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ABSTRACT 
 
 
 

THE EFFECT OF A MODERATE ENERGY AND PROTEIN RESTRICTION DURING 
GILT DEVELOPMENT ON BODY COMPOSITION AND SUBSEQUENT LACTATION 

PERFORMANCE 
 

Nicole Gregory                                                                             Advisor:  
University of Guelph, 2021                                                          Dr. Lee-Anne Huber 
 

The feed intake, growth rate and body condition of a gilt prior to breeding can influence 

lactation performance and longevity in the breeding herd. The overall objective was to explore a 

high-fibre gilt development feeding program as a means to control body weight and composition 

at breeding and to determine subsequent effects on lactation performance. The high-fibre diet 

reduced the body weight and backfat depth of gilts at mating when fed during the development 

period of 90 to 190 days of age (breeding), even when feed was provided ad libitum. By the end 

of gestation and during lactation, treatment differences in body weight and backfat were negligible. 

No differences in litter characteristics or piglet growth rates pre- and post-weaning were observed. 

The use of a high-fibre feeding program could be utilized to control the growth of developing gilts 

without impairing subsequent litter characteristics or lactation performance. 
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1. Introduction and Literature Review 
 
1.1 Introduction 
 

Milk consumption is a very important factor for the growth of piglets prior to weaning. It 

is the main source of nutrients for the piglet, and therefore the composition and quantity of the 

sow’s milk is crucial. The amount of milk a sow can produce directly influences the piglet’s ability 

to optimize growth whilst in the pre-weaning stage, as well as after weaning (Farmer and Hurley, 

2015; Rezaei et al., 2016). Indeed, heavier piglets at weaning are more likely to have greater 

growth rates (i.e. reduced severity of the post-weaning growth lag) until market weight (Wolter 

and Ellis, 2001). The quantity of milk that can be produced during lactation is directly correlated 

to the amount of secretory mammary tissue that is present (Sørensen et al., 2006); therefore, proper 

mammary development is essential to optimize piglet development in the subsequent lactation.    

Mammary tissue has three major growth periods in swine: 90 days of ages until puberty, 

the last third of gestation, and during lactation (Farmer, 2018). During the development phase for 

replacement gilts, it is important to provide proper management, which includes an adequate 

feeding regime, to ensure optimal development of the mammary glands. Specifically, it is ideal  to 

increase the secretory parenchymal tissue that will produce milk instead of the fatty 

extraparenchymal tissue (Farmer, 2013). A 20% restriction in feed intake has been shown to 

decrease the parenchymal and overall mammary tissue during the prepubertal growth phase 

(Farmer et. al, 2004), which led to the recommended ad libitum feeding before puberty to 

maximize the parenchymal tissue development in gilts. 

 Previous studies also showed that allowing gilts to have a greater feed intake increases the 

amount of mammary tissue present (Sørensen et al., 2006), but this also causes a faster growth rate, 

which can result in issues for body conformation (i.e. weak pasterns and rear legs; Acalderon Díaz, 
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et al., 2015). Faster growth rates can also result in the accumulation of excess body fat, which can 

lead to further lameness and hoof issues (Friendship and O’Sullivan, 2015). Lameness is one of 

the top reasons for premature culling of sows within the breeding herd and causes concern for both 

producer profitability and animal wellbeing (Calderon Diaz et al., 2015). Clearly, there is a conflict 

between maximizing the development of productive mammary tissue, while optimizing body 

condition and reducing the lameness risk for replacement gilts entering the breeding herd. Finding 

nutritional interventions that would allow for optimal development of the mammary gland, while 

slowing growth rates and reducing the incidence of lameness has the potential to improve animal 

wellbeing, increase sow longevity, and optimize the growth rates of suckling piglets, all of which 

provide economic benefits for the producer. 

The purpose of this review is to discuss different aspects that are important for the 

management of the developing gilt with respect to mammary gland development. It will cover the 

current information that is available on mammary tissue development and the influencing factors, 

as well as information about lactation performance, lameness, and current gilt management 

practices.  

 

1.2 Mammary Tissue Development 
 
1.2.1 Morphology 
 
 The mammary gland has an intricate morphology and physiology that allows for the 

formation of milk during lactation (Capuco et al., 2013; Rezaei et al., 2016). Essentially, the 

mammary gland can be split into two different tissue types: [1] the parenchymal tissue, which 

contains the secretory cells and [2] the extraparenchymal tissue, which contains the fatty tissues, 

also known as the fat pad (Akers, 2017). The amount of parenchymal cells tissue can be estimated 
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by determining  mammary DNA that is present (Farmer, 2018). The parenchymal tissue contains 

both epithelial and stromal cells that will synthesize milk during lactation (Capuco et al., 2013; 

Rezaei et al., 2016). Epithelial tissue structures undergo extensive branching during mammary 

development giving rise to alveoli (Akers, 2017) and the terminal ductal lobular unit in swine 

(Rowson et al., 2012). This unit contains the intralobular duct, interlobular duct, and the lobular 

functional unit of the glands (Rowson et al., 2012), which leads to the nipples of the sow (Akers, 

2017). These structures in the mammary gland develop and change depending on the age of sow 

and stage in the reproductive cycle.  

 

1.2.2 Stages of Development 
 

Mammary tissue development in gilts is important to allow for optimal milk production 

during the subsequent lactation cycles. The main development of the mammary tissue starts from 

90 days of age and continues into late gestation and lactation. Prior to 90 days of age, there is slow 

mammary tissue growth and DNA accumulation (Farmer, 2018). The mammary gland lacks 

alveolar structures at this age but tissue proliferation is ongoing and branching of  structures begins 

within the parenchymal tissue (Capuco et al., 2013). In addition, there is some growth and 

expansion in the ducts of the mammary gland within the terminal ductal units, which will 

eventually form outgrowths into the extraparenchymal tissue (Capuco et al., 2013). A study done 

by Sørensen et al. (2002) used quantitative measures of mammary DNA to investigate mammary 

growth at varying periods throughout the developing gilt’s life. Between birth and approximately 

three months of age, there was only a moderate increase in mammary tissue and DNA. Conversely, 

the period between three months of age and puberty (6 months of age) was one of the most rapid 
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stages of extraparenchymal and parenchymal development, with the rates of tissue and DNA 

synthesis, increasing by 5.6 and 3.9-fold, respectively (Sejrsen et al., 1999; Farmer, 2018).  

At the onset of puberty, the increase in circulating estrogens has a stimulatory effect on 

mammogenesis including the growth of ducts, and lobular and alveolar tissues (Capuco et al., 

2013), with parenchymal tissue overall increasing by 51% in gilts after puberty (Farmer, 2018). 

During puberty, the ductal framework that was forming in the prepubertal phase begins to undergo 

alveolar development (Capuco et al., 2013). In addition, somatotropin secretion is increased, which 

stimulates the circulating concentrations of IGF-1, which helps to stimulate mammary 

parenchymal formation (Sejrsen et al., 1999; Farmer, 2013; Rezaei et al., 2016).  

 The last third of gestation is the second period with significant of mammary tissue 

development. Indeed, little development of the mammary tissue or DNA concentrations occurs 

during the first 75 days of gestation, but during the last third of gestation, there is a substantial 

increase in mammary weight (from 80 g/gland to 373 g/gland) and DNA (40 mg/gland to 838 

mg/gland) by day 112 of gestation (Sørensen et al., 2002). During late gestation, estrogen, prolactin 

and somatotropin, play essential roles in the mammary development of a sows. The adipose and 

stromal tissues of the glands become replaced by lobulo-alveolar tissues (Farmer, 2018), while the 

epithelial cells transition into lactocytes (Farmer, 2019). These transformations facilitate the 

synthesis of milk during the onset of lactation (Sejresen et al., 1999). The physical changes in the 

structure of the mammary tissue are mirrored by changes in chemical composition, such that the 

high lipid content is replaced by a high protein content in preparation for the upcoming lactation 

(Farmer, 2018).  

The final phase of mammary gland development occurs during lactation, where the glands 

almost double in size (Hurley, 2001). In swine, the mammary glands will continue to grow and 



 5 

develop throughout lactation, which corresponds to the increase in milk yield (Theil et al., 2012). 

During lactation, suckling plays an essential role for mammary gland development. Specifically, 

milk removal and post-ejection massage by nursing piglets are essential to keep the gland 

functional during lactation and avoid its involution of the gland (Farmer, 2013b; Farmer, 2019). If 

a gland is not suckled at all during lactation, its milk production will decrease during the 

subsequent parity, but if the gland is used for at least the first two days after farrowing it will be 

able to produce adequate milk during the following lactation (Farmer, 2019). Therefore, the three 

different phases of mammary growth and development during prepuberty, late gestation and 

lactation are all important for gilts to maintain proper mammary function and to produce adequate 

milk for the future lactations. 

 

1.2.3 Involution  
 

Involution occurs when there is no release of milk from the teats. It is suggested that milk 

accumulation in the lumen of the alveoli has an inhibitory effect on milk production (Farmer, 

2013b; Quesnel et al., 2015), which starts the involution process. This involution results from the 

gland not being suckled by piglets post weaning (Farmer, 2019). This involves the mammary gland 

decreasing its amounts of parenchymal tissue, protein, and DNA contents and increasing in 

parenchymal fat (Farmer, 2013; Farmer, 2019). The glands will stay in this state until the next 

gestation cycle, where there will be growth and development for the next lactation, as described 

above.   
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1.3 Feeding strategies for optimizing mammary gland development 
 

Management of feeding strategies and diet composition have been investigated as means 

to optimize the growth of the secretory parenchymal tissue at different stages of gilt development 

(from weaning to gestation). Studies have been conducted looking at a variety of aspects of feeding 

including energy and protein contents and daily feed intake allowance during the different periods 

of growth. This section of the review will focus specifically on the nutritional impact for mammary 

development during the period of pre-puberty and until breeding.  

Changing feeding regimens to restrict the feed intake, and therefore energy intake, of 

developing gilts prior to 90 days of age does not appear to influence the growth of mammary tissue 

(Sørensen et al., 2006). The same is not true however, when restricting feed intake later in the 

prepubertal phase (Sørensen et al., 2006). In a study by Sørensen et al. (2006), gilts were fed either 

ad libitum or restricted between 28 and 90 days of age (period 1), and at 90 days of age the gilts 

either continued the same dietary treatment or were reassigned to the opposite treatment until 

puberty (period 2). The results showed that gilts that were fed ad libitum in the second period had 

more mammary tissue than those restricted-fed, whereas the feeding regimen in period one did not 

influence total mammary tissue.  

A study done by Lyvers-Peffer and Rozeboom (2001) investigated the period between 63 

and 175 days of age. The nutritional regimes were a control diet fed ad libitum and the treatment 

diet fed an ad libitum that contained sunflower hulls to dilute energy and crude protein by 30 and 

15%, respectively. The treatment and control diets were fed in alternating periods. There were five 

between 63 and 175 days of age. Periods 1 and 2 were three weeks in duration, while periods 3 

and 4 were 5 weeks in duration. Gilts in the treatment group were fed the diet in periods 1 and 3 

and a control diet in periods 2 and 4. Mammary glands were collected on day 110 of gestation to 
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obtain parenchymal and extraparenchymal tissue weight,  as well as parenchymal DNA and RNA 

contents, and the DNA:RNA ratio. Gilts fed the control diet throughout the treatment period had 

heavier mammary glands and had a greater DNA content compared to gilts in the treatment group. 

Extraparenchymal tissue weight, total RNA, and the RNA:DNA ratio however, did not differ 

among treatments. This study suggested that restricting energy intake for prepubertal gilts could 

negatively affect mammary tissue development.  

  An additional study by Farmer et al. (2012) also examined alternating over-supplying 

dietary energy content (115% energy contents versus control gilts fed ad libitum) and energy 

restriction (70% energy content) regimens starting at 68 days of age. The treatment gilts received 

the energy-restricted feed for 3 weeks before switching to the over-supplied energy diet for 3 

weeks, until switching back to restriction diet for 4 weeks and the over-supplied energy diet for 

another 4 weeks. Some gilts were kept until after the treatment period until 235 days of age and 

were slaughtered to obtain mammary glands. It was demonstrated that the extraparenchymal tissue 

mass was not affected by development feeding program, but the restricted gilts had 19% less 

mammary parenchymal tissue compared to gilts that received the control feeding program. Overall, 

these studies show that energy restriction during any point of the gilt prepuberal period has a 

negative effect on mammary tissue development. 

Few studies have been conducted during the prepubertal period to examine the effects of 

dietary protein content on mammary gland development in gilts. In one study, Farmer et al. (2004) 

fed high (18.7 % CP) or low (14.4 % CP) protein diets between 90 days of age and the second 

estrus at approximately 200 days of age. Gilts were fed the high protein diet throughout the 

treatment period, the low protein diet throughout the treatment period, an alternating program 

where gilts were switched at 150 days of age from high to low protein, or a high protein diet fed 
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at a 20% feed restriction relative to the high protein treatment which was supplied ad libitum. 

Mammary gland composition was only altered in the 20% restricted gilts with the 

extraparenchymal tissue mass being less than for other treatments. There was also a tendency for 

the parenchymal tissue weight to be lighter in gilts 20% restricted-fed the high protein diet until 

slaughter compared to the other treatment groups. There is a scarcity of  information on the effects 

of dietary protein during the prepubertal phase for mammary development of developing gilts. 

Though never directly measured, it is assumed that diets extremely limiting in total crude protein 

or specific individual amino acids could negatively affect the growth (protein deposition) of the 

mammary tissue. Overall, it appears that energy and feed intake are more important than specific 

levels of protein or amino acids for prepuberal period mammary tissue development of gilts in the 

prepubertal period. 

 

1.4 Other factors that influence milk yield 
 

The sow’s milk production is a limiting factor for piglet growth until they are weaned 

because the amount of milk consumed is directly related to the piglets’ ability to maximize growth 

(Rezaei et al., 2016). Hyper-prolific sows are producing larger litters and are less able to meet the 

piglets’ high nutrient demands by 10 days after farrowing (Theil et al., 2012). In addition to 

mammary gland development, there are many factors that can affect milk yield, including both 

sow factors such as genetics and parity, as well as external environmental factors (Quesnel et al., 

2015). This section will focus specifically on the sow factors of feed intake during lactation, body 

condition prior to lactation, and the use of the teat in previous lactation cycles.   
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1.4.1 Feed Intake 
 

When sows are lactating, the priority of nutrient utilization is milk production. Therefore, 

sows will use nutrients and energy from both the diet and body stores to support milk production 

(Theil et al., 2012). At least 60% of dietary nutrients and energy will be secreted in milk (Quesnel 

et al., 2105). Therefore, sustained high levels of feed intake are required during lactation to 

minimize maternal tissue mobilization during a period where greater milk yields (due to greater 

litter sizes) require higher feed intakes (Theil et al, 2012).  

Inadequate feed intake during lactation leads to the mobilization of maternal tissues stores 

to support milk production (Quesnel et al., 2015; Strath et al., 2017) . Large mobilization of body 

stores can have negative effects on milk yield, and subsequent reproduction by causing delays in 

onset of estrus and fewer piglets born in the next parity (Strathe et al., 2017). In addition, limiting 

feed intake during lactation can suppress the flow of blood to the mammary glands, which reduces 

the ability for nutrients to be transferred to milk (Kim and Wu, 2009). Indeed, De Bettio et al. 

(2016) demonstrated that feed-restricting sows (4 kg/day) during lactation, increased body weight 

(BW) (28.2 vs 7.8 kg) and back-fat (BF) loss (3.97 vs. 2.07 mm) and tended to reduce litter 

weaning weights compared to sows that consumed 8 kg of feed per day. Therefore, feed-restricting 

sows during lactation induced greater break down of body tissues, which negatively affected milk 

yield and consequently, litter gain.  

Primiparous sow are especially sensitive to inadequate feed intakes versus upper-parity 

sows because of their limited since gut capacity is limited (Strathe et al., 2017). Strathe et al. (2017) 

demonstrated that average daily feed intake during the postpartum period was negatively 

correlated to BW and BF loss during lactation. Primiparous sows in this study also had lower feed 

intakes and lower litter sizes in the next reproductive cycle, which was likely due to the these sows 
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not having the mature BW and therefore it would take more to recoup the lost body stores from 

the higher degree of body mobilization in the lactation and continue maternal growth of the 

primiparous sows compared to later parity sows.  

 

1.4.2 Body Condition 
 

It is important that sows have optimal management prior to farrowing to maintain an ideal 

body condition. Indeed, body condition can influence the availability of maternal tissues for 

mobilization in lactation, which can also affect voluntary feed intake during the lactation period. 

The gilt development phase is the crucial period to ensure an acceptable body condition for 

breeding and to support the first lactation (Klaaborg et al., 2019). The BW and BF losses during 

lactation increase proportionally to litter size (Kim and Easter, 2001). Yet, it has also been 

demonstrated that sows that had greater BF and BW losses during lactation also weaned heavier 

piglets (Farmer et al., 2017), most likely due to the high catabolism of body protein and fat and 

the high efficiency for transporting these components into milk (NRC, 2012). Despite having 

heavier piglets at weaning, an increase in maternal tissue mobilization could have negative long-

term implications for sow longevity. The BF thickness before farrowing has been found to affect 

both the sow’s BF loss  in lactation and mammary glands compositions in late gestation (Farmer 

et al., 2017). Sows with BF thicker than 20 mm had higher amounts of parenchymal and extra-

parenchymal tissues at day 110 of gestation, at which time there was a positive correlation between 

BF thickness and extra-parenchymal tissue weight, total parenchymal fat, and parenchymal tissue 

weight (Farmer et al., 2017). The greater amount of extra-parenchymal tissues, consisting mainly 

of fat, seen in the high BF groups could result from the nutrients being utilized to deposit fat on 

various organs, such as the mammary glands because these gilts already had to large body 
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condition. The amount of BF at gilt has at the end of gestation with relate to how much is lost in 

lactation with gilts having a higher BF losing more than those with lower BF. Large amounts of  

BF during lactation will cause the body to mobilize the fat stores to support lactation instead of 

utilizing energy from feed consumed, causing potential issues with condition going into the next 

gestation (Strathe et al. 2017). Starting the next gestation with a better body condition can help 

with the tissue mobilization during the next lactations since the sow would have larger body stores 

to meet the high demand for milk production (Kim and Easter, 2001). 

 

1.4.3 Suckling intensity 
 

The use of a teat influences mammary gland development and therefore, subsequent milk 

yield. Milk yield is also positively correlated to litter size, as indicated previously (Vadmand et al., 

2015; Theil et. al, 2012). A larger litter leads to greater gland activation and milk removal, which 

are important for the continuation of milk production (i.e. to prevent involution) and to increase 

milk production as lactation progresses (and according to a lactation curve; Quesnel et al., 2015). 

Once factor for the quantity of milk produced from the sow can be nursing frequency. Indeed, 

nursing frequency increases until between days 8 and 10 of lactation and then decreases thereafter, 

which corresponds to the standard sow lactation curve (Quesnel et al., 2015). Therefore, it is 

important that the sow has enough piglets nursing to maintain mammary gland functionality and 

allow for mammary development, but not too many piglets that the sow will over-utilize maternal 

protein and fat stores. 

Farmer et al. (2012), studied sows the effects of teat usage in sows. In the first lactation 

specific teats were taped to prevent suckling. In the second lactation, the control group had the 

same teats taped as the first lactation whereas the treatment had the opposite teats taped and 
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original teats were allowed to be suckled. At the second lactation, piglets from control sows which 

had the same teats nursed from in both lactations, had significantly greater BW on day 56 of age 

compared to the treated sows. In addition to changes in piglets BW gain, there were also an 

increases in the parenchymal tissue weight and DNA content compared to the treatment sows. This 

study showed the importance of the use of the teats by the piglets during the first lactation to 

increase the mammary gland development and functionality for the subsequent lactation. 

There are a variety of factors that can impact the sow’s ability to produce adequate milk 

for the piglets for the current and future lactations. The preparation of gilts to have adequate body 

stores to allow usage in milk production without being over-conditioned is necessary to maintain 

an adequate feed intake during lactation. In addition, the management of litter size to allow for 

adequate teat usage is important for the ability to continue to wean healthy large litters.  

 

1.5  Other factors to consider for gilt development feeding programs  
 

Feeding programs for gilts also have a role in determining growth rate, body composition 

and gastrointestinal development, in addition to the effects on mammary glands. One component 

of the diet to consider is the dietary fibre content. Dietary fibre is part of the carbohydrate 

component of the plant that includes the plant cell wall and resistant starches. Dietary Fibre is 

generally split up into two components, which include soluble and insoluble fibre. Soluble fibre  

includes resistance starch, soluble hemicellulose and gum and the insoluble fibre fraction is 

composed of insoluble hemicelluloses, celluloses and lignin (NRC, 2012).  

Due to the composition, dietary fibres are poorly digested in the small intestine and when 

consumed and can decrease digestibility of energy and protein (Stewart et al., 2013, Woyengo et 

al. 2014) and can cause different effects on the gastrointestinal tract (Jarret and Ashworth, 2018). 
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Increasing fibre in the diet has been found to change the development of the gastrointestinal tract, 

which includes increased stomach size and capacity (Priester et al. 2020) and larger crypt area and 

villi height in the colon (Jarret and Ashworth, 2018). Since dietary fibre is not digested in the small 

intestines, most of the breakdown of these feed components are done through bacterial 

fermentation in the large intestine. The diversity of fibre included in the diet also influences the 

population distribution and diversity of the bacterial communities in the colon, which can affect 

the fermentation in the large intestine (Jarret and Ashworth, 2018). Fermentation of the fibre 

ingredients is one benefit of the dietary fibre since the bacteria in the colon break down the fibre 

into short chain fatty acid (Jørgensen et al. 2007). These short chain fatty acid can be absorbed via 

the walls of the large intestine and can be utilized by the pig as an energy source with growing 

animals being able to achieve 15-25% of maintenance energy requirements from the short chain 

fatty acids (Jørgensen et al. 2007). 

Including fibre ingredients in swine diets can also cause a bulking effect due to the 

composition of the ingredients. This bulking effect occurs in the stomach due to limit capacity of 

the growing animals and can increase satiety as well as increasing the transit time (Jørgensen et al. 

2007; Woyengo et al. 2014). As the animal ages and the stomach capacity and the gastrointestinal 

tract increase, the gut capacity is not as restricted when compared to growing animals. Adult sows 

also have an increase capacity to digest the dietary fibre in the small intestine as well as 

fermentation ability in the large intestine is increased (Jørgensen et al. 2007). Therefore, the adult 

sows have a larger ability to consume and digest the fibre components compared to the growing 

pig, such as the developing gilt. 

Conversely, fibrous ingredients have been found to have reduced digestibility of energy 

and amino acids when included in the diet and can decrease the growth rate of animals when 
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consumed during the growing period (Stewart et al., 2013). Different recommendations are given 

for gilt body condition when compared to growing pigs to improve the potential for longevity and 

piglet performance. A study by Priester et al. (2020) investigated the effects on feeding a high fibre 

diet to developing gilts starting at 97 kg until farrowing, to investigate the effects on the lactation 

performance of the gilts. By the end of the growing period the gilts fed the control feeding program 

has significantly higher body weight by breeding compared to the gilts that received the high-fibre 

diet. In addition during lactation, the control gilts consumed less overall feed when compared to 

the gilts fed the high-fibre diet. Piglets also had a higher body weight at weaning from sows 

provided the fibre diet in development and gestation. A previously mentioned, a study by Lyvers-

Peffer and Rozeboom (2001) looked at using fibre to moderate the energy intake in the diet. This 

study found that gilts fed a diet with higher fibre for part of the growing phase had a decreased 

growth rate when compared to the control gilts. Similarly to the Priester et al. (2020) gilts that 

were fed a fibre diet for a portion of development had an increased consumption of feed during 

lactation but piglet weights only tended to differ at weaning compared to controls. The study by 

Lyvers-Peffer and Rozeboom (2001) unlike Priester et al. (2020) stopped feeding this program at 

breeding instead of continuing dietary treatments throughout gestation. Both studies showed a 

positive effect of fibre fed during different points of development and gestation, showing the 

potential improvement fibre addition can have on developing gilts.  

Since maintaining the health of sows is essential to reach production targets a decline in 

either health or ability to produce adequate litters are two reasons for sows to be removed from the 

breeding herd. Lameness is the main reason for premature culling from the breeding herd 

(Calderon Diaz et al., 2015).  There are a variety of factors that can lead to lameness in pigs 
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including joint disease and environmental and genetic factors. These can all lead to hoof and leg 

issues in pigs resulting in discomfort and reduction of production and wellbeing. 

Osteochondrosis is a common developmental disease resulting in damage and 

inflammation to the cartilage and joints. The joint lesions caused by osteochondrosis generally 

affect growing animals, including gilts. The feeding program employed during gilt development 

can affect the outcome of osteochondrotic lesions. For example, high feed intake during the 

growing period increased the incidence of osteochondrosis when compared to restricted feeding 

strategies (de Koing et al., 2013). Specifically, de Koing et al. (2013) found that switching from 

ad libitum to a restricted feeding program at 70 days of age reduced the occurrence of joint 

osteochondrotic lesions, while the feeding program given prior to 70 days of age had little effect 

on joint lesions. It is noted that the positive outcome to feed restriction after 70 days of age on joint 

lesions may also results in reduced mammary development because this is a major period of 

mammary gland development in gilts, as discussed above.  

The overall amount of feed (energy) intake is not the sole nutritional determinate of the 

development of osteochondrosis, since specific nutrients also play a major role. Minerals such as 

copper and manganese are important for the metabolism of cartilage and bone and their inclusion 

in swine diets have the potential to reduce the occurrence and severity of osteochondral lesions. 

Frantz et al. (2007) conducted a study on young developing gilts (initial BW 39 kg) looking at 

different dietary nutrients involved in cartilage and bone metabolism such as silicon, copper, 

manganese, branch chain amino acids, proline, glycine, methionine, threonine, and fish oil 

(omega-3). Joint cartilage was not affected by the dietary treatments, but the evaluation of joints 

for abnormalities such as fissures showed significantly lower scores when gilt were fed diets that 

contained additional minerals. More research needs to be conducted to determine the effect of 



 16 

these nutrients on growing pigs and how they affect the occurrence of osteochondrosis, particularly 

for developing gilts. 

Feed intake by growing animals is an aspect to consider when looking into growth rate. 

There is belief that the growth rate and BW of young animals will have future effect on the 

development of lameness and hoof issues. A study conducted by Faba et al. (2017) showed that 

lighter pigs (165 kg BW) had greater prevalence of severe osteochondral lesions with five percent 

of these cases developing visual indicators of lameness and all these cases recovering from visual 

lameness having signs of moderate osteochondral lesions at slaughter.  Conversely, de Koing et al. 

(2015) observed that pigs with heavier slaughter weights had an increased likelihood to be affected 

with osteochondrosis. This study did not investigate visible lameness and gait in the pigs. Similarly, 

Jorgensen (1994) demonstrated that animals fed diets with higher energy levels grew faster, were 

heavier at slaughter, and experienced more leg weakness traits. However, there was no positive 

correlation between leg weakness traits and the osteochondral lesions visible at slaughter.  

Information about lameness and feet issues in the growing and finishing pigs can also be 

applied to replacement gilts to reduce the potential for feet and leg issues in the sows. There are 

however, a few other considerations when looking at lameness in sows since the goal is to have 

the animal in the herd for longer than grow-finish pigs. These considerations include BW and 

conformation of the animals. In the study by Mumm (2016), BW did not influence the 

conformation traits that were evaluated. This suggests that poor conformation of the legs (e.g., 

straighter hock angles and shape of the hind legs, hocks, and pasterns) causes the sow to move in 

a gait that attempts to compensate for faulty confirmation, leading to leg weakness and lameness. 

This discomfort and constant adjusting could lead to visible lameness and the potential subsequent 

osteochondrosis on the elbows. From the previous study mentioned involving growth rate and 
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conformation effects on the osteochondral lesions, it appears that in order to show visible signs of 

leg weaknesses in these animals the lesions need to be quite severe (Jorgensen 1994). 

Post-mortem evaluation is the gold standard for determining the prevalence and severity of 

osteochondrosis. Conversely, it is more difficult to determine the prevalence of osteochondral 

lesions through visual assessments while the animal is alive. A study by Jorgensen (1994) 

demonstrated no positive correlation between leg weakness traits and osteochondral changes to 

joints, which indicated that visual diagnoses are unreliable. Similarly, De Koing et al. (2015) found 

that conformation and locomotive characteristics assessments such as X-shaped hind legs, straight 

or bow hind leg, straight and sickle hocks, swaying hindquarters, and steep or weak pasterns had 

some associations with osteochondrosis but the associations were not consistent. These findings 

make it difficult to cross-reference osteochondral lesions with visual assessments of 

osteochondrosis and the subsequent effects on lameness for developing gilts. 

In addition to the considerations of genetic factors for traits such as conformation and 

management and growth rate of the animals further environmental management needs to be 

considered to improve the outcome of hoof and leg issues. These include types of flooring and 

stocking density, which can increase the prevalence of gait issues (Wilgert et al., 2013). Solid 

floors with no litter increase the risk of abnormal lameness scores versus was litter available or if 

floors were partially or fully slatted (Van grevenhof et al., 2010). The above factors contribute to 

joint degradation being one of the leading causes of premature culling of sows from the breeding 

herd. Currently, the most effective management strategies to reduce lameness in the herd is to 

select replacement gilts that have ideal conformation, optimize the feeding regimen and 

environment, and routinely observe high-risk animals.  
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1.6 Summary 
 

The gilt development period can affect the gilt’s ability to produce and support large, 

healthy litters and can affect reproductive performance in the breeding herd. The body condition 

of gilts at first service is important to maximize the chances of sows to produce adequate sized 

piglets and maintain adequate body condition in the farrowing room. Different genetic lines of 

swine have different recommendations for optimal BW and growth rates to maximize breeding 

rates, litter size, and sow longevity. The optimal time to breed a gilt is during her second or third 

estrus (Malopolska et al., 2018) which, depending on time of puberty, is estimated between 190 

and 250 days of age (Topig, 2016 ; PIC, 2017). In general, gilts should be between 135 and 160 

kg BW at first service. Similarly, BF targets also vary but the current recommendation is to aim 

for 12 to 16 mm of BF at first service.  

There are a variety of diets and feeding strategies that can be employed for replacement 

gilts. Depending on housing, feeding regimens can vary from ad libitum, semi- ad libitum, or 

restricted feed access. These are important factors that producers need to keep in mind when raising 

replacement gilts to allow for ideal body condition, improved ability to produce adequate healthy 

litters, and to reduce the potential for culling issues like lameness. Keeping gilts at ideal growth 

rates and in line with the breeding targets for BW, BF (body condition), and age as well as sound 

conformation, will allow the gilts to have the best chance for success in the first and subsequent 

parities. An ideal feeding regimen during the periods of rapid mammary gland growth can improve 

the development of mammary glands by increasing the milk-producing parenchymal tissue and 

subsequently promoting increased milk yield and piglet growth rates. Finding an ideal feeding 

regimen for developing gilts during the rearing period has the potential to optimize the body 

condition of sows, mammary development, and reduce occurrence of feet and leg issues. 
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2. Rationale and Objective 
 

Milk from the sow is the main source of nutrients and energy that a nursing piglet receives 

prior to weaning. An increase in sow milk production can help to improve the pre-weaning growth 

of piglets, which can set up piglets for improved growth during the nursery phase and beyond 

(Wolter and Ellis, 200; Rezaei et al., 2016). The mammary parenchymal tissue of the sow is where 

milk is synthesized during lactation. Increasing the parenchymal tissue content has the potential to 

maximize milk synthesis (Capuco et al., 2013; Rezaei et al., 2016). Ad libitum feed intake was 

shown to increase the growth of the mammary parenchymal tissue during the prepubertal phase in 

developing gilts (Sørensen et al., 2006). This feeding rate could prove to be a useful way to 

improve mammary tissue development and milk production.  

 An ad libitum feeding regimen, however also increases the risk of overweight and over-

conditioned gilts pre- and post-puberty, at breeding and throughout gestation. This can lead to 

subsequent reproductive issues, excessive tissue mobilization during lactation as well as feet and 

leg issues, which can cause lameness (Clowes et al., 2003; Theil et al., 2012; Friendship and 

O’Sullivan, 2015). Since lameness is one of the main reason for premature culling from the 

breeding herd (Calderon Díaz, et al., 2015), the growth rate and body composition of developing 

gilts need to be carefully controlled. Increasing the fibre content of the diet can have a bulking 

effect in the gastrointestinal tract, which can limit feed (energy) intake and reduce growth rate 

(Stewart et al., 2013). Hence, high-fibre feed ingredients could be used to control the growth rate 

of gilts during the development period, while still allowing ad libitum feed intake in a group-

housing environment. Implementing a high-fibre feeding regimen during the development period 

of gilts could prove a beneficial method to increase mammary gland development while still 
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allowing for a controlled growth rate prior to breeding. Therefore, the overall aim of this thesis 

was to examine various gilt development feeding regimens. The specific objectives were: 

1) To determine the effects of a high-fibre feeding regimen prepuberty on the body 

composition at breeding and subsequent lactation performance, milk composition and 

piglet weight gain from birth to the end of nursery 

2) To evaluate the impact of the feeding regimen prepuberty on the blood metabolites urea, 

free fatty acids, and glucose, as well as the hormone prolactin throughout the development 

period, gestation, and lactation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 25 

2.1 References 
 
Calderon Diaz, J., M.T. Nikkila, and K. Stalder. 2015. Sow Longevity. In: C. Farmer, editor, The 

gestating and lactating sow. Wageningen Academic Publishers. The Netherlands. p. 423-
452. 

 
Capuco, A., and S. Ellis. 2013. Comparative aspects of mammary gland development and 

homeostasis. Annual Review of Animal Biosciences. 1: 179-202. 

Clowes, E. J., F.X. Aherne, A.L. Schaefer, G.R. Foxcroft, and V. E. Baracos. 2003 Parturition 
body size and body protein loss during lactation influence performance during lactation 
and ovarian function at weaning in first-parity sows. Journal of Animal Science. 81(6): 
1517-28. 

Friendship, R.M., and T.L. O’Sullivan. 2015. Sow Health. In: C. Farmer, editor, The Gestating 
and Lactating Sow. Wageningen Academic Publishers. The Netherlands. p.409-420. 

 
Rezaei, R., Z. Wu, Y. Hou, F.W. Bazer, and G. Wu.  2016. Amino acids and mammary gland 

development: nutritional implications for milk production and neonatal growth. Journal of 
Animal Science and Biotechnology. 7: 20. 

 
Sørensen, M.T., C. Farmer, M. Vestergaard, S. Purup, and K. Sejrsen. 2006.  Mammary 

development in preputial gilt fed restrictively or ad libitum in two sub periods between 
weaning and puberty.  Livestock Science. 99 (2-3): 249-255. 

 
Stewart, L.L., D.Y. Kil, F. Ji, R.B Hinson, A.D. Bealieu, G.L. Allee, J.F. Patience, J.E Pettigrew, 

and H.H. Stein. 2013. Effect of dietary soybean hulls and wheat middling on body 
composition nutrient and energy retention, and the net energy of diets and ingredients fed 
to growing and finishing pigs. Journal of Animal Science. 91: 2756-2765. 

 
Theil, P.K., M.O. Nielsen, M.T Sørensen, and C. Lauridsen. 2012. Lactation, Milk and Suckling. 

In: Editors, K.E Bach Knudsen, N.J Kieldsen, H.D. Poulsen, B.B, Jensen, Nutritional 
Physiology of Pigs-with emphasis on Danish production condition. Pp.1-49. 
 

Wolter, B.F., and M. Ellis. 2001. The effects of weaning weight and rate of growth immediately 
after weaning on subsequent pig growth performance carcass characteristics. Canadian 
Journal of Animal Science. 81(3): 363-369. 

 
Woyengo, T.A., E. Beltranena, and R.T. Zijlstra. 2014. Nonruminant nutrition symposium: 

controlling feed cost by including alternative ingredients into pig diets: a review. Journal 
of Animal Science. 92:1293-1305. 

 
 

 
 



 26 

3. IMPACTS OF A HIGH-FIBRE GILT DEVELOPMENT 
FEEDING PROGRAM ON GILT GROWTH PERFORMANCE, 
LACTATION PERFORMANCE AND PIGLET GROWTH 
 
3.1 Abstract 
 

Sixty-seven gilts [initial body weight (BW) 50.9 ± 0.9 kg] were randomly assigned to one 

of four feeding programs: [1]  standard commercial diet fed ad libitum (CON), [2] standard 

commercial diet fed 10% or [3] 20% below ad libitum, and [4] a high-fibre diet fed ad libitum 

(60% more fibre than the commercial diet to dilute energy by approximately 20%, FIB). The 

objective of this study was to evaluate the effects of a high-fibre and daily feed restriction feeding 

programs during the development period on gilt body composition and subsequent lactation 

performance. Gilts received dietary treatments between 90 and 190 days of age (breeding) with 

BW and average daily feed intake (ADFI) determined weekly. The BW was also monitored during 

gestation and lactation where standard commercial diets were fed to all sows. Backfat depth was 

also determined routinely throughout the study. Litter size was standardized to 12 ± 1 and 

individual piglet BW were measured at birth, regularly throughout lactation and at weaning (20.5 

± 0.4 days). At breeding, gilts that received the FIB and 10% programs had lower BW (146.3 ± 

0.8 kg) versus CON (150.4 ± 0.8 kg; P < 0.05) and greater BW versus 20% gilts (139.0 ± 0.8 kg; 

P < 0.05), while backfat depths were less for FIB, 10% and 20% (14.3 ± 0.2mm) versus CON gilts 

(16.3 ± 0.2 mm;  P < 0.05). Therefore, the studied feeding programs were sufficient to alter the 

rate and composition of growth for developing gilts. However, BW and backfat depth did not differ 

among treatment groups by the end of gestation, during lactation, or at weaning. Therefore, when 

fed common gestation and lactation diets, the differences in BW and backfat depth caused by the 

feeding program during the development period were overcome. Piglet BW and growth rates 
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throughout the lactation period did not differ among treatment groups and piglets achieved the 

same BW at weaning. The high-fibre gilt feeding program successfully limited growth rates and 

backfat depths of gilts prior to breeding, despite allowing ad libitum access to feed. Moreover, the 

gilt development feeding program did not affect piglet growth during the suckling phase. Feeding 

high-fibre diets to developing gilts is a potential means to provide ad libitum feed access in group 

housing, while limiting energy intake to control BW gain and backfat depth prior to breeding. 

 

3.2 Introduction 
 

For suckling piglets, milk is the main source of dietary nutrients prior to weaning and the 

amount of milk that a sow produces will determine piglet growth rate during the lactation period 

(Farmer and Hurley, 2015; Rezaei et al., 2016). The swine industry has been selecting for larger 

litter sizes and improved litter growth rates, which increases the energy and nutrient demands for 

milk production. Despite the sow’s ability to produce large quantities of milk, after ten days of 

lactation, milk production can no longer sustain maximum piglet growth (Theil et al., 2012). 

Mammary glands are split into two types of tissue; the fatty extra-parenchymal tissue and 

the parenchymal tissue. The latter contains the epithelial cells that secrete milk (Farmer, 2018). 

The mammary glands undergo three main periods of rapid development: between 90 days of age 

and puberty, during the last third of gestation, and during lactation (Sejrsen et al., 1999; Sørensen 

et al., 2002). Feed intake during these times, specifically prior to puberty, has previously been 

found to impact the mammary gland growth and development. Indeed, ad libitum feeding has been 

found to maximize the amount of parenchymal tissue, while a 20% feed restriction reduced 

mammary growth and development (Sørensen et al., 2006; Farmer, 2012). 
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Conversely, an ad libitum feeding regimen during the first period of mammary gland 

development can also result in rapid growth and potential for over-conditioning of gilts prior to 

breeding, which can have carry-over effects during gestation and farrowing. Over-conditioned 

sows at farrowing can have a reduced feed intake and extreme losses in body condition during 

lactation, which can negatively impact milk production and subsequent reproductive performances 

(Clowes et al., 2003; Theil et al., 2012). In addition, fast growth rates for developing gilts can 

result in feet and leg issues and lameness, which are some of the main causes for premature culling 

of breeding stock (Calderon Diaz et al., 2015). Therefore, the objective of the study was to evaluate 

the effects of a high-fibre feeding program for developing gilts on the body composition at 

breeding, subsequent lactation performance, and piglet growth from birth to end of nursery.  

 

3.3 Materials and Methods 
 

The experimental protocol was approved by the University of Guelph Animal Care 

Committee and followed Canadian Council on Animal Care guidelines (CCAC, 2009). The study 

was conducted at the University of Guelph Arkell Swine Research Station. 

 

3.3.1 Animals and Housing  
 

At 90 days of age gilts were recruited to the study over 11 monthly blocks, with each block 

recruiting 12 gilts. Gilts were assigned one of four gilt development feeding program to ensure 

equal distribution of body weight (BW) and genetics among feeding programs. Gilts that did not 

become pregnant after breeding did not continue the study. A total of fifty-four Yorkshire × 

Landrace and 18 purebred Yorkshire gilts were confirmed pregnant and continued the trial after 

the treatment period.  
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Between 90 and 140 days of age, gilts were housed individually in partially slated pens 

(163 cm × 198 cm) and between 141 and approximately 220 days of age, gilts were housed in 

gestation stalls (66 cm  × 213 cm). Gilts received a 5 mL intramuscular injection of 400 IU equine 

chorionic gonadotropin and 20 IU human chorionic gonadotropin (PG600, Merck Animal Health., 

Kirkland, Québec, Canada) and daily boar exposure to induce puberty at approximately 140 days 

of age. Gilts were bred on the second observed estrus via artificial insemination (190 days of age); 

pregnancy was confirmed via ultrasound 30 days after insemination. Upon pregnancy confirmation 

gilts were moved into group housing and at approximately day 110 of gestation, gilts were 

transferred into farrowing crates (183 cm × 239 cm) that were equipped with a heat mat in the 

creep area. Piglets received access to water via a nipple drinker but no creep feed. Litters were 

standardized via cross-fostering to 12 ± 1 piglets within 48 hours of birth. Piglets were ear-notched 

and had teeth clipped within 24 hours birth. At 4 days of age, all pigs were tail-docked, given an 

intramuscular injection of 200 mg of iron dextran, an intramuscular injection of 0.5 mg of 

meloxicam (Metacam for swine, Boehringer-Ingelheim, Burlington, ON, Canada) and males were 

castrated. Piglets were weaned at 20.5 ± 0.4 days of age.  At weaning,  piglets were vaccinated 

with 1 mL of porcine circovirus type 2 vaccine (Ingelvac Circo Flex, Boehringer Ingelheim, 

Burlington, ON, Canada), 2 mL of a combination Mycoplasma hyopneumoniae-Glaesserella 

parasuis vaccine (Suuvazyn MH/HPS , Zoetis Canada Inc, Kirkland QC, Canada) and 2 mL of 

erysipelothrix rhuiopathiae vaccine ( ER Bac Plus, Zoetis Canada Inc, Kirkland, QC, Canada) 

with boosters given of Suvazyn MH/HPS and ER Bac Plus 3 weeks later. Upon weaning, piglets 

were moved as individual litters into nursery pens (130 cm x 230 cm) with plastic-coated, 

expanded metal floors. Water was provided with a nipple drinker and feed was provided ad libitum 
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in stainless steel feeders that had four head spaces. In the nursery, pigs received a standard phase 

feeding program with phase I, II, and III each fed for 7 days and phase IV fed for 14 days. 

 

3.3.2 Diets and Feeding 
 

The four gilt development feeding programs were as follows: [1] a control commercial diet 

fed ad libitum (CON), [2] 10% and [3] 20% daily feed restriction of the CON diet, based on ad 

libitum feed intake of CON group, and [4] a high-fibre diet fed ad libitum formulated to have 60% 

more fibre than CON (FIB; Table 3.1). Gilts received the feeding program from 90 days of age 

until approximately 190 days of age, when they were bred. The feeding program was divided into 

growing and finishing phases, which were fed between 90 and 125 and 126 and 190 (breeding) 

days of age, respectively. Once bred, all gilts received between 1.8 and 2.3 kg per day (depending 

on visual assessment of body condition) of a standard gestation diet. Once moved to group housing, 

the gestation diet was delivered to individual gilts using an automated feeding system (Gestal, 

Gestal 3G station, St-Lambert-de-Lauzon, QC, Canada) and using a feeding curve based on 

individual pigs weight at breeding (2.4 kg per day for first 86 days and 3.1 kg per day until day 

110 of gestation). Once in the farrowing room, gilts received 2 kg per day of standard lactation 

diet prior to farrowing; after farrowing gilts received a daily stepwise increase of 1 kg a day in 

lactation feed allowance until ad libitum feed intake was achieved on day 4 of lactation. 

 

3.3.3 Experimental Observations 
 

During the development period, BW and feed disappearance were determined weekly. 

Once bred, gilts were weighed bi-weekly until 110 days of gestation and daily feed intake was 
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recorded via the Gestal software. Gilts were weighed within 24 hours after farrowing and at 

weaning (20.5 ± 0.4 days) and feed intake was determined weekly during the lactation period. 

 Back-fat depth (BF) and loin eye depths (LD) were assessed by a trained technician using 

ultrasound (Agroscan L, ECM Noveko International Inc., Angoulême, France) at the P2 position 

on days 90, 145 (puberty), 160, and 190 (breeding) of age during the development period. The BF 

and LD were also measured on days 60 and 110 of gestation, at mid lactation (range of  5 and 11 

days of  lactation), and at weaning. 

 A milk sample of 50 mL was collected from a subset of 10 gilts per treatment between days 

14 and 19 of lactation. The litter was removed from the sow and housed in an adjacent crate 

equipped with a heat source for one hour prior to milking. Sows were injected intramuscularly 

with 1 mL of oxytocin [Oxyto-Sure (20 USP/mL), Vetoquinol, QC, Canada] and a representative 

milk sample was collected. Milk was stored at -20 oC until analyzed for dry matter, crude fat, and 

crude protein.  

 

3.3.4 Offspring Outcomes 
 

The BW of piglets were collected within 24 hours of birth and on days 2, 7, and 14 of 

lactation and at weaning. During the nursery period, individual pig BW and per pen feed 

disappearance were recorded at feed phase switches, and final BW were collected at 56 days of 

age.  

 

3.3.5 Chemical Analyses 
 
 Milk samples were thawed and 30 mL of a well-mixed subsample was weighed in a 50 mL 

falcon tube for determination of dry matter via freeze drying for 48 hours. An additional aliquot 
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of thawed milk was used to determine nitrogen content via combustion (LECO-FP 828 analyzer; 

LECO Instruments Ltd., Mississauga, ON, Canada). The freeze-dried milk was used to determine 

crude fat content via high temperature solvent extraction (Ankom, XT29 Fat Analyzer, Macedon, 

NY, USA; AOCS Official Procedure Am 5-04 ).  

 

3.3.6 Statistical Analyses 
 
 All statistical analyses for growth performance and milk composition were completed 

using Proc Glimmix of SAS with gilt (or litter for the offspring) as the experimental unit. For gilt 

growth performance the model included fixed effects treatment (gilt development feeding 

program), week, and the interaction of treatment and week, the random effects of the block of gilts 

and gilt within block and a repeated measures statement. Initial BW, initial BF, and initial LD were 

used as covariates for the analysis of BW, BF and LD, respectively. For lactation (sows and 

offspring) and post-weaning performance (offspring), the interaction between treatment and week 

was not significant, so data were analysed at individual time points with treatment as the fixed 

effect. Probability (P) values less than 0.05 were considered significant, 0.05 ≤ P ≤ 0.10 were 

considered a trend, and P > 0.10 were considered not significant.   

 
3.4. Results 
 

A total of five of the pregnant gilts were removed from the study. Three gilts aborted (1 

FIB, 2 CON) and two gilts were culled due to complications during and after farrowing (1 CON 

and 1 20%). 
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3.4.1. Gilt development performance 
 

On day 125 of age, gilts that received the 20% restricted feeding programs tended to have 

lower BW than CON gilts (P = 0.08) and lower BW than FIB gilts (P < 0.05; Table 3.2); 

intermediate BW were observed for gilts that received the 10% restricted feeding program. At 145 

days of age (puberty), gilts that received the 20% restricted feeding program had lower BW than 

gilts on all other feeding programs (P < 0.04) and gilts that received the CON and FIB feeding 

program (P = 0.076 and P = 0.009, respectively) were heavier than gilts that received the 10% 

feeding program. On day 160 of age, gilts that received the 20% restricted feeding program had 

lower BW than gilts on all other feeding programs (P < 0.02), gilts that received the 10% restricted 

feeding program had lower BW than gilts that received the CON feeding program ( P < 0.05), and 

FIB gilts had intermediate BW versus those fed the CON and 10% programs. On day 190 of age 

(breeding), gilts that received the 20% restricted feeding program had lower BW than gilts on all 

other feeding programs (P < 0.001) and gilts that received the FIB and 10% feeding program had 

lower BW than those that received the CON program (P < 0.001). 

 The average daily gain (ADG) was less for gilts that received the 20% feeding program 

during the grower phase (day 90 to 125 days of age) compared to those fed the FIB program (P < 

0.05) and tended to be less than gilts fed the CON feeding program (P = 0.078). Intermediate ADG 

was observed during the growing phase for gilts that received the 10% feeding program (Table 

3.2). During the finisher phase [days 125 to 190 (breeding)] ADG tended to be less for gilts fed 

the 20% program than those of the CON feeding program (P = 0.079); intermediate ADG was 

observed during the finisher phase for FIB and 10% gilts. Over the entire development period, the 

ADG was less for gilts that received the 10% and 20% restricted-feed  programs than those that 
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received the CON program (P = 0.081 and P < 0.05, respectively), while intermediate values were 

observed for FIB gilts. 

The average daily feed intake (ADFI) was less for gilts that received the 20% restricted 

feeding program versus all other feeding programs (P < 0.001; Table 3.2), and not different 

between gilts that received the CON and FIB feeding programs, for either grower or finisher phases, 

or over the entire development period. 

 On day 145 of age, gilts that received the 10% and 20% restricted feeding programs had 

less BF than those that received the CON gilts (P < 0.05), while intermediate values were observed 

for FIB gilts (Table 3.2). On day 160 of age, gilts that received the FIB, 10%, and 20% feeding 

programs had less BF than the CON gilts (P < 0.05), and gilts that received the 20% restricted 

program tended to have less BF than FIB gilts (P = 0.074). On day 190 of age, gilts that received 

the 20% restricted program had less BF than those that received the CON or 10% feeding programs 

(P < 0.05) and gilts fed the FIB and 10% program had less BF than CON gilts (P < 0.05).   

On day 145 of age, gilts that received the 20% restricted feeding program had reduced LD 

compared with CON gilts (P < 0.05), while intermediate values were observed for gilts that 

received the FIB and 10% programs (Table 3.2). No differences were detected for LD among any 

of the feeding programs during the remainder of the development period. 

 

3.4.2. Sow Results 
 

There were no differences among gilt development feeding programs for gilt BW, LD or 

ADFI throughout gestation or litter characteristics at birth (i.e. total born, born alive, stillborn, 

mummified, or litter birth weights; Table 3.3). On day 60 of gestation, gilts that received the 20% 

restricted feeding program during the development period tended to have less BF than CON gilts 
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(P = 0.077), while intermediate values were observed for gilts that received the FIB and 10% 

programs. No differences in BF were observed due to gilt development feeding programs by day 

110 of gestation. 

During lactation, there were no treatment effects on sow BW, BW loss, BF, LD or LD loss, 

ADFI, or piglet BW or ADG (Table 3.4). Only BF loss over the lactation period tended to be less 

for gilts that received FIB versus the 10% feeding program during development (P = 0.07), while 

intermediate losses were observed for gilts that received the CON and 20% feeding programs 

during development. There were no differences in the milk composition among gilts development 

feeding programs (Table 3.5). 

 

3.4.3. Offspring Post-Weaning Performance 
 

No differences were observed for BW or ADG of the offspring throughout the entire 

nursery period (Table 3.6). During phase I, piglets from sows that received the FIB feeding 

programs had a lower ADFI than those from sows that received the 10% restricted feeding program 

during development (P < 0.05), while intermediate ADFI were observed for piglets from CON and 

20% sows. No further differences in ADFI were observed for the remainder of the nursery period. 

No differences were observed for the gain to feed ratio (G:F) of each phase throughout the nursery 

period except for phase III, where piglets sows that received 20% feed restriction during the 

development period  had greater G:F than piglets from sows that received the CON program during 

the development period (P < 0.05).  

 
3.5 Discussion  
 

The purpose of the current study was to determine the impact of a high-fibre gilt 

development feeding program on growth, body composition, and subsequent lactation 
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performance. The ad libitum FIB gilt development feeding program, which was given between 90 

days of age until breeding, successfully reduced the BW and BF depth compared to gilts that 

received the ad libitum CON feeding program, while BW and BF depth were similar compared to 

gilts that received a 10% feed restriction. Therefore, the FIB diet was a successful feeding strategy 

to control energy intake, BW, and BF of growing gilts while allowing an ad libitum feed allowance. 

Indeed, others have also shown that feeding diets that include fibrous ingredients have slowed 

growth rate of growing and finishing pigs (Stewart et al., 2013) and growing gilts (Lyvers-Peffer 

and Rozeboom, 2001) and minimized the BF gain of sows during gestation (Holt et al., 2006; Che 

et al., 2011). 

 The FIB diets used for the current study utilized ingredients that increased the overall fibre 

content of the diet and reduced the NE (2,449 Kcal/kg vs 2,036 Kcal/kg for CON and FIB diets, 

respectively). Consequently, due to the increased bulk of the high-fibre diets, the gilts that received 

the FIB feeding program were not able to increase ADFI in order to match the energy intakes of 

CON gilts, and subsequently had reduced BW and BF at breeding. Therefore, the use of high-fibre 

diets during the gilt development period allowed for the gut fill effect to control the growth rate 

and body composition of developing gilts, at least until 190 days of age. Moreover, increasing the 

inclusion of high-fibre ingredients will result in further development of the gastrointestinal tract 

capacity (Priester et al., 2020). At some point, and depending on the extent of fibre addition, the 

pig will reach a state where the gut capacity has increased, allowing feed and energy intakes to 

increase as well. If this occurs early in the development period, using fibre will be ineffective at 

controlling BW and body composition at breeding, as gilts would be able to compensate for the 

dietary energy dilution by simply increasing feed intake. Any improvement in gut development or 

capacity could improve feed efficiency and feed intake during lactation, allowing the gilts to 
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consume more of the lactation diet as long as the gut development effects remain after gestation. 

Previous studies have investigated the effect of fibre inclusion in gestation diets on sow feed intake 

in lactation and have reported an improvement in feed intake during lactation when bulkier fibrous 

ingredients were used (Meunier-Salaün and Bolhuis, 2015). Since gilts typically have 

approximately 10% lower feed intake during lactation versus multiparous sows (NRC, 2012), 

feeding high-fibre diets in gestation could be a means to combat low feed intake during lactation 

for first parity sows. However, in the current study gilts were fed common gestation diets at a 

restricted level and any potential improvement in gut capacity during the development period for 

the FIB gilts was not realized during lactation, since feed intakes were not different among gilts. 

In the current study, the lysine-to-energy ratio was kept constant among the gilt 

development diets, but based on the ADFI, the total lysine intake was greater for gilts that received 

the CON diet versus those that received the FIB diet or the 10% and 20% restricted feeding 

regimens (0.017 kg/day vs. 0.014 kg/day). Both overall reduced energy and lysine intakes likely 

contributed to the lower BW at breeding, though LD was not affected. Determining the extent of 

protein deposition in different body pools was beyond the scope of the study, but it is possible that 

pools other than the loin were more affected by total energy and lysine intakes, including the 

mammary gland, but milk production was not impaired. In the current study however, it appeared 

that the milk production capacity of gilts that received the FIB and 10% and 20% restriction 

feeding programs during the development period was not impaired, since litter growth rates were 

not different versus CON sows. 

Despite the BW and BF differences at breeding, between the FIB and CON gilts, these 

differences were negligible by the end of gestation. The FIB gilts experienced restricted energy 

intakes during the development period but were able to recuperate subcutaneous fat stores and BW.  
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Others have also found that feed-restricted gilts, once bred, were able to recuperate BF and BW 

by day 30 of gestation, with no difference in feed intake and therefore, these gilts had greater feed 

efficiency in gestation (Klindt et al., 2001). In the current study, the gain:feed (G:F) ratio during 

gestation was greater for the gilts that received the 20% restricted feeding program versus those 

that received CON gilts (P < 0.05) and tended to be greater than FIB gilts (P = 0.084; data not 

shown). The improvement in feed efficiency for the 20% restriction gilts aligns with what was 

reported by Klindt et al. (2001). Gilts that received the FIB feeding program were also more 

efficient than CON gilts during gestation, which could be related to the increased gut  and 

absorptive capacities (Priester et al., 2020). 

In the current study, the lack of body composition differences among gilt development 

feeding programs continued into lactation, which corresponds to the lack of differences in piglet 

growth rates and milk chemical composition, as well as sow ADFI during lactation. These results 

are in agreement with the study by Lyvers-Peffer and Rozebom (2001), where there were minimal 

differences in milk production during the first lactation period when gilts were fed a control versus 

a fibre diet  fed ad libitum during the gilt development period. However, it was also found that the 

fibre gilts had greater piglet ADG between days 7 and 14 of lactation, but this could correspond to 

the greater ADFI of sows seen throughout lactation. 

Milk is produced in the parenchymal tissue of the mammary gland so that an increase in 

parenchymal tissue mass at the onset of lactation would increase the milk production potential of 

sows (Nielsen et al., 2001). Ad libitum feeding before puberty has been found to increase 

parenchymal tissue mass, with feed restriction limiting the growth of parenchymal tissue ( i.e. rom 

90 days of age until puberty; Sørensen et al., 2006). In the current study, the gilt development 

feeding program did not affect piglet growth during the suckling period, which implied no 
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differences in milk production and therefore, parenchymal mass. This is contradictory to what was 

found in past mammary growth and development studies where 20% feed restriction impaired 

mammary tissue growth. In these studies the gilts were slaughtered before breeding (ie. after the 

first period of mammary development) to collect mammary tissue (Sørensen et al., 2006; Farmer 

et al., 2012).  Therefore, the mammary development that occurred during gestation and lactation 

were not quantified to determine whether mammary growth differences in the pre-puberty period 

were equalized after the periods of growth in late gestation and lactation. 

 In addition, the feed intake of growing gilts in these previously mentioned studies 

compared to that for gilts in the current study differed slightly. Potentially due to genetic selection, 

leading to increased growth rate, the control gilts in the current study had a greater ADFI than 

those in these two previous studies for the control groups (~3.07kg/day (Sørensen et al. 2006) and 

~2.7 kg/day (Farmer et al., 2012) vs 3.42kg/day). Since in the current study the restricted gilts 

were fed according to the intake of the control group this also increased the amount of feed that 

the restricted feeding groups consumed. Hence, despite the feed restriction being set to the same 

20% level in all studies, 20% restricted gilts in the current study consumed more feed daily than 

in the Søresnsen et al. (2006) and Farmer et al. (2012) which could have had an impact on the 

mammary development. 

Furthermore, Lyver-Peffer and Rozeboom (2001) slaughtered selected gilts in order to 

obtain mammary tissue samples at day 110 of gestation. They reported that the control sows had 

greater parenchymal tissue mass than the moderate gilts that were fed an ad libitum a high-fibre 

diet containing 35% ground sunflower hulls periodically throughout the pre-breeding period. This 

latter study would suggest that the mammary tissue differences continued until the end of gestation 

without affecting lactation performance of the sows. This raises the question on the extent of 
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mammary tissue development during lactation. It is possible that the piglets have a larger role in 

absolute milk production, since it is the suckling and the increased demand for milk from the 

piglets that results in increased milk production by the sows (Theil et al., 2012). In the current 

study, litters were standardized to 12±1 piglets, which are fewer than present industry standards 

that can be upwards of 15 piglets per sow (Guo et al., 2015). It is possible that a greater demand 

for milk would have further stimulated the parenchymal tissue growth in lactation thereby allowing 

for differentiation of litter growth rates among the feeding programs.  

 

3.6 Conclusions and Implications 
 

In summary, the high-fibre feeding program for developing gilts was successful in reducing 

BW and BF at breeding, without impacting piglet growth or sow performance during the first 

lactation. Piglet BW and growth rates during lactation or the post-weaning period were not affected 

by the gilt development feeding program. Since it is crucial to have gilts in ideal body condition 

at breeding, the inclusion of fibre in developing gilt rations could be a way for producers to control 

energy intake in group housing environments where feed is provided  ad libitum. 
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Table 3.1: Ingredient composition and nutrient contents for gilt development, gestation, and lactation diets 

Item Control 
Grower 

High Fibre 
Grower 

Control 
Finisher 

High Fibre 
Finisher 

Standard 
Gestation 

Standard 
Lactation 

Ingredient composition, % (as-fed)       
Corn 57.39 36.76 65.74 42.26 39.20 48.41 
Soybean meal 19.90   5.80 15.50   3.50   9.00 21.60 
Canola meal 10.00 10.00 10.00 10.00 - - 
Barley - - - - 42.00 10.00 
Wheat   7.50   7.50   5.00   5.00   5.00 12.50 
DDGS -   6.80  - - - - 
Oat hulls -   7.50 -   9.20 - - 
Wheat shorts - 22.50 - 27.50 - - 
Animal and vegetable fat blend   2.10 -   1.20 -   1.00   3.20 
Limestone   1.19   1.43   1.03   1.02   1.50   1.65 
Mono-calcium phosphate   0.23 -   0.03 -   0.64   0.75 
Sodium chloride   0.63   0.61   0.63   0.62   0.50   0.49 
Commercial micro premix - - - -   1.00   1.40 
TMV Hog Premix   0.20   0.20   0.20   0.20 - - 
Biotin   0.18   0.18   0.18   0.18 - - 
Choline   0.03   0.03   0.02   0.02 - - 
Quantum Blue   0.01   0.01   0.01   0.01 - - 
Lysine   0.49   0.57   0.39   0.43   0.24   0.43 
Methionine   0.06   0.02   0.01 - - - 
Threonine   0.09   0.09   0.06   0.06   0.07   0.10 
Total    100.00     100.00    100.00   100.00   100.00     100.00 
Calculated nutrient contents, as-fed basis       
Crude protein, % 17.90 15.90 16.00 14.00 12.50 17.00 
Crude Fat, %   5.57   2.94   3.84   2.92   3.04   5.47 
Calcium, %   0.63   0.69   0.54   0.53   0.75   0.96 
Phosphorus, %   0.42   0.51   0.37   0.50   0.47   0.55 
Digestible Phosphorus, %   0.35   0.36   0.30   0.35   0.31   0.36 
ADF, %   4.95    9.84   4.82 10.29 - - 
NDF, %   8.68 20.59   8.73 21.87 - - 
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SID Lysine   1.03   0.84   0.88   0.71 - - 
NE, Kcal/kg        2446       2029      2453       2045     2385        2519 
Analyzed nutrient content, as-fed basis       
Crude protein, % 18.45 17.40 17.70 15.28 - - 
Calcium, %   0.62   0.65   0.53   0.57 - - 
Phosphorus, %   0.49   0.55   0.46   0.56 - - 

-1Grower Ration was given from 90 days of age until 125 days of age (~80kg) 
2Finisher Ration was given from 125 days of age until breeding (~190 days of age) 
3Gestation diet was fed from breeding until day 110 of gestation 
4Lactation diet was fed from day 110 of gestation until weaning (20.5 ±0.4 days of lactation)  
5Treatment Diets Provided per kg of premix: vitamin A, 2,000,000 IU as retinyl acetate; vitamin D3, 200,000 IU as cholecalciferol; 
vitamin E, 8,000 IU as dl-α-tocopherol acetate; vitamin K, 500 mg as menadione; pantothenic acid, 3,000 mg; riboflavin, 1,000 mg; 
choline, 100,000 mg; folic acid, 400 mg; niacin, 5,000 mg; thiamine, 300 mg; pyridoxine, 300 mg; vitamin B12, 5 mg; biotin, 40 mg; 
Cu, 3,000 mg from CuSO4×5H2O; Fe, 20,000 mg from FeSO4; Mn, 4,000 mg from MnSO4; Zn, 21,000 mg from ZnSO4; Se, 60 mg 
from Na2SeO2 and I, 100 mg from KI (DSM Nutritional Products Canada Inc., Ayr, ON, Canada) 
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Table 3.2: Growth performance of gilts during the development period. 
 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt Week Trmt´Week 
No. 17 15 21 19     
Body weight, kg      <0.001 <0.001 <0.001 

    Day 90        50.84    50.59   51.08     50.93 0.82    
  Day 1254   85.21a,x  85.95a  82.94ab     80.43b,y 0.82    
  Day 145  104.07ab,x   105.73a  100.09b,y  95.66c 0.82    
  Day 160   119.17a 117.57ab 113.94b  108.99c 0.82    
  Day 190   150.44a  46.94b 145.64b  139.00c 0.82    
ADG, kg        0.005   0.037   0.226 
  Grower    0.98a, x    1.01a     0.92ab     0.86b, y 0.03    
  Finisher       1.06x  0.97  0.99  0.94y 0.03    
  Overall    1.04a, x    0.98ab      0.96y, b  0.91b 0.02   0.003 . . 
ADFI, kg       . . 
  Grower 2.54a   2.67a   2.20b   1.95c 0.07 <0.001   
  Finisher 3.82a   3.96a   3.29b   3.01c 0.07 <0.001   
  Overall 3.42a   3.49a   2.96b   2.64c 0.05 <0.001   
Backfat, mm      <0.001 <0.001 <0.001 
  Day 90       6.76   6.52 6.59       6.69 0.24    
  Day 145     10.89a     9.93ab  9.55b    9.16b 0.24    
  Day 160     12.93a    11.20b, x    10.70b     10.19b, y 0.24    
  Day 190     16.37a     14.34bc 14.86b      13.73c 0.24    
Loin depth, mm        0.031 <0.001   0.134 
  Day 90      50.64 49.88    49.88      51.57 0.69    
  Day 145 63.77a   62.39ab 63.80ab   59.15b 0.69    
  Day 160      68.23 67.38    65.39 65.18 0.69    
  Day 190      72.25 70.98    68.91 68.93 0.69    
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1 Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% daily feed restriction of control diet 
based on ad libitum feeding, and [4] a high-fibre diet fed ad libitum formulated to have 50% more fibre than control with an 
approximate 15% energy reduction (FIB); gilts were transitioned from grower to finisher diets on day 125 of age 
2 Feeding program effect (Trmt), week of feeding program effect (Week), interaction between feeding program and week of study 
(TrmtxWeek) 
3 Maximum value for standard error of means 
4 Gilts were transitioned from grower to finisher diets on Day 125  
a b c d Means without a common superscript in a row differ (P < 0.05) 
x y Mean without a common superscript in a row tended to differ (0.05 ≤ P ≤ 0.1) 
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Table 3.3: Sow growth performance during gestation and litter characteristics at birth.  

1 Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 50% more fibre than control with an approximate 15% energy 
reduction (FIB) 
2 Feeding program effect (Trmt) 
3 Maximum value for standard error of means 
a b Means without a common superscript in a row differ (P < 0.05) 
x y Mean without a common superscript in a row tended to differ (0.05 ≤ P ≤ 0.1) 
 

 

 

 

 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt 
No. 15 14 21 19   
Body weight, kg       
  Day 60 G 176.2    176.2 170.1 168.8 4.00 0.179 
  Day 110 G 211.4    226.5 217.1 222.0 4.62 0.128 
Backfat, mm       
  Day 60 G    18.9x      16.7x,y      17.4x,y     16.7y 0.70 0.074 
  Day 110 G 19.7   18.1   19.3    17.9 0.79 0.266 
Loineye, mm       
  Day 60 G 70.2   68.8   70.5    71.5 1.26 0.402 
  Day 110 G 71.6   73.7   70.8    72.5 1.60 0.456 
Gestation ADFI, kg   2.6    2.6     2.6      2.7 0.03 0.278 
  Litter Characteristics       
  Total born  13.0 14.0  13.0   14.0 0.78 0.367 
  Born alive  12.0 12.0  12.0   14.0 0.84 0.245 
  Still born    2.0   2.0    1.0     1.0 0.48 0.566 
  Mummified 0 0 0  0 0.16 0.446 
Litter birth weight, kg  16.7  18.3  17.7   19.5 1.33 0.496 
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Table 3.4: Sow and litter growth performance during lactation.  

1Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 50% more fibre than control with an approximate 15% energy 
reduction (FIB) 
2 Feeding program effect (Trmt) 
3 Maximum value for standard error of means 
4 Loss from 24h after farrowing to weaning 
5Loss form day 110 of gestation to weaning 
6 Represents days of age for the offspring 
Sows were weaned at day 20.5±0.4 of lactation 
x y Mean without a common superscript in a row tended to differ (0.05 ≤ P ≤ 0.1) 

 Treatment1  P-value2 

 CON FIB 10% 20% SEM3 Trmt 
No. 14 14 21 18   
Sows       
Body weight, kg       
  Day 0 Lactation 197.6 207.8 200.4 203.9 5.05 0.497 
  Day 21 Lactation 176.9 188.0 182.7 183.3 4.81 0.480 
  Body weight loss4   20.7   19.8   17.7   20.6 3.80 0.855 
Backfat, mm       
  Mid Lactation  18.1 17.4    17.0   16.9 0.84 0.717 
  Day 21 Lactation   15.8 15.3    14.5   14.1 0.94 0.506 
  Backfat loss5        3.9x,y    2.8x       4.8y         3.8x,y 0.67 0.104 
Loin depth, mm       
  Mid lactation   68.3 69.0    68.3    68.7 1.40 0.978 
  Day 21 Lactation   66.4 66.4    65.3    65.1 1.16 0.719 
  Loin depth loss5     5.2   7.3      5.5     7.4 1.65 0.761 
Lactation ADFI, kg     4.6   4.5      5.0     5.4 0.36 0.222 
Piglets       
Body weight, kg       
  Day 06     1.4    1.4      1.4     1.4 0.05 0.937 
  Day 26     1.6    1.7      1.7     1.6 0.06 0.839 
  Day 76     2.6    2.7      2.7     2.6 0.12 0.627 
  Day 146     4.2    4.6     4.4     4.2 0.19 0.416 
  Day 216     5.8    6.2     6.0     6.1 0.27 0.591 
ADG, g       
  Day 0-7 169 182 187 180  14.3 0.773 
  Day 7-14 220 259 242 231  14.0 0.208 
  Day 14-21 239 270 252 299  27.7 0.361 
  Overall 205 233 228 220  11.0 0.277 



 49 

 

Table 3.5: Milk Chemical composition on day 18 of lactation 

1  Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 50% more fibre than control with an approximate 51% energy 
reduction (FIB). The offspring were fed commercial diet with phase 1-3 being fed for 7 days and 
phase 4 fed for 14 days 
2 Feeding program effect (Trmt) 
3 Maximum value for standard error of means 
4 Determiend using a milk sample after freeze-drying 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt 
No. 10 10 15 12   
Dry matter, % 19.55 19.03 20.02 19.92 0.487 0.451 
Crude Protein, %   4.46   4.38   4.32   4.49 0.220 0.346 
Crude Fat, %4   7.52   7.42   8.19   8.02 0.407 0.431 
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Table 3.6: Offspring growth performance after weaning 

1  Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 50% more fibre than control with an approximate 15% energy 
reduction (FIB). The offspring were fed commercial diet with phase 1-4 being fed for 7 days and 
phase 4 fed for 14 days 
2 Feeding Program Effect (Trmt) 
3 Maximum value for standard error of means 
4 Number of litters per treatment group 
5 Represents days of age for the offspring with day 0 being the day of farrowing 
a b Means without a common superscript in a row differ (P < 0.05) 
 
 
 
 
 
 

 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt 
No.4 13 14 21 18   
Body weight, 
kg 

      

Day 285       6.8        7.3      7.0       7.1 0.308 0.620 
Day 355       8.7        9.0       8.9       8.8 0.406 0.914 
Day 425    11.4      12.5     12.1     12.1 0.502 0.444 
Day 565    18.8     19.7     20.2     19.8 0.674 0.427 

ADG, g       
Phase 1    159   145.3   156.9   157.6 0.02 0.922 
Phase 2    262   253.1   268.5   244.7 0.02 0.653 
Phase 3    403   499.8   450.1   464.3 0.03 0.152 
Phase 4    525   521.0   575.1   536.9 0.02 0.117 
Overall   464   441.1   458.3   422.7 0.05 0.716 

ADFI, g       
Phase 1      155ab       141b      168a      156ab 0.01 0.068 
Phase 2    339     325     337    317 0.02 0.711 
Phase 3    598     607     587   552 0.03 0.429 
Phase 4    830     863     878   841 0.04 0.749 
Overall    552     559     569   541 0.02 0.702 

G:F       
Phase 1          1.03         1.04         0.96        1.00 0.102 0.894 
Phase 2           0.99         1.00         0.85        0.96 0.087 0.998 
Phase 3            0.69b          0.82ab           0.78ab        0.84a 0.057 0.042 
Phase 4           0.65         0.62         0.68       0.63 0.036 0.115 
Overall           0.78         0.80         0.81       0.80 0.080 0.900 
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4. IMPACT OF A HIGH-FIBRE GILT DEVELOPMENT 
FEEDING PROGRAM ON BLOOD METABOLITES DURING 
DEVELOPMENT, GESTATION AND LACTATION 
 
4.1 Abstract 
 

Forty-four gilts [initial body weight (BW) 50.9 ± 0.9 kg] were used to determine the effects 

of development feeding program on the blood metabolites; urea, free fatty acids (FFA), glucose 

and the hormone prolactin. Gilts were randomly assigned to one of four feeding programs: [1] 

standard commercial diet fed ad libitum (CON), [2] standard commercial diet fed 10% or [3] 20% 

below ad libitum, and [4] a high-fibre diet fed ad libitum (60% more fibre than the commercial 

diet to dilute energy by approximately 20%, FIB) that were fed from 90 to 190 (breeding) days of 

age. Standard gestation and lactation diets were fed to all gilts after breeding and farrowing, 

respectively. Serum and plasma samples were collected on days 90, 160, and 180 of age, day 110 

of gestation, day 2 of lactation and at weaning. Serum urea concentrations at day 160 of age were 

less for gilts that received the 10% restricted feeding program versus CON gilts (P < 0.05) while 

FIB and 20% gilts had intermediate serum urea concentrations. Serum FFA concentrations were 

less for gilts that received the 10% and 20% restricted feeding programs than CON or FIB gilts  (P 

< 0.01) at 160 and 180 days of age. On day 110 of gestation, plasma urea concentrations were less 

for gilts that received the 10% restriction and CON feeding program versus those that received 

FIB (P < 0.05 and P = 0.088, respectively). On day 110 of gestation, plasma prolactin 

concentrations tended to be greater (P=0.099) for gilts that received 20% restriction versus those 

that received the 10% restriction and were greater compared to CON gilts (P < 0.05). On day 2 of 

lactation, gilts that received CON and 20% restricted feeding program had greater plasma prolactin 

concentrations than the 10% restriction gilts (P < 0.05). The ad libitum feeding programs resulted 
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in increased plasma concentrations of FFA and urea during the development period, but changes 

in plasma metabolites during gilt development did not continue throughout gestation or lactation 

after the feeding programs ended. 

 

4.2 Introduction 
 

The body condition of a sow throughout her lifetime can affect reproductive and lactation 

performance as well as health (Clowes et al., 2003; Theil et al., 2012), which can subsequently 

influence longevity. There are different factors that can contribute to a gilt’s body condition at first 

lactation. Factors includes body condition at breeding, which can be impacted by the feed intake 

and growth rate during the development phase (Hoges and Bates, 2011; Klaaborg et al. 2019). 

Controlling feed intake during the development period can help to ensure a proper body condition 

at breeding. However, ad libitum feed intake maximizes mammary development of prepubertal 

gilts, which has potential benefits for future milk production (Sørenson et al. 2006). Ad libitum 

feeding however, can also increase the proportion of gilts that are overweight at breeding and can 

increase the risk of feet and leg issues and the potential for premature culling (Calderon Diaz et 

al., 2015).  

Blood metabolites such as free fatty acids (FFA), urea and glucose can show how the body 

is processing nutrients, both from the diet and from endogenous sources. For example, FFA are 

released from stored fats and plasma FFA concentrations can be indicative of the adipose stores 

that are available to the gilts (Maio et al., 2008). Urea is produced from protein metabolism and 

an increased concentration can results from catabolism of proteins from body tissue or the diet 

(Gourley et al., 2020). Indeed, it is important for gilts to build body stores (protein and adipose) to 

be utilized at the end of gestation and during lactation, when feed intake is not sufficient to supply 
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the nutrients and energy required for fetal growth and milk production. Towards the end of 

gestation, sows will shift the metabolism of tissue to preferentially partition FFA and glucose 

towards development of conceptuses and the mammary gland (Miller et al., 2019). This shift in 

metabolism, in addition to the increase in circulating concentrations of the lactogenic hormone 

prolactin, helps in the development of the mammary gland at the end of gestation (Farmer and 

Langendijk, 2019). Moreover, the litters of hyper-prolific sows elicit higher demands for milk, 

meaning that significant maternal body stores of protein and adipose must be mobilized to support 

milk production. If the sow loses too much body condition, it could impair her ability to recuperate 

body protein and adipose stores for the next lactation and create issues for the next estrus (Theil et 

al., 2012).  

The objective of this chapter was to evaluate the  feeding regimen on the blood metabolites 

urea, FFA, and glucose and the hormone prolactin throughout development period, gestation and 

lactation. 

 

4.3 Materials and methods 
 

The experimental protocol was approved by the University of Guelph Animal Care 

Committee and followed Canadian Council on Animal Care guidelines (CCAC, 2009). The study 

was conducted at the University of Guelph Arkell Swine Research Station.  Fifty-four Yorkshire 

× Landrace and 18 purebred Yorkshire gilts were assigned at 90 days of age to one of four gilt 

development feeding programs ensuring equal distribution of BW and genetics among feeding 

programs. The four gilt development feeding programs were : [1] a control commercial diet fed ad 

libitum (CON), [2] 10% and [3] 20% daily feed restriction of CON diet, based on ad libitum feed 

intake of CON group, and [4] a high-fibre diet fed ad libitum formulated to have 60% more fibre 
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than CON (FIB). Gilts received these treatments from 90 days of age until approximately 190 days 

of age when they were bred. Once breed, gilts received between 1.8 and 2.3 kg per day of gestation 

diet. Gilts were moved to the farrowing room at day 110 of gestation and fed a standard lactation 

diet with a daily stepwise increase until ad libitum feeding was achieved on day 4. 

 

4.3.1 Blood Sampling 
 
 Blood samples were taken from 12 gilts from each treatment group via the suborbital sinus 

after at least a 17 hour fast at 90, 160, and 180 days of age during the development period and on 

day 110 of gestation. In addition, non-fasted blood samples were taken on day 2 of lactation and 

at approximately 4 hours after weaning (after a 21-day lactation period). Blood was collected in 

10 mL untreated tubes (BD vacutainer; Franklin lakes, NJ, USA), 6mL tubes with EDTA (BD 

vacutainer; Franklin Lakes, NJ, USA), and 6 mL tubes with 12mg of potassium oxalate and 15mg 

of sodium fluoride (BD vacutainer; Franklin lakes, NJ, USA). Once blood was collected, the  

untreated tubes were stored at room temperature for 3 hours, and EDTA and potassium 

oxalate/sodium fluoride tubes were stored in a cooler for 3 hours and were centrifuged at 3000 × 

g for 15 min at 4°C. Seven millilitres of serum and 2 mL from each plasma type were subsampled 

and allocated into 2 mL microcentrifuge tubes and then stored at  -20°C until further analysis.  

 

4.3.2 Metabolite Analyses  
 
Glucose 

Glucose analysis was completed using the plasma with potassium oxalate/sodium fluoride. 

A pooled sample from each sampling time point and an overall pooled sample were used for each 

of the individual tests plates to calculate the coefficients of variance  (CV%). Glucose was analyzed 
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using a calorimetric method according to kit instructions (Wako Diagnostic Autokit Glucose 

Enzymatic method; Fujifilm medical diagnostic, Lexington, MA, USA). Glucose concentrations 

were calculated from the standard curve. The intra- and inter- assay CV were 3.04 and 6.12%, 

respectively. 

 

FFA 

Individual serum samples were pooled for each sampling time point to be used to calculate 

the CV%. FFA were analyzed using a calorimetric method according to kit instructions (Wako HR 

series NEFA-HR kit; Fujifilm medical diagnostic, Lexington, MA, USA) with slight modifications 

(i.e. 10 mL of solution A was diluted with 14 mL of ultrapure water, and 10 mL of solution B was 

diluted with 44 mL of ultrapure water). The intra- and inter-assay CV were 2.82 and 4.45%, 

respectively. 

 

Urea 

Urea was determined in serum samples. A pooled sample from each sampling time point 

was used to calculate the CV%. Urea was analyzed using a calorimetric method according to 

manufacturer recommendations for Urea L3K (Sekisui diagnostic, Tokyo, Japan). Serum samples 

were diluted 1:4 with ultra purified water. To calculate the serum urea concentration, the change 

in absorbance of the sample was divided by the change in absorbance of standard and then  

multiplied by the concentration of the standard. Results were corrected with curve of the change 

of absorbance over 7 minutes. The intra- and inter-assay CV were 4.36 and 7.54%, respectively. 
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Prolactin 

 Prolactin was measured from serum samples by radioimmunoassay (RIA) in duplicates, as 

previously described by Robert et al., (1989). Pooled samples from growing gilts and lactating 

sows were used for validation. Sensitivity of the assay was 1.5 ng/mL. The primary and secondary 

antibodies and the radioinert prolactin were purchased from A.F. Parlow 

(U.S. National Hormone and Pituitary Program, National Institute of Diabetes and Digestive and 

Kidney Diseases, Torrance, CA). Mass addition was 96.2% and parallelism was 98.4%. The intra- 

and inter-assay CV were 4.99 and 3.09%, respectively. 

 

4.3.3 Statistical analyses 
 

Statistical analyses for the urea, glucose, FFA and prolactin concentrations were conducted 

using the GLIMMIX procedure of SAS with individual gilt used as the experimental unit. 

Treatment (gilt development feeding program), day of sampling and the interaction of treatment 

and day were fixed effects and block was a random effect. A repeated measures statement was also 

included. Blood metabolite analyses were log transformed prior to analysis and back transformed 

to present the results. Mean comparison were conducted using a Tukey Kramer test via the splice 

function. A probability (P) value of P < 0.05 was considered significant,  0.05  ≤  P  ≤  0.10 were 

considered a trend and P > 0.10 was considered  not significant. 
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4.4 Results 
 
4.4.1 Growth Performance Blood Metabolites 
 

Initial plasma glucose, serum urea, FFA and prolactin concentrations were not different 

among gilt development feeding programs (i.e. 90 days of age; Table 4.1). Glucose was not 

different among gilt feeding programs at any time during the development phase. 

Serum FFA concentrations during the gilt development phase were influenced by the main 

effects of feeding program, time and the interaction between feeding program and time (P < 0.001). 

On day 160 of age, serum FFA concentrations were greater for gilts that received the CON and 

FIB feeding programs versus those that received the 10% and 20% feed restriction (P < 0.01); 

serum FFA concentrations were not different between gilts that received CON versus FIB or 10% 

versus 20% feeding programs. On day 180 of age, gilts that received CON and FIB feeding 

programs had greater serum FFA concentrations versus gilts that received the 20% restriction 

feeding program (P < 0.05) and gilts that received the CON and FIB feeding programs had greater 

serum FFA concentrations versus the 10% restriction groups (P = 0.072 and P < 0.001, 

respectively). 

Serum urea concentrations were influenced by the feeding program (P< 0.05) but not by 

time or the interaction of feeding program and time. On day 160 days of age, gilts that received 

the CON feeding program had greater serum urea concentrations than the 10% gilts (P < 0.01), 

whereas gilts that received the FIB and 20% restriction feeding programs had intermediate serum 

urea concentrations. No differences were seen once gilts reached 180 days of age. 

Serum prolactin concentrations during the development phase were not influenced by the 

feeding program or the interaction between feeding program and time during the development 

phase. 
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4.4.2  Gestation and Lactation Blood Metabolites  
 

On day 110 of gestation and day 2 of lactation, glucose was not different for all gilts, 

regardless of the development feeding program (Table 4.2). At weaning, gilts that received the 

CON feeding program during the development period had a greater plasma glucose concentration 

than gilts that received the 20% restricted feeding program (P < 0.05); intermediate values were 

observed for FIB gilts and 10% restricted gilts. No treatment differences were observed for serum 

FFA throughout the gestation or the lactation periods. 

At day 110 of gestation, CON gilts tended to have a lower serum urea concentration than 

FIB gilts (P = 0.088) and gilts fed the FIB feeding program during the development period had 

greater concentrations of serum urea than 10% restricted gilts (P < 0.05). At weaning, differences 

in serum urea were no longer observed between any of the feeding programs. 

On day 110 of gestation, CON gilts had a lower serum prolactin concentrations than gilts 

that were 20% feed restricted during the development period (P < 0.05) and 10% restricted gilts 

tended to have lower serum prolactin than 20% feed restricted gilts (P = 0.099); intermediate 

values were observed for gilts that received the FIB feeding programs. On day 2 of lactation, gilts 

that received the CON feeding program and gilts that received the 20% restriction feeding program 

had greater serum prolactin concentrations when compared to 10% gilts (P < 0.05), whereas gilts 

that received the FIB had intermediate plasma prolactin concentrations. No significant differences 

in serum prolactin concentrations were observed between treatments at weaning. 

 

4.5 Discussion 
 

The overall goal of this chapter was to investigate the effects of a high-fibre diet for 

developing gilts on blood metabolites and prolactin concentrations during the development period, 
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as well as at the end of gestation and during lactation. The largest differences among feeding 

groups were observed for serum FFA during the development period, with both the CON and FIB 

gilts having greater concentrations compared to the restricted feeding groups. Free fatty acids are 

formed from the breakdown of triglycerides that originate either from the diet or from adipose 

tissue stores in the body (Miao et al., 2008). During fasting periods, FFA originate from the 

breakdown of adipose stores to be used as an energy source. The increased serum concentration of 

FFA for the ad libitum feeding groups after 17 hours of fasting was likely due to increased adipose 

stores in these animals, which resulted from greater feed (energy) intakes compared with the 

restricted feeding programs. These results align with what was found in a study by Farmer et al. 

(2012), whereby the plasma FFA concentrations increased after a period of feed over-allowance. 

In the current study, there was significant energy intake differences between treatment groups. 

Therefore, when feed was offered ad libitum, whether as a commercial diet or as a high-fibre diet, 

these gilts were able to store more energy as adipose stores, which was available for mobilization 

when the animals were fasted. 

During the development period, serum urea concentrations were greater for gilts on the ad 

libitum development programs (CON and FIB) versus 10% restricted gilts, while intermediate 

values were observed for gilts on the 20% restricted feeding program. Urea is produced from 

protein catabolism and an increased serum concentration can be indicative of protein breakdown 

from the diet or from protein body stores (typically muscle; Gourley et al., 2020). Regmi et al. 

(2017) observed that non fasted plasma urea nitrogen can be altered by the dietary lysine content. 

In the current study, differences in lysine intake were seen, with CON gilts consuming significantly 

more lysine than gilts on all other feeding programs. This could explain the larger amount of urea 

at day 160 of age for the CON compared to the 10% gilts. However, blood was collected when the 
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animals were fasted; therefore, the urea likely came from the breakdown of body protein stores. 

Since CON gilts had a significantly higher feed intake versus gilts that experienced a 10% feed 

restriction, the CON gilts potentially had more body protein stores to utilize for energy after the 

17-hour fasting period. The gilts that received the 10% feed restriction potentially had lower 

whole-body protein stores. The intermediate values for the 20% restricted may have been due to 

preferential amino acid catabolism since the 20% gilts had less body adipose stores (reduced 

backfat thickness; Chapter 3). These gilts would have preferentially used the body protein stores 

as an energy source in order to minimize lipid mobilization and to maintain the minimum whole-

body lipid-to-protein ratio.   

 Differences in serum urea concentrations were observed at the end of gestation, despite the 

lack of differences in FFA or glucose concentrations. At the end of gestation, the sow’s body is 

preparing for the upcoming lactation. Miller et al. (2019) demonstrated that a metabolic shift 

occurs at the end of gestation to preferentially partition nutrients towards the products of 

conceptuses, mammary gland development, and colostrogenesis. In the current study, gilts that 

received the FIB feeding program during development had greater serum urea concentrations 

compared with gilts that received the CON and 10% feeding programs. Since there were no 

differences in diet composition or ADFI among treatment groups at the end of gestation, the greater 

serum urea concentrations suggest that the FIB gilts were utilizing their body protein stores to 

support the products of conceptus and for the development of mammary gland, which could be 

beneficial to improve fetal growth and lactation performance, respectively, if protein stores were 

not heavily depleted.  

Prolactin is a hormone released from the pituitary gland that stimulate the development of 

mammary tissue during puberty and gestation (Horseman, 1999). Prolactin is essential for 
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mammary development in late pregnant gilts and for initiating as well as maintaining lactation 

(Farmer and Hurley, 2015; Farmer and Langendijk, 2019). In the current study, no differences 

were observed in plasma prolactin concentrations during the development period suggesting that 

the stimulation for mammary development around puberty was not differentially affected by the 

gilt development feeding program. In late gestation however, gilts that received the 20% feed 

restriction during the development period had greater plasma prolactin concentrations versus those 

that received the CON and 10% restriction programs. These lower plasma prolactin concentrations 

for CON gilts could indicate less mammary tissue development was occurring at this point of 

gestation. However, by day two of lactation, gilts that received the CON and 20% feeding 

programs had greater plasma prolactin concentrations compared to the 10% gilts but not compared 

to the FIB. Prolactin release is stimulated by the suckling intensity, of piglets,  however since litters 

were standardized in this study the increases are not likely related to the suckling intensity. Instead 

this increase was likely due to the extent of the prepartum peak in prolactin and not be related to 

dietary treatment in the development period. 

Both amino acids and FFA play a role in glucose homeostasis (via gluconeogenesis), since 

increased serum FFA can lead to increased insulin resistance, which during gestation and lactation 

can be used to favour nutrient uptake by the mammary gland (Hu et al., 2020). No differences 

were seen in plasma glucose at any point during this study except at weaning, where CON gilts 

had greater concentrations versus gilts that received the 20% feed restriction during development. 

This may be in line with the metabolic shift that is taking place in the gilts in order to maintain 

nutrient flow to the mammary tissue and support milk yield and could imply that the CON gilts 

had a greater degree of insulin resistance because of the higher concentrations of plasma glucose. 

However there were no differences in either FFA or urea at this point. Koketsu et al. (1998), 
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reported that greater feed intakes during lactation led to a reduction in plasma glucose 

concentrations, yet there were no differences in lactation feed intake in the current study. Since the 

two blood samples taken during lactation (day 2 and weaning) were not collected after a defined 

fasting period, the differences in plasma glucose concentrations could also simply reflect the 

relative length of time since gilts had last consumed feed. 

 
4.6 Conclusion  
 

In conclusion, the dietary treatment fed to developing gilts caused differences in the serum 

concentrations of FFA and urea during the development period, but these changes did not 

consistently carry over to the gestation and lactation periods or appear to alter the amount or quality 

of milk produced.  
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Table 4.1: Plasma glucose and serum free fatty acids (FFA), urea, and prolactin 
concentrations during the gilt development period  

 
1 Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 25% more fibre than control with an approximate 5% energy 
reduction (FIB); gilts were transitioned from grower to finisher diets on Day 125 
2 Feeding program effect (Trmt), week of study effect (Week), interaction between feeding 
program and week of study (TrmtxWeek) 
3 Maximum value for standard error of means 
a b Means without a common superscript in a row differ (P < 0.05) 
x y Means without a common superscript in a row tended to differ (0.05 ≤ P ≤ 0.1) 
 
 
 
 
 
 
 
 
 
 

 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt Day Trmtx
Day 

No. 10 10 12 12     
Glucose, 
mmol/L 

    0.04 0.502 <0.001 0.605 

  D90 5.00 4.69 5.05 5.39     
  D160 4.76 4.51 4.57 4.28     
  D180 4.31 4.02 4.18 4.31     
FFA, µEq/L     29 <0.001 <0.001 0.001 
  D90 1105   872   926   782     
  D160    236a    337a    110b    141b     
  D180     149ax    220a       97by        95b     
Urea, 
mmol/L 

            0.38 0.011 0.354 0.300 

  D90 7.29 7.83 6.97 7.49     
  D160   9.23a    7.67ab   6.27b    7.47ab     
  D180 8.80 8.54 7.44 7.21     
Prolactin, 
ng/L 

    0.13 0.253 0.012 0.805 

  D90 3.48 3.37 2.86 3.14     
  D160 2.13 2.87 2.22 3.31     
  D180 2.23 1.92 1.61 2.62     
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Table 4.2: Plasma glucose and serum free fatty acids (FFA), urea, and prolactin 
concentrations of gilts during gestation and lactation 

1 Dietary Treatments: [1] control commercial diet fed ad libitum (CON), a [2] 10% and [3] 20% 
daily feed restriction of control diet based on ad libitum feeding, and [4] a high-fibre diet fed ad 
libitum formulated to have 25% more fibre than control with an approximate 5% energy 
reduction (FIB); gilts were transitioned from grower to finisher diets on Day 125 
2 Feeding program effect (Trmt) 
3 Maximum value for standard error of means 
a b Means without a common superscript in a row differ (P < 0.05) 
x y Means without a common superscript in a row tended to differ (0.05 ≤ P ≤ 0.1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Treatment1  P-Value2 

 CON FIB 10% 20% SEM3 Trmt 
No. 10 10 12 12   
Glucose, mmol/L       
  D110 3.80 3.37 4.17 4.02 0.46 0.528 
  D2 5.18 5.00 5.60 5.45 0.22 0.250 
  Wean  4.25a   3.37ab   3.80ab  3.20b 0.30 0.048 
FFA, µEq/L         
  D110 879    1124 852 806 338 0.570 
  D2 197   178 251 119   57 0.185 
  Wean 460   892 512 864 267 0.179 
Urea, mmol/L       
  D110    5.17by      7.19ax  4.72b      6.45ab 0.09 0.011 
  Wean 7.83 10.31 8.04 10.53 0.09 0.026 
Prolactin, ng/L       
  D110  17.34b 26.52ab 19.78by   37.76ax 7.34 0.032 
  D2  45.14a 29.99ab 22.75b  38.51a 6.89 0.006 
  Wean    2.98 2.77  3.55   3.37 0.63 0.643 
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5. Summary, General Discussion, and Implications 
 

Many different factors have an effect on the reproductive and lactation performance of sows. 

It is important for sows to have adequate body stores to support lactation since extensive 

mobilization of maternal tissues can have a negative effect on future reproductive performance 

(Theil et al., 2012). Nursing piglets require high amounts of nutrients and energy from milk and 

therefore, it is important for the sow to have optimal mammary gland development to support these 

demands for milk production. Feed intake of the gilt prior to breeding can affect both body 

condition and mammary gland development, and an ad libitum feed intake can increase both body 

growth rate and the development of mammary tissue (Sørensen et al., 2006). Ad libitum feed intake 

however, can also cause gilts to have a rapid growth rate and create the potential for over-

conditioning at breeding and during gestation, which can lead to excessive tissue mobilization in 

the first lactation as well as subsequent reproductive and locomotion issues (Clowes et al., 2003; 

Theil et al., 2012; Friendship and O’Sullivan, 2015). There is potential to utilize specific feeding 

programs during gilt development to limit growth while still allowing for optimal mammary 

development. Thus, the objectives of this thesis were to [1] investigate the effect of a high-fibre 

gilt development feeding program on body condition at breeding and subsequent lactation 

performance and [2] analyze the effects of a high-fibre gilt development feeding program on the 

blood metabolites urea, free fatty acid (FFA) and glucose, as well as prolactin concentrations 

during the gilt development period, gestation, and lactation. 

The treatments groups used were as follows: a control diet based on a standard commercial 

diet fed ad libitum (CON), a 10% or 20% feed restriction based on control ad libitum intake, and 

a high-fibre diet formulated with 60% more fibre and approximately 20% less energy than CON 

fed ad libitum (FIB). The results presented in this thesis showed that the intake of a high-fibre diet 
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during the development period [between 90 and 190 days of age (breeding)] reduced body weight 

(BW) and the backfat depth (BF) of the gilts without reducing average daily feed intake (ADFI). 

The body condition of gilts that received the high-fibre feeding program was similar to that of a 

10% feed restriction, despite consuming feed ad libitum. These differences in body condition 

however, were not carried to the end of gestation or the end of lactation. Piglet BW among 

treatment groups were not different at farrowing or at any point throughout the lactation period. 

Piglet were not provided creep feed to allow the weight gain of the piglets to reflect the milk 

production of the sows. In addition, litters were standardized to have 12 ± 1 piglets per sow. 

 In chapter 4, it is mentioned that ad libitum fed groups had greater serum concentrations of 

FFA throughout the development period. In addition, serum urea concentrations were greater for 

CON compared to 10% gilts at the mid-point of the development period (day 160 of age). Serum 

urea concentrations were greater for gilts that received the FIB and 20% feeding programs during 

the development period and at the end of gestation. The CON gilts had reduced concentrations of 

plasma prolactin compared to 20% restriction at day 110 of gestation. Conversely, on the second 

day of lactation, CON and 20% had greater plasma prolactin concentrations compared to 10% gilts, 

and no differences were present at weaning.  

Overall, the piglet BW results discussed in chapter 3 indicate that there was no difference in 

milk production across the gilt development feeding programs, which also suggests that there was 

no effect in the mammary tissue development. This is contrary to previous results of Sørensen et 

al. (2006) and Farmer et al. (2012) where feed restriction during the pre-puberty period reduced 

mammary gland development at puberty. However, these studies did not carry gilts into lactation, 

so milk yield was not measured. Mammary glands however, also undergo further development 

during the last third of gestation and during lactation (Sørensen et al., 2002), beyond the 
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development that occurs prior to puberty. For the 20% gilts, the significantly greater circulating 

concentrations of prolactin observed on day 110 of gestation continued to the second day of 

lactation, but CON gilts also had significantly greater prolactin concentrations than 10% gilts on 

day two of lactation. This could imply that these two groups had greater prolactin concentrations 

during peak prolactin release. Since the litters were standardized within 24 hours of births and 

birthweights were similar across treatment (Table 3.3), differences in plasma prolactin 

concentrations were unlikely due to piglet suckling intensity. There were no differences, however, 

in piglet growth rates during the first week of lactation, indicating that despite the increase in 

prolactin on day 2 of lactation, this did not translate into greater milk production for the CON and 

20% gilts. Prolactin concentrations at weaning did not differ between treatment; however, these 

blood samples were taken an average of 3 hours after piglets were removed from sow. Since 

prolactin is stimulated by piglet suckling, prolactin concentrations were much lower than expected 

and hence not representative of the true prolactin concentrations at the end of lactation. 

Chapter 4 also demonstrated that serum urea concentrations at the end gestation were greater 

for the gilts that received the FIB feeding program during the development period; however there 

were no corresponding reductions in BW or LD measurements. The lack of difference in the BF 

aligns with the lack of differences in circulating FFA concentrations; however, no differences were 

seen for LD, which could indicate that these measurements of LD may not be precise enough to 

quantify endogenous protein losses from the body. As previously noted, the body will begin to 

mobilize body stores in addition to utilizing dietary nutrients for mammary development during 

late gestation. The increase in serum urea concentrations for the FIB gilts at the end of gestation 

could indicate the body favouring the utilization of skeletal muscle for the products of conceptus 
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or the mammary gland development, though a corresponding improvement in litter weight at birth 

or milk production throughout lactation were not observed.  

The studies performed in this thesis show that different feeding strategies during the 

development phase can have an effect on gilt body composition at breeding, with minimal 

carryover effects into gestation and no carryover effects into lactation and on piglet growth rate. 

In order to determine if the current treatments had any impact on mammary gland tissue after the 

pubertal period, it would have been beneficial to take samples of the mammary tissue at breeding 

to determine whether there were quantifiable differences in the amount of parenchymal tissue. In 

addition, it would have been beneficial to investigate the mammary gland at the end of gestation 

or during lactation to see if the differences found at puberty would have still been present at those 

times. 

 Further studies should also investigate the effects of increased litter sizes and consequently, 

i.e. suckling intensity. In the current study, litters were standardized to 12 ± 1 piglets, but industry 

has been selecting for increased litter size with a recent reports of 13 to 15 piglets nursed per sow 

per lactation cycle (Guo et al., 2015). An increase in litter size would cause a greater demands for 

milk production, which in turn would require increased energy coming from either maternal tissue 

mobilization or feed intake. Moreover, a greater litter size could make any deficiencies in 

mammary gland develop more apparent via reductions in litter growth rates. 

The fibrous ingredients used during the gilt development feeding phase (e.g. oat hulls, wheat 

shorts, DDGS) reduced the growth of animals due to the bulking effect on feed (energy) intake 

and potentially a reduction in protein (amino acid) and energy digestibilites (Woyengo et al. 2014). 

In order to effectively utilize these fibrous feed ingredients, consideration of the individual feed 

ingredient nutrient availability is needed when formulating diets for growing gilts. The reduced 
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energy digestibility is beneficial for reducing growth and lipid deposition. Depending on the 

ingredient, fibre can also cause increased feed retention time in the stomach, which can improve 

satiety, but there can also be a gradual adaptation of the gastrointestinal tract to accommodate 

bulkier and less digestible diets (Jarret and Ashworth, 2018). Indeed, high-fibre diets increase gut 

capacity, small intestine villus height and crypt depth, and fermentation capacity in the large 

intestine (Jarret and Ashworth, 2018). These changes in gut capacity and morphology could prove 

to be beneficial in increasing the digestibility of nutrients and energy. The changes in gut capacity 

and gastrointestinal tract development need to be taken into consideration when formulating diets 

for growing animals, like the developing gilt. In particular, factors such as how these 

gastrointestinal changes may influence the gilts when diet composition is altered (i.e. to gestation 

and lactation diets) or when feed allowance becomes restricted (i.e. during gestation) as well as 

the carryover effects on lactation feed intake and nutrient digestibility could all be areas for future 

investigation. 

 Alternative ingredients and by-products can be used as high-fibre ingredients. In the current 

study, wheat middling and oat hulls were used but other high-fibre ingredients could also be 

employed. These ingredients have the potential to be more cost efficient since they are ‘waste’ 

products of other industries. The extent of the cost effectiveness however depends on a variety of 

factors including transportation, storage capacity, location, ingredient availability and supply and 

demand for the ingredient (Woyengo et al., 2014). Therefore, a reduction in feed cost is possible 

for diets that include alternative fibrous ingredients to replace more expensive ingredients, as long 

as feed usage is not increased and the energy and nutrient availabilities do not extensively limit 

pig growth and mammary development.  
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Overall, in the current study, gilts that were fed a high-fibre diet ad libitum during development 

had adequate growth rate and body condition at breeding. Therefore, the implementation of a high-

fibre gilt development feeding program could allow for producers to control the growth rates of 

replacement gilts prior to breeding, while still maintaining ad libitum feeding in a group-housing 

setting.  
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