
ABSTRACT 

 

COMPTON, ELIZABETH CLAIR.  Ovulation Synchronization and Timed Artificial 

Insemination in Goats.  (Under the direction of Charlotte Farin.) 

 

This study examined the efficacy of a modified ovulation synchronization protocol with 

timed artificial insemination (NCSynch-TAI) in Boer does during different times in the 

breeding season.  Experiment 1 was conducted over two years in two replicates.  Does were 

synchronized using NCSynch-TAI (n=41) and were bred at a fixed point in time whereas 

control does (n=41) received two shots of prostaglandin 10 days apart and were bred by AI 

based on observed estrus. Treatments were administered during the breeding season in late 

September-early October and were scheduled such that animals in each treatment group were 

bred during the same 4-day period for each experimental replicate.  In Replicate 1 does were 

checked for signs of estrus every 12 hours for two days prior to and two days following TAI 

using two intact bucks maintained across a fence line.  In Rep 2, does were checked for 

estrus using two vasectomized bucks.  One buck was maintained across the fence line and the 

other was fitted with a marking harness and housed with the does.   Estrus was identified in 

83% of NCSynch-TAI does and in 90% of control does.  Pregnancy and kidding rates were 

73%, 77% and 53%, 73% for the NCSynch-TAI group and control groups, respectively.  In 

Experiment 2 all does (n=18) were synchronized during the early breeding season (late July-

early August) using the NCSynch-TAI protocol.  FSH was used in conjunction with the 

NCSynch-TAI protocol in an attempt to increase ovulation rate.  Does were randomly 

assigned to one of three treatment groups.  Two treatment groups received a single 

subcutaneous injection of FSH (100mg) on protocol D 14 ( FSH 1, n=6) or  D 12 (FSH 3, 



 

n=6).  Does in the third treatment group (control, n=6) received a subcutaneous injection of 

saline on protocol D 12 (n=3) or D 14 (n=3).    Folliculogenesis and ovulation rate were 

monitored by ultrasonography.  There were no differences between treatment groups in 

follicle number or size, post-ovulatory number or size, or ovulation rates (p>0.05).  

Pregnancy rate was 6% with only one doe becoming pregnant.  Progesterone profiles in the 

FSH treated groups differed significantly from the controls (p<0.05).  In Experiment 3, does 

(n=22) were randomly assigned selected into one of two treatment groups during the early 

breeding season (late July-early August).  Does in group 1 (CIDR, n=12) received a 

progesterone releasing Controlled Intravaginal Drug Releasing Insert (CIDR®).  CIDRs® 

remained in place for six days and were removed on D 0.  Does in group 2 (control, n=10) 

did not receive a CIDR®.  At the time of CIDR® removal, all does (groups 1 and 2) were 

synchronized using the NCSynch-TAI protocol.  Progesterone concentrations were used to 

determine stage of cycle, responsiveness to treatment and pregnancy status.  No does were 

pregnant in either treatment group.  However 41% of does were diagnosed with hydrometra 

at gestational day 43.  The incidence of hydrometra reported in this study is much higher than 

previously reported.  Progesterone profiles for does in the CIDR treatment group differed 

significantly (p<0.05) compared to controls with the induced CL appearing more similar to 

normal cycle.  The NCSynch-TAI protocol is successful in generating high pregnancy rates 

during the breeding season.  Additional protocol modifications are necessary before it can be 

used successfully during the early breeding season.
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Literature Review 

Introduction 

 

Goats are used in countries around the world for both meat and dairy production and 

were the first species domesticated by man for the production of meat, milk, skin, and fiber 

(Boyazoglu et al., 2005).  Goats can be found in a wide range of climates and are managed 

using a variety of husbandry techniques (Boyazoglu et al., 2005).  Despite the fact that goats 

can be intensively managed with high inputs for specialty markets, most goat production 

occurs in developing countries in an effort to provide meat and milk for a family’s 

consumption (Gall, 1981).  Therefore, goat production is primarily associated with poverty 

and has thus, been neglected in development plans of many countries (Gall, 1981).  

Fortunately, there has been a change in this attitude over the past forty years and, more 

recently, producers have become interested in exploiting goats for their attributes which 

include adaptation to adverse climatic conditions and early slaughter age (Gall, 1981; 

Boyazoglu et al., 2005).  Efficient management is then used to minimize any disadvantages 

they possess which can includes restricted breeding seasons and susceptibility to theft and 

predation (Gall, 1981).  Goat producers interested in highly intensive management systems as 

well as producers in countries where vegetation is scarce at times are able, with efficient 

management, to take advantage of a special market for their products (Boyazoglu et al., 

2005).   
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Dairy and meat goat breeds 

 

Goats offer a less expensive and easier to manage alternative to cattle production in 

less developed countries where space and capital are limited (Gall, 1981).  In western 

countries goats are primarily considered a source for dairy products.  However in developing 

countries they are chiefly raised for meat products (Gall, 1981).  This is likely due to the 

constant input cost as well as lack of refrigeration.  It is also difficult to quantify goat milk 

consumption in developing countries because it is not widely sold but instead is locally 

consumed (Dubeuf et al., 2004).  However, goats also possess dairy potential as one of their 

main attributes (Gall, 1981). Most of the more productive dairy goat breeds found today are 

derived from European breeds (Gall, 1981).  In the United States, Nubian, French Alpine, 

American La Mancha, Saanen, Toggenberg, and Oberhasli are six of the most popular dairy 

goat breeds (Harris, 2003).   

The Alpine breed is the US is described as large, rangy and angular with a minimum 

weight of 55 kg (Gall, 1981).  It is composed of several varieties including the most popular 

French Alpine along with less common British, Rock and Swiss Alpine (Harris, 2003).   

Average milk yield for Alpine goats is 1990 lbs per lactation with 3.56% fat and 3.06% 

protein (Harris, 2003).    

Top Spanish goat sires were selected throughout the 1920s-1930s to produce a new 

breed, La Mancha, which is commonly found in the southern United States (Gall, 1981).  The 

breed is often characterized by its very small ears, known as “gopher” or “elf” ears (Harris, 
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2003).  La Mancha goats are medium sized and hardy (Harris, 2003).  Average milk yield for 

La Mancha goats is 1712 lbs per lactation with 3.8% fat and 3.29% protein (Harris, 2003).   

Saanen goats originated in the Saanen valley in the Bernese Oberland, Switzerland 

(Gall, 1981).  The breed has been exported to many countries and is considered the most 

widely distributed of the improved breeds (Gall, 1981).  Saanen goats are the largest sized 

dairy breed and are white short-haired and hornless (Gall, 1981).  Average milk yield of 

Saanen goats is 2077 lbs per lactation with 3.52% fat and 3.02% protein (Harris, 2003).  

Saanen goats are considered to be analogous to Holstein cows due to their large volume of 

milk production with low fat content (Park, 1998). 

Toggenburg is another Swiss breed of dairy goat.  Toggenburgs are smaller and have 

a lower milk yield than the Saanen breed (Gall, 1981).  Toggenburgs are mouse-grey colored 

with white stripes on the face and feet (Gall, 1981).  Their average milk yield of is 1915 lbs 

per lactation with 3.38% fat and 3.01% protein (Harris, 2003).   

The less popular Oberhasli is another breed that originated from Switzerland (Gall, 

1981).  This breed is characteristically chamois-colored and is medium in size (Gall, 1981).  

Average milk yield of Oberhasli goats is 1890 lbs of milk per lactation with 3.5% fat and 

2.9% protein (ADGA DHIR, 2000). 

Nubian goats are derived from the Anglo-Nubian goats of Great Britain.  These goats 

are tall, lop-eared and have a Roman nose (Gall, 1981).  The average female weighs 64 kg or 

more and milk yield is good but is lower than that of Alpine breeds (Gall, 1981).  Nubian 

goats are considered to be analogous to Jersey cattle because of their lower volume of milk 

production compared with high fat content (Park, 1998).  The average milk yield for Nubian 
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goats is 1572 lbs per 305 day lactation with 4.61% fat and 3.66% protein (Harris, 2003).  

Nubian goats are also considered dual purpose because they are often used for both dairy and 

meat production (Gall, 1981).   

Dairy goat production 

There are three main types of milking systems that are used in caprine dairy 

production (Gall, 1981).  The first and most simple system is milking in the barn (Gall, 

1981).  This system uses an elevated floor where the goats can be securely tied and 

maintained clear of bedding (Gall, 1981).  The does are milked by hand and the milker works 

his way behind the goats (Gall, 1981).  The does are not offered feed or moved during 

milking (Gall, 1981).   

The second type of system used in dairy goat production includes systems that use 

any type of milking parlor.  There are two main categories of milking parlor systems, the 

simple or double platform system and the milking platform system.  In simple or double 

platform systems, goats enter the parlor by one door and exit though another so there is a 

continuous flow of animals (Gall, 1981).  The goats climb onto the platform and are secured 

in a stall facing a trough filled with feed (Gall, 1981).  Goats can either be milked from 

behind or from the side by milking machines (Gall, 1981).  The second category is a milking 

platform (Gall, 1981).  The platform and stalls are identical to the simple or double platform 

system with the only exception being that the goats face the milking machine (Gall, 1981).  

Due to the position of the goats, feed can be distributed in the pit of the parlor and the 

milking machine no longer has to go around the platform (Gall, 1981).  Milking can either  
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occur in the front of the goat or at its side (Gall, 1981).   The third type of milking system 

is the rotary milker (Gall, 1981).  Goats enter a turntable platform with stalls and the goats 

remained untied (Gall, 1981).  The turntable is either turned by hand or mechanically, and 

feed may or may not be offered (Gall, 1981).  The milking machine can be placed either 

inside the ring of the turntable or outside, but the milking unit is always attached at the side 

(Gall, 1981). 

Meat goat production 

 With the exception of the South African Boer goat, there are no true meat goat breeds 

in the United States (Luginbuhl, 2000).  Despite this fact, there are specific breeds that are 

more suited to meat production.  These include the Spanish, Myotonic, Nubian and Pygmy 

breeds of goats (Luginbuhl, 2000).  Adaptability, reproductive rate, growth rate, and carcass 

characteristics are four genetically valuable traits in meat goats (Luginbuhl, 2000).  Highly 

valued meat goat breeds are very adaptable and reproductively efficient.  They also exhibit a 

high growth rate pre-and post-weaning and have a carcass dressing percentage of about 45% 

(Luginbuhl, 2000). 

 The Boer goat’s specific origin is unknown but is hypothesized to be rooted in the 

Hottenton and Bantu tribes with subsequent contribution of some Indian and European 

bloodlines (Luginbuhl, 2000).  The improved Boer goat emerged in the 20
th

 century when 

South African farmers began breeding for a meat goat with high growth rate, fertility, good 

conformation and the distinct short white hair with red marking on the head and neck 

(Luginbuhl, 2000).  Boer goats were first allowed in the United States in 1993 after a  
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quarantine period in New Zealand and Australia (Luginbuhl, 2000).  Boer goats are 

considered highly fertile with a conception rate of 90% and a kidding rate of 180% (Malan, 

2000).  Weaning weight at 120 days averages 29 kg (Malan, 2000).  The adult male body 

weight ranges from 100-120 kgs, while the adult doe weighs between 70-80 kgs (Malan, 

2000).   

 The Spanish meat goat is originally from Spain but came to the United States via 

Mexico (Luginbuhl, 2000).  Spanish goats are considered to be very hardy and not only 

survive but also thrive under adverse conditions with little help (Luginbuhl, 2000).  They also 

have the ability to breed out of season and are considered an excellent range animal due to 

their small udder and teats (Luginbuhl, 2000).   

 The Myotonic goat, which is also known as the “Tennessee Stiff-Leg”, “Nervous 

Goat” and “Fainting Goat”, is a very muscular animal (Luginbuhl, 2000).  The breed was 

propagated by Dr. Mayberry of Marshall County Tennessee and is found mainly in Texas 

and Tennessee (Luginbuhl, 2000).  Myotonic does can breed out of season and often kid 

twice a year producing from one to four kids per kidding (Luginbuhl, 2000).   

 The Anglo-Nubian goat, which was discussed as a dairy goat, is also used for meat 

production in many countries (Gall, 1981). 

 Pygmy goats are dwarfs that are heavily muscled and shorted legged (Luginbuhl, 

2000).  They originated from the Caribbean and North American as a by product of slave 

trading (Luginbuhl, 2000).  Pygmy goats are well adapted to humid climates and are used 

almost exclusively for meat production in West Africa (Luginbuhl, 2000).  The breed has 
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also become a very popular pet and show animal in the United States because of its small 

stature (Luginbuhl, 2000).   

 The Kiko breed is derived from feral goatstock in New Zealand (Luginbuhl, 2000).  

Intense selection over the past two decades had led to development of a vigorous, hardy, 

large frame, and early maturing animal (Luginbuhl, 2000). 

 With adequate nutrition meat goat breeds are able to grow up to 250g/day (Gall, 

1981).  This fact combined with the proven high prolificacy of goats can mean high yields 

for producers.  Most meat kid and goat carcasses are leaner and less muscled than lamb or 

sheep carcasses, but are still preferred in some cultural communities (Gall, 1981).  

Goat production in developing countries 

Lesser developed countries frequently have relatively large human populations that 

exist in widely contrasting geographical climates and ecosystems.  Most developing countries 

are located in the tropics and subtropics (Devendra, 1980). The per capita income in these 

countries is low compared to those in developed nations (Devendra, 1980).  Usually, the 

intake of energy, and especially protein, is also low.  Based on data from the Food and 

Agriculture Organization in 1976, countries in Africa and Southeast Asia had the lowest 

animal protein intakes of lesser developed countries with 11.4 and  

9.8 g per capita, respectively (Devendra, 1980).  Approximately 79% of the world’s 

population of goats are distributed amongst less developed countries (Devendra, 1980).  The 

demand for goat meat surpasses supply in most less developed countries which, in turn, 

raises the unit price sold for goat compared to mutton.  However, the majority of goat meat in  
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villages and rural areas is raised and consumed at home instead of marketed or purchased 

commercially (Devendra, 1980).  Rural households own greater than 90% of the goat 

population in lesser developed countries (Boyazoglu et al., 2005).  The Boer goat is one of 

the most sought after goat breeds in the world because it is known to be hardy, adaptable, 

highly fertile, prolific, and have a longevity of approximately 10 years (Greyling, 2000). The 

Boer goat yields lean quality meat at a young age along with an abundance of milk 

(Greyling, 2000).  For example, 85g of roasted Boer goat meat contains 23 grams of protein, 

the same as an equivalent amount of beef.  In addition, it has 123 less calories and 13.42 less 

grams of fat compared to an equivalent amount of beef. (Malan, 2000).  Thus, utilization of 

the Boer goat in less developed countries has potential to improve the nutritional status of 

their human populations.  In addition, the utilization of the Boer goat in developed countries, 

such as the United States, can lead to improved meat production through the application of 

more intensive management systems (Greyling, 2000).   

Reproductive Physiology of the Goat  

 

Breeding season of goats 

 Seasonality  

 

Seasonal fluctuations in both day length and temperature are key factors in 

determining the length of the breeding season in small ruminants (Greyling, 2000).  The 

breeding season is initiated as day length decreases (Greyling, 2000).  Breeds that originate 

from temperate zones have a natural breeding season limited to late autumn and early winter  
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with kidding occurring at the beginning of spring when vegetation is abundant (Holtz, 

2005).  The breeding season for most goats in the continental United States is in the fall with 

a peak occurring in October (Pineda et al., 2003).  In the Southern United States, the median 

time of conception is September with February being the median month of kidding (Pineda et 

al., 2003).  The Boer goat does not express seasonality in its native Africa and is therefore 

able to be bred year round (Malan, 2000).  With intensive management and adequate 

nutrition, kidding can occur every 7 to 8 months (Malan, 2000).  Despite the fact that Boer 

goats can cycle year round, peak sexual activity is shown in autumn and the lowest sexual 

activity occurs in late spring to mid- summer (Greyling, 2000).  For example, the percentage 

of estrous periods in Boer does relative to the number possible per month is 40%, 48%, 16%, 

44%, and 33%  for September, October, November, December, and January respectively 

(Hofmeyr, 1965). In contrast, the percentage of estrous periods in Boer does relative to the 

number of possible periods per month, is 52%, 63%, 59%, and 56% for April, May, June and 

July, respectively (Hofmeyr, 1965).  This study was conducted in South African therefore 

April, May, June and July are fall and early winter months and September, October, 

November, December, and January are the spring and summer months.  Based on this 

information it can be concluded that the early breeding season for the Boer goat is late 

summer to early autumn.   

The annual reproductive cycle of the Boer goat has been classified as seasonally 

polyestrous with an extended breeding season (Greyling, 2000).  This is a common 

characteristic of goats breeds in subtropical and tropical areas (Gall, 1981).  The main 
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advantage of an extended breeding season is the opportunity to increase the number of kids 

per doe produced by mating multiple times per year (Gall, 1981).   

Follicular Dynamics in Goats 

Follicular Waves 

 The interovulatory cycle of goats is characterized by a wavelike pattern of follicular 

development, similar to that seen in other ruminant species such as sheep and cattle (Sirois, 

1988; Ginther and Kot, 1994; Ginther et al., 1995; de Castro et al., 1999).  A follicle wave is 

defined as the emergence of a group of small antral follicles of which one or two are selected 

to continue to grow to more than 5mm in diameter (Rubianes, 2003).  The number of 

follicular waves in goats can range from two to five.  The most common pattern for goats 

demonstrating a normal estrous cycle is four waves (Ginther and Kot, 1994; de Castro et al., 

1999; Schwartz, 2000).   

When four follicular waves occur within a cycle, emergence commonly occurs on 

days 0 , 5-6, 10-11 and day 15 of the cycle for waves 1, 2, 3, and 4, respectively (Rubianes, 

2003).  There are six common characteristics of follicular waves that have been described in 

goats.  First, the diameter of the largest follicle of a wave differs between waves (Ginther and 

Kot, 1994; de Castro et al., 1999).  Second, two or more follicles per wave reach 5mm or 

more in diameter (Ginther and Kot, 1994; Schwartz, 2000).  Third, a growth rate of 1mm per 

day is observed from the day of emergence to the day of maximum diameter  (Ginther and 

Kot, 1994; Schwartz, 2000).  Fourth, progression of the luteal phase of the cycle causes 

increased follicular turnover and shortening of inter-wave intervals compared to the early  
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luteal phase (Ginther and Kot, 1994; de Castro et al., 1999).  Fifth, most ovulatory follicles 

are the largest follicles on the day of luteolysis (Ginther and Kot, 1994; de Castro et al., 

1999).  Lastly, the majority of double ovulations occur on the same day of the cycle and 

emerge as part of the same follicular wave (Ginther and Kot, 1994).  Interestingly, follicular 

waves continue even during early gestation (Rubianes and Menchaca, 2003). 

Endocrinology of folliculogenesis 

Follicle stimulating hormone (FSH), estradiol (E2), and progesterone (P4) all play key 

roles in the endocrinology of caprine folliculogenesis.  For each follicular wave in goats, 

FSH concentrations were high around the approximate time of wave emergence of each wave 

and reached a nadir on day 4 after emergence (Medan et al., 2003; Medan, 2005).  This same 

pattern has also been documented in sheep (Ginther et al., 1995; Bartlewski et al., 1999a).  In 

sheep, FSH is negatively correlated with E2 production by the largest follicle of a wave 

(Vinoles, 2002).  Furthermore, the number of emerging follicular waves did not differ from 

the number of identified FSH peaks per interovulatory interval in both Medan studies 

(Medan et al., 2003; Medan, 2005).  Three or four distinct peaks in FSH could be observed in 

goats with three or four follicular waves, respectively (Medan et al., 2003).  These 

observations have been used to support the suggestion that FSH is involved in the 

recruitment of follicles in the goat (Medan, 2005).   

Plasma E2 concentrations increased from day 0 (day of ovulation) until day 2-3 of the 

cycle and then decreased to basal levels by day 4 (Medan et al., 2003) or day 5 (de Castro et 

al., 1999).  E2 levels were generally low during the luteal phase, but did fluctuate in  
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association with growth of the largest follicles in a follicular wave.  The largest follicles of 

the first and last follicular wave secreted more E2 than those of other waves (de Castro et al., 

1999; Medan et al., 2003).   

Plasma P4 levels increased concomitantly with formation and growth of a functional 

corpus luteum (CL) (de Castro et al., 1999; Medan et al., 2003), and the diameter of the CL 

was positively correlated to the P4 concentration in circulation during the estrous cycle 

(Medan et al., 2003).  In goats, CL diameter has also been proposed as an index of peripheral 

P4 concentration levels (Medan et al., 2003).  Two different patterns of progesterone profiles 

have been reported for cyclic goats grouped according to the number of follicular waves they 

experienced (de Castro et al., 1999).  The first pattern was a continuous increase in P4 levels 

from day 1 until day 10 of the cycle at which time P4 levels peaked.  This was observed in 

goats with four follicular waves (de Castro et al., 1999).  The second pattern was a biphasic 

pattern which included a steady rise in P4 from day 1 to day 7 followed by a sharp rise 

around day 8 to day 10.  This second pattern was observed in goats without four follicular 

waves (de Castro et al., 1999).  P4 levels were also greater between day 5 and day 10 in goats 

with four follicular waves compared to those with other numbers of waves (de Castro et al., 

1999).  Regardless of the number of follicular waves per cycle, serum concentrations of P4 

begin to decline on day 15 and reach basal levels by day 19 of the normal cycle (de Castro et 

al., 1999). 
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Ovulation rates and follicular dynamics 

 

In ewes, follicular dynamics, hormonal profiles, and ovulation rates differ between 

early and late breeding season (Bartlewski et al., 1999b).  Goats also have       sub-optimal 

ovulation rates during the early breeding season compared to those observed during the peak 

breeding season (Suttiyotin et al., 1991).  For example, ovulation rates in native Thai goats 

ranged from 1.9 during the peak of the breeding season in October to 1.3 during the early 

breeding season in July (Suttiyotin et al., 1991).  A similar finding was reported for western 

white-faced cross-bred ewes where the mean ovulation rate early in the breeding season in 

mid-August to early October was 1.3 ±0.2 compared to  

1.7 ±0.2 during the mid breeding season in November to December (Bartlewski et al., 

1999b).  For breeds that originate in tropical climates, such as Creole goats and Black-Belly 

ewes, seasonal variation in sexual activity was induced when these females of these breeds 

were subjected to photoperiod variation of temperate areas (Chemineau et al., 2004).  Both 

ewes and does experienced a dramatic decrease in ovulatory activity in the spring and 

summer (Chemineau et al., 2004).   This timing corresponded to the anovulatory and 

anestrous time period for temperate breeds (Chemineau et al., 2004).  Thus, despite the breed 

origin of the animal, transferring goats or sheep to a temperate climate can affect their 

reproductive behavior, and more specifically, ovulation rate.  Similarly, this would be the 

case for the Boer goat which originates from South Africa.  In its native tropical climate the 

Boer goat does not experience seasonality.  However, Boer goats in the United States do 
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experience estrous and anestrous periods.  Due to this seasonal effect on ovulation rate and 

reproductive activity, manipulation of the does’ natural cycle is essential to breed 

successfully during anestrous as well as transition periods from anestrous to estrous. 

Estrous Synchronization and Breeding Management  

 

There are multiple benefits to early season breeding in goats.  The major benefit is the 

production of a commodity when it is not usually available to the market.  The quantity of 

kids and lambs as well as the collection of sheep and goat milk varies greatly throughout the 

year in temperate climates (Chemineau, 2008).  Due to the seasonality of these products, 

prices paid to producers are highly variable (Chemineau, 2008).  For example, the goat milk 

production in France is highly seasonal and, therefore, inversely proportional to the price 

paid to the producer (Chemineau, 2008).  The same inverse relationship holds true for mean 

monthly production of lamb and the market price of lamb meat. Prices are high in October 

and low in April, due to the fact that lamb crop is low in May and high November and lambs 

are marketed in October and April respectively (Chemineau, 2008).  Another benefit of early 

season breeding is the opportunity to rebreed the doe within the same season if she is open 

from the first breeding.   

 The major obstacle to early season breeding is the occurrence of sub-optimal 

ovulation rates that have been observed in both goats and sheep (Suttiyotin et al., 1991; 

Restall, 1992; Bartlewski et al., 1999b).  Fortunately, there are multiple hormonal programs 

that can be used to manipulate the estrous cycle of does in order to obtain ovulation rates that 
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are comparable to those found at the peak of the breeding season during off peak times of the 

season (Lehloenya et al., 2008).   

FSH to increase ovulation rate 

 

Follicle stimulating hormone (FSH) has been successfully used to induce 

superovulation in both ewes (Dattena et al., 1994) and does (Graff et al., 2000; Lehloenya et 

al., 2008) during the anestrous season.  It has been shown that FSH treatment is the most 

widely used method for superovulation in small ruminants because it achieves higher 

ovulation rates and better quality embryos compared to treatment with pregnant mare serum 

gonadotropin (PMSG) (Renaville, 2001). Although PMSG has also been found efficacious in 

superovulation protocols in does, the use of FSH results in a better superovulatory response 

(Pendleton et al., 1992).  Despite similar ovulation rates, does treated with FSH produced 

more normal-appearing CLs and more transferable quality embryos per donor compared to 

treatment with PMSG (Pendleton et al., 1992).  This is obviously important in considering 

which gonadotropin to use to increase ovulation rate in the early breeding season without 

sacrificing embryo number.  Although PMSG has a longer half-life than FSH, the inherent 

lutenizing hormone (LH) activity of PMSG can cause undesirable side effects that lead to 

abnormal oocyte maturation and early luteal regression (Batt et al., 1993).  The formation of 

antibodies to PMSG following repeated synchronization treatments is also a cause for 

concern as it results in decreased ovulation and kidding rates (Roy et al., 1999; Drion et al., 

2001; Herve et al., 2004).  In addition, antibody production increases with the number of 
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previous treatments to PMSG and adverse effects are seen more frequently in goats than in 

ewes (Menchaca and Rubianes, 2004). 

In traditional sheep and goat superovulation protocols, 16-20 mg FSH is administered 

at 12 hour intervals with either constant or decreasing doses over a 3-4 day period beginning 

two days before progesterone implant or sponge removal (Renaville, 2001).  This type of 

protocol is not only laborious for the owner but stressful to the animal.  An alternative 

protocol consisting of a single FSH injection has been explored in cattle as well as sheep and 

goats.  In cattle, a single injection of porcine FSH (pFSH) dissolved in polyvinylpyrrolidone 

(PVP) given subcutaneously was capable on inducing a superovulatory response comparable 

to the response following a multiple FSH injection protocol (Yamamoto et al., 1992; 

Takedomi et al., 1993).  Dattena et al. (1994)found similar results in anestrous ewes where a 

single intramuscular injection of pFSH dissolved in PVP elicited an equivalent 

superovulatory response compared to traditional treatment with multiple injections of pFSH 

or the combination of PMSG-pFSH (Dattena et al., 1994).   

The goal of using FSH in the early breeding season of does is not to achieve 

superovulation but to increase ovulation rate to the level that is seen during the peak of the 

breeding season.  In a study involving 100 Cashmere-Angora cross does, superovulation was 

achieved with a single injection of FSH in combination with a low dose of PMSG (Batt et al., 

1993).  It is important to note that a low dose combination of PMSG and pFSH, 200 I.U.P 

and 4mg respectively, produced an ovulation rate of 3.2 coupled with production of 100% 

normal embryos (Batt et al., 1993).  This ovulation rate was considered to be insufficient for 

an adequate superovulatory response but represented an increase from ovulation rates 
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reported for both purebred Cashmere and Angora goats at 19 months of age (2.15±0.27 and 

1.33±0.33, respectively (Ritar et al., 1994).  Thus, the protocol used by Batt et al. (1993) in 

the study would be an acceptable approach for increasing ovulation rate to the level seen at 

the peak of the breeding season in goats.    

 To increase ovulation rate, injections of FSH can be administered intramuscularly 

(im) or subcutaneously (sc).  In cattle, a single sc dose of 400 mg pFSH was sufficient to 

induce a superovulatory-like response (Staigmiller R.B.; Bo et al., 1994; Schallenberger et 

al., 1994; T Suzuki, 1994; Kelly et al., 1997).  Similarly, in Merino ewes a single sc injection 

of 25 mg pFSH resulted in an equivalent superovulatory response as the traditional multiple 

im injection (S. Meinecke-Tillmann, 1993).  Finally, a single sc injection of pFSH resulted in 

an equivalent superovulatory response in nulliparous cashmere goats (Peebles and Kidd, 

1994).  Therefore in ruminants, a single sc injection of pFSH can be used not only to produce 

a superovulatory response but also could be utilized for increasing ovulation rate early in the 

breeding season.   

Ultrasonography 

 

Transrectal ultrasonography has been established as a reliable means of monitoring 

folliculogenesis in cattle (Pierson and Ginther, 1987b) mares (Pierson and Ginther, 1987a) 

and goats (Ginther and Kot, 1994; de Castro et al., 1999; Medan et al., 2003; Medan, 2005).  

This technique has helped to shape and expand the knowledge of follicular and luteal 

development in both large and small ruminants.   
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 Ultrasonography has also been used to reliably monitor early pregnancy in goats.  The 

use of real-time ultrasonography was initially considered too expensive and time consuming 

for use in farm animals (Kähn, 1992).   However, it has since proven to be a reliable means 

of pregnancy detection not only in livestock but also other mammalian species (Kähn, 1992).  

Since the 1980s ultrasound scanners have become less expensive, smaller and more user-

friendly, aiding in its adoption for simple and consistent pregnancy detection in goats and 

other small ruminants.  Ultrasonography can also be used in order to visualize and measure 

placentome, head and thoracic diameters during the latter stages of gestation in goats 

(Suguna et al., 2008).  This is beneficial because they are all highly correlated to fetal age in 

goats (Suguna et al., 2008).  In Boer goats, a 7.5 MHz transrectal transducer was used to 

successfully detect pregnancy at day 19.5 of gestation based on visualization of uterine fluid 

accumulation (Padilla-Rivas et al., 2005).  Fetal heartbeats could be detected as early as day 

23 of gestation (Padilla-Rivas et al., 2005).  At day 25 of gestation onward pregnancy could 

be detected with a 3.5 MHz transabdominal transducer with fetal heartbeat at day 27 (Padilla-

Rivas et al., 2005).  Therefore, pregnancy detection can occur as early as 23 days in Boer 

goats with the confirmation of a live fetus due to the presence of a fetal heartbeat as 

evidence.  

One advantage of using ultrasonography to be able to determine pregnancy at such an 

early stage of gestation is the ability to manage pregnant does and separate those females that 

are not pregnant (open).  An additional advantage to early pregnancy detection is that it 

enables producers with does bred in the early breeding season to have them identified for 

rebreeding within the same breeding season. 
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Ovulation Synchronization (OvSynch) in ruminants 

 

Ovulation synchronization is the process by which the reproductive cycle of an 

animal is manipulated by the use of hormones or their analogues to induce ovulation at a 

precise point in time. 

Original protocol in cattle (G-P-G) 

The first ovulation synchronization treatment for cattle, as it is known today, was 

developed by Pursley et al. (Pursley et al., 1995) almost 15 years ago.  The protocol consisted 

of an initial intramuscular (im) injection of gonadotropin releasing hormone (GnRH; 100µg) 

followed seven days later by an im injection of 35 mg of prostaglandin F2α (PGF2α) (Pursley 

et al., 1995).  Forty eight hours after the PGF2α injection, 100µg GnRH, was given im with 

breeding occurring 24 hours later (Pursley et al., 1995).  The purpose of the first GnRH 

injection was to ovulate any dominant follicle present on the ovary which, in turn would 

initiate a new follicular wave.  Alternatively, the injection of GnRH would occur during a 

part of the cycle when a new dominant follicle was emerging spontaneously (Pursley et al., 

1995).  The PGF2α injection administered 7 days later was designed to regress all CL or 

luteinized tissue present (Pursley et al., 1995).  The second injection of GnRH was designed 

to ovulate the dominant follicle of the newly initiated follicular wave and enable cows to be 

bred at a specific point in time (Pursley et al., 1995).   

Ov-Synch protocols for small ruminants 

Recently, the Pursley protocol has been adapted to small ruminants in an attempt to  
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increase reproductive efficiency.  In a study by Deligiannis et al. (2005), 28 mature 

Karagouniko ewes were synchronized using 8µg GnRH followed seven days later by 4mg 

PGF2α.  Twenty four hours later, 8µg of GnRH was given followed by intrauterine artificial 

insemination (AI) 12-24 hours after the GnRH injection.  Fourteen of the 28 (50%) ewes 

conceived to the timed AI.  The authors concluded that conception rates might be improved 

with further exploration of  inter-treatment intervals as well as with the assessment of the 

stage of the estrous cycle at which treatments began (Deligiannis C. Valasi, 2005).   

 The OvSynch protocol has also been adapted for use in the Boer goat after the 

success that was reported in sheep.  The original OvSynch protocol was not heavily modified 

to fit the reproductive physiology of the Boer goat due to the similarity between bovine and  

caprine estrous cycles.  In this protocol, the first 4 µg GnRH analog injection was given im 

on day 0, followed 7 days later by an injection of 3.75 mg PGF2α i.m.  A second injection of 

4 µg  GnRH analog was then administered two days later, on day 9 (Holtz et al., 2008).  

Breeding occurred at a fixed time 16 hours later (Holtz et al., 2008).  There were a total of 48 

does in this study, of which 24 were in the OvSynch group and 24 were in the control, 

“sponge” group.  The “sponge” group was treated with intravaginal polyurethane sponges 

containing 45 mg fluorogestone acetate for 12 days.  Two days before sponge removal, 

“sponge” does were treated with 3.75 mg PGF2α and 250 IU equine chorionic gonadotropin 

(eCG).  “Sponge” does were inseminated at 43 hours after sponge removal.  All does 

responded to treatment by expressing signs of estrus.  A total of 14 /24 (58%) does in the 

OvSynch group became pregnant (58%) compared to 11/24 (46%) does in the “sponge” 

group (Holtz et al., 2008).    



 

 21 

There are several advantages to using an OvSynch protocol or one of its derivatives.  

Ovulation synchronization coordinates follicular development, luteal regression and 

ovulation in all treated females concomitantly.  This allows artificial insemination to occur at 

a fixed time point without any need for estrous detection (Pursley et al., 1995).  OvSynch 

also allows a group of does to be managed together throughout parturition and lactation, 

offering the producer the advantage of being able to plan labor needs in advance for 

breeding, kidding, and weaning.  Finally, the OvSynch protocol offers an alternative to the 

traditional sponge and eCG treatment to synchronize does during the estrous season (Holtz et 

al., 2008).  This is particularly advantageous in countries such as the United States where 

traditional sponges or P4-CIDRS are not commercially available.   

Timed artificial insemination (TAI) in small ruminants  

 Timed artificial insemination (TAI) is the process by which animal breeding is not 

based on estrus but, instead, semen is introduced into the vagina, oviduct, or uterus at a fixed 

point in time by means other than copulation.  Artificial insemination is the most common 

assisted reproductive technology used in domestic species today (Holtz, 2005).  Timed 

artificial insemination is used with some type of ovulation synchronization protocol, such as 

OvSynch, to achieve acceptable conception rates.  Other types of TAI protocols in sheep and 

goats include a progestogen treatment coupled with eCG and PGF2α, or its synthetic 

analogues, administered at or near the end of the progesterone treatment (Gordon, 1983; 

Corteel et al., 1988), (Gordon, 1983; Evans et al., 1987).  These protocols are not ideal for 

TAI because, although they sometimes result in high pregnancy rates, they also produce 
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variable pregnancy rates and increased variability in the timing of ovulation (Acritopoulou 

and Haresign, 1980). 

There are additional benefits to TAI that go beyond those of OvSynch.  The first 

benefit is the addition of genetic diversity into a herd.  Producers are able to purchase 

genetically valuable semen that carries specific traits that are desirable for their operation.  

Another benefit to using TAI is the ability to eliminate bucks on a farm.  Not only are the 

bucks not needed to service the does, but they are not needed for heat checking purposes 

either.  A third benefit of TAI is the elimination of estrus detection with or without a buck.  

Estrus is defined as the sexual receptivity of the female to mounting by the male and can be 

detected several ways (Chemineau, 1991).  It is possible to detect estrus by simply observing 

the flock twice daily for mounting, tail wagging, and other physical signs of estrus 

(Chemineau, 1991).  TAI eliminates the extra time and labor associated with estrus detection 

and maintaining bucks on a farm.   

Statement of the Problem 

  

The problem that I am approaching is two fold.  First, what is the most accurate 

protocol for ovulation synchronization and timed artificial insemination in does during the 

breeding season?  This is important because it offers goat producers an alternative to natural 

breeding and breeding by estrus.  There are multiple advantages to solving this problem 

including breeding at a specific time point that is convenient for producers.  Other 

advantages include eliminating the need for heat checking or maintaining bucks on the farm, 

and managing a group of does together throughout gestation, lactation, and weaning.   This  
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problem will be approached by modifying a traditional OvSynch protocol used in cattle in 

order to work in goats.  In order to evaluate the efficacy of the OvSynch protocol, 

ultrasonography will be used to monitor pregnancy rates.  Kidding data will also be recorded.   

Second, I am approaching the challenge of breeding does in late July and early 

August, early in the breeding season.  This is important because ovulation rates and, 

therefore, fecundity are reduced at this point in the breeding season.  Pregnancy rates would 

also be reduced in the early breeding season because of the variability of the occurrence of 

cyclicity between does.  Advantages to solving this problem would be to allow producers to 

market meat or dairy products at a point in time when their availability is traditionally scarce.  

The question arises as to what is the best protocol to increase pregnancy rates when breeding 

occurs early in the breeding season?  This problem will be approached first by looking at the  

effectiveness of treating the does with a sc injection of FSH combined with an OvSynch 

protocol to improve pregnancy rates.  A second approach to be taken will involve treating 

does with a CIDR followed by an OvSynch protocol to improve pregnancy rate.  In order to 

evaluate the efficacy of the protocols, ultrasonography and P4 assays will be conducted to 

diagnose pregnancy and evaluate circulating levels of P4 during treatment.  
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Ovulation Synchronization and Timed Artificial Insemination in 

Does 

Introduction 

Goats are used for both meat and dairy production, and were among the first domestic 

species kept by man for the production of meat, milk, skin, and fiber (Gall, 1981).  Most goat 

production occurs in developing countries in an effort to provide meat and milk for a 

family’s consumption and therefore goat production is primarily associated with poverty and 

has been neglected in development plans (Gall, 1981).  Fortunately, there has been a change 

in this attitude over the past forty years and more recently producers have become interested 

in exploiting goats for their attributes, such as adaptation to adverse climatic conditions and 

early slaughter age (Gall, 1981).  In the United States both the interest and demand for meat 

goat production have grown substantially over the last decade.  The introduction of the Boer 

goat from South Africa is one of the primary reasons for this increase in interest.  The influx 

of ethnic populations along with the number of small farmers leaving tobacco production has 

also contributed to the increase in demand for meat goat in North Carolina. 

Seasonal fluctuations in both day length and temperature are key factors in 

determining the length of the breeding season in small ruminants (Greyling, 2000).  The 

breeding season is initiated as day length decreases (Greyling, 2000).  The breeding season 

for most goats in the continental United States is in the fall with a peak occurring in October 

(Pineda et al., 2003).  The Boer goat does not express seasonality in its native Africa and is 

therefore able to be bred year round (Malan, 2000).  Despite the fact that Boer goats can  
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cycle year round, peak sexual activity is shown in autumn and the lowest sexual activity 

occurs in late spring to early summer (Greyling, 2000).  The annual reproductive cycle of the 

Boer goat has been classified as seasonally polyestrous with an extended breeding season 

(Greyling, 2000).  Regardless of having an extended breeding season, sub-optimal ovulation 

rates are observed in goats during the early breeding season compared to those observed 

during the peak breeding season (Suttiyotin et al., 1991). 

The goal of using FSH in the early breeding season of Boer does is not to achieve 

superovulation but to increase ovulation rate to the level that is seen during the peak of the 

breeding season.  In traditional sheep and goat superovulation protocols, 16-20 mg FSH is 

administered at 12 hour intervals with either constant or decreasing doses over a 3-4 day 

period beginning two days before progesterone implant or sponge removal (Renaville, 2001).  

The alternative of using a single FSH injection has been explored in cattle (Staigmiller R.B.; 

Yamamoto et al., 1992; Takedomi et al., 1993; Bo et al., 1994; Schallenberger et al., 1994; T 

Suzuki, 1994; Kelly et al., 1997), sheep (S. Meinecke-Tillmann, 1993) and goats (Peebles 

and Kidd, 1994) and has been successful in inducing superovulation.  Therefore, it is possible 

that a protocol that is similar to the one used in ruminants to achieve superovulation could 

also be utilized for increasing ovulation rate early in the breeding season. 

Ovulation synchronization is the process by which the reproductive cycle of an 

animal is manipulated by the use of hormones or their analogues to induce ovulation at a 

precise point in time.  Recently, the original OvSynch (Pursley et al., 1995) protocol was 

modified to order to fit the reproductive physiology of the Boer goat.  In this protocol the 

first 4 µg GnRH analog injection was given i.m. on day 0, followed 7 days later by an 
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injection of 3.75 mg PGF2α i.m.  A second injection of 4 µg GnRH analog was then 

administered two days later, on day 9 (Holtz et al., 2008).  Breeding occurred at a fixed time 

16 hours later (Holtz et al., 2008).   

There are several advantages to using an OvSynch protocol or one of its derivatives.  

Ovulation synchronization coordinates follicular development, luteal regression and 

ovulation in all treated females concomitantly.  This allows artificial insemination to occur at 

a fixed time point without any need for estrus detection (Pursley et al., 1995).  OvSynch also 

allows a group of does to be managed together throughout partition and lactation offering the 

producer the advantage of being able to plan labor needs in advance for breeding, kidding, 

and weaning.  Finally the OvSynch protocol also offers an alternative to the traditional 

sponge and eCG treatment to synchronize does during the estrous season (Holtz et al., 2008).  

This is particularly advantageous in countries such as the United States where traditional 

sponges or progesterone-impregnanted CIDRS are not commercially available.   

The objectives of the current experiments were first, to determine the effect of using a 

ovulation synchronization and timed artificial insemination protocol on pregnancy rates 

during the breeding season; second, to determine the effect of a single subcutaneous injection 

of FSH in combination with a modified OvSynch protocol on ovulation and pregnancy rate 

during the early breeding season; and third, to determine the effectiveness of using a CIDR in 

combination with a modified OvSynch protocol on pregnancy rate for does bred early in the 

breeding season. 
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Materials and Methods 

 

Experiment 1  

The objective of this experiment was to determine the effect of using ovulation 

synchronization and timed artificial insemination protocol on pregnancy rates during the 

breeding season.  Female Boer goats ranging in age from 2 to 9 years old were randomly 

assigned to one of two treatment groups.  Does were grouped together outside on pasture.  

For two weeks prior to and following breeding, does were given a daily ration of one pound 

of concentrate.  Animals had free access to water and had free access to a salt mineral mix 

once a week. In Year 1 (Rep 1), does (n=15) in group 1 were synchronized using the 

NCSynch ovulation synchronization/timed artificial insemination (NCSynch-TAI) protocol 

(Fig 1).  Does in group 2 (n=15) served as controls and received two injections of 

Prostaglandin F2α (PGF Lutalyse, 15 mg) administered 10 d apart.  In Year 2 (Rep 2) does 

(n=26) in group 1 and group 2 (n=26) received the same treatments that were administered in 

Rep 1.  Control does received PGF2α (PGF Lutalyse, 15mg) im on d 5 followed 10 d later by 

a second PGF injection.  Control does were checked for estrus and were bred 12 h after the 

first estrus signs were observed.  Treatments were administered during the breeding season 

late September-early October and were scheduled such that animals in each treatment group 

were bred during the same 4-day period for each experimental replicate.   
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The NCSynch-TAI protocol is briefly described as follows: prostaglandin F2α (15mg) 

was administered intramuscularly (im) on experimental d 1 as a presynchronization 

treatment.  On d 8 does were given GnRH (50µg im) to ovulate or 

7 days 7 days 72 hrs

D 1 D 8 D 15 D 18 

 

Figure 1: NCSynch-TAI treatment protocol.   

 

PGF injection began on D 1 followed by a GnRH injection 7 d (D 8).  A second PGF 

injection was administered 7 d later (D 15).  TAI occurred 72 h later (D 18).  A second 

GnRH injection was administered at the time of breeding.  Control does were given two shots 

of PGF 10 d apart. 
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luteinize any dominant follicles present.  Seven days later, on d 15, does were given a second 

PGF injection to induce luteolysis. 

Does were artificially inseminated 72 h after the second PGF injection at which time 

a second injection of GnRH (50µg im) was administered to induce the LH surge and 

ovulation.  The frozen thawed semen that was used for insemination originated from seven 

males used in both replicates and was allotted randomly to different treatment groups.  The 

intrauterine insemination procedure used was a modified version of the process described by 

Sohnrey (Sohnrey and Holtz, 2005). 

In Rep 1 does were checked for signs of estrus every 12 h for two days prior to and 

two days following TAI using two intact bucks maintained across a fence line.  In Rep 2 does 

were checked for estrus using two vasectomized bucks.  One buck was maintained across the 

fence line and the other was fitted with a marking harness and housed with the does.    

Ultrasonography 

Does were ultrasounded transabdominally using a 3.5-MHz transducer at d 35, 42, 49 

and 56 after insemination to monitor pregnancy status (Padilla-Rivas et al., 2005).   

All animals used in this study were housed and treated in accordance
 
with North 

Carolina State University Institutional Animal Care
 
and Use Committee guidelines. 

Experiment 2 

 

The objective of this experiment was to determine the effect of a single subcutaneous 

injection of FSH in combination with the NCSynch-TAI protocol on ovulation and 

pregnancy rate for does bred early in the breeding season.  All does (n=18) were  
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synchronized during the early breeding season (late July-early August) using the 

NCSynch-TAI protocol.  Does were randomly assigned selected into one of three treatment 

groups (Fig 2).  The first group received a the single subcutaneous injection of FSH (100mg) 

on d 14, 1 d prior to the second PGF injection (FSH 1, n=6).  This FSH injection was given 

to rescue any follicles that were becoming atretic and increase them to ovulatory size.  Does 

in the second group received a single subcutaneous FSH injection on d 12 (FSH 3, n=6), 3 d 

prior to the first PGF injection.  This FSH injection was given to target the number of 

follicles that were selected to continue to grow to ovulatory size.  Does in the third treatment 

group (control) of the treatment groups of does received a subcutaneous injections of saline 

on d 12 (n=3) or d 14 (n=3, Figure 2). 

Does were checked for signs of estrus every 12 h for two days prior to and two days 

following TAI using two vasectomized bucks maintained across a fence.  Twenty one days 

after TAI an intact buck fitted with a marking harness was turned in with the does and 

marked does were recorded twice daily. 

Blood Sampling 

Jugular venous samples (5 mL) were collected every other day from the time of the 

first GnRH injection on d 8 and continuing until d 15 to monitor progesterone levels.  In 

addition, an intensive blood sampling period was conducted on d 12 and d 14 to monitor 

FSH.  Jugular venous samples were collected every 3 h for 12 h beginning at the time of 

injection of FSH for the FSH3 group (n=6) and half of the control does (n=3) on D 12.  

Similarly does in the FSH1 group (n=6) and the remaining control does (n=3) were sampled 

on D 14 for a 12 h period.   
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NC-Synch 

+ FSH s.c. 

3d. pre-

PGF 

NC-Synch 
+ FSH s.c. 

1d. pre-

PGF 

D 8 D 15 

   

D12 & D14  Blood will be collected every 3 hrs in a 15 hr window 
at the beginning of FSH treatment to monitor FSH levels  

   

Ultrasound 

1 day pre-
breeding   

Ultrasound 

1 day post-
breeding 

D 18  

Ultrasound day 35, 

42, 49, 56 of gestation 

for pregnancy  

 

No FSH  

GnRH PGF GnRH 

Breed 
(TAI) 

Control FSH1 FSH3 

  

D 1 

PGF 

D 12 D14 D 17 D 19 

FSH 
s.c. 

FSH s.c. 

 

D8-D16 Every other day blood samples collected to monitor 
progesterone levels  

D17 & D19  Blood samples collected 
every 6 hrs 24h pre and post breeding to 
monitor the LH surge 

 

D1- Initial 

blood sample 

taken to 
determine 

phase of 
estrous cycle 

D 10 D 16 

Figure 2: FSH treatment protocol.  The NC-Synch-TAI protocol was used concomitantly 

with s.c. FSH injections occurring on D 12 (FSH 3, n=6) or D 15 (FSH 1, n=6).  Control 
does received s.c. saline injection on either D 12 (n=3) or D 15 (n=3). 
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 breeding.Jugular venous samples were also collected every 6 h beginning 24 h prior 

to and ending 24 h after the second GnRH injection on D 18 to monitor the timing of the LH 

surge. 

All blood samples were allowed to clot at 4ºC for 8-12 hours.  Centrifugation was performed 

at 2400 x g for 30 min and serum was collected for storage at -20ºC until assayed. 

Ultrasonography 

Transrectal ultrasonography was performed by a single operator with a real time 

scanner (Sonosite Vet 180 Plus) and a 7.5-MHz transducer.  Does were placed into a hoof 

trimming chute, squeezed and then flipped onto their backs.  Fecal pellets were removed 

digitally and ovarian structures were located as previously described (Ginther and Kot, 

1994).  Ovarian structures were evaluated 1 day prior to (D 17) and 1 day following  

(D 19) TAI, to monitor follicular activity and determine ovulation rate (Holtz et al., 2008).  

Ovulation rate was defined as the difference between the number of large follicles on D17 

and D19.  Follicles were located and recorded on D 17 and then ovaries were re-examined 

for follicle presence or absence on D 19.  Those that were found to be absent were considered 

to have ovulated.   

Does were ultrasounded transabdominally by a single operator using a 3.5-MHz 

transducer at days 35, 42, 49 and 56 after insemination to monitor pregnancy status (Padilla-

Rivas et al., 2005).   

Experiment 3 

The objective of this experiment was to determine the effectiveness of using a CIDR in 

combination with the NCSynch-TAI protocol on pregnancy rate for does bred early in the  
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breeding season.  Mature does (n=22) were randomly assigned selected into one of two 

treatment groups during the early breeding season (late July-early August).  Does in group 1 

(CIDR n=12) received a Controlled Intravaginal Drug Releasing Insert (CIDR®) containing 

0.3 g progesterone (Eazi-Breeder™; Pfizer Animal Health, Kalamazoo, MI).  THe CIDRs® 

remained in place for six days (Menchaca and Rubianes, 2004) and were removed on D 0 

(Fig 3).  Does in group 2 (control, n=10) did not receive a CIDR®.  At the time of CIDR® 

removal, all does (groups 1 and 2) were synchronized using the NCSynch-TAI protocol. 

Jugular venous samples (5ml) were collected every other day from the time of the 

first PGF injection on D 0 and until D 45 (22 days post-TAI) to monitor progesterone levels.  

Does were ultrasounded transabdominally by a single operator with a B-mode scanner using 

a 3.5-MHz transducer at day 35, 42, 49 and 56 of gestation to monitor pregnancy status 

(Padilla-Rivas et al., 2005) 

Radioimmunoassay 

Serum progesterone (P4) concentration was measured using a Coat-A-Count 

Progesterone RIA kit (Siemes Medical Solutions and Diagnostics, Los Angeles, CA) as 

directed by the manufacturer.  A total of 462 samples were measured.  The assay sensitivity 

was 0.02 ng/mL.  Intra-assay coefficient of variation based on (n=6) sets of duplicate samples 

from the standard curve was 3.3±0.45%. 

Statistical Analysis 

Experiment 1:  Data on pregnancy rates were analyzed using a Chi-square test. 

Experiment 2:  Results were analyzed using the repeated measures analyzed as a split-plot 

with time sub-plot procedure of SAS (SAS 9.1.3 w/SP4, SAS Institute, Cary NC) to
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D 8 D 15 D 18 

Ultrasound day 35, 
42, 49, 56 of gestation 
for pregnancy 

GnRHGnRH PGFPGF

GnRH

Breed 
(TAI)

GnRH

Breed 
(TAI)

D 1

D1-D45 Every other day blood samples collected to monitor progesterone levels until 22 days post TAI.

D-5- Initial 
blood sample 
taken to 
determine 
phase of 
estrous cycle

PGFPGF

CIDRs inserted D-5 
and removed on D1

Y

 

Figure 3: CIDR NCSynch-TAI protocol.  CIDRs were inserted on D -5 and removed on D 1 

when the NCSynch-TAI protocol was started.   Blood samples were collected every other 

day from D 1 until 22 days post TAI on D 40. 
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compare pre and post-ovulatory structures and sizes as well as the P4 levels of the different 

treatment groups.  For ANOVA Tables see Appendix B.  Final model included the main 

effects of treatment (control, FSH 1, FSH 3), doe and time and their interactions.  Data on 

number of does in heat prior to TAI was analyzed using a Chi-square test. 

Experiment 3: Results were analyzed using the repeated measures analyzed as a split-plot 

with time sub-plot procedure of SAS (SAS 9.1.3 w/SP4, SAS Institute, Cary NC) to compare 

the P4 levels of the different treatment groups.  The final model included the main effects of 

treatment (CIDR, control), doe and time as well as their interactions.  For ANOVA Tables 

see Appendix B.  Difference in length of luteal phase was analysis by student’s t-test.   

Results 

Experiment 1:  Data for breeding procedure assignments, proportions of does showing estrus, 

and pregnancy rates for does in Experiment 1 are presented in Table 1.  Two does in the 

control group in 2007 (Rep 1) and 2 does in the control group in 2008 (Rep 2) that were not 

detected in estrus and, therefore, were not bred.  There was not a significant difference 

(p<0.05) in pregnancy rate between the NC-Synch and control groups in 2007, 2008 or in 

overall pregnancy rates when Rep 1 and Rep 2 were combined.   

Experiment 2:  There was no difference in the number or size of follicles between the 

treatment groups (p>0.05).  There was also no difference in the post-ovulatory structures 

between the treatment groups (p>0.05) (Table 2).  Estrus behavior was observed in 11 of 18 

(61%) does prior to TAI.  There was no difference between the number of does in heat prior 

to TAI in the control treated does and the FSH 1 treated does. 
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Table 2: Effect of treatment on the number and size of ovarian structures pre-and post- breeding 

(Experiment 2) 

Rep 1 8/13  (62) 

Rep 2 19/24 (79) 

Overall 27/37 (73)  

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41  (76) 

Pregnancy Rate of  

Does Bred (%) 

Rep 1 7/15  (47) 

Rep 2 19/26  (73) 

Overall 26/41  (63) 

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41  (76) 

Kidding  

Rate (%) 

Rep 1 8/15 (53) 

Rep 2 19/26 (73) 

Overall 27/41 (66) 

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41 (76) 

Pregnancy  

Rate Total (%) 

Rep 1 15/15  (100) 

Rep 2 24/24 ( 100) 

Rep 1 10/15  (67) 

Rep 2 24/26  (92) 

Rep 1 TAI 

Rep 2 TAI 

Rep 1 15 

Rep 2 26 

NCSynch a 

Rep 1 15 

Rep 2 26 

n 

Control  b 

Rep 1 13/15 (87) 

Rep 2 24/26 (87) 

Does  

Bred (%) 

Rep 1 13/15 (87) 

Rep 2 24/26 (92) 

Estrus 

Detected (%) 

Rep 1 Estrus 

Rep 2 Estrus 

Breeding 

Procedure 

Rep 1 8/13  (62) 

Rep 2 19/24 (79) 

Overall 27/37 (73)  

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41  (76) 

Pregnancy Rate of  

Does Bred (%) 

Rep 1 7/15  (47) 

Rep 2 19/26  (73) 

Overall 26/41  (63) 

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41  (76) 

Kidding  

Rate (%) 

Rep 1 8/15 (53) 

Rep 2 19/26 (73) 

Overall 27/41 (66) 

Rep 1 11/15  (73) 

Rep 2 20/26  (77) 

Overall 31/41 (76) 

Pregnancy  

Rate Total (%) 

Rep 1 15/15  (100) 

Rep 2 24/24 ( 100) 

Rep 1 10/15  (67) 

Rep 2 24/26  (92) 

Rep 1 TAI 

Rep 2 TAI 

Rep 1 15 

Rep 2 26 

NCSynch a 

Rep 1 15 

Rep 2 26 

n 

Control  b 

Rep 1 13/15 (87) 

Rep 2 24/26 (87) 

Does  

Bred (%) 

Rep 1 13/15 (87) 

Rep 2 24/26 (92) 

Estrus 

Detected (%) 

Rep 1 Estrus 

Rep 2 Estrus 

Breeding 

Procedure 

a-All  NCSynch - TAI does were bred regardless of estrus behavior demonstrated 
b-Control does were bred 12 hours after the first signs of estrus   

Table 1: Breeding procedure assignments, estrus detection, and total number of does bred in 

Experiment 1
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Treatment Number of 

follicles 

per doe

Follicle size

(mm) 

per doe

Number of 

Post-Ovulatory

Structures per doe

Post-Ovulatory

Structure Size (mm)

per doe

Ovulation Rate 

per doe

Control 3.5± 0.4 7.6 ±0.1 2.9 ±0.4 1.0±0.1 2.5 ±0.8

FSH 1 3.7 ±0.4 7.8 ±0.1 2.5 ±0.4 1.0±0.1 2.7 ±0.8

FSH 3 4.0 ±0.3 6.9 ±0.1 2.3 ±0.4 1.1±0.1 2.3 ±0.8

Treatment Number of 

follicles 

per doe

Follicle size

(mm) 

per doe

Number of 

Post-Ovulatory

Structures per doe

Post-Ovulatory

Structure Size (mm)

per doe

Ovulation Rate 

per doe

Control 3.5± 0.4 7.6 ±0.1 2.9 ±0.4 1.0±0.1 2.5 ±0.8

FSH 1 3.7 ±0.4 7.8 ±0.1 2.5 ±0.4 1.0±0.1 2.7 ±0.8

FSH 3 4.0 ±0.3 6.9 ±0.1 2.3 ±0.4 1.1±0.1 2.3 ±0.8

 
1-All data are reported as the LSMeans ± SEM
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There was a significant difference in number of does in heat prior to TAI in the FSH 3 treated 

does compared to the control and FSH 1 treated does (p<0.05). 

Pregnancy data for Experiment 2 are presented in Table 3.  There were 3 does in each 

treatment group (9 does total) that had fluid present on gestational day 35.  Fluid was present 

in 8 does on gestational day 42, but only 3 does presented with fluid on 

gestational day 49.  There was one FSH3 treatment doe in which a fetus was visualized at 

gestational day 49.  This was the only doe that remained pregnant at gestational day 56. 

Ultrasound images can be seen in Figure 4. Figure 4A, 4B, and 4C show ultrasound 

images from a treatment 1 (control) doe.  Fluid was present on gestational days 35, 42, 49, 

but was absent on gestational day 56.  In figure 4D, 4E, 4F area shown 

ultrasound images for a pregnant doe from the FSH 3 group.  Fluid was present at gestational 

day 35, a fetus was visible at day 49, and placentomes were visible at day 56.  Ultrasound 

images for a doe from the FSH 2 group are shown in Figure 4G and 4H.  Fluid was present at 

gestation day 35 and 42 but was absent thereafter. 

All P4 values were below 1 ng/ml on the first day of treatment except in one doe from 

the FSH 3 treatment group (Figure 5).  The P4 levels resulted in one pattern for the control 

does and two different patterns in both the FSH 1 and FSH 3 does.  P4 levels differed 

between treatment groups (p=0.0023).  Based on the P4 values on D 1 and D 15, all does in 

the FSH 1 group and 5 of 6 does in the FSH 3 group, were not cycling and therefore did not 

respond to the first or second injection of PGF.  Because none of the animals were properly 

synchronized, FSH and LH assays were not conducted. 
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Table 3:  Pregnancy rates for all does (n=18) at gestational days 35, 42, 49, and 56 for 

Experiment 2 

Treatment Day of Gestation Pregnancy Rate (%)

Control

FSH 1

FSH 3

Overall

35 d 3/6  (50%)

3/6  (50%)

3/6  (50%)

9/18  (50%)

Control

FSH 1

FSH 3

Overall

42 d 2/6  (33%) 

2/6  (33%)

4/6  (67%)

8/18  (44%)

Control

FSH 1

FSH 3

Overall

49 d 1/6  (17%)

1/6  (17%)

1/6  (17%)

3/18  (17%)

Control 

FSH 1

FSH 3

Overall

56 d 0/6  (0%)

0/6  (0%)

1/6  (17%)

1/18  (5%)

Treatment Day of Gestation Pregnancy Rate (%)

Control

FSH 1

FSH 3

Overall

35 d 3/6  (50%)

3/6  (50%)

3/6  (50%)

9/18  (50%)

Control

FSH 1

FSH 3

Overall

42 d 2/6  (33%) 

2/6  (33%)

4/6  (67%)

8/18  (44%)

Control

FSH 1

FSH 3

Overall

49 d 1/6  (17%)

1/6  (17%)

1/6  (17%)

3/18  (17%)

Control 

FSH 1

FSH 3

Overall

56 d 0/6  (0%)

0/6  (0%)

1/6  (17%)

1/18  (5%)
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Figure 4: Images of pregnancy detection by ultrasonography (Experiment 2).  Ultrasound 

images from an open control doe at gestational day 35 (A), 42 (B), and 49 (B).  Ultrasound 

images from a pregnant FSH 3 doe at gestation day 42 (D), 49 (E), and 56 (F).  Note the fetus 

is present at gestation day 49 (E) and placentomes at day 56 (F).  Ultrasound images from an 

open FSH 1 doe at gestation day 42 (G), and 49 (H).   
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Figure 5:  Average P4 concentrations during treatment administration for open does in the 

control, FSH 1 and FSH 3 groups and a doe in the FSH 3 group that subsequently became 

pregnant. 
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Experiment 3: No estrus behavior was observed prior to TAI in any of the does.  The 

proportion of does with fluid present in their uterus based on ultrasound evaluations is 

presented in Table 4.   

Ultrasound images can be seen in Figure 6.  Figure 6A, 6B, and 6C show ultrasound 

images from a CIDR-treated doe.  Fluid was present on gestational days 35, 42, 49, but was 

absent on gestational day 56.  Figure 6D, 6E, and 6F show fluid presence in a control doe on 

gestational day 35, 42, 49 respectively.  Figure 6G shows the absence of the fluid on 

gestational day 56 in the same doe. 

P4 levels differed significantly between with treatment (p=0.0251).  Differences in 

progesterone levels between the treatment groups can be seen in Figure 7.  Individual P4 

profiles can be found in appendix Figure A1.  The length of the luteal phase for the CIDR 

treated does following TAI on d 23 was 5.8 ± 1.7 days (n=12) compared to 2.2±1.5 days for 

the control does (n=10) (p=0.086).  However, when data from the single control doe that 

became pregnant was not included, the length of the luteal phase differed (p=0.015) between 

treatment groups with 5.8 ± 1.7 for the CIDR treated group (n=12) and 0.7 ± 0.6 for the 

control group (n=9). 

 



 

 43 

Table 4: Fluid accumulation in the uterus in Experiment 3 

CIDR 

Control

Overall

CIDR

Control

Overall

CIDR

Control

Overall

CIDR

Control

Overall

Treatment Day of Gestation Fluid Present (%)

35 d 6/12  (50)

4/10  (40)

10/22  (45)

43 d 6/12  (50)

3/10  (30)

9/22  (41)

49 d 6/12  (50)

2/10  (20)

8/22  (36)

56 d 0/12  (0 )

0/10  (0)

0/22  (0)

CIDR 

Control

Overall

CIDR

Control

Overall

CIDR

Control

Overall

CIDR

Control

Overall

Treatment Day of Gestation Fluid Present (%)

35 d 6/12  (50)

4/10  (40)

10/22  (45)

43 d 6/12  (50)

3/10  (30)

9/22  (41)

49 d 6/12  (50)

2/10  (20)

8/22  (36)

56 d 0/12  (0 )

0/10  (0)

0/22  (0)
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Figure 6: Ultrasound images from Experiment 3.  Ultrasound images from a CIDR doe at 

gestational day 35 (A), 42 (B), and 49 (B).  Ultrasound images from a control doe gestational 

day 35 (D), 42 (E), 49 (F), and 56 (G).  Note the absence of fluid between gestational day 56.  
 

 



 

 45 

 

Control P4

0

1

2

3

4

5

D
1

D
8

D
1
2

D
1
6

D
2
0

D
2
4

D
2
8

D
3
2

D
3
6

D
4
0

D
4
4

Experimental Day

P
4
 n

g
/m

l

CIDR P4

0

1

2

3

4

5

D
1

D
8

D
1
2

D
1
6

D
2
0

D
2
4

D
2
8

D
3
2

D
3
6

D
4
0

D
4
4

Experimental Day

P
4
 n

g
/m

l

Figure 7: The average P4 serum concentrations for the CIDR and control treated does are 
shown.  The interaction of trt x time was significant (p≤0.025). 
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Discussion 

The NCSynch-TAI protocol used in Experiment 1 during the breeding season was 

successful in creating an ovulation synchronization and timed artificial insemination protocol 

that resulted in high pregnancy and kidding rates.  The pregnancy and kidding rates in both 

replicates were higher than the previously reported rate of 58% by Holtz using OvSynch 

coupled with TAI (Holtz et al., 2008).  However, the NCSynch-TAI protocol differed from 

the Holtz protocol in three ways, which may explain the difference in results between the 

studies.  The first difference is in the use of two PGF2α injections in the NCSynch-TAI 

protocol instead of a single one used by Holtz.  The Holtz protocol is identical to the original 

OvSynch protocol developed for use in cattle (Pursley et al., 1995).  The NCSynch-TAI 

protocol utilizes an additional PGF2α injection in the beginning of the protocol to aid in 

synchronizing all the does prior to starting the ovulations synchronization treatment.  The 

luteolytic effect of the PGF2α regresses any corpora lutea and allows for a new follicular 

wave to emerge.   

The second distinction between the Holtz protocol and the NCSynch-TAI protocol is 

the timing of the second GnRH injection.  In the Holtz protocol, a GnRH injection is given 

48 hours after the PGF2α injection, whereas in the NCSynch-TAI protocol the GnRH 

injection is given 72 hours after the (second) PGF2α injection.  Holtz cited one of the main 

factors that could have contributed to the suboptimal pregnancy rates observed in his study as 

the fact that 29 % of does in the OvSynch group in their had premature regression of the 

corpus luteum shortly after insemination.  Holtz proposed that the short cycles might have 

been associated with ovulation induction of immature follicles in response to their second 
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GnRH injection.  He also suggested that a longer period of time between the PGF2α and the 

second GnRH injection would allow follicles to finish maturation and could lead to increased 

pregnancy rates.  This may have been the case in the NCSynch-TAI protocol where there was 

an extra 24 hours between the second PGF2α and GnRH injections (i.e., a 72 h interval).  This 

appeared to be more advantageous for acquisition of physiological and developmental 

competence of oocytes with the pre-ovulatory follicles that were induced because pregnancy 

rates were higher. 

The third difference between the NCSynch-TAI and Holtz protocols is in the timing 

of the insemination.  Breeding occurred 16 hours after the second GnRH injection in the 

Holtz study, as opposed to simultaneously with the GnRH injection in the NCSynch-TAI 

protocol.  It has been shown that GnRH induces a tightly synchronized preovulatory LH 

surge that occurs 2 hours after im administration in cycling does (Holtz et al., 2008) and ewes 

(Rubianes et al., 1997).  It has also been reported that the mean time for ovulation in the Boer 

doe is 24.7 hours after the LH surge (Greyling, 2000).  The interval from the LH surge to 

ovulation is very stable at 22 hours in other breeds of goats (Leboeuf, 1996; Baril, 2000).  In 

the Holtz protocol the GnRH injection was given 16 hours prior to insemination which 

allowed only an 8 hour window for insemination to occur prior to ovulation.  In the 

NCSynch-TAI protocol the breeding occurred approximately 24 hours prior to ovulation.  

This allowed sperm an additional 16 hours to undergo any physiological maturation needed 

before fertilization and reach the site of fertilization.  The NCSynch-TAI protocol was 

originally designed such that breeding and the second GnRH injection occurred 48 hours 

after second PGF2α injection.   After preliminary trials using the NCSynch-TAI protocol these 
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events were changed to 72 hours post PGF2α injection because it was observed that the does 

were coming into heat later and therefore were being bred too early. 

Pregnancy rates for the control does differed between the first and second replicates 

in Experiment 1 (Table 1).  During the first replicate heat checking was performed by 

maintaining an intact buck across a fence line from the does and observations of estrus 

behavior were recorded twice daily.  During the second replicate one vasectomized buck was 

maintained across the fence line and the other was fitted with a marking harness and housed 

with the does.  This method of estrus detection likely allowed for a more accurate record in 

estrus behavior because the bucks were able to detect estrus in does 24 hours a day.  It was 

also likely more accurate because marking on the hindquarters of the doe indicated that she 

had exhibited the immobility reflex for the buck.  The increase in accuracy of heat checking 

likely led to fewer missed signs of estrus and a more accurate timing of breeding for the 

control does.   

 The single sc injection of FSH in combination with the NCSynch-TAI protocol did 

not result in any difference in ovulation rates between the treatment groups.  After analyzing 

the P4 assay results it can be concluded that this may be because the does did not respond to 

the NCSynch-TAI protocol as expected.  Does must have a functional CL to respond to the 

first PGF2α and, therefore, to the remainder of the hormonal regimen.  Seventeen of the 

eighteen does had P4 levels of less than 1 ng/ml when the NCSynch-TAI protocol began.  

Interestingly, the one doe with P4 levels above 1 ng/ml was the only doe that remained 

pregnant through gestational day 56.  The timing of the s.c. FSH injections were based on the 

physiology of folliculogenesis.  The FSH 1 and FSH 3 treatment groups were intended to 
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target the recruitment of more follicles and rescue those that were becoming atretic 

respectively.  Due to the fact that the does were not in the follicular stage of their estrous 

cycle the FSH was not administered at the pertinent time.  However, there was a significant 

difference between the treatment groups in the number of does showing signs of estrus prior 

to TAI.  All does (n=6) in the FSH 3 group showed signs of estrus compared to 2 of 6 does in 

the control group and 3 of 6 does in the FSH 1 group.  Estrogen is the major hormone 

responsible for inducing behavioral estrus in the female (Hafez, 1993).  The FSH injection, 

as well as timing in the estrous cycle, in does in the FSH 3 group may have increased the 

estrogen secreted by the granulosa and theca cells of the pre-ovulatory graafian follicles and 

increased estrus behavior in does in the FSH 3 group.   

 It can also be concluded that the does were still unresponsive to the second 

administration of PGF2α based on their P4 values.  Once again, only one doe had a P4 level 

above 1 ng/ml at D15.  Normally, the PGF2α administration would lead to a decrease in P4 

level but this was not the case in Experiment 2.  All of the control does did not respond to the 

PGF2α.  Does in the FSH 1 group exhibited two different P4 patterns.  The first pattern was 

characterized by an increase in P4 levels from the time of PGF2α on D15 until after 

insemination of D18.  The second pattern was characterized by an increase in P4 levels after 

PGF2α on D15 followed by a decrease in levels after GnRH on D18.  Does in the FSH 3 

treatment group also had two different P4 patterns.  The first pattern was an increase in P4 

levels after the time of PGF2α on D15 until D17 or until D18 when GnRH was given.  The 

second pattern was a decrease in P4 after the time of PGF2α on D15 that continued until D19 
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when the last sample was taken.  This pattern type was very similar to the one observed in 

the FSH 3 doe which was pregnant at gestational day 56.   

 In both Experiments 2 and 3 there was an interesting phenomenon that was observed 

when the does were ultrasounded to detect pregnancy.  Several does had fluid in their uterus 

after gestational day 40 without the presence of a fetus, which is known as hydrometra.  

Hydrometra is the pathological condition in which aseptic fluid accumulates in the lumen of 

the uterus in the presence of a persistent CL (Pieterse and Taverne, 1986).  It can often be 

hard to distinguish between an early pregnancy and hydrometra when ultrasound scans occur 

on or before 35 days after mating.  Therefore, to confirm the diagnosis of hydrometra a 

second scan needs to occur at least 40 days after mating.  At this point in gestation, fetuses or 

placentomes are always able to be visualized in pregnant does (Pieterse and Taverne, 1986).  

Hydrometra was assessed in dairy goats over a three year period and the frequency of 

incidence ranged anywhere from 3% to 21% with the mean incidence being 9% (Hesselink, 

1993).  Hydrometra incidence is greatly increased in older does (18%) compared to yearlings 

(1%) (Hesselink, 1993).  It is also interesting to note that that incidence of hydrometra in 

does age one to five years old was 10% compared to 32% in does age six to eleven years old 

(Hesselink, 1993).  All of the does in both experiments 2 and 3 ranged anywhere from 2 to 9 

years old, and therefore could be more prone to hydrometra.  Hydrometra occurred at 

gestational day 42 in 44% and 41% of the does in Experiment 2 and 3, respectively.  

Hydrometra also occurred at gestational day 49 in 17% and 36% of does in Experiment 2 and 

3 respectively.  These rates are higher than those reported by other authors (Mizinga and 

Verma, 1984; Pieterse and Taverne, 1986; Hesselink, 1993).   
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 Another factor that may have contributed to the high incidence of hydrometra is the 

induced ovulation associated with the NCSynch-TAI protocol.  The proposed association of 

hydrometra with induced ovulations is only weakly supported because the studies reporting 

such associations only examined two does (Mizinga and Verma, 1984) or failed to obtain 

repeated observations of high rates of hydrometra across years (Hesselink, 1993).  It is 

possible that inducing ovulation could have increased the incidence of hydrometra in 

Experiment 2 and 3.  It is also interesting to note that despite a lack of treatment for 

hydrometra, all does spontaneously aborted the fluid by gestational day 56.  In the current 

study, it was originally thought that the fluid present at ultrasonography may represent urine 

in the bladder, but the absence of this fluid at gestational day 56 coupled with the anatomical 

position of the bladder ruled out this possibility.   

 It can be concluded that despite low pregnancy rates in Experiment 3, does in the 

CIDR group responded differently to the NCSynch-TAI protocol than the control does.  Does 

in the CIDR group appeared to have a normal estrous cycle directly after the end of the 

NCSynch-TAI protocol, whereas the control does did not.  It appeared that a longer luteal 

phase after breeding occurred in the CIDR group compared to the control group, although 

when all does in the control group were included in the analysis this was not significant.  

However, when the one pregnant doe in the control group with elevated P4 levels was 

removed from the data set the length of the luteal phase after breeding differed significantly 

between the two groups.  It is clear from the P4 values of the does in the CIDR group that the 

CIDR® was successful in increasing P4 levels to those reached during the luteal phase in a 

normal estrous cycle.  The CL that developed after the CIDR® was removed and the first 
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GnRH was administered would be considered a sub-functional structure based on the P4 

values during that time.  This could have been a contributing factor in the low pregnancy 

rates in the does in the CIDR group because the follicle that developed under this regimen 

may have been insufficient (Inskeep et al., 1988).  However, the second CL that formed after 

the second GnRH injection at breeding would likely support development of a normal 

follicular wave.  Thus, pregnancy rates may be improved by moving the breeding to the 

subsequent cycle, and changing the schedule of injections.  The first injection of PGF2α could 

be eliminated because removing the CIDR® served the same purpose of decreasing P4 

levels.  The first GnRH injection, PGF2α injection, and the second GnRH injection would 

remain as in the original NCSynch-TAI protocol but a second PGF2α injection could then be 

added on D 40 or D 41 to regress the fully functional induced CL (Figure 8).  Breeding 

would then occur 72 h later, at which time a third GnRH injection, would be given.  

Alternatively, a second method to increase pregnancy rates would be to give the injection of 

PGF2α 6 days later on D 26.  This would extend the luteal phase of the first induced CL, 

producing a more functional CL to form.  This would also allow two or three follicular waves 

to occur prior to luteolysis.  This might produce more physiologically mature follicles under 

its influence and might increase pregnancy rate. 

In conclusion, the NCSynch-TAI protocol was successful in generating high 

pregnancy rates during the breeding season.  Additional protocol modifications are needed 

for it to be used successfully during the early breeding season.  
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Figure 8:  CIDR protocol comparison.  The top graph shows the P4 profile induced in the 

CIDR treated does using the CIDR protocol used in Experiment 3.  The second graph shows 

the same P4 profile with a new CIDR protocol formulated to try and increase pregnancy rates.  

The bottom graph shows a hypothetical P4 profile if the PGF injection occurs on D 26 instead 

of D 20, and assumes the CL that is formed is normal. 
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Figure A1-Individual P4 profiles for does in the CIDR group and does in the control group. 
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Figure A2-Control P4 values plotted without pregnant P4 profile (Doe 5180)
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APPENDIX B 

ANOVA TABLES FOR ALL EXPERIMENTS 
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Table B1- ANOVA table for follicle number data analysis in Experiment 2. 

 

Source 

 

 

DF 

 

Sum of Squares 

 

Mean Square 

 

F Value 

 

Pr > F 

Model 

 

2 3.8020738 1.9010369 0.43 0.6525 

Trmt 

 

2 3.80207377 1.9010369 0.43 0.6525 

Error 

 

Total 

103 

 

105 

456.7639640 

 

460.5660377 

 

4.4346016   
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Table B2- ANOVA table for follicle size data analysis in Experiment 2. 

 

Source 

 

 

DF 

 

Sum of Squares 

 

 

Mean Square 

 

F Value 

 

Pr > F 

Model 

 

5 0.98104393 0.19620879 2.05 0.0783 

Trmt 

 

2 0.18975267 0.09487634 0.99 0.3751 

OvID 

 

1 0.58853661 0.58853661 6.14 0.0149 

Trmt*OvID 

 

2 0.13129929 0.06564965 0.69 0.5064 

Error 

 

Total 

100 

 

105 

9.58139381 

 

10.56243774 

 

0.09581394   
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Table B3-ANOVA table for CH number data analysis in Experiment 2. 

 

Source 

 

DF 

 

Sum of Squares 

 

Mean Square 

 

F Value 

 

Pr > F 

 

Model 

 

2 

 

2.9879082 

 

1.4939541 

 

0.44 

 

0.6436 

 

Trmt 

 

2 

 

2.9879082 

 

1.4939541 

 

0.44 

 

0.6436 

 

Error 

 

Total 

 

50 

 

52 

 

168.0309598 

 

171.0188679 

 

 

3.3606192 
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Table B4- ANOVA table for CH size data analysis in Experiment 2. 

 

Source 

 

DF 

 

Sum of Squares 

 

 

Mean Square 

 

 

F Value 

 

Pr > F 

Model 5 0.20373627 0.04074725 0.40 0.8452 

 

Trmt 

 

2 

 

0.06567378 

 

 

0.03283689 

 

0.32 

 

0.7255 

OvID 1 0.00262326 0.00262326 0.03 0.8731 

 

Trmt*OvID 2 0.15185338 0.07592669 0.75 0.4795 

 

Error 

 

Total 

43 

 

48 

4.36667597 

 

4.57041224 

 

0.10155060   
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Table B5- ANOVA table for ovulation rate data analysis for Experiment 2. 

 

Source 

 

 

DF 

 

Sum of Squares 

 

Mean Square 

 

F Value 

 

Pr > F 

Model 2 0.333333333 0.16666667 0.05 0.9515 

 

Trmt 

 

2 

 

0.333333333 

 

0.16666667 

 

0.05 

 

0.9515 

 

Error 

 

Total 

 

15 

 

17 

 

50.16666667 

 

50.50000000 

 

 

3.34444444 
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Table B6-ANOVA table and contrast statement for P4 values for data analysis in Experiment 2. 

 

Source 

 

 

DF 

 

Sum of Squares 

 

 

Mean Square 

 

 

F Value 

 

Pr > F 

 

Model 

 

26 117.7461250 4.5286971 2.78 0.0013 

Trmt 

 

2 25.62280833 12.8114041

7 

7.86 0.0012 

Trtmt * Doe 15 36.81715417 2.45447694 1.51 0.1435 

 

Time 

  

3 

 

15.30052639 

 

5.10017546 

 

3.13 

 

0.0348 

 

Trmt * Time 

  

6 

 

40.00563611 

 

6.66760602 

 

4.09 

 

0.0023 

 

Error 

 

Total 

 

 

45 

 

71 

 

73.3118625 

 

191.0579875 

 

1.6291525 

  

Tests of Hypothesis Using the Type III MS for TRMT*DOE as an Error Term 

 
Source 

 
DF 

 
Type III SS 

 
Mean Square 

 
F Value 

 
Pr > F 

 
 Trmt 

 
 2 

 
25.62280833 

 
12.81140417 

 
5.22 

 
0.0190 
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Table B7-ANOVA table for P4 value data analysis for Experiment 3. 

 

Source 

 

 

DF 

 

Sum of Squares 

 

Mean Square 

 

F Value 

 

Pr > F 

 

Model 

 

61 775.366090 12.710920 5.65 <0.000

1 

Trmt 

 

1 37.9095355 37.9095355 16.87 <0.000

1 

Trtmt * Doe 

 

20 371.9844841 18.5992242 8.27 <0.000

1 

Time 

 

20 215.2621429 10.7631071 4.79 <0.000

1 

Trmt * Time 

 

20 96.5599852 4.8279993 2.15 0.0032 

Error 

 

Total 

349 

 

410 

784.458995 

 

1559.825085 

 

2.247734 

 

 

  

 


