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Anna-Katharina Albrecht (2011) 

Growth performance, carcass characteristics, meat quality and behaviour of 

ImprovacTM-treated male pigs in comparison with intact boars and barrows 

 

General Introduction 

 

The castration of male livestock animals is common practice in most European 

countries and was traditionally motivated by the demand for high fat deposition in 

animals reared for meat production and for the easier control of their behaviour after 

reaching puberty. Furthermore, the rearing of male pigs is associated with the 

development of boar taint, the unpleasant sex odour which most consumers object to 

(Font i Furnols et al., 2008; Huber-Eicher and Spring, 2008). Consequently, 

approximately 100 million male pigs are currently castrated each year within the 

European Union (EFSA, 2004). For practical reasons and in order to minimise the 

costs, castration is usually performed without anaesthesia and analgesia. Nowadays, 

the demand for low production costs and fat contents of the carcass as well as an 

increasing public awareness of animal welfare issues, has forced the pig industry to 

reconsider its traditional approach and to introduce alternatives to this painful 

procedure. In November 2010 a European declaration on piglet castration, initiated 

by the European Commission and the Belgian Presidency, was executed, suggesting 

to abandon surgical castration by 1 January 2018 and to consider possible 

alternatives. One approach uses active immunisation against the hypothalamic 

hormone GnRH (ImprovacTM, Pfizer Animal Health). The blocking of GnRH by 

antibodies results in reduced secretion of testicular hormones which greatly 

contribute to the development of boar taint (Claus et al., 1994). This method is 

considered to cause no more pain than other routine injection and thus meets the 

public’s demand for a more animal-friendly castration technique. 

The aim of this study was to assess the effects of vaccination against boar taint on 

growth performance, carcass characteristics and meat quality in male pigs raised 

under German field condition. In order to address the demand for increased animal 



 

 
2 

welfare the agonistic and mounting behaviour of vaccinated pigs reared in groups 

was examined and compared with the behaviour of intact boars and barrows. 
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Literature review 
 

Over the last couple of years a large variety of alternative methods to surgical 

castration without anaesthesia has been presented. This development is mainly due 

to an increase in scientific knowledge on the physiology of pain in young animals, an 

increase in the public awareness and concerns regarding the castration procedure 

and as a consequence an increase in the demand for a more animal-friendly 

castration technique and more animal welfare. The conventional procedure, i.e. 

surgical castration without anaesthesia and analgesia, has been common practice in 

most European countries over the last centuries. The EU countries alone produce 

about 250 million slaughter pigs each year (EFSA, 2004). Castration, as a means of 

preventing boar taint and aggressive behaviour, is performed on 77% of male pigs 

(Fredriksen et al., 2009). Growing public concerns regarding animal welfare and 

changing legal requirements have forced governments and the pig industry to 

reconsider the traditional approach and to reinforce the effort to introduce alternative 

methods. 

 

A more detailed synopsis of vaccination against boar taint is presented in the 

following, subsequent to a short review of the literature dealing with the alternative 

methods. 

 
Alternative methods to surgical castration without anaesthesia/analgesia 
 

A large number of alternative methods has been presented over the last couple of 

years. Most of these, however, are far from being implemented in commercial pig 

production, either due to the number of disadvantages or because the methodology 

is not yet so far advanced that commercial use is possible. In the following the 

advantages and disadvantages of the different methods will be summarized shortly 

on the basis of the following sources: Baumgartner, 2008; Sachstandsanalyse DGfZ, 

2008; Waldmann, 2007; Giersing et al., 2005; EFSA, 2004.  
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Surgical methods of castration 

The use of icing spray and/or the postoperative use of analgesics would be the most 

easily implemented strategies, however intraoperative pain is not sufficiently (in the 

case of icing spray) or not entirely (postoperative analgesics) reduced. The latter 

strategy is however being used in some countries, including Germany, as an interim 

solution until a long-term strategy becomes available. Castration in combination with 

local anaesthesia, as has been practiced in Norway for the last couple of years, has 

the advantages of relatively low costs and a sufficient reduction in pain during the 

procedure, if administered properly. Some authors, however, suggest that the 

injection itself is likely to cause pain and that postoperative pain is uninfluenced. 

Castration under general anaesthesia has been suggested as a good medium-term 

alternative in some countries. However, this only accounts for inhalation anaesthesia, 

since injection of anaesthetics has been regarded as unrealistic because it would be 

far too expensive (veterinarian, time, costs of the drug) and piglet losses would be 

higher compared to the conventional procedure (long sedation, crushing of piglets, 

side effects of anaesthesia). CO2/O2 anaesthesia has the advantage of being 

cheaper than anaesthesia with isoflurane, but on the other hand, if not carried out 

properly, is likely to be insufficient in pain reduction intra operationem. Excitations are 

common, and postoperative pain would be uninfluenced. Isoflurane anaesthesia 

would be even more expensive (technical equipment, gas) than CO2/O2, however, 

sufficient depth of anaesthesia is more easily achieved. It certainly has to be 

considered that isoflurane is a very potential anaesthetic gas and ozone-depleting 

substance and that the safety of the employees as well as potential environmental 

pollution have to be taken into consideration. Regardless of the anaesthesia method 

used, additional use of an analgesic would certainly be necessary to minimise 

postoperative pain. This is an additional cost factor for all the methods mentioned. 

 

Non-surgical methods of castration 

One of the easiest ways to neutralise fertility would be the use of substances which 

lead to the local destruction of testicular tissue. These substances (formaldehyde, 

acetic acid, silver salt, zinc salt) often lead to swellings and inflammation, which are 
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indicative of pain. The use of exogenous hormones provides no alternative to 

conventional castration in EU countries since it would not be accepted by the 

consumer. Sperm sexing and the raising of female pigs only would certainly be a 

good alternative. However, this method is far from being implemented at present. 

More promising are the vaccination against boar taint and the raising of entire males. 

The effects of raising entire males are still rather theoretical and the assessments of 

this strategy vary largely among the studies published so far. A lot depends on the 

extent of changes necessary in feeding and management strategies in order to 

account for the nutrient requirements of boars for sufficient growth and fat 

composition, aggressive behaviour and the reduction in the occurrence of boar taint. 

In addition, a method for the easy detection of tainted meat at the slaughter line 

would be necessary. If these possible drawbacks could be minimised or eliminated, 

the better feed conversion ratio could result in a potential return on investment and 

make raising of entire males a favourable long-term solution.  

 

Vaccination against boar taint 
 

Castration via vaccination can either be directed against the pituitary hormone LH or 

the hypothalamic hormone GnRH. Both approaches usually use active immunisation, 

although passive immunisation is also possible, however, it has proven to be less 

effective (Van der Lende et al., 1993). Falvo et al. (1986) compared the vaccination 

of boars with LH and GnRH vaccines and came to the conclusion that LH vaccination 

was less effective when compared with immunisation against GnRH. In the interest of 

completeness, it should be mentioned that vaccination against 5α-Androstenone is 

also possible, but has also proven to be less effective (Williamson et al., 1982). Over 

the last 30 years a large number of GnRH vaccines has been subjected to various 

studies as reviewed by Prunier et al. (2009). In modern production systems only a 

vaccine with manageable labour costs and good tolerance can prevail. Modern anti-

GnRH vaccines use tolerable adjuvants and only two injections. With these vaccines 

two possible vaccination schedules exist, early and late vaccination. Studies 

conducted by Turkstra et al. (2002) and Zeng et al. (2002) used a vaccine which is 

administered relatively early during the pig’s life. These vaccines hold the advantage 
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of easier detection of successfully vaccinated animals at the slaughter line. The 

production advantages of entire male boars, however, were diminished in those pigs 

and the vaccinated animals showed a growth performance and carcass 

characteristics comparable to those of barrows. 

The most recognised late-vaccination product is ImprovacTM (Pfizer Animal Health) 

ImprovacTM has been licensed for commercial use in the European Union since 2009 

and was subject of the present study. Therefore, in the following only studies are 

mentioned in which the effects of ImprovacTM have been examined. This review in 

particular focuses on the effects of ImprovacTM on growth performance, carcass 

characteristics and meat quality, blood testosterone concentrations and 

behaviour since these parameters were examined in the present study. Additionally, 

short insight is provided into the effects of using ImprovacTM on the major boar taint 

compounds androstenone and skatole, testes size, the consumer’s 

acceptability of meat from ImprovacTM-treated pigs and the economic implications 

of using ImprovacTM in modern pig production. 

In the interests of completeness, it should be mentioned that castration via 

vaccination is not only used in male pigs but in a large variety of mammals (all 

species: Ferro et al., 2004; Thompson, 2000; cattle: Ribeiro et al., 2004; Bonneau 

and Enright, 1995; ram lambs: Ülker et al., 2002, 2005; goat bucks: Godfrey et al., 

1996). In all of these species, the purposes of vaccination are more or less the same: 

The improvement of meat and carcass characteristics, a reduction in male 

aggressive behaviour, reduction in male-associated odour (esp. swine and goat), and 

in the case of pet species, the neutralisation of fertility. 

Immunisation against GnRH has also been tried (Robins et al., 2004; Zeng et al., 

2002b) in females but only plays a tangential role and is not mentioned further. 

 

 

Effects of using ImprovacTM on growth performance 
 

Most authors agree that treatment with ImprovacTM has no effect on growth 

performance before the second vaccination (V2) is administered and that these pigs 

perform comparable to intact boars during the first part of the fattening period, i.e. 
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before V2 (Skrlep et al., 2010; Pauly et al., 2009; Cronin et al., 2003; Dunshea et al., 

2001). Body weight and average daily weight gain (ADG) seem to be at comparable 

levels for ImprovacTM-treated pigs, boars and barrows until V2 (Skrlep et al., 2010; 

Hemonic et al., 2009; Cronin et al., 2003; Dunshea et al., 2001), whereas the feed 

intake (FI) in barrows is higher when compared with the other groups (Skrlep et 

al.,2010; Pauly et al., 2009; Hemonic et al., 2009; Cronin et al., 2003; Dunshea et al., 

2001). Hemonic et al. (2009) and Cronin et al. (2003) report lower average daily feed 

intake (ADFI) in ImprovacTM-treated pigs when compared to surgically castrated pigs 

during the first part of the fattening period. From literature it is well known that entire 

males show lower voluntary ADFI than surgical castrates (Cronin et al., 2003). Cronin 

et al.(2003) and Dunshea et al. (2001) argue that this lower ADFI results from the 

fact that entire males allocate more of their active time to social behaviour and spend 

less time feeding whereas Weiler et al. (1996) found a negative correlation for 

voluntary ADFI and testosterone levels in the blood. ImprovacTM-treated pigs can be 

regarded as entire males until the second vaccination is given (Pauly et al., 2009; 

Dunshea et al. 2001). Despite the lower voluntary ADFI in ImprovacTM-treated pigs, 

average daily gain (ADG) and body weight (BW) are comparable to those of surgical 

castrates until the time point of the second vaccination (Skrlep et al., 2010; Hemonic 

et al., 2009; Pauly et al., 2009; Jaros et al., 2005; Cronin et al., 2003; Dunshea et al., 

2001) . This results from the anabolic effect of the male steroid hormones, which are 

at comparable levels in ImprovacTM-treated males and intact boars before V2 (see 

below). After V2, however, ImprovacTM-treated pigs increase their voluntary ADFI to 

levels comparable to barrows or even higher (Fabrega et al., 2010; Rikard-Bell et al., 

2009;  Hemonic et al., 2009; Oliver et al., 2003; Cronin et al., 2003; Dunshea et al., 

2001). Skrlep et al.(2010) and Pauly et al. (2009) found that although ADFI increases 

after V2, ImprovacTM-treated male pigs do not reach the levels of surgical castrates 

but consume more feed that intact males of the same age. This increase in ADFI 

results from a change in the hormonal profile of vaccinated pigs as well as a change 

in the pigs’ behaviour (Cronin et al., 2003; Dunshea et al., 2001). Cronin et al. (2003) 

found that intact males spend less time feeding than surgical castrates and 

vaccinated pigs after V2. Additionally, ImprovacTM-treated pigs after V2 alter their 
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behaviour and spend less time on social, especially aggressive and sexual 

behaviour. As a consequence ImprovacTM-treated pigs reveal higher ADG. Dunshea 

et al. (2001) came to the conclusion that the higher ADG in vaccinates compared to 

barrows is a result of this increase in ADFI in combination with the more barrow-like 

behaviour rather than a better feed conversion ratio (FCR). 

 

Effects of using ImprovacTM on carcass characteristics and meat quality 
 

Intact males are known to have lower carcass weight and dressing percentage that 

barrows (Gispert et al., 2010; Turkstra et al., 2002; Zeng et al., 2002). Most authors 

found intermediate values for vaccinated animals for both parameters (Gispert et al., 

2010; Dunshea et al., 2001). Gispert et al. (2010) and Dunshea et al. (2001) explain 

these lower values in ImprovacTM-treated pigs with the higher gut fill and the removal 

of the testes. Another effect of vaccination against boar taint is the increase in lean 

meat percentage comparative to surgical castrates (Fabrega et al., 2010; Pauly et al., 

2009; Zamaratskaia et al., 2008; Jaros et al., 2005; D’Souza et al., 2000). Along with 

this increase in lean meat percentage comes a reduction in intramuscular fat content 

(Pauly et al., 2009) and backfat thickness in vaccinated animals, which show 

intermediate values when compared to entire males and surgical castrates (Gispert 

et al., 2010; Pauly et al., 2009; Fuchs et al., 2009; Schmoll et al., 2009; D’Souza et 

al., 2003). The proportion of the ham, as analysed by Gispert et al. (2010) and Pauly 

et al.(2009), and the proportion of the loin (Pauly et al., 2009) revealed higher values 

for entire males when compared to surgical castrates, with ImprovacTM-treated males 

in between. Meat quality seems not to be affected by vaccination (Gispert et al., 

2010; Pauly et al.,2009; D’Souza et al.,2000). The compensatory growth and the 

reduction in intramuscular fat content were expected to be detrimental to meat quality 

parameters such as tenderness and juiciness. The study conducted by Pauly at al. 

(2009), however, found no evidence for reduced tenderness and drip loss in pork 

from immunised males. Additionally, Dunshea et al. (2001) found that, independent 

of the period of time between V2 and slaughter, immunised pigs that were 

slaughtered with 23 weeks of age had dressing percentages comparable to those of 

intact boars, whereas slaughter at an advanced age (26 weeks) revealed higher 
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values for intact boars compared to immunised pigs. Lealiifano et al. (2009) found 

that the timing of V2 had a great influence on many carcass characteristics. Those 

pigs which received the second ImprovacTM-injection four to six weeks prior to 

slaughter showed carcass values similar to surgical castrates, whereas pigs give a 

late vaccination, i.e. two weeks before slaughter maintained many of the 

performance advantages of intact boars. Rikard-Bell et al. (2003) state that the 

increase in ADFI in vaccinates after V2 results in a great deal of that additional 

energy being converted into fat rather than muscle growth. They further found that 

combination of ImprovacTM-treatment and ractopamine had additive effects not only 

on growth performance but that carcass composition was positively influenced, since 

ractopamine is a stimulator of adipose tissue fat mobilisation. ImprovacTM-treated 

pigs which received vaccination as well as ractopamine supplementation revealed an 

increase in carcass weight and lean meat percentage, whereas half carcass fat mass 

and backfat thickness at P2 had decreased. Similar effects were reported by Oliver et 

al. (2003), who analysed the effects of vaccination against boar taint in combination 

with porcine somatotropin (pST). 

 

Effects of using ImprovacTM on testosterone levels in the blood 
 

Testosterone levels in the blood seem to follow a similar pattern to androstenone 

concentrations in the adipose tissue (Lealiifano et al., 2009). Until V2, testosterone 

levels in the blood of vaccinated pigs are comparable to those of entire male pigs 

(Zamaratskaia et al. 2008, 2007; Dunshea et al., 2001), which show increasing 

concentrations with age. Surgical castrates, on the contrary, show testosterone 

concentrations below the detection limit (Zamaratskaia et al., 2008). Immunised pigs 

reveal a significant decrease in the blood testosterone concentration after V2 

(Zamaratskaia et al., 2007; Dunshea et al., 2001). At slaughter, immunised pigs 

regularly display testosterone concentrations comparable with surgical castrates, i.e. 

at very low levels or below detection limit (Hemonic et al., 2009; Zamaratskaia et al. 

2008; Dunshea et al., 2001). Only few studies have focused on the long-term effects 

of ImprovacTM-vaccination. Zamaratskaia et al. (2007) found that the effects of 
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Improvac on hormonal profile lasted until at least 22 weeks after V2, at which time 

testosterone levels in immunised pigs were still at lower levels than in entire boars. 

 

Effects of using ImprovacTM on behaviour and animal welfare 

 

The results on the behavioural consequences of vaccination against boar taint are 

very consistent, although only few studies have so far examined the effects of 

ImprovacTM on behaviour, especially aggressive and sexual behaviour. Most authors 

agree, that entire males and immunised males spend more time on social and active 

behaviour (as indicated by the number of standing, walking or eating pigs) than 

surgical castrates in the period before V2 (Baumgartner et al., 2010; Zamaratskaia et 

al., 2007; Velarde et al., 2007; Cronin et al., 2003). After V2, immunised males alter 

their behaviour significantly and perform social and active behaviour at comparable 

levels with surgical castrates or females and differ significantly from intact boars 

(Rydhmer et al., 2010; Baumgartner et al., 2010; Fabrega et al., 2010; Cronin et al., 

2003). The reduction in active behaviour is also associated with a reduction in 

aggressive, mounting and sexual behaviour. Whereas immunised pigs before V2 

perform aggressive and mounting behaviour at levels comparable with intact males 

and at much higher levels than surgical castrates, the second ImprovacTM-

administration leads to a significant decrease in these behavioural traits (Rydhmer, 

Baumgartner, Fabrega, Cronin). Doubly immunised males show fighting and 

mounting activities comparable to surgical castrates or females whereas intact males 

usually remain at much higher levels. The study conducted by Rydhmer et al. (2010) 

compared two groups of immunised pigs, vaccinated two weeks apart. Videotaping 

was carried out only one week after vaccination of the latter group. Surprisingly, no 

differences in the behaviour between these two groups were found, indicating that 

the behavioural changes become obvious very shortly after V2. On the other hand, a 

study conducted by Zamaratskaia et al. (2008), examining the long-term effects of 

vaccination, revealed that these changes last up to 21 weeks after V2.  

This reduction in aggressive and mounting behaviour further results in fewer skin 

lesions in immunised pigs in comparison to intact boars at slaughter (Rydhmer 
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Fabrega). Rydhmer et al. (2010) state that most of the skin lesions found in intact 

boars at slaughter result from mounting rather than fighting activities. In addition the 

authors suggest that high level of mounting activities can be associated with leg 

problems (Rydhmer et al., 2006).  

Aggressive and sexual behaviour are important indicators of animal welfare since 

high levels of aggression and mounting behaviour impose stress, fear and injury not 

only on the receiver but on all pigs in the pen (Rydhmer et al., 2006). Animal welfare 

consequences of surgical castration and its alternatives have further been reviewed 

by Prunier et al. (2009) and Borrell et al. (2009). Both authors come to the conclusion 

that vaccination against boar taint offers a good alternative to surgical castration 

since not only the pain and discomfort associated with the procedure are avoided but 

fighting behaviour is reduced after V2.   

 

Effects of using ImprovacTM on the boar taint compounds androstenone and 

skatole, testes size, consumer’s acceptability and economic implications 

 

The effects of vaccination against boar taint have been evaluated by many studies 

since boar taint has been the major reason for castration in the past. Extensive 

studies as reviewed by Xue et al. (2007) and Stefan Guizot (2009) have identified 

androstenone and skatole as major contributors to boar taint. Numerous studies have 

proven that ImprovacTM is very effective in reducing boar taint (Fuchs et al., 2009; 

Zamaratskaia et al., 2008; Jaros et al.,2005; McCauley et al., 2003; Cronin et al., 

2003; Dunshea et al., 2001), since androstenone and skatole are reliably 

metabolized in the period after V2 (Skrlep et al., 2010; Hemonic et al., 2009; 

Lealiifano et al., 2009; Jaros et al., 2005). Lealiifano et al. (2009) further found that 

even pigs slaughtered only two weeks after V2 show androstenone and skatole 

levels comparable to barrows and well below threshold limits. Along with the 

reduction in the concentration of male steroid hormones comes a reduction in the 

size of the reproductive organs (Gispert et al., 2010; Skrlep et al., 2010; Fuchs et al., 

2009b; Hemonic et al., 2009; Einarsson et al., 2009). Some authors suggested using 

the size of the testicles as an indicator of successful vaccination (Dunshea et al., 
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2001). But since not only the genetic background and the age at slaughter influence 

testicle size (Prunier et al., 1987) but also the time between V2 and slaughter 

(Lealiifano et al., 2009) a reliable detection of tainted pork by testes size alone seems 

impossible (Lealiifano et al., 2009; Pauly et al., 2009; Fuchs et al., 2009; Schmoll et 

al., 2009).  

The major reason for the close examination of boar taint and the importance of 

detecting tainted meat at the slaughter line are the potential of such tainted meat to 

cause taste and smell aberrations in heated pork which most consumers strongly 

object to (Font I Furnols et al., 2008, Huber-Eicher and Spring, 2008). Surveys 

conducted in order to gain knowledge on the acceptance of tainted meat on the one 

hand, and meat from immunised males, on the other, have been carried out in many 

countries (Huber-Eicher and Spring, 2008; Font I Furnols et al., 2008, 2003; Hofer 

and Kupper, 2008, Giffin et al., 2008; Allison, 2008; Lagerkvist et al. 2006; Bonneau 

et al., 2000). The acceptance of tainted meat is very poor in most European countries 

(Bonneau et al., 2000) although differences exist. These differences in the 

consumers’ acceptability can be due to different cooking and evaluation methods 

(Agerhem and Tornberg, 1995; Wood et al., 1995) as well as to the consumers’ 

origins, ages, sex or androstenone sensitivities (Font I Furnols et al., 2003; Weiler et 

al., 2000). The acceptance of meat from immunised pigs differ among the studies. 

Font I Furnols et al. (2008) found that there was no significant differences in the 

evaluation of meat from immunised pigs, surgically castrated pigs and females and 

came to the conclusion that the products of immunised males were indistinguishable 

from pork from barrows or females. The study conducted by Huber-Eicher and Spring 

(2008) revealed that most consumers have no clear association with the term 

―immunocastration‖, but that meat from immunised males would be much less 

accepted than meat from pigs surgically castrated under anaesthesia. Hofer and 

Kupper (2008) conducted a survey on more informed consumers. The participants 

were given information on the actual situation of castration and the alternatives. The 

results of degustation were in line with the findings of Font I Furnols et al. (2008). 

More information on vaccination against boar taint, however, seemed to have had 

positive influence on the consumers’ acceptability of meat from ImprovacTM-treated 
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pigs, since the majority agreed on vaccination as a feasible alternative to current 

practice. 

For any alternative method to surgical castration it is necessary to evaluate its 

economic effects, since only methods can prevail which have few financial 

disadvantages for the stakeholders.  Deen et al. (2008) come to the conclusion that 

ImprovacTM offers potential for a return on investment. However, the financial effects 

must always be contextualised within the constraints of each production system since 

the production implications will vary in different systems. De Roest et al. (2009) came 

to the conclusion, looking at the EU countries only, that  the better feed efficiency of 

vaccinated pigs can compensate for the costs of vaccination. A lot, however, 

depends on the costs of the vaccine and the consumers’ acceptance of the 

procedure.  

 

In summary, most authors agree on vaccination against boar taint as a feasible 

alternative to surgical castration, since its effectiveness in preventing boar taint has 

been reliably proven in many studies. In addition, vaccination avoids surgical 

procedures, is effective in decreasing the occurrence of fighting and mounting 

behaviour and may improve the feed conversion ratio and lean meat percentage 

without having adverse effects on meat quality parameters. 

 

References 

 

Agerhem, H. and Tornberg, E.1994. A comparison of the off-flavour of shoulder butts 

from entire male and female pigs using expert and consumer panels. In 

Proceedings 40TH international congress of meat science and technology. The 

Hague, The Netherlands.  

Allison, J. 2008. IMPROVAC: Consumer acceptance. In Proceedings Pfizer 

Symposium at 20th Into Pig Vet Soc Cong, Durban, South Africa. 

Bauer, A., Lacorn, M., Danowski, K. and R. Claus. 2008. Effects of immunization 

against GnRH on gonadotropins, the GH-IGF-I-axis and metabolic parameters 

in barrows. Animal 2,1215-1222. 



 

 
14 

Baumgartner; J. 2010. The behaviour of male fattening pigs following either surgical 

castration or immunisation with a GnRF vaccine. Applied Animal Behaviour 

Science 124, 28-34 

Baumgartner, J. 2008. Die Kastration männlicher Ferkel- Methode und Bewertung. 

Nutztierschutztagung 29.05.2008 Irdning, Austria 

Bonneau, M., Enright., W.J. 1995. Immunocastration in cattle and pigs. Livestock 

Production Science, Volume 42, issue 2-3, 193-200 

Bonneau, M., Walstra, P., Claudi-Magnussen, C., Kempster, A.J., Tornberg, E., 

Fischer, K. 2000. An international study on the importance  of androstenone 

and skatole for boar taint: IV. Simulation studies on consumer dissatisfaction 

with entire male pork and the effect of sorting out carcasses on the slaughter 

line, main conclusions and recommendations. Meat Science, 54, 285-295 

Claus, R., Lacorn, M., Danowski, K., Pearce, M.C. and Bauer, A. 2007. Short-term 

endocrine and metabolic reactions before and after second immunization 

against GnRH in boars. Vaccine 2007;25:4689–4696. 

Cronin. G.M., Dunshea, F.R., Butler, K.L., McCauley, L., Barnet, J.L., Hemsworth, 

P.H. (2003). The effects of immuno- and surgical- castration on the behaviour 

and consequently growth of group-housed male finisher pigs. Applied Animal 

Behaviour Science, 81. 111-126. 

Deen, J., O’Connor, J., Sorensen, S. and Baker, T. 2008. An economic model to 

assess costs of Improvac to the swine producer for control of boar taint. In 

Proceedings of the 20th International Pig Veterinary Society (IPVS) Congress, 

22–26 June 2008, Durban, South Africa 

de Roest, K., Montanari, C., Fowler, T., Baltussen, W. 2009. resource efficiency and 

economic implications of alternatives to surgical castration without 

anaesthesia. Animal, 3:11, 1522-1531 

DGfZ-Arbeitsgruppe, Sachstandanalyse. Alternativen zur traditionellen 

Ferkelkastration. 08.09.2008 

D’Souza, D.N., Mullan, B.P. 2003. The effect of genotype and castration method on 

the eating quality characteristics of pork from male pigs. Animal Science, 77, 

67-72 



 

 
15 

Dunshea, F.R, Colantoni, C., Howard, K., McCauley, I., 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 Science 79, 2524-2535 

EFSA (European Food Safety Authority) 2004. Welfare aspects of the castration of 

piglets. Scientific Report of the Scientific Panel for Animal Health and Welfare 

on a request from the Commission related to welfare aspects of the castration 

of piglets. 

(http://www.efsa.europa.eu/EFSA/ScientificPanels/ahaw/efsa_locale-

1178620753812_Opinions5.htm).EFSA-AHAW/04-087, Parma, Italy) 

Fabrega, E., Velarde, A., Cros, J., Gispert, M., Suarez, P., Tibau, J., Soer, J. 2010. 

Effect of vaccination against gonodotroping-releasing hormone, using 

Improvac, on growth performance, body composition, behaviour and acute 

phase proteins. Livestock Science, 132, 53-59 

Font i Furnols, M., Gispert, M., Guerrero, L., Velarde, A., Tibau, J., Soler, J., Hortos, 

M., Garcia-Regueiro, J.A., Perez, J., Suarez, P., Oliver, M.A. 2008. 

Comsumers’ sensory acceptability of pork from immunocastrated male pigs. 

Meat Science 80, 1013-1018 

Falvo, R.E., Chandrashekar, V., Arthur, R.D., Kenstler, A.R., Hasson, T., Awoniyi, C., 

Schanbacher, B.D. 1986. Effect of active immunization against LHRH or LH in 

boars: reproductive consequences and performance traits. Journal of Animal 

Science 63, 986-994 

Ferro, V.A., Khan, M.A.H., McAdams, D., Colston, A., Aughey, E., Mullen, A.B., 

Waterston, M.M., Harvey, M.J.A. 2004. Efficacy of an anti-fertility vaccine 

based on mammalian gonadotrophin releasing hormone (GnRH-I)—a 

histological comparison in male animals.  

Veterinary Immunology and Immunopathology, Volume 101, 73-86 

Fredriksen, B., Hexeberg, C. 2009. The effect of removing animals for slaughter on 

the behaviour of the remaining male and female pigs in the pen. Research in 

Veterinary Science 86, 368-370 

 



 

 
16 

Fuchs, T., Nathues, H., Koehrmann, A., Andrews, S., Brock, F.,  Sudhaus, N., Klein, 

G., grosse Beilage, E. 2009. A comparison of the carcase characteristics of 

pigs immunized with a ‚gonadotrophin-releasing factor (GnRF)’ vaccine 

against boar taint with physically castrated pigs. Meat Science 83, 702-705 

Fuchs, T., Thun, R., Parvizi, N., Nathues, H., Koehrmann, A., Andrews, S., Brock, F., 

Klein, G., Sudhaus, N., grosse Beilage, E. 2009b. Effect of a 

gonadotropinreleasing factor vaccine on follicle-stimulating hormone und 

luteinizing hormone concentrations and on the development of testicles and 

the expression of boar taint in male pigs. Theriogenology, 72(5), 672-680 

Giersing,M., Ladewig,J., Forkman,B.. Prevention of Boar Taint in Pig Production: The 

19th Symposium of the Nordic Committee for Veterinary Scientific Cooperation. 

Gardermoen, Norway. 21-22 November 2005 

Gispert, M., Oliver, M. A., Velarde, A., Suarez, P., Perez, J., 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. 

Godfrey, S.I., Walkden-Brown, S.W., Martin, G.B. Speijers, E.J. 1996. Immunisation 

of goat bucks against GnRH to prevent seasonal reproductive and agonistic 

behaviour. Animal Reproduction Science,  

 Volume 44, Issue 1, 41-54 

Goizot, S. 2009. a review of the causes and control of boar taint. 

http://www.sapork.biz/a-review-of-the-causes-and-control-of-boar-taint/ 

Hemonic, A., Courboulay, V., 2009. Evaluation of the safety, efficacy and production 

benefits of vaccination against boar taint in male pigs raised under commercial 

field conditions in France. Revue De Medicine Veterinaire 160(8-9), 383-393 

Hofer, S., Kupper, T. 2008. Survey on the acceptance of the vaccination against boar 

taint.  

http://www.shl.bfh.ch/fileadmin/docs/Forschung/KompetenzenTeams/Nutztier

UmweltInteraktion/ProSchwein/Synthesebericht/B14_Umfrage_zur_Akzeptanz

_der_Impfung_20080331.pdf 



 

 
17 

Huber-Eicher, B. Spring, P. 2008. Attitudes of Swiss consumers towards meat from 

entire or immunocastrated boars: A representative survey. Research in 

Veterinary Science 85, 625-627 

Jaros, P., Burgi, E., 2005. Effect of active immunization against GnRH on 

androstenone concentration, growth performance and carcass quality in intact 

male pigs. Livestock Production Science 92(1), 31-38 

Lagerkvist, C.J. Carlsson, F., Viske, D. 2006. Swedish consumer preferences for 

animal welfare and biotech: a choice experiment. AgBioForum, 9, 51-58 

Lealiifano, A.K., Pluske, J.R., Nicholls, R.R., Dunshea, F.R. and Mullan, B.P. 2009. 

Altering the timing of an immunocastration vaccine to optimise pig 

performance. In "Manipulating Pig Production XII", ed R.J. van Barneveld. 

(Australasian Pig Science Association: Werribee), 184. 

McCauley I., Watt M., Suster D., Kerton D. J., Oliver W. T., Harrell R. J. & Dunshea 

F. R. 2003. A GnRF vaccine (Improvac (R)) and porcine somatotropin 

(Reporcin (R)) have  synergistic effects upon growth performance in both 

boars and gilts. Australian Journal of Agricultural Research 54, 11-20. 

Moore, K.L., Dunshea, F.R., Mullan, B.P., Hennessy, D.P., and D’Souza, D.N. 

2009a. Ractopamine supplementation increases lean deposition in entire and 

immunocastrate male pigs. Animal Production Science 49:1113-1119. 

Oliver, W.T., McCauley, I., Harrell, R.J., Suster, D., Kerton, D.J., Dunshea, F.R. 

2003. A gonadotropin-realsing factor vaccine (ImprovacTM) and porcine 

somatotropin have synergistic and additive effects on growth performance in 

group-housed boars and gilts. Journal of Animal Science, 81, 1959-1966 

Pauly, C., P. Spring, et al. (2009). Growth performance, carcass characteristics and 

meat quality of group-penned surgically castrated, immunocastrated (Improvac 

(R)) and entire male pigs and individually penned entire male pigs. Animal 

3(7): 1057-1066 

Prunier, A., 1987. Genital-tract development and 5-alpha-androstenone 

concentration pattern during growth in male and female pigs of european and 

chinese breeds. Annales De Zootechnie Vol. 3(1), 49-56 

 



 

 
18 

Prunier, A., Bonneau, M., von Borell, E.H., Cinotti, S., Gunn, M., Fredriksen, B., 

Giersing,M., Morton, D.B., Tuyttens, F.A.M., Velarde, A., 2006. A review of the 

welfare consequences of surgical castration in piglets and the evaluation of 

non-surgical methods. Animal Welfare 15(3), 277-89 

de A. Ribeiro, E.L., Hernandez, J.A., E. L. Zanella, E.L., Shimokomaki, M., 

Prudêncio-Ferreira, S.H., Youssef, E., Ribeiro, H.J.S.S., Bogden, R., Reeves, 

J.J. 2004. Growth and carcass characteristics of pasture fed LHRH 

immunocastrated, castrated and intact Bos indicus bulls. Meat Science, 

Volume 68, Issue 2, 285-290 

Robbins, S.C.,  Jelinski, M.D., Stotish, R.L. 2004. Assessment of the immunological 

and biological efficacy of two different dosos of a recombinant GnRH vaccine 

in domestic male and female cats (felis catus) Journal of Reproductive 

Immunology, Volume 64, Issues 1-2, 107-119 

Rydhmer, L., Zamaratskaia, G., Andersson, H.K., Algers, B., Guillemet, R., 

Lundström, K. 2006. Aggressive and sexual behaviour of growing and finishing 

pigs reared in groups, without castration. Acta Agric. Scand. Section A: Animal 

Science 56: 109-119 

Rydhmer, L., Lundström, K., Andersson, K., 2010. Immunocastration reduces 

aggressive and sexual behaviour in male pigs. Animal 4:6, 965-972 

Rikard-Bell, C., Curtis, M.A., van Barneveld, R.J., Mullan, B.P., Edwards, A.C., 

Gannon, N.J., Henman, D.J., Hughes, P.E., Dunshea, F.R. 2009. 

Ractopamine hydrochloride improves growth performance and carcass 

composition in immunocastrated boars, entire boars, and gilts. Journal of 

Animal Science 87, 3536-3543 

Schmoll, F., Kauffhold, J., Pfuetzner, A., Baumgartner, J., Brock, F., Grodzycki, M., 

Andrews, S., 2009. Growth performance and carcass traits of boars raised in 

Germany and either surgically castrated or vaccinated against 

gonadotropinreleasing hormone. Journal of Swine Health and Production 

17(5), 250-255 



 

 
19 

Skrlep, M., B. Segula, et al. (2010). Effect of Immunocastration (Improvac (R)) in 

Fattening Pigs I: Growth Performance, Reproductive Organs and Malodorous 

Compounds. Slovenian Veterinary Research 47(2): 57-64. 

ThompsonJr., D.L. 2000. Immunization against GnRH in male species (comparative 

aspects). Animal Reproduction Science, Volumes 60-61, 2, 459-469   

Turkstra, J. A., van Diepen, J.T.M. 2002. Performance of male pigs immunised 

against GnRH is related to the time of onset of biological response. Journal 

Animal Science 80(11), 2953-2959 

Ülker, H., Gökdal, Ö., Temur, C.,  Buda , C.,  Oto, M., deAvila, D.M., Reeves j.J. 

2002. The effect of immunization against LHRH on body growth and carcass 

characteristics in Karaka  ram lambs. Small Ruminant Research, Volume 45, 

Issue 3,273-278 

Ülker, H., Kanter, M., Gökdal, Ö., Aygün, T., Karakuş, F., Sakarya, M.E., deAvila, 

D.M., Reeves, J.J. 2005. Testicular development, ultrasonographic and 

histological appearance of the testis in ram lambs immunized against 

recombinant LHRH fusion proteins.  Animal Reproduction Science, Volume 

86, Issues 3-4, 205-219 

Van der Lende, T., Kruijt, L., Tieman, M. 1993. Can passive immunization with anti-

GnRH monoclonal antibodies, injected a few weeks before slaughter, prevent 

boar taint? In: Bonneau, M. (ed) Measurement and Prevention of Boar Taint. 

pp 201-206, INRA Editions: Paris, France 

Velarde, A., Gispert, M., Oliver, M.A., Soler, J., Tibau, J., Fabrega, E. 2007. The 

effect of immunocastration on the behaviour of pigs. In Proceedings of the 41st 

International Congres of the International Society for Applied Ethology, 8-12 

August 2007, p. 117. Merida, Mexico 

Waldmann, K.H. 2007. Chirurgische Ferkelkastration. Workshop „Kastraten- oder 

Ebermast?― 19.11.2007, Bonn 

Weiler, U., Claus, R., Dehnhard, M., Hofacker. S., 1996: Influence of the photoperiod 

and a light reverse program on metabolically active hormones and food intake 

in domestic pigs compared with a wild boar. Canadian Journal Animal Science 

76:531-539. 



 

 
20 

Weiler, U., Font I Furnols, M., Fischer, K., Kemmer, H., Oliver, M.A., Gispert, M.A. 

2000. Influence of differences in sensitivity of Spanish and German consumers 

to perceive androstenone on the acceptance of boar meat differing in skatol 

and androstenone concentrations. Meat Science, 54, 297-304 

Williamson, E.D., Patterson, R.L.S. 1982. A selective immunization procedure 

against 5α-androstenone in boars. Animal Production 35, 353-360 

Wood, J.D., Nute, G.R., Fursey, G.A.J., Cuthbertson, A. 1995. The effect of cooking 

conditions on the eating quality of pork. Meat Science, 40, 127-135 

Xue, J.L., Dial, G.D., Pettigrew, J.E. 1997. Performance, carcass, and meat quality 

advantages of boars over barrows: A literature review. Journal of Swine Health 

and Production 5(1), 21-28 

Zamaratskaia, G., Rydhmer, L., Andersson, H.K., Chen, G., Lowagie, S., Andersson, 

K., Lundström, K. 2007. 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., Andersson, H.K., Chen, G., Andersson, K., Madej, A., Lundström, 

K. 2008. 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 

Zeng, X.Y., Turkstra, J.A., Jongboed, A.W., van Diepen, J. Th.M., Meloen, 

R.H.,Oonk, H.B., Guo, D.Z., van de Wiel, D.F.M. 2002. Performance and 

hormone levels of immunocastrated, surgically castrated and intact male pigs 

fed ad libitum high- and low-energy diets. Livestock Production Science 77, 1-

11 

Zeng, X.Y., Turkstra, J.A.; Tsigos, A., Meloen, R.H., Liu, X.Y., Chen, F.Q., Schaaper, 

W.M.M., Oonk, H.B., Guo, D.Z., van de WielIn, D.F.M. 2002b. Effects of active 

immunization against GnRH on serum LH, inhibin A., sexual development and 

growth rate in Chinese female pigs. Theriogenology, Vol. 58, Issue 7, 1315-

1326



 

 
21 

Material and Methods 

 

Study part One 

 

The study was carried out in two identically designed batches consisting of 224 and 

222 male fattening pigs ((PixDuroc) x (Landrace x Large white) in batches one (B1) 

and two (B2), respectively, at the start of the fattening period. Animals were farrowed 

from a pig farm in Northern Germany and raised under commercial field conditions. 

The pigs used in the study were enrolled on a randomised block design. On study 

day 0, when equal to or less than seven days old, 260 pigs per batch were randomly 

assigned to one of four treatment groups blocked on the order of enrolment (Table 

1). Surgical castration was performed immediately after allocation to treatment 

groups and according to local farm practice. The pigs in groups IMhigh and IMlow 

were left entire. After a suckling period of three to four weeks pigs were moved to the 

nursery unit. From weaning, all pigs were housed in mixed pens with 38 pigs per pen 

(0.30 m2/pig), sorted by weight. All pigs received the same commercial diet during the 

suckling and nursery period. 

 

Table 1: Treatment groups 

  IM high IM low CM high CM low 

Treatment 

Vaccination with 

Improvac   

n=112/112 

Surgical castration 

within 7 days p.p. 

n=112/110 

Feed 

high 

lysine 

n=56/54 

low  

lysine 

n=56/58 

high  

lysine 

n=56/58 

low  

lysine 

n=56/52 

     

n     number of animals at  the start of the fattening period in batches 1 / 2 

p.p. post partum 
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When moved to the fattening unit, the pigs in treatment groups IMhigh, IMlow, 

CMhigh and Cmlow  were housed in separate pens, and the number of animals per 

pen was reduced to two, At this stage all surplus pigs were removed from the study 

and were returned to stock within the farm. During fattening the pigs were fed two 

different diets (Table 2).The pigs in IMlow and CMlow received a commercial, wheat-

based, standard protein diet whereas pigs in IMhigh and CMhigh were fed a diet with 

higher lysine content. Protein and Energy content of the diet were adapted to 

changing nutrient requirement twice during fattening (Table 2). The feed was offered 

ad libitum throughout the whole fattening period.  

 

Table 2: Feed composition during fattening 

 Feed 1 Feed 2 Feed 3 

  

IM/CM 

high 

IM/CM 

low 

IM/CM 

high 

IM/CM 

low 

IM/CM 

high 

IM/CM 

low 

Metabolisable energy 

(MJ) 13.8 13.8 13.4 13.4 13.4 13.4 

Raw protein (%) 18.0 18.0 17.5 17.5 16.8 16.8 

Lysine (%) 1.25 1.15 1.10 1.00 1.00 0.95 

 

 

After a total fattening time of 99 to 106 days and 83 to 90 days in B1 and 2, 

respectively, pigs were slaughter in three groups per batch according to body weight.  

 

Vaccination procedure 

 

All pigs in groups IMhigh and IMlow were vaccinated with ImprovacTM twice during 

fattening according to manufacturer’s instruction. The injection was administered 

subcutaneously behind the ear. The first vaccination (V1) was given on the day of 

entry to the fattening unit when pigs were nine to ten and eleven to twelve weeks old 

in B1 and 2, respectively. The date for the second vaccination (V2), which had to be 
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administered four to six weeks before slaughter (Pfizer Animal Health), was 

calculated from the desired slaughter weight of approximately 105-115 kg and 

administered when the pigs were 19-20 weeks (B1) and 18-19 weeks (B2) of age. 

Prior to V1 and V2 all pigs were weighted and clinically examined in order to ensure 

that only healthy pigs were vaccinated. 

 

 

Measurements and sampling 

 

 Growth performance 

 

During the fattening period the pigs were weighted and feed intake was recorded 

weekly on a per-pen basis until the commencement of the fasting period one day 

before slaughter. 

 

 Testes size, carcass characteristics and meat quality 

 

All pigs were slaughter using electrical stunning. Exsanguination took place in a 

horizontal position. After scalding, the testes were removed from the carcass, 

trimmed and size and weight measured using vernier callipers and electronical 

scales (BABA100, Sartorius, Göttingen, Germany).  

All carcasses were weighted and classified using the abattoir’s routing FOM system 

which gives information on the meat and fat thickness between the 13th and 14th rib 

and the lean meat percentage of the carcass. Additionally, dressing percentage was 

assessed. After classification and before cooling samples of subcutaneous belly fat 

were taken from all animals and tested for the presence of smell and taste 

aberrations. The samples were examined by trained panels and tests were done in 

accordance with EU guideline 854/2004. All samples were tested using the 

microwave diathermy test. If a sample expressed either smell or taste aberrations, 

the sample was re-tested using the cooking and melting test. 
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Temperature, pH values and conductivity were measured 45 minutes and 24 hours 

post mortem (p.m.) in the Musculus lonigssimus dorsi between 13th and 14th rib on 

the left side of the carcass. Duplicate measurements for pH value were taken 24 

hours p.m. in the Musculus semimembranosus. In addition, the carcass length from 

the cranial part of the first vertebra to the cranial end of the pelvic bone was 

measured manually 24 hours p.m. using a flexible tape. Meat colour was recorded 

using the OptoStar system (Matthäus, Pöttmes, Germany) 24 hours after cutting the 

carcass and cleaning the surface of the Musculus lonigssimus dorsi. 

Drip loss was determined by EZ-DripLoss method in 30 pigs per treatment group, 

randomly chosen, in B1 and 2. At 24 hours p.m. a piece of Musculus lonigssimus 

dorsi caudal from the 14th rib was removed from the carcass in order to avoid using 

the region measured previously for pH and conductivity. Two samples of 

approximately 10g each were taken from the ventral and dorsal part of the loin eye 

using a circular knife (diameter 2.5 cm). Both samples were placed in preweighted 

drip loss containers (KABE Labortechnik, Nümbrecht-Elsenroth, Germany) and 

stored at 6°C. 48 hours after sample taking containers were weighed using electronic 

scales (BABA 100, Satorius, Göttingen, Germany) including meat and drip loss and 

once again for drip loss. 

In addition a section from the loin eye muscle of the length of three vertebrae was 

removed from the carcass of 25 randomly chosen pigs per treatment group, in both 

batches and deep frozen at –18°C for further analysis on intramuscular fat content, 

cooking loss and shear force. After defrosting at room temperature a slice weighing 

approximately 100g was removed, homogenised and the intramuscular fat content 

measured using the near infrared transmission (NIT) procedure (INFRATEC 1255 

Food & Feed Analyser (FOSS GmbH)). 

From the remaining part of the chop a cubic of 200g was cut and cooked in three 

litres of isotonic saline solution for 20 minutes. Directly before and after cooking the 

cubic was weighed and cooking loss determined. After a cooling period of five 

minutes pieces of 1x0.8 cm were cut and the shear force was measured using a 

Wolodkewitsch device as described by Werhahn et al. (1960). 
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Statistical analysis 

 

During fattening the pen was the experimental unit for all statistical analyses on 

growth performance, carcass traits and meat quality. 

The fattening period was divided into two consecutive periods for analysis: from first 

vaccination + six days to second vaccination (1. period) and from second vaccination 

to slaughter (2. period). The fattening period was shortened by six days due to the 

fact, that all pigs received the feed from the nursery unit until that point. 

For all data analyses batches one and two were analysed separately as differences 

in time points were too great to analyse them together. For CMlow in batch one no 

data will be presented as random allocation to fattening pens as required by the 

study design could not be ensured.  

Data analysis was performed using SAS 9.1 (SAS Institute, Cary, NC, USA). All 

treatment differences were assessed at the two side 5%level of significance. 

 

 Growth performance 

 

To ensure a homogenous allocation to fattening pens pigs were split into two blocks 

„light― (block one) and „heavy― (block two). The ordered weight on the day of entry to 

the fattening unit was used as blocking factor. For pigs with a body weight below or 

equal to the average weight on that day fattening block was equal to one and for pigs 

with a body weight above midpoint block was equal to two. 

Body weights before entry to the fattening unit were analysed using a linear mixed 

model for repeated measures with treatment, test day and their interaction as fixed 

effect and random effects for block.  Body weights, feed consumption and feed 

conversion ratio during fattening were analysed using a linear mixed model for 

repeated measures with fixed effects for treatment, test day and their interaction and 

block and pen within block as random components  

In order to describe and compare the growth patterns of ImprovacTM-treated pigs 

and surgical castrates the following non-linear model (Kanis and Kobs, 1990) was 

chosen to fit to weekly calculated daily gain, feed intake and feed efficiency.  
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yi = a*exp(-b*wi-c/wi) 

In this model, y represents the three traits, w is the live body weight in week i and a, 

b and c are parameters. For each trait four possible curve types were distinguished, 

depending on the signs of b and c. In order to force ―atypical‖ curves , which may 

occur as there are no bounds on the parameters b and c, into a typical pattern the 

parameter b was bounded to positive values for feed efficiency and the parameter c 

was bounded to positive values for daily gain and feed intake. As differences 

between feeding groups were insignificant, these curves will not be presented. 

 

 Testes size, carcass characteristics and meat quality 

 

All data analysis was performed using a linear mixed model, with treatment as a fixed 

effect and random effects for block and pen within block.  

Testes size and weight were analysed using a linear mixed model with slaughter day 

as a fixed effect and random effects for ―block‖ and ―pen within block‖. 

 

 

Study part Two 
 

The study period comprised two test periods during which body weight 

measurements, analysis of serum testosterone levels and video observations were 

carried out (Figure 1). The first test period (test period one) started four days before 

second ImprovacTM-injection, the second test period (test period two) was carried out 

starting 13 days after the second immunisation. The study period ended after the 

second test period and pigs were slaughtered within four weeks after the end of the 

study at a commercial abattoir. 
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Figure 1: Study period  

 

 

 

 

 

 

 

 

 

 

 

 

Animals and Handling 

 

The study was carried out in two batches (B1 and 2) consisting of 33 (B1) and 39 

(B2) male pigs ((Large White x Landrace) x Pietrain). All animals were farrowed from 

the Institute’s own research farm Hohenschulen. On study day 0, when equal to or 

less than seven days old, pigs were randomly assigned to one of three study groups: 

ImprovacTM-immunised males (IM), surgically castrated males (CM) and entire males 

(EM). Surgical castration was performed immediately after allocation to treatment 

groups and according to German regulations. Pigs in groups IM and EM were left 

entire. After a suckling period of 28 days, pigs were moved to the nursery unit and 

allocated to two pens per treatment group blocked on weight (light and heavy). All 

pens were provided with partially slatted floor, one feeder providing space for seven 

to eight pigs, and eleven to twelve pigs per pen (eight to nine study pigs plus 

females). During the suckling and nursery period al pigs received the same feed. 

After an average nursery period of six weeks, pigs were moved to the fattening unit 

and treatment groups were housed in separate pens of 3 x 9m with 11 and 13 pigs 

per pen in B1 and 2, respectively. At the start of the fattening period surplus pigs 

were removed from the study and the two pens per treatment from the nursery unit 

Vaccination 1 

 

Vaccination 2 

 

Blood sample 1/ 

Body weight 1 

Blood sample 2/ 

Body weight 2 

Slaughter 

Observation period 1 Observation period 2 
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were put together in one pen so as to form one group per treatment with a degree of 

familiarity of 50% among the pigs at the start of fattening. Every pen was provided 

with partially slatted floor, one feeder which pigs had access to from 7 a.m. to 0 a.m. 

and two drinking nipples. All pens included a playing device fixed to one edge of the 

pen wall.  

 

ImprovacTM-treatment 

 

Treatment with ImprovacTM was performed twice per batch and administered 

subcutaneously behind the ear. The first injection (V1) was given on the day of entry 

to the fattening unit when pigs were ten to eleven weeks old. The date for the second 

immunisation (V2) was calculated from the desired slaughter age and performed 

when pigs had an average weight of 76.6 and 80.4 in B1 and 2, respectively. 

 

Measurements and sampling 

 

 Testosterone 

 

During fattening two blood samples were taken from all animals and tested for serum 

testosterone levels. The dates for sample taking were calculated from the date of 

second vaccination (V2). Blood samples were taken from all animals by puncturing 

the V. jugularis externa. The first sample was taken directly before V2. A second 

sample was taken 13 days later, when testosterone levels were expected to be on 

very low levels in IM. 

Sample taking was carried out from 8 a.m. to 8.45 a.m. on every test day in order to 

take into account the diurnal variation in serum testosterone levels in the pig 

(Ellendorff et al. 1975; Claus and Gimenez, 1977). Serum testosterone 

concentrations were analysed in duplicates using a commercially available 125I-RIA 

kit (DSL-4000, Beckman Coulter GmbH, Sinsheim, Germany) according to the 

manufacturer’s guidelines. Cross-reactivities of antibody used to 5α-

dihydrotestosterone, 11-oxotestosterone and androstenedione were 5.8%, 4.2% and 
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2.3%, respectively, and to any further competing serum steroids lower than 1%. The 

assay was validated for use with porcine serum. The test sensitivity was 0.01 ng/ml, 

and intra- and inter-assay coefficients of variation were 1.2% and 7.3%.  

 

 Body weight 

 

Live weight measurements were taken from individual pigs on study day 0 and on the 

day of allocation to nursery pens. From the start of the fattening period live weight 

measurements were taken on a weekly basis until the end of study.  

 

 Behavioural traits 

 

All behavioural traits were examined using videotaping during the two test periods for 

a consecutive period of 96 hours each. Data recording included duration, initiator, 

recipient and outcome of the agonistic interaction. For mounting behaviour only 

duration, initiator and recipient were recorded. An agonistic interaction was recorded 

if the fight took longer then three seconds, mounting or attempted mounting was 

recorded if both front hoofs of the mounting pigs were lifted of the ground for longer 

than one second. If there was an intervening period of more than eight seconds, a 

new fight/ mounting was considered to have started (Puppe et al., 1998). For a more 

detailed ethogram, see Table 3.  

For manipulative behaviour the number as well as the duration were recorded and 

analysed on per-pen basis as observation of individuals was too time consuming 

during video analysis. 

All video recording was performed using one wide-angled camera located above 

each pen opposite to the feeding station. Day and night time video taping was 

assisted by artificial lighting located on the roof above the centre aisle. The derived 

data were stored in a database. The time points for the start of the observation 

periods were calculated from the date of V2. The first video recording (test period 

one) was carried out on the four days prior to V2 and the second recording (test 

period two) was started 13 days after V2 
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For the time of video recording all pigs in the pen were spray painted with individual 

numbers on the back in order to make recognition of individual pigs possible. 

Behavioural traits were recorded by two trained observers. Prior to visual 

assessment, the observers were trained in definition and identification of the 

behavioural traits. Inter-observer-correlation for a representative video sequence was 

> 0.9 at the end of training. 

 

Table 3: Definition of behavioural traits 
 

behavioural trait unit definition 

agonistic interaction  fight or displacement with physical contact initiated 

by one pig and featuring aggressive behavioural 

elements, followed by any form of submissive 

behaviour performed by the opponent (Langbein 

and Puppe, 2004) 

 fight number 

of 

number of all agonistic interactions per pig in which 

the pig was involved during one observation period 

(96h) 

 fighting time seconds 

(s) 

total time a pig was involved in agonistic 

interactions during one observation period (96h) 

 fight duration seconds 

(s) 

average fight duration per pig during one 

observation period (96h) 

 initiated fight number 

of 

number of all agonistic interactions initiated by one 

pig during one observation  period (96h)  

 initiated fighting time seconds 

(s) 

total time a pig was involved in self-initiated 

agonistic interactions during one observation period 

(96h) 

mounting behaviour  placing both front hoofs on the back of a pen mate 

 mounting number 

of 

number of all mounting events per pig in which the 

pig was involved during one observation period 

(96h) 
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 mounting time seconds 

(s) 

total time a pig was involved in mounting events 

during one observation period (96h) 

 mounting duration seconds 

(s) 

average mounting duration per pig during one 

observation period (96h) 

manipulative 

behaviour  

 rubbing belly of a pen mate, nibbling, suckling or 

chewing on ear, tail or other part of the body of a 

pen mate 

 manipulation number 

of 

number of all manipulative behaviours per 

treatment group during one observation period 

(96h) 

 manipulation time seconds 

(s) 

total time spend on manipulative behaviour during 

one observation period (96h) 

 
 

Data analysis  

 

All statistical analysis was performed using the SAS statistical software package 

(SAS Institute Inc., 2005). The distribution of the behavioural traits (fight, fighting 

time, fight duration, mounting, mounting time, mounting duration) as well as 

testosterone concentrations and body weights was analysed using the UNIVARIATE-

procedure (skewness and kurtosis ranged from 1.43 to 4.75 and -1.45 to 13.72, 

respectively). Due to log-transformation, the data were approximated to normal 

distribution (skewness and kurtosis ranged from -0.7 to 0.49 and -1.45 to 1.11, 

respectively). As serum testosterone concentration below the detection level 

occurred frequently among the barrows and the Improvac-treated pigs at second 

sample taking (values were recorded as 0.0 ng/ml), the data set was transformed 

using y = log(observation+1). Further analyses were based on transformed data. 

An analysis of fixed effects was performed using the MIXED procedure (maximum 

likelihood estimation) ( (SAS, 2005). Fixed effects of batch (B1 and 2), treatment 

group (IM, CM, EM), test period (test period one and two) and the interaction of 

treatment group and test period were included in the model as well as random effects 

for animal within batch and treatment group.  
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Manipulative behaviour was analysed on per-pen basis using a nonparametric test. 

The Wilcoxon rank-sum test (proc NPAR1WAY, SAS, 2005) was applied to identify 

significant differences between treatment groups in the number of and total time 

spent in manipulative behaviours. The total number of manipulations and total time 

spent on manipulating pen mates for the four days within one test period were 

calculated and differences between first and second test period were analysed. 

All treatment differences were assessed at the two-sided 5% level of significance. 
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Abstract 

The present study assessed the effects of using ImprovacTM (Pfizer Animal Health) 

on growth performance and meat characteristics in cross-bred male pigs. In addition 

average daily weight gain of immunised and surgically castrated males was 

estimated in order to demonstrate differences in growing patterns in these two 

treatment groups. The study was carried out in two identical batches. Pigs within 

batches (n= 446) were allocated to two different treatment groups: immunization (IM) 

versus surgical castration (CM). Within treatment groups pigs were randomly 

assigned to two different diets (low- and high-lysine diet) in order to examine 

interactions of growth performance and castration technique. Vaccination was 

performed on the day of entry to the fattening unit and four to six weeks prior to 

slaughter. At second vaccination IM showed significantly lower body weights than the 

control group (p<0.05) in both batches. Throughout the whole fattening period CM 

tended to have a higher feed intake more than IM while IM had significantly lower 

(better) feed conversion ratio than CM (p<0.05). The different lysine content of the 

diets had no coherent effect on any of the growth performance parameters analysed. 

Immunised pigs of both feeding groups and in both batches showed a tendency for 
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lower carcass weights, back fat values and dressing percentages than CM. The 

castration technique had no significant effect on meat quality parameters such as 

drip loss, shear force or cooking loss while intramuscular fat content (IMF) in 

immunised pigs fed high-lysine diets (IMhigh) tended to be higher than IMF in 

immunised pigs fed low-lysine diets (IMlow). This effect was not seen in surgical 

castrates in either batch. Testis size varied largely among individuals but there was a 

clear trend of decreasing testis size and weight as time between second vaccination 

and slaughter increased. None of the animals in the study were assessed as having 

boar taint. Immunisation against GnRH offers a good approach to produce taint-free 

pork while ensuring boar-like growth for a large part of the fattening period. 

 

Introduction 

Due to the anabolic function of their testicular hormones, boars have superior growth 

performance and carcass composition compared with barrows (Skrlep, 2010; Pauly, 

2008). However, most consumers object to the unpleasant sex odour which is 

produced by some male pigs when entering puberty (Font i Furnols, 2008). This so-

called boar taint is mainly caused by skatole, a tryptophan metabolite synthesised in 

the gut, as well as androstenone, a pheromone which is produced by the testes and 

accumulates in adipose tissue (Patterson, 1968). In order to control boar taint, 

surgical castration of male piglets is a routine practice in most European countries.  

The prevention of boar taint and the superiority of boars in growth performance and 

lean meat production as well as increasing criticism on the grounds of animal welfare 

concerns have encouraged the swine industry to reconsider its traditional approach 

to the control of boar taint, and investigate its alternatives. A large variety of 

alternative solutions have been presented over the last couple of years (Bonneau 

and Prunier, 2005; Lundström and Zamaratskaia, 2006). At present only three on-

farm alternatives are available: fattening of entire boars, surgical castration under 

anaesthesia and analgesia and vaccination against boar taint (Einarsson et al., 2009; 

Dunshea et al., 2001; Bonneau et al., 1994). The production of entire males in 

combination with management and feeding strategies seems to be the most favoured 

long-term solution in many countries. Castration under anaesthesia and analgesia is 
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another possible means to reduce boar taint and meets animal welfare concerns, 

however the anabolic potential of boars remains unused (Babols and Squires, 1995). 

The other short-term alternative is to vaccinate male piglets against GnRH 

(Gonadotropin Releasing Hormone). The product used in the present study was 

ImprovacTM (Pfizer Animal Health). While the first injection only ―primes‖ the pig’s 

immune system, the second vaccination administered four to six weeks prior to 

slaughter, effectively castrates the pig by stimulating the production of high GnRH 

antibody titres, which allows the boar to use its own anabolic potential up to one 

month before slaughter and thus the main part of the fattening period while boar taint 

related substances are metabolised and eliminated from the adipose tissue 

(Dunshea et al., 2001; Claus et al., 2007). 

As long as the production of entire boars is not ready for practical use and boar taint 

cannot reliably be detected in carcasses, castration via vaccination against GnRH 

offers a feasible alternative to current practice (Dunshea et al., 2001; Fabrega et al., 

2010; Zamaratskaia et al., 2008).  

The objective of this study was to evaluate the effects of using ImprovacTM on growth 

performance and carcass composition in male fattening pigs. In addition, two 

different feeding strategies have been applied to examine interactions of castration-

technique and lysine level in the diet. Furthermore growth patterns of Improvac-

treated pigs and surgical castrates have been estimated using a non-linear model 

(Kanis and Kobs, 1990) so as to demonstrate growing patterns in these two 

treatment groups. 

 

Material and Methods 

 

Animals and handling 

The study was carried out in two identically designed batches consisting of 224 

(batch 1) and 222 (batch 2) male fattening pigs ((PixDuroc) x (Landrace x Large 

White) each. Animals were farrowed at a pig farm in Northern Germany and raised 

under commercial field conditions. Pigs used in the study were enrolled in 

accordance with a randomised block design. On study day 0, when equal to or less 
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than seven days old, pigs were randomly assigned to one of four treatment groups 

blocked on the order of enrolment (Tab.1). Surgical castration was performed 

immediately after allocation to treatment groups and according to local farm practice. 

Pigs in groups IMhigh (ImprovacTM-treates males, high-lysine diet) and IMlow 

(ImprovacTM-treated males, low-lysine diet) were left entire. After a suckling period of 

three to four weeks pigs were housed in groups of 38 pigs each for a nursery period 

of five to six and seven to eight weeks in batches one and two, respectively. During 

the suckling and nursery period all pigs received the same commercial diet. During 

fattening pigs were housed in pens of two pigs each. From six days after allocation to 

fattening pens until cut-off (day before the first pigs of the batch were slaughtered), 

the pigs were fed two different diets (Tab. 2). Pigs in IMlow and CMlow (castrated 

males, low lysine diet) received a commercial, wheat-based, standard protein diet 

whereas pigs in IMhigh and CMhigh (castrated males, high-lysine diet) were fed a 

diet with higher lysine content. Energy, protein and lysine content of the diet were 

adapted to the changing requirements of fattening pigs at 30kg (feed 1), 60kg (feed2) 

and 85kg (feed 3) body weight, according to German practice. All pigs in groups 

IMhigh and IMlow were vaccinated with ImprovacTM twice according to 

manufacturer’s instruction. The first vaccination was given on the day of entry to the 

fattening unit when pigs were nine to ten and eleven to twelve weeks old in batches 

one and two, respectively. The second vaccination was calculated from the desired 

slaughter weight of approximately 105-115 kg and administered at 19-20 weeks 

(batch one) and 18-19 weeks (batch two) of age. Pigs were slaughtered in three 

groups per batch over a period of eight days starting 29 and 34 days after the second 

vaccination in batches one and two, respectively, when pigs were 23-24 weeks of 

age (both batches). This resulted in a total fattening time of 99-106 days for pigs in 

batch one and 83-90 days for batch two. 

 

Growth performance 

Live weight measurements were taken at the time of enrolment on the study (day 0) 

and at weaning. During fattening pigs were weighted and feed intake was measured 
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weekly on a per-pen basis until the commencement of the fasting period before 

slaughter.  

 

Carcass traits and meat quality 

All pigs were slaughtered using electrical stunning. Exsanguination took place in a 

horizontal position and blood samples were taken from all animals during bleeding. 

After scalding, the testes were removed from the carcass, trimmed and size and 

weight measured using vernier calipers and electronic scales (BABA100, Sartorius, 

Göttingen, Germany). Measurements were taken for both testes in all animals. As 

there were no significant differences between the left and right testes, only results for 

the right testis will be presented. 

All carcasses were weighted and classified using the abattoir's routine FOM-system 

which gives information on the meat and fat thickness between the 13th and 14th rib 

and the lean meat percentage of the carcass. Additionally, dressing percentage was 

assessed. After classification and before cooling samples of subcutaneous belly fat 

were taken from all animals and tested for the presence of smell and taste 

aberrations. Tests were done in accordance with EU guideline No. 854/2004.  

Temperature, pH values and conductivity were measured 45 minutes and 24 hours 

post-mortem in the Musculus longissimus dorsi between 13th and 14th rib on the left 

side of the carcass using the methods described by Otto et al. (2004). Duplicate 

measurements for pH value were taken 24 hours post-mortem in the Musculus 

semimenbranosus. In addition the carcass length from the cranial part of the first 

vertebra to the cranial end of the pelvic bone was measured manually 24 hours post-

mortem using a flexible tape. Meat colour was recorded using the OptoStar system 

(Matthäus, Pöttmes, Germany) 24 hours after cutting the carcass and cleaning the 

surface of the Musculus longissimus dorsi using the method described by Otto et al. 

(2004). 

Drip loss was determined by EZ-DripLoss method (Rasmussen and Andersson, 

1996; Christensen et al. 2003) in 30 pigs per treatment group, randomly chosen, in 

both batches. At 24 hours post-mortem a piece of Musculus longissimus dorsi caudal 

from the 14thrib was removed from the carcass in order to avoid using the region 
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measured previously for pH and conductivity.  Two samples of approximately 10 g 

each were taken from the ventral and dorsal part of the loin eye using a circular knife 

(diameter 2.5cm). Both samples were placed in preweighted drip loss containers 

(KABE Labortechnik, Nümbrecht-Elsenroth, Germany) and stored at 6°C. 48 hours 

after sample taking containers were weighed using electronic scales (BABA100, 

Sartorius, Göttingen, Germany) including meat and drip loss and once again for drip 

loss.   

In addition a section from the loin eye muscle of the length of three vertebrae was 

removed from the carcass of 25 randomly chosen pigs per treatment group, in both 

batches and deep frozen at –18°C for further analysis on intramuscular fat content, 

cooking loss and shear force. 

After defrosting at room temperature a slice weighing approximately 100g was 

removed, homogenised and the intramuscular fat content measured using the 

INFRATEC 1255 Food & Feed Analyser (FOSS GmbH). 

From the remaining part of the chop a cubic of 200g was cut and cooked in three 

litres of isotonic saline solution for 20 minutes. Directly before and after cooking the 

cubic was weighed and cooking loss determined. After a cooling period of five 

minutes pieces of 1x0.8cm were cut and the shear force measured using the method 

described by Werhahn (1964). 

 

Statistical Analysis 

The fattening period was divided into two consecutive periods for analysis: from first 

vaccination to second vaccination (1st period) and from second vaccination to 

slaughter (2nd period).  

For all data analyses, batches one and two were analysed separately as differences 

in pig age were too great to analyse them together. For CMlow in batch one no data 

will be presented as random allocation to fattening pens, as required by the study 

design, could not be ensured.  

Data analysis was performed using SAS 9.1 (SAS Institute, Cary, NC, USA). The 

effects of vaccination on growth performance and carcass composition were 
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analysed on a per-pen basis using the MIXED procedure. All treatment differences 

were assessed at the two side 5% level of significance. 

 

 Growth performance 

 

To ensure a homogenous allocation to fattening pens pigs were split into two blocks 

―light― (block one) and ―heavy― (block two). The ordered weight on the day of entry to 

the fattening unit was used as a blocking factor. For pigs with a body weight below or 

equal to the average weight on that day fattening block was equal to one and for pigs 

with a body weight above midpoint block was equal to two. 

Body weights before entry to the fattening unit were analysed using a linear mixed 

model for repeated measures with treatment, test day and their interaction as a fixed 

effect and random effects for block.  Body weight, feed intake and feed conversion 

ratio during fattening were analysed using a linear mixed model for repeated 

measures with fixed effects for treatment, test day and their interaction and ―block‖ 

and ―pen within block‖ as random components.  

 

In order to describe and compare the growth patterns of ImprovacTM-treated pigs 

and surgical castrates the following non-linear model (Kanis and Kobs, 1990) was 

chosen to fit to weekly calculated daily gain, feed intake and feed efficiency.  

yi = a*exp(-b*wi-c/wi). 

In this model, y represents average daily gain, w is the live body weight in week i and 

a, b and c are parameters. For each trait four possible curve types were 

distinguished, depending on the signs of b and c. Only the most common curve type 

as occurred in batch one is presented below. As differences between feeding groups 

were not significant, these curves will not be presented. 

 

 Testes size, carcass composition and meat quality 

All data analysis was performed using a linear mixed model, with treatment as a fixed 

effect and random effects for ―block‖ and ―pen within block‖. Slaughter day was 
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considered to have no effect as all pigs of one batch were slaughtered on three days 

within one week.  

Testes size was analysed using a linear mixed model with slaughter day as a fixed 

effect and random effects for ―block‖ and ―pen within block‖. 

 

Results 

 

Growth performance 

During the suckling and nursery period, no differences in body weight and average 

daily gain were observed so that at the beginning of the fattening period, i.e. when 

the first vaccination was given, all groups had comparable body weights (Tab. 3). 

Pigs in batch one entered the fattening unit at an average age of nine to ten weeks 

whereas pigs in batch two were on average two weeks older, which explains the 

great difference in body weights between the batches at the start of the fattening 

period. At second vaccination ImprovacTM-treated pigs were significantly lighter than 

the surgical castrates in both batch two (Tab. 3). Up to this point, CM showed higher 

average daily weight gain than IM in both batches (Fig. 1). 

After the second injection of ImprovacTM, IM had significantly higher average daily 

weight gain than CM in batch two and there was a tendency for higher average daily 

weight gain in batch one (Fig. 1) which results in comparable cut-off weights for both 

treatment groups (Tab. 3). 

The feed intake of surgical castrates was higher than that of IM throughout the whole 

of the fattening period with the highest differences in the first part of the fattening 

period where IM had a reduced feed intake of 0.25 kg per pig and day less than the 

control group. These differences in feed intake decline with rising body weight. After 

the second dose only small differences in feed intake between the treatment groups 

could be observed with the surgical castrates still tending to have an enhanced feed 

intake compared to the vaccinates (Tab.4). 

Throughout the whole fattening period, the ImprovacTM-treated pigs showed better 

feed efficiency than the control group in both batches. The differences between the 

two treatment groups increased with rising age and body weight and showed the 
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highest values after second vaccination until slaughter for all groups in both batches 

(Tab.4).  

No coherent effect of the lysine content of the diet on any of the traits could be 

observed. In batch one IMhigh had significantly higher body weights at second 

vaccination and cut-off than IMlow (Tab.3), although feed intake did not differ 

significantly among the two groups (Tab.3). Consequently feed efficiency was lower 

(better) in IMhigh  than IMlow (Tab.4). In batch two, however, no effect of varying lysine 

contents could be observed in any of the parameters analysed. 

 

Meat quality and carcass traits 

In the first batch, the surgical castrates had significantly higher carcass weight and 

dressing percentage than Improvac
TM

-treated pigs (Tab.5). Immunised boars showed 

lower back fat depth and lower back muscle depth than barrows (first batch p<0.05). 

In the second batch no significant differences in any of the traits could be observed, 

although there was a tendency for carcass weight and dressing percentage to be 

lower in vaccinated pigs and barrows having higher back fat depths than the other 

treatment group (Tab.5). 

For both batches no significant differences in lean meat percentage among treatment 

groups could be observed. However, the immunised pigs tended to have higher lean 

meat percentages than barrows in both batches. 

In none of the batches were significant differences found for pH, conductivity, colour 

and carcass length among the treatment groups. Drip loss measurements showed no 

significant differences among the treatment groups in either batch. Still there was a 

tendency for higher drip loss in the immunised pigs of both feeding groups compared 

with the barrows in the first batch. However, in batch two, ImprovacTM-treated pigs 

tended to have lower drip loss than surgical. Intramuscular fat content in the first 

batch was significantly higher for the immunised boars of the high-lysine- feeding 

group than the immunised boars in the low-lysine-diet group (p<0.05) with barrows in 

between. Vaccinated pigs fed the low-lysine diet (IMlow) in batch one had 

significantly higher shear force values than barrows in the same batch. These 
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differences were not seen in treatment groups in the second batch. No coherent 

effect of lysine on shear force values could be observed in either batch (Tab. 5). 

 

Testes size 

A total of twelve immunised pigs (5.5%) were suspected of having slight taint in the 

microwave-diathermy test. A total of nine surgical castrates (4.4%) expressed slight 

taint, as well. No connection between testis size and weight and the occurrence of 

boar taint could be observed in either of the batches. Size and weight of the right 

testis varied largely among animals within the batches. Still, there was a clear trend 

for decreasing testes size as time between second vaccination and slaughter 

increased (Tab. 6).  

 

Discussion 

Pigs treated with ImprovacTM were significantly lighter than the control group at the 

time of second vaccination (Tab.3). Dunshea et al. (2001) explains these differences 

with the higher feed intake of surgical castrates during the first part of the fattening 

period.  These differences in feed intake are also reported by Cronin et al. (2003), 

Zeng et al. (2002) and Bonneau et al. (1994). In our study immunised pigs in both 

batches ate less than the control groups during the first part of the fattening period 

i.e. first to second vaccination (Tab. 4) with the highest differences in feed intake for 

pigs fed the high-lysine diet in the first batch (IMhigh ate on average 0.25 kg/d less 

than CMhigh).  

After the second vaccination the feed intake in the immunised pigs increased and 

differences between treatment groups were only marginal with barrows still eating 

slightly more than vaccinates. Other authors (Dunshea et al., 2001; Cronin et al., 

2003; Hemonic et al., 2009) found that ImprovacTM-treated pigs increase their feed 

intake to a level higher than that of barrows. Dunshea et al. (2001) and Cronin et al. 

(2003) explain this increased feed consumption with a change in behaviour in the 

vaccinates, which results from a change in the hormonal profile after second 

vaccination (Fuchs et al., 2009a). From literature it is well known that entire males 

are more easily distracted from feeding and spend less time in the feeder than 
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castrates (Cronin et al., 2003) Entire males allocate more of their active time to social 

behaviour than castrates, an effect which is, to a lesser extent, also seen in 

ImprovacTM-treated pigs before second vaccination is performed (Cronin et al., 

2003). In a study conducted by Dunshea et al. (2001) boars ate less than barrows 

with vaccinates in-between during the first part of fattening. Additionally, Weiler et al. 

(1996) and Campbell and Taverner (1985) found a negative correlation for 

testosterone concentration in the blood and voluntary feed intake.   

 

After the second vaccination, the immunised males had higher average daily weight 

gain than the control group (Fig.1). This probably results from an increased feed 

intake compared with the first part of the fattening period as well as a better feed 

conversion ratio compared with barrows. From boars it is known that, although 

voluntary feed intake and average daily gain are lower, they have a better feed 

efficiency than barrows (Babol and Squires, 1995; Bonneau, 1998).  Throughout the 

whole of the fattening period ImprovacTM-treated pigs had lower (better) feed 

conversion than barrows (Tab.4). This difference is greatest for the period from 

second vaccination to slaughter.  Cronin et al. (2003) states that the better feed 

conversion of vaccinated males even after second injection is caused by a prolonged 

anabolic effect of male steroid hormones after ImprovacTM is administered for the 

second time.  

 

In the present study two different feeding strategies were applied in order to examine 

interactions between castration technique and lysine level in feed when feed is 

offered ad libitum. Lysine is the first limiting amino acid for growing pigs fed standard 

diets. A number of studies have been conducted in which the lysine requirements of 

boars were examined, but to date, the effect of vaccination on lysine requirements 

has not been investigated. In the present study no coherent effect of lysine on body 

weight, average daily gain, feed intake and feed efficiency could be observed. This 

might result from too small differences in the lysine content of the diets.  
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Although fed ad libitum until the end of the fattening period, the immunised pigs in the 

first batch had significantly less back fat than the control group (Tab.5). In the second 

batch this effect was not as distinct and vaccinates had only shown a tendency for 

lower back fat values. Our results show that back fat depth was not affected by the 

different lysine levels in the diet (Tab.5). For both batches a higher carcass weight 

and dressing percentage in barrows was observed (Tab. 5). These findings affirm 

results of other authors (McCauley et al., 2003, Dunshea et al., 2001; Bonneau et al., 

1994). Intact males are known to have lower carcass weight and dressing 

percentage than barrows (Gispert et al., 2007; Zeng et al., 2002; Turkstra et al., 

2002). In a study conducted by Lealiifano et al. (2009) it was shown that 

ImprovacTM-treated males, that were vaccinated two to three weeks prior to 

slaughter had carcass weights comparable to those of boars whereas pigs 

vaccinated four to six weeks before slaughter had significantly heavier carcass 

weights than intact males. Possible explanations could be the removal of the testes 

and the lower overall fat content in boars and vaccinates in comparison to surgical 

castrates. Differences in back fat depth and lean meat percentage were not as 

distinct as found in other studies (Jaros et al., 2005, Fuchs et al., 2009b, Schmoll et 

al., 2009, Pauly et al., 2009). This may be due to the relatively early vaccination four 

to six weeks before slaughter, as well as the ad libitum feeding until the end of study. 

Both parameters only showed significant differences in pigs in batch one (Tab.5).  

In both batches, a tendency for a higher intramuscular fat content was observed in 

immunised pigs fed the high-lysine diet (IMhigh) when compared to vaccinated pigs 

fed low-lysine diets (IMlow). This effect was seen in both batches with highest 

differences for pigs in batch one, where IMhigh had 0.32 percentage points higher 

intramuscular fat content on average than IMlow. In the second batch the differences 

were not significant but still IMhigh showed higher values than IMlow. In the present 

study lysine supplementation appeared to have no effect on intramuscular fat content 

in surgical castrates. 

Pauly et al. (2009) found a significant effect of vaccination on pork tenderness. The 

use of ImprovacTM resulted in significantly lower (better) values, as assessed by 
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shear force measurements in Musculus longissimus dorsi, in pigs treated with 

ImprovacTM compared with boars and barrows. Kristensen et al. (2002, 2004) and 

Bee at al. (2006) explain this increase in tenderness by compensatory growth before 

slaughter which is followed by an increase in the proteolytic potential (ì-calpain, 

calpastatin ratio) and higher tenderisation rate. This effect, however, was not seen in 

the present study. Shear force values varied largely among treatment groups as well 

as individual pigs and were incoherent (Tab.5). Since other parameters such as pH 

and reflection value, colour, drip and cooking loss showed no significant differences 

either, meat quality was not affected by immunization against GnRH in the present 

study.   

 

To date no reliable method of detecting tainted pork at the slaughter line has been 

presented. Some authors (Dunshea et al., 2001; Einarsson et al., 2006; Pauly et al., 

2009) state that testes size and/or weight could be used as a screening tool to 

determine if vaccination has been successful. Testes size and weight varied largely 

in our study. A clear trend for decreasing testes size and weight was found in both 

batches as time between second vaccination and slaughter increased (Tab. 6). The 

study conducted by Lealiifano et al. in 2009 showed similar results. 

Dunshea et al. (2001) suggested that pigs with testes weights exceeding 350g and 

testes length greater than twelve centimeters could be considered suspect of boar 

taint. These recommendations could not be used as an indicator in the present study. 

A total of 48 pigs exceeded either length or weight limit, eight animals met both 

criteria. However, only three pigs which met these criteria expressed slight taint in the 

microwave-diathermy test. On the other hand, nine pigs that were surgically 

castrated or did not exceed cut off, expressed slight taint in the test as well. On the 

whole, none of the pigs in this study was considered unfit for human consumption. 

Other authors agree that a reliable detection of tainted pork by judging testis size 

alone does not seem possible (Lealiifano et al., 2009; Pauly et al., 2009). Testes 

weight highly correlates with body weight (Prunier et al., 1987) and is also affected by 

parameters such as genotype, age and management. Judging the effectiveness of 

vaccination by testes size alone is bound to lead to high error rates and does not 
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offer a suitable means for detecting boar taint (Fuchs et al., 2009a, Schmoll et al., 

2009). 

 

Conclusion 

 

The sound effectiveness of ImprovacTM in preventing boar taint has been 

demonstrated in many studies. Additionally, ImprovacTM-treated pigs show better 

feed conversion ratio and leaner carcasses than barrows. However, in order to 

maximise the positive effects of immunisation against GnRH on growth performance 

and carcass characteristics further investigation into the nutrient requirements of 

vaccinated boars is needed. Furthermore, consideration should be given to the idea 

of performing the second vaccination as late as possible, in order to maximise the 

effects of boar-like growth while ensuring that boar-taint related substances are 

reliably metabolised before the pigs are slaughtered. 

With optimized housing and feeding strategies and diet composition it should be 

possible to rear vaccinated pigs with growth performances and carcass 

characteristics similar to that of boars.  
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Tables and Figures 

 
 
Table 1: Treatment groups 

  IM high IM low CM high CM low 

Treatment 
Vaccination with 

Improvac   n=112/112 

Surgical castration 
within 7 days p.p. 

n=112/110 

Feed 
high 

lysine 
n=56/54 

low  
lysine 

n=56/58 

high  
lysine 

n=56/58 

low  
lysine 

n=56/52 

     

n     number of animals at  the start of the fattening period in batches 1 / 2 
p.p. post partum 

 
 
 
 
Table 2: Feed composition during fattening in batches one and two 

 Feed 1 Feed 2 Feed 3 

  IM/CM high IM/CM low IM/CM high IM/CM low IM/CM high IM/CM low 

Metabolisable energy (MJ) 13.8 13.8 13.4 13.4 13.4 13.4 

Raw protein (%) 18.0 18.0 17.5 17.5 16.8 16.8 

Lysine (%) 1.25 1.15 1.10 1.00 1.00 0.95 
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Table 3: Effect of treatment on body weight in immunised males (IM) and castrated males (CM)(kg) 

 batch one batch two 

  IM high CM high IM low IM high CM high IM low CM low 

Castration 1.9 2.1 1.9 2.1 2.2 2.2 2.2 

Weaning 7.1 7.4 7.2 7.3 7.7 7.4 7.3 

V1 22.4 23.0 21.5 30.5 31.0 30.5 31.3 

V2  78.3
a
 81.7

b
 75.4

a
 79

a
 82.3

b
 79.5

a
 82.1

b
 

Cut-off 107.1
a
 108.8

a
 103.9

b
 115.7 115.7 116.8 116.2 

        

IM high Improvac. lysine-optimized diet      

CM high Surgical castration. lysine-optimized diet      

IM low Improvac. standard-prot diet     

CM low Surgical castration. standard-protein diet     

V 1 and 2 Vaccination one and two      

cut-off day before the first pigs of the batch were slaughtered   

a.b different letters indicate significant differences within time point and batch. p<0.05  
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Table 4: Effect of treatment on feed intake (kg/d) and feed efficiency (kg/kg) in immunised 
males (IM) and castrated males (CM) 

  batch one batch two 

    IM high CM high IM low IM high CM high IM low CM low 

feed intake 

V1 to V2 1.61 1.86 1.62 2.09 2.28 2.07 2.30 

V1 to cut-off 1.93 2.16 1.97 2.4 2.57 2.35 2.52 

V2 to cut-off 2.89 2.9 2.84 2.78 2.9 2.71 2.81 

         

feed efficiency 

V1 to V2 1.99 2.13 2.02 2.79 2.88 2.78 2.93 

V1 to cut-off 2.15 2.38 2.22 2.46 2.66 2.41 2.6 

V2 to cut-off 2.63 2.89 2.67 2.65 3.01 2.53 2.88 

         

IM high Improvac lysine-optimized diet     

CM high Surgical castration lysine-optimized diet      

IM low Improvac standard-lysine diet      

CM low Surgical castration standard-lysine diet     

V1 and 2  Vaccination one and two      

cut-off 
day before the first pigs of the batch were 
slaughtered 

   

a.b different letters indicate significant differences within time point and batch. p<0.05 
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Table 5: Effect of treatment on carcass characteristics and meat quality in immunised males (IM) and castrated males (CM) 

 batch one batch two  

  IM high CM high IM low IM high CM high IM low CM low  

carcass weight (kg) 83.8
a
 87.3

b
 80.4

a
 88.0 89.8 88.1 89.7  

dressing percentage 75.1a 77.4b 74.2a 76.1 77.9 75.6 77.4  

backfat (mm) 14.6a 16.2b 13.6a 17.5 18.9 18.0 18.7  

back muscle (mm) 57.3b 59.4a 54.5c 58.1 59.2 57.0 59.2  

lean meat percentage (%) 57.1 56.2 57.4 54.8 53.9 54.2 54.0  

pH value 5.7 5.7 5.8 5.6 5.6 5.7 5.6  

Conductivity 3.6 3.6 3.4 3.5 3.7 3.2 4.1  

colour 74.4 74.1 74.5 66.2 70.4 66.2 65.2  

carcass length (cm) 97.9 97.8 97.5 99.9 98.0 99.0 98.7  

drip loss (%) 4.2 3.4 4.3 5.9 6.2 5.7 7.2  

cooking loss (%) 31.6 31.0 31.2 30.5 30.5 31.2 30.1  

intramusc. fat content (%) 1.5a 1.4a.b 1.2b 1.5 1.6 1.3 1.6  

shear force (%) 8.9a.b 8.7b 10.2a 7.8 8.3 8.7 8.1  

         

IM high Improvac lysine-optimized diet       

CM high 
Surgical castration lysine-optimized 
diet  

     

IM low Improvac standard-protein diet      

CM low 
Surgical castration standard-protein 
diet 

     

V1 and 2  Vaccination one and two       

cut-off day before the first pigs of the batch were slaughtered    

a.b 
different letters indicate significate differences within time point and batch. 
p<0.05 
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Table 6: Effect of Improvac on size and weight of the right testis 
of immunised males (IM) on the three slaughter days 

slaughter day Length Weight n 

  right testis right testis   

batch one 

1 84.5
a
 114.4 38 

2 81.4
a.b

 96.2 35 

3 78.2
b
 95.5 32 

batch two 

1 84.5
a
 103.5

a
 40 

2 77.6
b
 85.8

b
 40 

3 75.5
b
 77.9

b
 32 

different letters indicate significant differences within batch (p<0.05) 

 
 

Figure 1: Average daily weight gain of immunised (IM) and castrated (CM) male pigs in batch 
one during fattening as a function of body weight 
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Chapter 2 

 

Influence of immunisation against GnRF on agonistic and mounting 

behaviour, serum testosterone concentration and body weight in male 

pigs compared with boars and barrows 

 

A. Albrecht1, E. grosse Beilage2, E. Kanitz3, B. Puppe3, I. Traulsen1, J. Krieter1
 

 

1 Institute of Animal Breeding and Husbandry, Kiel, Olshausenstr.40, 24098 Kiel,    

Germany 

2  Field Station for Epidemiology, Buescheler Str. 9, 49456 Bakum, Germany 

3  Leibniz Institute for Farm Animal Biology, Wilhelm-Stahl-Allee 2, 18196 

Dummerstorf, Germany 

 

Abstract 

The aim of the present study was to assess the effects of vaccination against boar 

taint on testosterone levels, body weight and behaviour in male fattening pigs when 

compared with boars and barrows. The study was carried out in two identically 

designed batches. Pigs were allocated to fattening pens according to treatment 

group (immunised males (IM), castrated males (CM), entire males (EM)) with 10 and 

13 pigs per pen in batches one and two, respectively. IM pigs were vaccinated twice 

with ImprovacTM according to manufacturer’s instructions (first injection was given on 

the day of entry to the fattening unit, second injection directly after test period one). 

During fattening, pigs were videotaped twice (test periods one and two) for a 

consecutive period of 96 h during each test period and blood samples were taken. 

Live weight measurements were conducted on a weekly basis. Before second 

vaccination was given (test period one), IM pigs had serum testosterone levels 

comparable to those of entire boars. Two weeks after second ImprovacTM-injection 

(test period two) testosterone levels of IM pigs decreased significantly (p<0.05) and 
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were not significantly different from those of CM pigs (p>0.05). CM pigs showed 

higher body weights during both test periods when compared with IM and EM pigs. 

Agonistic as well as mounting behaviour of IM pigs was comparable to the behaviour 

of EM pigs during test period one. Two weeks after second ImprovacTM-injection fight 

time as well as fight duration decreased significantly (p<0.05) in the ImprovacTM-

treated group to levels comparable to those of CM pigs, whereas both parameters 

remained on high levels in EM pigs. The number of fights, however, appeared not to 

be affected by vaccination with ImprovacTM, as IM and EM pigs revealed higher 

numbers than CM pigs during both test periods. IM and EM pigs showed comparable 

numbers of mountings as well as mounting time and mounting duration during test 

period one. Second ImprovacTM-injection was followed by a significant decrease in all 

three parameters in IM pigs (p<0.05). When compared with the other treatment 

groups CM pigs performed least agonistic and mounting behaviour during both test 

periods. IM and EM pigs performed significantly more manipulative behaviour than 

CM pigs before second ImprovacTM-injection is given. During test period two EM 

showed more manipulative behaviour than CM pigs with IM pigs in between.  

From our results we conclude that immunisation against GnRH has the potential to 

reduce agonistic as well as mounting behaviour in male fattening pigs to very low 

levels which may result in improved animal welfare when compared with fattening of 

entire boars 

 

 

Introduction 

In most European countries it is common practice to surgically castrate male piglets 

in order to prevent boar taint, the unpleasant sex odour developed by some male 

pigs after reaching puberty. Castration is usually done without anaesthesia and 

analgesia. Scientific as well as public concern, mostly on the grounds of animal 

welfare, have increased as this procedure is painful (Prunier, 2005 and 2006; Horn, 

1999) and reduces growth performance in male pigs (Dunshea et al., 1993; Campbell 

and Taverner, 1988). As a consequence many alternative methods have been 

proposed over the last years as reviewed by Prunier (2006).  One possible solution to 



 59 

inhibit testicular function is down-regulation of the hypothalamic-pituitary-gonadal 

axis by vaccinating the pig against endogenous Gonadotropin Releasing Factor 

(GnRF) using ImprovacTM (Pfizer Animal Health). The effectiveness of ImprovacTM in 

preventing boar taint as well as the possibility of rearing vaccinated pigs with superior 

growth performance and leaner carcasses compared to barrows has been shown in 

many studies (Skrlep et al., 2010; Fuchs et al., 2009; Dunshea et al., 2001). 

Regarding animal welfare, however, the behavioural consequence of castration using 

vaccination should be considered, as ImprovacTM-treated pigs can be regarded as 

entire males until the second vaccination is administered. Entire boars have higher 

levels of the male sex hormone testosterone, which in turn affects behaviour 

(Signoret, 1976). Other studies have shown that boars are more likely to show 

aggressive (Cronin et al., 2003) and sexual behaviour, such as mounting (Fredriksen 

et al., 2004). This may result in higher levels of stress and injuries compromising 

animal welfare and decreasing growth performance. To date few studies have 

focused on social and aggressive behaviour of ImprovacTM-treated pigs 

(Baumgartner et al., 2010; Rydhmer et al., 2010). 

The objective of this study was to evaluate the effects of using ImprovacTM on 

agonistic and mounting behaviour in male pigs compared with boars and barrows 

reared in groups. Addionally the intensity of manipulative behaviour within the groups 

was recorded and differences between the treatment groups were analysed. 

Furthermore the effects of ImprovacTM on serum testosterone concentrations as well 

as body weight were examined. 

 

Materials and methods 

The study period comprised two test periods during which body weight 

measurements, analysis of serum testosterone levels and video observations were 

carried out. The first test period started four days before second ImprovacTM-

injection, the second test period was carried out starting 13 days after the second 

vaccination. The study period ended after the second test period and pigs were 

slaughtered within four weeks after the end of study at a commercial abattoir. 
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Animals and Handling 

The study was carried out in two consecutive batches consisting of 33 and 39 male 

pigs ((Large White x Landrace) x Pietrain). All animals were farrowed at the 

Institute’s own research farm Hohenschulen. On study day 0, when equal to or less 

than seven days old, pigs were randomly assigned to one of three study groups: 

ImprovacTM-vaccinated males (IM), surgically castrated males (CM) and entire males 

(EM). Surgical castration was performed immediately after allocation to treatment 

groups and according to German regulations. Pigs in groups IM and EM were left 

entire. After a suckling period of 28 days, pigs were moved to the nursery unit and 

allocated to two pens per treatment group blocked on weight (light and heavy). All 

pens were provided with partially slatted floor, one feeder providing space for seven 

to eight pigs, and eleven to twelve pigs per pen (eight to nine study pigs plus 

females). After an average nursery period of six weeks, pigs were moved to the 

fattening unit and treatment groups were housed in separate pens of 3 x 9m with 11 

and 13 pigs per pen in batches one and two, respectively. At the start of the fattening 

period surplus pigs were removed from the study and the two pens per treatment 

from the nursery unit were put together in one pen so as to form one group per 

treatment with and degree of familiarity of 50% among the pigs at the start of 

fattening. Every pen was provided with partially slatted floor, one feeder which pigs 

had access to from 07:00 to 00:00 and two drinking nipples. All pens included a 

playing device fixed to one edge of the pen wall.  

 

ImprovacTM-treatment 

Treatment with ImprovacTM was performed twice per batch and administered 

subcutaneously behind the ear. The first injection was given on the day of entry to 

the fattening unit when pigs were ten to eleven weeks old. The date for the second 

vaccination was calculated from the desired slaughter age and performed when pigs 

had an average weight of 76.6 and 80.4 in batches one and two, respectively. 
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Measurements and sampling 

 

Testosterone 

Blood samples were taken from all animals by puncturing the V. jugularis externa 

directly before the second immunisation was administered (test period one) and 

tested for serum testosterone levels. A second sample was taken 13 days later (test 

period two), when testosterone levels were expected to be on very low levels in 

ImprovacTM-treated pigs. 

Sample taking was carried out from 08:00 to 08:45 on every test day in order to 

minimize the impact of diurnal variation in serum testosterone levels in the pig 

(Ellendorff et al. 1975; Claus and Gimenez, 1977). Serum testosterone 

concentrations were analysed in duplicaes using a commercially available 125I-RIA kit 

(DSL-4000, Beckman Coulter GmbH, Sinsheim, Germany) according to the 

manufacturer’s guidelines. Cross-reactivities of antibody used to 5α-

dihydrotestosterone, 11-oxotestosterone and androstenedione were 5.8%, 4.2% and 

2.3%,respectively, and to any further competing serum steroids lower than 1%. The 

assay was validated for use with porcine serum. The test sensitivity was 0.01 ng/ml, 

and intra- and interassay coefficients of variation were 1.2% and 7.3%.  

 

Body weight 

Live weight measurements of each pig were taken on study day 0 and on the day of 

allocation to nursery pens. From the start of the fattening period live weight 

measurements were taken on a weekly basis until the end of study.  

 

 

Behavioural traits 

All behavioural traits were examined using videotaping during the two test periods for 

a consecutive period of 96 hours each. Data recording included duration, initiator, 

recipient and outcome of the agonistic interaction. For mounting behaviour only 

duration, initiator and recipient were recorded. An agonistic interaction was recorded 

if the fight took longer than three seconds, mounting or attempted mounting was 
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recorded if both front hoofs of the mounting pigs were lifted of the ground for longer 

than one second. If there was an intervening period of more than eight seconds, a 

new fight/ mounting was considered to have started (Puppe et al., 1998). For a more 

detailed ethogram, see Table 1.  

For manipulative behaviour the number as well as the duration were recorded and 

analysed on per-pen basis as observation of individuals was too time consuming 

during video analysis. All video recording was performed using one wide-angled 

camera located above each pen opposite to the feeding station. Day and night time 

video taping was assisted by artificial lighting located on the roof above the centre 

aisle. The derived data were stored in a database. The time points for the start of the 

observation periods were calculated from the date of second ImprovacTM-vaccination. 

The first video recording (test period one) was carried out during the four days prior 

to second vaccination and the second recording (test period two) was started 13 

days after second ImprovacTM-injection. 

For the time of video recording all pigs in the pen were spray painted with individual 

numbers on the back in order to make recognition of individual pigs possible. 

Behavioural traits were recorded by two trained observers. Prior to visual 

assessment, the observers were trained in definition and identification of the 

behavioural traits. Inter-observer-correlation for a representative video sequence was 

> 0.9 at the end of training. 

 

Data analysis 

All statistical analysis was performed using the SAS statistical software package, 

version 9.1 (SAS Institute Inc., 2005). The distribution of the behavioural traits (fight, 

fighting time, fight duration, mounting, mounting time, mounting duration) as well as 

testosterone concentrations and body weights was analysed using the UNIVARIATE-

procedure (skewness and kurtosis ranged from 1.43 to 4.75 and -1.45 to 13.72, 

respectively). Due to log-transformation, the data were approximated to normal 

distribution (skewness and kurtosis ranged from -0.7 to 0.49 and -1.45 to 1.11, 

respectively). As serum testosterone concentration below the detection level 

occurred frequently among the barrows and the Improvac-treated pigs at second 
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sample taking (values were recorded as 0.0 ng/ml), the data set was transformed 

using y = log(observation+1). Further analyses were based on transformed data. 

An analysis of fixed effects was performed using the MIXED procedure (maximum 

likelihood estimation) (SAS, 2005). Fixed effects of batch (batch one and two), 

treatment group (IM, CM, EM), test period (test period one and two) and the 

interaction of treatment group and test period were included in the model as well as 

random effects for animal within batch and treatment group.  

Manipulative behaviour was analysed on per-pen basis using a nonparametric test. 

The Wilcoxon rank-sum test (proc NPAR1WAY, SAS, 2005) was applied to identify 

significant differences between treatment groups in the number of and total time 

spent in manipulative behaviours. The total number of fights and total fighting time for 

the four days within one test period were calculated and differences between first and 

second test period were analysed. 

All treatment differences were assessed at the two-sided 5% level of significance. 

 

Results 

Serum testosterone levels 

 Only the interaction of test period and treatment group had a significant effect on 

serum testosterone levels (p<0.05). ImprovacTM-treated males (IM) and entire males 

(EM) showed significantly higher levels than castrated males (CM) in test period one, 

prior to second ImprovacTM injection (p<0.05) (Figure 1). Two weeks after the 

immunisation (test period two), IM showed a significant decrease in testosterone 

levels (p<0.05) whereas testosterone in EM remained on high levels. Most of the 

castrated males had testosterone levels below the detection mark in both test 

periods. 

 

Body weight  

Treatment group and test period had a significant influence on body weight (p<0.05) 

whereas the interaction of the two effects proved not to be significant (p>0.05). 

Castrated males (CM) were heavier than ImprovacTM-treated (IM) and entire males 
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(EM) in both test periods, although differences were not significant (p>0.05) (Figure 

2). 

 

Behavioural parameters 

Influences of fixed effects as included in the model are presented in Table 2.  

The analysis revealed highest numbers of agonistic interactions (fights) in Improvac-

treated males (IM) when compared to castrated males (CM) and entire males (EM) in 

both test periods, although differences were not significant (p>0.05) (Table 3). 

Comparing the two test periods no significant change in number of fights could be 

observed for any of the treatment groups (p<0.05). 

ImprovacTM-treated males (IM) and entire males (EM) had a significantly longer total 

fighting time per pig than castrated males (CM) in test period one (Table 3). For all 

three treatment groups a decrease in total fighting per pig from test period one to test 

period two could be observed, although differences only proved to be significant in 

ImprovacTM-treated males (IM) (p<0.05). This resulted in a comparable total fighting 

time per pig in ImprovacTM-treated males (IM) and castrated males (CM) in test 

period two, whereas the total fighting time per pig remained significantly higher in 

entire males (EM) (p<0.05). In test period one ImprovacTM-treated males (IM) and 

entire males (EM) revealed significantly higher fight duration than castrated males 

(CM) (Table 5). Animals from the ImprovacTM-treated group (IM) in test period two 

decreased their fight duration to levels significantly lower than in test period one 

(p<0.05) whereas castrated males (CM) and entire males (EM) remained on levels 

comparable to test period one (p>0.05).  

During both test periods ImprovacTM-treated (IM) as well as entire males (EM) 

showed higher numbers of initiated fights than castrated males (CM), although 

differences were not significant (p>0.05) (Table 5). All three treatment groups 

revealed decreasing numbers of initiated fights from test period one to test period 

two, but again, differences were not significant (p>0.05). In test period one, castrated 

males showed significantly lower fight durations than the other treatments (p<0.05) 

(Table 3). Although all three treatments groups revealed lower fight durations in test 
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period two when compared to test period one, the difference only proved to be 

significant in ImprovacTM-treated males (IM) (p<0.05).   

A comparison of the number of mountings per pig as well as total mounting time 

revealed significantly higher values for Improvac-treated males (IM) and entire males 

(EM) than surgically castrated males (CM) in test period one (p<0.05) (Table 3). Both 

parameters decreased significantly in IM pigs from first to second test period (p<0.05) 

which resulted in comparable number of mountings and total mounting time for 

Improvac-treated (IM) and castrated males (CM) in test period two whereas entire 

males (EM) performed significantly more mounting behaviour (number of mountings 

and total mounting time) than the other treatment groups during the second test 

period (p<0.05). During test period one the mounting duration was longer for 

Improvac-treated males (IM) than castrated males (CM) with entire males (EM) in 

between (Table 3).  Whereas entire males (EM) showed a significant increase in 

mounting duration in test period two (p<0.05), Improvac-treated males revealed a 

significant decrease (p<0.05) and showed mounting durations comparable to those of 

castrated males (CM). 

All three parameters related to mounting behaviour revealed a significant decrease in 

ImprovacTM-treated pigs after the second immunisation is given (p<0.05). 

.Figures three and four illustrate the total number of manipulative behavioural actions 

per pen as well as the total time spent on manipulating pen mates for each treatment 

group during the two test periods. At first videotaping (test period one) Improvac-

treated males (IM) and entire males (EM) showed significantly more manipulative 

behaviour than castrated males (CM). In ImprovacTM-treated pigs (IM) the total 

number as well as the total time spent on these behavioural traits decreased 

significantly (p<0.05) after immunisation two and both parameters were significantly 

lower than in boars at second videotaping (test period two) but still on higher levels 

than in surgical castrates (CM). Manipulative behaviour in boars (EM) even showed a 

tendency for increasing numbers whereas the total time spent on manipulating pen 

mates revealed a small decrease from first (test period one) to second videotaping 

(test period two). 
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Discussion 

Although the circadian rhythm of serum testosterone levels in the pig has been the 

subject of a number of studies (Ellendorff et al. 1975; Claus and Gimenez, 1977; 

Edquist et al., 1980), no general agreement on the time of peaks and low points of 

testosterone concentration in the course of the day exists. Blood samples in the 

present study were taken at 08:00 on both days to overcome variations in daily 

testosterone concentrations and to minimise the effect of daytime. Entire males 

presented a wide range of individual testosterone concentrations (2.78 - 12.47 ng/ml 

and 1.11 - 15.08 ng/ml on test periods one and two, respectively). The serum 

testosterone concentrations of ImprovacTM-treated males were comparable to those 

of entire males in test period one, but showed a significant decrease after second 

immunisation was given. Our results are in line with findings presented by other 

authors. Zamaratskaia et al. (2007, 2008) and Dunshea et al. (2001) found that 

serum testosterone concentrations of ImprovacTM-treated pigs decreased to low 

levels within two weeks of second immunisation is administered and that the change 

in the hormonal profile alters the behaviour, especially feeding behaviour, in the pig. 

Cronin et al. (2003) found that entire boars allocate more of their active time to social 

behaviour than castrates and are more easily distracted from feeding. Dunshea et al. 

(2001) and Pauly et al. (2009) suggest that ImprovacTM-treated pigs can be regarded 

as entire males until second immunisation is given. Our findings confirm that 

ImprovacTM-treated males as well as entire males tend to have lower average daily 

weight gain than surgical castrates at the time of second vaccination (Pauly et al., 

2009; Zamaratskaia et al., 2008; Dunshea et al., 2001).From literature it is known 

that serum testosterone levels and voluntary feed intake are negatively correlated 

(Weiler et al., 1996). ImprovacTM-treated pigs are known to increase their feed intake 

to levels comparable to those of barrows or even higher values after second 

vaccination is given and testosterone levels decrease (Fuchs et al., 2011; Fabrega et 

al., 2010; Pauly et al., 2009; Dunshea et al.,2001). This increase in feed intake 

results in higher average daily weight gain after second ImprovacTM-injection in 

vaccinated pigs compared with barrows (Fuchs et al.,2011; Dunshea et al., 2001). In 

the present study a disproportional increase in feed intake of vaccinates was 
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impossible as feed was offered restricted, though on high levels. This might, to some 

extent, account for the lower body weights in ImprovacTM-treated pigs when 

compared with barrows at the end of the fattening period. The findings on growth 

performance in boars are inconsistent. As reviewed by Xue et al. (1997) boars show 

different growth performances from barrows or gilts, depending on feed composition, 

feeding strategy and management. Since feed composition was not adapted to the 

special nutrient requirements of boars, entire males in the present study might not 

have had the chance to fully exploit their growth potential, especially as the feed 

given was fitted to nutrient requirements of surgical castrates.  

 

Entire as well as ImprovacTM-treated male pigs performed more agonistic behaviour 

than surgical castrates at the time point of second vaccination (test period one). 

These findings are in line with results presented by other authors (Rydhmer et al., 

2010; Cronin et al., 2003). In the second test period less aggressive behaviour was 

observed in all three treatment groups. These results confirm that the level of 

aggression decreases with time if groups remain stable and unchanged (Rydhmer et 

al., 2006; Fraser et al., 1995). Fraser et al. (1995) argued that aggression is linked to 

dominance hierarchies and once a hierarchy is established, the number as well as 

the time spent on agonistic interactions decreases and that long-term aggression 

consists of brief threats and bites that only occasionally escalate into more severe 

and longer fights (Fraser et al., 1984). The decrease in total fighting time as well as 

fight duration was, however, much more pronounced in ImprovacTM-treated males 

than in castrated or intact males which suggests that the second ImprovacTM-injection 

has an influence on fighting behaviour in pigs as far as fight time and duration are 

concerned. The total number of agonistic interactions on the other hand, seemed not 

to be affected by immunisation, since ImprovacTM-treated males at second test period 

still fought at frequencies comparable to those of boars. Fraser et al. (1984) argue 

that long-term aggression often involves competition for specific resources. In 

addition other authors suggest that vaccinated pigs increase their feed intake 

disproportionally after second ImprovacTM-injection when compared with boars and 

barrows. Therefore, the limited access to feed (restrictive feeding, only one feeder 
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per pen) might have offered a constant source for competition in the present study. 

This might account for the markedly higher number of fights in the ImprovacTM-

treated group when compared with surgical castrates  during the second test period, 

although mean fight duration is at comparable levels in both treatment groups. 

In contrast to findings from other studies (Salmon and Edwards, 2006; Rydhmer et 

al., 2006; Giersing et al., 2000) no coherent relationships between aggressive 

behaviour and testosterone levels or body weight were found in the present study 

(unpublished results). One possible explanation might be the relatively small number 

of pigs and the wide range in testosterone levels. Most authors, however, agree that 

aggressive behaviour is not only influenced by gonadal hormones but that other 

factors are probably even more important (Ruiz-de-la-Torre et al., 1999; Dixson et al., 

1976). Stability of the group as well as group size, have influence on the level of 

aggressive behaviour in the group (Rydhmer et al., 2006; Nielsen et al., 1995). In 

addition, Rushen (1985) found that animals assess their own fighting ability and that 

pigs learn from previous social encounters and alter their behaviour depending on 

the outcome (Rushen and Pajor, 1987). Moreover, it is argued that especially fight 

time and duration are not only affected by testosterone levels but highly depend on 

weight asymmetries in the group. Anderson et al. (2000) found longer fight durations 

in groups with a smaller weight range than in groups where pigs showed higher 

differences in body weight. These findings may explain why correlations in the 

present study were incoherent or non-existent. Additionally, aggressive behaviour 

was not tested over a specific resource. Since other authors assume that pigs form 

different hierarchies for different resources and that aggression is resource-related 

(Lindberg et al., 2001), behaviour of pigs in the present study might have been 

influenced by factors not considered in the calculation. 

 

On the one hand, mounting is part of pigs’ normal sexual behaviour repertoire 

(Hemsworth and Tillbrook, 2007; Fraser et al., 1997; Levis et al., 1997) but on the 

other also represents a means to dominate low-ranking animals in order to attain 

access to resources (Fredriksen et al., 2008). In the present study mounting 

behaviour was seen frequently in entire male pigs during both test periods. Whereas 
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the number of mountings as well as total mounting time and mounting duration 

decreased significantly in the ImprovacTM-treated group after second immunisation, 

entire males maintained high frequencies of mounting until the end of study. Ford 

(1990) suggested that sexual behaviour, such as mounting, is stimulated by testicular 

steroid hormones. Results of the studies conducted by Rydhmer et al. (2006) and 

Fredriksen et al. (2004) confirm that entire males show more sexual behaviour at the 

end of the fattening period when compared to gilts or barrows. The low levels of all 

parameters related to mounting in surgical castrates and Improvac-treated pigs are in 

line with findings presented by Cronin et al. (2003) and Rydhmer et al. (2010) and 

suggest that mounting behaviour is strongly affected by castration regardless of time 

point or method.  Mounting behaviour has detrimental consequences for animal 

welfare. Rhydmer et al. (2006) found that most skin lesions and scratches on boars 

in single-sex pens were caused by mounting rather than aggressive behaviour 

whereas no relationship was found between number of scratches and received 

aggression. Other authors also found significantly more skin lesion in boars than in 

gilts or surgical castrates (Velarde et al., 2007; Rydhmer et al., 2006). Additionally, 

mounting is suspected to cause leg problems (Rydhmer et al., 2006) and to impose 

high stress levels and fear on frequently mounted pigs (Fabrega et al., 2010) which in 

turn results in reduced animal welfare (Björklund et al., 2006). The positive effects on 

animal welfare obtained in the pigs’ early life by abandoning surgical castration may 

therefore be impaired by increased levels of aggression and mounting which results 

in stress and injury. Björklund and Boyle (2006) found that boars show even higher 

levels of aggression and mounting behaviour when reared in single-sex groups than 

boars reared in mixed-sex groups with females. Split marketing may even aggravate 

the problem as the removal of animals causes disruption in the dominance hierarchy 

and imposes high stress levels and an increased risk of injury on the remaining pigs 

(Björklund and Boyle, 2006; Fredriksen and Hexeberg, 2008).  

 

Another factor influencing animal welfare is the manipulation of pen mates. There is 

limited research examining the effects of non-violent social interaction on pig welfare. 

From our results we conclude that castration influences manipulative behavioural 
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patterns. However, the timing of castration or the castration technique seems to 

impair the positive effects of castration on intensity of manipulative behaviour. Entire 

male pigs as well as vaccinated pigs before second ImprovacTM-injection performed 

significantly more manipulative behaviour than surgical castrates. After second 

injection ImprovacTM-treated pigs reduced manipulative behaviour to intermediate 

levels when compared with the other treatment groups. The manipulation of pen 

mates at high frequencies may cause stress for the receiver if pigs are hindered from 

resting or feeding or in extreme cases, may lead to more injuries, and therefore 

should be taken into consideration when assessing animal welfare consequences of 

surgical castration or its alternatives. 

 

Conclusion 

From our results we conclude that the second immunisation against GnRF, which 

effectively castrates the pig, reduces aggressive and sexual behaviour in male 

fattening pigs to levels comparable to those of surgical castrates and may therefore 

be associated with improved animal welfare when compared with rearing of entire 

boars. The positive effects of using ImprovacTM regarding agonistic behaviour may 

even be improved by adjusting feeding regimes to the voluntarily higher feed intake 

of vaccinates after second ImprovacTM-injection. As far as manipulative behaviour is 

concerned, further investigations on the effects of vaccination, especially timing of 

second vaccination, are needed, since pigs in the present study, have been re-

vaccinated relatively early in the fattening period (approximately 5 weeks before 

slaughter). Re-vaccination at a later point in time may compromise the effects on 

manipulative behaviour even further. However, in order to maximise positive effects 

related to growth performance other authors suggest to perform vaccination as late 

as possible (Lealiifano et al., 2009). This might have influence on the behaviour and 

further investigation on the behavioural effects of late administration of the second 

dose of ImprovacTM is needed in order to ensure that pig welfare is not impaired by 

vaccination against GnRF. 
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Tables and Figures 

 
Table 1: Definition of behavioural traits 
 
behavioural trait unit definition 

agonistic interaction  fight or displacement with physical contact initiated by one pig 
and featuring aggressive behavioural elements, followed by 
any form of submissive behaviour performed by the opponent 
(Langbein and Puppe, 2004) 

 fight number of 
(n) 

number of all agonistic interactions per pig in which the pig 
was involved during one observation period (96h) 

 fighting time seconds (s) total time a pig was involved in agonistic interactions during 
one observation period (96h) 

 fight duration seconds (s) average fight duration per pig during one observation period 
(96h) 

 initiated fight number of 
(n) 

number of all agonistic interactions initiated by one pig during 
one observation  period (96h)  

 initiated fighting time seconds (s) total time a pig was involved in self-initiated agonistic 
interactions during one observation period (96h) 

mounting behaviour  placing both front hoofs on the back of a pen mate 

 mounting number of 
(n) 

number of all mounting events per pig in which the pig was 
involved during one observation period (96h) 

 mounting time seconds (s) total time a pig was involved in mounting events during one 
observation period (96h) 

 mounting duration seconds (s) average mounting duration per pig during one observation 
period (96h) 

manipulative behaviour   rubbing belly of a pen mate, nibbling, suckling or chewing on 
ear, tail or other part of the body of a pen mate 

 manipulation number of 
(n) 

number of all manipulative behaviours per treatment group 
during one observation period (96h) 

 manipulation time seconds (s) total time spend on manipulative behaviour during one 
observation period (96h) 
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Table 2: p-values of fixed effects for behavioural parameters 

 

 batch treatment  test period 
treatment x test 

period 

fights per pig (n) 0.6794 0.0238 0.0012 0.8791 

fight time per pig (s) 0.0015 <0.0001 <0.0001 <0.0001 

fighting duration (s) 0.0101 0.0488 <0.0001 <0.0001 

initiated fights per pig 0.8141 0.0272 0.0147 0.8211 
initiated fighting time per pig 
(s) <0.0001 <0.0001 <0.0001 0.0955 

initiated fighting duration (s) 0.0027 0.0227 <0.0001 0.0034 

mounts per pig (n) 0.8866 <0.0001 <0.0001 0.0381 

mounting time per pig 0.916 <0.0001 <0.0001 <0.0001 

mounting duration 0.9021 0.0004 0.08 <0.0001 
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Table 3: LS means and standard errors for behavioural traits as observed in immunised males (IM), castrated males (CM) and entire males (EM) for test periods 
one and two 
 

 
Test Period 
One     

Test Period 
Two     

 IM CM EM IM CM EM 

fights per pig (n) 18.0 (1.29) 7.1 (1.29) 15.3 (1.29) 12.1 (1.29) 5.4 (1.30) 10.9 (1.31) 

fight time per pig (s) 495.9
a 
(1.29) 51.6

b 
(1.29) 380.0

a,c
 (1,28) 79.4

b 
(1.28) 38.0

b 
(1.29) 202.5

c 
(1.30) 

fighting duration (s) 25.3
a 
(1.33) 7.9

b 
(1.33) 23.3

a 
(1.33) 6.2

b 
(1.33) 7.7

b 
(1.35) 17.3

a 
(1.36) 

initiated fights per pig (n) 8.5
a 
(1.29) 4.0

a,b
 (1,29) 7.6

a,b
 (1,29) 5.9

a,b
 (1,29) 2.7

b
 (1.29) 6.2

a,b
 (1,31) 

initiated fighting time per pig (s) 154
a 
(1.29) 27.3

b 
(1.30) 184.7

a 
(1.28) 32.9

b,c,d
 (1,28) 16.6

d 
(1.27) 98.8

a,c
 (1,31) 

initiated fighting duration (s) 20.3
a 
(1.32) 7.7b.c (1.32) 23.8

a 
(1.31) 6.1

b 
(1.31) 6.3

b 
(1.32) 15.6

a,c
 (1,34) 

mounts per pig (n) 23.8
a 
(1.23) 6.8

b 
(1.27) 41.6

a 
(1.22) 6.1b (1.31) 3.4

b 
(1.22) 32.0

a 
(1.21) 

mounting time per pig 249.1
a
(1.40) 17.0

b 
(1.43) 316.6

a 
(1.37) 16.0

b 
(1.49) 9.5

b 
(1.38) 159.1

a 
(1.38) 

mounting duration 11.0
a.c 

(1.28) 2.6
b 
(1.29) 7.5

c 
(1.27) 2.7

b 
(1.32) 2.9

b.c 
(1.28) 14.0

a 
(1.28) 

 
 
a,b  different letters indicate significant differences within row (p<0.05) 
data are presented as retransformed ls mean values 
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Figure 1: LS mean serum testosterone levels of immunised males (IM), castrated males (CM) and 
entire males (EM) for test periods one and two 
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Data are presented as retransformed LS mean values 
a,b  different letters indicate significant differences within testing (p<0.05) 
 
 
 
 
 
 
Figure 2: LS mean body weight of immunised males (IM), castrated males (CM) and entire males (EM) 
for test periods one and two 
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Figures 3 and 4: total number of and total time spent on manipulative actions, as observed in the three 
treatment groups for test periods one and two 
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Anna-Katharina Albrecht (2011) 

Growth performance, carcass characteristics, meat quality and behaviour of 

ImprovacTM-treated male pigs in comparison with intact boars and barrows 

General Discussion 

 

The purpose of the first part of this study was to assess effects of immunisation 

against GnRF on growth performance and carcass traits in male fattening pigs (IM 

pigs) compared with surgically castrated pigs (CM pigs). The second part focused on 

the behaviour of immunised males with special emphasis on the agonistic and 

mounting behaviour and was compared with the behaviour of entire males (EM pigs) 

and surgically castrated male pigs.  

 

Both parts of the study revealed lower body weights of ImprovacTM-treated boars (IM 

pigs) compared with surgically castrated male pigs (CM pigs) at the time point of 

second vaccination despite comparable body weights at the start of the fattening 

period. One possible explanation might be the higher feed intake of surgically 

castrated male pigs in the period from first to second vaccination (fattening period 

one). Other authors (Cronin et al., 2003; Dunshea et al., 2001) agree that 

ImprovacTM-treated pigs have lower voluntary feed intake before second vaccination 

is given. Weiler et al. (1996) found a negative correlation for feed intake and 

testosterone levels in wild boars. Our results confirm, that IM pigs have comparable 

serum testosterone levels with intact boars before second vaccination is given and 

can therefore be regarded as entire males until the time of second vaccination (Pauly 

et al., 2009; Dunshea et al., 2001). A further aspect influencing voluntary feed intake 

is the behaviour of the pigs, which in turn is influenced by the steroid hormones. 

Cronin et al. (2003) state that EM pigs are more easily distracted from feeding and 

spend more of their active time on social and sexual behaviour than barrows. These 

results are in line with our findings that EM as well as IM pigs spend more time on 

agonistic and mounting behaviour than CM pigs during the first part of the fattening 

period, i.e. before second ImprovacTM-injection.  
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Further investigation on connections between voluntary feed intake, serum 

testosterone levels and behaviour might be useful in order to assess detrimental 

effects of hormonal status and behaviour on performance of fattening pigs. 

Thirteen days after having received the second dose of ImprovacTM, which effectively 

castrates the pig, the IM pigs in the present study revealed very low levels of serum 

testosterone concentrations which where not significantly different from those of CM 

pigs. The second vaccination also significantly affected the behaviour of IM pigs. 

Whereas IM pigs were not different from EM pigs in the amount of time spend on 

agonistic and mounting behaviour in test period one, both parameters decreased 

significantly in IM pigs in the two weeks following the second injection. EM pigs, on 

the contrary, revealed no change in serum testosterone levels from first to second 

test period and did not alter their behaviour as markedly as IM pigs did. The number 

of fights and mountings as well as the total time spent on these behavioural traits 

showed a small decrease if the two test periods are compared. The mean mounting 

duration, however, increased significantly from first to second test period. These 

results confirm findings of studies conducted by Rhydmer et al. (2010) and Cronin et 

al. (2003). They found that entire males, even if reared in stable groups from the start 

of the fattening period perform more aggressive behaviour than IM or CM pigs or 

gilts. Mounting behaviour, which is not only a part of the sexual behaviour repertoire 

in most mammals (Hemsworth and Tillbrook, 2007) but is also used to dominate low-

ranking animals in the group (Fredriksen et al., 2008) appeared to be even more 

strongly affected by vaccination since not only the time spent in these behaviours 

decreased significantly but the number of mountings was significantly lower in IM 

pigs in test period two.  

Carcass weight, dressing percentage and back fat depth of pigs in the present study 

were higher in CM than in IM pigs. From literature it is known, that castrated males 

are generally superior in all three traits when compared with entire males (Pauly et 

al., 2009; Fuchs et al., 2009; Jaros et al., 2005). IM pigs can be regarded as entire 

boars until the second vaccination is given and even benefit from anabolic steroids 

sometime thereafter (Cronin et al., 2003). However, the timing of second vaccination 

seems to partly influence carcass traits. In the present study pigs have been 
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vaccinated relatively early in the fattening period, i.e. four to six weeks prior to 

slaughter, and differences in carcass weight and dressing percentage between IM 

and CM pigs were not significant. Lean meat percentage was not significantly 

affected by vaccination either, but there was a tendency for higher values in IM pigs 

in the present study. In a study conducted by Lealiifano et al. (2009) it was shown, 

that IM pigs, which received the second vaccination relatively early during fattening, 

had carcass traits comparable to CM pigs, whereas late vaccination resulted in 

carcasses of IM pigs which were not significantly different from those of entire boars. 

Depending on the demands of the consumers and the meat industry it should 

therefore be possible to produce leaner or fatter carcasses by choosing either late or 

early vaccination. The study of Lealiifano et al. (2009) revealed, that vaccination only 

two weeks prior to slaughter allows reliable metabolisation of steroids in the fat 

tissue.Einarsson et al. (2009) and Zamaratskaia et al. (2007) showed that the effects 

of vaccination lasted as long as 22 weeks after second injection. These results 

indicate that pig producers have a larger time frame for second vaccination than the 

currently recommended four to six weeks before slaughter.  

On the one hand late vaccination offers the chance of producing pigs with lower 

(better) feed efficiency and leaner carcasses but on the contrary may impair positive 

effects of castration on the behaviour of the animals. High levels of aggression in the 

group lead to stress and fear in subordinate animals (Fabrega et al., 2010), distract 

pigs from feeding and lead to injuries (Velarde et al., 2007; Rydhmer et al., 2006). 

Especially mounting behaviour is said to cause skin lesions and leg problems 

(Rydhmer et al., 2006) which may result in infectious diseases, reduced growth and 

carcass damage. Hence, the positive effects of superior growth performance of entire 

males may be abolished by high levels of aggression in the group. 

Early vaccination, on the other hand, would contribute to animal welfare since 

vaccinated animals as well as surgical castrates perform less aggressive and sexual 

behaviour when compared with entire male pigs. However, feed efficiency and lean 

meat percentage will be impaired, since the anabolic effect of male steroids will only 

have minimal effect on growth performance and carcass traits. 
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In order to meet the demands of the consumers as well as the pig industry, more 

research on the alternative methods to surgical castration is needed. Obviously the 

nutrient requirements of EM and IM pigs, especially before second vaccination is 

given, differ from those of CM pigs (Dunshea, 2010; Xue et al., 1997). The present 

study indicates that IM and EM pigs did not fully exploit their growth potential since 

live weight at second vaccination (both parts of the study) and slaughter (second part 

of the study) was below that of CM pigs, although feed conversion ratio had been 

lower (better) in IM pigs (first part of the study). Additionally, the effects of late 

vaccination need further investigation. On the one hand, late vaccination may further 

improve the advantages of IM pigs in growth performance when compared with CM 

pigs. However, negative effects on carcass characteristics as well as aggressive 

behaviour may abolish these effects. Numerous studies have focused on the 

management of entire male pigs regarding boar taint, feeding strategies and 

aggressive behaviour. However, no general agreement has yet been found on how to 

raise entire male pigs. The present study found no evidence that the higher number 

of aggressive interactions and mounting behaviour of boars had negative 

consequences on animal welfare, since none of the boars revealed carcass damage 

due to injury (unpublished results). However, EM pigs in our study were raised in 

relatively small groups of 10 to 13 pigs with an above-average space allowance 

during fattening. Moreover, fattening groups remained stable and unchanged until the 

end of study so that very little cause for aggression was given. Anderson et al. (2000) 

found that a small weight range in the group entails more fighting activity. 

Homogenous fattening groups, however, are indispensable in modern pig production. 

Yet, the results of the present study found no connection between fighting or 

mounting activity and body weight or serum testosterone levels. This might have 

been different if aggression had been measured over specific resources, e.g. feed or 

water supply, or if groups had not been stable over the whole fattening period. 

 

Whether the advantages of vaccination regarding feed efficiency and lean meat 

compensate for the costs of Improvac and additional labour time, was not subject of 

this study. Yet from our results we can conclude that vaccinated animals have better 
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feed efficiency (first part of the study) in comparison with surgically castrated pigs, 

and that the use of ImprovacTM offers a feasible alternative to surgical castration 

since it meets the demands for a more animal friendly castration technique and 

aggressive behaviour is significantly reduced after second ImprovacTM-injection. 
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Anna-Katharina Albrecht (2011) 

Growth performance, carcass characteristics, meat quality and behaviour of 

ImprovacTM-treated male pigs in comparison with intact boars and barrows 

General Summary 

 

One objective of this twofold randomised study was to determine differences in 

growth performance, carcass characteristics and meat quality of ImprovacTM-treated 

male pigs in comparison with surgically castrated barrows. Pigs, reared in two 

consecutive batches (B1 and B2), were randomly assigned to one of two treatment 

groups blocked on castration technique (IM – immunised males, CM – surgically 

castrated males). Vaccination (V) was carried out in accordance with manufacturer’s 

instructions and administered on the day of entry to the fattening unit (V1) and four to 

six weeks prior to slaughter (V2). As a consequence the fattening period was 

subdivided for analysis into two consecutive periods (period 1: V1 to V2; period 2: V2 

to slaughter). Treatment groups were subdivided into two feeding groups receiving 

ad libitum feeding of either high-lysine diet (IMhigh/CMhigh) or standard-lysine diet 

(IMlow/CMlow).  

Since no coherent effect of lysine content was found for any of the parameters 

analysed, results are only presented for the two different castration techniques (IM, 

CM). Throughout the whole fattening period IM pigs had a lower feed intake than the 

control group with highest differences for the first part of the fattening period (0.25 

kg/pig/day). Consequently, body weight, although not different between treatment 

groups at the start of the fattening period, was significantly lower in IM pigs at second 

vaccination when compared with CM pigs in both batches (p<0.05). For the second 

part of the fattening period a disproportional increase in feed intake was observed in 

IM pigs when compared with the control group leading to a comparable feed intake 

for both treatment groups in period 2 (p>0.05). After V2 IM pigs had a significantly 

higher average daily weight gain than CM pigs in batch two and there was a 

tendency for higher ADG in batch one which resulted in comparable cut-off weights in 

both treatment groups. Throughout the whole fattening period, the IM pigs showed a 
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better feed efficiency than the control group in both batches, although not statistically 

significant (p>0.05). The differences between the treatment groups increased with 

rising body weight and showed highest values in period 2, i.e. after second 

ImprovacTM-injection. 

Pigs were slaughtered in three groups per batch. Carcass weight, dressing 

percentage and back fat and muscle depth were assessed. Additionally, pH values 

45 minutes and 24 hours p.m. were recorded and electrical conductivity, flesh colour 

and carcass length measured 24 hours p.m.. Samples from the M. longissimus dorsi 

were analysed for drip loss as well as intramuscular fat content and shear force.  

Carcass weight and dressing percentage were higher in CM pigs in both batches but 

only showed significant differences in batch one (p<0.05). The same applies to back 

muscle and back fat depth (B1: p<0.05). Lean meat percentage, although higher in 

IM pigs in both batches, was not significantly influenced by the castration technique 

(p<0.05). No coherent effect of castration technique was found for any of the 

parameters related to meat quality. Testes size and weight appeared to be affected 

not only by the use of Improvac but also by the time period from second vaccination 

to slaughter (period 2). In both batches IM pigs slaughtered in the first groups (batch 

one, two: 84.5 cm), had significantly higher testes length than IM pigs slaughtered in 

group 3 (batch one: 78.2; batch two: 75.5) (p<0.05). The same tendency was seen in 

testes weight, although differences were only significant for pigs in batch two 

(p<0.05). 

 

In the second part of the study, the effects of vaccination against boar taint, surgical 

castration and rearing of entire male pigs were compared regarding serum 

testosterone levels and body weight as well as agonistic (fighting) and mounting 

behaviour in fattening pigs reared in stable groups of 10 to 13 pigs. Vaccination was 

administered in line with the vaccination schedule used in the first part of the study. 

Two video tapings were conducted in order to analyse the behaviour of the pigs. The 

first video taping was carried out prior to second vaccination (V2) and just after the 

first blood sample was taken (test period 1). For a consecutive period of 96 hours the 

behaviour of the pigs was recorded and the agonistic as well as mounting behaviour 
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of the individual pigs were analysed. 13 days after V2 a second video recording (test 

period 2) was conducted in order to examine influences of castration technique and 

test period on the number of fights/ mountings, time spent fighting/ mounting and 

mean fight/ mounting duration. Live weight measurements were taken from individual 

animals at the start of the two test periods.  

 

At the beginning of test period 1, prior to second ImprovacTM-injection,  IM and EM 

revealed significantly higher serum testosterone levels than CM (p<0.05). Two weeks 

after the second immunisation (test period 2), IM showed a significant decrease in 

testosterone levels (p<0.05) whereas testosterone in EM remained on high levels. 

Most of the castrated males had testosterone levels below the detection mark in both 

test periods. Body weight only proved to be affected by treatment group, but not by 

the interaction of treatment group and test period. CM pigs were heavier than the two 

other treatment groups in both test periods, although differences were not significant 

(p>0.05). 

The analysis revealed that IM and EM pigs showed more fighting behaviour than CM 

pigs during test period 1. After second ImprovacTM-injection, a significant decrease in 

fighting time and fight duration was observed in IM pigs (p<0.05), whereas number of 

fights appeared not to be affected by second immunisation. EM and CM pigs did not 

show considerable differences between the two test periods in any of the parameters 

which led to highest fighting activity in EM pigs during test period 2 when compared 

with the two other treatment groups.  

Mounting behaviour was most frequently seen in EM and IM pigs during test period 1 

(p<0.05). CM pigs showed very low incidents of mounting behaviour during both test 

periods. The second ImprovacTM-injection had a significant effect on number of 

mountings as well as mounting time and duration resulting in comparable levels for 

IM and CM pigs for all three parameters related to mounting behaviour during test 

period 2. A decrease in number of mounts as well as mounting time was observed in 

EM pigs in test period 2 (p<0.05), the mean mounting duration, however, showed a 

significant increase from first to second test period (p<0.05). 
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In order to obtain additional insight in the activity level in the groups, the manipulative 

behaviour was examined on a per-pen basis. Again, no significant differences were 

found in the number of manipulations or the time spent on this behavioural trait 

between IM and EM pigs in test period 1 (p>0.05), whereas CM pigs showed  lower 

levels of manipulative behaviour when compared with the two other treatment 

groups. After the second application of ImprovacTM (test period 2), the number as 

well as total time showed a significant decrease in IM pigs (p<0.05). Despite the 

reduction in both parameters, IM pigs in test period two still performed significantly 

more manipulative behaviour than CM pigs (p<0.05). CM pigs showed lowest 

incidents of manipulation in both test periods when compared with the other 

treatment groups (p<0.05). In EM pigs the total time spent on manipulating pen 

mates only revealed a small decrease from first to second test period (p>0.05), the 

total number of manipulations, however, increased and showed significantly higher 

values than IM and CM pigs in test period 2 (p<0.05). 
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Anna-Katharina Albrecht (2011) 

Vergleichende Analyse  ImprovacTM-behandelter und chirurgisch kastrierter 

Mastschweine, sowie intakter Eber bezüglich Mastleistung, 

Schlachtkörperzusammensetzung, Fleischqualität und agonistischen Verhaltens. 

Zusammenfassung 

 

Ein Ziel dieser zweiteiligen Studie war es, Unterschiede zwischen ImprovacTM-

behandelten und chirurgisch kastrierten Mastschweinen bezüglich Mastleistung, 

Schlachtkörperwert und Fleischbeschaffenheit zu analysieren. In zwei 

aufeinanderfolgenden Durchgängen (Durchgang 1, 2) wurden die Schweine zufällig 

und in Abhängigkeit von der Kastrationstechnik zwei Versuchsgruppen zugeteilt (IM - 

immunisierte Schweine, CM - kastrierte Schweine). Die Vakzinierung (V) wurde nach 

Herstellerangaben durchgeführt. Die erste Impfung erfolgte hierbei am Tag der 

Aufstallung zur Mast (V1), während die zweite Impfung vier bis sechs Wochen vor 

der Schlachtung durchgeführt wurde (V2). Die Mastperiode wurde entsprechend in 

zwei aufeinanderfolgende Versuchszeiträume eingeteilt (Zeitraum 1: V1 – V2; 

Zeitraum 2: V2 – Schlachtung). Zwei unterschiedliche Fütterungsstrategien führten 

zu einer weiteren Unterteilung der Versuchsgruppen in Abhängigkeit vom Lysingehalt 

des Futters ((IMhigh/CMhigh – Futtermittel mit hohem Lysingehalt; IMlow/CMlow – 

Futtermittel mit normalem Lysingehalt).  

Da der Lysingehalt des Futters keine eindeutigen Auswirkungen auf die analysierten 

Parameter zeigte, wird im Folgenden nur auf Unterschiede zwischen den 

Kastrationsgruppen eingegangen (IM, CM). 

CM-Schweine zeigten während des gesamten Versuchszeitraums höhere 

Futteraufnahmen als IM-Schweine, wobei die größten Unterschiede zwischen den 

Versuchgruppen im Zeitraum 1 (vor V2) gemessen wurden (0.25 kg 

Futter/Schwein/Tag). Trotz vergleichbarer Einstallgewichte zu Beginn der Mast, 

wiesen IM-Schweine zum Zeitpunkt der 2. Impfung signifikant niedrigere 

Lebendgewichte auf als die Kontrollgruppe (p<0.05). Nach der zweiten ImprovacTM-

Applikation wurde ein stärkerer Anstieg der Futteraufnahme in IM-Schweinen 
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gemessen, was zu vergleichbaren Futteraufnahmemengen in beiden 

Versuchgruppen führte.  Begleitet wurde dieser Anstieg von signifikant höheren 

Lebenstagszunahmen in IM-Schweinen im Vergleich zu CM-Schweinen (Durchgang 

2: p<0.05) im Zeitraum 2., was in Konsequenz zu vergleichbaren Lebendgewichten 

beider Versuchsgruppen am Ende der Mast führte. Während des gesamten 

Versuchszeitraums wiesen IM-Schweine eine bessere Futterverwertung als CM-

Schweine auf. Die größten Unterschiede wurden hierbei am Ende der Mast, also 

nach der zweiten Impfung, gemessen. 

Die Schweine wurden in drei Gruppen je Durchgang geschlachtet und 

Schlachtgewicht, Ausschlachtung, sowie Speck- und Fleischmaß erfasst. Zusätzlich 

wurden Parameter zur Analyse der Fleischbeschaffenheit ausgewertet. 

Fleischproben aus dem M. longissimus dorsi wurden entnommen und 

Tropfsaftverluste, intramuskulärer Fettgehalt und Scherkraft bestimmt. 

CM-Schweine beider Durchgänge wiesen höhere Schlachtkörpergewichte, eine 

bessere Ausschlachtung sowie ein höheres Speckmaß auf als IM-Schweine 

(Durchgang 1: p<0.05). IM-Schweine, dagegen, zeigten ein höheres Fleischmaß und 

höhere Magerfleischanteil, wobei nur Ersteres signifikante Unterschiede zwischen 

den Gruppen aufwies (Durchgang 1: p<0.05). Es wurde kein eindeutiger Einfluss der 

Kastrationstechnik auf Merkmale der Fleischbeschaffenheit gefunden. Hodengröße 

und –gewichte wurden dagegen nicht nur von der Vakzinierung als Solches 

beeinflusst, sondern auch von der Zeitspanne von der 2. Impfung bis zur 

Schlachtung. IM-Schweine, die in der ersten Gruppe je Durchgang geschlachtet 

wurden, hatten signifikant längere Hoden als Schweine der Gruppe 3 (p<0.05). Eine 

ähnliche Tendenz wurde für das Hodengewicht beobachtet, allerdings wiesen nur 

Schweine des Durchgangs 2 signifikante Unterschiede zwischen den Schlachttagen 

auf. 

 

Im Mittelpunkt des zweiten Teils dieser Arbeit stand die Analyse des Verhaltens von 

ImprovacTM-behandelten Schweinen, chirurgische Kastraten sowie intakten Ebern, 

die in Mastgruppen von 10-13 Tiere gehalten wurden.  
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Hierbei wurde die Auswirkung der ImprovacTM-Vakzinierung auf das agonistische 

Verhalten sowie auf das gegenseitige Bespringen anhand von Videoaufzeichnungen 

analysiert und Unterschiede zwischen den Versuchgruppen dargestellt.  

Die ImprovacTM-Behandlung wurde analog zum Vorgehen im ersten Versuchsteil 

durchgeführt. Die erste Videoaufzeichnung wurde unmittelbar vor der zweiten 

Impfung (V2) und nach Entnahme der ersten Blutprobe (Testosteronbestimmung) 

durchgeführt (Testperiode 1). Dreizehn Tage nach der zweiten ImprovacTM-Injektion 

wurde eine zweite Blutprobe entnommen und das Verhalten der Tiere ein weiteres 

Mal mittels Videoaufzeichnung dokumentiert (Testperiode 2). Während einer 

Zeitspanne von 96 Stunden je Aufzeichnungszeitraum wurde das agonistische 

Verhalten sowie gegenseitiges Bespringen tierindividuell erfasst. Zusätzlich wurde zu 

Beginn jeder Testperiode das Lebendgewicht aller Tiere ermittelt. 

 

 Die Serum-Testosteron-Werte von IM- und EM-Schweinen waren zu Beginn der 

ersten Testperiode (vor der zweiten ImprovacTM-Behandlung) signifikant höher als 

bei CM-Schweinen (p<0.05). Zwei Wochen nach der zweiten Vakzinierung 

(Testperiode 2) wurde ein signifikanter Abfall  der Testosteronwerte in IM-Schweinen 

beobachtet (p<0.05), während EM-Schweine gleichbleibend hohe Werte aufwiesen. 

Die meisten CM-Schweine zeigten in beiden Testperioden Testosteronwerte 

unterhalb der Nachweisgrenze. Außerdem waren CM-Schweine zu Beginn beider 

Testperioden deutlich schwerer als IM- und EM-Schweine (p>0.05). 

In der ersten Testperiode zeigten IM- und EM-Schweine deutlich mehr agonistisches 

Verhalten als CM-Schweine. Nach der zweiten Impfung (Testperiode 2) wiesen IM-

Schweine signifikant geringere durchschnittliche und Gesamtkampflängen (p<0.05) 

auf, während die Anzahl der Kämpfe nicht durch die Impfung beeinflusst wurde. 

Weder CM- noch EM-Schweine zeigten deutliche Unterschiede im Kampfverhalten 

zwischen den zwei Testperioden. In Testperiode 2 war daher die höchste 

Kampfaktivität in der Gruppe der EM-Schweine zu beobachten. 

Gegenseitiges Bespringen war im ersten Testzeitraum am häufigsten bei IM- und 

EM-Schweinen zu beobachten (p<0.05). CM-Schweine besprangen andere 

Schweine der Bucht deutlich seltener und zeigten keine großen Unterschiede 
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zwischen den beiden Versuchszeiträumen. Die zweite Impfung zeigte einen 

signifikanten Einfluss sowohl auf die Häufigkeit als auch auf die durchschnittliche 

sowie Gesamtdauer des Bespringens, was zu vergleichbaren Werten für IM und CM-

Schweine in Testperiode 2 führte. Auch Eber zeigten hinsichtlich des Bespringens im 

zweiten Versuchzeitraum geringere Häufigkeiten und auch eine geringe 

Gesamtdauer (p<0.05). Die durchschnittliche Dauer, mit der andere Schweine 

besprungen wurden, stieg jedoch signifikant an (p<0.05). 

Um einen zusätzlichen Eindruck von der Aktivität in der Gruppe zu bekommen, 

wurde das Manipulativverhalten an Artgenossen auf Buchtenniveau ausgewertet. 

Auch hierbei ließen sich im ersten Versuchszeitraum keine Unterschiede zwischen 

IM- und EM-Schweinen erkennen (p>0.05), während CM-Schweine deutlich weniger 

Zeit auf die Manipulation anderer Schweine verwendeten. Nach der zweiten 

ImprovacTM-Impfung nahmen sowohl Anzahl der Manipulationen als auch die 

Gesamtzeit bei IM-Schweinen signifikant ab (p<0.05). Auffällig war jedoch, dass IM-

Schweine ihr Manipulativverhalten nach der zweiten Impfung zwar reduzierten, 

jedoch immer noch signifikant höhere Werte für beide Parameter aufwiesen als CM-

Schweine, die in beiden Versuchsperioden signifikant weniger Manipulativverhalten 

zeigten als IM- und EM-Schweine (p<0.05). In der Gruppe der EM-Schweine zeigte 

die Gesamtdauer in Testperiode 2 zwar einen geringen Rückgang (p>0.05), die 

Anzahl der Manipulationen stieg jedoch auf ein signifikant höheres Niveau als in den 

beiden anderen Versuchsgruppen (p<0.05). 
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