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Planar Chromatography in Practice

Screening of steroids as adulterants  
in food supplements

From left: Dr. Simone Biella, Dr. Francesca Colombo, Dr. 
Chiara Di Lorenzo and Prof. Dr. Patrizia Restani

The group of Professor Dr. Patrizia Restani, Food 
Chemistry and Toxicology, Department of Phar-
macological and Biomolecular Sciences, Università 
degli Studi di Milano, Milan, Italy, is involved in dif-
ferent research projects in the field of food safety, 
dietetic products and risk and benefit assessment 
of food supplements. Among the analytical tech-
niques employed, chromatography is used for the 
characterization of food (supplements) and the 
identification of adulterants present in these prod-
ucts. HPTLC is often used in the laboratory thanks 
to its flexibility, reproducibility and time saving. The 
following method was developed during the PhD 
study of Francesca Colombo, guided by Prof. Dr. 
Restani, and with the collaboration of Dr. Biella and 
Dr. Di Lorenzo.

Introduction
Adulteration and fraud are quite common problems 
in commercial food supplements (FS). Among the 
illicit compounds present in FS, steroid hormones 
(e.g., androstenedione, nandrolone, stanozolol, 
testosterone and testosterone enanthate) are often 
added to supplements for athletes to enhance 
their physical performances. The quality and safety 
control of these products cannot be easily carried 
out due to the large number of FS on the market 
and especially considering that these molecules 
are masked by the complex matrix. Thus, HPTLC 
is usually applied for the preliminary identification 
of adulterations of FS with conventional drugs. [1] 

HPTLC is often the best analytical technique 
for screening a large number of samples cha-
racterized by a complex matrix, as in the case 
of adulteration and fraud. HPTLC is simple, 
flexible, relatively inexpensive and a useful 
analytical tool for laboratories involved in food 
control to screen several classes of adulterants. 
The use of more expensive and sensitive tech-
niques, such as HPLC coupled to different de-
tectors, can be limited only to the positive sam-
ples, allowing a wider control of the market.

Standard solutions
Methanolic solutions of testosterone (T), andros-
tenedione (A), dehydroepiandrosterone (D), meth-
androstenolone (M), nandrolone (N), stanozolol (S) 
and testosterone enanthate (TE) of 1 mg/mL each

Sample preparation
A representative quantity of the FS was ground and 
mixed, and 0.2 g of the resulting powder was added 
to 10 mL methanol. The solution was stirred with 
a magnetic bar for 15 min, filtered (0.45 µm) and 
concentrated to 1 mL under a stream of nitrogen. 

Chromatogram layer
HPTLC plates silica gel 60 F254 (Merck), 20 × 10 cm

Sample application
Linomat 5, 15 tracks, band length 8.0 mm, distance 
from left edge 20.0 mm, distance from lower edge 
8.0 mm, application volume 5 µL for sample solu-
tions and 15 µL for standard solutions

Chromatography
In the Twin Trough Chamber 20 × 10 cm with 
chamber saturation (with filter paper) for 20 min, 
with chloroform – acetone 17:3 to the migration 
distance of 80 mm (from the lower edge), followed 
by drying for 15 min

Documentation 
With the TLC Visualizer at UV 254 nm before deri-
vatization as well as at UV 366 nm and white light 
illumination after derivatization
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Post-chromatographic derivatization
By spraying with 5 % ethanolic sulphuric acid, drying and 
heating at 110 °C until colored zones appear

Results and discussion
A representative screening quickly determined the presence 
or absence of forbidden hormones in four different FS under 
control. The samples FS1 and FS3 showed a zone at hRF 34. 
This hRF correspond to nandrolone and methandrostenolone 
standards; however, the band in samples characterized by 
hRF 34 was tentatively assigned to methandrostenolone,  
thanks to its characteristic red coloration at 366 nm (the  
green band along with the reference standard could be a 
methandrostenolone-derived compound). This compound is 
included in the list of doping substances and is forbidden in 
FS. Only the positive samples were confirmed by subsequent 
HPLC-MS. Although it is difficult to estimate the share of 
adulterated samples present on the market, in the seized 
samples analyzed in this study, about 20 % resulted positive 
for steroid hormones. The repeatability was evaluated using 
the same standard solutions on three different days and com-
paring the hRF values obtained. On plates from three days, 
the deviation of hRF values was ± 1.2 % and confirmed the 
repeatability of the separation. The limit of detection (LOD) 
was evaluated applying decreasing volumes of the hormone 
standard solutions on the plate. Evaluation at UV 366 nm 
showed the best detectability for visual inspection. Resulting 
LODs were in the range of 6 to 9 ng/band or µg/g. This simple 
HPTLC method showed a good performance suited for fast 
detection of steroid hormones as adulterants in FS.

[1] Rocha T. et al. Compr Rev Food Sci Food Saf 15 (2016) 43–62
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HPTLC chromatograms at UV 254 nm (A), after 
derivatization at UV 366 nm (B) and white light 
illumination (C) of hormone standards and four FS 
(zones at hRF 34 marked)


