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Abstract

A rapid high-performance reversed-phase liquid chromatographic method for the simultaneous quantitative
determination of the main boar taint compounds androstenone, skatole (3-methylindole) and indole, in back fat
from pigs has been developed. The compounds are extracted by a simple homogenisation of adipose tissue in
methanol; interfering lipids are removed by precipitation after cooling and centrifugation. Androstencne is
derivatized pre-column with dansylhydrazine (5 min at ambient temperature) using BF, as catalyst. The compounds
are separated on a 60 X 4.6 mm 1.D., 3 um Hypersil ODS column (Hewlett-Packard) using a step-gradient; total
time for the separation is 15 min. Fluorescence is used for selective detection. The limit of quantitation for indole
and skatole is 30 ng/g and for androstenone 200 ng/g back fat. The results for skatole obtained by the present
method were compared with those of a colorimetric method, while androstenone determinations were compared
with two GC-MS methods and a RIA method. The correlations observed were in the range of 0.946—-0.993. The
average contents of androstenone and skatole were 640 + 700 and 78 + 113 ng/g (r» = 1162 male pigs), respectively.

1. Introduction

Castration of male pigs has been practised for
centuries in order to avoid the occurrence of
“male odour” in the meat from 5-10% of the
animals. The male odour is only a problem when
meat or meat products arc heated by the con-
sumer prior to consumption. However, the ad-
vantages of entire male (i.e. not castrated) pig
production compared to hog production are
large.

The major compounds responsible for the
boar taint are known to be skatole (3-methylin-
dole) [1,2], indole [3] and the pheromone an-
drostenone (5-a-androst-16-en-3-one) [4]. Other

steroids have also been associated with the boar
taint: 5-a-androst-16-en-3a-ol and 5-a-androst-
16-en-3p-0l [3,6].

In experiments describing the relationship
between skatole/androstenone and odour/
flavour in meat from entire male pigs, the
correlation between skatole content and odour
score was 0.76 thus explaining 58% of the
variation of odour scores. If androstenone con-
tent was included, about 66% of the variation in
odour score could be explained. Androstenone
content alone explained only 24% of the vari-
ation [3].

Several immunochemical methods like RIA
[7.8] or ELISA methods [9] as well as several

0378-4347/94/$07.00  @© 1994 Elsevier Science B.V. All rights reserved

§SDI 0378-4347(94)00364-5



220 J. Hansen-Mpller / J. Chromarogr. B 661 (1994) 219-230

chromatographic methods using HPTL.C [10],
GC-MS [4,6,11-13], GC-FID [14] or GC-ECD
[15] for determination of androstenone in adip-
ose tissue have been described. A variety of
chromatographic methods for determining
skatole in back fat using normal-phase [6] and
reversed-phase HPLC [16-18] or GC [19] were
also described. A routine UV-Vis method uses
derivatization = of  skatole  with  4-di-
methylaminobenzaldehyde [20]. This method,
which fully automated, has a capacity of 200
determinations per hour, is currently used for
sorting male pig carcasses in slaughterhouses in
Denmark.

A critical step is the sample preparation of the
adipose tissue, due to the fact that skatole,
indole and androstenone are very lipophilic. The
sample preparation procedures previously used
include liquid-liquid extraction [15,18], steam
distillation [21], solid-phase extraction in the
normal-phase [6,19] and reversed-phase mode
[16]. Super-critical fluid extraction has also been
tried [22].

In the present paper we report for the first
time a simple method for the simultaneous
determination of the three main compounds
responsible for boar taint. The results for skatole
are compared with the colorimetric method {20],
and the results for androstenone are compared
with twa GC-MS methods [11,13] and a RIA
method [23].

2. Experimental
2.1. Chemicals

Indole, 2-methylindole (2-MID), skatole (3-
methylindole), androstenone (5a-androst-16-en-
3-one), androstanone (Sa-androstan-3-one),
BHT, n-propylgallate, citric acid, AlCl;, tni-
chloroacetic acid and dansylhydrazine were ob-
tained from Sigma (St. Louis, MO, USA). 4-
Dimethylaminobenzaldehyde (DMAB) and a
20% solution of BF, in methanol were obtained
from Merck (Darmstadt, Germany). Demineral-
ised water was treated in a Milli-Q Plus water
purification system from Millipore (Bedford,

MA, USA). Methanol (MeOH), acetonitrile
(MeCN), acetone and tetrahydrofuran (THF)
were of HPLC grade obtained from Romil
(Loughborough, Leics., UK). All other chemi-
cals were of analytical grade.

2.2. Colorimetric method

A 5.00-ml volume of acetone—0.1 M Tris-HC]
buffer (pH 7.6) (75:25, v/v) was added to
approximately 500 mg of back fat. After homog-
enization and chilling to approximately 4°C, the
homogenate was filtered through a sintered glass
filter.

A 1.42-ml volume of DMAB reagent were
added to 1.00 ml of the filtrate. (DMAB reagent
was prepared by dissolving 10 g of DMAB in
1000 ml of a mixture of ethanol-75% sulphuric
acid (60:40, v/v), previously degassed by apply-
ing a vacuum of 15 mmHg to the solution for 30
min).

After 180 s at ambient temperature 2 ml of the
solution were transferred to the 30-mm flow-cell
of a Lambda II spectrophotometer (Perkin-
Elmer, Norwalk, CT, USA), and the spectrum
trom 460 to 730 nm was recorded. The absorp-
tion at 58¢ nm was used for quantification. As
the method is calibrated using skatole standards,
results are expressed in so-called skatole equiva-
lents. Experimental details may be found in
Mortensen and Serensen [20].

2.3. High-performance liquid chromatography

The HPLC systems were Hitachi systems from
Merck. Each system consisted of an AS-4000
autosampler, a [-6200 gradient pump, a F-1080
fluorescence detector, a L-5025 column oven and
a D-6000 HPLC-manager software installed on a
Compaq Descpro 386s PC. An AS-4000 auto-
sampler editor programme was used for modi-
fication of the derivatization procedure.

HPLC system 1

The column was a Hypersil ODS (3 um, 60 X
4.6 mm ID., Hewlett-Packard) operated at
40°C.

The mobile-phase buffers used were: (A)
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THF-25 mM potassium phosphate buffer pH
6.0—acetic acid (31:67.6:1.4, v/v); (B) THF-ace-
tonitrile~25 mM potassium phosphate buffer pH
6.0-acetic acid (34:23.8:41.4:0.8, v/v); and (C)
THF-water (90:10, v/v). The following gradient
profile was used: 0-4.5 min, 100% A; 4.5-5.0
min, 100% A-100% B; 5.0-10.5 min, 100% B;
10.5~10.6 min, 100% B-90% C+10% A (2.0
ml/min); 12.0-12.5 min, 90% C + 10% A-100%
A; 12.5-14.0 min, 100% A (2.0 ml/min~1.5
ml/min).

Fluorescence detection was employed with
excitation at 285 nm and emission at 340 nm for
the first 5.0 min (indole and skatole); then the
wavelengths were changed to excitation at 346
nm and emission at 521 nm (dansylhydrazones of
androstenonc and androstanonc).

HPLC system 2

The column was a Superspher 60 RP-8 (4 m,
120 x 4 mm 1.D.) operated at 40°C, fitted with a
4-mm RP-8 precolumn (LiChroCart system,
Merck).

The composition of the mobile-phase buffers
was: (A) acetonitrile—25 mM potassium phos-
phate buffer pH 6.0-acetic acid (30:69.6:1.4,
v/v) and (B) methanol.

The following gradient profile was used: 0-3.5
min, 90% A (1.5 ml/min); 3.0-3.5 min, 90-45%
A; 3.5-15.0, min 45-5% A; 15.0-16.1 min, 5%
A (1.5-2.0 ml/min); 16.1-17.0 min, 5-90% A,
17.0-19.0, 90% A (2.0~1.5 ml/min).

Fluorescence detection was performed with
excitation at 346 nm and emission at 521 nm.

In all assays 20 ul of the sample were injected.
2-MID was used as an internal standard for
determination of indole and skatole, while an-
drostanone was used for determination of an-
drostenone. The linearity of the standard curves,
based on peak height, was investigated in the
range of 0.001 to 1.0 mg/] for indole and skatole,
and 0.01 to 5.0 mg/} for androstenone.

2.4. Sample pretreatment

A 3.00-ml volume of methanol containing the
internal standards (0.033 mg/l and 0.33 mg/l of
2-MID and androstanone, respectively) was
added to 0.50 g of back fat, After homogeniza-

tion by means of a Kinematica Polytron PT 3000
(Littau, Switzerland) fitted with a 12-mm aggre-
gate, the samples were sonicated for 5 min and
cooled on an ice bath for 15 min. After centrifu-
gation for 5 min at 4000 g at 5°C, 250 ul of the
extract was transferred to an autosampler vial
and analyzed. All samples were analyzed in
duplicate.

2.5. Standard solutions

The standard solutions were prepared in
methanol-water (95:5, v/v).

2.6. Derivatization

The AS-4000 autosampler was programmed by
the AS-4000 programme editor software (Merck)
to perform the derivatization. A 30-ul aliquot of
2% dansylhydrazine dissolved in methanol, 4.4
gl of water, and 10 ul of 20% BF, were mixed
with 140 pl of sample extract. After 5.0 min at
ambient temperature 20 gl of the mixture were
injected onto the HPLC system.

2.7. Back fat samples

Back fat samples for recovery and reproduci-
bility studies were obtained from a local abattoir.
Prior to use in recovery studies the samples were
tested for skatole, indole and androstenone
contents to ensure a low content of these com-
pounds.

2.8. Validation

Recovery

The recovery of the sample preparation pro-
cedure was determined by spiking three different
back fat samples containing low amounts of the
compounds with known amounts of the com-
pounds at four different levels (see Table 1).

Intra- and inter-assay variation

For intra- and inter-assay variation 10 different
samples were selected on the basis of their
content of the three compounds. The samples
were analyzed in duplicate on five different days;
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Table 1
Recovery of the method using HPLC system 1

Level Indole/skatole Androstenone
Added Recovery n Recovery n Added Recovery n
(mg/g) indole (%) skatole (%) (ng/g) (%)
1 40 92.0+13 5 99.1+20 3 100 102.2+14 6
2 100 102.8 x4 5 95229 5 250 101.9+3 6
3 200 110.1x13 5 98.7x5 5 500 9835 6
4 1000 106.6 £9 4 97.3+4 4 2500 1003+7 5
Average recovery 104.8+9 19 .96 17 1007 £5 23

Back fat samples with a low content of indole, skatole and androsienone were spiked at the levels indicated; » is the number of

experiments.

however, on one of these days the samples were
analyzed 7 times each.

2.9. Preparation of “‘in house reference
material”

Approximately 1 kg of back fat was taken
from each of five carcasses having a content of
skatole equivalents between 250 and 300 ng/g
(using the colorimetric method). The samples
were tested to ensure an androstenone content in
the range of 1-3 pg/g. The final 5 kg of back fat
were homogenised using a bowl chopper (Meis-
sner Maschinen, Wallau, Germany). To the
homogenate were added citric acid, n-pro-
pylgallate and BHT (500 mg of each) dissolved
in 50 ml of methanol and the resulting mixture
was mixed carefully. Part of it was divided into
25-g aliquots and stored at —25°C. The material
was analyzed in duplicate every day.

2.10. Application

Samples (1162) of back fat from randomily
selected male pigs were analyzed in duplicate by
means of HPLC system 1. The same samples
were also analyzed by the colorimetric method
and the results were compared using linear
regression (least squares method). To clarify if
the skatole equivalents obtained by the
colorimetric method are a combination of
skatole and indole the results were fitted to the
linear model:

a - Skatoleyp;  + b - indoley,; - + ¢ = skatole eq-

uivalentscolurim::tric method
using the multivariate analysis programme UN-
SCRAMBLER [24].

The method was also compared with other
methods for determination of androstenone in-
cluding GC-MS [11,13] and RIA [23] using
lincar regression (least squares method).

3. Results and discussion
3.1. Principle of detection

Fluorescence was selected for detection
because of the good fluorescent properties of
indole and skatole and the possibility to easily
derivatize androstenone with dansylhydrazine,
thus giving a better selectivity and sensitivity.

3.2. Selectivity of the chromataographic system

The selectivity of the two HPLC systems is
illustrated in Figs. 1 and 2. The run-times of the
systems including the pre-column derivatization
arc 15 and 19 min for systems 1 and 2, respec-
tively. The last 3 min are not shown; during this
period a few large peaks eluted. During optimi-
zation of the second mobile phase in system 1, in
which isoelutrope mixtures of acetonitrile, THF
and buffer were tested, it was observed that the
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Fig. 1. Selectivity of chromatographic system 1. For chro-
matographic conditions see Experimental. (A) Standard
solution containing: 33 ng/ml of indole, skatole and 2-
methylindole, 400 ng/ml of androstenone and 330 ng/ml of
androstanone. (B) Back fat sample spiked with internal
standards (2-methylindole and androstanone, 200 and 2000
ng/g, respectively). Androstenone, skatole and indole con-
tent 1010, 190 and 110 ng/g, respectively. (C) Same as (B)
but without internal standards.

peaks of androstenone and androstanone split
into double peaks, when the THF content was
less than 27%. This may be explained by the fact
that the syn- and anfi-forms of the
dansylhydrazones are resolved because of the
changed selectivity of the system. This is analo-
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Fig. 2. Selectivity of chromatographic system 2. For chro-
matographic conditions sce Experimental. (A) Standard
solution containing 40 ng/ml of androstenone and 330 ng/ml
of androstanone, (B) Back fat sample spiked with internal
standard (androstanone, 2.0 xg/g). Androstenone content
3.33 pg/g. (C) Same as (B) but without internal standard.

gous to the separation of the syn- and anti-oxime
derivatives observed by e.g. De Brabander and
Verbeke [15]. For a routine analytical method
only one peak for each compound is desirable.
By extending the time of derivatization to more
than 5 min it was observed that some of the
interfering peaks around the androstenone peak
increased.

HPLC system 2 was only designed for the
determination of androstenone and has a selec-
tivity different from that of system 1, in order to
verify the specificity of the androstenone part of
the method.

3.3. Principle of derivatization

Different methods to make the fluorescent
derivatives and simultaneously determine the
indolic compounds using fluorescence detection
were investigated. Attempts to convert andros-
tenone to a fluorescent compound by treatment
with strong acid, according to the procedure
described by Nozaki et al. [25] were abandoned
because of the instability of the indolic com-
pounds during derivatization. Another method
to prepare a derivative at the 16-double bond
using anisaldehyde [10] or resorcinylaldehyde
[26] was abandoned for the same reason.

The procedure described by Kawasaki et al.
[27] using dansylhydrazine and trichloroacetic
acid as catalyst at 60°C was investigated. Follow-
ing the reaction as a function of time it was seen
that androstenone produced two peaks which
during the first 60 min of derivatization merged
to one peak coeluting with the peak of andros-
tanone (the internal standard). Furthermore, the
time for total derivatization of androstenone was
more than 60 min at 60°C.

Alternatively different Lewis acids like AICI,
and BF, were investigated as catalysts. BF,
appeared to give the best results, Initially it was
discovered that, using back fat extracts and
standard solutions prepared in 100% methanol,
the reaction rate in standard solutions was sig-
nificantly slower than that observed in a back fat
extract. The difference was traced to differences
in water content. It was observed that a water
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content higher than 3% in a standard solution
results in maximum yield.

Subsequently the derivatization procedure was
optimized with respect to the amount of 2%
dansylhydrazine and 20% BF, added to 140 ul
of back fat extract as well as reaction time.
Adding 10 ul of 20% BF;, 30 ul of 2% dan-
sylhydrazine and 4.4 ul of water to 140 ul of the
extract, the derivatization is complete within 5
min at ambient temperature. Thus the final
concentration of the reactants in the derivatiza-
tion mixture is 1.1% of 20% BF, and 0.33% of
dansylhydrazine. When calculating the amount of
water in the reaction mixture one has to account
for the amount of water in the back fat as well.
This is normally >10% thus adding 4.4 ul of
water to the water present in the extract, the
water content will always be more than 3.7%
which is enough to ensure maximum reaction
rate. Afterwards the standard solutions were
prepared in methanol-water (95:5, v/v) to en-
sure maximum yield.

Changing the temperature to either 5°C above
or below ambient temperature only had a minor
cffect.

Exposure of the dansylhydrazine solution to
light for a few hours produced a broad peak
between 4 and 5 min; thus the dansylhydrazine
solution has to be freshly prepared every day and
kept in brown autosampler vials.

The indolic compounds were stable under the
conditions investigated.

3.4. Linearity, detection and quantitation limits

The detection limits (Table 2; signal-to-noise
ratio = 3) were determined in standard solutions.
The quantitation limits (Table 2) were defined as
10 times the detection limit unless authentic
samples showed less sensitivity. A quantitation
limit of 30 ng/g (skatole and indole) and 200
ng/g (androstenone) is quite satisfactory when
the determinations are used for elucidation of
the relationships between smell/taste and con-
tent of the compounds, since the threshold for
organoleptic sensing is 200 ng/g for skatole [28]
and 1.0 xg/g for androstenone [29].

Table 2
Limits of detection and quaatitation

Compound Limit of Limit of
detection quantitation
(ng/ml) (ng/g)

Indole <3 30

Skatole <3 30

Androstenone 20 200

The detection limits (signal-to-noise ratio =3) were deter-
mined in standard solutions. The quantitation limits (in
adipose tissue) were defined as ten times the detection limit
unless authentic samples showed less sensitivity.

3.5. Recovery

Recovery of the sample preparation procedure
was assessed by spiking samples with a low
content of compounds (true blank samples do
not ¢xist) with known amounts of the same
compounds. The levels used for the indolic
compounds were chosen according to previous
investigations [17,30]. The levels for andros-
tenone were selected according to the literature.
Only HPLC system 1 was used for the recovery
studies.

The standard deviation on the lowest level
used (level 1, Table 1) is generally high, which is
due to the fact that all samples used contain 1/3
to 1/2 of the amount used for spiking; this and
the fact that level 1 is close to the limit of
quantitation explain the high standard deviation.

The average recoveries for androstenone,
skatole and indole are 100.7+ 5, 96.9+ 6 and
104.8 + 9%, respectively.

3.6. Intra- and inter-assay variability

The within-day (n =7) and between-day (r =
5) CV, for the compounds are given in Table 3.
The samples used were selected on the basis of
their content to ensure that the normal levels
were included. It can be scen that the C.V. values
are generally low, but they increase as the
concentrations approach the limit of quantita-
tion.

The indole content is generally low which
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Table 3
Intra- and inter-assay variability

Indole Skatole Androstenone

Concentration CV. (%) Concentration CV. (%) Concentration CV. (%)

(mean = 8.D.) (mean = 5.D.) (mean = §.D.)

(ng/g) Within Between (ng/g) Within Between {ng/g) Within Between
day day day day day day
n=7) (n=3) n=7) n=5) n=7) n=5)

1 74 xt4 55 8.2 209+8 39 7.0 2940 + 88 3.0 2.8
2 02 2.2 51 173 %2 1.4 4.0 870 +34 39 4.5
3 46+3 54 9.6 228+9 3.7 6.7 1970 = 114 58 2.6
4 7R | 3.9 6.2 d6+2 3.3 4.4 610+ 24 3.9 4.9
5 4 x2 52 74 114+2 1.1 5.6 1310 £ 61 4.7 4.4
6 B2 4.3 8.9 362 4.9 7.9 250+ 20 8.2 7.2
7 41x2 42 12.6 126 =7 53 13.3 3000 2.2 8.6
8 103+7 6.6 4.5 31420 6.2 53 490 £ 35 111 5.7
9 54+4 7.2 7.3 1M=x7 38 5.4 790 » 57 7.2 4.1
10 69x2 34 5.0 136+4 2.6 5.9 67017 2.6 4.1

reflects the usually low level of indole in Danish
pigs.

3.7. Application

From a large study including 1162 samples,
384 samples containing quantifiable amounts of
indole and skatole were selected for comparison
of the methods used for determination of
skatole.

When comparing the content of skatole de-
termined by HPLC with the skatole equivalents
obtained by the colorimetric method (Fig. 3A) a
good correlation (r =0.975; »n=384) between
the two methods is seen. The equation of the
regression is y =1.097x —0.037. These results
are identical to those reported earlier [17].

When fitting the results to the linear model
(see equation in section 2.10) the best correla-
tion (r = 0.986) is obtained by correlating 75.9%
skatole (a) + 44.2% indole {b) + 0.027 (c) to the
colorimetric results, line of regression: y=
0.972x + 0.005; n =384 (Fig. 3B). This means
that it is possible to predict the skatole equiva-
lent from the content of indole and skatole
obtained by HPLC, the reverse, however, is not
possible. However, it is possible to make a new
multicomponent algorithm for on-line determi-
nation of indole and skatole from the HPLC

results and the spectra from the colorimetric
method.

In an earlier investigation it was mentioned
that the skatole equivalents may contain approxi-
mately 25% of the amount of indole determined
by HPLC, but the results were not conclusive
due to the relatively small number of samples
(n =137) [31].

Hawe et al. [32] found a correlation between a
GC method and the colorimetric method of r=
(1.128 (n = 29). They found an average content of
skatole in back fat of 48 ng/g, which is very close
to the limit of quantitation of the colorimetric
method. This latter fact hampers the comparison
of both methods.

Wirrer [33] found a correlation of (.4495 (r =
76) between the colorimetric method and an
HPLC method for the determination of skatole
[16]. Unfortunately the indole content of the
samples is not given which might explain the
poor correlation between the methods.

The colorimetric method has never been de-
signed for determination of skatole alone, but it
was optimized for detection of tainted carcasses
using a trained sensoric panel as criterion and
skatole was only used as an adeguate compound
for calibration of the method. Therefore, the
results arc always given as skatole equivalents.
Bejerholm and Barton-Gade [3] have, however,
shown that indole contributes to the odour/
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Fig. 3. (A) Comparison of the skatole equivalents determined
in 384 pig back fat samples by means of the colorimetric
method described by Mortensen and Saerensen [20] and the
amount of skatole as determined by HPLC. The correlation
between the methods is 0.975 while the equation of regres-
sion is y = 1.097x — 0.037. (B) Same samples as in A except
that multicomponent analysis has been used to find a better
correlation between the HPLC method and the colorimetric
method. The best correlation (»=0.986) is obtained by
correlating  75.9%  skatole (HPLC)+44.2%  indole
(HPLC) + 0.027 to the colorimetric results, line of regres-
sion: y = 0.972x + 0.005.

flavour of meat from entire male pigs and this
indicates that it is necessary to have a method for
sorting of the carcasses which measures indole
and skatole in the right proportions.

The androstenone part of the method was
compared with two different GC-MS methods
{11,13], a RIA method [23] and with the HPLC
system 2 (Table 4). All samples used were from
Danish male pigs except for one of the GC-MS
methods {11] for which Swedish samples were
used. The samples used for comparison of the
RIA and the two HPLC methods are identical.
The correlation with the Swedish GC-MS meth-
od [11] is illustrated in Fig. 4. From Table 4 it
appears that the methods are almost identical.
One of the GC-MS methods [13] slightly over-
estimates the content and it is slightly biased as
well.

Tables 5 and 6 summarize the results along
with results reported by other authors. The
results are not directly comparable due to differ-
ences in the way the samples were selected. The
Spanish samples [6] were selected on the basis of
the presence of boar taint (subjective judge-
ment). The samples used in this study were
randomly selected from Danish pigs from the
local abattoir. The highest content of skatole was
found among the Danish sampies, while the
highest concentration of indole was reported in
the German results [18]. High levels of indole
may, however, be found in Danish pigs when
they are kept heavily fouled in pens with high
temperatures and a high stocking rate [30]. The
highest androstenone content is found among the
Danish samples, however, the average content is
just as low as the results reported by Hansson et
al. [21].

In Fig. 5 the concentration of skatole and
androstenone in 796 samples containing quan-
titative amounts of the compounds is plotted. A
correlation of » =0.365 (n =1162) can be calcu-
lated (for the calculation 0.1 and 0.015 were
substituted for values below the limit of quantita-
tion for androstenone and skatole, respectively).
The correlation found is similar to that reported
by Lundstrém et al. [34] of 0.32, but less than
that reported by Hansson et al. [21] of 0.54.
However, factors such as age and cross-breeding
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Table 4

HPLC system 1 was compared with different methods for determination of androstenone

Method for androstenone determination Line of regression Correlation (7) n
GC-MS (Magard [11]) y=1.07x —0.052 0.977 16
GC-MS (Le Bizec et al. [13]) y=0.82x +0.124 0.949 31
RIA [23] y=1.15x — 0.047 0.946 37
HPLC system 2 ¥y =1.03x +0.086 0.993 37

The least squares method was used for calculation of the line of regression. The samples used for comparison to the RIA and

HPLC system 2 are identical.

are not known for the present samples, and thus
the results are not conclusive.

4. Conclusions
A rapid, reproducible and simple method for

the determination of androstencne, skatole and
indole in adipose tissue from pigs was developed.

For the first time a HPLC method for the
simultaneous determination of the main boar
taint compounds is reported. Compared with
other methods the sample preparation is simple,
its use of organic solvents is limited and there are
no time-consuming and error-introducing liquid—
liquid partition or solvent evaporation steps.
Without any further clean up of the extract of
back fat in methanol, androstenone is pre-col-

Androstenone ug/g (HPLC)

0.0 |

0.0 1.0

T T T T -—r — T

2.0 3.0
Androstenone ug/g (GC-MS)

Fig. 4. Comparison of the results from androstenone determination in back fat samples, using HPLC system 1 and GC-MS [11].
The correiation between the methods is 0.977 while the equation of regression is y = 1.07x — 0.052 (n = 16).
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Table 5
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Comparison of the concentrations of indole and skatole obtained by the present method and other methods from the literature

Results obtained by the Garcia-Requeiro and Gibis et al, Dehnhard et al. Porter et al.

present method Diaz [6] (HPLC) [16] (HPLC) [18] (HPLC) [19] {(GC)

Indole Skatole Ratic Indole  Skatole Ratio Indole Skatole Rativ Indole Skatole Indole  Skatole

(rg/g) (regfe) (pg/g) (ne/g) (ug/e) (ngig) (eg/g) (ng/z) (ug/e) (ne/e)
Highest 0.716 1.90 9.9 0.16 0.186 3.2 0.602 0.901 40 4.736 1.005  0.057 0.177
Lowest <0.03 <0.03 0.3 0 0 0.4 0.013 0.023 0.4 0 0 0.012 0.019
Average 0.027° 0.078* 23 0.084 0.101 1.4 0.151 0.201 1.8 0.02 0.04 0.029 0.046
n 1162 1162 384 15 15 15 20 20 20 349 349 14 14

* Values below the limit of quantification were substituted by 0.015 pg/g.

umn derivatized to a dangylhydrazone within 5
min at ambient temperature using BF, as cata-
lyst. The total time needed for one assay is 15
min which makes the method useful as a labora-
tory method for large scale investigations of the
relations between boar taint compounds and the
factors causing boar taint. Only 500 mg of
sample is used, however, the sample preparation
procedure can easily be scaled down which
makes it useful for assay of small samples like
biopsies.

The correlation between the present method
and other methods used for the determination of

Table 6

skatole and androstenone is very high (in the
range of 0.946 to 0.993) which documents the
sclectivity of the method.

The method is suitable as a reference method
for the development of alternative rapid ana-
Iytical methods for on-line determination of boar
taint compounds in an abattoir or for evaluation
of other methods. Investigations are currently in
progress for evaluation of an ELISA kit for
androstenone commercialized by Riedel-de
Hien (Art. Nr. 54198).

The factors causing the occurrence of male
odour ar¢ mainly unknown. In order to ¢lucidate

Comparison of the concentrations of andrestenone in entire male pig back fat samples obtained by the present method and other

methods from the literature

Authors Method Highest Lowest Average n
(ng/e) (ne/e) (ng/e)

Present method HPLC 7.67 <0.2 0.64 £ 0.70° 1162
Garcia-Requeiro and Diaz [6] GC-MS§ 4.7 nd 1.29 15
De Brabander and Verbeke GC-ECD 1.4 0.08 0.6x0.4 40
(average weight 86 =12 kg)} (15]

Bonneau [35] RIA 2.0 0.5 150
Bonneau and Sellier {36] RIA 1.65+0.34 330
Andersen and Bakke [37] RIA 7.31 0.78 6
Hansson et al. [21] RIA 0.63 £ 0.68 83
Lundstrgm et al. [34] RIA 4.8 0.01 1.26 =0.94 143
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Fig. 5. Plot of the skatole content versus the androstenone content in 796 samples, with concentrations above the quantitation
limit of the method. Samples with concentrations above 4.0 ug/g and 0.7 ug/g for androstenone and skatole, respectively are not
shown (12 samples). The samples are from Danish domestic pigs randomly selected in an abattoir. A correlation of 0.365
(7 =1162) can be calculated (for the calculation 0.1 and 0.015 were substituted for values below the limit of quantitation). The
age and cross-breeding are not known for the present samples, thus the results are difficult to interpret.

the mechanisms behind the boar taint problem,
further investigations are in progress, such as
studies on the physiological, microbiclogical,
hereditary as well as the practical conditions
which are considered important for development
of boar taint.
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