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Meta-analytical approach was used to quantitatively synthesize the effect of immunocastration on growth, carcass, meat quality,
reproductive organs and boar taint compounds. Altogether, 41 papers were collected for effect size (y) calculation and the
comparisons were made with entire males (EM) and surgical castrates (SC). The data for reproductive organs and growth
performance are numerous enough to draw firm conclusions. In contrast, data for carcass and meat quality are more limited.
Results of meta-analysis show efficient immunocastration with the magnitude of the response being by far the largest for
reproductive organs (y5 22.8 to 25.0) and boar taint substances (y5 22.8 and 20.8 for androstenone and skatole,
respectively). However, compared with SC, the immunocastrates exhibit larger bulbourethral glands (y5 1.3) and slightly higher
concentrations of androstenone and skatole (y5 0.1 and y5 0.2, respectively). The impact of immunocastration is also
remarkable on performance, where the main advantage of the immunocastrates is their boar-like performance until revaccination.
In the period following the second vaccination, they eat much more than EM (y5 2.1), resulting in large effect size for growth
rate compared with both EM and SC (y5 1.1 and y5 1.4, respectively). Considering the whole fattening period, their feed
conversion ratio is higher compared with EM (y5 0.6) and much lower than that of SC (y5 21.3), although exhibiting
moderately faster growth compared with both (y5 0.6 and y5 0.2, respectively). With regard to carcass quality, the
immunocastrates take intermediate position between EM and SC. Besides, our analysis suggests no difference in meat
quality with SC and some meat quality advantages of immunocastrates over EM because of higher intramuscular fat content
(y5 0.4) and lower shear force (y5 20.6).
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Implications

A meta-analysis of the literature data obtained from differ-
ent experimental conditions was performed to obtain a
quantitative synthesis of the responses to immunocastra-
tion. Boar taint compounds are significantly reduced in
immunocastrates, and yet remain slightly higher than that in
surgical castrates (SC). Immunocastrates are less efficient,
fatter but grow more rapidly and may have better meat
quality than entire males (EM). Compared with SC, they have
superior performance with no difference in meat quality. It is
more economical to fatten immunocastrates than SC; yet,
production costs and carcass quality are less favourable than
that of EM.

Introduction

Surgical castration of male piglets is a traditional practice
used to avoid boar taint, an unpleasant odour and flavour of
meat from entire male (EM) pigs that has been ascribed to
the presence of androstenone (Patterson, 1968) and skatole
(Vold, 1970; Walstra and Maarse, 1970). Androstenone is
a testicular steroid producing a urine-like smell, whereas
skatole has a faecal-like odour and is produced by bacteria
in the large intestine. Recently, the citizen concern on animal
welfare has been exerting increasing pressure on pig pro-
ducers to stop surgical castration without anaesthesia
because it is painful for the animal. A ban on surgical cas-
tration without pain relief is already enforced in Norway,
Switzerland and the Netherlands and is also under con-
sideration by the European Union. The alternatives currently- E-mail: meta.candek-potokar@kis.si
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under consideration include surgical castration with anaes-
thesia and/or analgesia, raising EM, sperm sexing and
immunocastration (attitude, practices and state of the art
regarding piglet castration in Europe; PIGCAS, 2009). The
latter method is a vaccination against the gonadotrophin-
releasing hormone (GnRH), which induces the formation of
specific antibodies that bind and neutralize GnRH, and thus
disrupt the hypothalamic–pituitary–gonadal axis. Early studies,
using experimental vaccines, demonstrated the effectiveness
of immunocastration to prevent sexual development and
occurrence of boar taint (Caraty and Bonneau, 1986; Falvo
et al., 1986; Awoniyi et al., 1988). The first commercial product
for immunocastration of male pigs (Improvac�R ) has been
released in Australia and New Zealand in 1998 and since then
has been registered in 53 countriesslt, including the European
Union in 2009. Although it is widely used in Australia, New
Zealand and Brazil, its use in Europe is still under intensive
testing in view of local conditions and consumer acceptability.
In addition to the effectiveness of immunocastration to prevent
sexual development and boar taint, the published studies
indicate better production performance (i.e. growth rate, feed
intake, feed efficiency and leanness) of immunocastrated pigs
compared with surgical castrates (SC; for review see Millet
et al., 2011). However, the results are not always consistent
and factors associated with the different studies can interfere
with the effect of immunocastration. Meta-analysis is a
research methodology to integrate and to quantify experi-
mental results of different origins. The aim of this study was to
assess the magnitude and heterogeneity of the effects of
immunocastration in pigs through a meta-analysis of currently
available research results, focussing on performance, carcass
characteristics, meat quality, reproductive organs and boar
taint substances.

Material and methods

Data collection
The search for articles was carried out using the bibliographic
databases Web of Science (http://www.isiwebofknowledge.
com/), CAB Direct (http://www.cabdirect.org/) and the
internet. Only studies published before July 2011 were con-
sidered. To be included in the meta-analysis, studies had to
be original research work reporting the mean and variability
(per treatment group or pooled) of the response traits.
Because of these conditions, many studies published only as
abstracts at congresses were not included. Pooled within-
study standard deviations were calculated from the reported
variabilities that were expressed in different ways (e.g.
standard error, standard error of mean, standard error of
difference, least significant difference). Calculations were
made according to Saville and Rowarth (2008). Only the
studies that provided the results for the treatment group
(immunocastrated males, IM) and at least one of the control
groups (EM and/or SC) were considered. When several
independent experiments were reported within an article,
they were considered as separate studies. When other
treatments were applied in addition to immunocastration

within a study (e.g. ractopamine, somatotrophin, different
stages of immunization, different adjuvants, different types
of the vaccine, different doses, different energy levels of
the diet, different vaccination protocols, different periods
between revaccination and slaughter; see Supplementary
Table S1), these treatments and their relevant controls were
also considered as separate studies. The complete database
thus consisted of 68 ‘experiments’ from 41 articles, involving
7288 pigs (n 5 3483 IM, n 5 1162 EM and n 5 2643 SC).
The meta-analysis was performed only for those traits for
which a sufficient number of studies (n > 5) was available,
with the exception of the weights of the belly, shoulder,
bulbourethral glands (n 5 4), seminal vesicle weight (n 5 3)
and shear force (n 5 2) in the comparison between immu-
nocastration treatment (IC) and SC. Growth rate, feed intake
and feed efficiency were considered for three periods: from
the first vaccination (V1) to the second vaccination (V2),
from V2 to slaughter (S) and for the overall fattening
(experimental) period (V1 to S). Carcass traits included
dressing percentage, longissimus dorsi (LD) muscle thick-
ness, subcutaneous backfat thickness, lean meat percentage
and weights of the carcass prime cuts (i.e. loin, ham, belly
and shoulder). The value of pH measured 24 h post mortem
(pH24), CIE colour measurements (L*, a*, b*), water holding
capacity assessed as drip loss, shear force and intramuscular
fat content were the meat quality traits considered in the
meta-analysis. Boar taint compounds included skatole and
androstenone levels in fat. Regarding reproductive organs,
the weights and lengths of testes and bulbourethral glands
and seminal vesicle weight were compared between IC and
EM, whereas IC and SC were compared only for bulboure-
thral gland and seminal vesicle weight.

Meta-analysis
The effect of the immunocastration on the studied traits was
evaluated using the effect size method (Borenstein et al.,
2007), which allows the comparison of two populations. For
each variable, the standardized effect size (y) was calculated
as the difference between the treatment (IC) and control
groups (EM or SC) divided by its pooled standard deviation
(s.d.). The effect size method requires information on intra-
study variability for the computation of a weighted mean,
with more weight given to studies with lower variation and
vice versa. The effect size was calculated according to a
random model, which assumes that the studies were drawn
from populations that differ from each other in ways that
could have an impact on the treatment effect (e.g. early or
late immunization, ractopamine or somatotrophin treat-
ment, energy level of the diet). The forest plot of effect sizes
for average daily gain (ADG) in the period V1 to S (compar-
ison between IC and EM) is given in Figure 1 to illustrate the
variation within a study and the weight given to each study.
The heterogeneity or between-studies variability was assessed
using Cochran’s Q x2 test. However, as the Q statistic does not
provide information on the extent of true heterogeneity (only
on its significance), the I2 statistic was calculated, which
denotes the percentage of the total variability, that is, due to
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between-studies variability (Higgins and Thompson, 2002). All
calculations were made according to Borenstein et al. (2007).
It should be mentioned that in some cases (e.g. shear force for
comparison IC to SC) the number of studies was very small,
which may represent a problem for estimating between-stu-
dies variance and consequently draw any firm conclusions.
However, in such cases, the effect size was insignificant and
therefore not considered and discussed.

Results

The importance of immunocastration effect with regard
to the studied traits
The magnitude of the effect of immunocastration is given in
Table 1 and this magnitude was different for different traits
of interest. The strongest impact (effect size ranging from
22.8 to 25.0) was observed for reproductive organs
and androstenone concentration (comparison IC v. EM). High
values for effect size (absolute value .0.8) were also
observed for certain traits of performance, whereas low
(absolute value ,0.4) to moderate effect sizes (absolute

value in the range of 0.4 to 0.8) were observed for carcass
and meat quality traits.

Performance
Effect sizes for ADG, daily feed intake (DFI) and feed con-
version ratio (FCR; Table 1) were derived from 29 references
(Supplementary Table S1) that dealt with the effect of the
immunocastration in comparison with SC or EM.

The comparison of IC and EM. There was no significant
difference in performance between IC and EM in the period
between the two vaccinations (V1 and V2). However, growth
rate tended to be greater in IC than in EM (P 5 0.058). After
the second vaccination (V2 to S), IC consumed more and
grew faster than EM. Considering the overall period (V1 to
S), consumed more and grew faster than EM but had a
higher FCR. The comparison of effect sizes between traits
demonstrates that the largest difference between IC and
EM pertains to the higher feed intake of IC after the second
vaccination. For illustration, the non-standardized (raw)
differences in performance traits between IC and EM are
given in Figure 2. In general, the heterogeneity of the results
as estimated by the Q statistic was significant (P , 0.10 for
DFI and for ADG in the period V1 to V2; P , 0.05 for the
other traits; data not shown). The I2, denoting the degree of
variability between studies, ranged from 40% to 90% (data
not shown). The heterogeneity of the results is also illustrated
in the forest plot for ADG in the period V1 to S (Figure 1).

The comparison of IC and SC. In the period (V1 to V2) before
the second vaccination, IC consumed and grew less, and had
a lower FCR than SC. After the second vaccination (V2 to S),
IC tended to have a higher feed intake and had a higher
growth rate and lower FCR than SC. Considering the overall
fattening period (V1 to S), IC consumed much less, grew
faster and had a lower FCR than SC. The comparison of effect
sizes between the traits shows that the biggest difference
between IC and SC pertains to the lower feed intake in the
period before immunization. The comparison of IC and SC is
further illustrated by the non-standardized differences
shown in Figure 2. The heterogeneity of the results of dif-
ferent studies was significant and high (I2 . 75%, data not
shown), except for daily gain for the overall fattening period
(I2 5 16%).

Carcass traits
Effect sizes for carcass traits (Table 1) were calculated on
data gathered from 30 studies (Supplementary Table S1). The
majority of studies dealt with dressing percentage, backfat
thickness and lean meat percentage. Studies reporting more
detailed data on carcass body composition or prime cuts
were scarce.

The comparison of IC and EM. Compared with EM, IC pigs
had a greater backfat thickness, resulting in lower carcass
lean meat percentage. Concerning the carcass prime cuts, IC
pigs were similar to EM, except for belly weight, which was
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Figure 1 Forest plot of immunocastration effect (comparison with entire
males) on average daily gain from the first vaccination to slaughter.
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higher in IC. The comparison of effect sizes between carcass
traits shows that the most important difference between IC
and EM concerns body fatness. Non-standardized trait
differences given in Figure 2 also illustrate this difference. In
general, the heterogeneity of the results of different studies
was significant, except for ham and belly weight, and the I2

ranged from 0% to 93% (data not shown).

The comparison of IC and SC. Compared with SC, dressing
percentage was lower for IC. In contrast, IC pigs were leaner
(lower backfat thickness and higher lean meat percentage).
Concerning the prime cuts, IC pigs had heavier ham and
shoulder weights (P 5 0.06) but lower belly weight

(P 5 0.07). The comparison of the effect size shows the
greatest impact on dressing percentage and shoulder
weight. The differences between IC and SC are further illu-
strated in Figure 2 for non-standardized traits. The hetero-
geneity among studies was significant and high (58% ,I2

,93%), except for LD muscle thickness (I2 5 31%; data not
shown).

Meat quality
Data for the calculation of effect sizes for pH24, CIE colour
measurements (i.e. L*, a*, b*), drip loss, shear force and
intramuscular fat content were obtained from 12 studies
(Supplementary Table S1) and results are presented in Table 1.

Table 1 Summary of meta-analysis (effect size) for IC compared with the SC or EM

IC to SC IC to EM

Trait n yi (CI) P-value n yi (CI) P-value

Daily gain
V1 to V2 19 20.58 (21.05, 20.10) 0.017 16 0.15 (20.16, 0.45) 0.343
V2 to S 21 1.38 (0.89, 1.86) 0.000 30 1.09 (0.53, 1.65) 0.000
V1 to S 26 0.22 (0.12, 0.33) 0.000 19 0.62 (0.14, 1.09) 0.011

DFI
V1 to V2 12 22.08 (22.87, 21.89) 0.000 9 0.37 (21.01, 0.75) 0.058
V2 to S 15 0.41 (20.06, 0.87) 0.089 25 2.08 (1.50, 2.67) 0.000
V1 to S 13 20.92 (21.43, 20.40) 0.000 11 1.29 (0.63, 1.94) 0.000

FCR
V1 to V2 10 21.12 (21.73, 20.51) 0.000 9 20.36 (21.18, 0.46) 0.391
V2 to S 13 21.18 (21.93, 20.43) 0.002 25 0.24 (20.20, 0.67) 0.283
V1 to S 13 21.33 (21.89, 20.76) 0.000 12 0.65 (0.26, 1.03) 0.001

Carcass traits
Dressing 20 20.86 (21.14, 20.59) 0.000 16 20.14 (20.16, 0.44) 0.353
Lean meat 24 0.46 (0.31, 0.61) 0.000 24 20.66 (20.93, 20.39) 0.000
Muscle LD thickness 11 20.08 (20.21, 0.05) 0.248 6 0.30 (20.06, 0.66) 0.105
Backfat thickness 28 20.56 (20.74, 20.36) 0.000 33 0.77 (0.47, 1.06) 0.000
Loin weight 5 20.22 (20.88, 0.45) 0.525 5 0.13 (20.47, 0.75) 0.669
Ham weight 7 0.54 (0.22, 0.86) 0.001 6 0.04 (20.17, 0.24) 0.723
Belly weight 4 20.72 (21.48, 0.04) 0.065 5 0.49 (0.27, 0.72) 0.000
Shoulder weight 4 0.84 (20.02, 1.70) 0.057 5 20.01 (20.43, 0.43) 0.983

Meat quality of LD
Ultimate pH 12 20.15 (20.44, 0.15) 0.341 10 20.16 (20.35, 0.03) 0.093
L* 6 0.47 (20.56, 1.49) 0.376 8 0.28 (20.03, 0.60) 0.076
a* 5 20.19 (20.57, 0.33) 0.608 8 0.03 (20.32, 0.39) 0.850
b* 5 20.06 (20.44, 0.33) 0.774 8 0.07 (20.24, 0.38) 0.648
Drip loss 7 0.10 (20.05, 0.24) 0.190 7 0.30 (0.05, 0.55) 0.019
Shear force 2 20.40 (21.06, 0.26) 0.231 5 20.56 (21.03, 20.10) 0.017
Intramuscular fat 9 20.27 (20.79, 0.26) 0.304 5 0.38 (0.17, 0.60) 0.001

Reproductive organs
Testis weight 39 24.21 (24.88, 23.55) 0.000
Testis length 8 22.84 (23.72, 21.96) 0.000
Bulbouretral gland weight 4 1.29 (0.56, 2.02) 0.001 10 23.55 (24.60, 22.51) 0.000
Bulbouretral gland length 12 23.59 (24.50, 22.68) 0.000
Seminal vesicle weight 3 0.26 (20.22, 0.74) 0.284 5 24.99 (27.51, 22.47) 0.000

Boar taint compounds
Androstenone 7 0.12 (20.00, 0.24) 0.053 23 22.80 (23.44, 22.15) 0.000
Skatole 6 0.18 (0.01, 0.35) 0.039 14 20.77 (20.98, 20.56) 0.000

IC 5 immunocastration treatment; SC 5 surgical castrates; EM 5 entire males.
yi 5 mean effect size calculated according to random effect model; CI 5 95% confidence interval; V1 5 first vaccination; V2 5 second vaccination; S 5 slaughter;
LD 5 longissimus dorsi muscle; L*a*b* are colorimetric parameters.
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The comparison of IC and EM. The higher drip loss observed
for IC compared with EM is consistent with the slightly lower
pH24 and higher L* values (P , 0.10). In contrast, intra-
muscular fat content was higher and shear force was lower
in IC than in EM. Regarding meat quality traits, the largest
effect size was observed for shear force. The heterogeneity
of studies was mostly insignificant and moderate (I2 , 55%;
data not shown).

The comparison of IC and SC. Differences between IC and
SC were not significant for any of the meat quality traits. The
heterogeneity of studies was significant for pH24, colour
values L*, a* and intramuscular fat, with I2 varying from
12% to 96% (data not shown).

Reproductive organs and boar taint compounds
Studies addressing the development of reproductive organs
were the most abundant (Supplementary Table S1). Among 41
investigated studies, 26 reported reproductive organ size or
weight, mostly testes weight, whereas 15 studies presented
data for the concentration of boar taint compounds (Table 1).

The comparison of IC and EM. Effect size for the weights of
testes and accessory sex glands indicated drastic regression
of reproductive organs in IC pigs. The most marked effect
was noted for the seminal vesicle, followed by testis and
the bulbourethral gland, as also confirmed by the non-
standardized differences that indicated a 87%, 65% and
66% weight reduction for the respective organs. Because of
immunocastration, levels of androstenone and skatole were
also strongly reduced. However, the impact was more
important for androstenone than for skatole. The hetero-
geneity of the results from different studies was significant

and high for reproductive organs and androstenone con-
centration (I2 . 90%) and low for skatole concentration
(I2 , 40%; data not shown).

The comparison of IC and SC. With regard to the accessory
sex glands, the comparison of IC and SC indicated a strong
effect size for the bulbourethral gland, but not for the
seminal vesicles. Although the effect sizes for androstenone
and skatole concentrations were small (0.12 and 0.18,
respectively), they were significant (P 5 0.05 and P 5 0.04,
respectively). The heterogeneity of data was low (I2 , 40%)
for both substances (data not shown).

Discussion

Immunocastration is a new, alternative technique to control
boar taint. As indicated by the review of Millet et al. (2011),
immunocastration alters animal performance, but the results
are not always consistent. This is why we carried out a
quantitative analysis of available results, using all relevant
published information to date, in order to compare and
quantify the importance of the effects for different traits.

Performance
Before the second vaccination, IC appeared to be (physio-
logically) similar to EM, with mostly no difference in perfor-
mance. However, feed intake tended to be higher in IC than
in EM. This could be explained with an early response to the
vaccination. Indeed, Turkstra et al. (2002) observed that in
some pigs (qualified as early responders), LH and testoster-
one levels were reduced after V1. After the second vacci-
nation, IC produce a large quantity of antibodies, sufficient
for the neutralization of all secreted GnRH. Within 5 days, LH
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and steroid secretions are suppressed and the metabolism
adapts in 7 days (Claus et al., 2007). As a result, major
performance changes occur in IC after V2. The largest effect
is a drastic increase in feed intake compared with EM, in
relation with the sharp reduction in the production of
androgens and oestrogens, which are known to negatively
affect feed intake (Claus and Weiler, 1987). Cronin et al.
(2003) observed that IC had spent more time eating after V2,
possibly in relation with their reduced sociosexual behaviour.

Our analysis shows that feed intake after V2 is also
slightly higher in IC compared with SC. A possible explana-
tion for this effect pertains with leptin. Because IC pigs are
leaner than SC at the time of V2, they may have lower cir-
culating levels of leptin (Ramsay et al., 1998), which is
known to be an inhibitor of feed intake (Houseknecht et al.,
1998; Ramsay, 1999). The faster growth of IC compared with
SC results to a small extent not only from the increased
intake, but also, and mostly, from a much better feed effi-
ciency demonstrated by the lower FCR. It could be hypo-
thesized that the better feed efficiency of IC relative to SC
results from the fact that immunocastration does not impair
growth hormone (GH) secretion compared with EM, whereas
it is much lower in SC (Metz and Claus, 2003). However, the
secretion of IGF1, which is the real active hormone mediat-
ing the effect of GH on growth and feed efficiency, is
impaired in IC relative to EM (Metz and Claus, 2003; Brunius
et al., 2011). Compared with SC, IGF1 levels of IC were found
similar (Metz and Claus, 2003) or higher (Brunius et al., 2011).
It can be argued, however, that because circulating IGF1 has a
long half-life (Claus et al., 2007) and because high feed intake
stimulates IGF1 secretion (Bauer et al., 2008), IGF1 decreases
only slowly after the second vaccination is fully effective, which
occurs only 1 week after the second injection (Claus et al.,
2007). Therefore, there is a transient period after the second
vaccination when the IC still benefits from higher IGF1 levels,
resulting in better feed efficiency and higher feed intake, and
thus resulting in faster growth.

Overall for the whole fattening period (V1 to S), IC are
much more efficient than SC (because they behave like EM
before the second vaccination and also some time after) but
less efficient than EM because they are slaughtered much
after the transient period is finished, when IC behave more
or less like EM.

Carcass traits
Dressing percentage of EM is usually slightly lower than that
of barrows or gilts (Babol and Squires, 1995), mostly
because of the weight of the genital tract. In that respect, IC
seem to differ from SC, but not from EM. Although the total
weight of the reproductive organs is lower in IC compared
with EM, it is still higher than that in SC because the testes
are still present and the accessory sex glands have not
regressed to the same extent as in SC. Moreover, there are
other factors that can explain impaired dressing percentage
in IC, such as increased abdominal fat (Škrlep et al., 2010a
and 2010b) and higher weights of intestinal tract, kidneys
and liver (Pauly et al., 2009; Gispert et al., 2010).

As discussed above, the hormonal status of the IC is
similar to that of the EM for most of the fattening period,
except for the last few weeks before slaughter, when the
transient period after the second vaccination is finished. This
is why lean content in IC is intermediate between those in
EM and SC. As could be expected, backfat thickness in IC
increases with the time between V2 and slaughter (Lealii-
fano et al., 2011). IC submitted to an early vaccination
schedule (Falvo et al., 1986) or exhibiting a response after
the first vaccination (early responders described by Turkstra
et al., 2002) may actually be fatter than SC.

The heavier belly weight in IC than in EM is consistent
with the higher fat content of the carcass. The higher ham
and shoulder weights and the lower belly weight in IC
compared with SC can be ascribed to the fact that muscles of
the fore and hind limbs develop earlier in life than muscles of
posture (e.g. loin, belly muscles) and may be less affected by
the reduced anabolic potential after immunocastration
(Pauly et al., 2009).

Meat quality
The synthesis of published data on meat quality as affected
by the immunocastration shows that IC do not differ from
SC, whereas IC present some advantages over EM, namely
higher intramuscular fat content and lower shear force.
Higher intramuscular fat content has been a consistent
finding in all five studies and could partly explain the lower
shear force (van Laack et al., 2001). Another possible
explanation pertains with the much increased growth rate in
the weeks before slaughter, resulting in enhanced protein
turnover in vivo, and hence increased proteolysis post mor-
tem (Therkildsen et al., 2004; Lametsch et al., 2006). Com-
pensatory growth has been proposed to have a positive
effect on pork tenderness (Kristensen et al., 2002).

However, IC also have some disadvantages compared
with EM, including a higher drip loss, which is consistent
with a tendency for lower ultimate pH and higher L value.
The lower ultimate pH is consistent with the reduced
aggressive behaviour and physical activity of IC (Cronin
et al., 2003). Increased activity in EM is indeed known to result
in higher ultimate pH (Sather et al., 1995) because muscle
glycogen is depleted to a greater extent before slaughter.

Because of the limited number of available data, more
studies are needed to confirm the positive influence of
immunocastration on meat quality.

Reproductive organs and boar taint compounds
Immunocastration results in a dramatic regression of the
genital tract. This has been shown in all studies, despite the
high heterogeneity between studies because of variation in
vaccination protocols. The effects on reproductive organs are
indeed larger for early vaccination than for late vaccination.
The meta-analysis shows that the largest reduction is
observed for seminal vesicle weight, which supports the
suggestion of Bonneau (2010) to use this as a diagnostic tool
to assess the success of immunization at slaughter. This
outcome can be related to their anatomical structure of
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liquid-containing vesicles, which can be quickly resorbed.
The other accessory glands and testes have a more firm
structure and thicker walls and they take more time to
regress (Bonneau, 2010). This can also explain why bul-
bourethral glands are larger in IC than in SC, whereas no
difference is observed for seminal vesicles. Regression of the
reproductive tract is consistent with loss of functional activity
as shown by histological observations (Falvo et al., 1986;
Grizzle et al., 1987; Awoniyi et al., 1988). Immunocastration
reduces the mean diameter of the seminiferous tubules, the
number of spermatogonia and spermatocytes, induces atrophy
of the Leydig and reduces the weight of gland tissues and
secretory products of accessory sexual glands. These changes
were shown to be dependent on the time of immunization
(Einarsson et al., 2011; Kubale et al., 2011).

The impairment of testis functionality is also apparent
from the reduction of boar taint compounds. These are
reduced substantially in IC as compared with EM, although
the elimination is not fully complete, as shown by the small
but significant differences between IC and SC for both ska-
tole and androstenone. A first possible explanation could be
that in some studies, the relatively short time between V2
and slaughter was insufficient for complete elimination of
androstenone and skatole from the fat depots. This is,
however, unlikely because the half-life of these compounds
in fat is short (Claus, 1976; Bonneau et al., 1982; Friis, 1993)
compared with the time interval between full effectiveness
of the second vaccination and slaughter. Another explana-
tion is that some animals do not react to the vaccination, or
have not been correctly vaccinated. The so-called non-
responders have been identified by Zeng et al. (2002a), Jaros
et al. (2005) and Hilbe et al. (2006).
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Potokar M 2011. Dynamic effect of a gonadotropin-releasing hormone vaccine
(Improvac�R ) on morphology of testes and male reproductive accessory glands:
bulbourethral gland, prostate and vesicular gland in pig fatteners. Slovenian
Veterinary Research 48 (suppl. 13), 203–206.

Kim YH, Jung HJ, Lee SD, Ji SY, Park JC and Moon HK 2007. Effects of
immunocastration on physiological changes, the characteristic of carcass and
meat quality in boars. Journal of Animal Science & Technology (Korean) 49,
753–760.

Kristensen L, Therkildsen M, Riis BM, Sorensen MT, Oksbjerg N, Purslow P and
Ertbjerg P 2002. Dietary induced changes of muscle growth rate in pigs: effects
on in vivo and post-mortem muscle proteolysis and meat quality. Journal of
Animal Science 80, 2862–2871.

Lametsch R, Kristensen L, Larsen MR, Therkildsen M, Oksbjerg N and Ertbjerg P
2006. Changes in the muscle proteome after compensatory growth in pigs.
Journal of Animal Science 84, 918–924.

Lealiifano AK, Pluske JR, Nicholls RR, Dunshea FR, Campbell RG, Hennessy DP,
Miller DW, Hansen CF and Mullan BP 2011. Reducing the length of time
between harvest and the secondary gonadotropin-releasing factor immuniza-
tion improves growth performance and clears boar taint compounds in male
finishing pigs. Journal of Animal Science 89, 2782–2792.

McCauley I, Watt M, Suster D, Kerton DJ, Oliver WT, Harrell RJ and Dunshea FR
2003. A GnRH vaccine (Improvac�R ) and porcine somatotropin (Reporcin�R )
have sinergistic effect upon growth performance in both boars and gilts.
Australian Journal of Agricultural Research 54, 11–20.

Medina S, Castaneda E, Brana D and Cuaron J 2008. Effects of vaccine against
gonadotropin releasing factor (GNRF) on intact male pig production. Retrieved
July 26, 2011, from http://www.pigprogress.net/public//Effects_of_a_vaccine_
against_gonadotropin_releasing_factor_%28GnRF%29_on_intact_male_pig_
production.pdf.

Meloen RH, Turkstra JA, Lankhof H, Puijk WC, Schaaper WMM, Dijkstra G,
Wensing CJG and Oonk RB 1994. Efficient immunocastration of male piglets by
immunoneutralization of GnRH using a new GnRH-like peptide. Vaccine 12,
741–746.

Metz C and Claus R 2003. Active immunization of boars against GnRH does not
affect growth hormone but lowers IGF-1 in plasma. Livestock Production
Science 81, 129–137.

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 Production Science 74,
147–157.

Millet S, Gielkens K, De Brabander D and Janssens GPJ 2011. Considerations on
the performance of immunocastrated male pigs. Animal 5, 1119–1123.

Moore KL, Dunshea FR, Mullan BP, Hennessy DP and D’Souza DN 2009.
Rectopamine supplementation increases lean deposition in entire and
immunocastrated male pigs. Animal Production Science 49, 1113–1119.

Morales J, Gispert M, Hortos M, Pérez J, Suárez P and Piñeiro C 2010. Evaluation
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