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Time-Resolved Fluoroimmunoassay for the Measurement of
Androstenone in Porcine Serum and Fat Samples
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A simple competitive time-resolved fluoroimmunoassay was developed for the analysis of the boar
taint steroid 5o-androst-16-en-3-one in serum and fat samples. Sensitivities of 30 ng/g and 0.8
ng/mL were obtained for fat and serum measurements, and the assays had mean recoveries of 97%
and 103%, respectively. The average coefficients for intra- and interassay variation in fat analysis
were 6.0%/8.9%, and in serum measurements 5.4%/8.1%, respectively. Boar fat samples contained
androstenone in the range of 130—11570 ng/g (n = 106), and in the 108 kg boar group, 58% of
samples exhibited fat androstenone levels above 500 ng/g. The serum androstenone concentrations
in boars ranged from 1.5 to 237.3 ng/mL (n = 154), but were almost exclusively below the assay
range in barrows (n = 124) and gilts (n = 83). A significant (p < 0.0001) correlation was observed
between boar serum and fat androstenone concentrations (r = 0.89, n = 102). A direct serum analysis
seems to give a reliable indication of the androstenone level in fat and could be useful in the routine

screening for boar taint.
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INTRODUCTION

The meat derived from uncastrated male pigs some-
times emits a strong off-odor, referred to as “boar taint”,
upon heating. Despite the fact that boars are known
to have more favorable fattening performance and
carcass traits than barrows (castrated males), the
majority of male piglets are castrated in order to prevent
the occasional presence of taint. The main compounds
associated with this problem are androstenone (5o-
androst-16-en-3-one) (Patterson, 1968) and microbially
derived skatole (3-methylindole) (Vold, 1970; Walstra
and Maarse, 1970). Androstenone and other 16-
unsaturated C;g steroids are synthesized in the testes
of boars and released into the blood via the spermatic
vein. Due to the lipophilic nature of androstenone, it
is taken up by adipose tissue and stored in the fat
(Brooks and Pearson, 1986).

If the advantages of boar production are to be ex-
ploited, fast and reliable methods are needed for the
screening of tainted carcasses as consumers cannot be
confronted with unacceptable levels of taint. Immuno-
logical assays are well suited for androstenone analysis,
because they are simple and rapid to perform and offer
the possibility of screening a large number of samples.
The analysis is usually performed using fat samples and
involves laborious extraction procedures, while blood
samples could be used directly without extraction.
However, the correlation between the levels of andros-
tenone in blood and fat needs to be determined. A close
relationship has already been established with the levels
of blood and fat skatole (Claus et al., 1994; Tuomola et
al., 1996).

The aim of the current study was to develop a
competitive time-resolved fluoroimmunoassay for an-
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drostenone based on dissociation-enhanced lanthanide
fluoroimmunoassay (DELFIA), and to obtain informa-
tion regarding the levels of androstenone in the fat and
serum samples of Finnish pigs.

MATERIALS AND METHODS

Chemicals and Instrumentation. The steroids were
obtained from Sigma Chemical Co. (St. Louis, MO) or
Steraloids Inc. (Wilton, NH). *H NMR spectra were recorded
on a Jeol INM-GX400 FT-NMR spectrometer (Tokyo, Japan)
using tetramethylsilane as internal standard. Infrared spectra
were determined on a Perkin-Elmer 1600 FTIR spectrometer
(Norwalk, CT). HPLC purification of the europium-labeled
androstenone derivative was performed using Gradient Pump
2249, UV-monitor Uvicord SlI, and Superdex 75 column, all
from Pharmacia (Uppsala, Sweden). The purified 1gG fraction
from rabbit antiserum against androstenone 3-(O-carboxy-
methyl)oxime-BSA conjugate was a gift from Dr. Storm
(Intervet International B.V., The Netherlands). Microtitration
plates coated with goat anti-rabbit 1gG, Delfia Assay Buffer,
Delfia Wash Solution, Delfia Enhancement Solution, and
Delfia 1234 Fluorometer were from Wallac Oy (Turku, Fin-
land).

Sample Material. Samples were collected at slaughter
from 87 young boars, 122 barrows, and 83 gilts, all of which
had a weight of about 108 kg. Additional samples were
obtained from 69 heavier mature boars. Blood samples
(approximately 10 mL) were collected during exsanguination
and allowed to clot for 1 h. Serum was then isolated by
centrifugation and stored at —20 °C. Boar fat samples were
collected from the neck region and stored at —20 °C.

Preparation of Androstenone 3-(O-Carboxymethyl)-
oxime and Europium-Labeled Androstenone. The syn-
thesis scheme is outlined in Figure 1. Androstenone (1)
(0.0653 mmol; 17.8 mg) was dissolved in ethanol (3 mL).
Carboxymethoxylamine hemihydrochloride (0.069 mmol; 15
mg) and sodium acetate (0.122 mmol; 10 mg) were added to
the solution and refluxed for 2 h, after which the solvent was
evaporated. The residue was dissolved in water (10 mL) and
made alkaline with 10% K,CO3; to pH 9. The solution was
extracted using diethyl ether (2 x 10 mL) and acidified to pH
1 with 10% HCI, which resulted in a white precipitate of
androstenone 3-(O-carboxymethyl)oxime (2). The product was
used without further purification. Spectral data: 'H NMR
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Figure 1. Synthesis scheme for europium-labeled androsten-
one 3-(O-carboxymethyl)oxime.

(CDCls) 6 5.83 (dd, 1 H, 17-olefinic), 5.69 (m, 1 H, 16-olefinic),
4.58 (s, 2 H, CH,), 3.20 and 2.98 (m, m, 1 H, equatorial 2-H
and 4-H, respectively), 0.94 (s, 3 H, 19-CHj3), 0.77 (s, 3 H, 18-
CHs). IR (CHCI3) cm™t 2929, 1733, 1096.

Androstenone 3-(O-carboxymethyl)oxime was dissolved in
1,4-dioxane. The europium chelate of 4-aminobenzyldiethyl-
enetriaminetetraacetic acid (Mukkala et al., 1989), dissolved
in 0.5 M 4-morpholineethanesulfonic acid buffer, pH 5.5, was
added to the carboxysteroid solution. 1-(3-(Dimethylamino)-
propyl)ethylcarbodiimide hydrochloride was added to the
reaction mixture and stirred for 30 min (Mikola and Miettinen,
1991). The product was purified by HPLC (eluent 20% CHs-
CN, 0.05 M NacCl, 0.05 M Tris-HCI; flow rate 0.8 mL/min).

Sample Preparation. Fat samples were melted in a
microwave oven or thermal block (60 °C) and 30 uL of liquid
fat was transferred to a capped tube containing 500 uL of
methanol. The sample was extracted for 30 min (55 °C) and
mixed once during the incubation. The sample was allowed
to cool for 10 min at room temperature and a 50 L aliquot of
the methanol extract was diluted 1:9 with assay buffer and
analyzed. Serum samples were diluted 1:6 with buffer and
analyzed directly without extraction or purification. Assay
standards were prepared by spiking gilt or barrow samples
with known amounts of androstenone (serum, 2, 5, 20, 50, and
100 ng/mL; fat, 50, 200, 500, 2000, and 5000 ng/g). Samples
having concentrations beyond the working range were re-
assayed after dilution with the zero calibrator.

Isolation of Unconjugated Serum Steroids. Conjugated
and unconjugated serum steroids from 31 boar samples were
isolated according to the method of Payne et al. (1989).
Briefly, serum samples and standards were denatured with
urea at 60 °C and applied to Sep-Pak Cs cartridges (Waters,
Milford, MA). Conjugated and unconjugated fractions were
collected by sequential elution with 47% and 100% methanol,
respectively. The fractions were evaporated to dryness and
reconstituted in assay buffer (pH 7.75).

Time-Resolved Fluoroimmunoassay. All samples were
analyzed in duplicate. Fifty microliters of sample and 50 uL
of europium-labeled androstenone in suitable dilution were
pipetted into anti-rabbit coated (secondary antibody) microti-
tration wells. Diluted primary antibody, 50 uL,was added, and
after incubation (1.5 h) at room temperature, the wells were
washed six times with wash solution (pH 7.75). Enhancement
solution (200 L) was added, and the wells were shaken for 5
min at room temperature. The enhanced fluorescence was
measured in a time-resolved fluorometer.

Evaluation of Assay Performance. The specificity of the
assay was assessed by measuring the cross-reactivity of the
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Figure 2. Standard curve and precision profile of fat (A) and
serum (B) androstenone assay (n = 10).

related steroids. Cross-reactivity was expressed as the per-
centage ratio of the amounts of androstenone and the tested
substance needed to cause 50% displacement of tracer. The
assay sensitivity was defined as the concentration correspond-
ing to the mean signal of replicates of the zero standard
(serum, n = 24; fat, n = 12) plus three times the standard
deviation. The serum assay accuracy was determined by
spiking a gilt sample (androstenone, 0 ng/mL) with doses of 5
and 50 ng/mL and boar serum pool (25.1 ng/mL) with 20 and
50 ng/mL of androstenone, and calculating the recovery (n =
6). The fat assay accuracy was determined in the same
manner with samples containing 0, 220, or 1120 ng of
androstenone/g spiked with doses of 250 or 500 ng/g (n = 3).
Method linearity was assessed by analyzing serial dilutions
of five serum and fat samples containing 75.7—91.6 ng/mL or
3200—-5100 ng/g of androstenone, respectively. The intraassay
repeatability and interassay reproducibility were studied with
repeated analyses (n = 10) of three samples. The time-related
bias (drift) was controlled by including calibrator samples
within each sample batch.

Statistical Analysis. The data were analyzed using STA-
TISTICA for Windows, version 5.1 (StatSoft Inc., Tulsa, OK).
The skewed distributions of androstenone were normalized by
logarithmic transformation, and transformed data were used
for correlation studies. Significant differences among non-
transformed data were identified using nonparametric Mann-
Whitney U-test.

RESULTS

Assay Characterization. The standard curves and
precision profiles of the fat and serum androstenone
assays are presented in Figure 2 (10 replicates). The
fat androstenone assay had a working range of 50—3000
ng/g with a sensitivity of 30 ng/g. Serum androstenone
was measured in the range of 1.0—90.0 ng/mL with a
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Table 1. Precision of the Serum and Fat Androstenone
Assays

cv %
concn intra-assay interassay cv%
serum, ng/mL (n=10) (n=10)
16.3 7.6 6.3
30.5 3.6 7.2
1245 5.0 10.8
fat, ng/g (n=12) (n=10)
256 6.3 12.6
504 6.7 7.5
1324 5.1 6.7

Table 2. Specificity of the Antiserum

compound cross-reactivity (%)
5a-androst-16-en-3-one 100.0
5a-androst-16-en-33-ol 10.4
5a-androst-16-en-3o.-ol 6.3
4-androstene-3,17-dione 3.4
5a-dihydrotestosterone 0.5
testosterone 0.4
17p-estradiol <0.02

Table 3. Androstenone Concentrations in Boar Fat and
Serum Samples
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group young boars old boars
fat samples
number of samples 69 37
range (ng/g) 130—3780 550—-11570
median (ng/g) 670 3650

serum samples
number of samples 85 69
range (ng/mL) 1.5-126.3 15.4-237.3
median (ng/mL) 16.4 76.9

sensitivity of 0.8 ng/mL. The quantitation limit of 1.0
ng/mL was validated with fortification experiments, and
the recovery of the spiked serum samples was 109.7%
with a variation coefficient of 17.5% (n = 8). In the
serum assay accuracy studies, 95.2—112.3% (average
103.0%) of added androstenone was recovered. The
assay showed no appreciable matrix effects as the
regression line of the dilution series was linear (r =
0.998, p < 0.001) with a slope of 0.985 (95% confidence
interval 0.961—1.010). The fat androstenone measure-
ment had an average recovery of 97.0% (range 84.4—
107.2%). The regression line of the fat sample dilution
series was also linear (r = 0.994, p < 0.001) with a slope
of 0.981 (95% confidence interval 0.953—1.008). Assay
precision is given in Table 1. The average coefficients
for intra- and interassay variation in serum measure-
ments were 5.4% and 8.1%, respectively. The respective
coefficients in fat analysis were 6.0% and 8.9%. The
cross-reactivity of the antiserum is summarized in Table
2. 5a0-Androst-16-en-33-ol, 5a-androst-16-en-3a-ol, and
4-androstene-3,17-dione showed cross-reactivity, but the
recognition of other tested steroids was not significant.

Application to Porcine Serum and Fat Samples.
The androstenone concentrations in boar fat and serum
samples are presented in Table 3. The percentages of
young boars which exhibited fat androstenone levels
above 500 or 1000 ng/g, were 58% and 13%, respectively.
Both fat and serum levels were significantly (p <
0.0001) higher in the old boar group than in the young
boar group. Concentrations in the barrow (n = 124) and
gilt (n = 83) serum samples were almost exclusively
below the assay range, with one exception in both
groups (2.2 and 1.5 ng/mL, respectively). A significant
(p < 0.0001) linear correlation was observed between
serum and fat androstenone concentrations in the young
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Figure 3. Relationship between fat and serum androstenone
concentrations (n = 102).
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Figure 4. Relationship between directly measured serum
androstenone and androstenone level in the extracted uncon-
jugated steroid fraction.

boar group (r = 0.86, n = 65), old boar group (r = 0.73,
n = 37), and all boars (r = 0.89, n = 102) (Figure 3).
The results obtained by direct serum analysis were
closely related with the total androstenone levels of
unconjugated steroid fraction (r = 0.98, p < 0.0001)
(Figure 4). Regression analysis of the results gave the
equation y = 1.088x—3.366. The applicability of the
solid phase extraction method for androstenone was
verified with the analysis of serum standards. The
results confirmed the androstenone to elute in the
unconjugated steroid fraction only.

DISCUSSION

Assay Characteristics. The first immunological
methods for androstenone analysis were based on ra-
dioimmunoassay (RIA) (Claus, 1974; Andresen, 1974,
1975), and they involved the disadvantages connected
with potentially hazardous radioactive materials. RIAs
were later on largely replaced by non-radioisotopic
alternatives, especially enzyme-linked immunosorbent
assay (ELISA) (Claus et al., 1988; Asghar et al., 1988;
Abouzied et al., 1990; Boutten et al., 1994). Enzymes
used in the ELISA systems have the general advantage
of a high signal amplification, but the signal is very
dependent on incubation time, temperature, and other
physical and chemical conditions during the substrate
incubation. They are also sensitive to interfering
substances in samples, such as endogenic enzymes or
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inhibitors. Fluorescent labels offer an alternative in the
field of non-radioisotopic detection but the sensitivity
of the assay is limited by background interference. This
interference can be avoided using time-resolved fluo-
rometry (for review, see Hemmild, 1991). Some lan-
thanide ions, such as Eu®*, form highly fluorescent
chelates with certain organic ligands. The lanthanide
fluorescence has an exceptionally large Stokes' shift (the
difference between the excitation and emission wave-
lengths), narrow emission band, long decay time, and
high quantum yield. In the Delfia system, a nonfluo-
rescent chelate is employed to bind europium to the
analyte (Hemmila, 1991). After the bioaffinity reaction
is completed, the europium ions are dissociated from the
chelates by means of an enhancement solution in which
the lanthanide ions form new fluorescent complexes
with g-diketone. Time-resolved fluorometry involves
measurement of light at a fixed time after the fluoro-
phore has been excited. By this time, background
fluorescence has died away.

The O-carboxymethyl oxime functionality is widely
used in steroid immunoassays, and it was used here in
the synthesis of europium-labeled androstenone (Figure
1). The oxo group of the steroid reacts readily with the
aminooxy group of carboxymethoxylamine in alkaline
ethanol solution to produce a stable oxime bond. Due
to the double bond C=N formed, two isomers differing
in the E/Z configuration were obtained. According to
the 'H NMR data the ratio between E and Z isomers
was about 0.9. The structure of androstenone 3-(O-
carboxymethyl)oxime was proven by 'H NMR and IR
spectra. In*H NMR the characteristic signal of OCH,-
COO was at 4.58 and the signals of equatorial C-2 and
C-4 hydrogens of Z and E isomers (Oka and Hara, 1968)
were at 3.20 and 2.98, respectively. In IR spectra the
C=0 absorption of the oxo group at 1715 cm~! was
shifted to 1733 cm™? of the carboxyl C=0. The isomers
were not separated, and the mixture was labeled with
a europium chelate as described previously (Mikola and
Miettinen, 1991). Instead of TLC separation, we used
HPLC with a Superdex 75 column to purify the labeled
androstenone 3-(O-carboxymethyl)oxime (details of the
purification will be reported elsewhere).

All published methods for the production of andros-
tenone antibodies share the common strategy of using
androstenone 3-(O-carboxymethyl)oxime derivatives as
immunogens. Thus, cross-reactivities in all studies are
quite similar (Claus, 1974; Claus and Giménez, 1977;
Hobe et al., 1982; Claus et al., 1988), although more
specific antiserum (Andresen, 1974) and less specific
monoclonal antibodies (Abouzied et al., 1990) have also
been reported. Consistent with the fact that antibodies
usually best recognize structures distal to the site of
hapten attachment to the carrier, the double bond
between carbons 16 and 17 was found to be important
for recognition, and any modifications in the D-ring
structure largely reduced antibody binding. On the
other hand, structures close to the carrier are often not
very antigenic, but some recognition took place as the
antibodies were able to discriminate between the a- and
f-orientation of the hydroxyl group at the C3-position.
The specificity could still be increased by coupling the
steroids to carrier via positions on the steroid which are
not subject to metabolic change and are remote from
distinguishing functional groups. Carbons 6 and 7 in
the B-ring have been suggested for this purpose (Mid-
gley and Niswender, 1970), and good results have been
obtained with, for example, dihydrotestosterone (Con-
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dom and Desfosses, 1977). From the tested cross-
reactive compounds, only 5a-androst-16-en-3a-ol (An-
o)) may be of practical importance. The concentrations
of 16-unsaturated Cio-steroids other than androstenone
have not been extensively studied in the peripheral
plasma, but An-a concentrations equal to the levels
reported usually for androstenone have been reported
(Bicknell and Gower, 1976). In a study involving three
boars, only a low concentration of 5a-androst-16-en-33-
ol (An-p) was observed in plasma, but An-a was found
in even higher amounts than androstenone (Claus and
Hoffmann, 1971) and may thus contribute to the esti-
mated levels of steroid in boar blood. This cross-reaction
does not play any significant role in fat samples where
androstenone concentration clearly exceed the levels of
androstenols (Claus, 1979; Brennan et al., 1986; Garcia-
Regueiro and Diaz, 1989). This is further confirmed by
the high correlation observed between the results of
radioimmunological analysis and gas chromatography
combined with supercritical extraction and mass spec-
trometry (Magard et al., 1995).

An extraction step is required in the fat sample
preparation. Strong organic solvents have been used
for this purpose (Andresen, 1975; Claus et al., 1988;
Meloen et al., 1994), but extra steps such as solvent-
solvent extraction and evaporation are required leading
to increased between-sample variation and slow sample
turnaround time. The use of water-miscible solvents,
especially methanol (Boutten et al., 1994) and ethanol
(Asghar et al., 1988) eliminate the need for these steps
as extracts can be directly assayed after dilution with
buffer. In preliminary experiments, ethanol and 2-pro-
panol were tested for this purpose but were found to
have a major effect on antibody binding. In contrast, a
high amount of methanol could be introduced in the
bioaffinity reaction without compromising the assay
performance, which is in accordance with the results of
Boutten et al. (1994). The method uses only 0.5 mL of
organic solvent per sample compared with the volumes
of 3—10 mL needed in the previously published immu-
noassays (Claus, 1974; Andresen, 1975; Claus et al.,
1988).

The procedural losses were compensated for by pre-
paring the calibration curve using fat from a female pig.
To ensure the minimal level of endogenous androsten-
one in the zero-calibrator it was chosen based on to its
ability to give a maximal detection response in the
assay. Despite this, it should be noted that a small
endogenous amount of androstenone is probably present
(<100 ng/g) thus leading to a small systematical bias
(Claus et al., 1988). The same also applies to serum
assay standardization, where the usage of barrow serum
as a zero calibrator resulted in a systematical under-
estimation of serum androstenone in the order of 1-2
ng/mL (Andresen, 1974, 1975; Hobe et al., 1982). The
serum samples were assayed directly after dilution, and
as shown by the accuracy studies, no matrix effects were
observed. In the radioimmunoassay of Booth et al.
(1986) boar plasma samples were analyzed directly
without any dilution (recoveries not reported). On the
other hand, the enzyme immunoassay of Abouzied et
al. (1990) was found to have a marked matrix interfer-
ence from boar serum samples, and a 100-fold dilution
of samples was needed to obtain sufficient recovery. The
TR-FIA procedure used in our study showed good
precision regardless of sample type. One factor con-
tributing to this was the use of secondary anti-rabbit
antibodies in the coating of the wells. This approach



Androstenenone Fluoroimmunoassay

avoided the direct coating of any component critical in
the competitive reaction and resulted in a small varia-
tion in the amount of immobilized and immunoreactive
anti-androstenone antibody. The variation in the amount
of immunoreactive components is more difficult to
control when the primary antibodies or antigen-carrier
conjugates are directly immobilized on to the microti-
tration well surfaces.

Androstenone Levels in Pigs. The fat androsten-
one concentrations found in boars were within the range
usually reported (e.g., Malmfors and Andresen, 1975;
Patterson and Lightfoot, 1984; Brennan et al., 1986;
Claus et al., 1988; Magard et al., 1995). Fat andros-
tenone levels are highly dependent on genetic factors
that affect both sexual maturity and potential for
androstenone production. In most young boars, a
marked increase in androstenone production is observed
around puberty (Claus, 1975; Andresen, 1976), and the
high individual variability of fat androstenone concen-
trations can be partly attributed to the differences in
the onset of adolescence (Bonneau, 1982; Claus et al.,
1994). Due to the high individual variation, the cor-
relation between weight and androstenone level has
usually not been significant, but consistent with the
current study, higher concentrations have been observed
with higher liveweights (Andresen, 1976; Bonneau and
Desmoulin, 1980; Patterson and Lightfoot, 1984; Bren-
nan et al., 1986; Bonneau, 1987). Some of the older
boars may also have been used for breeding purposes,
which has been reported to affect steroid levels (An-
dresen, 1976; Claus, 1979). The level of fat androsten-
one resulting in an off-odor unacceptable to consumers
has not been firmly established, mainly because human
perception of androstenone is under genetic control
(Wysocki and Beauchamp, 1984) and varies significantly
among consumers. Concentrations of 1000 and 500 ng/g
have been used as cutoff levels in the past studies (Booth
et al., 1986; Babol and Squires, 1995). From an eco-
nomical point of view, the need for establishing a
reliable sorting limit is emphasized by the fact that a
high proportion of young boars had androstenone con-
centrations in the 500—1000 ng/g range.

The results from the direct serum androstenone
analysis were higher than previously reported values
from blood samples extracted with organic solvents (0—
76 ng/mL) (Bonneau, 1982; Patterson and Lightfoot,
1984). The cross-reactivity studies together with zero
levels obtained from over two hundred barrow and gilt
samples demonstrate the assay to be very specific, but
the possibility of cross-reacting androstenone metabo-
lites still has to be considered. The catabolism of
androstenone is known to lead to compounds that are
found in both unconjugated and conjugated steroid
fractions, but an appreciable proportion of them has still
not been identified (Saat et al., 1974; Bonneau and
Terqui, 1983). These metabolites are present in the
direct analysis but may be poorly recovered to the
extracted samples. The selection of extracting solvent
always provides limited selectivity to the steroid analy-
sis, as for example, hexane extraction of plasma recovers
85% of progesterone, but only 1% of cortisol and corti-
costerone (Robards and Towers, 1990). The hypothesis
is also consistent with the fact that studies using hexane
for extraction (Groth and Claus, 1977; Claus and
Hoffmann, 1980; Bonneau et al., 1982; Claus et al., 1983)
have constantly led to lower blood androstenone levels
than studies using the more polar ethyl acetate (An-
dresen, 1974, 1975; Malmfors and Andresen, 1975;
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Patterson and Lightfoot, 1984; Booth et al., 1986). In
this study, the total unconjugated steroid fraction was
isolated from serum samples using a solid-phase extrac-
tion method, which enabled the recovery of steroids
having a diverse range of polarities. The results
matched closely with those of direct analysis, which is
also consistent with the fact that the keto group at the
3-position is not directly available for conjugation.

The correlation between the levels of androstenone
in serum and fat has been investigated in several
studies and the results have ranged from the lack of
correlation (Malmfors and Andresen, 1975; Malmfors et
al., 1976; Lundstrom et al., 1978; Bonneau et al., 1982)
to a high degree of association (Andresen, 1976; Groth
and Claus, 1977; Hobe et al., 1982; Booth et al., 1986).
The close relationship observed in the current study
suggests that direct serum measurement can give an
indication of the androstenone level in fat. The use of
blood samples and direct assays gives distinct advan-
tages over the use of fat samples due to the simplicity
and ease of sample preparation and facilitates rapid and
sensitive assays with large throughput of samples. To
exploit this possibility, the threshold value in blood
needs to be established and more research is needed to
characterize the relationship between the androstenone
concentration in the sera and the intensity of boar taint.

LITERATURE CITED

Abouzied, M. M.; Ashgar, A.; Pearson, A. M.; Gray, J. |.; Miller,
E. R.; Pestka, J. J. Monoclonal antibody-based enzyme-
linked immunosorbent assay for Ci9-A6-steroids in sera of
boar pigs. J. Agric. Food Chem. 1990, 38, 331—335.

Andresen, @. Development of a radioimmunoassay for 5o-
androst-16-en-3-one in pig peripheral plasma. Acta Endo-
crinol. (Copenhagen) 1974, 76, 377—387.

Andresen, @. A radioimmunoassay for 5a-androst-16-en-3-one
in porcine adipose tissue. Acta Endocrinol. (Copenhagen)
1975, 79, 619—624.

Andresen, @. Concentrations of fat and plasma 5a-androsten-
one and plasma testosterone in boars selected for rate of
body weight gain and thickness of back fat during growth,
sexual maturation and after mating. J. Reprod. Fert. 1976,
48, 51-59.

Asghar, A.; Abouzied, M. M.; Pearson, A. M.; Gray, J. |
Pestka, J. J.; Miller, E. R. Development of an enzyme-linked
immunosorbent assay (ELISA test) for detecting boar odor
in pork. Proc.—Int. Congr. Meat Sci. Technol., 34th, 1988,
607—609.

Babol, J.; Squires, E. J. Quality of meat from entire male pigs.
Food Res. Int. 1995, 28, 201—212.

Bicknell, D. C.; Gower, D. B. The development and application
of a radioimmunoassay for 5a-androst-16-en-3a-ol in plasma.
J. Steroid Biochem. 1976, 7, 451—455.

Bonneau, M. Compounds responsible for boar taint, with
special emphasis on androstenone: a Review. Livest. Prod.
Sci. 1982, 9, 678—705.

Bonneau, M. Effects of age and live weight on fat 5o-
androstenone levels in young boars fed two planes of
nutrition. Reprod. Nutr. Dev. 1987, 27, 413—422.

Bonneau, M.; Desmoulin, B. Evolution de la teneur en an-
drosténone du tissu adipeux dorsal chez le porc male entier
de type Large-White: Variations selon les conditions d'él-
evage. Reprod. Nutr. Dev. 1980, 20, 1429—1437.

Bonneau, M.; Terqui, M. A note on the metabolism of 5a-
androst-16-en-3-one in the young boar in vivo. Reprod. Nutr.
Dev. 1983, 23, 899—905.

Bonneau, M.; Meusy-Dessolle, N.; Léglise, P. C.; Claus, R.
Relationships between fat and plasma androstenone and
plasma testosterone in fatty and lean young boars during
growth and after hCG stimulation. Acta Endocrinol. (Copen-
hagen) 1982, 101, 119—128.



3534 J. Agric. Food Chem., Vol. 45, No. 9, 1997

Booth, W. D.; Williamson, E. D.; Patterson, R. L. S. 16-
Androstene steroids in the submaxillary salivary gland of
the boar in relation to measures of boar taint in carcasses.
Anim. Prod. 1986, 42, 145—152.

Boutten, B.; Guizard, C.; Mamas, S.; Vendeuvre, J. L. Dosage
immuno-enzymatique de I'androsténone. Viandes Prod. Car-
nés 1994, 15, 185—188.

Brennan, J. J.; Shand, P. J.; Fenton, M.; Nicholls, L. L,
Aherne, F. X. Androstenone, androstenol and odor intensity
in backfat of 100- and 130-kg boars and gilts. Can. J. Anim.
Sci. 1986, 66, 615—624.

Brooks, R. I.; Pearson, A. M. Steroid hormone pathways in
the pig, with special emphasis on boar odor: a Review. J.
Anim. Sci. 1986, 62, 632—645.

Claus, R. Dosage radio-immunologique du 5a-androst-16-en-
3-one, stéroide responsable de I'odeur de verrat, dans le tissu
adipeux des porcs. C.R. Acad. Sci., Ser. D 1974, 278, 299—
302.

Claus, R. Messung des Ebergeruchsstoffes im Fett von Sch-
weinen mittels eines Radioimmunotests. 1. Mitt.: Geruchs-
depotbildung in Abhéngigkeit vom Alter. Z. Tierz. Zuch-
tungsbiol. 1975, 92, 118—-126.

Claus, R. Pheromone bei Saugetieren unter besonderer Berick-
sichtigung des Ebergeruchsstoffes und seiner Beziehung zu
anderen Hodensteroiden. In Fortschritte in der Tierphysi-
ologie und Tierernahrung; Paul Parey: Hamburg, 1979; Vol.
10, pp 1—136.

Claus, R.; Hoffmann, B. Determination of Al6-steroids in
boars. Acta Endocrinol. (Copenhagen) 1971, 155(Suppl.), 70.

Claus, R.; Giménez, T. Diurnal rhythm of 5a-androst-16-en-
3-one and testosterone in peripheral plasma of boars. Acta
Endocrinol. (Copenhagen) 1977, 84, 200—206.

Claus, R.; Hoffmann, B. Oestrogens, compared to other steroids
of testicular origin, in blood plasma of boars. Acta Endo-
crinol. (Copenhagen) 1980, 94, 404—411.

Claus, R.; Schopper, D.; Wagner, H.-G. Seasonal effect on
steroids in blood plasma and seminal plasma of boars. J.
Steroid Biochem. 1983, 19, 725—729.

Claus, R.; Mahler, G.; Munster, E. Determination of the boar
taint steroid 5a-androst-16-en-3-one in adipose tissue of pigs
with a rapid microtitre plate enzyme-immunoassay (MTE).
Arch. Lebensmittelhyg. 1988, 39, 87—90.

Claus, R.; Weiler, U.; Herzog, A. Physiological aspects of
androstenone and skatole formation in the boar: A review
with experimental data. Meat Sci. 1994, 38, 289—305.

Condom, R.; Desfosses, B. The preparation of three 5a-
dihydrotestosterone—BSA conjugates: A comparison of the
antigenic properties. J. Steroid Biochem. 1977, 8, 1085—
1090.

Garcia-Regueiro, J. A.; Diaz, |. Evaluation of the contribution
of skatole, indole, androstenone and androstenols to boar-
taint in back fat of pigs by HPLC and capillary gas
chromatography (CGC). Meat Sci. 1989, 25, 307—316.

Groth, W.; Claus, R. Relationships between the concentrations
of testosterone and the boar taint steroid 5a-androst-16-en-
3-on in plasma and adipose tissue and histometric evalua-
tion in testes of boars. Zbl. Vet. Med. A 1977, 24, 103—121.

Hemmilg, I. A. Applications of fluorescence in immunoassays.
In Chemical analysis; Winefordner, J. D., Kolthoff, I. M.,
Eds.; Wiley & Sons Inc.: New York, 1991.

Hobe, G.; Frankenberg, G.; Wagner, H.; Wesemann, R
Wehrberger, K.; Reddersen, G.; Blédow, G.; Tamm, I.;
Kaiser, H.; Wachter, U. Radioimmunoassay zum Nachweis
des Eberpheromons A-Androstenon: Plasmaspiegel bei
Ebern, Sauen und Borgen sowie Untersuchungen zur
Korrelation der Eberpheromonkonzentrationen im Plasma
und Fettgewebe. Arch. Exp. Vet. Med. 1982, 36, 739—750.

Lundstrom, K.; Malmfors, B.; Hansson, I.; Edqgvist, L.-E.;
Gahne, B. 50-Androstenone and testosterone in boars. Swed.
J. Agric. Res. 1978, 8, 171-180.

Tuomola et al.

Magard, M. A.; Berg, H. E. B.; Tagesson, V.; Jaremo, M. L.
G.; Karlsson, L. L. H.; Mathiasson, L. J. E.; Bonneau, M.;
Hansen-Mgller, J. Determination of androstenone in pig fat
using supercritical fluid extraction and gas chromatogra-
phy—mass spectrometry. J. Agric. Food Chem. 1995, 43,
114-120.

Malmfors, B.; Andresen, @. Relationship between boar taint
intensity and concentration of 5o-androst-16-en-3-one in
boar peripheral plasma and back fat. Acta Agric. Scand.
1975, 25, 92—95.

Malmfors, B.; Lundstrom, K.; Hansson, |.; Gahne, B. The effect
of HCG and LH-RH on 5a-androstenone levels in plasma
and adipose tissue of boars. Swed. J. Agric. Res. 1976, 6,
73-79.

Meloen, R. H.; Turkstra, J. A.; Lankhof, H.; Puijk, W. C;
Schaaper, W. M. M.; Dijkstra, G.; Wensing, C. J. G.; Oonk,
R. B. Efficient immunocastration of male piglets by immu-
noneutralization of GnRH using a new GnRH-like peptide.
Vaccine 1994, 12, 741—746.

Midgley, A. R.; Niswender, G. D. Radioimmunoassay of
steroids. Acta Endocrinol. (Copenhagen) 1970, 64 (Suppl.
147), 320—328.

Mikola, H.; Miettinen, P. Preparation of europium-labeled
derivatives of cortisol for time-resolved fluoroimmunoassays.
Steroids 1991, 56, 17—21.

Mukkala, V.-M.; Mikola, H.; Hemmil&, I. The synthesis and
use of activated N-benzyl derivatives of diethylenetriamine-
tetraacetic acids: Alternative reagents for labeling of anti-
bodies with metal ions. Anal. Biochem 1989, 176, 319—325.

Oka, K.; Hara, S. Nuclear magnetic resonance spectra of syn
and anti isomers of steroidal 3-ketoximes. Chem. Ind.
(London) 1968, 911—912.

Patterson, R. L. S. 5a-Androst-16-en-3-one: Compound re-
sponsible for taint in boar fat. J. Sci. Food Agric. 1968, 19,
31-38.

Patterson, R. L. S.; Lightfoot, A. L. Effect of sex grouping
during growth on 5a-androstenone development in boars at
three commercial slaughter weights. Meat Sci. 1984, 10,
253-263.

Payne, D. W.; Holtzclaw, W. D.; Adashi, E. Y. A convenient,
unified scheme for the differential extraction of conjugated
and unconjugated serum Cio steroids on Sep-Pak Cis-
cartridges. J. Steroid Biochem. 1989, 33, 289—295.

Robards, K.; Towers, P. Chromatography as a reference
technique for the determination of clinically important
steroids. Biomed. Chromatogr. 1990, 4, 1—-19.

Saat, Y. A.; Gower, D. B.; Harrison, F. A.; Heap, R. B. Studies
on the metabolism of 5a-androst-16-en-3-one in boar testis
in vivo. Biochem. J. 1974, 144, 347—352.

Tuomola, M.; Vahva, M.; Kallio, H. High-performance liquid
chromatography determination of skatole and indole levels
in pig serum, subcutaneous fat, and submaxillary salivary
glands. J. Agric. Food Chem. 1996, 44, 1265—1270.

Vold, E. Meat production from boars and castrates. 1V. Report
No. 238; Institute of Animal Genetics and Breeding, NLH:
Vollebekk, Norway, 1970.

Walstra, P.; Maarse, H. IVO-Rapport C-147 and Rapport No.
2; Reseachgroep Vlees en Vleeswaren, TNO: Zeist, The
Netherlands, 1970.

Wysocki, C. J.; Beauchamp, G. K. Ability to smell androstenone
is genetically determined. Proc. Natl. Acad. Sci. U.S.A. 1984,
81, 4899—-4902.

Received for review March 26, 1997. Revised manuscript
received June 20, 1997. Accepted June 25, 1997.%

JF9702398

® Abstract published in Advance ACS Abstracts, Au-
gust 15, 1997.



