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Abstract: Growth promoters are substances that are added to feeds as supplement or injection to improve feed
utilization and the growth of farm animals. Cattle producers use growth promoters to increase growth rates and
improve overall efficiency and product quality. The most extensively applied growth promoters are feed
additives, anabolic implants (Both estrogenic and androgenic), bovine somatotropin, repartitioning agents
(Beta-agonists) and probiotics. All non-nutrient feed additives such as antibiotics and exogenous enzymes that
improve animal growth can be described as growth promoters. Hormonal growth promoters (Zeranol, trenbolone
acetate and estradiol) have generated various positive effects in cattle production. Hormonal growth promoters
may cause carcinogenic effect to the consumer. Unable to adhere to the guideline of probiotic production may
lead to the development of pathogenic organisms. Human health can either be affected directly through
residues of an antibiotic in meat, which may cause side-effects, or indirectly, through the selection of antibiotic
resistance determinants that may spread to a human pathogen. Some of the antibiotics used for growth
promotion in pigs, poultry and/or cattle are classified by the World Health Organization as critically important
antibiotics for use in human medicine. These conditions favor the selection and spread of antibiotic resistant
bacteria among animals, to the environment and eventually to humans. On a global level, a recent joint
workshop was held involving the World Health Organization, Food and Agriculture Organization of the United
Nations and the World Organization for Animal Health on non-human antimicrobial usage and antimicrobial
resistance. The resulting report recommends implementation of the World Health Organization as global

principles for the containment of antimicrobial resistance in animals intended for food.
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INTRODUCTION

Growth promoters are substances that are added to
feeds as supplement or injection as drugs to improve feed
utilization and the growth of farm animals. In areas where
there is increasing trends of beef and milk demand growth
promoters are very important to meet the human needs.
The most extensively applied growth promoters are
hormonal anabolic implants (Both estrogenic and
androgenic), bovine somatotropin (BST), feed additives,
Repartitioning agents (Beta-agonists) and probiotics [1].
All non-nutrient feed additives such as antibiotics and
exogenous enzymes that improve animal growth can be
principally described as growth promoters [2].

Many studies have been conducted to evaluate the
effects of growth promoters on performances and carcass
characteristics of cattle, aspects of endogenous hormonal
and metabolites. Anabolic implants [3] and Bovine

Somatotropin (BST) [4] are known to improve feed
conversion efficiency (FCE) and growth rate (GR) by
reducing fat deposition in cattle. Ionophores such as
monensin could improve energetic efficiency in the cattle
[5, 6] and lysocellin [7] affect mineral metabolism of
ruminal bacteria. Steroids increased the weight gain in
treated animals through net protein accretion and
Nitrogen retention without any changes in the
digestibility of Nitrogen intake [8].

However, most of these compounds have not gained
widespread consumer acceptability and growth-promoting
hormones were banned by the European Union (EU).
The consequence of this EU position has leads to the
development, in numerous countries, of a black market of
hormone cocktails including potentially dangerous
synthetic steroids and corticoids. Therefore, the
objectives of this review were to give an overview on
different types of growth promoters and its importance in
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cattle production, to indicate public health impact of
growth promoters and to review policies on growth
promoters used for cattle production.

Growth Promoters: Growth promoters are substances
used to increase the feed conversion efficiency, average
daily gain and carcass quality or milk production of
animals. Both genetics and nutrition are the two most
important factors affecting animal productivity. Meat
animal producers are concerned with the amount of
protein fed that is converted into muscle deposition [9].
Protein formation can be estimated by comparing the
amount of nitrogen fed to the amount of nitrogen in the
animal’s waste. However, growth promoters can improve
the efficiency of animals to use nitrogen of their ration to
form amino acids and build their own protein. Most
growth promoters accelerate nitrogen retention in the
body [10].

Types of Growth Promoters: Cattle growth promoters are
divided into five groups as feed additives, hormonal
implants, growth hormone (Somatotropins), repartitioning
agents (B-agonists) and probiotics. The characteristics of
each are discussed in the following sections.

Feed Additives: A feed additive is a substance added to
feed to fulfill a specific need of the animal. The additive
may provide a needed nutrient or increase an animal’s
resistance to disease [11]. Many feed additives were
available such as antibiotics, organic acids and
exogenous enzymes. These compounds will be added to
the milking and fattening diet of farm animals to improve
the growth performance, nutritional parameters and
carcass traits [12, 13].

Antibiotics used as feed additives, develop their
activity in the digestive tract of animals by suppressing
the undesired competitive microorganisms that utilize
nutrients and produce undesirable or toxic substances
resulting in an optimal environment for the intestinal
mucosa, which allows an efficient nutrient absorption.
Therefore, nutrient utilization, feed conversion ratio and
growth rate improved [14]. Chen and Russell [15] also
indicated that growing animals will get maximum benefits
from antibiotic growth promoters (AGPs). Antibiotic
growth promoters demonstrated low resistance capacity
at authorized use levels include Monensin [16],
Flavomycine [17] and Virginiamycine [18, 19].

From the advantages of Monensin (an Ionophore a
group of antibiotics that are used only in agriculture), it
has no equivalent products used in human medicine, or
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even share a mode of action with any compound in human
medicine and do not have antibiotic resistance encoded
by transferable genes. Monensin acts on bacteria by
facilitating the carriage of sodium ions into the cell to
speed up the sodium/potassium pump in the cell
membrane leading to ion imbalance. As the transport
mechanism requires energy in the form of adenosine
triphosphate (ATP), continuous exposure to Monensin
could lead the cell to exhaust energy supplies, resulting in
death by osmotic disruption of the cell, but more usually
it prevents the bacteria from competing in a mixed
population and their numbers decline [20].

Rumen is a fermentation vat that converts
carbohydrates into volatile fatty acids (VFAs) such as
acetic, butyric and propionic acids that drive the animal’s
metabolites. The key to the efficiency of production of the
VFAs is the preservation of the six carbons from the final
fermentation substrate, usually a hexose sugar such as
glucose. Propionic acid is only VFA that complete
retention of all six carbon molecules in the
fermentation products [21]. Monensin affects gram
positive bacteria that produce acetic and butyric acid
and creates suitable environments for propionate
producing bacteria in the rumen [15]. Rumen active
growth promoters have additional benefits in the control
of acidosis [22], bloat control [23] and the prevention of
coccidiosis [24].

The sensitivity of rumen bacteria to Monensin and
their related products of fermentation are indicated in
Table 1.

The AGPs with a more pronounced effect in the
intestine are the Flavomycine and virginiamycine. Both of
them inhibit the growth and metabolism of harmful gut
bacteria, decreased elaboration of toxic substances,
including bacterial toxins, reduced bacterial destruction of
essential nutrients, increased synthesis of vitamins and
other growth factors improve efficiency of nutrient
absorption by modification of the gut wall, reduced
intestinal mucosal epithelial cell turnover and reduce
intestinal motility [26].

Organic acids are widely used to improve cattle
performance through reducing the pH of feeds, digesta
and creating negative conditions for microorganism
growth and entering into the microbial cytoplasm to
disrupt the life cycle of the microorganism, especially
gram positives bacteria [19]. The combination of organic
acids with certain types of essential oils obtained from
herbal extracts had a synergistic effect on control of most
bacterial growth, including salmonellae, E. coli,
Enterococcus, Staphylococcus and Clostridium [18].
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Table 1: The sensitivity of rumen bacteria to monensin and their related products of fermentation

Rumen Bacteria

Fermentation Products

Monensin-sensitive organisms
Ruminococcus
Methanobacterium
Lactobacillus

Butyrivibrio

Streptococcus
Methanosarcina

Acetic acid

Acetic acid, methane
Lactic acid

Acetic acid, butyric acid
Lactic acid

Methane

Monensin-insensitive organisms
Selenomonas

Bacteroides

Veillonella

Propionic acid
Acetic acid, Propionic acid

Propionic acid

Source: Chow and Russell [25]

Table 2: Some physiological, nutritional and metabolic effects of feed additive growth promoter

Physiological effects

Nutritional effects

Metabolic effects

Gut food transit time |
Gut wall diameter |

Gut wall length !

Gut wall weight |

Fecal moisture |
Mucosal cell regress |
Stress |

Gut absorption capacity |
Feed intake 1

Gut energy loss |

Nitrogen retention 1

Energy retention 1

Limiting amino acid supply 1
Vitamin absorption 1

Trace element absorption !
Fatty acid absorption 1
Glucose absorption 1
Calcium absorption 1

Amino production |
Toxic amine production |
Alpha-toxin production |
Fatty acid oxidation |
Fecal fat excretion !

Gut alkaline phosphatase 1
Liver protein synthesis |
Gut urease |

Plasma nutrients 1

Source: Ewing and Cole [29]

Exogenous enzymes are widely used in cattle diets
under a wide range of feeding strategies. They improve
nutrient digestibility and consistency of feces in cattle.
For instance, exogenous amylase improves the
digestibility of dietary starch both in ruminants and
non-ruminants [27].

According to Chow and Russell [25], a wide range of
substances considered feed additives that may be
classified as technological, organoleptic, nutritional and
zoo technical (i.e. increasing animal production or
performance).

In spite of the different emphasis of the mode of
action of the rumen and gut-active feed additive growth
promoters, their effects on the efficiency of performance
is very similar with a 6 to 8% improvement in Feed
conversion efficiency [28]. Some of physiological,
nutritional and metabolic effects of feed additive growth
promoter are presented in Table 2.

Hormonal Implants: Implanting hormonal growth
promoter is currently widespread in the beef cattle
industry of many non-EU countries for the better
performance in growth and improvement of feed
efficiency. These hormonal implants may enhance growth
during suckling, growing and finishing stages of meat

26

production [30]. They are implanted under the skin
(usually behind the ear) of the animal in the form of depot
capsules, where they release a specific dose of hormones
over a fixed period of time [1].

Types of hormones most widely used in cattle
production in the form of implant include natural
hormones, (estradiol, testosterone and progesterone) and
synthetic ones (trenbolone acetate and zeranol) [31].

Estradiol has estrogenic action (i.e. responsible for
female characteristics); testosterone has androgenic
action (i.e. responsible for male characteristics); and
progesterone has gestagenic action (i.e. responsible for
maintaining pregnancy). The other two hormones mimic
the biological activity of the natural hormones: trenbolone
acetate mimics the action of testosterone and zeranol
mimics estradiol [32].

Estradiol promoted growth by stimulating appetite
and improving FCE [31]. Testosterone or testosterone
propionate, alone or in combination with other hormonally
active substances, used primarily to improve the rate of
weight gain and feed efficiency by anabolic action of
androgens [33]. It is well established that progesterone
not only serves as the precursor of all the major steroid
hormones (Androgens, oestrogens, corticosteroids) in the
gonads and adrenals, but also is converts into one or
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more metabolites by most tissues in the body to improve
growth rate of animal [34]. Trenbolone acetate (TBA) is a
synthetic steroid with an anabolic potency that may
exceed that of testosterone. It is a pro-drug that converts
into its active form 17[3- trenbolone, which isomerizes into
17a-trenbolone. 17P-trenbolone is the major form
occurring in muscle tissue, whereas the 17c-epimer is the
major metabolite occurring in liver and in the excreta
including bile. It is assumed to exert its anabolic action via
interaction with androgen and glucocorticoid receptors
[35].

Zeranol is derived from the naturally occurring myco-
estrogen-zearalenone and is a potent estrogen receptor
agonist in vivo and in vitro [36]. Its actions resemble
those of estradiol [37] and used alone or in combination
with TBA as a hormonal growth promoter in various
products [38].

Growth Hormones: Growth hormone (GH) or
somatotropin (ST) a single polypeptide chain
consisting of 191 amino acids, varying considerably
between species [12]. It increases weight gain by
stimulates metabolism and protein accretion concurrent
with a reduction in fat deposition [21].

Bovine somatotrophine (BST) is a bovine growth
hormone produced by the pituitary gland of the cow.
This hormone is a protein, like insulin, not a steroid
hormone, such as sex hormones or cortisone. During
lactation, BST mobilizes body fat for use as energy and
diverts feed energy towards milk production rather than
tissue synthesis. In fact, BST increases efficiency in milk
production by 10% to 15% [39]. Though the use of BST
is primarily concentrated on increasing milk production,
its effects on beef cattle are increased growth rates,
improved feed conversion and carcass lean, while
decreasing carcass fat. The effect on eating quality of the
meat associated with reduced carcass fat is a reduced
acceptability because of lower scores on tenderness [9].

is

Repartitioning Agents (B- Agonists): Beta-adrenergic
agonists enhance growth efficiency by stimulation of
B-adrenergic receptors on cell surfaces. They act as
repartitioning agents to modify carcass composition by
altering nutrient partitioning to lower fat deposition up to
40% and increase muscle protein content up to 40%.
Increased protein accretion is mediated by binding of the
agonist to muscle Pl and P2 receptors, leading to
increased muscle protein synthesis [14, 26]. In muscle
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tissue, [-agonists promote protein synthesis and cell
hypertrophy by inhibition of proteolysis. In adipose
tissue, [-agonists promote lipolysis [40]. They may have
a secondary mechanisms mediated by other hormones by
increasing blood flow [41].

A wide range of compounds has been investigated as
B-agonists including cimaterol, clenbuterol, fenoterol,
isoprenaline, mabuterol, ractopamine, salbutamol,
terbutaline and zilpaterol. Zilpaterol, present as an active
B2-agonist in Zilmax®, is one of the new [-agonists
officially registered for fattening purposes in cattle in
Mexico and South Africa. Zilpaterol hydrochloride is a
powerful [P-agonist, which is more effective than
ractopamine, but only about one-tenth effective as
clenbuterol [42].

Mexican reported that zilpaterol supplementation can
have a marked beneficial effect on growth performance
and carcass yield of feedlot steers.

Enhanced growth performance accounts for 55% of
the net economic value of zilpaterol supplementation
(Benefit to the feeder), while increased carcass cut ability
accounts for 45% of the net value (Benefit to the meat
packer and retailer) [39].

When [(3-agonists are used as growth promoters, two
major problems arise during chronic exposure. Firstly,
receptor down regulation leads to a falloff in effect over
time [43] and a ‘rebound’ when the product is removed,
leading to an increase in fat deposition and a reduction in
muscle mass [35]. The most effective use of a
repartitioning agent is therefore in the finishing period in
the one to two months prior to slaughter.

Probiotics: Probiotics are mono or mixed culture of living
microorganisms, which induce beneficial effect on the
host by improving the properties of the indigenous
micro- flora [44]. Several microorganisms have been
considered as probiotics including fungi particularly
mushroom and yeast, bacteria and mixed cultures
comprising of various microbes [45]. Bacteria are more
commonly reported as probiotic than fungi. The
microorganisms used as probiotics are indicated in
Table 3.

Genera Lactobacillus [46] and Bifidobacteria [47] are
the mostly reported. Other bacteria that have been used,
though to a lesser extent in poultry and animal probiotics
include
Lactococcus, Pediococcus and Selenomona scerevisiae
[39].

Bacillus,  Enterococcus, Streptococcus,
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Table 3: Microorganisms used as probiotics

Genus Bacterial species

Lactobacillus

Lactococcus L. lactis
Enterococcus E. faecium
Streptococcus S. thermophiles

Pediococcus P. pentosaceus
Bacillus
Bifidobacterium B. bifidum

B. pseudolongum
B. breve

B. thermophilum
S. cerevisiae

A virulent Escherichia coli  E. coli

Saccharomyces

L. acidophilus, L. casesi, L. rhamnosus, L. reuteri, L. plantarum, L. fermentum, L. brevis L. helveticus and L. delbruckei.

B. subtilis, B. cereus, B. toyoi B. natto, B. mesentericus and B. lechentericus

Source: Ouwehand et al. [48] and Lodemann et al. [49]

Probiotics are commonly administered to animals
orally either through the feed or drinking water. Recently,
the use of the lactate-utilizing bacterium Megasphaera
elsdenii as a probiotic has yielded interesting results in
acidosis prevention and performance enhancement.
Drenching Megasphaera elsdenii intra-ruminally has
been effective in increasing rumen pH and decreasing
lactate concentrations during a rapid transition from
forage to a high concentrate diet [50]. In terms of acidosis
prevention and enhancement of growth performance, the
inclusion of probiotics in beef cattle diets is perhaps the
second most adopted practice after ionophores [51].

Interestingly, a link between rumen abundance of
Megasphaera elsdenii and milk fat depression has been
recently identified [52] which can be extremely important
in the future development of probiotics with application
in dairy diets. The main limitation to using Megasphaera
elsdenii as a probiotic is the fact that strict anaerobiosis
is required to maintain a viable culture [53].

The mode of action of probiotics includes;
competitive exclusion of pathogenic bacteria (Such as
E. coli and Salmonella species), [1, 54] immune
modulation [55], producing antibiotic substances,
decreased intestinal pH [14], stimulating synthesis of
vitamin B-groups, providing digestive enzymes and
increasing of production of volatile fatty acids [14, 56].

For instance, Lactobacillus species which is found
in many probiotic products produces antimicrobial lactic
acid and bacteriocins (Antibacterial peptides) such as
nisin, lactobrevin, acidophilin, acidolin, lactobacillin,
lactocidin and lactolin [57]. Effects of Probiotics depends
on the combination of selected bacterial genera, their
doses and on the interactions of probiotics with some
pharmaceuticals, feed composition, storage conditions
and feed technology [58], they can also regulate anti and
pro-inflammatory cytokine production [59] and natural
killer cells [60].
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Importance of Growth Promoters in Cattle Production:
Cattle producers use growth promoters to increase growth
rates and improve overall efficiency and product quality
of cattle. Growth promoters are used widely in both the
grazing (Grass fed) industry and the intensive feedlot
industry of cattle [61]. In grass fed beef systems, the
economic benefits from using growth promoters can
come from higher growth rates per day, animals can be
sold at heavier weights at the same age, animals can be
sold earlier at similar weights, higher prices if better
growth rates result in premium markets. Earlier sale of
non-breeding cattle allows more breeders to be run on the
same area. In feedlots, benefit of growth promoters is
mainly from a higher feed conversion efficiency and
greater throughput as animals reach the target weight
more quickly [62].

Public Health Impact of Growth Promoter: Human health
can either be affected directly through residues of an
antibiotic in meat, which may cause side-effects, or
indirectly, through the selection of antibiotic resistance
determinants that may spread to a human pathogen. A
drug that illustrates both potential problems is
chloramphenicol.

Gassner and Wuethrich [63] had demonstrated the
presence of chloramphenicol metabolites in meat products
and linked the presence of these antibiotic residues in
meat with the occurrence of aplastic anaemia in humans
cannot be ruled out.

Antibiotics are illegally wused for growth
promotion in food animal production in many countries.
These conditions favor the selection and spread of
antibiotic resistant bacteria among animals, to the
environment and eventually to humans, where they
infections that are more difficult to treat, last
longer or are more severe than antibiotic sensitive
infections [64].

cause
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Food animals are an important reservoir of non-
typhoidal Salmonella, as well as Campylobacter and
some types of E. coli infections of humans [65]. Recent
research suggests that food animals (Particularly pigs)
may also be a reservoir of some strains of methicillin
resistant Staphylococcus aureus(MRSA) for humans,
although it appears that people are the major reservoir for
most epidemiologically important strains of MRSA [66].
While the major public health impact from food animals is
normally attributed to food borne Salmonella and
Campylobacter, recent research is making it increasingly
apparent that food animals are also an important reservoir
of antibiotic resistant E. coli urinary tract and probably
blood stream infections of humans [67].

Hormonal residues can adversely affect the immune
system and can leads to an increase in certain common
It also affects many aspects of human
development and reproduction. The only evidence of
such an effect comes from high levels of hormones
injected into experimental animals. According to
evaluations by the International Agency for Research on
Cancer (IARC), there is currently sufficient evidence for
the carcinogenicity of estradiol and limited evidence for
the carcinogenicity of testosterone to humans.
Experiments with some of the other compounds used in
implants have shown that, under certain conditions, they
may cause adverse effects in experimental animals [65].

Progesterone increases the incidence of ovarian,
uterine and mammary tumors in laboratory animal
experiments [68].

Zeranol stimulates estrogen receptors dependent cell
proliferation in mammary glands which results in
human breast cancer [37]. Although some recent data
indicated that estradiol- 17p has genotoxic potential,
Joint Expert Committee on Food Additive scientists
pointed out that there are no data demonstrating that
concentrations below the no-hormonal-effect level cause
adverse effects in animals or humans [69]. Some carcass
traits can be changed by the use of implants, with lower
dressing percentages reduced marbling and a reduction in
top grade carcasses being reported [70].

The use of beta agonists, such as ractopamine more
effective for cattle production, but consumption of animal
products that contain ractopamine residue have increase
the toxicological risk on human health and also causes
cardiovascular disease [71].

Probiotic producers, medical professionals and public
health officers consider some form of system to monitor
the health outcomes of long-term probiotic administration.
Characterization of each strain of microorganism that used
in production of probiotics must be on bases of guideline

cancers.
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established by a working group conveyed of jointly by
the FAO and WHO, in which they considered the safety
probiotic products on human health. Improper usage of
the probiotic production guideline results in
developments of pathogenic microorganisms for both
human and animal health [72].

The FDA, WHO, American dietetic association
and national institutes of health have independently
stated that dairy products and meat from Bovine
somatotropin (BST) treated cow are safe for human
consumption. The American cancer society issued a
report declaring “the evidence for potential harm to
human, from Bovine somatotropin (BST) milk, is
inconclusive [73].

Policies on Growth Promoters: The World Health
Organization [65] published a report on the medical
impact of the use of antimicrobials in food animals
suggesting a link between the two on an epidemiological
basis. This report [74] recommends, on precautionary
grounds, that national governments adopt a proactive
approach to reduce the need for antimicrobial use in
animals and establish surveillance of antimicrobial usage
and resistance. With respect to the use of antimicrobial
growth promoters, WHO suggests that of
antimicrobial growth promoters that are in classes also
used in humans be terminated or rapidly phased out, by
legislation if necessary, unless and until risk assessments
are carried out.

On a global level, a recent joint workshop was held
involving the WHO, Food and Agriculture Organization
of the United Nations (FAO) and the World Organization
for Animal Health (OIE) on nonhuman antimicrobial usage
and antimicrobial resistance. The resulting report
recommends implementation of the WHO global principles
for the containment of antimicrobial resistance in animals
intended for food [69].These principles include the
withdrawal from food animal production of AGP that are
in classes also used to treat human disease unless and
until a risk assessment is carried out [74].In addition, the
report recommends the implementation on a national level
of risk assessment studies and establishment of
surveillance programs to monitor antimicrobial growth
promoter use and antimicrobial resistance in bacteria from
food animals.

Denmark was among the first countries to ban the use
of hormones for growth promotion in meat animals,
banning them in 1963. Concern about growth-promoting
hormones became widespread in Europe in 1977 after the
discovery that a number of young boys in Italy had
begun to develop breast cancer.

use
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Researchers suggested that estrogen in poultry or
meat might have been related to the incident [38].

Whereas the EU has banned the use of all hormones,
other countries do allow the use of steroid hormones and
hormone-like substances in various combinations with the
aim to improve weight gain and feed efficiency in
livestock farming. Recommended application occurs in the
form of small implants or devices, containing the active
hormones, into the subcutaneous tissue of the ears. Both
ears are completely discharged at slaughter [68].

In the United States, Canada, Australia, New Zealand
and in some countries in South America, Asia and Africa
the natural hormones - testosterone, 17B-oestradiol and
progesterone - and the synthetic hormones trenbolone,
zeranol and melengestrol acetate can be used to promote
growth [75].

Currently, five hormones (Progesterone, testosterone,
estradiol-17B, zeranol and trenbolone acetate) are
approved for implants in cattle in the U.S.A. But these
implants have been officially prohibited in Europe since
1989.

Hormone implants are widely used in the U.S.A.,
Australia and Canada. According to a review by Brumby
[40] approximately 30 countries have approved one or
more of these implants for enhancing the growth of cattle.
Use of these implants in cattle according to recommended
procedures was declared safety by the; FDA, which
approved 11 formulations of implants between 1956 and
1996, EEC Scientific Working Group on Anabolic Agents,
chaired by Dr. G.E. Lamming in 1987 and FAO/WHO Joint
Expert Committee on Food Additives [73].

The focus of bans in Sweden has been on antibiotics
for growth promotion, rather than hormones. In 1986
Sweden banned all use of antibiotics for the purposes of
growth promotion. Sweden was among the first countries
to implement the recommendations of the United
Kingdom’s 1969 Swann Commission, which recommended
restricting the use of antibiotics and prohibiting specific
drugs in animal feed. In particular, the Swann Committee
cautioned that antibiotics used for therapy should not be
given to food animals [10].

Denmark introduced its first antibiotic ban in
May 1995 when it banned the use of avoparcin in the
country. This followed the release of a 1993 report that
linked the emergence of the antibiotic-resistant bacteria,
such as vancomycin-resistant Enterococcus faecium
(VREF) to the administration of avoparcin as a growth
promoter in food animals [76]. Subsequent findings in
Germany and Denmark confirmed the relationship between
VREF and the use of avoparcin. In spite of the 1995
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avoparcin ban, the total use of antimicrobials for growth
promotion continued to increase until January 1998 when
Denmark banned a second growth promoter,
virginiamycine [77].

Following the actions in European countries such as
Sweden and Denmark, the Commission of the European
Union banned the use of avoparcin as a growth promoter
in all EU member states in 1997 [78]. In the EU, feed
additives cannot be placed on the market unless they are
authorized based on scientific evaluation of their efficacy,
effect on animal and human health and on the
environment [18].

There are currently no [f-agonists registered in the EU
for use in cattle as growth promoters, indeed in the EU
this class of compound is specifically prohibited under EU
Directive 96/22/EC.There is one product registered as a
growth promoter in cattle in South Africa and Mexico
zilpaterol (Zilmax, Hoechst Roussel Vet) — and one in pigs
in the USA, Mexico, Brazil, Philippines and Korea —
ractopamine [79].

This prohibition prompted an international trade
dispute, with Canada and the United States contesting
the ban. In 1997 a World Trade Organization (WTO)
panel ruled that the EU prohibition was not consistent
with the agreement on the application of Sanitary and
Phyto-sanitary Measures. On appeal by the EU, the WTO
appellate body reversed most of the initial panel’s
decision, but upheld the finding that the prohibition did
not comply with the requirement in the agreement that
measures should be based on a relevant assessment of
the risks to human health [75].

CONCLUSION

Different types of growth promoters (GP) used in
cattle are feed additives, anabolic implants, growth
hormones, B-agonists and probiotics. They have different
mechanism of action, but their last effect is improvement
of cattle production by increasing the feed conversion
efficiency, average daily gain and carcass quality or milk
production of animals. Though growth promoters have
importance for cattle production, the final consumer can
be affected by different adverse effects like antibiotic drug
resistance, carcinogenic effects and potential pathogen.
For this reason, antimicrobial growth promoters that are
also used in humans and generally illegal use of a large
variety of growth promoters should be terminated or
controlled unless and until risk assessments are carried
out. Countries should develop policy on the use of
different animal growth promoters.
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