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A sensitive high-performance liquid chromatographic method was developed for the analysis of
skatole and indole in porcine tissue and serum samples. The sensitivity of the method for tissue
and serum samples was 1 ng/g and 0.1 ng/mL, respectively. The skatole content in adipose tissue
(fat) was higher (p < 0.0001) in boars (median 39 ng/g, n ) 91) than in barrows (24 ng/g, n ) 96)
or gilts (17 ng/g, n ) 85). The corresponding levels of skatole in serum were 1.9, 1.4, and 1.1 ng/
mL, respectively. Significant correlations (p < 0.0001) were found between boar serum and fat
levels of skatole (r ) 0.90) and indole (r ) 0.65). Elevated skatole levels were found exclusively in
boars, of which 9.9% exceeded the 200 ng/g limit in fat. Skatole concentrations were 8-fold lower
in the salivary glands than in the fat samples, and they were (p < 0.0001) correlated with both fat
and serum concentrations. On the basis of the close correlation between fat and serum skatole
levels, it is proposed that serum measurements could be used for routine assessment of skatole in
pork meat, a factor contributing to boar taint.
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INTRODUCTION

Intact (noncastrated) male pigs possess superior fat-
tening performance and carcass traits compared with
castrates and gilts due to the anabolic effects of testicu-
lar androgens. Thus, the production of boars instead
of castrates is an attractive approach for improving the
efficiency of pork meat production. However, castration
of male piglets is still a common practice in many
countries because the meat and fat from a small
proportion of intact male pigs emit an unpleasant taint
during cooking.
Boar taint has mainly been associated with andros-

tenone (5R-androst-16-en-3-one) (Patterson, 1968) and
skatole (3-methylindole) (Vold, 1970; Walstra and
Maarse, 1970; Hansson et al., 1980), but also 5R-
androst-16-en-3R-ol and indole may contribute to the
taint (Hansson et al., 1980; Brennan et al., 1986; Brooks
and Pearson, 1989; Bejerholm and Barton-Gade, 1993).
16-Androstene steroids are synthesized in the testes and
released into the circulation, where they are taken up
by the salivary glands and adipose tissue. In contrast
skatole and indole are produced by microbial degrada-
tion of tryptophan in the intestinal tract. Intestinal
production occurs in both sexes, but for some unknown
reason only intact male pigs accumulate these indolic
substances in adipose tissue.
The relative importance of skatole and androstenone

to taint appears to vary between different production
systems in different countries. Both androstenone and
skatole levels are influenced by genetic factors, but
unlike skatole, androstenone production is highly de-
pendent on the sexual maturity of the pig (Bonneau,
1982, 1987). Skatole levels have been shown to be more
susceptible to dietary and environmental conditions

(Lundström and Malmfors, 1993; Claus et al., 1994;
Hansen et al., 1994, 1995; Lundström et al., 1994).
Recent studies have indicated that skatole is the main
taint contributor when slaughter weights are low (An-
dresen et al., 1993; Bejerholm and Barton-Gade, 1993;
Berg et al., 1993; Le Denmat et al., 1993; Støier, 1994).
Skatole has been primarily analyzed from adipose

tissue samples. Cutoff levels of 250 and 200 ng/g have
been used as threshold values for sorting out tainted
carcasses, the latter being more prevalent in the recent
studies. Gas chromatographic (GC) methods have been
used for fat analysis (Hansson et al., 1980; Peleran and
Bories, 1985; Porter et al., 1989), but they require
considerable amount of sample preparation. A colori-
metric method has been developed by Mortensen and
Sørensen (1984) for routine analysis of skatole in fat
samples, but the reaction is not skatole-specific. More
specific methods have been developed using high-
performance liquid chromatography (HPLC) with UV
detection (Garcı́a-Regueiro et al., 1986; Garcı́a-Reguiero
and Diaz, 1989) and, more recently, fluorescence detec-
tion (Suortti and Lehtonen, 1989; Gibis et al., 1991;
Nonboe, 1991; Dehnhard et al., 1993; Gibis and Fischer,
1993; Hansen-Møller, 1992, 1994). However, processing
of fat samples is tedious, and additional purification
steps are needed before chromatography.
Submaxillary salivary glands may offer an alternative

site for the estimation of skatole as these glands are
easily sampled and extracted. However, no data are
available on skatole concentrations in these tissues.
Boar submaxillary salivary glands are known to con-
centrate specifically 16-androstene steroids, and a good
correlation has been found between the salivary glands
and fat 16-androstene levels (Booth et al., 1986; Squires
et al., 1991). Preliminary trials carried out in our
laboratory showed that existing methods developed for
fat samples had insufficient sensitivity to measure
skatole levels in salivary glands.

* Author to whom correspondence should be ad-
dressed (telephone +358-21-3338089; fax +358-21-
3338050; e-mail mika.tuomola@utu.fi).

1265J. Agric. Food Chem. 1996, 44, 1265−1270

S0021-8561(95)00796-5 CCC: $12.00 © 1996 American Chemical Society



The levels of skatole and indole in the circulating
blood have been given little consideration, and the
suitability of blood analysis for skatole screening has
not been extensively studied. Singh et al. (1988) used
an enzyme-linked immunoassay (ELISA) to measure
skatole in porcine serum, but the method lacked speci-
ficity. GC methods (Bradley and Carlson, 1974; Mack-
enzie et al., 1977; Norheim and Rygge, 1978; Williams
et al., 1979; Lin et al., 1991) and HPLC methods (Lin et
al., 1991) have been used for determination of the
bovine, ovine, and porcine blood plasma skatole con-
centrations, but only the HPLC method of Claus et al.
(1993) has been sensitive enough to measure concentra-
tions of skatole and indole found in the peripheral serum
of pigs.
The aim of the current study was to investigate the

possibility of using serum or salivary glands as a sample
material in skatole analysis and to obtain information
regarding the level of skatole and indole in Finnish pigs.
Concentrations were determined in adipose tissue,
salivary gland, and peripheral serum samples from
boars, barrows, and gilts with a sensitive and reliable
HPLC method.

MATERIALS AND METHODS

Material. The animals for investigation comprised 272
Finnish Landrace, Yorkshire, and Landrace-Yorkshire cross-
bred pigs (91 boars, 96 barrows, and 85 gilts; average live
weights 78.2, 78.6, and 78.4 kg, respectively). The animals
had been fasting for 12 h before delivery to the commercial
abattoir, and they were held in lairage for about 2 h prior to
slaughter. Blood samples (ca. 10 mL) were collected during
exsanguination and allowed to clot for 1 h. Serum was then
isolated by centrifugation and stored at -20 °C. Fat samples
(ca. 4 × 4 cm) consisting of the whole fat layer were collected
from the neck region between the third and fourth cervical
vertebra and stored at -20 °C. Submaxillary salivary glands
were collected from an additional 72 pigs (35 boars, 34 barrows,
and 3 gilts) and stored at -20 °C.
Reagents. Reference compounds indole (BDH, Poole, Eng-

land), skatole (Aldrich, Steinheim, Germany), and the internal
standard 2-methylindole (Fluka Chemie, Buchs, Switzerland)
were of analytical reagent grade. Dried GR-quality diethyl
ether was obtained fromMerck (Darmstadt, Germany). Metha-
nol and acetonitrile were HPLC grade (Rathburn Chemicals,
Walkerburn, Scotland).
Fat Sample Preparation. A fat sample (2.0-2.5 g) was

homogenized in methanol (5.0 mL) together with a 50 µL
volume of 2-methylindole used as an internal standard (10 µg/
mL in methanol) by means of a Ultra Turrax T25 homogenizer
(Janke & Kunkel, Straufen, Germany). The homogenate was
cooled for 30 min at -20 °C and centrifuged (1200g, 10 min).
The supernatant was then passed through an activated and
chilled Sep-Pak C18 column (Waters, Milford, MA). The first
1 mL of the eluate was discarded and the next 2 mL collected.
An aliquot of 20 µL was analyzed by HPLC.
Salivary Gland Sample Preparation. The treatment of

submaxillary salivary gland sample was identical with the fat
sample preparation with the exception that 10 µL of internal
standard was added.
Serum Sample Preparation. Serum samples were pre-

pared as described by Claus et al. (1993) with minor modifica-
tions. In brief, a 1.0 mL serum sample spiked with 50 µL of
internal standard (0.1 µg/mL in methanol) was extracted with
2 mL of diethyl ether, centrifuged, and frozen. The ether phase
was decanted into a tube containing 1.0 mL of HPLC mobile
phase, and ether was removed by evaporating at 47 °C. A 100
µL aliquot of the resulting sample was analyzed by HPLC.
HPLC. A Shimadzu (Kyoto, Japan) HPLC system was

used, consisting of an SCL-6A system controller, two model
LC-6A pumps, an SIL-6A autosampler, and an RF-530 fluo-
rescence monitor. The column used was a Superspher 100 RP-

18 (125 × 4 mm i.d., particle size 4 µm) fitted with a
LiChrospher RP-18 precolumn (4 × 4 mm i.d., particle size 5
µm) (LiChroCART system, Merck, Darmstadt, Germany). The
column was eluted with a mobile phase consisting of water:
acetonitrile (60:40, v/v) at a flow rate of 1 mL/min at 30 °C.
The native fluorescence of indolic compounds was monitored
by using excitation wavelength of 270 nm and emission
wavelength of 350 nm.
Quantitative Analysis and Reliability. The linearity of

the analysis method was investigated with standard solutions
of skatole and indole. For tissue analysis, concentrations of
0.4, 2, 4, 20, 40, 80, 200, and 400 ng/mL were prepared in
methanol, corresponding to a range of 1-1000 ng/g in tissue
samples. The standard solutions used for serum analysis were
prepared with concentrations of 0.1, 1, 5, 10, 50, and 100 ng/
mL in 12 mM phosphate-buffered saline (150 mM NaCl, pH
7.4). Both series of standard solutions were spiked with
internal standard and taken through the same sample prepa-
ration steps as the biological samples. The linearity of the
calibration curves was evaluated with Pearson product-
moment correlation averaged from six different determina-
tions. The sensitivity of the method was defined as the
concentration of standard at which the peak height exceeded
the base-line noise by at least 3-fold. In routine measurements
a single-point calibration was used for quantitation over the
working range, and two identical calibration standards were
included in every sample batch, containing equal amounts of
skatole, indole, and 2-methylindole. The peak areas of the
internal standard and other indoles were determined, and the
area ratios were used to determine the levels of analyte in the
biological samples. The accuracy of the method was deter-
mined from the recovery of added amounts of skatole and
indole to serum or adipose tissue samples with a low known
content of these compounds. The precision was determined
by repeated within-day (intra-assay variation, n ) 5) and
between-day (inter-assay variation, n ) 5) measurements of
the same samples.
Statistical Analysis. The data was analyzed using Sta-

tistica Program version 4.5 (StatSoft Inc., Tulsa, OK). The
skewed distributions of skatole and indole levels were normal-
ized by transforming the data to natural logarithms, and
transformed data were used for correlation studies. Signifi-
cant differences among nontransformed data were identified
using nonparametric Kruskall-Wallis ANOVA and Mann-
Whitney U-tests.

RESULTS AND DISCUSSION

HPLC Analysis. Satisfactory chromatographic sepa-
ration was achieved between the indolic compounds
using a simple isocratic HPLC method (Figure 1). All

Figure 1. Typical HPLC chromatograms of fat (A) and serum
(B) samples. Peaks: 1 ) indole (5.5 min), 2 ) 2-methylindole
(7.8 min), and 3 ) skatole (8.9 min).
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calibration curves obtained were linear with correlation
coefficients >0.999 over the whole range studied. The
slope of the regression line was close to 1 in all plots,
and the confidence intervals of the intercepts included
the origin at the 95% significance level, enabling the
use of single-point calibration for the quantitation. The
sensitivity for both compounds was 1 ng/g in fat and
0.1 ng/mL in serum. Assay precision and accuracy are
given in Table 1. The use of an internal standard
compensated effectively for procedural losses, as 96-
104% of skatole (mean 99%) and indole (mean 100%)
added to fat samples were detected. The mean within-
and between-day coefficients of variation (CV) were
3.4% for skatole and 3.8% for indole, showing good
analysis reproducibility. The accuracy of the spiked
serum analysis was on average 98% for skatole (range
92-102%) and 94% for indole (range 90-100%). The
mean within-/between-day CV values for skatole and
indole were 6.7/5.6% for skatole and 3.7/5.5% for indole.
Fat Samples. Skatole is known to be nonuniformly

distributed in the pig adipose tissue with highest
concentrations in the vicinity of lean meat and the levels
decreasing toward the skin (Nonboe, 1991; Hansen et
al., 1994). Sample uniformity was ensured in this study
by using the whole depth of the fat layer in the samples,
excluding only the first few millimeters from the skin.
Acetonitrile and methanol were originally tested for the
fat extraction, but the use of acetonitrile was discon-
tinued because the residual fat in the samples caused
late eluting peaks in the chromatograms and increased
the column back-pressure (data not shown). Solid-phase
extraction with a stationary C18 phase was used to
remove the interfering lipid material from extracts as
indolic compounds were not retained by the column
(Hansen-Møller, 1992).
As expected, boars had higher concentrations of

skatole and indole in fat samples than barrows or gilts
(Table 2). Most samples contained skatole <100 ng/g
(Figure 2), but 9.9% of boars still exceeded the sorting
limit of 200 ng/g. The results were in good agreement
with recent studies from several countries (Andresen
et al., 1993; Dehnhard et al., 1993; Lundström et al.,
1994; Hansen-Møller, 1994). The relative distribution
of indole concentrations was similar to that of skatole.
The concentration range of both compounds was rather
narrow in barrows and gilts, and no high levels were
observed. Elevated levels of skatole have sometimes
been found in barrows and gilts (Bonneau et al., 1992;

Bejerholm and Barton-Gade, 1993; Berg et al., 1993;
Stamer et al., 1993; Hansen et al., 1994, 1995), but these
results have been based on spectrophotometric meas-
urements, and other compounds in addition to skatole
may have affected the results (Stolle et al., 1994).
In this study, high concentrations of skatole were

usually accompanied with elevated indole levels, and a
significant positive correlation was found between ska-
tole and indole concentrations in the adipose tissue
(Table 3). This observation is in good agreement with
previous studies (Bejerholm and Barton-Gade, 1992;
Dehnhard et al., 1993; Herzog et al., 1993; Hansen et
al., 1994, 1995). The close relationship can be explained
by the competition for tryptophan, which is a common
precursor for both skatole- and indole-producing mi-
crobes. Boars exceeding the skatole limit of 0.2 µg/g had
a lower average indole/skatole ratio (0.16) than the rest
of the group (0.54), and the screening result was almost
identical whether based on the skatole level of 200 ng/g
or on the sum of skatole and indole concentrations of
230 ng/g. Thus, similar screening results could be
expected with the less specific spectrophotometric method
that cross-reacts mainly with indole (Stolle et al., 1994).
According to Hansen-Møller (1994), it is possible to
predict the spectrophotometric skatole equivalent from
the content of skatole and indole obtained by HPLC, and
good correlations have been established between these
methods in Danish studies (Hansen-Møller, 1992, 1994;

Table 1. Precision and Accuracy of the Skatole and
Indole Determinations (n ) 5)

coefficient of
variation (%)

added
measured
mean ( SD

within-
day

between-
day

skatole in fat (ng/g)
100 99 ( 4 3.3 3.7
200 199 ( 6 4.5 3.2
400 394 ( 9 2.3 3.3

indole in fat (ng/g)
100 96 ( 4 5.3 4.4
200 199 ( 8 3.5 4.0
400 415 ( 11 2.7 3.0

skatole in serum (ng/mL)
1.0 1.0 ( 0.1 13.0 9.3
5.0 5.1 ( 0.2 3.2 1.3
25.0 23.0 ( 1.4 4.0 6.2

indole in serum (ng/mL)
1.0 0.9 ( 0.1 4.6 7.7
5.0 5.0 ( 0.2 2.7 2.6
25.0 23.0 ( 1.4 3.8 6.3

Table 2. Concentrations of Skatole and Indole in Fat
and Serum Samples

boars barrows gilts

no. of animals 91 96 85
fat skatole (ng/g)
mediana 39 24 17
95% conf interval 33-50 22-27 14-20
range 6-1269 3-88 6-54

fat indole (ng/g)
mediana 21 16 13
95% conf interval 18-25 15-18 12-14
range 7-242 5-68 6-43

serum skatole (ng/mL)
mediana 1.9 1.4 1.1
95% conf interval 1.7-2.5 1.3-1.5 1.0-1.3
range 0.7-58.3 0.3-3.3 0.1-2.5

serum indole (ng/mL)
median 2.3 1.7* 1.4*
95% conf interval 1.9-2.5 1.5-1.8 1.2-1.6
range 0.9-14.8 0.6-6.7 0.2-3.3

a Groups are statistically different (p < 0.001). Groups marked
with an asterisk (*) are statistically different at p ) 0.012.

Figure 2. Distribution of skatole levels in fat samples.

Table 3. Correlation Coefficients between Boar Fat and
Serum Measurements (Transformed Data, n ) 91, p <
0.0001)

fat skatole fat indole serum skatole

fat indole 0.71
serum skatole 0.90 0.60
serum indole 0.53 0.65 0.66
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Hansen et al., 1994, 1995). However, contradicting
results occur when high levels of indole exceeding those
of skatole are found (Garcı́a-Regueiro et al., 1986; Gibis
et al., 1991; Gibis and Fischer, 1993). Boar live weights
did not correlate with the concentrations of skatole or
indole in the 65.5-88.0 kg weight range studied (data
not shown), which is consistent with other reports (Le
Denmat et al., 1993; Lundström and Malmfors, 1993;
Støier, 1994).
Submaxillary Salivary Gland Samples. Results

of salivary gland measurements are presented in Table
4. One cryptorchid pig with a retained abdominal testis
was found among barrows in the salivary gland sample
group, and it was excluded from the results. On
average, skatole concentrations were 8-fold lower in
salivary glands than in fat samples, and the concentra-
tion range was similar to that reported for lean meat
samples by Gibis et al. (1991). The corresponding
decrease in indole was only 4-fold, which is probably
due to the fact that indole is less lipophilic than skatole.
As in fat samples, the high contents of skatole and
indole were found in boars only. Skatole and indole
levels in boar salivary glands were significantly cor-
related with respective fat and serum levels (Table 5).
This close relationship and the fact that glandular tissue
was easier to homogenize and extract than adipose
tissue suggest that skatole levels could also be screened
by salivary gland analysis. However, the average
skatole level is below the detection limit of most
analytical methods reported.
Serum Samples. The levels of skatole and indole

in peripheral serum were significantly higher in boars
than in barrows or gilts (Table 2). The concentration
ranges were considerably wider in boar samples than
in barrows or gilts, but with the few cases in the high-
level classes omitted (>5.0 ng/mL), the general fre-
quency distribution of concentrations was very similar
in all sexes (Figure 3). Elevated skatole levels were
found in boars only, which is in contrast to the findings
of Singh et al. (1988) who found no differences between
gilts and boars. The serum skatole concentrations of
gilts were in the same range as reported for peripheral
plasma of ovariectomized sows (Claus et al., 1993).
Exceptionally high peripheral levels of indole as ob-
served by Claus et al. (1993) were not found, which may

be due to the effects of ovariectomy and differences in
pig material and the intestinal flora. In this study
elevated levels of serum indole were found in boar
samples only.
High skatole and indole concentrations in serum

samples were accompanied by high values in the cor-
responding fat samples, and significant correlations
were found between boar serum and fat levels of skatole
and indole (Table 3). The relationship between serum
and fat skatole concentrations in all pig samples is
presented in Figure 4. It is evident that the same group
of high-skatole boars is identified whether based on the
fat or serum analyses. The serum/fat correlations were
higher with skatole than with indole, and they were in
good agreement with the results of Herzog et al. (1993)
(skatole r ) 0.91, indole r ) 0.68). The first reported
study on skatole levels in serum and fat samples (Singh
et al., 1988) did not find any relationship between them,
probably due to the inherent limits of specificity of
methods used for the determinations (ELISA and colori-
metry).
Skatole is known to be quickly absorbed from the

intestine, and the level of skatole in hepatic vein blood
has been shown to be <50% of that in the portal vein

Table 4. Concentrations of Skatole and Indole in
Salivary Gland Samplesa

boars barrows gilts

no. of animals 35 34 3
salivary gland skatole (ng/g)
median 8 7 6
95% conf interval 5-13 5-9
range 2-96 2-16 3-6

salivary gland indole (ng/g)
median 6* 3* 5
95% conf interval 5-11 2-3
range 2-115 1-9 3-8

a Groups marked with an asterisk (*) are statistically different
(p < 0.0001).

Table 5. Correlation Coefficients between Boar Salivary
Gland, Fat, and Serum Measurements (Transformed
Data)

serum (n ) 22) fat (n ) 35)

skatole indole skatole indole

salivary
gland
skatole

salivary gland skatole 0.92*** 0.75*** 0.78*** 0.74***
salivary gland indole 0.61* 0.90*** 0.52* 0.85*** 0.80***

*** Significance level p < 0.0001; *p < 0.01.
Figure 3. Distribution of skatole and indole levels in serum
samples.

Figure 4. Relationship between serum and fat skatole
concentration in boars (n ) 91), barrows (n ) 96), and gilts (n
) 85).
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at any given time, indicating high liver clearance
(Agergaard and Laue, 1993). The terminal half-life of
skatole in the blood has been reported to be ca. 1 h
(Agergaard and Laue, 1993; Friis, 1993). Close correla-
tion has been demonstrated between intravenously
administered skatole doses and concentration of skatole
in fat (Friis, 1993), and it has been suggested that high
skatole concentrations in the fat result from reduced
skatole degradation in the liver (Agergaard and Laue,
1993; Friis, 1993; Lundström et al., 1994; Hansen et al.,
1995). The results of the current study support this
hypothesis, as high skatole levels in fat were always
associated with elevated levels of peripheral serum
skatole. The close relationship suggests that a periph-
eral blood skatole measurement can be a suitable
method for assessment of skatole in pork meat.
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