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ABSTRACT 

 

PRECISION FEEDING GESTATING SOWS: EFFECTS ON OFFSPRING GROWTH, 
IMMUNE SYSTEM ROBUSTNESS, AND CARCASS AND MEAT QUALITY 

 
 
Lauren Hansen     Advisor: 

University of Guelph, 2021    Dr. Lee-Anne Huber 

 
 
 The quality of maternal nutrition for gestating sows has been recognized to have an 

impact on fetal development and subsequent offspring performance. The effects of precision 

feeding energy and lysine during gestation to sows over three consecutive parities on offspring 

post-weaning growth performance, meat and carcass quality, and immune system robustness 

were evaluated. Litters from precision-fed sows had improved growth performance in the final 

nursery stage for all three parities. Post-weaning immune response varied depending on parity, 

while grower-finisher growth performance and carcass and meat quality at ~125 kg body weight, 

were generally not affected. Therefore, precision feeding sows during gestation can improve 

offspring nursery growth performance while maintaining subsequent growth and meat and 

carcass quality not different from the offspring of sows fed conventionally during gestation. 
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1. LITERATURE REVIEW 

1.1 INTRODUCTION 
 
 Fetal programming can be influenced directly by a sow’s nutrition during gestation (NRC, 

2012; Che et al., 2017). For optimum physiological, metabolic, and endocrine development of the 

fetus, a proper maternal diet is essential (Tuchscherer et al., 2012; Chen et al., 2017; Pluske et al., 

2018). However, the nutrient and energy requirements for a sow throughout gestation are dynamic 

and thus, the needs for both the sow and conceptus differ depending on the stage of development 

(Buis, 2016; Dourmad et al., 2017). These requirements can be further specified as each sow has 

individual needs that vary daily, depending on parity, body weight, litter size, and health status. 

(NRC, 2012). Meeting these distinct dietary needs not only will impact the fetus but also affect 

sow lactation performance in terms of milk production and composition, subsequent reproductive 

performance, and longevity (Yang et al., 2008). However, multiple studies have indicated that 

conventional diets are not meeting the needs of pregnant sows throughout gestation, as feed levels 

typically over- or under-supply nutrients and energy at specific times in gestation (Cao et al., 2014; 

Dourmad et al., 2017). While recent research has revealed that by more closely meeting the nutrient 

requirements for sows during gestation (specifically for lysine and energy), there can be a positive 

correlation with sow reproductive factors, fetal development, and postnatal offspring performance 

(Trottier et al., 2015; Goncalves et al., 2016). 

 In order to properly provide a more precise diet for sows, suitable feeding strategies that 

meet individual sow requirements will need to be implemented. This becomes challenging when 

feeding a breeding herd, as the Canadian swine industry will soon be eliminating gestation stalls 

and moving solely to group housing for the improvement of sow welfare. Although beneficial, 

group housing creates many obstacles for producers as they have less control for regulating 
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individual sow feed intakes. In spite of that, there is continuous development for constructing new 

feeding systems that can reduce these concerns and allow for an overall better feeding programs 

for sows. 

 Ideally, improving maternal nutrition through a more precise feeding program will 

contribute to enhanced postnatal growth performance and potentially improved carcass yield and 

quality.  However, minimal research has been conducted on the impact of precision feeding sows 

throughout gestation on growth performance, carcass composition, and meat quality for the 

offspring. Throughout this review, the nutrient requirements of the gestating sow will be examined, 

along with the implications of maternal diet on fetal programming and the subsequent influence 

on the post-weaning performance for the offspring. 

 
1.2 NUTRIENT AND ENERGY REQUIREMENTS DURING GESTATION  
 
 The nutrient and energy requirements for a sow throughout gestation are not only dynamic, 

but also variable depending on the needs of the individual sow (Buis, 2016). Energy is essential 

for sow maintenance, fetal growth, maternal energy stores, and the development of mammary 

tissues (Trottier et al., 2015). When sows are provided with adequate nutrition, maintenance, fetal 

growth, expanding maternal body protein deposition will be prioritized respectively, with excess 

intake used for body lipid storage (Trottier et al., 2015). Feeding sows with a diet containing more 

energy than required during gestation can contribute to an adverse body condition, prompting 

difficulties at farrowing, decreased lactation feed intake, and reduced reproductive performance 

and longevity (NRC, 2012; Amdi et al., 2014). When challenged with an energy and amino acid 

deficient diet, the mobilization of these body lipid and protein stores will then be used as a 

secondary source of energy (Trottier et al., 2015). Meeting the recommended energy requirements 
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for gestating sows is important for the efficacy of nutrient utilization, and reproductive 

performance (Amdi et al., 2014). 

 Estimated maintenance requirements for healthy sows are 100 kcal ME/d per kg 

bodyweight, although there are a multitude of biological and environmental conditions, such as 

feeding strategies and temperature that influence the energy requirements of a gestating sow 

(Trottier et al., 2015). Consequently, sows kept within group housing will have a higher energy 

requirement as the additional activity of standing and walking within the pen will increase energy 

usage (NRC, 2012; Trottier et al., 2015). However, fetal development and maternal tissue growth 

will still influence energy requirements. 

 
1.2.1 FETAL GROWTH  
 
 Maternal energy requirements become more pronounced as gestation progresses as fetal 

growth and mammary tissue development accelerate during the final trimester (NRC, 2012; 

Dourmad et al., 2017). The extent of energy retention in the conceptus also relates to both litter 

size and average piglet birth weight (Trottier et al., 2015). McPherson et al. (2004) found that as 

gestation progressed, fetal weight increased cubically, demonstrating accelerated weight gain in 

the final trimester. This increased fetal growth in late gestation contributes to the need for greater 

dietary energy for the sow (McPherson et al., 2004; Goncalves et al., 2016). The NRC (2012) 

estimated that to support this increased fetal growth in late gestation, sows should receive an 

additional 400 g/d of a corn- and soybean meal-based diet. 

 Similar to energy, dietary amino acid requirements increase exponentially in the final 

trimester with the growth of the fetus (Yang et al., 2008). However, the extent to which dietary 

energy and amino acid (specifically referring to the first limiting amino acid, lysine) requirements 

change throughout gestation are vastly different (Yang et al., 2008; NRC, 2012). It has been 
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indicated that first parity sows have an increased energy requirement of 45%, while lysine 

requirements increase by 194% over the span of gestation (Buis, 2016). Approximately halfway 

through gestation, dietary protein utilization switches from maternal focus (i.e. to recuperate 

maternal losses from a previous lactation and/or for maternal growth in the instance of immature 

sows) to supporting fetal growth (Theil, 2015). McPherson et al. (2004) determined that a fetus 

accreted 0.25 g/d of protein until d 69 of gestation, but that increased to 4.63 g/d in the later portion 

of gestation. Within the final 10 days of gestation, it is estimated that the fetus can gain up to one 

third of its final weight (Noble et al., 1985). Therefore, meeting nutrient demands in late gestation 

is important for maximizing fetal growth. 

 
1.2.2 MATERNAL AND PREGNANCY ASSOCIATED TISSUE DEVELOPMENT 
 
 Throughout gestation, sow body protein is categorized into five pools: the maternal body, 

the fetus, the uterus, the placenta with its associated fluids, and the udder (NRC, 2012; Trottier et 

al., 2015). The protein retention for each of these components is unique throughout gestation and 

contribute to estimating the daily lysine and energy requirements for sows (NRC, 2012; Trottier 

et al., 2015). Protein deposition within the uterus linearly increases throughout gestation. While 

similar to fetal growth, the udder growth rate increases rapidly from d 60 of gestation (NRC, 2012; 

Trottier et al., 2015). The development of the placenta and its associated fluids begin at d 40 of 

gestation until d 70 and then protein accretion remains constant until farrowing (Wu et al., 1999; 

Trottier et al., 2015). Optimizing placental function is crucial for fetal development, as this organ 

regulates the nutrient and respiratory gas exchange from sow to fetus (Wu et al., 2004; Metges et 

al., 2014). When the transplacental exchange is impaired due to insufficient or excessive nutrition, 

fetal growth can be compromised (Reynolds et al., 2006). Considering uterine blood flow stays 

constant in mid- to late-gestation when amino acid requirements are greatest for the fetus, the 
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placental transport of amino acids must in turn increase as gestation progresses (Wu et al., 1999; 

Metges et al., 2014). Furthermore, the mammary glands have a rapid developmental phase during 

the final trimester of gestation as the sow is preparing for lactation (Farmer and Hurley, 2015). 

The energy and amino acid requirements needed for ideal mammary gland development can differ 

for each sow, with potential litter size and previous lactation performance also having an influence 

(Kim et al., 2013; Trottier et al., 2015). Meeting these dietary needs during this developmental 

time is critical for colostrum quality and milk yield post-farrowing, with previous research 

suggesting gestational feeding may also have an impact on offspring mammary development 

(Farmer and Hurley, 2015).  

 
1.3 INFLUENCE OF MATERNAL DIET ON FETAL DEVELOPMENT AND 
POSTNATAL PERFORMANCE 
 
1.3.1 GASTROINTESTINAL TRACT 
 
 On approximately d 8 of gestation, the conceptus GIT begins to form during gastrulation 

(O’Doherty et al., 2017). Within the first half of gestation, the nutritional needs for the GIT are 

relatively low, but closer to farrowing the fetus initiates the expression of nutrient transport, which 

activate carbohydrate and protein absorption from the swallowed amniotic fluid (Buchmiller et al., 

1992; Sangild et al., 2002; Guilloteau et al., 2010). This increase in nutrient flow to the fetus during 

the final three weeks of gestation is important as 70-80% of fetal growth occurs at this time 

(Buddington and Malo, 1996; Sangild et al., 2000). Considering 10-20% of fetal energy needs are 

being met through amniotic fluids, it is important that the GIT development prior to the final 

trimester is optimized in order to better utilize nutrients from this process (Mulvihill et al., 1985). 

As well, to enhance small intestine absorbency function postnatally, the proper development and 

quality of the villi and crypt within the lumen is imperative (O’Doherty et al., 2017).   
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 The GIT is important in pig physiology, health status, and lifetime development (Pluske et 

al., 2018). Previous studies have investigated the influence of maternal nutrition on fetal GIT 

development and subsequent offspring performance (Liu et al., 2016; Chen et al., 2017). For 

example, Chen et al., (2017) found that feeding sows lower than recommended energy diets 

resulted in lighter offspring body weight at weaning, and also a reduced small intestine weight and 

ileum and jejunum villus height-to-crypt depth ratios. Similarly, when sows were fed 100%, 75%, 

or 150% of the NRC (1998) feed intake recommendations throughout gestation, researchers found 

that the offspring from the undernourished sows had reduced small intestine weight, length, and 

villus height within the ileum and jejunum (Cao et al., 2014). In addition, the progeny from the 

over-nourished sows had an increased birth and weaning weight, with greater small intestine 

weight and weight-to-length ratio than the progeny from sows fed 75% and 100% of the estimated 

requirements (Cao et al., 2014). Clearly, when the maternal energy requirements are not met during 

gestation, nutrient utilization within the growing fetus becomes selective, and development of the 

GIT is compromised (Fall, 2009). 

 
1.3.2 IMMUNE SYSTEM FUNCTION 
 
 On d 16 of gestation, the conceptus immune system begins to develop with the lymphoid-

cell population (O’Doherty et al., 2017). The continuation of immune system development 

throughout gestation is associated with multiple fetal endocrine and metabolic factors (Chen et al., 

2017).  In particular, the maturity and absorptive functions for the GIT at farrowing is imperative 

in evolving immune function, as the consumption of colostrum immediately after birth directly 

impacts pig health throughout all stages of life (Pluske et al., 2018). Sow colostrum contains 

antimicrobial factors and immune-enhancing properties, such as immunoglobulins that are 

transferred to the circulation of the offspring prior to gut closer (Le Dividich et al., 2005; Hurley 
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and Theil, 2011). Since piglets are not born with fully matured immune systems, the capability to 

consume and utilize the absorbed nutrients and maternal antibodies within colostrum relies heavily 

on the prenatal development of the GIT (Campbell et al., 2013; Theil, 2015).  

 The maternal intake of amino acids is particularly important for the in-utero protein 

production in developing immune cells (Li et al., 2007). Previous research has indicated that 

inadequate protein consumption during gestation can contribute to incompetent immune function 

and correspondingly low birth weight of the offspring (Tuchscherer et al., 2012). Tuchscherer et 

al. (2012) found that when sows were fed a reduced protein diet throughout gestation, offspring 

birth weight and early weight gains were notably lower than corresponding values for offspring 

from sows fed a standard or higher protein diet. As well, serum immunoglobulin A (IgA) 

concentrations were lower in the offspring of sows fed higher and reduced protein levels when 

compared to the offspring from sows fed the recommended amount of protein (Tuchscherer et al., 

2012). The lower birth weight in combination with decreased immunoglobulin levels could be 

related to insufficient in-utero nutrition, which compromised fetal growth and colostrum intake 

post-farrowing. Pigs challenged with intrauterine growth retardation, which could have been 

caused by inadequate maternal nutrition and uterine blood flow, are more vulnerable to disease in 

the early stages of life due to a compromised immune system and reduced energy stores (Campos 

et al., 2012; Hu et al., 2015). Others found similar results. For example, sows fed a low energy diet 

throughout gestation produced offspring with lower levels of plasma IgA and immunoglobulin M 

(IgM) at weaning in comparison to the offspring from sows fed the recommended amount of 

energy (Chen et al., 2017). Within the same study, the offspring with reduced immunoglobulin 

levels also presented increased systemic inflammation, producing a greater sensitivity when 
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disease challenged at weaning (Chen et al., 2017). These results further indicate the significance 

of maternal diet on fetal immune system development for future pig health.  

 
1.3.3 MUSCLE FIBER COMPOSITION AND DISTRIBUTION  
 
 Previous studies have found that prenatal conditions can have a direct impact on muscle 

fiber composition in the developing fetus (Bee, 2004). In particular, maternal nutrition has been 

found to have an influence on secondary muscle fibers, while primary muscle fibers are less likely 

to be altered (Handel and Stickland, 1987). The formation of primary fibers occurs between days 

20 to 50 of gestation, which then serve as a template for the myogenesis of secondary muscle fibers 

from d 54 until d 90 of gestation (Picard et al., 2002; Heyer et al., 2004). Within the first few weeks 

after birth, muscle fibers will then differentiate into oxidative, oxidative-glycolytic or glycolytic 

fibers - with most fibers becoming glycolytic (Bee, 2004). Primary fibers are transformed into 

slow-twitch oxidative fibers, while secondary fibers become fast-twitch glycolytic fibers (Heyer 

et al., 2004). Postnatally, the metabolic and contractile development of these fibres is further 

influenced by the primary-to-secondary ratio (Oksbjerg et al., 2013). Therefore, muscle fiber 

development throughout gestation has a continual impact on muscle fiber composition and 

distribution until slaughter. If sows are not consuming the ideal nutrition during gestation, there is 

a greater risk for maternal stress, poor body condition, and decreased health, which can indirectly 

influence muscle fiber development of the offspring (Amdi et al., 2014). For instance, these risks 

can reduce blood flow and decrease insulin-like growth factor 1 (IGF-1) levels to the fetus through 

impaired placental transport, possibly impacting muscle fiber composition (Amdi et al., 2014).  

 Previous studies have shown that muscle fiber distribution and number can have a 

significant influence on offspring birth weight, growth performance, with the greatest effects seen 

in average daily gain (ADG), and lean mass composition (Larzul et al., 1997; Beaulieu et al., 
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2010). Beaulieu et al. (2010) found that lighter piglets at birth tended to have predominantly slow 

oxidative fibers and a smaller number of secondary glycolytic fibers. Other studies indicated that 

heavier piglet birth weights could be correlated to positive in-utero muscle fiber growth, 

potentially leading to a greater ADG, and lean mass percentage in the postnatal period (Heyer et 

al., 2004). Indeed, a greater number of muscle fibers were noted in heavier piglets at birth when 

compared to lighter piglets within the same litter (Rehfeldt et al., 2011). Typically, lighter pigs 

sacrifice muscle tissue growth for depositing fat and collagen during postnatal development 

(Rehfeldt et al., 2011), which also has negative implications for carcass yield and meat quality. 

 Although the ideal maternal nutrition for optimal progeny muscle fiber composition is 

currently unknown, multiple studies have evaluated different consequences from changing the 

nutrient composition in gestation diets. For growth performance in particular, the secondary 

muscle fiber development of the fetus has shown to have an influence on body weight (BW) and 

ADG for the offspring (Bee, 2004). Amdi et al. (2014) found that by doubling the feed allowance 

to sows in gestation from days 25 to 50, there was an increase in progeny secondary fiber muscles. 

Oksbjerg et al. (2013) demonstrated that feeding sows excess dietary protein did not influence 

progeny muscle growth, but that muscle fiber number and composition could be potentially 

decreased with a small reduction in maternal dietary protein intake. However, in another study, 

feeding sows excess energy and protein from d 45 to 85 of gestation, the offspring of the over-

conditioned sows had fewer muscle fibers at slaughter compared to the offspring fed the standard 

amounts of energy and protein (Cerisuelo et al., 2009). There were no differences found in piglet 

birth weights or growth performance, but the offspring from the sows given the excess nutrition 

did have a greater semimembranosus muscle pH at 24 h post-mortem along with lower meat 

lightness values at market weight (Cerisuelo et al., 2009). Meanwhile, Dwyer et al. (1994) found 



   10 

that increasing sow feed intake at the beginning of gestation resulted in offspring with a greater 

number of muscle fibers, faster growth rates, and greater lean mass at slaughter. Therefore, 

maternal nutrition during gestation can affect muscle fiber quantity and distribution, which can 

have direct implications for postnatal growth and carcass and meat quality for the offspring.  

 
1.3.4 OFFSPRING BIRTH WEIGHTS 
 
 Previous studies have indicated that maternal nutrition can influence piglet birth weight, 

which in turn will have a lasting effect on growth performance throughout all stages of production 

(Wang et al., 2016). For example, between d 0 and 30 of gestation, Wang et al. (2016) fed sows 

varying levels of energy (75, 100, 125, and 150% of maintenance requirements), followed by an 

additional 20% of feed to each treatment between days 30 and 90, and an additional 50% of feed 

until farrowing. The offspring from sows fed the diet starting at 125% of maintenance energy 

requirements had the greatest litter birth and weaning weights (Wang et al., 2016). Previous 

research has suggested that lighter piglet birth weights are associated with adverse effects on 

postnatal growth and carcass quality at slaughter (Beaulieu et al., 2010; Rehfeldt et al., 2011). 

Indeed, Beaulieu et al. (2010) indicated that lean mass gain is significantly less for pigs that had a 

lighter BW at birth, which in turn produced a fatter carcass at the time of slaughter. As well, lighter 

birth weight piglets generally take longer to reach market weight as they tend to grow at a slower 

rate (Rehfeldt et al., 2011). In another study, Bee (2004) fed groups of sows three different energy 

levels (high, standard, and low) for the first 50 days of gestation. The study found reduced mean 

piglet birth weight per litter, along with reduced ADG and gain-to-feed ratios (G:F) during the 

grower-finisher phase for progeny from sows that received the high energy level versus the 

progeny of sows that received the low and standard energy feeding regimens. As well, the body 

composition of the progeny from the high energy fed sows contained a greater fat tissue percentage 
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than progeny from the other treatments (Bee, 2004). As well, Kim et al. (2013) indicated that 

feeding sows reduced nutrient diets during late gestation resulted in greater fetal weight variation 

within unborn litters. These studies indicate that not only can piglet birth weight be influenced by 

maternal dietary energy and amino acid supply during gestation, but the effects on progeny growth 

performance can extend beyond the postnatal period.  

 
1.4 GROUP HOUSING FEEDING AND MANAGEMENT  
 
 There are multiple strategies producers use to feed gestating sows that are kept in group 

housing. Some of the most common practices involve floor and trough feeding (competition 

feeding systems) or gated free-access stalls and electronic sow feeders (ESF; non-competitive 

feeding systems; Spoolder and Vermeer, 2015; Bench et al., 2013). There are various advantages 

and disadvantages for each of these feeding methods, but competitive feeding systems can become 

particularly problematic (Johnston and Li, 2014). Sows naturally determine a social hierarchy 

within group housing, leading to an uneven feed distribution as the larger, more dominant sows 

tend to consume a greater amount of feed (Brouns and Edwards, 1994). Smaller, more timid sows 

are then left at a disadvantage as they do not receive the proper amount of feed needed for 

maintenance and development (Brouns and Edwards, 1994). This causes both over- and under- 

nutrition within a breeding herd, creating variation in body weight, body condition score, and 

reproductive performance (Johnston and Li, 2014).    

 Thus, non-competitive feeding systems have grown in popularity as producers can ensure 

that sows are receiving equal opportunities for feed access (Bench et al., 2013). More specifically, 

the ESF was not only developed to reduce maternal body condition variation, but to give producers 

the ability to control individual sow feed intakes (Bench et al., 2013). Many ESF systems have the 

capability to blend diets with different energy and nutrient levels in order to form a unique blend 
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every day for each sow (Buis, 2016). The ESF works by permitting one sow at a time through an 

entrance gate and then scanners read the sow’s unique radio-frequency-identification (RFID) ear 

tag to dispense the necessary feed (Buis, 2016). The blend for each diet is determined through a 

computer software program that uses nutritional models to predict the nutrient requirements for 

each day during gestation based on sow body weight at breeding, parity, estimated litter size, and 

environmental conditions (NRC, 2012; Buis; 2016). Subsequently, individual sow energy and 

amino acid requirements can be met, even while living within a group housing environment.  

 Phase feeding is used as another method to more accurately meet maternal nutrient and 

energy requirements (Dourmad et al., 2017). From the beginning of gestation up until farrowing, 

producers can increase both energy and protein concentrations within the diet in stages (Trottier et 

al., 2015). Although this feeding program may be more beneficial than one continuous phase 

throughout gestation, this method still cannot provide precise levels for dietary energy and 

nutrients to individual sows.  

 
1.5 IMPACT OF PRECISION FEEDING GESTATING SOWS ON THE SWINE 
INDUSTRY 
 
1.5.1 ECONOMICS 
 
 The implications of precision feeding sows using an ESF throughout gestation have the 

potential to bring economic benefits for the swine industry. The feeding system, in itself, is a large 

investment. However, from the maternal side of production, providing sows with a diet that more 

closely matches nutrient requirements throughout gestation provides an estimated reduction in feed 

costs of $10 per sow per year (Moehn et al., 2011). This stems from eliminating excess nutrients 

within feed, along with generating better feed efficiency, reproductive performance, and longevity 

when providing sows with the optimum dietary nutrients and energy. However, there are various 
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other expenses to consider before being able to integrate precision feeding, especially when trying 

to install within an existing barn. Buis (2016) and Stewart (2020) found that precision feeding 

primiparous sows or sows over three subsequent parities, respectively, did not produce any cost 

savings. Other areas where potential savings can be realized includes the reproductive performance 

of the sow throughout her lifetime. It typically takes three successful litters for a sow to become 

profitable, therefore increasing reproductive performance along with longevity can have financial 

benefits within a breeding herd (Stalder et al., 2003). 

 In addition, possible savings may be realized through the performance and quality of the 

offspring from precision fed sows in a farrow-to-finish operation. Based on the assumption the 

conceptus will be developing in an ideal embryonic and fetal environment due to the optimum 

maternal diet, there is potential for postnatal benefits from precision feeding (Campos et al., 2012). 

For example, if precision feeding enhances offspring immune function, there is the possibility to 

decrease mortality and illness in the perinatal and postnatal phases, therefore increasing the 

number of pigs available to continue to market. As well, if precision feeding has the capability to 

improve offspring growth performance (i.e. greater ADG and improved feed efficiency), producers 

will not only save on feed costs, but also pigs will reach market weight sooner, allowing for a 

quicker barn turnover and yardage and feed cost savings. If progeny carcass and(or) meat quality 

are either improved or maintained from this maternal feeding strategy, then this provides an 

additional way producers may be able to benefit from precision feeding. Several studies have 

indicated that altering maternal diet can affect meat and carcass quality, impacting muscle pH 

values, meat colour, and water holding capacity. However, the extent of maternal diet effects on 

progeny meat quality is not always pronounced enough for consumers to notice any differences in 

the final meat product (Cerisuelo et al., 2009; McNamara et al., 2011; Oksbjerg et al., 2013). There 
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have been suggestions that stunted offspring growth from inadequate maternal nutrition generates 

pigs with a lower meat percentage (Oksbjerg et al., 2013). Generating pigs with a greater lean yield 

at slaughter can also increase the value of the carcass for producers, as lean meat yield is one of 

the most important parameters for determining carcass value (Palmo, 1999). Therefore, if 

producers have a farrow-to-finish operation, they may be able to achieve savings or additional 

profit through the offspring from precision fed sows, but further research will need to be conducted 

on the potential economic benefits for farrow-to-feeder and feeder-to-finish production systems.  

 
1.5.2 ENVIRONMENT 
 
 Conventional gestation feeding involves either providing the same diet as one phase 

throughout gestation without or with a subtle increase in feed offered starting between day 85 to 

90 of gestation until farrowing (bump feeding; Trottier et al., 2015; Buis, 2016). However, these 

feeding strategies are typically over- or under-nourishing sows at specific stages of gestation and 

for specific sow parities, leading to nutrient waste, excess feed intake, and lower feed efficiency 

(NRC, 2012; Dourmad et al., 2017). Dietary nitrogen intake in particular, is important to manage 

as it is known to have negative environmental impacts (Adeola, 1999). Precision feeding can assist 

in decreasing unnecessary nitrogen and nutrient amounts within feed, further reducing the amount 

of nitrogen excreted into the environment via the urine and feces of gestating sows (NRC, 2012; 

Miller, 2017).  

 As well, the potential growth performance improvements for offspring from precision fed 

sows, if achieved, may have beneficial environmental outcomes. Raising healthy feeder-to-finish 

pigs with a well-developed GIT can increase feed efficiency by focusing nutrient utilization toward 

maximizing growth (NRC, 2012; Pluske et al., 2018). An improved G:F ratio would then also 

decrease the amount of feed needed to produce the same quality market pig. Accordingly, there 
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are promising aspects to maternal precision feeding that can assist in furthering sustainability and 

resource management within the swine industry (Dourmad et al., 2017).  

 
1.6 CONCLUSION 
 
 In summary, there are a multitude of fetal and maternal influences on sow nutritional 

requirements throughout gestation, which contribute to offspring growth performance. As 

gestation progresses, dietary energy and lysine requirements for optimum fetal and mammary 

tissue development increase (Dourmad et al., 2017). Meanwhile, gilts and multiparous sows have 

varying nutrient and energy requirements, since younger parity sows have needs for maternal 

growth, in addition to maintenance and fetal growth (Moehn et al., 2011). It is imperative to meet 

these individual needs throughout gestation in order to maximize fetal development and progeny 

quality (Kim et al., 2013). Immune system function, GIT maturity, and muscle fiber type and 

distribution are just a few developmental components that can be impacted through altering the 

maternal diet (Cerisuelo et al., 2009; Liu et al., 2016; Li et al., 2020).  Reaching the desirable 

development of these components prenatally can be advantageous for the offspring in post-

weaning production. Possible improved growth performance, immune robustness, and carcass and 

meat quality are promising implications of meeting the estimated maternal dietary requirements.  

 Creating an individual feeding plan through precision feeding energy and lysine is a 

practical strategy to fulfill the unique maternal requirements for each sow when using an ESF. 

Through this process there are various financial factors to consider, but the potential benefits from 

this maternal feeding program are encouraging for producers both economically and 

environmentally (Dourmad et al., 2017).   

 Several studies have been conducted on the maternal impact of precision feeding sows 

energy and lysine throughout gestation, but very little research has investigated the effects of such 
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a feeding strategy on fetal programming and postnatal offspring growth performance and carcass 

and meat quality (Buis, 2016; Stewart, 2020). Further research will be essential for discovering 

the full potential from precision feeding sows on the offspring performance and quality from 

weaning until slaughter.   
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2. RESEARCH RATIONALE AND OBJECTIVES 

 
 Meeting the recommended nutrient and energy requirements for each sow within group 

housing is a major concern for the pork industry as individual requirements are dynamic from the 

beginning of gestation until farrowing (Dourmad et al., 2008; NRC, 2012). By not meeting the 

necessary nutrient and energy requirements, not only will sow health and reproductive 

performance be negatively impacted, but it will also be disadvantageous to the growth of the 

developing fetus (Kim et al., 2013). The quality and nutritional composition of the maternal diet 

is particularly significant during the final trimester, when the rapid growth of the fetus and 

mammary tissues have greater nutritional demands (Mahan et al., 2009; NRC, 2012). If sows are 

undernourished during these critical developmental times, maternal body stores will have to be 

utilized in order to compensate (Yang et al., 2009). Consequently, energy and nutrient mobilization 

can potentially lead to sub-standard lactation performance, along with the negative impacts on in-

utero fetal development (Wang et al., 2016; Ren et al., 2017).  

 As a method to mitigate the consequences of over- and under-supplying nutrients and 

energy to sows during gestation, precision feeding has recently been considered. The use of an 

ESF is one example of a promising computer-controlled system that has the capability to blend 

multiple diets for each sow to meet daily estimated nutrient and energy requirements for individual 

sows. By using this technology within group housing, there is the capability for each sow to be fed 

a custom diet based on body weight at breeding, parity, anticipated litter size, and housing 

environment. In particular, this enables sows to be fed precise amounts of energy and lysine, which 

are crucial for fetal development throughout gestation (Yang et al., 2009). Considering lysine 

requirements increase substantially in the final trimester in comparison to energy, the availability 
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to combine different diets daily allows for a more precise maternal feeding program (Hansen et 

al., 2014).  

 Previous research has indicated that altering gestation diet by adjusting energy and amino 

acid feed levels and by feeding based on parity and changing nutrient requirements throughout 

gestation has improved both sow and offspring performance (Magnabosco et al., 2013; Thomas et 

al., 2018). However, minimal research has been conducted on the potential influence of precision 

feeding energy and lysine during gestation for three consecutive parities on the offspring. Some 

probable improvements from this maternal precision feeding program to consider involve 

improved offspring growth performance, immune robustness, and carcass and meat quality. 

Precision feeding could provide the potential to enhance sow and pig well-being, along with 

providing economic benefits for producers through better post-weaning pig quality. It is 

hypothesized that a more precise maternal diet during gestation would generate offspring with 

improved post-weaning growth performance, carcass and meat quality. 

 
The specific objectives of this thesis are: 
 
1) To determine the effects of closely meeting the estimated daily energy and lysine requirements 

during gestation over three consecutive parities on offspring post-weaning growth performance 

and carcass and meat quality at market weight (~125 kg BW). 

2) To determine the effects of closely meeting the estimated daily energy and lysine requirements 

during gestation over three consecutive parities on offspring post-weaning immune response. 
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3. PRECISION FEEDING GESTATING SOWS: EFFECTS ON 

OFFSPRING GROWTH, AND CARCASS AND MEAT QUALITY  

 
3.1 INTRODUCTION 
 
 Nutrient and energy requirements for sows during gestation are dynamic; the continual 

development of maternal tissues and the products of conceptus alters the maternal dietary 

requirements for optimal sow and fetal growth (NRC, 2012; Dourmad et al., 2017).  From the 

beginning of fetal growth, until the final days of gestation, nutritional requirements differ for the 

fetus depending on the stage of development (McPherson et al., 2004). Additionally, the nutritional 

needs for the fetus are greatest during the second half of gestation when the sow’s diet may not be 

meeting the requirements for optimum fetal development (Hansen et al., 2014). Thus, by adapting 

gestational diets based on the needs for both the sow and the products of conceptus, benefits can 

be achieved for both the sow and the offspring.  

Past studies have shown that by more closely meeting the nutrient requirements for 

gestating sows (specifically with amino acids and energy), there can be a significant improvement 

in sow reproductive performance and longevity in the herd (Ren et al., 2016; Goncalves et., 2016). 

Goncalves et al. (2016) concluded that sows given a late gestation diet with energy levels that 

exceeded NRC recommendations, had an increased rate of stillbirths during farrowing. As well, 

Yang et al. (2009) found that feeding sows decreased concentrations of lysine in late gestation and 

lactation led to a greater loss in BW and backfat during lactation. Postnatal performance is highly 

influenced by the nutritional composition of maternal diet (Metges et al., 2014). Bee (2004) fed 

three groups of sows either a low (LE; 2.8kg/d with 6.6 MJ DE/kg), standard (STD; 2.8kg/d with 

10.7 MJ DE/kg), or high (HE; 4.0 kg/d with 10.7 MJ DE/kg) energy diet for the first 50 days of 
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gestation, followed by feeding the STD diet until farrowing. Progeny growth performance results 

differed depending on amount of maternal energy fed. The LE progeny had the greatest ADG 

during lactation, along with the heaviest BW at weaning compared to the STD and HE progeny. 

Conversely, HE progeny had the lowest ADG and G:F ratio versus the progeny from LE and STD 

fed sows during the growing and finishing period. These results could be associated to greater milk 

production from LE sows during lactation, which benefited the offspring both before and after 

weaning (Bee, 2004). Vázquez-Gómez et al. (2018) found feeding sows 70% of the daily nutrient 

requirements for maintenance from days 38 to 90 of gestation resulted in offspring with a 

substantially decreased ADG from birth until 215 days of age, carcass yield, and backfat depth, 

when compared to sows fed 100% of the nutrient requirements during gestation. Indeed, if progeny 

growth performance and carcass and meat quality can be enhanced by more closely meeting the 

nutrient and energy needs for gestating sows, additional associated benefits may include feed cost 

savings, fewer days-to-market, and increased carcass value, depending on the marketing strategy 

(Harris et al., 2012; Oksbjerg et al., 2013).  

 In most other stages of swine growth, it is common to adjust diet composition in order to 

obtain optimal growth, while minimizing feed costs. Yet, the practice of closely meeting estimated 

nutrient and energy requirements for gestating sows has not been applied, despite significant 

changes in nutrient and energy requirements throughout pregnancy. Investigating the impact of 

sow diet on progeny performance from fetal development until slaughter at market weight will 

allow for a better assessment of the impact of precision feeding gestating sows on the entire pork 

production cycle. It was hypothesized that feeding a more precise maternal diet for meeting 

changing nutrient requirements during gestation will generate offspring with improved post-

weaning growth performance and carcass and meat quality. The objectives of this study were to 
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determine the effects of closely meeting the estimated daily energy and lysine requirements of 

sows during gestation over three consecutive parities on offspring post-weaning growth 

performance and carcass and meat quality at market weight (~125 kg BW).  

 
3.2 MATERIALS AND METHODS 
 
3.2.1 MATERNAL DIETARY TREATMENTS 

 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 Arkell Swine Research Station (OMAFRA, University of Guelph, Arkell, 

ON, Canada).  One hundred and five sows (62 Yorkshire and 43 Yorkshire × Landrace) were 

enrolled in the study and placed into one of four pens equipped with an electronic sow feeder (ESF; 

Canarm Agsystems; Arthur, ON) 5.4±2.5 days after breeding over five breeding batches (blocks). 

Sow genetics were distributed equally between treatments and sows were bred with either 

Yorkshire, Landrace, or Duroc semen. On day 109.7±1.4 of gestation, sows were moved to 

individual farrowing crates. Within the first 24 hours after farrowing, litters were standardized to 

between 10 and 12 piglets, depending on piglet availability among sows from the same treatment; 

litter characteristics at birth and piglet processing procedures are described by Stewart (2020). 

Piglets received ad libitum access to a commercial creep feed (Floradale Feedmill Ltd, Floradale, 

Ontario, Canada) 7 days after birth and were weaned after a 20±2 day lactation period. Sows were 

re-bred after 5±1 d and entered the same feeding regimen as in the previous pregnancy. Sows 

followed this process for three consecutive parities. Sows that did not show signs of estrus, did not 

farrow, or had further complications, were removed from the study (Stewart, 2020).  
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 The ESF were supplied by two feed lines and had the ability to dispense precise amounts 

of each feed (Buis, 2016; Stewart, 2020). The two basal diets were isocaloric (2518 kcal/kg NE) 

but were formulated to contain high or low protein contents [0.80 and 0.20% standardized ileal 

digestible (SID) lysine, respectively]. In the first parity, each sow was randomly assigned to one of 

two gestation feeding regimens: control (CON) or precision feeding (PRE). The CON sows 

received a constant blend of 1.32 kg of the high protein diet and 0.88 kg of the low protein diet on 

each day of gestation to mimic a conventional industry feeding program (parity 1: n = 55; parity 

2: n = 37; parity 3: n = 24). For the PRE program, the NRC 2012 Nutrient Requirements Gestating 

Sow Model was used to estimate nutrient and energy requirements on each day of gestation for 

each individual sow (Buis, 2016; Stewart, 2020). The model then determined the amount of the 

basal diets to blend together on each day of gestation to best match the daily estimated lysine and 

energy requirements (parity 1: n = 50; parity 2: n = 36; parity 3: n = 25). Upon entry to the 

farrowing crates, sows were fed 2 kg of a standard lactation diet (2520 Kcal/kg NE and 0.74 % 

SID lysine) until farrowing. Following farrowing, the amount of feed offered was gradually 

increased until day 5 of lactation where ad libitum feeding was achieved and maintained until 

weaning.  

3.2.2 OFFSPRING HOUSING AND DIETS 
 
 Litters containing at least 10 piglets were randomly selected from sows that began the study 

as first parity sows, with the goal of obtaining 12 litters per gestation feeding regimen per parity. 

At weaning, 10 piglets per litter were chosen to achieve an even sex distribution but otherwise 

randomly selected. Thus, from a subset of 65 sows, a total of 601 piglets were selected over the 

three parities (litter was the experimental unit; parity 1: 12 CON and 12 PRE litters; parity 2: 8 

CON and 13 PRE litters; parity 3: 8 CON and 12 PRE litters). At weaning, the piglets were placed 
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in 130 x 300 cm pens with plastic-coated expanded metal floors in an environmentally controlled 

nursery room (1 litter per pen). Each pen contained one stainless-steel trough with four feeding 

spaces, and water was available via two nipple drinkers. At 56 days of age, the pigs were moved 

to environmentally controlled grower-finisher pens (424 × 197 cm; 1 litter per pen), which had 

partially slatted concrete floors. One stainless-steel trough with three feeding spaces was provided 

per pen and water was available in a single bowl drinker. Two pigs per pen were removed on days 

20 and 28±2 of age for slaughter with the target of maintaining 6 pigs per pen between 28 days of 

age and market weight (i.e. ~125 kg BW) for growth performance outcomes.  

 Common nursery diets were provided in a four-phase feeding program with phases I, II, 

and III fed for one week each, and phase IV fed for three weeks (micro pelleted for phase I, and 

pelleted for phases II, III, and IV; Table 1). On day 66 of age the grower-finisher phase began and 

pigs were fed common pelleted diets in a two-phase feeding program (Table 1); the transition from 

grower to finisher occurred on day 105 of age. All post-weaning diets were formulated to meet or 

exceed NRC (2012) requirements and feed and water were provided ad libitum throughout the 

study.  

 
3.2.3 SAMPLE COLLECTION AND EXPERIMENTAL OBSERVATIONS 
 

Growth Performance. Individual pigs were weighed at birth and weekly throughout the nursery 

period. During the grower-finisher period, body weights were recorded biweekly; weekly 

measurements for body weight resumed as the pigs approached 100 kg BW. The ADG was 

calculated on a per pen basis. Per pen feed disappearance was recorded at the same times as body 

weights for calculation of ADFI and G:F.  
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Nursery Tissue Sampling and Gut Morphology: On days 20 and 28±2, up to 2 pigs per pen (DAY 

20±2: parity 1 - 20 CON and 19 PRE; parity 2 - 14 CON and 22 PRE; parity 3 - 12 CON and 20 

PRE. DAY 28±2: parity 1 - 17 CON and 22 PRE; parity 2 - 14 CON and 24 PRE; parity 3 - 12 

CON and 18 PRE) were randomly selected for euthansia, while attempting an equal sex 

distribution. Pigs were weighed and then euthanized with an intracardiac injection of pentobarbital 

(Euthansol; Schering Canada Inc., Pointe-Claire, QC, Canada) and exsanguination occurred via 

severing the major blood vessels in the neck. Full gut, liver, and stomach weights were recorded. 

The small intestine, large intestine, and stomach were then emptied and reweighed. A 2.5 cm 

segment taken from the middle of both the ileum and jejunum was collected and rinsed with saline, 

then stored in formalin until further processing. Following the procedures of Carleton et al. (1980), 

each ileum and jejunum sample was prepared for histological analysis. Using a Leica DMR 

fluorescence microscope (Leica Microsystems Inc., Wetzlar, Germany) and Openlab Computer 

Imaging System (Perkin Elmer, Waltham, MA), the average villi height and crypt depth 

measurements were taken from between 6 and 10 suitable villi from each segment.   

Market Weight Carcass and Meat Quality Analysis: Once pigs reached ~125 kg BW (N=224), 

up to 4 pigs per litter (2 males and 2 females) were transported to the University of Guelph’s Meat 

Laboratory, where they were weighed and processed. Pigs were slaughtered using CO2 stunning 

prior to death by exsanguination via severing of the major blood vessels in the neck. After 

slaughter, hot carcass weight was recorded; back fat and longissimus (LM) muscle depths were 

measured at the third and fourth last ribs 7 cm from the midline on the left side (LHS) of each 

carcass at 30 min post-mortem using a Hennessy Grading Probe. The percentage of lean yield was 

calculated using the Hennessy probe carcass lean yield prediction equation (Eq.1).  The pH of the 

LM was measured using an Accumet A71 pH meter with a Hanna Instruments spear-tipped 
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electrode probe attachment (Fisher Scientific, Toronto, ON) at 1 and 24 h post-mortem. The 

carcasses were chilled for 24 h at ≤ 4°C prior to further meat quality measurements. 

 For up to two pigs per pen (1 male and 1 female; N=119), the LHS of each carcass was 

weighed and then dissected into primals. The shoulder, belly, ham, and loin were weighed and 

separated into retail cuts, lean trim, fat trim (internal and external), skin, and bones. The feet and 

tail were also weighed and then discarded.  

 The loin and belly were removed for further evaluation. Ruler measurements for loin fat 

depth, loin length, loin depth, and loin eye area (quantified by an electronic planimeter) were 

recorded. Five chops were then cut from the LM and trimmed of epimysium and external fat. One 

of the five chops was allowed to bloom for approximately 30 min in the Meat Lab processing room 

at ≤ 10°C before being used to collect subjective and objective loin meat quality measurements. 

The subjective measurements of firmness and wetness were determined using the procedures from 

the National Pork Producers Council (NPPC; 2000); subjective loin colour was determined based 

on NPPC, Canadian Pork Quality Standards (CPQC) and Japanese color standards (JC) and their 

respective six-point subjective colour scales. Subjective loin marbling was determined using a ten-

point scale from the NPPC, and a six-point scale from the Canadian Pork Quality Standards 

(CPQM). Objective loin meat colour (lightness-L*, redness-a*, and yellowness-b*) was 

determined using a Minolta CR-400 chroma meter, by taking the average of three measurements 

from different locations on the chop surface. The a* and b* values were then used to determine 

chroma and hue angle (Eq. 2 and 3, respectively). For the 24 h post-mortem pH measurement, the 

probe was inserted at three different locations within the chop and readings were averaged to obtain 

the final pH. Drip loss was measured using the protocol from the Danish Meat Research Institute 

(2018). Briefly, two samples were removed from the chop using a corer, and individually placed 
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in EZ-DripLoss containers and weighed. The samples were kept at ≤ 4°C for 24 h, after which 

samples were reweighed to determine drip loss percentage.  The remaining four chops were 

individually vacuum sealed and then aged at ≤ 4°C for 2 or 7 d and then frozen at -20 0C until 

further analysis. The frozen chops were thawed over 24 h at -1 to 4oC and used to determine 

cooking losses and measure Warner-Bratzler shear force (an instrumental measure of tenderness) 

according to the methods of Park et al. (2018).  

 

Lean	yield	% = 67.2327 − (0.7877 × fat) + (0.1086 × lean) + (0.0087 × fat × fat)

− (0.0004 × lean × lean) − (0.0002 × fat × lean) 

 With fat and lean respectively being the Hennessey Grading Probe measurements of fat 
 and lean depth.           
           (1) 
 

Chroma	=	(Cab=[a*2	+	b*2]0.5)	

              (2) 
 
 

Hue	angle	=	arctan[b*/a*]*[180/π]	
 

      (3) 
 
 

3.2.4 CALCULATIONS AND STATISTICAL ANALYSIS  
 

All data were analyzed statistically as a randomized block design using the GLIMMIX 

procedure of SAS. Growth performance measurements (BW, ADG, ADFI, and G:F) were 

analyzed for pre-weaning period (birthweight and ADG only) for each of the 4 phases during the 

nursery stage, the grower and finisher periods, and between days 20±2 and 133 of age (wean-to-

market). Litter was the experimental unit. Gestation feeding regimen, parity, and the interaction 

between gestation feeding regimen and parity were the main effects. Block, block by gestation 
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feeding regimen, and breed within block were included as random effects. The organ data collected 

on days 20 and 28±2 were analyzed using the same model as described above, although sex was 

also included as a covariate. The histological analysis for samples taken on d 28 were analyzed 

using the same model as described above, although sex, BW, and the individual reading the sample 

slide were used as covariates. For the number of days to reach ~125 kg BW, carcass and meat 

quality traits, retail cuts, and carcass components, pig was considered the experimental unit and 

sex was used as a covariate. For carcass and meat quality traits analysis, retail cuts and carcass 

components, hot carcass weight was also used as a covariate. Pre-planned contrasts were 

constructed to compare gestation feeding regimen within parity. In each analysis, the data were 

considered to be significantly different when P < 0.05 and a trend when 0.05 ≤ P ≤ 0.10.  

 
3.3 RESULTS 
 
 Effects of parity will not be mentioned in the results section as variations in offspring from 

different parities of sows are expected; the main-effect P-values are presented in the tables. 

3.3.1 GROWTH PERFORMANCE 
 
 During the nursery phase, there were no interactive effects of maternal gestation feeding 

regimen and parity on offspring growth performance (Table 2). As well, there were no differences 

in maternal gestation feeding regimen for BW, ADG, ADFI, and G:F for litters while they were 

on the sow and for most of the nursery phase (days 0 to 42; phases 1 to 3). Litters from sows that 

received the PRE program in gestation had greater BW on d 66 of age (the end of the nursery 

stage) and greater ADG and ADFI during Phase IV than litters from sows that received the CON 

program in gestation (P < 0.08, P < 0.03, and P < 0.02, respectively). Within parity, litters from 

parity 1 PRE sows had greater BW on d 66 (contrast; P < 0.05), litters from parity 2 PRE sows 

tended to have greater ADG in Phase IV (contrast; P = 0.075), and litters from parity 3 PRE sows 
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had greater ADFI (contrast; P < 0.05) in Phase IV versus litters from CON sows. Litter G:F was 

not influenced by maternal gestation feeding regimen during the nursey phase.  

 During the grower phase, the interaction between maternal gestation feeding regimen and 

parity influenced BW and ADG (P = 0.05, and P < 0.02, respectively; Table 2). For parity 2, litters 

from PRE sows had greater ADG (contrast; P < 0.05) and tended to have greater BW on d 105 

(end of grower phase; contrast; P = 0.089; Table 2) versus litters from CON sows, while there 

were no differences in BW or ADG between gestation feeding regimen in parities 1 and 3. Litter 

ADFI and G:F were not influenced by the main effects of maternal gestation feeding regimen or 

parity during the grower phase. During the finisher phase, the interaction between maternal 

gestation feeding regimen and parity influenced ADG (P < 0.05) such that for parity 2, litters from 

PRE sows tended to have greater ADG (contrast; P = 0.054) and for parity 3, litters from PRE 

sows tended to have lower ADG (contrast; P = 0.099) versus litters from CON sows. The BW, 

ADFI, and G:F in the finisher phase, and the number of days to reach market weight were not 

influenced by the main effect of maternal gestation feeding regimen or the interaction between 

gestation feeding regimen and parity.  

 
3.3.2 NURSERY ORGAN WEIGHTS AND GUT MORPTHOLOGY 
 
            At weaning (d 20±2), there were no interactive effects of maternal feeding regimen and 

parity on BW, organ weights (% of BW), or distribution of weight along the GIT (Table 3). There 

were also no maternal gestation feeding regimen differences for offspring live BW and organ 

weights aside from the offspring of PRE sows tending to have greater large intestine weights (% 

of BW; P = 0.097) than offspring from CON sows. One-week post-weaning (d 28±2), the 

interaction between maternal gestation feeding regimen and parity influenced liver weight (% of 

BW; P = 0.097), small intestine weight (% of BW; P = 0.04), and GIT weight (% of BW; P < 
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0.05). In parity 3, the small intestine weight (% of BW) was less (contrast; P < 0.05) for the 

offspring from PRE sows versus the offspring from CON sows. Similarly, the GIT weights (% of 

BW) and small intestine weights (% of GIT) tended to be less (contrast; P = 0.073, and P = 0.076, 

respectively) for the offspring from PRE sows versus the offspring from CON sows in parity 3. As 

well, in parity 1, the weight of the stomach (% of GIT) tended to be less (contrast; P = 0.050) for 

offspring from PRE sows versus from CON sows. Otherwise, BW, the weight of the stomach (% 

BW), or gut fill were not influenced by maternal gestation feeding regimen. 

           From the histological analysis, there were no main or interactive effects of maternal feeding 

regimen and parity on ileum and jejunum villi height, crypt depth, and villus:crypt ratio (Table 4). 

 
3.3.3 MEAT AND CARCASS QUALITY  
 
 For the pigs slaughtered at ~125 kg BW, there were no interactive effects of maternal 

gestation feeding regimen and parity on the carcass and meat quality traits analyzed (Tables 5 and 

6). While there were no maternal gestation feeding regimen differences for slaughter or hot carcass 

weights, lean yield tended to be lower with trends for greater fat depth (contrast; P = 0.051 and P 

= 0.055, respectively) for offspring from PRE sows versus offspring from CON sows for parity 2. 

One hour post-mortem pH values for the ham and loin tended to be greater (contrast; P = 0.089 

and P = 0.070, respectively) for offspring from PRE versus CON sows from parity 2 while 24 h 

loin pH tended to be lower (P = 0.08).  

 No differences in maternal gestation feeding regimen were identified for back fat or loin 

depths; however loin eye area was smaller (P < 0.01) for offspring from PRE versus CON sows; 

this was especially evident for parity 3 (contrast; P < 0.05; Table 6). Similarly, loin length tended 

to be less (P < 0.09) for offspring from PRE sows versus offspring from CON sows. Other carcass 
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and meat quality traits such as loin wetness and firmness, subjective and objective assessment of 

lean colour, and marbling, were not influenced by maternal gestation feeding regimen.    

For the carcasses that were dissected into primal cuts, the interaction between maternal 

gestation feeding regimen and parity tended to influence tenderloin weight (% of left side carcass 

weight; P = 0.07; Table 7). Pigs from PRE sows had a greater (P < 0.05) tenderloin weight (% of 

left side carcass weight) versus the pigs from CON sows in parity 3 only (contrast; P = 0.022). 

Otherwise, carcass weight, and retail cuts and components were not influenced by maternal 

gestation feeding regimen.  

 
3.4 DISCUSSION  
 
 The objective of the current study was to determine the effects of closely meeting the 

estimated daily energy and lysine requirements during gestation over three consecutive parities on 

offspring post-weaning growth performance and carcass and meat quality traits at market weight 

(~125 kg BW). Regardless of parity, the BW for offspring at d 66 from PRE sows were, on average, 

1 kg heavier versus offspring from CON sows. In the first parity, offspring from PRE sows were 

~2 kg heavier versus offspring from CON sows by d 66 of age. However, during the final nursery 

phase, offspring from PRE sows across all parities also had greater daily feed intakes compared to 

offspring from CON sows, which could be associated with the greater ADG, resulting in a greater 

BW by d 66, and with no effect on G:F. Previous research has shown that increased gains during 

the nursery stage have a continual influence on growth performance until market weight, along 

with a potential impact on carcass and meat quality (Kim et al., 2001; Wolter and Ellis, 2001).  

Kim et al. (2001) indicated that pigs with a greater BW at two weeks post-weaning maintained a 

steady weight gain throughout all growth periods and were able to reach market weight more 

quickly without negatively affecting estimated lean yield. As well, pigs with accelerated growth 
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post-weaning were found to be heavier at the end of the nursery phase, with a greater predicted 

lean content and lower back fat thickness at slaughter weight (Wolter and Ellis, 2001). Other 

studies have shown that improved growth performance can be related to a pig’s ability to consume 

more feed post-weaning. Draper et al. (2016) found that the pigs with greater ADFI during the 

nursery and grower-finisher stages also had a greater ADG throughout the corresponding periods. 

Thus, the pigs that had a greater feed intake were also heavier by the end of the finisher stage, 

leading to a potential reduction in the number of days to reach market weight (Draper et al., 2016).  

A greater feed intake allows for the potential to better utilize dietary nutrients, especially in critical 

growth periods, such as during the nursery phase, when ingested energy is limiting protein 

deposition.  

 In the present study, minimal differences were found within the organ weights (%BW and 

%GIT basis) from pigs at weaning (d 20±2) and one-week post-weaning (d 28). On d 28, the small 

intestine weight (% of BW) was greater for the PRE pigs in parities 1 and 2, but then was 

significantly less within the third parity versus pigs from CON-fed sows, with no differences in 

ileum and jejunum villi height and crypt depth. Notably, the growth performance within the 

nursery stage was improved for the litters in the first and second parity from PRE sows versus the 

litters from CON sows through increased gain, yet it was not during the third parity. Previous 

research indicates that a larger and more developed small intestine allows for greater absorption 

of nutrients, which gives an advantage when it comes to growth, especially in the nursery stage 

where the gastrointestinal tract is not fully developed (Pluske et al., 1997; Chen et al., 2017). Chen 

et al. (2017) also found that offspring with lower small intestine weights combined with a 

significantly smaller villus height and crypt depth at d 28 of age also had a lower BW. It is 

understood that the condition of the villous and crypt architecture that line the epithelium of the 
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small intestine, directly affects nutrient absorption, and therefore, contribute to pig growth (Pluske 

et al., 1997). As indicated in Chen et al. (2017) study, pigs with lower body weights, small intestine 

weights, and villus height and crypt depths at d 28 were the offspring of sows that were fed a diet 

with an energy concentration below the NRC (2012) recommendations between day 1 of gestation 

until farrowing. Within the present study, the CON feeding regimen was limiting in energy, in 

particular during the second half of gestation (Stewart, 2020). Others have demonstrated that an 

insufficient amount of maternal dietary energy adversely affects fetal GIT development along with 

neonatal gut maturity (Liu et., 2016; Cao et al., 2014); however, there were minimal and 

inconsistent differences found in GIT development within the current study.  

 The growth performance results during the grower and finisher phases had greater variation 

depending on parity and maternal gestation feeding program. Within the present study, offspring 

from PRE sows achieved the market weight of 125 kg BW four days earlier on average in parities 

1 and 2 versus the offspring from CON sows. However, in parity 3, litters from CON sows during 

the grower and finisher stages had a greater ADG, which led to a heavier BW by 133 d, and three 

fewer days to market versus the litters from PRE sows. Even though the litters from CON sows 

had a numerically greater ADFI beyond the nursery period, the G:F were not different to the litters 

from PRE sows. Despite the offspring from PRE sows on average reaching market weight sooner 

throughout the 3 parities, there were no differences on carcass or meat quality between progeny 

from PRE sows versus the progeny from CON sows. Therefore, this would allow producers to 

receive the same payment for the carcasses in a shorter number of days to market, without any 

negative impact on the final product. Considering feed expenses are the greatest cost for producers, 

and there was no difference in feed efficiency between litters from PRE and CON fed sows, 

reducing the number of days pigs are kept in the finishing stage can elicit feed costs and yardage 
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savings. As well, reduced days-to-market allow for a quicker turnaround time for re-stocking 

growing/finishing facilities, which could allow for more pigs in and out of producers’ barns per 

year. Given there were no differences found in reproductive performance for sows fed the CON 

versus PRE diets, and no economic savings for using an ESF with PRE programming during the 

gestational period (Stewart, 2020), the potential to see cost differences from precision feeding may 

occur within the post-weaning stages. 

 The profitability for finishing pigs sent to market is strongly based on carcass value. In 

North America, carcass value is determined based on hot carcass weight and lean yield percentage 

(Heyer et al., 2004). The OlyWest H 2021 Wide Window Grid includes a base price, along with 

producers receiving the highest index value for pigs with hot carcass weights between 103 and 

107.9 kg, and lean yield values between 58.6 and 61.79%. In the current study, the pigs sent to 

market on average achieved both of these criteria for a premium index, with minimal differences 

between treatments and parities. Moreover, when evaluating the proportions of the retail cuts 

between the two gestation feeding programs, there generally were no differences throughout all 

three parities. Despite slight reductions in loin eye area and an increase in tenderloin weight for 

the offspring from PRE sows, carcasses achieved the same premium index. Since loin eye area and 

tenderloin weight only differed slightly, there would be no influence on the pricing index for 

producers in most markets, and therefore no economic impact for pork producers. This again, 

highlights that any economic benefits of precision feeding gestation sows are based on generally 

fewer days to market.  

 In the current study, improved growth performance was recognized in certain stages of 

development for the litters from the PRE fed sows within the first and second parities versus the 

litters from the CON fed sows. This could be attributed to more specifically matching the younger 
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sows’ lysine and energy requirements, since these sows are still immature and have requirements 

for maternal growth in addition to maintenance and pregnancy (NRC, 2012; Kim et al., 2013; 

Thomas et al., 2018) By the third parity however, the litters from PRE fed sows no longer showed 

superior growth performance in the nursery or numerically, fewer days to market. For first parity 

sows in particular, the development of maternal tissues along with the accelerated fetal growth in 

the final trimester pose the greatest risk for sows being undersupplied for both energy and essential 

nutrients such as lysine (Trottier et al., 2015; NRC, 2012). Consequently, sows within their first 

parity typically have inferior reproductive performance when compared to more mature sows 

(Koketsu et al., 2007). Since up to 60% of sows within a breeding herd can be within their first 

and second parities, PRE feeding could have the greatest benefit for both the sows in terms of 

longevity and the offspring in terms of post-weaning growth performance (Koketsu, 2007; Trottier 

et al., 2015). Thus, regardless of stage of gestation, sows should be fed based on parity in order to 

meet the specific nutrient requirements for optimum maternal development in primiparous and 

multiparous sows.  

 
3.5 CONCLUSION 
 
 This study found that by precisely meeting estimated sow lysine and energy requirements 

during gestation throughout three consecutive parities, average daily gain improved and feed 

intake increased in the final phase of the nursery period for sow progeny, but this was not related 

to improvements in gut size or histomorphology. Precision feeding sows during gestation had 

minimal or no effects on growth performance during the grower and finisher phases, and carcass 

and meat quality at slaughter for the offspring was unaffected. Since there were no differences in 

feed efficiency, the potential for economic savings is based on overall reduced days to market for 

offspring from lower parity PRE sows leading to reduced feed costs, yardage savings, and a 
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quicker barn turn over time. Future research evaluating gut health and physiology within the 

nursery stage for progeny from precision fed sows can further elaborate the mechanisms for 

improved growth performance during the nursery period.  
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Table 1 Nutrient contents of commercial diets (%, as-fed basis).1 

     Nursery  Grower Finisher 
Phase 1 2 3 4   
Calculated Composition (as-
fed)2 

      

   DE, kcal/kg 3597 3365 3401 3651 3417 3429 
   CP, % 32.9 22.3 21.9 21.8 17.2 15.5 
   Ca, % 2.63 0.73 0.70 0.68 0.63 0.57 
   P, % 1.59 0.57 0.56 0.57 0.55 0.53 
   Total Lys, % 2.87 1.60 1.55 1.50 0.99 0.86 
   SID Lys, %3 2.60 1.45 1.41 1.37 0.87 0.75 
   SID Met, % 1.47 0.58 0.55 0.52 0.23 0.22 
   SID Thr, % 1.44 0.84 0.82 0.79 0.50 0.45 
   SID Trp, % 0.32 0.25 0.24 0.25 0.18 0.16 
   SID Val, % 1.30 0.87 0.85 0.84 0.62 0.54 
   SID Ile, % 1.19 0.81 0.78 0.76 0.51 0.43 
Analyzed Nutrient Composition, 
% (as-fed) 

      

   Moisture 8.0 11.7 9.2 6.6 10.6 10.2 
   CP 23.9 22.5 21.7 22.5 16.7 16.3 
   Ca 0.87 0.75 0.75 0.84 0.64 0.67 
   P 0.73 0.57 0.59 0.62 0.55 0.55 
   K 1.19 1.09 0.97 0.97 0.72 0.75 
   Mg 0.40 0.27 0.26 0.27 0.21 0.21 

1Diets were fed after weaning for 7, 7, 7, 24, and 39 d in phases I, II, III, IV, and grower, respectively. The finisher diet was fed 
following the grower diet until approximately 125 kg body weight. All diets were from Floradale Feedmill Ltd (Floradale, Ontario, 
Canada). 
2Calculated based on the NRC (2012) ingredient values. 
3Standard ileal digestible.  
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Table 2 Offspring growth performance from sows that received either a precision (PRE) or control (CON) feeding program during 
gestation for three consecutive parities.1 

  Parity 1 Parity 2 Parity 3  P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT × 
PARITY 

No.4 12 12 8 13 8 12     
Body weight, kg           
   Day 0 1.36 1.29 1.41 1.53 1.50 1.61 0.11 0.609 0.166 0.657 
   Day 20 6.26 7.06 6.57 7.45 6.70 6.57 0.39 0.285 0.633 0.528 
   Day 28 7.75 8.09 8.39 8.14 7.83 7.55 0.44 0.820 0.450 0.561 
   Day 35 10.08 10.26 10.35 10.03 9.69 9.21 0.51 0.480 0.375 0.579 
   Day 42 13.4 14.1 13.9 13.6 13.4 12.7 0.6 0.821 0.497 0.275 
   Day 66 29.2 31.0* 28.3 29.4 28.6 28.8 1.1 0.076 0.557 0.512 
   Day 105 71.8 70.0 69.8 72.7† 69.1 66.6 1.7 0.655 0.150 0.050 
   Day 133 96.5 99.3 94.7 99.9 101.3 96.5 2.6 0.526 0.825 0.120 
Average daily 
gain, kg 

          

   Birth-Wean 0.25 0.26 0.27 0.28 0.27 0.27 0.02 0.847 0.724 0.888 
   Phase 1 0.17 0.18 0.18 0.20 0.15 0.12 0.04 0.843 0.213 0.199 
   Phase 2 0.35 0.35 0.35 0.35 0.35 0.35 0.04 0.351 0.506 0.914 
   Phase 3 0.52 0.59 0.51 0.52 0.53 0.51 0.05 0.384 0.776 0.310 
   Phase 4 0.69 0.74 0.64 0.69† 0.65 0.68 0.03 0.022 0.337 0.884 
   Grower 1.00 1.00 0.94 0.99* 1.01 0.93* 0.03 0.406 0.619 0.011 
   Finisher 1.00 1.01 1.02 1.15† 1.21 1.10† 0.06 0.780 0.041 0.045 
Average daily 
feed intake, kg 

          

   Phase 1 0.17 0.16 0.19 0.18 0.19 0.16 0.02 0.333 0.668 0.755 
   Phase 2 0.40 0.40 0.39 0.37 0.40 0.34 0.04 0.403 0.803 0.707 
   Phase 3 0.64 0.68 0.66 0.68 0.65 0.63 0.06 0.543 0.832 0.712 
   Phase 4 1.16 1.21 1.07 1.11 1.00 1.12* 0.06 0.013 0.503 0.399 
   Grower 2.38 2.41 2.19 2.36 2.49 2.37 0.10 0.683 0.397 0.284 
   Finisher 3.14 3.17 3.13 3.58 3.37 3.18 0.19 0.494 0.670 0.159 
Gain:feed            
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   Phase 1 1.09 1.16 0.91 1.12 0.87 0.89 0.22 0.311 0.556 0.686 
   Phase 2 0.84 0.77 0.80 0.83 0.72 0.76 0.06 0.987 0.595 0.594 
   Phase 3 0.79 0.86 0.75 0.73 0.82 0.83 0.07 0.559 0.378 0.638 
   Phase 4 0.61 0.64 0.60 0.63 0.65 0.60 0.03 0.814 0.907 0.232 
   Grower 0.42 0.42 0.44 0.43 0.41 0.40 0.02 0.327 0.358 0.916 
   Finisher  0.32 0.32 0.33 0.32 0.36 0.35 0.01 0.527 0.092 0.877 
No.5 38 40 36 60 37 56     
Days to market 162 159 162 157 153 156 3 0.248 0.126 0.145 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of litters evaluated; offspring were fed commercial nursery, grower, and finisher diets.  
5 Number of pigs to reach a minimum of 125 kg body weight within the experimental timeframe. 
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Table 3 Organ weights for pigs at 20 and 28 days of age from sows that received either a precision (PRE) or control (CON) feeding 
program during gestation for three consecutive parities.1 

 Parity 1 Parity 2 Parity 3 P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT x 
PARITY 

Day 20           
No.4 20 19 14 22 12 20     
   Live body weight, kg 5.91 6.21 6.80 6.70 6.58 6.96 0.51 0.637 0.353 0.843 
   Liver, % BW 2.43 2.60 2.46 2.44 2.45 2.46 0.12 0.598 0.849 0.668 
   Stomach, % BW 0.59 0.56 0.51 0.55 0.52 0.52 0.02 0.685 0.055 0.172 
   Small intestine, % BW 3.68 3.78 3.72 3.65 3.70 3.70 0.22 0.935 0.967 0.888 
   Large intestine, % BW 1.07 0.99 0.92 0.90 0.98 0.88 0.07 0.097 0.298 0.636 
   Gastrointestinal tract             
(GIT), % BW 5.30 5.44 5.09 5.09 5.15 5.11 0.28 0.876 0.471 0.924 
    Gut fill, % BW 2.12 1.77 2.66 2.69 2.59 2.31 0.47 0.440 0.478 0.780 
    Stomach, % GIT 11.03 10.60 10.30 10.90 10.17 10.48 0.53 0.612 0.732 0.313 
    Small intestine, % GIT  69.73 71.59 72.42 71.47 71.65 72.42 1.19 0.557 0.552 0.457 
    Large intestine, % GIT           19.16 17.80 16.95 17.71 18.36 17.08 19.16 0.358 0.359 0.352 
Day 28           
No.5 17 22 14 24 12 18     
   Live body weight, kg 7.12 7.46 7.34 7.92 7.06 7.86 0.46 0.107 0.775 0.791 
   Liver, % BW 2.25 2.51 2.31 2.44 2.43 2.25 0.14 0.357 0.949 0.097 
   Stomach, % BW 0.71 0.67 0.68 0.70 0.71 0.64 0.05 0.397 0.840 0.415 
   Small intestine, % BW 4.35 4.66 4.13 4.34 4.64 4.07* 0.37 0.909 0.806 0.040 
   Large intestine, % BW 1.43 1.64* 1.58 1.66 1.47 1.41 0.14 0.148 0.364 0.137 
   GIT, % BW 6.46 6.98 6.41 6.70 6.80 6.11† 0.52 0.843 0.906 0.042 
   Gut fill, % BW 7.43 7.25 6.98 7.64 5.91 6.06 1.20 0.690 0.353 0.777 
   Stomach, % GIT 11.04 10.08† 10.65 10.34 10.39 10.91 0.90 0.375 0.972 0.128 
   Small intestine, % GIT  66.62 66.68 64.71 65.01 68.03 66.19† 1.27 0.370 0.168 0.242 
   Large intestine, % GIT 22.43 23.19 24.38 24.72 21.88 23.15 1.05 0.127 0.145 0.761 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
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1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of piglets evaluated at 20 days of age; randomly selected from 12 CON and 12 PRE litters (parity 1), 8 CON and 12 PRE 
litters (parity 2), and 7 CON and 10 PRE litters (parity 3).  
5Number of piglets evaluated at 28 days of age; randomly selected from 9 CON and 12 PRE litters (parity 1), 8 CON and 13 PRE 
litters (parity 2), and 8 CON and 10 PRE litters (parity 3). 
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Table 4 Offspring ileal and jejunal morphology at 28 days of age from sows that received either a precision (PRE) or control (CON) 
feeding program during gestation for three consecutive parities.1 

  Parity 1 Parity 2 Parity 3  P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT × 
PARITY 

No.4 34 44 30 48 24 32     
Ileum morphology, µm           
   Villus height 364 371 358 388 387 398 32 0.460 0.695 0.870 
   Crypt depth 155 157 159 161 153 151 10 0.962 0.646 0.969 
   Villus:crypt ratio 2.47 2.35 2.32 2.43 2.55 2.74 0.15 0.588 0.164 0.489 
No. 32 44 30 48 24 32     
Jejunum morphology, µm           
   Villus height 349 412 399 344 385 394 28 0.796 0.706 0.134 
   Crypt depth 155 157 155 141 141 150 13 0.888 0.706 0.497 
   Villus:crypt ratio 2.40 2.69 2.55 2.44 2.93 2.66 0.27 0.861 0.304 0.405 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of ileum and jejunum samples obtained from piglets at 28 days of age; randomly selected from 9 CON and 12 PRE litters 
(parity 1), 8 CON and 13 PRE litters (parity 2), and 8 CON and 10 PRE litters (parity 3). 
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Table 5 Carcass measures on day of slaughter for offspring from sows that received either a precision (PRE) or control (CON) feeding 
program during gestation for three consecutive parities.1 

  Parity 1 Parity 2 Parity 3  P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT × 
PARITY 

No.4 42 41 25 43 29 44     
Slaughter weight, kg 126.4 127.1 128.8 129.7 130.6 130.5 1.0 0.365 0.024 0.700 
Hot carcass weight, kg 103.6 104.1 105.0 105.2 105.9 106.2 1.1 0.409 0.228 0.951 
Probe fat depth, mm 20.2 21.4 20.4 22.7† 22.2 21.3 0.9 0.182 0.410 0.182 
Probe lean depth, mm 58.1 56.8 57.8 57.0 56.2 55.6 1.8 0.482 0.717 0.973 
Lean yield, % 59.7 59.2 59.6 58.6† 58.8 59.2 0.4 0.196 0.445 0.175 
Ham pH, 1h post-mortem 6.53 6.52 6.48 6.58† 6.61 6.65 0.10 0.202 0.455 0.480 
Loin pH, 1h post-mortem 6.48 6.51 6.45 6.58† 6.60 6.65 0.11 0.123 0.455 0.570 
Ham pH, 24h post-mortem 5.67 5.67 5.67 5.67 5.77 5.71 0.10 0.733 0.292 0.769 
Loin pH, 24h post-mortem 5.64 5.60 5.67 5.57† 5.61 5.58 0.04 0.130 0.747 0.577 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of pigs evaluated after slaughter at approximately 125kg body weight, within experimental timeframe. 
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Table 6 Loin carcass and meat quality measures for offspring from sows that received either a precision (PRE) or control (CON) 
feeding program during gestation for three consecutive parities.1 

  Parity 1 Parity 2 Parity 3  P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT × 
PARITY 

No.4 42 41 25 43 29 44     
   Back fat, mm 16.8 17.8 17.5 18.8 19.4 19.2 0.97 0.303 0.055 0.623 
   Loin depth, mm 70.8 70.3 70.6 68.9 68.7 66.3 1.97 0.344 0.379 0.845 
   Loin length, mm 105.2 103.5 104.4 101.0 102.7 100.8 1.64 0.081 0.417 0.820 
   Loin eye area, cm2 55.8 53.9 55.3 52.9 53.8 49.7* 1.8 0.007 0.319 0.667 
   Loin firmness 1.9 1.7 2.0 2.1 2.0 1.9 0.1 0.179 0.096 0.454 
   Loin wetness 2.0 2.3 2.0 2.0 2.0 2.1 0.12 0.162 0.590 0.348 
   Lean colour, NPPC5 3.1 3.1 3.2 3.2 3.3 3.4 0.14 0.583 0.327 0.991 
   Lean colour, JC6 3.0 3.3 3.3 3.2 3.4 3.4 0.14 0.778 0.252 0.211 
   Lean colour, CPQC7 3.2 3.1 3.3 3.3 3.4 3.5 0.18 0.875 0.284 0.785 
   L*8 47.4 47.2 47.8 48.2 48.3 47.8 0.94 0.848 0.771 0.701 
   a* 6.7 6.5 7.0 6.5 6.7 6.8 0.27 0.225 0.757 0.431 
   b* 3.2 3.3 3.5 3.3 3.0 2.8 0.39 0.760 0.294 0.937 
   Chroma 7.4 7.3 7.8 7.4 7.3 7.3 0.41 0.453 0.736 0.761 
   Hue angle 25.4 25.8 25.7 26.9 22.3 22.5 2 0.709 0.105 0.941 
   Marbling, NPPC9 1.7 1.7 2.5 2.5 2.8 2.3 0.26 0.358 0.033 0.403 
   Marbling, CPQM10 2.1 1.8 3.2 3.1 3.3 2.9 0.34 0.203 0.006 0.722 
   Drip loss, % 2.39 2.34 1.74 1.86 1.92 1.56 0.36 0.730 0.176 0.737 
   Shear force 2 d, kg 4.95 4.83 5.05 4.50 4.76 4.65 0.34 0.352 0.853 0.751 
   Shear force 7 d,kg 4.41 4.26 4.99 4.07 4.73 4.35 0.49 0.218 0.888 0.650 
   Cooking losses 2 d, % 22.34 21.45 21.94 22.33 23.03 23.64 0.89 0.949 0.284 0.608 
   Cooking losses 7 d, % 22.55 22.99 24.14 24.13 23.35 23.96 0.94 0.602 0.391 0.906 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
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each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of pigs evaluated after slaughter at approximately 125kg body weight, within experimental timeframe. 
5 National Pork Producers - 1 = pale pinkish gray to white, 2 = grayish pink, 3 = reddish pink, 4 = dark reddish pink, 5 = purplish red, 
6 = dark purplish red. 
6 Japanese Colour Standards - 1 = light coloured pork to 6 = dark coloured pork. 
7 Canadian Pork Quality Standards - 1 = pale pinkish gray to white, 2 = grayish pink, 3 = reddish pink, 4 = dark reddish pink, 5 = 
purplish red, 6 = dark purplish red. 
8 L* Lightness, a* redness, b* yellowness 
9 National Pork Producers - 1 = devoid of marbling and 10 = very abundant. 
10 Canadian Pork Quality Standards - 0 = devoid of marbling, to 6 = very abundant. 
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Table 7 Carcass cut-out for offspring from sows that received either a precision (PRE) or control (CON) feeding program during 
gestation for three consecutive parities.1 

  Parity 1 Parity 2 Parity 3  P-Value2 
 

CON PRE CON PRE CON PRE SEM3 TRMT PARITY 
TRMT × 
PARITY 

No.4 23 21 14 22 15 24     
Left side carcass wt, kg 46.95 47.69 47.73 47.49 47.84 47.69 0.30 0.595 0.361 0.202 
Shoulder, %5 19.44 18.79 19.00 19.05 19.30 19.60 0.46 0.691 0.636 0.307 
Butt, % 9.08 8.90 8.71 9.17 8.83 8.91 0.27 0.564 0.896 0.519 
Picnic, % 10.52 9.99 9.57 10.27 10.42 10.53 0.30 0.654 0.193 0.171 
Belly Primal, % 18.35 18.09 18.93 18.75 18.82 18.66 0.67 0.577 0.726 0.994 
Belly Retail, % 9.08 9.39 9.13 9.30 9.60 9.69 0.59 0.628 0.738 0.976 
Loin Primal, % 27.09 27.45 28.21 27.76 27.61 27.54 0.82 0.925 0.724 0.854 
Tenderloin, % 1.03 1.06 1.05 1.08 0.91 1.11* 0.08 0.016 0.716 0.070 
Ham Primal, % 24.93 25.01 24.55 24.36 23.81 23.24 0.80 0.508 0.296 0.764 
Ham Retail, % 18.80 18.82 18.28 17.82 17.86 17.84 0.63 0.664 0.459 0.879 
Bone, % 7.87 8.29 8.68 8.04 8.11 8.14 0.34 0.818 0.632 0.328 
Fat trim, % 15.70 15.46 14.26 16.82 15.76 15.82 1.46 0.398 0.976 0.535 
Lean trim, % 4.93 4.85 3.88 3.90 3.69 4.01 0.31 0.650 0.003 0.688 

* Values for PRE litters or pigs are different from CON litters or pigs within parity (P < 0.05). 
†  Values for PRE litters or pigs tended to differ from CON litters or pigs within parity (0.05 ≤ P ≤ 0.10). 
1 Between days 5.4±2.5 and 109.7±1.4 of gestation, PRE sows received unique daily blends of high and low protein diets to precisely 
match estimated lysine and energy requirements. CON sows received the same blend and quantity of high and low protein diets on 
each day of gestation. Upon entering farrowing crates, all sows received a standard lactation diet. Sows returned to the same feeding 
program in each subsequent reproductive cycle.  
2 P-values for the main effects of maternal feeding program in gestation (TRMT), parity (PARITY), and the interaction between 
maternal feeding program in gestation and parity (TRMT*PARITY). 
3 Maximum value for the standard error of the means. 
4 Number of pigs evaluated 24 h after slaughter. 
5 All cuts expressed as a percentage of the LHS carcass weight. 
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4. PRECISION FEEDING GESTATING SOWS: EFFECTS ON INDICES 

OF OFFSPRING IMMUNE ROBUSTNESS 

4.1 INTRODUCTION 
 
 The quality of maternal nutrition is known to have a substantial influence on numerous 

aspects of conceptus development (McNamara et al., 2011; Kim et al., 2013). Depending on the 

stage of fetal development and growth of mammary tissues, the maternal nutritional requirements 

will differ daily from conception until farrowing (McPherson et al., 2004).  As well, the sow’s diet 

during gestation not only has a direct impact on the fetus, but can further influence offspring 

performance postnatally (NRC, 2012; Ren et al., 2017). Yet, industry gestation feeding standards 

do not provide sows with an optimum quantity of energy and lysine throughout the gestation 

period. Consequently, this can be detrimental for the overall health and development of both the 

sow and fetus, as protein (lysine) requirements for sows increase significantly during the last 

trimester and to a greater extent than energy requirements (Mahan et al., 2009; NRC, 2012; Feyera 

and Theil, 2014).  

 More specifically, maternal diet has an impact on the various biological mechanisms that 

contribute to immune system function (Grueber et al., 2018). Previous studies have shown that 

inadequate nutrition during the highly demanding stages of placental and mammary development 

can result in poor mother-to-fetus nutrient transport (Chen et al., 2017). When these maternal 

endocrine and metabolic pathways are impaired due to malnutrition, in-utero development of the 

GIT and elements of the immune system can be compromised (Chen et al., 2017). The extent of 

digestive, endocrine, and microbiome development in both the fetal and neonatal periods 

establishes the baseline for future pig health and immune system function (O’Doherty et al., 2017; 

Grueber et al., 2018). The quality of growth for the fetus throughout gestation can impact the 
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offspring’s ability to obtain, absorb, and utilize dietary nutrients (i.e. colostrum) in the neonatal 

period (Le Dividich et al., 2005), and potentially in the post-weaning period as well.  

 Neonatal piglets rely on colostrum as the foremost source of immune protection (Le 

Dividich et al., 2005). Within the first 24 hours after birth, piglets not only obtain essential 

digestible nutrients vital for growth, but various other constituents such as secreted 

immunoglobulins, immune cells, and antimicrobial substances, all found within colostrum 

(Salmon et al., 2009; Hurley and Theil, 2011; Grueber et al., 2018). Previous research has indicated 

that an insufficient lysine intake during gestation and lactation affects colostrum and milk quality 

(Heo et al., 2008 and Yang et al., 2008). Conversely, Zhang et al. (2011) found that additional 

dietary lysine in mid-gestation until farrowing increased colostrum protein and dry matter 

concentrations, which may indirectly be indicative of a greater abundance of immunoglobulins 

and growth factors (Theil, 2015). Meanwhile, Chen et al. (2017) found that plasma IgA and IgM 

concentrations were lower for offspring from sows fed a low-energy diet throughout gestation, and 

these offspring also experienced increased systemic inflammation, versus the offspring from sows 

fed to NRC (2012) standards. Thus, altering the lysine and energy concentrations for gestational 

diets to closely match estimated requirements may have a beneficial impact on offspring immune 

system development and robustness. 

 A well-functioning immune system is especially important immediately after weaning 

when pigs are most vulnerable to health challenges, stress, and depressed feed intake (Campbell 

et al., 2013; Moeser et al., 2019). For producers, attaining optimum pig health post-weaning 

supports continual growth and efficiency throughout the production cycle (Campbell et al., 2013). 

Examining the influence of sow diet on the antigen-specific immunoglobulin G (IgG) and dermal 

hypersensitivity responses (DHR) will allow for a better assessment of the impact from precision 
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feeding gestating sows on offspring immune system robustness. It was hypothesized that a more 

precise maternal diet in regard to meeting nutrient requirements during gestation would generate 

increased post-weaning immune response and total plasma IgG concentrations in response to 

immunization in the offspring. The objectives of the current study were to determine the effects of 

closely meeting the estimated daily energy and lysine requirements during gestation over three 

consecutive parities on indices of offspring post-weaning immune system robustness. 

 
4.2 METHODS AND MATERIALS 
 
4.2.1 MATERNAL DIETARY TREATMENTS 
 
 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 Arkell Swine Research Station (OMAFRA, University of Guelph, Arkell, 

ON, Canada). One hundred five sows (62 Yorkshire and 43 Yorkshire × Landrace) were enrolled 

in the study and placed into one of four pens equipped with an electronic sow feeder (ESF; Canarm 

Agsystems; Arthur, ON) 5.4±2.5 days after breeding over five breeding batches (blocks). On day 

109.7±1.4 of gestation, sows were moved to individual farrowing crates. Detailed procedures 

involving sow farrowing and lactation can be found within chapter three of this thesis and in 

Stewart (2020). 

 The ESF were supplied by two feed lines and had the ability to dispense precise amounts 

of each feed (Buis, 2016; Stewart, 2020). The two basal diets were isocaloric (2518 kcal/kg NE) 

but were formulated to contain high or low protein contents [0.80 and 0.20% standardized ileal 

digestible (SID) lysine, respectively]. In the first parity, each sow was randomly assigned to one of 

two gestation feeding regimens: control (CON) or precision feeding (PRE). The CON sows 

received a constant blend of 1.32 kg of the high protein diet and 0.88 kg of the low protein diet on 
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each day of gestation to mimic a conventional industry feeding program (parity 1: n = 55; parity 

2: n = 37; parity 3: n = 24). For the PRE program, the NRC 2012 Nutrient Requirements Gestating 

Sow Model was used to estimate lysine and energy requirements on each day of gestation for each 

individual sow, then produced the appropriate individualized blend (parity 1: n = 50; parity 2: n = 

36; parity 3: n = 25; Buis, 2016; Stewart, 2020). Additional details regarding farrowing and 

lactation diet can be found in chapter three of this thesis.   

 
4.2.2 OFFSPRING HOUSING AND DIETS 
 
 Litters containing at least 10 piglets were selected from sows that began the study as first 

parity sows, with the goal of obtaining 12 litters per gestation feeding regimen per parity. At 

weaning, 10 piglets per litter were randomly selected based on body weight and to achieve an even 

sex distribution.  Thus, from a subset of 65 sows, a total of 601 piglets were selected over the three 

parities (litter was the experimental unit; parity 1: 12 CON and 12 PRE litters; parity 2: 8 CON 

and 13 PRE litters; parity 3: 8 CON and 12 PRE litters). At weaning, the piglets were placed in 

the nursery room (1 litter per pen) and then moved at 56 days of age to grower-finisher pens. Two 

pigs per pen were removed on days 20 and 28±2 of age for slaughter with the target of maintaining 

6 pigs per pen for the rest of the experimental time frame. Specific environment and housing details 

can be found in chapter three of the current thesis.  

 Common nursery diets were provided in a four-phase feeding program with phases I, II, 

and III fed for one week each, and phase IV fed for three weeks (micro pelleted for phase I, and 

pelleted for phases II, III, and IV; Table 1). Throughout the study, feed and water were provided 

ad-libitum.  
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4.2.3 ASSESSMENT OF IMMUNE REPSONSE  
 
 On days 28 and 42±2 of age, 2 pigs per litter (N = 123; 1 male and 1 female) were randomly 

selected and vaccinated via intramuscular injection with 1 mL of physiological saline (Sigma-

Aldrich Co., St Louis, MO) containing 0.5 mg of ovalbumin (OVA) and 0.5 mg of Candida 

albicans solutions (CAA) both including 0.5 mg Quil A as the adjuvant (Sigma-Aldrich Co., St 

Louis, MO). On d 64 of age, pigs were intradermally injected (0 h) with 0.1 mL of OVA and CAA 

(0.1 mg/mL) at two locations into the inner thigh of both hind legs, along with 2 control injections 

of 0.1 mL of physiological saline at least 5 cm away from the OVA and CAA test sites. This 

procedure was completed to measure the DHR. Using calipers (Model RH15 9LB, Creative Health 

Products Inc., Ann Arbor, MI), skinfold thickness measurements were taken prior to injection (0 

h) at each injection site, and then repeated at 6, 24, and 48 h post-antigen challenge. The change 

in skin thickness (mm) over time relative to the saline injection measurement was used to 

determine the DHR. 

 Prior to injections on days 28, 42, and 64±2, blood samples were collected via orbital-sinus 

puncture from each vaccinated pig (N=123) using plasma vacutainer tubes containing an 

anticoagulant (EDTA; BD Vacutainer®, BD, Franklin Lakes, NJ, USA). Blood samples were 

stored on ice after collection and then centrifuged for 15 min at 3000 × g at 4ºC. The plasma was 

then distributed into 1 mL microcentrifuge tubes in triplicate and stored at -20ºC until further 

analysis. The vaccination immune response was assessed on day 28 (reference response), 42 

(primary response), and 64±2 at 0 h (secondary response) for determination of OVA-specific 

plasma IgG.    

 Following the methods demonstrated by Begley et al. (2008), the plasma OVA-specific 

IgG response was quantified using an indirect ELISA, with high-affinity binding 96-well 
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microtiter plates (Corning, Acton, MA). The reference (plasma pooled from all vaccinated pigs on 

d 28±2), quality control, and plasma samples were analyzed in triplicate, using the Cytation 5 Cell 

Imaging Mult-Mode Reader (Biotek) for measuring with an optical density of 405 nm. The optical 

densities were adjusted using a correction factor for each plate (CF; Eq. 4),  

CF = 	Overall	mean	of	the	reference	samples	from	all	platesActual	mean	of	individual	plate	reference	sample  

           (4) 

4.2.4 CALCULATIONS AND STATISTICAL ANALYSIS  
 
 All data were analyzed statistically as a randomized block design using the GLIMMIX 

procedure of SAS (SAS Inst. Inc., Cary, NC).  For the DHR, pig identification (ID) within parity 

was the experimental unit with gestation feeding regimen, time (i.e. after injection), and the 

interaction between gestation feeding regimen and time as fixed effects, and using the repeated 

measures option. Block, block by gestation feeding regimen, and breed within block were included 

as random effects, with sex as a covariate. For the plasma OVA-specific total IgG analysis, pig ID 

within parity was the experimental unit with gestation feeding regimen, time (i.e. days of age), and 

the interaction between gestation feeding regimen and time as the fixed effects. Block, block by 

gestation feeding regimen, and breed within block were included as random effects, with sex as a 

covariate. In each analysis, the data was considered to be significantly different when P < 0.05 and 

a trend when 0.05 ≤ P ≤ 0.10.  

 

 

 



   66 

4.3 RESULTS 
 
 For the DHR to OVA and CAA, there were no interactive effects of maternal gestation 

feeding regimen and time for parities 1, 2, or 3 (Figures 1-6). However, time had a significant 

effect on OVA DHR in all three parities (P < 0.001; Figures 1-3) and CAA DHR in parity 1 (P < 

0.05; Figure 4), demonstrating that the antigen challenge was effective for stimulating an immune 

response in these parities. Within parity 2 at hour 6, pigs from CON fed sows had a greater DHR 

to OVA versus pigs from PRE fed sows (P < 0.05; Figure 2). Within parity 1, the main effect of 

maternal gestation feeding regimen tended to have an effect on DHR to CAA (P = 0.058, Figure 

4). Specifically observed at hour 24, pigs from PRE fed sows had a greater DHR to CAA versus 

the pigs from CON fed sows in parity 1 (P < 0.05, Figure 4). For the DHR to CAA in parities 2 

and 3, pigs did not respond to the challenge (Figures 5-6).  Otherwise, there were no other effects 

of maternal gestating regimen on OVA and CAA DHR.  

 Within all three parities, the plasma OVA-specific IgG concentrations were significantly 

greater on d 64±2 (secondary response) than on d 42±2 (primary response; P < 0.001; Figures 7-

9). However, there were no influences of maternal gestation feeding regimen on anti-OVA IgG 

concentrations in any parity.  

 
4.4 DISCUSSION  
 
 The objective of the current study was to determine the effects of closely meeting the 

estimated daily energy and lysine requirements during gestation over three consecutive parities on 

indices of offspring post-weaning immune system robustness. Within all three parities, the 

offspring from both PRE and CON sows demonstrated that the antigen challenge was effective for 

stimulating an immune response to OVA, with the greatest DHR appearing to be at 6 h post-

injection, which was the expected peak time for skinfold thickness. However, maternal feeding 
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regimen only had an influence on DHR for OVA test sites at hour 6 within the second parity; the 

offspring from CON fed sows had a greater DHR versus pigs from PRE fed sows, indicating a 

greater immune response to OVA. Greater plasma IgG levels would have also been expected 

corresponding to the elevated DHR in CON pigs within the second parity; however IgG levels 

remained consistent between pigs from CON and PRE fed sows. Furthermore, for the CAA DHR, 

only the pigs from the first parity had a reaction to the antigen challenge, with the offspring from 

PRE fed sows tending to show a greater delayed immune response versus the offspring from CON 

sows. The skinfold thickness appeared to be greatest at 24 h post CAA antigen challenge, as 

expected (Heriazon et al., 2009). Overall, in the current study there were no consistent effects from 

closely meeting estimated energy and lysine requirements during gestation on indices of immune 

system robustness of the offspring in the nursery period. 

 In the present study, the plasma OVA-specific IgG concentrations did not differ between 

pigs from PRE and CON fed sows. There was an increase in the amount of IgG found within the 

plasma at the secondary response at d 64 when compared to the primary response at d 42±2, 

indicating that the immunization protocol was successful. Tuchscherer et al. (2012) also found that 

maternal diet varying in protein concentrations did not influence the immunoglobulin levels of 

offspring post-weaning. However, those authors found within the first 24 h post-farrowing, the 

serum immunoglobulin concentrations were lower in piglets from sows that were fed a high protein 

diet throughout gestation, versus sows that were fed the recommended protein amount 

(Tuchscherer et al., 2012). Therefore, previous research indicates that offspring immunoglobulin 

concentrations are most influenced by maternal nutrition in the early neonatal period of life, where 

the piglets are solely reliant on passive immunity from the sow (Hurley and Theil, 2011; 

Tuchscherer et al., 2012). Conversely, other studies have indicated that maternal diet manipulation 
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during gestation has the potential to improve immunoglobulin concentrations post-weaning (Chen 

et al., 2017; Leonard et al., 2012). For example, offspring from sows fed a lower energy diet 

throughout gestation were found to have significantly lower levels of IgA and IgM at weaning 

when compared to the offspring of sows fed the recommended amount of protein (Chen et al., 

2017). Thus, meeting sow energy and nutrient requirements through precision feeding can 

potentially assist in offspring immune function. 

 Although results varied depending on parity and the antigen being tested within the current 

study, past research has indicated that maternal nutrition does have a role in overall immune 

function for offspring (Tuchscherer et al., 2012; Che et al., 2017). However, there are multiple 

other methods for testing immunity (O’Doherty et al., 2017). For example, evaluating other 

immunologically relevant endpoints such as additional antibody concentrations (IgA and IgM) and 

leukocyte subpopulation numbers could have been tested within this study, but these give less 

specific indication of piglet health and ability to respond to an immune challenge (Leonard et al., 

2010; Theil, 2015). Grueber et al. (2018) carried out a meta-analysis to explore the effects of 

increasing species-specific dietary maternal or parental energy and protein on offspring 

immunological functions. These researchers found that increasing protein supply above 

recommended requirements increased offspring inflammatory biomarkers, but decreased B-cell 

associated markers, further indicating maternal nutrition can affect offspring immunity (Grueber 

et al., 2018). For pigs specifically, improving the efficacy of immune associative cells is crucial 

during the nursery stage where young pigs are at the most risk for illness due to the health 

challenges of weaning (Campbell et al., 2013).   

 The current study assessed robustness of the humoral and cell-mediated immune response 

to immune challenge by analyzing antigen-specific DHR, and humoral immune response by 
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analyzing plasma IgG levels within the nursery stage. Conducting these tests post-weaning is 

particularly important to measure immune function, since the offspring’s possessed passive 

immunity is diminished and their individual capacity to mount an adaptive immune response 

increases during this period (Hurley and Theil, 2011; den Haan et al., 2014). For example, the 

OVA and CAA vaccinations activated the piglet adaptive immune system to generate antigen-

specific antibodies (den Haan et al., 2014). While measuring OVA-specific IgG concentrations 

within plasma is reflective of B-cell activation (Crawley et al., 2005). Likewise, the secondary 

adaptive response was measured via DHR; a larger response indicated there was a more enhanced 

recruitment of B-cells for the specific antigen being tested (den Haan et al., 2014), with B-cells 

working together with other effector cells (i.e. T-lymphocytes) in order to mount a more robust 

immune response (den Haan et al., 2014).  

 In the present study, the inability for the offspring in both parity 2 and 3 to stimulate a DHR 

to the CAA could be have been caused by a few factors. The CAA used within the vaccinations 

and intradermal injections was prepared from different batches depending on parity due to the 

length of time among blocks. Since parity 1 offspring responded to the CAA, and both parities 2 

and 3 responded to OVA DHR, it is unlikely that this was a biological error, but rather human 

error while creating the concentrated CAA solution or a defective batch.   

 
4.5 CONCLUSION 
 
 In conclusion, precision feeding energy and lysine to gestating sows throughout three 

subsequent parities did not influence offspring immune system robustness during the nursery 

phase. Considering there was an inconsistency in DHR results, along with no differences found 

for OVA-specific IgG concentrations between maternal treatments, future studies should 

investigate potential different antigens to test for immunity. Since colostrum quality has a 
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substantial influence on subsequent piglet health, it would be beneficial to further examine the 

impact of precision feeding sows during gestation on colostrum quality and quantity.   
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Figure 1. Effect of maternal feeding regimen on first parity offspring dermal hypersensitivity 
response to ovalbumin on 64 to 66±2 days of age. 

 
 

 
Figure 2. Effect of maternal feeding regimen on second parity offspring dermal hypersensitivity 
response to ovalbumin on 64 to 66±2 days of age. 
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Figure 3. Effect of maternal feeding regimen on third parity offspring dermal hypersensitivity 
response to ovalbumin on 64 to 66±2 days of age. 

 
 

 
Figure 4. Effect of maternal feeding regimen on first parity offspring dermal hypersensitivity 
response to Candida albicans cellular antigen on 64 to 66±2 days of age. 
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Figure 5. Effect of maternal feeding regimen on second parity offspring dermal hypersensitivity 
response to Candida albicans cellular antigen on 64 to 66±2 days of age. 

 
 

 
Figure 6. Effect of maternal feeding regimen on third parity offspring dermal hypersensitivity 
response to Candida albicans cellular antigen on 64 to 66±2 days of age. 
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Figure 7. Effect of maternal feeding regimen in first parity offspring on anti-ovalbumin (OVA) 
IgG response on days 42 and 64±2 of age. 

 

 
Figure 8. Effect of maternal feeding regimen in second parity offspring on anti-ovalbumin 
(OVA) IgG response on days 42 and 64±2 of age. 
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Figure 9. Effect of maternal feeding regimen in third parity offspring on anti-ovalbumin (OVA) 
IgG response on days 42 and 64±2 of age. 
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5. SUMMARY, GENERAL DISCUSSION, AND IMPLICATIONS 

 Accumulative research has shown that maternal diet during gestation can influence fetal 

development and further impact offspring postnatal life (Bee, 2004; Goncalves et al., 2016; Chen 

et al., 2017). Obtaining the necessary nutrient requirements needed for both maternal and 

conceptus growth throughout pregnancy can support optimum fetal programming (Tuchscherer et 

al., 2012). This is specifically observed for energy and lysine contents within feeds as these 

requirements are dynamic from the beginning of gestation until farrowing (Trottier et al., 2015; 

Goncalves et al., 2016). Both energy and lysine requirements increase as gestation progresses, but 

not at the same rate (Dourmad et al., 2017). Energy requirements progressively increase with the 

greatest fetal growth occurring within the final trimester, while lysine requirements rise at an 

exponential rate to match fetal weight gain (NRC, 2012; Dourmad et al., 2017). This unequal 

increase in gestation dietary needs creates challenges when trying to optimally feed pregnant sows. 

Using a one phase diet throughout gestation or increasing the amount of feed during the more 

demanding stages of pregnancy will not meet the nutrient requirements for each sow as it is 

impossible to use the same diet to provide the proper ratio of energy and lysine (Buis, 2016; 

Stewart, 2020). Therefore, precision feeding energy and lysine is essential in order to meet sow 

nutrient requirements without over- or under-nourishing sows at specific stages of gestation and 

across parities.  

 One feeding method to meet precise energy and lysine requirements is through the use of 

an ESF, which has the ability to blend multiple diets with varying nutritional contents to create the 

optimum diet for each pig (Buis, 2016). This is particularly important, as other factors such as sow 

parity, body weight, and estimated litter size can largely influence maternal nutrient and energy 

requirements (NRC, 2012). An ESF with a software program equipped with the NRC (2012) 
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Gestation Sow Requirements Model has the capability to estimate the energy and nutrient 

requirements for each individual sow on each day of gestation (Buis, 2016). In turn, this gestation 

feeding program can provide sows with a more precise diet, assumedly generating a beneficial in-

utero environment for fetal tissue development (NRC, 2012; Buis, 2016).  

 Previous studies have indicated that conventional gestation diets do not meet the necessary 

energy and lysine requirements for the increasing demands of the fetus (Chen et al., 2017; 

Dourmad et al., 2017). An insufficient maternal dietary energy content has proven to reduce 

offspring BW, small intestine weight and length, and the ratio of ileum and jejunum villus height 

and crypt depth within the nursery phase (Cao et al., 2014; Wang et al., 2016; Chen et al., 2017). 

Increasing dietary energy above requirements in the last trimester of gestation has the potential to 

increase offspring birth and weaning weights; this can lead to an improved growth rate post-

weaning (Rehfeldt et al., 2011; Wang et al., 2016). As well, inadequate protein consumption during 

gestation can contribute to incompetent immune function and correspondingly low birth weights 

(Tuchscherer et al., 2012). Sows fed gestation diets containing inadequate protein produced 

offspring with lighter birth weights and reduced growth rates compared to offspring from sows fed 

the recommended or increased amounts of protein during gestation (Tuchscherer et al., 2012). 

 Additionally, limited research has evaluated the influence of meeting maternal dietary 

energy and lysine requirements on post-weaning offspring immune function in swine. However, 

the impact of gestation diet on offspring physiological development has been recognized, 

especially concerning GIT maturity and function (Liu et al., 2016; Chen et al., 2017). Optimal 

intestinal barrier function, and nutrient digestion and absorption operated by the GIT is crucial in 

maintaining overall pig health (Cao et al., 2014; Chen et al., 2017). Considering the GIT is the 

principal immune organ containing a majority of the pig’s lymphocytes and associated immune 
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cells responsible for inflammatory response, improving GIT development through maternal 

nutrition should also enhance immune function (Kelly and Coutts, 2000; Chen et al., 2017).  

 The current research objectives for this study were to : [1] determine the effects of closely 

meeting the estimated daily energy and lysine requirements during gestation over three 

consecutive parities on offspring post-weaning growth performance and carcass and meat quality 

at market weight (~125 kg BW) and [2] to determine the effects of closely meeting the estimated 

daily energy and lysine requirements during gestation over three consecutive parities on offspring 

post-weaning immune response. 

 PRE feeding sows throughout gestation improved offspring body weight gain and feed 

intake in the final nursery stage overall three parities in comparison to the litters from CON fed 

sows. Litters from PRE sows consistently had a numerically higher ADG and BW in phase IV of 

the nursery period, along with a numerically greater ADFI. These results could indicate a more 

mature GIT for the pigs from PRE sows, which permitted greater feed intake, and subsequent 

improvements in ADG and ADFI (Draper et al., 2016; Pluske et al., 2018). However, minimal 

differences were recognized for organ weight evaluations at weaning and on d 28±2 of age. As 

well, there was no effect of maternal diet on villus and crypt architecture within the small intestine. 

These results further indicate that the potential growth performance differences within the nursery 

stage could have been caused by some other mechanism. Thus, additional examination into other 

possible indirect mechanisms that could lead to increasing feed intake and pig growth, such as 

immune system function, were analyzed. Chapter four proceeded to investigate humoral and cell-

mediated responses with OVA and CAA DHR and OVA-specific plasma IgG concentration within 

pigs at the end of the nursery phase. However, there were no differences in plasma OVA-specific 

IgG concentrations. Depending on the antigen and parity being tested, DHR results varied, thus 
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not aligning with an expected improvement in immune system function for the offspring from PRE 

fed sows.  

 Furthermore, the improved growth performance at the end of the nursery for the litters from 

PRE sows did not consistently continue in the grower and finisher stages of production. The results 

from this study show that offspring in parity 1 and 2 were able to meet market weight 4 days 

earlier, on average, versus the offspring from CON sows. However, in parity 3, litters from CON 

sows had a greater feed intake versus the litters from PRE sows during the post nursery stage, 

leading to a greater ADG, BW by 133 d, and three fewer days to market. Although these 

differences in the number of days to market are not statistically significant, it is still valuable 

information for producers as decreasing the number of days to reach market without sacrificing 

carcass quality can result in potential cost savings. Notably, the most positive differences for the 

PRE sows’ offspring within this study can be recognized within the first two parities. Considering 

up to 60% of a breeding herd can be made up of parity 1 and 2 sows, improving the reproductive 

performance and offspring development in these younger sows can be beneficial when nutrient 

requirements are even more crucial for maternal growth. 

 Overall, providing a precise maternal diet by estimating and meeting daily energy and 

lysine requirements throughout gestation had some effects on post-weaning offspring 

performance. Improving growth performance for the offspring from PRE sows at the end of the 

nursery phase, along with the decreased number of days to market while maintaining desirable 

carcass and meat quality was the most notable impact from a production standpoint. As well, 

altering maternal diet did not have a consistent influence on nursery organ weights along with 

indices of immune system robustness. 
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 Future research involving the impact of precision feeding lysine and energy to gestating 

sows throughout three consecutive parities on the offspring, should consider increasing the number 

of litters from each treatment and parity to obtain greater statistical power. As well, a more in-

depth evaluation of the piglet GIT during the nursery phase can potentially determine the reasoning 

behind the growth differences found in this study. For example, analyzing intestinal mucosa could 

establish possible effects on nutrient absorption and immune related cell contents (Pluske et al., 

2018). Additionally, muscle fiber composition was not evaluated within this study. Previous 

research has indicated the substantial role of muscle fiber characteristics in pig growth and carcass 

and meat quality (Bee, 2004; Oksbjerg et al., 2013). Assessing the influence of maternal diet on 

muscle fiber composition within the offspring of PRE sows could also explain the differences in 

growth performance during the nursery period. Finally, conducting this experiment within 

commercial barn environment would be more realistic when testing the practicality of precision 

feeding sows and the long-term consequences for the offspring. Considering this experiment was 

conducted in a clean, closed university research facility, it is difficult to extrapolate the immune 

function and growth performance results to commercial farms as environment and health status 

could be vastly different.  

 In conclusion, precision feeding energy and lysine to gestating sows over three consecutive 

parities influenced offspring post-weaning growth performance, and varying influence on immune 

response. However, gestational management regimen generally had a minimal impact on relative 

nursery organ weights and carcass and meat quality for pigs marketed at ~125 kg BW. Aside from 

the potential improvements in growth performance, various other environmental and economic 

benefits can be associated with precision feeding. Furthermore, comparing the implications of 

precision feeding on both the reproductive performance of the gestating sow and impact on 
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offspring fetal development and postnatal performance can distinguish the full potential of this 

feeding strategy.     
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