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Introduction

Two substances are the main contributors to boar taint in
pork from entire male pigs i.e. the steroid androstenone
(5a-androst-16-ene-3-one) [1] and skatole (3-methyl-
indole) [2,3]. The relative contribution of these sub-
stances to boar taint varies in different studies. Other sub-
stances may also contribute to a minor degree and a range
of substances with an off-odour/off-flavour has been
identified in boar fat. Among these indole and other 16-
androstene steroids may be of some significance [4,5].

In fat samples with low levels of androstenone and ska-
tole, but which nevertheless had been classified as tainted,
Angels Rius et al [6] identified aldehydes and short chain
fatty acids as the main classes of substances related to off-
flavour. However, only a few substances were found in
significantly higher concentrations in tainted compared to
untainted samples. Styrene and 1,4 dichlorobenzene,
whose presence may be due to contamination, showed a
high concentration in tainted samples. Rius Solé and
Regueiro [7] identified 4-phenyl-3-buten-2-one in sam-
ples of boar fat and reported that the presence of this com-
pound in samples low in androstenone and skatole, could
promote the perception of these substances.

Androstenone

Androstenone is produced in the testes. In plasma it is
found in free form and in a sulfoconjugated form.
Recently is has been found that around 70 % of andros-
tenone in plasma is in form of sulfoconjugated androsten-
one [8].

The secretory pattern of androstenone follows in general
the secretory pattern of testosterone, although the biosyn-
thesis of the two steroids follows different pathways. The
ratio between testosterone levels and androstenone levels
in plasma varies. Often the level of free androstenone in
plasma is reported to exceed the level of testosterone. In
plasma the level of free androstenone varies from a few ng
and up to at least 40 - 60 ng per ml.

The odour of 5a-androstenone

Olfaction in humans with reference to odorous 16-
androstenes, has been reviewed by Gower and Ruparelia
[9]. The smell is often described as urinelike. It is well
known that the ability to detect the smell of 5a-andros-
tenone varies. The results of an extensive survey were pub-
lished by Gilbert and Wysocki in 1987 [10]. In Europe
(UK not included) 24.1 % of the female participants of
the study and 15.8 % of the males were unable to detect
the smell of androstenone. However it has also been
shown that the ability to perceive androstenone can be
induced in a proportion of people with odour blindness
or specific anosmia to androstenone. The participants of
the study sniffed androstenone 3 minutes, 3 times a day
for 6 weeks. In 10 out of 20 individuals that were anosmic
to androstenone, the ability to perceive androstenone
were induced [11]. The authors suggest a mechanism
where olfactory neurons with specific receptors for
androstenone undergo clonal expansion or selection of
lineages with more receptors or receptors of higher affin-
ity, much in the manner of lymphocytes responding to
antigenic stimulation.
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Physiology of 5ca-androstenone

The well known physiological effect of androstenone and
other 16-androstenes, is to act as pheromones and stimu-
late reproductive functions in the female pig. They are
secreted into saliva in the submaxillary salivary glands.
Submaxillary salivary glands from pigs contain a protein;
pheromaxein, which binds 16-androstene steroids. The
primary function of pheromaxein is the solubilization
and transportation of pheromones in saliva. An effect on
female pigs directly from 16-androstenes released from
the boar as well as an effect over time due to saliva depos-
ited in the environment has been proposed [12]. The
odour of 16-androstenes facilitates the expression of the
standing response in oestrous sows. It has also been
shown that the smell of 5a-androstenone elicits oxytocin
release in oestrous sows [13].

Androstenone has no androgenic effect as measured by
the "Chicken comb test" [14]. Whether it has any effect on
its own production/secretion through a feed-back on the
production/secretion of GnRH and gonadotropins,
appears to be unknown. An effect in the testes can not be
ruled out: a specific binding of 5a-androstenone to
human testicular cytosolic fraction has been reported
[15].

It has been shown that 5a-androstenone reduces agnostic
behaviour in newly regrouped pigs [16]. Androstenone
has also been found to affect the metabolism of skatole in
the liver [17].

Fate of 5c~androstenone in plasma and fat
5a-androstenone is a very lipophilic molecule. The water
solubility of 5a-androstenone is only 230 g/l at 25°C
[18]. The steroid appears to be easily transferred from
plasma to adipose tissue. It has been found that if the level
of 5a-androstenone in peripheral plasma exceeds about
15 ng/ml, a heavy accumulation of androstenone in fat
usually follows [19]. Sinclair et al [20] reported that
peripheral plasma levels of androstenone below 15 ng/ml
were associated with low androstenone concentrations in
fat, while a wide range of androstenone concentrations
can be found in fat in animals with plasma levels above
this value.

The levels of androstenone in adipose tissue can be dou-
bled within a day following stimulation of androstenone
production by the testes by hCG injection [21]. However,
when the concentration of androstenone in peripheral
plasma decreases from high levels, the concentration in
adipose tissue do also gradually decrease. Thus there
appear to be a dynamic relationship between androsten-
one in plasma and adipose tissue, but the detailed regula-
tion of the transfer of androstenone between plasma and
adipose tissue has not been clarified. In many species sex

steroids are partly bound to specific proteins as sex hor-
mone binding globulin (SHBG) and to albumin. A bind-
ing/association of 5a-androstenone to plasma proteins
would affect the transfer of the steroid into adipose tissue.
However, it has been reported that pigs lack a sex hor-
mone binding globulin (SHBG) in plasma [22]. To what
extent androstenone in pigs is bound or associated to
other plasma proteins is unknown.

Claus [23] has reported the disappearance rate of andros-
tenone from adipose tissue following castration. He
found halflives from 7 days in young boars (weights in the
range of 90 to 97 kg) till 16-19 days in older boars
(weights in the range of 240-250 kg). Bonneau et al [24]
found half-lives from 4 to 14 days in 9 boars castrated at
175 days of age.

Androstenone is metabolised by the liver. Isolated pig
liver microsomes reduce androstenone mainly to pB-
androstenol [25]. These authors found that the rate of
androstenone metabolism in pig liver microsomes was
determined by the level of expression of hepatic 3p-
hydroxysteroid dehydrogenase. They observed a much
lower rate of androstenone metabolism in liver micro-
somes from pigs from a breed with high androstenone
levels (Meishan) compared with liver microsomes from
pigs from a breed with low androstenone levels (Large
White), indicating differential expression or activity of the
enzyme catabolising androstenone in the two breeds.

Differences in production rate of androstenone may how-
ever, be more important for the differences in androsten-
one levels in adipose tissue between pigs than differences
in the catabolism of the steroid in the liver. Babol et al.
[26] found no significant relationship between the oxida-
tive metabolism of androstenone in the liver and the lev-
els of androstenone in fat. The results of a study by
Bonneau and Terqui [27] have indicated a very high met-
abolic clearance rate (MCR) for plasma androstenone. In
one boar they calculated a MCR of about 80 000 liters per
day. The high disappearance was mainly ascribed to trans-
fer and storage of androstenone into adipose tissue and
salivary glands. If the production rate for androstenone is
high, the capacity of the liver to metabolise androstenone
may be insufficient and androstenone will accumulate in
adipose tissue.

Levels of androstenone causing boar-taint

Different levels of androstenone have been proposed as
cut-off levels for sorting carcasses. Claus et al [28] and
Rhodes [29] suggested levels of 0.5 and 1.0 pug androsten-
one per g fat as cut-off levels to sort out tainted meat,
respectively.
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Skatole

Skatole (3-metyl-indole) is a breakdown product of tryp-
tophan. It has a fecal-like odor. Unlike the smell of
androstenone the vast majority of people are able to
detect the smell of skatole. Skatole is produced in the
colon by microbial activity. Lactobacillus sp. strain 11201 is
considered as the organism producing skatole causing
boar taint [30]. Both tryptophan from the diet and from
cell debris from degradation of intestinal mucosa can be
metabolised to skatole.

Skatole does also seem to be easily transferred from
plasma to adipose tissue. Following daily i.m. injection of
skatole to intact male pigs for 9 days at a dose correspond-
ing to the upper physiologically occurring levels (1 mg/
kg), the mean level of skatole in adipose tissue rose from
0.02 ng/g fat to 0.41 pg/g fat [26].

Levels of skatole causing boar taint

The rejection level for skatole in fat varies. In Denmark
0.25 pg per gram fat and in Norway 0.21 pg per gram fat
has been used. In Denmark it has been calculated that a
level of 0.25 ng skatole per gram fat corresponds to a level
in plasma of 7.5 ng per ml [31]. In Sweden Babol et al.
[32] found that a level of skatole of 12.6 ng/ml plasma
correspond to a level in fat of 0.2 pg skatole equivalents
per gram.

Skatole dose not appear to play any physiological role in
the pig. While skatole is toxic for many ruminant species
and causes acute bovine pulmonary edema and emphy-
sema, skatole is not toxic for pigs [30].

Metabolism of skatole

In pigs skatole is absorbed by the intestinal mucosa into
the portal vein and passes through the liver where it is effi-
ciently metabolised. There seem to be no differences
between skatole production in the gut between male and
female pigs [33]. The half life for skatole in plasma is
approximately 60 minutes [34]. It has been demonstrated
that the liver has a potential and a capacity to extract ska-
tole from blood in quantities that greatly exceed what is
found under physiological conditions [31]. In some boars
a proportion of skatole, nevertheless passes the liver with-
out being metabolised and accumulates in adipose tissue.
The reason must be related to testicular activity and espe-
cially the action of sex steroids, androstenone included.
Hepatic cytochrome P4502E1 (CYP2E1) is a main hepatic
enzyme in the metabolism of skatole [35,36]. Doran et al.
[17] found that skatole induced CYP2E1 protein expres-
sion while androstenone antagonised this effect in iso-
lated hepatocytes. Thus high concentrations of
androstenone might prevent CYP2E1 induction by the
substrate skatole. The effect will be a reduced metabolism
of skatole and accumulation in adipose tissue. The effect

of androstenone may be that the steroid binds to a tran-
scripton factor (COUP-TF1) and interferes with its bind-
ing to DNA [37]. It has been found that the level of
P4502E1 in hepatic microsomes do increase following
castration [38], giving further support to an inhibiting
effect of testicular steroids on the hepatic metabolism of
skatole.
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