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EFFECT OF ACTIVE IMMUNIZATION AGAINST GnRH ON “BOAR TAINT”, TESTES
AND ACCESSORY SEX GLANDS IN MATURED BOARS
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Abstract. The aim of the present study was to investigate the effect of active immunization with Improvac® (Pfizer
Ltd, Louvain-la-Neuve, Belgium) on the concentration of boar taint substances, i.e., skatole and indole in the back fat
and omentum tissues, testes, accessory sex glands and testosterone concentration in the blood serum of matured Al
boars. Thirteen Danish Landrace clinically healthy mature boars from a commercial Al station were included in the
study. The experiment lasted for 15 weeks. The animals were divided into 3 groups: not vaccinated animals (Control,
n=7), twice vaccinated animals (Group II VAC, n=3), and 3 times vaccinated animals (Group III VAC, n=3). The mean
concentrations of skatole in the back fat and in the omentum tissue of the Control group animals were by 0.62 + 0.31
pg/g and 0.64 £ 0.43 pg/g higher than in Group III VAC (P<0.05). The total weight of testes and accessory sex glands
after 2 or 3 vaccinations with Improvac was significantly lower compared with the Control group (P<0.05). The results
of this study indicated that active immunization of matured boars against GnRH effectively reduced boar taint
substances, i.e., indole and skatole levels, testosterone concentration and weight of testes and accessory sex glands.
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Introduction. Pig males are castrated in order to
avoid aggressive behaviour, as well as to protect meat
from boar taint. Boar taint has unpleasant odour, which is
released by heating or cooking boar meat. This is due to
the combined effect of androstenone derivatives
(Bonneau, 1982) and such compounds in the fat tissue as
skatole (Hansson, 1980; Dijksterhuis et al., 2000), indole
(Garcia-Regueiro and Diaz, 1989; Moss et al., 1993; Rius
Sole and Garcia-Regueiro, 2001) etc. Androstenone is a
steroid formed in the testes, which causes a pronounced
urine-like odour and flavour in meat. Other contributors
to boar taint are indoles, especially 3-methyl indole or
skatole. Almost all the consumers are sensitive to skatole,
which gives meat a fecal-like odour and flavour (Batorek
et al., 2012). Its presence in the fat tissue mostly depends
on sexual maturity of male pigs (Bonneau et al., 1994)
and on other factors such as diet composition (Claus and
Raab, 1999; Claus et al., 2003), energy level of the diet
(Claus et al., 1994), housing conditions (Hansen et al.,
1995) etc. Indole is a structural analogue of skatole and its
level in the fat tissue highly depends on testicular steroids.
Indole is produced by bacteria in the colon from the
breakdown of the amino-acid tryptophan. It is usually
measured simultaneously with skatole (Haugen et al.,
2012).

It is a common practice to castrate male piglets during
their first days of life. Furthermore, adult boars, once they
have completed their productive life in a breeding farm,
should be castrated before slaughtering (Agudelo-Trujillo
et al., 2011). Interest in animal welfare across Europe has
encouraged the swine industry to reconsider its traditional
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approach to the control of boar taint and investigate
alternatives (Lunstrom and Zamaratskaia, 2006; Gispert et
al., 2010); according to “The European declaration on the
Alternatives to Surgical Castration of Pigs”, after January
1, 2012, no surgical castration will take place without
recognized analgesia and/or anesthesia and after January
1, 2018, no surgical castration will take place at all
(Haugen et al., 2012). There are some alternatives to
surgical castration of young pig males, such as genetic
selection, sperm  sexing, immunization against
gonadotropin-releasing hormone (GnRH), and
slaughtering at lower age/weight to reduce the risk of boar
taint, but for adult boars there is only one alternative to
surgical castration, i.c., immunization against GnRH
(Bonneau et al., 1994; Dunshea et al., 2001; Agudelo-
Trujillo et al., 2011).

There are numerous reports on the effectiveness of
immunocastration in young male pigs (Zamaratskaia et
al., 2008; Einarsson et al., 2009), but there are a few
studies that investigate the efficacy of immunocastration
in adult boars. It has been shown that active immunization
of sexually-matured boars against GnRH has a negative
impact on testosterone concentration, sexual behaviour,
volume of the ejaculate, and the total number of normal
spermatozoa in the ejaculate (Bilskis et al., 2012). There
is evidence that immunization prevented boar taint
through testicle atrophy and resulted in no weight loss
after castration (Agudelo-Trujillo et al., 2011).

The present study was designed to investigate the
efficacy of active immunization with Improvac applied as
double or triple injections on concentration of skatole and
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indole in the porcine adipose tissue, testosterone
concentration in the blood serum, and on testes and
accessory sex glands in matured Al boars.

Materials and methods

Animals and experimental design

Thirteen Landrace clinically healthy mature boars
from a commercial Al station were included in the study.
The animals were approximately 25-43 months old and
were used for semen production for Al. All the boars
were kept in separate pens, fed a commercial boar diet
(Jan¢iené, 2005), and had free access to water. The
experiment lasted for 15 weeks. The animals were divided
into 3 groups: not vaccinated animals (Control group,
n=7), twice vaccinated animals (Group Il VAC, n=3), and
3 times vaccinated animals (Group III VAC, n=3). For the
vaccination of the experimental animals, the
gonadotropin-releasing hormone Improvac® (Pfizer Ltd,
Louvain-la-Neuve, Belgium) was used. Group II VAC
was vaccinated on weeks 3 and 7, and Group III VAC on
weeks 3, 7, and 11 from the beginning of the experiment.
The vaccinations were performed according to the
manufacturer’s  instructions (2 - mL/pig injected
subcutaneously behind and below the base of the ear).
The animals were observed daily for general health status.
At the end of the experiment, 4 weeks after the last
vaccination, all the boars were slaughtered for the
analysis of samples of meat, testicles, and accessory sex
glands.

Serum analysis

Blood samples for the analysis of testosterone were
taken 1 week before slaughter from the ear vein. The
samples were transported to the laboratory within Y>—1
hour. The blood was centrifuged at 3000 rpm for 5
minutes and 2 mL of the serum were transferred to the
Eppendorf test tube, using a 1-mL Paster pipette (Einweg-
Pasteurpipetten, Carl Roth GmbH, Germany). The tubes
were immediately frozen and stored at -20°C for further
analysis. Testosterone concentrations (ng/mL) were
analyzed by a computerized Multi-Detection Microplate
Reader Synergy™ HT (Bio-Tek®™ Instruments, Inc., USA,
2004) with a DIAsource TESTO-EASIA Kit (DIAsourse
ImmunoAssays S.A., Belgium).

Analysis of testicles

The testes with epididymis and accessory sex glands
were examined macroscopically, their weight was
measured, and the form, position, sectional view color,
and consistency were estimated. Slices of the testicle
samples were fixed in Bouin’s solution for 24 hours and
thereafter washed in 70% methanol. The samples were
processed and embedded in paraffin. They were cut to 2-
um-thick sections, stained routinely with Hematoxylin
and Eosin (H&E), and evaluated under the light
microscope (Lauruseviéiené and Smaliukieng, 2007).

Fat analysis

The back fat samples for the analysis of indole and
skatole were taken from the animals 36 hours after
carcass cooling. The omentum samples for the analysis of
indole and skatole were taken from the animals just after
slaughter. Afterwards, the samples were frozen at -80°C
until analysis. Concentrations of skatole and indole in the
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back fat and omentum tissues were assessed using a
modified HPLC method (Denhard et al., 1993; Claus et
al., 2003).

Statistical analysis

Statistical analysis was performed using the SPSS
statistical package No. 15 for Windows (SPSS for
Windows 9.0, SPSS Inc., Chicago, IL, USA, 1989-1995).
The data included in the model were analyzed using
descriptive statistics (mean = SD) and 1-way ANOVA
analysis. The differences between the investigated groups
were analyzed by the LSD method (o = 5 %). The data
were considered to be statistically reliable when: *
P<0.05; ** P<0.01; and *** P<(0.001. The correlation
between the dependent variables and the strength of the
direct relation was evaluated by Pearson correlation
coefficients.

Results. All the animals tolerated vaccine injections
well and were clinically healthy during the entire
experiment. The testosterone concentration correlated
with the testicles weight (r = 0.58; P<0.05) and with the
concentration of skatole in the back fat (r = 0.66; P<0.05)
and in the omentum (r = 0.6; P<0.05). The mean of the
testosterone concentration in the serum of the Control
group was by 2.35 + 1.35 ng/mL higher compared with
Group I VAC (P<0.05) and by 2.98 + 1.48 ng/mL higher
compared with Group IIT VAC (P<0.01). The mean of the
testosterone concentration and the mean of the testicles
weight in all the groups are shown in Fig. 1.
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Fig. 1. The mean testosterone concentration and
the mean total weight of testes in 3 experimental
groups £ SD (n=13)

The mean of the testes weight correlated with the
concentration of skatole in the back fat (r = 0.62; P<0.05)
and in the omentum (r = 0.57; P<0.05), with the
concentration of indole in the back fat (r = 0.61; P<0.05)
and in the omentum (r = 0.56; P<0.05), and also with the
weight of the vesicular gland (r = 0.67; P<0.05). The
testes weight in Group III VAC after the third vaccination
was by 652.47 + 151.07 g lower compared with the
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Control group (P<0.001) and by 541.0 + 112.22 g lower
compared with Group II VAC (P<0.05) (Figure 1).
Normal spermatogenesis in the seminiferous tubuli
was observed in the testicular tissue of the Control group
animals. Layers of germinative cells were present
including spermatocytes and spermatids (Fig. 2).
Marginal differences were observed in histological
sections between the immunized specimens from Group 2
VAC and the control group. But after the third
vaccination, marked changes in the testicular tissue were
noted.  Spermatogenesis was  arrested, marked

spermatocyte loss, decrease of the normal number of
layers of germ cells, and in some tubuli only sustentacular
Sertoli cells were present (Fig.3).

Fig. 2. Histological view of normal spermatogenesis
in control boar testicles

ST — seminiferous tubules; SP — spermatocytes; SPT —
spermatids, SC Sertoli cells (H&E; 200x
magnification).

Fig. 3. Histological view of arrested spermato-
genesis and empty tubules in III VAC boar testicles

ST — seminiferous tubules, SC - Sertoli cells (H&E;
400x magnification).

The mean of the concentration of skatole in the back
fat in the Control group was by 0.58 + 0.34 pg/g higher
compared with Group II VAC (P<0.05) and by 0.62 +
0.31 pg/g higher compared with Group III VAC (P<0.05).
The mean concentration of skatole in the omentum in the
Control group was by 0.64 + 0.43 pg/g higher than in
Group IIT VAC (P<0.05) and by 0.6 + 0.45 pg/g higher
than in Group I VAC (P<0.05). The mean of the
concentration of indole in the back fat and the omentum
between all the 3 groups was statistically insignificant;
however, the level of indole in the Control group was
slightly higher compared with the experimental groups
(Table 1).

Table 1. The mean (£SD) of concentration of skatole and indole in back fat and omentum tissues (n=13)

Boar groups
Parameter Control * IIVAC" I VAC °
Skatole (back fat), ug/g 1.03+0.37"™° 0.45+0.03 ° 0.41+0.06"°
Skatole (omentum), pg/g 0.93+0.51 "¢ 0.33 +0.06 ° 0.29+0.08°
Indole (back fat), pg/g 1.98 + 0.69 1.67 £0.16 1.34 +£0.42
Indole (omentum), pg/g 2.11+0.36 2.0 +0.37 1.97+0.33

®b.¢ Means with different letters in columns are significantly different (P<0.05)

The mean weight of the accessory sex glands in all the
groups is shown in Figure. 4. Though the weight of the
vesicular and the prostate glands in Group III VAC was
markedly lower than in the Control group (204.81 £ 81 g
and 15.14 + 13.12 g, respectively), the differences were
statistically insignificant (P>0.05). The mean of the
bulbourethral gland weight in the Control group was by
148.33 £ 10.61 g higher than in Group II VAC (P<0.05)
and by 161.67 + 6.13 g higher than in Group 1II VAC
(P<0.01). It was shown that from the accessory sex glands
only the weight of the prostate gland correlated with boar
taint. The prostate gland weight correlated positively with
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the concentration of skatole in the back fat (r = 0.77;
P<0.01) and in the omentum tissue (r = 0.78; P<0.01) and
with the concentration of indole in the back fat (r = 0.77;
P<0.01).

Discussion. Negative consumer perception of meat
from entire male pigs is anticipated in many traditionally—
castrating markets. Some authors have reported that boar
taint compounds are important factors affecting consumer
buying habits of fresh pork, as well as processed products
such as bacon and dry-cured ham (Matthews et al., 2000;
Font i Furnols et al., 2003). A vaccination scheme using 2
doses of Improvac” is recommended by the manufacturer.
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In the present study, 3 doses of the vaccine were used to
monitor effects of prolonged exposure of the vaccine on
the adult animals.

Prostate weight, g

I VAC I VAC

Control

1 Vesicular B Bulbourethral —e— Prostate

Figure 4. The mean weight of accessory sex glands
in 3 experiment groups (n=13)

The results of our study showed that the general status
of health was not affected by vaccination and in the
injection site no inflammatory response was present,
indicating that the vaccine was very well tolerated. This
confirms the results of other authors, who did not observe
any side reactions of vaccinated animals at slaughter
(Agudelo-Trujillo et al., 2011).

The results of our study showed significant
differences on testosterone concentration between the
Control and the immunized animal groups. These
observations are in concert with the results of the studies
where testosterone levels decreased after the second
vaccination (Zamaratskaia et al., 2008) and were
significantly lower in immunocastrated males (Killian et
al., 2006; Bilskis et al., 2012). We observed that
testosterone remained at high concentration of
approximately 3.33 ng/mL in boars and decreased to 0.98
ng/mL after the second and to 0.35 ng/mL after the third
vaccination. Low or even undetectable levels of plasma
testosterone and decreased weight of testes and accessory
sex glands of immunocastrates indicate pronounced
suppression of reproductive performance of male pigs.
The testosterone concentration in our study correlated
with the testes weight (P=0.038) and with the
concentration of skatole in the back fat and in the
omentum (P<0.05). As expected, immunocastration
affected the weight of the testes and the accessory sex
glands, being heavier in entire male pigs compared with
that of the immunized animals (P<0.05). The testicles of
the immunized animals were lighter by 8.45% in Group 11
VAC and by 49.5% in Group III VAC (P<0.05) compared
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with the testes of the Control group. This is in agreement
with the results obtained by Dunshea et al. (2001) and
Pauly et al. (2009), Agudelo-Trujillo et al. (2011).
Furthermore, the bulbourethral glands of the Control male
pigs were heavier by 3% and 39.24% (P<0.05) compared
with those of the pigs of Groups II VAC and III VAC,
respectively. These findings are in agreement with
recently performed studies (Pauly et al., 2009; Gispert et
al, 2010). Zamaratskaia et al. (2008) found that
vaccination dramatically decreased weight and size of
testicles and bulbourethral glands at slaughter, both in
pigs vaccinated at ages of 15 and 21 weeks, slaughtered
16 weeks after the second vaccination, and in pigs
vaccinated at ages of 14 and 18 weeks and slaughtered 22
weeks after the second vaccination. Based on these
findings, size and weight of testes and accessory sex
glands could be used to assess efficiency of vaccination.
On the basis of our results and results described in
literature, regarding the effect on the development of
accessory sex glands and testes, weight of seminal
vesicles might be used as an indicator of evaluation of
the efficacy of immunocastration because their size
decreases more rapidly compared with that of testicles
(Bonneau, 2010; Batorek et al., 2012).

From the point of view of meat quality, the most
important effect of immunization is that testosterone and
androstenone synthesis is arrested. Furthermore, reduced
levels of testicular steroids in immunocastrates accelerate
the metabolic clearance of indolic compounds, thus,
lowering skatole and indole concentrations at the tissue
level (Zamaratskaia et al., 2008; Batorek et al., 2012). In
the present study, - very low (0.46 pg/g) to high (1.48
pg/g) skatole concentrations were estimated in the
adipose tissue of entire male pigs. Also, the clearance
from the adipose tissue is age-dependent, and it may take
more than 6 weeks in older boars (Claus et al., 2007). In
the present study, the boars were slaughtered 4 weeks
after the last vaccination. The concentrations of indole
and skatole in our studies were significantly lower in the
vaccinated boars than in the Control group. Reduction in
testosterone concentration leads to reduction in skatole
and indole concentration in the adipose tissue. Several
studies have demonstrated a very consistent effect of
Improvac on androstenone as well as skatole and indole
levels (Dunshea et al., 2001; Zamaratskaia et al., 2008;
Pauly et al., 2009; Batorek et al., 2012). Our findings
confirmed this effect, and the skatole and the indole
concentrations in the adipose tissue of the vaccinated pigs
were comparable with the results described by Walstra et
al. (1999).

In conclusion, this study indicated that active
immunization of matured boars against GnRH effectively
reduced boar taint substances, i.e., indole and skatole
levels, testosterone concentration, and weight of testicles
and accessory sex glands.

References

1. Agudelo-Tryjillo J. H., Estrada-Pineda J. F.,
Guzman-Gonzalez P. Immunocastration: a humane
and effective alternative to surgical castration of adult



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 65 (87). 2014

boars. Revista Colombiana de Ciencias Pecuarias.
2011.24.P.254-262.

2. Batorek N., Candek-Potokar M., Bonneau M., Van
Milgen J. Meta-analysis of the effect of
immunocastration on  production performance,
reproductive organs and boar taint compounds in pigs.
Animal. 2012. 6(8). P. 1330-1338.

3. Bilskis R., Sutkeviciene N., Riskeviciene V.,
Januskauskas A., Zilinskas H. Effect of active
immunization against GnRH on testosterone
concentration, libido and sperm quality in mature Al
boars. Acta Veterinaria Scandinavica. 2012. 54:33.

4. Bonneau M. Accessory sex glands as a tool to
measure the efficacy of immunocastration in male
pigs. Animal. 2010. 4(6). P. 930-932.

5. Bonneau M. Compounds responsible for boar taint
with special emphasis on androstenone. A review.
Livestock Production Science. 1982. 9. P. 687-705.

6. Bonneau M., Dufour R., Chouvet C., Roulet C.,
Meadus W., Squires E. J. The effects of immunization
against luteinizing hormone-releasing hormone on
performance, sexual development, and levels of boars

taint-related compounds in intact male pigs. Journal of
Animal Science. 1994. 72. P. 14-20.

7. Claus R., Denhard M., Herzog A., Bernal-
Barragan H., Giménez T. Parallel measurements of
indole and scatole (3-methylildole) in feces and blood
plasma by HPLC. Livestock Production Science.
1993. 34. P. 115-126.

8. Claus R., Lacorn M., Danowski K., Pearce M. C.,
Bauer A. Short-term endocrine and metabolic
reactions before and after second immunization
against GnRH in boars. Vaccine. 2007. 25. P. 4689—
4696.

9. Claus R., Losel D., Lacorn M., Mentschel J.,
Schenkel H. Effects of butyrate on apoptosis in the pig
colon and its consequences for scatole formation and
tissue accumulation. Journal of Animal Science. 2003.
81. P. 239-248.

10. Claus R., Raab S. Influences on scatole formation
tryptophan in the pig colon. Advances in Experimental
Medicine and Biology. 1999. 467. P. 679-684.

11.Claus R., Weiler U., Herzog A. Physiological
aspects of androstenone and scatole formation in the
boars. A review with experimental data. Meat Science.
1994. Vol. 38. P. 289-305.

12. Denhard M., Claus R., Hillenbrand M., Herzog A.
High-performance liquid chromatographic method for
the determination of 3-methylindole (scatole) and
indole tissues of pigs. Journal of Chromatography.
1993. 616. P. 205-209.

13. Dijksterhuis G. B., Engel B., Walstra P., Font-i-
Furnolls M., Agerhem H., Fisher K., Oliver M. A.,
Claudi-Magnussen C., Siret F., Beague M. P., Homer

95

D. B., Bonneau M. An international study on the
importance of androstenone and scatole for boar taint.
II. Sensory evaluation by trained panels in seven
European countries. Meat Science. 2000. 54. P. 261—
269.

14.Dunshea F. R., Colantoni C., Howard K.,
McCauley 1., Jackson P., Long K. A., Lopaticki S.,
Nugent E. A., Simons J. A., Walker J., Hennessy D. P.
Vaccination of boars with a GnRH vaccine (Improvac)
eliminates boar taint and increases growth
performance. Journal of Animal Science. 2001. 79. P.
2524-2535.

15.Einarsson S., Andersson K., Wallgren M.,
Lundstrom K., Rodriguez-Martinez H. Short- and
long-term  effects of immunization against
gonadotropin-releasing hormone, using ImprovacTM,
on sexual maturity, reproductive organs and sperm
morphology in male pigs. Theriogenology. 2009. 71.
P.302-310.

16.Font i Furnols M., Gispert M., Diestre A., Oliver
M. A. Acceptability of boar meat by consumer
depending on their age, gender, culinary habits,
sensitivity and appreciation of androstenone smell.
Meat Science. 2003. 64. P. 433—440.

17. Garcia-Regueiro J. A., Diaz 1. Evaluation of the
contribution of scatole, indole, androstenone and
androstenols to boar-taint in back fat of pigs by HPLC
and capillary gas chromatography (CGC). Meat
Science. 1989. 25. P. 307-316.

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

19.Hansen L. L., Larsen A. E., Jensen B. B., Hansen-
Moller J. Short time effect of an antibiotic feed
additive and heavily fouling with feces plus urine on
boar taint in male pigs with high and low basic scatole
levels. In Proceedings of a meeting of the EAAP
Working Group on Production and Utilisation of Meat
from Entire Male Pigs, Milton Keynes, United
Kingdom 27-29 September 1995.

20. Hansson K. E., Lundstrom K., Fjelkner-Moding S.,
Persson J. The importance of androstenone and scatole
for boar taint. Swedish Journal of Agricultural
Research. 1980. 10. P. 167-183.

21.Haugen J. E., Brunius C., Zamaratskaia G. Review
of analytical methods to measure boar taint
compounds in porcine adipose tissue: The need for
harmonised methods. Meat Science. 2012. 90.
P. 9-19.

22, Jan¢iené 1. Kiaulininkysté. Kaunas, 2005.

23.Killian G., Miller L., Rhyan J., Doten H.
Immunocontraception of Florida feral swine with a



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 65 (87). 2014

single-dose GnRH vaccine. American Journal of
Reproductive Immunology. 2006. 55. P. 378-384.

24.Lauruseviciené A., Smaliukiené¢ R. Histologiniu
technologijy vadovas. Vilnius. 2007.

25.Lunstrém K., Zamaratskaia G. Moving towards
taint free pork-alternatives to the surgical castration.
Acta Veterinaria Scandinavica. 2006. 48(1). P. 13.

26.Matthews K., Homer D. B., Punter P., Béague M.
P., Gispert M., Kempster A. J., Agerhem H., Claudi-
Magnussen C., Fischer K., Siret F., Leask H., Font i
Furnols M., Bonneau M. An international study on the
importance of androstenone and scatole for boar taint:

IIT. Consumer survey in seven European countries.
Meat Science. 2000. 54. P. 271-283.

27.Moss B. W., Hawe S. M., Walker N. Sensory
thresholds for scatole and indole. In M. Bonneau
(Ed.). Measurement and prevention of boar taint in
entire male pigs. Paris: INRA Editions. 1993.
P. 63-68.

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

29.Rius Sole M. A., Garcia-Regueiro J. A. Role of 4-
phenyl-3-buten-2-one in boar taint: identification of
new compounds related to sensorial descriptors in pig
fat. Journal of Agricultural and Food Chemistry. 2001.
49. P. 5303-5309.

30. Walstra P., Claudi-Magnussen C., Chevillon P.,
von Seth G., Diestre A., Matthews K. R., Homer D.
B., Boneau M. An international study on the
importance of androstenone and scatole for boar taint:
levels of androstenono and scatole by country and
season. Livestock Production Science. 1999. 62. P.
15-28.

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

Received 27 December 2012
Accepted 9 January 2014

96



