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An analytical study to determine prohibited anabolic residues in red meat tissue using
LC-MS/MS system
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Abstract

Hormones used for various purposes in animal breeding are not only important for animal health but also human health and
thus meat and meat products need to be checked frequently for hormone residues. As the methods of detecting hormone
residues in food samples are difficult and time-consuming, the present study was conducted with the aim of fast and practical
determination of prohibited anabolic agents in red meat using LC MS-MS system. For this purpose, the QUEChERS method,
which is widely used in pesticide and veterinary drug residue analysis was performed as below. Accordingly, (i) more polar
solvent (Acetonitrile) was used in the sample preparation step and (ii) dispersive solid-phase solution was used instead of the
solid phase extraction solution in the solution cleaning step. Furthermore, (iii) different groups were injected together in a
single injection to analyze different types of anabolic substances with LC-MS/MS in the multi-component analysis phase. After
the validation and determination of measurement uncertainty, 20 commercially available red meat tissues were analyzed, and
the findings were compared to the literature. It was concluded that the applied method was found to be fast and reliable in the

detection of prohibited anabolic agents in red meat tissue.

Keywords: anabolic agents; QuEChERS method; single injection; red meat; hormone.

Practical Application: Fast and reliable determination of prohibited anabolic agents.

1 Introduction

Anabolic substances have been used in animal husbandry
to accelerate growth, increase the meat/fat ratio or for disease
treatment and increasing milk yield (Donovan, 2015; Yiicel et al.,
2018). Anabolic agents (anabolic androgen steroids) are substances
that imitate the effects of testosterone or dihydrotestosterone,
which has a more effective form, and stimulate the development
of tissues by increasing protein synthesis in the cell (European
Union, 2016).

Many veterinary drugs that have an anabolic effect are
prohibited in the European Union. However, they can only be
used in special situations in livestock as therapeutically and
prophylactically, and also to increase the yield due to its ability
to benefit from feed (Kinsella et al., 2009; Reig & Toldra, 2008;
Stolker et al., 2007). Various national and international studies
revealed that the presence of anabolic hormones and similar
substance residues in animal-originated foods (Kadim et al.,
2010; Nazli et al., 2005; Sever et al., 2012; Shankar et al., 2010;
Yilmaz et al., 2007).

Anabolic agents given in the feeding period leave residues in
the meat when it is not completely eliminated from the animal
body and cannot be neutralized (Kicman, 2008). Meat and
meat products containing anabolic residues seriously threaten
the public health (Ledn et al., 2012; Wolk, 2017). Many studies

have drawn attention to the relationship of hormone residues in
foods with cancer-based on epidemiological studies (Brunetti &
Manfioletti, 2019; Reig & Toldr4, 2008). Hormone and anabolic
residues can cause harmful effects including hormonal activities,
nervous complications, and vascular stiffness as well as genotoxic
effects (Groner & Brown, 2017; Seo et al., 2005).

European Union published a directive (96/22/EC) about
growth-promoting substances such as hormones and p-antagonists
in 1996 and according to the report, the sale and usage of
stilbenes and its derivatives, esters and salts, and -antagonists
on animals were forbidden, and similarly, they banned all use of
thyrostatic, estrogenic, androgenic and gestagenic preparations,
except for its therapeutic use in veterinary control (European
Union, 1996, 2016).

Today, the prohibition of some anabolic agents has partially
reduced their practical applications. However, it is a necessity
to regularly control whether there are still rule-breaking
applications. National residue surveillance studies in Turkey
started in 2007 with pilot experiments on seafood and poultry
meat. In 2011, residual monitoring regulation became mandatory
and red meat products were included to the regulation in
2014 (European Union, 2002; Turkey, 2003).
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Considering the possible risks of anabolic residues to the
consumer health, it is a necessity to perform reliable tests in
feed, animals and foods of animal origin, as well as to develop
and use appropriate validated analytical methods (European
Union, 2019; Shankar et al., 2010; Zeleny et al., 2006).

In recent years, many immunological and chromatographic
research methods have been developed to identify anabolic residues
in foods. Immunological methods are ELISA (Enzyme-Linked
Immuno Sorbent Assay), Radioimmunoassay and Multiarray
biosensors. Chromatographic methods include LC-MS/MS
(Liquid chromatography coupled to tandem mass spectrometry),
HPTLC (High performance thin-layer chromatography) and
HPLC (High performance liquid chromatography) (Noppe et al.,
2008; Toldrd & Reig, 2006). Among these, LC-MS/MS (liquid
chromatography coupled to tandem mass spectrometry) analysis
method, which has sensitivity and selectivity, has been widely
used (Abafe et al., 2018; Hu et al., 2014; Kaufmann, 2009).

Today, studies with Elisa test kits are mostly preferred.
However, in order to increase the reliability of this method,
it should be verified with other methods. According to the
Directive 2002/657/EC published by the European Commission,
itis recommended to use LC-MS (liquid chromatography-mass
spectrometry) or GCMS (gas chromatography-mass spectrometry)
to verify veterinary hormone drug residue analysis (European
Union, 2002).

The well-known and classical methods used to detect the
presence of anabolic residues that are important for consumer
health in red meat and products, are difficult and time-consuming.
For this reason, faster and more practical methods are much
needed for residue monitoring programs to work more reliable.
Studies on modifications to the LC-MS/MS method, which is the
most reliable method in this respect, are found in the literature.
In these studies, it is aimed to shorten analysis times and make
them more practical by modifying the sample preparation stages
and LC-MS/MS device (Anastassiades et al., 2003; Aguilera-
Luiz et al., 2011; Shao et al., 2009; Garrido Frenich et al., 2010;
Gao et al., 2012; Kaufmann et al., 2014; Lehotay et al., 2007;
Tang et al., 2012; Zhan et al., 2012).

The QUEChERS method is defined as a fast, easy, cheap,
effective, solid and safe extraction method that allows the analysis
of high numbers of pesticides of different structures in different
matrices (Melo et al., 2020). The QuEChERS method is a highly
flexible approach that can be modified. In laboratory conditions,
modifications can be made on the existing instrumental system
according to the factors such as analyte properties and matrix
structure. (Xiong et al., 2015; Yang et al., 2015).

For instance, Lehotay et al. (2007) modified the method
using relatively strong acetate buffering conditions and their
method was approved by “AOAC Official Method 2007.01".
Anastassiades et al. (2003): preferred weaker citrate buffering
conditions and their method was approved as “Standard Method
EN 15662 by European Committee for Standardization (CEN)”.
Both approved methods are widely used in routine multiple
pesticide analysis today.

Similarly, some modifications can be made in the sample
preparation phase of banned anabolic and they can be detected

more easily and quickly with a single sample preparation.
The development of such analytical methods will ensure that
the National Residue Monitoring programs are carried out more
healthily and will be beneficial for food safety and consumer
health.

This study was carried out to obtain a more practical and
faster result for the detection of prohibited anabolic in red meat
tissue using the QUEChERS and LC-MS/MS method previously
used in the pesticide analysis.

2 Materials and methods
2.1 Material

Chemicals

Acetonitrile (ACN), methanol, formic acid, glacial acetic
acid chemicals HPLC purity was purchased from Merck
(Darmstadt, Germany). Helix pomatia enzyme was obtained
from Sigma Aldrich (St. Louis Missouri, USA). The pure water
used in the analyzes was obtained from Milli-Q Plus system
(EMD Millipore, Billerica, MA). Magnesium sulfate, sodium
chloride, Supelclean TM Primary secondary amine (PSA),
pure steroid, stilbene, zeranol and beta agonist standards, were
procured from Sigma Aldrich (St. Louis Missouri, USA) and
Dr. Ehrenstrorfer (Ausburg, Germany).

Meat samples

Organic red meat tissues used for the validation of the
modified method and 20 red meat samples used for the detection
of anabolic residues collected from the Istanbul markets created
the material of the study.

2.2 Method
Sample preparation

In the preparation step of the sample, the QUEChERS,
which is a common method usually performed in pesticide
detection was used for anabolic detection (Stubbings & Bigwood,
2009; Tripathy et al., 2019; Yang et al., 2015). Accordingly, the
samples were treated with more acetonitrile and the extracts
were cleaned by dispersive solid-phase extraction method
instead of conventional solid-phase extractions (Chiesa et al.,
2016; Fan et al,, 2014; Luo et al., 2016; Schmidt et al., 2008;
Lehotay et al., 2007; Yang et al., 2009).

Six ghomogenized meat tissue was taken in a 60 mL centrifuge
tube; after adding 10 mL of 0.2 M Acetate buffer solution and
vortexed for 1 minute. Then 100 pL of Helix pomatia enzyme
was added and incubated at 37 £ 2 °C for 17 hours. The mixture
was vortexed for 1 minute again after adding 10 mL of ACN and
4 ganhydrous MgSO, and 1ganhydrous NaAC were added and
mixed for 3 minutes, then centrifuged at 4000 rpm for 10 minutes.
The supernatant was transferred into a 15 mL centrifuge tube,
500 mg PSE and 500 mg C18 sorbents were added and after
stirring for 3 minutes centrifuged at 4000 rpm for 10 minutes
for the second time. The supernatant in a glass centrifuge was
evaporated with nitrogen till dried at 40 °C and resuspended in
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200 uL water/methanol 80/20 (v/v) and was poured into vials
(Anastassiades et al., 2003; Shao et al., 2009, Lehotay et al., 2007).

Preparation of standard solution

1000 ug/L stock standard solution was prepared in methanol
solvent for each anabolic hormone. Subsequently, all samples
were mixed with 10 pg/L intermediate stock solution and the
whole mixture was prepared in the mobile phase by diluting to
0.5, 1, 1.5,2 ug/L (Kaufmann et al., 2008).

LC-MS/MS analysis

Four different groups containing 11 anabolic agents were
injected into LC-MS/MS device with a single injection and
the pH of the mobile phase was set up to 9 with 0.1 N NH OH
(Impens et al., 2007; Rocha et al., 2019).

The chromatographic separation was carried out with a
Symmetry C18 61 2,1x160 mm column, and 66% (v/v) methanol
and water with pH 9 (adjusted with 0.1 N NH,OH) were used
as mobile phase as isocratic flow. HPLC system with a Binary
pump (Shimadzu UFLC LC-20AD model), Shimadzu auto-
injector (Auto Sampler SIL-20A HT model) and column oven
(CTO-20AC) system were preferred for the separation process.
The column temperature was set to 40 °C, the mobile phase
flow rate was 0.2 mL/min and the injection volume was 50 pL.
Applied Biosystems MDS SCIEX 4500 Q TRAP was used for
mass quantification after separation. The MS/MS detector was
set to curtain gas 20 mL/min, exit potential 10 V, ion source gas
1 and ion source gas 2 50 mL/min, ion spray voltage 5500 V
and turbo spray temperature 550 °C (Di Donna et al., 2015;
Hu et al.,, 2014; Van Bennekom et al.,, 2002; Yang et al., 2009).
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A chromatogram of the meat sample enriched with 1 pg/L was
presented in Figure 1.

Validation

The analytical method was validated according to EU Decision
2002/657/EC and SANTE/12682/2019 directives. Validation
linearity, detection and decision limit, recovery, repeatability,
reproducibility, and measurement uncertainty parameters were
evaluated (European Union, 2019; Gaugain-Juhel et al., 2009;
Moussa et al., 2020; Tripathy et al., 2019).

3 Results and discussion

At the sample preparation step, using acetonitrile in the
extraction provided an increase in the recovery yield. For the
extraction of the targeted molecule, many studies have been
reported in enzymatic reaction with Beta Glucuronidase enzyme
ata certain pH for 12-14 hours at 37 °C, as well as 1 hour at 60 °C.
In addition, there are studies using ethyl acetate in the phase of
drawing analytes into organic phase after the enzymatic reaction
there are also studies extracting with methanol (Blasco et al.,
2007; Lehotay et al., 2007; Marchand et al., 2000; Souza et al.,
2016; Stolker et al., 2008).

In the sample cleaning step, the usage of dispersive solid-
phase extraction instead of solid-phase extraction lowered the
duration of sample preparation protocol by reducing solvent
amount. At this stage, solid phase extraction methods containing
different types of filling materials are used. While some studies
were performed using a single solid phase, some studies used
two or even three SPE. (Anastassiades et al., 2003; Shao et al.,
2009; Blasco et al., 2007; Seo et al., 2005). Filling materials
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Figure 1. Chromatogram of meat sample enriched with 1 pg/kg.
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containing HLB, C18, NH,, activated carbon and molecular
Imprinted polymer are commonly used (Kootstra et al., 2005;
Zheng et al., 2014).

The development of a single injection method for prohibited
anabolic substances injected separately under different conditions,
resulted in shortening overall method duration (Aguilera-
Luiz et al., 2008; Rocha et al., 2019; Turnipseed et al., 2008;
Zhang et al., 2015). Changing the pH value of the mobile phase
(pH 9) facilitated their analysis especially by increasing the
sensitivity of the stilbene groups, and high abundances were
obtained from the low-abundance molecules and the method
reached to the desired performance limits (Impens et al., 2007).

In the validation studies, there were no interfering substances
on 10 organic red meat samples for the selectivity of the method
(Gaugain-Juhel et al., 2009; Tripathy et al., 2019). Validation
data were given in Table 1.

In our study, the correlation factors for linearity were
examined with the curves plotted in the range of 0.5-1-1.5-2 ug/L
at 4 different concentrations. The linear measurement range for
all samples showed a proportional increase with the changing
concentrations, and the correlation values were found to be
greater than 0.99 (Table 1). These results were appropriately
evaluated within the acceptance limits of the directive (European
Union, 2002).

Lépez-Garcia et al. (2018), reported that the linearity was in
the range of 1 to 50 pg/kg for most of the target compounds in the
three matrices. Correlation values were found to be higher than
0.99 for all compounds. Relative uncertainty values (RSD) were
determined below 20% for all compounds by analyzing 5 control
samples specific to each meat type. In our study, similar results
were obtained in terms of relative uncertainty values (RSD)
and correlation values of linearity in the range of 0.5 to 2.0 pg/
kg (Table 1). However, the application of the linearity studies
at the lower concentrations (0.5 pg/kg) is of great importance
for the reliability of the results.

Table 1. Mean Values of Method Validation Parameters.

In a related study performed by Kaufmann et al. (2008), the
correlation coefficients for linearity were found to be greater
than 0.99, and the acquisition of these values was related to the
preparation of standards using the internal standard method.
Similarly, in another study conducted by Shao et al. (2009),
50 hormones were investigated, and the correlation coeflicients
were found to be higher than 0.99.

European Commission Decision, 2002/657/EC, implementing
Council Directive 96/23/EC, the acceptance criteria for accuracy
and repeatability are reported between 70-120% and Repeatability
Relative Standard Deviation (RSD) is less than 20% (European
Union, 2002). In our study, the standard deviation (RSD) as
relative to the accuracy of the method validation was found to
be 1-16% and the recovery was 100-115%.

In a study conducted by Luo et al. (2016), 16 hormones were
analyzed together and the RSD% ranged between 1-8% and the
recovery was between 81.9-97.9% in the validation. In another
study by Yang et al. (2015) for the determination of 26 endocrine
chemicals in fish and water, the modified QuEChERS method
combined with solid phase extraction and UHPLC-MS/MS was
used and recovery was achieved between 69.1% and 120.5%.

The results obtained in our study were found to be in
agreement with the information provided by the directive and
the above-mentioned literature but were considered higher than
those of some studies were.

In our study, the decision limit (CCa) was found to be
0.5 pg/kg and the detection capability (CCp) was 0.6 pg/kg
(Table 1). These values determined by the validated method
and obtained from 20 replicate studies for each anabolic were
found to be superior to some studies comparing to the literature
(Seo et al., 2005; Schmidt et al., 2008; Kootstra et al., 2005).

In a study conducted by Chiesa et al. (2016), skim milk
samples were extracted with an organic solvent and subjected
to anabolic analysis on LC-MS/MS after passing through

Precursor ion,  Fragment ions,

Precision

Precision Recovery (%)

Analyte (m/z) (m/z) (RSD1%, n=18) (RSDwR%,n=18)  (n=18) LOQ (ug/ke) v
17-alfa ethnylestradiol 279,3 133, 158.6 12 16 85 1.0 0.997
17- alfa-estradiol 255 159, 133 10 15 98 1.0 0.998
17-beta estradiol 255 159,133 10 15 98 1.0 0.998
diethylstilbesterol 269,5 135,107 16 15 88 1.0 0.995
hexestrol (-) 269.1 133,5,119 10 17 9 1.0 0.994
progesterone 316 109,97 16 11 101 1.0 0.993
17-beta-testesterone 290 97,109 9 9 106 1.0 0.996
trenbelone 321,5 303 12 10 110 1.0 0.998
alfa zearalanol 323,6 305,287 12 15 86 1.0 0.995
alfa zearalenol (-)319.3 159,13 11 16 91 1.0 0.991
beta zearalanol 323,6 305,287 10 13 95 1.0 0.997
beta zearalenol (-) 319.3 159,13 11 14 105 1.0 0.994
zearalenone 321 303,189 16 18 86 1.0 0.998

Note: linearity studies were conducted ranged in four different concentration (0.5-1.0-1.5-2.0 pg/kg). The highest/lowest values in validation parameters were presented in table. The
validation parameters were studied in 3 different concentrations with 6 duplicates. (RSDr: Repeatability relative standard deviation, LOQ: Limit of quantitation and r2: Correlation efficiency)
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immunoaffinity columns. This method was validated according to
the requirements 0£ 2002/657/EC, and CCa and CCp values are
found to be as 0.46-0.99 pg/kg and 1.06-2.56 ug/kg, respectively.

The study of Chiesa et al. (2016) covers the method study for
the detection of corticosteroid and anabolic steroids in the milk
given calves. In this study, the milk was defatted and extracted
with an organic solvent, then passed through the immunoaffinity
columns and analyzed in LC-MS/MS. The method was validated
according to 2002/657/EC requirements and CCa and CCp values
were found to be 0.46-0.99 ug/kg, 2.56-1.06 ug/kg, respectively.

In the study conducted by Moussa et al. (2020) with the
LC-MS/MS method for hormone detection in cattle matrices
and They were determined the decision limit (CCa) value is
between 0.13-0.86 ug/kg and the detection capability (CCp)
value is between 0.25-1.72 pg/kg for the majority of analytes.

In another study by Kootstra et al. (2005), molecularly
imprinted polymers were used as solid phase extraction in
an LC-MS/MS method developed for anabolic assay and the
detection limit was calculated to be 1 pg/kg.

Likewise, Shao et al. (2009), in the LC-MS/MS method
developed for the analysis of 11 prohibited anabolic agents, the
samples were cleaned in the solid-phase extraction columns
filled with Oasis HLB, silica and aminopropyl, and injected
into the system, and the validation detection limit was found
to be 1 pg/kg.

In a procedure developed for prohibited steroids in bovine,
pig and poultry meats, after the samples were enzymatically
broke down, cleaned on C18 and NH, SPE columns and injected
into LC-MS/MS; the lowest detection value was calculated
as 0.5 pg/kg in validation (Blasco et al.,2011).

The findings obtained in these studies were close to or
higher than those of our study. It was concluded that the more
appropriate findings obtained in our study were shaped by
increasing the sensitivity of the device and using the dispersive
SPE phase.

The measurement uncertainty results of the validated method
were given in Table 2. Accordingly, it was determined that while

Table 2. Mean Values of Measurement Uncertainty (n=20).

the sum of the uncertainties from the standard preparation steps
was as 0.084%, the uncertainty components from the sample
preparation were 0.063%. The sum of the uncertainties from
the standard and sample preparation, the instrument stages,
the recovery, repeatability, and reproducibility parameters were
found to be 11-17%.

Extended uncertainty values for measurement uncertainty
were determined to be between 21-27% and these values were
accepted as suitable because they were acceptable up to 50%
for the residues. In addition, as the limits of detection were
reported at 10 pg/kg, it was considered as a good result that
the uncertainty was below 30% at 1 pg/kg (European Union,
2010). 20 red meat samples obtained from Istanbul markets
were analyzed with modified and validated LC-MS/MS method
after determination of measurement uncertainty. As a result,
1.1-6.7 pg/kg of testosterone was found in 6 samples and
0.90-4.3 ug/kg of DES was found in 4 samples. Zeranol and its
metabolites and beta agonist residues were not detected in any
of the samples analyzed.

In Turkey, some studies using ELISA method for the
detection of anabolic agents in meat and products are available.
Nazli et al. (2005), studied on 30 meat and 30 meat products
sold in the Istanbul region; while all samples found to be
contained zeranol; 80% of all samples had trenbolone and 35%
had diethylstilbestrol. Yilmaz et al. (2007) reported a study on
155 beef samples, zeranol was detected in 18 samples, testosterone
in 6 samples, trenbolone acetate in 7 samples, DES in 1 sample
and 17B-estradiol in 22 samples.

Mor et al. (2011) investigated the presence of zeranol and
trenbolone in the liver, kidney and meat samples of cattle bred
in Burdur region. In total 30 meat samples examined, zeranol
was detected as 100-150 pg/kg in 4 samples, 151-200 pg/kg in
5 samples, 201-500 pg/kg in 2 samples; on the other hand trenbolone
was detected as 50-100 pg/kg in 30 samples, 100-150 pg/kg in
21 samples and 151-200 pg/kg in 6 samples.

Sever et al. (2012) reported that the presence of Beta Estradiol
in 4 samples, diethylstilbestrol in 4 samples, and zeranol in
8 samples of 16 beef samples in Erzurum region. Similarly,

. Std. Sample . Expanded

Anabolic agent Preparation Prepargtion Uco Sr RSDr RSDV10 Uncertainty Un. ci rtainty
Clenbuterol 8,30E-02 6,30E-02 9,02E-06 6,70E-04 2,78E-02 9,93E-03 11 22
Dienestrol 8,30E-02 6,30E-02 9,25E-07 2,20E-04 1,36E-02 1,41E-02 11 21
Diethylstilbestrol 8,30E-02 6,30E-02 9,51E-06 6,90E-04 2,80E-02 1,01E-02 11 22
Hexestrol 8,30E-02 6,30E-02 1,20E-05 7,80E-04 1,56E-02 2,35E-02 11 22
Mapenterol 8,30E-02 6,30E-02 2,06E-05 1,01E-03 3,19E-02 9,78E-03 11 22
Progesterone 8,30E-02 6,30E-02 4,04E-02 4,16E-02 4,00E-09 1,87E-02 12 24
Salbutamol 8,30E-02 6,30E-02 9,84E-02 7,81E-02 8,00E-08 2,45E-02 17 33
Testosterone 8,30E-02 6,30E-02 4,08E-02 2,85E-02 4,00E-09 6,98E-03 12 23
Trenbelone 8,30E-02 6,30E-02 4,36E-02 7,64E-02 3,00E-09 6,49E-03 14 27
Zearalanone 8,30E-02 6,30E-02 4,32E-02 3,96E-02 2,00E-08 9,69E-03 12 24
Zearalenone 8,30E-02 6,30E-02 3,94E-02 2,93E-02 3,00E-08 6,99E-03 12 23

Note: Std: Standart, Uco: Measurement uncertainty, Sr: Repeatibilty limit value, RSDr: Repeatibility relative standart devitiation, RSDV10: Relative standart devitiation
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Yiicel et al. (2018) examined 80 beef samples by ELISA from Van,
Turkey and were detected trenbolone in 37 (46.25%), zeranol in
34 (42.5%), testosterone in 22 (27.5%) and DES in 11 (13.75%).

Due to the difficulties of confirmation and the possibility of
finding false detected substitute of ELISA method, it is possible
that some of the published studies might find prohibited agents in
the samples on the market. When more selective in situ analysis
such as LC-MS/MS performed, it will be seen that the frequency
of detection of prohibited hormones is lower than expected.

In analyzes made with real samples of our study, the detection
of testosterone in some samples might be considered normal in
terms of the age and sex of the animals. However, the presence
of DES in the samples indicated the presence of illegal practices
and therefore could cause public health risks.

4 Conclusion

According to the data reported above, the applications in
our study were sum up as using of acetonitrile in the sample
extraction process, using of dispersive solid phase instead of
the classical solid phase in the sample cleaning process, as well
as introducing different sample groups into the system with a
single injection. Accordingly, LC-MS/MS method, which was
validated, and calculated measurement uncertainty was found
to be practical and give reliable results in anabolic detection in
ashorter time. For this reason, it was concluded that the present
method could be used safely in the detection of prohibited
anabolic substances in meat and related products.

On the other hand, while the unit cost of the classical method
analysis was $ 30, the cost of the developed method was calculated
as $ 15. In terms of analysis time, while 20 samples could be
studied in the classical method almost in two days, the sample
number reached 50 with the new method for the same period.
For this reason, it could be mentioned that this method was found
to be less costly and faster than those of the classical methods.
In this study, a specific, sensitive, and reliable single injection
multiple residue LC-MS/MS method was used to simultaneously
identifies and measures 11 natural/synthetic anabolic substances
in red meat tissue. The data exhibited satisfactory, sensitivity
and accuracy according to the criteria set by European Union
regulations (EC). The analytical method in this study, showed
that it met the required sensitivity of 1-10 pg/kg set by the
National Reference Laboratories. All calculated CCa and CCP
values were considerably lower than these levels. Therefore, it
was considered that the present method could be useful for
official residue control analysis. It is important to conducted
analytical studies that will make it possible to identify prohibited
anabolic agents with a single sample preparation more easily,
quickly and cheaply. In this way, National Residue Monitoring
programs will be carried out more healthily and thus food safety
and consumer health will be protected.

5 Highlights

The single injection multiple residue LC-MS/MS method
was used to simultaneously determination of prohibited anabolic
agents in red meat.

The present study provided more reliable results comparing to
the similar studies conducted with different techniques in Turkey.

A quick, less costly and more reliable method for determination
of anabolic agents in red meat tissue was successfully performed.
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