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ABSTRACT 

 

Control of sow breeding to improve reproductive efficiency and maximize farrowing room 

performance 

 

 

Matthew McBride        Advisor: 

University of Guelph, 2019       Dr. Robert Friendship  

 

The studies included in this thesis evaluated the use of hormonal control of ovulation and 

different catheter designs to attempt to improve reproductive efficiency as well as examine the 

factors which affect weaning weights. The first study explored combining a fixed-time 

insemination protocol with a novel insemination catheter, however, this combination resulted in 

a reduction in farrowing rate and litter size when a lower dose of sperm was used. Manipulating 

the time of breeding does result in reducing the variability of when a group of sows farrow and 

can be used to ensure weaning ages of a group of pigs is uniform. The second study examined 

factors affecting weaning weights and found that in addition to age at weaning other factors that 

influenced weaning weight included; birth weight, sex, fostering and litter characteristics such as 

total born, stillbirths, and mortality.  
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CHAPTER 1: LITERATURE REVIEW   

1.1 Introduction 

With more pork eaten worldwide than any other meat product, the swine industry is one 

of the most significant agricultural stakeholders in modern food production. Canada is a major 

pork producing country and exports over 60% of its product to over 100 countries around the 

world. It is therefore important for Canadian farmers to be cost efficient.  As such, it has become 

a necessity for the Canadian swine industry to adapt new technologies to stay competitive in the 

ever changing global market. 

The swine industry has made continuous improvements in reproductive performance over 

the past several decades. Modern Canadian swine operations can achieve greater than 30 pigs per 

sow per year because of excellent conception rates of greater than 85% and a steady increase in 

litter size so that today herds are able to wean more than 12 pigs per litter. In order to increase 

efficiency and overall profitability in production further, research advancements into next 

generation swine reproductive technologies may be invaluable (Knox, 2014).  

Almost all sows are bred using artificial insemination (AI) and one of the key factors in 

successful AI is optimal timing of semen delivery. Sows exhibit a great deal of variation in the 

duration of estrus, the wean-to-estrus interval and estrus-to-ovulation interval (Kraeling and 

Webel, 2015) and this creates a challenge in breeding management. Hormones can be used to 

induce ovulation and allow a single fixed-time artificial insemination (FTAI) protocol to be 

utilized by pork producers (Kraeling & Webel, 2015). This technology, combined with using a 

superior semen catheter design may aid in increasing the likelihood of semen deposition into the 

uterus, reduce backflow, and allow for decreased sperm per insemination for each breeding cycle 

(Tummaruk et al., 2011). 
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This literature review aims to provide a comprehensive overview on reproduction in the 

swine industry, as well as issues that may be encountered through the process.  This will include 

relevant background information in the anatomy and physiology of the sow, current breeding 

practices, types of insemination cathers, and pharmaceuticals used in manipulating the 

reproductive cycle of the sow to further the efficiency of artificial insemination (AI). The review 

will examine the use of single fixed-time insemination protocols and improved insemination 

catheter designs with the goal in mind of determining if combinations of new technologies might 

enable producers to reduce semen dosages and number of inseminations.  

 

1.2 Reproductive Anatomy and Physiology of Female Pigs  

 

1.2.1 Normal reproductive anatomy 

The female reproductive system includes the vulva, vagina, cervix, uterus, uterine horns, 

fallopian tubes and ovaries – which are fixed by peritonea. The broad ligament (mesometrium, 

mesosalpinx, and mesovarium) anchors these structures to the body wall (Hafez and Hafez, 

2016). The mesometrium and mesosalpinx connect the uterine horn and the ovary to the body 

wall, respectively. The mesovarium suspends the ovaries from the cranial aspect. The proper 

ligament connects the ovaries to the uterine horns.  

The reproductive tract begins externally at the vulva. In the days preceding standing heat, 

sows often undergo physical changes to the vulva. It often becomes enlarged, reddened, with 

mucous discharge. Therefore, recognizing changes in the vulva is helpful for heat detection by 

the herdsman. Just internal to this is the vagina, a passage characterized by acidity and mucous 

secretion. The vagina terminates at the cervix, where cervical mucous plug aids in filtering out 

sperm of poor conformation and function (Suarez & Pacey, 2006). During insemination in pigs, 
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the cervix is where most semen is deposited during breeding, with some backflow into the 

vagina. Successful sperm migrate internally through the muscular cervix and into the uterus. 

Uterine muscle contractions and rapid flagellum movement aid in transporting sperm into the 

uterine horns and fallopian tubes. At ovulation, sperm move towards the oocyte in the fallopian 

ampulla by chemotactic and temperature gradient (Suarez and Pacey, 2006). The sperm will then 

penetrate and fuse with the oocyte, resulting in a fertilized zygote.  

There are several anatomical differences worth noting in the swine species.  

The anatomy of the cervix is unique because it is comprised of prominent muscular mucosal 

folds along its entire length, called pulvini cervicales (Lorenzen et al., 2015). The porcine cervix 

becomes quite dilated during estrus, while at all other times of the cycle including pregnancy it 

remains constricted (Singleton and Diekman, 2019). The uterus has a pH of approximately 7.0. 

(Lorenzen et al., 2015). This ensures a stable microenvironment, which is crucial for embryonic 

development and sperm motility through the reproductive tract (Bazer et al., 2012). The uterus of 

female pigs is distinctive from many other species in that horns are bicornuate, meaning there are 

two uterine horns with a small uterine body joining them. The uterine horns in the pig are more 

elongated and provide a greater space between the cervix and start of the fallopian tubes 

compared to that of other mammals (Lorenzen et al., 2015). The fallopian structures themselves 

are elongated and narrow tubes which connect the uterus to the ovaries. They facilitate further 

sperm passage to the ovum and also act as a site for implantation of the fertilized ovum. The 

ovaries of the female pig are important structures, not only as reservoirs for ova, but also in the 

production of hormones for reproductive cycling and pregnancy. 
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1.2.2 Estrous cycle  

In the female pig, the workings of the estrous cycle have been well documented. The 

estrous cycle of sows is 18 to 24 days. It can be organized into three distinct periods - the 

follicular phase, ovulatory phase, and luteal phase. The follicular phase of the estrous cycle is 

between 5 to 7 days, followed by a brief period of ovulation, and a luteal phase between 13 to 15 

days in length (Soede et al., 2011). 

In the follicular phase, luteinizing hormone (LH) and follicular stimulating hormone 

(FSH) are released in a pulsatile manner from the pituitary gland of the brain. This phase is 

marked by growth of the follicles. During this time, the largest ovarian follicles are selected from 

the pre-existing follicle pool, while the smaller follicles undergo atresia (Soede et al., 2011). 

Thereafter, newly selected follicles begin to grow and mature within the ovaries of the female. 

Selected follicles will begin at a size of 2 – 4mm during lactation, and eventually progress to the 

pre-ovulatory size of 7 – 8 mm by the end of the follicular phase (Langendijk et al., 2007). 

Ovulation in the sow occurs in a narrow time frame of 1 to 3 days. Unlike many other 

mammalian species, a sow may ovulate up to 30 follicles during each cycle (Soede et al., 2011). 

Throughout this time, mature and fertile eggs will enter the fallopian tubes, where they prepare 

to be fertilized by male sperm.  

Following ovulation is the luteal phase. During this phase, the corpus luteum (CL) arises 

from the basal lamina after follicle rupture and egg release (Baerwaldet al., 2005). As the CL 

regresses in size, progesterone production decreases. Because progesterone is inhibitory to 

gonadotropins, supressing it allows the follicles to grow quickly (Andersson, 2008). With 

increased follicle size, estrogen production also increases (Soede et al., 2011).  Therefore, the 

increase in estrogen and decrease in progesterone are critical for the surge of gonadotropins just 
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prior to ovulation and onset of standing heat (Andersson, 2008). If the ovum is fertilized, the CL 

persists and acts as an endocrine organ, producing both progesterone and estrogen. If 

unfertilized, the CL will undergo atresia and the estrous cycle will be repeated (Hinson et al., 

2010). The later luteal phase is a period where the antral follicle pool begins to develop, in 

preparation for the next follicular phase. 

 

1.2.3 Estrus detection and breeding management  

Detecting when a sow is in heat, or in estrus, is an essential step in swine breeding 

management. It is necessary in order to determine the proper timing of insemination, which in 

turn affects herd reproductive performance. In newly weaned sows, exposure to a boar is 

fundamental for a good estrus detection protocol. Furthermore, boar exposure has been linked 

with onset of estrus and follicular development in sows (Knox, 2014). Exposing a female to boar 

stimuli such as olfaction, tactility, sight, and sound have been shown to result in a standing estrus 

response in 100% of tested fertile females (Chamberlain et al., 2011).  

In order to optimize estrus detection in commercial breeding herds, a boar is released in 

front of small groups of sows and the sows’ responses are monitored. The herdsman may apply 

pressure to the lower back of each sow exposed to the boar. If the sow is in heat the sow will 

respond to back pressure by adopting a rigid saw-horse stance, but if not in heat she will object 

to the pressure and try to move away. The herdsman also looks for other signs including erect 

ears, swollen vulva and mucus vaginal discharge (Soede et al., 2011).  

 

1.2.4 Reproductive hormones  

An understanding of porcine reproductive hormones, including how they are produced 

and influence the estrous cycle is important in herd breeding management. The production of 
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certain hormones begins with the secretion of gonadotropin-releasing hormone (GnRH) from the 

hypothalamus of the brain. GnRH binds to specific receptors on the anterior pituitary gland to 

stimulate the release of hormones such as FSH and LH into the blood stream. LH has an 

important role in production of testosterone via the theca cells in the ovaries, and maturation of 

the released ovum (Martínez-Miró et al., 2016). LH concentrations have been found to be lowest 

during lactation, and peak just prior to and during ovulation (Stevenson et al., 1981). FSH serves 

a specific role controlling the ovulation rate, and is involved in follicle recruitment (Soede et al., 

2011). LH and FSH are both essential to follicular growth, at different stages. Langendijk et al. 

(2007) indicate that FSH is most important for early and late antral follicle growth, and LH is 

important for the final pre-ovulatory follicular growth.   

As follicles mature, they secrete increasing amounts of estrogen and progesterone. High 

estrogen levels are important for the synthesis and release of GnRH, which in turn regulates the 

LH and FSH surge just prior to ovulation. After embryo implantation, estrogen is also thought to 

have a role in maternal-pregnancy recognition (Andersson, 2008). Progesterone is an important 

hormone, being the primary secretory product of the CL, then the placenta once pregnancy is 

established. Levels of this hormone are highest during the luteal phase (20 - 50 ng/mL), and 

lowest at estrus (0.5 ng/mL) (Andersson, 2008). By knowing this, progesterone analysis can be 

used to determine ovarian activity in gilts before breeding, and as a simple pregnancy test on 

serviced females (Andersson, 2008). Progesterone modifies the uterus to prepare for 

implantation of a fertilized egg. Secretion of progesterone is thought to occur independently from 

LH during the early luteal phase, but at a later stage LH becomes an important regulator of 

progesterone production and maintenance from the corpus luteum (Langendijk et al., 2007). 
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1.3 Breeding  

1.3.1 Natural breeding  

Natural breeding in swine is a relatively straightforward process. The in-heat sow is 

introduced to the intact boar under close herdsman supervision in the mating area. When the 

female displays strong physical signs of standing heat she is mounted by the male, and the boar’s 

penis enters into the female vagina. This entry is sometimes assisted by the herdsman. The boar’s 

penis has a fibroelastic and corkscrew anatomy. This allows it to lock into the folds of the female 

cervix. After the boar ejaculates, a dense mucous plug is left behind in the female. This plug is 

thought to decrease sperm backflow from the uterus, increasing the likelihood of successful 

fertilization. Although natural breeding has been used since the establishment of livestock 

management, it is seldom practised in commercial hog operations today.  

There are many points that need to be considered in servicing a herd naturally. There is a 

need for a large number of boars on farm, about 1 boar for every 20 sows in the herd (Knox, 

2000).  The feed and housing costs for boars is a major economic reason why AI has replaced 

natural breeding on most modern swine operations. Knox (2000) estimates that each boar 

requires a minimum 15 square feet of space, and should not be housed in sow gestation stalls. 

They require an open pen but can’t be housed together because of their aggressive nature. 

Natural breeding can also pose great stress and risk of injury for the sow. This is due to the more 

aggressive temperament and size difference of the boar during the mating process (Knox, 2000). 

Natural breeding requires a specialized pen for breeding and sow and boars must be moved to the 

breeding arena. Sows that are in heat can be difficult to move, while boars can be dangerous. 
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1.3.2 Artificial insemination 

Since the 1960s, breeding management in the swine industry has improved profoundly with 

the advent of artificial insemination (Knox 2000). When first introduced, reduced litter sizes and 

conception rates were commonplace. This made it difficult to convince producers to use AI. The 

1980’s brought about advancements in genetics, herdsmanship, and improved knowledge of 

semen diluents and extenders (Bortolozzo et al., 2015; Feitsma et al., 2009). Most importantly 

during the 1980’s and 90’s herd size greatly increased and the cost and labour savings associated 

with AI became so great compared to natural service that it couldn’t be ignored.  

The great success of AI is a product of many reasons. It offers economic benefit in breeding 

costs and labour savings compared to natural breeding. It allows superior genetic traits to be 

introduced into herds, and for more effective and rapid improvement in the herd as a whole 

(Ronald et al., 2013). It also improves farm biosecurity and reduces disease transmission by 

transporting semen versus introducing live boars on farm for breeding (Feitsma et al., 2009). The 

collaborative efforts between breeding and research companies have allowed artificial 

insemination to increase in quality control and reproductive performance substantially in the 

swine industry (Knox, 2015).  

Intracervical insemination, where fresh semen is deposited directly into the cervical canal is 

the most common AI technique used on commercial farms (Bortolozzo et al., 2015). With this 

method, sows are given daily physical boar exposure and manually examined for signs of estrus. 

Once in strong standing heat, sows are bred with a dose of approximately 1.5 - 4 billion 

spermatozoa to achieve high fertility results (Bortolozzo et al., 2015; Watson and Behan, 2002). 

The sperm are often diluted to a volume of 75 to 100 mL by adding extenders, which are 

components  that maximize sperm shelf life  outside of the male reproductive tract (Knox, 2015). 
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Lipoproteins permit sperm to resist colder temperatures, glucose provides additional energy, and 

antibiotics reduce the growth of bacteria (Brinsko et al., 2011). The optimal extender osmolarity 

should be 350 mOsml/L ( 50 mOsm/L) and pH 6.7 – 6.9 (Brinsko et al., 2011). 

Once the external genitalia of the female are cleaned, an unused conventional foam-tipped 

catheter is lubricated, and inserted into each sow. The catheter conforms to the entrance of the 

cervix. A single-dose semen pouch is then attached to the catheter, and semen is allowed to flow 

into the cervix via gravity and negative pressure. The sows are then rebred generally 24 hours 

later while the sow remains in standing heat, because semen only survive for about 24 hours in 

the sow.  

Future efforts in the AI field are focusing on improving breeding techniques, and reducing 

the amount of semen used per servicing. This includes protocols such as single fixed-time 

insemination through heat synchronization, post cervical artificial insemination, and the deep 

uterine insemination (Bortolozzo et al., 2015).  

1.3.3 Types of AI catheters  

As science and research in artificial insemination continues to progress, so does the 

technology available for producers. This includes a variety of semen catheter designs. 

Intracervical catheters are lubricated and inserted to the vagina, until directly contracting the 

entrance of the cervix. These AI devices allow semen to be deposited into the cervix, where it 

will then migrate along the uterine tract to the fallopian tubes where sperm will fertilize the 

ovum. An example of this simple design is IMV Technologies’ foam-tipped catheter 

(Goldenpig). The primary insemination rod is 7 mm diameter, with a bulky foam tip which 

conforms to the curvature of the sow’s posterior cervix (Watson and Behan, 2002). The Melrose 

catheter is another style, which has been used since AI was first developed for breeding swine. It 
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is made of a rubber hybrid material which can be washed and reused (Cerdos, 2018). The spiral 

tip of the Melrose catheter interacts with the folds of the cervix, and is designed to mimic the 

boar’s penis (Watson and Behan, 2002). The disposable spirette catheter (i.e. SafeBlue from 

Minitube) is a modern advancement of the Melrose catheter design. It improves catheter 

cleanliness and saves time in the insemination process compared to its predecessor (Cerdos, 

2018). 

The Gedis catheter (IMV Technologies) is an all-in-one intracervical insemination 

catheter now available to commercial swine operations. The semen is enclosed along the length 

of the catheter by a soft membrane. Once inserted into the sow, the producer simply walks away, 

and breeds the next animal. After a few minutes the sows natural body temperature liquefies the 

heat-sensitive gel tip, and semen is efficiently drawn through the cervix and into the uterus (ter 

Beek, 2006). The benefits of using the Gedis catheter are primarily in simplifying the breeding 

process, while increasing hygiene standards and reducing the volume of semen used per breeding 

(IMV Technologies, 2018). By comparing the labour requirements during insemination, the 

Gedis has been proposed to have advantages over the conventional AI catheter. Since the 

herdsman does not need to manage the equipment after the catheter is inserted, breeding time can 

be reduced by over 3 minutes per animal (IMV Technologies, 2018). Improved reproductive 

performance can also be expected, as the ribbed catheter tip is designed to plug the cervix, 

significantly reducing semen backflow (ter Beek, 2006).  

With intracervical insemination, one of the biggest challenges is increasing the number of 

functional sperm which reach the oviduct.  Breeding protocols are currently being developed to 

increase fertility by allowing semen to be deposited directly into the uterus and deep into the 

uterine horns. These methods call for a mere 50 to 200 million sperm cells to be used per 
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breeding, but have also been associated with negative outcomes on litter size and conception 

rates (Garcia et al., 2007). Fiber-optic endoscope and catheter-style (Deepgoldenpig) deep 

insemination are two devices currently being developed for non-surgical deposition of semen and 

embryos alike (Garcia et al., 2007; Martinez et al., 2013).  

With uterine catheter insemination, the external vulva is first cleaned. A standard foam-

tipped or spirette catheter is inserted into the sow, held in place by her cervical folds. A softer, 

narrower (4 mm inner diameter, 200 mm length) cannula is then inserted through the catheter 

and extended through the rings of the cervix and into the body of the uterus (Grossfeld et al., 

2005; Watson and Behan, 2002). A standard syringe containing semen is then attached and 

deposited into the distal end of the smaller cannula. A 2 mL syringe of air is then added, to 

effectively clear the cannula of any remaining semen, so it is completely deposited into the 

uterus or uterine horns (Grossfeld et al., 2005). The  small inner cannula tip may damage the 

cervix if too much force is used during insertion and possibly damage the uterine surface 

(Martinez et al., 2013). This means that the utmost care must be taken when inserting the second 

catheter.  

A fibre-optic endoscope device can be used to enable safer insertion of a uterine catheter. It 

is used in conjunction with a traditional foam-tipped or spirette catheter, and is extended into the 

uterus and can be extended through the uterine horn to the oviduct. The fibre-optic design can be 

used with higher force and has greater flexibility required to pass through the cervix without 

causing damage to the uterine mucosa (Martinez et al., 2013). Although a costlier product, it 

may aid in preventing damage to the uterine lining and reproductive tract versus the catheter-

style uterine insemination and makes deep uterine insemination possible.    



12 
 

 
 

1.4 Synchronization Protocols in Swine Reproduction  

1.4.1 Fixed-time insemination  

After weaning, sows will typically ovulate within 4 to 6 days (Knox, 2014). Ideally, AI of 

sows is performed with fresh semen in the 24-h period prior to ovulation, to achieve maximum 

reproductive success. If bred too early or too late, sperm are not able to fertilize the oocyte 

(Bortolozzo et al., 2015). Therefore, knowing precisely when ovulation occurs is essential for an 

efficient AI protocol. Although detecting standing heat (estrus) serves as an approximate 

indicator of ovulation, there is still great variation in the time from estrus onset to ovulation 

between individual animals (Cassar et al., 2005). Because of this variation, sows are often 

inseminated multiple times once standing heat is first detected. This is to ensure at least one of 

the semen doses is delivered when the sow is ovulating (Bortolozzo et al., 2015). 

 By controlling the time of estrus and ovulation, the precise time to inseminate sows can 

be better predicted and this can eliminate the need for multiple inseminations per breeding cycle 

(Driancourt et al., 2013). This could reduce both semen and labour costs in the swine breeding 

industry. By using various drug treatment regimes, a single fixed-time artificial insemination 

protocol can be made possible (Cassar et al., 2005). Gonadotropin releasing hormone (GnRH) 

agonists, human chorionic gonadotropin (hCG), and porcine luteinizing hormone (pLH) are 

products used to control ovulation. Protocols implementing MATRIX (altrenogest) or PG600 

are used in synchronizing estrus.  

 

1.4.2 Estrus synchronization 

Modern estrus induction protocols commonly use eCG (equine chorionic gonadotropin) 

and hCG, and altrenogest. In swine breeding, combinations of these and other drugs are used to 
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reduce wean-to-ovulation interval and wean-to-estrus interval (Bennett-Steward et al., 2007). 

Though treatment with eCG and hCG are effective estrus induction agents in a period of 42 h 

post-injection, they do not allow for accurate prediction of ovulation (Cassar et al., 2005). 

Furthermore, there are concerns that using eCG and hCG to stimulate the ovarian follicle may 

also lead to reproductive ailment. This may include lower fertility, decreased oocyte maturation 

rate, reduced embryo quality in gilts, and ovarian cyst development (Degenstein et al., 2008).  

1.4.2.1 PG600  

PG600 is a commercially available product used to control timing of estrus and 

ovulation in weaned sows and prepubertal gilts (Bortolozzo et al., 2015; Kraeling and Webel, 

2015). A dose contains a combination of 400IU eCG and 200IU hCG. PG600 is a two-in-one 

product which allows both of these hormones to be administered in a single timed injection. 

eCG is a hormone produced by cells within the mare’s fetal chorionic girdle in early 

pregnancy (Andersson, 2008). In the mare, eCG has been studied for its ability to stimulate LH 

production, resulting in follicle ovulation and CL formation (Mckinnon and Pycock, 2007). In 

other livestock species such as pigs, it has been suggested that eCG has both FSH and LH-

activating activity (Cassar et al., 2010).  In this sense, administering eCG can allow for superior 

hormonal control. Also referred to as pregnant mare serum gonadotropin (PMSG), eCG is often 

administered in combination with other drugs. It is used in doses between 250 to 2000IU to 

artificially induce estrus and ovulation (Knox and Wilson, 2007). This includes both postpartum 

sows and prepubertal gilts. The most effective dosage varies depending on age and reproductive 

health of the animal. Knox and Wilson (2007) report that using 400IU eCG with 200 IU hCG, 

between 48 to 96 h later or simultaneously, has been the most efficient dose in FTAI protocols. 

Cassar et al. (2005) report that usual dosages tend to be 500 to 700 IU eCG with 200 to 400IU 
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hCG after weaning, in sows and gilts. Despite these results the regime of eCG and hCG resulted 

in cystic ovaries in a proportion of treated animals. 

In doses of eCG higher than 400IU, no reproductive advantages can be expected; lower 

doses show a decline in ovulation and estrus expression (Knox et al., 2007). In a study by Cassar 

et al. (2010), it was noted that prepubertal gilts differ from sows in the dosage of eCG required to 

effectively facilitate follicular development. It is thought that gilts may be less sensitive to eCG 

hormonal stimulation, or have lower biological LH levels compared to sows (Cassar et al., 

2010). The researchers found that gilts dosed with 900 IU eCG showed improved farrowing and 

ovulation rate compared to the 600 IU eCG or control groups. 

 

1.4.2.2 Altrenogest  

 Altrenogest is a synthetic progestin marketed commercially for swine under the name 

MATRIX in the United States and as Regu-Mate in Canada (Davis, 2004; Flowers, 1999). It 

acts by supressing GnRH release from the hypothalamus, and consequently LH and FSH release 

from the anterior pituitary. By doing so, altrenogest inhibits ovarian follicle maturation and the 

estrous cycle from progressing (De Rensis and Kirkwood, 2016). When sexually mature gilts are 

dosed with 15 mg altrenogest daily, estrus resumes within 4 to 9 days after withdrawal from the 

14-day treatment time (Kraeling and Webel, 2015). Research has shown this protocol to be 

repeatable, resulting in 85% of estrus in the treated animals (Davis, 2004; Kraeling and Webel, 

2015). This allows producers to have a more predictable breeding schedule for gilts, allows for 

reduced heat checking, and eliminates the need for weekend breeding management (Flowers, 

1999). Research also suggests that inadequate dosing of altrenogest may result in cystic follicles 

in gilts (Flowers, 1999). Administering GnRH agonists following altrenogest dosing has shown 

to improve the advancement and synchronization of ovulation by encouraging follicle 



15 
 

 
 

development (Martinat-Botté et al., 2010). Injection of  hCG and eCG  following altrenogest 

protocols have also been found to be effective at more rapidly inducing estrus and improving 

piglet body weights (Martinat-Botté et al., 2010). 

Altrenogest given to sows to delay post-weaning estrus could improve reproductive performance. 

Doing so will allow the sows body condition to recover from lactation, allow time to establish 

sow grouping, and improve disease management (Kraeling and Webel, 2015). It can also be used 

to delay farrowing so that all sows farrow in a narrower time frame. As long as birth was not 

delayed more than two days, stillbirth rate and dystocia was not affected (Kraeling and Webel, 

2015). It could also improve follicle size and homogeneity during the follicular phase (Kitkha et 

al., 2017).   

 

1.4.3 Ovulation synchronization 

Effective swine breeding protocols aim to deliver semen in the 24-hour period prior to 

ovulation (Cassar et al., 2005). Since there is great variability in timing of ovulation between 

individual animals, the window of ovulation in the entire herd can be quite large, and make 

breeding difficult for the herdsman. Hormones can control this. These hormones include GnRH 

and its agonists, and pLH. 

 

1.4.3.1 GnRH  

Gonadotropin-releasing hormone serves a vital role in natural hormone regulation of the 

sows’ reproductive system. It is a powerful protein which controls ovarian function and overall 

reproductive success. GnRH agonists (GnRHa) are synthetic compounds which have the 

potential to act as a fertility aid in breeding herds. They are used to induce ovulation, increase 
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conception rate, and compensate for ovarian abnormalities such as cystic ovarian disease 

(Schneider et al., 2006). Although GnRH antagonists are not used in swine, with future research 

they may be used to inhibit ovulation and the estrus cycle. By better understanding the 

physiological role of GnRH, advancements can be made in swine breeding and veterinary 

medicine.   

GnRHa’s are becoming increasingly favoured, as they have increased receptor binding 

and improved resistance to degradation compared to the natural GnRH protein (Schneider et al., 

2006). The most common forms of GnRHa used in livestock breeding protocols include the 

natural peptide, buserelin, and triptorelin acetate (Driancourt et al., 2013; Knox, 2014). Many 

studies have looked at the efficacy of GnRH and GnRHa’s in different environments. This 

includes treatment alongside other hormones in FTAI protocols.  

 

1.4.3.2 Buserelin  

In a study from Draincourt et al. (2013), 38 sows were compared to demonstrate the 

effect and efficiency of buserelin, a GnRHa. Doses of 6, 10, or 16 g were administered 77 h 

after weaning. LH surge and ovulation were found to occur 32 to 44 h post-injection, with no 

significant difference between treatment groups. With gilts, buserelin had approximately 20% 

reduced ovulation success compared to multiparous sows. In a second phase of the study, 419 

sows were assigned to either 10 g of buserelin 86 h post-weaning, or a control group. It was 

found that the treatment group was successful at inducing ovulation 30 to 33 h after dosing. 

Litter size and conception rate between the two groups was similar, with half the semen used in 

the buserelin group compared to controls. Therefore, buserelin was considered to be effective at 

inducing ovulation in multiparous sows. When administered between 77 and 86 h after weaning 



17 
 

 
 

the reproductive efficiency is comparable to standard breeding protocol, at a reduced dose of 

semen (Driancourt et al., 2013).  

In combination with other induction agents, the effect of buserelin on ovulation 

synchronization in weaned sows and gilts has also been studied. When injected with buserelin 

104 and 120 h following withdrawal of altrenogest  (20 mg/day, 18 day period), ovulation was 

stimulated 24 h later in 97.9% and  88.9% of sows, respectively (Martinat-Botté et al., 2010). 

The treatment groups showed comparable reproductive success to controls bred twice.  This 

exemplified the combined effect of altrenogest and buserelin at advancing and synchronizing 

ovulation.  

 

1.4.3.3 Triptorelin acetate 

OvuGel (triptorelin acetate) is a GnRH agonist used in synchronizing and inducing 

ovulation in swine breeding herds. OvuGel was the first commercially available product 

licensed by the FDA for synchronizing ovulation in sows in a FTAI protocol (Kraeling and 

Webel, 2015). It is administered as an intravaginal gel  96-hours post-weaning, resulting in a 

predictable ovulation time in sows 40 to 48-hours later (Kraeling & Webel, 2015). Because 

dosing is needle-free, it reduces the risk of injury to the animals or herdsman (United Animal 

Health, 2019). Each 2 mL dose of OvuGel is deposited 1 to 3 cm posterior to the cervix (United 

Animal Health, 2019). Semen is then delivered in a single dose 22  2-h after OvuGel, 

regardless of signs of standing heat (Kraeling and Webel, 2015). The sows should have sufficient 

boar exposure at the time of insemination (United Animal Health, 2019). This regime has shown 

to result in better fertility. Additionally, labour and semen costs associated with breeding can be 

reduced for the producer. 
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1.4.3.4 Equine chorionic gonadotropin and porcine luteinizing hormone   

Porcine luteinizing hormone is a natural hormone, which acts directly on ovarian tissue. 

It is responsible for the LH surge which stimulates ovulation and the subsequent formation of the 

CL. Exogenous pLH is used as an aid in swine breeding management to reliably induce 

ovulation, when administered in combination with eCG (Bennett-Steward et al., 2007). With 

pLH, the onset of ovulation has been documented to be much shorter than with GnRH agonists 

alone. Approximately 38 h after injection, ovulation is expected to occur in both sows and gilts 

(De Rensis and Kirkwood, 2016). Knowing this, pork producers can pinpoint the optimal timing 

of insemination following when standing heat is detected in sows. 

Cassar et al. (2005) conducted a trial in which 600 IU eCG was given at weaning to 

induce estrus, and 5 mg pLH 80 h later to induce ovulation. They noted the timing of ovulation 

was 38.2 ± 2.8 h, with improved sow fertility and timing of insemination compared with the 

control group. A team from Alberta, Canada conducted a similar study evaluating the use of pLH 

for synchronizing ovulation in cyclic gilts. They also aimed to evaluate any reproductive 

ailments linked with pLH. After completing a cycle of altrenogest, gilts were administered 

600IU eCG, followed by either 5 mg pLH, 750IU hCG, or saline control 80 h later to stimulate 

ovulation (Degenstein et al., 2008). They found that pLH and hCG treatment groups 

synchronized much sooner than the control group (43.2, 47.6, and 59.5-h, respectively), with no 

significant differences in embryo size or quality between groups (Degenstein et al., 2008). 

Bennett-Steward et al. (2007) carried out a trial, with an aim to determine the lowest dose of 

pLH needed to induce ovulation in sows 80 h after treatment with 600IU eCG. The pLH-to-

ovulation interval was found to be significantly shorter (24 to 40 h) in sows treated with 2.5 mg 

and 5.0 mg compared to groups treated with 1.25 mg or lower doses of pLH and saline. They 
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highlighted the importance of pLH dosage at reducing variation in estrus, while stimulating 

follicles to ovulate in a time frame similar to sows after a normal lactation period. Together these 

studies indicate the safe and reliable influence of pLH at inducing ovulation when used in 

conjunction with eCG. Using this protocol, an optimal insemination schedule can be followed 

and overall reproductive efficiency improved in swine.  

 

1.5 Pig growth  

The growth of pigs from the time they are born until slaughter is a very important in 

swine production, and can have greater implications on overall animal health and profitability for 

the producer. A pig may experience may interactions with its environment, litter mates, feed, 

genetics, and disease, which can influence the growth of the animal throughout its life (Quiniou 

et al., 2002).  

Starting even before birth, the genetics of a sow may influence the weight of her piglets. 

In recent years, highly prolific sows capable of producing produce more piglets per litter has 

been a desired quality in the commercial swine industry (Wang et al., 2016). With increased 

litter sizes, more variability and reduced weight of pigs at birth is commonplace (Roehe, 1999). 

How much a piglet weighs at birth is also thought to dictate its growth throughout life. This 

means that low birthweight piglets will be continue to be lighter and have lower survivability at 

weaning and in later production stages (Smith et al. 2007). Previous research has also found that 

pigs weight less than 1 kg at birth have low odds of living until weaning (Damgaard et al., 2003). 

The time piglets are nursing from the brood sow is an important factor contributing to 

piglet weight at weaning (Winters, 1947). This is likely because piglets which are nursing for a 

longer time period, have a greater milk intake and grow more as a result. With high litter sizes, 



20 
 

 
 

cross-fostering is a common practise which involves moving piglet to different sows, in order to 

create a more uniform pig weight, reduce stress, and maximize colostrum intake. Studies have 

found that cross-fostering, if done late, may also negatively impact pig growth, increase stress 

levels and decrease survivability until weaning and market (cite).  

Weaning weight is closely monitored because it can greatly affect piglet performance, 

meaning that lightweight pigs at weaning do not perform as well as heavier pigs in the nursery 

and in later stages of life (Larriestra et al. 2006). Lightweight pigs at weaning also require more 

management such as treatment for disease, culling, and more complex diets which can increase 

costs over time (Damgaard et al., 2003).Though a pig growth may be affected by numerous host 

and extraneous factors, with improvements in management and breeding can investigate ways to 

create more uniform and marketable pigs by weaning and at market. 

 

1.6 Thesis objectives  

Although sows predictably return to estrus 4 – 6 days following weaning, a challenge 

remains in the variation in the wean-to-estrus interval, the duration of estrus, and the estrus-to 

ovulation interval between sows (Cassar et al., 2005; Driancourt et al., 2013). Due to this 

variation, conventional breeding practises often inseminate sows multiple times with a 

conventional foam-tipped catheter once standing heat is detected to ensure at least a portion of 

the semen is delivered when the sow is truly ovulating (Bortolozzo et al., 2015). By using this 

method means excess labour and semen is expended on heat-checking and breeding sows. This 

variation also leads to farrowing occurs over a period of several days, meaning that pigs are also 

born over a several day period and lactation length is reduced if monthly batch farrowing is 
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practised. The consequence of having a more variation in lactation length and weaning ages of 

piglets, is that more underweight pigs are seen at weaning (Main et al., 2005). 

Therefore, knowing the precise timing of estrus and ovulation and when to inseminate a 

sow is important in order to decrease labour and semen costs at breeding. This can be achieved 

by using a fixed-time artificial insemination to induce both estrus and ovulation within a 

predictable time frame. By using FTAI combined with improved semen catheter design, breeding 

can be more controlled and efficient, while allowing more uniform weights of pigs at weaning 

(Kauffold et al., 2007). Knowing when estrus and ovulation will occur, means the time to 

inseminate sows can be better predicted and this can eliminate the need for multiple 

inseminations per breeding cycle (Driancourt et al., 2013). This could reduce both semen and 

costs associated with breeding in the swine industry.   

This researched investigated ways to make breeding more controlled by using FTAI and 

an alternative semen catheter that reportedly reduces semen backflow in order to improve and 

maintain breeding efficiency and reduce variation in estrus and ovulation. The potential to use 

one insemination instead of double-mating and using less semen per insemination was also 

investigated. By reducing variation in breeding there is an advantage seen in sows farrowing in a 

more narrow period, which can be seen to improve the average lactation length and weights of 

piglets at weaning. Therefore, a second objective of this research is to examine factors that are 

associated with weaning weight, in addition to improved lactation length and age at weaning.  
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CHAPTER 2: COMBINING FIXED-TIME INSEMINATION AND IMPROVED 

CATHETER DESIGN IN AN EFFORT TO IMPROVE SWINE REPRODUCTIVE 

EFFICIENCY 

 

2.1 Introduction 

 Single, fixed-time artificial insemination (FTAI) of weaned sows can result in 

reproductive performance that is comparable to traditional multiple inseminations (Cassar et al., 

2005; Cassar et al., 2010; De Rensis et al., 2003; Kirkwood and Kauffold, 2015).  FTAI can be 

done following synchronization of ovulation, or by synchronizing both estrus and ovulation in 

weaned sows and gilts. Significant labour savings can be achieved as well as a narrower window 

of farrowing time resulting in more uniform-sized piglets at weaning.  In a previous study it was 

shown that the use of equine chorionic gonadotropin (eCG) at weaning induced estrus and the 

injection of porcine luteinizing hormone (pLH) 3-4 days later resulted in an ovulation about 38h 

after pLH (Cassar et al., 2005). The high degree of predictability resulted in treated sows/gilts 

with a single insemination achieving pregnancy and farrowing rates that were better than control 

sows that were inseminated twice. 

Moreover, the main goal of artificial insemination (AI) is to ensure that an adequate 

population of spermatozoa reaches the site of fertilization during the pre-ovulatory period to 

achieve successful fertilization of all the ova. Standard AI protocols recommend the use of 2 to 5 

billion sperm cells in 80 to 100 mL volume of extender, repeated once or twice during estrus, so 

a total of 4 to 10 billion sperm cells may be used per female in each estrus (Bortolozzo et al., 

2015; Knox, 2016; Vazquez et al., 2008; Watson and Behan, 2002). These conditions limit the 

number of sows that can be bred from one ejaculate. There is obviously an advantage to optimize 

the number of sows that a boar with superior genetics can breed. The two basic ways this can be 

achieved is to, firstly, utilize schemes which reduce the number of inseminations per estrus and 

https://www.sciencedirect.com/science/article/pii/S0093691X0800397X#!
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secondly, to reduce the concentration of spermatozoa per insemination. While unsatisfactory 

results have been seen when AI dose is reduced below 2.5 billion spermatozoa, it has been 

suggested that 1 billion spermatozoa per AI dose will give good fertility as long as the timing of 

insemination is optimal and no backflow of semen occurs (Steverink et al., 1997; Watson and 

Behan, 2002). If the time of ovulation is known, it is possible to inseminate once at the 

appropriate time and use less semen per insemination (Cassar et al., 2005; Pelland et al., 2008). 

However, results of using lower doses of semen are inconsistent and more research is required to 

determine the optimum dosage of sperm, the best type of catheter, and the most effective method 

to control ovulation. 

Intra-cervical insemination, is the most common AI technique used on commercial farms 

(Bortolozzo et al., 2015). There are a variety of semen catheter designs that allow semen to be 

deposited into the cervix. Examples of different catheter styles used are the IMV Technologies 

foam-tipped catheter (Goldenpig), the Melrose catheter which is made of a spiral rubber hybrid 

material which can be washed and reused and the disposable spirette catheter (SafeBlue® from 

Minitube) which is a modern advancement of the Melrose catheter design (IMV Technologies, 

2018). The Gedis (IMV Technologies) catheter is the only catheter with the semen enclosed 

along the length of the catheter and held in place by a heat sensitive gel plug, which liquefies due 

to the natural body temperature of the sow, allowing semen to be drawn through the cervix and 

into the uterus (IMV Technologies, 2018; ter Beek, 2006). It is claimed that the person doing the 

insemination needs only to insert the device and leave it in place as they move to the next sow, 

which simplifies insemination and reduces the time of breeding if large numbers of sows are 

being inseminated. It is also claimed that this method allows for better hygiene standards and a 
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reduction in the volume of semen used per breeding because backflow is decreased (IMV 

Technologies, 2018; ter Beek, 2006). 

The objective of the present study was to determine whether a combination of techniques 

including the type of catheter used in insemination (Gedis vs conventional foam-tipped) and a 

hormonal protocol (eCG followed by pLH) to induce ovulation can allow the use of a single 

FTAI with reduced sperm numbers (1 billion vs 3 billion) for the insemination of sows to 

achieve reproductive performance comparable to the industry norm achieved with double mating 

using approximately 3 billion sperm per insemination. 

 

 2.2 Materials and Methods  

This research trial was approved by the Animal Care Committee of the University of 

Guelph, in accordance with the guidelines set forward by the Canadian Council of Animal Care. 

 

Pigs and treatment groups 

This experiment was conducted at the Arkell Swine Research Station, University of 

Guelph. Systematic random sampling was used to assign 511 sows at weaning to one of 4 

treatment groups. The Arkell herd has approximately 300 sows and utilizes a monthly batch 

farrowing system, weaning sows on Monday and breeding by the end of that week. 

 

Group 1 - Control group  

 Following weaning (Day 0), estrus detection with boar exposure was performed twice per 

day beginning on Day 3. Sows exhibiting estrus were bred by AI when first discovered in strong 

standing heat and a second insemination was performed 24 hours later if the sow was still in 
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standing heat. The catheter used in this breeding was a conventional foam-tipped rod and the 

semen used was a regular dose of extended semen containing approximately 3 billion sperm, 

stored at 17°C. Overall, a total of 6 billion sperm were used to breed sows in this group. 

 

Group 2 - FTAI using foam-tipped catheter and 3 billion sperm  

 Following weaning (Day 0), sows were injected intramuscularly (IM) with 600 IU of 

equine chorionic gonadotrophin (eCG, Pregnecol®, Vetoquinol, Lavaltrie, Quebec, Canada) and 

80 h later were injected IM with 5 mg of porcine luteinizing hormone (pLH, Lutropin®, 

Vetoquinol, Lavaltrie, Quebec, Canada). Thirty-six hours after receiving the pLH injection, a 

single insemination of approximately 3 billion sperm was performed using a foam-tipped 

insemination rod.  

 

Group 3 - FTAI using Gedis catheter and 3 billion sperm  

 Following weaning (Day 0) sows were injected intramuscularly (IM) with 600 IU of eCG 

and 80 h later were injected IM with 5 mg of pLH. A single insemination of approximately 3 

billion sperm was performed 36 h after receiving pLH using a Gedis catheter and an AI dose 

with 3 billion sperm. 

 

Group 4- FTAI using Gedis catheter and 1 billion sperm 

 Same procedure as Group 3 but with an AI dose of 1 billion sperm. 

 

 All breedings were done in the presence of a boar.  All semen was sourced from the boar 

stud at Ontario Swine Improvement (OSI) using Alliance Genetics Canada boars and delivered 
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Wednesday. The same MOFA extender (AndroPRO® Plus) was used for both the Gedis and 

regular tubes of semen. The extender contents consisted of a formula of antioxidants, proteins, 

salts, sugars, buffering agents, and proprietary compounds. Pregnancy detection was monitored 

via transabdominal ultrasonography (SonopTek wireless ultrasound scanner SV-1, SonopTek 

Ltd). This procedure was carried out 21-28 days after breeding. Of the sows where pregnancy 

was not detected, a second check was done at week 5 following breeding.  

Data recorded included: sow identification number, parity at breeding, treatment, batch 

number, treatment dates, breeding dates, pregnancy confirmation, farrowing date, room and pen 

in the farrowing area, piglet birth weights, total number of piglets born, and total born alive.  

 

 Data and Statistical Analysis 

Data were entered into Microsoft Excel for PC 2007 (Microsoft, Redmond, Washington, 

USA), imported into Stata (Stata/SE 14.2 for Mac; StataCorp, College Station, Texas, USA), and 

validated before analysis commenced. Descriptive statistics such as means, standard deviations, 

and proportions were conducted.   

Chi-square test was used to determine if there was association of categorical variables 

with treatment groups. A one-way ANOVA was used to determine the difference among 

treatment groups and continuous variables. In cases where continuous variables were not 

normally distributed, Kruskal-Wallis test was used to test for significant differences among 

treatment groups. 

The differences in the likelihood farrowing were analyzed using a mixed logistic model.  

Litter size (total born) was analyzed using a mixed linear model. The effect of treatment and 

parity (at time of insemination), and batch were tested in each model. Batch was modelled as a 
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random effect. Significance was determined at P < 0.05. When P values were between 0.05 to 

0.1, they were reported as trends. 

 

2.3 Results 

A total of 511 sows from 12 monthly batches were included in the trial (30 to 58 sows per 

batch). A total of 135 sows were included in Group 1; 123 sows were included in Group 2; 127 

sows were included in Group 3; 126 sows were included in Group 4. Ten sows in Group 1 and 

two sows in Group 2 were not bred because the sows did not show signs of estrus. All sows in 

Group 3 and 4 were inseminated. A total of 4,712 pigs were born: 1,370 pigs were born from 

Group 1 sows; 1,226 pigs from Group 2; 1,130 pigs from Group 3; 986 from Group 4. The mean 

time from insemination to farrowing was 115.9 (SD=1.3, Min=112, Max=119) days and did not 

differ among treatment groups. The descriptive statistics of all production parameters are 

included in Table 1. Group 4 pregnancy rate was significantly lower compared to Group 1 

(P=0.001), Group 2 (P=0.007) and Group 3 (P=0.04). Pregnancy rate was lower in Group 3 

compared to Group 1 (P=0.002). Farrowing rate was also lower for sows in Group 4 compared to 

Group 1 (P<0.001), Group 2 (P=0.01) and Group 3 (P=0.06). The average weight of pigs born 

alive was significantly lower in Group 1 litters compared to Group 3 and Group 4 (P<0.05). 

Parity of sows at breeding ranged from 1 – 8 and the distribution was as follows: Parity 1 (118 

sows); Parity 2-3 (204 sows) and Parity >3 (179 sows). Parity was not recorded for 10 sows.  

To determine if there was a difference in performance between the earlier and later 

portions of the study, batches were categorized as: Batches (1 to 6) and Batches (7 to 12) and 

reported in Table 2. No significant differences of farrowing rates were found between the two 

time periods for any of the treatment groups. 
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The mixed logistic model for the likelihood of farrowing is included in Table 3. This 

model showed the effect of treatment and parity at breeding on the likelihood of farrowing.  

Group 3 sows and Group 4 sows had a lower likelihood of farrowing than Group 1 sows 

(OR=0.57, P=0.08, and OR=0.33, P=0.001, respectively). However, the likelihood of farrowing 

did not differ between Group 1 and Group 2 sows. Group 4 sows had a lower likelihood of 

farrowing compared to Group 2 sows (OR=0.49, P=0.01) and Group 3 sows (OR=0.61, P=0.08). 

Group 3 had a lower likelihood of farrowing than Group 2 (OR=0.6, P=0.08).  

The mixed linear model for total litter size is included in Table 4. This model showed the 

effect of treatment and parity at breeding on total litter size. Group 3 sows had 1.6 less pigs in 

their litters than sows in Group 1 (P=0.006). Sows in Group 4 had 1.2 less pigs in their litters 

than sows in Group 1 (P=0.04). Group 2 did not differ with the controls (Group 1). Group 2 sows 

had 1.2 more pigs born than Group 3 but did not differ with Group 4. No significant differences 

were observed between Group 3 and Group 4. Parity >3 sows had 2.3 more pigs (P<0.001) than 

sows that were parity 1, and 1.41 more pigs in their litters than sows at parity 2-3 at breeding 

(P=0.003). Parity is reported as parity at the time of breeding.  

 

2.4 Discussion  

The combined effect of using the Gedis catheter and FTAI did not provide superior 

reproductive performance compared to double mating with the foam-tipped catheter. Treatment 

with eCG-pLH to induce ovulation for a FTAI protocol resulted in better reproductive 

performance for the foam-tipped catheter group than the Gedis group at the same dose of 3 

billion sperm. Further reducing the sperm dose from 3 billion to 1 billion with the Gedis catheter 
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resulted in lower farrowing rates and litter sizes. The combination of FTAI and Gedis catheter 

did not make using reduced semen dose possible without some loss in reproductive performance. 

 The best conception rate, farrowing rate, and largest litter size was achieved by breeding 

with a conventional foam-tipped catheter. This included both Group 1 which were bred when 

sows were first found in standing heat and rebred 24 hours later, and Group 2, using an eCG-

pLH  FTAI protocol. Only one insemination of 3 billion sperm was used in Group 2 compared to 

two inseminations in Group 1. These results are consistent within the existing literature. A study 

found that injecting sows with 600 IU eCG at weaning followed by an injection of 5 mg pLH 80 

h later was successful at inducing estrus and synchronizing ovulation with comparable 

reproductive success to the controls (Cassar et al., 2005); while another found that sows treated 

with 10 g buserelin reliably ovulated 30 to 33 h later, with half the semen used and similar 

reproductive performance to the control group (Driancourt et al., 2013).  

 Litter size was significantly smaller in sows bred using the Gedis catheter and using a 

single FTAI compared to the control group of sows bred twice using the foam-tipped catheter. 

This is inconsistent with published literature. Past research indicated a slight improvement in 

overall reproductive performance with the Gedis catheter, resulting in increased litter sizes 

(12.58) compared to controls bred twice via conventional AI (12.16) (Michalak, 2005). Others 

have reported that breeding multiparous sows with the Gedis catheter at doses of 2.5 – 3 billion 

spermatozoa resulted in high reproductive success, with litter sizes of 13.21  3.59 (Dimitrov et 

al., 2018).  

 Farrowing rate declined when the semen dose was reduced from 3 billion (Group 3, 

74.0%) to 1 billion sperm (Group 4, 62.7%) in sows bred using FTAI and Gedis catheter.  

Similar discoveries were found with pregnancy rate, which was significantly lower with the 1 
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billion dose (68.2%) than the 3 billion dose (79.5%) using the Gedis catheter. These results 

indicate in part that semen quantity may affect reproductive performance when it comes to 

intracervical insemination. Another research group found a remarkable decrease in pregnancy 

rate and litter size when multiparous sows were inseminated by intracervical means with a dose 

of 3 billion (84%, 12.1 pigs per litter) versus 2 billion sperm (75.8%, 11.7 pigs per litter), 

respectively (Alm et al., 2006).  

Although thought to benefit reproductive performance, our findings did not indicate the 

Gedis catheter was superior to the foam-tipped catheter. One limit to this study may have been 

the lack of familiarity with the Gedis catheter in early stages of the trial. When comparing 

reproductive performance between the first 6 batches and last 6 batches in the trial, 

improvements in farrowing rate were found across all treatment groups with time. There was a 

notable improvement in Group 3 and a slight increase in Group 2, and we found that in the 

second half of the study farrowing rates were nearly identical between the two groups. This 

means that there may be a period of learning when it comes to application of the Gedis catheter, 

and that comparable reproductive performance may be achieved while using 3 billion sperm and 

FTAI regardless of the catheter used.  

Utilizing a single, fixed-time insemination combined with the Gedis catheter to achieve 

pregnancy is one step towards reduced semen use, but more research is required to ensure that 

desirable farrowing rates and reproductive performance is maintained. One limitation to our 

study was that the breeding technician was unfamiliar with the Gedis catheter and although a 

training session was conducted prior to the start of the study this may not have been sufficient 

and more experience was required. .  
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The ability to achieve pregnancy in sows with reduced sperm numbers per AI is 

advantageous since it can decrease the costs of breeding for the producer. Although this study 

found that using 1 billion sperm per insemination resulted in lower farrowing rates and smaller 

litter size compared to 3 billion sperm per dose, this is an area of study that needs to be examined 

further. It may be, that with the intracervical insemination techniques used in this study a dose of 

semen lower than 3 billion may not allow sufficient sperm to reach ampulla for fertilization. 

Even though the Gedis catheter design acts to reduce semen backflow by acting as plug-with the 

cervix, a dose of 3 billion still may not be sufficient to optimize conception. Alternative AI 

techniques such as intrauterine and deep-uterine insemination are other methods which have 

been shown to allow reduced sperm dosage and  maintain breeding success (Grossfeld et al., 

2005; Knox, 2016). However there are some limitations with these techniques and further 

research is required. 
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Table 2.1: Reproduction performance of sows assigned to one of four treatments. 

   
 Group 1 Group 2 

 

Group 3 

 

Group 4 

 

P 

Number of sows assigned 135 123 127 126  

Number bred (% bred of 

sows available) 

125 (93.1) 121 (98.4) 127 (100) 126 (100)  

Pregnancy check positive 

(% positive of sows bred) 

108 (86.4)a 101 (83.5) ab 101 (79.5)b 86 (68.2)c 0.002 

Farrow (% farrow of sows 

bred) 

102 (81.6)a 94 (77.7) a 94 (74)a 79 (62.7)b 0.005 

      

Mean (SD)      

Total born per litter 13.4 (3.3) 13.04 (4.15) 12.02 (4.5) 12.5 (4.4) 0.09 

Born alive per litter* 11.6 (3.4) 11.2 (3.4) 10.3 (3.9) 10.9 (3.7) 0.08 

Total litter birth weights of 

pigs born alive (kg) 

17.5 (5.4) 17.01 (4.6) 16.2 (5.6) 17.8 (4.9) 0.1 

Piglet birth weight (kg)* 1.53 (0.27)a 1.55 (0.25)ab 1.62 (0.35)bc 1.64 (0.26)c 0.03 

Breeding to farrow** (days) 116.06 (1.4) 115.8 (1.1) 116.03 (1.3) 115.9 (1.2) 0.7 

* Kruskal-Wallis test used 

**counted from time of first insemination in Group 1 

Group 1 = conventional breeding with insemination of 3 billion sperm with foam-tipped catheter 

Group 2 = eCG+pLH 1 insemination of 3 billion sperm with foam-tipped catheter 

Group 3 = eCG+pLH 1 insemination of 3 billion sperm using Gedis catheter 

Group 4 = eCG+pLH  1 insemination of 1 billion sperm using  Gedis catheter 

SD = standard deviation 
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Table 2.2: Farrowing rates and improvement of breeding between the first 6 batches vs the last 6 

batches by treatment groups. 

 Batch 1-6  

#farrowed / #bred (%) 

Batch 7-12  

#farrowed / #bred (%) 

Proportion of 

improvement (%) 

Group 1 

 

47/61 (77) 55/64 (85.9) 11.5 

Group 2 

 

47/62 (75.8) 47/59 (79.6) 5.0 

Group 3 

 

44/64 (68.7) 50/63 (79.4) 13.0 

Group 4 

 

37/63 (58.7) 42/63 (66.7) 13.6 

Group 1 = conventional breeding with insemination of 3 billion sperm with foam-tipped catheter 

Group 2 = eCG+pLH 1 insemination of 3 billion sperm with foam-tipped catheter 

Group 3 = eCG+pLH 1 insemination of 3 billion sperm using Gedis catheter 

Group 4 = eCG+pLH  1 insemination of 1 billion sperm using  Gedis catheter 
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Table 2.3: Logistic model showing the effect of treatment and parity at breeding on the 

likelihood of farrowing. 

 OR†   Lower CI* Higher CI* P value 

Fixed portion     

Group 1 Referent    

Group 2 .72 .37 1.38 .3 

Group 3 .57 .30 1.07 .08 

Group 4 .35 .19 .65 .001 

Parity 1 Referent    

Parity 2-3 1.28 .75 2.2 .3 

Parity >3 1.39 .80 2.4 .2 
† OR = odds ratio 

* CI = confidence intervals 

Group 1 = conventional breeding with insemination of 3 billion sperm with foam-tipped catheter 

Group 2 = eCG+pLH 1 insemination of 3 billion sperm with foam-tipped catheter 

Group 3 = eCG+pLH 1 insemination of 3 billion sperm using Gedis catheter 

Group 4 = eCG+pLH  1 insemination of 1 billion sperm using  Gedis catheter 
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Table 2.4. Mixed linear model showing the effect of treatment and parity at breeding on total 

litter size. 

 Coefficient SE* Lower CI** Higher CI** P value 

Fixed portion      

Group 1 Ref     

Group 2 -.41 .57 -1.5 .71 .4 

Group 3 -1.6 .57 -2.7 -.46 .006 

Group 4 -1.2 .6 -2.4 -.02 .04 

Parity 1  Ref     

Parity 2-3 .86 .56 -.22 1.9 .1 

Parity >3 2.3 .55 1.1 3.4 <.001 
* SE = standard error 

** CI = confidence intervals 

Group 1 = conventional breeding with insemination of 3 billion sperm with foam-tipped catheter 

Group 2 = eCG+pLH 1 insemination of 3 billion sperm with foam-tipped catheter 

Group 3 = eCG+pLH 1 insemination of 3 billion sperm using Gedis catheter 

Group 4 = eCG+pLH  1 insemination of 1 billion sperm using  Gedis catheter 
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CHAPTER 3: FACTORS AFFECTING WEIGHT OF PIGLETS AT WEANING 

 

3.1 Introduction  

 Piglet weight at weaning is an important measure which has continued to decline over the 

years. This is thought to be a result of advancements in research and breeding technology, which 

have allowed the swine industry to maximize efficiency of the sow. These advances coincide 

with a steady increase in litter sizes and the number of pigs born alive, which in turn results in 

decreased average weaning weights. 

Weaning weight is closely monitored because it can greatly affect piglet performance, 

meaning that lightweight pigs at weaning do not perform as well as heavier pigs in the nursery 

and in later stages of life (Larriestra et al. 2006). Weaning weights may also impact profitability, 

because  some farms will refuse shipment of pigs less than 4.5 kg or some such minimum 

weight. 

Weaning weight is most importantly affected by piglet birth weight, sex, cross-fostering, 

parity, number of stillbirths and mummies, lactation length, number of pigs born, and litter size 

(Larriestra et al. 2006; Smith et al. 2007; Winters, 1947). Although these, and other factors affect 

piglet weight at weaning, the quantitative impact which these factors have on weaning weight 

remains uncertain. Through a better understanding, management can easily shift to change the 

most impactful factors on weaning weights and overall pig performance can be improved.   

 Therefore, the objective of this study is to determine if certain production parameters 

have an impact on piglet weight at weaning. These parameters included: piglet birth weight, sex, 

if piglets were fostered-on, parity, number of stillbirths and mummies, lactation length, total 

born, born alive, and litter size at weaning. It is our hypothesis that increased birth weight, parity, 
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and lactation length would positively affect weight at weaning; increased total piglets born, born 

alive, litter size would negatively impact piglet weight at weaning. 

 

3.2 Materials and Methods  

This research trial was approved by the Animal Care Committee of the University of 

Guelph, in accordance with the guidelines set forward by the Canadian Council of Animal Care. 

 

Pig data  

This experiment was conducted at the Arkell Swine Research Station, University of 

Guelph. This facility operated on a 4-week batch farrowing system with all sows in a batch 

moved into farrowing rooms on the same day. Likewise, weaning of all litters in a batch occurred 

on a single day. Litters in which weaning weights were not recorded were dropped from analysis.  

 Piglets produced in this study were a product of the breeding trial outlined in chapter 2. 

A total of 333 litters were used for analysis, including 10 litters from gilt breedings which were 

not included in the previous study. Within 24 hours of a sow farrowing, piglets in the litter were 

individually processed. This included weighing, sexing, castrating males, and assigning each 

piglet a specific number within its corresponding litter. At this time, piglets were fostered to and 

from litters to create more uniform litter sizes across all sows farrowing in each batch. On 

average, piglets were weaned from the dam at 19 days of age. At this time, piglets were 

individually weighed and the days in lactation calculated for each litter.  

Data recorded included: sow identification number, parity at breeding, batch number, 

litter number, piglet sex, fostering data, lactation length, and number of mummies and stillbirths. 
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Individual piglet weights were recorded at birth and again at weaning. During the time between 

farrowing and weaning, piglet mortality and fostering data were recorded. 

 

Data and Statistical Analysis 

Data were entered into Microsoft Excel for PC 2007 (Microsoft, Redmond, Washington, 

USA), imported into Stata (Stata/SE 14.2 for Mac; StataCorp, College Station, Texas, USA), and 

validated before analysis commenced. Descriptive statistics for the weaning weights such as 

means, standard deviations, medians, and ranges were conducted.   

A 2-sided T test was used to determine the effect of dichotomous variables, piglet sex and 

foster-on with the continuous outcome, weaning weights. One-way analysis of variance 

(ANOVA) was used to determine the effect of categorical variables with the outcome, weaning 

weights. The categorical variables included parity, stillbirths, mummies, lactation length, total 

born, born alive, and litter size at weaning. Several categorical variables were created for 

continuous variables which did not meet the assumption of normality in an untransformed state. 

Significance was determined at P < 0.05. When P values were between  0.05 and 0.1, they were 

reported as trends. 

 

3.3 Results  

There were a total of 333 litters from 11 monthly batches, with a total of 4,030 piglets 

born alive. A total of 355 pigs were fostered off from litters at farrowing to sows not on this trial, 

and their weights were not recorded at the time of weaning. These pigs were dropped from 

analysis. All other pigs fostered on to sows in this trial were weighed at weaning and included in 

the analysis. A total of 477 pigs died between birth and weaning and were included in Table 3.3 
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as a descriptive statistic. An additional A total of 3,198 pigs were weaned and included in the 

data analysis.  

The descriptive statistics for relevant production parameters are included in Table 3.1. 

Piglet birth weight ranged from 0.4 – 3.05 kg (M=1.53, SD=0.39). Piglet weaning weight ranged 

from 1.86 – 11.1 kg (M=6.53, SD=1.46).   

Parity, total born, born alive, stillbirths, mummies, total dead between birth and weaning, 

lactation length, and litter size at weaning did not meet assumptions of normality in an 

untransformed state, and were categorized. The distribution of parity was categorized as follows: 

parity 1 sows  (N=96 piglets),  parity 2 – 4 sows (N=2009 piglets) and  parity >4 sows (N=1093 

piglets). Parity was reported as parity at the time of farrowing. Total born per litter ranged from 1 

– 23 piglets per litter (M=13.11, SD=3.89) and was categorized as: <11 pigs, 11 – 15 pigs, and 

>15 pigs. Born alive per litter was between 1 – 19 piglets per litter (M=11.42, SD = 3.39) and 

was categorized as: <9 pigs, 9 – 13 pigs, and >13 pigs. The number of stillbirths ranged from 0 –  

9 (M=1.49, SD=1.88). The distribution of stillbirths was categorized as follows: None (no 

stillbirths in the litter), 1 – 3 stillbirths and >3 stillbirths. The number of mummies ranged from 0 

– 4 (M=0.23, SD=0.56). The distribution of mummies was categorized as follows: None (no 

mummies in the litter), 1 –2 mummies and >2 mummies. The average lactation length ranged 

from 14 – 24 days (M=19, SD =1.69). Lactation length was categorized as: 14 – 17 days, 18 – 21 

days and >21 days. Weaning litter size had a range from 1 – 15 piglets per litter (M=9.89 

SD=1.6). Weaning litter size was categorized as: <8 pigs, 8 to 11 pigs, and >11 pigs.   

The number of litters, and corresponding number of piglets per litter and their average 

weaning weights (mean and SD) in each batch is included in Table 3.2. When looking across all 

batches the average number of piglets in each batch was 291, with a range between 182 – 434 
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across all batches. The mean number of litters in each batch was 30, and ranged from 20 – 44 

across all batches. Weight of piglets at weaning was found to be significantly different between 

batches (P<0.001). 

A T-test was used to determine the effect of dichotomous variables; piglet sex and foster-

on with the continuous outcome, weaning weight. There were 1,587 males and 1,603 females at 

weaning. 8 genders were not recorded at birth, so they were not included here.  

Weaning weights were significantly different (P=0.005) among males (M=6.60, SD=1.50) and 

females (M=6.40, SD=1.42). There were 283 pigs fostered-on and 2,915 not fostered. Weaning 

weights were not significantly different (P=0.16) between fostered-on pigs (M=6.40, SD=1.50) 

and those not fostered (M=6.50, SD=1.50).  

One-way analysis of variance (ANOVA) models were used to determine the effect of 

categorical variables with the outcome, weaning weights. The categorical variables included 

parity, stillbirths, mummies, total dead between birth and weaning, lactation length, total born 

per litter, born alive per litter, and litter size at weaning. Several categorical variables were 

created for continuous variables which did not meet the assumption of normality. The descriptive 

statistics of weaning weights among different categorical variables are included in Table 3.3.  

Weaning weights were significantly different among none (M=6.66, SD=1.40), 1-3 (M=6.45, 

SD=1.50), and >3 (M=6.40, SD=1.60) stillbirths per litter (P<0.001). Weaning weights were 

significantly different among none (M=6.64, SD=1.38), one (M=6.52, SD=1.40), and >2 

(M=6.40, SD=1.47) total dead between birth and weaning per litter (P<0.001). Weaning weights 

were significantly different between pigs with a lactation length of 14-17 days (M=5.81, 

SD=1.30), 18-21 days (M=6.70, SD=1.40), and >21 days (M=6.70, SD=1.30) (P<0.001). 

Weaning weights were significantly different among <11 (M=6.81, SD=1.40), 11-15 (M=6.53, 



47 
 

 
 

SD=1.40), and >15 (M=6.24, SD=1.50) total born per litter (P<0.001). Weaning weights were 

significantly different among <9 (M=6.82, SD=1.48), 9-13 (M=6.54, SD=1.43), and >13 

(M=6.30, SD=1.47) pigs born alive per litter (P<0.001). Weaning weights were significantly 

different among <8 (M=6.41, SD=1.70), 8-11 (M=6.58, SD=1.40), and >11 (M=6.30, SD=1.45) 

pigs per litter at weaning (P=0.003). There was a trend with significant differences among 

weaning weights and number of mummies per litter (P=0.08). 

A simple linear model was used to determine the association of the continuous variable, 

birth weight with the outcome, weaning weight (Table 3.4). The interpretation of this model is as 

follows. For each kilogram increase in piglet birth weight, the weight of that piglet at weaning 

was 2.2 kilograms heavier (P<0.001). For example, on average, a piglet weighting 1 kg at birth 

would be 2.2 kg at weaning, while a piglet weighing 2 kg at birth would be, on average, 4.4 kg at 

weaning.  

A mixed linear model was created to determine the effect of different variables on 

weaning weight (Table 3.5). Only the variables that made a significant contribution to the model 

remained in the model. All possible two way interactions among the main effect variables were 

tested and forced into the model. Interactions that were not significant were eliminated using a 

backwards approach. Litters within batch were included as random effects to control for the high 

variability among litters. The weaning weight of pigs that were fostered-on also depended on 

their birth weight. The main effect of birth weight and foster-on can not be interpreted alone 

because the interaction term is significant. For each unit increase in birth weight, pigs that were 

not fostered-on were 2.4 kg heavier at weaning compared to foster-on pigs which were 2.0 (2.40 

– 0.40) kg heavier at weaning. Compared to piglets with a lactation length of 14 – 17 days, those 

nursing 18 – 21 and >21 days were 0.77 kg  and 0.93 kg heavier at weaning, respectively 
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(P<0.001). No significant differences were observed between pigs with lactation length of 18-21 

or >21 days. 

 

3.4 Discussion 

 The results were consistent with existing literature in that increased piglet weight at 

weaning is driven by inherent factors including increased lactation length and increased weight 

at birth. While reduced weight at weaning is associated with fostering pigs, more stillbirths, total 

born, born alive, and size of the litter at weaning. We found that male piglet had higher weights 

at weaning than females, but this was not supported by existing literature. Although we 

hypothesized that sow parity would be associated with weaning weights, meaning young sows 

tend to give birth to smaller pigs, our results did not show this association. Because the 

relationship of parity and weaning weights tends to be strongly driven by parity 1 sows, the small 

number of parity 1 sows in our data set may have affected this outcome. 

Parity of the dam had no significant association on the weights of piglets at weaning. 

Although this was the case, these results may have been observed due to the low proportion of 

parity-one sows in our sample (N=10). This observation is inconsistent with the literature, which 

indicates parity differences exist among piglet weaning weight. One study found that piglet 

weight at weaning was lowest in parity 1 females compared to those  parity 2, and weaning 

weights decreased with each parity beyond this (Milligan et al., 2002). Smith et al. (2007) found 

that sows of parity 2 had higher piglet weights at weaning compared to parity 1 sows. Strang 

(1970) found similar results, with sows in parity 2 and 3 having the highest average piglet 

weights at weaning compared to sows in other parities, respectively. Because gilts and high 

parity sows have decreased milk output and feed intake during lactation, their piglets have 
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reduced milk and colostrum intake during lactation, which reduces growth efficiency and creates 

a lighter pig at the time of weaning (Hartsock and Graves, 1976). 

We found that weaning 18d creates a bigger pig at the time of weaning, compared to 

pigs weaned earlier. A study by Main et al. (2005) also found that increasing the lactation length 

from 15 to 21 days significantly improves piglet weaning weight. They also reported that 

increasing the time spent nursing from the sow improved pig growth throughout later production 

stages, growth efficiency, and in turn economic return for the producer (Main et al., 2005). One 

way to effectively ensure all pigs are at least 18-days-old at weaning is to control breeding by 

having short and predictable weaning to breeding intervals and control of gilt cycling so that gilts 

are bred at the same time as weaned sows. 

We found that the weaning weight of pigs that were fostered-on also depended on their 

birth weight. The effects of cross-fostering and birth weight variables could not be interpreted 

alone because there is overlap in variation explained by cross-foster status and birth weight. This 

means that for each unit increase in birth weight, piglets that were fostered-on were, on average 

40 g lighter compared to non-fostered piglets. Cross-fostering is a tool often used to balance litter 

sizes, by moving piglets from larger to smaller litters so the sow can better nurse her offspring. 

This also creates a more uniform piglet herd at weaning. Despite this, cross-fostering, along with 

other pressures such as large litter size may impact piglet weights at weaning (Bruns, 2018). 

Milligan et al. (2001) conducted a study investigating whether piglet weight variation at birth 

affects performance such as weight at weaning. They found similar results, in that there was a 

trend (P<0.1) for fostered on piglets to be lighter at weaning than those not fostered in the first 

week of life. Mixing of pigs increases stress, fighting for dominance order, and competition for 

milk once teat order has been established even in young piglets (Robert and Martineau, 2001; 
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Smulders et al., 2008). These factors can significantly affect piglet growth and subsequent 

weight at weaning.  

Previous studies indicate that there is an effect of birth weight on weaning weight, in 

which lighter pigs at birth remain lighter until weaning and in even later stages of production 

(Smith et al., 2007; Quiniou et al., 2002; Zotti et al., 2017). Bergstrom et al. (2009) found that 

litters with heavier birth weight had a higher average daily gain and therefore increased weight at 

weaning. Likewise, Bérard et al. (2008) also report that low birth weight pigs maintained 

significantly lower weight at weaning than heavy weight pigs. This reduction in growth may be 

partially explained by competition in the farrowing room, where larger piglets outcompete and 

consume more milk than their smaller littermates (Le Dividich, 1999). 

We found that as the number of stillbirths increased, piglet weight at weaning decreased. 

Previous studies report that large litters  also have a higher proportion of low birth weight piglets 

(< 1 kg) and a high proportion of stillbirths (Quiniou et al., 2002). Main (2005) found that large 

litters had a greater number of stillbirths and lower weights at weaning. This being said, the 

effect of litter size may be affecting the number of stillbirths, in turn influencing weaning 

weights.  

 

3.5 Conclusion 

Our data indicate that there are many significant factors that have an effect on piglet 

weight at weaning. As swine production advances, factors like large numbers of pigs born alive 

are desirable and litter size is increasing dramatically. Though there is an economic incentive to 

have large litters, consequences of this include smaller pigs at birth with more variation in size, 

and the need for more cross-fostering to balance this. Though cross-fostering can be used as a 



51 
 

 
 

useful tool, it also increases stress and competition for milk among piglets, which can negatively 

impact weaning weight. In future weaning weight is going to decrease unless action is taken.  

Based on this study one area that can be addressed is lactation length. By increasing the 

weaning age, piglets are able to consume more milk which inevitably results in a heavier, more 

robust pig at weaning. In the long run additional farrowing capacity may be required to house 

lactating sows longer in the farrowing rooms but an immediate strategy to improve lactation 

length is by controlling breeding. By creating a shorter and consistent wean-to-breed interval and 

regulating cycling gilts more effectively, a uniform lactation length of 18d and heavier weaning 

weights can be achieved.  

By identifying factors that increase pig performance and weight at weaning, 

improvements in pig growth throughout later production stages can be achieved, and in turn 

economic return for the producer. 
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Table 3.1 Descriptive statistics for production parameters of 3,675 pigs from 333 litters across 

11 monthly batches. 

 

 Mean  SD Median Minimum  Maximum 

Pig birth weight (kg) 1.53 0.39 1.53 0.40 3.05 

Total number of pigs 

born/litter 

13.11 3.89 13 1 23 

Total number of pigs 

born alive/litter 

11.42 3.39 12 1 19 

Stillbirths/litter 1.49 1.88 1 0 9 

Mummies/litter 0.23 0.56 0 0 4 

Total dead/ litter 

between birth and 

weaning 

1.44 1.53 1 0 7 

Lactation length (d) 19 1.69 19 14 24 

Pig weaning weight 

(kg)  

6.53 1.46 6.54 1.86 11.1 

Weaning litter size 9.89 1.6 10 1 15 

SD = standard deviation
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Table 3.2: Number of piglets and average weaning weights (kg) (SD) among 333 litters and 11 

monthly batches* 

Batch Litters Piglets Mean weaning weight (SD) 

1 28 276 5.79 (1.4) 

2 44 434 6.12 (1.3) 

3 30 253 6.34 (1.5) 

4 24 248 6.74 (1.4) 

5 20 182 6.67 (1.4) 

6 32 332 6.89 (1.3) 

7 32 302 7.04 (1.4) 

8 38 354 6.51 (1.4) 

9 28 247 6.8 (1.6) 

10 25 251 6.42 (1.4) 

11 32 319 6.66 (1.4) 

P-value   <.001 

SD = standard deviation 

*Number of pigs and their corresponding weights (mean, SD) at weaning were recorded from 11 

monthly batches. 
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Table 3.3: Descriptive statistics of weaning weights (kg) among categorical variables (parity, 

lactation length, stillbirth and mummies and weaning litter size). 

 

Parity† (number 

of pigs) 

Parity 1 (96) Parity 2-4 (2,009) Parity >4 (1,093)  

 6.45 (1.3) 6.53 (1.4) 6.52 (1.6) 0.8 

Total born /litter 

(number of pigs) 

<11  pigs  

(774) 

11 – 15 (1,635) >15 (744)  

 6.81 (1.4)a 6.53 (1.4)b 6.24 (1.5)c <0.001 
 

Born alive/litter 

(number of pigs) 

<9 (637) 9-13 (1,710) >13 (827)  

 6.82 (1.48)a 6.54 (1.43)b 6.3 (1.47)c 
 

<0.001 

Stillbirths/litter 

(number of pigs) 

 None (1,355) 1-3 stillbirths (1,358) >3 stillbirths (440)  

 6.66 (1.4)a 6.45 (1.5)b 6.4 (1.6)b <0.001 

Mummies/litter 

(number of pigs) 

None (2,608) 1-2 Mummies (515) >2 Mummies (30)  

 6.52 (1.5)a 6.55 (1.4)ab 7.11 (1.4)b 0.08 

Total Dead None (1,157)  One (1,065) 2> (976)  

 6.64 (1.38)a 6.52 (1.54)a 6.40 (1.47)b 
 

<0.001 

Lactation length  

in days (number 

of pigs) 

14-17  (588) 18-21  (2,493) >21  (117)  

 5.81 (1.3)a 6.7 (1.4)b 6.7 (1.3)b 
 

<0.001 

Wean litter size 

(number of pigs)  

<8 (244) 8-11 (2,513) >11 (411)  

 6.41 (1.7)ab 6.58 (1.4)a 6.3 (1.45)b 0.003 

† Parity was recorded at farrowing 

Weight at weaning is recorded in kg, followed by the corresponding standard deviation (SD). i.e. the 

average weight of a male pig at weaning is 6.60 kg, with SD of 1.5 kg. 

Notation a-c indicates if there are significant differences between groups. i.e in mummies/litter, there is 

no significant difference in weaning weights between 1 – 2 mummies and >2 mummies. There is a 

significant difference between the no mummies category and >2 mummies.    
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Table 3.4: Simple linear model illustrating the effect of birth weight on weaning weight. 

Continuous  Coefficient† Low CI High CI P-value 

Birth weight 2.2 2.1 2.3 <0.001 
CI = confidence interval 

† Coefficient represents the change in weaning weight (kg) if the variable is increased by one unit i.e. for 

every increase in birth weight of 1 kg, piglet weaning weight will increase 2.2 kg.  
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Table 3.5: Final model illustrating the effects of birth weight, foster on, and lactation length 

with weaning weight. 

 

 Coefficient† SE Lower CI Higher CI P value 

Birth weight 2.4 0.06 2.2 2.5 <0.001 

Foster-on 0.46 0.32 -0.16 1.1 0.1 

Foster on*birth weight -0.40 0.19 -0.78 -0.03 0.03 

Lactation length 14-17 d Referent     

Lactation length 18-21 d 0.77 0.11 0.55 1 <.001 

Lactation length > 21 d 0.93 0.25 0.42 1.44 <.001 

Constant 2.2 0.15 1.8 2.4 <.001 

 Mixed linear model with litters within batch were included as random effects to control for the high 

variability among litters. The only significant interaction was between foster-on and birth weight. Any 

non-significant interaction term was not included in the model. 

† Coefficients represent the change in weaning weight (kg) if the variable is increased by one unit or 

compared to its referent category i.e. piglets with lactation length of 18-21 days had weaning weights that 

were, on average, 0.78 kg heavier compared to the weaning weight of piglets with a lactation length of 

14-17. 

SE = standard error 

CI = confidence interval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

 
 

CHAPTER 4: CONCLUSIONS  

 

4.1 Research summary and conclusions  

Artificial insemination (AI) of sows is performed with fresh semen in the 24 hour period 

prior to ovulation, to achieve maximum reproductive success. Sows are often inseminated 

multiple times via intracervical foam-tipped catheter once standing heat is first detected. This is 

to ensure at least one of the semen doses is delivered when the sow is ovulating (Bortolozzo et 

al., 2015). Although detecting standing heat (estrus) serves as an approximate indicator of 

ovulation in conventional breeding, a challenge that remains is dealing with the variation in the 

wean-to-estrus interval, the duration of estrus, and the estrus-to ovulation interval between sows 

(Cassar et al., 2005; Driancourt et al., 2013). If bred too early or too late, sperm are not able to 

fertilize the oocyte and semen is wasted as a result (Bortolozzo et al., 2015). This variation 

subsequently leads to farrowing occurring over a period of several days, meaning that pigs have 

a reduced lactation period if the entire batch is weaned on the same day. The consequence of 

reducing the lactation length, or the weaning ages of piglets, is that more underweight pigs are 

seen at weaning (Main et al., 2005).  

Therefore, knowing precisely when ovulation occurs is essential. This can be easily 

achieved by using a fixed-time artificial insemination (FTAI) protocol to synchronize estrus and 

ovulation in a batch farrowing herd. By implementing FTAI breeding can be more controlled and 

efficient, while allowing more uniform weights of pigs at weaning (Kauffold et al., 2007). By 

controlling the time of estrus and ovulation, the precise time to inseminate sows can be better 

predicted and this can eliminate the need for multiple inseminations per breeding cycle 

(Driancourt et al., 2013). This could reduce both semen and costs associated with breeding in the 

swine industry.  
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Conventional practice is to breed sows at least twice using about 3 billion sperm per 

insemination. This research explored the combination of using FTAI and an alternative semen 

catheter that reportedly reduces semen backflow in order to maintain breeding efficiency and 

reduce variation in estrus and ovulation, while using less semen compared to the conventional 

breeding technique. 

The FTAI technique used in this study involved using a 600 IU equine chorionic 

gonadotropin to induce estrus followed 80 hours later with pLH to induce ovulation, after 

weaning followed by a single insemination. Cassar et al. (2005) previously reported predictable 

timing of ovulation and optimal timing of insemination is achievable with this regime, in that 

ovulation occurred 38.2  2.8 hours after pLH treatment, allowing the use of a single FTAI. The 

two catheters used in this study were a conventional foam-tipped catheter and a Gedis catheter. 

With the Gedis, semen is enclosed along the length of the rod and held in place by a gel cap. 

After a few minutes the sows natural body temperature liquefies the heat-sensitive gel cap, and 

semen is efficiently drawn through the cervix and into the uterus (ter Beek, 2006). The benefits 

of using the Gedis catheter are primarily in simplifying the breeding process, while increasing 

hygiene standards and reducing the volume of semen used per breeding (IMV Technologies, 

2018). Sows were assigned to 1 of 4 treatment groups as follows; Group 1, bred twice with a 

conventional catheter and 3 billion sperm; Group 2, FTAI with conventional catheter and 3 

billion sperm; Group 3, FTAI with Gedis catheter and 3 billion sperm; Group 4, FTAI with 

Gedis catheter and 1 billion sperm.  

Overall, the combination of Gedis catheter and FTAI resulted in decreased reproductive 

performance that outweighed the value of using less semen. Although this was the case, FTAI 
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was effective in reducing semen quantity used, while allowing for comparable reproductive 

performance as conventional double-mating.  

A flaw in our study was unfamiliarity with the Gedis catheter, which seemed to impact 

the first few batches of sows. As the trial progressed, we found a notable improvement in 

farrowing rates with the Gedis, comparable with that of the foam-tipped catheter. This indicated 

there was a period of learning when it came to Gedis AI techniques. In future trials, better 

training over the course of several monthly batches should be considered. By doing so, this 

would reduce user error and provide a better comparison between the Gedis and other AI 

protocols.  

By refining the doses of eCG and pLH, superior reproductive performance may be 

achievable. With the Gedis catheter, it would be useful to further identify the exact semen dose 

needed to reach adequate reproductive performance, or by studying its effectiveness with other 

FTAI protocols such as OvuGel. Furthermore, alternative insemination methods such as 

intrauterine insemination, combined with FTAI may provide a more effective way to reduce 

semen doses while also reducing variation in the wean-to-estrus interval, the duration of estrus, 

and the estrus-to ovulation.  

Though improving the efficiency of breeding is desirable, it may also impact pig 

performance at weaning. Weight at weaning is monitored because lightweight pigs do not 

perform as well as heavier pigs in the nursery and in later stages of life, which can impact 

economic return (Larriestra et al. 2006). This area of our study sought to identify the important 

factors which affect piglet weight at weaning. We found that increased piglet weight at weaning 

was associated with male sex, increased lactation length, and increased weight at birth. While 

reduced weight at weaning is associated with cross-fostering pigs, more stillbirths, total born, 
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born alive, and size of the litter at weaning. Most of these factors are hard to manipulate and in 

fact the industry by selecting for sows producing large litters is making it harder to achieve 

heavy pigs at weaning. Because controlling the timing of breeding can create the benefit of all 

the sows farrowing about the same time this has the advantage of uniform age at weaning, this 

might be a big advantage. This would be particularly beneficial if it reduces the occurrence of 

sows farrowing long after the first sows in the batch farrow, resulting in a shorter mean lactation 

length in the herd.   

Future research should more closely address different ways to improve lactation length 

and the performance of piglet growth and weight at weaning. In the long run if breeding isn’t 

controlled, a wide range in farrowing time will remain and may require additional farrowing 

capacity to house lactating sows longer in the farrowing rooms. By controlling breeding, longer 

lactation length and uniform weaning weights can be achieved. Studies might look into 

comparing the efficacy of different FTAI protocols, such as eCG-pLH and OvuGel at reducing 

variation in breeding and lactation length. By finding the most effective FTAI protocol, a 

uniform lactation length of 18d can be achieved. This would allow piglets to consume more 

milk, results in a heavier more robust pig at weaning.  

Aside from this, alternative research may be needed to address management of cross-

fostering, in order to reduce stress and competition for milk among piglets, which can negatively 

impact weaning weight. This might involve studying alternative farrowing pen design to increase 

piglet comfort, reduce fighting, and allow for better milk intake. This may improve performance 

at weaning and throughout later production stages as well, increasing economic return for the 

producer. 
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