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A B S T R A C T

Boar taint is a contemporary off-odor present in meat of uncastrated male pigs. As European Member States
intend to abandon surgical castration of pigs by 2018, this off-odor has gained a lot of research interest. In this
study, rapid evaporative ionization mass spectrometry (REIMS) was explored for the rapid detection of boar
taint in neck fat. Untargeted screening of samples (n=150) enabled discrimination between sow, tainted and
untainted boars. The obtained OPLS-DA models showed excellent classification accuracy, i.e. 99% and 100% for
sow and boar samples or solely boar samples, respectively. Furthermore, the obtained models demonstrated
excellent validation characteristics (R2(Y)=0.872–0.969; Q2(Y)=0.756–0.917), which were confirmed by CV-
ANOVA (p < 0.001) and permutation testing. In conclusion, in this work for the first time highly accurate and
high-throughput ( < 10 s) classification of tainted and untainted boar samples was achieved, rendering REIMS a
promising technique for predictive modelling in food safety and quality applications.

1. Introduction

During the past decades, the public awareness of food safety and
quality has significantly increased [1]. The organoleptic properties of
food play a crucial part in this, as they are reflective of the first
impressions consumers will develop [2]. To effectively ensure the food
quality and safety, an analytical platform for the fast and accurate
detection of quality parameters in food imposes itself [3]. In this study,
rapid evaporative ionization mass spectrometry (REIMS) was proposed
as a new analytical approach for in-situ detection of food anomalies
and its applicability was demonstrated for an important contemporary
off-flavor in meat industry, i.e. boar taint. Boar taint is an off-odor
caused by the accumulation of indole (IND), skatole (SK) and
androstenone (AEON) in adipose tissue [4–6]. IND and SK are two
indolic compounds derived from the biological degradation of L-
tryptophan in the hindgut and their odor is often described as fecal-
like [4,5]. AEON on the other hand is a pheromone produced in the
Leydig cells of the testis and has a urinary- or sweaty-like odor [7].

Initially, the surgical castration of pigs was implemented to prevent
boar taint; however, increasing awareness on animal welfare has led to
a European intent to voluntarily abandon the surgical castration of
piglets by 2018 [8]. Consequently, the rearing of entire male pigs, one
of the alternatives to surgical castration could cause adverse consumer
reactions due to the re-occurrence of boar taint and thus lead to
economic losses in pig husbandry [9,10]. In order to maximize the
marketing potential of meat from entire males, sorting strategies to
detect boar taint containing carcasses at the slaughter line are in order
[11]. One of the main challenges for the detection of boar taint at the
slaughter line is the high rate at which pigs are slaughtered, on average
600 per hour. Over the past years, several candidate methods for at-line
detection of boar taint have been proposed, including sensory and
analytical methods. However, none of these meet the required perfor-
mance characteristics needed at the slaughter line [12]. Indeed,
sensory methods, e.g. the soldering iron method, whereby neck fat is
singed with a soldering iron and the released smell assessed by a
trained assessor, are directly applicable at the slaughter line and
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provide a fast and holistic detection of boar taint, but they rely on the
sensory abilities of one trained assessor [13–15]. Consequently,
sensory methods are subject to inter-individual variation and moreover
are associated with habituation and fatigue [14]. Furthermore, various
analytical methods show potential for the at-line detection of boar taint
but often lack sensitivity, specificity or high-throughput [12]. Indeed,
the use of sensor technology, e.g. thickness shear mode resonator
sensors and parasitoid biosensors, offers sensitive and fast detection of
the boar taint compounds but these sensors often show poor specificity
or lack thorough testing and validation [16–20]. The use of a mass
spectrometric based electronic nose for targeted screening of the boar
taint compounds was promising, however, results were preliminary,
lacking thorough validation [21]. The detection of the boar taint
compounds by means of high-throughput gas chromatography coupled
to mass spectrometry on the other hand offers satisfactory precision
(RSD% < 20%) [22,23]. However, although these methods are fast
(run-to-run of 3.5 to 6 min), they do not meet the speed requirements
needed at the slaughter line. Moreover, as insufficient sensitivity is
obtained on a portable GC-MS instrument, up until now these methods
cannot be implemented directly at the slaughter line [22]. More
recently, RAMAN spectroscopy was evaluated for the detection of boar
taint [24,25]. Targeted detection of IND, SK and AEON was associated
with very large prediction errors: 173 µg kg−1 and 1460 µg kg−1 for SK
and AEON, respectively [24]. More accurate results (88% identification
accuracy) were obtained with an untargeted classification approach,
enabling identification of aberrant adipose tissue samples. However,
data acquisition lasted 20 min per sample, limiting the potential use of
RAMAN spectroscopy at the slaughter line [25]. To overcome these
bottlenecks, rapid evaporative ionization mass spectrometry (REIMS)
is proposed as a new emerging technique that circumvents long
analysis times by enabling direct ionization from the sample combined
with mass spectrometric analysis. As such, REIMS analysis takes only a
few seconds and guarantees point-of-control analysis [26–30].
Additionally, REIMS offers highly accurate histological identification
of tissues and demonstrated a correct classification performance of 90–
98% [26]. Originally it was intended for in vivo identification of tissues
during medical interventions, but recently also found its application
niche in food analysis as its feasibility was successfully demonstrated
for the identification of the species of origin in meat products [31]. In
this study, REIMS was explored to develop a predictive model for
accurate high-throughput identification of boar taint in pig adipose
tissue, a first of its kind step towards achieving at-line classification of
boar carcasses.

2. Materials and methods

2.1. Reagents and chemicals

The reference standards indole (IND) or 2,3-benzopyrrole (CAS
120-72-9) and skatole (SK) or 3-methylindole (CAS 83-34-1) were
obtained from Sigma Aldrich (St. Louis, MO, USA). The reference
standard 5α-androst-16-ene-3-one (AEON, CAS 18339-16-7) was
obtained from Steraloids (Newport, RI, USA). For each compound,
standard solutions were prepared in isopropyl alcohol at a concentra-
tion of 20 µg ml−1. Also a mixture of IND, SK and AEON was prepared
in isopropyl alcohol at a concentration of 20 µg ml−1.

2.2. Samples

Both sow (blank) samples and boar neck fat samples were collected
at the slaughter line. In order to select boar samples negative and
positive for boar taint, boar carcasses were screened for boar taint at
the slaughter line by means of the soldering iron method optimized by
Bekaert et al. [14] All samples were cooled during transport to the lab
and were immediately stored upon arrival at −80 °C until analysis. The
presence or absence of boar taint in the samples was confirmed by an

in-house validated UHPLC-HR-Orbitrap-MS analysis method [32].
Samples containing levels of IND, SK and/or AEON above and below
the odor thresholds (IND: 100 µg kg−1, SK: 200 µg kg−1, AEON:
500 µg kg−1) were considered as positive and negative for boar taint,
respectively. In total, 50 samples for each group were collected.

2.3. Instrumentation

The iKnife hand-held sampling device (Waters, Wilmslow, UK) was
used to apply a localized high frequency electric current to the surface
of each sample, which instantly vaporizes molecules from the latter. It
consisted of a monopolar cutting device with a shortened knife blade of
approximately 6 mm and was applied in dry cut mode in combination
with a diathermy electrosurgical generator at 45 W. Sampling was
carried out for 3–5 s and for each sample, 2 technical replicates were
analyzed, thus taking into account repeatability of the analysis. For
targeted purposes, isopropyl alcohol was used as a dopant to stimulate
ionization of the boar taint compounds. Mass spectrometric analysis
was carried out on a Xevo G2-XS Q-TOF instrument equipped with a
helical coiled ribbon collision surface supplied with a constant current
power supply set to 4.5 A (Kanthal D 1.0×0.1 mm) (Waters, Wilmslow,
UK). All analysis occurred in REIMS TOF MS sensitivity mode with
continuum data acquisition. Isopropyl alcohol was infused directly into
the REIMS source at a constant flow rate of 100 µl min−1 to promote
the ionization of lipid (fatty acid and phospholipid) species. The mass
resolution was typically set at 18750 and 19195 for m/z 281.2537 and
773.5432, respectively. The cone voltage was set at 100 V. Mass
spectrometric analysis was performed in negative ionization mode
with a mass range of 50–1200 m/z and scan speed of 1 s/scan. Prior to
use, the instrument was calibrated using sodium formate. For quality
control purposes, the endogenous matrix ion PE (34:1) [M-NH4]-

C39H76NO8P with m/z 699.497 was used as a lock-mass compound.
Furthermore, replicate burns of a QC sample (bovine muscle) were
collected between every 10 pig neck fat samples. The intensity of the
base peak ion at m/z 699.497 was recorded and plotted for quality
control monitoring. The iKnife, transfer tubing and venturi device were
cleaned with methanol between every 10 samples.

2.4. Untargeted identification approach of neck fat samples

An Untargeted mass spectrometric analysis was evaluated for the
discrimination between boar taint positive and negative carcasses.
Untargeted analysis was performed by profiling both boar (negative
and positive) and sow (blank) samples and thus effectively providing a
mass spectral fingerprint for the latter. Samples were analyzed in
duplicate on 3 consecutive days in order to take into account
reproducibility. This experiment was repeated on 3 additional days,
with different cone voltage settings (60 or 100 V) of the ionization
source, in order to check the robustness of the measurements.
Afterwards, the mass spectrometric fingerprints were used to construct
predictive models for the classification of sow and boar samples into
blank (sow) and boar taint positive and negative groups.

2.5. Chemometric data analysis

All data files were pre-processed, including peak alignment and
peak picking, using the Progenesis bridge conversion tool (Waters,
Wilmslow, UK). Next, Progenesis QI software (Waters, Wilmslow, UK)
was used for lock-mass correction using the endogenous matrix ion
with m/z 699.497 and background subtraction applying a TIC replicate
threshold setting of 100,000. Prior to model building, the data were
log-transformed and pareto scaled to generate normally distributed
data and reduce noise, respectively. Next, multivariate regression
analysis was performed in SIMCA 14 (Umetrics, Umea, Sweden).
Principal component analysis (PCA) was used for unsupervised data
analysis to reveal outliers, groups and trends. Afterwards, orthogonal
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partial least-square discriminant analysis (OPLS-DA) was used to
construct prediction models able to predict the Y-variable (classifica-
tion of samples in groups) from the X-matrix (mass spectrometric
fingerprint). In order to avoid over-fitting of the data, the quality of the
OPLS-DA models was evaluated through the goodness of fit (R2(Y))
and the predictive ability of the models (Q2(Y)). Permutation testing
(20 permutations) was performed to assess the risk that the model is
spurious, i.e. that the model fits the training set but does not predict Y
well for new observations. Additionally, CV-ANOVA (cross-validated
analysis of variance) and cross-validation, according to a leave 1/7 out
classification, were performed to confirm the validity of the models. In
parallel, OMB version 1.1.29.0 (Waters Corporation, Wilmslow, UK)
was used as a model builder recognition software tool. To this end, a
linear discriminant analysis (LDA) model including 80% of randomly
selected samples of each group was built. The remaining 20% was used
as a test set for external validation of the model and run through the
recognition software, whereby the observed classifications (based on
two burns) were recorded in post-acquisition mode.

3. Results and discussion

3.1. Discrimination between boars (tainted and untainted) and sows

To demonstrate the classification potential of REIMS for boar taint,
50 blank (sow), 50 boar taint positive and 50 negative samples were
analyzed. In a first experiment (data not shown), both negative and
positive ionization mode were taken into account, to increase the range
of detected metabolites, and were considered separately. In negative
ionization mode, better classification accuracy (98%) was observed
compared to positive ionization mode (94%). For this reason, it was
decided to continue all analysis in negative ionization mode for final
model building. The PCA plot revealed 17 potential outliers (Fig S1a);
however, only 5 of the latter were identified as true suspected outliers
using the Hotelling's T2 plot. Four outliers originated from the blank
group and 1 outlier from the boar taint positive group. Since the values
of these outliers were located between the 95% and 99% confidence
limit, they were omitted from further data analysis. The validity of the
supervised OPLS-DA model was evaluated through R2(Y) and Q2(Y),
CV-ANOVA testing and permutation tests. Generally, Q2(Y) values >
0.5 are regarded as good for biological models.[33] In this study, values
obtained for R2(Y) and Q2(Y) were 0.872 and 0.756, respectively,
indicating an excellent fit and predictive abilities. Moreover, CV-
ANOVA analysis (p < 0.001) demonstrated that the obtained OPLS-
DA model was highly significant. Finally, permutation testing demon-
strated that the predictive abilities of the original model (R2(Y) and
Q2(Y)) were higher in comparison to the permutated models (Fig S1b).
The obtained OPLS-DA model showed separation between the sow and
boar groups (Fig. 1). The two boar groups on the other hand showed
some overlap, nevertheless, cross-validation demonstrated that the
obtained model had a total correct classification rate of 99% and
consequently could be used as a highly accurate predictive tool for the

presence of boar taint. All blank and negative samples were correctly
classified, whereas of the boar taint positive samples, 98% was correctly
classified. The remaining 2% was classified as negative. The classifica-
tion results obtained by chemical and sensory analysis, which were
used as Y-information for model building, could form the basis of this
misclassification. Indeed, based on the sensory scores of the neck fat
samples, these samples were severely tainted. However, chemical
analysis by means of UHPLC-HRMS revealed boar taint levels of SK
and AEON barely exceeding the proposed odor thresholds of 200 and
500 µg kg−1, respectively. Since previous studies also report a discre-
pancy between the presence of SK and AEON on the one hand and the
sensory evaluation of boar samples on the other, this could potentially
lead to biased class information in the Y-axis, causing misclassification
in the OPLS-DA model [34,35]. In parallel to the OPLS-DA model, an
LDA model including 80% randomly selected samples was built and
loaded into a model builder recognition tool. The remaining 20% of
samples were run through the real-time recognition software, which
resulted in a 95% correct classification rate for the tainted boar group
and thus false negative rate (β error) of ≤5%. Additionally, for the sow
group also a correct classification rate of 95% was observed. For the
untainted boar group on the other hand, a correct classification rate of
65% was observed due to the presence of 1 outlier and allocation of 5
and 1 samples as tainted and blank (sow), respectively. Despite the
high percentage of false positive results, a false positive rate (α-error)
of ≤5% was observed for the sow and untainted boar samples
combined. Moreover, in contrast to false negatives, false positive
classifications will not result in a loss of consumers’ confidence in
pork industry. However, since tainted boar meat is often subject to
penalty fees, the number of false positives should be minimized
[12,36].

3.2. Discrimination between tainted and untainted boars

Despite the fact that the risk of boar taint is limited to carcasses of
uncastrated pigs, the indolic compounds are also present, although to a
lesser extent in sows, barrows and gilts. Nevertheless, only boar
carcasses should be screened at the slaughter line. Therefore, also a
more simplified OPLS-DA model was constructed including the boar
taint negative and positive group. The obtained model was significant
(p < 0.001) and demonstrated excellent predictive properties (R2(Y)
=0.969, Q2(Y) =0.917). Moreover, a permutation test showed that the
predictive abilities of the latter model were higher than those obtained
for the permutated models (Fig S2b). Finally, cross-validation revealed
that all samples were correctly allocated to the boar taint positive of
negative group, thus indicating 100% accuracy, specificity and sensi-
tivity of the obtained OPLS-DA model (Fig. 2). The obtained results
indicate that the untargeted REIMS analysis technique is promising for
implementation at the slaughter line. As this technique involves the use
of highly expensive, lab based equipment (Xevo G2-XS Q-TOF instru-
ment), implementation in a harsh environment such as the slaughter
line is unconventional and remains a challenge. However, as the iKnife

Fig. 1. Score plot of a partial least-squares discriminant analysis model for a dataset containing blank (sow) (n=50), negative (untainted) (n=50) and positive (tainted) (n=50) boar neck
fat samples in negative ionization mode.
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is connected through a 4 m long tubing to the Xevo G2-XS Q-TOF
instrument, the instrument itself could be placed in a separate room
next to the slaughter line where humidity and temperature are
controlled. As such, the at-line application of boar taint screening
remains ensured and the need for sampling is excluded. Apart from the
practical challenges, implementation also involves a high investment
cost for abattoirs. However, because of the high number of pigs
slaughtered in an average abattoir, i.e. 600/h in Belgium and in light
of the increasing number of entire male pigs that will need to be
slaughtered, costs per analysis per carcass are estimated to remain
below 1 euro. This estimate was based on an annual slaughter of 20–
50% entire male pigs, whereby 10–25% of all slaughtered carcasses
should be screened for boar taint, starting from a 50/50 distribution
between male and female carcasses. This indicates that it is practically
and economically feasible to implement the REIMS technique at the
slaughter line for routine boar taint screening.

Compared to previously reported studies, much higher classifica-
tion accuracy for tainted and untainted boar carcasses was obtained by
REIMS. Sensitivity and specificity of sensory methods ranged between
36–88% and 11–85%, respectively, and fluctuated greatly, depending
on the trained assessor [37,38]. Recently, a classification accuracy
between tainted and untainted boar samples of 81% was obtained using
a portable RAMAN device. However, it should be noted that only true
positive and negative samples were taken into account, whereby a cut-
off of 1500 µg kg−1 was chosen for AEON, while in this study, a cut-off
value of 500 µg kg−1 was considered. Moreover, an uncertainty range
of ± 20% of the threshold level was considered for chemical analysis for
sample inclusion in the RAMAN experiment [25]. Furthermore,

compared to the targeted detection of IND, SK and AEON, applying
an untargeted approach could benefit the true identification of aberrant
carcasses. Indeed, up until now, the presence of SK and AEON in neck
fat samples of boars only accounts for 76% of the explained variance
between the presence of the latter compounds and the intensity of boar
taint assessed by trained experts, indicating that also other unknown
compounds attribute to the presence of boar taint [34,39]. This was
confirmed by a second OPLS-DA model (R2(Y) =0.582; Q2(Y) =0.529)
using quantitative UHPLC-HR-Orbitrap-MS data of IND, SK and
AEON as predictive information to classify the samples under inves-
tigation as tainted or untainted, as a decrease in accuracy (89%),
specificity (82%) and sensitivity (97%) was observed in comparison to
the applied untargeted approach (100%) (Fig S3).

3.3. Candidate biomarkers

After model building, S-plots were constructed in order to reveal
significant ions responsible for sample allocation (Fig. 3). In the S-plot,
the x-axis corresponds to the contribution (covariance (p)) of the ion to
the variance of the observations, e.g. absence or presence of boar taint.
The y-axis on the other hand represents the correlation (p(corr))
between samples and the reliability of the results. In order for an ion
or a combination of ions to be relevant, cut-off values of ∣p∣ ≥0.03 and
∣p(corr)∣ ≥0.5 are advised in metabolomics studies [40,41]. In total,
60 ions demonstrated a high contribution to the presence of boar taint
in neck fat. However, none of the latter or a combination of the 4 most
relevant compounds were reliable (∣p(corr)∣ < 0.5) to allocate samples
in the boar taint negative or positive group. Consequently, in order to

Fig. 2. Score plot of a partial least-squares discriminant analysis model for a dataset containing negative (untainted) (n=50) and positive (tainted) (n=50) boar neck fat samples in
negative ionization mode.

Fig. 3. Loading S-plot representing the contribution ions obtained in negative ionization mode towards the presence of boar taint. Cut-off values of ∣p(corr)∣≥0.5 and ∣p∣≥0.03 were
applied.
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correctly classify between tainted and untainted boar carcasses, the
complete mass spectrum should be taken into account. A possible
explanation for the lack of reliable candidate biomarkers could be the
observed matrix effect. Indeed, analysis of the boar taint compounds in
adipose tissue resulted in ion suppression effects whereby IND, SK and
AEON could not be detected above the background matrix ions.
Although a different ionization technique was applied, ion suppression
of the boar taint compounds was also observed using gas chromato-
graphy coupled to electron impact mass spectrometric analysis in full
scan mode [22]. Consequently, the ion suppression effects led to
insufficient sensitivity to apply a targeted approach to identify aberrant
boar carcasses.

3.4. Validation

To monitor and guarantee the repeatability of the measurements, a
QC sample was analyzed after every 10 pig neck fat samples.
Repeatability was then plotted as the intensity of the base peak ion
of the endogenous lock-mass compound. In total, 5% and only 0.57% of
the measurements exceeded the 2 SD and 3 SD warning limits,
respectively. As over 94% of the measurements lay within these limits,
good repeatability may be concluded. In a final experiment, also the
robustness of REIMS for sample classification was evaluated. To this
end, all data were re-acquired on different days but with a change in
heater power settings of the collision surface. When taking into account
the three sample groups (blank, boar taint negative and positive), a
decreased classification accuracy (89%) was observed when working
with a lower heater power, whereby an even percentage of false positive
and negative results was obtained (16%). Since ionization of com-
pounds is enhanced by higher energy and thus a higher heater power,
the decrease in accuracy was most likely due to a loss of sensitivity in
ion intensity. When omitting the blank group from the model and
considering only the two boar groups, excellent classification accuracy
(100%) was achieved. This indicates that despite the change in heater
power settings, the REIMS spectra are very reproducible. However, it
should be noted that when applying a lower heater power, the obtained
OPLS-DA model showed less reliable predictive abilities as Q2(Y) and
R2(Y) were 0.291 and 0.939, respectively, most likely originating from
the decrease in sensitivity. This was confirmed in a permutation test,
which indicated that the model fits the data well but cannot be used to

accurately predict new observations (Fig S4). Consequently, careful
consideration should be given to the MS settings in order to ensure the
validity of each model.

3.5. Mass spectral content

Untargeted profiling of neck fat samples revealed differences in
spectra between sow, tainted and untainted boars (Fig. 4). In order to
situate the spectral differences between the latter groups, putative
identification was performed of the most abundant ions in the fatty
acid and phospholipid region, providing class information of the
compounds. To this end, the selected ions were cross-referenced to
the LipidMaps (www.lipidmaps.org) and Lipidblast database (http://
fiehnlab.ucdavis.edu/projects/LipidBlast). This search was based on
the obtained accurate masses and a mass tolerance window of ± 0.
01 Da was applied. In most cases, the m/z value could not be assigned
to one single compound. Nevertheless, the lipid classes could be
revealed. The spectral differences in negative ionization mode
between the sow, boar taint positive and negative group were mainly
situated in the fatty acid and phospholipid region of the obtained mass
spectra. Moreover, primary clustering between the spectra of the boar
taint positive and negative group was observed (Fig. 5). In general,
monounsaturated fatty acids (MUFAs) (16:1, 18:1, 22:1), tentatively
identified as palmitoleic acid, oleic acid and erucic acid, respectively,
were predominantly present in the boar taint positive group.
Intermediate levels were observed in the boar taint negative group

Fig. 4. Mass spectral fingerprint for negative (untainted (n=50), positive (tainted) (n=50) boar and blank (sow) (n=50) neck fat samples obtained in negative ionization mode.

Fig. 5. Heat map (GEN-E software, http://www.broadinstitute.org/cancer/software/
GEN-E/index.html) visualizing a selected number of putatively identified compounds in
blank (sow) (n=50), positive (tainted) (n=50) and negative (untainted) (n=50) neck fat
samples, with hierarchical clustering of the different samples.
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and the lowest levels in the blank or sow group (Fig. 5). Similarly, also
polyunsaturated fatty acids (PUFAs) (18:2 & 20:4), tentatively
identified as linoleic acid and arachidonic acid, were mostly abundant
in the boar taint positive and negative groups. The saturated fatty acids
(SFAs) lauric acid (12:0) and myristic acid (14:0) on the other hand
were predominantly present in the boar taint positive and negative
groups, respectively. Furthermore, stearic acid (18:0) was mainly
present in the blank or sow group in comparison to the two boar
groups. These differences are most likely associated with the
differences found in the phospholipid region of the mass spectra as
the majority of the signal intensity in the fatty acid region originates
from fragmentation of these phospholipids (Fig. 5). Recent studies
demonstrated similar trends in fatty acid composition in boars, sows
and surgically castrated pigs [25,39,42]. Pauly et al. [39] found a
significantly lower amount of SFAs and higher amount of PUFAs in
entire males in comparison to surgically castrated pigs and
immunocastrates. Similar trends were reported by Mackay et al. [43],
who observed a decrease of 21% in n-6-PUFAs in entire males in
comparison to boars. Furthermore, in a recent study, significantly
higher amounts of total PUFAs were observed in boar carcasses with
low levels of AEON (23.4%) in comparison to boar carcasses with high
levels of AEON (19.7%). This was due to increased levels of linoleic acid
and alpha-linolenic acid [42]. However, these results were not
conclusive as higher PUFA and MUFA levels were observed in highly
tainted fat samples by Liu et al. [25]. The mechanism behind these
differences in fatty acid composition lies in the regulation of fat
deposition and differences in lipid synthesis and metabolism. Indeed,
recently an increased expression of stearoyl-CoA desaturase and delta-
6-desaturase, two enzymes involved in lipid synthesis, was
demonstrated in boar adipose tissue in comparison to castrates [43].
The latter enzymes are responsible for the formation of unsaturated
fatty acids, explaining the higher amount of PUFA found in boars. Not
only differences in lipid composition between boars and sows were
observed but also significant reciprocal differences between boars with
high and low boar taint levels [25,42,44]. Although the mechanisms
behind the influence of high SK and AEON levels on lipid synthesis and
metabolism are not completely unraveled, it has been reported that
high SK levels induce CYP2E1 activity, an enzyme involved in lipid
peroxidation, consequently lowering PUFA levels in adipose tissue.
High levels of AEON on the other hand inhibit gene expression of
CYP2E1 and block induction of the latter by SK [45]. Since
phospholipids are partly composed out of fatty acids, alterations in
fatty acid composition can also manifest itself in the phospholipid
region [42]. Based on the differences of the latter between sows and
boars but more importantly, boars with high and low boar taint levels,
lipid profiles could explain the observed discrimination between these
three groups and classify carcasses as tainted or untainted.

4. Conclusions

The results obtained in this study demonstrated tainted carcasses
could be correctly classified by an untargeted approach. This makes
REIMS suitable not only for discrimination between gender samples
(sow versus boar) but also for discrimination within gender (tainted
versus untainted boars). This discrimination originated from altera-
tions in lipid profiles, mainly situated in the fatty acid and phospholipid
region. However, to this end, a fingerprinting approach was necessary
as no reliable candidate biomarkers could be identified. Moreover, as
REIMS eliminates extensive sample pre-treatment procedures, analysis
takes under 10 s, which makes it the first technique that enables in-situ
detection of boar taint combined with highly accurate classification.
Finally, in view of implementing this untargeted approach in an at-line
environment, the MVA software further empowers the applied tech-
nology as it enables real time recognition of unknown samples through
screening against a known database. For this reason, this new
analytical in-situ monitoring platform is very promising for other

applications in food safety or quality, whereby rapid characterization
of food products is requisite.
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