
ABSTRACT 

MABRY, LAUREN KELLY. Comparison of Estrous Synchronization Protocols in Beef 

Cattle. (Under the direction of Dr. C.S. Whisnant and Dr. D. H. Poole). 

 

Maintaining a precise calving interval poses a challenge for producers because 

postpartum multiparous beef cattle have always been difficult to re-breed.  Estrous 

synchronization protocols using various hormones have been shown to help increase 

cyclicity after calving anestrous in postpartum beef cattle.  All injections administered to beef 

cattle should be given in the neck according to national and state beef quality assurance 

programs.  Beef quality assurance protocols have been very important for improving the 

quality of beef that producers provide for consumers. One of the main recommendation 

points of many beef quality assurance protocols is to alter the injection sites to the neck to 

avoid injection blemishes in the more valuable cuts of beef from the rump.  One 

misconception could be that drugs administered in the rump might be more effective due to 

the close proximity of the reproductive tract.  For these reasons, research was conducted at 

two different locations to compare injection site effectiveness.  At location 1, a standard Co-

Synch + 7 day CIDR estrous synchronization protocol was conducted with the injection sites 

of PGF alternated.  These animals were either bred off of observed estrus or timed artificial 

insemination.  At the second location a 2x2 factorial was used to create treatment groups.  

Animals were randomly assigned to either a CIDR-PG or a CIDR-PG +21 day wait.  Within 

each group injections sites of PGF were alternated.  Animals in both treatment groups were 

bred either off of observed estrus using the AM/PM rule or timed artificial insemination at 

location 2.  Producers are also always looking for ways to improve the effectiveness of estrus 

synchronization protocols.  Other countries have had success with using estrogen in estrous 



synchronization protocols.  For this reason in a third experiment, a PRO17 type of Co-synch 

was compared it to a standard Co-Synch protocol.  The objective of this study was to test the 

efficacy of two synchronization protocols in synchronizing estrus, shortening the interval to 

pregnancy, decrease calving interval and overall effect on pounds of calf weaned in 

primiparous Bos indicus influenced beef cattle.  Data from multiple years were used to 

evaluate the efficacy of each synchronization protocol from year to year.  Blood samples 

were taken ten days prior to CIDR insertion and at CIDR insertion to help determine 

cyclicity For experiment 1 at the first location in North Carolina the injection site of PGF had 

no effect on conception rates with a p-value of greater than 0.1For experiment 2 in Ohio, it 

was also observed that injection site had no effect on conception rates with a p-value > 0.1.  

For experiment 1 there was also no effect of waiting the 21 days on conception rates with a 

p-value greater than 0.1.  This shows that once animals are synchronized they will remain in 

synchrony and that producers should follow BQA guidelines when administering injections.  

There is no difference in effectiveness of PGF2a at either injection site.  Hormone assays for 

progesterone and estrogen were performed for one of the two years to determine if the cattle 

had a CL at synchronization, and it was found that the presence of a CL didn’t affect the 

treatment with a p-value of greater than 0.1.  For experiment 3 it was found that conception 

rates of the PRO17 were statistically higher than those of a standard Co-synch plus CIDR 

(p<.05).  There were some differences in weaning weights between treatment groups during 

individual years.  There was no difference between calving intervals between treatment 

groups or culling rate.   
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REVIEW OF LITERATURE 

Estrous Cycle: Overview 

 The estrous cycle is a period of reproductive cyclicity that is composed of a series of 

events (Senger, 2003) marked from one behavioral estrus to the next.  Physiological and 

behavioral cycle of cattle lasts between 18-24 days with an average of 21 days (Forde et. al., 

2011).  Cattle are considered to be polyestrus meaning that they have a uniform distribution 

of estrous cycles that occur regularly throughout the entire year (Senger, 2003).  Cattle are 

not considered to be seasonal breeders.  Estrous cycles begin once the animal has reached 

puberty (Forde et. al., 2011) and continue until the animal depletes its oocyte reserves.  

Hormones of the hypothalamus produced by the anterior pituitary and the ovary all work 

together through both positive and negative feedback loops to regulate the cycle (Forde et. 

al., 2011).   

 Knowing the events that occur throughout the estrous cycle makes understanding the 

cycle easier.  The estrous cycle is comprised of two major phases, the follicular phase and the 

luteal phase.  The follicular phase lasts from regression of the copora lutea (CL) to the time 

when the dominant follicle is ovulated, and the luteal phase follows ovulation and ends at CL 

regression (Senger, 2003).  The follicular phase lasts between 4-6 days with the luteal phase 

lasting 14-18 days (Forde et. al., 2011).  The estrous cycle can further be broken down into 

four stages: proestrus, estrus, metestrus, and diestrus (Senger, 2003).  During proestrus 

estradiol is secreted from the follicles and ovulatory follicles are formed.  Estrus is 

considered the point of sexual receptivity and occurs when estradiol is secreted at the highest 
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level.  Metestrus occurs when the CL is formed and progesterone begins to be secreted.  

Diestrus is marked by sustained luteal secretion of progesterone (Senger, 2003).  The 

follicular phase is comprised of proestrus and estrus, and the luteal phase is comprised of 

metestrus and diestrus.   

 Ovulation occurs after circulating progesterone levels drop, estradiol rises, follicle 

stimulating hormone (FSH) increases, and then a luteinizing hormone (LH) surge occurs.  As 

estradiol increases and progesterone decreases, gonadotropin releasing hormone (GnRH) is 

released from the hypothalamus which causes the pituitary to secrete LH as well as FSH 

(Senger, 2003).  GnRH and estradiol are considered to have a positive feedback loop since 

the increasing level of estradiol increases the amount of GnRH that is released As FSH is 

rising, it is stimulating the follicle and causing the follicle to produce estradiol (Hansel, 

1961).  The estrogen produced by the follicle has a negative effect on FSH produced in the 

pituitary (Hansel, 1961).  This helps to promote growth of the dominant follicle.  As FSH is 

being produced so is LH which causes the pre-ovulatory LH surge.   This leads to ovulation.   

Follicles develop in waves.   Development occurs when a group of follicles respond 

to a surge in FSH and begin to grow (Adams et. al., 2008).  Within each cycle there are 

typically three waves of follicles for beef cows and two waves for heifers or dairy cattle 

(Forde et. al., 2011; Adams et. al., 2008).  The two wave cycles typically last around 19-20 

days and the three wave cycles typically last 22-23 days (Adams et. al., 2008).  A wave is 

composed of several stages including recruitment, deviation, dominance, and atresia (Moore 

et. al., 2006) of the follicles. The largest follicle of this group of follicles usually becomes the 
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dominant follicle (Adams et. al., 2008).  The follicle that becomes dominant becomes more 

responsive to LH and continues to grow even though FSH concentrations are beginning to 

decrease (Forde et. al., 2011).  The dominant follicle begins to switch from being FSH 

dependent to LH dependent (Adams et. al., 2008) which is largely due to the increase in the 

LH receptors on the granulosa cells of the follicle (Forde et. al., 2011).  The larger follicles 

have higher concentrations of estrogen and lower concentrations of progesterone than the 

smaller follicles (Ireland et. al., 1979).  The dominant follicle goes through an acquisition of 

luteinizing hormone (LH) receptors in the granulose cells (Adams et. al., 2008).  This causes 

the dominant follicle to grow more rapidly than the remaining follicles in the wave (Adams 

et. al., 2008) and begins to undergo deviation at around 8.5 mm in size (Moore et. al., 2006).  

The remaining follicles known as subordinate follicles stop growing and regress in the lower 

levels of FSH (Adams et. al., 2008).  The dominant follicle also prevents the next wave of 

follicles from being recruited until it either undergoes ovulation or atresia (Moore et. al., 

2006).  The number of follicles that are recruited in each wave varies among individuals and 

typically decreases as the animal gets older (Adams et. al., 2008).   

When a bovine is considered to be in estrus or the heat portion of the estrous cycle, 

the animal exhibits certain behaviors such as mounting.   This is more often called “standing 

heat.”  There is also an increase in the amount of mucus that is produced in the vagina so 

there is often a mucus discharge.  This discharge can be so substantial that it could wrap 

around the tail of the animal (Ireland et. al., 1979).  The animal’s temperament could also 

change while they are in heat.  They could be more restless and more aggressive when they 



4 

 

 

 

 

are in heat.  Estrus itself lasts around 16 hours in cattle (Forde et. al., 2011).  Animals also 

have a tendency to walk more when they are in estrus.   

Estrous Synchronization   

 Estrous synchronization involves the use of exogenous hormones that mimic naturally 

produced hormones by the bovine’s body to time the estrus.  The main goal of estrous 

synchronization is to cause a group of animals to ovulate at a specific time so that the 

animals can be inseminated at a single time in order to eliminate the need to use labor to 

detect estrus (Smith et. al., 1984).  This allows for a more uniform calf  crop, a shortened 

calving season, (Lamb et. al., 2009) as well as enhanced pre-weaning growth rates and 

increased calf weight at weaning (Rodgers et. al., 2012).  Estrous synchronization does 

require additional labor and expertise.  In order for it to be effective, the farm will need to 

keep very organized and clear records (Lamb, 2009).   

Through the use of estrous synchronization, calves have been estimated to be ten days 

older than calves that have been conceived through natural service (USDA, 2011).  It was 

also determined that calves born through estrous synchronization gain an extra 9.1 kg 

(USDA, 2011).  In a recent study by Rodgers and colleagues in 2012, an increased number of 

cows weaned a calf after being artificially inseminated and having their estrous cycles 

synchronized than those produced from natural service.  It was also found a $49.14 dollar 

increase in returns for the group of animals that underwent estrus synchronization for TAI.  

These animals also had an additional 17.5 kg of weaning weight per exposed cow (Rodgers 

et. al., 2012).    
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When researchers developed methods to cryopreserve and thaw bovine semen in the 

1950s, artificial insemination was possible for the cattle industry and opened the door for 

many genetic possibilities for improvement (Lauderdale, 2009).  The major  issue with 

artificial insemination (AI) at the time was the fact that daily estrus detection was required 

for 60-90 days for it to be effective (Lauderdale, 2009).  This led to the push for estrous 

synchronization development.  One reason estrus synchronization and artificial insemination 

has been slow to catch on is that it is assumed that bulls are better at detecting estrus than our 

artificial measures (Vishwanath 2003).  It has also been assumed that maintaining bulls and 

utilizing natural service is more economical than utilizing artificial insemination and estrous 

synchronization.   

The use of estrous synchronization can be important to jump start the reproductive 

cycle after parturition occurs as well.  FSH release and follicular development resume shortly 

after parturition but the follicles fail to mature because LH pulses are absent (Yavas et. al., 

2000).   

Beef producers have been slower than dairy producers to utilize estrus 

synchronization.  In addition to management factors this could be because the initial estrous 

synchronization protocols failed to address some key issues such as lack of normal estrous 

cycles in pre or peripubertal heifers or postpartum anestrus in suckled cows (Lamb et. al., 

2009).  Follicular waves were also an issue that the first estrus synchronization protocols 

failed to address (Lamb et. al., 2009).  Recent protocols have focused more on CL and 

follicle control to synchronize estrous (Lamb et. al., 2009).  Also, the fact that it has been 
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estimated that 44% of cows were anestrous seven days before the onset of the breeding 

season had a tendency to affect the estrus synchronization protocols (Day 2004).   

Estrous Synchronization using Prostaglandins 

 Using prostaglandin (PGF) to synchronize estrus is the more traditional approach in 

beef cattle (Day et. al., 2005).  Prostaglandin causes the corpus luteum to regress which 

causes a decrease in progesterone (Day et. al., 2005) this allows the animal to come into 

estrus and then ovulate a follicle (Yelich et. al.,).  This allows estrus to be displayed two to 

five days later (Day et. al., 2005).  When this PGF is administered to animals in a group at 

the same time this allows the decrease in progesterone to be timed together so that they will 

be displaying estrus as the same time (Day et. al., 2005).   

 There are a few requirements for estrous synchronization to be effective when using 

prostaglandins.  The cattle must be exhibiting normal estrous cycles and they must have a 

corpus luteum that is at a point that it can react to PGF (Day et. al., 2005).  Earlier in the 

estrous cycle, day 1-5 of the cycle, the corpus luteum is not responsive to PGF (Day et. al., 

2005).  After day 5 until day 17 of the bovine estrous cycle, the corpus luteum is responsive 

to PGF and regression will occur (Day et. al., 2005).   

 In order for a protocol to work that is solely utilizing prostaglandin, it is necessary for 

the animal to have a responsive corpus luteum at treatment (Day et. al., 2005).  One approach 

to maximize the number of cattle with a responsive corpus luteum is to administer PGF twice 

at a twelve to fourteen day interval and then breed five to seven days after (Day et. al., 2005).  

When the injections are placed at this interval it is more likely that cows will have a 
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responsive corpus luteum (Day et. al., 2005).  There can also be success of synchronizing 

estrus with a single injection of PGF.  In a study by Lucy and colleagues from 2001, cattle 

given a single injection of PGF was significant to synchronize estrus.  The estrus that was 

displayed after the injection was more spread out than more complicated and intensively 

managed protocols (Lucy et. al., 2001).  Estrus detection is necessary in order to be able to 

breed these animals successfully. A two dose PGF method with a double insemination at 78 

and 96 hours after injection of prostaglandins or a single insemination at 80 hours after 

insemination can also synchronize estrus (Smith et. al., 1984).  It is thought that two doses of 

PGF may do a better job to induce luteolysis than a single dose (Bridges et. al., 2012).  A CL 

is resistant to a single administration of prostaglandins before day 5 of the estrus cycle and it 

is thought that two doses given around 12 hours apart would work better for this stage of the 

cycle (Bridges et. al., 2012).  This could also mimic the episodic release of prostaglandin 

PGF that occurs naturally in the animal’s body to cause luteolysis (Bridges et. al., 2012).   

Estrous Synchronization using GnRH 

 GnRH can be used to as part of a protocol to synchronize estrus in cattle.  The 

primary function of GnRH is to initiate follicular turnover to induce a follicular wave (Giles 

et. al., 2013) at the start of the synchronization and to synchronize ovulation during a timed 

artificial insemination protocol (Yelich et. 2012,).    It has been shown that a single injection 

of GnRH as well as intermittent or continuous injections of GnRH can induce an LH surge 

(Yavas et. al., 2000).  The LH surge will then lead to ovulation. 
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 This all depends on what stage of the estrous cycle that these cows are in when the 

injection is administered.  The cattle could be at a point where they are not responsive to 

GnRH.  On average a maximum of 66% of cyclic beef cows are at a stage of the estrous 

cycle where they have an existing follicle that is at a point that it will respond to GnRH 

(Giles et. al., 2013).  This is what is likely to reduce the pregnancy rate.  When combined 

with a controlled intravaginal releasing device (CIDR), a GnRH protocol can be effective at 

synchronizing estrus and allow anestrus cows to start cycling (Giles et. al., 2013).  The 

treatment with progesterone can induce cyclicity and therefore increase the ovary’s response 

to GnRH when administered to anestrus lactating beef cattle (Giles et. al., 2013).   

Estrous Synchronization using Estrogen 

 Estrogens can be effective in synchronizing estrous because of the positive feedback 

loop that it has on FSH and LH (Yavas et. al., 2000).  As estrogen increases so do FSH and 

LH which will eventually lead to ovulation (Yavas et. al., 2000).  Estrogen protocols have 

been shown to regress persistent ovarian follicles in cattle that have been labeled anestrus.  

This was determined by a decrease in levels of circulating estradiol from day 11-13 in certain 

studies (Fike et. al., 1998).  In cattle that are not deemed anestrus, there have been similar 

results using estradiol based protocols to the standard cosynch protocols in studies using 

dairy cattle (Kim et. al., 2007).  It has also been shown that protocols using estrogen have 

done a better job of synchronizing estrus.  This means that those animals bred using these 

protocols came into estrus in a shorter time frame.  In the study by Martinez and others from 
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2002, there were a significant number of the cattle that came into estrus forty-eight hours 

after synchronization (Martinez et. al., 2002).   

 Estrogen is not approved by the US Food and Drug Administration (FDA) to be 

administered to cattle for the purpose of estrous synchronization in the United States.  This is 

largely due to consumer’s perception of consuming beef that has received estrogen and the 

impact that it will have on the consumer.  This concern is typically because estrogen is 

considered to be carcinogenic.   

 It has been estimated that 42% of beef cattle and 50% of cow-calf producers are 

located in the southern US and the majority of these cattle have some type of  Bos indicus in 

their breeding (Yelich et. al., 2012).  Protocols using estrogen have been shown to be more 

effective at synchronizing estrus of the bos indicus breeds than those using prostaglandins 

and GnRH.  This is shown in a study using Nelore cattle (Fernandes et. al., 2001).  In this 

particular study the animals receiving a protocol with estradiol had a conception rate of two 

times those receiving a GnRH protocol.  (Fernandes et. al., 2001).  Bos indicus and Bos 

taurus cattle have differences in sensitivities to hormones such as LH and progesterone which 

causes the differences in effectiveness of various estrous synchronization protocols (Yelich 

et. al., 2012).  Bos indicus cattle usually have conception rates to standard protocols 

approved for use in the US that are inconsistent and unpredictable (Yelich et. al., 2012).  

Usually conception rates of Bos indicus breeding are decreased by over 20% when compared 

to Bos taurus cattle (Yelich et. al., 2012).   
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Estrous Synchronization using Progesterone 

 Progesterone when administered can block estrus and CL formation by inhibiting the 

gonadotrophic complex (Lauderdale, 2009) and also induces estrous cycles in prepubertal 

heifers and anestrous suckling cows (Yelich et. al., 2012).  When the progesterone source is 

removed then the CL will be formed and estrus will be induced.  Progestins such as MGA 

(melengesterol acetate, a feed additive) or the use of a CIDR has been shown to induce 

prepubertal or anestrous females to cycle (Eborn, 2013).  Estrous synchronization protocols 

can vary in how complex and the number of hormones that can be used.  In the United States 

typically progesterone protocols are combined with prostaglandins.  The number and 

frequency of the prostaglandin injections can vary as well as the length of time that the CIDR 

or MGA is given.  CIDRs are becoming more prevalent now than MGA.   

When progesterone is administered, such as feeding MGA or inserting a CIDR, it 

induces the resumption of a normal estrous cycle due to its effect to increase LH secretion 

both during and after treatment in anestrous females (Day, 2004).  Just using GnRH alone 

can cause the CL formed after the induction of estrus to be short-lived (Day, 2004).  

Progestin also increases peripheral and intrafollicular concentrations of estradiol as well as 

the number of LH receptors in preovulatory follicles (Day, 2004).   

There are advantages and disadvantages to using either MGA or a CIDR as a 

progesterone source in cattle.  MGA is a feed additive and it can be difficult to ensure that 

the animal gets the required amount to block estrus.  CIDRs can be pulled out by other cows 

if the blue tail is visible.  It is sometimes recommended for the tail of the CIDR to be 
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trimmed so that the animals are deterred from pulling them.  The tail can also irritate the 

underside of the tail of the cow if the tail of the CIDR is pointing up.  A CIDR is a T-shaped 

vaginal insert that is applied using an applicator that has also been lubricated (Lucy et. al., 

2001).  The applicator bends in the wings of the T so that it can be easily inserted with little 

discomfort to the animal.  The pressure of the vaginal wall on the wings is what holds the 

CIDR in place (Lucy et. al., 2001).   

Long term progesterone based estrous synchronization protocols have shown a 

reduced conception rate because the protocols tend to cause persistent follicles.  This seems 

to be attributed to the length of time the animal is exposed to progesterone whether through 

the use of a CIDR or MGA.  In a study by Xu and Burton in 2000, they showed that although 

an 8 day progesterone treatment resulted in a tight synchrony of estrus there were reduced 

conception rates.  With a protocol using a seven day progesterone treatment, the conception 

rates were more similar to those of natural service (Xu et. al., 2000).  The window of time 

that the cattle displayed estrus was greater in the seven day treatment than in the eight day 

treatment but the conception rates were greater (Xu et. al., 2000).  Both of these treatments 

showed an improvement in reproductive performance when compared with control cows (Xu 

et. al., 2000).   

In a study by Lucy and others in 2001 a seven day CIDR protocol with an injection of 

PGF2a on day six was an effective method of estrus synchronization in cattle.  These rates 

were higher than just using a PGF2a synchronization protocol or natural service (Lucy et. al., 

2001).  In cattle that were cycling the two protocols had similar numbers of cattle displaying 
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estrus in a three day window after the CIDR was pulled.  In animals that were not cycling the 

CIDR with the PGF2A, the CIDR/PGF2a protocol had a greater number of cattle displaying 

estrus after the CIDR was pulled (Lucy et. al., 2001).   

It has been shown that a seven day treatment with an intravaginal device that 

administers progesterone followed by a single injection of prostaglandin can effectively 

synchronize estrus in heifers and suckling beef cows (Smith et. al., 1984).  A protocol that 

called for a seven day intravaginal progesterone releasing device with an injection of 

prostaglandin 24 hours prior to device removal can also be an effective means of estrus 

synchronization (Smith et. al., 1984).  Both of these protocols minimize the frequency of 

injections when compared to other more complex protocols.   

Usually short term progesterone protocols are preferred but in some instances longer 

protocols can produce more consistent results after fixed time artificial insemination (Nash 

et. al., 2013).  These protocols usually involve a presynchronization with a progestin before 

giving either GnRH, PGF2a, or a combination of the two.  The study performed by Nash and 

associates used a CIDR insert for fourteen days and then waited 16 days before administering 

PGF2a and GnRH at the time of artificial insemination.  They compared this to a CIDR 

Select protocol that used a 14 day CIDR then a 9 day waiting period before GnRH was 

administered.  After GnRH was administered there was a 7 day waiting period before 

animals were timed artificially inseminated and given GnRH at insemination (Nash et. al., 

2013).  They found that the conception rates were similar from those using a CIDR Select 

protocol and those using what they referred to as a Show Me Synch.   
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Artificial Insemination 

 Artificial insemination involves passing an artificial insemination rod through the 

annular rings of the cervix to deposit semen in the body of the uterus.  There are several 

different types of rods that can be used to perform AI.  Placement of the rod is determined by 

palpation of the reproductive tract through the rectum of the cow.  Care does need to be taken 

so that the semen isn’t deposited in the fornix vagina or in one uterine horn or the other.  If 

the rod is too far and the semen is deposited in one of the uterine horns then this decreases 

the chance of conception because cattle ovulate from only one uterine horn at a time.  Also, 

one needs to make sure that the rod doesn’t move while they are dispelling the plunger.  It is 

a common mistake to pull the rod toward you when pushing the plunger and this could result 

in the semen being placed in the cervix instead of the uterus.   

Artificial insemination gives beef producers the opportunity to infuse superior 

genetics into their herd at a reduced cost compared to purchasing a sire of the same quality 

(Lamb et. al., 2009).  Artificial insemination has been slower to catch on in the beef industry 

than it has in the dairy cattle industry largely due to the amount of labor that is required.  It 

can be difficult to get up one animal that was determined to be in estrus to artificially 

inseminate them (Taponen, 2009).  In 2002, artificial insemination accounted for less than 

five percent of the replacements animals in the entire world’s beef cattle population 

(Vishwanath, 2003).  The recent advancements genetically in the dairy industry are largely 

due to the advances in semen technology and the rapid acceptance of artificial insemination 

(Vishwanath, 2003).  The main drivers to the uptake of artificial insemination are the cost of 



14 

 

 

 

 

the semen, cost of insemination and the overall success of the process (Vishwanath, 2003).  

Another reason why artificial insemination failed to catch on as quickly in the beef industry 

could be because it has been assumed that animals bred through natural service have more 

successful pregnancies than those bred artificially.  Recent studies have shown that there is 

no increase in submission rates or conception rates through exclusively natural mating, 

artificial insemination, or a combination (Vishwanath, 2003).   

 Artificial insemination as well as estrous synchronization can be used to reach the 

maximum reproductive efficiency, which is defined as obtaining the maximum number of 

calves from the parent stock per unit of time (VanDemark, 1961)  This can also help to reach 

the maximum reproductive efficiency (VanDemark, 1961).  Artificial insemination can 

increase the number of calves that the bull can produce several hundred-fold.  The ejaculate 

can be divided over multiple dams instead of all being deposited in one dam (VanDemark, 

1961).  Because of this, a sire’s sperm may be readily available even after the sire has died.  

This allows the genetics of the sire to be around for many more years.  The use of artificial 

insemination also allows producers to look at the sire‘s statistics that they are choosing so 

that they are able to more accurately choose a sire that will benefit their herd the most 

(Vishwanath, 2003).  

Artificial insemination also reduces the risks that come with natural mating such as 

the spread of venereal diseases, failure of a bull breeding soundness exam, infertility of the 

bull, lameness in bulls, damage to fences, poor conformation traits passed on to progeny, 
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danger that a bull poses to farm workers, and injury to cows while mating (Vishwanath, 

2003).    

It is recommended that beef cattle detected in estrus are bred using that AM/PM rule.  

The AM/PM rule states that when an animal is shown to be in heat then they should be bred 

twelve hours later.  For example, if an animal is viewed to be in estrus in the morning then it 

will be bred that evening.  If an animal is displaying estrus at night then they will be bred the 

following morning.   

Synchronizing Heifers vs. Postpartum Cows 

 When choosing an estrous synchronization protocol, the type of cattle and their level 

of maturity should be considered.  Both heifers and postpartum cattle have their own 

obstacles to overcome when synchronizing them.  Puberty and the period of anestrus after 

calving needs to be taken into consideration (Lamb, 2009).  The combination of the 

hormones used for the protocol can really dictate the conception rate and the success of the 

synchronization protocol.  Both puberty and postpartum anestrus are both considered to be a 

type of anestrus and can yield estrus cycles that are atypical and unpredictable.   

 Heifers can often be more difficult to synchronize their estrus because of short lived 

CLs that are formed after weaning (Bruel et. al., 1993).  This can also happen in mature cattle 

but is more typical in heifers or primiparous cattle.  The short lived CLs that are seen in 

heifers can be a sign of the transition between puberty and regular cyclicity (Bruel et. al., 

1993).  The use of progesterone in an estrous synchronization protocol can help increase 

fertility in animals that are experiencing short-lived CLs (Ramirez-Godinez et. al., 1981).   
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Estrus Detection Aides 

 Estrus detection is an important part of artificial insemination, especially if one is not 

using a timed artificial insemination protocol.  Estrus can often be difficult to detect since 

estrus lasts less than 24 hours and the peak time for an animal to display estrus is usually 

over-night. Around 43% of cows show signs of heat between midnight and 6:00am (Selk, 

2013).  Animals in beef facilities are usually kept in larger herds. Therefore, this can also 

cause difficulty in detecting estrus (Taponen, 2009).  For this reason there has been a demand 

for estrus detection aides that will increase the chances of finding an animal in estrus.   

 KAMAR Patches (KAMAR INC) are applied to the tail-head of the animal with glue.  

The patches are white when they are applied and contain a plastic vial of red ink in them.  

When an animal mounts, the vial will pop and the patch will turn red.  There is a chance of 

false positives with the KAMAR patches.  For instance, animals may move away after an 

animal attempts to mount them.  An animal could use a tree branch to scratch causing the 

KAMAR to be removed or give a false positive.  These cases are usually rare but the 

possibility does still exist.   

 Estrotect
™

 patches (Rockway Inc.) are another estrus detection aide.  These work 

very similar to a KAMAR in how they are applied.  They are also applied to the top of the 

tailhead.  Estrotect
™

 patches have silver scratch-off on top of red paper.  When a cow mounts 

another cow it will scratch off some of the red to expose the silver paper underneath.  With 

Estrotect™ patches it could take a couple mounts for the silver to scratch off.  Some animals 

have the opportunity to be mounted more than others so this could create some false 
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negatives with this method.  However, it eliminates some of the false positives that can be 

seen with the KAMAR patches.     

 Tail paint can also be used to detect estrus as a cheaper alternative to KAMARs or 

Estrotect
™

 patches. It is considered one of the most affordable methods (Selk, 2013). The tail 

paint does have a tendency to wash off during rain or other weather elements.  Cattle are also 

curious and have been known to lick off the paint (Selk, 2013).  To apply, paint the top of the 

tail head in the same area that a KAMAR or Estrotect
™

 patch is applied.  When an animal 

mounts the animal with the paint applied, the paint will be rubbed off.   

 Some facilities also use pedometers to help detect estrus.  Cattle are more active and 

typically walk more when they are in estrus.  For this method, the pedometer would need to 

remain on the animal and when a spike in activity occurs then that is indicative of estrus.  

Some facilities will also mount video cameras to video the cattle to determine when they are 

displaying estrus if they are not able to watch for estrus themselves.   

 Detector animals are also a viable option for estrus detection.  These animals are 

either surgically vasectomized or are hormone treated so that normal mating can occur but 

fertilization doesn’t.  Pen-O-Block devices are also available which attaches to the sheath and 

blocks contact with the female.  This method can however lead to infections of the bull 

(Foote, 1975).  There are some disadvantages to using detector animals such as the danger of 

keeping an aggressive bull, feed costs, transmission of venereal diseases, and the cost of 

surgery or hormones (Foote, 1975).   
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 Each method is different and it depends on the farm’s practices and their budget as to 

which method is the best fit for them.  Some farms may choose to just observe estrus if they 

work closely with their animals on a regular basis or if they have a small herd.  They can also 

chose this option if they have the labor available to detect estrus without the help of aides.  

Beef Quality Assurance and Injection Site Lesions 

 Beef Quality Assurance (BQA) for several years has made great strides to improve 

the quality of beef for consumers.  Great strides have been made to educate producers 

especially in terms of how to administer drugs to cattle to minimize injection lesions in the 

more expensive meat cuts.  This helps producers provide quality beef products that exceed 

the expectations of the consumer every time.  It is currently recommend that all vaccines, 

antibiotics, and hormones be administered in the neck  According to the 1995 National Beef 

Audit, injection site lesions cost producers $7.05 per head of animal or $188 million annually 

(BQA manual).  In a study by Roeber and colleagues from 2002, injection site lesions were 

reduced by five percent from 1998 to 1999 and by six percent from 1999 to 2000 (Roeber et. 

al., 2002).  These lesions are on the decline thanks to BQA.  

There are more injection site lesions in individual rounds of dairy cattle that are 

harvested than in beef cattle suggesting that there are more injections administered in the 

rump of dairy cattle throughout their lifetime than in beef cattle (Roeber et. al., 2002).  Cattle 

that are subjected to more stress typically have more blemishes because more antibiotics are 

required to ensure that these animals stay healthy (Dexter et. al., 1994).  In the beef industry, 

the incidents and the size of blemishes are decreasing over time and the number of different 
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types of blemishes are also decreasing indicating that the blemishes are originating from 

cow/calf, stocker, or early in the finishing stages (Dexter et. al., 1994).   

 Injection site lesions are one of the top concerns for meat quality (Dubeski et. al., 

2001).  Injections can cause a lesion at any age and these lesions can last throughout the 

cow’s life until the time they are harvested (Dubeski et. al., 2001).  The costs of these lesions 

include the amount of trim discarded, devaluation of cuts containing lesions, labor to remove 

the lesions and the process to salvage the meat (Dubeski et. al., 2001).  The semi-

membranosus muscle in beef cattle seems to be the muscle that is the most affected by 

injection site lesions (Roeber et. al., 2002).   

 There have been several studies conducted with various vaccines and antibiotics 

administered in the rump and the effects that it causes in the meat quality.  It appears that the 

size and appearance depend on what was being injected (Dubeski et. al., 2001).  Clear and 

woody lesions typically occur from injections early in the animal’s life, metallic or nodular 

lesions occur in the mid to late finishing period and cystic lesions typically occur in the 

finishing stages (Roeber et. al., 2002).  Clear and woody lesions are typically the most 

common (Roeber et. al., 2002).   Lesions increase shear force values of the meat making the 

meat less tender (Dubeski et. al., 2001).  In larger lesions the shear force value was found to 

be highest in the center of the lesion (Dubeski et. al., 2001).  It is thought that the smaller 

lesions may contribute to more tenderness issues than the larger lesions (Dubeski et. al., 

2001) simply because the larger lesions are easier to identify and are less likely to be hidden 

under muscles or fat (Dexter et. al., 1994).   
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 Even though improvements are being made to better educate producers and to 

improve the quality of meat, it is clear that there are still more improvements that need to be 

made.  This will ensure that we are providing consumers with the highest quality of meat 

possible.   

Introduction 

 The beef industry in the United States as well as North Carolina is always looking for 

ways to improve the quality of the beef produced and produce more calves.  This will ensure 

our ability to continue to produce enough beef for our growing population.  The desire to 

improve the quality of beef is the founding principle of the Beef Quality Assurance program.  

Due to the chance of injection site lesions, it is recommended that all injections be 

administered in the neck.  This goes against the common thought that if hormones are 

administered in the rump they will be more effective in synchronizing estrus.  The rump is 

also easier to access for producers.  For these reason we chose to investigate if there was a 

difference when hormones were administered in the neck or the rump with two different 

estrous synchronization protocols over the course of three years at both North Carolina State 

University as well as The Ohio State University.  We also investigated a type of short CIDR 

(seven day) pre-synchronization with a 21 day wait period before insemination to investigate 

its effect on conception rates.  We believe that neither the injection site nor the delayed 

insemination will have an effect on conception rates.   

 A common goal of the beef industry is to have one calf per cow per year and for 

calves to have an increased weaning weight while minimizing the cost of production.  Other 
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countries have had success with using estrogen in estrous synchronization protocols to 

replace GnRH.  This could especially benefit when synchronizing cattle that are influenced 

by the Bos indicus breeds.  I believe that the estrogen synchronization protocol (PRO17) will 

do a better job of synchronizing estrus and have a higher conception rate than the standard 

Co-synch protocol.   
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MATERIALS AND METHODS 

Experiment 1 

 For experiment 1 the animals were maintained at Butner Research Station owned by 

North Carolina Department of Agriculture and Consumer Services.  The cattle were Angus or 

Angus cross (n=122).  At the start of the trial, cattle were randomly assigned to a treatment 

group (Figure 1) based on age and breed.  The animals calved in October of 2012 and 

treatment started in January of 2013. 

 Treatment 1 (n=78) animals were weighed and body condition scored on day 21 

(Table 1) after the trial started.  CIDR’s
TM

 (Zoetis Animal Health, Florham Park, NJ) were 

put in on Day 21 as well (Table 1).  On day 21(Table 1) these animals were injected with 

Lutalyse™ (Zoetis Animal Health, Florham Park, NJ) 25 mg and the injection sites were 

alternated depending on when they came through the chute.  Animals were either given 

injections in the neck or in the rump (Figure 3).  The CIDRs (Zoetis) were also pulled on day 

28 and KAMARs were applied (Table 1).  Estrus was detected and those in estrus were bred 

using the AM/PM rule on days 28 and 29 (Table 1).  The remaining animals were given 

GnRH (Cystorelin 100 ug)and time bred on day 31 (Table 1).   

 For treatment 2 (n=44), animals were body conditioned scored, weighed, and CIDRs 

put in on day 0 (Table 1 and Figure 1).  On day 7, the CIDRs were pulled and KAMARs 

were applied. Lutalyse
® 

(PGF2a) was given alternating injection sites between neck and 

rump (Figure 3) based on the order that they entered the chute (Table 1).  Heat was checked 

for twice a day and recorded on days 8-11 (Table 1).  The KAMARs were removed and 



26 

 

 

 

 

labeled with the animal’s eartag information.  Another KAMAR was applied on day 28 

(Table 1).  On days 29 and 30, they were observed two times a day for estrus and bred using 

the AM/PM rule (Table 1).  On day 31 the animals not bred off of standing heat were given 

GnRH in the neck and timed AI bred (Table 1).  All of the KAMARs were removed and 

labeled with the animal’s eartag information in order to keep track of heat detection.   

 Both treatment groups were turned in with a clean-up bull on day 45.  They were 

ultrasounded for conception rates and pregnancy rates around day 60 and 100. 

Experiment 2 

 Experiment 2 was conducted at The Ohio State University Agriculture Technical 

Institute in Wooster Ohio over two consecutive years (year 1 n=101, year 2 n=75).  All of the 

cows were synchronized using a CoSynch + 7 day CIDR protocol (Figure 2).  On day 0, the 

animals were administered GnRH and a CIDR was inserted.  On day 7 Lutalyse was given 

and the CIDR was pulled.  Estrus was detected from day 7 to day 10 and animals were bred 

using the AM/PM rule.  On day 10 only animals not bred were given GnRH and AI was 

performed.  Pregnancy status was determined via ultrasonography on day 70 post breeding. 

 The only difference between treatment 1 and treatment 2 was the area of injection for 

Lutalyse (PGF2a) (Figure 3).  Animals were randomly assigned to receive injections in the 

neck (n=87 for combined years) or in the rump (n=88) for the combined years).  Also for the 

second year, blood was taken ten days prior to CIDR insertion for hormone assays for serum 

for both progesterone and estrogen.  All of the blood samples had the serum separated and 

were stored in the freezer until the assays were performed 
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Experiment 3 

 This study was originally conducted at Bar L Ranch, Marianna, Florida (year 1 

n=152, year 2 n=152 year 3 n=199) and was replicated at Circle A Ranch in Stockton, 

Missouri (n=274).  All of the cattle at a particular location were fed the same diet.  Blood 

samples were collected at Bar L Ranch (year 3 only) via venipuncture of the jugular vein on 

d -24, d -14 and d -7 relative to CIDR removal and blood samples were collected at Circle A 

on d -17 and d-7 relative to CIDR removal. Treatment 1 received a standard CoSynch 

protocol with GnRH being administered at day 0 when a CIDR was put in (Figure 4).  Seven 

days later the CIDR was pulled and PGF was given.  The cattle were then observed to be in 

heat and bred using the AM/PM rule.  Cows are then ultrasounded (Aloka 500V, 3.5 mHz 

transducer, Corometrics Inc., Wallingford, CT) for pregnancy on days 56 and 120 after 

inseminations.   

 Treatment 2 received a PRO17 protocol (Figure 4).  PRO17 is a mixture of 50 mg of 

progesterone in combination with 2.5 mg estradiol 17  (Diamondback Drugs, Scottsdale, 

AZ [PRO17] Bar L; Med Shop Total Care Pharmacy. Longview, TX, Circle A).  We did 

have a prescription to administer the estrogen to the cattle at both locations.  PRO17 was 

given when the CIDR was inserted.  Seven days later the CIDR was pulled and PGF was 

administered on day 7.  On day 8 estradiol 17 beta was administered.  The animals are then 

observed for estrus and bred using the AM/PM rule.  They were ultrasounded for pregnancy 

56 and 120 days after inseminations.   
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 Progesterone assays were performed on the blood samples.  17a-OH Progesterone 

Coat-A-Count
®
 tubes (Diagnostic Products Corporation) were used and a standard 

progesterone assay was performed as validated for bovine serum in our laboratory (Whisnant 

and Burns. 2002).  All of the blood samples had the serum separated and were stored in the 

freezer until the assays were performed.  The blood samples that were taken 10 days prior to 

CIDR insertion were assayed on the same day and the blood samples that were taken at 

CIDR insertion were assayed together.   

Statistical Analysis 

 All experiments were analyzed using a PROC MIXED model in SAS 9.3 by the SAS 

institute in Cary NC. The mixed model was used to look at individual variables as well as 

interactions with the variables.  It examined variables such as treatment, injection site, age, 

BCS, location, hormone concentrations, year, as well as their interactions.  Anything with a 

p-value that was less than 0.05 was considered statistically significant.  A p-value of 0.05-

0.099 was considered to be a tendency and anything with a p-value over 0.1 was considered 

not statistically different.   
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RESULTS 

 

Experiment 1 

 It was found that age had no affect on our conception rates (p=0.84).  Body condition 

score (BCS) also had no effect on conception rates (p=0.87) (Table 2).  It was also found that 

breed had no effect on conception rates. (p=0.20) (Table 2).   

Treatment, either insemination immediately after synchronization or waiting 21 days 

after synchronization, had no effect on first service conception rates(p=0.53).  Treatment 

1(CIDR-PG) had a 57.61% conception rate and treatment 2 (CIDR-PG + 21 day wait) had a 

50.38% conception rate.  Injection site had no effect on first service conception rate (p=0.78) 

(Table 4).  There was a first service conception rate of 54.72% for those that received an 

injection in the rump and 53.27% for those animals that received an injection in the neck.  

There was no treatment/ injection site interaction (p=.56).  The conception rate for animals in 

treatment one receiving injections in the neck was 60.3%, and those in treatment 2 receiving 

injections also in the neck had a conception rate of 46.5% (Figure 5).  Animals in treatment 2 

receiving injections in the neck had a conception rate of 54.9% and those in treatment 2 

receiving injections in the rump had a conception rate of 54.5% (Figure 5).  There was a 

tendency for the insemination time, either breeding off of standing heat or timed artificial 

insemination, to have an effect on pregnancy (p=0.086).  Those that were bred off of 

observed standing heat had a conception rate of 64.09% and those bred off of timed AI had a 

conception rate of 43.91%.   
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Experiment 2 

 For the first year of the data, injection site region had no effect on conception rates 

(p=0.85).  Those that received injections in the neck had a conception rate of 57.45% and 

those that received injections in the rump had a conception rate of 55.56%.  Individual that 

inseminated the animal had no effect on conception rates (p=0.75).  The age of the animal did 

not have an effect on conception rate (p=0.47).  Breed of the animal also didn’t cause any 

effect on overall conception rates (p=0.30) (Table 2).   

 For the second year, there was still no breed effect (p=0.21) or age effect (p=0.21).  

There was also no effect of injection site (p=0.98).  There was a conception rate of 69.23% 

with animals that received their injection in the neck and a 69.44% conception rate with 

animals that received their injections in the rump.  There was a tendency for an effect for 

time of insemination to effect the conception rate (p=0.05).  Those bred off of standing heat 

had a conception rate of 77.78% and those that were bred off of TAI had a conception rate of 

56.67%.  In addition to breeding data blood was collected prior to CIDR insertion to analyze 

for progesterone and estrogen to determine if a CL was present on the ovary.  This was then 

used to see if the treatment and other parameters affected it.  It was shown that neither 

treatment (p=0.34), age (p=0.68), or breed (p=0.35) had an effect on the progesterone 

estrogen ratio.   

 The data was then combined and there was a tendency for a year affect (p=0.08).  

When the data was combined there was a strong effect of insemination time on conception 

rates (p<0.05) (Figure 8).  There was a 70.71% conception rate for those bred off of standing 
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heat and a 50.65% conception rate for animals bred off of timed artificial insemination.  

There was no effect of injection region on conception rate (p=0.82).  The conception rate of 

animals receiving injections in the neck was 62.79% and those that received injections in the 

rump were 61.11% (Figure 7).  With the combined data there was also no effect of breed 

(p=.1659).   

Experiment 3 

 At the first location (Bar L Ranch in Marianna, Fl) the study was conducted from 

2006 to 2009.  The culling rate was investigated as individual years and there was no effect 

of treatment on culling rate (yr 1- p=0.35, yr 2- p=0.33, yr 3- p=0.82) (Figure 15).  The 

individual years could not be combined due to a strong year effect (p<0.0001).  Calving 

interval was also not impacted by treatment when individual years (yr 1- p=0.22, yr 2-

p=0.18, yr 3-p= 0.79) were looked at (Figure 13).  When the years were combined for 

calving interval there was a strong year effect (p<.0001).   

Conception rates were able to be pooled due to no year effect (p=0.38). Conception 

rates from the combined years showed a strong preference toward the PRO17 protocol with a 

conception rate of 49.00% and a conception rate of 22.6% with the GnRH protocol (P<.0001) 

(Figure 10).  All the individuals years showed a statistical difference in favor of the PRO17 

protocol (yr 1- GnRH 22.4% vs. PRO17 40.8% p=0.01, year 2 GnRH 22.4% vs. PRO17 

56.6% p-value<.0001, year 3 GnRH 23% vs. PRO17 49.5% p- value <.0001).   

Cattle were categorized by phenotype into different percent Brahman influence.  

Conception rates were then compared by percent Brahman to see if there was an effect on 
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conception rates.  There seemed to be an effect of the percent Brahman on conception rate 

with the 0% Brahman having a higher pregnancy rate (Figure 11).  There was also an 

interaction between treatment and percent Brahman interaction (Figure 12).  The blood 

samples were used to determine cyclicity prior to synchronization.  There was no effect of 

cyclicity on treatment (p>.1).  There was a tendency for a treatment and cyclicity status 

interaction (p=.09).  There was some effect of treatment on individual years of weaning 

weight.  For year 1, there was no effect (p=0.21) but for year 2 there was an effect of 

treatment on weaning weight (GnRH 471.3 vs. PRO17 498.6 p-value= 0.008).  For year 3 

there was a tendency for treatment to affect weaning weights (GnRH 450.3 vs. PRO17 466.9 

p-value= 0.098) (Figure 14).  When the years were combined there was a strong year effect 

(P<.0001).   

 At the second location, pregnancy rate was impacted by treatment (p= .0167).  The 

PRO17 treatment had a conception rate of 63.97% and the GnRH treatment had a conception 

rate of 49.64% (Figure 16).  The study was conducted over several pastures at the second 

location.  There was not a strong effect for a pasture effect (.05<p>.1) so the pregnancy data 

was able to be pooled from the two locations.  When the two locations were combined there 

was a strong location effect (p<.001).   
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DISCUSSION 

 

 From the results of experiment 1 and 2, it can be determined that no matter the 

estrous synchronization protocol, giving the PGF in the neck is just as effective as giving 

them in the rump.  This proves producers should follow the recommendations from BQA that 

injections should be administered in the neck to help improve the quality of meat that we 

offer to consumers (BQA guidelines).  

 It was also interesting to see that there was a higher conception rate when animals 

were bred off of observed estrus that timed artificial insemination.  A timed artificial 

insemination protocol requires more precise synchronization of estrus which can yield lower 

conception rates (Perry et. al., 2002).   From this it can be recommended that if the resources 

are available to do heat detection whether through estrus detection aides or through 

physically watching for heat it can make a difference in the success of one’s protocol.  Care 

needs to be taken to make sure that the benefit of a higher conception rate outweighs the 

extra cost and/or time that is associated with estrus detection.  These expenses can include 

the use of estrous detection aides and labor to physically look for estrus (Selk, 2013)  Age of 

cattle can also have an effect on the timing of ovulation after synchronization which can 

make timed artificial insemination tricky at times (Tenhagen et. al., 2004).  It has also been 

shown in heifers that breeding off of observed estrus can yield higher conception rates 

because heifers can be difficult to synchronize to timed artificial insemination (King et. al., 

1994).  This is largely due to the fact that heifers mature at various rates (King et al., 1994).  
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Breeding off of observed estrus is not always best for dairy cattle because they show estrus 

for a shorter period of time and sometimes it is muted (Dalton et. al., 2005).   

 It was also shown that a 21 day waiting period in between synchronizing and 

breeding has no effect on conception rates.  This is a type of pre-synchronization protocol 

and also demonstrates that when animals are synchronized they will remain in synchrony for 

a period of time.  A common concern with using a CIDR synchronization protocol is that the 

follicle that is ovulated before insemination is older than and not as viable as one that is 

ovulated naturally.  This is illustrated in protocols that require long term CIDR exposure.  

For instance, protocols that use longer progesterone exposure usually synchronize estrus to a 

tighter window of time, but with reduced conception rates (Xu et. al., 2000) CIDR protocols 

that required a CIDR to be inserted for 7 days or less yielded conception rates that were more 

similar to natural service (Xu et. al., 2000).  The reason that the longer progesterone 

treatments yielded reduced conception rates could be because the follicle that was ovulated 

was overly mature.  If a protocol that used a 14 day CIDR was compared to a 14 day CIDR 

plus a 21 day wait, there might be a tendency for the 14 day CIDR plus 21 day wait protocol 

to yield higher conception rates.   

 Although there was no significant difference shown between the GnRH protocol and 

the PRO17 protocol in experiment 3 for calving interval, the raw data showed a shortened 

calving interval by a few days in the PRO17 treatment group.  If there were more numbers it 

would help show clearly if there was a true significant difference or not.  Calving interval in 

artificial insemination and timed artificial protocols is typically at least ten days shorter than 
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protocols using natural service (Rodgers et. al., 2012).  With a shortened calving interval it is 

also important to consider the increased amount of labor needed to ensure that calves are 

taken care of with more calves being born closer together (Gaines et. al., 1993).  It would be 

interesting to see how these protocols compared to a natural service-based protocol.  The 

reason for no difference in the calving intervals could be that two estrous synchronization 

protocols are still being compared.   

 Weaning weights were slightly different depending on the year.  This could be 

because weaning weight can also be influenced by several other parameters such as genetics 

and environment (Williams et. al., 2012) and not just estrous synchronization.  Weaning 

weights from calves that were produced from estrous synchronization typically have more 

uniformed weaning weights because they were born in a shorter calving interval (Rodgers et. 

al., 2012). Calves are typically around ten pounds heavier at weaning (Rodgers et. al., 2012). 

 The PRO17 protocol was more successful than a standard Co-synch for increasing 

conception rates.  From this it can be conclude that if estradiol were approved for use in beef 

cattle in the US that it would be a viable option for a timed artificial insemination protocol.  

This is conclusive with previous research showing that a standard Co-synch and a PRO17 

type estrous synchronization and timed AI protocol resulted in similar results in Bos Indicus 

cattle (Fernandes et. al., 2000).  Bos Indicus cattle are typically harder to synchronize estrus 

than Bos Taurus cattle so if the cattle we used were a higher percent Bos Indicus, it would be 

expected for the conception rates to be closer.  If this type of protocol became commercially 

available for beef producers in the US it could eventually lower the cost of estrous 
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synchronization and timed AI since in countries were estradiol is available it cost less than 

GnRH agonists (Fernandes et. al., 2000).   

 In conclusion, we found that the injection site has no effect on the success of an estrus 

synchronization protocol.  Once estrus is synchronized, cattle’s estrous cycles will remain in 

synch for at least one estrous cycle following synchronization and conception rates don’t 

differ from cattle bred immediately following estrus or a 21 day waiting period in a CIDR-

PG protocol.  PRO17 based protocol using estradiol has an increased conception rate when 

compared to a standard Co-synch protocol.   
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TABLES 

Table 1: Calendar for Protocol for Experiment 1 

This shows the materials and methods for experiment 1 in a calendar format.  The only item 

not shown on the calendar is when the animals were ultrasounded for conception rates and 

pregnancy rates.  This was done around day 60 for conception rates and day 100 for overall 

pregnancy rates.   

 

  Jan 1
st
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nd
 Jan 3

rd
 Jan 4

th
 Jan 5

th
 

Jan 6
th

 Jan 7
th- 

 
TRT 2 weights, 

BCS, CIDRS in 

Jan 8
th
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th
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th
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th
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13
th
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th
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TRT 2- pull 
CIDRs, give 

Lutalyse, apply 

KAMARS 

Jan 15
th
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detect 2x a day 

Jan 16
th
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detect 2x a day 

Jan 17
th
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detect 2x a day 
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TRT 1 pull 
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TRT 2 apply 
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Feb 5
th 
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heat 2x a day 

Breed using 

AM/PM 

Feb 6
th

  

TRT 1&2 check 

heat 2x a day 

Breed using 

AM/PM 

Feb 7
th

  

TRT 1&2 Time 
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Feb 8
th
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th
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th
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th

 Feb 13
th
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th
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th
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th
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39 

 

 

 

 

 

Table 2: Other Parameters Investigated for Experiment 1 and 2 

Table 2 shows other parameters that were investigated that were not considered significant to 

the study for experiment 1 and experiment 2.  These parameters were investigated to see if 

they had a significant effect on conception rates.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Location  Variable  P-value  

OSU  Year  .0823  

 Age (combined)  .1378  

 Breed (combined)  .1659 

 Trt*year  .1213  

 Trt*SH  .9080  

 INS  .9199  

Butner  Diet  .2529 

 BCS  .1266 

 Age  .2493 

 Breed  .0881 

 Breed*Trt  .7780 

 Trt*ING  .5593 

 Trt*INS  .5584 
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Table 3: Other Parameters Investigated for Experiment 3 

This table illustrates the other parameters that were investigated in Experiment 3 at the two 

different locations.  BCS, DPP (days post partum), pasture, and location were investigated to 

see if they had an effect on conception rates.   

 

Location  Variable  P-value  

Bar L    

 BCS  .1165  

 BCS*TRT  .3567  

 DPP  .8025  

 DPP*TRT  .3403  

Circle A    

 BCS  .7046 

 BCS*TRT  .2851  

 Pasture  .0577  

Circle and Bar 

L  

Location  .00001  
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Table 4: Conception Rates for All Experiments 

This table shows the conception rates of all 3 experiments.  These were not compared 

between experiments.  The GnRH and PRO17 conception rates were statistically different.  

The control and the 21 day wait treatments were not statistically different and neither were 

the injection site effects.   

 

Experiment Location Treatment Conception 

Rate 

1 Butner 1 (control) 57.61%
a 

1 Butner 2 (21 day wait) 50.38%
a 

1 Butner Neck 53.27%
x 

1 Butner Rump 54.72
x 

2 OSU Neck 62.79% (2 years 

combined)
y 

2 OSU Rump 61.11% (2 years 

combined)
y 

3 Bar L GnRH 22.6%
b 

3 Bar L E/PRO17 49.0%
c 

3 Circle A GnRH 49.6%
e 

3 Circle A E/PRO17 63.97%
f 
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Table 5: SH vs. TAI Conception Rates for Experiments 1 and 2 

This table shows the conception rates for animals bred off of standing heat or timed AI for 

both the OSU location and Butner location.  Please note that this data could not be pooled 

since two different estrous synchronization protocols were used.   

 
Experiment Location SH or TAI Conception Rate 

1 Butner SH 64.09%
a 

1 Butner TAI 43.91%
b 

2 OSU SH 70.71%
c 

2 OSU TAI 50.65%
d 
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FIGURES 

 

Protocol for Experiment 1 

 

 
 

Figure 1: This gives a visual of the protocol that was followed in experiment one at BBCFL.  

The key is located in the top corner.  During the period between the Lutalyse (PGF) injection 

and day 0, estrus was observed and recorded leading to the intensity and duration of estrus 

being recorded.  Animals in treatment 1 were bred on the first estrus after synchronization 

and animals in treatment 2 were bred off of the second estrus after synchronization.  Both 

treatment groups received Lutalyse injections at alternating locations of either the neck or 

rump.  US stands for Ultrasound, BL stands for blood collection, BCS stands for body 

condition score, and I&D stands for intensity and duration of estrus.   
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Protocol for Experiment 2 

 
Figure 2: Estrous synchronization protocol that was used for all cattle in Experiment 2.  

During experiment 2 at OSU the only difference between the treatment groups was the site of 

injection for Lutalyse (PGF).  These injections were either given in the neck or the rump.     
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Injection Site Locations for Experiment 1 and 2 

 

 
Figure 3:  

Injection sites that were alternated between for both experiment 1 and experiment 2.  The 

injection regions are approximate in this diagram.   
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Protocol for Experiment 3 

 

 
 

Figure 4: Treatments for Experiment 3 that were used at both locations.  The only difference 

between the locations was there was an addition bleed date at Bar L that was 20 days prior to 

CIDR insertion.   

  



47 

 

 

 

 

 

Treatment/Injection Site Conception Rates for Experiment 1 

 

 
 

Figure 5: There was no interaction between treatment and injection site (p=.56).  The 

conception rates for treatment 1 (no 21 day wait) that received injections in the neck was 

60.3% and the conception rate from treatment 2 (21 day wait) that received injections in the 

neck was 46.5%.  For treatment one neck injection site conception rate was 54.9%.  The 

treatment 2 rump injection site conception rate was 54.5%.  Total number of animals used in 

experiment 1 is 122.   
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Injection Site Effect on Conception Rates for Experiment 2 (OSU) 
 

 
 

Figure 6: Combined first service conception rates of the two years of experiment 2 (n=176).  

It investigates the injection site effect on neck or rump (p>.1) 
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Breeding off of Standing Heat vs. TAI for Experiment 2 (OSU) 

 

 
 

Figure 7: First service conception rates from the combined 2 years of the data taken for 

experiment 2 investigating those bred off of standing heat or those bred off of timed artificial 

insemination (n=176).   
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Injection Site Effect on Conception Rates for Experiment 1 and 2 (BBCFL and OSU) 

 

  
 

Figure 8: Conception rates from animals that were given Lutalyse (PGF) in the neck versus 

in the rump at both locations.  Please note that the data could not be combined since there 

were two different estrous synchronization protocols used at the two different locations.  The 

conception rates are shown imbedded in the bars of the graph.  
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Treatment Effect on Conception Rates for Experiment 3 (Bar L) 

 

 
 

Figure 9: The conception rates were statistically different among treatment groups at Bar L 

for the combined 3 years that the study was conducted (p<.05).  The conception rates favored 

the PRO17 protocol (n=503 for the combined 3 years).   
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Percent Brahman Effect on Conception Rates for Experiment 3 (Bar L) 

 

 
 

Figure 10: Relationship between percent Brahman genetics of cow and conception rates   

65.38 

32.31 36.74 33.33 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0%Bra 13%Bra 19%Bra 38%Bra 

PerBra Effect on Conception Rate 
Experiment 3 Location 1 

a 

b 
b 

b 

a 



53 

 

 

 

 

 

Percent Brahman/Treatment Interaction for Experiment 3 (Bar L) 

 

 
 

Figure 11: The treatment/percent Brahman interaction was investigated.  There was an 

interaction between percent Brahman and treatment.  It seems that the PRO17 protocol 

increased conception rates in the Brahman influenced cattle when compared to the GnRH 

protocol until the 38% Brahman category.  This could be due to fewer numbers being in this 

group (n=13).   
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Treatment Effect on Calving Interval for Experiment 3 (Bar L) 

 

 
 

Figure 12: The effect of treatment on calving interval from each year that the study was 

conducted at Bar L.   
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Treatment Effect on Weaning Weights for Experiment 3 (Bar L) 
 

 
 

Figure 13: Treatment effect on weaning weighs for each year the study was conducted at Bar 

L.  There was no effect on year one. For year two there was an effect and for year three there 

was a tendency.   
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Culling Rate by Year for Experiment 3 (Bar L) 

 

 
 

Figure 14: Individual culling rates for each year.  Due to a strong year effect this data could 

not be combined.  There was no effect of treatment on the individual years culling rate.   
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Treatment Effect on Conception Rates for Experiment 3 (Circle A) 

 

 
 

Figure 15: Conception rates between treatment was statistically different in favor of the 

PRO17 protocol (p<.05) at location 2 (Circle A).   
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