12
Natural Hormones in Food-Producing
Animals: Legal Measurements
and Analytical Implications
Patricia Regal, Alberto Cepeda and Cristina A. Fente
University of Santiago de Compostela,
Spain
1. Introduction
Hormones are chemicals that are naturally produced in the body of animals and human beings
and have a number of important functions in life, such as reproduction or growth. They act as
messengers through the different parts of the organism and trigger and modulate key
reactions to support and promote life. However, and due to the important role of these
chemicals in several body functions, they also have been exogenously applied to animals and
humans in order to obtain some kind of benefit in health or even to improve physical and
growth performance. Focusing on the veterinary field, the most desirable action of hormones
has always been reducing costs and obtaining more products of animal origin in shorter
productive times, increasing the benefit per unit head for farmers. As a matter of fact, anabolic
steroid hormones have played a key role among veterinary products in farming history and
they have been one the most used and controversial components among veterinary drugs.
Usually, hormones work in harmony in the body and this status must be maintained to avoid
metabolic disequilibrium and the subsequent illness. Besides, it has been reported the
influence of exogenous steroids (presence in the environment and food products) in the
development of several important illness in humans. With regard to food safety when treating
animals with exogenous hormones, consumers’ concerns have led to a complete prohibition of
the use of substances having a hormonal action in food producing animals in the EU. Even
when several regulations and laws exist all over the world with regard to the use of natural
and synthetic hormones in animal husbandry, natural hormones have arisen as a real weak
point of residue monitoring plans due to their natural origin. The existence of high variability
through animals in terms of natural hormonal levels has been reported. This latest fact makes
almost impossible to establish legal thresholds to control any exogenous administration of
natural hormones to animals. That is why no final legal solution has been found yet to control
the misuse and abuse of natural hormones exogenously applied to farm animals, even though
a number of promising analytical procedures have already been published.

2. Anabolic steroid hormones
Throughout history, a large number of natural and synthetic substances have been applied
in stock farming to speed up and improve animal growth, and to decrease feed costs.
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Anabolic agents or growth promoters are metabolic modifiers which improve efficiency and
profitability of livestock production and improve carcass composition (Dikeman, 2007).
Main physiologic effects of anabolic steroids include growth of muscle mass and strength,
increased bone density, maturation of the sex organs, particularly important in the fetus,
and at puberty the appearance of the secondary sex characteristics. The group of anabolic
growth promotants includes compounds that naturally occur in an animal’s body and
synthetic chemicals that mimic the action of naturally occurring compounds. Meat industry
have widely used anabolic hormones to quickly get larger quantities of meat and decrease
inputs, reducing production costs, but also because they lead to a leaner carcass more in
accordance to current consumer’s preferences. Additionally, the zootechnical use of some
sex hormones, such as estradiol or its esters (i.e., estradiol benzoate), which successfully
regulate oestrus in cattle, has also led to important improvements and financial gain in stock
farming (Cavalieri et al., 2005; Martínez et al., 2002).
Several illegal hormones have been used in the European Union (EU), as it has been
reported in a series of European International Symposia and Conferences, such as
EuroResidue Conferences on Residues of Veterinary Drugs in Food (Federation of European
Chemical Societies, Division of Food Chemistry) and the Ghent Symposia on Hormone and
Veterinary Drug Residue Analysis, amongst others. The number of active compounds is
wide and continuously changing, as observed by the EU National Reference Laboratories
(NRLs). Estrogenic, gestagenic and androgenic compounds (EGAs), as well as thyreostatic,
corticosterois and -agonist compounds, are also used alone or in growth promoting
“cocktails” with low concentrations of several ones, that makes even more difficult their
detection. There have been several European regulations regarding the use of EGAs as
animal growth promoters because of their possible toxic effect on public health. In the
Council Directive 96/22/EC (EC, 1996a) the EU prohibited the administration of substances
having thyreostatic, oestrogenic, androgenic or gestagenic effects and of beta agonists in
animal husbandry, while certain therapeutic applications of these drugs were still allowed.
These anabolic steroids are included in group A substances according to Annex I of
Directive 96/23/EC (EC, 1996b), which pertains to growth-promoting agents abused in
animal fattening and unauthorized substances with no maximum residue limit (MRL). A
zero-tolerance policy has been adopted, and especial analytical requirements have been
stated in regard to these hormones (EC, 2002; European Commission, Directorate General
for Health & Consumers, 2004). However, the possibility of widespread abuse of hormonal
substances by unscrupulous farmers and veterinary professionals in some parts of Europe
still exists, mainly due to the economic benefits these substances provide in animal
husbandry. On the other hand, the use of hormones to promote growth is still a legal
practice in some parts of the world, which facilitates the existence of a possible “black
market” of substances from these areas.
2.1 Estrogenic drugs
Cattle are the main food-producing species in which estradiol products are used for therapy
or growth promotion. Estradiol benzoate, one of the most applied steroids in animal
husbandry, was authorized for the treatment of pyometra and endometritis, for dilation of
the cervix in cases of abortion, to enhance the expression of estrous behaviour, and to
provoke luteolysis incorporated into estrous synchronization drug devices (i.e. PRID,
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CIDR), among other applications (Levy, 2010). In meat industry, it has been already
reported that estrogenic implants (alone or in combination) increase carcass weight and
longissimus muscle area and decrease intramuscular fat, compared with non-implanted
steers (Boles et al., 2009; McPhee et al., 2006; Parr et al., 2011). Estrogenic implants also
decrease kidney, pelvic and heart fat but apparently this fat increases for combination
implants (McPhee et al., 2006). Cattle repeatedly treated with estradiol and trenbolone
acetate implants have greater average daily gain and final weights than single-treated or
non-treated steers, as well as more mature skeletons and higher protein content in their
carcasses (Scheffler et al., 2003). However, hormonal treatments may have a negative effect
on tenderness and meat quality of beef because they reduce marbling and advance skeletal
or lean maturity (Dikeman, 2007; Hunter, 2010; Scheffler et al., 2003), this effect being more
pronounced with combination implants than with estradiol alone. Beef flavour, juiciness
and tenderness might be affected by trenbolone acetate implants but apparently this effect
decreases with aging time (Igo et al., 2011).
On the other hand, the economic profitability of a dairy farm is based on the calving interval of
the cows, in order to keep them as long as possible into lactating phase. To achieve this, the
cow needs to get pregnant very quickly during postpartum, so the main step is the
determination of the optimal time for insemination, basing on estrous behaviour. The
expression of estrous behaviour is at a low level in modern dairy cows, resulting in low
detection rates and longer calving intervals (Senger, 1994). Estradiol-based drugs, particularly
those combined with progestins, appeared as a really effective and efficient solution to estrus
detection problems in farm animals, allowing artificial insemination synchronization and high
pregnancy rates to fixed-time artificial insemination in dairy cows, sheep and other farm
animals (Burkea et al., 2001; Martínez et al., 2002). Although Directive 2003/74/EC, amending
Directive 96/22/EC, permanently prohibited the use of estradiol-17 and its ester-like
derivatives as growth promoters, a temporary exemption was given until 14 October 2006 for
their use as an oestrous-induction tool in cows, horses, sheep or goats (EC, 2003). As
alternative effective products exist and are implemented in the market (Lane et al., 2008;
Vilariño et al., 2010), the European Parliament banned estradiol-17 and its ester-like
derivatives, including those with a therapeutic purpose, in 2008 to ensure human health
protection within the EU (EC, 2008). In the absence of estradiol-based products, alternatives for
estrous synchronization are prostaglandin or the progesterone-releasing devices. Alternatives
for the treatment of pyometra and endometritis could include the use of prostaglandins thanks
to a combination of their direct ecbolic and luteolytic effects.
No estradiol-based drugs are in the European veterinary market anymore, except for its use
in pets (EC, 2008). However, the possibility of widespread abuse of hormonal substances by
unscrupulous farmers and veterinary professionals in some parts of Europe still exists,
mainly due to the economic benefits that these substances provide in animal husbandry and
the existence of authorized drugs in other non-European countries (Stephany, 2001). Limited
research was found on the effects of anabolic implants in poultry, sheep, and pigs. Anabolic
steroids are not approved for growth regulation in pigs in the United States (US) and
numerous other countries. Even so, Lee et al., 2002 and Sheridan et al. 1999 studied the effect
of anabolic steroids in pigs, concluding that they were not suitable agents to improve
growth or carcass characteristics of pigs, but mid-back fat appeared reduced anyway (Lee et
al., 2002; Sheridan et al., 1990).
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2.2 Androgenic and gestagenic drugs
Androgenic and gestagenic growth promotants approved in the US include steroid
hormone anabolic implants with testosterone, progesterone, trenbolone and melengestrol
acetate, all of them banned in EU. With the exception of melengestrol acetate, the
recommended administration of these drugs is by subcutaneous implantation of
continuously releasing hormone pellets in the ear. Androgenic hormones (testosterone and
trenbolone acetate) directly reduce fat content of the carcass (Hunter, 2010) and have proved
to be also effective in chicken to increase muscle quality and quantity (Chen et al., 2010).
Medroxyprogesterone, chlormadinone, megestrol and melengestrol are synthetic analogues
of progesterone that are commonly administered orally as acetate derivatives. They are used
for synchronization of estrous, but have also been used as growth promoters in cattle.
Although forbidden within the EU, the misuse of these natural and synthetic hormones is
well known. For this illegal purpose they are frequently injected into the animal body as
‘hormone cocktails’ including new compounds each day, such as gestagens delmadinone
acetate and algestone acetophenide (Daeseleire et al., 1994).

3. Human health and hormones
Endogenously synthesized steroid hormones exert a wide range of biological effects on the
body and not only in the reproductive organs, which is why they are vital in normal
development and life. Possible effects vary according to a number of factors such as gender
and age, ethnicity and even environment. However, exogenous steroidogenically active
compounds may interfere in the hormonal endogenous equilibrium affecting health and
natural body development. As any other chemicals of natural or synthetic nature, hormones
can be “toxic” to living organisms under certain circumstances, due to an excessive exposure
at an abnormal stage during development or adult life. The current increasing trends of
cancer and reproductive disorders have been frequently related to exogenous steroids food
intake and endocrine disrupters that are present in the environment. The major areas of
concern expressed in the literature are related to cancer, mutagenicity and reproductive
effects, in particular endocrine disruption. Generally, cancer and mutagenicity are well
described and well understood but endocrine disruption has become, in recent years, an
area where there has been concern about potential harmful outcomes for a wide range of
chemicals previously unsuspected of causing such effects.
As a matter of fact, the possible impact of exogenous steroid hormones, such as natural and
synthetic hormones present in food products, are more dangerous for certain groups of
population which are considered to be more sensitive and vulnerable than the rest. As
regard to naturally occurring sex hormones, such as estradiol or testosterone, daily
endogenous production and exogenous intake (in food) seem to be key points to evaluate
risk. Taking children as reference population with the lowest levels of endogenous synthesis
of steroids, an assessment of their plasmatic levels and of the presence of these chemicals in
food are crucial. For this purpose, highly sensible and accurate techniques based on
chromatography and mass spectrometry are required. Additionally, circulating levels of
hormones have resulted to be lower than previously reported for prepubertal children and
fetuses. First assessments of estradiol levels in serum of prepubertal boys and girls were
based on radioimmunoassay (RIA) and its concentration appeared in most cases in a range
of difficult accurate measurement, very close or even below conventional detection limit,
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resulting in overestimated values (Aksglaede et al., 2006; Bay et al., 2004). Tandem mass
spectrometry methods in combination with gas chromatography or liquid chromatography
for sex steroid hormones have been developed and are the methods of choice for the
accurate measurement of the low levels of testosterone found in children and females and
even the low levels of estradiol in postmenopausal women, men and the prepubertal child
(Kushnir et al., 2010; Moal et al., 2007; Nelson et al., 2004; Stanczyk et al., 2007). Actually, the
current and more sensitive assays, mainly mass-spectrometry-based analysis, have revealed
that previous RIA values were in fact overestimated and sex steroids in children are
extremely low (Courant et al., 2010). There are no limits for hormones which assure
children’s safety under exposure to exogenous steroids and endocrine disruptors.
Furthermore hormonal changes or disruption during fetal life or puberty may provoke
serious subsequent problems in their adult life. Since no safe threshold has been established
yet, it seems necessary to avoid unnecessary children’s and fetuses’ exposure to exogenous
disruptors, natural or synthetic, present in food even at very low levels (Bay et al., 2004).
Both exogenous hormones and synthetic compounds mimicking their effects may change
the endogenous balance of human body, provoking disturb in their natural functions. As a
result of their low endogenous levels, children are extremely sensitive to exogenous steroid
hormones and small variations in blood levels might trigger serious pubertal development
effects and even future adult life problems (Aksglaede et al., 2006; Alves et al., 2007). Several
epidemiological studies have proved the existence of a trend to earlier puberty in American
girls during last decades, and incidence is on the rise. In 1997, Hermann-Giddens et al.
reported an unexpected advance in timing of puberty in both African-American and white
American girls (Herman-Giddens et al., 1997). An advance in timing of onset of puberty has
not been noted yet in other countries, although it is likely to become more prevalent as other
countries adopt American lifestyle and diets (Parent et al., 2003). Precocious puberty has
health and social implications, it is complex and influenced by multiple factors such as
ethnicity, gender, nutrition, endocrine disrupting chemicals, pollutants and exogenous sex
steroids (Aksglaede et al., 2006; Cesario & Hughes, 2007; Daxenberger et al., 2001).
However, there is a key difference between US and the rest of the world, since they still
allow the use of some hormonal drugs in food producing animals. This fact might not be a
bare coincidence and mean an increase on the exogenous intake of steroids for American
children (Aksglaede et al., 2006; Partsch & Sippell, 2001).
On the other hand, a tendency to increasing incidence of certain cancer types, such as
testicle, breast and prostate cancer, has not been fully clarified yet, though sex hormones are
suspected to play a key role (Foster et al., 2008; Huyghe et al., 2003; Prins, 2008; Wigle et al.,
2008). For instance lung cancer, which is the leading cause of cancer deaths in the United
States and has surpassed breast cancer as the primary cause of cancer-related mortality in
women, has been related to estradiol along with tobacco consumption by Meireles et al.
(Meireles et al., 2010). Estrogens have also been linked to other types of cancer such as
squamous cell carcinoma of the head and neck (HNSCC), which is the sixth most common
type of cancer in the United States (Shatalova et al., 2011). Estrogen exposure is one of the
established risk factors for breast cancer, the most commonly diagnosed cancer in women
(Zhong et al., 2011). An association between the risk of breast cancer and persistently
elevated blood levels of estrogen and androgen has been found in many studies (Kaaks et
al., 2005; Yager & Davidson, 2006). Metabolites of zeranol, a non-steroidal anabolic growth
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promoter with potent estrogenic activity and widely used in the US, contained in meat
produced from cattle after zeranol implantation, may be a risk factor for breast cancer
(Zhong et al., 2011). Experimental and epidemiological data support a role for sex steroid
hormones in the pathogenesis of endometrial cancer as well. As a matter of fact, circulating
androgen levels were also related to endometrial cancer, although less strongly than
circulating estrogen levels (Lukanova et al., 2004). However, the effect of elevated androgen
(androstenedione and testosterone levels) on endometrial cancer risk seems to be mediated
mainly through their conversion to estrogens.
As recently reported by Kvarnryd et al., progestogens exposure might have reproductive
toxicity as well, in animals and humans, provoking defects on the development of female
sex organs and subsequent infertility (Kvarnryd et al., 2011). The level of serum
progesterone has not been associated with a risk of breast cancer in postmenopausal
women, but in premenopausal women it appears to be inversely associated with the risk of
breast cancer (Micheli et al., 2004). As for androgenic steroids, circulating concentrations of
dehydroepiandrosterone (DHEA) and DHEA appear markedly decreased during aging, and
thus this fact implicates the natural androgen in cognitive decline associated to age (Sorwell
& Urbanski, 2010). On the other hand, increased blood levels of DHEA and its sulphate have
been found in schizophrenia patients, and apparently these levels are strongly correlated to
the severity of illness and aggressive behaviour of patients and to the pathophysiology of
other stress-related psychiatric disorders (Garner et al., 2011; Strous et al., 2004).
As regard to hormonal content, all foodstuff of animal origin contains steroid hormones and
metabolites, but their concentrations vary with the kind of food, species, gender, age and
physiological stage of the animal (Daxenberger et al., 2001; Poelmans et al., 2005a, 2005b). As a
matter of fact, meat is clearly one of the most naturally ‘contaminated’ foods (Maume et al.,
2001; Maume et al., 2003; Poelmans et al., 2005a). Data published by Swan et al. in 2007 already
suggested that maternal beef consumption may alter males’ testicular development in utero
and adversely affect his adult reproductive capacity (Swan et al., 2007). Even milk
consumption, the hormone content of which is well known, has been associated with an
increased risk of early menarche (Wiley, 2011). There are studies that find a relationship
between milk and dairy products with human illnesses, such as teenagers’ acne, prostate,
breast, ovarian and corpus uteri cancers, many chronic diseases that are common in Western
societies, as well as male reproductive disorders (Adebamowo et al., 2008; Ganmaa et al., 2011;
Ganmaa et al., 2001; Givens et al., 2008; Melnik, 2009; Wiley, 2011). There are many possible
contributory factors to these health problems, including steroid hormones which are well
known as endocrine disruption agents. In this field, some studies have arisen regarding sex
hormone levels in milk in relation to animals’ pregnancy, most of them regarding estrogens
and androgens (Courant et al., 2007; Farlow et al., 2009; Ganmaa & Sato, 2005; Maruyama et
al., 2010; Pape-Zambito et al., 2010). Cow’s milk contains considerable quantities of hormones
and is therefore of particular concern (Courant et al., 2007). It is a fact that dairy milk
consumption by humans started around 2000 years ago, but the milk which people drink
today is quite different from traditional milk. As a result of modern farming and animal
breeding, today’s milk originates from genetically improved dairy cows such as Holstein,
which are pregnant during most of their lactation period (Maruyama et al., 2010).
Regarding potential toxicological substances used in animal husbandry, for the endogenous
sex steroids and their simple ester derivatives the US Food and Drug Administration (FDA)
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concluded that ‘safety can be assured’ because they are endogenous in both food-producing
animals and people. Additionally, they stated that ‘…no additional physiological effect will
occur in individuals chronically ingesting animal tissues that contain an increase of
endogenous sex steroids from exogenous sources equal to 1% or less of the amount in
micrograms produced by daily synthesis in the segment of the population with the lowest
daily production. We believe that the 1% value is supported by scientific evidence, is
reasonable, and reflects sound public health policy. For estradiol and progesterone,
prepubertal boys provide the baseline benchmark. For testosterone, prepubertal girls
provide the baseline benchmark…’ (U.S. Department of Health and Human Services, 2006).
The FDA stated that although not all sex steroids are demonstrated carcinogens, they should
be regarded as suspect carcinogens. As a matter of fact, the FDA concluded that to establish
the safety of a synthetic steroid animal testing is necessary. However, to show the safety of
an endogenous sex steroid, the sponsor simply have to demonstrate that, under the
proposed conditions of use, the concentration of residue of the endogenous steroid in
treated food-producing animals is such that the increase will not exceed this 1% permitted
increase. The Joint Food and Agricultural Organisation/World Health Organisation
(FAO/WHO) Expert Committee on Food Additives (JECFA) and the US Food and Drug
Administration (FDA) considered, in 1988, that the residues found in meat from treated
animals were safe for the consumers. However, current recommendations might be
overestimated and should be revised, altogether with hormonal levels in children. The lack
of known proved hormonal thresholds, under which value no effects could be observed in
humans, add uncertainty to this issue.

4. Legal implications
The use of hormonal growth promoters to increase the production of muscle meat has led to
international disputes about the safety of meat originating from animals treated with such
anabolics. Implants containing anabolic steroids are widely used in the US beef industry,
among other countries, to fast growth and finish cattle and to improve feed efficiency.
Growth promotants approved in the US include steroid hormone anabolic implants (17 estradiol, testosterone, progesterone, trenbolone, zeranol, melengestrol acetate) and agonist feed additives (ractopamine) for finishing swine, cattle and turkeys, all of them
banned in EU (U.S. FDA, 2010). With the exception of melengestrol acetate, the
recommended administration of estradiol, progesterone, and testosterone (three natural
hormones), and zeranol and trenbolone acetate (two synthetic hormones) is by
subcutaneous implantation of continuously releasing hormone pellets in the ear. This ear
would be then discarded during slaughtering but there is no withdrawal time for any of
these legally approved implants. Melengestrol acetate is approved for its use as a feed
additive. As a result of the existence of these legal drugs, a significant part of cattle raised in
US feedlots are treated with growth promoting sex hormones. Over 97% of cattle weighing
700 lbs or more received at least one anabolic implant during the finishing period in 1999
(Salman et al., 2008). In general, a decrease on the use of growth promoting implants in US
cattle over the past twenty years has been observed. More than one of four farms implanted
some calves with growth promotants prior or at weaning in 1992, but fewer than one of
eight did so in 2007 (USDA, 2009). The reason of this decline on the use of implanting, a
profitable US management practice, could be the publicity surrounding hormonal implants
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and movement toward marketing cattle in natural or organic programs. The most used
substances are estrogenic drugs, in the form of estradiol-17 , estradiol benzoate or the
synthetic zeranol. Progesterone, testosterone and the two synthetic chemicals trenbolone
acetate and melengestrol acetate are generally used in combination with estrogens. It is also
a standard legal practice to use hormones to promote the growth of cattle in the meat
industry in Australia (Hunter, 2010). These chemicals are approved, registered and
regulated by the Australian Pesticides and Veterinary Medicines Authority (APVMA)
which, as well as US Food and Drug Administration (FDA), keeps its position on saying that
they are safe for consumers, not harmful to animals and effective when used according to
label instructions. As a consequence, regulatory controls would differ sharply between the
UE and the countries where hormonal active growth promoters are still legal.
The European ban of the use of hormones arose in the 70s due to the health consequences
derived from the use of diethylstilbestrol (DES), a synthetic estrogen widely administered to
women to prevent miscarriage and other pregnancy complications. This chemical led to
reproductive problems in treated women, as well as reproductive alterations, gynecologic
cancer and malformations in reproductive organs in their female children, above normal
average values (Auclair, 1979; Cousins et al., 1980; Haney & Hammond, 1983; Rosenfeld &
Bronson, 1980). In 1980, European consumer organizations called for a boycott of beef as a
result of widespread publicity involving illegal use of diethylstilbestrol in European veal
production. In response, EC agriculture ministers agreed to ban the use of hormones for
raising livestock with the enactment of the first legal European ban of hormones in 1981 (EEC,
1981), with the adoption of restriction in livestock production prohibiting the use of synthetic
hormones and substances having a hormonal activity and limiting the use of natural hormones
to therapeutic purposes. The Directive 81/602/EEC prohibited the use of certain substances
having hormonal action (estradiol-17 , progesterone, zeranol, trenbolone acetate, melegestrol
acetate or MGA) and thyrostatic, as growth promoters in farm animals. However, the Council
recognized that five of the hormones at issue here (all but MGA) were of a different status than
the other banned hormones and directed the Commission to provide a report on the
experience acquired and scientific developments, accompanied, if necessary, by proposals
which take these developments into account. In the meantime, the individual Member State
regulations would continue to apply to the use of these five hormones.
Seven years later, the Directive 88/146/EEC was enacted, aiming at banning the
administration of synthetic hormones (zeranol and trenbolone acetate) with any purpose,
and natural hormones (estradiol, progesterone and testosterone) to promote growth in cattle
(EEC, 1988a). This Directive allowed State Members to authorize the administration of those
natural hormones, under certain circumstances, with therapeutic and zootechnical purposes.
Both intra community trade and importation from non-European countries of meat and
meat products from animals treated with chemicals with estrogenic, progestogenic and
androgenic or thyrostatic effects were specifically forbidden with Directive 88/146/EEC.
Meat from animals treated with a therapeutic or zootechnical purpose was allowed under
certain circumstances, established with Directive 88/299/EEC (EEC, 1988b). In 1996,
Directive 96/22/EC, a revision and repealing of previous hormone Directives, established
the ban of substances having thyrostatic, estrogenic, androgenic and gestagenic action in
animal husbandry and aquaculture (EC, 1996a). The Directive 96/23/EC on measures to
monitor certain substances and residues thereof in live animals and animal products, was
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released to establish that Member States should draft a national residue monitoring plan for
the groups of substances detailed in its Annex I (EC, 1996b). These plans had to comply with
the sampling rules in Annex IV to the Directive. It also established the frequencies and level
of sampling and the groups of substances to be controlled for each food commodity. This
Directive included the control of a wide range of veterinary drugs in food producing
animals and goods derived from them, such as meat, eggs and honey. In Annex I,
substances were classified in two groups: group A included substances having anabolic
effect and unauthorized substances, and group B included authorized veterinary drugs, the
MRL of which have been established, and contaminants. So that for residues of substances
from group A, a ‘zero tolerance’ applied.
In 2003, the Council Directive 2003/74/EC amended Directive 96/22/EC and narrowed
circumstances under which estradiol-17 and its ester-like derivatives could be
administered, under strict veterinary prescription and for non-growth-promoting purposes
(treatment of foetus maceration or mummification or treatment of pyometra in cattle, and in
oestrus induction in cattle, horses, sheep or goats until 14 October 2006) (EC, 2003). Those
authorized treatments had to be carried out by the veterinarian himself or herself on farm
animals which have been clearly identified, and had to be registered by the veterinarian
responsible. Lately, the Council Directive 2008/97/EC was enacted to take into account the
European Protocol on protection and welfare of animals, limiting the scope of Directive
96/22/EC only to food-producing animals and withdrawing the prohibition for pet animals,
as well as to adjust the definition of therapeutic treatment (EC , 2008). As a matter of fact, an
efficient control of residues is an essential contribution to the maintenance of a high level of
consumer protection in the EU and it was necessary to provide clear rules on how
laboratory analysis had to be carried out and results interpreted. That was achieved with
Commission Decision 2002/657/EC, implementing Council Directive 96/23/EC, which
established criteria and procedures for the validation of analytical methods to ensure the
quality and comparability of analytical results generated by official laboratories (EC, 2002).
Moreover, the Decision established common criteria for the interpretation results and
introduced a procedure to establish minimum required performance limits (MRPL) for
analytical methods employed to detect substances for which no permitted limit (MRL) had
been established. This is in particular important for substances whose use is not authorized
or is specifically prohibited in the EU, such as hormonally active substances. For the first
time, the concepts of decision limit (CC ) and detection capability (CC ) were introduced,
as quality parameters that must be established during the validation of an analytical
method. Currently, the evolution in analytical equipment and progress in scientific research,
accompanied by recent European regulatory changes, seems to demand an update or
revision of the 2002/657/EC (Vanhaecke et al., 2011).
Unlike in European countries, a number of steroidogenic drugs, which are used as hormonal
growth promoters, are registered for use in many countries including Australia, New
Zealand, United States and Canada, among others. However, the EU has been constantly
banning their use since early 80s with Directive 81/602/EEC and neither allows the
importation of products from cattle given growth promoters. In 1998, the World Trade
Organization (WTO) found the European ban not supported by scientific evidence and
inconsistent with its WTO obligations, but Europe continues arguing consumers’ concerns,
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animal welfare and meat quality so that its rule remains in place currently. Although the
World Trade Organization has issued decisions that have questioned the validity of the
European ban, the EU has repeatedly voted to maintain it, citing consumer worries,
questions of animal welfare and meat quality.

5. Beef hormone: US versus EU and trade dispute
Growth hormones are used extensively around the world to enhance the performance of
beef cattle. In 1981 the European Union adopted first restrictions on the use of hormones as
growth promoters in beef production with Directive 81/602/EEC, the first hormone
directive (EEC, 1981). This directive prohibited the utilization of stilbenes and thyrostatics,
two hormonal substances presumed to have harmful effects. Later in 1989 the EU fully
implemented ban on imports of meats treated with enhancing hormones, expanding their
restrictions to other non-European countries wishing to export meat to EU and that would
assume many of the rights and obligations of European single market. The ban of imported
hormone-beef arose from European consumers’ pressure more than from producers, and it
meant great losses for the US meat industry. The EU justified the ban as needed to protect
the health and safety of consumers from the illegal and unregulated use of hormones in
livestock production in several European countries. During the 1980s, there were
widespread press reports of black market sales of ‘hormone cocktails’ by a ‘hormone mafia’
as well as several reports of serious health effects from consuming meat from animals
treated with enhancing hormones. Many European livestock producers support the
hormone ban because of the possible existence of competition from cheaper imported beef
from beef exporting countries using hormones to breed animals. Also consumers’ increasing
demand of hormone-free meat creates concerns among European farmers about maintaining
the ban. Certain circumstances, such as the Italian hormone crisis (Loizzo et al., 1984; Loizzo,
1984) and the outbreak during the 1990s of bovine spongiform encephalopathy (BSE), so
called ‘mad cow disease’, added consumer distrust about the safety of beef supply.
Although the BSE problem had nothing to do with hormones, it also contributed further to
an unfavourable politic-economic and social environment for resolving the beef hormone
dispute between EU and US and Canada.
For the past 15 years, the United States and the European Union have been disputing the
safety of growth promotants used in cattle. The disagreement over the use of hormones
started when the EU banned the import of beef from cattle treated with hormones in 1989,
cutting off exports of beef. Unlike EU, the use of natural hormones in farm animals keeps
avoiding any legal ban as the US Food and Drug Administration (FDA) says use of
hormones is ‘safe and scientifically backed up with research’. Since the 1950s, the FDA has
approved a number of steroid hormone drugs for use in farm animals, including estradiol,
progesterone, testosterone, and their synthetic versions zeranol, melengestrol acetate and
trenbolone acetate. FDA claims that people are not at risk eating food from animals treated
with these drugs because the amount of additional hormone following drug treatment is
very small compared with the amount of natural hormones that are normally found in the
meat of untreated animals and that are naturally produced in the human body.
Consequently, hormones have continued to be used to promote growth in beef cattle both
legally in the US and elsewhere in the world and illegally within the EU.
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In response to US threats to challenge the ban in early 1996, the European Parliament voted
unanimously to keep it, citing consumers’ concerns, animal welfare and meat quality,
among other reasons. European farm ministers from different EU countries also supported
the ban, only the Minister of Agriculture of UK voted to end it arguing that there was no
scientific basis to maintain it. The trade dispute took turn in 1996 when US presented its case
against EU hormone ban to the World Trade Organization (WTO). The WTO, a disputesettlement mechanism born in 1995, found that the European ban was not based on evidence
in 1997. However, the European Commission (EC) appealed against this statement and
sponsored research studies to clarify the risk for consumers of hormonally active substances
applied in food producing animals. Altogether six substances were at issue in the dispute,
three naturally occurring hormones (estradiol-17 , testosterone, and progesterone) whose
level in animals can vary significantly, depending on age, sex, and sexual development of
the animal, among other factors, and three synthetic substances (trenbolone, zeranol, and
melengestrol acetate) that are produced synthetically to mimic the effect of the three
naturally occurring hormones. The EC’s Scientific Committee on Veterinary Measures
relating to Public Health (SCVPH) concluded that the risk from hormone-treated food was
higher than previously thought and proposed that there was a significant body of scientific
evidence suggesting that 17 -estradiol should be considered a complete carcinogen. It also
concluded that there were risks to consumers from the other five hormones examined and
no threshold concentrations could be defined. The EU invoked the precautionary principle
as a rationale for its banning the import of beef produced using hormones. The Agreement
on Application of Sanitary and Phyto-sanitary Measures (SPS) permits precautionary
measures when a government considers the scientific evidence insufficient to permit a final
decision on the safety of a product, as is the case of hormonally produced food. The WTO
Panel upheld US position and the EU was given until May 13 1999 to bring its measure into
compliance. However, the EU Commission voted again unanimously to continue the ban. In
maintaining its unscientific ban, the EU does nothing to further the objective of protecting
public health, but instead undermines the WTO Sanitary and Phytosanitary Agreement
(SPS) and invites other countries to renege on their international obligations.
Despite the attempts of US to solve this dispute, the EU reaffirmed its position that there is a
possible risk to human health associated with hormone-treated meat, basing on available
scientific data. To date, the EU continues to ban import of meat from animals treated with
hormones and only imports high-quality beef certified as produced without the use of
hormones. However, on May 13 in 2009, following a series of negotiations, the United States
and the EU signed in Geneva a memorandum of understanding (MOU) implementing an
agreement that could resolve this longstanding dispute. Under MOU the EU expanded the
market access of US beef, at zero duty, from cattle raised under control measures specified
in USDA’s Non-Hormone Treated Cattle (NHTC) program, from cattle grown in approved
farms/feedlots. To become eligible to export non-treated beef, producers must obtain
certification for their cattle through the NHTC program. Meanwhile, the US and Canada
continue retaliating against the EU hormone ban based on the additional costs of producing
non-hormone treated beef for the European Union and the lack of evidence of its harmful
effects in humans. Despite all the US controversy, in a survey of US consumers it was found
that most respondents desired the existence of mandatory labelling of food produced with
growth hormones, even when labelling costs causing beef prices increase up to 17% (Lusk &
Fox, 2002). While the dispute is between Canada and the US and the EU, other important
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beef-producing countries have approved the use of growth-promoting hormones in beef
production such as Canada, New Zealand, South Africa, Mexico, Chile, and Japan, among
others. Like for US meat, thigh controls are in place to ensure all beef exported to EU comes
from non-hormone treated cattle.

6. Progress on analytical methodology
During the past few years, many authors have described the application of LC-MS/MS
methods for the analysis of anabolic steroids in various biological samples, including urine,
serum, hair, kidney and fat (Draisci et al., 2000; G. Kaklamanos et al., 2009a; Kaklamanos et
al., 2009b; Kaklamanos et al., 2011; Shao et al., 2005), all validated according to the criteria
set out in Decision 2002/657/CE for banned substances. Although normally the levels of
steroids that accumulate in animal tissues are lower than in other matrices, many effective
methods are known currently for the determination of these compounds in muscle tissue,
sometimes monitoring a wide range of anabolic compounds (Courant et al., 2008;
Kaklamanos et al., 2007; Vanhaecke et al., 2011; Yang et al., 2009). Since the number of
growth promoters is high and includes natural and synthetic compounds, the use of
multianalyte techniques is becoming more interesting (Vanhaecke et al., 2011; Xu et al., 2006;
Yang et al., 2009). The use of ultra-resolution liquid chromatography techniques (UPLC),
coupled to mass spectrometry devices, provides a rapid separation of analytes, shortening
analytical times and improving the simultaneous detection of multiple steroids (Stolker et
al., 2008; Vanhaecke et al., 2011).
6.1 Synthetic and semi-synthetic steroids
Synthetic hormones are xenobiotic substances that do not naturally occur in animal
organisms. These exogenous drugs mimic the effects of natural endogenous hormones, such
as the case of synthetic versions of estradiol, progesterone and testosterone: zeranol,
melengestrol acetate (MGA) and trenbolone acetate, respectively. In general and due to their
entirely exogenous character, since these compounds do not exist naturally, there are no
major difficulties in determining analytic synthetic steroids. Thus, their mere presence in the
animal organism is a clear evidence their administration. With regard to the confirmation of
use of xenobiotic analogues of natural sex steroids and non-steroidal compounds, such as
stilbenes and zeranol, there is an extensive range of successful methods that has been
performed on different analytic matrices. These analytical procedures have made the
confirmation of illicit administrations of anabolics in cattle feasible (De Brabander et al.,
2007; Duffy et al., 2009; Kaklamanos et al., 2011; Noppe et al., 2008).
On the other hand, many veterinary hormonal preparations, although not all, consist on
ester derivatives of the corresponding endogenous steroid, such as testosterone decanoate or
estradiol benzoate. As hormonal esters do not naturally occur in the animal organism, the
detection of these synthetic substances in the body of an animal provides irrefutable
evidence of the abuse of these promoters. Although the administration of esters of natural
hormones can be detected through hair analysis (Duffy et al., 2008; Grataco囲s-Cubarsi囲 et al.,
2006; Pedreira et al., 2007; Rambaud et al., 2005), it has been very difficult to detect intact
steroid esters in body fluids or tissues. It is likely that esters quickly hydrolyze in the body
of the animal, releasing the corresponding natural hormone (Stolker et al., 2009). So, the
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simple detection and confirmation of the presence of these semisynthetic versions are not
always possible. That is particularly true for estradiol benzoate, which has only been
detected in hair up to date (Duffy et al., 2009; Hooijerink et al., 2005; Rambaud et al., 2005;
Stolker et al., 2009), because estradiol benzoate undergoes the loss of the ester group once it
reaches the bloodstream. In order to detect the administration of these esterified substances,
new analytical approaches are required, in the same manner that they are required to detect
the administration of exogenous hormones in their natural chemical form (estradiol,
testosterone or progesterone).
6.2 Exogenous natural steroid hormones
Hormones of natural origin, such as estradiol-17 , testosterone or progesterone, are still a
weak area in residue-monitoring plans due to their endogenous origin, as the target
compound is always present. In such a case, the confirmation of an exogenous
administration involves logical difficulties associated with distinguishing an exogenous
origin from an endogenous (naturally occurring) presence of these hormones. The
demonstration of an exogenous administration of natural steroids, such as testosterone,
estradiol or cortisol, remains problematic. No official threshold has been stated for natural
hormone concentrations, mainly due to the fact that concentrations of naturally occurring
hormones are highly variable and depend on the type of animal product, breed, gender, age,
disease, medication and physiological condition (Angeletti et al., 2006; Hartmann et al.,
1998; Le Bizec et al., 2009; Pleadin et al., 2011). The development of methods to provide
unequivocal discrimination between the natural presence of an endogenous hormone and
its presence as a consequence of an illegal exogenous administration remains a challenge.
Some promising analytical approaches have been published in the past few years regarding
this critical point of controlling residues in food of animal origin.

7. Monitoring exogenous natural hormones: An unresolved problem
The confirmation of an exogenous administration of natural hormones involves logical
difficulties associated with the distinction between an exogenous origin and the natural
presence of these endogenous hormones (synthesis in the body). In fact, it has been found
that treatments with testosterone or estradiol in bovines lead to equal or lower plasma
concentrations of these compounds (Scippo et al., 1994; Simontacchi et al., 2004). On the
other hand, exogenous natural hormones are usually administered as simple semi-synthetic
esters (i.e., 17 -estradiol benzoate and testosterone decanoate) to increase their effective
half-life. Subsequently, a rapid hydrolysis of these compounds takes place as soon as they
reach the bloodstream, where they generate non-esterified forms that are indistinguishable
from naturally occurring forms (Stolker et al., 2009). These exogenous natural compounds
(or even hormonal esters) follow the same pathways as the natural compounds
biosynthesized by the animal, making the detection and confirmation of their exogenous
administration difficult, if not impossible. These circumstances have led to the lack of
success in detecting hormone esters such as estradiol benzoate in serum or plasma, which
has only been confirmed in hair from animals treated with this ester (Duffy et al., 2009;
Regal et al., 2008). Some promising approaches have been published in recent years in
regard to the development of methods that allow unambiguous discrimination between the
presence of a natural endogenous hormone and its presence as a result of an illegal
exogenous administration.
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7.1 Approaches based on hormonal metabolism
Up to date, it is unknown to what extent the administration of exogenous hormones interferes
with the hormonal metabolism of the animal. When administered exogenously, natural steroid
hormones must be metabolized in the same way and using the same metabolic pathways that
endogenous compounds, so that the ratios of these hormones against their precursors and/or
their metabolites may be somehow altered by the hormonal treatment (Pinel et al., 2010). This
analytical approach is already a common practice in the supervision of doping in sports and
horse racing (Sottas et al., 2008; Strahm et al., 2009; Torrado et al., 2008). However, the known
approaches based on metabolic parameters that have proved to be useful in humans, as the
ratio testosterone/epitestosterone, not seem to succeed in cattle (Angeletti et al., 2006). Early
attempts to detect illegal hormone treatments in cattle assessing hormonal levels and levels of
their precursors and metabolites (and hormonal ratios) appeared in plasma and urine of cattle
(Becue et al., 2010; Fritsche et al., 1999; Simontacchi et al., 2004). In 1999, Fritsch et al.
concluded that implants of estradiol benzoate and progesterone did not to affect the total
concentration of steroids (precursors and metabolites) in meat from treated cattle. However,
they encountered significant differences in 17 -estradiol/17 -estradiol+Estrone ratio and in
cortisone/hydrocortisone ratio; so that the administration of natural hormones did seem to
influence the hormonal metabolism (Fritsche et al., 1999). On the other hand, Maume et al.
concluded that estradiol implants increased the concentration of 17 -estradiol (E2) in beef,
following a dose-dependent relationship. Besides, the concentrations of E2 and E2
glucuronides were also increased in tissues of treated animals, an effect also being dosedependent (Maume et al., 2003). As for the administration of steroid precursors or
prohormones, Becue et al. recently published results in urine for cattle treated with DHEA
orally or intramuscularly. They concluded that the administration of DHEA causes significant
differences in overall levels of DHEA sulphate and 5-androstenediol, and also in the levels of
free DHEA and 17 -testosterone in animals treated orally. DHEA levels, both free and
sulphate, 5-androstenediol and 17 -testosterone were modified for animals treated via
intramuscular (Becue et al., 2010).
7.2 13C/12C isotopic ratio
The measurement of 13C/12C ratios by gas chromatography/combustion/isotope ratio
mass spectrometry (GC-C-IRMS) can be a powerful tool to trace the true origin of the
steroids, and it is one of the most promising approaches to control of exogenous
administration of natural hormones. The administration of natural hormones to cattle will
lead to an alteration of the 13C/12C ratio of these compounds and their metabolites,
whereas the isotopic composition remains constant for their precursors. This methodology
has been applied successfully in urine to trace the administration of testosterone and
estradiol esters in cattle (Buisson et al., 2005; Hebestreit et al., 2006). However, no
thresholds of reference for these changes in the 13C/12C ratios of steroid hormones have
been established yet, since their variations depend largely on the diet of the animal and
also other factors such as age, sex or breed (Cawley et al., 2009; Ferchaud et al., 2000). In
addition, GC-C-IRMS methods imply long and complicated steps of extraction and
purification of the sample and also the use of semi-preparation HPLC and derivatization
procedures (Buisson et al., 2005; Hebestreit et al., 2006).
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7.3 Omic technologies: Metabolomics
In recent years, there is a clear trend towards more intelligent procedures for data
evaluation. New methodological approaches based on untargeted and global measurements
are emerging strongly as analytical tools for the analysis of residues in food-producing
animals (Pinel et al., 2010; Riedmaier et al., 2009). Traditionally, samples are analyzed
searching for the presence of specific target analytes. Metabolomics is an emerging field
within the omic methodologies (proteomics, transcriptomics, metabolomics) that focuses, in
an untargeted and global scale, in the high yield measurement of small molecules (called
metabolites) in biological matrices. These techniques are based on the physiological changes
that are expected to appear in the animal due to the administration of an anabolic agent, and
they are largely used to search potential biomarkers of such administration (Mooney et al.,
2008; Mooney et al., 2009; Riedmaier et al., 2009). Metabolomics is based on detecting small
molecules and excluding big biopolymers such as proteins, generating this way a large set of
descriptors characteristic of the biological matrix under investigation in different
experimental groups. Metabolomic approaches have already shown to be affective in
relation to different biochemical processes, such as drug toxicity and diseases (Brindle et al.,
2002; Coen et al., 2003; Lindon et al., 2004; Vallejo et al., 2009), prediction of gender (Lutz et
al., 2006), nutritional effects studies (Wang et al., 2005) and even doping control in horses
(Kieken et al., 2011) or the clenbuterol use in cattle (Courant et al., 2009). Basically, the
general principle of metabolomic studies is the characterization of the biological system or
sample in question through the generation of metabolomic fingerprints.
There are not many metabolomics studies regarding the detection of sex steroid abuse in
livestock production, neither useful biomarkers to be used in targeted analysis. However,
Rijk et al. developed a metabolomic strategy of screening in urine for bovine animals treated
with DHEA and pregnenolone. This methodology is an useful tool to track the abuse of
these prohormones, but their reference levels remain unknown, making difficult their use in
targeted analysis, at least until the metabolites of this non-focused approach are elucidated
(Rijk et al., 2009). On the other hand, Dervilly-Pinel et al. recently published a metabolomic
study in urine for cattle treated with a combination of estradiol benzoate and nandrolone
laureate. These authors proved the existence of changes in urinary metabolomic profiles of
animals treated with steroids, when comparing them with control animals, opening the door
to possible screening strategies. Dervilly-Pinel et al. also stated the importance of several
potential biomarkers in the discrimination of hormonally treated animals from control cattle
(Dervilly-Pinel et al., 2011).
There is a range of analytical platforms which could be employed in metabolomics to collect
data, including gas chromatography-mass spectrometry (GC-MS), liquid chromatographymass spectrometry (LC-MS) and nuclear magnetic resonance (NMR) spectrometry, just to
extract as much information as possible from the matrix of interest. Traditionally, NMR has
played a key role in the development of metabolomics and was the preferred analytical tool.
However, due to the higher sensitivity compared to NMR and the increasing reproducibility
of today´s GC-MS and LC-MS systems, the have become important analytical platforms for
all types of metabolomic applications (Brown et al., 2009; Lutz et al., 2006). By coupling high
chromatography separation with different mass spectrometric techniques, the partial or
complete separation of metabolites prior to detection is achieved. To this end, gas
chromatography was first used, however, the necessary thermal stability of the investigated
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compounds, the required derivatization of non-volatile compounds prior to analysis and the
frequent absence of molecular ions have made liquid chromatography coupled to
atmospheric-pressure ionization a more and more used tool for metabolomics. Last
generation of high resolution devices including time of flight and orbitrap instruments are
becoming more and more used in this field due to their high performance in terms of
sensitivity and specificity (Dunn et al., 2008; Scheltema et al., 2008).
Moreover, due to the large amount of data generated during metabolomic fingerprinting,
bioinformatics tools are required for processing and analysing this huge volume of complex
data. Several software solutions are today available either with free access (XCMS, MZmine,
Metalign, MathDAMP, COMSPARI and METIDEA) or commercially (SIEVE from Thermo
Fisher Scientific, Markerlynx from Waters, GeneSpring from Agilent and MarkerView from
MSDSciex). Data processing is composed of four major steps; background noise correction,
peak alignment, peak deconvolution and peak sorting. Then, resulting data are of
multivariate character, since metabolomic procedures handle several hundreds to thousands
of variables/metabolites. Thus the use of multivariate statistical techniques are required to
analyse such data set and finally to point out potential signals (i.e. biomarkers) of interest.
Principal component analysis (PCA) has become a popular tool for visualizing datasets and
for extracting relevant information, as well as partial least-squares projection to latent
structures (PLS) (Eriksson et al., 2004). Recently, the Orthogonal PLS methodology (OPLS)
has shown to be useful for elucidating differences between many samples and many
variables (Pohjanen et al., 2007; Werner et al., 2008).
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