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The concerns about pig castration have led to changes in European law and will most 

certainly have lasting effects on the production chain. As a result, such invasive 

procedures have come under increased scrutiny. Animal welfare considerations aside, 

scientifically there is no doubt about pain during castration without anesthesia. 

Moreover, from an economic and food supply perspective, castrated pigs are actually 

less productive than boars and produce a lower percentage of lean meat. These facts 

shed light on why there is a growing interest in the fattening of entire males. 

The occurrence of an off-odor in the fatty tissue of boars continues to hinder the 

widespread raising entire boars. Depending on its severity, the so-called boar taint is an 

unpleasant olfactory perception which can be recognized when heating pork. Current 

literature and reports often reveal a discrepancy in the number of tainted carcasses 

reported in scientific literature and abattoir data. Knowledge is lacking on how to 

implement a sensory quality control of boar taint. Even though there are chemical 

analyses able to detect the major causative compounds, androstenone and skatole, there 

is no affordable automated technique available at the moment which can simultaneously 

detect both compounds at the slaughter line. To control the occurrence of boar taint, 

practical implications for a sensory quality control of boar carcasses are needed.  

The objectives of the thesis were: 1) to develop methods which allow objectively 

characterizing the olfactory acuity of human assessors in terms of major boar taint 

compounds, 2) to assess methodological aspects of a sensory quality control of boar fat 

in regard to sample preparation and the test environment, 3) to re-assess the 

relationship between chemical boar taint analysis and sensory evaluation in a large scale 

study, and 4) to establish a framework for evaluating the performance of sensory quality 

control. 

The studies presented were conducted within the framework of the STRAT-E-GER 

project (September 2012 – July 2016). This project aimed at connecting genetic, 

chemical and olfactory data to a) establish a viable genomic selection program for 



reducing boar taint ante mortem and b) develop evaluation criteria for a sensory quality 

control system of boar taint post mortem. 

For the latter a smell test system was developed to objectively quantify the assessors’ 

olfactory acuity to androstenone and skatole. A procedure widely used by clinicians to 

judge general olfactory performance was modified for boar taint compounds and 

subsequently applied. A ten person panel was established at the University of Göttingen 

(University panel), each assessor was screened with regard to olfactory acuity and 

carefully trained on fat evaluation. In total they evaluated 1043 boar fat samples from 

October 2013 to October 2014. In addition, this panel was used to investigate 

methodological issues of the sensory quality control of boar taint. Smell tests, fat 

training, and fat evaluation were applied and further developed with abattoir assessors 

during 20 testing days in the abattoirs (2012-2015). The main results of this thesis are 

presented in four publications.  

The primary objective of Paper I was to develop smell tests in order to objectively 

characterize the selection process of assessors for boar taint evaluation. Odor detection 

thresholds for androstenone and skatole as well as the assessors´ ability to discriminate 

and identify both substances at various levels through easy-to-use paper smell strips 

were analyzed. Subsequently, 25 fat samples in threefold repetition were evaluated to 

assess the effect of olfactory performance on the sensory quality control task. 

Considerable inter-individual as well as intra-individual variability was revealed for the 

assessors´ olfactory acuity towards both androstenone and skatole. The assessors’ 

olfactory performance significantly affects the probability of rating a fat sample as boar 

tainted. The results demonstrate the need for careful selection of assessors for boar taint 

evaluation. 

The primary objective of Paper II was to fill the gap on sample preparation for boar 

taint evaluation in previous studies. In this paper, three commonly used protocols to 

heat fat samples for boar taint detection, i.e., the microwave (MW), the hot-iron (HI) and 

the hot-water (HW) method were compared. A sensory panel consisting of 10 assessors 

according to ISO 8586 was used. The comparison was carried out on 72 boar fat samples 

that were also characterized chemically. The heating method significantly affected the 

probability of a deviant rating. Compared to an assumed ‘gold standard’ (chemical 



analysis), the performance was best for HI when both sensitivity and specificity were 

considered. Furthermore, the results show the superiority of the panel average result 

compared to the results of individual assessors. However, the consistency of the 

individual sensory ratings did not differ significantly between MW, HW, and HI. The 

three protocols showed only fair to moderate agreement. The present results lead to the 

conclusion that the HI method appears to be advantageous for boar taint evaluation. 

The primary objective of Paper III was to question the wide-spread recommendation 

that sensory tests should be carried out in an environment without extraneous noise. 

Apparently this becomes relevant when implementing sensory evaluation in the 

slaughter environment because the validity of results is questioned. While recent studies 

suggest an influence of noise on olfactory performance, it is unclear as to what extent 

the influence varies between subjects who are accustomed to noise and those who are 

not. In this study, two groups of panelists were selected: the University panel usually 

working under silent conditions and an abattoir panel usually working at the slaughter 

line with abattoir noise. Odor discrimination, odor identification, and odor detection 

thresholds were studied. Furthermore, a sensory quality control task using 40 boar 

samples was performed. All tests were accomplished both with and without extraneous 

noise recorded at an abattoir (70 dB) using headphones. Contrary to the researchers’ 

expectations, abattoir noise hardly affected the olfactory tests. As for the sensory quality 

control task: abattoir noise did not influence the perceived intensity of boar taint and 

the classification results of the testers, regardless of whether they were accustomed to 

such noise or not. The results indicate that sensory quality control can be conducted in 

manufacturing environments with constant noise without diminishing the assessors’ 

performance. 

The primary objective of Paper IV was an in-depth analysis of odor-odor interactions of 

androstenone and skatole. Therefore, fat samples were collected from 1043 entire male 

pig carcasses for sensory evaluation and quantification of boar taint compounds using 

gas chromatography mass spectrometry (GC-MS). Each sample was evaluated by ten 

trained assessors resulting in 11,000+ individual ratings which were subjected to 

statistical analysis. Pearson correlations of chemical traits and sensory traits (panel 

average) were higher for skatole than for androstenone. Linear terms of androstenone 

and skatole as well as their interaction significantly contributed to perception of deviant 



smell. Standardized regression coefficients illustrate the higher importance of skatole 

compared to androstenone. The agreement of the boar taint classification based on 

chemical analysis was studied with the newly developed so-called curved approach, 

which lead to a panel sensitivity of 86% with a specificity of 70%. Inter-individual 

differences in assessors’ responses to androstenone and skatole were confirmed. Intra-

class correlation coefficients were calculated to document the reliability of the sensory 

ratings. When considering the average rating of a panel consisting of ten assessors, the 

corresponding intra-class correlation of two such ratings on the same target (ICC3k) is 

72. This highlights the inter-individual variation of odor perception by trained assessors, 

which implies that for sensory quality control a group of assessors is to be preferred 

over single assessors. The data demonstrated a significant interaction of androstenone 

and skatole in respect to the perception of boar taint by trained assessors.  

The results give practical instruments for establishing a viable sensory quality control of 

boar taint. The psychophysical tests were used in each of the four studies and verify the 

significant effect of olfactory performance on the sensory evaluation. The results have 

augmented the knowledge of how to standardize and objectify both assessor selection 

and methods for a sensory quality control of boar taint. The documented inter- and 

intra-individual differences in the olfactory performance can be monitored and 

controlled with the smell tests developed. The discrepancy between chemical and 

sensory analysis in all studies indicates that a simple comparison of chemical analysis 

and the complex human sensory perception is insufficient and implies deviating 

conclusions on the prevalence of tainted carcasses with possibly significant implications 

for the economic consequences. Compared to chemical analysis, which is often regarded 

as the ‘gold standard’, the sensory quality control attained a sensitivity (detection of 

truly tainted samples) of 88-100% with a specificity (detection of truly un-tainted 

samples) of 81-87%. It is to be assumed that retailers are not willing to rely on such 

results; they demand sensitivity of 100%, which is not feasible as medical tests such as 

the ELISA HIV-test show. And if screened and trained assessors cannot detect boar taint 

in fat samples under controlled conditions, it becomes unlikely that a naïve consumer 

will detect a difference in a less controlled and more variable world. 

Further research is needed to better understand the relationship of chemical and 

sensory data. This could be achieved using the now well established SENSOMICS 



approach combining a comprehensive analysis of volatile compounds, human 

perception and bioinformatics tools. This could lead to an identification of all volatile 

compounds of pork and boar flavor that trigger the human olfactory perception of 

`normal` pork or tainted boar. Due to the discrepancy between chemical analysis of 

androstenone and skatole and sensory analysis, it is still unknown which compounds 

and concentration levels really generate a taint that only occurs in boar fat and which 

have significant effect on the end-product meat. Additional studies are needed to 

understand the individual compounds and flavor molecules of both pork and boar to 

better predict human perception. Such new findings could also close the gap between 

the chemical and sensory analysis currently in use. For instance, the different 

temperatures between chemical and sensory sample preparation could cause 

discrepancies because of the effect of melting points on the release of androstenone and 

skatole. Sensory science using human assessors is irreplaceable in order to reflect 

consumer perception. An effective sensory quality control implemented in abattoirs will 

enable improvements in animal welfare in livestock systems and therefore any future 

research in this field is of great value for European agriculture. 
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