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a b s t r a c t

Food quality and safety have been a significant and pressing issue in recent years. In light of the FAO's
definition of food security e the physical, social and economic access to sufficient and nutritious food e

food safety plays a fundamental role. Animal feed and feeding is pivotal to the livestock industry, but the
use of veterinary antibiotics (VAs) and synthetic growth promoters (SGP) diminishes the sustainability of
the diets and can cause an accumulation of residues in animals (meat, milk and eggs) and the envi-
ronment (water and soil pollution). Wastewater systems are another major pathway through which
antibiotics and hormones can enter the environment, with negative consequences. In order to protect the
planet through more sustainable feeding, the reduction of antibiotics and synthetic growth promoters is
a key aim, in particular with the goal of reducing antibiotic resistance and allergies. Analytical methods
play a crucial role in food analysis, to determine the presence of antibiotics and other additives. Recent
methods are based on liquid chromatography with ultraviolet, fluorescence, or mass spectrophotometry
detection, which is recognized as an essential technique in food analysis, able to identify more than 300
compounds in feed samples. In general, a monitoring program put in place to educate the population on
the hazards of residues in animal products is necessary, in conjunction with a continuous decrease in the
use of antibiotics and synthetic growth promoters in animal diets.

© 2016 Published by Elsevier Ltd.

1. Introduction

Food quality and safety have been a significant and pressing
topic in recent years. In light of the FAO's definition of food security
e the physical, social and economic access to sufficient and nutri-
tious food e food safety plays a fundamental role. The concern
about food safety on the part of scientists, food experts and
informed consumers can be defined as the probability of not falling
ill as a consequence of consuming a certain food (Grunert, 2005).

This concern naturally includes the potential risks from consuming
foodstuffs of animal origin.

Animal feed plays a large role in the sustainability of animal
production systems. It is estimated that about 70% of animal-
production costs are attributable to the cost of feed. The choice of
diet on the farm affects the animal production chain, because feed
management must take into account such factors as genetic animal
potential, agro-ecological conditions, market demand, manage-
ment practices and the social and economic environment.

The “Sustainable Animal Diets” (StAnD) concept was developed
by the Food and Agriculture Organization of the United Nations
(FAO) in consultation with a large international group of experts
(Makkar & Ankers, 2014) to resolve issues of sustainable animal* Corresponding author.
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feed. The StAnD concept is based on the three dimensions of sus-
tainability: Planet, People, and Profit.

To understand the notion of StAnD, it is first necessary to tran-
scribe the concept of sustainability into a conceptual model based
on clearly identified objectives and elements. The Planet dimension
considers 15 elements that are considered essential for a sustain-
able animal diet. For example: “production of StAnD and its feeding
should not use antibiotics or synthetic growth promoters”.

Antibiotic growth promoters (AGP) can be defined as any
medicines that destroy or inhibit bacterial growth and are admin-
istered at a low subtherapeutic dosage (Hughes & Heritage, 2004).
The use of these components has risen with the intensification of
livestock farming as a consequence of increased consumer demand
and improvements in the efficiency of conversion of natural re-
sources to food animal products.

A wide range of veterinary antibiotics (VA) e natural, synthetic
or semi-synthetic compounds with antimicrobial activity that can
be administered orally (Phillips et al., 2004) e are used for disease
control, as feed additives, or as synthetic growth promoters (SGP)
within various sectors such as livestock farming, aquaculture and
agricultural activities (Aust et al., 2008; Gao et al., 2012; Zuccato,
Castiglioni, Bagnati, Melis, & Fanelli, 2010). Agricultural activities
represent a large proportion of the usage of antibiotics in world-
wide antibiotic consumption.

The growth-promoting effects of antibiotics were discovered in
the 1940s when chickens were fed feed containing by-products of
tetracycline fermentation. In this case, the chickens exhibited
higher growth rates than chickens that were not fed feed con-
taining by-products (Phillips et al., 2004). Since then, the use of
growth promoters has been expanded to include a wide range of
antibiotics that are applied to several species.

In pigs, the first evidence of the beneficial effects of AGP in
productive animal performance was also observed in the 1940s,
with the studies carried out byQ1 Cunha and Burnside (1949) and
Stokstad, Jukes, Pierce, Page, and Franklin (1949), who found that
the addition of dried mycelia from aerobic cultures of Streptomyces
aureofaciens that contained chlortetracycline residues (previously
called aureomycin) to the feed of pigs improved their growth
(Castanon, 2007) (Fig. 1). The administration of antibiotics as
growth promoters in the 1940s and 1950s was part of an initial
approach of supplementation in animal feed known as the “animal
protein factor” (APF). APF was described as an unidentified sub-
stance necessary for balanced swine and poultry rations; initially it
was claimed that APF consisted of Vitamin B12 although later it was
found that APF also contained growth-promoting factors
(antibiotics).

Since pharmaceutical antibiotics do not bioaccumulate signifi-
cantly (Thiele-Bruhn, 2003), a high proportion of VAs are excreted
via urine, feces (Ostermanna et al., 2013), milk (Arikan, Mulbry, &
Rice, 2009; Halling-Sorensen, Jensen, Tjornelund, & Montforts,
2001) and eggs (Idowu et al., 2010) as the non-metabolized parent
compounds, or accumulate to a high concentration in tissues ( Q2Kim
et al., 2012; Kwon et al., 2011). This may pose a real threat to the
consumer, either through exposure to the residues, the transfer of
antibiotic resistance (Butaye, Devriese, & Haesebrouck, 2003) or
increased allergies resulting from antibiotic presence in foods.
However, there are differing opinions regarding the level of risk
that antibiotic residues pose to human health. Some researchers
suggest that the actual danger is minimal and that banning anti-
biotics might prove more harmful to human and animal health.
Furthermore, certain studies support the rational and prudent use
of antibiotics in all contexts (Phillips et al., 2004).

It is not easy to establish and quantify the relationship between
the use of AGP and possible negative effects on animal health,
human health and the environment. However, in linewith available
information and the precautionary principle, AGP has been banned
in some countries (Europe Union, Council Directive 96/22/EC).
Barton (2000) notes that antibiotic resistance is already well-
established in bacterial populations in animals, humans and the
environment; Hao et al. (2014) show that themisuse and overuse of
AGP may culminate in the development of drug-resistant patho-
gens, with severe consequences for the treatment of bacterial in-
fections in patients.

Phillips et al. (2004) report that the low dosages of antibiotics
used for growth promotion are a quantified hazard. To address the
need for proper analysis of antibiotics usage, new techniques that
combine chemical extraction, chromatographic separation and
subsequent determination of antibiotic activity by microbial assays
have been developed (Blasco, Torres, & Pico, 2007; Cronly et al.,
2010; De Alwis & Heller, 2010; Sczesny, Nau, & Hamscher, 2003;
Stolker, Zuidema, & Nielen, 2007).

Antibiotics are not the only substance added to animal feed by
livestock farmers. Anabolic steroids (natural steroids, xenobiotics
and synthetic steroids) and b-agonists have been largely used in
intensive meat production to improve the integration of nutrient
availability and animal performance in beef cattle (Vaconcelos
et al., 2008), sheep (Mondragon et al. 2010) and swine (Shao
et al., 2009), mainly through their endocrine systems; this pro-
duces meat which appeals to consumers in accordance with cur-
rent human dietary guidelines.

Animal scientists have been interested in improving efficiency
and product composition through themodification of the hormonal

Fig. 1. Timeline of antibiotic growth promoters (AGP).
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state of animals. The history of hormonal treatments used as
growth promoters includes attempts to identify useful hormones
(natural sex hormones and related substances) and their correct
dosage, as well as the development of better methods of adminis-
tration, feed efficiency, carcass quality and the safety of their use for
humans and animals (Fig. 2). Dinusson, Andrews, and Beeson
(1948) carried out the first experiment to test the administration
of an estrogen (diethylstilbestrol, DES) to ruminants with the aim of
promoting growth; they found that DES improves weight gain
(15%) and feed conversion (10%). Hale, Story, Culbertson, and
Burroughs (1953) first administrated DES to ruminants in their
feed.

Although natural and synthetic anabolic growth-promoting
compounds have been widely utilized in animal production in
recent decades to enhance their productive parameters, there is
robust evidence that links the presence of growth promoter resi-
dues in animal feed components and animal diets with negative
effects on human and animal health. The use of anabolic agents for
growth promotion has become a concern due to the fact that ani-
mal excreta found in soil or water may disrupt endocrine activity in
aquatic fauna or even terrestrial animals; Qu, Kolodziej, and
Cwiertny (2012) demonstrated that the biotransformation of syn-
thetic hormones in surface waters could have a profound impact on
ecosystem health.

The above concerns about the use of VAs and SGPs in animal
diets confirm the importance of effective analytical techniques to
determine the presence of antibiotics or growth promoters in an-
imal products and the level of bioaccumulation in tissues and in
animal products used for human consumption, as well as in
wastewater and manure. The current study examines the trend of
research on the effect of antibiotic residues and synthetic growth
promoters in animal diets and provides examples of new meth-
odologies currently being used for the analysis of antibiotics and
synthetic growth promoters in food for livestock production.

2. Material and method

2.1. Database development

Our informational search was focused on studies regarding feed
supplementation with VAs or SGPs in animal feeds and their
possible bioaccumulation in animal tissue or their excretion. A
database was created from experiments where VAs and SGPs were
specified. Publications were obtained from searches on various
databases such as Scopus and Web of Science (WOS), which are
known to extensively cover the fields of life sciences. Search strings
were employed for a range of specific topics including the various
types of antibiotics important in animal production, synthetic

growth promoters, hormones and b-agonists. The search strings
consisted of words associated with the particular topic, combined
with the use of Boolean operators (“and”, “or”). Data was compiled
from publications between 2005 until April 2015. In the extensive
search, the occurrence of all search terms within a string was
checked for a title, abstract and keywords (i.e. the option “topic” in
Web of Science” and “ALL” for all terms or by “TITLE-ABS-KEY” for
title, abstract and keywords in Scopus). The outputs (of these
substrings) were then combined using the operators “and” and “or”
in order to retrieve records for references to the particular term
occurring in animal feed and livestock.

According to Council Directive 96/23/EC, Annex 1 (European
Commission, 1996) veterinary drugs and substances with anabolic
effects used in animal feed are classified into two groups. Group A
contains substances that have anabolic effects: stilbenes (diethyl-
stilbestrol), steroids, androgens (trenbolone acetate), gestagens
(melengestrol acetate), estrogens (17-b estradiol), resorcycilic acid
lactones (zeranol), Beta-agonists (clenbuterol) and nitrofurans.
Group B contains all the veterinary drugs in use. Taking into ac-
count the antibacterial substances, including sulfonamides and
quinolones, in these groups and considering their impact on StAnD,
the terms used in searching the database were as follows: Term 1:
“antibiotic” or “antimicrobial” or “antibacterial” or “Growth pro-
moter*” or “synthetic growth promoter*”; Term 2: “steroidal hor-
mone*” or “diethylstilbestrol” or “zeranol” or “trenbolone acetate”
or “melengesterol acetate”; Term 3: “bst” or “rbst” or “growth
hormone” or “rbGH” or “bovine somatotropine” or “recombinant
bovine somatotropine”; Term 4: “Beta-adrenergic agonists” or
“Beta-agonists” or “clenbuterol” or “zilpaterol” or “ractopamine” or
“salbutamol” or “albuterol”; Term 5 “veterinary drug residue*”;
Term 6 “new analytical methods” or “analysis”; Term 7 “residue* in
feed*” or “feed residue*” or “feedstuff”; Term 8 “livestock”.

In Table 1, the outcomes of the “extensive” and “restrictive”
searches are summarized, including the combination of terms and
substrings. A reference was judged as relevant based on an asso-
ciation with animal feed, feedstuff and livestock.

3. Results and discussion

3.1. Database description

The results of the scientific database search, using the above-
mentioned terms, are listed in Table 1. There were differences
both in quantity and type of information betweenWOS and Scopus.
WOS of Thomson Reuters and Scopus of Elsevier Science are the
most widespread databases on different scientific fields, used to
search scientific literature. The results derived showed that the
extensive and restricted searches of Term 1 and Term 7 provided

Fig. 2. Timeline of anabolic growth promoters.
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more results when using Scopus (with 67 results forWOS vs 155 for
Scopus of restricted searches); the same tendency was shown with
the combination of Terms 1, 7 and 8.

The search relating steroidal hormones with feed residues
(Terms 2 and 7) had three times more results in Scopus than
WOS; however, when the term livestock was added (Term 8) the
results of the searches were similar. Vieira and Gomes (2009)
previously compared the two databases and concluded that
Scopus provides 20% more coverage than WOS. Other researchers
have also preferred Scopus due to its quality of outcome, time-
saving and ease of use (Boyle & Sherman, 2006) (Table 1).

The WOS search presented better results when the terms
“veterinary drug residue” and “residue in feed” (Terms 5 and 7)
were added. When the term “livestock” was added to Terms 5
and 7, the search string provided more results in WOS than
Scopus (Table 1). WOS is the oldest citation database; it has
strong coverage of citation data and bibliographic data going
back to 1900, and claims to have the most depth and quality
range of records (Chadegani et al., 2013). The differences in
search results when using both databases can be related with the
size of each database. The WOS covers approximately 12,000
journals whereas Scopus has some 18,000 journals in its
database.

The results of this extensive search are showed in the
following sections: Veterinary antibiotics and synthetic growth
promoters as pollutants in animal products and wastewater,
Antibiotics in feed samples and New analytical methodologies
for determination of antibacterial and synthetic growth pro-
moters in food b-agonists and hormones in feed samples; Those
provide an overview of the recent studies on AGP and anabolic
growth promoters used in animal feed.

3.2. Veterinary antibiotics and synthetic growth promoters as
pollutants in animal products and wastewater

3.2.1. Effects of antibiotics in animal diets on animal and human
health and environmental impact

Antibiotics are used for three main purposes in animals:

therapeutic use against infectious disease, prophylactic use for
prevention of infectious animal diseases, and as feed additives to
improve feed utilization and animal production (Fischer, Schilter,
Tritscher, & Stadler, 2011). Feed additives are defined as sub-
stances which improve both the feedstuffs in which they are
incorporated and livestock production.

Van Boeckel et al. (2015) estimated that the consumption of
antimicrobials in food animal production globally was 63,151 tons
in 2010; they estimated that this consumption would increase by
67% by the year 2030 (105,569 tons). Antimicrobial consumption
has a heterogenic geographic distribution, depending on the
legislation in each continent and country, level of industrialization
of animal production and characteristics of the market for food
animal products. For example, in the US up to 80% of all antibiotics
by volume used are in food production animals, where they are
widely used as growth promoters; the US uses about 1.5 times as
many antibiotics as Spain, one of the heaviest European users
(Cully, 2014).

According to Van Boeckel et al. (2015) the five countries with the
largest shares of global antimicrobial consumption in food animal
production are: China (23%), the United States (13%), Brazil (13%),
India (3%) and Germany (3%). There is an association between
intensive farming practices and the level of utilization of AGP;
countries with intensive farming practices and dense food animal
populations are generally associated with high consumption of
AGP. These authors estimate antimicrobial consumption based on
species-specific coefficients on antimicrobial consumption per
population correction unit (PCU). In the OECD countries, antimi-
crobial consumption was lower in cattle (45 mg/PCU) than for
chickens (148 mg/PCU) and pigs (172 mg/PCU).

The majority of the VAs that are administered to feed animals
via feedstuffs are antimicrobials; AGPs are usually used in intensive
systems administered via medicated feed. Worldwide, the aim of
intensive livestock farming is to achieve high levels of food pro-
duction at low cost per unit produced, but it is usually associated
with an increase in the use of AGP. In the United States tetracyclines
make up more than two thirds of antimicrobials administered to
animals, whereas in Europe they account for only 37% (Fig. 3); this

Table 1
Search strings (combinations of search terms and substrings) related to veterinary antibiotics and synthetic growth promoters in animal feeds, using the databases Scopus and
Web of Science (WOS).

Out puts

Extensive search Restricted search

WOS WOS Scopus Scopus WOS Scopus

Substring, topic All Title/abst/kw All Title/abst/kw Title Title

Antibiotic
Term 1 and Term 7 1104 198 1648 470 67 155
Term 1 7 and 8 509 88 599 158 34 57
Steroidal hormones
Term 2 and 7 18 0 88 24 0 2
Term 2 7 and 8 11 0 40 12 0 2
Bovine somatrotropine
Term 3 and 7 257 17 204 27 7 10
Term 3 7 and 8 113 10 100 11 3 4
Beta-adrenergic agonists
Term 4 and 7 78 19 108 27 8 9
Term 4 7 and 8 46 14 49 9 6 4
Veterinary drugs residue
Term 5 and 7 300 21 114 21 10 7
Term 5 7 and 8 151 10 33 5 7 2
Analytical methods
Term 6 and 7 2441 25 9540 3261 2 390
Term 6 7 and 8 934 5 3301 841 0 99
Term 1 6 7 8 192 1 480 130 0 22
Term 2 3 6 and 7 8 0 101 27 0 2
Terms 4 5 6 7 and 8 83 1 66 35 0 13
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route of administration leads to variability in dosage e as the ani-
mal can choose how much feed or water to consume e and thus
promotes antibiotic resistance (FDA, 2015a).

The feedstuffs also can contain antibiotic residues through their
contamination by, for instance, wastes in their environment origi-
nating from animals that consumed AGP in rangeland or crop areas,
volatilization, or contaminated equipment used to prepare animal
rations (mills, mixers, etc.). There is little in the scientific literature
about the contamination of feedstuffs with AGP as a specific source
of residues in animal products. McEvoy (2002) states that cross-
contamination of feeding stuffs is a significant problem.

The use of antibiotics in food animal production offers proven
benefits in animal health and production, as well as a reduction of
foodborne pathogens (Mathew, Cissell, & Liamthong, 2007). How-
ever, the over-use, misuse or lack of control in administration of
antibiotics results in a high accumulation of antibiotics in the ani-
mal and its excretion to the environment. Harmful effects of AGP in
feedstuffs on animals may occur if the compound has a lowmargin
of safety in that species or if it adversely interacts with other
medicines ormicrobial effects (McEvoy, 2002). Rice, McMurray, and
Davidson (1983) reported toxicological effects of lincomycin in
dairy feed, with the affected cows showing anorexia, diarrhea and
ketosis.

The main implication of the addition of AGP to feedstuffs is the
presence of potentially harmful residues in the meat and other
edible products derived from animals. Olatoye and Ehinmowo
(2010) determined that approximately 54% of the oxytetracycline
administered could be detected in residues in cattle. According to
FDA reports, tetracyclines show the highest level of drug use in
animal feed (35% of the total antimicrobial drugs approved for use
in food-producing animals), followed by polymixins (FDA, 2012).
McEvoy (2002) analyzed the presence of antimicrobials in feed-
stuffs and noted that the most frequently identified components
were chlortetracycline (15.2%), sulphonamides (6.9%), penicillin
(3.4%) and ionophores (3.4%).

A main concern for human health is the development of anti-
biotic resistance in bacteria that can cause disease in humans.
While misuse of antibiotics in human medicine is a major cause of
this problem, antibiotic resistance originating from the use of AGP
in animals is a factor that can exacerbate this global human health
issue (WHO & FAO, 2015). Resistant bacteria evolve through the
usage of antimicrobials and a correlation exists between the extent
of usage and the prevalence of resistance under most circum-
stances (Jensen, Hammerum, Hasman, & Aarestrup, 2002).

The transfer of genes for antibiotic resistance and the selection
of resistant bacteria can arise through several mechanisms
(Mathew et al., 2007; Roe & Pillai, 2003). There are two stages in
the emergence of antibiotic-resistant bacteria: the first is genetic
change, which can result from mutation (for example, resistance to
fluoroquinolone) or because an existing antibiotic-resistant gene is
transferred into the bacterium from another resistant bacterium
(horizontal and lateral bacterial resistance transfers) (Martinez &
Baquero, 2000). Roe and Pillai (2003) have identified the integron
gene sequence as the bacteria's primary method for acquisition of
antimicrobial resistance genes. The second stage is the expansion
by selection: once a gene or mutation for resistance is present and
expressed, the cells containing it are able to survive and reproduce
in the presence of the antibiotic and therefore increase in number
at the expense of the vulnerable cells; resistant organisms are thus
favored (JETACAR, 1999).

The potential of resistant bacteria contaminating milk and dairy
products is a particular concern. Milk and dairy consumption vary
according to geographic region, market and economic conditions
and food traditions, among other factors. However, in the process of
evaluating the safety of milk as a source of contamination, special
attention must be placed on products for infants and children.
Consumption of milk by infants and children is an important source
of nutrients, and it is consumed in higher quantities compared to
adults. For this reason, levels of exposure to any contaminants are
correspondingly higher. Pereira et al. (2014) evaluated the effect of
antimicrobial use on drug resistance in fecal E. Coli isolated from
pre-weaned dairy calves and found that samples from
enrofloxacine-treated calves had a higher (P < 0.0001) probability
of being resistant to fluoroquinolones. This result is particularly
disturbing, as these antibiotics are critical in human medicine for
treatment against Salmonella, Campylobacter and Shigella bacteria
(Collignon, Powers, Chiller, Aidara-Kane, & Aarestrup, 2009). Other
reports describe further instances of antibiotic and anthelmintic
residues in dairy products (Berardi, Bogialli, Curini, Di Corcia, &
Lagan�a, 2006; Gomez-Perez, Romero-Gonzalez, Martinez, & Gar-
rido Frenich, 2013).

Antibiotics used to combat mastitis-causing pathogens are the
most common antimicrobial agents used in the dairy industry
(Fischer et al., 2011). LeBlanc, Osawa,& Dubuc (2011) carried out an
extensive reviewof antimicrobial resistance in adult dairy cows and
concluded that the use of antibiotics in the dairy industry for the
treatment and prevention of this condition does contribute to
antimicrobial resistance, but this use provides more advantages
than disadvantages. Other concerns about the presence of antimi-
crobial residues inmilk and dairy products include the possibility of
such residues causing allergic reactions.

In poultry, as well, there are concerns about the spread of
antibiotic resistant bacteria. The selection pressure for resistant
bacteria in poultry is high, and consequently their fecal flora con-
tents have a relative high proportion of resistant bacteria. Van den
Bogaard, London, Driessen, and Stobberingh (2001) analyzed
antimicrobial resistance in feces of turkeys, broilers and hens pro-
ducing eggs for human consumption and found strong evidence of
the spread of antibiotic resistant Escherichia coli from animals to
people. The resistant fecal E. coli from poultry can infect humans
directly, via farmers and foods, for example when eggs are
contaminated during laying. Idogu et al. (2010) also found that 3.6%
of eggs in supermarkets tested positive for antibiotics, mainly
tetracyclines.

Endtz et al. (1991) noted that the first evidence of resistance to
Campylobacter jejuni infection in humans in the Netherlands coin-
cided with the introduction of enrofloxacin in poultry therapy in
spring 1987. Several authors suggest that the use of antibiotics in
veterinary practice is the primary cause of the drug resistance

Fig. 3. Antimicrobials used in food producing animals in the United States and Europe
Union.
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found in human strains of Yersinia enterocolitica (Kwaga & Iversen,
1990).

Many antibiotics and hormones administered to animals cannot
be completely absorbed or metabolized in the body and are directly
excreted into the sewage system (Bartelt-Hunt, Snow, Damon-
Powell, & Miesbachc, 2011; Bendz, Pax�eus, Ginn, & Loge, 2005;
Kim et al., 2013). As a result, wastewater systems are a major
pathway for the disposal and dispersal of antibiotics (Al-Rifai,
Khabbaz, & Schafer, 2011). Many antibiotics in wastewater are
eliminated by sorption and transferred to sewage sludge during
sewage treatment (H€orsing et al., 2011; Li, Du, Yu, Xu, & You, 2013;
Li, Shi, Gao, Liu, & Cai, 2013), indicating that sludge can serve as an
important reservoir for antibiotics. In addition, it has been recog-
nized that the disposal of sludge, such as for agricultural application
and landfill, can potentially release the antibiotics into the envi-
ronment and may pose potential risks to animal and human health
ecosystems (Sapkota et al., 2008; Wu, Spongberg, Witter, Fang, &
Czajkowski, 2010).

3.2.2. Effects of anabolic growth promoters on animal and human
health and environmental impact

The continual increase in the global demand for feedstuffs en-
courages the development of novel strategies and technologies to
enhance animal productivity, promoting the food supplementation
that guarantees food security. Several biological and chemical
substances are used to improve animal production performance.
The recombinant Bovine Somatotropine (rBST) has been used to
enhance milk production in the dairy industry; likewise, biological
and chemical components with an anabolic effect, called growth-
promoting agents, such as steroid hormones and b-agonist, have
been used in the meat industry. The increase in milk production
resulting from the administration of rBST is approximately 15%
under optimal management conditions. The efficiency of growth
promotion ranges between 0% and 20%, depending on such factors
as animal species, breed, gender, age, reproductive status, body
condition score and feeding level (Meyer, 2001).

Anabolic steroids enhance body protein accretion and metabo-
lize fat stores, resulting in increased lean growth rates (Smith,
2014). For this reason, anabolic steroids have been used in animal
production systems for many years to increase growth rate
(þ10e30%), feed efficiency (þ5e15%) and carcass leanness
(þ5e8%) (Meyer, 2001; Stolker et al., 2007). Anabolic feed additives
have been banned in the Europe Union; substances with hormonal
and thyrostatic action were banned in 1988 (EU, 1988) and b-
agonist was banned in 1996 (EU, 1996); however, in the United
States two hormones are approved as feed additives: melengestrol
acetate (MGA) for feedlot heifers and ractopamine for swine. Other
anabolic growth promoters are usually implanted in the animal's
ear so that the active substance is released slowly into the
bloodstream.

The use of hormonal growth promoters in several countries
outside the Europe Union is a primary concern, since the residual
hormones found not only in meat, milk and other animal products,
but also in soil andwater originating from animal excreta, may have
negative effects on endocrine activity in aquatic fauna and terres-
trial animals (Lange et al. 2002). Various anabolic steroids have
been detected in meat samples (Bussche et al., 2014; Vanhaecke,
Vanden Bussche, Wille, Bekaert, & De Brabander, 2011) and milk
samples have been found to contain diethylstilbestrol (DES)
(Secundo, Bacigalupo, Scalera, & Quici, 2012), which is responsible
for a higher incidence of vaginal and cervical adenocarcinoma as
well as an increased risk of infertility in women (Schrager & Potter,
2004).

Anabolic growth promoter residues can also be found in
contaminated feed, leading to adverse effects in animal health and

reproductive performance. Griel, Kradel, and Wickersham (1969)
reported on abortions in cattle fed broiler litter containing estro-
gens. Shore, Shemesh, and Cohen (1988) noted that the consump-
tion of chicken manure silage containing about 300 mg/kg of DM
estrogens fed to non-pregnant heifers caused hyperestrogenism.

b-agonists are a class of substances that act on adrenergic re-
ceptor with anabolic effects in animals (Smith, 2014). Al-Doski,
Hemmings, Daniel, Brameld, and Parr (2015) mentioned that b-
agonists (cimaterol) administered to sheep increase glycolytic po-
tential in muscles, which is associated with a capacity to increase
the synthesis of serine and presumably other related metabolites
required for growth. Nazli, Çolak, Aydin, and Hampikyan (2005)
carried out the detection of anabolic residues in meat and meat
products; they found levels of b-agonist and steroidal anabolic
higher than acceptable limits and noted that meat and meat
products with excessive levels of anabolic residues might be
harmful for the consumer.

The safety in humans of growth-promoting products used
appropriately in meat production has been confirmed by several
international organizations (Food and Agriculture Organization,
World Health Organization, US FDA) (Preston, 1999). However, it is
important that current research focus on the development of
techniques for detecting miniscule levels of drug residues and carry
out long-term studies on the potential effects of the accumulation
of drug residues in human tissues.

Endogenous hormones of animal origin have been released and
deposited in environmental for thousands of years; however,
recent years have seen a significant increase due to the increasing
population and more intensive farming practices (Lange et al.,
2002). The synthetic growth promoters used over the last five de-
cades to improve animal production performance exhibit a high
chemical stability and low deactivation via biotransformation, and
may thus affect the ecological balance due to their prolonged
persistence in the environment.

Estrogen, testosterone, 4-androstenedione, and androsterone
have been detected inwastewater impoundments derived from pig
farms (Bartelt-Hunt et al., 2011). The co-occurrence of VAs and
steroid hormone contamination in groundwater and the correla-
tion between pharmaceutical occurrence in lagoonwastewater and
hydraulically downgradient groundwater indicates that ground-
water underlying some livestock wastewater impoundments is
susceptible to contamination by VAs and steroid hormones origi-
nating in wastewater lagoons (Qin, Zhao, Sawyer, & Li, 2008). Ef-
fects of exogenous natural and synthetics hormones in different
aquatic species have been reported, such as the reduction of
testicular growth in rainbow trout (Jobling, Sumpter, Sheahan,
Osborne, & Matthiessen, 1996) and in testis and ovary size in
zebrafish (Van den Belt, Wester, van der Ven, Verheyen, & Witters,
2002).

3.3. Antibiotics in feed samples

VAswhich are forbidden in animal foods and feeds are regulated
in the European Union by Directive 96/23/EC (European
Commission, 1996), which focuses on measures to monitor sub-
stances and residues in live animals and animal products. Analytical
methodologies, including criteria for identification and confirma-
tion for the monitoring of compliance, are described in the Euro-
pean Commission Decision 2002/657/CE (European Commission,
2002). In recent years, rapid methods with the advantage of easy
performance, high sensitivity and high throughput are being pro-
posed and used extensively.

The new analytical methods for determining levels of VAs in
food and feed for livestock are shown in Table 3. Antibiotics should
include only five classes e penicillins, tetracyclines, macrolides,
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Table 2
Maximum residue limits (MRLs) of antimicrobials and anabolic in foodstuffs of animal origin.

Substance Chemical group Animal species Matrix MRLs (mg/kg) Reference

Antimicrobials
Amoxicillin b-lactam All food producing species Muscle 50 Commission Regulation

(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 50
Liver 50
Kidney 50
Milk 4

Ampicillin b-lactam All food producing species Muscle 50 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 50
Liver 50
Kidney 50
Milk 4

Penicillin V b-lactam Porcine Muscle 25 Commission Regulation
(EEC) No 37/2010 of
March 1992 (Official
Journal of the European
Union, L145, 20/6/
2000)

Liver 25
Kidney 25

Bacitracin Polypeptides Bovine
Rabbit

Milk 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Muscle 150
Fat 150
Liver 150
Kidney 150

Chlortetracycline Tetracyclines All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Liver 300
Kidney 600
Milk 100
Eggs 200

Tetracycline Tetracyclines All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Liver 300
Kidney 600
Milk 100
Eggs 200

Oxitetracycline Tetracyclines All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Liver 300
Kidney 600
Milk 100
Eggs 200

Gentamicin Aminoglycosides Bovine Porcine
Bovine

Muscle 50 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 50
Liver 200
Kidney 750
Milk 100

Neomycin Aminoglycosides All food producing species Muscle 500 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 500
Liver 500
Kidney 5000
Milk 1500
Eggs 500

Spectinomycin Aminoglycosides Ovine Muscle 300 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 500
Liver 2000
Kidney 5000
Milk 200

All other food producing species Muscle 300 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 500
Liver 1000
Kidney 5000
Milk 200

Streptomycin Aminoglycosides Bovine, porcine, ovine, poultry Muscle 600 Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food addives series,
1998.

Fat 600
Liver 600
Kidney 1000
Milk 200

Erythromycin Macrolides All food producing species Muscle 200 Commission Regulation
(EEC) No 37/2010 ofFat 200

(continued on next page)
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Table 2 (continued )

Substance Chemical group Animal species Matrix MRLs (mg/kg) Reference

December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Liver 200
Kidney 200
Milk 40
Eggs 150

Tylosin Macrolides All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 100
Liver 100
Kidney 100
Milk 50
Eggs 200

Tilmicosin Macrolides Poultry Muscle 150 Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food addives series,
2009.

Liver 2400
Kidney 600
Skin and Fat 250

Bovine, ovine Muscle 100
Liver 1000
Kidney 300
Fat 100

Porcine Muscle 100
Liver 1500
Kidney 1000
Fat 100

Sulfonamide Sulfonamide All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 100
Liver 100
Kidney 100

Bovine, ovine, caprine Milk 100

Lincomycin Lincosamides All food producing species Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 50
Liver 500
Kidney 1500
Milk 150
Eggs 50

Pirlimycin Lincosamides Bovine Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 100
Liver 1000
Kidney 400
Milk 100

Enrofloxacin Fluoroquinolones Bovine, ovine, caprine Muscle 100 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 100
Liver 300
Kidney 200
Milk 100

Danofloxacin Fluoroquinolones Bovine, ovine, caprine, poultry Muscle 200 Commission Regulation
(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Fat 100
Liver 400
Kidney 400

All other food producing species Muscle 100
Fat 50
Liver 200
Kidney 200

Bovine, ovine, caprine Milk 30
Florfenicol Amphenicols Bovine, ovine, caprine Muscle 200 Commission Regulation

(EEC) No 37/2010 of
December 2009
(Official Journal of the
European Union, L15/1,
20/1/2010)

Liver 3000
Kidney 300

Porcine Muscle 300
Skin and Fat 500
Liver 2000
Kidney 500

Poultry Muscle 100
Skin and Fat 200
Liver 2500
Kidney 750

Tiamulin Pleuromutilins Porcine Muscle 100 Europe Medicine
Agency (EMA).
Veterinary medicines
Maximum residues
limits, 2008.

Liver 500
Poultry Muscle 100

Liver 1000
Skin and Fat 100
Eggs 1000

Anabolics
17 b-estradiol Natural steroids e e UN Joint FAO/WHO Expert

Committee on Food
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amino glycosides and amphenicols (Gentili, Perret, & Marchese,
2005), which comprise the most commonly detected VAs in food
and are also normally used for preventing and treating diseases in
animals. In addition, they are also used to increase feed efficiency
and to promote growth in food-producing animals at subthera-
peutic levels, with the use of other compounds such as hormones
and b-agonists. As previously stated, the overuse of antibiotics in
the livestock industry and their release into the environment poses
both human health and ecological risks (Barcelo, 2007).

Most growth promoters have now been banned within the EU,
with a decrease in the use of VAs in recent years (EMA, 2014). By
1999 only four compounds (monensin sodium, salinomycin so-
dium, avilamycin and flavophospholipol) remained in the group of
feed additive growth promoters, with a consumption of 786 tons in
the Europe Union that represented 6% of the total consumption of
antibiotics; later all use of antibiotics as growth promoters was
banned in the EU (EU, 2007). In 2012, the European Union sold 8046
tons of veterinary drugs (EMA, 2014). In the United States (US), 70%
of antimicrobials were used in livestock farming in 2002, repre-
senting eight times the amount used in human medicine
(Kummerer, 2003). In 2013 US livestock producers purchased
14,900 tons of antimicrobials (FDA, 2015a,b). Contrary to what one
should expect with Sustainable Animal Diets, in the US, domestic
sales and distribution of antimicrobials approved for use in food-
producing animals increased by 17% from 2009 through 2013.

According to Wierup (2001) the motivation of producers and
veterinarians toward a more prudent use of antimicrobials should
be based on education. Swedenwas the first country to ban the use
of AGP in 1986, and it was the farmers themselves who requested
the ban, in part because a 1984 report showed that consumer
confidence in meat safety had fallen after it was revealed that
farmers were using 30 tons per year of VAs in food animal pro-
duction (Cogliani, Goossens,& Greko, 2011). Although in the United
States several AGPs are approved for use in food-producing ani-
mals, recently the FDA has also proposed restrictions and a judi-
cious use of antimicrobial growth promoters in light of the current
information and advice suggesting that the subtherapeutic use may
increase the risk of antimicrobial resistance (FDA, 2012).

Several organizations, such as the European Commission (1999,
2015), US Food and Drug Administration (FDA, 2015b), and Codex
Alimentarius (FAO, 2014) have establishedmaximum residue limits

(MRLs) for VAs in foodstuffs from animal origin (Table 2). Table 3
presents an overview of the methodological advances in the anal-
ysis of antibacterial residues and synthetic growth promoters in
food as a result of implementation of the Commission Decision
2002/657/EC (European Commission, 2002), aimed at increasing
environmental sustainability.

3.4. b-agonists and hormones in feed samples

The use of b-agonists and substances with hormonal or thy-
reostatic action are banned in the European Union and other
countries around the world. However, sometimes restricted drugs
may be added to feed illegally in order to promote increasedmuscle
development or increased water retention and thus obtain an
economical benefit through an unsustainable diet. The result is a
fraudulent weight increase of meat with lower fat content, and the
increased levels of residues that may remain in the tissue (Bussche
et al., 2014) pose a real threat to the consumer through either
exposure to the residues or allergy risk. For example, the ingestion
of clenbuterol may result in food poisoning and cause muscle
tremors, tachycardia, palpitation and dizziness (Chan, 1999).

3.5. New analytical methodologies for determination of
antibacterial and synthetic growth promoters in food

Animal feed is a very complex matrix. Not only does the
composition differ for each species, but starting materials also
differ for each production batch, resulting in unique characteristics
for each feed. The first problem encountered is that many anti-
bacterial residues derive from parent compounds and metabolites,
because most of the antibacterials administered to food-producing
animals are oxidized, reduced, hydrolyzed, or biotransformed into
water-soluble conjugates. The second problem is that there is no set
of maximum residue limits (MRL) or clear guidelines for levels of
residues permitted in animal feed, even though the EU defines the
MRLs for antimicrobials in foodstuffs of animal origin (Table 2). The
third problem is cross-contamination, which occurs when trace
amounts of drugs or chemicals are incorporated into feeds that
should not contain them. Affected batches typically result when
produced on the same equipment immediately after the production
of a medicated feed that legally contains the drug in question. Use

Table 2 (continued )

Substance Chemical group Animal species Matrix MRLs (mg/kg) Reference

Additives (JECFA). WHO
food additives series,
2000.

Progesterone Natural steroids e e UN Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food additives series,
2000.

Zeranol Xenobiotics e Muscle 2 Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food additives series,
1988.

Liver 10

Trembolone acetate Xenobiotics e Muscle 2 Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food additives series,
1988.

Liver 10

Melengestrol acetate Synthetic steroids e Muscle 1 Joint FAO/WHO Expert
Committee on Food
Additives (JECFA). WHO
food additives series,
2006.

Liver 10
Kidney 2
Fat 18
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of these contaminated feeds may lead to the presence of residues in
the animals consuming them (McEvoy, 2002).

This new technique for determining VAs and SGP in food in-
corporates new analytical methods (IAEA-FCRIS, 2015) that are able
to analyze a large number of samples (Table 3), require less
extracted solution, shorter clean-up cartridges time, and higher
precision in improving recoveries and diminishing the risk of
sample cross-contamination. The most popular immunoassays for
detection of antibacterial residues are the immunochemical

methods and the competitive enzyme-linked immunoassay
(ELISA). Simple screening methods are highly advantageous for
laboratories managing a large number of samples. ELISA tests
provide semi-quantitative data and are particularly attractive.

In the field of food contaminant analysis, the most significant
development of recent years has been the integration of ultra-high
pressure liquid chromatography (UHPLC), coupled with tandem
quadruple mass spectrometry (MS/MS), into analytical applica-
tions. Chromatographic procedures with different techniques have

Table 3
Common classes of veterinary drug residues and analytical techniques from food and feed in livestock.

Term Analytical method Compound References

Antibiotic LC-MS
GC-MS

Tetracycline,
oxytetracycline,
chlortetracycline,
sulfamethazine,
sulfamethoxazole, and
sulfadimethoxine

Ahmed et al. 2015;
Le Bizec, Pinel, Antinag, & J. P, 2009;
Baer, De la Calle, & Taylor, 2010

Antibiotic LC-MS Ampicillin, penicillin G,
tetracycline,
oxytetracycline,
chlortetracycline,
bacitracin A,
virginiamycin M1,
chloramphenicol,
erythromycin A,
clarithromycin, tylosin
A, monensin A and
streptomycin.

De Alwis & Heller, 2010

Antibiotics LC-MS/MS analysis. 50 antibacterials of
various classes,
aminocoumarin,
amphenicols, beta-
lactams, lincosamide,
macrolides,
diaminopyrimidine,
quinolones,
sulfonamides,
streptogramin,
pleuromutilin,
polypeptide,
quinoxaline, and
tetracyclines, and also
some benzimidazoles

Robert et al., 2015

Steroidal hormones Grains/enzyme-linked
immunosorbent assay
(ELISA), LC-UV-EC

Zeranol Hsieh et al., 2012

B agonist Radioligand-receptor
binding assay

Clenbuterol, Cimaterol
(CIM), mabuterol
(MAB) mapenterol
(MAP), ractopamine
(RAC), salmeterol (SAL)
and Zilpaterol

Boyd, Heskamp, Bovee, Nielen, & Elliott, 2009

B agonist and Antibiotics Ultra-high pressure
liquid chromatography
e tandem mass
spectrometry (UHPLC-
MS/MS)

b-agonists, sedatives,
nitro-imidazoles and
aflatoxins

Wang, Wang, Zhang, & Su, 2014

B agonist Gas chromatography e

mass spectrometry
(GC-MS)

b-agonists Corcia, Morra, Pazzi, & Vincenti, 2009; Yang et al., 2013;
He, Su, Zeng, Liu, & Huang, 2007

B agonist capillary
electrophoresis

b-agonists Li et al., 2013a

B agonist electro- chemical
methods

Clenbuterol Bo et al., 2013;
Wang et al., 2013

B agonist Label-free gold
nanoparticles (AuNPs)
in the presence of
melamine

Clenbuterol,
ractopamine,
salbutamol

Xu et al., 2014; Zhang et al., 2012;
Zhou, Li, Liu, Fu, & Zhang, 2013.

Antibiotics LC-MS/MS 14 veterinary drugs Cronly et al., 2010
b-agonists and antibiotics LC-MS/MS 20 veterinary drugs Zhang et al., 2013

GC, Gas chromatography; GC-MS, Gas chromatography-mass spectrometry; LC, liquid chromatography; MS/MS, tandem mass spectrometry; LC-MS, Liquid chromatography-
tandem mass spectrometry; LC-UV-EC, liquid chromatography incorporating ultraviolet (UV) absorbance and electrochemical dual-mode detection.
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been used recently to determine antibiotics in food; liquid chro-
matography (LC) with ultraviolet (UV) fluorescence (FL) or mass
spectrophotometry (MS) detection is the preferred option. LC and,
more recently, ultra-performance LC (UPLC) are the techniques of
choice for the determination of antimicrobials in the extracts. Gas
chromatography (GC) combined with mass spectrophotometry
(MS) has also been recently widely used for the determining the
presence of different antibiotics and SGPs in animal food.

Most methods are designed to analyze several pharmaceuticals
belonging to the same family of compounds, and methods covering
several families of antimicrobials are still rare (Boscher, Guignard,
Pellet, Hoffmann, & Bohn, 2010; Cronly et al., 2010). Both UV and
MS are widely applied as detection systems coupled with LC, and
fluorimetry can also be advantageous for fluorescent compounds.
UV and fluorimetric detectors are quite simple, robust and well-
suited for routine control of medicated feeds. In general, there is
increasing interest in methods for the simultaneous analysis of
various classes of veterinary drugs. In one run, such multi-residue
analyses can deal with more than 300 compounds in feed sam-
ples (Gomez-Perez, Romero-Gonzalez, Martinez,& Garrido Frenich,
2015) but only by using medium/high-resolution mass spectrom-
eters (MeHRMS).

4. Conclusions

A review of recent research on the use of veterinary antibiotics,
antibiotic growth promoters and synthetic growth promoters in
food-producing animals reveals a growing awareness of the risks
these supplements can pose e both for animal and human health
and for the environment as a whole. The excessive use of antibi-
otics, particularly at a subtherapeutic dosage to promote growth,
can fuel the development of antibiotic resistant bacteria, which put
the health of both animals and humans at risk. Antibiotics also
enter the environment through animal excreta and wastewater, as
do anabolic growth enhancers, which can be particularly detri-
mental to aquatic animals. Residues of VAs and SGPs often remain
in the animal products consumed by humans, which may cause
various health issues, including allergies. Careful analysis of animal
feed and animal products to detect the presence of these additives
is a key step in monitoring their use. Recent methods include liquid
chromatography with ultraviolet detection and mass spectropho-
tometry. Careful monitoring, education of the population on the
hazards of residues in animal products, and the gradual reduction
of the use of antibiotics and synthetic growth promoters in live-
stock are of utmost importance in ensuring the sustainability of
animal production systems.
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