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SUMMARY 

A method for quantitative estimation of the boar taint substance Sa-androst-16-en-3-one (androstenone) 
in adipose tissue is described, consisting of the following steps: 1. alkaline saponification and extraction 
from 70% aq. methanol by n-hexane, 2. t.l.c., 3. g.1.c. 

Accuracy of the estimation was confirmed by two different g.1.c. conditions, by JR. spectrum of 
the isolated androstenone and by measuring the content of androstenone after addition of the authentic 
substance to fat of a castrated animal. Regression analysis gave the function y = 0.97x + 0.06. Coeffi- 
cients of variation were less than lo’?, using homogeneous samples of adipose tissue containing more 
than 0.2pg androstenone per g. Volatility of androstenone as a source of errors was investigated 
in detail. 

The method permitted determination of androstenone content in adipose tissue of sows and castrated 
male pigs (0.024.06 &g). In boars (age l&12 months) 0.08-2.45 rig/g (mean 0.85 pgg/g) were found. 
A level of 0.1 pg androstenone per g adipose tissue is suggested as acceptable when the meat is provided 
for human consumption. 

INTRODUCTION 

Fat and fatty meat of mature boars often emit an 
unpleasant smell on being cooked, which excludes uti- 

lization of such meat for human consumption. The 
odour is caused by the content of non-polar steroids, 
androst-16-enes with only one single oxygen function 
in position 3, which are formed in the testes and par- 
tially stored in adipose tissue. A detailed review about 
occurrence, synthesis, metabolism and physiological 
role of 16-unsaturated androstenes was given by 

Gower[ 11. 
The principal substance responsible for boar taint 

in fat was found [2] to be 5x-androst-16-en-3-one 

(androstenone)* and in addition in one case 
5cr-androst-16-en-30-01 [3]. There is a good correla- 
tion between androstenone content and boar odour 

c41. 
For a quantitative estimation of androstenone in 

fat, the low content requires a relatively high expendi- 
ture of labour for separating large amounts of fat. 
Claus[5,6] was successful with two column chroma- 
tographic separations on silica, t.1.c. and g.1.c. Patter- 
son[2] and Fuchs[4] used volatility of androst-16- 
enes to separate them from the main amount of fat 

by high-vacuum distillation. A saponification step and 
purification by t.1.c. preceded the determination by 
g.1.c. [4]. Recently, Claus[7] and Andresen[S] de- 
scribed radioimmunoassays for androstenone in por- 
cine adipose tissue. Steps of extraction and distribu- 
tion [7] or precipitation of fat in organic solvents 

* Abbreviation: androstenone = 5a-androst-16-en-3-one. 

by cooling [S] precede the reaction with the anti- 
bodies. 

The present paper describes another method, in- 
cluding removal of fat by saponification and extrac- 
tion without formation of emulsions, so that after t.1.c. 
the androstenone can be determined by g.1.c. 

EXPERIMENTAL 

The solvents used were chemically pure and were 
distilled before use. Chloroform was distilled over 
potassium carbonate, benzene was dried over calcium 
hydride and distilled. Ether was dried over sodium 
and distilled. Melting points are uncorrected. 
Radioactivity was measured in a Packard Tri-Carb 
Liquid Scintillation Spectrometer, model 3375, using 
the toluene system containing 0.5% PPO and 0.03% 

dimethyl-POPOP. 
Synthesis of reference substances. Sa-Androst-16- 

en-3u-ol was synthesized from 3a-acetoxy-5u-andros- 
tan-17-one by reaction of the tosylhydrazone with 
methyl lithium [9, IO]: 500 mg 31-acetoxy-5a-andros- 
tan-l 7-one and 400 mg p-toluene-sulfonylhydrazide in 
2.5 ml methanol refluxed 3 h and cooled gave the 
tosylhydrazone in 90% yield. 

A solution of 500 mg of the tosylhydrazone in 20 ml 
anhydrous ether was stirred under an atmosphere of 
dry argon at room temperature, and within 4 h a solu- 
tion of methyl lithium was added, obtained from 
168 mg Li and 0.85 ml CH,I in 15 ml anhydrous ether 
under argon. After stirring for an additional 2 h water 
was added and the steroid extracted with ether. The 
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ether extract was washed with 1 M NaOH followed 
by water, dried over sodium sulphate. evaporated and 

chromatographed on alumina. Yield 50”,, 5x-androst- 
16-en-32-01. m.p. 144-146 C (from ethanol) (Lit. [I I]) 
m.p. 143.5- 144’ C). 

>a-Androst-f h-en-3-0~~ was synthesized from the 

3-hydroxy compound by oxidation with CrO, in ace- 
tone [12]. Yield 85:,, m.p. 1455146.5 ‘C (from ethanol) 

(Lit. 1131 m.p. 140-141C). 
Androstenone was labelled with ‘H according to 

Wilzbach[14] in the Institute for Applied Radioacti- 
vity. Leipzig. The substance, freed from labile ‘H, was 
purified by t.1.c. on silica gel GF24 (Merck). solvent 

system benzene-ethyl acetate 8:2. Furthermore, for 
removal of “H. labile under conditions of saponifica- 

tion, 20 pg androstenone-[3H] were refluxed 30 min 
with 15 ml 4”;; methanolic KOH (w!v) and IO ml bcn- 
zene. followed by addition of water and extraction 
with hexane. This process was repeated three times. 
The material was then purified by t.1.c. as described 
above. The radioactivity decreased during the first 
treatment to 70’:; and then remained nearly constant. 
On the assumption that no loss of substance took 
place but only exchange of 3H, the S.A. of the andros- 
tenone-[3H] (G) was calculated to be 4.5 /tCij/cg. 

Work-up of’ samples. Collecting sctmplrs. The 
samples of adipose tissue taken from the side area 
of German Landrace pigs, were frozen and stored at 
- 18°C. 

Extruction. 3 g adipose tissue were cut into small 
pieces, 0.01 &i (0.002 pg) androstenone-[3H] added 
and refluxed for 15 min three times with ethyl acetate 
(3 x 20ml). The pooled extracts were evaporated on 
a rotary evaporator and dried after addition of a little 
ethanol to give 2.c2.8 g fat. 

Saponification. To the fat obtained or directly to 
3 g chopped tissue, 10 ml benzene and 15 ml lo:;, 

methanolic KOH (w/v) were added. The mixture was 
boiled under reflux for 1 h, then 20 ml methanol and 
15 ml water were added and the mixture extracted 

with 30 ml hexane (or light petroleum, b.p. 30--50°C). 
No emulsions were formed even after vigorous shak- 
ing. The lower phase was extracted twice more with 

20ml hexane. Sometimes a third, middle phase 
appeared. After removing the lower phase, this third 
phase disappeared by addition of some 70”;, aq. meth- 
anol. The pooled upper phases were washed with 
10ml 70”/, aq. methanol followed by 10ml water, 
dried over sodium sulphate and evaporated iri LUCUO 

at 30’ C to give 3-12 mg unsaponifiable neutral sub- 
stance. 

Adsorption chromutogruphp. The residue of saponifi- 
cation was dissolved in 0.2 ml hexane and I drop ben- 
zene and applied to a thin-layer plate as a 1Ocm. 
band. Adsorbent: Kieselgel GF,,, (Merck), 
200 x 200 x 0.5 mm, solvent system: benzene--ethyl 
acetate (8:2 v/v). A test mixture containing andros- 
tenone was spotted at the plate 2cm. from the edges 
and, after running, detected by spraying this area with 
iodine in hexane. U.V. absorbing zones were marked 

under an U.V. lamp. In front of the androstenone 
(R, 0.58) in the residue of saponification an U.V. posi- 
tive zone was always found. a second zone hchind 
it in most cases. The androstenone was sucked into 
a small sintered-glass filter and eluted with 4 ml 
chloroform- methanol (lo: I v/v) into a flask contain- 
ing 2 5 /Lg of the standard cholestane for g.1.c. After 
evaporation ire ruci~o and dissolving in 4ml hexane. 
an aliquot (IO”,,) was assayed for ‘H-activity and the 
remaining solution evaporated iri I~(~cI~o, transferred 
with hexanechloroform (‘9: I vv) to small tubes. cva- 
pordted to dryness under a current of nitrogen and 
in u1c7m (25 Torr, 3O’C) and used for g.1.c. 

At the beginning of our experiments, column chro- 
matography was used instead of t.1.c. The residue of 
saponification was dissolved in 0.5 ml benzene-hex- 
ane (1: 1 v/v) and chromatographed on silica gel (2.5 g, 

Merck 020.5 mm, column 8 x 120mm). Elution 
with I. benzene-hexane (1: 1. 50 ml), 2. benzene 
(6.5 ml) and 3. benzene (35 ml) gave the androstenone 
in fraction 3. which was used for g.1.c. Recovery of 
the 3H-standard 75585” 

Gas-liquid chromatog~tiphy. Aliquots of l&50”;, of 
the chromatographically separated androstenone frac- 
tion were analyzed, dissolved in chloroform, in a Var- 

ian Aerograph 1520 B, equipped with a flame ionisa- 
tion detector, 3”,, QF I on Gaschrom Q (SO-100 
mesh). Glass column 400 x 0.3 cm.. temperature 
205 C, injector 245’~C. carrier gas argon, 4 atm. 
Retention time 20.2 min, standard cholestane 24.8 
min. Quantification was carried out by planimetry of 
peak areas. 

Some samples were additionally investigated by 
g.1.c. at 2”,, XE 60 on Gaschrom Q (8&100 mesh). 
Glass column 200 x 0.3 cm., temperature 188-C. 
argon 1.5 atm., retention times androstenone 8.7 min, 
cholestane 18.5 min. 

RESULTS 

(1) Experiments on separurion by aolatility. When 
we searched for a method for quantitative determina- 

tion of androstenone in fat, at first we tried to use 
the volatility of androst-l6-enes with steam for their 
separation. But the fat content of samples markedly 
lowered the volatility of androstenone as shown in 
Fig. 1. A rough fractionation on a column of silica 
followed by steam distillation gave satisfactory 
results, however, the method was left in favour of the 
simpler technique of saponification. 

(2) Sepuration after saponijication. The work up 
comprises 3 or 4 steps, cf. Fig. 2. Extraction of adi- 
pose tissue with ethyl acetate may be omitted, when 
there it is not necessary to determine the content of 
fat in tissue. During saponification, only a small part 
of androstenone is lost. A loss of 35”o of ‘H-activity 
of the standard added, found at the beginning of these 
experiments, was caused by “H-exchange. Using a 
pretreated 3H-standard, this effect was eliminated. 
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Distillate, ml 

Fig. 1. Separation of 5x-androst-16-en-3-one (andros- 
tenone) by steam distillation. 10 pg androstenone-3H were 
mixed with 10 pg progesterone, testosterone and androst-4- 
en-3,17-dione each and with the stated amounts of pork 
fat, distilled off with steam and extracted with chloroform. 

Formation of emulsions during extraction was pre- 

vented by using 70% aq. methanol to remove polar 
products of saponification. 

When the unsaponifiable fraction was purified by 
column chromatography on silica gel, the andros- 
tenone fraction obtained in good yield contained cho- 
lesterol as impurity, so that the g.1.c. column must 
be reconditioned after some injections. Therefore, in- 
stead of column chromatography, t.1.c. was used, 
resulting in somewhat lower yields but purer andros- 
tenone fractions. 

Material PrOCedWe Mass 3H-octivity 

IAdipose + ‘H-standard 39 100 % 

Saponification 

c I mg 60-60% 

Fig. 2. 

The areas of g.1.c. peaks were measured considering 
a baseline drift and overlapping of neighbouring 
peaks for samples containing small amounts of 
androstenone, as shown in Fig. 3 for samples with 
(a) moderate and (b) small contents of androstenone. 

(3) Accuracy of determination. The androstenone 
from boar fat had the same retention times as the 
synthetic substance, on both QF 1 and XE 60 
columns. Two samples isolated after g.1.c. gave I.R. 
spectra equal to that of synthetic androstenone. After 
addition of androstenone to the fat from a castrated 
male, the values listed in Table 1 were obtained. 
Regression analysis gave the function y = 0.974.x + 
0.057 for recovery of added amounts of x (in pg per 

3g tissue). When only the more precise values of 0.6 
to 4.5 pg were used, the function y = 0.966x + 0.085 
was obtained. 

(4) Reproducibility. Standard deviations of the triple 
determinations given in Table 1 correspond to 
0.004-0.08 pg androstenone per g tissue. Without the 
two smallest values, the coefficients of variation were 
smaller than 10%. Determination of androstenone in 
adipose tissue of boars resulted in similar reproduci- 
bility, as shown in Table 2. However when another 

(b) 

0 

A C 

min 

Fig. 3. Gas-liquid chromatograms of androstenone fractions from boar fat. (a) Content easily measur- 
able (0.60 pg/g tissue). (b) Content very low (0.06 pg/g). A = androstenone, C = cholestane. 
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Table 1. Recovery of Sr-androst-16-en-3-one added to hog 
fat extract. Values from 3 separate determinations. 2.58g 

fat extract. P 3 g adipose tissue 

Added Found [aI 
bd Mean + SD. 

0 0.057 * 0.012 
0.30 0.317 + 0.1 16 
0.60 0.627 f 0.021 
I .50 1.573 f 0.119 
3.00 3.003 & 0.225 
4.50 4.410 i 0.056 

Coefficient of 
variation [“,“I 

21 
37 

3.4 
7.6 
7.5 
1.3 

3 g sample was cut off from the same piece of adipose 
tissue, the deviation in androstenone content was 

larger, as listed in parentheses for samples 4 to 6. 
Probably an unhomogeneous distribution of andros- 
tenone in adipose tissue is the cause. This error may 

be reduced by mixing a larger sample. 
(5) Sensitit?ty. The method permitted detection of 

concentrations down to 0.06 and O.O2/rg andros- 
tenone per g tissue. But sometimes in this range mea- 

suring of androstenone was complicated by overlap- 
ping peaks (cf. Fig. 3b), the size of which varied from 

one animal to another. Also from the values given 
in Table 1 it can be concluded that concentrations 
of about 0.03 /*g/g tissue can still be detected. 

(6) V’olutilirq as source of errors. Losses of andros- 
tenone during work-up (2&40?$ were corrected by 
measuring the 3H-standard. It was only after taking 
the aliquot for counting 3H-activity that an uncor- 
rected loss of androstenone was possible, especially 
during evaporation of the enriched samples under a 
current of nitrogen. Therefore, volatility of andros- 
tenone under these conditions was studied (Fig. 4). 
During evaporation of the solvent (about 2 min) no 
loss was detectable. Losses during drying in uacuo 

were also very small. However the volatility of dry 
androstenone under the current of nitrogen was con- 
siderable. Therefore, to avoid errors, samples for g.1.c. 
were left under nitrogen only until dryness. 

(7) Content of’androstenone in pork fat. In adipose 
tissue of 22 boars (age lo-12 months, 80-120 kg live 
weight) the values of androstenone ranged from 0.08 

to 2.45 pg per g tissue (mean i_ SD. 0.85 _t 0.59 PgLglg). 
In 6 castrated males we found 0.02 to 0.06 /*g/g (mean 
0.03 Llg/g), in 2 sows 0.02 and 0.04 pg/g. With refer- 

Table 2. Reproducibility of determination 01 

15 

I T / / 

Fig. 4. Losses of androstenone by volatiltty under a cur- 
rent of nitrogen. Starting solutions of 0.1 to 10 fig andros- 
tenone in 0.2ml hexaneechloroform (9:1 v,‘v), tubes 
6 x 35 mm with conic end, nitrogen 0.1 I/min, temperature 
30X For comparison: volatility in L’(I~UO (25 Torr. 3O’C. 

10 ml flasks). M + SM. from 6 measurements each. 

ence to fat extract, the values have to be corrected 
by multiplying by a factor of 1.1 to 1.5. 

DISCUSSION 

The method described permits measurement of the 

main sex odour substance in adipose tissue of boars 
in only three steps. After saponification, partition of 
the products between hexane and 709: aq. methanol 
is essential, because it prevents formation of emul- 
sions. The method may be simplified further by omit- 
ting the 3H-standard and calculating a constant re- 
covery of androstenone (65:<,). Reproducibility and 
accuracy of the method appear to be satisfactory. The 
regression line deviates only slightly from the 
expected one. This is due to a slight content of 
androstenone in the tissue used and to volatility. In 
treating enriched samples, here as with other tech- 
niques, the volatility of androst-16-enes under a cur- 
rent of gas and with steam should always be con- 
sidered. 

A precise quantitative determination of andros- 
tenone is of practical interest in the screening of meat. 
In comparison with castrated animals, boars have a 

5c(-androst-16-en-3-one in adipose tissue of 
boars. The values in parantheses were obtained from the first mean and two additional 

determinations in 3 g samples each collected separately 

Boar 
No. 

Sr-Androst-16-en-3-one [pg/g tissue] 
Mean + SD., n = 3 

Coefficient of 
variation [“J 

I 1.447 * 0.042 2.9 
2 I.053 + 0.040 3.x 
3 0.990 ? 0.026 2.7 
4 0.440 f 0.028 (0.637 + 0.430) 6.4 (67.5) 
5 1.023 + 0.015 (1.050 * 0.079) I.5 ( 7.5) 
6 1.563 _t 0.090 (1.470 + 0.229) 5.8 (15.6) 
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number of advantages: higher daily weight gain, bet- 2. Patterson R. L. S.: J. Sci. Fd Agric. 19. (1968) 31-38. 

ter feed efficiency, higher percentages of meat and less 3. Beery K. E. and Sink J. D.: J. Endow. 51 (1971) 

fat in carcasses [S, 151. Only the sex odour of boar 223-224. 

meat prevents its use for human consumption. Exper- 
4. Fuchs G.: Swedish J. agric. Res. 1 (1972) 233-237. 
5. Claus R.: Dissertat. Fak. Landwirtsch. Techn. Univ. 

iments were undertaken to reduce this odour by ap Miinchen 1970. 
plication of estrogens [16-191, progestagens [l&22] 
or the antiandrogen cyproterone acetate [22], testing 
samples by smell and taste. A quantitative determina- 
tion of androstenone in adipose tissue and also in 
blood plasma [23] helps evaluate the success with 
applied substances or breeding manipulations in solv- 
ing this problem. 

The androstenone content in fat of boars was found 
to range widely between 0.08 and 2.45 pg per g tissue. 
This in accord to the findings of Claus[5,6] and 
Fuchs[4], who found in adult boars 1.03 to 7.49 pg 
androstenone per g fat extract and 0.3 to 8.0&g, 
respectively. Recently, Andresen[8] found a mean of 
2.09 pg/g adipose tissue, and Claus[24] described 
values of 0.62 to 0.8 pg/g after maxima of 2.9 to 
6.4 pgg/g during puberty. In sows and gilts 
0.15-0.20 pg/g were found [7], but mostly no andros- 
tenone was detectable (co.09 pg/g) [S]. From our 
findings of 0.02 to 0.06 pg/g in gilts and sows we con- 
clude that at least 0.1 pg androstenone per g adipose 
tissue are acceptable when boar meat is provided for 
human consumption. 

15. 
16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 
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