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ABSTRACT

Organic and non-organic ground beef samples were extracted and analyzed for steroids using the HALO 90 A C18
column. A panel of steroids, which consisted of a mixture of growth promotors and those used for therapeutic purposes,
was screened for in two different samples of ground beef, an organic (OGB) and a non-organic brand (NOGB). The
steroid panel consisted of Estradiol 1783, testosterone, progesterone, zeranol, melengestrol acetate (MGA), Aldosterone,
corticosterone, and 17 A-methyltestosterone. The steroids were separated, detected and quantitated with only
progesterone detected in both beef samples, with levels of 60 ng/mL for the OGB and 381ng/mL for the NOGB. The
HALO 90 A C18 column proved to be an ideal solution for the separation of steroids in beef samples.

INTRODUCTION

Steroid hormones are lipophilic, naturally occurring, small
molecule compounds, which regulate many essential
functions in the human body. Increased exposure to

high levels of steroids, however, has been linked to
cardiovascular system damage and cancer.” This is an area
of concern, as synthetic hormones and steroids have found
application in the food industry, and many animals that

are in the food chain have been exposed to high levels of
steroids during their lifetime.

For over fifty years, the Food and Drug Administration
(FDA) has approved the use of a number of steroids in
beef cattle, including natural estrogen, progesterone,
testosterone, and their synthetic versions such as
trenbolone acetate (TBA).™ The function of these drugs
is to increase growth rate and the efficiency by which the
animals convert the feed they eat into muscle/meat. The
drugs are usually administered as implants (dosing of 100-
200 days), which are placed under the skin on the back side
of the animal’s ear. The implants dissolve slowly under the
skin and are not removed.?? Although cooking the meat
does have some effect on the stability of the steroids in
beef, it does not eliminate the exposure, as many steroids
are stable at elevated temperatures.®
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The acceptable levels of steroids in beef are a mixture of
complex and highly contested political issues, particularly
by the United States and Canada, which are two of the
highest beef exporting countries in the world.”® The

FDA regulation for acceptable levels of steroids in beef is
ambiguous, and focuses mainly on trace residues affecting
human life after consumption of the beef.2”'® The EU has
adopted more stringent guidelines, and in 1981, prohibited
the use of growth producing hormones in their beef
supply.”'® Examples for these kinds of growth promoters
are estradiol 1783, testosterone, progesterone, zeranol,
TBA and melengestrol acetate (MGA). This resulted in
millions of pounds of beef from the United States and
Canada banned from the EU marketplace.3*”'% This

was challenged by the United States and Canada and
ultimately reversed. However, the EU later mandated a
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new assessment of the risks to human health from hormone
residues in bovine meat, and adopted directive 2003/74/EC,
which specifically targets both domestic and imported meat
and meat products treated with hormones used for growth
promotion. #”1% This allows the EU to prohibit imported
food which is deemed unsafe for public consumption,
however it focuses mainly on estradiol 1703, TBA, and
MGA.? Progesterone and testosterone, as naturally
occurring hormones, are often times not considered as
toxic as their synthetic counterparts, however in the case

of progesterone, high levels of exposure can present many
health risks.""

Progesterone is a naturally occurring hormone, but

can also be administered as part of a growth hormone
treatment implant.”? Progesterone has been linked to a
variety of diseases, including breast cancer, particularly in
postmenopausal women, problems with metabolism, the
central nervous system, and the respiratory system.
Progesterone is not carcinogenic, however does affect
endocrine activity with steroid hormone receptor
interactions, and can increase tumor activity in endocrine
tissues, particularly in ovarian tissue.""” The DHHS/National
Toxicology Program concluded that under increased levels
of exposure, steroidal hormones, including progesterone,
do display carcinogenic activity.”” Therefore, increased
levels of exposure to progesterone, and sex steroids in
general, is of rising concern.™

Reliable beef analysis is critical for the detection and
quantification of steroids in beef, as increased exposure
to steroids has triggered many negative health effects.' "
Here we present the HALO 90 A C18 column for the
analysis of steroids in beef.

EXPERIMENTAL

A Shimadzu LCMS-8040 triple quadrupole mass
spectrometer was coupled to a Shimadzu Nexera X2
(Shimadzu Scientific Instruments, USA). Steroid standards
were obtained from MilliporeSigma (St. Louis, MO), and
Cerilliant (Round Rock, Texas). Methanol (LC-MS grade),
Acetonitrile (HPLC grade), acetic acid, and ammonium
formate were purchased from Millipore Sigma (Burlington,
MA). Nanopure water was used. Supel QuE Acetate
QuEChERS salt was obtained from Supelco (Bellefonte, PA).
A reversed phase superficially porous particle column from
Advanced Materials Technology, Inc. (Wilmington, DE) was
used; HALO 90 A C18, 2.7 micron (um), 2.1 x 100 mm.

Two ground beef samples were procured from the local
market, one sample was organic (OGB) and the other was
non organic (NOGB).

The steroid panel consisted of Estradiol 1783, testosterone,
progesterone, zeranol, melengestrol acetate (MGA),
Aldosterone, corticosterone, and 17 A-methyltestosterone.
TBA was not able to be acquired by the lab due to DEA
licensing requirements.
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SAMPLE PREPARATION

A modified QUEChERS method was used for the extraction
of the meat samples. 1.8 grams of OGB and NOGB were
vortexed for 2 minutes with 5 mL of ACN, then mixed with
6 grams of Supel QuE Acetate QUEChERS salt, vortexed
for 2 minutes then centrifuged at 3500 g for 10 minutes.
The ACN level was then filtered via SPE and, following
evaporation down to a volume of 5 L, reconstituted with
MEOH to a volume of 100 pL.

Gradient and Mobile Phase

Analytical Column: HALO 90 A C18, 2.7 um, 2.1 x 100 mm
Part Number: 92812-602

Mobile Phase A: Water, 5 mM Ammonium Formate, 0.1 %
Formic Acid, pH 4.0

Mobile Phase B: Methanol

Flow Rate: 0.3 mL/min

Pressure: 190 bar

Temperature: 50 °C

Injection Volume: 2.0pL

Sample Solvent: 45/55/ MEOH/H20

Detection: +ESI/ -ESI MS/MS

LC System: Shimadzu Nexera X2

ESI LCMS system: Shimadzu LCMS-8040

Gradient:
TIME %B
0.0 0
2.0 14
3.0 60
35 60

8 100
10 100
1050 O
1250 Stop

MS Source Conditions:
Spray Voltage: 3.0 kV
Nebulizing gas: 2 L/min
Drying gas: 15 L/min
DL temp: 250 °C

Heat Block: 400 °C



RESULTS
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Figure 1. Steroid standards of 10 ng/ml run on HALO® C18

In Figure 1, a standard panel of steroids is run on the
HALO 90 A C18, showing a highly resolved separation of
all compounds. The panel consisted of common growth
promotors and those used for therapeutic purposes, and
was chosen to represent the most common steroids that
can be expected to be found in beef, through therapeutic
or growth promotion utilization. The panel was screened
in two different samples of ground beef, an organic and

a non-organic brand. The steroids consisted of Estradiol
1703, testosterone, progesterone, zeranol, melengestrol
acetate (MGA), Aldosterone, corticosterone, and 17
A-methyltestosterone.

Peak# Compound Transition RT (Min)
1 ALDOSTERONE 361.0000>343.1000 1.154
2 CORTICOSTERONE 347.6000>109.0000 1.965
3 ZERANOL 321.0000>277.0000 2.355
4 MGA 395.0000> 325.1000 3.100
5 TESTOSTERONE 289.0000>109.0000 3.366
6 17A-METHYLTESTOSTERONE 303.1000>97.0000 3.839
7 PROGESTERONE 315.0000>109.1000 5.085
8 ESTRADIOL 178 272.4000>159.1000 7.501

This high-speed separation was achieved in under 8
minutes with high sensitivity at a concentration of 10 ng/mL
for meat standards.
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Limit of Quantitation

Beef is a very challenging matrix to work with due to

the challenges it presents for ionization. Salts, lipids

and various components can often suppress ionization;
therefore, a successful extraction procedure is paramount
to success. In order to determine the effect of the matrix
on ionization and determine a rudimentary level of
quantitation, both the OGB and the NOGB were spiked
with the standards. Figure 2, shows the spiked standards
in the OGB sample, in which a level of quantitation was
determined down to 1ng/mL.
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Figure 2. Spiked standard mix in OGB at a level of 1 ng/mL.

In Figure 3, this LOQ was determined by performing a
calibration curve in which all compounds in the spiked
sample could be reliably quantitated.
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Figure 3. LOQ for steroid mixture of 8 steroids in the spiked
OGB sample.



Beef Samples

Once the LOQ had been established for the instrument
and QUEChERS extraction, the ground beef samples

were extracted. After extraction, both OGB and NOGB
samples were analyzed. The samples were screened for
the compounds in the standard mix, however; the only
detectable steroid in both beef samples was progesterone
as shown in (Figure 4) for the OGB and (Figure 5) for the
NOGB.
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Figure 4. Progesterone detected in OGB at 60 ng/mL
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Figure 5. Progesterone in NOGB at 381 ng/mL
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A calibration curve (Figure 6) was prepared to determine
the levels of progesterone in the samples and it was
determined that the OGB contained 60 ng/mL of
progesterone, while the NOGB contained 381 ng/mL of
progesterone. This level is more than éx the amount found
in the OGB, and although progesterone is a naturally
occurring steroid found in cattle, this high level is reason for
concern. Progesterone has major effects on various bodily
systems, and increased research has shown a potential link
to exposure of excessively high levels of sex hormones to
cancer.>"

Figure 6. Calibration curve for progesterone

CONCLUSION

The HALO 90 A C18 column separated steroids in
both meat standards and beef with high resolution
and high speed, proving to be an ideal choice for
this analysis. Despite the challenges presented
from beef analysis, particularly the matrix effects,
the HALO 90 A C18 provided the high efficiency
and robust performance needed for difficult
matrix analysis. Increased exposure to high

levels of progesterone, and other sex hormones,
has been linked to breast cancer, and actually
accelerate tumor growth in these regions.”'

This is concerning due to the much higher levels
observed in the NOGB, and further regulation is
needed to assess and mitigate the potential risks
that this presents.
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