
ABSTRACT 

QUICK, JAMES KEEMAR. Effect of Gilt Feeding Level and Duration of Feeding Level on 

Piglet Birth Weight. (Under the direction of Dr. Mark Knauer). 

 

 

The objective of the study was to evaluate the impact of increasing gilt feeding level in 

late gestation, for different durations, on piglet quality. Gilts (n=472) were allocated to one of 

five dietary treatments in a 3 × 2 factorial design at a commercial farm in eastern North Carolina. 

Gilts were housed during gestation in climate controlled buildings with tunnel ventilation. 

Females were given ad libitum access to water and fed once daily in gestation. Gilts were fed 

1.82 kg of feed until farrowing (Control) or feeding level was increased by either 0.68 or 1.36 kg 

per day at either day 93 or 100 of gestation. Treatments were randomly assigned to pen (5 to 6 

gilts per pen). The gestation diet contained 2,979 Kcal/kg ME and 0. 58% SID lysine. Gilt body 

condition score was captured at day 93 of gestation using a sow body condition caliper (thin = 

<12, ideal = 12 to 15, fat=>15). Piglet birth weights were captured within 24 hours of farrowing 

and piglets were ear notched by treatment prior to cross fostering. Sow production traits analyzed 

included: number born alive, number of stillborn, number of mummified piglets, litter birth 

weight, average piglet birth weight, number weaned and number of functional teats. Data was 

analyzed using the PROC GLM procedure of SAS (Cary, NC) with fixed effects of dietary 

treatment, contemporary group and covariates of litter size and sow functional teat number when 

applicable.  

           Average gilt caliper score at d 93 of gestation was 17, thus the gilts were over 

conditioned. Gilt caliper score did not differ (P > 0.05) across dietary treatments. Mean piglet 

birth weight (1.47 kg) did not differ (P > 0.05) between the five dietary treatments or the main 

effects of feeding level or length of feeding level. Sows fed 3.18 kg had a greater (P = 0.05) 



occurrence of stillborns when compared to those fed 1.82 or 2.5 kg. A one piglet increase in litter 

size reduced (P < 0.01) mean piglet birth weight by 30 grams. An increase of one functional teat 

increased (P < 0.05) litter size at weaning by 0.28 piglets. Results suggest increasing gilt feeding 

level in late gestation does not impact mean piglet birth weight but may increase the occurrence 

of stillborns in parity one sows.   
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Introduction 

            In hopes to increase profitability in the swine industry, prolific sows are chosen to 

contribute their genes to the next generation. Due to this genetic selection, larger litters are now 

being produced. Often a larger litter size comes at the cost in terms of piglet birth weight. As 

litter size has increased, piglet birth weight and survival has decreased. Hence, improving piglet 

birth weight has become a priority in the swine industry. A common practice attempting to 

remedy this issue is increasing the amount of feed a female receives in late gestation during the 

period of rapid fetal growth. This is commonly known as “bump feeding”. This strategy is 

usually implemented between day 90 to 100 of gestation. Increasing feed can become expensive. 

Hence, any reduction in the duration or amount of bump feeding could be financially beneficial 

to farmers. The optimal time to begin bump feeding and the amount of that should be increased 

has not been clearly evaluated in prior studies (Cromwell et al. 1989; Shelton et al. 2009; Soto et 

al. 2011; Goncalves et al. 2016). Therefore, determination of the optimal time and level of 

increased feed would be highly beneficial for the swine industry.  

            The topics covered in this literature review are the importance of piglet birth weight; 

management strategies to improve piglet birth weight; and, the genetic contributions to birth 

weight. 

 

Piglet Birth Weight and Survival 

Muscle Fibers 

Birth weight has been shown to have a significant effect on the number of skeletal muscle 

fibers. Rehfeldt et al. (2006) discovered that when small piglets are compared to their larger 

littermates, the smaller piglets possessed a lower number of muscle fibers. Although, the number 
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of muscle fibers is determined prenatally, their growth contributes significantly in the future 

body development and weight increase of the piglets. Therefore, the growth potential of some 

piglets is already higher than their littermates before they are even born.  

Variation in muscle fibers accounts for a significant portion of the variation observed in 

piglet birth weight variation (Rehfeldt et al. 2006). The amount of skeletal muscle fibers plays a 

huge role throughout the entire life of a pig in the production field as prenatal development helps 

dictate pig growth from birth until slaughter. Piglets that start off smaller at birth tend to have 

lower meat quality in regards to water holding capacity and tenderness (Gondret et al., 2005; 

Rehfeldt and Kuhn, 2006). Rehfeldt et al. (2006) speculated that differences in meat quality could 

be due to the low number of muscle fibers going through accelerated muscle fiber hypertrophy. 

Similarly, Staun (1963) and Dwyer et al. (1993) reported that a piglet’s growth rate was 

positively related to number of muscle fibers. Taken together, the amount of skeletal muscle 

fibers is associated with piglet birth weight and plays an important role throughout the entire life 

of a pig from the time it is born until the time it is processed for human consumption. 

 

Body heat retention:  

Piglets are exposed to an extreme environmental change immediately following 

farrowing. The sow’s internal temperature is above 38C and most swine facilities maintain a 

temperature between 21.1 and 26.6C in farrowing rooms. This decrease in temperature may be a 

form of cold shock for the piglets early in life since it occurs before they are able to effectively 

regulate their ambient body temperature (Berthon et al., 1994). Because piglets do not possess 

brown adipose tissue, which most newborn mammals rely on for thermoregulation (Herpin et al., 

2002), they must rely on muscle shivering and sow body heat for thermogenesis. Piglets try to 
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stay close to the sow to keep warm, but when she stands, rolls over or lays down they are at risk 

of being crushed. Hypothermic piglets often have reduced vitality, reduced chance of gaining 

access to the udder, and are less able to avoid the movements of the sow (Herpin et al., 2002). 

Consequently, relying on the sow for warmth immediately after birth increases the odds of piglet 

death by crushing, which is the major cause of piglet mortality (Bille et al., 1974).  Loss of body 

heat is another major source of piglet mortality within the first three days of life. Curtis (1970) 

showed that about a quarter of piglet deaths on day 1 after farrowing are caused by chilling and 

hypothermia.  

Previous nutrition studies have focused on improving piglet body heat retention and 

reducing the length of time it takes piglets to warm up after farrowing. One method studied was 

caffeine and its central analeptic effect that increases muscle performance of the respiratory 

system (Menozzi et al., 2015). Due to caffeine’s chemical structure, it can cross the placental 

membrane and reach the fetus (Dearlove et al., 2018). A study completed by Superchi et al. 

(2016) was developed to look at the effects of caffeine on piglet’s thermoregulation when given 

to sows in late gestation. In this study, sows were fed 27 mg of caffeine per kg bodyweight 

which was mixed with 200g of feed on day 113 of gestation. Farrowing was induced via 

intramuscular injection at day 118 of gestation. The caffeine had no effect on total number born 

or birth weight, but it did reduce the occurrence of stillborns by 73%, improved piglet 

thermoregulatory ability, and reduced neonatal mortalities (Superchi et al., 2013). These results 

have high economic significance for the swine industry as they drastically reduced the 

occurrence of stillborns. Dearlove et al. (2018) evaluated the effects of adding caffeine to the 

diet of the sows three days pre-farrowing.  Sows were fed 6 g of caffeine per day spread over 

three feedings and were allowed to farrow naturally. Similar to the previously mentioned studies, 
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this study reported higher rectal temperatures three hours after birth for the piglets born to 

caffeine treated sows when compared to untreated sows (Dearlove et al., 2018). A reduced 

number of stillborns was also reported, concurring with the previously mentioned study. The 

untreated sows tended to farrow sooner than caffeine treated sows (115.6 vs. 116.6 days of 

gestation). Vanderhaeghe et al. (2010) reported that 10% of sows farrow early which can explain 

the occurrence of stillborns. Perhaps increased gestation lengths allow more developmental time 

for the piglets which might explain the positive effects of caffeine on piglet survival.  

Heat mats and heat lamps are commonly used swine facilities in hopes of improving the 

thermal environment available to pigs early in their life. Management studies have been 

completed that focused on improving piglet body heat retention. Zhang and Xin (2001) evaluated 

the preference of heat mats or heat lamps for neonatal piglets. In this study, two commercial heat 

mats or lamps were placed either at the rear or front end of the farrowing crate from birth to eight 

days of life. It was reported that piglets preferred the rear heat source, regardless of type (Zhang 

and Xin, 2001). The authors further reported the piglets did seem to prefer the heat lamp the first 

two days of life, which makes sense as it would dry them of birth fluids quicker. From day three 

to day eight of life the piglets showed no preference between mats or lamps, the use for both was 

around 50%. Another study reported similar results, piglets continued to prefer posterior placed 

heat sources and lamps over mats (Stinn and Xin, 2014). Knowing the preference of piglets is 

economically important as it could improve piglet survival rates. 

The use of heat mats are mainly for piglets to stay warm after birth, but it has been shown 

that if heated floors are used during parturition, piglet thermoregulation can be improved. 

Malmkvist et al. (2006) developed a study to determine if floor heating around parturition had 

any effect on the vitality of piglets. In this study, 23 sows were used, 12 sows received floor 
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heating (33.5C) and the remaining 11 received no floor heating (21.2C). The authors reported 

piglets born on heated floor, after the initial drop in the piglet’s body temperature, were able to 

recover earlier than piglets born on unheated floors. The piglets given floor heating also suckled 

sooner than control piglets and had fewer live-born piglet deaths during the first three days and 

week. This shows how important those first few moments of life for the piglet are to their 

survival. The piglets born on heated floors were able to reduce the period of experiencing 

hypothermia and reduce their latency to suckle.  

 

Birth-Weaning 

Piglet survival is of high importance to pig producers all over the world. The most critical 

period for piglet survival is during the first two days post-farrowing (Bereskin et al., 1973; 

Barnett et al., 2001). Most piglet mortality happens within the first two days post parturition 

(Tuchscherer et al., 2000). The top causes of pre-weaned piglet death include crushing by sow, 

starvation, and stillborns (Dyck and Swierstra, 1987). The number of piglets surviving to 

weaning is one of the most economically important traits in commercial pig production.  

Multiple studies have been conducted to determine good predictors of piglet survival 

(Bereskin et al., 1973; Baxter et al., 2009). Factors such as piglet birth weight and colostrum 

intake have been the focus in attempts to improve piglet survival. This is because light weight 

piglets, often times do not receive adequate amounts of colostrum and, have higher odds of pre-

weaning death for a number of other reasons including poorer vitality and, body temperature 

regulation (Milligan et al., 2002). Fix et al. (2010a) completed a study in North Carolina that 

evaluated the effect of piglet birth weight on survival to weaning. The study included 463 sows 

(Large White × Landrace bred to Duroc) that farrowed 5,727 live piglets. Survival was checked 
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immediately post farrowing and during the pre-weaning phase. The authors reported that as birth 

weight increased, the odds of the piglet surviving also increased (Fix et al., 2010a). This makes 

sense as smaller piglets are more prone to pre-weaning death, so as birth weight is increased the 

occurrence of death due to these factors also is reduced. Ferrari et al. (2014) also completed a 

study to evaluate the effect of birth weight on pig mortality. The results were agreement with the 

previously mentioned studies. In this study, the piglets born heavier than their littermates had the 

lowest percentage of mortality regardless of their colostrum intake.  

There have also been studies that focused on evaluating different management techniques 

to improve piglet survival. As most pre-weaned deaths occur on the first or second day of life 

(Fahmy et al., 1971), preventative management practices could be applied during this time 

period. Small changes in different aspects of the gestation and farrowing period have been shown 

to reduce early losses. A study conducted in Nova Scotia, Canada evaluated whether if increased 

assistance during farrowing impacted piglet survival. In this trial, sows were fit with a 

photoelectric probe that notified the technician when farrowing began. The technician assisted in 

farrowing if needed by, drying piglets, clearing oral and nasal cavities, administering different 

amounts of oxygen based on birth weight (30 seconds - >1kg, 45 seconds -<1kg), orally 

administering 12 mL of bovine colostrum, and placing piglets on a teat. There were significant 

positive impacts from this management protocol. Enhanced management reduced the number of 

animals classified stillborn and resulted in fewer deaths related to starvation and disease when 

compared to the control group (White et al., 1996). Percentage of stillborn animals in the 

protocol group was 1.6% while the control group had 6.8% stillborns. Day one mortality was 

also lower in the protocol group, at 2.2% compared to 5.2% in the control group. The oral 

administration of the bovine colostrum acted as an energy source for the piglets thus improving 
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vitality. The clearing of cavities and the concentrated oxygen the piglets received is beneficial, 

because it ensures those first few breaths of life are of higher quality. The weaning weight and 

overall weight gain of the protocol group was higher, when compared to the control groups. The 

entire protocol took around 2 minutes per piglet, so it could be adapted into production and the 

increased labor costs would be offset by an increased amount of heavier weight piglets. 

However, the high initial cost of the probes could deter farmers from adapting this protocol 

especially facilities with high herd numbers.  

Other management studies have focused more on the microenvironment of the sow and 

piglet and how they affect survival. A study in Australia was conducted to determine the effects 

of the gestation and farrowing environments on piglet survival. The study included gestation 

stalls and pens, farrowing crates and a prototype pair-pen system that held two sows (included 

bedding). The piglets were surveyed on day eight post-farrowing for survival. Piglet survival was 

higher in the gestation stalls when compared to the gestation pens; however, mean litter size was 

greater in gestation pens (Cronin et al., 1996). Sows that went from group pens to farrowing 

crates experienced the highest percentage of mortality and stillborns within the first three days 

post-farrowing. Perhaps this was due to stress related to a change in environment. The sows that 

went from group pens to the prototype pen still had another sow in the pen, perhaps the stress 

levels were not as high. The prototype pen included bedding, which acts as a nest, which is a part 

of the natural process for sows leading up to farrowing. Bedding helps with thermoregulation by 

insulating the piglets. In relation to the bedding, Cronin et al. (1993) reported that bedding in 

farrowing crates reduced the duration of parturition by increasing pre-partum nesting behavior. 

Collectively, these results suggest that some adaption to simulate natural pig farrowing 

environments can be advantageous to sow comfort and piglet survival. 
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Litter Competition/Teat Order 

            In the first few moments of life, piglets compete for teat access which plays a huge part in 

their survival (Fraser, 1990). Piglets starting off smaller than their siblings often continue to lag 

behind their larger siblings in all phases of production for economically important traits such as 

average daily gain and feed efficiency. This occurs because piglets born smaller are often bullied 

by their larger littermates and they are usually restricted to posterior teats (de Passille et al., 

1988). It has been proven that teat competition is higher in larger litters compared to smaller 

litters (Milligan et al. 2001). Most piglets will establish “ownership” of a specific teat and will 

fight aggressively to keep it from their littermates (de Passille et al., 1988), this is known as the 

“teat order”. Research has shown that piglets are more likely to pick anterior teats instead of 

posterior teats (de Passille et al., 1988). However, the teat order is sometimes established before 

farrowing is complete, resulting in the later born piglets being restricted to the posterior teats. 

Multiple studies reported piglets that suckled from anterior teats gained more weight up until 

weaning than piglets that suckled from posterior teats (Mcbride et al., 1963, Fraser et al., 1975 

and Sommavilla et al., 2015). In agreement, Skok et al. (2007) reported that anterior teats 

produce more milk and are more beneficial. Both Friend and Cunningham (1966) and Motsi et 

al. (2006) reported that the farrowing order plays a role in birth weight. In those studies, it was 

observed that piglets born earlier in the farrowing process tended to be heavier than piglets born 

later in the farrowing process. These first-born piglets then have the opportunity to pick anterior 

teats before their lighter weight littermates are even born. A study using Danish crossbred sows 

reported the similar findings, that piglets sucking from anterior teats gain more weight during 

lactation (Penderson et al., 2011). An observational study was done in Brisbane that involved 

moving piglets a meter from the teats they were suckling within an hour of being born. Within 
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two minutes of being moved, the piglets returned to their previously chosen teats (McBride, 

1963).  

Sow functional teat numbers at the time of the first farrowing also impact teat 

competition. Farmer et al. (2012), reported that teats not suckled during the first lactation will 

become non-lactating tissue.  According to another study, this effect becomes irreversible after 3 

days post farrowing (Theil et al., 2005). The non-suckled functional teats becoming non-

functional could negatively impact the survival of subsequent litters due to the increase in non-

functional teats.  

Consequently, even after weaning the smaller piglets can still struggle to catch up to their 

larger pen mates because the competition for food is more intense as the piglets grow older. As 

more prolific sows are selected to increase piglet output, teat competition will also be increased, 

therefore functional teats is a trait that should be optimized. 

 

Post-Weaning   

Quiniou et al. (2002) and Fix et al. (2010b) discovered that birth weight accounts for 

some of the variation in weaning weight as well. Along with depressed weight gain, lower birth 

weight piglets often have higher probabilities of culling or death. Grau et al. (2005) completed a 

study that concluded that piglets deemed lightweight at weaning (<4.1kg) when entering the 

nursery had a higher rate of culling or death at around 50%. This can be due to the environment 

change and feed competition as piglets grow older. Light birth weight piglets often times require 

more resources and time, thus making them more expensive to reach market standards than the 

rest of the herd (Fix et al., 2010a). Being able to identify potentially poor performing piglets 

early in production can be extremely beneficial to farmers because they will know which piglets 
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need more time, feed, or if they need to be culled. Paredes et al. (2012) agreed that birth weight 

was a good predictor for how much pigs weight at the end of the nursery phase along with season 

and sex. Collectively, these results suggest birth weight has a positive relationship with post-

weaning weight and survival. 

Individual birth weights of piglets is a good indicator of future post-weaning 

performance. Grau et al. (2005) and Smith et al. (2007) reported that small birth weight piglets 

continued to lag behind their heavier birth weight littermates post-weaning. Fix et al. (2010b) 

reported that heavier birth weight piglets grew faster than their lighter birth weight counterparts 

throughout the nursery and finishing period and were more likely to be full value at market. In 

agreement, Smith et al. (2007) reported that heavier born weight piglets had higher 42-day post 

weaning weight when compared with their lighter littermates. This makes sense because the 

heavier piglets already have an advantage over their lightweight littermates. The heavyweight 

piglets have a higher amount of muscle fibers and higher odds of increased colostrum intake.  

 

Probability of Being Full-Value at Market 

             In the current swine industry, profitability is of great importance. Factors such as total 

number born, birth weight, finishing weight, average daily gain, average daily feed intake and 

more are all important factors that affect the potential profit for the farmer. Due to the fact that 

pigs are often sold to slaughter at a fixed-time or fixed-weight, it is imperative that each pig 

reach the target market weight in the allotted time. Pigs that do not reach the target market 

weight are sold for a lower price, thus reducing the farmer’s profits. There have been studies 

evaluating predictors of piglets reaching full-value at market, specifically birth weight. Piglets 

born light weight have higher odds of dying before being sold and not reaching target market 
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weight at the end of the finishing phase (Kohler and Bierman, 2014). However, Quiniou et al. 

2002 reported that the lighter the piglets are, the higher their relative body weight gain is during 

lactation in proportion to their birth weight. Although producers save money on feed in regard to 

light weight pigs, they still lose potential profits when selling those light weight pigs. Fix et al. 

(2010b) and Grau et al. (2005) reported that piglets that are born lighter than their littermates 

continue to be smaller throughout subsequent phases of production including weaning, nursery 

and finishing. As birth weight increases, average daily gain and the probability of the piglet 

being at full value at 181 days of age increases (Fix et al., 2010b). The same study reported that 

heavier birth weight piglets had increased backfat depth, faster daily gain, heavier future body 

weight (finishing phase), and larger longissimus muscles (Fix et al., 2010a).  

 

Management Strategies to Enhance Piglet Birth Weight  

Increasing Feeding Level in Late Gestation 

Bump feeding, also known as increasing feeding level in late gestation, has been 

generally shown to improve piglet birth weight in gilts (Cromwell et al., 1989; Shelton et al., 

2009; Soto et al., 2011; Goncalves et al., 2016; Gourley et al., 2018; Mallmann et al., 2019); 

(Table 1.1, 1.2). In late gestation, the sow’s amino acid and energy requirements for fetal growth 

are higher than earlier in the pregnancy. This means that throughout the sow’s gestation the 

piglets are growing relatively slowly until around day 90 of gestation. After day 90 of gestation, 

fetal growth becomes top priority and piglets gain weight significantly quicker and their organs 

continue to grow and become more complex. Studies have shown that late gestation is a time 

when bump feeding could be utilized as the extra energy and amino acids are vital for the rapid 

growth of the conceptus (Cromwell et al., 1989; Shelton et al., 2009). The energy required 
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during this phase of gestation is needed for maternal growth, such as mammary gland 

development and body weight gain. The extra feed may help contribute to increasing the piglets’ 

birth weight and maintaining the sow’s body condition and health (Cromwell et al., 1989). If the 

right adjustments are not made for the sow’s nutrition in late gestation, then the sow’s energy 

reserve could become negative thus lowering the subcutaneous fat depots as sows will generally 

sacrifice body tissue for her piglets. 

There have been numerous studies that evaluated late gestation feeding in gilts and sows. 

Cromwell et al. (1989) conducted a bump feeding study that included over 1,000 primiparous 

and multiparous sows. The test animals were given an extra 1.36 kg of feed from day 90 of 

gestation to farrowing. Increased feeding level resulted in greater maternal weight gain, more 

piglets being born alive in the subsequent farrowing and greater lactation weight lost. The piglets 

born from the test sows bump fed two cycles had heavier birth weights when compared to the 

control fed sows. The initial cost of extra feed was compensated by the sow’s extra weight gain 

and the additional 0.3 of a pig per litter. However, another study reported different results. 

Shelton et al. (2009) conducted a bump feeding study that included 108 gilts and sows with feed 

being increased 0.90 kg from day 90 of gestation to parturition. In agreement with Cromwell et 

al. (1989), bump fed sows and gilts had greater gestation weight gain, but only bump fed gilts in 

this study had increased average piglet birth weight while sows had decreased average piglet 

birth weight. The differing results could be due to the sample size, 1000 vs. 100 gilts and sows. 

The smaller sample size reduced the statistical power of the study.  

Shelton et al. (2009) reported that sows ingest less feed during lactation when feeding 

level is increased in late gestation. However, Cromwell et al. (1989) and Miller et al. (2000) 

observed no differences in lactation feed intake between control sows and those that received an 
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increased feeding allowance in late gestation. Perhaps differing results reported by Shelton et al. 

(2009) and Cromwell et al. (1989) are due to the amount of feed added in late gestation (0.90 kg 

vs 1.36 kg) and sample size (108 vs. 1080 sows). Shelton et al. (2009) further evaluated the 

effects of bump feeding on subsequent litters. The authors reported parity two displayed greater 

born alive and litter weight than higher parity sows. The parity two sows also had higher average 

weaning weight and number weaned when compared with higher parity sows that were bump 

fed. Bump feeding for one reproductive cycle has not been shown to increase piglet birth weight 

in sows but has generally been shown to be effective in gilts. 

 

Diet Composition 

Added Fat: Fatty acids can be very beneficial to the health and survivability of piglets 

and sows. Fatty acids have thermoregulation properties and also can store energy for the body to 

use when needed. Piglets are only born with around 2% body fat, mostly used for structural 

composition and not used for energy (Manners and McCrea, 1963; Okai et al., 1977).  

Scientists wanted to determine if added fat in gestation could impact piglet birth weight. 

Holness et al. (1985) tested this hypothesis by adding 3 kg of fat to the diets of 206 mature sows 

10 days prior to farrowing. The total number born, stillbirths and average birth weight was not 

impacted by the addition of fat, but piglet survival was improved by 3.4%. These authors wanted 

to determine if administering oral doses of corn oil could enhance piglet survival.  There seemed 

to only be an effect in piglets weighing 1 to 1.25 kilograms and it only improved survival to 3 

days of age, but not weaning.  The corn oil supplemented the piglets 41% of daily energy needs, 

hence it may be beneficial to herds losing a lot of piglets from insufficient energy. The study was 
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done on a herd with high survival rates, if replicated on a herd with low survival rates, the effects 

may be more beneficial.  

The type of fat added to the diet of piglets can also play a part in its effects on piglet birth 

weight. Cera et al. (1988) tested three types of fats, including corn oil, lard or tallow on 

weanling piglets. Piglets fed diets containing corn oil had higher fat digestibility than the piglets 

fed lard or tallow. Although the piglet’s ability to absorb fat increases with age, corn oil results 

in higher digestibility and absorption of fat and dry matter. This can be beneficial especially 

during early life when piglets are most prone to malnutrition and other health issues or diseases.  

Amino Acids: Scientists have researched specific amino acid compounds that can be 

added to the late gestation diet of the sow that could impact piglet birth weight positively. In a 

recent study conducted by Goncalves et al. (2016), scientists wanted to determine if adding 

additional amino acids and energy to the sow and gilt diet would improve litter and reproductive 

performance. The sow’s response to the added amino acid resulted in body weight gain greater 

than that of the gilts fed the same diet. However, sows fed an increased amount of energy 

resulted in an increase in stillborn rates. The increased energy intake did have a positive effect on 

individual piglet birth weight, with a 0.03 kg increase in females feed high energy feed when 

compared to females fed low energy feed. Although increasing amino acid level in late gestation 

enhanced female weight gain, it had no positive significant effect on piglets.  

Lysine: Lysine is an amino acid that is vital for protein deposition in maternal and fetal 

tissues (Kim et al., 2009) and a primary factor determining sow performance (Johnston et al., 

1993). Lysine is found in corn and soybean-based diets and acts as a limiting amino acid, which 

means protein synthesis cannot proceed beyond the rate at which this key amino acid is 

available. There have been studies evaluating the effects of adding lysine to diets and how it 
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impacts sow performance and piglet birth weight (Table 1.3). In a study completed by Zhang et 

al. (2011), the authors discovered that increasing dietary lysine from 0.65 to 0.75% during 

gestation increased sow body weight gain and back fat thickness. Yang et al. (2007) and Zhang et 

al. (2011) reported that added lysine does not affect total number of piglets born and born alive 

rates. However, there were positive effects on average litter birth weight and average piglet birth 

weight. Cerisuelo et al. (2009) and Zhang et al. (2011) reported an increase in piglet birth weight 

when lysine was increased in sows. This increase in birth weight resulted in a reduced number of 

runts and stillbirths. Magnabosco et al. (2013) reported the same findings in gilts. The NRC has 

released NRC 2012 which details the most current sow lysine requirements based on parity and 

day of gestation to ensure producers are able to satisfy gestating sows nutrient requirements as 

they change throughout gestation.  

Soybean meal: Soybean meal is a protein source commonly used in the animal feed 

industry (Table 1.4), but it does have anti-nutritional factors (Dunsoford et al., 1989). One of the 

effects of the anti-nutritional factors include growth suppression (Holm et al., 1992), so to 

combat this Zamora et al. (1979) treated soybean meal with fermented Aspergillus oryzae and 

Rhizopus oligosporus. Fermented and treated soybean meal is used in the human food industry 

and are highly nutritious and digestible. This study was done at the University of Missouri and 

included two 35-day trials involving 80 crossbred growing pigs. The pigs fed fermented 

Aspergillus Oryzae soybean meal had higher average daily gain and greater gain:feed ratio than 

the pigs fed the unfermented diets. 

Feng et al. (2007) assessed the benefits of Aspergillus oryzae fermented soybean meal on 

performance of weaned piglets. In that study, 60 crossbred piglets were put into two treatments, 

fermented soybean meal or nonfermented soybean meal. At the end of the experiment, six piglets 
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from each treatment were slaughtered to collect intestinal contents. The scientist reported that 

piglets fed the fermented diet had higher average daily gain when compared to the piglets fed the 

unfermented diet. However, Feng et al. (2007) reported decreased gain:feed which differs from 

the findings of Zamora et al. (1979). 

 

Feed Additives:  

HMB: B-hydroxy B-methyl butyrate (HMB) is a metabolite that is formed from the 

essential amino acid, leucine. Knowing this, scientists wanted to determine if adding this feed 

additive would positively impact piglet birth weight (Table 1.5). Nissen et al. (1994) conducted a 

study over 3 farrowings that top-dressed the feed of sows 3 to 4 days before farrowing until 28 

days post parturition with 2.5 g of HMB. Fetal piglets experience rapid fetal growth during late 

gestation which is why this time frame was chosen. Nissen et al. (1994) reported that piglet 

weight at day 21 of age was increased by 7% in the HMB treated sows. This weight gain in 

piglets could be due to the increased amount of energy and fat produced by the added HMB.  

Another study conducted in Denmark, Flummer et al. (2012), reported similar results. 

These scientists tested to see if HMB would have a positive effect on piglet performance. Piglet 

birth weight was not affected by the added HMB, but sow and piglet performance were 

improved. The sows were able to produce more colostrum and piglets had higher weight gain 

and reduced mortality during the colostrum period. Milk yield was not impacted from day 17 to 

28 post-partum and the reduced piglet mortality could be due to the increased colostrum 

production. Piglets weighed 10% less at weaning than the control piglets which is a result of the 

decreased milk yield during peak lactation period. The same study also tested to see if the added 

HMB would impact the piglets’ body composition. In this study, 5 Landrace x Yorkshire sows 
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were used, and litters were observed for potential impacts of the additive. Again, birth weight 

was not affected but internal organs of the piglets such as the liver, spleen, kidneys and caecum 

were impacted. These internal organs had a weight increase by 8 to 31%. Perhaps greater internal 

organ development of piglets from sows treated with HMB explains the 7% weight increase 

reported by Nissen et al. (1994). 

L-carnitine: Multiple studies have researched the benefits of adding L-carnitine to the 

diet of sows and gilts during gestation (Table 1.6). L-carnitine is essential in oxidation of fatty 

acids across the mitochondrial membrane. Musser et al. (1999) and Eder et al. (2001) both 

reported that adding L-carnitine to the diet of sows improved average litter birth weight and 

produced heavier piglets while also reducing pre-weaning mortality. Similarly, Birkenfeld et al. 

(2006) reported that both the piglets and litters average birth weight were approximately 9% 

heavier than piglets not subjected to the increased L-carnitine diet. Perhaps it can be assumed 

that the utilization of dietary nutrients was improved in sows with the L-carnitine additive. 

However, Harmeyer (1997) observed no significant differences in piglet birth weight when 

feeding the sows additional L-carnitine but did observe increased post-weaning piglet weight. 

Perhaps differences between studies can be explained by the parity of the sows. Birkenfeld et al. 

(2006) used primiparous sows while Harmeyer (1997) used multiparous sows. Ramanau et al. 

(2004) reported that piglets from sows fed a L-carnitine supplemented diet grew faster during the 

suckling period when compared to control piglets. Correspondingly, those results agree with 

Eder et al. (2001) who observed increased litter weight (+7%), piglet birth weight (+6%), and 

sow weaning weight (BW gain) in L-carnitine fed sows. The same authors reported increased 

litter weaning weights, while Musser et al. (1999) observed no differences in weaning weight. 

Perhaps discrepancies can be explained by sow parity, Eder et al. (2001) used gilts and sows 
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while Musser et al. (1999) only used multiparous sows. Musser et al. (1999) and Birkenfeld et al. 

(2005) reported that the number of stillborns per litter for sows on the L-carnitine diet was lower 

than that of the control sows. 

Equivalently, studies done by Eder et al. (2001) and Ramanau et al. (2004) demonstrate 

similar results in gilts. In these studies, piglets born from gilts fed an increased L-carnitine diet 

resulted in heavier piglets and litters and reduced stillborns. Eder et al. (2001) reported that gilt 

test litters were 8% heavier and the individual piglet birth weight was 9% heavier than off-test 

piglets. Also, the live-weight gains of the piglets during suckling were higher in the L-carnitine 

fed animals which resulted in higher post-weaning litter weights. Brown et al. (2008) reported 

that L-carnitine produced heavier piglets at day 70 of gestation. This shows that the utilization of 

dietary nutrients by the sow improved the nutritional status of the fetuses. In all studies 

mentioned, gilt’s and sow’s number born alive was not affected by the additive. 

 

Management Practices 

             Piglet birth weight is an economically valuable trait that producers and geneticists both 

are working to improve. There have been studies evaluating different management practices that 

could positively impact piglet birth weight. Opschoor et al. (2010) completed a study that 

included asking farmers across 19 Dutch farms their management practices. These farmers 

reported that gilts that were quarantined before entering into the herd had piglets that averaged 

39 grams heavier birth weight than piglets from gilts that were directly introduced into the herd. 

This could be due to the level of stress that a gilt experience when changing environments, thus a 

gilt being directly introduced into the herd is experiencing a huge change of environment shock. 

Also, sows that were group housed had piglets averaging 61 grams heavier at birth when 
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compared with sows in gestation sows. This correlates with a study mentioned earlier in this 

review, Cronin et al. (1995), which reported piglets born to sows in pair/group housing had 

better survival rates which is strongly correlated with birth weight. Bates et al. (2003) also 

reported that litter birth weight was higher in sows that were group housed compared to 

individual stalls. The exact causes of these results are still unclear but could be related to 

increased exercise or social interaction. Hale et al. (1981) reported piglets were 70 grams heavier 

when the sows were exercised daily on a treadmill for 15 minutes when compared with sows not 

exercised.  

            The use of prostaglandins has been reported to lower piglet birth weight by 43 grams 

when compared to piglets farrowed naturally (Opschoor et al. 2010). This makes sense, because 

as gestation is shortened, the time for the piglets to develop is also shortened. This agrees with a 

study previously mentioned, Superchi et al. (2016), who reported that piglets farrowed naturally 

had higher birth weights when compared with sows that had farrowing induced. Lastly, 

Opschoor et al. (2010), reported that farm hygiene can have an impact on average piglet birth 

weight. The 17 farms in that study were given a subjective score (very good, good or average) 

based on good farm practices. Piglet birth weight at farms with “very good” scores were 104 

grams heavier than “good” farms and 224 grams heavier than “average” farms. This supports the 

common idea that great management practices will be reflected in that farms results, outcomes 

and profits. Hence management is very important in the field of swine production as we continue 

to strive to improve piglet birth weight and other economically valuable traits.  
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Genetics 

Heritability of Birth Weight 

              Birth weight is a lowly heritable trait that has high economic value, which is why 

selecting for this specific heritable trait is important. As genetic selection has increased litter size 

over time, it has also decreased average piglet birth weight (Berard et al., 2008; Quiniou et al., 

2002). Like most traits such as backfat depth or litter size, birth weight is subject to some genetic 

influence. Studies have been completed to estimate the heritability of birth weight. The sire and 

dam both contribute to the piglet’s genetics, the sows genes prominently contribute to piglet 

growth during gestation (Roehe. 2000; Knol et al., 2002). Maternal heritability estimates for 

piglet birth weight are generally greater than direct genetic effects (0.17 to 0.26 vs. 0.03 to 0.10, 

respectively). A study in France evaluated the genetic parameters of individual piglet birth 

weight using data from a herd over a 7 year span. Kaufmann et al. (2008) reported that the direct 

and maternal heritability for individual piglet birth weight were 0.02 and 0.21. Although these 

values are low, they both should be considered when selecting for gilts if a formula to increase 

birth weight is to be discovered. Damgaard et al. (2003) reported that selecting sows based on 

their ability to farrow uniform litters may be beneficial to piglet survival and growth as it 

reduced the occurrence of runts.  

              Sire lines of numerous breeds are used for breeding in the swine industry. The most two 

common sire breeds used in western production systems are Duroc and Large White composites. 

A study completed in eastern North Carolina that evaluated the impact of the sire line on piglet 

birth weight and included 63 second parity sows bred to either Duroc or Landrace × Large White 

composite sire lines. Parker and Knauer (2017) reported that piglets sired by Duroc boars had 

greater litter birth weight (16.0 vs. 14.3 kg), average piglet birth weight (1.26 vs. 1.15 kg), litter 
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weaning weight (55.4 vs. 49.5 kg), and average piglet weaning weight (5.5 vs. 4.9 kg) when 

compared to litters sired by Landrace × Large White composite boars. These results indicate that 

the sire line can greatly impact piglet birth weight, thus using specific sire breeds may be a 

strategy to improve piglet quality. A study conducted in Scotland, consisting of 241 litters, 

evaluated the boar effects on piglet quality when sows were fed two different feed regimes often 

practiced in production, ad libitum vs. restricted.  Half the sows were bred by Duroc boars and 

the other half was bred by Large White boars. The piglets sired by the Duroc boars grew faster 

and had better feed conversion when fed ad libitum, but there was no significant difference when 

feed was restricted (Simpson et al., 1987). The piglets had an economic advantage of $1.93 per 

pig when the sows were fed ad libitum, but a $0.40 per pig loss when sows were on a restricted 

diet. The initial cost of feeding sows ad libitum can be offset by the Duroc progeny’s feed 

efficiency and faster growth. Taken together, these results suggest that Duroc boars may be the 

optimal sire breed for increasing birth weight in Large White x Landrace crosses.  

 

Selection based on Litter Size:  

For decades producers have been selecting more prolific sows, but as a result of this, 

piglet mortality has increased as well. Increased litter sizes are negatively associated with 

adverse traits such as reduced birth weight and hypoxia (Herpin et al., 1996). Lund et al. (2002) 

and Damgaard et al. (2003) both reported that a greater litter size is associated with piglet 

mortality. Geneticists have further researched whether selection for litter size is the best strategy 

to enhance pigs per sow per year. Other traits such as number weaned or number of piglets alive 

at day 5 of life may be a better predictor of sow performance and piglet survival. A few studies 

have been conducted that have looked at the multiple traits and their impact on piglet survival. A 
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Danish scientist completed a study that included approximately 16,000 litters to determine if 

there was an alternative trait for litter size at birth that could enhance litter size yet not impair 

piglet quality. Selection based on litter size at d 5 was introduced in 2004 in hopes to reduce 

piglet mortality. Su et al. (2007) reported that there was a positive genetic correlation between 

litter size after at 5 days of life and piglet survival to weaning. The genetic correlation between 

total number born and survival to weaning was 0.53. Another study reported similar results, litter 

size at 5 days of life was favorably correlated genetically with reduced mortality (Nielsen et al., 

2013). Both of these studies conclude that selection for litter size at 5 days post farrowing should 

reduce mortality, thus increasing number of piglets weaned. This discovery could be very 

beneficial to the swine industry. Selecting sows based on the litter size at day 5 could greatly 

affect the genetic potential of future offspring in a positive way.  
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Table 1.1. Effect of increasing gilt feeding level in late gestation on average piglet birth weight 

   Birth weight, kg 

Study 
Day of gestation 
feed increased 

Feeding level, kg Control 
Increased 

feed 

Cromwell et al. (1989) 90 1.82 vs. 2.27 1.36 1.40 

Shelton et al. (2009) 90 2.09 vs. 2.95 1.41 1.50 

Soto et. al (2011) 100 +1.82 1.31   1.44* 
 Gonçalves et al. (2016) 

 
 
 
 
 
 
 

90 1.89 vs. 2.75 1.28 1.31 
 
 
 

Gourley et al. (2018 
Mallmann et al. (2019)                
 

Average 
Average across studies 

  

 
 
 

1.32 

 
 
 

1.39* 

     *P<0.05 

 

Table 1.2. Effect of increasing sow feeding level in late gestation on average piglet birth weight 

   Birth weight, kg 

Study 
Day of gestation 
feed increased 

Feeding level, kg Control 
Increased 

feed 

Cromwell et al. (1989) 90 1.82 vs. 2.27 1.48 1.46 

Miller et al. (2000) 100 2.3 vs. 3.9 1.52 1.53 

Shelton et al. (2009) 90 2.59 vs. 3.50 1.54 1.43 

Soto et. al (2011) 100 +1.82 NR NR 

Knauer (2016) 100 1.82 vs. 2.73 1.16 1.16 

Gonçalves et al. (2016) 90 1.89 vs. 2.75 1.39 1.41 

Garrison et al. (2017) 104 1.5 vs. 3.0 1.16 1.16 

Average across studies   1.38 1.36 

 

 

 

 

9                   1.8 vs. 2.3, 2.8, 3.3       1.30               1.30 

107                 0.028 vs. 0.04 - Lys    1.30          1.39 
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Table 1.3. Effect of gestation lysine level on average piglet birth weight 

   Birth weight, kg 

Study Day of gestation Lysine level, % Control 
Increased 

lysine 

Yang et al. (2009) 80 to 110 .6 vs. .8 1.29 1.39* 

Zhang et al. (2011) 30 to 110 .56 vs. .65 1.35 1.46* 

Average across studies   1.32 1.42* 

*P<0.05 

Table 1.4. Effect of gestation soybean level on average piglet birth weight 

   Birth weight, kg 

Study 
Day of 

gestation 

Soybean 

meal level, % 
Control 

Increased 

soybean meal 

Mahan (1998) throughout 12.0 vs. 19.4 1.42 1.36* 

Gonçalves et al. (2016) 90 to 111 15.5 vs. 33.6 1.36 1.39 

Knauer and van Heugten (2018) throughout 8.8 vs. 15.0 1.25 1.23 

Thomas et al. (2018) throughout NR 1.27 1.29 

Average across studies   1.33 1.32 

*P<0.05. NR = Not reported 

 
Table 1.5. Effect of gestation β-Hydroxy-β-methylbutyrate (HMB) on average piglet birth 

weight. 

   Birth weight, kg 

Study Day of gestation HMB level Control 
Increased 

HMB 

Nissen et al. (1994)   112 to 115 2 grams per day 1.44 1.45 

Krakowski et al. (2002) 79 to 100 15 mg per kg body wt  1.15 1.24 

Tatara et al. (2007) 100 to 115  50 mg per kg body wt 1.31 1.62* 

Tatara et al. (2012) 100 to 115 50 mg per kg body wt 1.32 1.62* 

Flummer and Theil (2012) 108 to 115 2.5 grams per day 1.44 1.54 

Parker and Knauer (2017) 100 to 115 6 grams per day 1.19 1.20 

Average across studies   1.40 1.50* 

*P<0.05 
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Table 1.6. Effect of gestation L-carnitine on average piglet birth weight. 

   Birth weight, kg 

Study Day of gestation Carnitine level Control 
Increased 

carnitine 

Musser et al. (1999) throughout 100 mg/d 1.48 1.58* 

Ramanau et al. (2002) throughout 125 mg/d 1.38 1.48* 

Birkenfeld et al. (2006) throughout 125 mg/d 1.28 1.40* 

Doberenz et al. (2006) throughout 125 mg/d 1.44 1.56* 

Ramanau et al. (2008) throughout 25 mg/d 1.40 1.48* 

Average across studies   1.40 1.50* 
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Chapter 2: Effect of Gilt Feeding Level and Duration of Feeding Level on Piglet Birth 

Weight. 
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Abstract 

           The objective of the study was to evaluate the impact of increasing gilt feeding level in 

late gestation, for different durations, on piglet quality. Gilts (n=472) were allocated to one of 

five dietary treatments in a 3 × 2 factorial design at a commercial farm in eastern North Carolina. 

Gilts were housed during gestation in climate-controlled buildings with tunnel ventilation. 

Females were given ad libitum access to water and fed once daily in gestation. Gilts were fed 

1.82 kg of feed until farrowing (Control) or feeding level was increased by either 0.68 or 1.36 kg 

at either day 93 or 100 of gestation. Treatments were randomly assigned to pen (5 to 6 gilts per 

pen). The gestation diet contained 2,979 Kcal/kg ME and 0.58% SID lysine. Gilt body condition 

score was captured at day 93 of gestation using a sow body condition caliper (thin = <12, ideal = 

12 to 15, fat=>15). Piglet birth weights were captured within 24 h of farrowing and piglets were 

ear notched by treatment prior to cross fostering. Sow production traits analyzed included: 

number born alive, number of stillborn, number of mummified piglets, litter birth weight, 

average piglet birth weight, number weaned and number of functional teats. Data was analyzed 

using the PROC GLM procedure of SAS (Cary, NC) with fixed effects of dietary treatment, 

contemporary group and covariates of litter size and sow functional teat number when 

applicable.  

           Average gilt caliper score at d 93 of gestation was 17, thus the gilts were over 

conditioned. Gilt caliper score did not differ (P > 0.05) across dietary treatments. Mean piglet 

birth weight (1.47 kg) did not differ (P = 0.9) between the five dietary treatments or the main 

effects of feeding level or length of feeding level. Sows fed 3.18 kg had a greater (P=0.05) 

occurrence of stillborns when compared to those fed 1.82 or 2.5 kg. A one piglet increase in litter 

size reduced (P < 0.01) mean piglet birth weight by 30 grams. An increase of one functional teat 
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increased (P < 0.05) litter size at weaning by 0.28 piglets. Results suggest increasing gilt feeding 

level in late gestation does not impact mean piglet birth weight but may increase the occurrence 

of stillborns in parity one sows. 

 

Introduction 

Increasing gilt and sow feeding level late in gestation, also known as bump feeding, has 

been practiced by producers in the swine industry for decades (Cromwell et al., 1989). This 

practice was established to improve piglet quality in regard to piglet individual birth weight, 

piglet weaning weight, and piglet survival. Increasing feeding level in late gestation to enhance 

piglet quality has been proven to be more effective in gilts in comparison to sows (Cromwell et 

al., 1989). Perhaps this is due to the fact that the gilt’s body is not done growing or has not yet 

fully matured.  Therefore, extra feed in late gestation can be beneficial to gilts as it helps meet 

body maintenance, growth, piglet growth and mammary development needs. Scientists have 

evaluated multiple time points during gestation to increase feeding level and increasing feeding 

level by differing amounts (Cromwell et al., 1989; Shelton et al., 2009; Soto et al., 2011; 

Goncalves et al., 2016; Gourley et al., 2018; Mallmann et al., 2019). Optimizing gilt feeding 

level in late gestation in relation to reproductive performance is warranted to optimize 

performance and feed cost.  

            Most piglet mortality happens within the first 3 days post parturition (Tuchscherer et al., 

2000). Common causes of pre-weaned piglet death include crushing by sow, starvation, 

hypothermia, and stillborns (Dyck and Swierstra, 1987). Many of these causes are related to low 

birth weight. Light birth weight piglets are often crushed by the sow while trying to gain warmth 

from the sow’s body heat (Herpin et al., 2002), or are at a disadvantage in the fight for a 
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functional teat (Milligan et al., 2001). Thus, the objective of this study was to decrease the 

occurrence of low birth weight piglets. The overall objectives of this study were to identify 

optimal duration of increased feeding level in late gestation and late gestation feeding level in 

relation to piglet birth weight and piglet survival. 

 

Materials & Methods 

 

Study Location  

This study was completed at a commercial farm in eastern North Carolina. The duration 

of the study was September to November of 2018. Data was captured from 472 gilts. Gilts were 

Large White × Landrace F1’s (Smithfield Premium Genetics, Rose Hill, NC) mated to terminal 

Duroc semen. Gilts were fed once a day in gestation using an automated feeding system and 

water access was available ad libitum. Each gilt had their own feeder which dispensed 

designated amount. Females were kept in gestation stalls from breeding to day 35 of gestation 

and then placed in pens of 6 until day 110 of gestation and dietary treatments were discontinued. 

On day 114 of gestation, farrowing was induced. The gestation diet contained 2,979 kilocalories 

per kilogram ME and 0.58% SID lysine. Before parturition gilts were moved to farrowing crates 

with ad libitum access to water. Gilts were fed 1.82 kg until farrowing and ad libitum from 

farrowing to weaning. 

At day 93 of gestation gilts were randomly allocated to treatments by pen. The study was 

a 3 x 2 factorial design. Gilts were fed 1.82 kg of feed per day of feed until farrowing (Control) 

or their feeding level was increased by either 0.68 kg or 1.36 kg at either day 93 or 100 of 

gestation. 
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The body condition score (BCS) was measured on day 93 of gestation using the sow 

body condition caliper (Knauer and Baitinger, 2012) at the last rib (thin = <12, ideal = 12 to 15, 

fat = >15). Cross-fostering was allowed 24 hours following farrowing. Following farm SOP’s, 

piglets were cross-fostered within treatments when possible. Litter birth weights were recorded 

within 24 hours of birth and piglets were ear notched by treatment. Number of live-born piglets, 

stillborns and mummified piglets were recorded at birth and pre-weaned deaths were recorded 

throughout lactation. Mummified and stillborn piglets were not included in litter birth weights.  

           Total number born was the sum of number born alive, stillborns and mummified piglets. 

Functional teats were counted on each sow within 24 hours of farrowing by visual observation of 

either engorged mammary gland or fully developed teat.  

 

Statistical Analysis 

           Data were analyzed using the PROC GLM procedure of SAS (SAS Institute, Cary, NC) 

with fixed effects of dietary treatment, contemporary group and covariates of litter size and sow 

functional teat number when applicable. A linear regression was completed on all reproductive 

traits. Trait values greater than 3.5 standard deviations from the mean were excluded. Gilt was 

the experimental unit in all analysis. 

 

Results & Discussion 

Gilt Reproductive Performance 

In the present study increasing feeding level in late gestation, for any duration, did not 

impact (P>0.05) average piglet birth weight or litter birth weight (Table 2.1). In agreement, 

Mallmann et al. (2018) reported similar results in a Brazilian study. That study included 118 gilts 
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at two different feeding levels (1.8 and 2.2 kg/d) from day 90 of gestation to farrowing. Although 

the gilts gained weight, individual average piglet birth weight was not influenced by late 

gestation feeding level. Correspondingly, Mallmann et al. (2019) reported feeding level (1.8, 2.3, 

2.8 and 3.3 kg/d) starting at day 90 of gestation did not impact average piglet birth weight. In 

contrast, increasing feeding level in late gestation was reported to enhance piglet birth weight in 

gilts (Shelton et al., 2009, Soto et al., 2011). Soto et al. (2011) reported increase of feeding level 

starting on day 100 of gestation, improved average piglet birth weight in gilts (1.31 vs. 1.44 kg), 

but not in sows. In agreement, Shelton et al. (2009) conducted similar study with two feeding 

levels (+ 0.90 kg/d) from day 90 of gestation to farrowing and reported increased feeding level 

enhanced piglet birth weight (1.41 vs. 1.50 kg). Gourley et al. (2018) evaluated the effects of 

adding additional amino acids and energy to mixed parity sows during late gestation (day 107 to 

farrowing). Providing additional amino acids and energy increased piglet birth weight in gilts, 

but not sows. Taken together, inconsistent results suggest more research is needed to better 

understand why increasing gilt feeding level in late gestation does not always improve piglet 

birth weight.  

Unlike gilts, increasing sow feeding level in late gestation has consistently been shown to 

not increase average piglet birth weight (Shelton et al., 2009; Knauer et al., 2016; Greiner et al., 

2016; Mallmann et al., 2018; Gourley et al., 2018). Shelton et al. (2009) conducted a s study 

including 65 sows where test sows feeding level was increased (+ 0.90 kg/d) from day 90 of 

gestation to farrowing. Extra feed allowance did not influence average piglet birth weight in 

sows. In agreeance, Knauer et al. (2016) reported that increasing feed from day 100 of gestation 

until farrowing had no influence on average piglet birth weight. Similarly, Greiner et al. (2016) 

conducted a study including 255 sows with two different feeding levels (1.8 vs. 2.7 kg/day) 
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during the last 21 days of gestation. The authors reported late gestation feeding level did not 

impact average piglet birth weight. Mallmann et al. (2018) also reported similar results from a 

297 sow study. In that study, two feeding levels (1.8 vs. 2.2 kg/d) were given from day 90 of 

gestation to day 112 of gestation. Late gestation feeding level had no effect on average piglet 

birth weight. Collectively, these results suggest increasing sow feeding level in late gestation 

does not enhance piglet birth weight.  

Cromwell et al. (1989) reported that increasing sow late gestation feed intake over 

multiple cycles positively influenced average piglet birth weight. In that study, 1,080 sow litters 

were evaluated to assess the effects of bump feeding over multiple parities (1.82 vs. 3.18 kg/d). 

Sows that received extra feed in late gestation farrowed more born alive piglets and the piglets 

were heavier at birth when compared to control fed sows. The cost of the extra feed was more 

than compensated by the increase in litter size (0.3 of a piglet/litter at weaning), and greater litter 

weaning weight. Mahan (1998) reported similar results from a study evaluating different feeding 

levels throughout gestation over five parities. Control and high feed intake were initially fed 1.81 

and 1.94 kg/d, respectively, and feeding levels were increased by 0.09 kg after each parity. High 

feed intake had larger litter birth weights when compared to control sows. However, no 

differences between treatments for average piglet birth weight. Shelton et al. (2009) also 

evaluated the effects of increased feeding level in late gestation on subsequent litter performance. 

The authors reported sows with an increased feeding level in late gestation during the previous 

parity had higher average piglet weaning weight when compared to control fed sows. 

Collectively, these results suggest studies conducted over multiple reproductive cycles may be 

needed to fully evaluate late gestation feeding trials. 
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In this present study, a one piglet increase in the litter size reduced the average piglet 

birth weight by 30 grams. In agreement, Opschoor et al. (2010) reported that an increase in one 

piglet per litter is associated with a 30 to 50 gram reduction in average piglet birth weight. These 

results coincide with the trend reported by Knauer and Hostetler (2013) stating that as average 

piglet litter size has increased, average piglet birth weight has decreased. 

Gilts fed 3.18 kg/d in late gestation had a greater (P=0.05) occurrence of stillborn piglets 

when compared to gilts fed 1.82 or 2.5 kg/d. In agreement, Mallmann et al. (2019) conducted a 

bump feeding study in Brazil with four different feeding levels (1.8, 2.3, 2.8 and 3.3 kg/d) 

starting at day 90 of gestation to farrowing. Gilts fed the lowest feeding level had the lowest 

percentages of stillborns when compared to gilts in the higher feeding level treatments. The 

results from these studies suggest that overfeeding can be disadvantageous to the farrowing 

process of gilts and sows.  

Average gilt caliper score at day 93 of gestation was 17.0. Bryan (2014) reported that 

ideal sow body condition in relation to subsequence reproduction for females at breeding and 

farrowing is a caliper score of 15. This suggests the majority of gilts in the current study were 

over conditioned. Over conditioned gilts and sows commonly have issues farrowing (Madec et 

al., 1992). Zaleski and Hacker (1993), Van Dijk et al. (2005) and Fraser et al. (1997) reported 

that longer farrowing durations were associated with an increased number of stillborns. Over 

conditioned sows often have increased farrowing lengths due to them being overweight thus 

experiencing dystocia resulting in increased stillborns. Madec and Leon (1992) confirmed this 

statement by completing a field study on sow farrowing disorders. The heaviest sows were more 

predisposed to farrowing problems. In agreement, Newton et al. (1993) and Filha et al. (2010) 
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reported that piglet mortality increased with increased breeding weight. Results suggest over 

conditioned and overweight females have a greater incidence of stillborn piglets. 

 

Piglet Survival  

          Litter size at weaning was not impacted (P = 0.9) by dietary treatment. Each treatment 

group, on average, weaned 10 piglets. However, with running a linear regression it was observed 

that with an increase in one functional sow teat, litter size at weaning increased (P < 0.05) by 

0.28 piglets. In agreement, Earnhardt et al. (2019) reported that with an increase in one 

functional sow teat, litter size at weaning increased by 0.26 piglets. Hence, selection for 

increased functional teat number may improve average litter size at weaning.  

 

Implications 

           This current study reported conflicting results with previous literature in regard to 

increasing gilt feeding level in late gestation on average piglet birth weight. These differing 

results could be due to the current genetic lines of gilts being naturally larger than gilts evaluated 

in previous studies. Producers should assess the differences in past and current genetic lines of 

gilts and how to best make improvements in regard to over-conditioned gilts. Hence, more 

research needs to be conducted in regard to gilt bump feeding effects on piglet birth weight, 

colostrum production, female retention and subsequent reproduction. 

 

 

 

 

 

 



   

49 

 

Table 2.1. Summary Statistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2. Average piglet birth weight across main effects of feeding level and duration 

Traits Number Mean STD 

Gilt caliper score 482 17.03 1.74 

Total Number Born  466 12.51 2.92 

Number Born Alive 463 11.58 3.11 

Litter Birth Weight (kg) 312 17.04 4.21 

Average Birth Weight (g) 310 1460 250 

Number of Stillborns 465 0.34 0.73 

Number of Mummies 456 0.32 0.81 

Number Weaned 462 10.05 1.65 

Functional Teats 308 13.76 1.15 

MAIN EFFECTS FEEDING 

LEVEL (LB) 

PIGLET BIRTH WEIGHT 

(LB) 

FEEDING LEVEL 5.5 3.22 

 7.0 3.25 

DURATION (DAY OF GESTATION 93 3.23 

 100 3.23 

CONTROL  3.20 
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Table 2.3. Trait LS MEANS by diet, day of gestation and feeding level for first parity sows 

 

 

BCS = gilt caliper score, TNB = total number born, NBA = number born alive, AVG LBWT = average litter birth weight, 

AVG BWT = average birth weight, SB = stillborns, MF = mummified piglets, NW = number weaned, Func. Teats = functional 

teats 

 FEED LEVEL, KG 

 

 DAY OF 

GESTATION 

 FEEDING 

LEVEL, KG 

 FL 

X D 

D FL 

 1.82 2.5 3.18             

 Day of Gestation SE 93 100 C SE C 2.5 3.18 SE P P P 

 C 93 100 93 100             

TRAITS                  

BCS 

 

17.0 17.20 17.1 17.0 16.9 0.25 17.1 17.0 17.0 0.21 17.0 17.2 16.9 0.21 0.69 0.83 0.35 

TNB  

 

12.64 12.54 12.1 12.4 13.0 0.43 12.4 12.5 12.6 0.37 12.6 12.3 12.7 0.49 0.24 0.91 0.32 

NBA 

 

11.6 11.90 11.4 11.6 11.3 0.23 11.7 11.4 11.5 0.20 11.5 11.6 11.4 0.20 0.20 0.10 0.57 

AVG 

LBWT 

17.12 17.29 16.9 16.8 17.0 0.55 17.0 16.9 17.1 0.47 17.1 17.1 16.9 0.46 0.95 0.96 0.86 

AVG 

BWT 

1451 1446 1469 1483 1460 45.3 1465 1465 1451 36.2 1456 1460 1474 36.2 0.91 0.93 0.84 

SB 

 

0.29 0.26 0.35 0.35 0.52 0.11 0.30 0.44 0.29 0.09 0.29 0.31 0.44 0.09 0.15 0.13 0.18 

MF 

 

0.33 0.26 0.33 0.32 0.34 0.12 0.29 0.34 0.33 0.11 0.33 0.30 0.33 0.10 0.97 0.86 0.92 

NW 

 

10.01 10.0 10.1 10.0 9.96 0.25 10.0 10.0 10.0 0.21 10.0 10.0 10.0 0.20 0.94 0.98 0.91 

FUNC. 

TEATS 

13.91 13.74 13.6 13.7 13.8 0.22 13.7 13.7 13.9 0.18 13.9 13.7 13.7 0.18 0.82 0.61 0.52 
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Figure 2.1. Distribution of gilt body condition score  

 

The Pig Site (2019) 

Figure 2.2. Schematic of functional teat classification 
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