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Introduction

Abstract

In India, although antibiotics have been used in large quantities
for some decades, until recently the existence of these drugs in
the milk and meat has received a little concern. It is only in
recent years that a more extensive investigation of antibiotic
substances has been attempted in order to permit an assessment
of the public health risks pose by them. Antibiotic usage in
livestock production as therapeutics, prophylactics and as
growth promoter has become vital to the growing dairy
industry, since the prolonged or inappropriate usage of such
antibiotics may lead to residues appearing in milk, which pose
the risk of human health hazards and also interfere with the
processing of the milk and milk products. The administration of
antibiotics against bacterial infection is a significant driving
force for selection of resistant strains of bacteria, which can
spread from animal to human population and complicate the
therapeutic management of such infections. Despite the
numerous investigations performed, there is still a lack of
understanding and knowledge about antibiotic residues in the
milk and milk products. In this review we addressed the present
state of knowledge concerning the occurrence, fate, public
health hazards and the methods used to detect of antibiotic
residues in milk

The increasing human population and changing standard of living across the
globe demand for the more food and other resources. The practical solution for this was
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to adopt the practices to improve the agriculture production and industrial output. Several
measures have been initiated by the Indian government to increase the productivity of
livestock through various schemes and policies including Delhi Milk Scheme (DMS),
Key Village Scheme (KVS), Integrated Cattle Development Project (ICDP) and some
other programmes were launched to improve breeding, feed and fodder availability and
effective disease control which has resulted in increasing the milk production
significantly and at present, India stands first in the milk production (Kumar et al., 2011).
The average growth in the milk production is about 5 % per annum with sustained growth
in the availability of milk and milk products for the growing population. Dairy sector has
become an important secondary source of income for millions of rural families and has
assumed the most important role in providing employment and income generating
opportunities. Milk is an excellent source of nutrients and considered as a natures perfect
food (and as almost complete food) since the antiquity (Enb et al., 2009). Milk contains
the optimal balance of proteins, fats, carbohydrates, vitamins and minerals providing a
range of benefits for growth, immunity and development for the calves and also to
human.

Milk is, however a potential ready source for disease agents and other biological
and chemical contaminants. Animal products and byproducts can potentially be
contaminated with thousands of chemicals which are used in day today life for the
various purposes. The most promising residues in animal derived products include
pesticides, antibacterial drugs, hormonal growth promoters, industrial chemicals and
heavy metals (Unnikrishnan et al., 2005; Khaniki, 2007). Antibiotics are the most widely
used veterinary drugs for therapeutic and prophylactic purposes and also as growth
promoter in dairy animals which may appear in milk as residues for a certain time period
(Wassenaar, 2005). Food Safety and Standards Act, 2006 defines veterinary drug residues
as “the parent compounds or their metabolites or both in any edible portion of any
animal product and include residues of associated impurities of the veterinary drugs
concerned” (FSSA, 2006). The residues can also be defined as the substances having a
pharmacological action, their metabolites and other substances transmitted to animal
products that are likely to be harmful to human health (Serratosa et al., 2006). The
antibacterial residues are sometimes called as “bacterial inhibitory substances” because of
the microbiological basis of the screening tests frequently used to detect them and
specific bacterial organism inhibited by them (McEwen et al., 1992). The presence of
residues may be the result of failure to monitor the withdrawal periods, illegal or off-label
use of drugs and incorrect dosage levels or dosing schedule. Unauthorized antibiotic use
and lack of good veterinary practices may result in residues of these substances in milk
and tissues (Ivona and Mate, 2002; Paturkar et al., 2005; Gaare et al., 2012). The detailed
understandings behind occurrence of residue in milk are explained in the later in the text.

Safe levels of residues in milk and other animal products result from the
participation of all activities involved in the food chain ‘from stable to table’ (Serratosa et
al., 2006). Milk producers, dairy cooperatives, personnel involved in processing,
marketing and the veterinarians are directly or indirectly responsible to provide the safe
milk for the society. Veterinary drugs are extensively used to promote the animal health,
control and treat the infection and to step up the production (Botsoglou and Fletouris,
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2001). Presence of any drug or antibiotic residue in milk and meat is considered as
illegitimate and also lead to economic losses to dairy industry. A consumer demands the
food which is free from chemical residues. Many countries have imposed regulatory
limits (maximum residue limit/MRL) on the level of various drugs used for treatment of
dairy animals. MRL could be defined as maximum concentration of residues in a product
(milk, meat, egg) considered by the regulatory authorities as without sanitary hazard for
the consumer and without effect on the manufacturing processes (Paturkar et al., 2005).

Antibacterials used in dairy animals

Several antibiotics have been isolated from various sources and being used to
control disease pathogens. These agents are not only used for treating the infectious
diseases, but also used as feed additives such as chemotherapeutic agents (antibiotics,
anthelmintics) and growth promoters (Serratosa et al., 2006; Babapour et al., 2012).
Antibiotics can be grouped by either their chemical structure or mechanism of action. The
most commonly used antibacterials in veterinary medicine include p-lactams,
tetracyclines, aminoglycosides, macrolides, quinolones and sulfonamides (Mitchell et al.,
1998; Unnikrishnan et al., 2005). These antibacterials may be used singly or at times in
combination when treating dairy cattle. Antibacterials are administered by various routes
to the animals. The most common routes are parenteral, tropical, oral (sometimes through
water and feed), intra-mammary and intra-uterine. All of these routes may result to
residues in milk either parent drug or its metabolites (Hubbert et al., 1996). Among the
above mention antibacterials oxytetracycline, chloramphenicol and streptomycin are
commonly excreted through milk by virtue of their pharmacokinetic properties (Zahid
Hosen et al., 2010).

Mastitis is the most prevalent and economically important widespread disease in
cattle which requires intensive antimicrobial treatment (Mohsenzadeh and Bahrainpour,
2008). Treatment of mastitis with antibacterials is of greatest regulatory concern because
of possibilities of antibacterial residues in milk (Sandholm et al., 2009). Mastitis is
treated with antibiotics delivered directly into the udder and sometimes injecting those by
parenteral routes. Treated cows are required to be excluded from the milk supply for a
specific time period to ensure that antibiotic residues are not excreted in their milk.
Antibiotic residues enter the milk supply when treated cows are returned to the milking
herd before the withholding period or when a cow retains antibiotic residues in her
system for an extraordinary length of time. Therefore milk from treated cows must not be
marketed until the recommended withholding period has elapsed (Khaniki, 2007).
Observance with recommended withholding time helps minimizing the risk of antibiotic
residues to occur in milk which is the exclusive responsibility of dairy farmer.

Research has quite extensively examined that, the reasons for contamination of
bulk tank milk is bad management practices involving delivery of milk from treated cows
during the withholding period, insufficient information flow between milking personnel,
failures during milking, treatment failures or milking of dry cows after antibiotic
treatment at drying off (Doherr et al., 2007). Other major reasons for occurrence of drug
residues in milk are incorrect milking order of cows and insufficient cleaning of milking
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cluster or milking installation. Few cases of prolonged occurrences of residues in milk are
related to veterinary error and insufficient cleaning of milk contact surfaces after milking
of treated cows. The milking interval is reported to have more or less relation to residues
excretion in milk. Henschelchen and Walser (1983) reported significantly shorter
excretion periods for procain-penicillin G and oxytetracycline when cows were milked
with 2 hour intervals after treatment. Different milking intervals in cows milked with
automatic milking systems may influence the withdrawal period and excretion of
antibiotics in milk of treated cows (Knappstein et al., 2003).

In general, the health of cow and udder also has profound effect on excretion of
antibiotics in milk. The fibrosis of udder tissue in chronic mastitis leading to poor
distribution and absorption of penicillin cause higher concentrations and longer retention
of penicillin in milk of the affected quarters compared to healthy quarters (Edwards,
1964). Intravenous infusion of high dosages of ceftiofur in cows with experimentally
induced Escherichia coli mastitis resulted in significantly longer excretion of ceftiofur in
milk compared to healthy cows (Erskine et al., 1995). In a study Cagnardi and colleagues
(2010) evaluated the effect of udder health on persistence of cefoperazone in the systemic
circulation and mammary tissue after intra-mammary administration. They reported that,
in the cows with subclinical mastitis the retention time of cefoperazone is more than that
of healthy cow. The transfer of antibiotics from treated quarters to non-treated quarters
and subsequent excretion in milk has been described for a number of antibiotics (Aureli
et al., 1990). In India the off label use of antibiotics mainly dosages deviating from
recommendations of the drug manufacturer fall under the main reason for occurrence of
antibiotic residues in milk after the end of the withholding period in cows. Due to off-
label use of veterinary drugs or noncompliance withdrawal periods, much higher residue
levels might appear in the milk and milk products (Nisha, 2008) (The term off-label is
employed whenever a drug is used in a manner other that which it is licensed for). Off
label use might include giving the drug to a different species or by different route or
against the infection that it isn’t licensed or recommended.

As prophylactics and growth promoters, the antibacterials are used at lower
concentrations than those used for treatment. Because prevention of disease transmission
and enhancement of growth and feed efficiency are critical in modern animal husbandry
practices, there has been widespread incorporation of antibiotics into animal feeds in
many countries including India (Khachatourians, 1998). The prolonged use at low
concentration encourages the production of antibiotic resistant strains of bacteria
(Simonsen et al.,, 1998; Lin et al.,, 2013). One example is the emergence of
fluoroquinolone resistant Campylobacter, one of several bacterial species that cause
severe food poisoning in humans (Cheng et al., 2012).

Beta-lactam antibiotics

It is interesting to note that the R-lactam antibiotics, including the penicillins,
cephalosporins, carbapenems and others, make up the largest share of antibiotics used in
most countries (Kummerer, 2009). B-lactam antibiotics are broad spectrum antibiotics
interfering with cell wall synthesis, used generally to treat Gram positive and Gram
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negative bacterial infections (Droumev, 1983; Sun et al., 2013). B-lactam antibiotics
include penicillins, cephalosporins, carbapenems and monobactam group of antibiotics.
Among the beta-lactam antibiotics, penicillins and cephalosporins forms the major
category used in veterinary medicine and are frequently used for the treatment of animals
all over the globe.

Penicillins are the most commonly applied antibiotics for the treatment of bovine
mastitis (Haapapuro et al., 1997) which frequently results in their residues in milk. The
residues of these antibiotics in milk cause problems in dairy industries and human health
hazards (Ghidini et. al.,, 2002). Penicillins are not inactivated at pasteurization
temperature or on drying and may cause allergic reaction manifested by skin rashes in
very sensitive individuals at very low concentration of 0.03 1U/ml (Bjorland et al., 1998)
to 0.01 1U/ml (Waltner-Toews and McEwen, 1994) in milk. Cross reactivity is observed
between penicillins and cephalosporins for development of allergic reactions.
Approximately 4 % of patients with a history of penicillin allergy experience an
anaphylaxis reaction to a cephalosporin (Kelkar and Li, 2001) and patients with a history
of a penicillin related allergic event have a increased risk of a reaction when given a
sulfonamide or a cephalosporin (Apter et al., 2006). The carbapenems and aztreonam
shows merely cross reactivity with penicillin and other beta lactams (Romano et al.,
2007). Beta lactam antibiotics are sometimes associated with neurotoxicity manifested by
hallucinations, twitching, and seizures (Snavely and Hodges, 1984). Pre-existing brain
lesions, renal dysfunction and hyponatremia can trigger the neurotoxic symptoms even at
lower concentration of these antibiotics (Granowitz et al., 2008).

Tetracyclines

The tetracyclines are broad-spectrum antibacterials active against Mycoplasma,
Chlamydophila and Rickettsia in addition to bacteria. Tetracyclines are bacteriostatic and
acquired resistance is now widespread among bacteria (Fuoco, 2012). Tetracyclines may
be administrated parenterally, orally through feed or water or by intra-mammary infusion.
The widely used oxytetracycline and the less often used tetracycline and chlortetracycline
have similar properties. Fraction of tetracyclines execrated in bile gets reabsorbed
through entero-hepatic circulation, and may persist in the body for a long time after
administration (Chambers, 2006). The rate of metabolism of tetracyclines in cows has
been estimated to 25-75 % and a significant percentage of the administrated tetracyclines
are excreted in bovine milk (Abbasi et al., 2011). If these antibiotics administrate
improperly or if the withdrawal period for the treated cows has not been passed, the
parent drug and their metabolites may end up in milk and may cause harmful effects to
consumers (Fritz and Zuo, 2007). Demeclocycline, doxycycline and other tetracyclines to
a lesser extent associated with mild to severe photosensitivity reactions upon exposure to
sunlight in the individuals which are previously treated with these antibiotics. Photo-
onycholysis and pigmentation of the nails may develop with or without accompanying
photosensitivity (Chambers, 2006). Photo-onycholysis is a phototoxic reaction, which is a
drug-induced separation of the nail from the nail bed when exposed to ultraviolet
radiation. Tetracyclines can cross the placenta and enter the fetal circulation and amniotic
fluid. Relative to the maternal circulation, tetracycline concentrations in umbilical cord
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plasma and amniotic fluid are 60 % and 20 % respectively. Relatively high
concentrations of these drugs also are found in breast milk. Children receiving
tetracyclines for long or short duration may develop permanent brown discoloration of
the teeth (Navratilova et al., 2009). The larger the amount received relative to body
weight, the more intense the enamel discoloration. Exposure of pregnant women with
tetracyclines may produce discoloration of the teeth in her children.

Aminoglycosides

Aminoglycoside were the first antibiotics discovered by systematic screening of
natural product sources for antibacterial activity (Hermann, 2007). The laboratory of
Waksman reported the discovery and isolation of the streptomycin from soil bacteria
Streptomyces griseus in 1944, which was the first antibiotics used effectively against
Mycobacterium tuberculosis (Schatz and Waksman, 1944). Aminoglycosides are usually
used synergistically with B-lactams for the treatment of serious infections due to Gram
positive and Gram negative bacteria. They act by binding to the A site of the 30 S small
ribosomal subunit, inhibiting translation process in protein synthesis (Hermann, 2005).
The antibiotic, gentamicin in this class is used mainly to treat uterine infections in cattle,
particularly dairy animals. However, one of its side effects is its tendency to accumulate
and persist in bovine kidney tissue for several months (Elezov et al., 1984). Semi-
synthetic derivatives of natural products like amikacin, netilmicin and tobramycin have
been the most fruitful source of new clinically useful antibiotics (Von Nussbaum et al.,
2006). In humans, the nephrotoxicity of aminoglycosides is associated with small
portions of the drug being accumulated in the renal cortex and leading to reversible renal
impairment (Mingeot-Leclercqg and Tulkens, 1999; Granowitz et al., 2008). Considering
the antibiotics induced nephrotoxicity, the aminoglycosides and amphotericin are the
prototypical classes associated with acute renal failure; however, other agents including
sulfonamides, beta-lactams and acyclovir, have been reported to cause renal impairment
in variable severity. In addition to nephrotoxicity, aminoglycosides can cause irreversible
ototoxicity that occurs both in a dose-dependent and idiosyncratic manner (Fischel-
Ghodsian, 2005). Some animal study data demonstrated the probable role of reactive
oxygen species to induce specific ototoxicity (Bates, 2003).

Sulphonamides

Sulphonamides are among the oldest groups of antibacterials widely used in the
treatment of bacterial and coccidial diseases of dairy cattle and as growth promoter in
swine. They have a wide spectrum of bacteriostatic action, effective against both Gram
positive and Gram negative organisms. These types of antibiotics dissolve quickly, easily
distribute in all tissues and body fluids, including the cerebrospinal fluid and fetal
circulation. About 90 % of these antibiotics bind to plasma proteins, and their maximum
concentration seen 3-6 hours after the adminstration. They are metabolized primarily in
the liver and excreted in the urine by glomerular filtration. The primary mechanism of
adverse effects produced by these antibacterials in humans is associated with the
impairment of thyroid-hypothalamus-pituitary axis and should be assessed by measuring
parameters of thyroid and pituitary function (JECFA, 1990). Sulfonamides are also
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known to produce sensitization and are one of the most common classes of antibacterial
that produce allergic reactions at therapeutic dose (Golembiewski, 2002), but there have
been no cases of human allergies that involved exposure to residues in animal foods
(Paige et al., 1999).

Chloramphenicol

Chloramphenicol is a broad spectrum antibiotic, isolated from bacterium
Streptomyces venezulae in the year 1947. It is clinically used to treat chronic infection of
respiratory tract, bacterial meningoencephalitis, brain abscesses and intraocular infections
and is active against a variety of pathogens including bacteria, Spirochaetes and
Rickettsiae (Shukla et al., 2011). Chloramphenicol and its metabolites may appear in
milk after parenteral administration, however after oral administration to cattle it is not
excreted in milk (De Corte-Baeten and Debackere, 1976). Chloramphenicol has been
associated in a non-dose related manner with aplastic anemia (Shukla et al., 2011) and
bone marrow suppression (Ambeker et al., 2000) in a small proportion of human to
whom the drug was exposed. Some of the individuals who survive the bone marrow
depression may develop leukaemia, which creates concerns about possible
carcinogenicity (Doody et al., 1996). Although, most countries have banned the use of
chloramphenicol in food and dairy animals, nevertheless traces of it have been detected in
shrimp and other aquaculture products (Shukla et al., 2011).

Other antibacterials

Nitrofurans are the broad spectrum synthetic antibacterials, primarily used to treat
Gram positive bacterial infections. In veterinary medicine these are used for topical
application on infected burns and skin infections e.g. nitrofurazone (Vasheghani et al.,
2008) for the oral treatment of cholera e.g. furazolidone (Roychowdhury et al., 2008),
bacterial diarrhoea and giardiasis (Petri, 2005); and to treat urinary tract infections e.g.
nitrofurantoin (Guay, 2008). These antibacterials are sometime associated with adverse
reactions involving hemorrhagic diathesis, anemia, nausea and vomition in livestock and
cardiotocicity in birds. Animal studies demonstrated the mutagenic (Ahmed et al., 2008)
and neurotoxic effects of long term exposure to nitrofurans. The possible mechanism
linked to the mutagenic effect of furazolidone and other nitrofurans involves the
irreversible damage to the DNA of epithelial cells as well as endocrine dysfunction
occurred prevalently when cells are exposed to furazolidone (De Angelis et al., 1999).
Based on animal study data, nitrofurans and some anti-parasitic drugs, such as
dimetridazole, also raise some concern of carcinogenicity (Waltner-Toews and McEwen,
1994).

Another synthetic class, fluoroquinolones are broad spectrum antibacterials
primarily active against Gram negative pathogens. These are effective for the therapy of
serious infections, e.g. septicemia, gastroenteritis and respiratory diseases and also used
for the treatment of infections of the urinary tract and soft tissues (Nizamlioglu and
Aydin, 2012). They are effective in the therapy of mycoplasma infections and infections
caused by atypical bacteria (Navratilova et al., 2011). In veterinary medicine, they are
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useful especially in the therapy for gastrointestinal and respiratory tract infections
(Botsoglou and Fletouris, 2001), enrofloxacin being the most widely used
fluoroquinolone in veterinary medicine (Monica et al., 2011). Fluoroquinolone
preparations are also used for the prevention and treatment of mastitis in lactating cows
and for dry cow therapy (Gruet et al., 2001).

A few antibacterials are also known to cause functional changes in the rhythm and
rate of cardiac contraction. Macrolides, some quinolones, azoles, pentamidine and
quinine can prolong the Q-T interval of the cardiac cycle and cause ventricular
arrhythmia. Individual receiving oral erythromycin is found to have increased risk of
sudden death probably due to Q-T interval prolongation (Ray et al., 2004). On the other
hand erythromycin, azithromycin and other macrolides can cause dose dependant and
serum concentration dependent ototoxicity associated with bilateral hearing loss or
labyrinthine dysfunction (Swanson, 1992; Coulston and Balaratnam, 2005; Hajiioannou
et al., 2011) and sometimes may results in permanent hearing loss or vertigo (Ress and
Gross, 2000).

Public health hazards imposed by antibacterial residues

The prevalence of food borne illness is increasing worldwide and it has a major
public health impact (Nguz, 2007). Food borne illnesses are caused by eating or drinking
beverages and other food articles contaminated with bacteria, parasites, viruses or
chemical contaminants usually as a result of food mishandling and mismanagement
practices. In India insufficient data is available regarding the food borne hazards to
human and environment. In China the estimated incidents of food borne hazards was 200-
400 thousand people annually (Xie and Yongda, 2002). Centers for Disease Control and
Prevention (CDC) estimated that food borne illnesses affect 48 million people each year
in United States (CDC, 2011).

Most of the antibacterials currently used in the control and treatment of farm
animal diseases are relatively non toxic even at higher concentration, but there are few
antibiotics which pose a significant threat to public health when present in sufficiently
high concentrations in food (McEwen and McNab, 1997). Antibiotic residues in milk are
of great public health concern since milk is being widely consumed by infants, youngster
and adults throughout the globe (Khaniki, 2007). Considering the issue of public health
hazards, milk and milk products contaminated with antibiotics and other chemical
contaminants beyond a given residue levels, are considered unfit for human consumption
(Hillerton et al., 1999; Goffova et al., 2012). Occurrences of veterinary drug residues
pose the broad range of health consequences in the consumers. The residues of
antibacterials may present pharmacological, toxicological, microbiological and immune-
pathological health risks for humans (Drackova et al., 2009). In rare situations, the
pathogens against which the antibiotics are being used have less public health hazards
than those posed by the improper use of antibiotics. To enlist one example, mastitis
pathogens in milk pose a lower threat to public health if milk is pasteurized. On the other
hand, the careless antibiotic therapy to eliminate mastitis pathogens becomes a public
health concern due to their residues in milk [84] (Hameed, 2006).
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Antibacterial causes broad range of health effects, to summarize they can cause
development anomalies e.g. bone marrow aplasia (chloramphenicol) and can alter the
normal gastrointestinal microflora resulting in GI disturbances (intestinal dysbiosis) and
development of resistant strains of bacteria. Therefore, the use of antibacterials may
result in emergence of antibiotic resistant strains of pathogens, complicating the treatment
for both human and animal diseases (Dewdney et al., 1991; Goffova et al., 2012). In
addition some of the antibacterial may act as carcinogens and pro-carcinogens
(Oxytetracycline and furazolidone). Carcinogenic and genotoxic effects in consumers
could be possible at very low exposure levels, especially if the chemical in question is
ingested regularly over a long period of time. Oxytetracycline can react with nitrite and
the combination thereof called as nitrosamine is a potential carcinogen (Mitchell et al.,
1998). In the year 1995 European Union (EU) prohibited the use of nitrofurans for the
treatment of bacterial diseases in livestock production, due to concerns about the
carcinogenicity of their residues in edible tissue (Vass et al., 2008). In subsequent years
Australia, USA, Philippines, Thailand and Brazil also prohibited the use of nitrofurans in
food animals (Khong et al., 2004).

These hazards can be categorized in to two types as direct-short term hazards and
indirect-long term hazards, according to duration of exposure to residues and the time
onset of health effects (Muhammad et al., 2009). The direct health hazards includes the
health effects caused due to excretion of drug in milk, as an example the beta-lactam
group of antibiotics regardless of their low concentration in milk causes allergic
hypersensitive reaction in sensitized individual immediately after consumption (Paige et
al., 1997; Sierra et al., 2009). Another example includes the aplastic anemia caused by
chloramphenicol not related to level of exposure (Rich, 1950; Granowitz et al., 2008).

Several antibiotics are potent antigens or act as a haptens and occupational
exposure on a daily basis can lead to allergic reactions. Most of the reported allergic
reactions are related to R-lactam antibiotic residues in milk or meat and the allergic
reaction has been associated with exposure to antibiotic residues in foods. Many of the
cases refer to people previously treated with antibiotics and hypersensitized to a degree
that subsequent oral exposure evoked a response. A hypersensitivity reaction to a drug is
either IgE-mediated or Non-IgE-mediated reactions. IgE-mediated reactions occur
shortly after drug exposure. Instances of IgE-mediated hypersensitivity reactions include
urticaria, anaphylaxis, bronchospasm and angioedema. Non IgE-mediated reactions
include hemolytic anemia, thrombocytopenia, acute interstitial nephritis, serum sickness,
vasculitis, erythema multiforme, Stevens-Johnson syndrome and toxic epidermal
necrolysis (Granowitz et al., 2008).

Indirect and long term hazards are the effects caused by long term exposure of an
individual to residues and include carcinogenicity, teratogenicity and reproductive
effects. Long term exposure to diethyl stilbesterol can cause vaginal clear cell
adenocarcinoma and benign structural abnormalities (Offman and Longacre, 2012). The
long term exposure to antibiotic residues in milk may result in alteration of the drug
resistance of intestinal microflora (Ram et al., 2000). The use of the antibiotic avoparcin
as a growth promoter in food animals resulted in the development and amplification of
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vancomycin resistant enterococci. Subsequent colonization in human intestine of these
resistant strains causes the clinical disease that would be difficult to treat (Tzavaras et al.,
2012). Even if the resistant strains bacteria are not human pathogens, they may still be
dangerous because they can transfer their antibiotic resistance genes to other pathogenic
bacteria (Hayek, 2013). Antibiotic resistant strains of bacteria, including Salmonella, E.
coli and Campylobacter spp., have been isolated from farm animals in many countries
(Aarestrup et al., 1997; Brichta-Harhay et al., 2011).

Antibacterial agents like tetracyclines, nitrofurans and sulfonamides are used as
feed additives in cattle feed which may excrete in milk and sometimes associated with
toxicological effects in human (DeVries, 1997). Carcinogenic and mutagenic effects were
demonstrated on animals due to nitrofurans used at high and lengthened doses (De
Angelis et al., 1999; Gutierrez et al., 2011). These antibacterials are now prohibited in
most countries for veterinary use in animal production. The other substances considered
as potentially carcinogenic are antibiotic additives: quinoxaline, carbadox and olaquindox
(FAO/WHO, 1995). In long term animal studies, amoxicillin (Abou-Tarboush, 1994),
chloramphenicol (Fritz and Hess, 1971), doxycycline (Schaefer et al., 1996), gentamicin
(Nishio et al., 1987) and rifampin (Holdiness, 1987), have shown effects on reproduction
performance in parents and developmental toxicity in their offsprings. This data hold
functional insight on possible adverse effects of these antibacterials in pregnant and
lactating women and to their young ones. Recently in a study, Etminan and coworkers
(2012) postulated the risk of retinal detachment in individuals upon continued exposure
to fluoroquinolones. Chloramphenicol is also associated with optic neuropathy (Wong et
al., 2013) and brain abscess (Wiest et al., 2012) with varied intensities and clinical
manifestations.

Apart from the health hazards, antimicrobial residues in milk are responsible for
interference with starter culture activity and hence disrupt the manufacture process of
milk products (Katla et al., 2001). In the fermented dairy products manufacturing plants,
such as cheeses and yogurts, the presence of antimicrobial agents can lead to the partial
or total inhibition of the lactic bacterial growth. Antibiotic residues can also interfere with
the methylene blue test, intended to estimate the total microbial load in milk. The time
taken for reduction of the dye will be increased, hence causing under estimation of the
microbial load. All of these concerns may result in major economic losses to the dairy
industry.

Antimicrobial residues and regulatory issues in India

Milk offered for sale is a specific food item that requires strict control and
enforcement by all legal regulations and relevant authorities that must allow its marketing
at home country and abroad only through special and official permission.

In regard to dairy animals in developed countries, to avoid risks related to drug
residues in milk, in many countries maximum residue limits (MRLs) have been
established for each antimicrobial agent by law, below which it is considered that the
drug may safely be used without harming the consumer. In the European Union, the
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Table.1. Maximum Residue Limits (MRL) for commonly used veterinary drugs in cow
milk (Codex Alimentarius Commission 2012)

I\Skr).. Veterinary drug Class of drug MRL (ug/l)
1 | Albendazole Benzimidazole anthelmintic 100
2 | Amoxicillin Penicillin antibiotic 4
3 | Benzyl-penicillin Penicillin antibiotic 4
4 | Ceftiofur Cephalosporin antibiotic 100
5 | Chlortetracycline Tetracycline antibiotic 100
6 | Oxytetracycline Tetracycline antibiotic 100
7 | Tetracycline Tetracycline antibiotic 100
8 | Colistin Polymyxin antibiotic 50
9 | Dihydrostreptomycin Aminoglycoside antibiotic 200
10 | Streptomycin Aminoglycoside antibiotic 200
11 | Diminazene Aromatic diamidine trypanocide 150
12 | Doramectin Avermectin anthelmintic agent 15
13 | Eprinomectin Avermectin anthelmintic agent 20
14 | Febantel Phenylguanidine anthelmintic agent 100
15 | Fenbendazole Benzimidazole anthelmintic agent 100
16 | Oxfendazole Benzimidazole anthelmintic agent 100
17 | Gentamicin Aminoglycoside antibiotic 200
18 | Imidocarb Carbanalide antiprotozoal agent 50
19 | Isometamidium Trypanocide 100
20 | Ivermectin Avermectin anthelmintic agent 10
21 | Lincomycin Lincosamides antimicrobial 150
22 | Monensin Polyether ionophores antimicrobial 2
23 | Neomycin Aminoglycoside 1500
24 | Pirlimycin Lincosamide antibiotic 100
25 | Spectinomycin Aminocyclitol antibiotic 200
26 | Spiramycin Macrolide antimicrobial 200
27 | Sulfadimidine Sulfonamide antimicrobial 25
28 | Thiabendazole Benzimidazole anthelmintic agent 100
29 | Tylosin Macrolide antimicrobial 100
30 | Procaine benzyl-penicillin | Penicillin antibiotic 4
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MRLs in food of animal origin are established by the Codex Alimentarius Commission
(Codex Alimentarius Commission, 2012). These MRLs for commonly used veterinary
drugs as listed in the table 1 would be followed by the countries wherein the regulatory
limits are not established by the concern authorities. In India the manufacturing of
antibiotics and other drugs for human and veterinary use are regulated by Central Drug
Standard Control Organization (CDSCO) under Drugs and Cosmetics Act of 1940 and
the rules therein. However, there is intrinsically no regulation especially for use of
antibiotics in animals for treatment and as growth promoter. Multiple regulations for food
have been ordained at different points of time to supplement each other. This incremental
approach has lead to incoherence and inconsistency in the food sector regulatory
scenario.

The Food Safety and Standards Authority of India (FSSAI) under the Ministry of
Health and Family Welfare is the main authority for establishing the scientific standards
for articles of food including milk and milk products and to regulate their manufacture,
storage, distribution, sale and import, to ensure availability of safe and wholesome food
for human consumption and for matters connected therewith as per the rules specified by
Food Safety and Standard Act, 2006 (FSSA, 2006). The Food Safety and Standards Act,
2006 is a new legislative act which replaced the Milk and Milk Products Order, 1992 on
August 5, 2011. The FSSA integrates eight different existing food laws, and is a major
transformation that ensures to bring paradigm shift in the food regulatory scenario in
India. The FSSAI and State Food Authorities are responsible for implementation and
enforcement of the FSSA. The Section 21(1) of FSSA, 2006 specifies that the “food
should not contain any insecticides or pesticides residues, veterinary drugs residues,
antibiotic residues, solvent residues, pharmacological active substances and micro-
biological contaminants in excess of limits prescribed under the regulation” (FFSA,
2006). FSSAI have recognized few laboratories from different regions of country for
complete analysis of the food samples for presence of as per the Food Safety and
Standards (Food Products Standards and Food Additives-Part-1 & 1) Regulations, 2011
including the chemical contaminants, mycotoxins and veterinary drug residues.

Methods for detection of antibacterial residues in milk

To assure consumer’s safety and high quality dairy products intended for export,
raw milk is to regularly analyze for the presence of antibiotic residues. Detecting
violative levels of antimicrobial residues in milk through the use of residue screening and
other qualitative tests can help prevent contaminated milk from entering the human food
chain. Although milk is not regulated at the individual cow basis, use of antibiotic
screening tests for individual cow milk is associated with reduced risk of bulk milk
residue incidence (McEwen et al., 1991).Different methods and assays for the detection
of residues of antimicrobials, mostly in cow milk, have been developed and validated,
whereas few studies have been carried out so far for detection of residues in sheep and
goat milk (Wang et al., 2006; Comunian et al., 2010).

To detect antibiotic residues, different kinds of methods were developed. These
methods can be classified in two main groups as of screening methods and
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chromatographic methods to detect as many antibiotics as possible at very low
concentration. The screening tests are generally performed by microbiological (Nouws et
al., 1999; Babapour et al., 2012), enzymatic and immunological methods (Strasser et al.,
2003). The working principle of screening methods is based on the variable susceptibility
of bacteria to different antibiotics. The antibiotic residue detection assays that are
currently available use different methods and test microorganisms (Mitchell et al., 1998).
Microbiological assays for the detection of antibiotic residues utilize bacteria such as
Bacillus stearothermophilus because of its high sensitivity to the majority of antibiotics.
The first test for establishing antimicrobial agent residues in milk (microbial inhibitor
test) was developed as early as 1952 (Mitchell et al., 1998). The developments of tests for
detection of antibiotic residues were initiated to establish the inhibitor agent levels in
milk, since the presence of these agents could cause the inhibition of the starter cultures
used in dairy industry (Navratilova, 2008). These methods are relatively cheap, simple to
carry out and capable of detecting a wide variety of antimicrobial agents. A drawback
which limits their use is a long incubation period. Therefore, rapid assays for antibiotic
agent detection in milk have been developed which enable obtaining the results in short
duration. The rapid tests are simple to perform, sensitive and specific. The rapid assay
developed include Penzyme test which was developed in 1980’s. Later on, in 1988,
Charm 11 test for detecting 7 types of antimicrobial agents was introduced to the market,
followed by other rapid assays, e.g. the LacTec test (1991), SNAP test (1994), Beta Star
test, Charm Safe Level test (Mitchell et al., 1998) and Charm MRL-3 (Reybroeck et al.,
2011; Fejzic et. al., 2014).

Microbiological inhibition assays

In microbial growth inhibition test, standard culture of the test microorganism in a
liquid or solid medium is used; e.g. Geobacillus stearothermophilus var. calidolactis,
Bacillus subtilis, Bacillus megaterium, Sarcina lutea, Escherichia coli, Bacillus cereus or
Streptococcus thermophilus (Heeschen, 1993). Milk sample to be analysed is applied on
the agar surface and the plates are incubated for diffusion of the sample into the medium,
and if the sample contains inhibitor agents, inhibition of growth occurs of the tested
microorganism. The positive test is indicated either by formation of a clear zone of
inhibition around the disc or a change in the colour of medium (Reybroeck, 2014). At
present, many commercially produced microbial inhibitor tests are applied along with
selective rapid tests for milk sample screening in primary dairy industry for rapid and
precise detection of residues (Kozarova et al., 2009). The advantage of these methods is
that they have a wide detection spectrum, simple to carry out, reliability and they are
cheap and can be used for the screening of a large number of samples. Microbial inhibitor
tests detect a wider range of antimicrobial substances, including B-lactam antibiotics, and
give a result within 3 hours or less.

Receptor/ Protein binding assays

For detection of the B-lactam antibiotics residues in bulk or individual cow
milk samples, antibiotic specific receptor proteins or penicillin-binding proteins (PBP)
were successfully used in some methods and commercially available tests (Biacore
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analysis, Penzym test, Beta Star test, SNAP test, Charm Safe Level test and DELVO-X-
Press test and others) (Navratilova, 2008). Receptor binding assays are also a common
class of antibiotic residue screening tests. This type of assay involves a receptor protein
conjugated to an enzyme. The conjugate will bind to free p-lactam antibiotics that may be
present in the milk sample (Massova and Mobashery, 1998). One of the most common
receptor binding assays available commercially in market is the Beta star test. Beta Star
test is a receptor assay for rapid detection of the beta-lactam antibiotics penicillin,
ampicillin, amoxicillin, cloxacillin and cephapirin. This test is validated for use with raw,
commingled cow’s milk (Movassagh and Karami, 2011).

Table.2. FSSAI recommended analytical methods for detection and quantitation of
antibiotic residues:

Sr. No. | Antibacterials Analytical method
1 Beta-lactam antibiotics Bacillus stearothermophilus qualitative
disc Method-11
2 Chloramphenicol HPLC-MSMS method
3 Nitrofuran metabolites HPLC-MSMS method
4 Tetracyclines HPLC-UV/ MSMS method
5 Sulphonamides HPLC-MSMS method
6 Quinolones HPLC-MSMS method
7 Nitromidazoles HPLC-MSMS
Immunoassays

Immunoassays are quantitative or semi-quantitative methods characterized by
their high specificity, sensitivity, simplicity and cost-effectiveness, which make them
particularly useful in routine work. They are based on the specific reaction between
antibody and antigen. Nonisotopic immunoassays such as ELISA (Enzyme Linked
Immunosorbent Assay), FPIA (Fluorescence Polarisation Immunoassay), PCIA (Particle-
Concentration  Immunoassay), PCFIA (Particle- Concentration Fluorescence
Immunoassay), and monoclonal-based immunoassays play an important role in
antibiotics screening immunoassay (Roeder and Roeder, 2000; Gaurav et. al., 2014).
These methods can also be applied for a preliminary identification of classes of
antibiotics (Sternesjo and Johnsson, 1998). Recently, Jiang and colleague (2013)
described a dual-colorimetric ELISA for the simultaneous detection of 13
fluoroquinolones and 22 sulfonamides with the detection limit of 2.4 and 5.8 ng/ml,
respectively. Further, ELISA is easy to perform, portable and reported to be very
sensitive and can be economical when many samples need to be analyzed.
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Monoclonal antibodies (Mab) also have been used to detect antibiotic residues in
milk. Dietrich and colleagues (1998) described an assay to detect ampicillin residues
using monoclonal antibodies raised against ampicillin-keyhole limpet hemocyanin
conjugate coupled by a glutaraldehyde in mice. Sensitivity and specificity of these Mabs
were tested with a direct competitive enzyme immunoassay, in which an ampicillin-
horseradish peroxidase conjugate prepared by a carbodiimide method served as the
labelled antigen.

Although the microbiological inhibition assay have been encourage because of
their simplicity, these methods lack specificity and allow for only semi-quantitative
measurements of residues detected and sometimes may produce false positives results
(Kurittu et al., 2000; Abbasi et al., 2011). Therefore, for quantitative measurements and
to detect the specific antibiotic and their metabolites, chromatographic techniques, such
as HPLC (high performance liquid chromatography), GC (gas chromatography) and
capillary electrophoresis (CE), have been developed to substitute microbiological assays
(Chen and Gu, 1995; Posyniak et al., 2005; Petkovska et al., 2006; Kantiani et al., 2009;
Kukusamude et al., 2010; Adetunji and Olaoye, 2012; Tona and Olusola, 2014). Also, to
avoid the condemnation of bulk milk quantity due to exceeding tolerance levels of
residues, it is required to analyze the sample with highly selective and sufficiently
sensitive analytical methods. The main drawbacks of chromatographic methods are: they
are expensive, non-portable, and therefore non-suitable to be use at farm level and require
expertise to operate. Hence, these methods are used only as confirmatory test and to
support the results of rapid screening tests. For the successful implementation of national
regulation and surveillance monitoring for antibiotic residues FSSAI recommend various
analytical and screening tests for detection of these residues in milk and other food
products (Table.2).

Possible strategies for prevention of antibacterial residues in Indian scenario

Preventing drug contamination of milk is the responsibility of every farm. Drug
residues can be avoided by a well planned drug use program. The sale of contaminated
milk will cause the responsible party to be subjected to severe penalties, including
suspension of permits and monetary loss. Milk with drugs can adulterate a whole
truckload or holding tank of milk.

1. Establishment of pharmacokinetics and withholding time for antibacterial used in
dairy animal to describe metabolism and distribution of drugs in different tissue
and milk. Withholding periods after treatment of cows with veterinary drugs
should be valued. The pharmacokinetics of a drug is also dependent on the vehicle
used in a certain drug formulation. Therefore the withholding time is valid for the
specific drug. Different withholding periods may be appropriate for two drugs
containing the same antibiotic.

2. One practical approach to cut down the residues in milk would involve good
hygiene and good management practices at farm and the milk processing units.
Modifying and implementing the good management practices is also very
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important for preventing the spread of disease among livestock which could
reduce the need of antibacterial use.

3. Evaluation and use of alternative to antibiotic growth promoter e.g. probiotic
microorganisms, immune modulators, organic acids (acidifers) and other feed
suppliments.

4. Although, Directorate General of Health Services under Ministry of Health and
Family Welfare has set out the policy for use of antimicrobials to combat
antimicrobial resistance in human and animal in India, there is no regulation or
policy regulating the use of antibacterials in animals for treatment or as growth
promoter. Establishing the use policy for antibacterial in animals will help for
monitoring and surveillance of the usage of these drugs.

5. Pharmacovigilance programme would be developed for veterinary
pharmaceuticals concerning the safety of veterinary medicines used for the
treatment, prevention or diagnosis of disease in animals.

6. Establishment of pharmacovigilance working group and an effective reporting
system involving veterinarians, immunologists, pharmacologists, toxicologists
and ecotoxicologists is an important prerequisite for the risk assessment of
antibacterial drug residues for human and environment.

7. Maintaining treatment records of cows in order to determine appropriate
withholding periods. This will also help to treat dry cow with long acting
substances so the withholding period can be adjusted if the dry period is shorter
than expected.

8. Recommendations of the drug manufacturer regarding dosage, route of
administration, treatment intervals and storage condition of antimicrobials should
be followed intimately because any deviation may contribute to extended
withholding periods.

9. Development and validation of rapid screening tests for detection of antimicrobial
residues in milk at individual cow basis to make sure that milk of individual cows
is free of inhibitors after the end of the withholding period.

Establishing regulatory standards and good management practices that reduce the
risk of antibiotic residues in milk supply are essential components of human food safety.
Within the last decade an increasing number of investigations covering antibiotic input,
occurrence, fate and effects have been published, but there is still a lack of regulations
and guidelines regarding use of antibiotics in veterinary practice in India. The issue of
antibiotic residues in food chain warrants the further policies and guidelines to address
the possible risk to public health and environment.
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are responsible for final editing of menuscript.

References
Aarestrup, F.M., Nielsen, E.M., Madsen, M. and Engberg, J., 1997. Antimicrobial susceptibility patterns of

thermophilic Campylobacter spp. from humans, pigs, cattle, and broilers in Denmark.
Antimicrobial Agents and Chemotherapy, 41, 2244-2250.

22



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

Abbasi, M.M., Babaei, H., Ansarin, M., Nourdadgar, A.S. and Nemati, M., 2011. Simultaneous
determination of tetracyclines residues in bovine milk samples by solid phase extraction and
HPLC-FL method. Advanced Pharmaceutical Bulletin, 1, 34-39.

Abou-Tarboush, F.M., 1994. Teratogenic and toxic effects of Hiconcil (amoxicillin) on mouse fetuses.
Arab Gulf Journal of Scientific Research, 2, 133-140.

Adetunji, V.O. and Olaoye, O.0., 2012. Detection of B- Lactam antibiotics (Penicillin and Amoxicillin)
residues in Goat milk. Nature and Science, 10, 60-64.

Ahmed, H.H., Ei-Aziem, S.H.A. and Abdel-Wahhab, M.A., 2008. Potential role of cysteine and methionine
in the protection against hormonal imbalance and mutagenicity induced by furazolidone in female
rats. Toxicology, 243, 31-42.

Ambeker, C.E., Cheung, B., Lee J.,, Chan, L.C., Liang, R. and Kumana, C.R., 2000. Metabolism of
chloramphenicol succinate in human bone marrow. European Journal of Clinical Pharmacology,
56, 405-4009.

Apter, AJ., Kinman, J.L., Bilker, W.B., Herlim, M., Margolis, D.J., Lautenbach, E., Hennessy, S. and
Strom, B. L., 2006. Is there cross-reactivity between penicillins and cephalosporins? American
Journal of Medicine, 119, 11-20.

Aureli, P., Dominici, S., Ferrini, A. M. and Lepri, M. L., 1990. Kinetics of excretion in milk of some
antimastitic drugs. Annali dell’Istituto Superiore di Sanita, 26, 161-166.

Babapour, A., Azami, L. and Fartashmehr, J., 2012. Overview of antibiotic residues in beef and mutton in
Ardebil, North West of Iran. World Applied Sciences Journal, 19, 1417-1422.

Bates, D.E., 2003. Aminoglycoside ototoxicity. Drugs Today (Barc), 39, 277-285.

Bjorland, J., Odegaard, S.A., Waage, S., Yndestad, M. and Hormazabal, V., 1998. Cocentration of benzyl
penicillin in milk of dairy cows after intra mammary administration. Norsk Veterinaertidsskrift,
110: 5-10.

Botsoglou, N.A. and Fletouris, D.J., 2001. Drug Residues in Foods, Pharmacology, Food Safety, and
Analysis. Marcel Dekker, New York.

Brichta-Harhay, D.M., Arthur, T. M., Bosilevac, J.M., Kalchayanand, N., Shackelford, S.D., Wheeler, T.L.
and Koohmaraie, M., 2011. Diversity of multidrug-resistant Salmonella enterica strains associated
with cattle at harvest in the United States. Applied and environmental microbiology, 77, 1783-
1796.

Cagnardi, P., Villa, R., Gallo, M.C., Carli, S., Moroni, P.and Zonca, A., 2010. Cefoperazone sodium
preparation behavior after intramammary administration in healthy and infected cows. Journal of
Dairy Science, 93, 4105-4110.

CDC, 2011. Centers for Disease Control and Prevention (CDC) estimates of food borne illness in United
States.

Chambers, H.F., 2006. Goodman and Gilman's the pharmacological basis of therapeutics, 11th ed.
McGraw-Hill Medical Publishing Division, New York.

Chen, C. and Gu, X., 1995. Determination of tetracycline residues in bovine milk, serum and urine by
capillary electrophoresis. Journal of AOAC International, 78, 1369-1377.

Cheng, A.C., Turnidge, J., Collignon, P., Looke, D., Barton, M. and Gottlieb, T., 2012. Control of
fluoroquinolone resistance through successful regulation, Australia. Emerging infectious diseases,
18, 1453-1460.

Codex Alimentarius Commission, 2012. Maximum residue limits for veterinary drugs in foods, Updated as
at the 35™ Session of the Codex Alimentarius Commission.

Comunian, R., Paba A., Dupre, I., Daga, E.S. and Scintu, M.F., 2010. Evaluation of a microbiological
indicator test for antibiotic detection in ewe and goat milk. Journal of Dairy Science, 93, 5644-
5650.

Coulston, J. and Balaratnam, N., 2005. Irreversible sensorineural hearing loss due to clarithromycin.
Postgraduate Medical Journal, 81, 58-59.

De Angelis, I., Rossi, L., Pedersen, J.Z., Vignoli, A.L., Vincentini, O., Hoogenboom, L.A.P., Polman,
T.H.G., Stammati, A. and Zucco, F., 1999. Metabolism of furazolidone: alternative pathways and
modes of toxicity in different cell lines. Xenobiotica, 29, 1157-1169.

De Corte-Baeten, K. and Debackere, M., 1976. Excretion of chloramphenicol in the milk of lactating cows
after oral and parenteral administration. Deutsche Tierarztliche Wochenschrift, 83, 231-233.

DeVries, J., 1997. Food safety and toxicity, pp: 53-57, CRC Press, Inc. London.

23



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

Dewdney, J.M., Maes, L., Raynaud, J.P., Blanc, F. and Scheid, J.P., 1991. Risk assessment of beta-lactams
and macrolides in food products with regard to their immunoallergic potential. Food and
Chemical Toxicology, 29, 477-483.

Dietrich, R., Usleber, E. and Martlbauer, E., 1998. The potential of monoclonal antibodies against
ampicillin for the preparation of a multi-immunoaffinity chromatography for penicillins. Analyst,
123, 2749-2754.

Doherr, M.G., Roesch, M., Schaeren, W., Schallibaum, M. and Blum, J.W., 2007. Risk factors associated
with subclinical mastitis in dairy cows on Swiss organic and conventional production system
farms. Veterinarni Medicina, 52, 487-495.

Doody, M. M., Linet, M.S., Glass, A.G., Curtis, R.E., Pottern, L.M., Rush, B.B., Boice, J.D., Fraumeni, J.F.
and Friedman, G.D., 1996. Risks of non-Hodgkin’s lymphoma, multiple myeloma, and leukemia
associated with common medications. Epidemiology, 7, 131-139.

Drackova, M., Navratilova, P., Hadra, L., Vorlova, L. and Hudcova, L., 2009. Determination residues of
penicillin G and cloxacillin in raw cow milk using fourier transform near infrared spectroscopy.
Acta Veterinaria Brno, 78, 685-690.

Droumev, D.R., 1983. Review of antimicrobial growth promoting agents available. Research
Communications, 7, 85-99.

Edwards, S.J., 1964. The diffusion and retention of penicillin after injection into the bovine udder.
Veterinary Record, 76, 545-549.

Elezov, G., Prandzhev, I., Vangelov, S. and Mechev, R., 1984. Use of foaming and non foaming
gentamycin tablets in treating cows with chronic endometritis. Veterinarno Meditsinski Nauki. 21,
63-68.

Enb, A., Abou Donia, M.A., Abd-Rabou, N.S., Abou Arab, A.A.K. and El Senaity, M.H., 2009. Chemical
composition of raw milk and heavy metals behavior during processing of milk products. Global
Veterinaria, 3, 268-275.

Erskine, R.J., Wilson, R.C., Tyler, J.W., McClure, K.A., Nelson, R.S. and Spears, H.J., 1995. Ceftiofur
distribution in serum and milk from clinically normal cows and cows with experimentally
Escherichia coli-induced mastitis. American Journal of Veterinary Research, 56, 481-485.

Etminan, M., Forooghian, F., Brophy, J.M., Bird S.T. and Maberley, D., 2012. Oral fluoroguinolones and
the risk of retinal detachment. Journal of American Medical Association, 307, 1414-1419.

FAO/WHO, 1995. Forty-second report of the joint FAO/WHO Expert Committee on Food Additives,
Evaluation of certain veterinary drug residues in food. Technical Report Series No. 851, pp. 19-21.
WHO, Geneva.

Fejzic, N., Begagic, M., Seric-Haracic, S., Smajlovic, M., 2014. Beta lactam antibiotics residues in cow’s
milk: comparison of efficacy of three screening tests used in Bosnia and Herzegovina, Bosnian
Journal of Basic Medical Sciences, 4, 155-159.

Fischel-Ghodsian, N., 2005. Genetic factors in aminoglycoside toxicity. Pharmacogenomics, 6, 27-36.

Fritz, H. and Hess, R., 1971. The effect of chloramphenicol on the prenatal development of rats, mice, and
rabbits. Toxicology and Applied Pharmacology, 19, 667-674.

Fritz, JW. and Zuo, Y., 2007. Simultaneous determination of tetracycline, oxytetracycline, and 4-
epitetracycline in milk by high-performance liquid chromatography. Food Chemistry, 105, 1297-
1301.

FSSA., 2006. Food Safety and Standards Act, Food Safety and Standards Authority of India.

Fuoco, D., 2012. Classification framework and chemical biology of tetracycline-structure-based drugs.
Antibiotics, 1: 1-13.

Gaurav, A, Gill, J. P. S., Aulakh, R. S. and Bedi, J. S., 2014. ELISA based monitoring and analysis of
tetracycline residues in cattle milk in various districts of Punjab, Veterinary World, 7, 26-29.

Goffova, Z.S., Kozarova, I., Mate, D., Marcincak, S., Gondova, Z. and Sopkova, D., 2012. Comparison of
detection sensitivity of five microbial inhibition tests for the screening of aminoglycoside residues
in fortified milk. Czech Journal of Food Sciences, 30, 314-320.

Golembiewski, J.A., 2002. Allergic reactions to drugs: Implications for peri-operative care. Journal of
PeriAnesthesia Nursing, 17, 393-398.

Granowitz, E.V. and Brown, R.B., 2008. Antibiotic adverse reactions and drug interactions. Critical Care
Clinics, 24, 421-442.

24



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

Gruet, P., Maincent, P., Berthelot, X. and Kaltsatos, V., 2001. Bovine mastitis and intramammary drug
delivery: review and perspectives. Advanced Drug Delivery Reviews, 50, 245-259.

Guay, D.R., 2008. Contempory management of uncomplicated urinary tract infections. Drugs, 68, 1169-
1205.

Gutierrez, G., Elez, M., Clermont, O., Denamur, E. and Matic, I., 2011. Escherichia coli YafP protein
modulates DNA damaging property of the nitroaromatic compounds. Nucleic Acids Research, 39,
4192-4201.

Haapapuro, E.R., Barnard, N.D. and Simon, M., 1997. Review-Animal waste used as livestock feed:
dangers to human health. Preventive Medicine, 26, 599-602.

Hajiioannou, J.K., Florou, V., Kousoulis, P., Fragkos, M. and Moshovakis, E., 2011. Clarithromycin
induced reversible sensorineural hearing loss. B-ENT, 7, 127-30.

Hameed, K.G.A., Sender, G. and Korwin-Kossakowska, A., 2006. Public health hazard due to mastitis in
dairy cows. Animal Science Papers and Reports, 25, 73-85.

Hayek, N., 2013. Lateral transfer and GC content of bacterial resistance genes. Frontiers in Microbiology,
4,41,

Heeschen, W.H., 1993. Residues of antibiotics and sulfonamides in milk. Bulletin of the IDF No 283/1993.
International Dairy Federation, Brussel: 3-13.

Henschelchen, O. and Walser, K., 1986. Effect of milking interval on antibiotic residues in milk after
intramammary treatment. Tierarztliche Umschau, 838, 83-85.

Hermann, T., 2005. Drugs targeting the ribosome. Current Opinion in Structural Biology, 15, 355-366.

Hermann, T., 2007. Aminoglycoside antibiotics: old drugs and new therapeutic approaches. Cellular and
Molecular Life Sciences, 64, 1841-1852.

Hillerton, J.E., Halley, B.l., Neaves, P. and Rose, M.D., 1999. Detection of antimicrobial substances in
individual cow and quarter milk samples using Delvo test microbial inhibitor tests. Journal of
Dairy Science, 82, 704-711.

Holdiness, M.R., 1987. Teratology of the antituberculosis drugs. Early Human Development, 15, 61-74.

Hubbert, W.T., Hagstad, H.V., Spangler, E., Hinton, M.H. and Hughes, K.L., 1996. Food Safety and
Quality Assurance (Foods of Animal Origin). 2" Edn. pp: 8, 239-273. lowa State University
Press, United States.

Ivona, K. and Mate, D., 2002. Evaluation of the sensitivity of individual test organisms to residual
concentrations of selected types of anticoccidial drugs. Slovenian Veterinary Research, 9, 78-82.

Jiang, W., Wang, Z., Beier, R.C., Jiang, H., Wu, Y. and Shen, J., 2013. Simultaneous determination of 13
fluoroquinolone and 22 sulfonamide residues in milk by a dual-colorimetric enzyme-linked
immunosorbent assay. Analytical Chemistry, 85, 1995-1999.

Joint Expert Committee on Food Additives, 1990. Toxicological evaluation of certain veterinary drug
residues in food, WHO Food Additives Series, 25:79-97.

Kantiani, L., Farre, M., Barcelo, D., 2009. Analytical methodologies for the detection of beta-lactam
antibiotics in milk and feed samples. Trends in Analytical Chemistry, 28, 729-744.

Katla, A. K., Kruse, H., Johnsen, G. and Herikstad, H., 2001. Antimicrobial susceptibility of starter culture
bacteria used in Norwegian dairy products. International Journal of Food Microbiology, 67, 147-
152.

Kelkar, P.S. and Li, J.T.C., 2001. Cephalosporin allergy. The New England Journal of Medicine, 345, 804-
809.

Khachatourians, G.G., 1998. Agricultural use of antibiotics and the evolution and transfer of antibiotic-
resistant bacteria. Canadian Medical Association Journal, 159, 1129-1136.

Khaniki, R. J., 2007. Chemical contaminants in milk and public health concerns: a review. International
Journal of Dairy Science, 2, 104-115.

Khong, S.P., Gremaud, E., Richoz, J., Delatour, T., Guy, P.A., Stadler, R.H. and Mottier, P., 2004.
Analysis of matrix- bound nitrofuran residues in worldwide-originated honeys by isotope dilution
high-performance liquid chromatography-tandem mass spectrometry. Journal of Agricultural and
Food Chemistry, 52, 5309-5315.

Knappstein, K., Suhren, G. and Walte, H., 2003. Influence of milking frequency on withdrawal period after
application of beta-lactam antibiotic-based drugs. Analytica Chimica Acta, 483, 241-249.

25



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

Kozarova, I., Jasonova, J., Mate D. and Tkacikova, S., 2009. Evaluation of three different microbial
inhibition tests for the detection of sulphamethazine residues in the edible tissues of rabbit. Food
Additives & Contaminants, 26, 978-987.

Kukusamude, C., Santalad, A., Boonchiangma, S., Burakham, R., Srijaranai, S. and Chailapakul, O., 2010.
Mixed micelle-cloud point extraction for the analysis of penicillin residues in bovine milk by high
performance liquid chromatography. Talanta, 81, 486-492.

Kumar, A., Rai, D.C. and Choudhary, K.R., 2011. Prospects and opportunities for exports of dairy
products from India. Indian Journal of Animal Science, 81, 188-193.

Kummerer, K., 2009. Antibiotics in the aquatic environment — A review — Part I. Chemosphere, 75, 417-
434,

Kurittu, J., Lonnberg, S., Virta, M. and Karp, M., 2000. Qualitative detection of tetracycline residues in
milk with a luminescence based microbial method: The effects of milk composition and assay
performance in relation to an immunoassay and a microbial inhibition assay. Journal of Food
Protection, 63, 953-957.

Lin, J., Hunkapiller, A.A., Layton, A.C., Chang, Y.J., Robbins, K.R., 2013. Response of intestinal
microbiota to antibiotic growth promoters in chickens. Foodborne Pathogens and Disease, 10,
331-337.

Massova, |. and Mobashery, S., 1998. Kinship and diversification of bacterial penicillin-binding proteins
and B-lactamases. Antimicrobial Agents and Chemotherapy, 42, 1-17.

McEwen, S.A. and McNab, W.B., 1997. Contaminants of non-biological origin in foods from animals.
Revue Scientifique et Technique, 16, 684-693.

McEwen, S.A., Black, W.D. and Meek, A.H., 1991. Antibiotic residue prevention methods, farm
management, and occurrence of antibiotic residues in milk. Journal of Dairy Science, 74, 2128-
2137.

McEwen, S.A., Black, W.D. and Meek, A.H., 1992. Antibiotic residues (bacterial inhibitory substances) in
the milk of cows treated under label and extra-label conditions. The Canadian Veterinary Journal,
33, 527-534.

Mingeot-Leclercq, M.P. and Tulkens, P.M., 1999. Aminoglycosides: nephrotoxicity. Antimicrobial Agents
and Chemotherapy, 43, 1003-1012.

Mitchell, J.M, Griffiths, M.W., McEwen, S.A., McNab, W.B. and Yee, A.E., 1998. Antimicrobial residues
in milk and meat: Causes, concerns, prevalence, regulations, tests and test performance: A review.
Journal of Food Protection, 61, 742-756.

Mohsenzadeh, M. and Bahrainpour, A., 2008. The detection limits of antimicrobial agents in cow milk by a
simple yoghurt test. Pakistan Journal of Biological Sciences, 11, 2282-2285.

Monica, B., Patra, P.H., Khargaria, S., Manna, S., Chakraborty, A.K. and Mandal, T.K., 2011.
Immunological and haematobiochemical studies of enrofloxacin with special reference to residue
level following oral administration in goats, Indian Journal of Animal Sciences, 81, 904-907.

Movassagh, M.H. and Karami A.R., 2011. Beta-lactam antibiotics residues in pasteurized milk by beta star
test in the North West region of Iran. ARPN Journal of Agricultural and Biological Science, 6, 7-
10.

Muhammad, F., Akhtar, M., Javed, Z. I. and Irfan Anwar, M., 2009. Role of veterinarians in providing
residue-free animal food. Pakistan Veterinary Journal, 29, 42-46.

Navratilova, P., 2008. Screening methods used for the detection of veterinary drug residues in raw cow
milk - A review. Czech Journal of Food Sciences, 26, 393-401.

Navratilova, P., Borkovkova, I., Drackova, M., Janstova, B. and Vorlova, L., 2009. Occurrence of
tetracycline, chlortetracycline and oxytetracycline residues in raw cow's milk. Czech Journal of
Food Sciences, 27, 379-385.

Navratilova, P., Ova, 1.B., Vyhnalkova, J. and Vorlova, L., 2011.Fluoroquinolone residues in raw cow’s
milk. Czech Journal of Food Sciences, 29, 641-646.

Nguz, K., 2007. Assessing food safety system in sub-Saharan countries: An overview of key issues. Food
Control, 18, 131-134.

Nisha, A.R., 2008. Antibiotic residues - A global health hazard, Veterinary World. 1, 375-377.

Nishio, A., Ryo, S. and Miyao, N., 1987. Effects of gentamicin, exotoxin, and their combination on
pregnant mice. Bulletin of the Faculty of Agriculture, Kagoshima University, 37, 129-36.

26



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

Nizamlioglu, F. and Aydin, H., 2012. Quinolone antibiotic residues in raw milk and chicken liver in Konya.
Eurasian Journal of Veterinary Sciences, 28,154-158.

Nouws, J., Van Egmond, H., Loeffen, G., Schouten, J., Keukens, H. and Stegeman, H., 1999. Suitability of
the charm HVS and a microbiological multiplate system for detection of residues in milk at EU
maximum residue levels. The Veterinary Quarterly, 21, 21-27.

Offman, S.L. and Longacre, T.A., 2012. Clear cell carcinoma of the female genital tract (not everything is
as clear as it seems). Advances in Anatomic Pathology, 19, 296-312.

Paige, J.C., Tollefson, L. and Miller, M.A., 1999. Health implications of residues of veterinary drugs and
chemicals in animal tissues. Veterinary Clinics of North America: Food Animal Practice, 15, 31-
43.

Paturkar, A.M., Waskar, V.S., Mokal, K.V. and Zende, R.J., 2005. Antimicrobial drug residues in meat and
their public health significance-a review. Indian Journal of Animal Sciences, 75, 1103-1111.

Petkovska, E., Slaveska-Raicki, R. and Rafajlovska, V., 2006. Determination of tetracycline,
oxytetracycline and chlortetracycline in milk by TLC and column chromatography using
Amberlite XAD-2. Chemia Analityczna, 51, 275-283.

Petri, W., 2005. Treatment of giardiasis. Current Treatment Options in Gastroenterology, 8, 13-17.

Posyniak, A., Mitrowska, K., Zmudzki, J. and Niedzielska, J., 2005. Analytical procedure for the
determination of chlortetracycline and 4- epi-chlortetracycline in pig kidneys. Journal of
Chromatography A, 10, 169-174.

Ram, C., Bhavadasan, M.K. and Vijaya, G.V., 2000. Antibiotic residues in milk. Indian Journal of Dairy &
Bioscience, 11, 151-154.

Ray, W.A., Murray, K.T., Meredith, S., Narasimhulu, S.S., Hall, K. and Michael Stein, C., 2004. Oral
erythromycin and the risk of sudden death from cardiac causes. The New England Journal of
Medicine, 351, 1089-1096.

Ress, B.D. and Gross, E.M., 2000. Irreversible sensorineural hearing loss as a result of azithromycin
ototoxicity: a case report. Annals of Otology, Rhinology and Laryngology, 109, 435-437.

Reybroeck, W., De Vleeschouwer, M., Marchand, S., Sinnaeve, D., Heylen, K., Block, J., Madder, A.,
Martins, J. D. and Heyndrickx, M., 2014. Cyclic lipodepsipeptides produced by Pseudomonas spp.
naturally present in raw milk induce inhibitory effects on microbiological inhibitor assays for
antibiotic residue screening, PLOS One, 9, 1-12.

Reybroeck, W., Ooghe, S., De Brabander, H.F., Daeseleire, E., 2011. Validation of the Charm MRL-3 for
fast screening of beta-lactam antibiotics in raw milk. Journal of AOAC International, 94, 373-382.

Rich, M.L., Ritterhoff, R.J. and Hoffman, R.J., 1950. A fatal case of aplastic anemia following
chloramphenicol (chloromycetin) therapy. Annals of Internal Medicine, 33, 1459-1467.

Roeder, A.M. and Roeder, M., 2000. Antibiotics in foods of animal origin. In: Francis F.: Encyclopedia of
Food Science and Technology. Vol. 1, 2™ Ed. John Wiley & Sons Inc., New York: 54-63.
Romano, A., Viola, M., Gueant-Rodriguez, R.M., Gaeta, F., Valluzzi, R. and Guéant, J.L., 2007. Brief
communication: tolerability of meropenem in patients with IgE-mediated hypersensitivity to

penicillins. Annals of Internal Medicine, 146, 266-269.

Roychowdhury, A., Pan, A. Dutta, D., Mukhopadhyay, A. K., Ramamurthy, T., Nandy, R. K.,
Bhattacharya, S.K. and Bhattacharya, M.K., 2008. Emergence of tetracycline-resistant Vibrio
cholerae O1 serotype Inaba, in Kolkata, India. Japanese Journal of Infectious Diseases, 61, 128-
129.

Sandholm, M., Kaartinen, L. and Pyorala, S., 2009. Bovine mastitis- why does antibiotics therapy not
always work: An overview. Journal of Veterinary Pharmacology and Therapeutics, 13, 248-260.

Schaefer, C., Amoura-Elefant, E., Vial, T., Ornoy, A., Garbis, H. and Robert, E., 1996. Pregnancy outcome
after prenatal quinolones exposure. Evaluation of case registry of European Network of
Teratology Information Services (ENTIS). European Journal of Obstetrics & Gynecology and
Reproductive Biology, 69, 83-89.

Schatz, A. and Waksman, S. A., 1944, Effect of streptomycin and other antibiotic substances upon
Mycobacterium tuberculosis and related organisms. Proceedings of the Society for Experimental
Biology and Medicine, 57, 244 -248.

Serratosa, J., Blass, A., Rigau, B., Mongrell, B., Rigau, T., Tortades, M., Tolosa, E., Aguilar C., Ribo, O.
and Balague, J., 2006. Residues from veterinary medicinal products, growth promoters and

27



Padol et al., / Environ. We Int. J. Sci. Tech. 10 (2015) 7-28

performance enhancers in food-producing animals: a European Union perspective. Revue
Scientifique et Technique, 25, 637-653.

Shukla, P., Bansode, F.W. and Singh, R.K., 2011. Chloramphenicol toxicity: A review. Journal of
Medicine and Medical Sciences, 2, 1313-1316.

Sierra, D., Sanchez, A., Contreras, A., Luengo, C., Corrales, J.C., Morales, C.T. and Gonzalo, C., 2009.
Detection limits of four antimicrobial residue screening test for f-lactams in goat’s milk. Journal
of Dairy Science, 92, 3585-3591.

Simonsen, G.S., Haaheim, H., Dahl, K.H., Kruse, H., Lovseth, A., Olsvik, O. and Sundsfjord, A., 1998.
Transmission of Van A-type vancomycin resistant enterococci and Van A resistance elements
between chicken and humans at avoparcin-exposed farms. Microbial Drug Resistance, 4, 313-318.

Snavely, S.R. and Hodges, G.R., 1984. The neurotoxicity of antibacterial agents. Archives of Internal
Medicine, 101, 92-104.

Sternesjo, A. and Johnsson, G., 1998. A novel rapid enzyme immunoassay (Fluorophos BetaScreen) for
detection of R-lactam residues in ex-farm raw milk. Journal of Food Protection, 61, 808-811.

Strasser, A., Dietrich, R., Usleber, E. and Martlbauer, E., 2003. Immunochemical rapid test for multiresidue
analysis of antimicrobial drugs in milk using monoclonal antibodies and hapten—glucose oxidase
conjugates. Analytica Chimica Acta, 495, 11-19.

Sun, S., Zhang W., Mannervik, B. and Andersson, D.l., 2013. Evolution of broad spectrum B-lactam
resistance in an engineered metallo-p-lactamase. The Journal of biological chemistry, 288, 2314-
2324,

Swanson, D.J., Sung, R.F., Fine, M.J., Orloff, J.J., Chu, S.Y. and Yu, V.L., 1992. Erythromycin ototoxicity:
prospective assessment with serum concentrations and audiograms in a study of patients with
pneumonia. The American Journal of Medicine, 92, 61-69.

Tona, G.O. and Olusola, A.D., 2014. Determination of tetracycline antibiotic residue in dairy products sold
in Ogbomoso, south-western Nigeria, International Journal of Food, Agriculture and Veterinary
Sciences, 4, 136-140.

Tzavaras, ., Siarkou, V.1., Zdragas, A., Kotzamanidis, C., Vafeas, G., Bourtzi-Hatzopoulou, E., Pournaras,
S. and Sofianou, D., 2012. Diversity of vanA-type vancomycin-resistant Enterococcus faecium
isolated from broilers, poultry slaughterers and hospitalized humans in Greece. The Journal of
Antimicrobial Chemotherapy, 67, 1811-1818.

Unnikrishnan, V., Bhavadasan, M.K., Surendra Nath, B. and Ram, C., 2005. Chemical residues and
contaminants in milk: A review. Indian Journal of Animal Science, 75, 592-598.

Vasheghani, M.M., Bayat, M., Rezaei, F., Bayat, A. and Karimipour, M., 2008. Effect of low-level laser
therapy on mast cells in second-degree burns in rats. Photomedicine and Laser Surgery, 26, 1-5.

Vass, M., Hruska, K. and Franek, M., 2008. Nitrofuran antibiotics: a review on the application, prohibition
and residual analysis. Veterinarni Medicina, 53, 469-500.

Von Nussbaum, F., Brands, M., Hinzen, B., Weigand, S. and Habich, D., 2006. Antibacterial natural
products in medicinal chemistry—exodus or revival?, Angewandte Chemie International Edition in
English, 45, 5072 -5129.

Waltner-Toews, D. and McEwen, S.A., 1994. Residues of antibacterial and antiparasitic drugs in foods of
animal origin: a risk assessment. Preventive Veterinary Medicine, 20, 219-234.

Wang, S., Zhang, H.Y., Wang, L., Duan, Z.J. and Kennedy, I., 2006. Analysis of sulphonamide residues in
edible animal products: A review. Food Additives and Contaminants, 23, 362-384.

Wassenaar,T.M., 2005. Use of antimicrobial agents in veterinary medicine and implications for human
health. World Applied Sciences Journal, 31, 155-169.

Wiest, D.B., Cochran, J.B. and Tecklenburg, F.W., 2012. Chloramphenicol toxicity revisited: a 12-year-old
patient with a brain abscess. Journal of Pediatric Pharmacology and Therapeutics, 17, 182-188.

Wong, S.H., Silva, F., Acheson, J.F., and Plant, G.T., 2013. An old friend revisited: chloramphenicol optic
neuropathy. JRSM Short Reports, 4, 20.

Xie, M. and Yongda, Y., 2002. An analysis of China food safety problems. Shanghai Economic Research,
1: 39-45.

Zahid Hosen, S.M., Mostafa Kamal, A.T.M., Barua, S., Md Anwar, S., Mazumder, K., Md Hassan, K. and
Md. Arifuzzaman, 2010. Detection of residual antibiotics in fresh cow milk, Bangladesh
Pharmaceutical Journal, 13, 64-66.

28



