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Abstract
Introduction: An effective way of preventing undesirable boar taint in pork meat caused by the presence of androstenone,
skatole and indole is surgical castration of piglets. This, however, arouses growing social opposition. An alternative method of
inhibiting the development of unpleasant odour is immune castration. The aim of the study was to compare the effectiveness of
both methods of castration for the elimination of the compounds responsible and to assess the suitability of oral fluid for
pre-slaughter predictive testing for boar taint. Material and Methods: The research material was pooled oral fluid and fat samples
taken from gilts and surgically and immunologically castrated piglets. The samples were tested with a liquid chromatography–
tandem mass spectrometry method developed in this research. Results: The compounds giving rise to boar taint were found only
sporadically above the accepted limits; only one sample of oral fluid contained skatole at a concentration above 200 μg L−1 and one
contained indole more concentrated than 100 μg L−1. Indole above the limit value was also detected in one fat sample. In none of
the tested samples was androstenone found. Conclusion: The results indicate the similar effectiveness of both methods of piglet
castration on the reduction of compounds generating boar taint. The usefulness of testing oral fluid for the ante-mortem prediction
of boar taint has not been fully confirmed and further investigation is needed.

Keywords: boars, oral fluid, fat, boar taint, liquid chromatography–tandem mass spectrometry.
Introduction
For many years in Poland, as in many other
European countries, intensive work has been carried out
to improve the quality of pork. Consumers pay attention
to such meat quality features as colour, taste, smell,
tenderness, juiciness and aroma. The taste and smell of
meat are significantly influenced by feed additives used
in the last fattening period, fish meal, fish oils, and rapeseed
products being common examples. An important factor
disqualifying meat from further processing is the sexual
smell present in carcasses of entire boars (15).
Therefore, the castration of piglets is widely practised to
prevent the unpleasant sexual odour from meat and
additionally reduce aggressive sexual behaviour. From
2018, European Union Member States agreed that
surgical castration should be banned as a practice (7)
because it is painful for animals and considered

unnatural. An alternative to surgical castration is the less
stressful immunological castration carried out by means
of a preparation having a vaccine-like effect. In 2009,
a Pfizer product called Improvac was approved in the
EU countries and appeared on the Polish market. The
development and function of the testicles are controlled
by the gonadotropin-releasing factor, which is secreted
from the hypothalamus. Improvac has been proven to be
safe for boars from 8 weeks of age. The preparation
should be used twice at intervals of at least 4 weeks
providing for the second dose to be given 4–6 weeks
before slaughter. The boar smell disappears two weeks
after the second immunisation and its effect lasts for
about 8 weeks, after which the size and function of the
testicles return to their original state. The advantages of
this method are its zero grace period and causing the
animal no pain or stress. After the second immunisation,
weakening of typical male behaviours can also occur (18).
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The available studies indicate that immunological
castration does not affect either the meat quality or
sensory properties negatively (16). In most European
countries, approximately 80–100% of boars reared on
large-scale operations are castrated. The exceptions are
Ireland and the United Kingdom, where boars are not
castrated at all, and Spain, Portugal, and Cyprus,
where the percentage of castrated animals is small (16).
Only 5–10% of entire boars have a sexual smell at
an organoleptically detectable level. This smell comes
mainly from two compounds, androstenone (5α-androst16-en-3-one) and skatole (3-methylindole) and to a lesser
extent from indole (2,3-benzopyrrole). Androstenone is
produced in the testes during the maturation of animals
and its smell is as urine like or musky (9, 22), while
skatole and indole are products of the breakdown of
tryptophan in the large intestine and have a strong faecal
odour (5, 16). These compounds are lipophilic and
present in high concentrations in adipose tissue of
animals, and androstenone is also accumulated in the
boar’s salivary glands (1). The generally accepted limit
values for quantitative differentiation between contaminated
and uncontaminated pork samples are 100 μg kg−1 for
indole, 200 μg kg−1 for skatole and 1.00 mg kg−1 for
androstenone (13). As the immunological castration of
piglets is increasingly used, it became apt to compare
both methods of castration for their improvement of
meat quality in terms of the presence of compounds
responsible for boar taint. It would be highly beneficial
for routine boar smell testing to be able to evaluate the
animal at the pre-slaughter stage in order to know its
future quality as a carcass. Recently there have been
reports in the scientific literature on the use of animal
saliva for testing at the farm level (4, 8, 19). Therefore,
an attempt was made to develop a method for
determining the presence and level of the compounds
giving rise to the sexual odour of pigs in oral fluid and
to gauge its suitability for assessing meat quality in
terms of boar taint at the pre-slaughter stage.
Material and Methods
Samples. The research material was composed of
samples of oral fluid taken on six pig farms in Poland.
The animals (DanBred×Duroc) were divided into groups
of 14 animals aged 11–13 weeks. The first group was
populated by gilts, the second by gilts and surgically
castrated piglets (SC) (50:50), and the third was
surgically castrated piglets and the fourth group were
immune castrated piglets (IMC) with Improvac. Pooled
oral fluid samples were collected from animals in each
pen one week before the first immunisation, and then
2 weeks after the first and second immunisation and
before planned slaughter (22 weeks-old). Neck fat
samples were taken in a slaughterhouse from three
groups of animals: gilts (control group), surgically and
immunologically castrated boars. Samples after
collection were cooled during transport to the laboratory
and stored at –80°C until analysis.

Reagents and chemicals. Standards of indole,
skatole, androstenone, and 2-methylindole were
obtained from Sigma Aldrich (Steinheim, Germany),
and testosterone-d2 was sourced from the RIKILT
Institute of Food Safety (Wageningen, the Netherlands).
All standards were stored in accordance with the
recommendations in the certificates. Primary standard
stock solutions were prepared in methanol at a concentration
of 1 mg mL−1 and stored at a temperature below −18°C
for no longer than six months. Working standard solutions
at concentrations of 1.0 μg mL−1 and 0.1 μg mL−1 were
prepared by appropriate dilution of the stock solutions
immediately before the analysis. All chemicals and
reagents were of high purity. The solvents: diethyl ether
(resi grade) and methanol (resi grade, for highperformance liquid chromatography (HPLC) and liquid
chromatography–mass spectrometry (LC-MS)) were
purchased from Mallinckrodt Baker (Deventer,
the Netherlands). Formic acid (analytical grade) was
obtained from Sigma Aldrich, purified water was
delivered by a Milli-Q apparatus (Millipore, now Merck,
Burlington, MA, USA). Micro-Spin 0.20 µm PTFE
filter came from Thermo Fisher Scientific (Waltham,
MA, USA).
Sample preparation. Oral fluid samples (0.5 mL)
were fortified with internal standards (2-methylindole at
200 ng mL−1 and testosterone-d2 at 50 ng mL−1), then
the analytes were extracted with 2 mL of diethyl ether
by vigorously shaking on a vortexer. The contents of the
tubes were centrifuged at 4℃ at 8,000 rpm for 5 min, and the
organic phase was separated and evaporated to dryness
in a gentle stream of nitrogen at 30℃. The residue was
dissolved in 250 μL of methanol, and the extract was
transferred to a centrifuge tube with a Micro-Spin filter
and subsequently processed with a microcentrifuge at
6,000 rpm for 10 min. Then 75 μL of the extract was
transferred to glass insert bottles, combined with 75 μL
of 0.05% formic acid, and placed in autosampler
immediately before liquid chromatography–tandem mass
spectrometry (LC-MS/MS) analysis. The fat samples
were prepared as described by Bekaert et al. (2). Solid
fat of 1–2 g mass was weighed into the tube and placed
in a microwave for 3 min at 180W to be melted. The tube
was removed from the microwave and left for 3 min, and
then the heating process was repeated until the requisite
amount of fat was melted. These samples were transferred
into 2 mL centrifuge tubes in 150 µL volumes, and then
750 μL of methanol was added and the tube contents
were mixed quickly on the vortexer. The tubes were
placed in an ultrasonic bath at 40℃ for approximately
15 min. After the liquid state was obtained, the content
was vigorously mixed on the vortexer and then the tubes
were placed in a freezer at <−18℃ for about 30 min.
Next, the contents were centrifuged at 15,000 rpm for
5 min and 500 μL of methanolic extract was transferred
to a centrifuge tube with a Micro-Spin filter. Separation
of the extract followed on a micro centrifuge at 6,000 rpm
for 10 min, after which 200 µL of extract and 200 µL
of 0.05% formic acid were pipetted to glass insert
bottles and the solution was placed in an autosampler.
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The LC-MS/MS analysis was then possible to perform.
For each analytical batch, a calibration curve was
prepared over the analyte concentration range. Every
series of analyses was augmented with spiked samples
to verify the quality of the results. The compounds
present in the sample were identified on the basis of the
characteristic ions for each analyte and the relative
retention time of the analytes in the sample in relation to
the retention time of the analytes in the spiked sample.
For the LC-MS method, the relative retention time
tolerance is 2.5%.
LC-MS/MS measurement. The collected research
material was tested by LC-MS/MS method on a Nexera
X2 UHPLC liquid chromatography system coupled with
an MS 8050 triple quadrupole mass spectrometer (both
Shimadzu Corporation, Kyoto, Japan) fitted with a dual
ion source for simultaneous electrospray and atmospheric
pressure chemical ionisation (DUIS ESI/APCI)
operating in positive mode. Optimisation of the tandem
mass spectrometer operating conditions was carried out
by automatically dosing the standard solutions of
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individual analytes and their internal standards (IS) in
order to obtain the correct fragmentation of compounds
and satisfactory sensitivity. The optimal conditions of
the instrument were as follows: interface temperature of
300°C, heat block temperature of 300°C, desolvation
line temperature of 245°C, nebulising gas (nitrogen)
flow of 3 L min−1, heating gas flow of 10 L min−1, and
drying gas flow of 10 L min−1. Data were acquired in the
multiple reaction monitoring (MRM) mode. In Table 1
the conditions for MS detection of indole, skatole and
androstenone are presented.
The chromatographic separation was performed on
a Poroshell 120-EC C18 column (150 mm × 2.1 mm;
2.7 µm) (Agilent Technologies, Santa Clara, CA, USA)
with an octadecyl guard cartridge (4 mm × 2 mm)
(Phenomenex, Torrance, CA, USA). The column was
maintained at a constant temperature of 45°C. The eluent A
of the mobile phase consisted of methanol and the eluent
B of 0.05% formic acid in water. The gradient flow
applied is shown in Table 2.

Table 1. LC-MS/MS parameters (MRM) used for identification of indole, skatole and androstenone
Analyte

Structure

MRM (mass-to-charge (m/z))

Collision energy (eV)

Indole
(2,3-benzopyrrole)

118.0 > 91.1
118.0 > 65.0
118.0 > 39.1

23
33
47

Skatole
(3-methylindole)

132.5 > 117.1
132.5 > 89.0
132.5 > 90.2

22
41
33

2-methylindole (IS)

132.5 > 117.2
132.5 > 89.1
132.5 > 90.0

23
41
34

Androstenone

273.5 > 255.3
273.5 > 93.2
273.5 > 77.2

13
26
25

Testosterone-d2 (IS)

291.2 > 111.1
291.2 > 99.2

26
24

IS – internal standard
Table 2. HPLC gradient
Time (min)
0.01
2.00
3.00
3.99
4.00
6.00
7.00
7.01
7.10
10.00

Flow (mL min−1)
0.35
0.35
0.35
0.35
0.45
0.45
0.45
0.35
0.35
0.35

Eluent A (%)
40
60
90
90
90
100
100
100
40
40

Eluent B (%)
60
40
10
10
10
0
0
0
60
60
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Method validation. In the validation studies, oral
fluid and fat samples taken from gilts were used (it
having been confirmed that the samples did not contain
the analytes tested for), which were enriched with
standard solutions to defined concentrations depending
on the analyte and matrix. For each matrix, one series of
analyses consisting of 7 blank matrix samples and 7 samples
enriched at three concentration levels was performed.
The validation level depended on the generally accepted
limit values for quantitative differentiation between
contaminated and uncontaminated pork samples, and
these are 100 μg L−1 for indole, 200 μg L−1 for skatole,
and 1.00 mg L−1 for androstenone. These ubiquitously
recognised limits were adopted for this stage of the
study. For indole the validation levels were 5, 100 and
200 μg L−1, for skatole they were 50, 200 and 500 μg L−1,
and for androstenone 100, 500 and 1000 μg L−1 were set.
Internal standards of 2-methylindole at a concentration
of 200 μg L−1 and testosterone-d2 at a concentration of
50 μg L−1 were also added to each sample. During the
method validation, parameters such as selectivity, linearity,
recovery, repeatability and limit of quantification (LOQ)
were determined.

Results
The results of the optimisation of the chromatographic
separation of the tested compounds are shown in Figure 1.
Two C18 columns were tested, differing in grain
size and properties: ZORBAX SB-C18 (50 × 2.1 mm;
1.8 μm; Agilent Technologies) and Poroshell 120-EC
C18 (150 × 2.1 mm; 2.7 µm).
Proper separation of the tested compounds was
obtained on both columns using a mobile phase
consisting of a mixture of methanol with 0.05% formic
acid under gradient elution conditions at 45℃. For
further research, however, the Poroshell column was
selected, because it achieved better separation of skatole
and 2-methylindole (IS) and greater symmetry and
intensity of chromatographic peaks.
The validation results of the method developed for
determination of compounds giving rise to boar taint in
oral fluid and fat tissue are presented in Table 3.
The average apparent recovery (internal standardcorrected) was correct and it ranged from 70 to 121%,
depending on the compound and matrix tested.

Fig. 1. Chromatographic separation of tested compounds on a column: a) ZORBAX SB-C18 (50 mm × 2.1 mm, 1.8 µm) and b) Poroshell 120-EC
C18 (150 × 2.1 mm, 2.7 µm)
Table 3. LC-MS/MS method validation parameters for indole, skatole and androstenone in swine oral fluid and fat
Parameter

Indole

Calibration curves
Matrix calibration curves
Limit of quantification
Repeatability
Recovery
Matrix effect

correlation coefficient
correlation coefficient
LOQ (µg L−1)
C.V. (%)
(%)
%

0.9990
0.9980
5
28.20
75.4
10

Calibration curves
Matrix calibration curves
Limit of quantification
Repeatability
Recovery
Matrix effect

correlation coefficient
correlation coefficient
LOQ (µg L−1)
C.V. (%)
(%)
%

0.9988
0.9968
5
5.0
121.0
75.6

Skatole
Oral fluid
0.9988
0.9964
50
30.0
70.0
11
Fat
0.9989
0.9875
50
32.9
70.0
82

Androstenone
0.9967
0.9859
50
24.4
95.3
30
0.9953
0.9840
100
26.3
102.8
27
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Table 4. Results of tests of pooled oral fluid samples taken from animals from four experimental groups each consisting of 14 animals
Sampling time

Skatole

Indole

Androstenone

Gilts (control groups for IMC boars)

(μg L−1)

(μg L−1)

(μg L−1)

Before giving Improvac to the boars

-

-

-

Two weeks after the first boar immunisation with Improvac (pen 1)

-

-

-

Two weeks after the first boar immunisation with Improvac (pen 2)

-

-

-

Pen 1

309.4

-

-

Pen 2

-

-

-

Pen 3

106.3

-

-

Pen 4

136.4

38.6

-

Before giving Improvac

82.5

-

-

Two weeks after the first immunisation with Improvac (pen 1)

-

-

-

Two weeks after the first immunisation with Improvac (pen 2)

-

-

-

Two weeks after the second immunisation with Improvac, before slaughter

-

-

-

Pen 1

-

23.8

-

Pen 2

69.7

12.2

-

Pen 3

-

-

-

Pen 4

-

86.1

-

Pen 1

153.1

48.9

-

Pen 2

-

-

-

Pen 3

-

125.4

-

Pen 4

-

-

-

Two weeks after the second immunisation with Improvac before slaughter

Immunologically castrated boars (IMC)

Surgically castrated boars (SC) – samples taken before slaughter

Gilts and boars (SC), 50/50 – samples taken before slaughter

Fig. 2. LC-MS/MS chromatograms of oral fluid samples in which were detected: a) skatole at a concentration
of 136 μg L−1 (gilts); b) indole with a concentration of 86.1 μg L−1 (SC boars)

562

B. Woźniak et al./J Vet Res/64 (2020) 557-565

Table 5. Results of studies on compounds responsible for boar taint in fat samples taken from gilts, surgically and
immunologically castrated boars
Gilts
Number of samples tested (n)
Number of analyte-containing samples
C average (μg L−1)
SD (μg L−1)
C min-max (μg L−1)
IMC boars
Number of samples tested (n)
Number of analyte-containing samples
C average (μg L−1)
SD (μg L−1)
C min-max (μg L−1)
SC boars
Number of samples tested (n)
Number of analyte-containing samples
C average (μg L−1)
SD (μg L−1)
C min-max (μg L−1)

Skatole
15
7
65.2
8.0
57.7–78.3

Indole
15
11
25.3
40.9
5.4–146.5

Androstenone
15
0

15
10
60.3
5.8
51.3–69.2

15
11
15.6
8.8
5.5–30.0

15
0

15
7
60.3
5.1
54.0–67.5

15
9
18.4
9.0
5.2–35.2

15
0

Fig. 3. LC-MS/MS chromatogram of a fat sample taken from an immunologically castrated boar
in which an indole concentration of 21 µg L−1 was determined

The developed method was characterised by good
linearity (r > 0.98) and repeatability. The determined
limits of quantification for the three compounds were
from 5 μg L−1 to 100 μg L−1. The results of examination
of pooled oral fluid samples taken from animals on
farms from the three experimental groups and the control
group are presented in Table 4. Of the 20 samples, 6 had
skatole above the method’s limit of quantification. Only
in one sample did the concentration exceed the limit of
200 μg L−1 established for fat samples. There are no
established criteria for oral fluid. These samples were
taken from gilts before slaughter. In the boar group,
skatole was found in oral fluid prior to administration of
Improvac, but neither indole nor androsterone above
LOQ was detected. Samples taken after immunological
castration did not contain the test compounds. In one
sample of oral fluid collected from a surgically castrated
boar, a low concentration of skatole was found, and in
three samples trace amounts of indole were identified. In
the group of mixed gilts and boars, skatole and indole
were detected in one sample and indole with a concentration
exceeding 100 μg L−1 in another.
The LC-MS/MS chromatogram of the samples in
which the presence of indole and skatole in the oral fluid
was detected is presented in Fig. 2.
The results of testing fat samples for compounds
causing boar taint are presented in Table 5.

Over 50% of the 45 fat samples tested contained
both skatole and indole, but the determined concentration
of indole exceeded the limit value in only one sample
taken from a gilt, that limit value for this compound
being 100 μg L−1. The highest average concentrations of
indole and skatole were recorded in samples of fat taken
from gilts, while in samples taken from castrates the
average values determined were slightly lower and very
similar. An example of an LC-MS/MS chromatogram
of a fat sample in which an indole was found is shown
in Fig. 3.
Discussion
The first step in developing an analytical procedure
is to determine the detection conditions for the
compounds tested. The research began with the
optimisation of the QTRAP 5500 tandem mass
spectrometer operating conditions by dosing standard
solutions of individual analytes and IS. The compounds
of interest could not be detected with this apparatus,
which resulted from the use of electrospray ionisation
mode (ESI). Therefore, optimisation was undertaken on
a Shimadzu apparatus, which is equipped with a dual ion
source granting both electrospray and atmospheric
pressure chemical ionisation. The Interface Setting
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Support application was used for ion source
optimisation. This software allows selection of the most
intense transitions and gives optimal sensitivity. Positive
ionisation was used in MS/MS analysis, and spectral
data collection was carried out in MRM mode. At least
two daughter ions were obtained for each compound,
thus meeting the criterion required for confirmatory
methods (Table 1). To obtain the correct chromatographic
separation of the tested compounds, two C18 columns
were tested, differing in grain size and properties. In
addition, the effect of column temperature on the
separation of compounds as well as the composition and
flow rate of the mobile phase were investigated.
Sufficient peak resolution of the tested compounds was
achieved on the Poroshell column using a mobile phase
consisting of a mixture of methanol with 0.05% formic
acid under gradient elution conditions at 45℃ (Fig. 1).
In order to select the optimal solvent for extracting
analytes from oral fluid samples, based on the literature
data (11, 17, 20, 21) and our experience, the suitability
of different polarity of solvents or their mixtures was
tested: diethyl ether, ethyl acetate, acetonitrile,
dichloromethane, n-hexane/2-propanol (98: 2, v/v),
petroleum ether/tert-butyl methyl ether (70 : 30, v/v) and
n-hexane/methanol (70 : 30, v/v). Optimisation tests
were carried out on fortified oral fluid samples, but
sufficient chromatographic signal intensity was not
obtained even in a single case. It was considered that the
cause of these difficulties could be the interactions
between proteins present in the matrix and indoles. To
reduce sulphide bonds, dithiothreitol was used, which is
a strong reducing agent. Significant amplification of the
chromatographic signals was obtained, indicating good
indole extraction efficiency with the help of several
tested solvents. The modifications introduced in the
sample purification did not have the desired effect,
because the required repeatability was not achieved.
However, it was found that all stages associated with the
evaporation of organic extracts at a temperature of 60°C
adversely affected the repeatability of the method, which
results from the impermanence of the analytes studied.
Therefore, the extraction of analytes from oral fluid
samples with diethyl ether, whose boiling point is
34.6℃, proved to be an effective way to improve the
repeatability of the method.
For fat samples, purification was performed as
described by Bekaert et al. (2). For the extraction of the
tested compounds, methanol was used and solvent
evaporation stages were eliminated during the extract
purification. This was achieved by reducing the methanol
volume to 750 μL and using freezing and centrifugation
at 15,000 rpm to purify the sample. The results of
validation of the LC-MS/MS method for indole, skatole
and androstenone assessment in oral fluid and adipose
tissue of pigs presented in Table 3 confirm that the
method is suitable for testing the compounds responsible
for sexual odour in these matrices. Correct apparent recovery
was obtained for all compounds tested with the criteria
set out in Commission Decision 2002/657/EC (6),
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falling within the range of 70.0–121.0%. The developed
method is characterised by correct repeatability, because
the CV coefficient does not exceed 30%. The limit of
quantification ranges from 5 µg L−1 to 100 µg L−1
depending on the compound and matrix. The lowest
point of the calibration curve on the matrix was taken as
the limit of quantification. The determined detection
limits are much lower than those established for these
compounds’ limit values in fat samples of 100 µg L−1 for
indole, 200 µg L−1 for skatole and 1000 µg L−1 for
androstenone (13). The linearity of the method was
checked on indole and skatole standard solutions for the
concentration range 10–800 µg L−1 and androstenone for
the range 100–2000 µg L−1. The calculated correlation
coefficients for the curves of the standard solutions
exceed the value of 0.98, which indicates good linearity
of the signal. Calibrations with matrix were also found
to be linear. Matrix effects were evaluated by
comparison of the regression lines calculated from
standards with and without matrix, based on the slope
(3). For all the compounds, regardless of the matrix,
a significant suppression of the chromatographic signal
was observed (ME from 10% to 82%). It is recognised
that acceptable suppression or enhancement of the
analytical signal should not exceed 20%, which means
that the matrix effect is between 80 and 120% (14).
Therefore, for quantitative analysis a matrix-matched
calibration curve was applied.
The method was used to test pooled samples of oral
fluid taken on farms from gilts and boars castrated
surgically or immunologically. The presence of boar
taint compounds was found sporadically in the samples
tested, and only one fluid sample contained skatole and
one indole with concentrations exceeding the determined
limit value of 200 μg L−1 and 100 μg L−1, respectively.
The sample in which the high concentration of skatole
was determined was taken from the gilts before being
brought to the slaughterhouse. Because skatole and
indole are products of bacterial degradation of the amino
acid tryptophan in the large intestine, their presence in
pig tissues may be affected by diet or the environment
(13). It has been reported that the introduction into the
diet of inulin present in chicory root, pure potato starch
or butyric acid has a positive effect on the level of
skatole and indole in the body, contributing to the
elimination of unwanted odour (12, 18).
Environmental influences are usually related to the
management, hygiene standard and adequacy of
ventilation of farms. It has been shown that these factors
affect skatole levels in all pigs, regardless of sex (23).
Therefore, the presence of indole and skatole in gilts is
a natural phenomenon. The highest concentration of
indole was found in the pooled sample of oral fluid taken
from the group of mixed animals consisting of gilts and
surgically castrated boars. In a different sample, skatole
and indole were detected simultaneously with slightly
lower concentrations. Some studies show a negative
effect of the presence of gilts on the occurrence of boar
taint in pigs (12). That is why such a group of animals
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was included in the experiment. The highest indole and
high skatole concentration found in this group of animals
compared to groups of boars only, could confirm this
theory. It should be added that the presence of the
compounds which produce the boar malodour was found
primarily in samples of fluid taken from animals just
before being brought to the slaughterhouse. In the boar
group, skatole was found in oral fluid prior to
administration of Improvac, but neither indole nor
androsterone above LOQ was detected. Samples taken
after immunological castration did not contain the tested
compounds. In one sample of oral fluid collected from
surgically castrated pigs, a low concentration of skatole
was found, and in three samples trace amounts of indole
were distinguished. Higher levels of skatole and indole
were also found in slaughterhouse samples of fat taken
from gilts than in samples from boars, as evidenced by
the range of determined concentrations as well as the
mean values (Table 5). The determined indole concentration
only exceeded the limit value in one fat sample taken
from gilts, which for this compound is 100 µg L −1.
However, regardless of the method used to castrate the
piglet, very similar concentrations of skatole and indole
were found in fat samples. Student’s t-test was used to
compare the results between the studied groups and no
significant differences between the mean concentrations
of the tested compounds were confirmed. In none of the
tested samples, either of oral fluid or of fat, was the
presence of androstenone above the limit of
quantification of the method confirmed. Sex steroids,
such as testosterone and androstenone, inhibit the
hepatic metabolism of skatole, which allows it to
accumulate in the animals’ fat (13). Therefore, the
absence of androstenone in castrated piglets may be the
reason for lower concentrations of skatole and indole in
their tissues. The obtained research results indicate that
immune castration is as effective as the inhumane surgical
castration of piglets in eliminating an undesirable smell
from pork. The conducted research has not clearly
confirmed that oral fluid may be useful for testing for
boar taint at the in vivo stage. Although the concentrations
of the compounds tested in oral fluid collected from
castrated boars are lower than in fluid samples collected
from gilts, for reliable assessment of the usefulness of
this matrix, the results obtained should also be related
to the concentrations of these analytes in the fluid of
entire pigs.
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