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ABSTRACT

Male piglets have been castrated for centuries to avoid contamination of their meat with boar
taint, a strongly unpleasant odour that makes the meat inedible. Today boar taint can be prohib-
ited by vaccination against gonadotropin releasing hormone (GnRH) using Improvac®. The
aim of this study was to evaluate the efficiency of vaccination on growth performance and
behaviour of vaccinated male pigs compared to surgically castrated male pigs. The effect of
two feeding regimes, restricted (SLU-norm) and semi ad libitum, was also included in the study.
At birth, pigs (n=206) were randomly allocated to the two treatment groups; surgically castrated
and vaccination. The study comprised six batches. In batches 1 and 2, vaccination took place 8
and 4 weeks before slaughter and in batches 3-6 10 and 6 weeks before slaughter. Surgical
castration was performed before one week of age. The study showed that vaccinated male pigs
had a higher growth rate and a lower feed conversion ratio in the interval between first and
second vaccination than castrates, irrespective of feeding regime. When fed semi ad libitum,
vaccinated pigs had a significantly higher daily weight gain during the total growing/finishing
period than castrates (1083 vs. 1040 g). They also had a higher daily lean meat growth (350 vs.
334 g) and a lower feed conversion ratio (2.58 vs. 2.66 kg/kg) compared to castrates. For re-
strictively fed pigs no such effect could be seen. Vaccinated male pigs were more aggressive
until they have got their second vaccination, however, sexual behaviour and skin lesion declined
to the same level as for castrates already after the first vaccination. The results in this study
showed that vaccination against GnRH has the potential to improve growth rate, daily lean meat
growth and feed conversion ratio when fed semi ad libitum. Vaccination was also effective in
reducing aggressive and sexual behaviour to same levels as for castrates. Restrictive feeding
did not improve performance or carcass characteristics of vaccinated compared to castrated
male pigs in this study.



SAMMANFATTNING

Kastrering av hangrisar har under lang tid varit den metod som anvants for att undvika galtlukt.
Galtlukt ar en mycket stark och obehaglig doft som kan finnas i kott fran vissa intakta hangrisar
som uppnatt kdnsmognad och som gor kottet oatligt. Idag kan hangrisarna vaccineras mot galt-
lukt med Improvac®, vilket innebér att de vaccineras mot en kroppsegen substans som styr
kénsmognaden och darmed minimeras forekomsten av galtlukt. Syftet med denna studie var att
utvéardera effekten av vaccination pa tillvéxt och beteende hos vaccinerade hangrisar jamfort
med kastrerade hangrisar. I studien ingick dven en utvardering av tva olika utfodringsnormer,
restriktiv (SLU-normen) och semi ad libitum. Vid fodseln fordelades grisarna slumpvis pa de
tva olika behandlingsgrupperna, kirurgiskt kastrerade och vaccinerade hangrisar. Studien be-
stod av sex omgangar. | omgangarna 1 och 2 vaccinerades grisarna 4 och 8 veckor fore slakt
och i omgangarna 3-6 6 och 10 veckor fore slakt. Kirurgisk kastrering gjordes innan smagrisen
var en vecka gammal. Studien visade att vaccinerade hangrisar hade i jamforelse med kastre-
rade grisar, en hogre tillvaxt och ett battre foderutnyttjande i intervallet mellan forsta och andra
vaccinationen. Vid semi ad libitum hade de vaccinerade hangrisarna en hdgre daglig viktokning
under hela tillvaxtperioden &n de hangrisar som kastrerats (1083 vs. 1040 g). De hade ocksa en
hogre daglig kottansattning (350 vs. 334 g) och en hogre foderomvandlingsformaga (2.58 vs.
2.66 kg/kg. Vid restriktiv utfodring kunde inte motsvarande skillnad observeras mellan behand-
lingarna. De vaccinerade hangrisar var mer aggressiva fram till dess att de vaccinerats tva
ganger, medan sexuellt beteende samt riv- och bitskador minskade till samma niva som for
kastraterna redan efter forsta vaccinering. Resultaten i denna studie visar att vaccination mot
GnRH har potential att forbéattra tillvaxt, daglig kéttansattning och foderomvandling utan att
frekvensen aggressiva och sexuella beteenden 6kade jamfort med Kirurgisk kastrering.
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1. INTRODUCTION

One of the main reasons why many countries systematically uses surgical castration of new
born male piglets is because the males, when reaching puberty, produce hormones that can
cause boar taint. Boar taint causes a strong unpleasant cooking-odour and is therefore a problem
since it is unwanted by consumers. The taint is described as a ‘urine/perspiration-like* odour
(Sinclaire et al., 2005). To avoid boar taint in meat different techniques have been investigated
(Bonneau & Prunier, 2005; Lundstrom & Zamaratskaia, 2006). New techniques has several
different criteria and demands to live up to, such as maintained growth performance, low sexual
and aggressive behaviour and also the technique has to be easy and safe to handle. These criteria
are compared to entire males and surgically castrated males. Slaughtering male pigs before
reaching sexual maturity is one technique (Dunshea et al., 2001), but increasing growth rate
due to breeding has led to earlier maturity making it harder for the producer to estimate the right
time for slaughter. For entire males it is important to be slaughtered before boar taint is devel-
oped. In EU only Portugal, Spain, Ireland, Denmark and the UK use entire males for meat
production (EFSA journal, 2004). Another reason for not keeping intact male pigs is because
they exhibit more aggressive behaviour (Fabrega et al., 2010) negatively affecting animal wel-
fare. Several attempts to inhibit fertility by active immunization against gonadotropin-releasing
hormone have been successful in various animal species (Goubau et al., 1989; Adams et al.,
1996).

Immunovaccination has both advantages and disadvantages. One of the main advantages is of
course that there is no surgical procedure, which is associated with stress and pain (Horn et al.,
1999; Prunier et al., 2005) and also increased risk of chronic inflammation (de Kruijf & Well-
ing, 1988). Injection of the vaccine has resulted in little or no irritation at the injection site
(Einarsson, 2006). Use of Improvac® in a Swedish integrated pig production has resulted in
fewer arthritis incidents and therefore the use of antibiotics has declined (Christer Hylander,
2014. Personal information). Vaccination has also shown to be effective in reducing both skat-
ole (Dunshea et al., 2001) and androstenone (Jaros et al., 2005; Aleksic¢ et al., 2012) concen-
tration, compounds responsible for boar taint and also to reduce aggressive behaviour, com-
monly higher in entire males, to same levels as in surgically castrated males (Fabrega et al.,
2010). One risk with surgical castration is that cryptorchids are sent to slaughter as barrows.
Cryptorchids secrete the same level of boar taint as entire males (Einarsson, 2006).

Factors included in the vaccination procedure that could be thought of as disadvantages is that
vaccination of older pigs could be difficult, it requires a safe vaccinator employed with a needle
safety shield to avoid accidental self-injection by personnel (Einarsson, 2006) and the risk of
some individuals still having too high levels of androstenone due to individual immunological
response to Improvac® (Jaros et al., 2005).

In Sweden farmers are required by law to use pain relief for castration of male piglets that are
older than seven days. On the first of January 2016 the law will be changed to include anaes-
thesia for all castrations on piglets even if not older than seven days (Svensk forfattningssamling
1988:539). This means that pig producers have to make a decision to start using anaesthesia or
to change from surgical castration to immunovaccination. Immunovaccination with the use of
Improvac® has been approved in the European Union since 2009 (Pfizer, 2013).



2. LITERATURE STUDY

2.1. Boar taint

2.1.1. Hormonal background

Attempts to find the cause for boar taint have been made since 1959 (Craig & Pearson; Dultt et
al. 1959). The “sex odour”, boar taint, was concluded to be strongest in the parotid gland, fatty
tissue, testicles, penis and preputial diverticulum. Boar taint is referred to as a ‘urine/perspira-
tion-like’ odour and is released when heating boar fat making it unpalatable for consumers
(Sinclaire et al., 2005).

When male pigs reach sexual maturity the release of gonadotropin-releasing hormone (GnRH)
increases from the hypothalamus. This increase and the binding of GnRH to receptors on the
anterior pituitary result in the release of luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) from the anterior pituitary. LH acts on the Leydig cells, located in the testes, which
secrete testosterone and androstenone (Sjaastad et al., 2010). This can be described as the hy-
pothalamic—pituitary—gonad axis (HPG) (Oonk et al., 1998).

2.1.2. Androstenone

In 1968 Patterson identified 3a-hydroxy-5a-androst-16-ene in the submaxillary salivary gland
of boars (Patterson, 1968b) and 5a-androst-16-ene-3-one in boar fat (Patterson, 1968a), both
compounds contributing to boar taint. These compounds are generally called androstenone and
are testicular steroids. They have no hormonal activity but they act as sex pheromones (Claus
et al., 1994). Androstenone is produced in the Leydig cells and transported to the liver. In the
liver it is metabolized (Doran et al., 2004) and either transported to the salivary gland or accu-
mulated in the adipose tissue. In the saliva, androstenone acts as a pheromone to stimulate fe-
males in heat (Lundstrom & Zamaratskaia, 2006) and might also have an effect on the estab-
lishing of a hierarchy between male pigs (Bonneau, 1987). Androstenone levels are low in
young pig and increases at sexual maturity. Accepted levels of androstenone in meat for con-
sumption is 0.5 pg/g fat (Jaros et al., 2005). In young pigs both live weight and age has an effect
on the concentration of androstenone in adipose tissue. Age has no effect on older pigs, but live
weight has and the individuals potential to produce (Bonneau, 1987) and metabolize steroids
(Sinclaire et al., 2005). Breeding also has an effect on the plasma concentration of andros-
tenone. Andresen (1976) found significantly higher levels of Sa-androstenone in boars selected
for fatness and a low growth rate compared to boars selected for low fatness and high rate
growth rate.

2.1.3. Skatole

The second compound known to produce boar taint is skatole, which is produced by bacteria
from tryptophan (Yokoyama & Carlson, 1974) in large intestine of pigs. Recommended value
of skatole in meat for consumption is 0.2 pg/g fat (Zamaratskaia et al., 2008a). Skatole is not
only produced in male pigs but also in female pigs. From the large intestine is it excreted with
faeces or absorbed and metabolized in the liver. If not metabolized in the liver, skatole can be
accumulated in adipose tissue causing boar taint (Lundstrom & Zamaratskaia, 2005). Key en-
zymes for metabolism of various compounds, such as steroid hormones, in the liver are cyto-
chromes P450 (CYP450) (Tsuchiya et al., 2005) and testosterone is thought to have a suppress-
ing effect on CYP450 (Zamaratskaia et al., 2009).



Skatole, like androstenone, is affected by age and sexual maturity (Zamaratskaia et al., 2005)
but also by breed. Babol et al. (2004) observed that skatole levels in entire male pigs increased
at 180-200 days of age. Skatole level then decreased, but the decrease differed between breeds
(Yorkshire and Landrace: 240-260 days, Hampshire and Duroc: 310-360 days). Also rearing
conditions has an effect on skatole levels in subcutaneous fat. Hansen et al. (1994) found that
pigs heavily fouled with faeces had higher skatole levels than “clean” pigs, and also that air
temperature influenced the level of skatole regardless of how heavily fouled the pigs were. In
hot summer temperatures, above 30°C, the risk of contaminated meat is higher than in the win-
ter temperatures.

2.2. Alternatives to castration

2.2.1. Production of entire male pigs

Growth hormones (GH) and insulin like growth factor 1 (IGF-1) are secreted by all genders.
Androgen and oestrogen are secreted by the testes and ovary, respectively, and enhances the
anabolic effect of GH and IGF-1. In most mammals androgen and oestrogen are only secreted
by the testes and ovary. But in boars, Leydig cells produce both androgen and oestrogen (Claus
et al., 1983). Androgen interacts with the glucocorticoid receptor, an interaction that lowers
degradation of protein (Snochowski et al., 1981), and oestrogen increases protein synthesis by
a stimulatory effect on both GH and IGF-1 (Claus et al., 1994).

Charette (1961) reported from their study that entire male and late castrated male pigs had better
growth performance and more favourable carcass traits, such as less fat covering shoulder and
back, longer carcasses and a larger loin area. The better feed conversion ratio of entire male
pigs has also been reported by Newell and Bowland (1972). Charette (1961) recommended that
castration of males could be delayed to make profit of the positive effects of entire male pigs.
But they pointed out that the procedure of castration would probably be more difficult to per-
form at a higher age. Today this is not accepted by Swedish law due to animal welfare concerns.

2.2.2. Immunovaccination

Immunovaccination is accomplished by disruption of the HPG, which inhibits growth of testes
and synthesis of sexual steroid hormones (Oonk et al., 1998; Jaros et al., 2005). This is done
by activating the pigs own immune system so it produces specific antibodies against GnRH.
The vaccine (Improvac® also called Improvest®) is made up of a GnRH analogue conjugated
to a carrier protein, which prevents it from binding to the pituitary GnRH receptor. By prevent-
ing GnRH from binding to the pituitary receptor, LH is not released and therefore testosterone
and androstenone is not secreted from the Leydig cells (Zoetiz, 2009b).

Vaccination is performed in a two-dose administration, the first dose can be administered ear-
liest at 8 weeks of age and the second dose should be given at least 4 weeks later but not later
than 4-5 weeks before slaughter (Zoetiz, 2009a). First dose of Improvac® primes the pig’s
immune system and the second stimulates the release of antibodies against GnRH, which re-
duces the effect of the body’s own GnRH. Vaccinated male pigs are therefore not considered
as castrates until after second dose of Improvac® (Andersson et al., 2012).

Before the development of Improvac® a number of other vaccines were tested, but problems
such as necessity of many injections or site reactions after vaccination that required a long



vaccination to slaughter interval (Claus & Karg, 1971; Dunshea et al., 2001) made different
vaccines inappropriate for large scale use.

As mentioned earlier entire male pigs have a more favourable feed conversion ratio and better
carcass traits than castrated males (Charette, 196; Newell and Bowland, 1972) and this effect is
also seen in late castrated males. As castration of larger male pigs is more difficult than of
piglets and also not accepted by Swedish law, vaccination of male pigs provides a solution of
the problem. Vaccination prolongs the positive effect of entire male pigs and the procedure of
vaccination is much easier to perform at a higher age than surgical castration.

2.3. Effects of immunovaccination

2.3.1. Anti-GnRH antibody titres

Antibody titres are low in entire males and it is not until after second vaccination that the level
of antibody titres increases in immunovaccinated male pigs. In a study by Brunius et al. (2011)
the concentration of antibody titres after first injection of Improvac® was at the same level in
vaccinated pigs as in entire male pigs, but after second injection all vaccinated pigs had elevated
levels of antibodies.

Zamaratskaia et al. (2008b) evaluated how long anti-GnRH antibody titres persisted in male
pigs, vaccinated with Improvac®, and found that antibody titres were still detectable after 16-
20 weeks after second vaccination. Levels of testosterone were low or even undetectable at 22
weeks. This resulted in testes weight still being significantly reduced 16 weeks after second
vaccination but at 22 weeks two vaccinated pigs had rather large testes. This could be favoura-
ble for producers that want a higher slaughter weight, like producers in Spain who want an
increase in slaughter weight to improve their production of high-quality cured products (Latorre
et al., 2004), but still want to vaccinate rather early to reduce aggressive behaviour due to sexual
maturity.

2.3.2. Skatole and androstenone levels

Many studies have focused on comparing androstenone levels in meat from immunovaccinated
and castrated male pigs. Most of them have found that there are no differences and that meat
from immunovaccinated pigs are at no greater risk to be contaminated by high levels of andros-
tenone (Jaros et al., 2005; Aleksi¢ et al., 2012).

Jaros et al. (2005) found two pigs out of 270 that had androstenone levels above the allowed
level, probably due to low or no immunological response to the vaccine. They concluded that
these pigs had larger testes size and would therefore easily be detected at the slaughterhouse.

Also the level of skatole in meat from vaccinated males has been reported to be below the
recommended value. These low levels can be related to the levels of testicular steroids, such as
androstenone, testostereone and. As vaccinated males have very low levels of testosterone the
levels of CYP450 are higher and therefore the degradation of skatole can be improved (Za-
maratskaia et al., 2009).



2.3.3. Growth performance and feed conversion ratio

Different parameters are used to measure animal’s growth performance, for example average
daily gain, average daily feed intake and feed conversion ratio are the most commonly used.
Several studies have been performed to evaluate the effect of vaccination on these traits and
only a few have found any statistical differences when compared with surgically castrated male

pigs.

Average daily gain of vaccinated pigs compared to castrated male pigs does not seem to differ
over the total growing/finishing period. Slightly higher growth rate in the period before second
vaccination was seen for castrates but after second vaccination the reversed effect was seen for
vaccinated pigs. Thus, the average daily weight gain of the whole period was similar for both
treatments (Dunshea et al., 2001; Jaros et al., 2005; Zamaratskaia et al., 2008a). This increase
in average daily gain of vaccinated male pigs after second injection was connected to an in-
crease in average daily feed intake in this period. Pauly et al. (2009) reported average daily feed
intakes of 2.10 kg for vaccinated male pigs and 2.57 kg for castrates in the early growing/fin-
ishing period, vaccinated male pigs where more similar to entire males (2.19 kg). In the late
finishing vaccinated males increased their intake to the same level as castrates (3.10 and 3.09
kg per day). The increase is probably due to reduced expression of aggressive and mounting
behaviour (Cronin et al., 2003; Dunshea et al., 2001; Rydmer et al., 2010). Compared to entire
males, growth rate after second vaccination has although been reported to be significantly
higher for vaccinated males (Oliver et al., 2003; Pauly et al., 2009; Zamaratskaia et al., 2008a

).

Dunshea et al. (2011) showed that after second injection vaccinated males got a higher average
daily feed intake and also a better average daily weight gain than castrates but castrates had a
lower feed conversion ratio. In this study they reported a decreased variation in bodyweight at
the time of slaughter which could be a positive aspect for sales and nutritional management. A
small study by Metz et al. (2002) showed that feed conversion ratio in vaccinated- and castrated
males was higher compared to entire male pigs. Also Zamaratskaia et al. (2008a) reported that
vaccinated and castrated male pigs had similar feed conversion ratio.

Pauly et al. (2009) reported that vaccinated male pigs had a lower feed conversion ratio than
castrates during all stages of the growth period and therefore also a significantly lower ratio for
the whole period than castrates(2.41 vs. 2.54 kg/kg). After second injection of Improvac®, vac-
cinated male pigs increased their feed intake, which also resulted in increased feed conversion
ratio (2.49 kg/ kg before second vaccination and 2.74 kg/ kg after).

2.3.4. Carcass and meat quality characteristics

Brunius et al. (2011) reported higher levels of IGF-1 in vaccinated pigs compared to castrates,
although entire male pigs had significantly higher levels than the other pigs. The higher level
of IGF-1 in vaccinated male pigs implies that they have a higher anabolic potential compared
to castrated male pigs, which could be associated with better lean meat content and feed effi-
ciency.

Gispert et al. (2010) compared lean meat content of vaccinated, castrated and entire male pigs
and did not find any differences between treatments. VVaccinated pigs had highest fat content in
the loin area, similar to castrates, intermediate in the ham and no difference in intramuscular fat
compared to the other pigs. This is in agreement with the results by Oliver et al. (2003) who
reported that lean meat content was not higher in vaccinated males compared to entire male
pigs; this study did not include surgically castrated males.



Andersson et al. (2012) found that, when comparing standard vaccinated (vaccination at 16 and
20 weeks of age) with early vaccinated (10 and 14 weeks of age) pigs, there was a difference
in lean meat content. Early vaccinated pigs were more similar to castrates with a lower lean
meat content compared to standard vaccinated, which were more similar to entire males with a
higher lean meat standard. These results are in agreement with Jaros et al. (2005), Fabrega et
al. (2010) and Pauly et al. (2009) who all presented results with a higher lean meat content for
vaccinated male pigs. Zamaratskaia et al. (2008a) showed that an increase in feed intake after
second injection did not seem to affect commercial lean meat content (Hennessy grading probe)
of the carcass but when looking at estimated lean meat content the result differ significantly
with a higher value for vaccinated male pigs.

2.3.5. Behaviour

Since vaccinated male pigs are regarded as entire male pigs until after second injection of Im-
provac® (Dunshea et al., 2001; Fabrega et al., 2010; Pauly et al., 2009) their behavioural pat-
tern are similar. Entire male pigs exhibit more sexual and aggressive behaviour than castrates
and vaccinated male pigs have shown the same pattern until after second injection (Brewster
and Nevel., 2013; Fabrega et al., 2010).

Andersson et al. (2012) and Rydhmer et al. (2010) reported that there was no difference in
inactive (sleeping or resting) behaviour between vaccinated and castrated pigs at any observa-
tion occasion in their studies. Total interactions and non-problematic interactions of vaccinated
male pigs decreased, from the level of entire male pigs to the level of castrates, after second
vaccination. Brewster and Nevel (2013) compared entire and vaccinated male pigs and could
not see any differences in active behaviour between treatments at any observation point. In this
study recordings were only performed after second vaccination and they found that active be-
haviour decreased for both treatments from one week after second vaccination until slaughter.
Féabrega et al. (2010) observed a decline in active behaviour already after first vaccination.
Before first vaccination, entire male pigs were more active than castrates. A few days after first
vaccination, activity of the vaccinated male pigs declined compared to entire males. Although,
when activity was measured again 9 week later (age 20 weeks) it had increased slightly. In the
weeks following second vaccination, activity behaviour decreased and was at slaughter at the
same level as for castrates. Activity of entire male pigs remained at a higher level compared to
vaccinated and castrated male pigs throughout the study. Cronin et al. (2003) reported that vac-
cinated and entire male pigs were more active than castrates in the beginning of growing/fin-
ishing period, but at an age of 21 weeks there were no significant differences between the three
genders. Aggressive and mounting behaviours were higher for entire males.

Rydhmer et al. (2010) and Andersson et al. (2012) did not find any differences in sexual or
aggressive behaviours between vaccinated and castrated pigs before second injection, but sig-
nificant differences compared to entire males. After second vaccination, mounting and aggres-
sive behaviour was reduced to the same level as for castrated male pigs for vaccinated male
pigs. Brewster and Nevel (2013) reported a decline in both sexual and aggressive behaviour
three weeks after second injection, whilst sexual behaviour of entire males increased at this
point. Also Fabrega et al. (2010) reported reduced sexual behaviour for vaccinated males after
second vaccination, but they could see a reduction already two weeks before second vaccination
(9 weeks after first vaccination).



2.3.6. Skin lesions

Number of skin lesions has been used as an indicator of aggressive behaviour after mixing pigs
in new groups (Turner et al., 2006). Highest frequency of bites is targeted at ears (55%), neck
(23%) and face (17%) (McGlone, 1985). Rydhmer et al. (2010) reported that aggressive behav-
iour followed the same pattern as frequency of skin lesions. Number of pigs with skin lesions,
recorded before and after first injection of Improvac®, was higher for vaccinated (64% before
and 60% after, respectively) than for castrated pigs (26% and 22%) i.e. aggressive behaviour
was higher in vaccinated pigs at this time. Before second injection and at slaughter skin lesions
on vaccinated males decreased to approximately the same level as castrates and remained at
that level at slaughter. Both Dunshea et al. (2011), Fabrega et al. (2010) and Zamaratskaia et
al. (2008a) measured frequency of skin lesions at slaughter and did not see any difference be-
tween vaccinated and castrated males.

2.4. Feeding and diets

2.4.1. Feeding regimes

The possibility of vaccinated male pigs profiting from a higher growth performance, a better
feed efficiency and better carcass characteristics has been investigated by several authors. En-
tire males have a higher growth performance on restrictive feeding than castrated males. At ad
libitum feeding castrates consume more feed but there is no significant difference in growth
performance (Campbell & Taverner, 1988).

Batorek et al. (2012) compared entire, castrated and vaccinated male pigs fed ad libitum with
vaccinated male pigs fed restrictively, 2.76 kg/day and pig (80 % of ad libitum). Restrictive
feeding was applied one week after second vaccination. The vaccinated pigs fed ad libitum
increased their feed intake after second vaccination to similar level as castrates and had a growth
rate that was higher than the other pigs. They suggested that this was probably due to the fact
that vaccinated pigs are not considered to be castrates until after the second vaccination and at
this time they start to exhibit behavioural and immunological patterns similar to castrated pigs.
Restrictively fed pigs had a lower growth rate after second vaccination but the overall growth
rate for the experimental period was not significantly different from ad libitum fed vaccinated
male pigs. Vaccinated pigs restrictively fed decreased their feed intake after second vaccination
according to the design of the experiment, which resulted in the lowest feed conversion ratio
compared to the other treatments. Overall feed efficiency did however not differ between vac-
cinated males fed ad libitum or restrictively. Lean meat content of vaccinated male pigs fed
restrictively (60.7 %) was significantly higher than for castrated pig (58.3 %) and more similar
to that of entire males (62.0 %), whereas vaccinated pigs fed ad libitum (59.6 %) were between
vaccinated male pigs restrictively fed and castrated male pigs.

Also Quinou (2012) reported that growth rate of pigs restrictively fed declined after restriction
was applied. In this experiment two different levels of restriction was used, 2.75 and 2.50
kg/day and pig. They concluded that average daily growth rate was significantly lower for pigs
on 2.50 kg/day restriction compared to pigs on ad libitum feeding but not significantly different
to pigs on 2.75 kg/day restriction. Feed conversion ratio for the whole period did not differ
between treatments and neither did lean meat content.

No difference between treatments in average daily gain or feed conversion ratio was seen by
Andersson et al. (2012), applying restricted feeding on early and standard vaccinated male pigs



and castrated male pigs. Lean meat content was lower for early vaccinated and castrated males
compared to entire males, whereas no difference was seen between standard vaccinated male
and entire male pigs. Similar result was found in a study by Zamaratskaia et al. (2008a) who
applied semi ad libitum feeding. In this study vaccinated pigs had a higher feed intake and
higher daily weight gain after second vaccination compared to castrated pigs.

Similar pattern in growth rate was also seen by Pauly et al. (2009) who applied ad libitum
feeding. They found that castrates had a higher growth rate (1037 vs. 866 g/day) before second
vaccination, whereas vaccinated males had a higher growth rate during the period after that to
slaughter (1136 vs. 1007 g/day). However, growth rate during the total growing-finishing pe-
riod did not differ between treatments. Vaccinated male pigs had a generally lower feed con-
version ratio for the whole period (2.41 vs. 2.54 kg/kg). Carcasses of vaccinated male pigs were
leaner compared to castrates (56.3 vs. 54.5 %).

2.4.2. Energy content

To better understand the energy requirement and to get the most effective feeding strategy for
vaccinated pigs, energy content of feed should be considered. Their requirement could differ
from surgically castrated male pigs but also from entire male pigs as they are more alike one of
them at different stages during the growth.

Zeng et al. (2002) compared two different energy levels to entire, castrated and vaccinated male
pigs fed ad libitum. The low energy diet contained 8.30 MJ NE/ kg and the high energy diet
contained 9.70 MJ NE/ kg. Vaccinated male pigs grew better with the high energy diet in the
first period of the growing period than they did in the second period. In the second period and
for the whole period, their daily weight gain did not differ significantly between the two differ-
ent diets or from the results of the castrated males. Meat percentage was lower in vaccinated
males on high energy diet (51.79 %) than for the low energy diet (54.47 %), whereas weight at
slaughter did not differ. The results from this study imply that to get good growth rate and a
carcass with high lean meat yield a high energy diet is preferable in the first growth period and
that a low energy diet is preferable in the second growth period.

2.5. Animal welfare

One of the main reasons to stop using surgical castration of young male piglets is to improve
animal welfare. Castration without anaesthesia or analgesia is painful for the piglet (Horn et al.,
1999; Hansson et al., 2011) and causes stress (Prunier et al., 2005). It has also been shown that
castration affects the piglet’s immune system. Studies have demonstrated that castrated males
piglets are more susceptible to chronic inflammations (de Kruijf & Welling, 1988). Piglets that
have been castrated also show behaviours associated with pain, for example reduced suckling
and standing time and increased lying time (McGlone et al, 1993). Zamaratskaia et al. (2008a)
found that castrated male piglets had lower daily weight gain in the birth to weaning period
than entire male piglets, indicating that surgically castrated piglets are affected by stress caused
by this procedure. The castration procedure can be made easier for the piglets with the use of
pain relievers. Anaesthesia has shown to reduce pain in piglets during castration and the use of
analgesia has shown to reduce pain after castration (Hansson et al., 2011).

Production of entire male pigs is a strategy to avoid surgical castration without vaccination, but
entire male pigs show more aggressive behaviour and might therefore not contribute to better
animal welfare (Rydhmer et al., 2010). More skin lesions during raising and on carcasses at
slaughter have been recorded on entire male pigs compared to vaccinated and castrated males



(Batorek et al., 2012; Rydhmer et al., 2010). It has also been found that restrictively fed vac-
cinated male pigs have a higher prevalence of skin lesions than ad libitum fed pigs (Batorek et
al., 2012; Quiniou et al., 2012) demonstrating the importance of satisfied pigs on welfare.

2.6. Aim

The objective of this study was to evaluate the efficacy of vaccination against GnRH on growth
performance and behaviour of vaccinated male pigs compared to castrated male pigs. Further-
more, the effect of two different feeding regimes, restricted vs. semi ad libitum, on growth
performance carcass and meat quality characteristics of vaccinated male pigs was studied.



3. OWN PROJECT

4. MATERIAL AND METHODS

4.1. Animals and housing

The study was performed at the Swedish Livestock Research Center at SLU, Uppsala and a
total of 206 pigs were used. Out of these, 75 were offspring from Yorkshire sows and Yorkshire
boars and 131 from Yorkshire sows and Hampshire boars. Sires were randomly selected from
sires available for artificial insemination. The study comprised six consecutive batches. Two
treatments were included in the study; surgically castrated and vaccinated entire male pigs. At
birth, male piglets were randomly allocated to one of the treatments. Pigs were moved from the
weaning unit to the growing-finishing unit at an average age of 68.5 + 2.4 days (mean + s.d.)
and with an average live weight of 33.0 £ 5.4 kg. The growing-finishing unit included four
identical sections, each containing 12 pens. The pigs were housed in pens (3.3 m x 3.5 m) that
had a trough and two water nipples. Each pen held seven to nine pigs. Surgically castrated and
vaccinated pigs were kept in separate pens, but in the same stable. Straw was provided to the
pens every day manually or by a robot (JH ministrd, Mafa). The study was performed in ac-
cordance with Swedish regulations for use of pigs.

4.2. Feeding regimens

All pigs were liquid fed a commercial diet. The ingredient composition and the calculated nu-
trient content of the diet are shown in Table 1. In batches 1 and 2 pigs were fed restrictively
following the recommendation of Swedish standard regimen (SLU-normen) for growing-fin-
ishing pigs (Andersson et al., 1997). In batches 3-6, pigs were fed semi ad libitum four times
per day. Pigs had free access to water nipple drinkers.



Table 1. Ingredient composition of the diet and the calculated nutrient content

Diet
Ingredients (%)
Wheat 45.00
Barley 12.17
Wheat bran 12.00
Rapeseed cake 9.00
Oats 8.00
Soya bean meal 2.55
Middlings 6.00
Distiller’s waste, dried 2.01
Limestone 1.65
Vegetable oil 0.50
L-lysine 0.42
Sodium chloride 0.35
Premix? 0.26
L-Threonine 0.06
DL-Methionine 0.03
Calculated nutrients
MJ OE/kg 12.4
MJ NE/ kg 9.3
Crude protein, % 15.3
Crude fat, % 4.3
Ash 5.3
Crude fibre 6.6
Total lysine 0.9
SID lysine? 0.78
Calcium 0.75
Phosphorus 0.5

1Supplies per kg final feed: Vitamin A: 4000 IU; Vitamin D3: 400 1U; Vitamin E: 50 mg; Vitamin K3: 2.0 mg;
Vitamin B1: 1.0 mg; Vitamin By: 3.0 mg; Vitamin Be: 2.0 mg; Vitamin By: 20 pg; Niacin: 10 mg; Pantothenic
acid: 7.0 mg; Fe: 56 mg (as FeS04); Mn: 50 mg (as MnO/Mn;03); Zn: 60 mg (as ZnSO.); Cu: 25 mg (as
CuSO04-5H,0); I: 0.2 mg (as Ca(103)2; Se: 0.4 mg (as Na.SeOs).

2S|D=Standardised ileal digestible.

4.3. Castration & vaccination

Piglets belonging to the castrated group (n=103) were surgically castrated with analgesia before
the age of one week (3.3 £ 1.0 days). Pigs in the vaccinated group (n=106) were given two
injections of Improvac®, containing a modified form of GnRH (Pfizer Ltd; 2 ml per injection).
The injections were given below the base of the ear. In batches 1 and 2, the pigs were vaccinated
approximately 8 and 4 weeks before slaughter. Due to an unexpected high daily weight in the
herd and that a higher feeding regimen was applied in batches 3-6, the injections had to be
moved forward approximately 2 weeks to make sure that the time between second injection and
slaughter should be at least 4 weeks according to the recommendations. Consequently, pigs in
batches 3 — 6 were given their injections approximately 10 and 6 weeks before slaughter.



4.4. Recordings

All pigs were weighed individually four times during the study; at the beginning of the study,
before first vaccination, before second vaccination and before slaughter. Feed consumption was
recorded daily, residual feed was removed and weighed, and based on these data feed conver-
sion ratio was calculated pen-wise.

In batches 1 and 2, pigs were sent to slaughter on three occasions per pen at an average live
weight of 107.5 £ 10.1 kg and an average age of 150.7 + 6.3 days and in batch 5 at two occasions
at 120.2 + 9.5 kg and 150.3 + 4.5 days. In batches 3, 4 and 6, slaughter was performed at one
occasion per batch (120.0 + 19.3 kg and 150.0 + 7.0 days). Before cooling, carcass weight was
recorded and lean meat content was evaluated with the Hennessy Grading Probe (Hennessy
Grading Systems, Auckland, New Zealand; Sather et al., 1991).

Daily lean meat growth for the entire growing-finishing period was calculated using following
formula: (% lean x carcass weight) - (initial weight x 0.72))/days in experiment, where the
value 0.72 representing a hypothetical dressing percentage at start (Andersson et al., 2011).

45. Behavioural studies

Behavioural studies were performed by direct observation at three times per batch; the week
before first vaccination, the week before second vaccination and the week before slaughter. One
person (same person during all observations) stood outside the pen, observation started when
the pigs were accustomed to the observer. Each observation round started with a one minute
instantaneous scanning where activity behaviours (sleeping, resting, active) were recorded, this
minute was followed by a four minute long continuous recording of frequencies of social be-
haviours (aggressive, mounting, contact). Each observation round also ended with a one minute
scanning. All pens were observed in a consecutive order, ten rounds at each observation occa-
sion (in total 60 minutes per pen).

Definition of behaviour parameters are presented in Table 2. Every new interaction was rec-
orded even if performed by the same pig. A new interaction by the same pig was recorded if
the first interaction stopped for more than three seconds. Behaviours that lasted for more than
four seconds were recorded as long-lasting.



Table 2. Definitions of behaviour parameters used at the scan sampling and during continuous recording

Behaviour parameter Definition

Scan sampling
Sleeping Pigs lying down with closed eyes.

Resting Pigs lying down or sitting awake, can be sniffing, eating straw, ma-
nipulating interior etc.

Active Standing, walking, running or jumping including activities like eat-
ing, drinking, fighting, playing etc.

Continuous recording

Aggressive Two or more pigs fighting or one pig biting or pushing another pig
with its head.

Mounting One pig mounting another pig.

Contact Touching another pig in a non-aggressive way.

Long-lasting Social interaction lasting for more than four seconds.

4.6. Skin lesions

At the same day as the behavioural study was performed, all vaccinated and surgically castrated
pigs were inspected for skin lesions by the same person performing the behavioural study. Skin
lesions were recorded as deep or light on head, front and back, see Figure 1. Deep wound was
defined as open wound, wound with thick or large crust or infected. Light wound was defined
as shallow scratch, red skin or small and shallow wound with or without crust. Number of skin
lesions was recorded as no lesions, 1-3 lesions, 4-9 lesions or more than 9 lesions. According
to these records the pigs were also classified into two groups, with skin lesions or without skin
lesions. If pigs were recorded with 3 or less lesions they were included in the "without skin
lesions™ group and if they were recorded with more than 3 lesions they were included in the
"with skin lesions" group.



Figure 1. Skin lesions were recorded on head, front and back as shown in the figure (figure from draw-
central.com).

4.7. Statistical analyses

4.7.1. Performance, carcass quality and skin lesions

Data were analysed with the Statistical Analysis System, version 9.3 (SAS Institute Inc., Cary,
NC, USA). Analyses were done partly on combined data of batches 1 and 2 (restrictively feed-
ing) and partly on combined data of batches 3—6 (semi ad libitum feeding). The effect of treat-
ment on performance, carcass quality and number of skin lesions was evaluated with PROC
MIXED procedure. The model included the fixed factor of treatment (surgical castration and
vaccination with Improvac®) and the random factors of batch, pen within batch and litter. Pig
was used as the experimental unit for carcass and all performance traits, except for feed con-
version ratio, where pen was used as unit. Initial weight was included in the model for daily
weight gain for the interval from start to first injection and for the total period, as a covariate
and carcass weight for lean meat content. When analysing the effect of the two different feeding
regimens for vaccinated pigs, the model included the fixed factor of feeding regimen (restric-
tively and semi ad libitum feeding) and the random factors of batch within feeding regimen,
pen within batch and litter.

The impact of treatment on the occurrence of skin lesions (pigs with or without) were analysed
with PROC GLIMMIX and the model included the fixed factor of treatment and the random
factors of batch and pen within batch. Significance level was set at P < 0.05.

4.7.2. Behaviour

Activity behaviours were recorded as the percentage of pigs performing a specific behaviour at
each observation occasion (10 rounds x 2 min). The social interactions were recorded as the
total number of interactions performed per pen (10 rounds x 4 min) at each observation occasion
and was then transformed to number of interactions performed per hour and pen. Pen was the
experimental unit. All behaviour parameters were evaluated within each observation occasion



on combined data from batches 1-6 with PROC MIXED procedure. The model included treat-
ment (surgical castration and vaccinated with Improvac®) as fixed factor and batch (1-6) as
random. The effect of time was evaluated within treatment with observation occasion as fixed
factor and batch as random factor.

5. RESULTS

5.1. Performance and carcass quality

5.1.1. Lovsta, batches 1 and 2

One vaccinated pig died during the experimental period. Vaccinated pigs had a lower initial
weight than castrated pigs (P=0.021; Table 3). Daily weight gain in the interval from start to
first vaccination did not differ significantly between treatments. Vaccinated pigs grew faster
than surgically castrated pigs in the interval from first to second vaccination, 1060 vs. 969 g per
day. In the interval from second vaccination to slaughter and for the total daily weight gain
there were no significant differences between treatments. VVaccinated pigs had more days in
experiment than castrated pigs, 84 compared with 79 days (P =0.028). Daily feed consumption
did not differ between vaccinated and castrated pigs in any of the intervals. Except for feed
conversion ratio from first to second vaccination, where the value was significantly lower for
vaccinated pigs (2.49 kg/kg) compared with castrated pigs (2.78 kg/kg), no significant differ-
ence could be observed. Lean meat content and dressing percentage did not differ significantly
between treatments. Compared to surgically castrated pigs, vaccinated pigs tended (P=0.110)
to have higher daily lean meat growth 299 vs. 270 g.



Table 3. Performance and carcass quality of castrated and vaccinated pigs in batches 1 and 2

Treatment Surgically Vaccinated s.e P-value
castrated pigs ~ male pigs
No. of pigs 31 31
Initial weight (kg) 348 323 111 0.021
Daily weight gain (g)
Start to 1% vaccination 851 855 39.7  0.957
15 to 2" vaccination 969 1060 63.9 0.052
2" vaccination to slaughter 807 877 232 0.211
Start to slaughter 877 924 86.2 0.198
Days in experiment 79 84 3.3 0.028
Daily feed consumption (kg)
Start to 1% vaccination 1.29 1.22 0.168 0.186
1% to 2" vaccination 2.76 2.72 0.401 0.450
2" vaccination to slaughter 3.21 2.87 0.169 0.174
Start to slaughter 2.44 2.36 0.089 0.236
Feed conversion ratio (kg/kg)
Start to 1% vaccination 2.08 2.03 0.357 0.658
1% to 2" vaccination 2.78 2.49 0.285 0.047
2" vaccination to slaughter 3.66 3.14 0.855 0.214
Start to slaughter 2.84 2.62 0.371 0.200
Final weight (kg) 104.4 110.4 6.32 0.073
Carcass weight (kg) 78.1 82.1 423 0.125
Lean meat content (%) 59.1 59.0 0.46 0.788
Dressing percentage (%) 74.8 74.4 0.53 0.365

Daily lean meat growth (g) 270 299 27.8 0.110




5.1.2. Lovsta, batches 3-6

In batches 3-6, three castrated pigs died during the experiment. Initial weight differed between
treatments (Table 4), vaccinated pigs had lower initial weight than surgically castrated pigs (P
=0.010). No difference was recorded in daily weight gain in the interval from start to first vac-
cination. In the interval from first to second vaccination, vaccinated male pigs had a higher
growth rate than surgically castrated male pigs (P=0.025). After that, vaccinated pigs tended
(P=0.092) to grew faster than castrated pigs (1216 and 1172 g per day). Total daily weight gain
was significantly higher for vaccinated pigs (1083 g) compared with castrates (1040 g). Days
in experiment did not differ between treatments. No significant difference in daily feed con-
sumption could be seen between vaccinated and castrated pigs. Feed conversion ratio was sig-
nificantly lower for vaccinated pigs from first to second injection than for castrates, 2.23 com-
pared to 2.38 kg feed/kg weight gain. After second injection no difference was seen, whereas
vaccinated pigs had lower feed conversion ratio for the total growing-finishing period than cas-
trates (2.58 vs. 2.66 kg feed/kg weight gain).

No significant difference in carcass and lean meat content was found between vaccinated and
castrated male pigs. Dressing percentage was significantly lower for vaccinated pigs than for
castrated pigs (74.7 vs. 75.9 %). For vaccinated pigs daily lean meat growth was significantly
higher (350 g) than for castrated pigs (334 g).



Table 4. Performance and carcass quality of castrated and vaccinated pigs in batches 3-6

Treatment Surgically Vaccinated s.e P-value
castrated pigs  male pigs
No. of pigs 69 74
Initial weight (kg) 33.5 315 1.29 0.010
Daily weight gain (g)
Start to 1% vaccination 737 813 59.0 0.173
15 to 2" vaccination 1029 1078 22.3 0.025
2" vaccination to slaughter 1172 1216 45.5 0.092
Start to slaughter 1040 1083 17.0 0.017
Days in experiment 82 82 4.0 0.515
Daily feed consumption (kg)
Start to 1% vaccination 1.00 0.98 0.090 0.698
1% to 2" vaccination 2.35 2.35 0.070  0.991
2" vaccination to slaughter 3.68 3.68 0.113  0.969
Start to slaughter 2.80 2.80 0.084  0.983

Feed conversion ratio (kg/kg)

Start to 1% vaccination 2.40 2.18 0.228 0.104
1% to 2" vaccination 2.38 2.23 0.060 <0.001
2" vaccination to slaughter 2.86 2.84 0.029 0.470
Start to slaughter 2.66 2.58 0.021 0.001
Final weight (kg) 118.9 121.0 6.65  0.216
Carcass weight (kg) 90.0 90.1 4,91 0.980
Lean meat content (%) 57.4 57.4 0.36 0.865
Dressing percentage (%) 75.9 74.7 0.68 0.025

Daily lean meat growth (g) 334 350 9.7 0.050
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Figure 2. Average daily gain (ADG) for surgically castrated males (SC) and vaccinated males (VM) in
batches 1-2 and 3-6, respectively.

A = start to 1% vaccination;

B = 1% to 2" vaccination;

C = 2" vaccination to slaughter.

5.2. Feeding regimen

Vaccinated pigs in batches 1 and 2 had an overall daily fed intake of 2.36 kg per day (29 MJ
NE/day) which was 84 % of the intake of vaccinated pigs (2.80 kg per day, 35 MJ NE/day) in
batches 3-6. Performance results from the two different feeding regimens are presented in Table
5. Comparison showed that vaccinated male pigs fed semi ad libitum (batch 3-6) had higher
daily weight gain after second injection of Improvac® compared with the restrictively fed pigs
in batches 1 and 2, 1227 vs. 863 g (P=0.061). For daily weight gain from start to slaughter
corresponding values were 1078 and 910 g (P=0.020). Vaccinated male pigs fed restrictively
tended to have a higher lean meat content than the semi ad libitum fed pigs (P = 0.100). Daily
lean meat growth was higher for these semi ad libitum fed pigs, 352 g compared with 298 g for
the restrictively fed pigs (P = 0.003). Number of skin lesions did not differ between vaccinated
pigs fed semi ad libitum and restrictively (P<0.05).
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Table 5. Performance and carcass quality of vaccinated males in batch 1-2, restrictively fed, and 3-6, semi ad
libitum fed

Treatment Vaccinated Vaccinated s.e p-value
1-2 3-6
Initial weight (kg) 32.4 31.6 1.64 0.775
Daily weight gain (g)
Start to 1% vaccination 842 807 495 0.644
1%t to 2" vaccination 1057 1083 27.3  0.547
2" vaccination to slaughter 863 1227 100.7 0.065
Start to slaughter 910 1078 31.3 0.020
Days in experiment 84 82 4.8 0.779
Daily feed consumption (kg)
Start to 1% vaccination 1.22 0.99 0.115 0.225
1% to 2" vaccination 2.72 2.36 0.187 0.251
2" vaccination to slaughter 2.87 3.68 0.151 0.020
Start to slaughter 2.37 2.80 0.108 0.047
Feed conversion ratio (kg/kg)
Start to 1% vaccination 2.03 2.18 0.248 0.702
1% to 2" vaccination 2.49 2.23 0.174 0.177
2" vaccination to slaughter ~ 3.14 2.84 0.254 0.446
Start to slaughter 2.62 2.58 0.121 0.813
Final weight (kg) 110.2 122.0 8.18 0.373
Carcass weight (kg) 82.1 90.7 566 0.349
Lean meat content (%) 58.5 57.5 0.40 0.175
Dressing percentage (%) 74.4 74.7 0.77 0.804
Daily lean meat growth (g) 298 352 121 0.035

5.3. Activity behaviour

Treatment did not significantly affect activity behaviours, except for sleeping (P=0,016) and
resting (P=0,013) at the third observation occasion (Table 6). At this occasion, more vaccinated
pigs were sleeping (53.4 vs. 46.9 %) and fewer were resting (24.5 vs. 30.5 %) compared with
the castrated pigs.



Table 6. Percentage of pigs performing different activity behaviours recorded at scan sampling

Treatment Surgically Vaccinated S.e. P-value
castrated pigs male pigs
Before 1% vaccination
Sleeping 35.8 34.7 3.47 0.777
Resting 27.5 26.1 1.19 0.406
Active 36.7 39.2 3.68 0.497
Before 2" vaccination
Sleeping 39.8 43.3 5.42 0.305
Resting 26.9 27.8 2.45 0.686
Active 33.3 28.9 4.75 0.216
Before slaughter
Sleeping 46.9 53.4 3.87 0.013
Resting 30.5 24.5 3.52 0.016
Active 22.6 22.1 2.08 0.853

Age had an effect on the proportion of vaccinated pigs sleeping (P<0.001), with an increase
from 34.7 % before first vaccination to 53.4 % before slaughter, whereas no age-related effect
was found for castrates (P=0.122).

Proportion of pigs that were active were affected by age (P=0.012 for castrates and P<0.001 for
vaccinated pigs). Before first injection of Improvac® both castrated and entire male pigs, in-
tended to be vaccinated, were more active than later on (Figure 3). For vaccinated pigs the
decrease was more distinct between first and second observation occasion than between second
and third observation occasion (Table 6). For castrated pigs the relationship was the opposite
with a larger decrease between second and third observation. No age-related effect was found
for castrates (P=0.122), but for vaccinated pigs (P<0.001).
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Figure 3. Percentage of pigs performing different activity behaviours recorded at scan sampling.



5.4. Social interactions

Before first vaccination, entire male pigs showed a tendency to be more aggressive and they
performed more mountings than castrated pigs (P=0.073 and P=0.014, respectively). The pro-
portion of long-lasting aggressive and mounting behaviours did not differ between treatments
(Table 7). Before second vaccination, now vaccinated pigs still performed more aggressive be-
haviour than castrated pigs (P=0.045), and they also had a higher frequency of long-lasting
aggressive interactions (P=0.034). At this occasion, number of mountings had decreased to the
same level for vaccinated pigs as for surgically castrated pigs.

Before slaughter, aggression level had decreased significantly in comparison with the second
occasion and was for vaccinated pigs similar to surgically castrated pigs (3.3 vs. 4.8 interac-
tions). The frequency of long-lasting aggressive interactions was very low and none of the
mounting interactions was long-lasting and was unaffected by treatment.

Table 7. Total number of observed social interaction per pen and hour and percentage of long-lasting
interactions

Surgically Vaccinated  s.e. P-value
castrated pigs  male pigs

Before 15t vaccination

Aggressive 14.1 21.0 3.47 0.073
Mounting 2.8 9.3 2.34 0.014
Contact 136.1 131.1 11.05 0.752
Aggressive, long-lasting (%) 10.7 10.1 3.21 0.899
Mounting, long-lasting (%) 0 2.9 2.06 0.327
Contact, long-lasting (%) 23.0 23.2 3.03 0.921
Before 2" vaccination
Aggressive 11.1 16.1 2.90 0.045
Mounting 1.8 2.8 0.87 0.431
Contact 104.7 108.1 12.56 0.806
Aggressive, long-lasting (%) 3.1 9.6 4.19 0.034
Mounting, long-lasting (%) 0 1.3 0.92 0.327
Contact, long-lasting (%) 28.1 25.6 2.59 0.400
Before slaughter
Aggressive 4.8 3.3 1.37 0.233
Mounting 0.3 0 0.15 0.156
Contact 101.7 83.6 4.69 0.013
Aggressive, long-lasting (%) 1.0 6.8 4.88 0.412
Mounting, long-lasting (%) 0 0 -

Contact, long-lasting (%) 24.2 23.7 4.18 0.916




Number of contacts decreased over time, but in a different way for pigs from the two treatments.
For castrates no time-related effect could be seen after the second occasion. For vaccinated pigs
number of contacts had decreased significant also at the third occasion (Figure 4) and was lower
than for castrated pigs (P=0.013).
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Figure 4. Number of social interactions per pen and hour at observation 1 — before first vaccination, 2
— before second vaccination and 3 — before slaughter.

5.5. Skin lesions

Before first vaccination, standard vaccinated pigs had significantly more skin lesions on front
than castrates (Table 8), whereas no significant differences could be observed on head or back.
After that, skin lesions did not differ between the two treatments. Number of deep skin lesions
was consistently very low and with no difference between castrated and vaccinated pigs.

Table 8. Number of skin lesions per pig

23



Surgically cas- Vaccinated s.e. P-value

trated pigs male pigs
Before 1% vaccination
Head 2.7 3.3 0.38 0.241
Front 4.4 5.5 0.74 0.011
Back 0.8 1.2 0.36 0.279
Deep 0 0.2 0.14 0.284
Before 2" vaccination
Head 3.5 3.2 0.83 0.483
Front 5.8 6.5 0.74 0.184
Back 2.2 2.1 0.69 0.825
Deep 0 0.1 0.05 0.136
Before slaughter
Head 4.7 4.1 0.43 0.270
Front 6.6 6.1 0.40 0.342
Back 2.7 3.0 0.64 0.620
Deep 0.1 0.7 0.45 0.301

Before first injection, percentage of pigs with skin lesions had a tendency (P=0,082) to be higher
for entire males (68.4 %), intended to be vaccinated, compared to castrated pigs (53.3 %). Be-
fore second injection and before slaughter, percentage of pigs with skin lesions had increased
but with no significant difference between castrated (78.0 and 80.8 %) and vaccinated (83.8
and 69.8 %) pigs.

5.6. Practical experience of vaccination against boar taint

The herd (Strémsnés) has an integrated pig production. Piglets are moved from family pens to
finishing units at 11.5 weeks of age and are given the first injection of Improvac® at approxi-
mately 12 weeks of age and the second injection at 16 weeks. The vaccination cannot be made
earlier, as it is difficult to handle piglets in the family pens at vaccination. The producer and the
staff consider that the vaccination procedure is easy, but it requires two persons. Nevertheless,
vaccination is more time effective than surgical castration, especially if anaesthesia and/or an-
algesia has to be used. They also consider that it is easier to handle pigs when they are older
and heavier than when they are young and light.

They have used Improvac® for nearly two years. Due to problems last spring, with bad quality
of grain and structural problems at the slaughterhouse to document the results separately for
vaccinated male pigs and females, they do not know the growth rate of vaccinated pigs. No
distinct improvement of growth rate after second injection has been observed, but they have got
a more even growth of the vaccinated pigs and therefore fewer slow-growing pigs left at the
end of the raising period. They think that a higher growth rate do not have advantages in the
applied production system.

Neither have they seen any noticeable differences in feed consumption or feed conversion rate,
and thus no lower feed cost. One positive aspect both for economy and for animal welfare is
that vaccination has resulted in less arthritis incidents of the pigs. Therefore, use of antibiotics
has declined.



Despite vaccination of male pigs has positive advantages such as saving labour time and low-
ering the frequency of diseases, the producer consider that one of the main advantages is that it
IS a castration procedure that works well and that it is easy to handle. The producer also thinks
that it is easier to change to a new castration system than it is to add extra working moments
into an old system.

5.6.1. Growth performance

The aim to perform a comprehensive comparison for production data between castrated and
vaccinated male could not be performed. Partly as surgical castration and vaccination were not
performed during the same period, and partly because pigs were not sorted by sex at slaughter-
house. Therefore, the comparison is made between a period when piglets were surgically cas-
trated and a period when the pigs were vaccinated.

Average lean meat content was 57.9 % and carcass weight was 85.4 kg when the herd used
castration. These results are not different from the results of today with vaccination - lean meat
content is 58.0 % and carcass weight is 85.2 kg.

6. DISCUSSION

Vaccination can be performed earliest at eight weeks of age and it should be at least four weeks
between first and second injection according to the recommendation of the manufacture. In our
study pigs in the two first batches were vaccinated at an age of 14 and 18 weeks, i.e. 4-6 weeks
before slaughter, according to the recommendations. Due to very high growth rate in the herd
this resulted in too heavy pigs at slaughter. Therefore, vaccination in batches 3-6 was performed
earlier, at approximately 12 and 16 weeks of age. Results from previous studies have shown
that vaccination can be performed even earlier (Andersson et al., 2012; Brewster and Nevel,
2013; Brunius et al., 2011) and that the effect of vaccination last at least 10 weeks making it
possible to send pigs to slaughter during a longer period, than the recommended 4-6 weeks
between second vaccination and slaughter.

In the interval from birth to weaning, it could be expected that growth performance of castrated
pigs should be lower than that of females and entire male pigs, as they undergo a surgical pro-
cedure that could affect their general health. However, in this study the castrated males had a
higher initial weight than the entire male pigs implying that their growth rate was higher during
the suckling period. These results are in contrast with the results of Zamaratskaia et al. (2008a),
who found that surgical castrated piglets had a lower daily growth gain during the suckling
period compared to entire male piglets. Also Cronin et al. (2003) found a lower growth gain in
this period for castrated piglets compared to entire male piglets. Previous studies have shown
that growth performance does not differ in this period (Andersson et al., 2012; Pauly et al.,
2009). None of the authors sited in this paper have reported a higher growth performance for
castrated than for entire pigs.

Between first and second vaccination, both restrictively and semi ad libitum fed vaccinated
male pigs had significantly higher growth rate and lower feed conversion ratio than castrates.
This indicates that vaccination might have had an effect already after first injection. Dunshea
et al. (2001) reported a higher growth rate of castrated male pigs in this period, whereas An-
dersson et al. (2012) and Zamaratskaia et al. (2008b) found similar growth rate for castrates
and vaccinated pigs. One reason for the difference in growth rate in this study could be that pigs



are produced in a Specific Pathogen Free (SPF) production. Pigs in such systems are not ex-
posed to pathogens which are common in commercial pig production and they have therefore a
higher feed intake and growth rate.

After second vaccination, growth rate of vaccinated and castrated male pigs on both feeding
regimens was similar, whereas many authors have reported an increased growth rate similar to
castrates and in many cases even higher for vaccinated male pigs than for castrates in this period
(Cronin et al., 2003; Dunshea et al., 2001; Zamaratskaia et al., 2008a). Results for the whole
experimental period showed that vaccinated male pigs on semi ad libitum feeding had signifi-
cantly higher daily weight gain than castrates, whereas no difference was found when the pigs
were restrictively fed. Some authors have concluded that the increase in growth rate after sec-
ond vaccination is related to a higher feed intake. However, in this study daily feed consumption
during the different periods of rearing and for the whole growing-finishing period was similar
for vaccinated and castrated male pigs. Consequently, the total feed conversion ratio was lower
for vaccinated male pigs than for castrates when fed semi ad libitum.

Dressing percentage of semi ad libitum fed vaccinated male pigs was lower (P=0.025) compared
to castrated male pigs, which was also found by Andersson et al. (2012). The lower dressing
percentage could partly be due to the weight of reproductive organs (Einarsson et al., 2011) of
vaccinated male pigs. However, this measurement was not included in this study. The lower
dressing percentage could also be due to higher content of abdominal fat. For restrictively fed
pigs, dressing percentage was similar between treatments. Commercial lean meat content did
not differ between vaccinated and castrates regardless of feeding regimen. However, Andersson
et al. (1997) found that lean meat content of vaccinated male pigs is underestimated by the
commercial grading system used in Sweden. Previous studies have shown that vaccinated pigs
had lean meat content between entire male pigs and castrates (Jaros et al., 2005; Fabrega et al.,
2010).

Daily feed consumption after second vaccination was approximately 78 % (2.40 kg per day) of
the daily feed intake of semi ad libitum (2.80 kg per day) fed pigs. Growth rate for restrictively
fed pigs declined after second vaccination, when the maximum feed allowance according to the
applied feeding regimen (SLU-normen) was reached. This is in line with the results of Quinou
(2012) who saw that a restriction at a lower level (2.50 kg per day) reduces total average daily
gain. Batorek et al. (2012) used a higher level (2.75 kg per day) of restriction and did not find
any effect on growth rate. But the restricted feeding regime in the study by Batorek et al (2012)
is almost as high as the semi ad libitum feeding regime in our study which could be a possible
explanation why they could not see any effect on growth rate. Higher daily lean meat growth
for vaccinated male pigs on semi ad libitum feeding regime was the only significant difference
seen between the two feeding regimens. .

Results for the whole experimental period showed that vaccinated male pigs on semi ad libitum
feeding had significantly higher daily weight gain, lower feed conversion ratio and higher daily
lean meat growth compared to castrates with similar feed consumption. The results indicate that
the higher growth potential of entire males can be utilised when vaccination is used and that the
growing-finishing period can be shortened. Our results are not in agreement with Dunshea et
al. (2001), Jaros et al., (2005) and Zamaratskaia et al. (2008a), who could not find any differ-
ence in total daily weight gain. For restrictively fed pigs the growth rate and feed conversion
ratio were similar for vaccinated and castrated pigs. Our results showed that a higher feeding
regimen than the recommended feeding regimen in Sweden should be applied to vaccinated
male pigs to use their potential.



Before second vaccination, activity behaviours such as sleeping, lying down and standing, did
not differ significantly between treatments. At the third observation occasion, after second vac-
cination, a higher frequency of vaccinated pigs was sleeping, whereas more castrated pigs were
resting. Inactive behaviours, resting and sleeping, increased over time and active behaviour
decreased for both treatments. Similar pattern was seen by Brewster and Nevel (2013) although
in their study they reported an increase in active behaviour at 21 weeks of age, 7 weeks after
second vaccination. This increase in activity at an age of 20 weeks was also seen by Fabrega et
al. (2010). In our study, behaviour was recorded at approximately 12, 16 and 21-22 weeks of
age (last recording differing because we had to adjust time of slaughter to the slaughter house)
and therefore we might have missed the time when the increase in activity occurred. In our
study pigs had a high growth rate and were slaughtered at approximately 22 weeks of age, in
the studies by Fabrega et al. (2010) and Brewster and Nevel (2013) where pigs were slaughtered
at approximately 25 weeks of age. However, slaughtered occurred at the same live weight as in
the study by Fabrega et al (2010), indicating that our pigs might have passed this stage.

Before first vaccination, there was a tendency that entire male pigs (intended to be vaccinated)
were more aggressive and they performed more sexual behaviour than castrates. This resulted
in more vaccinated pigs with skin lesions. However, the proportion of long-lasting behaviours
was low and was not higher than for castrates, indicating that the interactions were not so severe.
Just as stated previously, entire male pigs express more sexual and aggressive behaviour than
castrates (Dunshea et al., 2001; Fabrega et al., 2010; Pauly et al., 2009). Andersson et al. (2011)
reported more aggressive and sexual behaviour of entire male pigs. They also reported that at
this time the vaccinated pigs had more contact with each other than the castrates had, which is
in disagreement with our results where no difference was observed.

At the second observation occasion, which took place just before second vaccination, the vac-
cinated pigs still were more aggressive than the castrates. However, their sexual behaviour and
skin lesions had decreased to similar level as for castrates, although, they are expected to still
behave like entire male pigs. Andersson et al. (2011) reported that the vaccinated pigs at this
time had decreased sexual behaviour to a level between castrates and entire male pigs.

After the second vaccination, the number of aggressive behaviour of vaccinated pigs had de-
creased and was similar to castrates. This is in agreement with those results published by other
authors (Andersson et al., 2011; Brewster and Nevel, 2013). At this time, no mountings were
observed at all, in line with Brewster and Nevel (2013).

7. CONCLUSION

Vaccination against GnRH with Improvac® was successfully accomplished in this study. Re-
sults showed that vaccination has potential to increase daily weight gain, daily lean meat growth
and to get a lower feed conversion ratio compared to castrated male pigs under a semi ad libitum
feeding regime. Vaccination was also effective in reducing aggressive and sexual behaviour to
same levels as for castrates and is not affecting animal welfare negatively. Restrictive feeding
did not improve performance or carcass characteristics of vaccinated compared to castrated
male pigs in this study.



8. ACKNOWLEDGEMENT

First I like to thank Kristina Andersson, my supervisor, for all the help and support during this
study. | have learnt so much and you are such a wonderful person!

Thanks also to all staff at Swedish Livestock Research Centre, Lovsta, for helping me and tak-
ing excellent care of the animals, and Maria Lundesjo Ahnstrom at Lovsta Slakteri for collect-
ing data from the slaughter house.

And a special thanks to Christer Hylander and his staff for taking time for my interview, | wish
you all the best with your production in the future!



9. REFERENCE

Adams, T. E., Daley, C. A., Adams, B. M. and Sakurai, H. 1996. Testes function and feedlot performance of bulls
actively immunized against gonadotropin-releasing hormone: effect of age at immunization. Journal of Ani-
mal Science, 74:950-954.

Aleksié, J., Dokmanovi¢, M., Aleksi¢, Z., Teodorovi¢, V., Stoji¢, V., Trbovi¢, D. and Balti¢, M. Investigation of
the efficacy of immunocastration aimed at the prevention of sex odour in boar meat. Acta Veterinaria
(Beograd), 62 (5-6): 653-663.

Andersson, K., Schaub, A., Andersson, K., Lundstrém, K., Thomke, S. and Hansson, I. 1997. The effects of feed-
ing system, lysine level and gilt contact on performance, skatole levels and economy of entire male pigs.
Livestock Production Science, 51: 131-140.

Andersson, K., Brunius, C., Zamaratskaia, G. and Lundstrom, K. 2012. Early vaccination with Improvac®: effects
on performance and behaviour of male pigs. Animal, 6(1): 87-95.

Andresen, @. 1976. Concentrations of fat and plasma 5a-androstenone and plasma testosterone in boars selected
for rate of body weight gain and thickness of back fat during growth, sexual maturation and after mating.
Journal of reproduction and fertility, 48(1): 51-9.

Babol, J., Zamaratskaia, G., Juneja, R. K. and Lundstrom, K. 2004. The effect of age on distribution of skatole and
indole levels in entire male pigs in four breeds: Yorkshire, Landrace, Hampshire and Duroc. Meat Science,
67: 351-358.

Batorek, N., Skrlep, M., Prunier, A., Louveau, I., Noblet, J., Bonneau, M. and Candek-Potokar, M. 2012. Effect
of feed restriction on hormones, performance, carcass traits, and meat quality in immunocastrated pigs. Journal
of Animal Science, 90: 4593-4603.

Baumgartner, J., Laister, S., Koller, M., Pfiitzner, A., Grodzycki, M., Andrews, S. and Schmoll, F. 2010. The
behaviour of male fattening pigs following either surgical castration or vaccination with a GnRF vaccine.
Applied Animal Behaviour Science, 124: 28-34.

Bonneau, M. 1987. Effects of age and live weight on fat 5&alpha;-androstenone levels in young boars fed two
planes of nutrition. Reproduction nutrition développement, 27 (2A): 413 -22.

Bonneau, M. and Prunier, A. 2006. Alternatives to piglet castration. INRA Productions animals, 19 (5) (abstract).

Brewster, V. and Nevel, A. 2013. Immunocastration with ImprovacTM reduces aggressive and sexual behaviours
in male pigs. Applied Animal Behaviour Science 145: 32— 36.

Brunius, C., Zamaratskaia, G., Andersson, K., Chen, G., Norrby, M., Madej, A. and Lundstrom, K. 2011. Early
immunocastration of male pigs with Improvac® — Effect on boar taint, hormones and reproductive organs.
Vaccine, 29: 9514 9520.

Campbell, R. G. and Taverner, M. R. 1988. Genotype and sex effects on the relationship between energy intake
and protein deposition in growing pigs. Journal of Animal Science, 66 (3): 676-686.

Charette, L. A. 1961. The effects of sex and age of male at castration on growth and carcass quality of Yorkshire
swine. Canadian Journal of Animal Science, 41 (1): 30-39

Claus, R. and Karg, H. Determination of 5a-androst-16-en-3-one (boar taint steroid) by radioimmunoassay in fatty
tissue and serum of normal and active-immunized boars. Journal of Animal Science, 33 (6): 1293-1297.

Claus, R., Schopper, D. and Wagner, H. G. 1983. Seasonal effect on steroids in blood plasma and seminal plasma
of boars. The Journal of steroid biochemistry 19 (1C): 725-729.

Claus, R., Weiler, U and Herzog, A. 1994. Physiological aspects of androstenone and skatole formation in the boar
— A review with experimental data. Meat Science, 38: 289-305.

Craig, H.B. and Pearson, A.M. 1959. Some preliminary studies on sex odour in pork. Journal of Animal Science,
18 (4): 1557.

Cronin, G. M., Dunshea, F. R., Butler, K. L., McCauley, I., Barnett, J. L. and Hemsworth, P. H. 2003. The effects
of immune- and surgical-castration on the behaviour and consequently growth of group-housed, male finisher
pigs. Applied Animal Behaviour Science, 81: 111-126.



de Kruijf, J. M. and Welling, A. A. 1988. Incidence of chronic inflammations in gilts and castrated boars. Tijdschr
Diergeneeskd, 113(8): (abstract).

Doran, E., Whittington, F. M., Wood, D. J. and McGivan, J. D. 2004. Characterisation of androstenone metabolism
in pig liver microsomes. Chemico-biological interactions, 147(2): 141 -9.

D’Souza, D.N. and Mullan, B.P. 2003. The effect of genotype and castration method on the eating quality charac-
teristics of pork from male pigs. Animal Science, 77: 67-72.

Dunshea, F. R., Cronin, G. M., Barnett, J. L., Hemsworth, P. H., Hennessy, D. P., Campbell, R. G., Luxford, B.,
Smits, R. J., Tilbrook, A. J., King, R. H. and McCauley, I. 2011. Immunisation against gonadotrophin-releas-
ing hormone (GnRH) increases growth and reduces variability in grouphoused boars. Animal Production Sci-
ence, 51, 695-701.

Dunshea, F.R., Colantoni, C., Howard, K., McCauley, ., Jackson, P., Long, K.A., Lopaticki, S., Nugent, E.A.,
Simons, J.A., Walker, J. & Hennessy, D.P. 2001. Vaccination of boars with a GnRH vaccine (Improvac)
eliminates boar taint and increases growth performance. Journal of Animal Sience 79: 2524-2535.

Dutt, R. H., Simpson, E. C., Christian, J. C. and Barnhart, C. E. 1959. Identification of preputial glands as the site
of production of sexual odour in the boar. Journal of Animal Science, 18 (4): 1557.

EFSA Journal. 2004. Opinion of the Scientific Panel on Animal Health and Welfare on a request from the Com-
mission related to welfare aspects of the castration of piglets. The EFSA Journal, 91: 1-18.

Einarsson, S. 2006. Vaccination against GnRH: pros and cons. Acta Veterinaria Scandinavica, 48 (1): 10.

Fabrega, E., Velarde, A., Cros, J., Gispert, M., Suéarez, P., Tibau, J. and Soler, J. 2010. Effect of vaccination
against gonadotrophin-releasing hormone, using Improvac®, on growth performance, body composition, be-
haviour and acute phase proteins. Livestock Science, 132: 53-59.

Gispert, M., Oliver, A., Velarde, A., Suarez, P., Pérez, J. and Font i Furnols, M. 2010. Carcass and meat quality
characteristics of immunocastrated male, surgically castrated male, entire male and female pigs. Meat Science
85: 664—670.

Goubau, S., Silversides, D.W., Gonzalez, A., Laarveld, B., Mapletoft, R.J. and Murphy, B.D. 1989. Immunization
of sheep against modified peptides of gonadotropin releasing hormone conjugated to carriers. Domestic animal
endocrinology, 6 (4): 339-347.

Hansen, L. L., Larsen, A. E., Jensen, B. B., Hansen-Mgller, J. and Barton-Gade, P. 1994. Influence of stocking
rate and faeces deposition in the pen at different temperatures on skatole concentration (boar taint) in subcu-
taneous fat. Animal Production, 59: 99-110. (abstract)

Hansson, M., Lundeheim, N., Nyman, G. & Johansson, G. 2011. Effect of local anaesthesia and/or analgesia on
pain responses induced by piglet castration. Acta Veterinaria Scandinavica 53: 34.

Hansson, K. E., Lundstrém, K. and Fjelknermodig, S. 1980. The importance of androstenone and skatole for boar
taint. Swedish journal of agricultural research, 10 (4) (abstract).

Horn, T., Marx, G. and von Borell, E. 1999. Behaviour of piglets during castration with and without a local
anaesthesia. Deutsche tierarztliche wochenschrift 106 (7): (abstract).

Jaros, P., Biirgia, E., Stark, K. D. C., Claus, R., Hennessyd, D. and Thun, R. 2005. Effect of active immunization
against GnRH on androstenone concentration, growth performance and carcass quality in intact male pigs.
Livestock Production Science, 92: 31-38.

Kang, Y. S., Park, C. S. and Chung, H. S. 1993. Chemical castration by intracellular injection of silver nitrate
solution in pigs. Korean Journal of Animal Sciences, 35 (6): 463-469 (abstract).

Latorre, M. A, L&zaro, R., Valencia, D. G., Medel, P.and Mateos, G. G. 2004. The effects of gender and slaughter
weight on the growth performance, carcass traits, and meat quality characteristics of heavy pigs. Journal of
Animal Science, 82: 526-533.

Lundstrom, K. and Zamaratskaia, G. 2006. Moving towards taint free pork alternatives to the surgical castration.
Acta Veterinaria Scandinavica, 48 (1): S13.

McGlone, J. J. 1985. A Quantitative Ethogram of Aggressive and Submissive Behaviors in Recently Regrouped
Pigs. Journal of Animal Science, 61:556-566.


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Hansson,%20M
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Lundeheim,%20N
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Nyman,%20G
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Johansson,%20G
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Horn,%20T&ut=5501716&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=Marx,%20G&ut=1987205&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=S1Uj4I21sTxNUxcWioR&field=AU&value=von%20Borell,%20E&ut=9647557&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2cNcVnZmWTWV4b6Bkt&field=AU&value=Kang,%20Y.%20S.&ut=CABI:19950106802&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2cNcVnZmWTWV4b6Bkt&field=AU&value=Park,%20C.%20S.&ut=CABI:19950106802&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2cNcVnZmWTWV4b6Bkt&field=AU&value=Chung,%20H.%20S.&ut=CABI:19950106802&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2cNcVnZmWTWV4b6Bkt&field=AU&value=Chung,%20H.%20S.&ut=CABI:19950106802&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage

McGlone, J. J., Nicholson, R. I., Hellman, J. M. and Herzog, D. N. 1993. The development of pain in young pigs
associated with castration and attempts to prevent castration-induced behavioral changes. Journal of Animal
Science, 71: 1441-1446.

Metz, C., Hohl, K., Waidelich, S., Drochner, W. and Claus, R. 2002. Active immunization of boars against GnRH
at an early age: consequences for testicular function, boar taint accumulation and N-retention. Livestock Pro-
duction Science, 74: 147-157.

Oonk, H. B., Turkstra, J. A., Schaaper, W. M. M., Erkens, J. H. F., Schuitemaker-de Weerdt, M. H., van Nes, A.,
Verheijden, J. H. M. and Meloen, R. H. 1998. New GnRH-like peptide construct to optimize efficient im-
munocastration of male pigs by immunoneutralization of GnRH. Vaccine, 16: 1074-1082.

Patterson, R. L. S. 1968a. Identification of 3a-hydroxy-5a-androst-16-ene as the musk odour component of boar
submaxillary salivary gland and its relationship to sex odour taint in pork meat. Journal of the Science of food
and agriculture, 19: 434-438.

Patterson, R. L. S. 1968b. 5a-androst-16-ene-3-one: - Compound responsible for taint in boar fat. Journal of the
Science of food and agriculture, 19:; 31-38.

Pauly, C., Spring, P., O’Doherty, J. V., Ampuero Kragten, S. and Bee, G. 2009. Growth performance, carcass
characteristics and meat quality of group-penned surgically castrated, immunocastrated (Improvac®) and en-
tire male pigs and individually penned entire male pigs. Animal, 3(7): 1057-1066.

Pfizer. 2013. EU Commission Approves Pfizer Animal Health’s Vaccine Against Boar Taint.
http://www.pfizer.com/news/press-release/press-release-archive-detail/eu_commission_approves_pfizer_an-
imal_health_s vaccine_against_boar_taint. [2014-02-16]

Prunier, A., Mouiner, A. M. and Hay. M. 2005. Effects of castration, tooth resection, or tail docking on plasma
metabolites and stress hormones in young pigs. Journal of Animal Science, 83: 216-222.

Prunier, A., Bonneau, M., von Borell, E.H., Cinotti, S., Gunn, M., Fredriksen, B., Giersing, M., Morton, D.B.,
Tuyttens, F.A.M. and Velarde, A. 2006. A review of the welfare consequences of surgical castration in piglets
and the evaluation of non-surgical methods. Animal Welfare, 15: 277-289 (review).

Quiniou, N., Monziols, M., Colin, F., Goues, T. and Courboulay, V. 2012. Effect of feed restriction on the perfor-
mance and behaviour of pigs immunologically castrated with Improvac®. Animal, 6 (9): 1420-1426.

Rydhmer, L., Lundstrom, K. and Andersson, K. 2010. Immunocastration reduces aggressive and sexual behavior
in male pigs. Animal, 4 (6): 965-972.

Sinclair, P. A., Hancock, S., Gilmore, W. J. and Squires, E. J. 2005. Metabolism of the 16-androstene steroids in
primary cultured porcine hepatocytes. Journal of Steroid Biochemistry & Molecular Biology, 96: 79-87.

Sjaastad, @. V., Sand, V. and Hove, K. 2010. Physiology of Domestic Animals. 2" edition. Oslo: Scandinavian
Veterinary Press. 804pp.

Snochowski, M., Lunstrém, K., Dahlberg, E., Petersson, H. and Edqvist, L. E. 1981. Androgen and Glucocorticoid
Receptors in Porcine Skeletal Muscle. Journal of Animal Science, 53 (1): 80-90.

Tsuchiya, Y., Nakajima, M. and Yokoi, T. 2005. Cytochrome P450-mediated metabolism of estrogens and its
regulation in human. Cancer Letters, 227; 115-124.

Turkstra, J. A., Zeng, X. Y., van Diepen, J. Th. M., Jongbloed, A. W., Oonk, H. B., van de Wiel, D. F. M. and
Meloen, R. H. 2002. Performance of male pigs immunized against GnRH is related to the time of onset of
biological response. Journal of Animal science, 80: 2953-2959.

Walstra, P. 1974. Fattening of young boars: quantification of negative and positive aspects. Livestock Production
Science, 1: 187-196.

Williamson, E. D., Patterson, R. L. S and Buxton, E. R. 1985. Immunization against 5a-androstenone in boars.
Livestock production science, 12 (3): 251-264.

Yokoyama, M. T. and Carlson, J. R. 1974. Dissimilation of Tryptophan and Related Indolic Compounds by Ru-
minal Microorganisms In Vitro. Applied Microbiology, 27 (3): 540-548.

Zamaratskaia, G., Rydhmer, L., Chen, G., Madej, A., Andersson, H.K. and Lundstrém, K. 2005. Boar taint is
related to endocrine and anatomical changes at puberty but not to aggressive behaviour in entire male pigs.
Reproduction in Domestic Animals, 40: 500-506.



Zamaratskaia, G., Andersson, H.K., Chen, G., Andersson, K., Madej, A and Lundstrom, K. 2008a. Effect of a
Gonadotropin-releasing Hormone Vaccine (ImprovacTM) on Steroid Hormones, Boar Taint Compounds and
Performance in Entire Male Pigs. Reproduction in Domestic Animals, 43: 351-359.

Zamaratskaia, G., Rydhmer, L., Andersson, H. K., Chen, G., Lowagie, S., Andersson, K. and Lundstrém, K. 2008b.
Long-term effect of vaccination against gonadotropin-releasing hormone, using ImprovacTM, on hormonal
profile and behaviour of male pigs. Animal Reproduction Science, 108: 37-48.

Zamaratskaia, G., Zlabek, V., Chen, G. and Madej, A. 2009. Modulation of porcine cytochrome P450 enzyme
activities by surgical castration and immunocastration. Animal, 3 (8): 1124 —1132.

Zeng, X.Y., Turkstra, J.A., Jongbloed, A.W., van Diepen, J.Th.M., Meloen, R.H., Oonk, H.B., Guo, D.Z. and van
de Wiel, D.F.M. 2002. Performance and hormone levels of immunocastrated, surgically castrated and intact
male pigs fed ad libitum high- and lowenergy diets. Livestock Production Science, 77: 1-11.

Zoetiz, 2009a. http://www.improvac.co.nz/sites/improvac/en-NZ/Pages/technicalinformation.aspx#explanation
(2014-05-19).

Zoetiz, 2009b. How does IMPROVAC work? http://www.improvac.co.nz/sites/improvac/en-NZ/Pages/produc-
toverview.aspx (2013-11-05).


http://www.improvac.co.nz/sites/improvac/en-NZ/Pages/technicalinformation.aspx#explanation

Activity behaviour Start

Date _H_ Pen _H_ Pigs

Paus

Round  [Aggr

1 Jump

Contact

Long-last

Round  |Aggr

2 Jump

Contact

Long-last

Round  |Aggr

3 Jump

Contact

Long-last

Round |Aggr

4 Jump

Contact

Long-last

Round  |Aggr

5 Jump

Contact

Long-last

Figure XX. Protocol for activity behaviour observation.
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Figure XX. Protocol for scan sampling and skin lesions observation.
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