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*e demand for nutritious food, especially food of animal origin, is globally increasing due to escalating population growth and a
dietary shift to animal source food. In order to fulfill the requirements, producers are using veterinary drugs such as hormones and
hormone-like anabolic agents. Hormones such as steroidal (estrogens, gestagens, and androgens), nonsteroidal, semisynthetic,
and synthetic or designer drugs are all growth-promoting and body-partitioning agents. Hence, in food animal production
practice, farm owners use these chemicals to improve body weight gain, increase feed conversion efficiency, and productivity.
However, the use of these hormones and hormonal growth-promoting agents eventually ends up with the occurrence of residues
in the animal-originated food. *e incidence of hormone residues in such types of food and food products beyond the tolerance
acts as a risk factor for the occurrence of potential public health problems. Currently, different international and national
regulatory bodies have placed requirements and legislative frameworks, which enable them to implement residue monitoring test
endeavors that safeguard the public and facilitate the trading activity. Tomake the tests on the animal-origin foodmatrix, there are
different sample extraction techniques such as accelerated solvent extraction, supercritical fluid extraction, solid phase extraction,
solid-phase microextraction, and hollow-fiber liquid-phase microextraction. After sample preparation steps, the analytes of
interest can be assayed by screening and confirmatory methods of analysis. For screening, immunological tests such as ELISA and
radioimmunoassay are used. Detection and determination of the specific residues will be done by chromatographic or in-
strumental analysis. Mainly, among high-performance liquid chromatography, liquid chromatography with mass spectrometry
(LC-MS, LC-MS/MS), and gas chromatography with mass spectrometry (GC-MS and GC-MS/MS) methods, LC-MS/MS is being
preferred because of easier sample preparation without a derivatization step and high detection and quantification capacity.

1. Introduction

*e world has made significant progress in raising food
consumption per person. In the last three and a half decades,
it increased from an average of 2370 kcal/person/day to
2772 kcal/person/day (from 1970 to 2005/2007). It was
2860 kcal/person/day in 2015 and will be projected to 2960
and 3070 kcal/person/day by 2030 and 2050, respectively.
Herewith, the most interesting point is all the food con-
sumption growth have been accompanied by changes in
composition and diets being shifted more towards primary

livestock products. From food of animal origin, meat andmilk
together currently provide 22% of the total calories in the
developing countries, up from 13% in the early 1970s [1–3].

Moreover, the world food economy is being increasingly
driven by the demand shift of diets and food consumption
patterns towards livestock products, which are associated
with population growth, urbanization, and increasing in-
comes in the developing countries [3–5]. Because of this, a
variety of animal species, including cattle, sheep, goats, birds,
pigs, and fish, are kept for providing animal-origin protein-
rich food and other nutritional requirements for the human
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population. *ese foods are obtained from financial ex-
ploitations in which the animals’ health must be guaranteed,
thereby ensuring that food is harmless [6].

In order to maintain the well-being of animals and to
improve the rate of weight gain and feed efficiency, as well as
profit of the agribusiness, producers treat these animals with
veterinary medicinal products (VMPs). *ese VMPs in-
cluding antibiotics, hormones, and hormone-like anabolics
are used for growth promotion, increasing weight-gain/meat
yield and disease control in livestock production [7, 8], and
such treatments can result in residues of the active ingre-
dients, or their metabolites, entering the human food chain.
Much higher residue levels may appear in the edible animal
products when used unintentionally in overdoses or due to
noncompliance with withdrawal periods [9, 10]. Never-
theless, in several countries, the safety of animal origin food
has mainly been focused on avoiding the transmission of
zoonotic diseases, less attention thus being paid to poten-
tially present chemical residues, perhaps due to the course of
the resulting disease [6].

However, concerns regarding the safety of livestock
products and the prevalence of public health hazards have
grown according to the increased use of hormones and
hormonal anabolic substances [7].*ese substances could be
steroid hormones and nonsteroidal products and synthetic
chemicals which mimic hormone functions and are known
for their interference on the function of the endocrine
system. In addition to endocrine disturbances, hormones
such as estrogen are known for their carcinogenicity and
genotoxic potential, and others such as diethylstilbestrol are
reported to have mutagenic, carcinogenic, immunotoxic,
and teratogenic properties [11, 12].

In recent years, an increase in education and consumer
awareness has increased the demand for safe and healthy
food and the need to know the foods they are eating are
healthy and harmless. In addition, for this, objective in-
formation has to be presented. Hence, in order to assure the
food is free from unwanted chemical residues such as
hormones or to confirm that the residues are within the
maximum limits of tolerance, standard analytical methods
for detection and quantification are required [13]. Ac-
cordingly, continuous development of new and state-of-the-
art multisample preparation techniques and residue detec-
tion and quantification methods become essentials [14].

*erefore, the main objectives of this article are to review
about hormones and hormonal anabolic residues in in food
of animal origin (milk and meat), to highlight on the po-
tential public health impacts, and to summarize the latest
and practically applicable methods for the detection and
quantification of hormones and hormonal growth-promoter
residues in animal-originated food matrixes.

2. Hormones andHormonal Anabolic Products’
Use and Residues

2.1. General Introduction. Hormones are endogenous bio-
chemical messengers, which are produced in one kind of
tissue to be released through the bloodstream and trans-
ported to their target organs to gradually stimulate, inhibit,

or coordinate some physiological activities in a different
tissue over a certain period of time [15, 16]. Hormones can
be grouped as steroidal and nonsteroidal (protein hor-
mones) and β-agonists (clenbuterol, cimaterol, ractopamine,
salbutamol, and zilpaterol), and the steroidal hormones are
further subgrouped as anabolic steroids and corticosteroids.
*erefore, steroid hormones contain both the EGAs (es-
trogens, androgens, and gestagens), which are also known as
the sex hormones or anabolic steroids, as well as the cor-
ticosteroids (Table 1) [27–29].

2.2. Hormonal Anabolics in Animal Production Practice Use
and Residues. In general, hormone and hormonal anabolic
substances are used in food animal production practice
mainly because of their capacity to increase weight gain and
to reduce the average feed intake in relation to the weight
gain. *e synergetic effects and ability to enhance nitrogen
retention capacity and building up proteins are also reported
in [30]. In addition, the synergistic effect of corticosteroids
when combined with anabolic steroids or β-agonists has
been described in [31].

Within the European Union, the use of hormones and
other anabolic compounds for the purpose of fattening,
production boosting, and growth promotion in farmed
animals is completely banned, and residues are monitored
[25]. However, it is allowed to use certain hormones for
therapeutic and reproductive purposes under regulated
conditions by authorized veterinarians. In such cases, the
professionals are allowed on a transitional basis and under
strict veterinary control to use 17-beta estradiol, testoster-
one, and progesterone and its derivatives for the treatment of
gynecological disorders such as fetal maceration/mummi-
fication, pyometra in cattle, and estrus induction in cattle,
horses, sheep, and goats (Table 2) [17, 25, 27].

2.2.1. Use in Fattening and Milk Production and Residues in
the Products. *ere are exceptions and paradoxical practice
worldwide regarding the use of hormones for fattening and
milk production boosting purposes. For instance, in the US,
estradiol is used in the form of silicone rubber implant which
contains 25.7 or 43.9 milligrams (mg) of estradiol being
coated with not less than 0.5mg oxytetracycline powder. It is
used to increase the rate of weight gain in suckling and
pastured growing steers; for improved feed efficiency and
increased rate of weight gain in confined steers and heifers at
the dose of 25.7mg implant for less than 200 days or 43.9mg
implant for every 400 days [18].

Besides, synthetic hormonal anabolic substances such as
DES, hexestrol, and ethinylestradiol are still offered on the
illegal market for body weight gaining purposes in animal
fattening practice. Practically, these compounds are used as
ear implants (released over a certain period), injectable (high
concentrations in injection sites). Estradiol is used as a
growth promoter in cattle and may produce two-fold to
several ten-fold increases in the muscle tissue of treated
animals [34].

From the xenobiotic hormonal anabolic products, with
estrogenic effects, zeranol is used in beef cattle and sheep to
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increase the rate of weight gain, feed efficiency, and high-
quality carcass (Table 1). In case of beef cattle production, it
is used at the dose of 36mg (one implant consisting of 3
pellets, each having 12mg dose zeranol as an API). *is
implant dose is indicated to increase the rate of weight gain
and improve feed conversion in weaned beef calves,
growing beef cattle, feedlot steers, and feedlot heifers. In
cattle, it will be discharged 65 days after implant with a
residual effect of ≤2 ppb (µg/kg) in all organs and tissues
(Table 2) [18, 19].

It can also be possible to mention the existence of
possible practical use of other hormonal anabolics called
“designer drugs.” *ese are all kinds of new drugs but with
structural analogue variations of the “old” forms. Some of
the renowned examples of “designer drugs,” which have
similarities with steroid structures, are norbolethone, tet-
rahydrogestrinone (THG), and desoxymethyltestosterone
(DMT) [35]. Vincent et al. [21] also reported the illegal use of
medroxyprogesterone acetate (MPA) in swine production,
which is also a “designer” drug.

However, gestagens are frequently employed as esters
(melengestrol acetate (MLGA) or medroxyprogesterone
acetate (MPA)), either alone or in combination with
estrogens [16]. Melengestrol, as a synthetic progestogen,
is administered orally as a feed additive to improve feed
efficiency. *e approved feeding doses are in a range of
0.25 ∼ 0.50 mg/heifer per day during the fattening and
finishing periods. Its activity is revealed via a high affinity
for progesterone receptors as well as increases in pro-
lactin secretion and the activation of estrogen receptors
[36].

Well-known examples of androgens used in animal
fattening are testosterone propionate in combination with

estradiol benzoate or androgen-like xenobiotic such as 19-
nortestosterone, 17β-methyl testosterone, boldenone, and
trenbolone. In order to improve feed conversion efficiency
and improve weight gain in heifers, a combination of tes-
tosterone propionate (200mg) and estradiol benzoate
(20mg), as a single percutaneous ear implant [18]. In ad-
dition to the aforementioned anabolic agents, other ana-
logues of androgens have been synthesized, e.g., stanozolol,
4-chlortestosterone, norethandrolone, and fluoxymesterone
[37].

3. PotentialPublicHealth Impacts ofHormones
and Hormonal Anabolics

3.1. Public Health Impacts of Steroid Hormones in Animal
Source Food

3.1.1. Estrogens. *e concentration of naturally occurring
estrogens in food varies from species to species along with its
age, gender, and physiological status [38]. Milk is considered
to be one of the potent sources of steroids including es-
trogens [39]. Results of large-scale epidemiological inves-
tigations evidenced that 17β-estradiol, as a mammary
carcinogen, acts both as an initiator and promoter of breast
carcinogenesis.

Estradiol has genotoxic potential by inducing micro-
nuclei, aneuploidy, and cell transformation in vitro and
oxidative damage to DNA and DNA single-strand breakage
in vivo [40]. It is also concluded that 17β-estradiol is a Group
I human carcinogen that has sufficient evidence for carci-
nogenicity to humans. *e carcinogenicity of estradiol is
found to be a result of its interaction with hormonal re-
ceptors because tumors largely occur in tissues possessing

Table 1: Hormones and hormone-like compounds by their type, indications, and approval status.

Hormonal
substances

Hormone types and active ingredients Animal species/
prod.

Indications/
purposes Reference and remark

Natural Synthetic/xenobiotic Beef Dairy Sheep WG FE ER Milk

Estrogens

17β-Estradiol∗ Ethyl ester ∗ ∗ ∗ [17]
Estradiol Estradiol benzoate X X X X OTC in the US [18]
Estrone Stilbenes1

Resorcylic acid
lactones Zeranol X X X X OTC in the US [19]

Gestagens Progesterone

MLGA X X X X X OTC in the US [20]
MPA [21]

19-Nortestosterone
(nandrolone)

Illegal use in horse
sports [22]

17α-Methyltestosterone

Androgens Testosterone
DMT
TBA X X X OTC in the US [23]

Testosterone propionate X X X OTC in the US [18]
G. hormones BST sBST or rBST X X OTC in the US [24]

β-Agonists
Clenbuterol [25]
Ractopamine X X X [26]
Zilpaterol X X X [26]

Note. X� approved for use by the FDA, ∗ � approved in EU member countries for therapeutic use only, DES� diethylstilbestrol, Dienestrol, and hexestrol,
MLGA�melengestrol acetate, MPA�medroxyprogesterone acetate, TBA� trenbolone acetate, DMT�desoxymethyltestosterone, sBST�synthetic bovine
somatotropin, rBST�recombinant bovine somatotropin, WG�weight gain, FE� feed efficiency, ER� estrous regulation, Milk� increased milk production,
OTC� over-the-counter drug, and EU�European Union.
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high levels of hormone receptors. Overall, estradiol is
evaluated as a genotoxic carcinogen.

3.1.2. Zeranol. Research carried on human epithelial cell
cultures through repeated zeranol treatments were shown
to reduce cell doubling time, stimulate colony formation,
and, most notably, induce expression of ER-β mRNA in
the proliferation of human breast epithelial cell line (MCF-
10A) and downregulate the tumor suppressor gene (P53)
in tissues of rats and beef heifers [41]. Orally administered
zeranol showed weak estrogenic effects in long-term
toxicity studies using rats, dogs, and monkeys through

changes in mammary glands and reproductive organs [42].
In several in vitro and in vivo genotoxic studies, zeranol
and its metabolites, zearalenone and taleranol, were
negative [34].

3.1.3. DES. Various reports suggested that DES has muta-
genic, carcinogenic, and teratogenic properties, which have
raised widespread public health concerns [43]. Its use in
veterinary food products as growth stimulant for food-
producing animals has been banned in several countries
(since 1979 in the USA and 1981 in EU). *erefore, EU has
proposed a minimum required performance limit (MRPL)

Table 2: Maximum residue limit (MRL) and ADI of different sequentially selected hormones.

Pharmacologically
active substance

Marker
residue

Animal
species

Target
tissue

Maximum residue (MRL, µg/kg� PPb)
Remarks or notes

EU∗ Codex# USÂ

17β-Estradiol Not
applicable

All
mammalian

food-
producing
species

Muscle

∗No MRL
required #Unnecessary

0.12 #Residues resulting from
use of the substance as a
growth promoter with
GAHP, unlikely to pose
hazard to human health,
ADI� unnecessary [32],
0–0.05 µg/kg BW [33].
T̂olerance limit [18].

Liver 0.24
Kidney 0.36
Fat 0.48

Milk
(µg/L) —

Clenbuterol
hydrochloride Clenbuterol Bovine and

equine

Muscle 0.1 0.2

Prohibited
use in food
animals

∗Agents acting on the
nervous system. #Due to
potential abuse MRLs
recommended only

associated with nationally
approved therapeutic use^

in horses, in the case of
COPD [24]

Liver 0.5 0.6
Kidney 0.5 0.6
Fat — 0.2

Milk
(µg/L) 0.05 0.05

Progesterone Not
applicable

Bovine Muscle

∗No MRL
required

#Unnecessary
21st

5̂ ∗No entry (only for zoo
technical use). [25].

#Residues resulting from
use of the substance as a
growth promoter with
GAHP, unlikely to pose
hazard to human health.
N̂ot in excess of natural
concentration in the body

of untreated animals

Ovine Liver 15̂
Caprinae Kidney 30̂

Equidae
(Female)

Fat 30̂

Milk -

Testosterone Testosterone Bovine

Muscle

∗No MRL #Unnecessary

0.64 #Residues resulting from
use of the substance as a
growth promoter in accord.
GAHP practice is unlikely
to pose a hazard to human
health ADI� 0–2 µg/kg BW
[33]. N̂ot for use in dairy or
beef replacement heifers.

Liver 1.30
Kidney 1.90

Fat 2.60

Trenbolone acetate Trenbolone Bovine
Muscle

No MRL
2

N̂ot needed
#ADI: 0–0.02 µg/kg BW
[33]. ÂDI: 0.4 µg/kg BW

per day [23].Liver 10

Zeranol Zeranol

Bovine Muscle ∗No MRL
required

(completely
banned)

2 N̂ot needed ∗No entry [25]; #only for:
bovine, ADI� 0–0.5 µg/kg

body weight [32].
ÂDI� 0.00125 [19].

Liver 10

Ovine
Muscle — 20
Liver — —
Milk — —

ADI� acceptable daily intake, BW� body weight, CAC�Codex Alimentarius Commission, CFR�Code Federal Regulations, COPD� chronic obstructive
pulmonary diseases, GAHP� good animal husbandry practice, and MRL�maximum residue limit.
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of 0.5–2.0 µg/kg to control its abuse in meat-producing
animals [44].

3.1.4. Progesterone. In a study conducted on a postmeno-
pausal woman, progesterone (200–300mg/day/orally) and
estradiol (1.5 or 3mg/day/percutaneous) were administered
for five years, and there was no evidence of endometrial
hyperplasia or carcinoma after five years of estradiol and
progesterone treatment [45]. However, some old reports
showed that progesterone increased the incidences of
ovarian, uterine, and mammary tumors in mice as well as
mammary gland tumors in dogs, and these effects were
regarded as hormone activity-related. *ese results from
laboratory animals might be indications for considering
progesterone as one of the potential causes of public health
problems. In another study, progesterone has shown no
evidence of genotoxicity [40, 46].

3.1.5. MLGA. It was found to be a low acute toxic chemical
in rodents after oral administration. Melengestrol acetate
was not a genotoxic chemical in a full range of in vitro and in
vivo assays, including bacterial and mammalian cellular gene
mutation assays. MLGA causes a progestational endpoint
effect such as changed menstrual cycle on female cyn-
omolgus monkeys [47].

3.1.6. β-Agonists. According to various research findings,
when β-agonists, such as clenbuterol, accumulate beyond a
certain concentration in the body, because of a higher af-
finity to receptors, they cause reactions triggering muscle
tremors, tachycardia, and muscle pain.

Generally, hormones as a residue in food (mainly dairy
and meat), after entering into the human body, may affect
the endocrine system and could be regarded as endocrine-
disturbing compounds (EDCs).*is could be a potential risk
factor for the increase of estrogen-dependent diseases such
as breast cancer in women and may expose to other re-
productive system problems [48, 49]. Different epidemio-
logical studies have showed strong correlation between
consumption of meat and dairy products and incidence rate
of female breast, ovarian, and corpus uteri cancers. Spe-
cifically, 17β-estradiol (E2) is the most active estrogen and
natural estrogen, which can be toxic and carcinogenic, even
at low levels [49, 50].

4. Current Methods for Hormones and
Hormonal Anabolic Residues’ Analysis

4.1. Sample Preparation Methods (Extraction and
Purification). Sample matrices, destined for the analysis of
hormones and hormonal anabolic residues, should undergo
a preparation process, which requires the extraction or
purification and separation steps in order to detect and
quantify the analytes of interest. Especially in the analysis of
residues such as hormones from animal-originated food
samples, the presence of matrix effect rendered the sample
preparation steps to be laborious, time-taking, and reagent-

consuming. Because of this, different methods of sample
extraction and separation techniques have been developed
[51–53]. In animal source food sample preparation, the
actual sample components such as lipids, fats, and proteins
will pose a matrix complexity on the analysis process of
target of analytes. Additionally, the wide array of hormones
and hormone-like compounds and the usual lowest levels
(ng up to µg/kg) that should be detected and quantifiedmake
residue analysis for hormones a challenging task. To detect
and determine the lowest residue levels, sample pretreat-
ment activities, which allow preconcentration of the target
analytes, are necessary, but they will also lead to the con-
centration of potential interfering matrix components [54].

Conventionally, animal-originated samples such as the
muscle, fat, kidney, and liver will be grinded and/or freeze-
dried and homogenized and then extracted with organic
solvents (methanol and acetonitrile). After extraction with
suitable organic solvents, a clean-up multistep process using
liquid-liquid extraction (LLE) and/or liquid-solid extraction
(LSE) is carried out. LSE is one of the most commonly used
extraction techniques in the analysis of chemical residues
such as veterinary drugs, steroid hormones, and pesticides,
most of the time being performed in the form of solid-phase
extraction (SPE) techniques [52, 54]. Alternatively, novel
approaches for extraction using accelerated solvent extrac-
tion (ASE) technique or supercritical fluid extraction (SFE)
methods are developed. In this review, we have tried to
highlight more on those methods which are supposed to be
novel, cost-effective, and time-saving, especially on methods
related to animal-originated food matrix extraction, puri-
fication, and analysis [55].

In order to clean up the primary extract of the diluent
and sample mixture, different sorbents can be used for solid-
phase extraction and/or purification steps. For this reason,
the inner wall surface of the SPE cartridges is made of
sorbents such as C8, ENVI-Chrom P, Si-NH2, C18, and Oasis
HLB on which the interaction with the target molecules
takes place and ends up with an output of clean aliquot. In a
review done on chromatographic analysis of natural and
synthetic estrogens in milk and dairy products, a number of
extraction, purification techniques and determination
methods had been summarized. In dairy product residue
analysis, deproteinization is commonly performed as one of
the first steps because, it provides matrix effects (e.g., ion
suppression in MS detection), problem of contamination,
blockage or irreversible damage on the HPLC pathway, and
adsorption to the stationary phase or to the SPE columns
(Table 3) [61]. *ough purification is one of the critical steps
to get the analyte of interest, based on the specificity of the
method used, the aliquot might contain different purified
components, each containing a restricted number of targets
or the analyte of our interest and matrix compounds.

4.2. Innovative Matrix Extraction and Purification
Techniques. Advanced novel extraction and purification
methods of sample preparation are thosemethods, which are
cost-effective (demand less organic reagents and labor),
allow multiresidue analysis, and are relatively more specific.
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*ere are various advanced sample extraction and purifi-
cation techniques, with steps for the reduction or elimi-
nation of matrix interferences and for the enrichment of the
selected analytes of interest to mention: Soxhlet extraction,
accelerated solvent extraction, supercritical fluid extraction,
solid-phase extraction (a routine sample preparation tech-
nique), solid-phase microextraction, hollow-fiber liquid-
phase microextraction [55], microwave-assisted extraction,
molecular imprinting polymer-solid phase extraction, and
size-exclusion chromatography [62].

4.2.1. Accelerated Solvent Extraction (ASE). It is a technique,
which enables to extract solid samples under high pressure
and temperature; due to this, it is also called pressurized
liquid extraction (PLE). One of the application areas of this
extraction and purification technique is in food analysis,
such as determination of hormone residue. Some of ad-
vantages of ASE are reduction of solvent use, fast extraction
process (allows extraction of a large number of samples), and
is a promising sample cleanup technique for steroid and
nonsteroid hormones. So far, for screening tests of gestagens
such as MLGA and MPA, ASE has been utilized for ex-
traction of kidney fat samples. For instance, in the extraction
of hormone residue from kidney fat, first the ASE vessels are
filled containing the matrix with alumina and anhydrous
sodium. Next, samples will be defatted with hexane before
the gestagens were trapped on alumina. Finally, alumina was
on-line extracted with acetonitrile followed by freezing of

the extract to precipitate the remaining fat. For purification,
the extract will be purified with C18 SPE. Addition of
modifiers, to the extraction solvent, application of specific
sorbents into the extraction cells, and the possibility to carry
out repeated PLE with different extraction solvents are some
of the complementary advantages PLE can offer. Automatic
programmed rinsing steps between samples will alleviate
concerns about cross-contamination [63].

4.2.2. Supercritical Fluid Extraction (SFE). SFE is a tech-
nique which utilizes supercritical fluid (substance above its
critical temperature and pressure) instead of organic sol-
vents as an extraction fluid. *e main advantages are good
solvating power, the high diffusivity, the low viscosity, the
minimal surface tension, possibilities to manipulate pressure
and temperature, and the use of modifiers, by doing so,
changes the solvating power of the supercritical fluid. SFE
technique had been used by different researchers, such as in
the residue analysis of steroid hormones and corticosteroids
[58], for the extraction of trenbolone from beef, and for the
extraction of estrogenic and other anabolic agents from
bovine tissue by using CO2 as the supercritical fluid. A
multianalyte, multimatrix method was also developed for
the routine determination of steroids in animal tissues
coupling SFE to SPE [59].

4.2.3. Solid-Phase Extraction (SPE). SPE is a routine sample
preparation technique for extracting analytes from a

Table 3: Determination of hormones and hormonal anabolics in food of animal origin using different techniques of sample preparation and
analytical methods.

Sample (hormone) Extraction and/or cleanup
technique

Solvent for
extraction

Assaying method and
detectors used LOD (µg/kg) Reference

Beef meat (clenbuterol) HF-SPME Methanol (MeOH)
and AA HPLC-DAD 0.01–0.03 (µg/ml) [56]

Pork (melted fat) (MPA) SPE (C18 cartridge,
500mg, 3ml) MeOH HPLC-tandem MS 0.5 [57]

Meat (steroids and
corticosteroids)

SFE and SPME
SFE and SPE

CO2, MeOH
ACN, AA

HPLC-UV, (column
100× 5mm RP-C18)

[58, 59]

Kidney fat and meat (steroid
hormones)

LSE and
Si-NH2 SPE

ACN hexane
MeOH GC-EI-IT-MS 0.5–5 [51]

Meat (steroid hormones) LSEC18 SPE ACN hexane
MeOH: H2O

GC-EI-IT-MS 0.1–0.4 [60]

Bovine milk (six types of
estrogen)

Deproteinization
Defatting (ASE) LLEC18-

SPE

Acetic acid
MeOH:H2OHe
xane ACN: H2O

HPLC-ESI-MS/MS
(positive mode) (ACN/

water/AA)
0.005–0.01 [53, 61]

Milk (DES) CNTs-HF-SPME MeOH HPLC-UV (C18) 5.1 µg/L [43]

Yoghurt (17β-estradiol) MIP Acetic acid
MeOH HPLC-UV (C18) 0.03–013 [62]

Milk products

HF-LPME ACN plus
acetic acid

HPLC-UV (C18 silica
columns) 0.290.23–0.400.58 [55]

Yoghurt
Liquid
ProbioticChees
(estrogens)

Note. AA� acetic acid, ACN� acetonitrile, EI� electron impact, ESI� electron spray ionization, GC� gas chromatography, H2O�water, HF-
LPME� hollow-fiber liquid-phase microextraction, HFPME� hollow-fiber solid-phase microextraction, HF-SPME� hollow-fiber solid-phase micro-
extraction, HPLC� high-performance liquid chromatography, HPLC-DAD�HPLC with photodiode array detector, HPLC-UV� high-performance liquid
chromatography-ultraviolet, IT� ion trap, LOD� limit of detection, LSE� liquid-solid extraction, MeOH�methanol, MIP�molecular imprinted polymer,
MS�mass spectrometry, and SPE� solid-phase extraction.
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complex matrix. As reviewed by Barbara et al. [55], as one of
the novel methods for sample extraction, SPE is easy to
perform, has the ability to cope with large loads, gives high
recoveries, consumes relatively small amounts of organic
solvents, can be automated, has faster extraction than LLE,
and has lower cost, and a wide range of stationary phases are
available. Some of the stationary phases used for the
preparation of the SPE cartridge include poly((-
divinylbenzene-vinylpyrrolidone) resins (Oasis HLB), most
successfully used in E2 extraction and C18. For example, SPE
packed with C18 (ODS, octadecyl silica) material as the
stationary phase of 500 g with 3ml capacity had been used
for the determination of medroxyprogesterone acetate
(MPA) in pork-origin product and serum (Table 3) [57].
Courant et al. [64] were able to extract and enrich the
analytes of interest (estradiol or E2) using SPE from retail
samples of milk and eggs; also, they were able to separate
steroid hormones from milk, egg, and meat samples, re-
spectively [65]. However, the nonselective sorbents (nor-
mally C18 silica) used in SPE often result in the coextraction
of many matrix components. Repeated SPE is used in order
to get better purification effects [62, 65].

4.2.4. Solid-Phase Microextraction (SPME). It is a method
that allows analytes to be adsorbed onto the surface of a
small fused-silica fiber coated with a suitable polymeric
phase, placed in a syringe-like cartridge. Subsequently,
analytes are desorbed into a suitable apparatus for separation
and determination. *is technique is based on the distri-
bution of analytes of interest between an extraction phase
(polymer) and the matrix [58]. Some of the critical ad-
vantages of SPME compared to solvent extraction are the
reduction in the amounts of solvent used, the combination
of sampling and extraction, and the ability to examine
smaller sample sizes [66]. A recent research work done on
the analysis of estrogenic compounds in dairy products by
Barbara et al. [55] showed the use of the SPME-type LPME
(liquid-phase microextraction technique) method that uti-
lizes LLE technique which is simple, effective, and selective,
specifically called hollow-fiber liquid-phase microextraction
(HF-LPME). *e HF-LPME method also found to consume
low organic solvents, gives high percentage of the analytes of
interest, and is low cost (Table 3) [67].

4.2.5. Molecularly Imprinted Polymer-Solid-Phase Extraction
(MISPE). *e combined use of MIPs with SPE technique
has currently appeared as new selective sorbents for SPE of
organic compounds in complex matrices. For example,
herbicides and drugs can be selectively extracted from
samples such as beef-liver extract, blood serum, and other
biological samples. MIPs are synthetic cross-linked polymers
that possess specific cavities designed for a target analyte
(template). MIPs are introduced into the SPE procedure in
order to improve the extraction efficiency and selectivity
[68]. MIPs are a rapidly developing technique for the
preparation of specific polymers, which can have specific
recognition properties; by doing so, they allow specific
analytes to be selectively extracted from complex matrices.

Simply speaking, MIPs can recognise and bind the target
analyte selectively as the antibody does. Furthermore, MIPs
have advantages such as physical robustness, high strength,
resistance to elevated temperatures and pressures, and in-
ertness towards organic solvents, acids, or bases [69].

Researchers have also developed a multiresidue detec-
tion and quantification method of β-agonists in the urine
matrix using MIP sample preparation. However, recently in
food matrices, E2- (estradiol-) imprinted MIPs prepared by
bulk polymerization have been used in offline MISPE with
HPLC to determine E2 in spiked fishery samples [70].
MISPE techniques can be combined online and offline with
LC-MS and HPLC, respectively. Offline MISPE combined
with HPLC is easy and rapid to perform, but due to low
packing quality of the molecularly imprinted solid phase
extraction material, there will be channel formation and will
lead to low number of theoretical plates of the material,
which result in less separation of the analyte of interest.
Furthermore, concentrations of E2 in dairy and meat
samples are about ng/kg, much less than the detection limit
(µg/L) of the reported offline MISPE with HPLC methods
[70, 71].

In general, we can summarize that MIPs are a recently
developing and practically promising technique, which
subsequently requires investigation of some features, spe-
cifically for the potential application of MIPs in the cleanup
of extracts of meat and milk matrices for the detection of
hormones and hormone-like anabolic compounds. To
mention, Shi et al. [62] had usedMIP extraction technique in
combination with high-performance liquid chromatography
with ultraviolet detector (HPLC-UV) to determine 17β-
estradiol (E2) in yogurt with a limit of detection (LOD) of
0.03–0.13 µg/kg (Table 3).

4.3. Methods of Hormone and Hormonal Residue Analysis in
Animal Source Food. Residue detection and quantification
of hormones and hormonal anabolic growth promoters are
widely done by immunological and chromatographic
methods of analysis. *ese methods may also be classified as
screening and confirmatory methods of analysis. *e
chromatographic or instrumental means can carry out both
screening and quantification assay. Because of this, they are
becoming to replace screening methods of analysis of im-
munochemical-based methods such as radioimmunoassay
(RIA) and enzyme-linked immunosorbent assay (ELISA).
Nopp et al. [14] have well summarized that the detection and
quantification of steroid hormones in animal-originated
food matrices have been dominated by chromatographic
separation methods (GC or LC) coupled with different
sensitive and specific detection systems such as mass
spectrometer (MS). Generally, it is mentioned that GC
coupled with single quad-MS or triple quad (GC-MS-MS)
has been the most employed technique. Currently, liquid
chromatographic (LC) system coupled with mass spec-
trometry as a detector (LC-MS/MS) is becoming as a more
preferred technique [72, 73]. In this review, both means of
analysis can be summarized, attention given to the chro-
matographic methods.
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4.3.1. Immunological Methods of Analysis. Immunological
methods are highly sensitive and easy to perform, but the
instability of natural antibodies limits their applications to
some extent. Sample pretreatment, such as LLE or SPE, is
necessary to ensure the accuracy and repeatability of im-
munological methods [74]. Immunoassays are often used for
inspection of hormonal residues in animal source food
(meat and milk) as a screening test. *ese types of screening
methods are primarily designed to avoid false-negative re-
sults and minimize the number of samples that need to be
confirmed. One of the flawed characters of immunoassay
tests such as ELISA is the lack of specificity or the possibility
of cross-reaction [75, 76].

*e immunological methods are based on the interac-
tion of the antigen and antibody, which is very specific for a
particular residue. *e most usual technique consists of the
ELISA, and the detection system is usually based on enzyme-
labeled reagents. *ere are different formats for the specific
agent (antigen) quantification, such as the double-antibody
or sandwich-ELISA tests and direct competitive ELISA tests
[77]. Radioimmunoassay (RIA) is based on the measure-
ment of the radioactivity of the immunological complex.
Other assays have enhanced detectability by using lumi-
nescence detectors if using chemiluminescent compounds
or a fluorimeter in the case of fluorescent compounds [78].

Today, there are many different types of ELISA kits
commercially available for a large number of hormones and
hormonal anabolic substances summarized in-group in
Tables 1 and 2 such as the steroids (EGAs), β-agonists,
corticoids, stilbenes, and resorcylic acid lactones. *ese kits
allow the analysis of a large number of samples per kit, do
not require sophisticated instrumentation, the results are
available in a few hours, and are quite specific and sensitive
[75]. For instance, in case of banned hormone analysis such
as DES, radioimmunoassay (RIA), fluorescence immuno-
assay (FIA), and enzyme-linked immunosorbent assay
(ELISA) were developed. Compared to RIA and FIA, ELISA
has the advantages of safety, speediness, reliability, sensi-
tivity, and low cost [74]. Yang et al. [43] also developed a
competitive indirect chemiluminescence enzyme immuno-
assay (CLEIA) based on a polyclonal antibody and horse-
radish peroxidase-labeled secondary antibody
chemiluminescence system to detect DES residues in sea-
food. *is assay allows the rapid screening of DES residues.
*e CLEIA is a combination of sensitive chemiluminescence
detection and specific immunosorbent assay. In CLEIA,
enzyme labels are detected by chemiluminescent (CL)
substrates, such as the luminol/peroxide/enhancer system
for horseradish peroxidase (HRP) substrates for alkaline
phosphates [79]. *e CLEIA is a rapid assay that has a large
linear dynamic range, high sensitivity and specificity, in-
volves small sample volumes, and does not create any ra-
dioactive pollution [80].

4.3.2. Chromatographic Methods of Analysis.
Chromatographic methods, including LC (HPLC), LC-MS,
LC-MS/MS, GC-MS, and GC-MS/MS, are able to provide
screening and quantification of the target analyte. However,

extensive sample preparation is necessary in order to allay
matrix effect and increase accuracy of the analysis. LC or
HPLCwith UV, DAD, and FL detector assay is simple, rapid,
and widely available in most laboratories, but with relatively
limited sensitivity [71]. For instance, in order to reduce the
detection limits of HPLC, effective enrichment of trace E2
from a large amount of samples is very important. With this
regard, as it is summarized in Table 3, Shi et al. [62] have
utilized an advanced extraction method (MIP), and Yang
et al. [81] also used carbon nanotube-hollow-fiber solid-
phase microextraction (CNT-HF-SPME) so as to improve
the detection limit of HPLC-UV.

Regarding β-agonist residue analysis in food of animal
origin, a very recent research work done so far and sum-
marized in this particular review showed that these chem-
icals can be specifically and selectively analyzed by
automated online SPE coupled to LC-tandem mass spec-
trometry [82]. Methods such as HPLC coupled with DAD
have also been reported in the determination of ractopamine
and clenbuterol residues in beef after using graphene oxide
hollow-fiber solid-phase microextraction (HF-SPME) as a
sample extraction technique [56].

Concerning GC-MS methods, they are sensitive, accu-
rate, and more accessible, but derivatization is needed [72].
Fuh et al. [60] have determined residual anabolic steroids in
meat by gas chromatography-ion trap-mass spectrometry
(Table 3). In this method, they have used the technique called
gas chromatography-electron impact-ion trap-mass spec-
trometry (GC-EI-IT-MS) for the determination of residual
anabolic steroid in beef, pork, and chicken meat and visceral
organs such as the kidney and liver. Extraction of the
analytes of interest was done by ACN, then isolated and
preconcentrated by SPE, and finally, the isolates were
derivatized with N-methyl-N-trimethylsilytri-
fluoroacetamide prior to GC-EI-IT-MS measurement.
Positive mode was used for detection [83, 84].

In the analysis of hormones in animal-originated food
samples, LC-mass spectrometry (LC-MS), particularly LC-
MS/MS methods, is recently used and is known to provide
the lowest LOD with high selectivity, sensitivity, and ac-
curacy without the need for derivatization [72]. However, it
is not accessible in all laboratories for routine analysis due to
the high cost of equipment (initial capital) and the re-
quirement of a skillful operator. *is method is able to
conduct screening and quantification assay of the com-
pounds by producing precursors and product ions and fi-
nally quantifying and detecting each compound by using
charge-to-mass ratio of each molecule, which is specific as a
fingerprint for any target molecules captured on the mass
detector [85, 86].

5. Conclusion and Recommendations

*e alarmingly escalating demand for animal source food
due to population growth, as well as the ever-increasing
intensive production system, is forcing producers to use
legal and/or illegal VMPs. Moreover, dietary shift for animal
source food and some preferences such as the desire for
cholesterol-free lean meat are pushing the livestock farming
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industry to use hormones and other growth promoters.
Because of the above reasons, there is unprecedented use of
hormones and other hormonal anabolic compounds. In
different countries, the compounds are legally used for the
treatments of clinical cases, reproduction, and productivity
improvement in the meat and dairy industry by setting
limits. However, others such as the European Union
countries strongly prohibit the use of hormones and hor-
monal growth promoters and anabolic drugs in farmed
animals destined for human food. Albeit of these facts, due
to the potential health impacts to the public in general, the
use of these products is strictly controlled and legally reg-
ulated by the national regulatory authorities and interna-
tional legislative frameworks. Hence, sensitive, selective, and
accurate method of analysis that will be preceded by effective
and time-saving sample preparation techniques should be
developed, summarized, and used.

Based on the aforementioned conclusion, the following
recommendations are forwarded:

(1) Public awareness programs and community mobi-
lization campaigns are needed to alert the farming
community, food professionals, and industry owners
about the negative consequences and the potential
public health impacts related to the use andmisuse of
hormones and hormonal anabolics in animals raised
for human food.

(2) *e use of hormones and hormonal anabolic growth
promoters should always be under the concerned
senior vet professionals, and strict regulatory
monitoring programs have to be in place.

(3) Analytical methods that are sensitive, selective, ac-
curate, and cost-effective in terms of time and re-
agent consumption should be selected, developed,
validated, and used.

(4) It is advised first to use immunological methods of
analysis as a screening tool to limit the number of
samples that need confirmatory tests. *en, the
assaying process should be augmented with excellent
sample preparation methods of latest technology to
avoid the sample matrix effect and increase the
concentration of analyte of interest.

(5) Research works done so far on the use of hormones
and hormonal anabolics should be further sum-
marized and synthesized, and the potential public
health impacts of these compounds on consumers
have to be deeply studied.
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steroid hormone residues by GC-MS/MS screening in animal
matrices in Romania,” Romanian Biotechnological Letters,
vol. 22, no. 1, pp. 12155–12162, 2017.

[85] B. Wozniak, I. Matraszek–Zuchowska, A. Klopot, and
A. Posyniak, “Fast analysis of 19 anabolic steroids in bovine
tissues by high performance liquid chromatography with
tandem mass spectrometry,” Journal of Separation Science,
vol. 42, no. 21, pp. 3319–3329, 2019.

[86] R. Gadzała-Kopciuch, J. Ricanyova, and B. Buszewski, “Iso-
lation and detection of steroids from human urine by mo-
lecularly imprinted solid-phase extraction and liquid
chromatography,” Journal of Chromatography B-Analytical
Technologies in the Biomedical and Life Sciences, vol. 877,
no. 11-12, pp. 1177–1184, 2009.

12 Journal of Food Quality


