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ABSTRACT: Boar taint is largely determined by andros-
tenone and skatole. It is known physiologically that clear-
ance of skatole depends on the level of androstenone. 
Therefore, the objective of this study was to estimate genet-
ic parameters of skatole in relation to the level of andros-
tenone. Heritability of skatole ranged from 25.7% at a level 
of androstenone below 0.22 µg/g to 64.3% at levels of an-
drostenone above 1.0 µg/g, when analyzed with a random 
regression model. Genetic correlation between skatole at 
high and low levels of androstenone deviated from one. 
Validation showed that the difference in skatole between 
two groups of crossbred offspring of boars with either high 
or low EBV for skatole was highest at highest levels of 
androstenone. Genetic selection for minimal skatole should 
involve measuring skatole at a sufficiently high level of 
androstenone and using a random regression model for 
genetic evaluation. 
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Introduction 
 

Pork of some intact boars that have attained puber-
ty emits an unpleasant and penetrating odor when heated 
(Walstra et al. (1999)), called boar taint. This boar taint is 
largely caused by the accumulation in body fat of andros-
tenone, synthesized in the testes, and skatole, synthesized 
by bacteria in the gut (Robic et al. (2008)).  

 
Skatole is normally cleared in the liver but the 

clearance is adversely affected by circulating levels of ster-
oid hormones, such as androstenone, in some boars (Doran 
et al. (2002); Tambyrajah et al. (2004)). Zamaratskaia and 
Squires (2009) suggested that overall metabolism of skatole 
in the young, pre-pubertal pig may differ from that in ma-
ture pigs. The interdependence between androstenone and 
skatole has not been quantified before, except as a genetic 
correlation (Tajet et al. (2006); Windig et al. (2012)).  

 
The objective of this study was to estimate the ge-

netic parameters of skatole in intact boars in relation to the 
actual level of androstenone. 

 
Materials and Methods 

 
Data. A dataset with carcass weight, fat depth and 

loin depth, and androstenone and skatole in fat of intact 
boars (N=7,824) was provided by TOPIGS. The data were 
collected between October 2005 and December 2009 and 
consisted of purebred sire line boars (N=4,764), crossbred 

progeny of sire line boars (N=1,826) and purebred dam line 
boars (N=1,233). Both androstenone and skatole were log-
transformed. 

 
Sample collection. Subcutaneous adipose tissue 

samples were collected from the neck region of the left 
hand side of the carcass of entire males. The samples were 
collected immediately after slaughter and were stored under 
vacuum at -20°C. Samples collected until 6 December 2007 
(N=2,023) were analyzed in the laboratory of the Norwe-
gian School of Veterinary Science (NSVS) in Oslo, Nor-
way, while those collected after 6 December 2007 were 
analyzed in the laboratory of the Co-operative Central La-
boratory Nutricontrol (CCL) in Veghel, the Netherlands 
(N=5,801).  

 
Chemical analysis. In the NSVS laboratory, the 

levels of androstenone were determined by time-resolved 
fluoro-immunoassay as described by Tuomola et al. (1997) 
while in the CCL laboratory, androstenone was determined 
using gas chromatography-mass spectrometry (GC-MS) 
according to Verheyden et al. (2007). In both laboratories, 
skatole was extracted from the fat sample using a mixture 
of methanol and hexane at 40°C in an ultrasonic bath. It 
was separated by High-Performance Liquid Chromatog-
raphy (HPLC) on a reversed phase column. Fluorescence 
was measured at 285 nm and 340 nm. 

 
Statistical analyses. Firstly, multi-trait analyses 

were performed by dividing skatole of all crossbred and 
purebred data into four traits, grouped by the actual level of 
androstenone. Each group had a similar number of observa-
tions of skatole. The model of each trait included the com-
bined class effect of breed, herd and date of sampling and a 
regression on hot carcass weight, both as fixed effects, and 
boar as a direct genetic random effect with numerator rela-
tionship matrix derived from the pedigree. The data was 
analyzed with ASREML version 3.0  (Gilmour et al. 
(2009)). 

 
Secondly, only purebred boars were then used to 

do a random regression analysis of skatole on the actual 
level of androstenone, in order to be able to validate the 
results with the data of the crossbred boars. The fixed part 
of the model included the combined class effect of breed, 
herd and date of sampling and a fifth-order Legendre poly-
nomial of the actual level of androstenone. The random part 
of the model included the effect of litter of birth and the 
effect of a second-order Legendre polynomial for each pig 
in the pedigree. Heterogeneous residual variance was ac-



counted for by dividing the data into 10 classes of equal 
size based on the level of androstenone and estimating the 
residual variance in each class separately. The data was 
analyzed with ASREML version 3.0 (Gilmour et al. 
(2009)). 

 
To validate the results of the random regression, 

boars in purebred random regression analysis with cross-
bred offspring (42 sires) were grouped into 2 sire groups 
with either high or low EBV for skatole at 4.5 microgram/g 
androstenone. The crossbred offspring of these boars were 
grouped into three classes according to androstenone (high, 
intermediate and low level). Subsequently, the skatole data 
of these crossbred offspring were analyzed in Genstat (VSN 
international (2013)) with a model with the combined effect 
of breed, herd and date of sampling and the fixed interac-
tion of the sire group and androstenone class. 
 

Results and Discussion 
 

Multi-trait analysis. The heritability of skatole 
increased with the level of androstenone  from 27% in the 
lowest group to 43% in the highest group (Table 1). The 
genetic correlation of 0.77 between the extreme groups is 
an indication that skatole at low levels of androstenone may 
be a different trait from skatole at high levels of andros-
tenone.  

 
Table 1. Estimates of genetic parameters of skatole 
within groups of boars with a similar actual andros-
tenone level, analyzed as separate traits in a multi-trait 
analysis 

Group¥ Varg Gr 1§ Gr 2§ Gr 3§ Gr 4§ 
1 0.089 0.27 >0.99 0.94 0.77 
2 0.144  0.41 >0.99 0.93 
3 0.223   0.52 >0.99 
4 0.267    0.43 

§Heritability on the diagonal; genetic correlations above the diagonal 
¥Groups: 1: androstenone < 0.50 µg/g, 2: 0.50 µg/g < androstenone < 0.90 
µg/g, 3: 0.90 µg/g < androstenone < 1.6 µg/g and 4: androstenone > 1.6 
µg/g. 

 
The increase in genetic variance with level of an-

drostenone indicated that a random regression model might 
be appropriate to model the genetic variance. 

 
Random regression analysis. The impact of actu-

al androstenone level on skatole level was non-linear in the 
polynomial curve fitted for androstenone levels (Figure 1). 
Below androstenone levels of 0.35 µg/g, skatole hardly 
increased with androstenone, but at higher levels of andros-
tenone, skatole increased rapidly.  

 

 
Figure 1. Predicted log skatole as a function of the level 
of log androstenone 

 
 
The heritability also increased with increasing an-

drostenone from 25.7% at  0.14 µg/g (-2 log µg/g) to 64.3% 
at 4.5 µg/g (1.5 log µg/g) androstenone (Figure 2). The 
genetic correlation between the skatole at different levels of 
androstenone was generally high at 0.80 to 0.99, except for 
skatole at 0.14 µg/g, which had genetic correlations varying 
from 0.38 to 0.90 with skatole at other levels.  

 
Figure 2. Additive genetic (Va) and residual variance 
component (Vr) and heritability (h2) of skatole level in 
relation to actual level of androstenone 
 

The heritability estimates were slightly higher than 
in the multi-trait analysis, but both cover the range of esti-
mates for skatole in literature of 19-54% (Robic et al. 
(2008)). The random regression analysis confirmed the 
result of the multi-trait analysis that the genetic variance of 
skatole increased with increasing androstenone and that the 
genetic correlation between skatole at low androstenone 
and skatole at high androstenone is not unity.  

 
Validation. Sires with an above-average estimated 

breeding value of skatole at 4.5 µg/g androstenone from the 
purebred analysis had crossbred progeny with skatole that 
responded differently (P<0.05) to an increase in actual level 
of androstenone than sires with a low estimated breeding 
value (Figure 3). Sire groups were different at the interme-
diate and high levels of androstenone (P<0.05), but not at 
low levels of androstenone. 



 
Figure 3. Least-squares means of skatole by actual level 
of androstenone of crossbred progeny of sires with ei-
ther a high or a low estimated breeding value for skatole 
at 4.5 µg/g of androstenone. The crossbred progeny are 
divided into a low, intermediate and high class within 
groups of sires by their actual androstenone level. 
 

The validation suggested that there is genetic vari-
ation in the extent to which the clearance of skatole in the 
liver is hampered by circulating levels of androstenone or 
associated steroids.  
 

Conclusion 
 
Genetic control of skatole is dependent on the ac-

tual level of androstenone. Skatole at low levels of andros-
tenone is genetically a different trait than at higher levels of 
androstenone. 

 
There is genetic variation in the sensitivity of skat-

ole to the actual level of androstenone. Variation in sensi-
tivity is predominantly expressed at higher levels of andros-
tenone (above 1.0 µg/g). 

 
At higher levels of androstenone, skatole has a 

higher heritability that provides opportunities for faster 
reduction in boar taint. 

 
The implication is that effective selection for min-

imal skatole requires data collection at a sufficiently high 
level of androstenone and the use of a random regression 
model for genetic evaluation. 
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