AI 

increased fertility by reducing pregnancy losses when given 7 days prior to hCG given on day 29 

to pregnant animals rather than hCG being given in isolation on day 29 (Bartolome et al. 2012). 

While this was found to reduce pregnancy losses, it also increased the labour and financial 

investment in the program and this must be taken into consideration when deciding which 

program to adopt. A New Zealand study reported in 2013 investigated the use of eCG in cows 

with anovulatory anoestrus based on non observed oestrus 7 days prior to mating start date 

(MSD) and confirmed with rectal palpation. This study included a progesterone (P4) device as 

part of the Ovsynch program, which was given as the accepted treatment for anoestrus, and 

400IU eCG was given at the removal of the device at the same time as the injection of PGF. The 

conclusion was that the use of eCG at the time of the removal of the P4 device will improve 

reproductive efficiency in seasonally calving, anoestrus dairy cattle (Bryan et al. 2013).  

There has also been some investigation into the cost-benefit analysis of the Ovsynch program 

and if some reduction to the cost of the program can be achieved without compromising the 

effects of the program. Fricke et al (1998) conducted a study to evaluate the efficacy of reducing 

the dose of GnRH used in the Ovsynch protocol. The original Ovsynch56 program consisted of 

100µg GnRH and 25mg PGF (dinoprost injection); this program was compared with a new 

program that was exactly the same except for the use of only 50µg GnRH in both injections. The 

conclusion in this study was that the reduction in volume of GnRH did not compromise the 

pregnancy rate achieved to FTAI, but that it significantly reduced the cost per program and per 

pregnancy (Fricke, Guenther and Wiltbank 1998). A total of 237 lactating Holstein cows in 
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North America were included in the aforementioned trial. In contrast to this paper, as a possible 

answer to the declining fertility rates, Giordano et al conducted a trial in 2013 to evaluate the 

possible benefits to fertility of increasing the volume of either GnRH at the first injection, 

increasing the PGF injection or increasing both. This trial was also conducted on North 

American Holstein-Friesian cattle and included about 260 animals in each group (Giordano et al. 

2013). There was no difference found when the GnRH was increased from 100µg to 200µg or 

when PGF (cloprostenol injection) was increased from 500µg to 750µg nor when they were 

used together. The conclusion reached was that there is no benefit to increasing the volume of 

GnRH or PGF in the Ovsynch program. However, despite the study that found that reducing the 

dose of GnRH from 100µg to 50µg had no adverse effects, most programs continue to use 100µg 

as the standard dose of GnRH and this suggests that further investigation into this area is 

warranted to find the optimal dose for the many Ovsynch programs currently available. 

2.6 NEW MODIFIED OVSYNCH PROGRAM USING A SECOND PGF INJECTION 
Brusveen et a (2009) conducted a study in the USA predominantly on housed animals to 

determine whether a decrease in P4 or an increase in oestradiol (E2) close to the time of AI 

would be more beneficial in increasing pregnancy per AI (P/AI) (Brusveen, Souza, and Wiltbank 

2009). This was a 2X2 study that included a total of 619 animals. In the first experiment, the 

cows received 25mg PGF 24 hours after the original PGF in the Ovsynch program. In the second 

experiment, the cows were given 0.5mg oestradiol at the time of the final GnRH in the Ovsynch 

program. In the third experiment, the cows were given both treatments and in the final 

experiment, the cows were given no extra treatments. The authors found, through the use of 

rectal ultrasound examination, that the addition of PGF increased complete luteolysis, the 

addition of E2 increased the expression of oestrus; however, the addition of one or both 

injections did not have a significantly statistical increase of P/AI. The raw data shows a trend 

towards an increase in P/AI for those animals given an extra injection of PGF and indicate that 

further investigation is warranted. 

Wiltbank et al (2015) have investigated this modification to the original Ovsynch program 

involving a second injection of PGF within the program 24 hours after the first PGF injection. 

The comprehensive program is GnRH Day 0 - PGF Day 7 - PGF Day 8 - GnRH Day 9 - AI Day 10 

(Wiltbank et al. 2015). In the first experiment, progesterone samples were taken during the 

program to assess the regression of the CL, which was found to increase from 83% with 1 PGF 

injection to 97% with 2 PGF injections. In the second experiment, in excess of 2000 cows 

(significantly more than the study reported in 2009) were enrolled to assess the pregnancy per 

AI (P/AI) rate of animals receiving 2 PGF injections compared with animals receiving 1 PGF 

injection as part of the Ovsynch protocol. In this experiment, cows that received the 2 injections 

of PGF had a tendency for increased pregnancies per AI with a 9.45% relative increase in P/AI 

for cows receiving 2 rather than 1 PGF injection (Wiltbank et al. 2015). The tendency for 

improvement in P/AI was predominantly noticed in multiparous over primiparous animals. 

Carvalho et al (2015) introduced the second PGF injection in the Ovsynch program in a four-way 

trial. The second PGF injection was used in several Ovsynch programs and overall, the 

pregnancies per AI increased by 5-7% with the addition of a second PGF injection (Carvalho et 

al. 2015). Presynchronisation with GnRH 6 days prior to the start of the Ovsynch program was 

found to increase progesterone levels at the first GnRH treatment of the Ovsynch program and, 

combined with a second PGF2α injection tended to increase pregnancies per AI in cows 

resynchronised for second and greater timed AI. This is in direct contradiction with another 
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paper by the same author, also written in 2015, which found that if the progesterone levels 

were lower at the first GnRH injection of the Ovsynch program, then there was likely to be an 

increase in P/AI (Carvalho, Wiltbank, and Fricke 2015; Carvalho et al. 2015). This may require 

further investigation into this area to clarify the most appropriate Presynch program as the 

optimal progesterone levels have not been agreed upon at the first GnRH injection of the 

Ovsynch program to give the highest conception rates. 

At the time this literature review was written, these were the only studies found that have 

investigated the use of the 2nd injection of PGF within the Ovsynch program and they are all 

based on North American herds, which were predominantly made up of Holstein cows on TMR 

feed-based systems in year-round calving herds. Further investigation into the modified 

Ovsynch using the double PG injection is therefore warranted in different systems given the 

favourable results found in these papers. 

2.7 PROGESTERONE TESTING 
The steroid hormone progesterone (P4) plays a key role in reproductive events associated with 

establishment and maintenance of pregnancy (Lonergan 2011). In 1970, a trial was conducted 

in which the luteinising hormone (LH) and plasma progesterone (P4) concentrations were 

measured in 7 non-lactating dairy cows to evaluate how these hormones change and relate to 

one another during the oestrous cycle. This study involved the collection of samples 3 to 5 days 

prior to the onset of oestrus and then at 3 hourly intervals during oestrus in order to determine 

the concentrations. Plasma progesterone was found to be <0.5ng/mL in cows at 0-15 hours 

after the onset of oestrus and LH was found to be 40ng/mL during oestrus (Henricks and Dickey 

1970). Whilst there were not many animals in this study, it has been a starting point for many 

subsequent studies and for establishing a “normal” level of progesterone. It is also one of the 

few studies that maps the concentration of LH throughout the oestrous cycle. A more recent 

study conducted in 2012 compared circulating P4 concentrations measured in different 

synchrony programs. In this trial, P4 levels were measured during the Double-Ovsynch (DO) 

protocol and the Presynch-Ovsynch protocol (PS) (DO [n = 837; GnRH-7d-PGF2α-3d-GnRH-7d-

Ovsynch-56] or PS (n = 850; PGF2α-14d-PGF2α-12d-Ovsynch-56)) (Herlihy et al. 2012). 

Samples were taken at the first GnRH injection of the Ovsynch-56 protocol and at day 11 after 

FTAI and, in agreement with the previous paper, low P4 levels were measured as <0.5ng/mL. 

This paper concluded that the use of the DO protocol reduced the percentage of animals with 

low P4 concentrations at the first injection of GnRH of the Ovsynch-56 program and improved 

P/AI at the first post partum service (Herlihy et al. 2012). It was also found, consistent with the 

hypothesis of the paper, that animals with low P4 at the time of first GnRH injection also had a 

low P4 concentration at 11 days post FTAI. 

Progesterone is measured as it is the most biologically available progestagen in cattle and is 

produced and secreted primarily by the corpus luteum (CL) during the oestrous cycle (Fricke et 

al. 2016). Progesterone levels can be measured using either blood (Wiltbank et al. 2015) or milk 

samples. The progesterone level is expressed in ng/mL and the level found to indicate ovulation 

is somewhat varied. In one paper (Stevenson 2016), the progesterone levels were studied for an 

Ovsynch program and blood samples were taken twice; the first before the first injection of 

GnRH and the second 48 hours after PGF. The levels prior to the first GnRH were found to be 

optimal when >3ng/mL and 48 hours after the PGF were found to be optimal if <0.5ng/mL. A 

second paper (Wiltbank et al. 2015) reported measuring the progesterone levels at the first PGF 
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and then again at the second GnRH injection and found that the levels at the first PGF affected 

the levels at the second GnRH, indicating that the CL was not completely lysed in all cases; 

however, that this could in some way be mitigated by giving a second PGF injection 24 hours 

after the first PGF. Several papers have reported measuring progesterone levels at the time of AI 

and have used both 0.5ng/mL and 1ng/mL as the indicator of low progesterone (Souza et al. 

2008; Bisinotto et al. 2013; Cavalieri and Macmillan 2002; Giordano et al. 2012). In a paper 

based on Holstein cattle in Australian herds (Cavalieri and Macmillan 2002), the level >1ng/mL 

was used to indicate a high P4 level. In a separate study, progesterone levels were also 

measured at the time of the PGF injection, 72 hours prior to AI. The results were used to 

determine whether the animal in question was in oestrus or anoestrus. The progesterone levels 

were divided into low (<1ng/mL), medium (>1ng/mL and <3ng/mL) and high (>3ng/mL) 

(Souza et al. 2008). There appears to be extensive information on the progesterone levels; 

however, there does not seem to be agreement as to the optimal level for complete luteolysis 

and could conceivably measured at either <0.5ng/mL or <1ng/mL and further study may be 

warranted. 

2.8 CONCLUSION 
Several authors support the hypothesis that the dairy industry is facing a decline in fertility, 

particularly in the high producing cows that are Holstein and Holstein-Friesian breeds. This has 

led to a focus on oestrus synchrony programs as a way of assisting to slow the decline in 

fertility, particularly in the Holstein-Friesian cow. There have been many variations on the 

original Ovsynch-56 program supported with P4 testing. The papers reviewed here have found 

that the DO program is one of the most consistent with an increase in P/AI. The new modified 

Ovsynch program involving a second injection of PGF 24 hours after the first PGF injection has 

also yielded promising results and has the advantage of being a 10 day program compared to 

the 27 day program needed for the Double Ovsynch. Combined with a presynch injection of 

GnRH this program appears to give excellent results for P/AI and is supported with the P4 

results that were found. Although there have been many papers written on this subject, there 

are several gaps in the literature. The articles concentrating on oestrus synchrony programs 

have been found to focus on the high producing Holstein or Holstein-Friesian dairy cows in 

year-round calving herds on a TMR ration. Whilst there have been some articles based on 

pasture-based herds, they have not included the new modified Ovsynch protocol including the 

second injection of PGF on day 8, nor have they included many other dairy breeds. Therefore, 

further study is warranted into using the modified protocols in pasture-based, split and 

seasonally calving herds. There also appears to be a gap in the literature with regards to the 

volume of GnRH given as one paper suggests that the use of 50µg at each injection is sufficient 

compared with 100µg, and yet there was no further investigation into this and it was not widely 

adopted. This was also only conducted on Holstein and Holstein-Friesian cattle in a TMR year-

round calving system and further investigation should include a trial in other dairy breeds and 

in a pasture-based split and seasonal calving area. 
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3  MATERIALS AND METHODS 

3.1 STUDY DESIGN AND OVERVIEW 
At the inception of this study, an estimated group size was calculated to ensure that an adequate 

number of animals and farms would be recruited. For the study to have 80% power to find a 5% 

difference in first service conception rate with p<=0.05, approximately 2000 dairy cows were 

needed. The animals sourced included mid to high producing (19 – 27L/cow/day) Holstein-

Friesian, cross bred cows and pure-bred Jersey cows post calving and prior to mating start date. 

These animals were randomly assigned to 2 groups (approximately 1000 cows per group). This 

sample size was calculated using the WinPepi program (Abramson 2004). These figures were 

based on the assumption that the current conception rate of dairy cattle in Australia is between 

30-40% using AI (Shephard 2005; McDougall et al. 2014) and that there will be an increase in 

conception rate of approximately 5% based on results obtained in two trials conducted in the 

USA (M. C. Wiltbank et al. 2015); (Carvalho et al. 2015). Herds with both current and historic 

computer records and adequate cow identification were selected for this trial to ensure 

accurate cow data and follow through for the program. 

Five herds were recruited for this study. Four herds consisted of predominantly Holstein-

Friesian cross cows and one herd consisted of pure-bred Jersey cows.  The Holstein-Friesian 

herds had an average milk production of 26L/cow/day and the Jersey herd had an average milk 

production of 19L/cow/day. These herds were recruited from farms local to the area that had a 

good working relationship with The Vet Group, were willing to submit their animals for early 

pregnancy diagnosis and had good computer records. Initially a pilot herd was recruited and 

any eligible lactating cows were enrolled in the study. The results from this herd were used to 

support the estimate of the sample size that was initially calculated or to be a basis for further 

calculations.  

The entire study was conducted throughout October and November of 2015 and throughout 

April and May in 2016 to ensure that the program was used across two seasons in a seasonal 

and split-calving area to allow for seasonal effect in conception rates. All animals that did not fit 

the exclusion criteria were included in the study. The exclusion criteria for this study included 

any animal that was pregnant; any animal with a concurrent disease, including, but not limited 

to metritis, mastitis or lameness and any animal with a body condition score (BCS) <2 or >4 in a 

1-5 system using 0.25 increments (Edmonson et al. 1989). These animals were allocated into 

two groups, which were chosen using the odd and even numbers on their ear tags to assign 

them into groups. The animals with odd numbers were in the control group as they had an odd 

number of injections and the even numbers were in the treatment group as they were given an 

even number of injections. All animals remained on their respective farms throughout the 

course of this study unless they were sold or died before the completion of the clinical trial, in 

which instance they were removed from the analysis. 

Group 1 (odd numbers), was the control group and was given the original Ovsynch program 

(Pursley, Kosorok, and Wiltbank 1997), which incorporated an injection of 100µg GnRH (1mL 

GONAbreed® (Parnell), gonadorelin acetate 100µg/mL)  at day 0 in the morning at the time of 

milking (approximately 0500 to 0800), one injection of 0.5mg PGF (2mL Cyclase, (Boehringer 

Ingelheim), cloprostenol (synthetic analogue) 250µg/mL) at day 7 in the morning during 

milking (approximately 0500 to 0800) and an injection of 100µg GnRH at day 9 in the afternoon 
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during milking (approximately 1400 to 1600). Group 2 (even numbers), was the treatment 

group and was given the modified Ovsynch program, which incorporates an injection of 100µg 

GnRH at day 0 in the morning at the time of milking (approximately 0500 to 0800) two 

injections of 0.5mg PGF (Cloprostenol), one at day 7 and one at day 8 in the morning at the time 

of milking (approximately 0500 to 0800) and an injection of 100µg GnRH at day 9 in the 

afternoon during milking (approximately 1400 to 1600) (M. C. Wiltbank et al. 2015) (As seen in 

figure 1). Both groups of cows were submitted for artificial insemination (AI) with frozen 

thawed semen on day 10 in the morning during milking (0500 to 0800), 13 to 16 hours after the 

GnRH injection, by an experienced AI technician. The AI technicians were sourced from two AI 

companies (ABS Australia and Cobden A.B.) and were sourced in consultation with the farmer 

or manager involved. At the first GnRH injection, every animal was assessed by one operator 

(myself) and BCS recorded. This was based on a 1-5 system going up in 0.25 increments with a 

score of 1 being a thin cow and a score of 5 representing a fat cow (Edmonson et al. 1989). 

FIGURE 1:  
Timing of treatments, artificial insemination (AI) and pregnancy diagnosis (PD) for: (a) the 

original Ovsynch program; and (b) the modified Ovsynch program. 

 

(a) 

 

(b) 

Procedure 

Day 0: Each cow was given a 1mL injection of GnRH intramuscularly during morning milking 

Day 7: Each cow will be given a 2mL injection of PG2alpha intramuscularly during morning milking. A 
random subset of animals from each group will also be submitted for a blood test to determine 
progesterone levels. 

Day 8: Each cow in group 2 only was given a 2mL injection of PGF2alpha intramuscularly during 
morning milking. 

Day 9: Each cow was given a 1mL injection of GnRH intramuscularly during afternoon milking. 
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Day 10: Each cow was submitted for AI by an experienced AI technician during morning milking. The 
AI technicians involved were sourced externally from artificial breeding companies. Each of the 
animals in the subset group was submitted for a second blood test to determine progesterone levels 
at the time of AI. 

Every injection was given either by myself or under my supervision and every cow number 

recorded at the time that the injection was given. The times for the injections were based on a 

combination of recommended protocols and those traditionally used by the farmer to ensure 

that the study would be repeatable when done by the farmer during the next joining period. The 

injections were given using a calibrated injection gun with a slapshot extension tubing and 18G 

1 1/2 inch needle to ensure accurate dosing, ease of administration and good muscle 

penetration. Every blood test was taken by me or under my supervision and the cow number 

recorded. 

3.2 PROGESTERONE TESTING 
A subset of animals, randomly chosen from both groups on all of the properties involved in the 

study, was subject to two blood tests. The first blood sample was taken at the first PGF injection 

and the second at the time of AI, to measure progesterone levels. The samples were taken from 

the coccygeal vein or artery in all animals into a 10mL plain (red top) vacutainer using an 18G 1 

inch needle. These samples were kept in a chilled container and conveyed back to the clinic 

within 2 hours of collection where they were put into the centrifuge at 2400rpm for 4 minutes. 

The serum (approximately 20µL) was then collected into a separate plain container and stored 

at approximately -18oC until the samples could all be sent to the laboratory (Gribbles) for 

analysis. Progesterone is measured as it is the most biologically available progestagen in cattle 

and is produced and secreted primarily by the corpus luteum (CL) during the oestrous cycle 

(Fricke et al. 2016). The progesterone concentration will be an indication of complete 

regression of the CL and therefore, the likelihood that the animals ovulated at the time of AI. 

This will be assessed to determine if there was a significant difference seen between the two 

groups of animals. P4 concentration was measured at the time of the first PGF injection to 

determine the prevalence of cows cycling during the synchrony program and to determine if 

there was a significant difference between the control group and the treatment group and if this 

would impact on the results. The results showed that there was no significant difference 

between the treatment group and the control group and that the different herds had consistent 

numbers of animals cycling during the synchrony program (as seen in figures 3 and 4). P4 

concentrations were measured at the time of AI to assess how many animals had complete 

luteolysis and to determine if there was a statistically significant difference between the 

treatment group and control group (as seen in figures 5 and 6). All animals were then submitted 

for early pregnancy diagnosis between day 35 and 49 after AI, using transrectal ultrasound and 

manual palpation. The variation in timing was due to the availability of the farmer or manager 

for pregnancy diagnosis. The results were recorded by the farmer or manager and the data 

entered into an excel spreadsheet to be analysed to determine whether there was a statistically 

significant difference in conception rate between the two Ovsynch programs.  

At the external laboratory (Gribbles), standardisation of the progesterone test was established 

using internal standards manufactured analytically, which are traceable to gas chromatography-

mass spectroscopy (GCMS). The following equation describes the relationship between the 

progesterone standards and the GCMS analysis throughout the range of the assay. ADVIA 

Centaur progesterone = 1.10(GCMS) + 0.09ng/mL, r = 0.99(Siemens Healthcare Diagnostics 
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2011). This was measured using the ADVIA Centaur system. Sensitivity and assay range was 

0.21-60ng/mL (0.67-190.8nmol/L) where the minimum detectable progesterone concentration 

is 0.21ng/mL and the maximum detectable progesterone concentration is 60ng/mL. The 

difference in sample numbers between the two sample groups was due to sample damage in 

transit to the laboratory and the samples were unable to be analysed. The progesterone results 

were divided into two groups at AI, low (<1ng/mL) and high (≥1ng/mL). The progesterone 

results were also divided into two groups at PGF at day 7, low (<3ng/mL) and high (≥3ng/mL) 

(Souza et al. 2008). The circulating P4 used to denote high levels at the time of the PGF injection 

is higher than  that used at the time of AI as a level of >3ng/mL is more indicative of a cow that 

is not anoestrus and a level <1ng/mL is more indicative of an animal that has experienced 

complete luteolysis. The level 1-3ng/mL is considered a medium level and not a good indicator 

of either condition. (Souza et al. 2008) 

3.3 PREGNANCY DIAGNOSIS 
All cows in both groups were submitted for early pregnancy diagnosis with transrectal 

ultrasound between day 35 and 49 after the date of AI (day 45 to day 59 after the start of the 

Ovsynch program), using a hand held, linear ultrasound or a sector scanner (BCF Easi-Scan 

Curve and BCF duoscan) to determine the efficacy of the new program compared to the original 

program. The linear ultrasound device has a linear transducer that is inserted into the animal's 

rectum in the operator's hand in a similar manner to manual pregnancy diagnosis. The 

transducer is attached to the ultrasound device via a long thin cord and runs along the arm of 

the technician. The transducer is inserted into the rectum so that the operator can visualise the 

reproductive organs through the rectal wall. The sector scanner was mounted on a probe which 

was inserted into the animal’s rectum independently of the operator’s arm. Both ultrasound 

devices come in a unit and visualisation is through goggles attached to the machine via a long 

thin wire. Every animal that was deemed not detectably pregnant through transrectal 

ultrasound was immediately submitted for manual transrectal examination by an experienced 

technician to ensure that no foetus was left undetected. The ultrasound pregnancy diagnosis 

was performed by three different veterinarians based on their availability and the availability of 

the farmer and the herd for pregnancy diagnosis. Each veterinarian is an experienced pregnancy 

tester and is accredited under the Australian PREgCHECKTM scheme. All manual pregnancy 

diagnosis was carried out by one veterinarian (myself), an experienced pregnancy tester and 

also accredited under the Australian PREgCHECKTM scheme. PREgCHECKTM (formally known as 

National Cattle Pregnancy Diagnosis (NCPD) scheme) is only available to Australian Cattle 

Veterinarian (ACV) members who have pregnancy tested more than 2000 cattle, and who have 

passed a practical exam by their peers to demonstrate their accuracy. 

In order that statistical analysis could be performed and adjusted for age, all the animals 

involved in the study were stratified into three groups; <2yo (first calf heifers), 3-5yo, and >5yo. 

The information was sent from the farmer and entered into DairyData, a software program 

developed in Australia by Drs David Beggs and Mike Hamblin, which is a Dairy Herd Health 

Programme for seasonal calving dairy herds. Once the information was entered into DairyData, 

the reproductive and fertility focus reports as well as individual cow data were downloaded into 

an Excel spreadsheet in order to obtain and analyse this data. There were 401 first calf heifers, 

818 3-5 year old cows and 484 >5 year old cows. Further information collected was calving 

date, fate of cow (sold, died or kept in the herd) and milk yield.  
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3.4 ETHICS APPROVAL 

All University of Melbourne research using animals and data derived from animals need to be 

approved by the University of Melbourne, Veterinary Science, Animals ethics committee. All 

procedures and animal use in this study were approved by the ethics committee of the 

University of Melbourne 

Ethics ID: 1513664.1 
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4. SCIENTIFIC PAPER IN PROGRESS 
 

 EFFECT OF A NOVEL SYNCHRONY PROGRAM INCLUDING A SECOND 

TREATMENT OF PROSTAGLANDIN F2Α ON FIXED TIME ARTIFICIAL 

INSEMINATION RESULTS IN PASTURE-BASED DAIRY HERDS  
JM Rheinberger*a, DD Colsonb, DS Beggsa, PD Mansella, MA Stevensona, RJ Rheinbergerc and MF 

Pymana 

a:  Faculty of Veterinary and Agricultural Sciences, University of Melbourne; 250 Princes 

Highway, Werribee, Vic 3030 Australia 

*: joeyrheinberger@hotmail.com 

b: The Vet Group, Allansford; 260 Ziegler Parade, Allansford, Vic 3280  

c: Ironmines Vet Clinic; 234 Old Hume Hwy, Mittagong NSW 2575 

 

4.1 ABSTRACT 
Objective To evaluate the effect of a second prostaglandin F2α injection, within the original 

Ovsynch program, on the first-service conception rate of dairy cows.  

Methods A clinical trial was conducted involving 1703 dairy cows selected from five split 

calving, pasture-fed herds in Southwest Victoria.  Lactating cows were divided into two groups. 

The control group (n = 851), received the original Ovsynch program: day 0 gonadotropin-

releasing hormone, day 7 prostaglandin F2α, day 9 gonadotropin-releasing hormone and day 10 

fixed time artificial insemination. The treatment group (n = 852) received the modified Ovsynch 

program: this included the same treatments as the control group with an additional 

prostaglandin injection on day 8. A subset of animals from each group (n=95 treatment cows 

and n=99 control cows) had blood samples taken at the first prostaglandin injection and 

artificial insemination. Serum progesterone was measured to assess the proportion with 

complete luteolysis and the likelihood of ovulation at the time of artificial insemination.  

Results After adjusting for the effect of herd, conception rates were 7.0% (95% CI 2.3% to 11%; 

χ2 test statistic 8.26; P<0.01) greater in cows in the treatment group. The proportion of cows 

with progesterone concentrations ≥1 ng/mL in the treatment group was 13.5% (95% CI 2% to 

22%; χ2 test statistic 4.77; P=0.03) lower than the control group. 

Conclusion Using the modified Ovsynch protocol in Holstein and Holstein-Friesian dairy cows 

may increase the conception rate using a fixed time artificial insemination protocol.  
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Abbreviations 

AI  Artificial insemination 

CL Corpus luteum 

DIM Days in milk 

FTAI  Fixed time artificial insemination 

GnRH Gonadotropin-releasing hormone 

MO Modified Ovsynch 

OO Original Ovsynch 

PGF  Prostaglandin F2α (synthetic analogue) 

 

4.2 INTRODUCTION 
In recent years the fertility of the dairy cow has been decreasing, particularly in Holstein-

Friesians(Bousquet, Bouchard, and DuTremblay 2004). Within the dairy industry in Australia, 

the use of hormonal manipulation of the reproductive cycle can improve reproductive 

performance by decreasing the interval from calving to first service(Lean et al. 2003). However, 

fertility may still be suboptimal when simple synchrony programs are used (Thatcher, Bilby, 

and Bartolome 2006),(Wiltbank, Lopez, and Sartori 2006). Ovsynch is an oestrus synchrony 

program designed to bring cows into oestrus so that fixed time artificial insemination (AI) 

(FTAI) can be used (Pursley et al. 1997). FTAI programs mitigate the human error that occurs 

when relying on observing oestrus for insemination and to increase the conception rate to AI. 

The use of FTAI protocols can increase the success of the mating program through correct 

timing of insemination and the use of AI to diversify the genetics used in the herd. The first 

injection in the original Ovsynch program is gonadotropin-releasing hormone analogue (GnRH) 

on day 0; this is responsible for pituitary release of follicle-stimulating hormone (FSH) and 

luteinising hormone (LH), a surge in FSH precedes a follicular wave and a dominant follicle 

begins to grow. However, the dominant follicle will only proceed to ovulation if its growth 

coincides with the regression of the corpus luteum (CL). The second injection in the Ovsynch 

program is prostaglandin F2α analogue (PGF) on day 7; this causes the regression of the CL and 

allows the dominant follicle to proceed to ovulation. The third injection is GnRH on day 9; this 

causes a surge of LH, which synchronises ovulation to facilitate FTAI. FTAI occurs on day 10 

(Pursley et al. 1997). Based on recent studies that have looked at progesterone levels in the cow 

during the use of the current Ovsynch program, there has been some speculation that the 

hormonal injections with the current Ovsynch programs on the market are not being used at the 

optimum time or could be changed to give a better outcome(Wiltbank et al. 2015).  

It was hypothesised that adding a second injection of PGF on day 8, 24 hours after the PGF 

injection given on day 7 of the Ovsynch program, would increase the risk of complete luteolysis 

and thus increase the chance that the surge of FSH and growth of the dominant follicle will 

coincide with regression of the CL and increase conception rates due to true ovulation occurring 

on the day of AI(Brusveen, Souza, and Wiltbank 2009). The aim of the current study was to 

compare the new program to the original Ovsynch program in Southwest Victorian, pasture-

based dairy herds. If there was a better outcome, it could mean a decrease in the number of 

synchrony programs needed throughout the cow’s lactation and the number of inseminations 

required for conception, an increase in genetic diversity with the greater conception rate to AI 

and would improve the calving pattern in seasonally calving herds.  
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4.3 MATERIALS AND METHODS 

All procedures and animal use in this study were approved by the ethics committee of the 

University of Melbourne 

Ethics ID: 1513664.1 

 

Five herds were recruited for this study. Four were comprised of high-producing, 

predominantly Holstein-Friesian cows and one herd was comprised of predominantly Jersey 

cows. This study was conducted throughout October and November in 2015 and throughout 

April and May in 2016 to ensure that the program was used across two seasons in a seasonal 

and split-calving area. The conception rates to FTAI using an Ovsynch program seen throughout 

Australia have been assessed as 42.9% (Shephard 2005). Based on this information and the 

difference seen between the two programs in other studies conducted (Brusveen, Souza, and 

Wiltbank 2009; Wiltbank et al. 2015; Carvalho et al. 2015), the sample size of cattle needed was 

estimated and the appropriate number of animals and farms recruited. The initial number of 

cows recruited was n=1948. Any animal that did not receive the completed program or had a 

concurrent disease such as mastitis, metritis or lameness, was excluded from the study, leaving 

a total of n=1703 animals. Study cows were allocated into two groups based on having odd and 

even numbers on their ear tags. The animals with odd ear tags were allocated to the control 

group as they would get an odd number of injections and the animals with even ear tags were 

allocated to the treatment group as they would get an even number of injections. The animals 

were kept on their respective farms throughout the duration of the study. The programs were 

timed so that the FTAI coincided with the mating start date for the farm on which the study was 

being conducted. In order that statistical analysis could be performed and corrected for age, the 

animals involved in the study were stratified into three groups; <2yo, 3-5yo, and >5yo. 

Group 1 (odd numbers) consisted of n=851 animals and was given the original Ovsynch 

program which incorporates an injection of 100µg GnRH (1mL GONAbreed® (Parnell), 

gonadorelin acetate 100µg/mL) at day 0 in the morning at the time of milking (approximately 

0500 to 0800), an injection of 0.5mg PGF (2mL Cyclase, (Boehringer Ingelheim), cloprostenol 

250µg/mL) at day 7 in the morning at the time of milking (approximately 0500 to 0800) and an 

injection of 100µg GnRH at day 9 in the afternoon at the time of milking (approximately 1400 to 

1600) (Figure 1a). Group 2 (even numbers) consisted of n=852 animals and was given the 

modified Ovsynch program. This was the same as the original Ovsynch program, with the 

addition of an injection of 0.5mg PGF at day 8 in the morning at the time of milking 

(approximately 0500 to 0800) (Figure 1b). Both groups of cows were submitted for FTAI with 

frozen thawed semen by an experienced technician on day 10 in the morning at the time of 

milking (approximately 0500 to 0800), 13 to 16 hours after the GnRH injection. The AI 

technicians were sourced from two established AI companies (ABS and Cobden A.B.) in 

consultation with the herd manager or farm owner. All animals were submitted for early 

pregnancy diagnosis between day 35 and 49 after the date of AI (day 45 and 59 after the start of 

the Ovsynch program), using transrectal ultrasound (BCF Easi-Scan Curve and BCF duoscan), 

with transrectal palpation to confirm any animals deemed not detectably pregnant to 

ultrasound, to determine the efficacy of the new program compared to the original program by 

comparing conception rates between the two groups of animals.  
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A subset of animals from each herd, treatment group n = 95, control group n = 99, was subject to 

two blood (serum) tests to measure any differences in progesterone levels between the two 

groups at AI (Cavalieri et al. 2003). Progesterone levels taken at the time of the first PGF 

injection were used to indicate whether the animal being sampled was in anoestrus. 

Progesterone levels taken at the time of AI were used to indicate whether or not regression of 

the CL had occurred. The level of progesterone at AI is an indicator that the animals have 

experienced true ovulation. Progesterone was measured as it is the most biologically available 

progestagen in cattle and is produced and secreted primarily by the corpus luteum (CL) during 

the oestrous cycle (Fricke et al. 2016). The blood samples were collected by coccygeal 

venipuncture into a plain 10mL vacutainer. The samples were then transported back to the 

clinic in a chilled bag and put in a centrifuge at 2400rpm for 4 minutes.  

The serum (approximately 20µL) was then collected into a separate plain container and stored 

at approximately -18oC until the samples could all be sent to the laboratory (Gribbles) for 

analysis. Standardisation was established using internal standards manufactured analytically 

which are traceable to gas chromatography-mass spectroscopy (GCMS). The following equation 

describes the relationship between the progesterone standards and the GCMS analysis 

throughout the range of the assay. ADVIA Centaur progesterone = 1.10(GCMS) + 0.09ng/mL, r = 

0.99 (Siemens Healthcare Diagnostics 2011). This was measured using the ADVIA Centaur 

system. Sensitivity and assay range were 0.21-60ng/mL (0.67-190.8nmol/L) where the 

minimum detectable progesterone concentration is 0.21ng/mL and the maximum detectable 

progesterone concentration is 60ng/mL. The difference in sample numbers between the two 

sample groups was due to sample damage in transit to the laboratory and they were unable to 

be analysed. The progesterone results were divided into two groups at AI, low (<1ng/mL) and 

high (≥1ng/mL). The progesterone results were also divided into two groups at PGF at day 7, 

low (<3ng/mL) and high (≥3ng/mL) (Souza et al. 2008). The circulating P4 used to denote high 

levels at the time of the PGF injection is higher than  that used at the time of AI as a level of 

>3ng/mL is more indicative of a cow that is not anoestrus and a level <1ng/mL is more 

indicative of an animal that has experienced complete regression of the CL. The level 1-3ng/mL 

is considered a medium level and not a good indicator of either condition (Souza et al. 2008). 

 

4.3.1 STATISTICAL ANALYSIS 
Data were entered into a spreadsheet and analysed using Epi info 7 (Centers for Disease Control 

and Prevention, 2014) 

Univariable analysis was used to identify the effect of treatment group on first service 

conception rate. Logistic regression was then used to identify the association between 

treatment and control groups and the probability of conceiving at the fixed-time artificial 

insemination (FTAI) after adjusting for known potential confounders such as age, body 

condition score (BCS) and farm. BCS was expressed as a continuous variable on a 1-5 scale. Age 

at calving immediately prior to mating start date (MSD) was categorized as 2 years, 3-5 years 

and ≥6 years.  

All herds except one contained Holstein Friesian and Holstein Friesian cross cattle, while the 

other contained Jersey cows only. The analysis was repeated excluding the Jersey herd in order 

to better compare our results with other studies. 
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Further analyses were undertaken on the subset of cows for which the progesterone samples 

were taken to examine the hypothesis that the treatment group would be more likely to have 

low progesterone levels on the day of AI as a result of improved luteolysis rates. Cows with 

P4<3ng/mL at the time of the first PGF were probably either in oestrus or anoestrus and thus 

not likely to respond to the synchrony program(Souza et al. 2008). P4≥1ng/mL at the time of AI 

were deemed to be high (consistent with a cow not responding to the synchrony program) 

Whereas P4<1ng/mL at the time of AI were deemed to be consistent with luteolysis having 

occurred (Souza et al. 2008). 

In order to assess the effect of treatment group on the probability of ovulation, a subset of cows 

with P4>3ng/mL at the first PGF injection (cows that should ovulate as a result of the program) 

were used and a binary logistic regression model was created with progesterone <1ng/mL as 

the outcome values, adjusting for age group, herd and treatment group.  

 

4.4 RESULTS 
The herds were combined for a complete analysis of the total number of animals enrolled in the 

study. Table 1 displays the conception rates for each of the herds and the total number of 

animals enrolled. The treatment group was comprised of a total of n=852 animals and the 

control group comprised of n=851 animals.  

The conception rate for cows in the Modified Ovsynch (Treatment) group was 49.1% compared 

with 42.0% for cows in the Original Ovsynch (control) group, risk ratio = 1.14, p<0.005 (table 

2). 

After adjusting for the effect of herd, BCS and age; the risk of a cow conceiving to FTAI was 1.32 

times more likely for a cow given the MO protocol (CI 1.09 – 1.60, p=0.004) (Table 2) and 

conception rate for modified Ovsynch (treatment) cows was 7.0% (95% CI 2.3% to 11%) 

greater than the conception rate for cows treated using the original Ovsynch program (control 

cows). In this study, statistical significance was assumed at P<0.05. Compared with the original 

Ovsynch program, it was estimated that a total of 14 (95% CI 8 to 43) cows need to be treated 

using the modified Ovsynch program to return one additional pregnancy. 

In herd 3, the Jersey herd, there was no statistically significant difference between the treatment 

group and the control group (Table 1). The Jersey herd was removed from the analysis and the 

results for the Holstein-Friesian breed only were analysed to compare with other studies that 

have been conducted (Wiltbank et al. 2015). When the Holstein-Friesian cattle are the only 

breed in the statistical analysis, then the effect of treatment is greater, the conception rate for 

the treatment group is 50% and the conception rate for the control group is 42%, a statistically 

significant absolute difference of 8%. This showed that when the MO protocol is used, then the 

Holstein-Friesian is 1.20 times more likely to conceive to first service FTAI than when using the 

OO protocol. 

The proportion of cows with plasma progesterone concentrations ≥1 ng/mL at the time of AI for 

cows treated with the modified Ovsynch (treatment) program was 13.5% (95% CI 2% to 22%; 

χ2 test statistic 4.77; P <0.03) lower than that of cows treated with the original Ovsynch 

(control) program. After adjusting for the effect of herd, age, BCS and removing the cows with 
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P4<3ng/mL at the time of PG as this cohort was either in oestrus or anoestrus and therefore 

unlikely to respond to the program, the epi info 7 program was used to run a binary logistic 

regression. This was used to analyse the likelihood that an animal treated with the modified 

Ovsynch protocol had a progesterone concentration of P4<1ng/mL compared with an animal 

treated with the original Ovsynch program and showed that animals treated with the MO 

protocol were less than half as likely (OR 0.41, CI o.22-0.76, p=0.004) to have a P4>1ng/mL at 

the time of AI and that failure to undergo complete luteolysis at the time of AI was less likely in 

the MO group.  

Seventy nine percent of the control group had a progesterone level of ≥3ng/mL at the first 

prostaglandin injection and 83% of the treatment group had progesterone at ≥3ng/mL. Using 

the Epi Info 7 program, logistic regression was performed, there was no statistical difference 

seen between these two groups.  

 

4.5 DISCUSSION 
The reason for undertaking this study was because the current conception rates are decreasing 

in the Holstein-Friesian cow when subjecting them to FTAI; however, the use of FTAI helps 

mitigate the human error that is inherent in observing oestrus as well as making the process of 

preparing for AI and the labour involved much easier. It is therefore important to find a solution 

to the current issues involved in the decreasing fertility that has been observed(Bousquet, 

Bouchard, and DuTremblay 2004). In studies undertaken in the United States of America, the 

average pregnancy rate per AI (P/AI), which is comparable to the conception rate to FTAI 

described in this paper, was found to be 37.8% for lactating dairy cows treated with the 

Ovsynch protocol and subject to FTAI(Pursley et al. 1997). In Australia, the average conception 

rates to FTAI using an Ovsynch program have been assessed as 42.9% (Shephard 2005).  

Rabiee at al found in their meta-analysis that conception and pregnancy rates with the 

prostaglandin programs (single, double and triple PGF injections 11 and 14 days apart), Select 

Synch program (GnRH injection followed 7 days later with a PGF  injection and AI to observed 

oestrus) and several different Ovsynch programs (including presynch (1 or 2 PGF injections 

given 14 days apart with the second injection 12 days prior to the first GnRH injection)) were 

comparable with the original Ovsynch program (Rabiee, Lean, and Stevenson 2005). The 

findings of this study demonstrate that the Ovsynch program could benefit dairy operations 

because it allows for timed AI without detection of oestrus; however there was little or no 

significant improvement in pregnancy rates using the Ovsynch program compared with 

programs that relied on observed oestrus for AI and cost of labour and hormone administration 

should be considered when deciding to use this program (Rabiee, Lean, and Stevenson 2005). 

This has led to further investigation, such as the study conducted and reported in this paper, 

into more modifications to this program in order to improve conception and pregnancy rates.  

In studies conducted in the USA, an experiment comparing the original Ovsynch program to a 

new, modified Ovsynch program, similar to that described in this paper, was undertaken and 

the conception rates were found to be 32% for the original Ovsynch and 37% for the modified 

Ovsynch (Carvalho et al. 2015). As the conception rates in the Australian system using the 

original Ovsynch program are different from those seen in the American system, it was 

important to repeat the new protocol and assess the results in a pasture based, seasonal calving 
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system. . In the USA, the addition of a second PGF injection on day 8 of the Ovsynch program 

was trialed and found to indicate a relative increase in pregnancy success by up to 10% 

(Wiltbank et al. 2015) and an absolute increase of 3.2%. However, the pregnancy rates in the 

USA study were 37.6% conception rate for the treatment group and 34.4% for the control group 

which was much lower than the results seen in the Australian trial reported in this paper. 

In this study, conducted in Australian pasture-based herds, a greater difference was seen 

between the two groups than anticipated and was seen in multiple herds across two seasons. 

For the farmers in a seasonal system, this is a great benefit as it will lead to a greater number of 

animals conceiving to the diverse range of sires available through AI and increase genetic gain 

as fewer cows will be sent to the farm bull. This increase in conception rate also means that a 

greater number of animals will calve within the first two weeks of the calving period and the 

farmer can arrange for an intensive labour team for that time period rather than having a drawn 

out period at the start. Analysis was also run on the Holstein-Friesian breed only so that the trial 

was comparable with that seen in the USA studies and the absolute difference seen between the 

two groups was 10%. The other benefit that may be seen is if the farmer engages in early 

pregnancy diagnosis and utilizes this information to start the synchrony program again within 

the same mating period. Another benefit is that the new modified Ovsynch program includes 

only one extra injection of PGF, the cost of this will include the injection and having the labour 

available to administer the injection. Compared with the benefit of increasing the conception 

rate by 7%, this is negligible.  

Unlike other studies that report days in milk (DIM) as 37 days or similar (Galvao, Sa Filho, and 

Santos 2007), the DIM in this study had a wide range (1 – 303). This was due to the fact that the 

animals enrolled are in seasonal or split based calving systems based on a mating start date 

(MSD) rather than a voluntary waiting period (VWP), as seen in year round herds, for the first 

AI. Although this range includes DIM that may not be the optimal time in which to start 

submitting the animal for AI or natural service, it represents the reality of the practices of the 

farmers in Southwest Victoria. It may be worthwhile conducting this study with animals in 

similar DIM; however, this would require a larger number of animals and herds across several 

seasons and was beyond the scope of this study. 

The serum progesterone levels that were analysed indicate that the animals subject to the 

second injection of PGF also had a higher likelihood of complete CL regression. In this study, P4 

was considered low at <1ng/mL at the time of AI; however, in several studies, different levels 

have been used and range from 0.5ng/mL to 1ng/mL (Souza et al. 2008),(Bisinotto et al. 2013; 

Cavalieri and Macmillan 2002),(Giordano et al. 2012). At this stage, there is no conclusive cut off 

point for low and high progesterone levels; however one paper has classified them as low, 

medium and high progesterone(Souza et al. 2008) with >3ng/mL classified as high 

progesterone. This requires further work and a greater numbers of animals for a definitive 

answer to the question of which progesterone level is optimal at the time of AI. At this stage, the 

work appears to support the use of 1ng/mL as a cut off point for P4 levels at the time of AI. 

4.6 CONCLUSIONS 
In this study, it was found that treatment with a second injection of PGF on day 8 of the Ovsynch 

program increased FTAI conception rate by 7% compared with cows that received a single 

injection of PGF on day 7. Therefore, using the MO protocol in a Holstein-Friesian or Holstein-

Friesian cross dairy cow is likely to increase first service conception rate to FTAI. The data in 
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this paper is inadequate to assess the effect of the MO program on other breeds of dairy cows 

and it may be prudent to conduct a clinical trial on different dairy breeds using a larger cohort 

to assess the efficacy of the treatment. 
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4.7 TABLES AND FIGURES 
Figure 1: Timing of treatments, artificial insemination (AI) and pregnancy diagnosis (PD) for: (a) 

the original Ovsynch program; and (b) the modified Ovsynch program. 
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Table 1: Number of animals enrolled in each farm and conception rate for each group  

 Control 
(%pregnant) 

Treatment 
(%pregnant) 

         Total   

Herd 1 157 (46%) 160 (52%) 317  95%CI(0.82-1.98) p=0.28  

Herd 2 157 (36%) 157 (45%) 314 95%CI(0.92-2.98) p=0.11  

Herd 3 87 (45%) 81 (42%) 168 95%CI(0.48-1.64 p=0.71  

Herd 4 208 (44%) 214 (56%) 422 95%CI(1.10-2.36) p=0.02  

Herd 5 242 (40%) 240 (46%) 482 95%CI(0.88-1.82) p=0.20  

 

Table 2.  Logistic regression outcome showing the effect of a modified Ovsynch program 

after adjusting for farm, body condition score and age. 

Cohort Treatment 
Group 
Conception 
Rate 

Control Group 
Conception 
Rate 

Odds ratio for Treatment 
vs. Control (95%CI, p) 

Relative Risk 

All Cows 49% 42% 1.33 (1.09-1.60, p=0.004) 1.17 

Holstein Herds 

Only 

50% 42% 1.37 (1.12-1.69,p=0.0019) 1.20 

Jersey Herd 42% 45% 0.89 (0.48 – 1.64, p=0.709) 0.94 

Cows with P4 

>3ng/mL at the 

first PG  

  0.41 (0.22-0.76,p=0.004)  
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5  RESULTS 

5.1 HERD ONE RESULTS 

In the first herd, the pilot herd, the initial number of eligible lactating cows was n = 358. The 

number of animals in the treatment group was n = 180 and the number of animals in the control 

group was n = 178. After all animals that met the exclusion criteria were excluded from the trial, 

the total number of cows included in the final data analysis was n = 317. The treatment group 

was comprised of n = 160 animals and the control group was comprised of n =157 animals. This 

was after any animals were removed for concurrent disease. The pregnancy diagnosis results 

from the first farm were as follows; treatment group 52% vs. control group 46% (As seen in 

Table 1). This herd was comprised predominantly of Holstein-Friesian cattle with some cross 

bred cattle including Jersey, Montbeliarde and Aussie red breeds and had an average milk 

production of 27 Litres/cow/day. Compared with the original Ovsynch program, a modified 

Ovsynch program, involving an additional injection of prostaglandin on day 8, increased first 

conception rates in this herd by 6.0%. In this herd, using the epi info 7 program, the odds of 

conception for the treatment group compared with the control group was 1.3, however, this was 

not a statistically significant difference (95% CI, 0.74 to 2.44; P = 0.33).  

TABLE 1 
Results from first farm: 2x2 contingency table showing counts of pregnant and non-pregnant 

cows in the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of animals 

that were pregnant in the treatment group was 52% compared with 46% in the control group.   

 Pregnant Not pregnant Total 

Control 72 85 157 

Treatment 83 77 160 

Total 155 162 317 

 

5.2 HERD TWO RESULTS 

In the second herd, the initial number of eligible lactating dairy cows was 354. The number of 

animals in the treatment group was n = 173 and the number of animals in the control group was 

n = 180. The total number of animals that remained in the trial was n = 314. The treatment 

group was comprised of n = 157 animals as a final total and the control group was comprised of 

n = 157 animals as a final total. The pregnancy diagnosis results from the second farm were as 

follows; treatment group 45% vs. control group 36% (As seen in Table 2). This herd was 

comprised predominantly of Holstein-Friesian cattle with some cross bred cattle and had an 

average milk production of 28Litres/cow/day. Compared with the original Ovsynch program, a 

modified Ovsynch program, involving an additional injection of prostaglandin on day 8, 

increased first conception rates in this herd by 9.0%. In this herd, using the epi info 7 program, 

the odds of conception for the treatment group to was 1.4 compared with the control group; 

however, this was not a statistically significant difference (95% CI, 0.92 to 2.28; p = 0.1). 
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TABLE 2 
Results from second farm: 2x2 contingency table showing counts of pregnant and non-

pregnant cows in the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of 

animals that were pregnant in the treatment group was 45% compared with 36% in the control group.   

 Pregnant Not Pregnant Total 

Control 57 100 157 

Treatment 71 86 157 

Total 128 186 314 

 

5.3 HERD THREE RESULTS 

In the third herd, the initial number of eligible lactating cows was n = 210. The number of 

animals in the treatment group was n= 106 and the number of animals in the control group was 

104. The total number of animals that remained in the trial was n = 168. The treatment group 

was comprised of n= 81 animals as a final total and the control group was comprised of n=87 

animals as a final total. The pregnancy diagnosis results from the third farm were as follows; 

treatment group 42% vs. control group 45% (As seen in Table 3). This herd was comprised 

completely of Jersey cattle and the average milk production was 19L/cow/day. There has been 

some information that suggested the Jersey cow has a higher conception rate than the 

Holstein/Friesian. This study suggests that this modification may be of no benefit to the Jersey 

breed; however, further study is required to ascertain whether the modified Ovsynch protocol 

would be beneficial to the Jersey breed. In this herd, using the epi info 7 program, the odds of 

conception for the treatment group was 0.89 compared with the control group. This was not a 

statistically significant difference (95% CI, 0.48 to 1.64; p = 0.71). 

TABLE 3 
Results from the third farm: 2x2 contingency table showing counts of pregnant and non-

pregnant cows in the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of 

animals that were pregnant in the treatment group was 42% compared with 45% in the control group.   

 Pregnant Not pregnant Total 

Control 39 48 87 

Treatment 34 47 81 

Total 73 95 168 

 

5.4 HERD FOUR RESULTS 

In the fourth herd, the initial number of eligible lactating dairy cows was n = 475. The number of 

animals in the treatment group was n = 233 and the number of animals in the control group was 

n = 242. The total number of animals that remained in the trial was n = 422. The treatment 

group was comprised of n= 214 animals as the final total and the control group was comprised 

of n=208 animals as the final total. The pregnancy diagnosis results from the fourth farm were 

as follows; treatment group 56% vs. control group 44% (As seen in Table 4). This herd was 
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comprised predominantly of Holstein-Friesian cattle and had an average milk production of 25 

Litres/cow/day. Compared with the original Ovsynch program, a modified Ovsynch program, 

involving an additional injection of prostaglandin on day 8, increased first conception rates in 

this herd by 12.0%. In this herd, using the epi info 7 program, the odds of conception for the 

treatment group was 1.61 compared with the control group and this was a statistically 

significant difference within this herd (95% CI, 1.10 to 2.36; p = 0.015) 

TABLE 4 
Results from the fourth farm: 2x2 contingency table showing counts of pregnant and non-

pregnant cows in the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of 

animals that were pregnant in the treatment group was 56% compared with 44% in the control group 

 Pregnant Not pregnant Total 

Control 92 116 208 

Treatment 120 94 214 

Total 212 210 422 

 

5.5 HERD FIVE RESULTS 

In the fifth herd, the initial number of eligible lactating cows was n = 551. The number of 

animals in the treatment group was n = 277 and the number of animals in the control group was 

n = 274. The total number of animals that remained in the trial was n = 482. The treatment 

group was comprised of n= 240 animals as a final total and the control group was comprised of 

n=242 animals as a final total. The results from the fifth farm were as follows; treatment group 

46% vs. control group 40% (As seen in Table 5). This herd was comprised predominantly of 

Holstein-Friesian cattle and had an average milk production of 26 Litres/cow/day. Compared 

with the original Ovsynch program, a modified Ovsynch program, involving an additional 

injection of prostaglandin on day 8, increased first conception rates in this herd by 6.0%. In this 

herd, using the epi info 7 program, the odds of conception for the treatment group was 1.26 

compared with the control group, this was not a statistically significant difference (95% CI, 0.88 

to 1.82; p = 0.20) 

TABLE 5 
Results from the fifth herd: 2x2 contingency table showing counts of pregnant and non-

pregnant cows in the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of 

animals that were pregnant in the treatment group was 46% compared with 40% in the control group 

 Pregnant Not Pregnant Total 

Control 97 145 242 

Treatment 110 130 240 

Total 207 275 482 
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5.6 COMBINED RESULTS 

The herds were combined for a complete analysis of the total number of animals enrolled in the 

study. A total of n = 1948 animals were enrolled in the study; however, any animal with a 

concurrent disease such as metritis, mastitis, lameness or displaced abomasums were removed 

from the study. Any animals that did not complete the course of treatment were also removed 

from the study. After any animal that met the exclusion criteria was removed from the data 

analysis, the total number of eligible lactating cows that remained was n = 1703. Table 6 

displays the conception rates for the total number of animals enrolled. The treatment group was 

comprised of a total of n=852 animals and the control group comprised of n=851 animals. The 

conception rate for cows in the Modified Ovsynch (treatment) group was 49.1% compared with 

42.0% for cows in the Original Ovsynch (control) group, risk ratio = 1.17, p<0.005 (As seen in 

table 7). 

TABLE 6 
Overall results: 2 × 2 contingency table showing counts of pregnant and non-pregnant cows in 

the Modified Ovsynch and Original Ovsynch treatment groups. The percentage of animals that were 

pregnant in the treatment group was 49% compared with 42% in the control group. After adjusting for 

the effect of herd, the pregnancy rate for modified Ovsynch treated cows was 7.0% (95% CI 2.3% to 11%; 

χ2 test statistic 8.26; P <0.01) greater than the pregnancy rate for cows treated using the original Ovsynch 

program. 

 Pregnant Not Pregnant Total 

Control 357 494 851 

Treatment 418 434 852 

Total 775 928 1703 

 

TABLE 7 
Number of animals enrolled in each farm and conception rate for each group  

 Control 
(%pregnant) 

Treatment 
(%pregnant) 

Total   

Herd 1 157 (46%) 160 (52%) 317 95%CI(0.82-1.98) p=0.28 
Herd 2 157 (36%) 157 (45%) 314 95%CI(0.92-2.98) p=0.11 
Herd 3 87 (45%) 81 (42%) 168 95%CI(0.48-1.64 p=0.71 
Herd 4 208 (44%) 214 (56%) 422 95%CI(1.10-2.36) p=0.02 
Herd 5 242 (40%) 240 (46%) 482 95%CI(0.88-1.82) p=0.20 

 

After adjusting for the effect of herd, BCS and age; the risk of a cow conceiving to FTAI was 1.32 

times more likely for a cow given the Modified Ovsynch protocol (CI 1.09 – 1.60, p=0.004) (As 

seen in table 8) and conception rate for modified Ovsynch (treatment) cows was 7.0% (95% CI 

2.3% to 11%: χ2 test statistic 8.26; P<0.01) greater than the conception rate for cows treated 

using the original Ovsynch program (control cows). In this study, statistical significance was 

assumed at P<0.05. Any animals with a body condition score (BCS) <2 or >4 in a 1-5 system 

using 0.25 increments (Edmonson et al. 1989) were removed from the study. This left a total of 

n = 1703 animals in the clinical trial. These animals were allocated into two groups, which were 

chosen using the odd and even numbers on their ear tags to assign them into groups. The 



46 
 

animals with odd numbers were in the control group as they had an odd number of injections 

and the animals with even numbers were in the treatment group as they had an even number of 

injections. 

In herd 3, the Jersey herd, there was no statistically significant difference between the treatment 

group and the control group (Table 3). This herd was removed from the analysis and the results 

for the Holstein-Friesian breed only were analysed to compare with previous studies that have 

been conducted in North American herds that have analysed only the Holstein and Holstein-

Friesian breeds (Wiltbank et al. 2015). When the Holstein-Friesian and Holstein-Friesian cross 

breed cattle are the only breeds in the statistical analysis, then the effect of treatment is greater. 

The conception rate for the treatment group is 50% and the conception rate for the control 

group is 42%, a statistically significant absolute difference of 8%. This showed that when the 

MO protocol is used, then the odds of conception is 1.37 compared with the original Ovsynch 

protocol in the Holstein-Friesian group to first service FTAI than when using the Ovsynch 

protocol (As seen in table 8). 

TABLE 8 
Logistic regression outcome showing the effect of a modified Ovsynch program after 

adjusting for farm, body condition score and age. 

Cohort Treatment Group 
Conception Rate 

Control Group 
Conception Rate 

Odds ratio for Treatment vs. 
Control (95%CI, p) 

All Cows 49% 42% 1.33 (1.09-1.60, p=0.004) 

Holstein Herds 

Only 

50% 42% 1.37 (1.12-1.69,p=0.0019) 

Jersey Herd 42% 45% 0.89 (0.48 – 1.64, p=0.709) 

 

The proportion of cows with plasma progesterone concentrations ≥1 ng/mL at the time of AI for 

cows treated with the modified Ovsynch (treatment) program was 13.5% (95% CI 2% to 22%; 

χ2 test statistic 4.77; P <0.03) lower than that of cows treated with the original Ovsynch 

(control) program. After adjusting for the effect of herd, age, BCS and removing the cows with 

P4<3ng/mL at the time of PGF as this cohort was either in oestrus or anoestrus and therefore 

unlikely to respond to the program, the epi info 7 program was used to run a binary logistic 

regression. This was used to analyse the likelihood that an animal treated with the modified 

Ovsynch protocol had a progesterone concentration <1ng/mL compared with an animal treated 

with the original Ovsynch program and showed that animals treated with the MO protocol were 

less than half as likely (OR 0.41, 95% CI 0.22-0.76, p=0.004) to have a P4>1ng/mL at the time of 

AI and that failure to ovulate at the time of AI was less likely in the MO group (As seen in table 8).  

Progesterone concentrations were measured at the time of the first PGF injection (as seen in 

figures 3 and 4) and 79% of the control group had a progesterone level of ≥3ng/mL at the first 

prostaglandin injection compared with 83% of the treatment group had progesterone at 
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≥3ng/mL. Using the Epi Info 7 program, logistic regression was performed and there was no 

statistical difference seen between these two groups.  

FIGURE 2: 
Histogram showing the progesterone levels at the first PGF2α injection for the animals in 

the group 1, the original Ovsynch group 

 

 

FIGURE 3: 
Histogram showing the progesterone levels at the first PGF2α injection for the animals in 

the group 2, the modified Ovsynch group 

 

 

Once the herds were stratified, the overall conception rate for the first calf heifers (n = 401) was 

46.5%. The treatment group made up 54% of the pregnant animals and the control group made 

up 46% of the pregnant animals. Overall, the conception rate for the treatment group (n=199) in 

the first calf heifers was 49.7% and the conception rate for the control group (n = 202) was 
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40.6%. In the 3-5 year old group (n = 818), the overall conception rate was 49.9%. The 

treatment group made up 55.5% and the control group made up 44.5%. Overall, the conception 

rate for the treatment group (n = 416) in the 3-5 year old group was 54.3% and the conception 

rate for the control group (n = 402) was 45%. In the >5 year old group (n = 484), the overall 

conception rate was 38%. The treatment group (n = 237) made up 50.5% and the control group 

(n = 247) made up 49.5%. The overall conception rate for the treatment group was 39.7% and 

the conception rate for the control group was 36.8%. The results for the first calf heifers and the 

3-5 year old cows were quite similar in the overall conception rates; however, the 3-5 year old 

animals performed better in the treatment group than the first calf heifers. However, there was 

a significant difference seen in these 2 groups of animals in the treatment group compared with 

the control group. In the >5 year old group, the conception rate was quite low compared with 

the other 2 groups and there was not a significant difference seen in the treatment group 

compared with the control group.  

5.7 STATISTICAL ANALYSIS 
Data were entered into a spreadsheet and analysed using the Epi info 7 program (Centers for 

Disease Control and Prevention, 2014) 

Univariable analysis was used to identify the effect of treatment group on first service 

conception rate. Logistic regression was then used to identify the association between 

treatment and control groups and the probability of conceiving at the fixed-time artificial 

insemination (FTAI) after adjusting for known potential confounders such as age, body 

condition score (BCS) and farm. BCS was expressed as a continuous variable on a 1-5 scale. Age 

at calving immediately prior to mating start date (MSD) was categorized as 2 years, 3-5 years 

and ≥6 years.  

All herds except one contained Holstein-Friesian and Holstein-Friesian cross cattle, while the 

other contained Jersey cows only. The analysis was repeated excluding the Jersey herd in order 

to better compare our results with other studies (As seen in table 8).  

Further analyses were undertaken on the subset of cows for which the progesterone samples 

were taken to examine the hypothesis that the treatment group would be more likely to have 

low progesterone levels on the day of AI as a result of improved luteolysis rates. Cows with 

P4<3ng/mL at the time of the first PGF were probably either in oestrus or anoestrus and thus 

not likely to respond to the synchrony program (Souza et al. 2008). P4≥1ng/mL at the time of AI 

were deemed to be high (consistent with a cow not responding to the synchrony program) 

Whereas P4<1ng/mL at the time of AI were deemed to be consistent with complete luteolysis 

having occurred (Souza et al. 2008). 

In order to assess the effect of treatment group on the probability of ovulation, a subset of cows 

was used with P4>3ng/mL at the first PGF injection (cows that should ovulate as a result of the 

program) and a binary logistic regression model was created with progesterone <1ng/mL as the 

outcome values, adjusting for age group, herd and treatment group (As seen in table 8).  

When the herds were stratified by age and the conception rates assessed for treatment group 

compared with control group, the data was run through the Epi Info 7 program and the results 

were as follows. In the first calf heifer group, the odds of conception were 1.4 times if treated 

with the modified Ovsynch protocol compared with the original Ovsynch protocol; however, 
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this was not a statistically significant difference (95% CI, 0.96 to 2.10; p = 0.08); however the 3-

5 year old group the odds of conception were 1.4 if submitted for the modified Ovsynch protocol 

compared with the original Ovsynch protocol and this was shown to be a statistically significant 

difference (95% CI, 1.09 to 1.89; p < 0.01). The group of cows that were >5 years old had 

showed no increase in conception rate using the modified Ovsynch protocol compared with the 

original Ovsynch protocol. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

6  GENERAL DISCUSSION 
The authors were unaware of the double PGF in the Ovsynch program being part of a formal 

clinical trial in Australia being trialed in pasture-fed, split calving herds at the time when this 

trial was conducted. The modified Ovsynch program discussed in this paper has been trialed 

almost exclusively in Holstein and Holstein-Friesian animals in North America based in a TMR 

system in year-round calving herds and the animals are generally housed in free stall bedding. 

In the experiment undertaken in this paper, the addition of a second PGF injection 24 hours 

after the first PGF injection, in the Ovsynch56 program, increased the conception rate of animals 

from 42% to 49% compared with the original Ovsynch. In previous studies undertaken in the 

United States of America, the pregnancy rate per AI (P/AI) was found to be 37.8% for lactating 

dairy cows treated with the Ovsynch protocol and subject to timed AI (Pursley et al. 1997). In 

America, the conception rate is generally reported as pregnancy per AI compared with 

Australia. This refers to the number of animals that conceived to the first AI and is equivalent to 

the terminology “conception rate” used in this thesis. In more recent studies, conducted in the 

USA, an experiment similar to that described in this paper was undertaken and the difference 

between the P/AI rates were found to be 32% for the original Ovsynch and 37% for the 

modified Ovsynch (Carvalho et al. 2015). As the P/AI rates in the Australian system using an 

Ovsynch program are different from those seen in the American system, it was important to 

repeat the experiment and assess the results in a pasture-based, seasonal calving system. The 

P/AI rates to FTAI using an Ovsynch program seen in Australia have been assessed as 42.9% 

(Shephard 2005). Based on this information and the difference seen between the two programs 

in other studies conducted, the sample size of cattle needed was estimated and the appropriate 

number of animals and farms recruited. In this study, a greater difference was seen between the 

two groups than anticipated and was much greater than that seen in the North American 

studies. The effect was actually recorded in multiple herds across two seasons.   

Several factors may have contributed, as a combination effect, to the differences seen between 

the studies conducted to date. The first being that the animals in the study conducted in North 

America was based on animals in a total mixed ration (TMR) system and in a year-round calving 

herd as compared with the animals in this trial, which were in a pasture-fed, split-calving 

system. This, in turn, is related to the genetics and requirements of the animals on their 

respective farms as well as the milk production seen in the different systems. In the North 

American studies, the breeds reported are almost exclusively Holstein or Holstein-Friesian cows 

producing approximately 34L/day with a rolling herd average of 12450L per annum. In the 

animals enrolled in the Australian study, the breeds included Holstein-Friesian with cross bred 

cattle (all herds had some cross breeding) and one herd was completely comprised of purebred 

Jersey cows. The milk production in the herds ranged from 19-27L/cow/day with an average of 

24.2L/cow/day across the five herds. Milk production has been shown to have a negative effect 

on reproductive performance and may be one of the factors that contributed to the lower 

conception rates seen in the North American study (Pyman, M.F.; Macmillan 2010) 

There has been a great deal of interest in “sustainable intensification in the past three years as 

there is a focus to produce more food whilst reducing environmental impact” (Coffey et al. 

2016). This has led to further investigation into the production of different breeds of dairy cows 

and the affect this has on their fertility. With respect to purebreds, the Holstein produces the 

highest volume of milk followed by the Friesian and then Jersey; however, the Jersey produces 

the highest amount of milk constituents (fat and protein). The Friesian cow has the lowest 
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somatic cell count (SCC) followed by the Holstein and then the Jersey. In terms of reproductive 

performance, Coffey et al (2016), found that the Friesian heifers calved younger than the 

Holstein and then Jersey heifers and that the calving interval was shortest for Friesian cows, 

intermediate for Holstein cows and longest for purebred Jersey cows (Coffey et al. 2016). This 

paper found that cross breeding cattle decreased the age at which heifers calved across both 

purebred averages and shortened the calving interval. This may, in some way, explain the 

reproductive differences seen between the Holstein-Friesian cattle and cross bred cattle 

compared with the pure bred Jersey herd in the clinical trial discussed in this thesis. However, 

further study is necessary to definitively answer this hypothesis. 

To date, no other studies could be found in the literature that has focused solely on another 

breed other than the Holstein or Holstein-Friesian in large numbers. It is therefore difficult to 

interpret the results obtained from the Jersey herd in this study as there are few studies with 

which to compare the results. This may be for several reasons, the most likely being that the 

majority of cows on large commercial dairy farms are predominantly Holstein or Holstein-

Friesian cattle as they have the highest milk production. The author of this thesis found that the 

Jersey breed showed no improvement with the use of the modified Ovsynch protocol and the 

overall conception rate was at the low end of the group. This suggests that the Jersey breed did 

not respond well to either of the synchrony programs and that possibly the Jersey cow may 

require different timing in the programs compared with the Holstein or the Holstein-Friesian. 

Conversely, the Jersey herd showed that animals subject to the modified Ovsynch protocol had 

P4<1ng/mL at AI was 38% compared with animals subject to the original Ovsynch protocol 

which was 21%. Both of these numbers are low compared with the other herds; however it 

demonstrates that more animals in the treatment group had complete lysis of the CL compared 

with the control group. This does not tally with the conception rate seen in this herd as the P/AI 

was higher in the control group at 45% compared with the treatment group at 42%, although 

this was not a statistically significant difference and should be interpreted with caution due to 

the low numbers involved in the Jersey herd. However, these results suggest that further study 

into the oestrous cycle and synchrony of the Jersey breed and potentially other dairy breeds is 

warranted. Unfortunately, it was outside the scope of this study at the time of the trial. Toledo-

Alvarado et al. (2017) have evaluated the relationship between breed and production level and 

although the study also found that the fertility has decreased as a result of increasing 

production levels, Toledo-Alvarado et al (2017) urge caution when selecting for fertility criteria 

as they have found that it is a nonlinear relationship and that differences exist between breed 

that may affect fertility traits differently. This same trial also supported the increased fertility 

traits of cross bred cows and concluded that cross breeding would assist in increasing fertility, 

but that this should be carefully planned. Again, this is a long term solution and in the 

immediate future, the conception rate needs to be increased in order that involuntary culling is 

decreased through better management. (Toledo-Alvarado, Cecchinato, and Bittante 2017). 

There has been some question with the trial described in this thesis about the efficacy of using 

double the dose of PGF in one injection rather than using 2 injections 24 hours apart. There 

have been a few studies that have looked at this as a possibility for increasing the likelihood of 

luteolysis at the time of AI. Ribeiro et al (2012) trialed this in a 5 day timed AI protocol in dairy 

cows. The animals were enrolled in a clinical trial and randomly divided into four groups and 

given either one injection of 1mg of cloprostenol on day -3 before AI or given 2 injections of 

0.5mg cloprostenol at day -3 and day -2 before AI with or without presynchronisation (Ribeiro, 
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Bisinotto, et al. 2012). This study found that P/AI was increased in animals that were given the 

2 injections 24 hours apart and luteolysis was greater for animals that received the 2 injections 

of PGF. As yet, there have not been any studies that have compared 2 injections if PGF at 

different intervals to 24 hours. Further study is needed to determine if different timing such as 2 

injections of PGF given at 12 hour intervals compared with 24 hour intervals may be of benefit. 

This study included Holsteins, Jerseys and crossbred cows although the majority of the animals 

were Holsteins. This was conducted on two seasonal calving grazing dairy farms and therefore 

has relevance to the trial discussed in this thesis. In the trial conducted by Ribeiro et al (2012), 

the Holstein cows had lower progesterone concentrations on study day -3. This difference likely 

reflected catabolism of progesterone in larger and more productive cows with greater feed 

intake. In another study, conducted by Carvalho et al (2015), half the dose of dinoprost 

tromethamine (12.5mg) was used to purposefully partially lyse the CL to establish a medium 

level of progesterone at the first GnRH injection (Carvalho, Wiltbank, and Fricke 2015) and this 

appears to have been effective despite the fact that doubling the dose does not increase the 

amount of animals with complete lysis of the CL at the time of AI, which supports the theory that 

timing of the injection of PGF is also an important factor in complete regression of the CL prior 

to AI to increase likelihood of ovulation. 

The trial discussed in this thesis included both primiparous and multiparous cows, but did not 

look at the effect in the dairy heifer. At the time that this thesis was written, the use of 

Oestradiol is still allowed in the heifer and animals not producing milk for human consumption 

in Australia. Thus, the heifer is often subject to the CIDR program with oestradiol rather than 

the CIDRsynch program with GnRH. However, some papers have looked at the use of the 

Ovsynch program in Holstein heifers as both a 5 day program and also the Ovsynch56 program 

(Lima et al. 2011). The use of timed AI using GnRH and PGF based programs in heifers has 

resulted in lower P/AI than those submitted for AI based on observed oestrus. This clinical trial 

randomly allocated heifers to one of 2 groups. 1,295 heifers were synchronised for their first 

insemination and assigned randomly to receive a CIDR on d 0, PGF2α and removal of the CIDR 

on d 5, and either GnRH 56h after PGF2α and AI 16 h later (OVS56, n = 644) or GnRH concurrent 

with AI 72 h after PGF2α (COS72; n = 651) and found that oestrus was greater for heifers 

submitted for COS72 (GnRH concurrent with AI 72 h after PGF) compared with heifers 

submitted for Ovsynch56 (PGF and AI 16 h later). This article postulated that extending the 

proestrus by delaying the final GnRH from 56 to 72 h concurrent with AI benefited fertility of 

dairy heifers that did not display signs of estrus at insemination following the 5-d timed AI 

protocol (Lima et al. 2011). This suggests that the timing in heifers may be different to the 

mature cows and that further study is required, particularly in readiness if oestradiol is no 

longer available for use in any cattle for the synchronisation of oestrus.  

In the clinical trial conducted by Wiltbank et al in 2015, assessing the effect of a second PGF 

injection within the original Ovsynch program in North American, predominantly Holstein, 

cows, they compared multiparous with primiparous cows. In this study, there was an effect seen 

in the multiparous cows, but not in the primiparous animals (Wiltbank et al. 2015). In this trial, 

the animals were further divided and it was found that the greatest effect was in animals in their 

second or third lactation, but there was no effect in animals of fourth lactation and above. This is 

consistent with the findings from the clinical trial discussed in this thesis with regard to the 

multiparous cows whereby the cows that were in the 3 to 5 year old group were seen to have an 

increased conception rate when subject to the modified Ovsynch protocol compared with the 
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original Ovsynch protocol and the animals that were >5 years old showed no difference in 

conception rates between the modified Ovsynch protocol and the original protocol. However, 

the primiparous group of cows showed a greater tendency for increased conception rate in the 

clinical trial conducted in the split calving herds of Southwest Victoria compared with those 

seen in the North American trial. Although there was not a statistically significant difference 

seen between the treatment group compared with the control group (95% CI, 0.96 to 2.10; P = 

0.08). The trend seen in this trial with a 49.7% conception rate in the treatment group 

compared with a 40.6% conception rate in the control group suggests that with more 

primiparous animals enrolled in the study, there would be a statistically significant difference 

seen. In another Australian paper that compared the Ovsynch program with a PGF program, it 

was found that there were increased conception rates for cows with a higher parity when using 

the PGF program compared with the Ovsynch program (Lean et al. 2003). This suggests that 

animals that are 6 years and older may benefit from a PGF program in preference to an Ovsynch 

program; however, this requires good heat detection and this should be taken into 

consideration when making management decisions regarding reproduction and synchrony 

programs. 

The COS72 protocol was trialed on lactating dairy cows in comparison with the Ovsynch56 

protocol in a similar study; however, this included a double PG injection. 1,227 Holstein cows 

had their oestrous cycles presynchronised with 2 injections of PGF2α at 46 and 60 d in milk 

(DIM). The timed AI protocols were initiated with GnRH at 72 DIM, followed by 2 injections of 

PGF2α at 77 and 78 DIM and a second injection of GnRH at either 56 (OVS56) or 72 h (COS72) 

after the first PGF2α of the timed AI protocols. All cows were time-inseminated at 72 h after the 

first PGF2α injection (Bisinotto et al. 2010). This was a randomized clinical trial and 

demonstrates that the idea of using the 2 injections of PGF 24 hours apart has been trialed for 

some years, although had not been trialed outside of North America or taken up commercially 

until the last few years. This paper concluded that although more cows were found to be in 

oestrus using the COS72 protocol compared with the Ovsynch56 protocol, the overall P/AI was 

not statistically significant between the 2 groups and, in, fact, the P/AI for Ovsynch56 was 

46.4% compared with the P/AI of 45.5% for the COS72 group. This is similar to the result seen 

in the Jersey herd when comparing the modified Ovsynch protocol compared with the original 

Ovsynch. To date, no explanation has been offered as to why this may occur. The use of the 

COS72 program was also trialed on grazing lactating dairy cows in 2012 by Ribeiro et al. 

Lactating dairy cows (n = 1,754) from 3 seasonal grazing farms were blocked within farm by 

breed, parity, and days in milk (DIM). Study day 0 was considered the day of AI of cows in 

COS72 (72 h of proestrus). Within each block, cows were randomly assigned to 1 of 2 

presynchronisation treatments: a PGF2α-based program, Presynch, consisting of 2 injections of 

PGF2α administered on d −32 and −18, or a PGF2α-GnRH–based program, Double-Ovsynch 

(DO), consisting of GnRH on d −25, PGF2α on d −18, and GnRH on d −15. Within each of the 2 

presynchronisation treatments, cows were randomly assigned to 1 of 2 lengths of proestrus 

within the 5-d timed AI protocol, consisting of GnRH on d −8, PGF2α on d −3 and −2, and GnRH + 

AI at either 58 h (COS58) or 72 h (COS72) after the d −3 PGF2α injection (Ribeiro, Monteiro, et 

al. 2012). This clinical trial supported the findings of the previous trial and showed that cows 

subject to the COS72 protocol were more likely to show oestrus than cows subject to the COS58 

protocol and that in the Presynch cows, COS58 was detrimental to fertility. This paper also 

showed that crossbred Holstein/Jersey crossbred cows had superior fertility compared with 
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their purebred counterparts. This supports the findings from the paper by Coffey et al (Coffey et 

al. 2016) which had similar findings. 

Unlike other studies that report days in milk (DIM) as 37 days or similar (Galvao, Sa Filho, and 

Santos 2007), the DIM in the study in this thesis had a wide range (1-303). This was due to the 

fact that the animals enrolled are in seasonal or split based calving systems and, as such, the 

system is based on a mating start date (MSD) rather than a voluntary waiting period (VWP) for 

the first AI. In the pasture fed system in this trial, the animals are joined and calved according to 

the seasonal pasture growth and there is pressure for the cows to calve at the beginning of the 

grass growing season as pasture provides the primary source of nutrients (Coffey et al. 2016). 

Although this may not be the optimal time in which to start joining the animal, this range was 

chosen as it represents the reality of the practices of the farmers in Southwest Victoria, 

Australia and therefore will be more likely to yield a repeatable result and be of use to the 

farmer when applying it in a commercial situation. In the split or seasonal calving system, the 

cows are submitted for joining as soon as they show oestrus after mating start date, regardless 

of how many days in milk they are so that they are given the best possible opportunity to be 

joined within the joining period. In seasonal and split calving herds, the days to first service is 

herd-dependent and varies inversely with calving date (Hayes, Pfeiffer, and Morris 1998). If an 

animal does not conceive or remain pregnant during this time period, then she is either culled 

or carried over to the next joining period. In the seasonal calving system this will be in 12 

months time and in the split calving system this will be anywhere from 3-9 months time 

depending on how the joining periods are separated. Thus the cows may joined anywhere from 

1 - >300 DIM in this system. It may be worthwhile conducting this study with animals in similar 

DIM; however, this would require a larger number of animals and herds across several seasons 

and was beyond the scope of this study. The difference in DIM was not adjusted for in the 

statistical section of this thesis as there was too much variation for a meaningful evaluation. 

However, several papers have looked at extending the VWP and the optimal time. One study 

performed a simulation model to assess the difference between a VWP of 50 days and a VWP of 

150 days (Allore and Erb 2000). This study found that animals subject to AI at 50 DIM were 

more likely to have an increased rate of metabolic and reproductive disorders and clinical 

mastitis; however, the animals subject to an extended VWP were likely to have an increased rate 

of subclinical mastitis. This may be a confounding factor for the cows in a seasonal or split 

calving herd that have variable DIM at the time of joining on MSD compared with cows in a year-

round herd that all have a similar DIM at the time of joining. 

In Australia and New Zealand, calving induction was a common practice to ensure that cows had 

calved prior to MSD and was seen as possibly beneficial for both production and reproductive 

gains. The practice of induction involved an injection of dexamethasone trimethylacetate, 25-30 

mg at approximately 7 months gestation so that the cow has calved by MSD with sufficient time 

to allow for optimal reproductive performance. This was used on cows that were mated either 

at the end of the joining period or just after the end of the joining period and induction of these 

animals was used to bring them back in line with the herd’s reproductive schedule. However, 

several papers have shown that induction increased the incidence of several diseases on farm 

such as retained placenta, photosensitisation, milk fever and maternal deaths and many of 

the calves of induced cows were born dead or so weak that they had to be humanely euthanased 

(Hayes, Pfeiffer, and Morris 1998). There has also been some question about the animal welfare 

implications of this practice both for the calf and the cow. This has led to legislation banning 
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calving induction in New Zealand and the mandatory decrease of induction on a herd level in 

Australia. The outcome from this is that the seasonal and split calving herds in New Zealand and 

Australia must ensure that an increased number of animals are joined and subsequently calve 

within the specified calving period so that the cows can be submitted for the next joining period. 

This in turn has led to an increased interest in synchrony programs to ensure that the majority 

of the mating herd is submitted for AI either on or as soon as possible after MSD, there is also a 

much stricter policy for a mating end date for these herds and there has been an increase in 

seasonal herds becoming split herds in Australia to allow for cows to be carried over to the next 

mating period, but without having to carry them over for 12 months. 

Within the data set of this thesis, further results were examined regarding the outcome of the 

cows involved in the study. In the treatment group, there were 418 cows diagnosed as pregnant 

out of 852 animals. Of these animals, 31 animals did not calve within the expected time frame. 

Four cows were diagnosed as empty and did not calve within the calving period under 

examination, seven animals fell pregnant later in the joining period and twenty animals were 

either sold or died before the end of the calving season and a final pregnancy or calving result 

was not recorded. In the control group, there were 357 cows diagnosed as pregnant out of 851 

animals. Of these animals, 31 cows did not calve within the expected time frame. One cow was 

diagnosed as empty and did not calve within the calving period under examination, five animals 

calved later in the calving period under examination and twenty five animals were sold or died 

before the end of the calving season and a final calving or pregnancy result was not recorded. 

These results suggest that there was minimal early pregnancy loss in animals that were 

followed through and that a similar number of animals were sold or died between the two 

groups, which removes this potential outcome as a possible confounding factor. These results 

indicate that there was no difference in the long term outcome between the two treatment 

protocols and that there are no deleterious issues such as an increase in early pregnancy loss to 

prevent farmers from choosing to use the modified Ovsynch program compared with the 

original Ovsynch program. The data in this study was also used to analyse the 6 week in-calf 

rate and the not-in-calf rate to assess the overall performance of the herd and to ensure that 

there were no long term detrimental affects seen in the herds. The 6 week in-calf-rate was 

calculated by combining all of the herd data, using the calving date results and finding the 

proportion of animals that calved within the first 6 weeks of the calving period over the total 

amount of animals in the program. The 6 week in-calf-rate was found to be 63% overall. This is 

considered to be within the acceptable range (60% - 71%) in Australian herds based on the 

InCalf data that has been collated (Incalf, n.d.). The not-in-calf rate was calculated by using the 

calving data collected from all of the farms and finding the proportion of animals that did not 

calve by the end of the calving period over the total number of animals in the trial. The not-in-

calf rate was found to be 22% overall and was within the acceptable range (19% - 29%) found 

in Australian herds based on the InCalf data (Incalf, n.d.).  

The serum progesterone levels in this study were measured at both the first PGF injection and 

at the time of AI. These samples were taken from the same animal to show a change between 

the concentrations at PGF and AI. The samples taken at the time of AI were analysed and 

indicate that the animals subject to the second injection of PGF also had a higher likelihood of 

complete CL regression. In this study, P4 was considered low at <1ng/mL at the time of AI; 

however, in several studies, different levels have been used as an optimal concentration at the 

time of AI and range from 0.5ng/mL to 1ng/mL (Souza et al. 2008)(Bisinotto et al. 2013; 
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Cavalieri and Macmillan 2002)(Giordano et al. 2012). At this stage, there is no conclusive cut off 

point for low and high progesterone levels; however one paper has classified them as low, 

medium and high progesterone (Souza et al. 2008) with ≥3ng/mL classified as high 

progesterone and <1ng/mL as low progesterone with medium progesterone measured as 

≥1ng/mL to <3ng/mL. Although P4 has been measured as low at <1ng/mL in the trial discussed 

in this thesis, in the results seen in this experiment, there appears to be a distinct cut-off point of 

3ng/mL at the time of AI in the original Ovsynch group (As seen in figure 4) and a cut-off point of 

2ng/mL at the time of AI in the modified Ovsynch group (As seen in figure 5). The average P4 

concentration was calculated and the average P4 at the time of AI for the treatment group was 

1ng/mL compared with the average P4 at the time of AI for the control group which was 

1.95ng/mL. This supports the hypothesis that the treatment group would have more complete 

regression of the CL at the time of AI compared with the control group; however, this requires 

further work and a greater number of animals for a definitive answer to the question of which 

progesterone level is optimal at the time of AI. At this stage, the work to date appears to support 

the use of 1ng/mL as a cut off point for P4 levels at the time of AI. The P4 concentrations 

measured at the time of the first PGF injection are an indication of prevalence of cows that were 

either in anoestrus or cycling during the synchrony program. These levels were then compared 

with the same animal at the time of AI to assess whether there was a change in the 

concentrations and therefore confirmation that the animal in question had complete regression 

of the CL at the time of AI. The number of animals in this part of the experiment was quite low 

due to limited funding that was available; however, the results show that the animals in the 

treatment group had a higher number of animals with complete regression of the CL compared 

with the control group. 

FIGURE 4: 
Histogram showing the progesterone levels at AI for the animals in group 1, the original 

Ovsynch group 
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Histogram showing the progesterone levels at AI for the animals in group 2, the modified 

Ovsynch group. 

 

TABLE 9:  
Synchrony programs 

Ovsynch48 GnRH day 0, PGF 7 days later, GnRH 48 hours after PGF and blanket 
AI 20 to 24 hours after the second GnRH injection 

Ovsynch56 GnRH day 0, PGF 7 days later, GnRH 56 hours after PGF and blanket 
AI 16 hours after second GnRH 

Presynch (PreG) First  GnRH on day 0, followed by Ovsynch48 or Ovsyn56 7 days after 
first GnRH 

Double Ovsynch (DO) GnRH day 0, PGF 7 days later, then GnRH 48 hours after PGF. Start 
Ovsynch56 6 days after GnRH injection  

SelectSynch GnRH on day 0, PGF 7 days later, then AI to observed oestrus 

COS72 GnRH on day 0, PGF 7 days later, then GnRH and AI 72 hours after 
PGF 

CIDRsynch GnRH + CIDR on day, remove CIDR and give PGF 7 days later, GnRH 
48 hours later and AI 20-24 hours after GnRH 

Modified Ovsynch with 
Double PG 

GnRH on day 0, PGF 7 days later, PGF 24 hours after first PGF, second 
GnRH 36 hours after second PGF and AI 16 hours after 

Heatsynch Ovsynch56 and the cow is subject to AI at any stage when heat is 
detected and the program is then stopped 

PG Program PGF day 0, PGF 11 days later and then AI to heat or blanket AI at 72 
hours and 96 hours after second PGF 
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7 CONCLUSION 
In this study, it was found that treatment with a second injection of PGF on day 8 of the Ovsynch 

program increased FTAI conception rate by 7% compared with cows that received a single 

injection of PGF on day 7. The progesterone analyses indicate that treatment with a second 

injection of PGF increased the percentage of cows with CL regression at the time of AI. This 

further supports the hypothesis that the inclusion of a second injection of prostaglandin on day 

8 of the Ovsynch program increases the likelihood that the cow will ovulate and the probability 

of conception to AI will be increased. Thus, the conclusion drawn was that in the Holstein and 

Holstein-Friesian cows and crossbred cows that include these breeds, the use of the modified 

Ovsynch protocol will increase P/AI and that compared with the original Ovsynch program, it 

was estimated that a total of 14 (95% CI 8 to 43) cows need to be treated using the modified 

Ovsynch program to return one additional pregnancy. When the herds were stratified by age, 

there was a difference between treatment group compared with control group in both the first 

calf heifers and the 3-5-year-old group. However, only the 3-5-year-old group showed a 

statistical difference and there was no difference seen in the >5year old age group. From this, it 

was concluded that it may be beneficial to use the modified Ovsynch program in animals that 

are 3-5 years old compared with the original Ovsynch program and that it may not be beneficial 

in animals that are >5 years of age. This also leads to the conclusion that stratifying animals by 

age may be beneficial for management decisions for reproductive performance. 
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