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Introduction 

Since January 2022, France has banned the surgical castration of male piglets without 

anaesthesia and pain management. Improving meat quality by preventing the occurrence of 

an odor defect, known as boar taint, is critical to abandoning surgical castration. The two 

main compounds responsible for this defect are skatole (produced by bacteria in the digestive 

tract) and androstenone (a steroid produced by testes) which accumulate in fatty tissues. A 

previous study in the French Landrace pig breed (Larzul et al., 2022) reported heritability 

estimates for skatole (h²=0.50) and for androstenone (h²=0.83), indicating substantial 

potential to reduce their levels through genetic selection. 

Nevertheless, phenotyping of these two compounds requires a fat sample, typically collected 

from the carcass. In contrast, androstenone is highly genetically correlated with plasma 

estradiol concentration (rg = 0.87; Larzul et al., 2022), making plasmatic measurement a 

simple and cost-effective alternative for phenotyping. Therefore, using estradiol as a 

selection criterion could indirectly reduce androstenone levels and, consequently, the risk of 

boar taint. However, although the genetic determinism of androstenone has been investigated 

in the French Landrace breed, its relationships with reproductive traits and the potential 

correlated response to selection remain unclear. Furthermore, selecting for decreased levels 

of both estradiol and androstenone in boars may adversely affect sow reproductive 

performance. Hence, the objective of this study was to estimate the genetic parameters of 

boar taint compounds in relation to production and reproductive traits, and assess the 

selection response through breeding scheme simulations. 

 

Materials & Methods 

Animals. A total of 1,084 male French Landrace pigs, from 252 sires and 854 litters across 

several breeding farms, entered the Le Rheu phenotyping station (UE3P, 

https://doi.org/10.15454/1.5573932732039927E12) between June 2018 and April 2021 at 

approximately three weeks of age. Piglets were transferred to fattening pens at 26 kg live 

weight, and the test period started at about 35 kg. It ended at an average body weight of 117 

± 6 kg (median age: 168 days), after which all animals were slaughtered at the Cooperl Arc 

Atlantique slaughterhouse (Montfort-sur-Meu, France). Additional data were obtained from 

breeding organizations for a subset of animals, including candidates for selection on growth 

and body composition and sows with reproductive records. This subset comprised 21,578 

contemporaneous individuals from 241 sires and 2,145 litters, including 4,274 females with 

reproductive performance data. 

 

Measures. A day before departure to the slaughterhouse, a blood sample was collected in 

heparinized tubes from the jugular vein. The blood samples were then centrifuged, and the 

plasma was stored at -20° C. Concentration of estradiol (ES) was measured using ELISA kits 

(ST AIA-Pack hsE2, Tosoh Corporation, Tokyo, Japan) developed for an automatic analyser 
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(AIATosoh Corporation, Tokyo, Japan). Finally, a sample of backfat was taken at the neck 

level and frozen for subsequent determination of androstenone (AN) (Batorek et al., 2012).  

For animals in test station, feed conversion ratio (FCR) was calculated as the total feed intake 

divided by the total weight gain during the test period. For on farm individuals, the age at 100 

kg of live weight (AGE) was estimated from growth rate and the final weight of the animal. 

Backfat thickness (BFT) and loin depth (LD) were obtained at the end of the test period by 

ultrasound measurements at standardized anatomical locations between the 3rd and 4th last 

ribs, and 6 cm from the mid-dorsal line. Reproductive performances of sows included birth 

traits as the number of piglets born alive (NBA), piglet mortality (PM), the number of small 

piglets (NSP, with birth weight < 1 kg) and the mean piglet weight within the litter (MW). 

 

Statistical analyses. All values below the thresholds of 0.2 µg/g for androstenone have been 

brought back to the threshold values. The distributions of estradiol and androstenone levels 

were normalized using the log function. Genetic parameters were estimated with the VCE6 

software (Neumaier and Groeneveld, 1998). Six generations were considered to build the 

relationship matrix, which contained 9,184 animals. Heritability estimates were computed by 

univariate analyses and genetic correlations were estimated by bivariate analyses. Genetic 

correlations were estimated between boar traits and female reproductive traits to provide the 

parameters needed for simulating different breeding strategies. Part of the parameters were 

those currently used for genetic evaluation. Several models were used to estimate genetic 

parameters. Fixed effect included batch (all traits), weight at the end of the test period (ES, 

AN and FCR), birth weight (AGE), weight before departure (BFT and LD), parity (all 

reproductive traits), age of the piglet (NSP and MW). Random effect fitted animal (all traits), 

fattening pen (FCR), litter (AGE, BFT and LD), boar (all reproductive traits), permanent sow 

(all reproductive traits).  

 

Breeding scheme simulation. Breeding schemes were simulated using a stochastic method 

with the AlphaSimR package (Gaynor et al., 2021) in R version 4.4.2. The standard breeding 

objective was composed of NBA (35%), FCR (28%), AGE (25%), PM (4%), MW (4%), BFT 

(3%), LD (1%), and NSP (1%). Two scenarios were tested: one with the standard breeding 

objective without including estradiol, and another in which estradiol accounted for 5% of the 

index variance, with a proportional decrease in the weight given to other traits. Through the 

simulation, two overlapping generations were used for breeding boars and five for sows and 

the numbers of animals in each stage are defined in Table 1. 

 

Table 1. Number of animals at each stage for each generation. 

 
Post-weaning 

control 

Hormone 

phenotyping 
Genotyped 

Generation of breeding 

animals 

1 2 3 4 5 

Males         

With FCR 250 25 25 5 3    

Without FCR 2,150 215 215 40 20    

Females 4,500  500 500 400 300 200 100 

 

Eighteen chromosomes of equal length were simulated, each containing 50 QTL and 50 SNP. 

Each trait was modelled under additive effect. From founder populations, 8 generations of 

selection were carried out to observe the selection response through the following steps: 1) 

random mating to obtain 14 piglets per litter, with sex ratio of 1, 2) random selection within 

litter of 2 males and 3 females, 3) phenotyping of both post-weaning males and females on 

AGE, BFT and LD, and FCR for a small part of males, 4) Single-Step evaluation of these 
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traits using HSSGBLUP software (Tribout et al., 2020), 5) selection of candidate males to be 

phenotyped for ES and AN, 6) bivariate Single-Step evaluation of ES and AN on the one 

side, and multivariate evaluation of reproductive traits on the other side, 7) selection of future 

breeding animals. At each generation, only candidate males and new breeding females were 

genotyped. The simulation was run 100 times, and the mean of phenotypic differences 

between the two last generations, scaled by the phenotypic standard deviation, were reported. 

 

Results & Discussion 

The lowest value was observed for NBA (h²=0.08) and the highest values were observed for 

ES (h²=0.73) and AN (h²=0.78) levels (Table 2). Heritability estimates for both ES and AN 

are higher than those estimated in Norwegian Landrace (h²=0.52 and 0.49, respectively, 

Grindflek et al., 2011) and in German Landrace (h²=0.09 and 0.52, respectively, Brinke et al., 

2021). Perhaps the results can be explained by the higher age and weight of the animals in the 

present study. Genetic correlations are estimated with a large standard error (around 0.2) and 

in that respect, few correlations could be considered as significant. Nevertherless, estimated 

variances and covariances were kept to be used in simulated breeding schemes. The highest 

genetic correlation with estradiol level was found with FCR (r=0.47). Estradiol and 

androstenone were lowly correlated (-0.1 to 0.12 or under in absolute value) with NBA, MW 

and NSP. The low genetic correlation between androstenone and litter size is similar to the 

one estimated in Danish Landrace (-0.12, Strathe et al., 2013) or German Large White (-0.15, 

Brinke et al., 2020). Though not significant, the genetic correlation with piglet mortality is a 

little bit negatively higher than expected considering the null correlation estimated by Strathe 

et al. (2013) between androstenone and piglet survival at 5 days. 

 

Table 2. Heritability (in diagonal) and genetic correlations (above diagonal) between steroid 

hormones, production and reproduction traits used for the simulation. 

Trait1 ES AN AGE BFT LD FCR NBA PM MW NSP 

ES 0.73 0.86 -0.11 0.24 0.02 0.47 -0.08 -0.25 0.04 0.02 

AN  0.78 0.02 0.09 0.05 0.24 -0.1 -0.28 0.12 -0.1 

AGE   0.34 0.12 0.28 0.31 0.02 0.02 0.01 0.02 

BFT    0.30 -0.03 0.61 NE NE NE NE 

LD     0.17 0.04 NE NE NE NE 

FCR      0.51 NE NE NE NE 

NBA       0.08 0.49 -0.26 0.49 

PM        0.16 -0.21 0.36 

MW         0.30 -0.93 

NSP          0.20 
1  ES: estradiol; AN: androstenone; AGE: age at 100 kg; BFT: backfat thickness; LD: loin depth; FCR: feed 

conversion ratio; NBA: number of born alive; PM: piglet mortality; MW: mean piglets weight within the 

litter; NSP: number of small piglets (birth weight < 1 kg). 

NE: not estimated 

Standard errors of heritability are around 0.03 and standard errors of genetic correlations are around 0.2. 

 

The standard breeding objective already reduces the level of estradiol (-0.09) and the level of 

androstenone (-0.06) (Fig.1). This result could be explained by the genetic relationship with 

FCR, which has an important part in the breeding objective (28 % of the total variance). 

When estradiol was included in the breeding objective index, a greater decrease in estradiol 

and androstenone levels was observed (−0.19 vs. −0.09 and −0.17 vs. −0.06, respectively). 

The selection responses for performance traits were quite similar whatever the scenario. For 

reproductive traits, the standard breeding objective appeared balanced, increasing the number 

of piglets per litter while decreasing the mortality rate. Inclusion of estradiol in the index did 
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not seem to alter this balance, even though an unfavourable relationship was observed 

between ES and PM. Overall, our simulations demonstrated that inclusion of estradiol in 

breeding objective would not alter the reproductive performance of sows. 

 

 

Figure 1. Histogram of the selection response for all traits studied depending on the scenario. 

Traits are: ES: estradiol; AN: androstenone; AGE: age at 100 kg; BFT: backfat thickness; 

LD: loin depth; FCR: feed conversion ratio; NBA: number of born alive; PM: piglet 

mortality; MW: mean piglets weight within the litter; NSP: number of small piglets (birth 

weight < 1 kg). 

 

Conclusions 

In conclusion, genetic parameters analysis revealed an unfavourable relationship between 

estradiol and androstenone on one hand and, piglet mortality on the other hand. Nevertheless, 

inclusion of estradiol in the standard selection strategy does not alter the selection response 

on reproductive traits, demonstrating the potential of genetic selection against boar taint in 

the French Landrace pig breed. 
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