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Abstract
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The purpose of this study was to investigate the relationship between the carcass weight and the level of skatole in boar 
back fat samples with descriptive sensory profiles (trained sensory panel) immediately after heating the fat samples 
(warm). A weak correlation was found between the carcass weight and skatole level in fat (P > 0.05). Between skatole 
levels in the fat of boars, whose carcass weight was below 70 kg, and of those with the carcass weight equal or above 
70 kg, there was a statistically significant difference (P < 0.05). The average content of skatole in the fat tissue of the 
boars < 70 kg, (0.18 ± 0.09 mg/kg fat, respectively) was below the commonly used respective thresholds for tainted 
meat (0.20 mg/kg fat), 53% of the samples showed the values of ≤ 20 mg/kg, and 73% of the samples the values of 	
≤ 25 mg/kg. In the group ≥ 70 kg (0.40 ± 0.39 mg/kg fat, respectively), 80% of the samples revealed the values of ≥ 20 mg/kg, 	
and 66% of the samples the values of ≥ 25 mg/kg. Our results show that a positive, compelling and statistically highly 
significant correlation exists between the skatole level and the sensory assessment of skatole intensity in fat.
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Breeding entire male pigs has a number of pro-
ductional, environmental, and animal welfare 
benefits when compared with the production of 
castrated animals. Entire male pigs have a better 
feed conversion rate and a higher growth rate, both 
of which reduce the production costs (Andersson 
et al. 1997; Fowler et al. 1981). 

A critical point in the production of entire male 
pigs is the slaughter weight. On one hand, the 
production of heavy carcasses is desirable since 
it reduces the total animal production cost and 
hence improves on the competitiveness on the 

pork market. On the other hand, an increase in the 
slaughter weight can result in an increased risk of 
boar taint. Therefore, one of the challenges for the 
pork industry is to produce heavy-weight entire male 
pigs with a reduced incidence of boar taint.

The production of young entire males is a common 
practice in various European countries, including 
Spain, where it is usual for carcasses to be obtained 
at the weight under 80 kg (Walstra et al. 1999; 
Banon et al. 2000). This lessens the possibility of 
pigs reaching sexual maturity and prevents tainted 
meats, although it does entail other specific prob-
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lems. The main limiting factor on the use of heavier 
entire males is a boar taint in unprocessed meat, this 
defect being better tolerated in the meat products 
(Diestre et al. 1990; Bonneau et al. 1992; Banon 
et al. 2003). This would allow heavier males to be 
sent for the meat processing.

Boar taint is one of the major meat quality defects 
in pigs, which is manifested as an unpleasant odour 
and flavour in pork and pork products during cooking 
(Gower 1972; Lundström & Bonneau 1996). Boar 
taint may lead to an unpleasant experience during 
the consumption of the meat with subsequent nega-
tive economic repercussions for the meat industry. 
Boar taint occurs at puberty in some entire male 
pigs due to excessive accumulation of mainly two 
compounds, androstenone and skatole, in adipose 
tissue (Lundström & Bonneau 1996).

However, the literature shows that the results 
in regard to the relationship between the carcass 
weight and skatole and androstenone deposi-
tion are inconsistent. Thus, positive correlations 
(P < 0.05) between the carcass weight and skatole 
and/or androstenone levels have been reported by 
Mortensen et al. (1986), Walstra et al. (1999), 
and Sinclair et al. (2001). Other authors did not 
find a significant relationship (P > 0.05) between the 
skatole and androstenone levels and carcass weight 
(Hennessy et al. 1995). A European Union-wide 
study on boar taint (Matthews et al. 2000) defined 
skatole as a major contributor to the manifestation 
of boar taint in fresh meat and recommendations 
were given to optimise the production factors to 
reduce the skatole level as a short-term solution to 
boar taint (Bonneau et al. 2000).

Skatole is a product of bacterial activity in the 
intestines, hence its levels in fat are influenced by 
the diet as well as by the environmental factors that 
can affect bacterial activity or availability of the 
substrate, tryptophan (Hawe et al. 1992; Hansen 
et al. 1994; Jensen & Jensen 1997). The levels of 
skatole may also be influenced by the age of the pigs, 
as indicated by both the increased skatole levels 
in the fat of heavier pigs (Hansen et al. 1997) and 
positive correlation with the live weight (Babol et 
al. 1996; Walstra et al. 1999). The positive rela-
tionship between skatole concentrations and the 
levels of sex hormones and androstenone (Babol 
et al. 1999) indicates that sexual maturity may af-
fect the levels of skatole. Further evidence linking 
skatole concentrations with the age of entire male 
pigs is, however, lacking. A majority of the studies 
have been performed on pigs at the slaughter age 

and little is known about skatole levels variation 
at other ages. In addition, it is not known why it is 
mainly the uncastrated male pigs, and not the other 
sexes, that show high levels of skatole. 

There are strong indications of genetic influences 
on skatole levels in pigs. These include differences 
in skatole levels between breeds (Squires & Lou 
1995; Xue et al. 1996; Pedersen 1998; Hortos et 
al. 2000; Doran et al. 2002), significant heritability 
estimates for skatole levels in fat (Pedersen 1998), 
as well as indications of the presence of a major gene 
affecting boar taint due to skatole (Lundström et 
al. 1994). The reasons for this and the timing of 
skatole increases in pigs are important for the de-
velopment of methods aimed at reducing its levels 
and thus the occurrence of boar taint. The skatole 
levels in plasma are excellently correlated with 
those in fat if the measurements are taken at the 
same time (Tuomola et al. 1996; Hansen-Møller 
1998) and can therefore be used to estimate skatole 
concentrations in fat. 

Cut off levels of androstenone and skatole in fat 
to sort out “tainted” boar carcasses have been pro-
posed. In Denmark, Godt et al. (1996) found that 
the proportion of negative reactions in consumers 
increased from 1.5% to 5.4% when the level of ska-
tole increased from 0.15 mg/kg fat to 0.39 mg/kg 

fat. In Norway, the skatole levels of ≥ 0.21 mg/kg 

fat have been used as cut off levels (Frøystein et 
al. 1993). Regarding androstenone, both levels of 
0.5 mg/kg fat and 1.0 mg/kg fat have been considered 
as the cut off levels (Rhodes 1971; Claus et al. 
1994). For trained sensory panels, group thresholds 
for skatole and androstenone of 0.026 mg/kg and 
0.426 mg/kg fat, respectively, have been reported 
(Annor-Frempong 1997). During the last decades, 
a lot of work has been performed in order to avoid 
the problem of boar taint (Claus et al. 1994; Jensen 
1998; Bonneau & Squires 2000).

The aim of this study was to examine the rela-
tionships between the carcass weight, skatole level 
in fat, and sensory assessment of skatole odour 
in different boars. 

MATERIAL AND METHODS

Animals. A total of 30 young boars, born in the 
winter of 1999, were raised under normal farm con-
ditions. The young boars were free from sarcoptic 
mange, swine dysentery, and atrophic rhinitis. Young 
boars were a cross breed of Swedish landrace (SL) 
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and Large Yorkshire (LY). In order to avoid interac-
tions with other factors, all the animals were reared 
on the same intensive farm (0.8 pigs/m2, natural 
ventilation), receiving feed consisting of cereals 
(corn, barley, and wheat), molasses, and soya ad 
libitum. The animals were slaughtered at the age of 
six months. They were transported to the abattoir, 
a distance of 80 km (1.5 h). There, after one hour 
of rest and a cold water shower, they were stunned 
with carbon dioxide and slaughtered. 

The weights of the carcasses of the slaughtered 
young boars were between 52 kg and 108 kg 
(N = 30). The carcass weight was measured one 
hour after slaughtering and before cooling, using 
Mettler scales with an automatic scale, on the 
slaughter line, with an accuracy of ± 0.5 kg. 

Depending on the weights of the carcasses of 
slaughtered boars, two groups were formed: a group 
whose carcasses weighed less than 70 kg, and 
a group whose carcasses weight was equal to or 
above 70 kg.

Fat samples for determination of skatole level. 
Subsequent to primary processing on the slaughter 
line and cooling of carcass sides for 18–24 h, 300 g 
of fat tissue was taken from the loin part of the 
carcass sides by industrial cutting, to be used for 
the determination of skatole content. 

Thirty samples of fat were taken from the loin 
region (lumbar sacrum region) of boars and allo-
cated numbers ranging from 1 to 30 corresponding 
to the boar numbers. Each sample was ground, 
weighed on an analytical weight scale, and prepared 
for further analysis. All samples were frozen and 
stored at –20°C until analysis.

Determination of skatole level in fat. For the 
determination of skatole content (3-methyl-in-
dol) in pig fat, a spectrophotometric method was 
used based on Chernoff modification of Ehrlich 
indol reaction with 4-dimethylaminbenzaldehyde 
(Mortensen & SØrensen 1984). The main ad-
vantages of this method are the simplicity in the 
experimental procedure and a satisfactory detec-
tion level (bellow 0.01 µg/kg).

A standard straight line, i.e. the dependence of 
absorbance on skatole concentration (in solution of 
acetone: 0.1M TRIS), was determined in the interval 
of concentrations from 0.1–1.0 µg/ml. All skatole 
determinations for the standard straight line as 
well as in samples were done in duplicates.

Sensory analysis . Fat samples from 30 car-
casses were evaluated in duplicates by the trained 
sensory panel. The sensory panel consisted of 

10 trained assessors (5 female and 5 male) who 
had been selected based on their expertise in 
identifying skatole. The assessors selection and 
training procedure were performed according to 
ISO 8586-1: 1993. 

For the sensory assessment of the skatole intensity 
in fat from young boars, the lumbale part of back, 
the loin region (lumbar sacrum region) from boars 
was used, cut out from the carcasses, labelled and 
frozen. The samples were stored frozen prior to the 
evaluation of the skatole intensity. For the evalua-
tion, the samples were thawed and cut into pieces 
of approximately the same size (50 g). The frozen 
pork fat portions were partially thawed for 30 min 
at room temperature (± 18°C). The rind of each 
fat tissue portion was removed using a sharp knife 
and was cut into cubes (10 × 10 × 10 mm). Each 
cube was placed in an aluminium foil container 
and covered tightly with an aluminium foil square. 
The samples were heated for 5 minutes in an AEG 
oven preheated to 180°C and were then served to 
the panel. After removing the samples from the 
oven, these were kept warm on heated sand baths 
that were placed on solid hot plates. The samples 
were evaluated immediately after heating (65°C). 
One minute waiting period was observed between 
the smelling of successive samples allowing for the 
recovery of the olfactory system.

The sample of fat from young boars which was 
defined by the group of 10 evaluators using rank 
test as the least acceptable of four samples with 
the skatole contents of over 0.300 mg/kg of fat 
(samples with skatole content of 0.317 mg/kg, 
0.367 mg/kg, 0.400 mg/kg and 0.433 mg/kg), was 
used as the reference sample. (ISO 5495: 1983). The 
evaluation of the skatole intensity was done using 
the intensity scale test (Popov-Raljić 1999).

On the evaporation spot, the determination of 
the skatole intensity was performed. The evalu-
ation of intensity was recorded on the structural 
scale with six points (ISO 4121: 1987). A six-point 
sensory scale was used: (1) like strongly, (2) like 
moderately, (3) like slightly, (4) dislike slightly, (5) 
dislike moderately, (6) dislike strongly.

The samples were grouped according to the 
level of skatole:
– Samples with values below cut off value for 

skatole (< 20 mg/kg);
– Samples with values above cut off value for 

skatole (≥ 20 mg/kg);
– Samples with values below cut off value for 

skatole (< 25 mg/kg);
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– Samples with values above cut off value for 
skatole (≥ 25 mg/kg).

The selection criteria were chosen according to 
the limits suggested for sorting boars in Europe. 

Statistical analyses. Analysis of variance (ANO-
VA), the principal component analysis (PCA), and 
Correlation-Regression analysis using Statistica 
Ver. 6.0. (Stat Soft Inc. 2003; Faculty of Agriculture, 
Zemun) were used to analyse the mean sensory 
ratings provided by the evaluation panel of the 
pork fat samples. 

Significant differences were further analysed 
using the least significant difference (LSD) test 
method. Multivariate statistical techniques such 
as PCA are therefore useful in interpreting the 
sensory impression, incorporating all the descrip-
tive terms simultaneously. Pearson’s product mo-
ment correlations were used to investigate linear 
relationships between the weights of carcasses, 
skatole concentrations, and sensory ratings.

RESULTS

Weights of carcasses and skatole levels

The weights of 30 carcasses (group N = 30) varied 
within the range of 52 kg to 108 kg. The average 
carcass weight was 71.13 kg (CV = 21.03%). The 

coefficient of variation indicates that the respective 
weights of carcasses and, therefore, the weights 
of live animals, were uneven (Table 1).

The mean value with the standard deviation 
of the skatole content of 30 carcasses was 0.29 ± 
0.30 mg/kg fat, and the measures of variation in-
dicated that the skatole content was very variable 
(CV = 101.28%). The correlation between carcass 
weights and skatole levels indicated a weak cor-
relation dependence and is presented in Table 2. 

The results of skatole levels in the fat of boars 
with the carcass weight below 70 kg and of those 
with the carcass weight equal and above 70 kg are 
presented in Table 1. The average carcass weight 
in the first group of boars (< 70 kg) was 59.27 kg 
and in the second (≥ 70 kg) 83.00 kg. The aver-
age skatole level in the fat of boars whose carcass 
weight was below 70 kg was 0.18 ± 0.09 mg/kg, 
and in that of boars with carcass weight equal 
and above 70 kg 0.40 ± 0.39 mg/kg. Between the 
average skatole levels in the fat of boars with the 
carcass weight < 70 kg and of those with the car-
cass weight ≥ 70 kg was a statistically significant 
difference (P < 0.05). The correlation between the 
weights of carcasses < 70 kg, ≥ 70 kg and skatole 
levels indicated a weak correlation dependence 
and is presented in Table 2.

The skatole levels in fat of the tested boars were 
grouped into four groups according to the limits 

Table 1. Mean values and standard deviation (M ± S.D.) of carcass weights of entire male pigs, skatole levels and 
sensory scores of skatole intensity

Item Group
(N = 30)

Group

< 70 kg (N = 15) ≥ 70 kg (N = 15)

Carcass weight (kg) 71.13 ± 14.96ac 59.27 ± 5.39c 83.00 ± 11.52ac

Skatole content (mg/kg) 0.29 ± 0.30ns 0.18 ± 0.09ns a 0.40 ± 0.39ns a

Sensory score 2.89 ± 0.57ns 2.61 ± 0.47ns b 3.17 ± 0.54ns b

Means values in a row with different letters (a, b, c,) differed significantly at the indicated significance level: aP < 0.05, bP < 
0.01, cP < 0.001, ns – no significant

Table 2. Correlation between carcass weight, skatole content, and sensory score intensity of skatole

Correlation between
Group (N = 30) Group < 70 kg (N = 15) Group ≥ 70 kg (N = 15)

 r P-value r P-value r P-value

Carcass weight (kg) – Skatole content (mg/kg) 0.13 0.49 –0.13 0.63 –0.33 0.22

Carcass weight (kg) – Sensory score 0.27 0.15 –0.14 0.62 –0.32 0.24

Skatole content (mg/kg) – Sensory score 0.78*** – 0.91*** – 0.82*** –

***P < 0.001
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suggested for sorting boars in Europe: < 20 mg/kg, 
≥ 20 mg/kg, < 25 mg/kg, ≥ 25 mg/kg (Table 3):
– in the first group (N = 30), 63% of the samples 

had values equal or above, the cut off for skatole 
≥ 20 mg/.kg, and 53% had values below the cut 
off for skatole < 25 mg/kg,

– in the group of 15 boars with carcass weight below 
70 kg, 53% of the samples had values below the 
cut off for skatole < 20 mg/kg, and 73% had values 
below the cut off for skatole < 25 mg/kg,

– in the group of 15 boars with the carcass weight 
equal and above 70 kg, 80% of the samples had 
values equal or above the cut off for skatole 
≥ 20 mg/kg, and 67% had values equal or above 
the cut off for skatole ≥ 25 mg/kg.

Sensorial study

The results of the sensory assessment of skatole 
intensity in fat of boars are presented in Table 1. 
The average grades for the group N = 30 varied 
from 1.55 to 4.33. The total average grade of the 
sensory assessment of skatole intensity in fat tissue 

of boars was 2.89 ± 0.57. The variation measures, 
i.e. variation coefficient (CV = 19.73%), showed 
that the scores for the intensity of skatole in fat 
have a low variability.

The total average sensory assessment of skatole 
intensity in fat of boars with the weight of carcasses 
< 70 kg was 2.61 ± 0.47, while it was 3.17 ± 0.54 
for the boars with carcass weight ≥ 70 kg. The dif-
ferences between these groups were statistically 
significant (P < 0.01).

In Table 2, the correlation between the sensory 
assessment and the carcass weight demonstrated 
in all three groups a relatively weak correlation. 
In groups < 70 kg and ≥ 70 kg, the correlations 
were negative.

The relation between the sensory assessment of 
skatole intensity and skatole level in fat from boars 
in the group N = 30 can be expressed using the 
equation y = 2.448 + 1.482x (R2 = 0.610) and pre-
sented graphically (Figure 1). The correlation coef-
ficient was r = 0.78 (strong correlation, P < 0.001) 
(Table 2). The dependence of the intensity of the 
sensory assessment of skatole on skatole level in 
fat from boars of carcass weight < 70 kg can be 

y  = 2.448 + 1.482x
R ² = 0.610
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Table 3. Sorting out of carcasses of young boars by four different levels of skatole according to chosen limit, mean 
value, and standard deviation of skatole levela

Value skatole 
(mg/kg)

Group (N = 30) Group < 70 kg Group ≥ 70 kg

n % (M ± SD) n % (M ± SD) n % (M ± SD)

< 0.20 11 36.66 0.12 ± 0.05 8 53.33 0.13 ± 0.06 3 20 0.13 ± 0.03

≥ 0.20 19 63.33 0.39 ± 0.34 7 46.66 0.26 ± 0.06 12 80 0.47 ± 041

< 0.25 16 53.33 0.15 ± 0.05 11 73.33 0.14 ± 0.06 5 33.33 0.17 ± 0.05

≥ 0.25 14 46.66 0.46 ± 0.37 4 26.66 0.30 ± 0.02 10 66.66 0.52 ± 0.44

n – number of samples; % – percentage of samples in the presence of the investigated groups; ano significantly difference

Figure 1. Correlation between skatole content and sensory 
scores (group N = 30)

Figure 2. Correlation between skatole content and sensory 
scores (weight of carcasses < 70 kg) 

Skatole content (mg/kg)	 Skatole content (mg/kg)
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expressed using the equation y = 1.707 + 4.828x 
(R2 = 0.837) (Figure 2). For boar carcasses weighing 
≥ 70 kg, the dependence can be expressed using 
the equation y = 2.706 + 1.133x (R2 = 0.685) (Fig-
ure 3). The correlation coefficient in both groups 
was strong (r = 0.91; r = 0.82; P < 0.001).

The distribution of the fat samples depending 
on sensory assessment of skatole intensity is pre-
sented in Table 4. Most of the samples in group 
N = 30 had been assessed in an interval from 2.00 
to 2.99 (53.33%), and in an interval from 3.00 to 
3.99 (40.00%). Only one sample was assessed from 
1 to 1.99 (3.33%) and 4 to 4.99 (3.33%). Most of 
the fat samples of the boar carcasses weighing 
< 70 kg had been assessed in an interval from 2.00 
to 2.99 (66.66%), while the boar carcasses weigh-
ing ≥ 70 kg had been assessed in an interval from 
3.00 to 3.99 (53.33%). 

tration reduces boar taint but increases the meat 
production costs and fatness (Babol & Squires 
1995; Bonneau 1998).

The overall results of the European boar taint 
study confirm the important contribution of skatole 
and androstenone to the undesirable flavour and 
odour in pork from entire males. It is possible to 
estimate the degree of consumer dissatisfaction 
based on the fat concentration of these compounds 
(Matthews et al. 2000). Skatole has a lower de-
tection threshold and a greater impact on the 
odour than androstenone, while both contribute 
equally to the flavour (Dijksterhuis et al. 2000; 
Matthews et al. 2000).

The mean level of skatole in group N = 30 was 
0.29 ± 0.30 mg/kg fat, which is more than that found 
in much heavier pigs in the mentioned European 
study where the mean values varied from 0.10 mg/
kg to 0.17 mg/kg fat. Regarding the skatole levels, 
group N = 30 was outstanding as nearly 63% of the 
animals had skatole values exceeding 0.20 mg/kg 
fat and 46% had values equal to or above the cut off 
for skatole ≥ 25 mg/kg . In Denmark, the frequency 
of carcasses with skatole content > 0.25 mg/kg was 
5%, in the UK from 7% to 10% (Babol & Squires 
1995), in Norway 14.4% (Froystein et al. 1993), 
or 20% (Andersen et al. 1993), in the Netherlands, 
5–13%, EU 7.3% in summer and winter, 10.9% in 
30% of South Africa (Potgieter et al. 1996). The 
average value of skatole in fat tissue of entire male 
pigs < 70 kg, (0.18 ± 0.09 mg/kg fat, respectively) 
was below the commonly used respective thresh-
olds for tainted meat. (0.20 mg/kg fat). (Bonneau 
et al. 1992). In this group, 73% of the samples had 
values below the cut off for skatole 25 mg/kg and 
53% below the cut off for skatole 20 mg/kg. Using 
the cut off level for skatole content of ≥ 20 mg/kg 

fat for the group ≥ 70 kg (0.40 ± 0.39 mg/kg fat, 
respectively), 80% of the pigs would have been sorted 
out, while 46% would have been sorted out in the 
group < 70 kg. Depending on the chosen cut off 
values for skatole, 26% to 80% of carcasses would 

Table 4. Distribution of assessors (%) in the different skatole sensitivity classes

Group
Sensory scores

1–1.99 2–2.99 3–3.99 4–4.99 5–6

N = 30 3.33 53.33 40.00 3.33 –

< 70 kg (N = 15) 6.66 66.66 26.66 – –

≥ 70 kg (N = 15) – 40 53.33 6.66 –

y  = 2.706 + 1.133x

R 2 = 0.685
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Figure 3. Correlation between skatole content and sensory 
scores (weight of carcasses ≥ 70 kg) 

DISCUSSION

The advantages and disadvantages of the use of 
entire or castrated pig males are well known. It is 
generally accepted that the production of boars is 
limited mainly by off odours and off flavours of 
unprocessed meat. However, other studies indicate 
that it is possible to produce boars with minimal 
loss of pork quality (Jeremiah et al. 1999a,b). Cas-
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have been sorted out in different group (Table 3). 
Between the average skatole content in the fat 
tissue of boars, whose carcass weight was < 70 kg 
or ≥ 70 kg is a statistically significant difference 
(P < 0.05). The coefficient of correlation in both 
groups indicates a weak correlation dependence 
(r = –0.13; r = –0.33). Lundström and Malm-
fors (1993) reported a correlation coefficient of 
–0.17 (P < 0.001). According to the research by 
Weiler et al. (1997), the frequency of carcasses 
with a higher skatole content was 2.2% in boars 
with the carcass weight under 80 kg, and 12.3% 
of boars with the carcass weight above 80 kg. Ac-
cording to Bonneau (1998), there is no scientific 
evidence that 80 kg is the maximum weight for a 
carcass free of boar taint.

Recent studies (Walstra et al. 1999) have es-
tablished the average androstenone and skatole fat 
contents for entire males in EU countries (includ-
ing Spain) as 0.99 and 0.14 mg/kg, respectively. 
These values were determined by quick methods 
(ELISA and colorimetry) in 4313 pigs with the 
average carcass weight of 79 kg. The percentages 
of tainted carcasses were 61% (androstenone above 
0.5 mg/kg fat) and 11% (skatole above 0.25 mg/kg 

fat). For skatole, about 85% of the entire males 
demonstrated levels below 0.2 mg/kg, while about 
4% between 0.20 and 0.25 mg/kg. On the other 
hand, a Canadian study (Jeremiah et al. 1999b) 
conducted on 179 pig males slaughtered at 96 kg 
live weight and 150 days old, showed that 24% 
and 20%, respectively, of entire males exceeded 
androstenone and skatole in the acceptable fat 
levels (determined by ELISA and colorimetry). In 
contrast, only 3.4% and 2.5% of castrated males 
exceeded the contents 0.5 mg/kg for androstenone 
or 0.25 mg/kg for skatole.

The incidence of carcasses with detectable levels 
of skatole is low, probably due to the improvements 
on pork meat production methods (Neuper et 
al. 1995; Jinliang et al. 1996; Gibis et al. 1998; 
Walstra et al. 1999; Bonneau et al. 2000; Font-I-	
Furnols et al. 2000; Matthews et al. 2000). 
Androstenone and skatole can vary with the pig 
genotype, age, and rearing, and it is possible to 
reduce their fat levels (Squires et al. 1992; Hansen 
et al. 1993; Jinliang et al. 1996; Xue et al. 1996; 
Bonneau 1998). For this, the boar taint studies 
must be referred to specific pig genotypes, age of 
slaughter, feeding, and rearing.

The present study has also investigated the re-
lationship between skatole content and carcass 

weight and has shown that the relationship between 
these two parameters is not significant. Our results 
are similar to the references mentioned above 
and have found a weak relationship between the 
skatole content in fat tissue and the carcass weight 
of boars. The opinions concerning the impact of 
animals age and weight on the skatole content 
in fat tissue of boars are different. Brennan et 
al. (1986), Weiler et al. (1995) and Moss et al. 
(1997) note that the skatole content in fat tissue 
of boars increases with the age. Bonneau (1990) 
and Mortensen (1991) believe that there is no 
direct relation between the weight of young boars 
and skatole content in their fat tissue. The vari-
ations in the skatole content in fat tissue of pigs 
are numerous which is understandable if we take 
into account the fact that the skatole content in 
fat tissue is affected by a great number of mutually 
dependent factors. 

In recent years, as an indicator of the frequency 
of sexual odour of meat has been used skatole 
content of 0.25 mg/kg fat (Weiler et al. 1992; 
Annor-Frempong et al. 1997; Matthews et al. 
1997; Mc Cauley et al. 1997; Siret et al. 1997) and 
this value is used in the European Union for sorting 
carcasses of boars, those that can be put on the 
market without restrictions (0.25 mg/kg) and those 
that are intended for processing (> 0.25 mg/kg). 	
The level of 0.20 ppm of skatole equivalent in fat, as 
measured by the colorimetric method (Mortensen 
& SØrensen 1984), is currently used in Sweden as a 
threshold level for sorting out tainted carcasses. 

In our research, acceptable samples were those 
with the intensity described on the scale as “like 
slightly expressed skatole” and corresponding to 
grade 3. According to the criteria defined in this 
way, 40% of the samples of fat tissue from boars 
coming from group N = 30 in our trial had distinct 
skatole as well as 53% of those from the group 
≥ 70 kg. Our results show that there is a positive, 
very strong and statistically highly significant 
correlation (r = 0.78; r = 0.91; r = 0.82) between 
the skatole content in fat tissue and sensory evalu-
ation of the skatole intensity in fat tissue. This 
correlation varied in literature references from 
0.53 to 0.73 (Lundström et al. 1984; Mortensen 
& SØrensen 1984). In the group < 70 kg, 66% of 
samples of the fat tissue from boars were assessed 
between 2–2.99 (like moderately) and also 53% 
from boars group N = 30. The correlation between 
the sensory evaluation and the carcass weight in 
all three groups, proved to be relatively weak. In 
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groups < 70 kg and ≥ 70 kg, the correlations were 
negative.

The dissatisfaction with odour was mostly associ-
ated with high skatole levels, while androstenone 
had a little influence on it. On the other hand, an-
drostenone and skatole had similar contributions to 
the level of dissatisfaction with flavour. The higher 
contribution of skatole than that of androstenone 
can be ascribed to the existence of anosmia to 
androstenone in a substantial proportion of con-
sumers (Weiler et al. 2000). The frequency of the 
incidence of sex odour in meat based on sensory 
evaluation varied from 2.5% to 42.8% (Mortensen 
& SØrensen 1984; Kempster et al. 1986; Warkup 
& Kempster 1995). The level of dissatisfaction 
differed greatly between countries. British con-
sumers were equally satisfied with entire male and 
gilt pork, for both odour and flavour. Danish and 
Dutch consumers were less critical of the flavour 
whereas they objected to the odour of entire male 
pork. In the remaining countries (France, Germany, 
Spain, and Sweden), consumers were clearly more 
dissatisfied with entire male than with gilt pork, 
for both flavour and odour. 

CONCLUSION

The main conclusion to be drawn from the present 
study is that high levels of skatole can be found 
in fat from young boars, causing the occurrence 
of boar odour and boar taint. A weak correlation 
dependence was found between the carcass weight 
and skatole level in fat tissue. The high occurrence 
of skatole concentrations above the mentioned 
cut-off levels of 0.2 mg/kg and 0.25 mg/kg, respec-
tively, as found in this study, is not very promising 
for the production of entire males in the markets 
where boar taint is perceived as a problem, at least 
without further incentives. The fact that in our 
study the percentage of boars with skatole levels 
exceeding the commonly used threshold for boar 
taint was higher than the percentage of animals 
with an elevated skatole level might indicate that 
skatole accumulation might be a primary event in 
the development of boar taint. A high correlation 
was found between the skatole levels and sensory 
assessment of skatole odour intensity in fat.
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