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Immunization against gonadotropin-releasing hormone (GnRH) reduces boar taint 

occurrence in male pigs and likely alters the rate and composition of body weight gain.  Serial 

slaughter and nitrogen-balance studies were conducted to evaluate dynamics and hormonal 

control of body protein deposition (PD) and body lipid deposition (LD) in entire male pigs (EM), 

entire male pigs immunized against GnRH with IMPROVEST (IM), conventional, early 

castrates (EC), and male pigs surgically castrated between  25 and 40 kg body weight (late 

castrates; LC).  Growth performance and physiology were similar in EC and LC.  The PD was 

highest and LD was lowest in EM, while LD was highest in IM.  Following immunization, PD in 

IM gradually changed from that in EM to that in EC and LC.  Changes in PD and LD were 

consistent with changes in the animal’s physiology.  Dynamics of PD and LD should be 

considered when optimizing feeding programs for IM.  
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Chapter I 

 

Introduction and literature review 

1.1 Introduction 

Surgical castration is used in meat animal production to circumvent production issues 

related to gonad-intact males.  Entire male pigs (EM) grow more efficiently and deposit more 

lean tissue than barrows (conventional, early castrates; EC) or gilts (Oliver et al., 2003; 

Martinez-Ramirez, 2008a,b).  However, EM are also more aggressive and this may produce high 

levels of injury in pen mates and poor welfare during the growing-finishing period (Rydhmer et 

al., 2006).  As well, there is a greater risk that meat products derived from EM may contain boar 

taint which negatively affects meat quality (Dunshea et al., 2001).  Surgical castration eliminates 

steroid production from the testes, which is effective at reducing mounting and aggressive 

behaviours and improves meat quality (Dunshea et al., 2001; Cronin et al., 2003; Pauly et al., 

2009; Baumgartner et al., 2010).  

The Canadian Council on Animal Care guidelines (2009) recommends that male piglets 

be castrated between 2 and 14 days of age to reduce stress.  If surgical castration occurs later 

than 14 days after birth, local or general anesthetic is recommended; however, prior to 14 days of 

age, anaesthesia or post-surgical analgesic is not required and this raises concerns for piglet well-

being.  The pain, stress and increased likelihood of site-infections in surgically castrated males 

are major concerns (Pruiner et al.,2006).  New animal welfare-directed trends are emerging in 

the industry, and as surgical castration becomes more regulated in regions of Western Europe, 

alternative castration methods are being pursued (Fàbrega et al., 2010).  

In this review immunization against gonadotropin-releasing hormone (GnRH) will be 

discussed as an alternative method to conventional castration.  In particular, pig performance, 

including feed intake and average daily gain, whole body protein deposition rates, carcass 

quality, carcass composition, endocrine changes and behaviour of entire male pigs immunized 

against GnRH (IM) will be discussed.  Additionally, current research and differences in the 

literature will be discussed to provide a basis for the research reported in this thesis. 
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1.2 Boar taint 

Extensive reviews have been written about the prevalence and control of boar taint in EM 

(e.g. Claus et al., 1994; Babol and Squires, 1995; Lundström et al., 2009; Zamaratskaia and 

Squires, 2009).  Boar taint is an offensive odor that can be detected during the cooking and 

consumption of pork and is caused by androstenone (Lundström et al., 2009) and skatole (Claus 

et al., 1994).  Cooking temperature and ethnic background are important for the detection of boar 

taint and variation in cooking temperature contributes to differences in the literature.  Increased 

cooking temperatures decreases boar taint but also decreases meat juiciness and flavour, which 

confounds taste panel results (Lundström et al., 2009).  When cuts are served cold (i.e. salami) 

there is a decreased perception of boar taint (Lundström et al., 2009).  Some people are more 

sensitive to boar taint than others.  For example, 70 to 89 % of women versus 63 to 76 % of men 

can detect androstenone, depending on ethnicity (Gilbert and Wysocki, 1987).   

Androstenone produces a urine-like odour during cooking of pork (Lundström et al., 

2009) and is synthesised along with anabolic hormones in the Leydig cells of sexually mature 

EM (Metz et al., 2002).  It is mainly stored in the adipose tissue of EM actively producing 

androstenone and has a lower, but more lingering effect than skatole, on the perception of boar 

taint (Lundström et al., 2009).  The proposed threshold for androstenone concentration for 

consumer acceptability is 1 µg/g of adipose tissue (Bonneau et al., 1992; Babol and Squires, 

1995); however, other researchers argue that the limit should be 0.5 μg/g of adipose tissue 

(Griffiths and Patterson, 1970).  At typical slaughter BWs of about 110 kg, adipose tissue of EM 

have concentrations ranging from 0.1-9.7 μg/g (Zamaratskaia et al., 2008a) and 30% of EM 

(average of 6 European countries) had fat androstenone levels above 1 μg/g (Walstra et al., 

1999).   

The large variation in androstenone levels in EM is, in part, due to puberty which 

generally occurs around 100 kg BW (Claus et al., 1994).  At puberty the increase in testicular 

function induces minor changes in sexual maturity but large differences among EM in 

androstenone levels (Claus et al., 1994).  Pig genetics also have a substantial effect on the levels 

of androstenone present in fat tissues of EM (Pauly et al., 2008), supporting the use of genetic 

selection to minimize boar taint (Zamaratskaia and Squires, 2009).  There has been no reported 

effect of group size on androstenone and skatole present in adipose tissue (Pauly et al., 2009).  
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Skatole is the second major compound that contributes to boar taint and may lead to an 

unpleasant fecal odour in adipose tissue during heating (Claus et al., 1994).  Unlike 

androstenone, which is only detectable by 75% of the human population, skatole is readily 

perceived partly due to its volatility (Claus et al., 1994; Lundström et al., 2009) and is more 

highly associated with boar taint than androstenone (Lundström et al., 1988).  Skatole is 

measurable in blood plasma, and plasma levels are highly correlated to adipose concentrations 

(Lundström et al., 1988; Claus et al., 1994).   

Skatole is produced via bacterial metabolism of tryptophan from sloughed intestinal 

epithelial cells and undigested dietary proteins in the large intestine (Lundström et al., 1988; 

Pauly et al., 2008).  The high protein turnover rate of the intestinal lining results in a constant 

supply of debris to colon bacteria (Claus et al., 1994).   

There is debate with respect to the actual threshold levels of skatole for off-odour 

detection (Dunshea et al., 2001), but 0.20 µg/g of skatole in fat is commonly accepted (Bonneau 

et al., 1992).  Approximately 11% of EM (average of 6 European countries) had skatole levels 

above 0.25 µg/g (Walstra et al., 1999).  

There are both genetic and dietary influences on skatole concentrations in fat tissue 

(Lundström et al., 1988; Pauly et al., 2008).  Apparently, both indigestible and fermentable fiber 

intake should be considered when relating diet characteristics to the accumulation of skatole in 

body fat of EM.  Feeding 30% fermentable carbohydrates 1 week before slaughter decreased 

skatole production in the gut and appeared to increase liver metabolism to clear excess skatole 

from the body (Pauly et al., 2008).  Conversely, feeding high insoluble fiber diets encourages 

microflora growth in the colon, which increases fermentation and the production of large 

quantities of microbial protein, and supplies additional tryptophan for skatole formation 

(Lundström et al., 1988).  

One potential method to manage boar taint in meat products from EM is to market EM at 

lighter weights.  This decreases the likelihood of accumulation of boar taint compounds but 

removes the efficiencies of slaughtering heavier animals (Dunshea et al., 2001).  Additionally, in 

EM as small as 55 kg steroidogenesis and synthesis of boar taint compounds can occur, and is 

largely affected by pig genetics (Dunshea et al., 2001).   
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1.3 Immunization against gonadotropin-releasing hormone: an alternative to surgical 

castration 

Sexual development and boar taint can be inhibited through active immunization against 

GnRH (Bonneau et al., 1994).  This effectively impedes the entire hypothalamic-pituitary-

gonadal axis (Bonneau and Enright, 1995) and decreases the occurrence of boar taint and 

aggressive behaviour (Dunshea et al., 2001; Cronin et al., 2003).   

Currently, there is one product approved for immunization against GnRH, called 

IMPROVEST (Pfizer Animal Health, Kirkland, QC) in Canada or IMPROVAC in other 

countries.  IMPROVEST has been approved in more than 50 countries including Brazil, Mexico, 

Australia, and more recently, the EU and Canada (Gispert et al., 2010).  The goal of 

immunization with IMPROVEST is to maintain EM-like growth performance, while minimizing 

boar taint, reducing aggression, and improving animal welfare.  IMPROVEST is administered 

subcutaneously behind and below the base of the ear.  Each pig must receive two doses to 

optimize the immune response (Zamaratskaia et al., 2008b).  Commercially, it is injected twice at 

a 4 to 5 week interval, with the second (booster) dose given 4 to 6 weeks before slaughter (Jaros 

et al., 2005).  IMPROVEST has apparently no inherent hormonal, chemical or pharmacological 

activity (Dunshea et al., 2001; Clarke et al., 2008), animal by-products are not used in product 

fabrication, there is no withdrawal period, and the product is not active via oral routes (Clarke et 

al., 2008; Jim Alliston, Proceedings, 2010 Pfizer Nutrition Meeting, Toronto, Ontario).   

 

1.3.1 Development of IMPROVEST  

The hypothalamus produces GnRH, which then acts upon the anterior pituitary to induce 

the release of lutenizing hormone (LH) and follicle stimulating hormone (FSH).  These 

gonadotropins are responsible for acting on the male and female reproductive organs to induce 

varying responses (Fàbrega et al., 2010).  In males these responses include the synthesis and 

release of steroids (testosterone and androstenone) from Leydig cells in the testis (Claus et al., 

1994); which in turn influence boar taint, growth and aggressive and sexual behaviour (Dunshea 

et al. 2001; Cronin et al., 2003).  Early research was carried out by Falvo et al. (1986), who 

immunized male pigs against LH or GnRH, in combination with different adjuvants and 

determined that immunizing against either LH or GnRH was equally effective.  In pigs, active 
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immunization against GnRH is more efficient than against LH as fewer antibodies are needed to 

interfere with the hypothalamic-pituitary axis (Bonneau and Enright, 1995).    

Immunization against GnRH produces an immune response against both endogenous and 

exogenous GnRH (Claus et al., 2007), which eliminates testicular function.  Concentrations of 

LH and testosterone decrease significantly after administering the booster dose (Claus et al., 

2007) and reproductive functions, including further testicular development, are prevented 

(Meloen et al., 1994).  Anti-GnRH titres become higher than EM or EC after the initial dose of 

IMPROVAC and markedly increase after administering the booster dose in IM (Zamaratskaia et 

al., 2008a).  More specifically, anti-GnRH titres become significantly increased 3 to 5 days after 

administering the booster dose and have been shown to reach peak levels between days 4 and 6 

(Claus et al., 2007).  In a long-term study Zamaratskaia et al. (2008b) demonstrated that GnRH 

antibody titres were still detectable at 16 and 22 weeks after administering the booster dose.  

The GnRH molecule is an endogenous protein that is too small to elicit an immune 

response; therefore, it must be coupled with a carrier protein and injected with an adjuvant (Jaros 

et al., 2005) to stimulate an immune response.  Meloen et al. (1994) doubled the amino acid 

sequence to increase the size of GnRH and produced a GnRH-tandem, rather than a GnRH-

monomer, antigen.  Researchers also added a conjugate preparation with keyhole limpet 

haemocyanin as a carrier protein to improve antigenicity.  Other carrier proteins, including 

bovine serum albumin and tetanus toxoid, have been used to increase immune response, but 

these have varying success rates as well as low reproducibility of conjugation densities (Oonk et 

al., 1995; Beekman et al., 1999).  

An adjuvant is administered along with the antigen in the product to increase immune 

response and improve efficacy.  Early research used mineral or other oils as adjuvants which 

often caused severe lesions at the injection site.  With these adjuvants there is insufficient time 

for the lesions to heal before slaughter, especially when the booster dose was given during the 

finisher phase of growth (Dunshea et al., 2001).  More recently, aqueous adjuvants are being 

employed and IMPROVEST makes use of these adjuvants.  Site reactions occurred in 8 to 26% 

of immunized animals, but were only detectable via close physical examination, and were 

imperceptible at the time of slaughter (Dunshea et al., 2001).   
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1.3.2 Effect of IMPROVEST on boar taint  

Without the testes producing sex steroids, the development of boar taint is insignificant 

(Meloen et al., 1994).  Several studies have measured decreased levels of both androstenone and 

skatole levels in IM (Dunshea et al., 2001; Metz et al., 2002; Jaros et al., 2005; Zamaratskaia et 

al., 2008a; Pauly et al., 2009; Figure 1).  Several researchers have found that IM had low (< 0.1 

μg/g) or the same adipose androstenone levels as EC at slaughter (100-110 kg BW; Turkstra et 

al., 2002; Zeng et al., 2002; Jaros et al., 2005; Zamaratskaia et al., 2008a; Pauly et al., 2009).  

Ninety-eight percent of EC and 90% of IM had no androstenone-related odors in analysed fat 

samples.  Metz et al. (2002) found decreased levels of androstenone in IM one week after 

administering the booster dose versus EM, and the testicular synthesis of 16-androstene was 

negatively correlated to anti-GnRH antibody titres after immunization (Bonneau et al., 1994).  

Although, Oonk et al. (1995) demonstrated no correlation between skatole levels and 

testis weight or size; skatole levels are also reduced after immunization against GnRH, despite 

the fact that skatole is not directly produced in the testes (Lundström et al., 1988).  One current 

theory is that testicular steroids no longer occupy enzyme binding sites in the liver, which allows 

skatole to be metabolized and cleared more efficiently from body tissues (Babol et al., 1999).  

However, high skatole levels are not necessarily associated with high androstenone levels (Claus 

et al., 1994) and some herds have low levels of skatole regardless of gender (Bonneau et al., 

1994).  
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Figure 1.1 Fat concentration of skatole relative to androstenone in entire male pigs (EM; a), 

immunized male pigs (IM; b) and early castrated male pigs (EC; c).  Upper thresholds for 

consumer detection are designated by the gridlines (Adapted from Dunshea et al., 2001).  

 

1.3.3 Effect of IMPROVEST on plasma testosterone  

Testosterone is an androgen produced in the testes that stimulates protein synthesis and 

reduces protein degradation (Metz et al., 2002).  The anabolic nature of androgens is initiated 

through interaction with glucocorticoid receptors, which, when activated, decrease the 
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degradation of muscle protein and therefore cause an indirect improvement in whole body 

protein deposition (Lopes et al., 2004).  Additionally, androgens directly stimulate protein 

deposition.   

After successful immunization against GnRH, a change in testosterone production and 

circulation throughout the body becomes apparent.  Plasma testosterone levels decrease by two 

weeks (Dunshea et al., 2001; Zamaratskaia et al., 2008 a) and even within 5 to 10 days (Claus et 

al., 2007) following administration of the booster dose, which corresponds to anti-GnRH titres 

(Claus et al., 2007).  However, EM given only one (primary) dose do not have differing 

concentrations of blood plasma testosterone when compared to EM (Bonneau et al., 1994; 

Dunshea et al., 2001; Claus et al., 2007).  Plasma testosterone levels are reduced for at least 4 

weeks after the booster dose (Dunshea et al., 2001).  

Turkstra et al. (2002) demonstrated that there was a stronger correlation between 

testosterone levels and testis size than anti-GnRH antibodies and testis size.  This supported 

previous work by Oonk et al. (1995), showing that plasma testosterone concentrations were 

lowest when testis were less than 8 cm wide and weighed less than 60 g.  Bonneau et al. (1994) 

found a strong negative correlation between antibody titres against GnRH and testosterone 

levels.    

Physical changes of the sex organs following administration of the booster dose include 

decreased testicular weight (Metz et al., 2002; Zeng et al., 2002; Jaros et al., 2005; Zamaratskaia 

et al., 2008a), length (Zamaratskaia et al., 2008a; Gispert et al., 2010) and accessory sex gland 

size (Zamaratskaia et al., 2008a; Gispert et al., 2010). 

 

1.4 Effect of IMPROVEST on pig performance 

Current research is divided on the results of immunization against GnRH with respect to 

growth performance.  This may be due to differing genetic potential, dissimilarity in 

immunization schedules (Dunshea et al., 2001) and variation in feeding regimens (Pauly et al., 

2008).  A summary of growth performance data can be found in Table 1 with average daily gain 

(ADG) and average daily feed intake (ADFI) of IM presented as a proportion of that in EM 

during the last 4 to 6 weeks of the finishing phase. 



9 
 

 

Table 1.1 Average daily gain (kg, ADG) and average daily feed intake (kg, ADFI) of entire male 

pigs immunized against GnRH (IM) relative to entire male pigs (EM) across several experiments 

during the 4 to 6 week period following administration of the booster dose.  

Study ADG ADFI 

Bonneau et al. (1994) 1.01 1.01 

Cronin et al. (2003) 1.26 1.23 

Dunshea et al. (2001) 0.87 and 1.12 2.81 and 3.40 

Dunshea et al. (2011) 1.20 and 1.12 1.22 and 1.20 

Fàbrega et al. (2010) 1.41 1.39 

Metz et al. (2002) 0.85 2.78 

Oliver et al. (2003) 1.33 3.84 

Pauly et al. (2009) 1.14 3.10 

Turkstra et al. (2002) 0.94-0.90 1.00 

Zamaratskaia et al. (2008a) 1.14 - 

Zeng et al. (2002) 1.14 3.17 

 

1.4.1 Feed intake 

Feed intake is affected by growth potential, stage of growth, health status, and housing 

conditions.  It is suspected that the change in endocrine regulation of feed intake and energy 

partitioning in IM may, in part, account for the change in growth potential (Dunshea et al., 

2001).  The intake of essential nutrients must be considered.  For example, EM that have 

decreased feed intake, due to social behaviours, may have limited lysine intake and reduced 

growth rate as a consequence (Pauly et al., 2009). 

Up until administration of the booster dose, feed intake for IM is similar to that of EM; 

which are both lower than EC (Cronin et al., 2003).  However, feed intake increases after the 

booster dose (Dunshea et al., 2001; Metz et al., 2002; Zeng et al., 2002; Cronin et al., 2003; 

Oliver et al., 2003; Fàbrega et al, 2010) to surpass that of EM and EC (Zeng et al., 2002) by 3 

weeks post-booster injection (Cronin et al., 2003).  There is debate concerning the cause of this 

increased feed intake.  First, a negative correlation between testosterone levels and feed intake is 

seen in both the domesticated and wild boar (Weiler et al., 1996).  It is unknown if testosterone 

has a direct effect on satiety, especially with current genetics, as most research in this area is 

dated (Dunshea et al., 2001).  However, Claus and Weiler (1987) found that testosterone and 

oestrogen implants in EC had the ability to reduce feed intake by 25%.  Bonavera et al. (1994) 
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also demonstrated that reduced plasma oestrogen levels improved feed intake.  The reduced 

plasma testosterone at 10 days post-booster dose (Claus et al., 2007) supports the timeline for 

increased feed intake.  Second, a decrease in testosterone removes sexual and aggressive 

behaviours (Dunshea et al., 2001; Cronin et al., 2003), which allows the opportunity for IM to 

spend more time consuming feed, rather than partaking in energy-demanding sexual and 

aggressive behaviours.  

Early performance studies with EM and IM were conducted with individually-housed 

pigs, which allowed for an increase in feed intake without the influence of sexual and aggressive 

behaviours between male pigs (Pauly et al., 2009).  Although individual housing may be a better 

method to evaluate and understand endocrine and metabolic changes, group housing more 

accurately mirrors social interactions within commercial pig production.  

 

1.4.2 Average daily gain  

Understanding the effect of immunization against GnRH on ADG is challenging because 

both feed intake and growth potential may be affected differently by immunization.  The EM 

have an increased level of protein deposition than EC (Oliver et al., 2003), which is more 

efficient than lipid deposition due to association between body water and body protein gain.  The 

IM maintain EM-like levels of growth at least up to the booster dose (Dunshea et al., 2001), but 

they appear to become similar to EC after the booster dose and exhibit increased feed intake 

(Cronin et al., 2003).  Increased lipid deposition is also likely coupled with the increased feed 

intake (Fàbrega et al., 2010).  When these factors are considered it is challenging to predict 

whether IM will have higher average daily lean gain than EC (e.g. protein deposition) over the 

growing-finishing period.  

Pauly et al. (2009) demonstrated that IM had similar overall ADG to EM and EC in a 

group-housed environment.  However, in the early finishing period (before the booster dose), IM 

had similar ADG compared to EM which were both lower than EC.  In the late finishing period 

(after the booster dose), IM had greater ADG than either EM or EC.  Fàbrega et al. (2010) 

determined that up to the booster dose, ADG was highest in EC but IM had greater ADG in the 

last 4 weeks following administration of the booster dose; however, when results were averaged 

over the entire growing-finishing period there were no statistical differences.  From the literature 

it is clear that housing conditions (Pauly et al., 2009), timing of the booster dose of 
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IMPROVEST (Zamaratskaia et al., 2008a; Pauly et al., 2009) and the timing of performance 

measures have a substantial effect on reported ADG.  

Levels of feed intake, ad libitum versus restricted, may account for further 

inconsistencies in the ADG response to immunization against GnRH.  For example, EM are 

more efficient at gaining weight when feed intake is restricted (Walstra et al., 1969); however, 

during ad libitum feeding EC consume more feed and have a greater ADG due to increased gut 

fill, fat deposition, and the drive to consume more in the absence of anabolic hormones (Claus 

and Weiler, 1987).  As IM change from having EM-like to EC-like ADFI and ADG, the effect of 

restricted versus ad libitum feed intake becomes more of a consideration.  

Overall, ADG is affected by many factors including growth potential (genotype, sex and 

stage of growth), housing conditions (Quiniou et al., 1995) and immunization schedule 

(Zamaratskaia et al., 2008a); therefore, it is a measure most easily compared within a specific pig 

group.   

 

1.4.3 Feed efficiency 

Feed efficiency, as a combination of ADFI and ADG, includes all of the discrepancies 

previously mentioned.  Generally, feed conversion efficiency is better in EM than IM and EC, 

respectively (Dunshea et al., 2001; Turkstra et al., 2002; Pauly et al., 2008).  Fàbrega et al. 

(2010) found that the feed conversion ratio was better in IM and EM than EC, from the 

beginning of the fattening period through to slaughter.  Pauly et al. (2009) also demonstrated a 

better feed efficiency in IM than EC. 

Zeng et al. (2002) established that the energy content of the diet affected the energy 

conversion of EM and IM.  When fed a low energy diet IM did not differ from EM; however, 

when fed a high energy diet, IM had a similar energy conversion ratio to EC but a lower meat 

percentage than both EC and EM.  Therefore, different diet compositions affect the performance 

and nutrient partitioning in IM.  With this in mind, the best performance of IM may be obtained 

by feeding lower energy, and often less expensive, diets.  

 

1.4.4 Secondary anabolic hormones and leptin  

Oestrogens, such as 17β-estradiol produced by the testes, increase protein synthesis by 

stimulating the release of growth hormone (GH) and insulin-like growth factor 1 (IGF-1) (Claus 
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et al., 1994).  Estradiol is required for IGF-1 expression in response to GH, and IGF-1 is 

essential to mediate the anabolic effects of GH (Metz and Claus, 2003).  Plasma estradiol 

concentrations increased significantly with age in EM (which can be used to evaluate sexual 

maturity and steriodogenic potential, Schwarzenberger et al., 1993) compared to IM, while EC 

had insignificant levels of estradiol due to the lack of testes.  Furthermore, an increase in 

estradiol resulted in elevated plasma levels of IGF-I in EM (Metz and Claus, 2003).   

 Little work has been completed to measure changes in IGF-1 or GH after immunization 

of male pigs with IMPROVEST.  A change in the secretory patterns of IGF-1 and GH may 

compensate for the lack of gonadal hormones after immunization against GnRH (Metz and 

Claus, 2003).  Seven days after administering the booster dose may be enough time for IGF-1 

and GH to adjust to the changes in steroid hormone levels (Claus, 1976).  

It is assumed that the inhibition of GnRH leads to a rise of GH-releasing hormone and, 

hence, GH (Claus and Weiler, 1994; Metz and Claus, 2003).  Gonadal hormones present early in 

postnatal development may induce gene imprinting mechanisms which may help explain some 

differences in hormone secretion and performance between EC and the retained EM-like growth 

and efficiency of IM (Jansson and Frohman, 1987).  A transitory rise of testicular hormone 

function occurs around six weeks of age in EM (Booth et al., 1975).  It has been speculated that 

the male pattern of GH secretion may have been imprinted by this time, which may affect the 

animals’ subsequent physiology (Chowen et al., 1996).   

Several investigators (Metz and Claus, 2003; Bauer et al., 2009) determined that GH 

levels remained close to EM levels for several weeks after administering the booster dose.  This 

could explain the maintained growth, specifically protein deposition, observed after successful 

immunization against GnRH (Bonneau et al., 1994).  In general, GH decreases with age; 

however EM and IM had increased amplitudes of GH when compared with EC, with similar 

pulse frequencies among genders (Metz and Claus, 2003). 

Claus et al. (2007) demonstrated that plasma IGF-1 concentrations decreased 

significantly starting 5 days after the booster dose.  There was a 36% drop in plasma IGF-1 from 

186 ng/ml to 119 ng/ml during 6 to 10 days after the booster dose.  Bauer et al. (2009) 

demonstrated that increased feed intake can improve circulating levels of IGF-1 after 

immunization, and consequently protein synthesis, while protein catabolism remained constant.  

Plasma IGF-1 is also susceptible to changes in nutrient intake.  For example, dietary 
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carbohydrates with high glycemic indices stimulate IGF-1 release (Bauer et al., 2009).  

Therefore, the significant increase in feed intake after the booster dose may improve growth by 

stimulating IGF-1 release. 

Although leptin is not an anabolic hormone, plasma leptin levels are a measure of body 

adiposity, which directly correlate to body fat content across animals of different genotypes and 

affect chemical body composition (Frederich et al., 1995).  Elevated plasma leptin levels result in 

reduced feed intake, lower rates of lipid deposition and an increased metabolic rate (Campfield et 

al., 1995; Halaas et al., 1997), which is mediated through receptors in the hypothalamus (Chua et 

al., 1996).  Previous research has not been conducted on plasma leptin dynamics after 

immunization against GnRH.  

 

1.4.5 Protein deposition  

Protein deposition likely changes as hormone profiles fluctuate around the time of 

immunization against GnRH (Metz et al., 2002).  However, there is little research in this area 

that accurately quantifies these changes. 

Metz et al. (2002) demonstrated that EM had superior nitrogen (N-) retention compared 

to EC and IM.  However, there was high variation between replicates and the study was only 

performed for one week around 90 kg BW and approximately 4 weeks after administering the 

booster dose.  This is not necessarily representative of the whole finishing phase and doesn’t 

encompass the changes that occur directly after immunization with IMPROVEST.  

More recently, Claus et al. (2007) reported a decrease in N-retention, based on increased 

plasma urea, after the booster dose.  The higher plasma urea may have been a result of reduced 

testosterone and IGF-1 and was interpreted as decreases in protein deposition rates.  The change 

in plasma urea concentrations occurred immediately after the booster dose and increased from 

basal levels of 126 to 203 μg/ml.  The increase in plasma urea nitrogen also coincides with the 

increase in feed intake (Dunshea et al., 2001), which may indicate a discrepancy between protein 

intake versus protein (amino acid) requirements and contributes to protein (amino acid) 

breakdown.    
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1.5 Effect of IMPROVEST on carcass composition and meat quality  

Meat quality characteristics - including pH, lightness, redness, yellowness, drip loss and 

cooking losses of loin - did not differ between EC and IM (Pauly et al., 2009; Boler et al., 2011).  

However, timing of the booster dose had a significant effect on carcass weight at similar age 

(Lealiifano et al., 2011).  Based on extensive dissection and evaluation of meat quality, Gispert 

et al. (2010) concluded that immunization against GnRH was effective at removing boar taint 

without affecting other meat quality characteristics.   

1.5.1 Dressing percentage 

Dressing percentage is an important factor in determining production efficiency.  

Immunization against GnRH affects dressing percentage largely due to increased feed intake 

and, consequently, gut fill and size of visceral organs, as well as reduced weight of male 

reproductive organs.  Generally, dressing percentage was greater in EC than EM due to a higher 

carcass fat content and reduced weight of male reproductive organs (Dunshea et al., 2001); 

however, dressing percentage was found to be considerably lower in IM than EM and EC due to 

increased abdominal fat and gut fill (Zamaratskaia et al., 2008a).  Other studies have shown that 

dressing percentage was similar in IM relative to EC (Zeng et al., 2002) due to increased carcass 

fat content relative to EM.  Discrepancies in the literature are mainly due to differences in 

immunization schedules, feed allowance and the inconsistent use of fasting periods before 

slaughter.  

 

1.5.2 Back fat thickness and lean meat yield 

Today’s consumers are more health conscious than in previous decades and this leads to a 

preference for leaner meat.  In addition, at the level of the packing plant, reduced carcass fat 

means less trimming and more efficient processing.  Moreover, producers are paid for lean.  

Therefore, a goal of pig production is to increase lean gain while restricting fat deposition due to 

the high energy cost and low commercial return of carcass fat.    

Fat is deposited when energy intake exceeds that required for reaching and maintaining 

maximum protein deposition (Oliver et al., 2003).  Typically fat deposition increases near market 

weight.  As hogs approach maturity, the rate of protein deposition decreases and more of the 

consumed energy, over and above maintenance energy requirements, is directed toward body 

lipid deposition.  Fàbrega et al. (2010) determined that back fat thickness and carcass lipid 
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content were greater in EC than EM and IM (at the time of the booster dose); however, at 

slaughter EC and IM had greater amounts of carcass fat than EM.  Additionally, similar back fat 

thickness was shown in EC and IM at slaughter (approximately 6 weeks after the booster dose 

was administered; Metz et al., 2002; Gispert et al., 2010).  Increased carcass fat content has been 

observed after administering the booster dose where increased feed intake, combined with lower 

sexual and social activity, results in more available energy for body lipid deposition (Turkstra et 

al., 2002; Fàbrega et al., 2010).  However, when EM were immunized earlier (15 and 19 versus 

18 and 22 weeks of age) and slaughtered earlier (23 versus 26 weeks) there was no difference in 

back fat thickness between IM and EM (Dunshea et al., 2001).  A linear increase in back fat 

thickness from pigs given the booster dose 2, 3, 4, and 6 weeks before slaughter was reported 

(Lealiifano et al., 2011).  Therefore, age at immunization may affect lipid deposition and time 

after the booster dose may affect back fat thickness.   

Castration, surgically or via immunization, at younger ages removes anabolic hormones 

earlier and reduces the potential growth attributed to these hormones; thus age at immunization 

also affects whole body protein deposition and consequently, lean gain.  The presence of 

anabolic testicular hormones improves feed efficiency and contributes to leaner carcass 

characteristics (Xue et al., 1997).  Zamaratskaia et al. (2008a) demonstrated that EM had greater 

carcass lean meat yield (57.8%) at slaughter than EC and IM (54.9 and 56.1%, respectively).  

Jaros et al. (2005) and Bonneau et al. (1994) found that IM had greater lean meat yield than EC.  

Similarly, Fàbrega et al. (2010) reported reduced whole body protein content in EC compared to 

IM and EM at the time of the booster dose.  However, by the time of slaughter, EC and IM had 

lower whole body protein content than EM.  Conversely, the effect of anabolic hormones were 

not completely lost after the booster dose where IM had leaner carcasses and greater feed 

efficiency than EC (Bonneau et al., 1994; Dunshea et al., 2001; Jaros et al., 2005; Pauly et al., 

2009).  

The rate of body lipid deposition is correlated with the fatty acid composition of adipose 

tissue.  As back fat thickness decreases the level of unsaturated fat content of the adipose tissue 

increases (Pauly et al., 2008).  Field (1971) was one of the first to summarize the differences in 

the fatty acid composition of body fat from EM compared to EC, with EM having softer fat 

containing more oleic acid than EC.  More recently, Pauly et al. (2009) demonstrated a decrease 

in degree of saturation in adipose tissue from EC to IM to EM.  This was accompanied with a 



16 
 

decrease in palmitic (16:0), stearic (18:0), and eicosanoic (20:0) acids and an increase in linoleic 

(18:2n-6) and arachidonic (20:4n-6) acid content in fat tissue.  It was speculated that the 

difference in fatty acid profile between genders may be due to higher feed intakes in EC and IM, 

which results in increased incorporation of dietary fatty acids in body fat, as well as increased 

endogenous fatty acid synthesis.  Also, when feeding poly-unsaturated fatty acids (PUFAs), 

inhibition of stearoyl-CoA desaturase may occur (Kouba and Mourot, 1998), and increase the 

ratio of saturated fat to PUFAs.  As well, group-housed animals had increased levels of PUFAs 

(17.7 versus 16.3%) as opposed to individually housed animals (Pauly et al., 2009).  This is 

likely due to less social competition and thus more energy intake available for endogenous 

denovo fat synthesis in individually housed animals and, therefore, the ratio of saturated fat 

(from denovo fat synthesis) to PUFAs (derived from dietary intake) impacts the fatty acid profile 

of body fat.  Therefore, there may be discrepancies in results extrapolated from individually 

housed male pigs to the more practical group-housed circumstances.  Fatty acid composition is 

an area of concern for consumer acceptance and meat quality of meat products as IM may have 

reduced fat quality than the current marketable pork from EC.  

 

1.5.3 Tenderness 

Although few researchers have evaluated tenderness of meat from IM versus other 

genders, the available results are favourable.  Pauly et al. (2009) found that IM had the most 

tender longissimus muscle compared to EC and EM, measured as shear force values.  There is 

speculation that this could be due to compensatory growth after administering the booster dose at 

the end of the finishing period (Pauly et al., 2009).  Kristensen et al. (2002) demonstrated that 

compensatory growth was accompanied with an increased proteolytic potential which resulted in 

an improved tenderization rate.  

 

1.6 Effect of IMPROVEST on behaviour and welfare 

Aggressive and sexual behaviour is common in group-housed EM, which is a cause for 

concern when raising EM.  This is both a welfare and meat quality issue.  Various behaviour 

studies in IM have found that activity and aggressiveness decrease after administering the 

booster dose (Cronin, et al., 2003; Baumgartner et al., 2010; Fàbrega et al., 2010; Rydhmer et al., 

2010).  Fàbrega et al. (2010) found that the activity levels, including mounting, in IM and EM 
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were similar until the first IMPROVAC dose.  Similar results were found by Baumgartner et al. 

(2010) and earlier by Cronin et al. (2003).  Only for two to three days after the initial dose, IM 

showed decreased activity compared to EM, possibly due to acute phase proteins and immune 

system stimulation (Fàbrega et al., 2010).  However, by two weeks after the booster dose (23 

weeks of age), activity in the IM was significantly lower than in EM and this difference 

remained until slaughter (Fàbrega et al., 2010).  Activity levels in IM were not different from EC 

following administration of the booster dose (Rydhmer et al., 2010). 

Rydhmer et al. (2010) found that aggressive behaviour dropped 78% after administering 

the booster dose compared to pre-immunization levels, which was supported by reduced skin 

lesion scores due to aggressive behaviours.  Pigs observed one week after the booster dose did 

not differ in behaviour from those observed 3 weeks after the booster dose, which demonstrated 

that the behavioural changes were rapid and stable (Cronin et al., 2003; Baumgartner et al., 2010; 

Rydhmer et al., 2010).  Thus, immunization against GnRH is a viable method to decrease male 

aggressiveness and sexual behaviour to improve the welfare of group-housed male pigs, without 

the use of surgical castration.  

 

1.7 Additional considerations  

Several factors affect the subsequent growth performance and identification of male pigs 

successfully immunized against GnRH.  In particular, timing of immunization has considerable 

effects on growth performance and sexual organ development (Dunshea et al., 2001; Turkstra et 

al., 2002), which has consequences for boar taint development (Oonk et al., 1995).  The original 

growth performance results of IM were often based on older pig genotypes and individually 

housed pigs.  These results may not reflect the current production systems in Canada (Dunshea et 

al., 2001).   

The timing of the primary and booster doses impact subsequent growth and carcass 

quality at slaughter; the ideal schedule varies with genetic background, environmental conditions 

and carcass evaluation schemes (Rydhmer et al., 2010).  Late immunization (i.e. 3 weeks before 

slaughter) allows IM to maintain EM-like growth performance longer and is effective at 

inhibiting boar taint development (Bonneau et al., 1994).   

Although late immunization retains benefits for growth and minimizing boar taint, it 

reduces the ability to distinguish between successfully IM and EM at the slaughterhouse.  Every 
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boar must be successfully injected twice with IMPROVEST to achieve inhibition of the GnRH 

axis and elimination of boar taint.  Unlike other immunization regimens targeting transmissible 

diseases, where missed animals are protected by the health of their immunized counterparts, 

IMPROVEST is only effective if all animals are given the proper doses, which makes quality 

control at the slaughter plant important.    

Turkstra et al. (2002) concluded that the booster dose of IMPROVAC needs to occur at 

least 5 weeks before slaughter to see differences in testes size.  A booster dose given less than 5 

weeks prior to slaughter gives insufficient time for testicles to shrink, which makes external 

measurements for evaluation of effectiveness of immunization against GnRH impossible (Oonk 

et al., 1995; Turkstra et al., 2002).  Conversely, Dunshea et al. (2001) found that testes width 

decreased significantly by 2 weeks after the booster dose and reduced by 6.5 mm at 4 weeks after 

administering the booster dose.  This was in comparison to EM whose testes increased in width 

by 23.4 mm in the same time span.  Dunshea et al. (2001) concluded that testes width would be a 

reasonable measure at the slaughterhouse to identify males that responded successfully to 

immunization against GnRH.  

Pauly et al. (2009) suggested that testes weight and BW at slaughter can be used together 

to successfully differentiate between IM and pigs that were unresponsive to IMPROVAC.  Metz 

et al. (2002) found an 11.4 % difference in testes weight between IM and EM.  Oonk et al. 

(1995) found that IM never had androstenone levels exceeding 0.50 μg/g when testes weighed 

less than 150 g with a width less than 9 cm in one study.  However, genetic variation between 

animals entering the slaughterhouse may make it difficult to define appropriate testes widths for 

accurate sorting.  

Lealiifano et al. (2011) used a Chroma meter (CR-400, Minolta, Osaka, Japan) to 

measure cut testicle surface lightness (L*), redness (a*) and yellowness (b*).  Males that did not 

receive both doses had an increased a* value which is associated with increased heme pigments 

and more mitochondrial activity (Dunne et al., 2005) and, therefore, greater steroid hormone 

concentrations.  Males that received both doses, regardless of time before slaughter, had lower a* 

readings; thus, this may become a new rapid and simple method for measuring testes activity and 

screen for effectiveness of immunization at slaughter.  

The size of accessory sex glands gives a good indication of the decline in male steroid 

hormone production.  Bonneau et al. (1994) determined that a 64% decrease in seminal vesicle 



19 
 

weight in the time that testes weight decreased 16%.  However, the time cost of dissecting out 

accessory sex glands makes it an unrealistic method for conventional slaughter plants (Oonk et 

al., 1995).  

There is also the possibility that EM will recover testicular function if immunization 

against GnRH is given too early (Claus et al., 2007).  A continuous decrease in blood antibody 

titres were observed after the maximal titre was achieved between 4 and 6 days after the booster 

dose, and this has led to concerns about the long-term effectiveness of immunization.  

Additionally, Lealiiffano et al. (2011) demonstrated higher plasma testosterone concentrations in 

males immunized at 6 versus 2 weeks before slaughter.  Zamaratskaia et al. (2008b) conducted a 

study to determine the long-term effects of immunization against GnRH.  It was found that more 

than 4 months is required for an IM to recover testicular function after the booster dose.  There is 

also an increase in animal-to-animal variation in androstenone as time passes from the booster 

dose; therefore, increasing time between the booster dose and slaughter increases the possibility 

of boar taint at slaughter (Zamaratskaia et al., 2008b).   

Economics is an important factor that affects the decision of producers to introduce new 

technologies.  Work by Deen et al. (2008) with an economic model has shown that the use of 

IMPROVAC improved income by $5.48/pig at slaughter (not including IMPROVAC cost) in a 

typical US market, not including the cost of immunization.  However, further research on the 

economic benefits in Canada must be completed.   

Surgical castration increases the excretion of N and phosphorus in manure (Turkstra et 

al., 2002), which is an environmental concern as phosphates and nitrates can cause soil and water 

contamination.  Immunization with IMPROVEST may provide an opportunity to decrease N and 

phosphorus emissions.  As IM retain EM-like growth performance up to and even beyond the 

booster dose (Dunshea et al., 2001), this may decrease the days to slaughter and reduce overall N 

and phosphorous emissions.   

Another research area is the possible synergistic or additive effects of immunization with 

IMPROVEST and growth promoting products such as porcine somatropin and Paylean®.  It is 

important to understand the body protein and lipid deposition dynamics of immunization alone 

and build a solid foundation for further research on the effect of growth promoting products.  It 

has been shown that lean tissue deposition is increased further when porcine somatotropin was 

used in combination with IMPROVAC (Oliver et al., 2003). 
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Immunization against GnRH may also be of benefit for gilts and some work in this area 

has already been completed by Oliver et al. (2003).  Ovaries of IMPROVAC-treated gilts were 

50% less mature than in untreated gilts.  The reduction in ovary maturation may suppress sexual 

development and behaviour; however, gilts are generally shipped to market before sexual 

maturation.  

 

1.8 Summary  

Immunization against GnRH offers an alternative method to surgical castration for 

elimination of boar taint and reduction of aggressive behaviour in EM.  The added benefit of 

improved growth performance and efficiency, while maintaining meat quality, makes this 

method desirable.  However, more research is needed to measure and understand the time-

dependent changes in endocrine profiles and their effects on lean and lipid deposition to further 

advance production efficiencies.  
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Chapter II 

 

Research hypothesis and objectives  

 

It is expected that after administering the second (booster) dose of IMPROVEST for 

immunizing against gonadotropin-releasing hormone (GnRH), immunized male pigs (IM) will 

experience a gradual change in feed intake, nitrogen retention and whole body protein deposition 

(PD) rates from values observed in entire male pigs (EM) to those in male pigs that have been 

conventionally, surgically castrated at an early age (EC), corresponding to the increased anti-

GnRH titres after immunization.  As a result, body composition of IM at slaughter is expected to 

be intermediate between that of EM and EC.  It is also hypothesized that meat quality traits - 

including colour, pH and drip loss of loin - will not be affected by immunization with 

IMPROVEST, and that the boar taint causing compounds androstenone and skatole will be 

reduced in blood plasma and fat tissue of IM when compared to EM.  Finally, it is predicted that 

plasma levels of insulin-like growth factor 1 (IGF-1), estrone sulfate (E1S) and leptin will 

gradually change from those in EM to those in EC.   

The main intentions of this research are to 1) provide data to assist in the modeling of 

IM’s rate and composition of BW gain after administering the booster dose, providing a basis for 

formulating diets with appropriate nutrient levels (i.e. lysine) to support the most efficient BW 

gain of IM, and 2) provide an understanding of the underlying endocrine control of the outlined 

physiological changes.   

Specific research objectives were to determine the impact of immunizing entire male pigs 

against GnRH with IMPROVEST on 1) dynamics of PD, whole body lipid deposition (LD) and 

feed intake, 2) carcass and meat quality at slaughter and 3) endocrine control of dynamics of PD 

and LD.  

To address the aforementioned objectives the following treatments are considered: EC, 

EM, IM and late castrates (LC).  The LC will be surgically castrated before puberty but after the 

transient rise in testicular steroid hormones, which occurs within the first 6 weeks of life.  It has 

been speculated that by this time the male pattern of growth hormone secretion may have been 

imprinted and this may affect the animals’ subsequent physiology, which may influence future 

rates and composition of BW gain.  Based on these considerations, physiology and growth 
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performance of IM may be more similar to entire male pigs surgically castrated after 6 weeks of 

age than conventional EC.  

 

 

  



23 
 

Chapter III 

 

Dynamics of nitrogen retention in male pigs immunized with IMPROVEST 

 

3.1 Abstract 

Immunization against gonadotropin-releasing hormone (GnRH) reduces the levels of boar taint 

causing compounds in male pigs, and is likely to alter growth performance, including whole 

body protein deposition (PD) and whole body lipid deposition (LD).  The latter two are 

important determinants of dietary amino acid and energy requirements, respectively.  Thirty-six 

male PIC pigs were used to determine the effects of immunization against GnRH with 

IMPROVEST (Pfizer Animal Health, Kirkland, QC) on PD (nitrogen (N-) retention × 6.25), 

plasma urea nitrogen (PUN; a measure of amino acid catabolism) and back fat thickness.  Four 

treatments were used: [1] conventional, early castrates (EC), [2] entire male pigs (EM), [3] entire 

male pigs immunized with IMPROVEST (IM), and [4] entire male pigs surgically castrated 

between 25 and 40 kg BW (late castrates; LC).  IMPROVEST was injected at 30 and 70 kg BW.  

Within each of nine litters, four males were randomly assigned to the four treatments.  Pigs were 

fed corn and soybean meal based diets that were not limiting in essential nutrients for high PD.  

Five consecutive N-balances were conducted on d -9 to -4, 1 to 7, 9 to 16, 20 to 26 and 30 to 36, 

relative to the second dose at d 0; blood was sampled on d -4, -1, 2, 5, 8, 11, 14, 19, 28 and 37.  

There was an interactive effect of treatment and time on PD (P < 0.001).  Across periods, PD for 

EC and LC were similar (204 vs. 208 g/d, P > 0.10), and lower than EM (245 g/d, P < 0.001).  

The PD in EM and IM was similar up to d 7 (240 vs. 242 g/d, P > 0.10), tended to be higher for 

EM than IM between d 9 and 16 (240 vs. 217 g/d, P = 0.07) and was higher for EM than IM after 

d 20 (253 vs. 203 g/d, P < 0.05).  Between d 9 and 36 PD in IM was similar to EC and LC (P > 

0.10).  The PUN was similar in EC and LC across sampling times (15.50 vs. 15.86 mg/dl, P > 

0.10) and higher than EM (9.33 mg/dl, P < 0.05); PUN levels were similar in EM and IM up to d 

5 (9.88 vs. 9.59 mg/dl, P > 0.10), tended to be different at d 8 (9.08 vs. 11.85mg/dl, P < 0.10) 

and were lower in EM than IM from d 11 to d 37 (8.94 vs. 14.80 mg/dl, P < 0.05).  After d 8 

PUN levels were similar for IM, EC and LC (14.31 vs. 15.13, 15.55, P > 0.10).  Overall, back fat 

thickness was similar across treatments (P > 0.10) and increased with time (P < .0001).  Between 

d 7 and 16 after administering the second dose, PD and PUN in IM changed gradually from EM 
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levels to EC and LC levels, which should be considered when developing feeding programs for 

IM.   

 

3.2 Introduction 

Immunization against gonadotropin-releasing hormone (GnRH) reduces the occurrence 

of boar taint causing compounds in male pigs (Dunshea et al., 2001), and is likely to alter growth 

performance, including whole body protein deposition (PD) and whole body lipid deposition 

(LD).  In grower-finisher pigs, PD is closely related to pork production efficiency (Möhn and de 

Lange, 1998) and understanding the dynamics of PD and LD is essential to formulate diets that 

do not limit intake or oversupply expensive nutrients.  However, the dynamics of PD and LD 

have not been well documented in male pigs immunized against GnRH with IMPROVEST, 

especially following the second injection (e.g. booster dose) and when changes in the pigs 

physiology are induced.  To date, it is established that immunized male pigs (IM) maintain entire 

male-like growth performance for some time after the booster dose (Pauly et al., 2009), though 

performance results are largely affected by immunization schedules (Dunshea et al., 2001) and 

housing environment (Pauly et al., 2009).  The IM grow and eat as entire male pigs (EM; Cronin 

et al., 2003) until administration of the booster dose.  However, after administering the booster 

dose there is an increase in feed intake (Dunshea et al., 2001; Metz et al., 2002; Oliver et al., 

2003; Fàbrega et al, 2010) and average daily gain (ADG; Fàbrega et al., 2010), but  the 

composition of BW gain following the booster dose has not been explored.  

A transitory rise of testicular hormone function occurs at six weeks of age in EM (Booth, 

1975).  It has been speculated that by this time the male pattern of growth hormone secretion 

may have been imprinted and this may affect the animals’ subsequent physiology (Chowen et al., 

1996), which may influence future rates and composition of BW gain.  Based on these 

considerations, physiology and growth performance of IM may be more similar to entire male 

pigs surgically castrated after 6 weeks of age than conventionally early castrated males. 

Thus, the objective of this study was to quantify dynamics of BW gain, PD and back fat 

thickness in conventionally early castrated males, male pigs castrated between 30 and 40 kg, EM 

and IM.         
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3.3 Materials and methods 

3.3.1 Animals and feeding  

The University of Guelph Animal Care Committee approved the current experimental 

protocol.  The preliminary study involved 12 EM pigs and the main study included 36 male pigs 

used for serial nitrogen balance and plasma metabolite measurements.  Two male pigs were 

excluded from the latter due to lameness and illness, respectively.  

 

3.3.1.1 Preliminary feed intake study  

Due to the importance of accurately controlling feed intake during a nitrogen (N-) study, 

especially in IM whose feed intake increases substantially after administering the booster dose 

(Dunshea et al., 2001; Oliver et al., 2003; Cronin et al., 2003), a preliminary feed intake study 

was conducted.  This study involved 12 EM PIC pigs (Floradale Farms, ON) that were 

immunized with IMPROVEST (Pfizer Animal Health, Kirkland, QC) according to the 

manufacturer’s instructions.  Pigs were fed ad libitum over-fortified diets to allow for maximum 

PD between 33±4.3 kg and 119±5.7 kg BW (Dunshea et al., 2001; Table 3.1).  Diets were mixed 

and pelleted at the University of Guelph Arkell feed mill and formulated to contain essential 

nutrients, including standardized ileal digestible essential amino acids that exceeded 

requirements (NRC, 1998).  Grower I was fed up to 50 kg BW, grower II up to 80 kg BW and 

finisher up to the target slaughter weight of 115 kg.  After slaughter, carcasses were disposed of 

through Rothsay Rendering (Rothsay, ON).  

During the feed intake study half of the animals were individually housed in 4’x3’ raised 

floor pens with tenderfoot flooring while the other half were housed in metabolic crates (Möhn 

and de Lange, 1998).  Animals alternated between floor pens and metabolic crates weekly, to 

simulate proposed conditions for the subsequent studies.  Ad libitum feed intake was monitored 

during consecutive weekly periods starting 4 weeks prior to the booster dose.  The BW of pigs 

was determined weekly when pigs were moved.  Room temperature and humidity were 

controlled and all animals had free access to water.  

Observed ad libitum daily feed intake more than doubled during the first 4 days after 

administering the booster dose and subsequently gradually decreased; by d 10 after the booster 

dose feed intake was only 13% greater than prior to the booster dose.  To account for changes in 

BW, feed consumption was expressed per kg BW
0.60

, whereby BW represented the mean BW 
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during consecutive weekly periods.  Based on these analyses, daily feed intake was best 

characterized as 0.195 kg per kg BW
0.60

 prior to the booster dose, was 2.35 times greater during 

the first 7 d after the booster dose, and was 1.13 times greater between d 7 and slaughter BW. 
 

 

3.3.1.2 Main study  

The study was conducted in 3 blocks of 12 pigs with 3 pigs per treatment balanced across 

litters.  All pigs in each block had the same sire. The main study included the four different 

treatment groups: [1] conventional, early castrates (EC), [2] EM, [3] IM, and [4] entire male pigs 

surgically castrated between 25 and 40 kg BW (late castrates; LC) from the same genetic line as 

the preliminary study.  Within each of nine litters, four males were randomly assigned to the four 

treatments.  Late castration was conducted by a veterinarian (approximately 4 weeks prior to the 

first N-balance) using Premix (50 mg Ketamine, 10 mg Xylazine, 1 mg Butorphanol/ml Premix; 

dose: 0.2 ml/kg) as anesthetic and analgesic.  After the scrotum was cleaned with warm, soapy 

water, a six-cm incision was made through the scrotal and connective tissues and testicles were 

pulled with firm, steady pressure.  No sutures were used to close the incisions but they were 

monitored daily for infection.  The IM were injected with 2 ml IMPROVEST subcutaneously 

behind the ear at approximately 30 kg (primary injection) and 70 kg BW (booster dose).   

Pigs on treatments EM and IM (until booster dose) received 90% of ad libitum intake 

observed in the preliminary study.  Pigs on treatments EC and LC received 10% more feed 

relative to EM, consistent with previously observed gender effects on feed intake (NRC, 1998).  

After the booster dose feed intake of IM was increased gradually, however during the first 8 d 

after the booster dose IM were essentially fed ad libitum as they consumed less than the amounts 

observed in the preliminary study.  Thereafter, IM were fed restricted to the same degree as EC 

and LC, which was 10% less than in the preliminary study.  The diets were the same as in the 

preliminary experiment (calculated values; Table 3.1) and contained the tracer titanium oxide at 

0.1% (as-fed basis; replacing corn) to estimate nutrient digestibility.  Feed was made in 3 batches 

to correspond to the 3 experimental blocks; the analyzed values in Table 3.1 were averaged over 

the 3 batches.  Animals were weighed before and after N-balance periods and feed allowance 

was recalculated based on kg BW
0.60 

for the subsequent period.  Meals were fed in two equal 

amounts at 8:00 and 16:00 h.  Water was added at a ratio with feed of 2:1 with an additional 1 L 
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of water provided at noon.  Pigs were slaughtered at the University of Guelph Meat Lab (Guelph, 

ON) after they exceeded the target weight of 115 kg. 

 

3.3.2 Nitrogen balance procedure  

Pigs were weighed at the beginning and end of each N-balance period to calculate ADG.  

Feed intake was monitored along with feed wastage to calculate average daily feed intake 

(ADFI) during the N-balance periods.  The F:G was calculated from the aforementioned 

measurements.  

The N-balances were determined during 5 periods (d -9 to -4, 1 to 7, 9 to 16, 20 to 26 and 

30 to 36 relative to administering the second IMPROVEST dose).  During the N-balance periods, 

pigs were housed in metabolic crates that allowed separate collection of urine, feces and wasted 

feed (Möhn and de Lange, 1998).  Urine was collected in buckets placed underneath the 

collection trays and was acidified to a pH of less than 3 using hydrochloric acid.  For every 

successful 24-h collection, urine was weighed and a representative sample of 5% was taken, 

pooled per pig and N-balance period, placed in a sealable container, and stored at 4
0 

C.  At the 

end of the N-balance period, the pooled aliquots were mixed thoroughly and 2 sub-samples were 

collected for N analysis.  Fresh feces were collected daily, pooled within pig and period, and 

frozen at -20
0
C until further analysis.  Feed not consumed by the pigs by the end of each period 

was collected as wasted feed to accurately calculate N intake.  Metabolism crates were adjusted 

in size as the pigs grew, and pigs were returned to floor pens between N-balance periods.  

 

3.3.3 Blood collection  

Blood was collected on d -4, -1, 2, 5, 8, 11, 14, 19, 28 and 37 relative to the booster dose 

to monitor plasma urea nitrogen (PUN) and other plasma metabolites (Chapters 4 and 5).  Three 

5-ml blood samples were collected from the orbital sinus in heparinized vials, centrifuged for 20 

minutes at 1500 × g at 4
0
C, plasma was aspirated, placed in microcentrifuge tubes, and then 

stored at -20
0
C until further analysis.   
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3.3.4 Back fat ultrasound  

Back fat thickness was measured weekly (from the weeks of d -14 to d 35 relative to 

administering the booster dose) for the duration of the study using ultrasound.  Vegetable oil was 

applied to the back between the 3
rd

 and 4
th

 rib to improve sound wave transmission and the 

measurement was taken with an AgroscanL (ECM Noveko International Inc., Angoulême, 

France; 3.5 MHz probe head with a 140 mm probe) by trained personnel and according to 

instructions from ECM Noveko International Inc.  All three layers of back fat were included in 

this measurement.    

 

3.3.5 Nutrient analysis  

Feed subsamples of approximately 100 g were collected weekly from each diet 

throughout the duration of the study.  Samples from each diet within each batch were pooled and 

homogenized before analyses were conducted.  Wasted feed was also collected, oven dried at 

130 
o
C, and then subsampled for further DM analysis.  Fecal samples were homogenized after 

each N-balance period and a 200-gram sample was freeze-dried and homogenized to a fine 

powder with a commercially available coffee grinder.  Dry matter was measured via oven drying 

for 2 h at 135
o
C in diets, freeze-dried feces and wasted feed according to the AOAC (1997) 

method 930.15.  

Diet, fecal and urinary N content were measured at Agrifood Laboratories (Guelph, ON) 

with a LECO-FP 428 analyzer (LECO Instruments Ltd., Mississauga, ON) according to AOAC 

(1997) method 990.03.  

Titanium concentrations in feces (in duplicate) and diets (in triplicate) for digestibility 

calculations were quantified according to standard AOAC procedures (AOAC, 1997).  

Absorbance of standards and samples were measured with a Shimadzu UV-1201S UV0VIS 

spectrophotometer (Shimadzu Scientific Instruments, Colombia, MD) at 407 nm.      

  

3.3.6 Plasma urea nitrogen analysis  

The PUN was measured in triplicate using colorimetry and commercially available kits 

(Stanbio Laboratory, Boerne, TX) according to the manufacturer’s instructions.  Standards were 

prepared at concentrations of 1.875, 3.750, 7.500, 15.000, 30.000 mg/dl urea.  Five µl of each 

standard or sample were pipetted into wells in a 96-well plate.  The plate reader (BIO-TEK 
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Instruments Inc., Power Wave XS KC4; Winooski, VT) was preheated to 37
o
C and plates were 

read at 340 nm.  Data was analysed using the KC4 wizard.  

 

3.3.7 Calculations and statistical analysis  

The N-balances were calculated per pig and N-balance period as outlined by Möhn and 

de Lange (1998).  Average daily N-intake was calculated from feed intake, feed wastage and 

mean analyzed N contents per diet (Table 3.1), while N-excretion was calculated from fecal and 

urinary N output (Möhn and de Lange, 1998).  Fecal N output was calculated from N intake and 

apparent fecal N digestibility, which was determined using titanium oxide as indigestible marker 

(Zhu et al., 2005). 

Statistical analyses of N-balance, PUN, growth performance and back fat data were 

conducted using the mixed model procedure of SAS with repeated measures (V 9.2 SAS Inst. 

Inc., Cary, NC).  The model included the fixed effects of treatment and time and the random 

effects of block and litter within block; initial BW was used as a covariate when appropriate.  No 

treatment effects on initial BW were determined for any N-balance period.  Contrasts were 

constructed to compare treatments within each sampling period: EC vs. LC; EM vs. EC and LC; 

EM vs. IM; IM vs. EC and LC.  These contrasts were orthogonal across time but not treatment.  

The PUN data was log transformed (logPUN) to normalize the distribution.  For analysis of back 

fat thickness, initial BW at the beginning of the experiment was used as a covariate.  Probability 

levels (P) less than 0.05 were considered significant, whereas 0.05 < P < 0.10 was considered a 

trend and P > 0.10 was considered not significant.  

 

3.4 Results  

3.4.1 General observations, growth performance and nitrogen balance  

Nutrient analysis for each batch and each diet showed that crude fat, Ca, P and Na 

contents were similar to expected values (Table 3.1).  The finisher diet from batch 2 contained 

levels of crude protein approximately 24% greater than expected, which reflects an 

overestimation of nutrient contents or a systematic error in sampling procedures.  Analysis 

results of this feed sample were deemed inaccurate and excluded.  For all other diet samples 

crude protein contents were similar to anticipated values and mean contents are presented in 
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Table 3.1.  All pigs were healthy except 1 IM and 1 EM that showed clinical disease and 

lameness, respectively.  All data from these 2 pigs were excluded prior to analysis.  No 

behaviour abnormalities were observed and pigs readily consumed their feed.   

Observed ADG during N-balance periods was not influenced by treatment, time or the 

interactive effect of treatment and time (P > 0.10; Tables 3.2 to 3.6).  There was no effect of 

treatment (P > 0.10) on ADFI; however, time (P < 0.01) and the interactive effect of treatment 

and time (P < 0.05) influenced ADFI.  As intended, the EC and LC had similar feed intakes 

during all 5 N-balance periods (P > 0.10); however, there were no differences in ADFI between 

EM and EC and LC (P > 0.10).  The IM and EM had similar ADFI between d -9 to -4 and d 9 to 

16 (periods 1 and 3, respectively, P > 0.10); however, ADFI of IM tended to be greater than that 

of EM between d 1 and 8 (period 2, P < 0.10), and was greater between d 20 and 36 (periods 4 

and 5, P < 0.05).  The IM had lower ADFI than EC and LC between d -9 and -4 (P < 0.05), but 

between d 1 and 36 (periods 2 through 5) IM, EC and LC had similar ADFI (P > 0.10).    

Treatment and time had an effect on F:G (P < .0001; Tables 3.2 to 3.6),  but there was no 

interactive effect of treatment and time on F:G (P > 0.10).  The F:G was similar for EC and LC 

throughout the experiment (P > 0.10), which was generally greater than that for EM after d 1 (P 

< 0.05).  Between d -9 and -4 F:G did not differ among treatments (P > 0.10).  The IM and EM 

had similar F:G between d -9 and 16 (periods 1 to 3; P > 0.10).  Between d 20 and 26 (period 4) 

F:G tended to be greater in IM than EM (P < 0.10) and was greater in IM than EM between d 30 

and 36 (period 5; P < 0.05).  The IM had similar F:G as EC and LC throughout the experiment (P 

> 0.10), except between d 1 and 7 where IM tended to have a lower F:G than EC and LC (P < 

0.10).  

Average daily N intake did not differ between treatment groups (P > 0.10) but differed 

over time (P < 0.01).  There was an interactive effect of treatment and time (P < 0.05) and 

individual contrasts between treatments reflected those for ADFI (Tables 3.2 to 3.6).  Fecal N 

excretion was not affected by treatment (P > 0.10).  There was an interactive effect of treatment 

and time on urinary N and total N excretion (P < 0.005).  The EC and LC had similar urinary N 

and total N excretion (P > 0.05) throughout the study; these values were higher than those for 

EM (P < 0.05).  Urinary N and total N excretion in IM and EM were similar up to d 7 (Periods 1 

and 2; P > 0.10) but urinary N and total N excretion of IM were higher than those for EM 
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between d 9 and 36 (periods 3 to 5; P < 0.05 and P < 0.05, respectively) and the same as EC and 

LC (P > 0.10).  

The PD was affected by treatment (P < 0.01) but not time (P > 0.10) and there was an 

interactive effect of treatment and time (P < 0.05).  Across N-balance periods, PD for EC and LC 

was similar (204 vs. 208 g/d, P > 0.10), and lower than for EM (245 g/d, P < 0.05), except for d 1 

to 7 where PD for EM only tended to be higher than those for EC and LC (P < 0.10, Tables 3.2 

to 3.6; Figure 3.1) and d 20 to 26 where there was no difference in PD between EM, EC and LC 

(P > 0.10, Table 3.5). The PD in EM and IM was similar up to d 7 (Periods 1 and 2; 240 vs. 242 

g/d, P > 0.10), tended to be higher for EM than IM between d 9 and 16 (Period 3; 240 vs. 217 

g/d, P < 0.10) and was higher for EM than IM after d 20 (Periods 4 and 5; 253 vs. 203 g/d, P < 

0.05).  Between d 9 and 36 PD of IM was similar to EC and LC (P > 0.10). 

 

3.4.2 Plasma urea nitrogen  

There was an interactive effect of treatment and time on logPUN (P < 0.005; Figure 3.2).  

Plasma logPUN was not different between EC and LC throughout the study (overall actual mean 

values: 15.50 vs. 15.86 mg/dl, P > 0.10) and higher than EM (9.33 mg/dl, P < 0.05).  LogPUN 

levels were similar in EM and IM up to d 5 (9.88 vs. 9.59 mg/dl, P > 0.10) and tended to be 

higher for IM than EM at d 8 (9.08 vs. 11.85mg/dl, P < 0.10).  The EM had lower logPUN than 

IM between d 11 and d 37 (8.94 vs. 14.80 mg/dl, P < 0.05).  After d 8 logPUN levels were 

similar between IM, EC and LC (14.31 vs. 15.13, 15.55 mg/dl, P > 0.10). 

 

3.4.3 Back fat ultrasound  

There was no treatment effect on back fat thickness (P > 0.10; Figure 3.3).  However, 

there was an effect of time (P < .0001) and there tended to be an interactive effect of treatment 

and time (P < 0.10) on back fat thickness.  Across time, EC and LC had the same back fat 

thickness (12.63 vs. 12.41 mm, P > 0.10) except for the first measurement, where EC had  a 

greater back fat thickness than LC (9.21 vs. 8.15 mm, P < 0.05).  The EM had back fat 

thicknesses that were not different from EC or LC throughout the experiment (11.25 mm, P > 

0.10).  Back fat thickness of IM did not differ from EM (10.82 mm, P > 0.10) throughout the 

study.  However, IM had lower back fat thicknesses than EC and LC between d -14 and d 0 (8.46 

vs. 9.86 and 9.32 mm, P < 0.05) and tended to have decreased back fat thickness between d 7 and 
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d 21 (10.37 vs. 12.83 and 12.43mm, P < 0.10).  At all other sampling times IM, EC and LC did 

not have differing back fat thicknesses (P > 0.10).  

 

3.5 Discussion 

This study was performed to measure dynamics of N-retention in IM relative to EM, EC 

and LC and to relate these changes to PUN and back fat measurements.  

The ADG in this experiment for EM, EC and IM are generally higher than those in other 

studies (Turkstra et al., 2002; Zeng et al., 2002), which is likely due to the superior PD capacity 

of pigs used in the current study (as ADG is closely associated to PD; NRC, 1998).  Moreover, in 

the present study, pigs were housed individually in a relatively stress and disease-free 

environment, which likely allowed expression of the pigs’ genotype for growth performance, 

including PD.  In the current experiment ADG was not influenced by treatment, which may be 

attributed to the large variability in ADG and the relatively short time periods over which ADG 

was measured.  In other studies, and when ADG was measured over extended periods of time, 

IM have higher ADG than EM following administration of the booster dose (Cronin et al., 2003; 

Pauly et al., 2009; Fàbrega et al., 2010).  

Many experiments have demonstrated an increase in ADFI after administering the 

booster dose (Dunshea et al., 2001; Metz et al., 2002; Zeng et al., 2002; Cronin et al., 2003; 

Oliver et al., 2003; Fàbrega et al, 2010) and this is also shown in the present study.  However, in 

the current experiment it was intended to restrict EM to 90% of ad libitum and EC plus LC to 

110% of EM to reflect ADFI in commercial settings and the inhibition of ADFI by gonadal 

hormones (Weiler et al., 1996).  However, the ADFI was not different between treatment groups 

and because of this aspect of the experimental design some care should be taken when 

interpreting treatment effects on ADFI. 

The F:G in this experiment was consistently lower than those found in several other 

studies for EM, EC and IM (Turkstra et al., 2002;  Zeng et al., 2002).  These differences are 

likely due to the superior pig genotype and environmental conditions used in this study and show 

that the minor restriction in feed intake did not limit performance measures.  However, in the 

present study EM had consistently improved F:G than EC and LC, and this is consistent with 

previous experiments (Dunshea et al., 2001; Turkestra et al., 2002).  The F:G is mainly 

determined by growth rate and growth composition (Millet et al., 2011).  
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This experiment is unique due to the serial measurements of N-retention after 

immunization against GnRH.  Based on the current findings, N-retention decreases in IM from 

EM levels to EC levels between approximately d 8 and 16 after administering the booster dose.  

Metz et al. (2002) conducted a single N-balance around 90 kg (4 weeks after the booster dose) 

and found N-retention to be reduced in IM relative to EM and similar to that in EC.  The 

aforementioned study is comparable to the 4
th

 period (d 20-26 after administering the booster 

dose) where N-retention was improved in EM versus IM and EC.  However, N-retention was 

consistently greater in the current study when compared to Metz et al. (2002).   

The higher N-retention in IM during the first 7 days after administrating the booster dose, 

when compared to EM, may have resulted from increased N-retention in gut fill and in gut tissue 

growth.  Feed intake increased rapidly between d 1 and 7 after the booster dose, while, relative to 

EM, N output in the urine did not increase until between d 9 and 16.  Therefore, there was a lag 

of approximately one week before N excretion increased, after which N retention and PD in IM 

became similar to EC and LC.   

Observed PD in this experiment are similar to those for EC (Martinez-Ramirez et al., 

2008a) and EM (Martinez-Ramirez et al., 2008b) at approximately 80 kg BW, and reflect the 

impact of gender on PD (NRC 1998; Martinez-Ramirez et al., 2008b).  In the current study, daily 

PD for EM, EC and LC remained constant between approximately 60 kg until slaughter.  This is 

in accordance with the results of Möhn and de Lange (1998), who demonstrated that the pig’s 

PD capacity is largely independent of BW.  Quiniou et al. (1995) also reported that PD capacity 

in Large White pigs was largely constant between 45 and 100 kg of BW.  It may thus be 

suggested that in the current experiment all pigs expressed their PD capacity at the current 

energy intake level.   

Lean growth, closely associated with PD and corresponding body water gain, has a lower 

energetic cost than LD (NRC, 1998), and faster growth leads to decreased maintenance energy 

requirements relative to the energy required for gain (Millet et al., 2011).  This is supported by 

the present experiment as EM have the best feed efficiency and superior PD, even when energy 

is restricted (Walstra, 1969), while EC and LC had the worst feed efficiency and lowest PD 

(Martinez-Ramirez et al., 2008b). 

The PUN levels largely reflect catabolism of dietary absorbed amino acids that are not 

used for PD (Martinez-Ramirez et al., 2009), and thus, differences between dietary protein intake 
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and the pig’s amino acid requirements.  The EM had lower PUN than EC in the present study 

due to higher amino acid requirements for PD and lower daily protein intake.  The IM had 

similar PUN levels as EM until approximately 8 d following the booster dose, after which they 

had similar PUN levels as compared to EC and LC.  Bauer et al. (2009) found a comparable 

time-dependent response in plasma PUN for IM as in the current experiment.  Therefore, IM are 

as efficient as EM at using dietary protein for PD during the first week after administering the 

booster dose, but become comparable to EC and LC thereafter.  This inefficiency in the 

utilization of dietary amino acids for PD is highly consistent with time dependent changes in PD 

of IM as demonstrated by the N-balance data.  It should be noted that Claus et al. (2007) 

demonstrated an immediate increase in PUN after the booster dose.  Discrepancies across studies 

with IM may be attributed to variation in feed intake and PD patterns following administration of 

the booster dose. 

Very few differences were observed in back fat thickness between treatments in this 

experiment.  Besides the general increase in back fat thickness over time (Figure 3.3) there were 

no consistent differences between treatments.  Similarly, Metz et al. (2002) found no differences 

between IM, EM or EC at the time of the initial or booster dose.  Turkstra et al. (2002) also 

found only minor differences in back fat thickness, two weeks after administering the booster 

dose, where IM had lower back fat thickness than EC.  These values correspond to the week of d 

14 in the current experiment.  The back fat measurements are generally lower in the 

aforementioned experiment perhaps due to the differences in energy intake, which has a 

significant effect on back fat thickness and carcass composition (Zeng et al., 2002).  High energy 

intakes, especially in the finisher phase, above the requirements for maximum protein deposition, 

result in increased LD and back fat thickness (Zeng et al., 2002).  At slaughter, Turkstra et al. 

(2002) found similar back fat thickness between EM, IM and EC.  Based on these results, back 

fat thickness may not be a sensitive enough measure to track the dynamics of LD in individual 

animals.  

 

3.6 Conclusions and implications  

In this study, dynamics of PD were determined in EM, IM, EC and LC between 

approximately 60 and 115 kg BW using serial N-balance measurements, along with serial PUN 

and back fat thickness measurements.  The IM received the second dose of IMPROVEST 
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(booster dose) for immunization against GnRH at approximately 70 kg BW, while LC were 

surgically castrated between 25 and 40 kg BW.  The results showed that PD patterns in EC and 

LC are very similar and lower than that in EM.  In IM, PD gradually changed between d 9 and 20 

after administering the booster dose from levels observed EM to those observed in EC and LC.  

Changes in PD over time were highly consistent with serial PUN measurements.  The ADFI also 

increased in IM after the booster dose, but no treatment effects on ADG during N-balance 

periods were observed.  Back fat thickness measurements were not sensitive enough to measure 

LD in individual animals.  Overall, the observed gender effects on feed intake and PD should be 

considered carefully when optimizing feeding strategies, especially for IM. 
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                 Table 3.1 Ingredient composition and nutrient content of experimental diets.
1 
 

  

Grower 

I  

Grower 

II  
Finisher  

Ingredient composition (%, as fed) 

   Corn 44 52 55 

Wheat 20 20 20 

Soybean meal, dehulled  30 23 19 

Fat, animal and vegetable blend 2 2 2 

Lysine·HCL 0.23 0.23 0.23 

Methionine 0.08 0.05 0.03 

Threonine 0.10 0.08 0.08 

Limestone 1.2 1.2 1.1 

Monocalcium phosphate 1.4 1.1 1.1 

Salt 0.4 0.4 0.4 

Vitamin mix
2
  0.6 0.6 0.6 

Titanium oxide 0.1 0.1 0.1 

TOTAL 100 100 100 

    Calculated nutrient content (%)
3
  

   DE (MJ/kg) 14.7 14.7 14.7 

Crude protein 20.5 17.5 16.4 

Crude fat 4.6 4.8 4.9 

Total lysine 1.28 1.06 0.99 

Digestible lysine
4 

1.14 0.95 0.88 

Digestible methionine plus 

cysteine 0.66 0.57 0.54 

Digestible threonine 0.75 0.63 0.59 

Digestible tryptophan 0.24 0.19 0.18 

Calcium 0.8 0.7 0.7 

Phosphorus 0.7 0.6 0.6 

Sodium  0.2 0.2 0.2 

    Analyzed nutrient content (%) 

   Dry matter 89.2 90.6 90.3 

Crude protein 20.4 16.9 15.6 

Calcium 0.8 0.7 0.7 

Phosphorus 0.7 0.6 0.6 

Sodium  0.2 0.2 0.2 

Fatty acid content (g/kg), as-fed 

   Saturated Fatty acids (SFA) 

   12:0 0.02 0.02 0.02 

14:0 0.40 0.40 0.35 

16:0 8.76 8.43 7.93 
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18:0 3.08 3.05 2.83 

Σ SFA 12.8 12.4 11.8 

Monounsaturated Fatty acids (MUFA) 

  9c 16:1 0.19 0.18 0.48 

11c18:1 0.68 0.67 0.63 

Σ MUFA 14.1 14.0 14.2 

n-6 Poly-unsaturated fatty acids (PUFA) 

  18:2n-6 16.3 17.7 16.0 

20:2n-6 0.03 0.03 0.03 

20:4n-6 0.01 0.02 0.01 

22:4n-6 0.01 0.01 0.01 

Σ n-6 PUFA 31.2 32.4 30.9 

n-3 PUFA 

   18:3n-3 1.48 1.26 1.12 

20:3n-3 0.00 0.01 0.00 

20:4n-3 0.00 0.00 0.00 

20:5n-3 0.00 0.00 0.01 

21:5n-3 0.00 0.00 0.00 

22:5n-3 0.01 0.01 0.01 

22:6n-3 0.01 0.00 0.01 

Σ n-3 PUFA 1.60 1.38 1.25 

n-6/n-3 PUFA 10.3 12.9 12.9 
 

1 
Grower I fed between 30 and 70 kg BW, grower II fed between 70 and 90 kg BW and finisher fed 

between 90 and 115 kg BW.
 

2
Provided the following amounts of vitamins and trace minerals per kg of diet: Vitamin A, 12000 IU as 

retinyl acetate; vitamin D3, 1200 IU as cholecalciferol; vitamin E, 48 IU as DL-α-tocopherol acetate; 

vitamin K, 3 mg as menadione; pantothenic acid, 18 mg; riboflavin, 6 mg; choline, 600 mg; folic acid, 2.4 

mg; niacin, 30 mg; thiamine, 18 mg; pyridoxine, 1.8 mg; vitamin B12, 0.03 mg; biotin, 0.24 mg; Cu, 18 

mg from CuSO4.5H2O; Fe, 120 mg from FeSO4; Mn, 24 mg from MnSO4; Zn, 126 mg from ZnO; Se, 

0.36 mg from FeSeO3; I, 0.6 mg from KI (DSM Nutritional Products Canada Inc., Ayr, ON).   
3
 Based on nutrient contents in feed ingredients according to NRC (1998). 

4
 Represents standardized ileal digestible.
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Table 3.2 Growth performance and nitrogen (N) utilization in early castrates (EC), entire males (EM), immunized males (IM) and late 

castrates (LC) in period 1 (d -9 to -4 relative to administering the booster dose of IMPROVEST to IM). 

  Treatment
1 

  P  

 
EC EM IM LC SEM

2 
EC vs LC 

EM vs EC  

and LC 
IM vs EM 

IM vs EC 

and LC Item 

Number of animals
3 9 8 8 9 

     
ADG (kg/d)

4 1.34 1.35 1.23 1.24 0.093 0.428 0.617 0.369 0.650 

ADFI (kg/d)
5 1.98 1.77 1.64 1.93 0.088 0.676 0.195 0.284 0.012 

F:G
6
  1.54 1.38 1.59 1.58 0.171 0.836 0.659 0.373 0.965 

N-utilization (g/d) 

            Intake  72.6 64.9 60.1 70.6 2.68 0.582 0.114 0.230 0.004 

   Fecal excretion 9.55 8.49 7.75 9.03 0.650 0.746 0.798 0.497 0.423 

   Urinary excretion 27.5 17.9 17.2 30.1 2.85 0.427 0.001 0.872 0.001 

   Total excretion  36.9 26.4 25.2 37.2 2.93 0.433 0.002 0.742 0.001 

   Retention  35.5 38.5 35.2 31.4 2.80 0.132 0.039 0.282 0.210 

   PD
7 

222 241 220 196 17.5 0.132 0.039 0.282 0.210 

1 
EC:  male pigs surgically castrated within 4 d after birth; EM: entire male pigs; IM:  entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC:  male pigs surgically castrated between 25 and 40 kg BW.
 

2
 Standard error of the mean; based on repeated measures analysis (largest across treatments). 

3 
Data was eliminated from 1 IM and 1 EM before analysis due to illness and lameness, respectively. 

4
 Average daily gain.  

5
 Average daily feed intake. 

6
 Feed efficiency; feed:gain.  

7 
PD (whole body protein deposition) = N-retention × 6.25. 
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Table 3.3 Growth performance and nitrogen (N) utilization in early castrates (EC), entire males (EM), immunized males (IM) and late 

castrates (LC) in period 2 (d 1 to 7 relative to administrating the booster dose of IMPROVEST). 

  Treatment
1 

  P  

 EC EM IM LC SEM
2 

EC vs LC 
EM vs EC  

and LC 
IM vs EM 

IM vs 

EC and 

LC Item 

Number of animals
3 9 8 8 9 

     
ADG (kg/d)

4 1.28 1.32 1.47 1.30 0.093 0.890 0.939 0.248 0.240 

ADFI (kg/d)
5 2.25 2.05 2.28 2.28 0.088 0.752 0.112 0.067 0.948 

F:G
6 1.78 1.56 1.54 1.78 0.090 0.974 0.088 0.894 0.064 

N-utilization (g/d) 

            Intake  66.8 61.1 67.7 68.3 2.68 0.833 0.156 0.093 0.976 

   Fecal excretion 8.46 7.21 9.15 7.98 0.650 0.959 0.646 0.034 0.375 

   Urinary excretion 26.1 15.9 16.9 24.9 2.85 0.678 0.004 0.658 0.015 

   Total excretion  34.5 23.0 26.3 32.9 2.93 1.000 0.014 0.379 0.148 

   Retention  32.0 37.1 41.7 35.3 2.80 0.217 0.081 0.160 0.002 

   PD
7 

200 238 261 221 17.5 0.217 0.081 0.160 0.002 

1 
EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC : male pigs surgically castrated between 25 and 40 kg BW.
 

2
 Standard error of the mean; based on repeated measures analysis (largest across treatments).  

3 
Data was eliminated from 1 IM and 1 EM before analysis due to illness and lameness, respectively. 

4
 Average daily gain.  

5
 Average daily feed intake. 

6
 Feed efficiency; feed:gain. 

7 
PD (whole body protein deposition) = N-retention × 6.25. 
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Table 3.4 Growth performance and nitrogen (N) utilization in early castrates (EC), entire males (EM), immunized males (IM) and late 

castrates (LC) in period 3 (d 9 to 16 relative to administering the booster dose of IMPROVEST). 

  Treatment
1 

  P  

 EC EM IM LC SEM
2 

EC vs LC 

EM vs 

EC  and 

LC 

IM vs EM 

IM vs 

EC and 

LC Item 

Number of animals
3 9 8 8 9 

     
ADG (kg/d)

4 1.29 1.42 1.38 1.27 0.093 0.856 0.451 0.773 0.649 

ADFI (kg/d)
5 2.36 2.16 2.34 2.35 0.088 0.922 0.162 0.132 0.986 

F:G
6
  1.87 1.54 1.72 1.85 0.090 0.899 0.011 0.126 0.367 

N-utilization (g/d) 

            Intake  70.4 64.3 69.7 69.9 2.68 0.865 0.207 0.166 0.978 

   Fecal excretion 8.88 7.53 8.55 8.10 0.650 0.387 0.310 0.234 0.680 

   Urinary excretion 29.8 18.6 26.3 28.4 2.85 0.649 0.001 0.018 0.500 

   Total excretion  38.6 26.0 35.1 36.5 2.93 0.575 0.002 0.017 0.638 

   Retention  31.6 38.4 34.9 33.3 2.80 0.404 0.005 0.069 0.292 

   PD
7 

198 240 218 208 17.5 0.404 0.005 0.069 0.293 

1 
EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC : male pigs surgically castrated between 25 and 40 kg BW.
 

2
 Standard error of the mean; based on repeated measures analysis (largest across treatments).  

3 
Data was eliminated from 1 IM and 1 EM before analysis due to illness and lameness, respectively. 

4
 Average daily gain.  

5
 Average daily feed intake. 

6
 Feed efficiency; feed:gain.  

7 
PD (whole body protein deposition) = N-retention × 6.25. 
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Table 3.5 Growth performance and nitrogen (N) utilization in early castrates (EC), entire males (EM), immunized males (IM) and late 

castrates (LC)  in period 4 (d 20 to 26 relative to administering the booster dose of IMPROVEST). 

  Treatment
1 

  P  

 EC EM IM LC SEM
2 EC vs 

LC 

EM vs 

EC  and 

LC 

IM vs 

EM 

IM vs 

EC and 

LC Item 

Number of animals
3 9 8 8 9 

     
ADG (kg/d)

4 1.32 1.54 1.37 1.38 0.093 0.614 0.210 0.189 0.870 

ADFI (kg/d)
5 2.59 2.38 2.65 2.62 0.088 0.789 0.103 0.029 0.864 

F:G
6 2.02 1.58 2.03 2.12 0.184 0.683 0.088 0.085 0.907 

N-utilization (g/d) 

            Intake  71.5 65.8 73.2 72.3 2.65 0.882 0.190 0.063 0.918 

   Fecal excretion 8.56 7.33 9.11 8.14 0.650 0.642 0.363 0.050 0.553 

   Urinary excretion 29.8 19.6 29.8 30.4 2.85 0.880 0.001 0.003 0.924 

   Total excretion  38.2 26.8 39.1 38.5 2.93 0.931 0.003 0.002 0.965 

   Retention  33.0 39.1 34.3 33.7 2.80 0.842 0.022 0.026 0.646 

   PD
7 

206 245 215 211 17.5 0.841 0.022 0.026 0.646 

1 
EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC : male pigs surgically castrated between 25 and 40 kg BW.
 

2
 Standard error of the mean; based on repeated measures analysis (largest across treatments).  

3 
Data was eliminated from 1 IM and 1 EM before analysis due to illness and lameness, respectively. 

4
 Average daily gain.  

5
 Average daily feed intake. 

6
 Feed efficiency; feed:gain.  

7 
PD (whole body protein deposition) = N-retention × 6.25. 
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Table 3.6 Growth performance and nitrogen (N) utilization in early castrates (EC), entire males (EM), immunized males (IM) and late 

castrates (LC)  in period 5 (d 30 to 36 relative to administering the booster dose of IMPROVEST).  

  Treatment
1 

  P 

 EC EM IM LC SEM
2 

EC vs LC 
EM vs EC  

and LC 
IM vs EM 

IM vs 

EC and 

LC Item 

Number of animals
3 9 8 8 9 

     
ADG (kg/d)

4 1.30 1.55 1.42 1.25 0.093 0.688 0.051 0.310 0.427 

ADFI (kg/d)
5 2.77 2.60 2.90 2.78 0.088 0.927 0.235 0.014 0.459 

F:G
6
  2.14 1.74 2.09 2.28 0.116 0.348 0.004 0.030 0.457 

N-utilization (g/d) 

            Intake  75.9 71.8 80.1 77.4 2.68 0.999 0.344 0.036 0.578 

   Fecal excretion 9.41 8.23 9.31 8.60 0.650 0.370 0.389 0.212 0.609 

   Urinary excretion 35.1 21.1 35.4 36.3 2.85 0.729 < .0001 0.0002 0.719 

   Total excretion  44.4 29.2 44.9 44.9 2.93 0.879 < .0001 0.0001 0.984 

   Retention  31.3 42.7 35.5 34.4 2.80 0.617 < .0001 0.001 0.431 

   PD
7 

195 267 222 203 17.5 0.619 < .0001 0.001 0.431 

1 
EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC : male pigs surgically castrated between 25 and 40 kg BW.
 

2
 Standard error of the mean; based on repeated measures analysis (largest across treatments).  

3 
Data was eliminated from 1 IM and 1 EM before analysis due to illness and lameness, respectively. 

4
 Average daily gain.  

5
 Average daily feed intake. 

6
 Feed efficiency; feed:gain.  

7 
PD (whole body protein deposition) = N-retention × 6.25. 
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Figure 3.1 Protein deposition (PD; N-retention × 6.25, g/d) in early castrates (EC), 

entire male pigs (EM), immunized male pigs (IM) and late castrates (LC) across days 

relative to administering the booster dose of IMPROVEST.  EC: male pigs surgically 

castrated within 4 d after birth; EM: entire male pigs; IM: entire male pigs immunized 

against gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male pigs 

surgically castrated between 25 and 40 kg BW. 
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Figure 3.2 Plasma urea nitrogen (PUN, mg/dl) in early castrates (EC), entire male 

pigs (EM), immunized male pigs (IM) and late castrates (LC) across days relative 

to administering the booster dose of IMPROVEST.  EC: male pigs surgically 

castrated within 4 d after birth; EM: entire male pigs; IM: entire male pigs 

immunized against gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; 

LC: male pigs surgically castrated between 25 and 40 kg BW. 
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EC: male pigs surgically castrated within 4 d after birth; EM: entire male pigs; 

IM: entire male pigs immunized against gonadotropin-releasing hormone 

(GnRH) at 30 and 70 kg BW; LC: male pigs surgically castrated at 25-40 kg BW 

Figure 3.3 Weekly back fat thickness measurements using AgroscanL(ECM 

Noveko International Inc., Angoulême, France) ultrasound between the 3
rd

 and 4
th

 

rib from d -14 to d 35 (weeks 1 through 8) relative to the booster dose in early 

castrates (EC), entire male pigs (EM), immunized male pigs (IM) and late 

castrates  (LC).  EC: male pigs surgically castrated within 4 d after birth; EM: 

entire male pigs; IM: entire male pigs immunized against gonadotropin-releasing 

hormone (GnRH) at 30 and 70 kg BW; LC: male pigs surgically castrated 

between 25 and 40 kg BW.
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Chapter IV 

 

The effect of immunization with IMPROVEST on plasma levels of estrone sulphate (E1S), 

insulin-like growth factor 1 (IGF-1) and leptin 

 

4.1 Abstract 

Immunization against gonadotropin-releasing hormone (GnRH) reduces the levels of boar taint 

compounds in entire male pigs; it is likely to alter hormone profiles as well, which affect pork 

production efficiency and whole body protein deposition (PD).  The latter is an important 

determinant of dietary amino acid requirements.  Thirty-six male PIC pigs were used to 

determine the effects of immunization against GnRH with IMPROVEST (Pfizer Animal Health, 

Kirkland, QC) on plasma levels of estrone sulphate (E1S), insulin-like growth factor 1 (IGF-1) 

and leptin.  Four treatments were used: [1] conventional, early castrates (EC), [2] entire male 

pigs (EM), [3] entire male pigs immunized with IMPROVEST (IM), and [4] entire male pigs 

surgically castrated between 25 and 40 kg BW (late castrates; LC).  IMPROVEST was injected 

at 30 kg and 70 kg BW.  Within each of nine litters, four males were randomly assigned to the 

four treatments.  Pigs were fed corn and soybean meal based diets that were not limiting in 

essential nutrients for high PD. Five consecutive N-balances were conducted on days -9 to -4, 1 

to 7, 9 to 16, 20 to 26 and 30 to 36, relative to the second injection (booster dose) at d 0; blood 

was sampled on days -4, -1, 2, 5, 8, 11, 14, 19, 28 and 37.  Plasma E1S levels were similar in EM 

and IM up to d 5 (actual overall mean values: 9.02 vs. 10.47 pg/ml, P > 0.10).  From d 8 to d 37 

E1S levels were higher in EM than IM (12.78 vs. 0.30 pg/ml, P < .0001).  After d 5 E1S levels 

did not differ when comparing IM with EC and LC (0.21 vs. 0.20 pg/ml, P > 0.10). Plasma IGF-

1 levels were similar in EM and IM up to d 8 (327.1 vs. 292.4 ng/ml, P > 0.10) and higher for 

EM than IM after d 11 (342.2 vs. 239.2 ng/ml, P < 0 .05).  After d 11, IGF-1 levels were not 

different when comparing IM with EC and LC (222.0 vs. 225.4 ng/ml, P > 0 .10).  Leptin levels 

were variable and, after d 5, were not affected by treatment (P > 0.10).  There is a gradual change 

in hormone profiles during the first 10 d after administering the booster dose of IMPROVEST 

which would have affected growth, PD and, therefore nutrient requirements.  
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4.2 Introduction 

Immunization of entire male pigs against gonadotropin-releasing hormone (GnRH) 

affects the dynamics of whole body protein deposition (PD; Chapter 3).  However, the endocrine 

control of these physiological changes remains to be explored.  Androgens and estrogens 

synthesized in the testes stimulate PD in entire male pigs (EM) (Claus and Hoffmann, 1980).  

Androgens directly stimulate PD and reduce protein degradation (Sharpe et al., 1986; Dahlmann 

et al., 1980) whereas estrogens stimulate the release of growth hormone (GH) and, consequently, 

insulin-like growth factor 1 (IGF-1) and PD (Claus and Weiler, 1994).  Androgens and estrogens 

also decrease feed intake (Asarian and Geary, 2002) and may explain the dynamics of feed 

intake and PD after immunization against GnRH with IMPROVEST (Pfizer Animal Health, 

Kirkland, QC).  After the second dose of IMPROVEST (booster dose), testicular function is 

decreased (Dunshea et al., 2001), which is associated with changes in hormonal status and 

metabolism, as the animal transitions from an EM to a castrated pig.  By 7 d after the booster 

dose, immunized male pigs (IM) appear metabolically adapted to the absence of gonadal steroid 

hormones (Bauer et al., 2009).  However, dynamics of PD suggest a period greater than 7 d is 

needed to to adjust nitrogen (N) metabolism (Chapter 3).  Therefore, there may be relatively 

rapid changes in circulating levels of hormones that influence metabolism and energy 

partitioning, such as estrogens, IGF-1 and, consequently, leptin.  The purpose of this study was 

to monitor the changes of these hormones in plasma over time and make inferences about the 

control of PD and lipid deposition (LD) after immunization with IMPROVEST.   

 

4.3 Materials and methods  

4.3.1 Animals, feeding and blood collection   

The University of Guelph Animal Care Committee approved the current study.  All male 

pigs used were from a commercial PIC herd (PIC, Floradale Farms).  The study involved 36 

male pigs used for serial plasma collection to determine the dynamics of hormones affecting the 

rate and composition of growth.  The study was conducted in 3 equal blocks of 12 pigs with 3 

pigs per treatment balanced across litters within each block and two male pigs were excluded due 

to lameness and illness, respectively.  All pigs in each block had the same sire.  Four treatments 

were established: [1] conventional, early castrates (EC), [2] EM, [3] entire male pigs immunized 

with IMPROVEST (IM), and [4] entire male pigs surgically castrated between 25 and 40 kg BW 
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(late castrates; LC).  The EC and LC were included as controls.  Late castration was conducted 

by a veterinarian and Premix (50 mg Ketamine, 10 mg Xylazine, 1 mg Butorphanol/ml Premix; 

dose: 0.2 ml/kg) was used as an anesthetic and analgesic (Chapter 3).  IMPROVEST was 

injected at 30 kg and 70 kg BW according to manufacturer’s instructions.  Within each of nine 

litters, four males were randomly assigned to the four different treatments.  Pigs were fed corn 

and soybean meal based diets (Table 3.1) in two equal feedings per day at 8:00 and 16:00 h; diets 

were not limiting in essential nutrients for high PD (Chapter 3).   

Five consecutive N-balances were conducted on days -9 to -4, 1 to 7, 9 to 16, 20 to 26 

and 30 to 36, relative to administering the booster dose.  Blood was collected approximately 4 

hours after the morning meal on days -4, -1, 2, 5, 8, 11, 14, 19, 28 and 37 to monitor plasma 

levels of estrone sulphate (E1S), insulin-like growth factor (IGF-1) and leptin, among other 

blood metabolites (Chapter 3).  Three 5-ml blood samples were collected from the orbital sinus 

in heparinized vials, centrifuged for 20 minutes at 1500 × g and 4
0
C, plasma was aspirated, 

placed in microcentrifuge tubes and frozen at -20
0
C until further analysis.   

 

4.3.2 Plasma analysis 

Plasma samples were thawed, vortexed, centrifuged at 15,600 × g and subsequently 

stored at 4
0 

C until analyses were conducted.  

 

Estrone sulphate  

Plasma E1S was measured in duplicate using a radioimmunoassay (RIA) according to 

Schwarzenberger et al. (1993).  In short, standards were prepared from 0 to1000 pg/ml E1S (1, 3, 

5(10)-estratrien-3-ol-17-one sulfate).  After the addition of sample, specific antibody and diluted 

radioactive estrone sulphate solution, tubes were incubated overnight.  Charcoal solution was 

added and after centrifugation the supernatant was decanted into scintillation vials with Ecolite 

scintillation fluid.  Vials were capped, inverted several times, and subsequently counted with a 

liquid scintillation counter (Beckman LS 6000 SC, Ramsey, MN).   
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Insulin-like growth factor 1   

Plasma IGF-1 was measured in duplicate using a RIA kit (IGF-1 RIA, ALPCO 

immunoassays, Salem, NH) and I
125

 labelled IGF-1.  Ten microliters of each plasma sample were 

diluted in duplicate with 490 µl of dilution buffer and 50 µl of acidification buffer.  The analyses 

were conducted according to the manufacturer’s recommendations and tubes were counted with 

an automatic gamma counter (LKB Wallace 1274, Boston, MA).  Assay sensitivity was 0.02 

ng/ml and intra- and inter- assay variation were 2.6 and 3.4%, respectively. 

 

Leptin 

Plasma leptin was measured in duplicate using a competitive multi-species RIA kit 

(Leptin RIA, Millipore, St. Charles, MO) and I
125

 labelled leptin.  The manufacturer’s procedures 

were followed and tubes were counted with an automatic gamma counter (LKB Wallace 1274, 

Boston, MA).  The sensitivity was 1 ng/ml when 100 µl of sample was used.  Intra- and inter- 

assay variation were 3.4 and 8.7%, respectively. 

 

4.3.3 Calculations and statistical analysis  

Statistical analysis for plasma hormone levels was conducted using the mixed procedure 

of SAS with repeated measures (V 9.2 SAS Inst. Inc., Cary, NC).  The model included the fixed 

effects of treatment and time and the random effects of block and litter within block.  Contrasts 

were constructed to compare the following treatments within each sampling day: EC vs. LC; EM 

vs. EC and LC; EM vs. IM; IM vs. EC and LC.  These contrasts were orthogonal across time but 

not treatment.  Plasma IGF-1 and leptin values were log transformed (logIGF-1 and logleptin, 

respectively) and E1S was double log transformed (log-logE1S) to normalize the distributions.  

Probability (P) levels less than 0.05 were considered significant, whereas 0.05 < P < 0.10 was 

considered a trend and P > 0.10 was considered not significant.  
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4.4 Results  

4.4.1 General observations 

All pigs were healthy except 1 IM and 1 EM, which were excluded due to illness and 

lameness, respectively.  No behaviour abnormalities were observed and pigs readily consumed 

their feed. 

 

4.4.2 Estrone sulphate  

There was an interactive effect of treatment and time on log-logE1S plasma levels (P < 

.0001; Figure 4.1).  Log-logE1S plasma levels were not different between EC and LC throughout 

the period of study (overall actual mean values: 0.20 vs. 0.19 pg/ml, P > 0 .10) and lower than 

EM (11.27 pg/ml, P < .0001).  Log-logE1S plasma levels were similar in EM and IM up to d 5 

(9.02 vs. 10.47 pg/ml, P > 0.10).  From d 8 to the end of the experiment at d 37 log-logE1S 

plasma levels were higher in EM than IM (12.78 vs. 0.30 pg/ml, P < .0001).  After d 8 log-

logE1S plasma levels were not different when comparing IM with EC and LC (0.21 vs. 0.20 

pg/ml, P > 0.10). 

 

4.4.3 Insulin-like growth factor 1  

Both treatment and time influenced logIGF-1 plasma levels (P < 0.05; Figure 4.2), while 

the interactive effect of treatment and time was not significant (P = 0.11).  LogIGF-1 plasma 

levels did not differ between EC and LC throughout the experiment (overall actual mean values: 

219.8 vs. 226.2 ng/ml, P > 0.10) and both were lower than those for EM (334.6 ng/ml, P < 0.05).  

LogIGF-1 plasma levels were similar in EM and IM up to day 8 (327.1 vs. 292.4 ng/ml, P > 

0.10) and were higher for EM than IM after d 11 (342.2 vs. 239.2 ng/ml, P < 0 .05).  After d 11, 

logIGF-1 plasma levels did not differ when comparing IM with EC and LC (222.0 vs. 225.4 

ng/ml, P > 0 .10).  

 

4.4.4 Leptin  

Treatment and time both had an effect on logleptin plasma levels (P < 0.05; Figure 4.3), 

while the interactive effect of treatment and time tended to be significant (P = 0.058).  The EC 

and LC had similar logleptin plasma levels throughout the experiment (overall actual mean 

values: 2.77 vs. 2.95 ng/ml), except on days 2 and 5 when EC tended to have a higher logleptin 
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plasma level (P < 0.10).  The EM had similar plasma logleptin levels as EC and LC (2.47 ng/ml; 

P > 0.10) except on days 2 and 5 where EM tended to have lower levels (P < 0.10).  The IM had 

lower levels of logleptin plasma on days -4 and 2 than EM, EC and LC (P < 0.05); after d 5 there 

were no differences in plasma logleptin levels between any treatment groups (P > 0.10). 

 

4.5 Discussion  

This study was conducted to observe the dynamics of plasma hormone levels in IM 

relative to EM, EC and LC.  

In the present study, plasma levels of E1S in IM decreased to EC and LC levels by d 8 

after administering the booster dose.  E1S levels in IM remained similar to those in EC and LC 

until the last sampling day (d 37), which is consistent with Zamaratskaia et al. (2008a).  Prior to 

the decrease in plasma E1S, IM had similar levels as EM, indicating that the initial dose of 

IMPROVEST had no effect on plasma levels of E1S, as previously suggested by Dunshea et al. 

(2001).  Bauer et al. (2009) also found reduced plasma testosterone and estradiol levels by 8 d 

after administering the booster dose.  Claus et al. (2007) demonstrated a decrease in plasma 

testosterone levels between d 5 and 10 after administering the booster dose.  Combined these 

results suggest that testicular synthesis of steroid hormones are diminished within the first 2 

weeks following administration of the booster dose.   

The EM produce large quantities steroids including androgens and estrogens in the testes 

(Raeside and Renaud, 1983), which stimulate PD (Metz et al., 2002) and decrease feed intake 

(De Wilde and Lauwers, 1984; Plimpton and Teague, 1972).  The relatively rapid reduction in 

E1S during the first week following the booster dose may explain the increase in feed intake 

observed by several researchers (Dunshea et al., 2001; Oliver et al., 2003; Pauly et al., 2009) 

during this time period.   

Plasma IGF-1 is a hormone that plays a role in regulating cell growth, PD and protein 

turnover (Millward, 1990).  Because EM produce large amounts of steroid hormone in the testes, 

including E1S, they also have elevated plasma levels of growth hormone and thus IGF-1.  The 

latter is consistent with the current findings.  In IM plasma IGF-1 levels decreased by d 11 after 

the booster dose of IMPROVEST relative to EM and became similar to those in EC and LC.  

Claus et al. (2007) found plasma IGF-1 levels in IM to be reduced 5 d after administering the 

booster dose and to reach plateau basal levels between 6 and 10 d after the booster dose.  This is 
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2 to 6 d earlier than what was observed in the present experiment and may be due to differences 

in diet composition, feeding levels or animal genetics.  The observed 3 day lag in changes in 

plasma IGF-1 levels in IM after the reduction in plasma E1S levels can also be explained by the 

prolonged half-life of plasma IGF-1, which is bound to specific binding proteins (Zhou et al., 

2003).  

Metz and Claus (2003) suggested that a change in the secretory patterns of IGF-1 in IM 

might compensate for the lack of gonadal hormones after administering the booster dose of 

IMPROVEST.  However, it may also be the increase in feed intake that lengthens the time period 

that IGF-1 remains elevated in the blood plasma, as feed intake stimulates IGF-1 production 

(Bauer et al., 2009).  Therefore, when feed intake is elevated during the first week after 

administering the booster dose (Table 3.3), plasma IGF-1 levels also remain elevated; these 

levels do not decrease until 11 d after the booster dose when feed intake also decreased in IM 

(Table 3.4).  However, with excess energy intake, above that required for maximum PD, IM 

deposit excess amounts of body lipid.  The latter reduces carcass value, despite elevated plasma 

IGF-1 levels.   

Plasma leptin level is a measure of body adiposity, which directly correlates to body fat 

content across animals of different genotypes (Frederich et al., 1995).  Elevated plasma leptin 

levels result in reduced feed intake, lower rates of LD and an increased metabolic rate 

(Campfield et al., 1995; Halaas et al., 1997), which is mediated through receptors in the 

hypothalamus (Chua et al., 1996).  

It was expected that IM would have a relatively rapid increase in plasma leptin levels 

after the booster dose, and when feed intake and LD are increased.  However, plasma leptin 

levels were highly variable between animals within treatments, which made it difficult to 

interpret time and treatment effects.  The EC and LC had numerically higher plasma leptin levels 

than EM throughout the experiment; the latter was consistent with increased feed intake and 

higher body lipid content in EC and LC (Chapter 5; Martinez-Ramirez et al., 2009).   

The small number of observations and between animal variability in IM between days -4 

and 2 may account for the rather low plasma leptin levels when compared to EM; plasma leptin 

levels were expected to be similar for EM and prior to the booster dose.  Also, the analytical 

procedure may not have been specific enough for porcine leptin; the kits were specific for human 

leptin with 67% cross-reactivity for porcine leptin.   
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4.6 Conclusions and implications  

Changes in plasma hormone levels of E1S, IGF-1, and possibly leptin, occur after 

immunization of EM against GnRH with IMPROVEST.  In particular, E1S and IGF-1 were 

reduced by d 8 and 11 after administering the booster dose of IMPROVEST, respectively, to 

levels observed in EC and LC.  These changes in plasma hormones after the booster dose of 

IMPROVEST will influence feed intake, as well as rate and composition of BW gain.   
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Figure 4.1 Plasma estrone sulphate levels (E1S, mg/ml) in early castrates 

(EC), entire male pigs (EM), immunized male pigs (IM) and late 

castrates (LC) across days relative to administering the booster dose of 

IMPROVEST.  EC: male pigs surgically castrated within 4 d after birth; 

EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male 

pigs surgically castrated between 25 and 40 kg BW. 

EC = male pigs surgically castrated within 4 d after birth; EM = entire male pigs; IM = 

entire male pigs immunized against gonadotropin-releasing hormone (GnRH) at 30 

and 70 kg BW; LC = male pigs surgically castrated at 25-40 kg BW 

 

EC = male pigs surgically castrated within 4 d after birth; EM = entire male pigs; IM = 

entire male pigs immunized against gonadotropin-releasing hormone (GnRH) at 30 

and 70 kg BW; LC = male pigs surgically castrated at 25-40 kg BW 

 

E
1
S

 (
lo

g
-l

o
g
 p

g
/m

l)
 



55 
 

  

Day 

0 10 20 30 40

IG
F

-1
 (

lo
g
 n

g
/m

l)

5.0

5.2

5.4

5.6

5.8

6.0

6.2 EC

EM

IM

LC

Figure 4.2 Plasma insulin-like growth factor 1 levels  (IGF-1, ng/ml) in 

early castrates (EC), entire male pigs (EM), immunized male pigs (IM) 

and late castrates (LC) across days relative to administering the booster 

dose of IMPROVEST.  EC:  male pigs surgically castrated within 4 d 

after birth; EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male 

pigs surgically castrated between 25 and 40 kg BW.  



56 
 

Figure 4.3 Plasma leptin levels ( ng/ml) in early castrates (EC), entire 

male pigs (EM), immunized male pigs (IM) and late castrates (LC) across 

days  relative to administering the booster dose of IMPROVEST.  EC: 

male pigs surgically castrated within 4 d after birth; EM: entire male pigs; 

IM: entire male pigs immunized against gonadotropin-releasing hormone 

(GnRH) at 30 and 70 kg BW; LC: male pigs surgically castrated between 

25 and 40 kg BW. 
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Chapter V 

 

The effect of immunization with IMPROVEST on physical and chemical carcass 

characteristics and meat quality 

 

5.1 Abstract 

Immunization against gonadotropin-releasing hormone (GnRH) reduces the occurrence of boar 

taint compounds in entire male pigs, and is likely to alter body composition.  The latter is an 

important determinant of carcass value and should be considered when developing feeding 

programs.  Forty-eight male PIC pigs were used to determine the effects of immunization against 

GnRH with IMPROVEST (Pfizer Animal Health, Kirkland, QC) on plasma and fat levels of 

androstenone and skatole, physical and chemical body composition, as well as whole body 

protein deposition (PD) and whole body lipid deposition (LD).  Four treatments were used: [1] 

conventional, early castrates (EC), [2] entire male pigs (EM), [3] entire male pigs immunized 

with IMPROVEST (IM), and [4] entire male pigs surgically castrated between 25 and 40 kg BW 

(late castrates; LC).  IMPROVEST was injected at 30 kg and 70 kg BW.  Within each of nine 

litters, approximately five males were randomly assigned to each of the four treatments.  Pigs 

were fed corn and soybean meal based diets that were not limiting in essential nutrients for high 

PD. Blood was sampled from 36 males on days -4, -1, 2, 5, 8, 11, 14, 19, 28 and 37 to measure 

plasma changes in boar taint causing compounds and other metabolites.  Additionally, back fat 

samples were collected from the same 36 males at d -3, 8, 18, and 42 to measure the boar taint 

causing compounds androstenone and skatole.  Finally, pigs were slaughtered at approximately 

70 or 115 kg BW to measure changes in chemical body composition.  At the final BW, IM 

tended to have intermediate physical measurements, including weights of total viscera, head and 

liver, when compared to EM or EC and LC (P > 0.10).  There were no differences between 

treatments for weights of carcass cuts, including primal shoulder, belly, loin, ham, retail butt and 

picnic (P > 0.10).  The amount of dissected fat was higher in EC than EM (13.6 vs. 10.4 % of 

carcass sides, respectively, P < 0.05) and intermediate in IM and LC (11.1, 12.5 %, respectively; 

P > 0.10).  Based on chemical analysis, body protein mass (PB) was greater in EM and IM 

compared to EC and LC (17.2 and 17.5 vs. 15.9 and 16.2 % of empty BW, respectively, P < 

0.05) and body lipid mass (LB) was greater in EC compared to EM (23.9 vs. 17.0 % of empty 

BW; P < 0.05).  The IM and LC had intermediate LB values (19.4 and 22.6%, P > 0.10).  The 
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LB/PB ratio was similar between EM and IM (1.0 and 1.1, P > 0.10), which were both lower 

than EC and LC (1.5 and 1.4, P < 0.05).  At the final BW the proportion of PB present in the 

carcass was less in EM than EC and LC (87.4 vs. 88.6 and 88.5 %, P < 0.05) and intermediate 

values were observed for IM (88.3 %, P > 0.10).  The PD was highest in EM and IM (172 and 

171 g/d, P > 0.10), least in LC (136 g/d, P < 0.05) and intermediate for EC (147 g/d, P > 0.10).  

The LD tended to be higher in IM compared to EM (373 vs. 286 g/d, P < 0.10).  Plasma 

androstenone in IM was similar in comparison to EM up to d 8 relative to administering the 

booster dose of IMPROVEST; thereafter plasma androstenone was similar for IM, EC and LC 

(0.50, 0.33 and 0.42 ng/ml, P > 0.10), which were all lower than for EM (14.7 ng/ml, P < 0.05).  

Fat androstenone in IM was similar to EM at d -3 relative to the booster dose (520 and 533 ng/g, 

P > 0.10); thereafter fat androstenone levels for IM were lower than for EM (173 vs. 863 ng/g, P 

< 0.01).  The fat androstenone levels for IM were higher than compared to EC and LC between d 

-3 and d 8 (404 vs. 86.7 ng/g, P < 0.01) and similar to EC and LC from d 18 to slaughter (116 

ng/g, P > 0.10).  Plasma and fat skatole were not affected by treatment.  Clear changes in carcass 

composition occur after immunization against GnRH, which require different feeding programs 

to optimize growth rates and body composition.  

 

5.2 Introduction  

In growing-finishing pigs whole body protein deposition (PD) is closely associated with 

lean growth and, thus, carcass value, efficiency of pork production and profitability (NRC, 

1998).  The rate of PD is also the primary factor determining amino acid requirements (Möhn 

and de Lange, 1998).  Entire male pigs (EM) display greater rates of PD than conventional early 

surgically castrated male pigs (EC) (Martinez-Ramirez et al., 2008a, b); however, androstenone 

and skatole are compounds known to negatively affect the quality of pork from EM (Claus et al., 

1994).  Immunizing entire male pigs against gonadotropin-releasing hormone (GnRH) is 

effective at eliminating boar taint (Dunshea et al., 2001; Claus et al., 2007; Bauer et al., 2009); 

however, the dynamics of PD and levels of boar taint causing compounds in blood plasma and 

fat tissue need to be more closely examined to determine an ideal immunization schedule to 

optimize PD and control boar taint.  

Physical body composition at slaughter results from relative differences in body tissue 

development and chemical components, which are affected by pig genotype, feed intake and 
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nutrient availability, among other factors (Quiniou et al., 1999).  Feed intake is influenced by 

growth potential (genotype, sex and stage of growth) and housing conditions (Quiniou et al., 

1999) and is highly affected by immunization against GnRH (Dunshea et al., 2001; Cronin et al., 

2003; Oliver et al., 2003).  

The primary objective of this study was to determine the impact of immunizing EM 

against GnRH on chemical body composition, PD and whole body lipid deposition (LD).  The 

secondary objective was to determine physical body composition and identify dynamics of 

indicators of boar taint in entire male pigs after the second injection (booster dose) of 

IMPROVEST.   

 

5.3 Materials and methods 

5.3.1 Animals, feeding, blood and back fat collection   

The University of Guelph Animal Care Committee approved the current study.  Twelve 

male PIC pigs (Floradale Farms, ON) from 9 different litters were slaughtered at 70 kg BW for 

measurements of chemical body composition at the initial live BW (LBW).  Thirty-six additional 

male pigs from the same litters were used for serial blood and fat sampling to measure the 

dynamics boar taint factors, and to evaluate physical and chemical body composition at the final 

LBW of approximately 115 kg.  Two male pigs were excluded from the latter due to lameness 

and illness, respectively.  Four treatments were used: [1] conventional, early castrates (EC), [2] 

EM, [3] entire male pigs immunized with IMPROVEST (IM), and [4] entire male pigs surgically 

castrated between 25 and40 kg BW (late castrates; LC).  The EC, EM and LC were included as 

controls.  Late castration was conducted by a veterinarian and Premix (50 mg Ketamine, 10 mg 

Xylazine, 1 mg Butorphanol/ml Premix; dose: 0.2 ml/kg) was used as an anesthetic and analgesic 

(Chapter 3).  IMPROVEST was injected at 30 kg (initial dose) and 70 kg BW (booster dose).  

Within each of nine litters, approximately five males were randomly assigned to the four 

treatments.  Pigs were fed corn and soybean meal based diets (Table 3.1) in two equal feedings 

per day at 8:00 and 16:00 h; diets were not limiting in essential nutrients for high PD (Chapter 

3).  The study was conducted in three blocks of three litters and all pigs in each block had the 

same sire.   
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Blood was collected approximately 4 h after the morning meal on days -4, -1, 2, 5, 8, 11, 

14, 19, 28 and 37 to monitor plasma levels of androstenone and skatole, as well as other 

hormones and metabolites (Chapters 3 and 4).  Three 5-ml blood samples were collected from 

the orbital sinus in heparinized vials, centrifuged for 20 minutes at 1500 × g at 4
0
C, plasma was 

aspirated, placed in microcentrifuge tubes and frozen at -20
0
C until further analysis.   

From each pig, four back fat samples were collected from the same region on d -3, 8 18 

and 42 for androstenone and skatole analysis.  For back fat sampling, live animals were 

restrained and given a subcutaneous injection of 3-5 ml of 2% Lidocaine Hydrochloride 

(AlvedaPharma, 20 mg/ml, Belleville, ON) as local anesthesia in the neck, just anterior to the 

shoulders.  A small incision was made using a scalpel and approximately 5 ml of fat was 

removed.  The incision was sutured, coated with antibiotic cream and observed closely for any 

sign of infection.  Wounds that appeared infected were irrigated immediately with saline solution 

and coated with additional antibiotic cream.  Sutures were removed after approximately 10 days.  

The final back fat sampling (d 42) collection occurred after slaughter.   

 

5.3.2 Serial slaughter and carcass evaluation  

Thirty-six male pigs were killed at a final LBW of 117 ± 9.8 kg using electric stunning 

and exsanguination at the University of Guelph Meat Laboratory (Guelph, ON).  Blood and 

visceral organs (heart, lungs, liver, kidneys and spleen) were individually weighed.  The full 

gastro-intestinal tract was weighed, emptied of its contents and weighed again in separate parts 

(stomach, small intestine and large intestine) and as a whole unit.  Visceral organs, the empty 

gastro-intestinal tract and testicles were combined for a final fresh weight (total viscera+) and 

frozen at -20
0
C until further analysis.  

Hot carcass weight (HCW) was weighed (with head, feet and leaf lard but without testes).  

Back fat thickness and loin muscle depth between the third and fourth last ribs, approximately 7 

cm from the midline, were measured on the left side using the Hennessy grading probe (Ca and 

Associates, Mississauga, ON, Canada).  Back fat and loin samples were also collected from 

between the 3
rd

 and 4
th

 rib for fatty acid analysis.  The eviscerated carcass was divided through 

the vertebrae midline.   

At approximately 30 minutes post-mortem left carcass sides were placed in a 4
0
C chill 

cooler for 24 h, subsequently re-weighed and subjected to a complete dissection into lean, fat and 
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bone.  The general dissection procedure was conducted according to the Canadian carcass 

grading system (Anonymous, 1986).  Total dissected fat included: butt fat, butt fat trim, picnic 

fat, picnic external and internal fat trim, loin fat and loin fat trim, tenderloin fat, chub fat, and 

ham fat.  Total dissected lean included: all boneless, skinned, subcutaneous plus seam fat 

removed dissections from shoulder, back and ham, and the total (undissected) belly.  The right 

sides of the carcasses - including feet, leaf-lard and half of the head - were stored frozen at -20
o
C 

immediately after slaughter for future chemical body composition analysis.  

For determination of chemical body composition at the initial LBW of 68 kg ± 6.7kg, 4 

EC, 3 EM, 2 IM, and 3 LC were killed and processed as described above.  However, carcass 

dissection was not conducted on these pigs.  

 

5.3.3 Meat quality evaluation  

The longissimus dorsi muscle (LM) was collected from the dissection and fat depth (mm) 

was obtained with a ruler measurement of subcutaneous fat at the grading site of the LM.  Loin 

eye area (LEA, mm
2
) was attained by an electronic planimeter (MOP; Carl Zeiss, Inc., Toronto, 

ON) from a tracing on acetate paper.  Two, 3.18 cm-thick cross-sections (chops) were cut from 

the center of the LM for subjective evaluation of colour, marbling, and water holding capacity, as 

well as objective measurements of ultimate pH, colour and drip loss measurements.  The chops 

were placed on butcher paper for approximately 30 min for colour development.  Afterwards, the 

chops were evaluated for subjective firmness and water holding capacity using the three-point 

scales, 1 = soft, 2 = firm, 3 = very firm and 1 = exudative, 2 = moist, 3 = dry, respectively 

(NPPC, 1999).  Colour and marbling were evaluated using a six-point (1 = pale pinkish gray to 

white to 6 = dark purplish red) and ten-point scale (1 = devoid to 10 = very abundant), 

respectively (NPPC, 1999).  Japanese colour (JC) was evaluated based on a six point scale (1 = 

extremely pale pink to gray to 6 = dark purplish red), using plastic Japanese colour standards.  

A Konica Minolta Chroma Meter (Model CR-400; Mississauga, ON) with illuminant 

D56 and 0
0
 viewing angle was used for objective lean colour measurement at two locations on 

the chops.  Colour data was collected with the L*a*b* scale: L* is a measure of luminosity with 

a higher value indicative of a lighter colour, a* is a measure of the continuum from red to green, 

b* is a measure of the continuum from yellow to blue (CIE, 1978).  For a* and b* measurements, 

higher positive values indicate a more intense red or yellow colour, respectively, while lower 
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values indicate a more green or blue colour, respectively.  The colorimeter was standardized with 

a white ceramic tile with Y = 92.0, x = 0.3134 and y = 0.3194 specifications.  

Ultimate pH was obtained from the average of two measurements from the chops using a 

stainless steel, spear-tipped electrode (IQ Scientific Instruments, Loveland, CO) attached to a 

Model IQ150 pH meter.  Drip loss was determined on the second chop using the method 

described by Honikel (1998).   

 

5.3.4 Chemical body composition  

Homogenization and sampling of the right carcass sides and pooled viscera were 

performed according to Tuitoek et al. (1997).  In short, pooled visceral organs and carcass were 

removed from the freezer and weighed.  Carcass and pooled viscera were ground separately with 

a large meat grinder (model B-801, Autio Company, Astoria, OR) for each pig after being 

divided into approximately 1 kg pieces with a band saw.  Carcass was ground 3 times with a 

12.5-mm die and viscera twice with a 6-mm die.  During the last pass through the grinder, 2 

homogenous subsamples of approximately 400 g were collected.  One sample was weighed and 

freeze-dried and the second was weighed and stored at -20
0
C.  

The freeze-dried subsamples of carcass and pooled viscera were re-weighed to calculate 

water losses during freeze-drying, after which samples were ground with liquid N in a 

commercially available coffee grinder.  Duplicate samples were taken to determine dry matter 

content (AOAC, 1997).  Carcass and viscera N contents were measured at Agrifood Laboratories 

(Guelph, ON) with a LECO-FP 428 analyzer (LECO Instruments Ltd., Mississauga, ON) 

according to AOAC (1997) 990.03.  Carcass and viscera lipid contents were determined by 

ANKOM XT-15 extractor (ANKOM Technology, Macedon, NY) according to AOCS (2009).  

Ash, calcium, phosphorus and sodium contents were measured according to AOAC (1997).  

Samples were heated at 600 
o
C for 2 hours and ash was then used to measure calcium and 

phosphorus contents using an ICP Optical Emissions Spectrometer Optima 3000 (PerkinElmer 

Inc., Waltham, MA).   

 

5.3.5 Androstenone in back fat and plasma  

Frozen back fat samples were cut into small pieces, placed in 12 x 75 mm disposable 

glass tubes and heated in a microwave oven for 4 minutes at 30% of maximum power output.  
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Liquid fat was collected into a second tube which was capped and stored at 2
0
C until further 

analysis.  Thawed plasma samples were used directly after centrifugation at 15,600 × g for 10 

minutes. 

Plasma and fat samples were assayed for androstenone using enzyme-linked 

immunosorbent assay (ELISA), modified after Claus et al. (1988) as described by Squires and 

Lundström (1997).  

 

5.3.6 Skatole in back fat and plasma  

Back fat and plasma skatole levels were determined via high-performance liquid 

chromatography (HPLC) using the methods described by Claus et al. (1993) and Dehnard et al. 

(1991).  The florescence wavelength setting was excitation 285 nm and emission 350 nm.  The 

system was operated by WIN on Windows and the retention time for skatole was approximately 

9 and 7 minutes for fat and plasma, respectively.  

 

5.3.7 Fatty acid analysis in loin and fat  

Fatty acid composition was measured in loin and fat samples collected at slaughter.  

Approximately 15 g of each tissue was taken from between the 3
rd

 and 4th rib, the skin was 

removed and the samples were frozen at -80
0
C until further analysis.  Samples were partially 

thawed and trimmed of excess connective tissue and weighed before freeze drying.  After drying, 

samples were weighed again, to calculate DM, and homogenized with mortar and pestle.  Sample 

preparation and procedures for fatty acid analyses are described in detail by Cruz-Hernandez et 

al. (2004) and Cruz-Hernandez et al. (2006) and modified according to Martinez-Ramirez 

(2011).  Lipids were extracted from approximately 10 g of homogenized and pulverized feed by 

adding 100 ml of chloroform/methanol (1:1, v/v), after which filtering and evaporation of 

organic solvents occurred using a rotary evaporator (Model RE-131, Büchi Laboratoriums-

Technik, Flawil, Switzerland).  Fat, loin and feed samples were analyzed similarly and samples 

were analyzed using two temperature programs  in series using an Aligent Model 6890N gas 

chromatograph (Palo, Alto, CA), which was followed by comparison of results to identify most 

FA isomers (Kramer et al., 2008).  Fatty acid content was expressed as mg/100g of fresh tissue.   
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5.3.8 Calculations and statistical analysis  

To account for unequal carcass splitting during slaughter the following correction was 

made:  

1. Deviation from    
fresh side wt (kg)  (head wt

kg

2
)

 CW(kg)
   100 

2. Standardi ed side weight   side carcass weight (hot or cold, kg)  
50

100-deviation from 1/2
 

 

For analysis of physical body composition, weights of primal shoulder, retail butt and 

picnic, primal and retail ham, primal loin and primal and retail belly were expressed as a 

percentage of standardized cold carcass side weight.  

Empty body weight (EBW) of the pigs was calculated as weight at slaughter minus gut 

fill.  The physical and chemical compositions of the right and left carcass sides were considered 

equal and the whole body was calculated as the sum of all analyzed body fractions, excluding gut 

fill.  Blood composition was calculated according to Möhn et al. (2000) and chemical 

composition of the carcass was presented as a percent of EBW.  Carcass dressing percentage, gut 

fill, PD and LD were calculated as follows: 

3. Dressing percentage (%) was calculated as: 
      

      
 × 100  

4. Gut fill was calculated as: 
           

      
 × 100 

5. Daily whole body protein (PD) and lipid deposition (LD): 

                       

                                 
 

Given that EM and IM do not differ after the initial dose of IMPROVEST (Dunshea et 

al., 2001), results for whole body chemical analysis were pooled to calculate PD and LD in IM 

and EM.  Average daily gain (ADG) over the entire experiment (42 d) was calculated using the 

initial LBW at approximately 70 kg BW and the final LBW at slaughter (~115 kg BW).  

Statistical analysis was conducted using the mixed procedure of SAS and Tukey tests 

with Satterthwaite degrees of freedom to measure significance (V 9.2 SAS Inst. Inc., Cary, NC).  

The model included the fixed effects of treatment and time and the random effects of block and 

litter within block.  The LBW was used as a covariate for HCW, gut fill, EBW and carcass 
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dressing percentage.  The HCW was used as a covariate for the carcass quality measures 

including probe values of fat and muscle depth, subjective carcass measures mentioned earlier, 

pH, objective colour and driploss.  The androstenone and skatole data for plasma and back fat 

were log transformed (logandrostenone and logskatole, respectively) to normalize the 

distributions.  Contrasts were constructed to compare treatments: EC vs. LC; EM vs. EC and LC; 

EM vs. IM; IM vs. EC and LC.  These contrasts were orthogonal across time but not treatment.  

The repeated measures for plasma and fat androstenone and skatole were analyzed as in Chapters 

3 and 4.  Probability levels (P) less than 0.05 were considered significant, whereas 0.05 < P < 

0.10 was considered a trend and P > 0.10 was considered not significant. 

 

5.4 Results 

5.4.1 General 

All pigs were healthy except 1 IM and 1 EM who were excluded due to illness and 

lameness respectively.  No behaviour abnormalities were observed and pigs readily consumed 

their feed. 

 

5.4.2 Physical body composition 

There were no differences between treatments in final LBW (P > 0.10; Table 5.1).  The 

HCW was higher in EC than LC and EM (P < 0.05) and intermediate values were observed for 

IM (P > 0.10).  Dressing percentage was higher in EC than EM and LC (P < 0.05) and 

intermediate for IM (P > 0.10).  Gut fill was higher in LC than EM (P < 0.05) and intermediate 

values were observed for IM and EC (P > 0.10).  The EBW was lower in LC than other treatment 

groups (P < 0.05).   

The empty gut tended to be heavier in LC than EM (P < 0.10) and intermediate values 

were observed for EC and IM (P > 0.10; Table 5.1).  There were no differences in weights of 

stomach, small intestine, large intestine, lungs, heart or spleen between any of the treatments (P 

> 0.10).  However, EC had a lighter liver than EM and IM (P < 0.05) and tended to have lighter 

kidneys than EM (P < 0.10); intermediate values were observed for IM and LC (P > 0.10).   

The EM had greater visceral mass + testes than EC and LC (P < 0.05; Table 5.1) and IM 

tended to have greater visceral mass than EC (P < 0.10).  However, there were no differences 
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between treatment groups when testes were excluded from the viscera (P > 0.10).  The EM 

tended to have a greater blood mass than EC (P < 0.10) and intermediate values were observed 

for IM and LC (P > 0.10).  The EM had a heavier head than both EC and IM (P < 0.05), IM 

tended to have a heavier head than EC (P < 0.10) and EM tended to have a heavier head than LC 

(P < 0.10).  

There were no differences between treatments in carcass dissection data (Table 5.1) with 

respect to weights of primal shoulder, retail butt, retail picnic, primal belly, retail belly, primal 

loin, primal ham or retail ham.  The EC had a higher total dissected fat content than EM (P < 

0.05), which also tended to be higher than IM (P < 0.10) and intermediate values were observed 

for LC compared to EC, EM and IM (P > 0.10).  However, there were no differences in dissected 

lean content between treatments.   

The EC had a greater probe fat depth than EM (P < 0.05) with intermediate values 

observed for IM and LC (P > 0.10; Table 5.1).  The EC tended to have a greater lean depth than 

EM (P < 0.10) with intermediate values observed for IM and LC (P > 0.10).  Ruler back fat 

thickness tended to be greater in EC than EM (P < 0.10) with intermediate values observed for 

IM and LC (P > 0.10).  There were no differences in LEA between treatments (P > 0.10).     

 

5.4.3 Meat quality measurements  

The subjective carcass measurements of loin colour, firmness, water holding capacity and 

marbling were similar between treatment groups (P > 0.10; Table 5.2).  However, loins from EC 

and EM had a higher Japanese loin colour score than those from IM (P < 0.05) with an 

intermediate value observed for LC (P > 0.10).  Loins tended to have a lower L* value in IM 

compared to LC (P < 0.10) and intermediate values were observed for EC and EM (P > 0.10).  

There were no differences in the red-green scale (a*), loin pH or drip loss between treatment 

groups (P > 0.10).  Loins from IM had a higher b* value than loins from LC (P < 0.05) with 

intermediate values observed for EC and EM (P > 0.10).  
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5.4.4 Chemical body composition   

There were no differences in chemical body composition between treatments for pigs 

slaughtered at 70 kg LBW; except EC tended to have higher LB content than IM (P < 0.10; 

Table 5.3) with intermediate values measured for EM and LC (P > 0.10).   

For the pigs slaughtered at a final LBW of approximately 115 kg, PB content was similar 

in EM and IM (P > 0.10) and both had higher PB content than EC and LC (P < 0.05; Table 5.3), 

while the PB content was similar between EC and LC (P > 0.10).  The LB content was lower in 

EM than EC and LC (P < 0.05); IM also had lower LB content than EC (P < 0.05), while an 

intermediate LB content was observed for LC when compared to EC and IM (P > 0.10).  The IM 

had intermediate LB content when compared to EM and LC (P > 0.10).  The LB/PB ratio was 

similar in EM and IM (P > 0.10) and both were lower than EC (P < 0.05).  The LB/PB ratio was 

lower in EM (P < 0.05), tended to be lower in IM (P < 0.10) when compared to LC and was 

similar in EC and LC (P > 0.10).   

The EM had higher total body water (WB) content than both EC and LC (P < 0.05; Table 

5.3) and an intermediate WB content was observed in IM compared to EM and LC (P > 0.10), 

but tended to be higher when compared to EC (P < 0.10).  The EC and LC had comparable WB 

(P > 0.10).  There were no differences in total body ash (AB), water as a proportion of PB 
0.855

, 

total body Ca or P contents between treatments (P > 0.10).  However, total body Na content was 

lower in EC than LC (P < 0.05) with intermediate values for EM and IM (P > 0.10).  

The proportion of PB present in carcass (Pcarc/PB) was lower in EM than both EC and 

LC (P < 0.05; Table 5.3) and IM tended to have a higher proportion of PB present in carcass than 

EM (P < 0.10), while Pcarc/PB was similar between EC and LC (P > 0.10).  The proportion of 

PB present in viscera (Pvisc/PB) was higher in EM compared to both EC and LC (P < 0.05) with 

an intermediate value observed for IM (P > 0.10).  The proportion of LB in carcass and viscera 

(Lcarc/LB and Lvisc/LB, respectively) was not different between treatment groups (P > 0.10). 

The EM had a lower proportion of AB in carcass (Ashcarc/AB) than IM, EC or LC (P < 

0.05; Table 5.3) and Ashcarc/AB was similar between IM, EC and LC (P > 0.10).  However, EM 

had a greater proportion of AB in viscera (Ashvisc/AB) than IM, EC or LC (P < 0.05) and 

Ashvisc/AB was similar between IM, EC and LC (P > 0.10).  The EM had a lower proportion of 

total body Ca in carcass (Cacarc/CaB) than LC (P < 0.05), while intermediate values were 

observed for EC and IM (P > 0.10).  There were no differences in proportion of total body Ca in 
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viscera (Cavisc/CaB) between treatments (P > 0.10).  There were also no differences in the 

proportion of total body phosphorus in either carcass (Phoscarc/PhosB) or viscera 

(Phosvisc/PhosB) between treatments (P > 0.10).  The EM had a lower proportion of total body 

Na in carcass (Nacarc/NaB) when compared to both EC and LC (P < 0.05), while intermediate 

values were observed for IM, which also tended to be lower than LC (P < 0.10).  The EM had a 

higher proportion of total body Na in viscera (Navisc/NaB) than EC or LC (P < 0.05), while 

intermediate values were observed for IM, which also tended to be higher than LC (P < 0.10).   

Overall ADG was higher in EM and IM compared to EC (P < 0.05; Table 5.3) and tended 

to be higher in EM and IM than LC (P < 0.10).  The EC and LC had similar ADG (P > 0.10).  

The EM and IM had increased daily PD than LC (P < 0.05; Table 5.3) and intermediate 

values were observed for EC (P > 0.10).  The IM tended to have increased LD deposition than 

EM (P < 0.10) while intermediate values were observed for both EC and LC (P > 0.10).  

 

5.4.5 Androstenone in back fat and plasma  

Both treatment (P < .0001) and time (P < 0.05) had an effect on logandrostenone in back 

fat and an interactive effect between treatment and time was observed (P < .0001; Figure 5.1).  

Throughout the experiment, there were no differences between EC and LC (actual overall mean 

values: 88.1 vs. 73.7 ng/g, P > 0.10), which were lower than EM (780 ng/g, P < .0001).  The IM 

had similar fat logandrostenone levels compared to EM levels at d -3 relative to the booster dose 

(520 vs. 533 ng/g, P > 0.10).  Thereafter, levels of back fat logandrostenone in IM were lower 

than those for EM (173 vs. 863 ng/g, P < 0.01).  Additionally, fat logandrostenone levels in IM 

were greater than EC and LC from d -3 to d 8 (404 vs. 86.7 ng/g, P < 0.01) and not different 

from EC and LC from d 18 to slaughter (116 ng/g, P > 0.10). 

Both treatment and time had an effect on plasma logandrostenone levels (P < .0001) and 

an interactive effect between treatment and time was observed (P < .0001; Figure 5.2).  Plasma 

logandrostenone levels were similar for EC and LC (P > 0.10) until d 14.  Thereafter, LC tended 

to have higher plasma logandrostenone levels than EC (actual overall mean values: 0.39 vs. 0.31 

ng/ml, P < 0.10).  The EC and LC had lower plasma logandrostenone levels than EM (0.33, 0.42 

vs. 14.7 ng/ml, P < .0001) throughout the experiment.  The IM had higher levels of plasma 

logandrosteone than EC and LC until d 5 after the booster dose (7.7 ng/ml, P <  .0001) and after 

d 8 IM had similar levels to EC and LC until the end of the experiment (0.50 ng/ml, P > 0.10).  
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5.4.6 Skatole in back fat and plasma    

There were no main effects of treatment or time on fat logskatole levels and there was no 

interactive effect of treatment and time (P > 0.10; Figure 5.3).  However, based on specific 

contrast analysis, back fat logskatole was lower in IM and EC and LC (actual overall mean 

values: 9.6, 8.3 ng/g, P < 0.05) than EM (26.3 ng/g, P < 0.05) at slaughter (d 42).   

Time had an effect on plasma logskatole (P < 0.001; Figure 5.4); plasma logskatole levels 

decreased over time across treatments.  However, treatment did not have an effect on plasma 

logskatole levels (P > 0.10) and no interactive effects of treatment and time were observed (P > 

0.10).  

 

5.4.7 Fatty acid content in loin and fat tissue at slaughter  

The EM tended to have lower content of saturated fatty acids, particularly 14:0, 16:0 and 

17:0, and oleic acid in the loin than LC (P < 0.10; Table 5.4).  Intermediate values were observed 

for EC and IM (P > 0.10).  There were no differences in contents of individual omega-6 or 

omega-3 fatty acids, the ratio between omega-6 and omega-3 fatty acids or the saturated-to-

unsaturated ratio between treatment groups in loin tissue (P > 0.10).  

There were no differences in saturated, monounsaturated, omega-6 or omega-3 fatty acids 

between treatment groups in fat tissue (Table 5.4; P > 0.10).  The ratio between omega-6 and 

omega-3 fatty acids did not differ across treatments (P > 0.10); however, EM had a decreased 

saturated-to-unsaturated fatty acid ratio versus EC, LC and IM (P < 0.05) in fat tissue.   

 

5.5 Discussion  

5.5.1 Physical composition and meat quality  

When corrected for differences in LBW, gut fill was highest and EBW was lowest for 

LC, while gut fill and EBW were similar among the other treatments.  In previous studies, 

positive correlations between gut fill and pre-slaughter feeding levels have been observed (de 

Lange et al., 2003).  It was therefore anticipated that gut fill would be highest in IM, lowest in 

EM and intermediate in EC and LC (Chapter 3).  It should be noted that feed was withdrawn 
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from the pigs 15 h pre-slaughter and, therefore, feed intake level effects on gut fill are likely to 

be reduced.  Also, gut fill is a rather variable trait that was based on a relatively small number of 

observations per treatment.  Based on the current data, no firm conclusions can be drawn about 

treatment effects on gut fill and thus EBW relative to LBW.  

Treatment effects of HCW were consistent with differences in dressing percentage.  The 

EM and LC had lower HCW and dressing percentage than EC and intermediate values were 

measured for IM, which can be attributed to increased visceral weight in EM, and to some extent 

IM, due to the inclusion of testes in the visceral weight.  Additionally, EM tended to have greater 

blood volume than EC, which influences dressing percentage.  The observed ranking in carcass 

dressing percentage between EM, IM and EC is consistent with previous observations (Boler et 

al., 2011).  The observed dressing percentage in LC was lower than anticipated and, to a large 

extent, be attributed to the relatively high gut fill in LC.  

The EM and IM had similar dressing percentages, in spite of differences in feed intake 

during the last week pre-slaughter (Chapter 3), which is consistent with results from Boler et al. 

(2011) and Lealiifano et al. (2011).  This is in contrast to previous research (Dunshea et al., 

2001) that demonstrated lower dressing percentage in IM than EM, when feed intake was higher 

in IM than EM (3.4 vs. 2.8 kg, respectively;  mean during the last 4 weeks prior to slaughter).  In 

the current research, gut mass in IM may have increased directly after the booster dose to 

accommodate the greater increase in daily feed intake between periods 1 and 2 (d -9 to -4 and 1 

to 7, respectively) relative to EM (0.64 vs. 0.28 kg, respectively; Tables 3.3 and 3.4).  However,  

this treatment effect may have disappeared at the time of slaughter, 6 weeks after the booster 

dose was administered and when the increase in feed intake between IM and EM was similar 

between periods 4 and 5 (d 20 to 26 and 30 to 36, respectively; 0.25 vs. 0.22 kg; Tables 3.5 and 

3.6).  Additionally, the relative differences in feed intake between EM and IM may not have 

been extreme enough to affect gut size and dressing percentage in this research.  It should also be 

noted that diet type, especially dietary fiber content, affects dressing percentage and the corn and 

soybean meal based diets used in the current study had relatively low fiber contents.  

Additionally, there were no observed differences in visceral fat content between treatments in 

this experiment, which is in contrast to Zamaratskaia et al. (2008a).  

Heads from EM made up a greater proportion of the HCW than EC or IM.  The head 

contributes little to carcass value.  This would suggest the value per kg of carcass is higher in IM 
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than EM.  To our knowledge the effect of immunizing male pigs against GnRH on head size has 

not been reported previously but perhaps may be due to differences in skeletal growth.  

No treatment effects on the carcass dissection results were found in this experiment, 

except for dissected fat content, which was highest in EC and lowest in EM.  Therefore, there 

was no loss or gain of carcass lean content, or the distribution of lean among cuts, as a result of 

immunizing against GnRH.  Typically, EM have higher lean yields than EC (Martinez-Ramirez 

et al., 2008a,b) and Boler et al. (2011) showed that IM tend to have heavier primal and sub-

primal cut weights, as a proportion of cold side weight, than EC.  However, as EC were fed only 

low lysine diets in the aforementioned study, lean gain may have been limited, resulting in 

reduced lean yield; especially in high lean genotypes such as PIC pigs.  Boler et al. (2011) also 

demonstrated a greater fat-free lean content in EM than IM, as a proportion of cold side weight, 

which may reflect differences in dietary protein utilization efficiency when feed intake is 

restricted in group-housing environments (Walstra, 1969).   

There were some differences between treatments for objective colour scores and some 

aspects of subjective meat quality evaluation; however, the magnitudes of differences were small 

and treatment mean values were within the range for consumer acceptability.  Moore et al. 

(2009) demonstrated that IM had higher L*, a* and b* values than EM, while all colour scores 

were comparable between EM and IM in this experiment, likely due to the low number of 

replicates and the high variability.  Loin drip loss and pH were similar across treatments and 

comparable to results found by Pauly et al. (2009).  Though not statistically significant, 

subjective marbling was numerically higher in EC and LC than EM, with intermediate values 

observed for IM (Table 5.2).  This is consistent with the observed treatment effects on dissected 

fat content.  

 

5.5.2 Chemical body composition   

Across all treatments the sum of chemical body elements (protein, lipid, ash and water) 

contributed to 103.4±1.18% of EBW.  This suggests that there was a slight overestimation, 

which may be due to minor errors in sampling and analytical procedures.  However, observed 

chemical body compositions are within the range of values observed by others (de Lange et al., 

2003; Weis et al., 2004; Martinez-Ramirez et al., 2008a, b).  
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As expected, WB and PB are closely related due to high association between WB and PB 

in lean tissue mass (Schinckel and de Lange, 1996; de Lange et al., 2003).  Thus EM, with higher 

PB, also have higher WB, while EC have the lowest WB and PB; these values are intermediate 

for IM and LC.  The WB is best expressed per kg PB
0.855 

(Emmans and Kyriazakis, 1995); in the 

current study this ratio did not differ between treatments and treatment mean values ranged 

between 5.66 and 5.98% (Table 5.3).  These ratios are greater than those found in the literature 

(ARC, 1981; de Greef and Verstegen, 1993; Emmans and Kyriazakis, 1995; Möhn and de Lange, 

1998), but are only slightly higher than those found by Weis et al. (2004).  Gender, genotype and 

lean growth potential affect the relationship between WB and PB, with higher ratios observed in 

pigs with high PD potentials (Emmans and Kyriazakis, 1995).  

Observed AB was quite variable and likely reflects the difficulty of adequate sampling 

(i.e. 2.7 to 3.1 %).  Across treatments, the ratio of AB to PB did not differ and varied between 

0.154 and 0.191.  These ratios are similar to other values reported in the literature (Weis et al., 

2004; Kyriazakis and Emmans, 1992; Quiniou et al., 1995), and reflect a close association 

between lean tissue and bone tissue, which contains most of the AB (de Lange et al., 2003).  

In the current study, the PB content was highest in EM, lowest in EC, and intermediate 

for IM and LC.  The opposite is observed regarding LB, with the highest content in EC and LC, 

while it was lowest in EM and IM.  The differences in PB and LB content between EM and EC 

reflect results from Martinez-Ramirez et al. (2008a, b) and Weis et al. (2004).  Since PB is 

closely associated with WB and AB, LB/PB can be used to represent body composition in 

growing pigs (Weis et al., 2004).  In the current study, both EM and IM partition more retained 

energy in the body towards PB than LB, when compared to EC and LC.  The more favourable 

energy partitioning towards PB appears maintained in IM after administering the booster dose of 

IMPROVEST.  However, the results were affected by the vaccination schedule; an earlier 

booster dose or increased slaughter weight may have produced greater differences in LB as 

results from Lealiifano et al. (2011) suggest.  The mean LB/PB for EM was similar to that 

observed by Martinez-Ramirez et al. (2008b) and Weis et al. (2004).  However, LB/PB was 

higher for EC in this experiment than observed by Martinez-Ramirez et al. (2008a).  These 

inconsistencies can be attributed to differences in pig type, as well as small differences in energy 

intake and slaughter BW across studies.  Based on the observed LB/BP values the timing of 

surgical castration of entire males has no impact on body energy partitioning and partitioning of 
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body energy is more favourable in EM than EC, which is consistent with previous observations 

(NRC, 1998). 

The EM in this experiment had high levels of PD, which were comparable to previous 

observations of EM by Martinez-Ramirez et al. (2008a, b) and can be considered higher than 

typical levels (NRC, 1998).  The PD in EC and LC were similar and lower that EM, which is 

consistent with typical gender effects on PD (NRC, 1998).  In finishing pigs the genetic upper 

limit to PD is likely to determine PD (Whittemore, 1986; Schinckel and de Lange, 1996; de 

Greef and Verstegen, 1993).  It can however, not be ruled out that PD was not limited by energy 

intake, as PD was observed at only one level of energy intake.  

In the current study, IM maintained PD levels similar to those of EM after the booster 

dose of IMPROVEST.  The PD in IM was greater than PD for EC and LC, which shows that 

despite the gradual changes for IM in N-retention (Chapter 3) and plasma hormone levels 

(Chapter 4) from those observed in EM to those in EC and LC, mean PD between administration 

of the booster dose and slaughter in IM remains similar to that in EM and higher than that in EC 

and LC.  It should be noted that estimates of PD are more variable than estimates of N-retention 

(Chapter 3); therefore, PD values should be interpreted with some caution.  

Observed LD values were rather variable and are, as anticipated (NRC 1998, Martinez-

Ramirez et al., 2008a, b), numerically higher in EC and LC than in EM.  In addition, IM had a 

larger LD than EM and numerically greater levels than EC and LC.  This can be considered 

“compensatory” LD in IM, when compared to EM, and may reflect an increase in the minimum 

LB/PB in EM after administering the booster dose of IMPROVEST, in order to reach LB/PB 

similar to EC and LC.  

In this study pigs were fed restricted, but feed allowances differed between treatments 

(Chapter 3).  Feed intake was restricted to accurately measure the dynamics of PD (Chapter 3).  

The rate and composition of gain at varying levels of energy intake remains to be explored, and 

based on the current observation it cannot be established whether energy intake limited 

expression of PD especially in EM and IM.  The results do show, however, that PD is maintained 

at high levels in IM after administering the booster dose of IMPROVEST.  
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5.5.3 Androstenone and skatole  

From d -3 to d 8 relative to the booster dose of IMPROVEST, IM had greater fat 

androstenone than either EC or LC.  However, fat androstenone levels in IM became lower than 

EM by d 8 and similar to those found in EC and LC by d 18; this similarity remained until 

slaughter at d 42.  This is in agreement with early research conducted by Claus (1976) on a 

limited number of EM, which showed that 2 to 6 weeks, depending on age, is needed for 

androstenone to be eliminated from adipose tissue after surgical castration.  Dunshea et al. 

(2001) demonstrated that entire male pigs given the booster dose at either 19 or 22 weeks of age 

had fat androstenone and skatole levels below threshold levels for boar taint by slaughter, 4 

weeks later.   

In the current experiment plasma androstenone levels in IM decrease from those in EM to 

levels similar to EC and LC by d 8 after administering the booster dose.  Claus et al. (2007) and 

Bauer et al. (2009) found plasma androstenone to reach minimal values of 0.35 and 0.18 ng/ml, 

respectively, at the same time relative to administering the booster dose.  Therefore, based on the 

plasma and fat measurements, the levels of androstenone in the plasma closely reflect those in 

the fat, and changes in IM androstenone levels become apparent in both tissues at approximately 

the same time. 

No treatment differences were observed in plasma skatole levels; the values were both 

small and highly variable.  Fat skatole levels did change over time between treatments.  Skatole 

is produced in the large intestine, is absorbed into blood plasma, regardless of gender, and is 

stored in fat tissue.  However, differences occur in skatole metabolism between genders, where 

EM accumulate skatole in fat tissue, and EC and LC accumulate very little.  Zamaratskaia et al. 

(2008a) suggested that with reduced testicular synthesis of steroid hormones, liver enzymes in 

castrated pigs are more available for metabolizing skatole, which reduces skatole concentrations 

in the fat tissue.  However, in this experiment, skatole levels in fat and plasma were below the 

level of human detection across treatment groups (Bonneau et al., 1992).   

 

5.5.4 Fatty acid content in fat and loin tissue at slaughter 

In the current study immunization against GnRH yielded saturated-to-unsaturated fatty 

acid contents in fat tissue similar to those in EC and different from those in EM.  This may be 

related to high LD in IM, which increases endogenous fatty acid synthesis and increases 
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saturated fatty acid content (Pauly et al., 2008).  Pauly et al. (2009) demonstrated that IM had 

intermediate degrees of saturation between EC and EM due to decreased saturated fatty acids and 

increased polyunsaturated fatty acids (PUFAs).  The amount of oleic acid (18:1n-9) is 

determined by dietary supply as well as elongation and desaturation of saturated homologues 

(Pauly et al., 2009).  The latter is reduced by dietary PUFAs of the n-6 family, which impair 

stearoyl-CoA desaturase (Kouba and Mourot, 1998).  Therefore, as intake increases, there is an 

increase in dietary PUFAs which decreases stearoyl-CoA desaturase, and consequently oleic 

acid, and results in an increased saturated - to- unsaturated fatty acid ratio.   

 

5.6 Conclusions and implications  

In this study, chemical body composition, PD and LD were determined in EM, IM, EC 

and LC slaughtered at approximately 70 and 115 kg BW.  Physical composition and indicators of 

boar taint were also measured in the aforementioned genders, the latter through serial blood and 

back fat tissue sampling.  The IM received the second dose of IMPROVEST (booster dose) for 

immunization against GnRH at approximately 70 kg BW, while LC were surgically castrated 

between 25 and 40 kg BW.  The results showed that this immunization schedule is effective at 

reducing boar taint compounds in plasma and fat tissue at slaughter.  The EC and LC were 

similar in chemical and physical body composition and indicators of boar taint.  Differences 

between EM vs. EC and LC were as anticipated, with reduced carcass fatness, higher PD and 

numerically lower LD in EM.  Carcass lean dissection results were similar across all four 

treatments.  The IM generally have intermediate values for chemical body composition when 

compared to EM, EC and LC.  The PD in IM were similar to those in EM and higher than those 

in EC and LC, while LD in IM were numerically highest among treatments.  Differences 

between genders should be considered when determining carcass value and feeding programs for 

IM, relative to EM, EC and LC. 
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Table 5.1 Physical carcass characteristics of early castrates (EC), entire male pigs (EM), 

immunized male pigs (IM) and late castrates (LC) at the final slaughter BW (115 kg). 

Item EC
1 

EM
1 

IM
1 

LC
1 

SEM
2 

Number of pigs 9 8 8 9 

 Live body weight (LBW; kg) 115.0 112.5 118.0 118.5 3.91 

Hot carcass weight (HCW; kg)
3 

100.0
b
 97.2

a
 98.5

ab
 97.7

a
 1.14 

Dressing percentage (% of LBW)
4 

84.5
b
 82.0

a
 83.2

ab
 82.4

a
 1.00 

Gut fill (% of LBW)
5 

2.6
ab

 2.2
a
 2.3

ab
 3.3

b
 0.24 

Empty body weight (EBW; kg)
6 

114.1
b
 115.5

b
 114.8

b
 112.3

a
 1.04 

Empty gut (% of HCW) 5.6
xy

 5.3
x
 5.8

xy
 5.9

y
 0.19 

Stomach (% of HCW) 0.70 0.69 0.77 0.76 0.037 

Small intestine (% of HCW) 1.6 1.5 1.7 2.2 0.36 

Large intestine (% of HCW) 1.9 1.8 2.0 2.0 0.12 

Liver (% of HCW) 1.9
 a
 2.2

b
 2.2

b
 2.1

ab
 0.080 

Kidneys (% of HCW) 0.38
x
 0.43

y
 0.39

xy
 0.40

xy
 0.020 

Lungs (% of HCW) 1.35 1.33 1.24 1.31 0.093 

Heart (% of HCW) 0.44 0.51 0.48 0.46 0.025 

Spleen (% of HCW) 0.21
xy

 0.20
 y
 0.18

x
 0.21

xy
 0.012 

Total viscera + testes (% of HCW)
7 

10.0
a,x

 11.9
b,xy

 11.0
ab,y

 10.5
a,xy

 0.36 

Total viscera (% of HCW)
8 

9.9 10.6 10.5 10.5 0.33 

Blood (% of HCW) 4.2
x
 5.1

y
 4.8

xy
 4.4

xy
 0.28 

Head (% of HCW) 5.53
a,x

 6.15
b,z

 5.82
ac,y

 5.86
bc,y

 0.082 

Left side used for carcass dissection
9 

    Cold left side, kg 43.7 43.5 43.9 43.6 0.40 

Primal shoulder (% of cold side) 21.9 22.1 21.8 21.4 0.35 

Retail butt (% of cold side) 9.3 9.3 9.3 9.0 0.19 

Retail picnic (% of cold side) 10.3 10.7 10.5 10.3 0.19 

Primal belly (% of cold side) 18.8 18.4 18.6 18.3 0.36 

Retail belly (% of cold side) 9.7 9.3 9.8 9.4 0.26 

Primal loin (% of cold side) 25.8 25.4 24.8 25.6 0.49 

Primal ham (% of cold side) 25.9 25.6 25.8 25.5 0.39 

Retail ham (% of cold side) 19.5 19.6 20.0 19.5 0.43 

Dissected fat (% of cold side) 13.6
b,y

 10.4
a,xy

 11.1
ab,x

 12.5
ab,xy

 0.80 

Dissected lean (% of cold side) 54.3 55.5 55.6 53.5 0.78 

Probe fat depth, mm 22.1
b
 16.9

a
 18.4

ab
 20.7

ab
 1.86 

Probe lean depth, mm 59.2
y
 53.2

x
 57.4

xy
 57.7

xy
 1.64 

Fat ruler, mm 18.8
y
 14.3

x
 15.3

xy
 18.4

xy
 1.95 

LEA, mm
10 

5090 4913 5114 4975 148.0 
a-c

 Means within a row with different superscripts differ, P < 0.05. 
x-z

 Means within a row with different superscripts tend to differ, P < 0.10.
 

1
 EC: male pigs surgically castrated within 4 d after birth; EM: entire male pigs; IM: entire male pigs 

immunized against gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male pigs 
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surgically castrated between 25 and 40 kg BW. 
2 
Based on the smallest number of observations per mean for each slaughter weight. 

3
 Hot carcass weight (HCW) includes head, leaf lard and feet. 

4
 Dressing percentage (%) = HCW(kg) /LBW(kg) x 100. 

5
  Gut fill (%) = Gut fill(kg)/ LBW(kg) x 100.  

6
 Empty body weight (EBW, kg) =  LBW – gut fill.  

7
 Viscera including testes. 

8 
Viscera excluding testes.  

9
 Based on Canadian carcass grading system (Anonymous, 1986). 

10 
Loin eye area. 
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Table 5.2 Subjective and objective loin chop characteristics in early castrates (EC), entire male 

pigs (EM), immunized male pigs (IM) and late castrates (LC) at slaughter (115 kg). 

Item EC
1 

EM
1 

IM
1 

LC
1 

SEM
2 

Number of animals  9 8 8 9  

Loin colour
3 

2.6 2.7 2.4 2.3 0.18 

Loin firmness
3 

1.8 2.0 1.9 1.8 0.13 

Loin water holding capacity 1.6 1.6 2.0 1.7 0.16 

Loin marbling 1.2 1.0 1.1 1.3 1.09 

Japanese loin colour 2.7
b
 2.7

b
 2.2

a
 2.5

ab
 0.16 

Loin L*
4 

50.4
xy

 49.7
xy

 52.3
y
 49.3

x
 0.91 

Loin a*
4 

7.1 6.7 7.2 6.6 0.42 

Loin b*
4 

2.2
ab

 2.2
ab

 2.8
b
 1.5

a
 0.40 

Loin pH 5.48 5.48 5.45 5.50 0.026 

Drip loss (%) 9.5 9.8 9.4 9.1 1.21 
a-c

 Means within a row with different superscripts differ, P < 0.05. 
x-z

 Means within a row with different superscripts tend to differ, P < 0.10.
 

1
 EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs 

immunized against gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC : male pigs 

surgically castrated between 25 and 40 kg BW. 
2 
Based on the smallest number of observations per mean. 

3 
Based on NPPC (1991).

 

4
 L*: lightness; a*: redness; b*:  yellowness based on 2 measurements from test chops; Konica Minolta 

Chroma Meter (Model CR-400; Mississauga, ON). 
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Table 5.3 Chemical body composition in early castrates (EC), entire male pigs (EM), immunized 

male pigs (IM) and late castrates (LC) slaughtered at approximately 70 and 115 kg BW. 

Item EC
1 

EM
1 

IM
1 

LC
1 

SEM
2 

70 kg slaughter BW 

     Number of pigs 4 3 2 3 

 Body protein,%  (PB)
3 

17.2 19.7 19.3 18.4 1.44 

Body lipid, % (LB)
3 

17.9
y
 12.2

xy
 11.6

x
 15.8

xy
 2.10 

LB/PB 1.0 0.7 0.6 1.0 0.17 

Body ash, % (AB)
3 

2.6 3.4 2.9 2.8 0.24 

Body water, % (WB)
3 

66.2 71.1 70.2 68.0 2.18 

AB/PB 0.15 0.17 0.15 0.15 0.016 

water/PB^0.855 5.5 5.2 5.3 5.4 0.43 

Body Ca, % 0.81 0.91 0.79 0.73 0.091 

Body P, % 0.53 0.58 0.53 0.49 0.051 

Body Na, % 0.098 0.110 0.110 0.096 0.008 

Pcarc/PB
4 

85.9 85.5 86.8 85.3 0.94 

Pvisc/PB
5 

9.3 9.8 8.6 9.6 0.67 

Lcarc/LB
6 

93.9 94.6 92.8 94.4 1.30 

Lvisc/LB
7 

5.9 5.2 7.0 5.5 1.25 

Ashcarc/AB
8 

95.0 94.7 93.4 94.0 0.93 

Ashvisc/AB
9 

4.8 5.2 6.4 6.8 0.92 

Cacarc/CaB
10 

99.7 99.7 99.8 99.7 0.13 

Cavisc/CaB
11 

0.3 0.3 0.2 0.4 0.13 

Phoscarc/PhosB
12 

96.3 96.2 96.3 69.1 0.41 

Phosvisc/PhosB
13 

0.3 0.3 0.2 0.4 0.13 

Nacarc/NaB
14 

88.3 87.0 89.1 87.8 0.64 

Navisc/NaB
15 

11.7 13.0 10.9 12.3 0.64 

115 kg slaughter BW 

     Number of pigs 9 8 8 9 

 Body protein, % (PB) 15.9
a
 17.2

b
 17.5

b
 16.2

a
 0.35 

Body lipid, % (LB) 23.9
b
 17.0

a
 19.4

ac
 22.6

bc
 1.73 

LB/PB 1.5
b,xy

 1.0
a,xy

 1.1
a,x

 1.4
b,y

 0.13 

Body ash, % (AB) 2.7 2.7 2.7 3.1 0.17 

Body water, % (WB) 60.6
a,x

 66.3
bc,xy

 64.0
ac,y

 61.9
a,xy

 1.30 

AB/PB 0.17 0.16 0.15 0.19 0.012 

water/PB^0.855 5.8 6.0 5.7 5.8 0.11 

Body Ca, % 0.68 0.65 0.70 0.83 0.048 

Body P, % 0.47 0.46 0.48 0.51 0.031 

Body Na, % 0.085
a
 0.092

ab
 0.090

ab
 0.094

b
 0.0023 

Pcar/PB 88.6
b, xy

 87.4
a,x

 88.3
ab,y

 88.5
b, xy

 0.27 

Pvisc/PB 7.2
a
 8.2

bc
 7.5

ac
 7.3

a
 0.19 

Lcarc/LB 94.5 93.5 93.6 94.1 0.37 
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Lvisc/LB 5.4 6.3 6.2 5.8 0.37 

Ashcarc/AB 96.0
b
 94.0

a
 96.1

b
 97.1

b
 0.42 

Ashvisc/AB 3.8
a
 5.8

b
 3.7

a
 2.8

a
 0.42 

Cacarc/CaB 99.7
ab

 99.6
a
 99.7

ab
 99.8

b
 0.12 

Cavisc/CaB 0.3 0.4 0.3 0.2 0.12 

Phoscarc/PhosB 97.2 96.6 96.7 97.3 0.26 

Phosvisc/PhosB 2.8 3.4 3.4 2.7 0.26 

Nacarc/NaB 90.5
b,xy

 88.7
ac,xy

 89.3
bc,x

 90.8
b,y

 0.47 

Navisc/NaB 9.5
a,xy

 11.3
bc,xy

 10.7
ac,y

 9.2
a,x

 0.47 

      Overall ADG, kg/d
16 

1.02
a,xy

 1.14
b, y

 1.14
b, y

 1.06
ab, x

 0.032 

      PD, g/d
17 

146.6
ab

 172.0
b
 171.3

b
 136.0

a
 12.12 

LD, g/d
17 

354.0
xy

 285.6
x
 373.3

y
 357.6

xy
 29.21 

a-c
 Means within a row with different superscripts differ, P < 0.05 

x-z
 Means within a row with different superscripts tend to differ, P < 0.10 

1
 EC : male pigs surgically castrated within 4 d after birth; EM : entire male pigs; IM : entire male pigs 

immunized against gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC : male pigs 

surgically castrated between 25 and 40 kg BW. 
2
 Based on the smallest number of observations per mean for each slaughter weight.  

3 
Chemical components as a percent of hot carcass weight (HCW).  

4 
Proportion of total body protein content in carcass.  

5
 Proportion of total body protein content in viscera. 

6 
Proportion of total body lipid content in carcass. 

7
 Proportion of total body lipid content in viscera.  

8
 Proportion of total body ash content in carcass. 

9
 Proportion of total body ash content in viscera.  

10
 Proportion of total body calcium content in carcass. 

11
 Proportion of total body calcium content in viscera. 

12
 Proportion of total body phosphorous content in carcass. 

13 
Proportion of total body phosphorous content in viscera.  

14
 Proportion of total body sodium content in carcass. 

15 
Proportion of total body sodium content in viscera . 

16
 Average daily gain between approximately 70 and 115 kg BW.   

17 
Based on the differences in PB (kg) between the initial kill (at 70 kg) and the final kill (at 115 kg) and 

the number of days between the slaughtering times.    
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Figure 5.1 Fat androstenone (ng/g) in early castrates (EC), entire male 

pigs (EM), immunized male pigs (IM) and late castrates (LC) across 

sampling times relative to administering  the booster dose of 

IMPROVEST.  EC: male pigs surgically castrated within 4 d after 

birth; EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: 

male pigs surgically castrated between 25 and 40 kg BW. 
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Figure 5.2 Plasma androstenone ( ng/ml) in early castrates (EC), entire 

male pigs (EM), immunized male pigs (IM) and late castrates (LC) 

across sampling times relative to administering the booster dose of 

IMPROVEST.  EC: male pigs surgically castrated within 4 d after 

birth; EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: 

male pigs surgically castrated between 25 and 40 kg BW. 
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Figure 5.3 Fat skatole (ng/g) in early castrates (EC), entire male pigs 

(EM),  immunized male pigs (IM) and late castrates (LC) across 

sampling times  relative to administering the booster dose of 

IMPROVEST. EC: male pigs surgically castrated within 4 d after birth; 

EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male 

pigs surgically castrated between 25 and 40 kg BW. 
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Figure 5.4 Plasma skatole ( ng/ml) in early castrates (EC), entire male 

pigs (EM),  immunized male pigs (IM) and late castrates (LC) across 

sampling times relative to  administering the booster dose of 

IMPROVEST.  EC: male pigs surgically castrated within 4 d after birth; 

EM: entire male pigs; IM: entire male pigs immunized against 

gonadotropin-releasing hormone (GnRH) at 30 and 70 kg BW; LC: male 

pigs surgically castrated between 25 and 40 kg BW. 
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Table 5.4 Total fat and fatty acid content of loin and fat samples (mg/100g of fresh tissue) in early castrates (EC), entire males (EM), 

immunized males (IM) and late castrates (LC) slaughtered at 115 kg. 

  Loin   Fat 

Item EC EM IM LC SEM
1 

  EC EM IM LC SEM
1 

Number of animals 9 8 8 9   9 8 8 9  

Saturates 

           12:0 4.4 3.0 3.1 4.2 0.94 

 

67.1 57.0 66.0 60.0 4.62 

14:0 43.4
xy

 25.5
x
 33.6

xy
 48.4

y
 10.33 

 

1038 907 1037 969 75.89 

16:0 709
xy

 445
x
 602

xy
 812

y
 166.0 

 

17644 15204 17693 16893 1234 

17:0 6.2
xy

 4.9
x
 7.2

xy
 9.0

y
 2.53 

 

223 217 232 228 46.3 

18:0 394.6 250.3 347.9 439.3 104.0 

 

10657 8806 10186 10016 893 

23:0 125 124 163 128 15.47 

 

6528 6392 6671 6719 245 

Monounsaturates 

           9c16:1 72.4 46.5 86.4 84.0 18.75 

 

1131 1038 1196 1091 77.4 

11c18:1 89.4 65.0 88.9 106.2 17.61 

 

1403 1433 1576 1278 149 

18:1n-9 949
xy

 623
x
 849

xy
 1125

y
 220.9 

 

24289 21708 20988 23784 1840 

n-6 PUFA
2 

           18:2n-6 306 196 424 340 136.6 

 

8146 8783 7544 7558 1545 

20:2n-6 8.1 6.4 7.1 10.2 3.04 

 

352 363 360 325 42.1 

20:4n-6 48.1 48.0 57.1 50.4 6.80 

 

113 106 96 100 21.3 

22:4n-6 7.75 7.70 10.11 8.60 1.97 

 

43.2 38.3 35.5 38.8 8.37 

n-3 PUFA
3 

           18:3n-3 18.8 8.8 18.4 15.4 9.74 

 

518 570 523 499 104.0 

20:3n-3 1.7 1.4 1.9 2.1 0.74 

 

78.3 83.7 78.2 75.2 10.8 

20:4n-3 0.9 0.5 0.8 0.8 0.21 

 

26.9 26.0 26.2 23.8 8.56 

20:5n-3 1.7 1.5 2.2 1.7 0.32 

 

5.5 5.1 3.6 4.5 0.87 

21:5n-3 0.9 0.9 1.0 0.9 0.20 

 

5.5 6.0 4.7 6.5 0.87 

22:5n-3 5.7 5.5 8.3 6.1 1.37 

 

34.1 29.2 27.2 30.5 6.50 

22:6n-3 2.0 1.9 2.6 1.8 0.41 

 

10.6 9.9 8.3 10.4 1.96 
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a,b
 Within loin or fat means within rows with different superscripts differ, P < 0.05.  

x,y
 Within loin or fat means within rows with different superscripts tend to differ, P < 0.10.  

1
 Based on the smallest number of observations per mean. 

2
 n-6 polyunsaturated fatty acids. 

3
 n-3 polyunsaturated fatty acids .

Total 2935 1958 3824 3316 1027 

 

73492 67537 64580 71112 7100 

Saturated:unsaturated 3.3 2.5 2.8 3.2 0.33 

 

3.3
b
 2.6

a
 3.1

b
 3.4

b
 0.33 

n-6:n-3 14.4 12.8 14.1 14.1 0.83   13.0 12.8 11.9 12.3 0.92 
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Chapter VI 

 

General discussion, conclusions and implications 

 

Immunization against gonadotropin-releasing hormone (GnRH) is a feasible method to 

prevent production of boar tainted meat from entire male pigs, while maintaining superior pork 

production efficiency and improving welfare (Dunshea et al., 2001; Cronin et al., 2003).  Studies 

conducted in the last 15 years have shown that after administering the second dose (booster dose) 

to immunize against GnRH, immunized male pigs (IM) have increased feed intake (Cronin et al., 

2003), average daily gain (Fàbrega et al., 2010) and whole body lipid deposition (LD; Dunshea 

et al., 2001) than untreated entire male pigs (EM).  Plasma levels of growth controlling 

hormones, including testosterone, in IM may adapt within 1 week after administering the booster 

dose (Bauer et al., 2009).  The latter is likely to affect the dynamics of both the rate and 

composition of BW gain, which reflects whole body protein deposition (PD) and LD.  

Understanding these dynamics is important for optimizing the efficiency of pork production, 

including the accurate formulation of diets, that neither over- nor under-supply nutrients for IM 

(e.g., NRC 1998).  Feed represents the single greatest cost of commercial pork production, 

particularly the cost of amino acids and energy requirements (NRC, 1998; Quiniou et al., 1999).  

The objectives of the research reported in this thesis were to determine the dynamics of PD and 

LD, feed intake and final carcass and meat quality in IM and identify some potential endocrine 

controls to explain these changes, after administering the booster dose of IMPROVEST.  Early, 

conventional castrated males (EC), EM and males surgically castrated between 25 and 40 kg 

(late castrates; LC) were included as controls.  

Based on androstenone and skatole levels in plasma and back fat, IMPROVEST was 

effective in preventing the production of boar tainted meat from entire males.  In IM, 

androstenone levels were reduced in adipose tissue compared to EM by d 8 and these levels 

remained until the end of the study at d 42 after administering the booster dose of IMPROVEST.  

These observations are consistent with other studies (Dunshea et al., 2001; Claus et al., 2007; 

Bauer et al., 2009).  In this experiment skatole levels in fat and plasma were below the level of 

human detection across treatment groups (Bonneau et al., 1992).  
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Based on serial nitrogen (N-) balance observations, the current studies demonstrated an 

increase in PD (N-retention × 6.25) in IM during the first week after administering the booster 

dose of IMPROVEST.  Thereafter, PD gradually decreased to levels lower than those in EM and 

became similar to EC and LC (Chapter 3).  Across treatments and time, changes in plasma urea 

nitrogen (PUN) were consistent with changes in in PD.  Additionally, the decrease in E1S (and 

presumably androgens produced in the testes) corresponds to the reduction in PD after d 7 in IM.  

Increased PD during the first week after administering the booster dose of IMPROVEST may 

have been caused by retained N in the digesta or in the growth of gut tissue to accommodate 

increased feed intake.  

After administering the booster dose, plasma levels of estrone sulphate and insulin-like 

growth factor 1 (IGF-1) decreased from those in EM to levels not different from either EC or LC 

by d 8 and d 11, respectively (Chapter 4).  These specific hormone profiles are consistent with 

N-retention and PUN dynamics; when IGF-1 was increased, PUN was decreased and PD was 

improved and vice versa.  This suggests that IGF-1 and PUN are appropriate and convenient 

ways to monitor changes in PD in IM.  Changes in PD, feed intake, as well as plasma levels of 

estrone sulphate and IGF-1, occur all simultaneously and within about 10 d after administering 

the booster dose.  Therefore, endocrine and physiological changes occur relatively rapidly after 

the booster dose, and feeding regimens should be adjusted accordingly.   

Plasma leptin levels generally increased over time across genders; however, there were 

no relative differences between treatments.  The increase in plasma leptin, however, corresponds 

with increased feed intake and increased body fatness as BW increased (Chapters 3, 4 and 5).  

Elevated plasma leptin levels result in reduced feed intake, lower rates of LD and an increased 

metabolic rate (Campfield et al., 1995; Halaas et al., 1997), to act as negative feedback on 

appetite.  The numerically greater LD in IM relative to EC and the intermediate ratio between 

body lipid mass and whole body protein mass (LB/PB) in IM compared to EC and EM (Chapter 

5) suggests that a greater level of leptin may be necessary, in IM, to have an inhibitory effect on 

feed intake; which may only occur after an increased LB/PB ratio is achieved.  However, leptin 

is only one of the hormones involved in controlling body fatness and energy partitioning; other 

hormones include adiponectin and resistin among many more (Kadowaki et al., 2003).  

In the current studies immunization against GnRH had only small effects on physical and 

chemical body composition relative to EM.  Essentially, the only noticeable differences between 
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IM and EM were the higher body lipid content and dissectible body fat tissue content in IM.  

Immunized males retained PD rates similar to EM and higher than EC and LC, yet showed 

numerically greater LD than EM, EC and LC (Chapter 5). 

The PD calculated from N-balance observations is commonly higher than PD derived 

from the serial slaughter method.  This difference can be attributed to N losses during N-balance 

studies (e.g. hair, nails and volatilization of urinary nitrogen; Martinez-Ramirez, 2008a).  In 

addition, PD may have been slightly underestimated in the serial slaughter procedures used in the 

current studies, as hair, the first layer of skin and nails were removed during slaughter prior to 

processing of the carcass for determining chemical body composition.  However, the N-balance 

technique is more sensitive to the dynamics of N retention over short periods of time compared 

to the serial slaughter method (Martinez-Ramirez, 2008a).  When using the serial slaughter 

method, there will be some error associated with estimating or determining whole body protein 

mass at the initial and final BW.  To minimize the impact of this error, PD can be reasonably 

calculated from serial slaughter data only when a substantial increase in whole body protein mass 

is achieved during the experiment.  With the serial slaughter method only a single mean estimate 

of PD is generated that is then applied to the entire experimental period.  Based on these 

considerations, it may be appropriate to systematically reduce PD derived from N-balance 

observations, in order to more closely match mean PD from N-balance observations with serial 

slaughter results.  However, this requires an arbitrary adjustment and will not impact the relative 

and meaningful time dependent changes in PD that were derived from N-balance observations. 

In this experiment, differences in PD are observed during the first week after 

administering the booster dose in IM (Figure 3.1), which is important to detect, whereas it is 

imperceptible in the whole body analysis.  Additional serial slaughter observations (i.e. weekly) 

may provide more insight on where in the pigs’ body protein is retained.  It is likely that the 

observed increase in N retention during week 1 after administering the booster dose relative to 

EC and LC can be attributed largely to changes in gut size and gut contents.  However, given 

between animal variability in body composition and gut fill, a substantial number of pigs are 

required to assess accurate changes in gut size and gut contents during short time periods.  

 The dynamics of PD and LD observed in the current experiment may be manipulated in 

order to optimize pork production efficiencies and carcass characteristics.  For example, previous 

research has shown that lowering feed intake and increasing BW at slaughter are two possible 
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means of increasing the fraction of whole body protein mass that is recovered in the carcass, and 

likely in high value pork products (Weis et al., 2004).  This is the result of a declining proportion 

of body protein mass present in the viscera when lowering feed intake or increasing BW (Weis et 

al., 2004; Martinez-Ramirez et al., 2008b).  Moreover, a reduction in energy intake will reduce 

LD, especially when energy intake is higher than requirements for expression of the pigs’ 

maximum PD.  These responses to energy intake and changes in amino acid requirements for PD 

should be considered carefully when developing feeding programs for IM.  For example, diet 

energy and amino acid contents may be reduced after administering the booster dose of 

IMPROVEST, to decrease nutrient oversupply and account for increased feed intake and reduced 

PD (Chapter 3).  Already during the first week after administering the booster dose, dietary 

amino acid level may be reduced, to reflect rapid increases in feed intake and only small changes 

in PD.  Thereafter, dietary amino acid levels may be reduced further, to reflect declining PD 

towards values observed in EC.   owever, in IM the relationship between “compensatory” LD 

and energy intake after administering the booster dose requires some further exploring.  During 

this phase, even though LD is high, a reduction in energy intake may result in reductions in both 

PD and LD, because IM have an inherent need to increase the LB/PB ratio (Chapter 5).    

No meaningful studies have been reported to establish amino acid requirements of IM 

after administering the booster dose.  These should be conducted to support the findings of the 

current study.  

The LC had testicles surgically removed between 30 and 40 kg BW and approximately 8 

to 10 weeks of age, and after the transitory rise of testicular hormone function at the age of 6 

weeks (Booth et al., 1975).  Therefore, the male pattern of growth hormone secretion may have 

been imprinted in LC (Chowen et al., 1996).  It was thus anticipated that LC may have a higher 

potential for PD and growth rates relative to EC.  Yet, in the current study no differences were 

observed in PD, as measured by both N-balance and serial slaughter, and in chemical body 

composition at either 70 or 115 kg BW.  However, PD observed in the N-balance, dissected fat, 

PB and LB were numerically more favourable in LC than EC (i.e. PD of 210 vs. 200 g/d; 

Chapter 3).  The observed differences between EC and LC are so small, and much smaller than 

those between EC and EM, that it would take a much larger sample size to fully evaluate them.   

Assessing the overall economic impact of using IM instead of EC is complex and highly 

dependent on assumed feed costs, carcass evaluating systems, and pork price (Deen et al., 2008).  
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The cost of immunization with IMPROVEST in Canada is approximately $5/pig, which is quite 

easily offset by decreased mortality in young pigs, improvements in feed efficiency and 

increased carcass value (Deen et al., 2008).   

In general, consumers are not aware of the practice to castrate male piglets soon after 

birth, and even fewer consumers have heard of immunization against GnRH as an alternative to 

surgical castration (Vanhonacker and Verbeke, 2011).  Clinical research has demonstrated that 

the consumption of meat from IM does not impose any risk to human health (Clarke et al., 2008).  

Consumer acceptance of using products such as IMPROVEST hinges on the type of information 

that is available to the public.  However, based on consumer surveys, pork consumers in 

Belgium, France, Germany and the Netherlands seem to strongly prefer the immunization 

method over physical castration with anaesthesia (Vanhonacker and Verbeke, 2011).  To our 

knowledge, no such consumer survey has been conducted in North America.     

There are several areas that may be further explored based on the research that is reported 

in this thesis.  First, weekly measurements of whole body composition in a large group of IM 

after administering the booster dose of IMPROVEST will provide more insight on where in the 

pigs’ body PD occurs, and on changes in gut growth and gut fill.  This will better explain the 

observed increase in N-retention during the first week following administration of the booster 

dose.  

Second, in the current study, EC and LC showed high potential for PD based on their 

genotype (Martinez-Ramirez et al., 2008a).  Using animals with a lower PD potential may show 

larger differences in PD between IM and EC, and more accurately reflect some commercial 

production systems.    

Third, conducting an experiment under ad libitum feeding conditions, or when pigs are 

exposed to varying levels of energy intake would improve understanding of control of LD, and 

thus of means to manipulate carcass composition and carcass value.  In the current study feed 

intake was controlled and pigs were housed individually for accurate measurement of N-balance 

(Chapter 3).  These conditions do not reflect commercial environments where feed intake is 

determined by social interactions and physiological limitations (Cronin et al., 2003).  Free access 

to feed may result in even higher rates of “compensatory” LD, which was numerically apparent 

in the current studies (Chapter 5), but did not reach statistical significance.  More observations 

under ad libitum feeding conditions may present implications for both diet formulation and 
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means to manipulate carcass value.  In addition, ad libitum feeding conditions may influence gut 

development in order to accommodate greater feed intake after administering the booster dose, 

which may cause a decrease in the proportion of whole body protein mass recovered in the 

carcass at slaughter.  

Finally, there is some evidence that treatment with porcine somatotropin (pST) or feeding 

ractopamine may have synergistic or additive effects with IMPROVEST (Oliver et al., 2003; 

Rikard-Bell et al., 2009).  For example, IM receiving both pST and IMPROVEST gained weight 

at a faster rate than pigs that received either treatment alone.  The well-documented increase in 

feed intake after the booster dose in the finisher period was eliminated when pST treatments 

were administered and similar trends were demonstrated for back fat measurements.  Therefore, 

using these products in combination may affect the dynamics of PD and LD that need to be 

understood and reflected in the feeding regimes.  

Immunization against GnRH is a feasible alternative to surgical castration for controlling 

boar tainted meat from EM.  There are clear changes in PD after immunization that are supported 

by plasma factors including IGF-1 and PUN, though the efficiencies of EM are not completely 

lost based on whole-body analysis, both while removing boar taint factors.  Taking advantage of 

these EM-like growth traits provides many opportunities to improve the production efficiency of 

pork and propel the swine industry forward.  
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