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of sugar pyrdysis and condensation and taking into ac- 
count the fact that protracted heating can remove terpenes. 
Twenty-eight, compounds identified in unheated licorice 
are reported in Table I1 for comparison. 

In conclusion, we can say that none of the identified 
compounds is alone responsible for licorice flavor, although 
many taste panels have been made on fractions, e.g., at the 
gas chromatographic column exit. Total extract, instead, 
shows a typical licorice aroma, indicating that this may be 
due to an integrated response to the proper mixture of the 
proper volatiles, rather than to the odor of one or two 
components. 
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Quantitative Determination of 5a-Androst-16-en-3-one by Gas 
Chromatography-Mass Spectrometry and Its Relationship to Sex Odor 
Intensity of Pork 

Raymond H. Thompson, Jr.’ and A. M. Pearson* 

Chemical analysis for determining the level of 5a-androst-16-en-3-one by an isotope dilution/carrier 
technique utilizing selected ion monitoring (SIM) mass spectrometry is described. Levels of 5a- 
androst-16-en-3-one were correlated with sex odor scores from a meat packing house panel and a selected 
laboieatory panel, which resulted in “r” values of 0.27 and 0.46, respectively. Only the latter value was 
statistically significant (P  < 0.05). The low relationships between odor scores and actual levels of 
5a-androst-16-en-3-one lend support to the theory that other C19-A16 steroids may contribute to sex odor 
in pork, 

Meat from sexually mature boar (uncastrated male) pigs 
frequently gives off an offensive odor upon heating, which 
has been described as “urine-like” or “perspiration-like” 
(Craig et al., l962). This odor not only occurs in the meat 
from boars arid cryptorchids but has been noted to a lesser 
extent in the meat from sows, barrows, and gilts (Williams 
et  al., 1963). Bishop (1969) has suggested that the low 
incidence of the undesirable odor in the meat from females 
(sows and gilts) and in castrated males (barrows) may be 
due to the presence of intersexes and cryptorchids, 
whereas, Sink (1967) has discussed other possibilities 
including the stage of estrus in sows and gilts, castration, 
and adrenal hypertrophy. 

Patterson (1968) isolated 5a-androst-16-en-3-one from 
boar fat and concluded that it is responsible for the of- 
fensive odor, which confirmed the suggestion of Sink (1967) 
that the C19-A16 steroids may be responsible for sex odor 
in pork. Beery et al. (1971) and Thompson et al. (1972) 
also verified the contribution of 5a-androst-16-en-3-one 
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to sex odor in pork and presented evidence for the in- 
volvement of other CI9-AI6 steroids. Although the relative 
importance of 5a-androst-16-en-3-one and the other Clg-Al6 
steroids has not been resolved, Canadian governmental 
meat inspection regulations require condemnation of all 
boar and stag carcasses, whereas, USDA (1973) regulations 
specify that carcasses with “slight odor” can be used in 
comminuted sausages and those with “strong odor” must 
be condemned. Obviously, the problem of meat inspection 
and packing house personnel properly identifying the level 
of sex odor in the carcasses and their ability to relate it 
to the amount of 5a-androst-16-en-3-one in the fatty 
tissues is an important one from the regulatory standpoint. 
Kloek (1961) has shown that there is wide variation in the 
ability of human subjects to smell different steroid hor- 
mones. More recently, Griffiths and Patterson (1970) have 
demonstrated some people are unable to smell 50- 
androst-l6-en-3-one, whereas, others vary widely in their 
olfactory reaction to this compound, with some finding it 
pleasant and others extremely nauseating. 

Since cryptorchid pigs may be frequently encountered 
in the normal population of slaughter hogs, it  seemed 
desirable to see if meat inspectors and packing house 
personnel could relate sex odor scores of cryptorchid pigs 
with the levels of 5a-androst-16-en-3-one present in the 
fatty tissues. Thus, the present study involved a com- 
parison of the results from packing house olfactory tests 
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with the actual levels of 5a-androst-16-en-3-one as de- 
termined by chemical analysis by using an isotope dilu- 
tionlcarrier technique, which utilizes selected ion moni- 
toring (SIM) mass spectrometry (Gordon and Frigerio, 
1972; Sweeley et  al., 1977). The same samples were also 
submitted to a small highly selected panel in our laboratory 
for olfactory scoring. Some details of the methodology and 
the correlation Coefficients between sex odor scores for the 
two panels and the actual levels of 5a-androst-16-en-3-one 
in the fatty tissues are presented. 
MATERIALS AND METHODS 

Fat Samples and  Rating for Sex Odor. Packing 
house personnel (three-five panelists, including the USDA 
meat inspector and plant supervisory personnel) removed 
subcutaneous fat samples from cryptorchid carcasses on 
the slaughter line. A concensus rating for sex odor was 
determined on heating the fat with a hot (approximately 
100 "C) iron and rating on a scale from 0 to 6 as follows: 
no sex odor = 0; very slight sex odor = 1; slight sex odor 
= 2; moderate sex odor = 3; slightly pronounced sex odor 
= 4; pronounced sex odor = 5; and very pronounced sex 
odor = 6. Using this scoring system, a total of 17 samples 
were obtained with distribution over the entire range of 
odor intensity and were related to the chemically deter- 
mined levels of 5a-androst-16-en-3-one in the fatty tissues. 
A portion of each original subcutaneous fat sample was 
packed in dry ice and shipped to our laboratory by air 
freight. Upon arrival, all samples were assigned random 
numbers for identification and stored at  -20 "C until 
removed for subsequent analysis. 

On removal of the samples from freezer storage, ap- 
proximately 50 g of each sample was placed in a 200-mL 
beaker, covered with a watch glass, and heated to ap- 
proximately 100 "C on an electric hot plate under an 
evacuating fume hood. The samples then were presented 
to three panel members from our laboratory, all of whom 
had previously been shown to be very sensitive to sex odor 
in pork. The panel members rated the samples on a 
10-point scale with a score of 0 assigned for no sex odor 
and a score of 9 assigned to samples with very pronounced 
sex odor. The panel scores for sex odor were then related 
to the chemically determined levels of 5a-androst-16- 
en-3-one in the fatty tissues by calculating the correlation 
coefficients (Snedecor, 1956). 

Assay for 5a-Androst-16-en-6one. Saponification and 
preparative thin-layer chromatography were employed to 
isolate fractions suitable for GC-MS (gas chromatogra- 
phy-mass spectrometry) analysis. Saponification of the 
fatty tissue samples was accomplished by modification of 
the procedure of Bunnel (1967) in which a 2-g sample was 
placed in a 100-mL round-bottom boiling flask and a 
known amount of deuterium-labeled 5a-androst-16-en- 
%one (usually 21 pg) was added and followed by addition 
of 15 mL of ethanol, 100 mg of pyrogallol, and a few boiling 
chips. The flask was connected to a reflux condensor and 
the mixture was refluxed for 5 min to displace the air from 
the flask and minimize oxidation. Approximately 1 g of 
KOH pellets was added so as to not interrupt refluxing, 
which was continued for 30 min. The flask was cooled in 
ice, and the contents were quickly transferred to a sep- 
aratory funnel containing 15 mL of hexane and 15 mL of 
water, after which the mixture was shaken for 1 min. The 
hexane extract was removed and saved. Extraction was 
repeated twice using 8-mL portions of hexane. The 
combined extracts were washed five times with water, 
followed by drying over anhydrous sodium sulfate. The 
hexane extract was evaporated to dryness and the residue 
was redissolved in 250 pL of ethyl acetate and stored a t  

-10 "C in a desiccator until removed for GC-MS analysis. 
Preparative thin-layer chromatography was performed 

on "preabsorption" silica gel thin layer plates (Type PLQF, 
1 mm thick, 20 X 20 cm, Quantum Industries). The sample 
was applied to the center of the plates and an authentic 
solution of 5a-androst-16-en-3-one was applied on the edge 
of the plates to serve as a marker. The plates were de- 
veloped in benzene-ethyl acetate (955) in a tank under 
saturated conditions. After development, the center of the 
plate was covered with a glass strip to protect the sample 
and the edge of the plate was sprayed with a mixture of 
sulfuric-acetic acid (1:l) to visualize the standard. The 
appropriate region of the plate was scraped off and placed 
in a small fritted glass filter funnel (no. 36060, 2 mL, 
medium porosity, Corning Glass Works). The sample was 
eluted from the silica gel by 1 h continuous extraction with 
four 1 mL volumes of chloroform-methanol (2:l) as rec- 
ommended by Vandenheuvel (1967). The extracts were 
collected in a 5-mL Pierce Reactivial (Pierce Chemical Co.) 
and evaporated to dryness in a stream of nitrogen gas. The 
residue was dissolved in 50 pL of ethyl acetate and stored 
in a desiccator over anhydrous sodium sulfate a t  -10 "C 
until removed for GC-MS analysis. 

Purification procedures were monitored with a GC-4 
Beckman gas chromatograph equipped with a flame 
ionization detector. Silanized glass columns (183 X 0.2 cm 
i.d.) packed with 3% OV-1 or 5% SP-2401 on 100/120 
mesh Supelcoport (Supelco, Inc., Bellfonte, Pa.) were used. 
Helium carrier gas was maintained at  a flow rate of 22 
mL/min. Hydrogen and oxygen flow rates were main- 
tained at  60 and 300 mL/min, respectively. Additional 
carrier gas (helium) was introduced into the hydrogen 
ahead of the detector at  a flow rate of 45 mL/min to 
improve the signal to noise ratio of the detector. The 
temperature parameters were 185 "C for the column, 220 
"C at the inlet, and 240 "C at the detedor using isothermal 
operating conditions. The purified samples dissolved in 
ethyl acetate were injected directly onto the column and 
compared directly with authentic standard 5a-androst- 
16-en-3-one. 

Quantitation of 5a-androst-16-en-3-one in the fatty 
tissue extracts was done by isotope dilution/carrier 
techniques using SIM mass spectrometry, a technique 
introduced by Sweeley et  al. (1966) and Hammar et al. 
(1968), and first used for assaying biological material by 
Samuelsson et al. (1970) and by Gaffney et al. (1971). For 
this procedure the mass spectrometer is coupled with an 
acceleration voltage alternator unit designed for computer 
control of fine focusing, data acquisition, reduction, and 
display (Holland et al., 1973). Quantitation was achieved 
by plotting the ratio of the peak areas for the molecular 
ions of unlabeled (mle  272) and labeled ( m l e  274) 5a- 
androst-16-en-&one against the amount of the labeled form 
initially added to each sample. 

Combined GC-MS was carried out on an LKB-9000 
instrument interfaced to a PDP-8/1 minicomputer (Digital 
Equipment Co.) for data acquisition and reduction 
(Sweeley et al., 1970). The silanized glass column (183 X 
0.2 cm, i.d.1 was packed with 5% SP-2401 on 100/120 mesh 
Supelcoport (Supelco, Inc., Bellefonte, Pa.). The GC 
operating conditions and temperatures of operation were 
identical with those described for the Beckman GC-4. 
Mass spectral measurements were recorded a t  70 eV 
ionization energy with full accelerating voltage of 3.5 kV 
and 60 PA trap current and an ion source temperature of 
250 "C. Calibration curves for the quantitative experi- 
ments were prepared by adding solutions of unlabeled and 
deuterated Sa-androst-16-en-3-one in ethyl acetate to give 
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Figure  1. Mass spectra of deuterium-labeled (a) and unlabeled 
(b) 5cu-androst-l&en-3-one. 
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Figure 2. Typical ion intensity recording for labeled ( m / e  274) 
and unlabeled (rn:/e 2 7 2 )  5cu-androst-16-en-3-one. 

concentrations of 0.02 and 0.20 mg/mL, respectively. Vials 
were prepared containing 0.01,0.02, 0.04, 0.06,0.08, and 
0.10 mL of the ,unlabeled standard solution and 1 mL of 
the labeled standard (5a-androst-16-en-3-one-6,6’-d2) was 
added. An aliquot (1-2 pL) was then injected into the 
GC-MS computer system and monitored by the SIM 
procedure. 
RESULTS AND DISCUSSION 

SIM GC-MS Technique. The SIM GC-MS technique 
records the intensity of preselected ions in the mass 
spectrum of the unlabeled compound and the deuteri- 
um-labeled analogue which serves as an internal standard 
and carrier. Chemical and manipulative losses occurring 
during isolation and analysis of 5a-androst-16-en-3-one are 
automatically corrected since the ratio of the labeled and 
unlabeled forme, should remain the same. The deuterium 
labeled form of 5a-androst-16-en-3-one is an ideal 
quantitative standard because it is virtually identical with 
the unlabeled form and yet easily distinguishable by its 
different mass. Synthesis of the deuterium-labeled 5a- 
androst-16-en-3-one will be discussed in a subsequent 
publication. 

The mass spectra of the unlabeled and deuterium la- 
beled 5a-androst-16-en-3-one can be compared in Figure 
1. Their molecular ions appearing at  m / e  272 and 274 
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Figure  3. Calibration curve for quantification of 5a-androst- 
16-en-3-one. 
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Figure  4. Gas chromatogram showing unlabeled 5a-androst- 
16-en-3-one co-isolated with deuterium-labeled internal standard. 
The asterisk represents both labeled and unlabeled compound. 

are intense ions in the spectra, which make them good ions 
to monitor. Figure 2 shows a typical ion recording for m / e  
272 and 274 obtained from SIM GC-MS analysis of a 
mixture of the unlabeled and labeled forms of 5a- 
androst-16-en-3-one. 

Calibration Curves. The ratio between the peaks for 
m / e  272 (unlabeled 5a-androst-16-en-3-one) and m / e  274 
(deuterium labeled 5a-androst-16-en-3-one) for standard 
mixtures of the unlabeled compound with 0.2 mg of the 
deuterated compounds was found to be linear with the 
amount of unlabeled compound added. The ratio between 
the peak heights at m / e  272 and 274 did not pass through 
the origin as can be seen in Figure 3. This was expected 
since the labeled compound gives a small peak at m / e  272 
which is regarded as background. 

Quantitative Analysis of Sa-Androst-16-en-3-one 
Using the  Deuterium-Labeled Standard. The puri- 
fication procedure, which involved saponification and GLC 
(gas-liquid chromatography) resulted in a relatively pure 
sample with 5a-androst-16-en-3-one eluting at about 7 min 
(Figure 4) on the gas chromatogram. The peak contained 
both the unlabeled form of 5a-androst-16-en-3-one ori- 
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Figure 5. Gas chromatograph showing unlabeled 5a-androst- 
16-en-3-one isolated without deuterated internal standard. The 
asterisk indicates area where unlabeled peak should have ap- 
peared. 

ginating from the pig fatty tissue and the d2 form which 
was added as the internal standard and carrier. Figure 5 
shows the GLC trace obtained for one sample to which the 
labeled standard was not added. There is no measurable 
response at  7 min retention time, indicating the absence 
of 5a-androst-16-en-3-one. It is evident that ordinary GC 
techniques without the labeled compound would not 
permit the assay of this sample by the GC-MS technique. 
The same sample was easily assayed by combined GC-MS, 
when excess d2-labeled 5a-androst-16-en-3-one was added 
as a carrier and internal standard. The sample (no. 88651, 
Table I) contained 5a-androst-16-en-3-one at a level of 0.42 
pg/g of fat. 

The method is specific and is capable of quantitating 
5a-androst-16-en-3-one at  a level as low as 50 ng/g of fat 
sample. The standard deviation for 27 determinations with 
the same sample at  the lowest level of 5a-androst-16- 
en-3-one detectable varied by a maximum of only 4.9%. 
Thus, the precision and sensitivity of the method verifies 
the accuracy of this procedure for measuring Sa-an- 
drost-16-en-3-one and indicates that it could be used on 
biopsy fat samples. 

Andresen (1975) has reported the development of a 
radioimmunoassay for 5a-androst-16-en-3-one, which is 
capable of measuring as little as 90 ng/g of fat from a 
sample of 40-60 mg of fatty tissue. The high specificity 
of SIM GC-MS should be useful for establishing the 
accuracy of radioimmunoassay, which should be faster, 
simpler, and lower in cost. However, the cross-reactivity 
of 4,16-androstadien-3-one and 5a-androst-16-en-3-one 
may be a shortcoming of the immunoassay, whereas, the 
SIM technique is extremely specific due to the uniqueness 
of the molecular weights coupled with tha TLC and GLC 
behavior of the unlabeled and d2 form of the compound. 

The levels of 5a-androst-16-en-3-one found in the 
samples of fatty tissue are shown to vary from 0.08 to 6.97 
pg/g by the SIM GC-MS method (Table I). These values 
are within the range of 0.1 to 7 pg/g reported by a number 
of workers for GLC analysis (Clam et al., 1971; Rhodes and 
Patterson, 1971; Fuchs, 1972; Stinson et  al., 1972; Newell 
et al., 1973) of the fatty tissues from uncastrated male pigs. 
Andresen (1975) reported an average value of 2.09 pg/g 
of fatty tissue for 5a-androst-16-en-3-one levels for intact 
male pigs, which compares with a mean value of 1.56 pg/g 
fat in the present study for cryptorchid pigs (Table I). 
Unfortunately, little work has been done in correlating the 
levels for 5a-androst-16-en-3-one with odor scores to as- 
certain if the single compound is responsible. 

Table I. Comparison of the Concentration of 
k-Androst-16-en-3-one and Boar Odor Intensity Scores 
by Packing House and Laboratory Panels 

Av scores for boar 
odor intensity 

Sample androst-16-en-3-one, Packing Lab. 
Concentration of 5 ~ -  

no. wg/g of fat panelbSc 
31751 0.08 1 0.3 
15486 0.19 5 1.3 
62342 0.22 4 3.3 
63267 0.42 5 0.8 
88651 0.42 4 3.3 
75122 0.61 2 1.8 
39528 0.67 2 1 .5  
17820 0.82 3 5.5 
08899 1.12 3 0.5 
00556 1.23 3 2.0 
43253 1.24 5 1.3 
94015 1.45 6 8.5 
14924 1.56 4 4.8 
70312 1.88 2 1.8 
70707 1.88 5 3.0 
02985 5.70 4 6.0 
00911 6.97 5 4.8 
Mean 1.56 3.70 2.97 

a Odor intensity scores for packing house panel: 0 = 
none, 1 = very slight, 2 = slight, 3 = moderate, 4 = slightly 
gronounced, 5 = pronounced, 6 = very pronounced. 

Odor intensity scores for the laboratory panel were 
based on a 10-point scoring system ranging from 0 = n o  
sex odor t o  9 = very pronounced. The two scoring 
systems differed in that the packing house panel used a 
concensus score in descriptive terms, thus ending up  in 
whole numbers only. The laboratory panel values, on the 
other hand, are an average score from the three panel 
members and are expressed t o  the nearest 0.1. 
we were able t o  carefully monitor the laboratory panel, 
absolute control of the packing house panel was not 
possible. 

Although 

Correlation between Panel Scores for Sex Odor and 
the Level of 5a-Androst-16-en-3-one. The results for 
chemical analysis of 5a-androst-16-en-3-one and sex odor 
scores for 17 cryptorchid pigs are shown in Table I. 
Examination of the data indicates that the odor scores and 
the levels of 5a-androst-16-en-3-one were not closely 
related for either panel. This was verified by the low 
correlations between sensory odor scores and the chem- 
ically determined levels of 5a-androst-16-en-3-one, which 
amounted to only 0.27 for the packing house panel and 0.46 
for the laboratory panel. The former value was not sta- 
tistically significant (P  > 0.05), but the latter value was 
significant at  the 5% level. These correlation coefficients 
agree closely with an “r” value of 0.53 between sex odor 
scores for pork and the level of 5a-androst-16-en-3-one as 
reported by Newell et al. (1973) and values of 0.51 and 0.73 
obtained by Malmfors and Andresen (1975) and by Fuchs 
(1972), respectively. Even though the correlation coef- 
ficient between odor scores and the levels of 5a-an- 
drost-16-en-3-one for the laboratory panel in the present 
study was statistically significant, variability in the level 
of 5a-androst-16-en-3-one only accounted for 21% of the 
variation in panel odor scores. 

The agreement between the two panels for scoring in- 
tensity of sex odor was not good with an “r” value of only 
0.50. Although statistically significant at  the 5% level, the 
variability in sensory odor scores accounted for only 25% 
of the variation between panels. This suggests that other 
factors may play an important role in sex odor scores. 

The “urine-like’’ and “perspiration-like’’ nature of sex 
odor appears to result from a complex interplay of several 
undesirable odors, with 5a-androst-16-en-3-one being an 
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important contributor. As can be seen in Table I, a high 
concentration of this steroid is a good indication that the 
undesirable odor will be evident when the fat sample is 
heated. However, a low level of 5a-androst-16-en-3-one 
does not guarantee freedom from undesirable odors. 
Therefore, it is unlikely that a chemical assay for 5a- 
androst-16-en-3-one alone would be helpful as an objective 
test for boar odor, but an assay that included other Cl9-AI6 
steroids, especially the highly odoriferous 5a-androst- 
16-en-3a-01, might give a better indication of the extent 
of odor to be expected in the sample. In connection with 
this, we noticed during the evaluation of samples in this 
laboratory that the distinctive musky odor of 5a- 
androst-16-en-3a-01 was noticeable in several of the 
samples, especially sample no. 88651 and no. 14924 (Table 
I). 

The failure of the meat plant personnel to discriminate 
between samples with various levels of 5cr-androst-16- 
en-3-one does not discredit the hot iron technique as a way 
of selecting cryptorchid animals with no boar odor. All 
animals with levels of 5a-androst-16-en-3-one greater than 
0.1 pg/g of fat were rated as having at least slight boar 
odor, which would disqualify them for use in the fresh pork 
market. However, the selection of carcasses eligible for 
use in cooked, comminuted products (less than pronounced 
odor), as against carcasses to be condemned or for ren- 
dering (pronounced odor), may be a more difficult task 
based on the observations presented here. 
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