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Introduction
It has during a long time been a well-known fact that
uncastrated male pigs grow faster on less feed compared
to castrated ones. In addition, the former yield a higher
content of lean meat in the carcass, and they are generally
healthier. Consequently, the economic incentive in avoid-
ing castration is strong.

Recently, however, animal welfare aspects have become
more dominant than economy, and in certain states legis-
lation is being prepared banning castration altogether, or
only allowing castration when the piglets are fully anaes-
thetized. Together with another fact, i.e. the fact that meat
from some uncastrated male pigs exhibits an unpleasant
odour when heated, these developments have empha-
sized the need for being able to sort out the tainted car-
casses.

The major compounds responsible for the male odour are
known to be the two metabolites of tryptophan, skatole
(3-methylindole) [1,2] and indole [3], and the pherom-
one androstenone (5-α-androst-16-en-3-one) [4].
Amongst the three, indole is known to be the less offen-
sive to the human nose. The smell of skatole is described
as faecal while the smell of androstenone is described as
urinous. Only a fraction of the consumers are capable of
smelling androstenone, as this ability is hereditary [5].

Till now, to the knowledge of this author, the only real
time, full scale sorting "experiment" conducted under
industrial conditions, i.e. directly in an abattoir environ-
ment, was carried out in Denmark. A wide variety of

minor experiments, all based on laboratory methods for
detecting the compounds of interest, have indeed taken
place, but none of these come close to being on- or at-line
methods. Consequently, a major part of the following dis-
cussion is concerned with Danish experience.

Discussion
Before getting too involved in analytical procedures for
detecting "boar taint" compounds, it appears reasonable
to look into different sorting scenarios and their conse-
quences. These will be focussed on the two compounds of
most significance, skatole and androstenone, as very little
has been disclosed on the levels of indole in uncastrated,
male carcasses.

Three scenarios come to mind:

 Sorting based on skatole

 Sorting based on androstenone

 Sorting based on both skatole and androstenone.

With regard to the first, Danish experience has suggested
that a range of sorting limits for "skatole equivalents" may
be used, and that "skatole equivalents" have a correlation
to a trained sensoric panel of 0.76 thus explaining 58% of
the variation (see note 1) [3]. If 0.20 ppm of "skatole
equivalents" in backfat is used as a sorting criterion, the
occurrence of falsely accepted carcasses, i.e. carcasses that
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possess a deviating smell although accepted from an ana-
lytical point of view, is 0.8% as determined by the sensoric
panel. 6.0% of the carcasses would be rejected.

If, on the other hand, a somewhat higher level of 0.25
ppm of "skatole equivalents" is utilized, the occurrence of
falsely accepted carcasses increases to 1.2% while only
4.3% is rejected.

Androstenone content by itself explains 24% of the varia-
tion [3], and sorting based on androstenone with a sorting
limit of 0.50 ppm in the backfat as proposed by Desmou-
lin et al. [6] yields the following result on Danish uncas-
trated male pigs: 1.2% of the carcasses are falsely accepted,
which incidentally is identical to the situation with a 0.25
ppm "skatole equivalents" limit; however, the number of
rejected carcasses increases to 48% !!

By combining the analytical results of "skatole equiva-
lents" and androstenone 66% of the total variation can be
explained. The best combination of the two sets of results
will falsely accept 0.4% of the carcasses and reject 8.7%.
Interestingly, in a consumer study carried out on the Dan-
ish population of uncastrated male pigs androstenone
contents did not appear to have a negative impact on the
odour/flavour of the meat at "skatole equivalents" below
0.15 ppm. For higher "skatole equivalents" levels the
importance of androstenone became noticeable [7]. This
means that "skatole equivalents" is a more effective sort-
ing parameter compared to androstenone. However, an
effect of both "skatole equivalents" and androstenone on
the consumer evaluation appears at extreme values of
androstenone (i.e. > 1,5 ppm) as the content of "skatole
equivalents" approaches 0.25 ppm. Such a situation
appears in less than 1% of the Danish population of entire
males [7].

The Danish at-line system for analysis of "skatole equiva-
lents" in backfat from male pigs is based on colourimetry
[8]. In the very beginning it started as a laboratory
method, which through a series of steps was finally devel-
oped into a fully automated analysis robot for use in abat-
toirs.

In the industrial version the robot has a nominal capacity
of 200 samples per hour, of which 20 are used for quality
control samples in the form of both liquid standard solu-
tions and fat samples with known contents of analyte. The
robot is very accurate and precise, and has built-in alarms
for poor performance. Backfat samples are taken from the
uncastrated male pigs early on the slaughter line. The time
for each individual analysis is approximately 20 minutes,
which means that the result is available when the carcass
leaves the chilling tunnel at the end of the slaughter line.
Carcasses with a content of "skatole equivalents" above

the sorting limit (0.20 or 0.25 ppm) are marked accord-
ingly and kept separate from the other carcasses.

In the 1990's, 17 such robots were installed in Danish
abattoirs and a production of uncastrated male pigs took
place. In 1993 the number of analyses carried out peaked
at around 100,000 per week, but since then the produc-
tion has almost stopped due to negative reactions to the
meat from parts of the international market. These reac-
tions, as far as could be ascertained, arose mostly from the
mere fact that the meat originated from male pigs; not
because of the presence of any off odours or flavours.

Having stated previously that no other on- or at-line
equipment for identifying tainted carcasses from uncas-
trated male pigs exists, it appears worthwhile to take a
look in the crystal ball to find out what the future has in
store with regard to boar taint analysis.

Before doing this, however, it must again be mentioned
that several successful attempts were made in the last cen-
tury to develop new analytical methods for either skatole
or androstenone contents in uncastrated male pigs, and in
a few cases even methods enabling simultaneous determi-
nation of both compounds were published and being uti-
lized [9]. They were almost exclusively based on extensive
sample pretreatments before detection by means of col-
ourimetry [10], RIA/ELISA [11,12] or chromatographic
techniques [13], and although some effort was invested in
bringing them from the laboratory to the slaughter line
they were never fully implemented.

A number of recent and current attempts are concentrated
on technologies that are not dependent on complicated,
labour intensive and tedious pretreatment of the fat sam-
ples before the actual analysis. (To the mind of the present
author this is the only viable way forward.)

The rationale behind such a strategy is obvious: analysis
time is minimized, and simultaneous determination of
the compounds of interest, – or indeed the direct determi-
nation of "odour" or "taint" intensity without quantita-
tion of the compounds responsible for it, – are in
principle within the realm of reality.

Different kinds of spectroscopies, such as infrared (IR),
near infrared (NIR) or photo acoustic spectroscopy (PAS),
have been proposed and/or attempted; either directly on
a fat sample, or on the vapour (head space) above a
heated fat sample.

Further, promising results were obtained with a number
of different "noses", i.e. detectors or arrays of detectors
sensitive to molecules in the gas phase above a heated fat
sample or originating from the pyrolysis of a fat sample.
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(Unpublished results presented at the "Workshop on Boar
detection Methods" Ås, Norway, 21–22 October 2004).

In conclusion, however, although the area has gained
enormously in interest during the latest years and many
results were achieved with modern and sophisticated
technologies, the real break-through is still missing. In
other words the only example of a procedure able to dis-
criminate between tainted and untainted carcasses from
uncastrated male pigs in an abattoir environment is the
somewhat belated Danish one.

Note
The colourimetric method used previously in Denmark
was not designed for determination of only skatole, but
was optimized for detection of tainted carcasses using a
trained sensoric panel as criterion. It was shown that
indole contributes to the odour/flavour of meat from
uncastrated carcasses, and the method measures both ska-
tole and indole in the best combination according to the
sensoric panel. The results from the method are referred to
as "skatole equivalents"; skatole was used as an adequate
compound for calibration of the method.
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