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Abstract. The antibiotic residues in the food chain are a growing public health concern due to their
involvement in the development of antimicrobial resistance, mutagenicity, carcinogenicity,
hypersensitivity, bone marrow suppression, and disruption of gut microbiota. The indiscriminate use of
antibiotics for the treatment of diseases and improved animal production results in the deposition of these
residues in milk, eggs, and meat although their use is not highlighted for the foods consumed by human
beings. Moreover, the antibiotics consumed in the clinical settings and animal production are excreted into
the environment at a large scale which may adversely disturb the terrestrial and aquatic ecosystems. The
matter can become more momentous soon because the production of food animals at an industrial scale
will significantly increase the use of antimicrobials. The problem caused by these antibiotic residues in the
food chain is two-fold; the direct toxicity to humans and the possibility of the emergence of resistant
bacterial strains ultimately leading to the failure of antibiotic therapy. Present article critically analyses the
factors contributing to the presence of antibiotic residues in the food chain and their implications and
perilous impact on consumers and proposes the possible ways to reduce the antimicrobial residues in the
food.

Keywords: antimicrobial residues, microbiota, antimicrobial resistance, ecosystem, maximum residue
limits

Introduction

Natural, synthetic, as well as semisynthetic drugs which can kill or inhibit the growth
of microorganisms, can be termed antibiotics (Catteau et al., 2018). Antibiotics are the
most effective group of drugs to treat bacterial infections in both humans as well as in
animals by acting specifically on their targets (Figure 1). Following the discovery of
penicillin in 1928, thousands of antibiotics were produced for animals, plants, and human
use. Initially, these antibiotics were employed in clinical and veterinary settings only for
the therapeutic management of certain infections; later, the drugs were also used as
growth promoters especially in livestock and poultry industries. Antibiotic usage was
prohibited in Europe in 2006, however, their use in livestock, poultry, and agriculture
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sectors is still common in many parts of the world including China and India (Gonzalez
Ronquillo and Angeles Hernandez, 2017; Cowieson and Kluenter, 2019).

Figure 1. Various groups of antibiotics

It is estimated that the global usage of antibiotics was around 63,151 tons in 2010 for
food animals and aquaculture. Additionally, it is anticipated that the amount will further
increase by 67% until 2030 with the highest consumption in India, Brazil, Russia, and
South Africa (Van Boeckel et al., 2015). This irrational use of antibiotics in agriculture,
humans, and animals resulted in the accumulation of antibiotics residues in the natural
ecosystem and environment that can pose harmful effects such as the development of
antimicrobial resistance. Many other public health concerns have been raised in regard to
the antibiotic residues in the food chain and environment. For example, the ingestion of
antibiotic residues could alter the human microbiota and promote resistance among the
human normal bacterial flora. Moreover, the unwarranted use of antibiotics leads to their
accumulation in the tissues of the food animals as residues and which ultimately become
part of the food chain. Therefore their use is prohibited by the health, as well as food
regulatory authorities (Landers et al., 2012).

The present study aimed to provide a comprehensive view of health risks associated
with antibiotic residues in the food chain and environment including the effects on the
emergence of antibiotic-resistant bacteria and to discourse the information gap and
provide recommendations to reduce the antibiotic residue in the food chain to avoid the
potential hazards to human, animal and environmental health. Here we summarize the
studies on the relationship between the use of antimicrobials for the growth promotion in
food-producing animals and the development of resistance in bacteria. Further, we
focused on the presence and detection method of various antibiotics in foods of especially
of animal origin. Moreover, the sources of antibiotics in foods from different origins are
summarized. Further, the impact of antibiotic residues on the consumers is summarized.

Antimicrobial residues

Synthetic and semisynthetic antimicrobials are used in veterinary and human medicine
for the treatment and control of diseases and can be administered topically, orally, and
parenterally. Furthermore, they play an important role in promoting the growth of food
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animals (Barton, 2000). Antimicrobials can deposit in tissues of the body as residues and
it takes some time for residues to be excreted or metabolized. The amount of these
residues can be higher especially when these animals are consumed by the humans during
their medication or soon after the medication withdrawal (Tollefson and Miller, 2000).
Antibiotic residues can adversely affect human health by various processes such as
damaging effects on the organs, antibiotic-resistant genes, and bacteria, direct toxicity to
consumers (Kirchhelle, 2018). Several drugs such as nitrofurazone, ipronidazole,
fluoroquinolones, chloramphenicol, furazolidone, and dimetridazole are illegal to use in
food-producing animals. Antimicrobial residues are used therapeutically as well as
prophylactically to promote growth and control diseases. The approved drugs for
veterinary use have legally approved maximum residue limits (MRLs) for the parent
drugs or their metabolites in the food products from the treated animals through
assessment of safe concentration for consumers (Okocha et al., 2018).

Sources of antibiotics in food

The studies have suggested that antibiotics contaminate all kinds of human food
products such as vegetables, livestock, aquatic products, and poultry products i.e. eggs,
meat, and milk (Van Boeckel et al., 2015). Furthermore, it is considered that antibiotic
residues can accumulate in aquatic products as these drug residues have been reported
from various aquatic environments (Liu et al., 2017). The antibiotics and antibiotics
residues being used as organic fertilizers in manure become part of vegetables (Azanu et
al., 2016). Consequently, there are two main sources of antibiotic residues in food. Firstly,
antibiotics are used for growth promotion as well as control of disease and to improve the
efficacy of food in humans. Secondly the accumulation of these drug residues among the
food animals living in an environment contaminated with antibiotics (Manyi-Loh et al.,
2018). The sources and pathways of antibiotic residues in the food chain have been shown
in Figure 2.

Figure 2. Sources and pathways of antibiotic residues in the food chain
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Antibiotics residues in food

Antibiotic residues accumulate in the blood as well as in other tissues, after
administration of high concentrations of antibiotics however the use of non-medicated
fodder in animals eradicates these residues from the blood as well as tissues of these
animals. The high concentration of antibiotics administered to animals through injection
or animal-derived feed as well as due to storage, water, and transportation during
processing may result in the contamination of animal-origin foods (Nisha, 2008).
Furthermore, feces can also contaminate food through fecal recycling, particularly
vegetables are contaminated as feces are being used as a fertilizer (Phillips et al., 2004;
Darwish et al., 2013). Antibiotics are widely used in fish farming and antibiotic residues
are accumulated within human body systems following the use of contaminated fish that
can adversely affect human health (Aarestrup et al., 1998). Reducing antibiotic residues
in food heat treatment or cooking is important because very few raw products are used
(Katz and Brady, 2000). The antibiotic residues accumulate in food products, for
example, milk and meat, and several edible products although the low concentrations of
antibiotic residues are considered as safe. In contrast, some antibiotics are harmful to
human health, and their use is prohibited for example chloramphenicol. Milk is vital as
well as beneficial food because it is a source of proteins in every age of people.
Widespread use of antibiotics for treatment of mastitis in lactating cows and dry cow
therapy leads towards accumulation of antibiotic residues in milk.

Antibiotics residues in livestock and poultry products

For poultry and livestock, antibiotics play a major role in the control and therapy of
infectious diseases. Furthermore, antibiotics are commonly used as food additives to
promote growth, improve food quality, and in maintenance of health in poultry and
livestock industries. Consequently, antibiotic residues obtained from those animals are
accumulated in food products and adversely affect human health. Furthermore, different
kinds of food products are classified in poultry and livestock, for example, milk, eggs,
chicken, pork, and beef, and three possible routes can contribute to the contamination of
these products (1) through intrauterine and intramammary infusion or topical contact (2)
when injected directly i.e. subcutaneous, intramuscular (IM) or intravenous (IV) for
prophylaxis and treatment of disease (3) direct intake of water and feed in which
antibiotics accumulate when used as an additive for growth promotion (Mitchell et al.,
1998). Initially, antibiotic usage in the veterinary field was started for control and
treatment of disease but nowadays these are widely used as additives for growth
promotion. It has been observed that antibiotics are widely used as feed additives and
fatteners for broilers to improve their growth and for better protection. Moreover,
antibiotics also promote growth by decreasing various mechanisms such as toxin
formation, nutrients waste, and the immune system’s activity (Nisha, 2008). Antibiotics
that are widely used for prophylaxis, growth promotion, and treatment in food animals
are sulfamethoxazole, enrofloxacin, benzylpenicillin, tylosin, amoxicillin, trimethoprim,
oxytetracycline, ampicillin, and streptopenicillin, while amikacin, neomycin,
enrofloxacin, doxycycline, tetracycline, tilmicosin, and colistin sulfate are used for
promotion of growth in the poultry (Chattopadhyay, 2014). A study has reported that
virginiamycin; a food additive used for the livestock to enhance growth was found in the
excreta of the treated animals. Additionally, the manure from the excreta serves as
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fertilizer owing to its soil binding capacity, it results in the contamination of water
supplies (Tasho and Cho, 2016).

Antibiotics residues in the biological systems

The presence of narrow and broad-spectrum antibiotics in different environmental
samples has been reported in various studies (Sarpong and Miller, 2015). The antibiotics
are excreted by humans and animals which can contaminate the sewers and then to rivers
as well as seas. For example, fluoroquinolone, sulfamethoxazole, and ofloxacin were
detected from seawater of Hailing Island, Belgian harbors, and Laizhou Bay, respectively.
Furthermore, sulfonamides and tetracycline were also detected in the discharge of
wastewater treatment plants (Gao et al., 2012; Larsson, 2014). Several antibiotics are
detected in hospital wastes, for example, beta-lactams, macrolides, lincomycin,
fluoroquinolones, trimethoprim, sulfamethoxazole, and sulfonamides (Meena et al.,
2015). It has been reported that ofloxacin, trimethoprim, sulfamethoxazole, and
ciprofloxacin have been detected in municipal wastewater. Several antibiotics are used as
feed additives in aquaculture industries. For example, sulfonamides, oxytetracycline,
erythromycin, florfenicol, and sarafloxacin, are found in aqua samples. Five different
compounds were detected in water samples in China i.e. ofloxacin, sulfonamides,
norfloxacin, erythromycin, and amoxicillin with detection rates up to 65 to 7722 ng/l.
Oxytetracycline and tylosin were found rarely in wastewater while lincomycin,
chlortetracycline, and sulfamethazine were detected frequently, furthermore to detect
antibiotic residues from dairies effluents (Kumar et al., 2019).

Antibiotics and their residues are frequently excreted and contaminate natural
environments. Different sources contribute to this pool of antibiotic residues, for example,
animal husbandry, dairies, veterinaries, domestics, poultry, discharge of hospital waste,
animal excreta, pharmaceutical plants, and municipal waste (Pruden et al., 2013;
Obayiuwana et al., 2018). Several antibiotics are used in the agriculture industry to
enhance fish farming, livestock growth, and beekeeping. The antibiotics and their
metabolites are discharged particularly from the feces of the poultry animals and
contaminate the natural environment (Hong et al., 2018). These residues and the
metabolites pollute water and soil indirectly, for example, a polyether antibiotic i.e., the
Monensin antibiotic used to promote the growth of animals in the dairy farms was found
to spread to the natural resources (Mutiyar and Mittal, 2014). Although, the consumption
of antibiotics is very low in plants than animals the residues were found in water used in
agricultural land resulting in the contamination of the agricultural field (Pifia et al., 2018).
Few antibiotics have low molecular weight such as sulfonamides, aminoglycosides,
nitrofurans, quinolones, macrolides, rifamycins, amphenicols, beta-lactams,
tetracyclines, phosphonates, and lincosamides, therefore they dissolve readily in water
bodies which results in longer persistence of antibiotics (Krzeminski et al., 2019).
Antibiotics that are used in livestock can also contaminate the fields by manure and these
antibiotic residues are absorbed in the soil and reach the groundwater (Ishikawa et al.,
2018). Furthermore, when expired drugs are directly discarded in the sewage grid, these
drugs can accumulate in landfills which increases contamination (Akici et al., 2018).
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Antibiotics ecotoxicity and impact on bacteria

The antibiotic residues are mixed with freshwater through soil erosion and rain (Mutiyar
and Mittal, 2014). Antibiotics act on both target organisms (bacteria) as well as on non-
target organisms, for example on zooplankton, freshwater algae, and fish (Kummerer,
2009). The adverse effects of monensin on species richness have been reported (Hillis et
al., 2007). Furthermore, fluoroquinolones are harmful to prokaryotes as compared to
eukaryotes that are commonly present in hospital effluents and the long-term use of
fluoroguinolone has shown harmful effects on human health as well as high genotoxicity
(Brown et al., 2006; Ao et al., 2018). Antibiotics affect directly and indirectly the bacterial
populations as their excessive use may lead to the development of resistance (Haller et al.,
2002; Grenni et al., 2018). The presence of antibiotic residues in effluents results in
contamination of seawater in the USA, Greece, China, Italy, Germany, Turkey, and
Belgium. It has been reported that sulfamethoxazole, clarithromycin, roxithromycin, and
erythromycin were detected from 153 samples of beach water from the Northern Adriatic
Sea, San Francisco Bay, Baltic Sea, Dardanelles, Pacific Sea, Mediterranean, and Aegean
Sea (Nodler et al., 2014). Based on biological, physical, and chemical properties antibiotics
have different effects on organisms (Yelin and Kishony, 2018). The antibiotic, particularly
those being used in the poultry and veterinary industry, increases the chance of survival of
bacteria under antibiotic stress due to selection pressure which results in the evolution of
multi-drug resistant (MDR) strains. These MDR strains are widely reported in the soil and
aquatic milieus (Esiobu et al., 2002; Brown et al., 2006). It has been reported that B-lactams
and aminoglycosides are less persistent in the environment as compared to
fluoroquinolones as well as sulfonamides. In case of insufficient sunlight, the tetracyclines
can persist and accumulate for a longer time. Furthermore, ciprofloxacin at 25,000 ng/l and
norfloxacin at 5000 ng/l have shown to affect the DNA of genetically modified Salmonella
typhimurium strains resulting in mutations (Ao et al., 2018).

Use of antibiotics in foods

Antibiotics are widely used in animals for many advantages covering carcass quality,
promotion of growth, animal health, and cost-effective production (Van Boeckel et al.,
2015). Antibiotics are the commonest drugs and are widely being used in animals as
prophylactic and therapeutic agents for the management of infectious diseases. These
antibiotics have played an important role in the prevention and cure of certain important
infections caused by Escherichia coli, Campylobacter fetus, Enterococcus, Leptospira,
Streptococcus suis, and Salmonella. Antibiotics enhance growth rate by altering the motility
of the gut, by thinning the mucous layers in the gut, by decreasing waste nutrients, immune
system activity, and formation of toxins, and by providing favorable conditions for
beneficial intestinal microbes to destroy harmful bacteria (Darwish et al., 2013). The body
weight of animals increases up to 4-5% that receive antibiotics compared to those which
are grown in the absence of these drugs (Witte, 1998). In veterinary medicine, several
groups of antibiotics are used for these purposes, for example, lincosamide,
aminoglycosides, ansamycins, and glycopeptides, [B-lactams i.e. cephalosporin and
penicillin, trimethoprim, Sulfonamides, quinolones, nitrofurans, tetracyclines (Chafer-
Pericas et al., 2010a). Few drugs or and their combinations are used as prophylaxis for
different plant diseases for example streptomycin-oxytetracycline is used to control halo
blight disease in beans and few other bacterial diseases in tomatoes, potatoes, cherries,
tobacco, and peppers. Several drugs are used to inhibit trees from bacterial diseases such as
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aminoglycosides and tetracyclines. The studies have also reported the uptake of antibiotics
by the vegetables such as corn, radish, carrot, and cabbage which were irrigated with the
contaminated water (Kang et al., 2013; Bassil et al., 2013; Chowdhury et al., 2015).

Detection of antibiotic residues

Chromatographic and screening methods including the immunological and enzymatic
methods are used to detect antibiotic residues. Microbiological methods such as microbial
agar diffusion tests or inhibition of acid production by starter organisms were also used
for the detection of antibiotic residues in food (Chowdhury et al., 2015). Antibiotic
residues of sulphanilamide, streptomycin, ciprofloxacin, and tetracycline in meat samples
were detected by three techniques i.e. HPLC, ELISA, and TLC. HPLC showed different
antibiotic residues concentration i.e. 14.6%, 8.3%, 88.8% and 41.1% for tetracycline,
ciprofloxacin, sulphanilamide and streptomycin respectively. ELISA detected that 25.3%,
56%, 18%, and 34% samples were positive for tetracycline, ciprofloxacin, sulphanilamide,
and streptomycin, respectively, while TLC showed different concentrations i.e. 14.6%
tetracycline, 21.4% ciprofloxacin, 92.5% sulphanilamide, and 29.4% streptomycin
(Ramatla et al., 2017). In milk samples, the antibiotic residues were detected in 1960 for
the very first time using the chromatographic technique. The analysis showed that
sulfonamides tetracyclines, fluorogquinolones, and aminoglycosides have 12.64%, 14.01%,
13.46%, and 36.54% antibiotic concentration respectively (Molina et al., 2003). The
concentration of various antibiotic residues in different foods are shown in Table 1.

Toxic effects of antibiotics residues in food

Antibiotics residues produce many toxic effects; however, the most common
manifestation of various drugs is allergic reactions. These hypersensitivity reactions are
observed in the case of tetracyclines, penicillin, and aminoglycosides (Katz and Brady,
2000). The effects caused by the long-term use of antibiotics on human health are still
unknown. Furthermore, it is observed that -lactams have few toxic effects on human
health, these are mainly involved in eliciting allergic reactions (Davies and Davies, 2010).
For instance, it has been reported that tetracycline causes several peculiar reactions like
allergy, phototoxic dermatitis, and skin rashes (Yates and deShazo, 2003). Among the
individuals sensitive to the penicillins group, the residues of penicillin in milk resulted in
allergic reactions (Dewdney et al., 1991; Demoly and Romano, 2005). Another drug
streptomycin has significant side effects, for example, it affects vestibular mechanisms in
the inner ear which causes the loss of balance, neurotoxic effects on newborns, fever, and
skin rashes. The allergic response to the macrolides metabolites modified by the hepatic
cells can cause liver injury (Dewdney et al., 1991). Residues of chloramphenicol in foods
can cause fatal blood dyscrasia in individuals (Settepani, 1984).

Carcinogenic effects

Carcinogenic residues bind covalently to several intracellular components, for example,
glycogen, glutathione, deoxyribonucleic acid (DNA), ribonucleic acid (RNA), proteins,
and phospholipids, and show latent hazards (Beyene, 2016). It has been reported that
Chloramphenicol residues present in food causes cancer (Demoly and Romano, 2005,
Nisha, 2008).
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Table 1. Detection methods for the determination of concentrations of antibiotic residues in
different food items

Detection Sample Number of| Antimicrobial Concentrations Reference
Method Type samples Agents (ng/L or pg/kg)
Fish 53 Multiple 6.9 -148.4
LC-qTOF- Chicken 18 Multiple 0.1 -49.6 (Wang et al.,
MS Pork 17 Multiple 0.3 -27.0 2017b)
Shrimp 18 Multiple 0.4 -66.9
LC- . . (Tang et al.,
MS/MS Milk (Cow) 22 Fluoroquinolones 0.34-333 2009)
. Sulfapyridine 1.77 (Han et al.,
Raw milk (Fresh) 25 Lincomycin 11.3 2015)
. . (Chafer-Pericas
Fish (market) 9 Oxytetracycline Upto 60 etal., 2010b)
. . (Chafer-Pericas
Fish (farmed) 20 Oxytetracycline 59 etal,, 2011)
. . . i (Gbylik-Sikorska
Fish (fresh water) 443 Aminoglycosides 5-125 etal,, 2014)
. . _ (Wei etal.,
Fish (freshwater) 13 Multiple 0.4 -38.5 2014)
Fish (freshwater) 128 Erythromycin 2390 (Zh;gltgt)al.,
. . (Yipel et al.,
Fish (farmed) 75 Norfloxacin 15 2017)
. . (Guidi et al.,
Fish (farmed) 193 Enrofloxacin >50 2017)
. . (Song et al.,
Fish 116 Sulfonamides Upto 1634 2017a)
. . (Song et al.,
Fish 116 Fluoroquinolones Upto 47108 2017b)
Fish 31 Enrofloxacin Up to 2200 (Chzegl%t)al.,
Wild fish (Marine) 21 Multiple 22-500 (Liu et al., 2018)
Ampicillin 20 (Huang et al.,
Pork 10 ceftiofur 400 2016)
Chicken 156 Sulfonamide o500-2700 | (Yamaguchiet
al., 2015)
Meat (Pork) 100 sulfamethazine 11 -1600 (Ngogoti%)et al.,
. (Wang et al.,
Eggs 22 Multiple Up to 30.3 20172)
. _ (‘Yamaguchi et
Eggs 111 enrofloxacin 1.7 —1485 al., 2017)
Vegetables 4 Chlortetracycline 0.1 -532 (Hu et al., 2010)
Vegetable Crops 5 Multiple Up to 46.4 (Hu etal., 2010)
Leafy Vegetables 15 Tetracycline Up to 8.84 (Yuetal., 2018)
Fish and Meat (Raw) 18 Erythromycin 58 —87 (Berrzeg:iggt)et al.
sulfacetamide 1.2
Pork 51 sulfaquinoxaline 3.3 (He etal., 2017)
Egg 51 Sarafloxacin 0.98
. . B (Chafer-Pericas
EIA Fish 20 Oxytetracycline 2.1 -152 etal,, 2011)
Chicken 127 Quinolones 30.8 (mean value) | (Er etal., 2013)
Beef 104 Quinolones 6.64 (mean value) | (Eretal., 2013)
Raw meat (chicken, 150 sulfanilamide 142 —1280 (Ramatla et al.,

beef, and pork)
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Detection Sample Number of| Antimicrobial Concentrations Reference
Method Type samples Agents (ng/L or pg/kg)
. (Kang et al.,
Vegetables 11 Multiple <10 2013)
SNAP® . . (Zheng et al.,
Test Raw milk (fresh) 199 Sulfonamides <16.3 2013)
HPLC |Milk (cow and goat) 269 sulfamerazine 12.2 (Chgggge)t al,
Milk 328 Penicillin-G | 15.2 (mean value) (O'atzog’fg;t al.,
. Ampicillin 0.5 (Khanal et al.,
Milk 140 Amoxicillin 802 2018)
Sulphanilamide 20.7-82.1
Raw meat (chicken, 150 Tetracycline 41.8-320.8 (Ramatla et al.,
beef, and pork) Streptomycin 65.2-952.2 2017)
Ciprofloxacin 32.8-95.6

Disruption of the normal flora

Different bacteria that are part of our normal flora act as a bridge to prevent the entry
of pathogens and causing diseases. Antibiotics may kill few important species and will
decrease the number of bacteria, for example, broad-spectrum antibiotics such as
streptomycin, tylosin, and flunixin in animals while metronidazole, vancomycin, and
nitroimidazole in humans affect gastrointestinal diseases and disruption of normal flora
(Cotter et al., 2012). The study has shown that the antibiotic residues present in the milk
may alter the drug resistance status of the gut microflora during long-term exposure
(Chand et al., 2000). Another study has reported the induction of antimicrobial resistance
in human intestinal flora after the intake of meat products containing antibiotic residues
that resulted in an outbreak of diarrhea (Landers et al., 2012). The intake of these residues
entering enter the intestinal tract of humans interacts with nearly 800-1000 bacterial
species and approximately 7000 different strains (Jernberg et al., 2010). Although 95%
of these bacterial species are beneficial for humans, the remaining bacterial species are
opportunistic and can be harmful (Ben et al., 2019). In the human intestinal tract, a
microecological balance is maintained between bacteria themselves and the bacteria and
the human body, with a predominance of Firmicutes and Bacteroidetes, and a lesser
number of Proteobacteria, Actinobacteria, Verrucomicrobia, and many other phyla some
of which have not even identified or isolated (Arumugam et al., 2011). Various studies
have highlighted the fact that exposure to antimicrobial agents is associated with
significant changes in the intestinal microbial population and composition. This effect
have a broader spectrum on the microbiota community rather targetting any particular
bacterial species (Blaser, 2016). This is quite evident that the antimicrobial therapies
resulted in compositional changes of gut microflora with an increasing number of
Firmicutes and a reduction in Bacteroidetes. Further, these therapies also resulted in the
emergence of antimicrobial-resistant bacterial strains which might be able to persist in
the gastrointestinal tract for years (Jernberg et al., 2010; Andersson and Hughes, 2011,
Pérez-Cobas et al., 2013). The subsequent imbalance of intestinal microflora may lead to
the proliferation of opportunistic pathogens and different diseases for example
pseudomembranous colitis, colorectal cancer, and other intestinal disorders (Damman et
al., 2012). This scenario can be even worse in case these opportunistic bacteria develop
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multiple antibiotic resistance and evolve into superbugs, which can be a significant risk
to individuals as well as wider society.

Teratogenic effect

Any chemical agent or drug that produces a harmful effect on a fetus or embryo during
gestation is termed a teratogen. As a result, congenital disorders that influence functional,
as well as structural integrity, take place (Beyene, 2016). For example, when
benzimidazole and anthelmintic are administered at an early stage of pregnancy they
produce toxic effects on the embryo, furthermore, the drug of oxfendazole i.e.
benzimidazole has a mutagenic effect. Enrofloxacin; a fluoroquinolone antibiotic that
inhibits the bacteria by targeting the DNA gyrase has shown to be teratogenic for the
embryos of rabbits and rats (Guzman et al., 2003).

Reducing antibiotic residues for safer animal food products

The appropriate use of the drug in veterinary settings results in healthy animal food.
However, the higher level of antibiotic residues in the food can adversely affect human
health. Multiple animal-related factors including age, breed, body condition and sex,
various drug-related factors like dosage of the drug, type of drug formation, and route of
administration have possible effects on the pharmacokinetics as well as antibiotic residue
levels in meat, eggs, milk, and other edible tissues (Moreno and Lanusse, 2017). The
concentration of drug residue in tissues depends upon its several physicochemical
properties which play a key role in the regulation of drugs via cell membranes, for
example, lipid solubility and acidic or basic properties of drugs. Drugs with highly lipid-
solubility enter the extra and intracellular tissue compartments efficiently through passive
diffusion, however poorly lipid-soluble drugs remain extracellularly (Lees and Toutain,
2012). It has been observed when drugs are administered through animal ears it helps to
prevent the accumulation of drugs in edible animal tissues. Furthermore, various animal
products are not consumed raw and the thermal processes such as boiling, sterilization,
frying, steaming, pasteurization, evaporation, co-distillation, and roasting can lead to the
loss or decrease in the drug residues (Pordevi¢ and Purovi¢-Pejcev, 2016). Other
processes can also help to reduce the drug residues in food products such as storage time,
different pH levels, and fermentation.

Reducing antibiotic residues in milk and milk products

Residues of the veterinary drug in milk are an important concern to the consumers,
processors, farmers, and milk regulatory agencies as milk or milk products are commonly
used by everyone (Shaker and Elsharkawy, 2015). Before consumption, animal products
go through vigorous heat treatment that causes protein denaturation, water loss, changed
pH, and fat degradation which helps to alter chemical structures, the quantity of drug
residue, toxic well as the pharmacological effects (Hsieh et al., 2011). For example, it has
been reported that heating milk by sterilization, pasteurization or ultra-heat treatment
(UHT) helps to reduce drug residues in the milk. It was observed that the concentration
of tetracycline decreased by 30% whereas the concentration of oxytetracycline decreased
by 40% by using the ultra-heat treatment, furthermore, the concentration of tetracycline
is reduced by 98% using the sterilization process. Macrolides residues can be reduced by
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up to 93% by heat therapy (Zorraquino et al., 2011). During yogurt production through
heat treatment, lactic acid helps in the degradation of nafcillin, oxacillin, dicloxacillin and
cloxacillin slightly, while precipitated proteins help to decrease residues of penicillin
(Grunwald and Petz, 2003). Furthermore, concentrations of trichlorfon, dimethoate, and
fenthion were reduced when two starter cultures were added during yogurt preparation
(Regueiro et al., 2015). However, a total of 62 antimicrobial agents were tested for heat
stability at 56°C (30 minutes) and 121°C (15 minutes) and was found that the aztreonam,
azlocillin, oxacillin, and mezlocillin were remarkably heat-stable (Traub and Leonhard,
1995).

Reducing antibiotic residues in eggs

When drugs are given to laying hens, their metabolic products are stored as residues
in the components of the egg i.e. albumin and yolk. Raw eggs are generally used after
heat treatment and refrigeration. Heat therapy promotes protein denaturation,
dehydration, and pH changes that help to decrease chemical formulation, residue quantity,
and modify the solubility of residue. As a result, the concentration of tetracycline residues
decreased by 52% and 47%, whereas the concentration of enrofloxacin decreased by 69%
and 58% after boiling and frying eggs respectively (Ezenduka et al., 2011). However,
when eggs were boiled at 100°C for 15 minutes the antibiotic residues i.e. concentration
of chlortetracycline was reduced by 61%, ciprofloxacin by 87%, and enrofloxacin by
93%, while other residues such as chlortetracycline by 20-22%, and sulfanilamide by
44-49% were reduced when eggs were refrigerated at 10 °C for 4 weeks (Alaboudi et al.,
2013). It was observed that the number of aflatoxin residues was significantly reduced
after incorporation of Bacillus subtilis biodegradation preparations in the poultry diet
which resulted in the biotransformation of toxin and inhibition of intestinal absorption of
toxin and consequent reduction of toxin residues in the eggs (Jia et al., 2016).

Reduction of drug residues in meat

Inadequate biosafety methods and improper veterinary drugs may cause a decrease in
the quality of meat and the accumulation of drug residues in meat. Several thermal
treatments or cooking are essential before the consumption of animal food products. For
this purpose, several methods such as fat loss, denaturation of proteins, altered pH, and
water loss have been used that aids in modifying the chemical structure, solubility, and
concentration of drug residues. It has been observed that after cooking the meat, the
concentration of doxycycline was reduced (Javadi, 2011), and changing the pH levels
significantly decreased the level of oxytetracycline. For example, oxytetracycline’s
muscle concentration decreased approximately 53.6% after roasting and 69.6% after
boiling, and after changing pH, oxytetracycline reduced up to 67.7%, 53.2%, and 34.3%
following boiling, microwaving, and roasting (Vivienne et al., 2018). Furthermore, when
pork and chicken are degraded with various heat treatments it significantly reduced
oxytetracycline concentration. Furthermore, it has been observed that the concentration
of sulfonamide residues decreased up to 38-40% after roasting and 38-40% after boiling
in chicken meat (Furusawa and Hanabusa, 2002).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3959-3977.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_39593977
© 2021, ALOKI Kft., Budapest, Hungary



Shahid et al.: Antibiotic residues in food chains; Impact on the environment and human health: A Review
- 3970 -

Management of antimicrobial residues; a food safety perspective

The recommendations by various international organizations have insisted on the
wiser use of antimicrobial agents in clinical, veterinary, and agriculture to protect public
health. The world health organization (WHO) recommended that the national authorities
for agriculture, veterinary, pharmaceuticals, and other stakeholders should focus to
disregard the use of antimicrobial agents as growth promoters. Moreover, the antibiotics
should be administered among the food animals only when the use is justified and
prescribed by the veterinarian especially the third and fourth generation cephalosporins
and fluoroquinolones (Economou and Gousia, 2015).

Animal health must be improved to decrease the requirement of antibiotics in food
animals through biosafety and biosecurity measures and disease prevention by effective
vaccination, use of probiotics, and good hygiene practices. The use of antibiotics must be
for therapeutic purposes rather than growth promotion based on bacterial cultures and
antibiotic susceptibility testing and clinical experience. The first choice should be narrow-
spectrum antibiotics while choosing antimicrobial agents. Further, the veterinarian
professional bodies should establish guidelines on a national level for the proper usage of
antibiotics among different food animals, by indicating the first, second, and last choices
for the management of bacterial infections. Moreover, the economic incentives favoring
the inapt prescription of antimicrobial agents should be abolished (Economou and Gousia,
2015; Norris et al., 2019).

An effective surveillance system for antibiotic resistance among commensal and
zoonotic bacteria, as well as the bacteria obtained from different foods and food animal
reservoirs, is essential to understand the emergence of antibiotic resistance and provide
the data for risk assessment and implementation of targeted interventions. The
comprehensive surveillance system includes the collection of data followed by analysis
and reporting to monitor the temporal trends for the usage of antibiotics in people and
food animals and to monitor antibiotic resistance among the bacteria isolated from
humans, veterinary and foods (Ferri et al., 2017).

Conclusions

Although the specific regulations are limited due to the lack of consensus on the safer
concentrations of antibiotic residues in the environment concerning the development of
resistance, The WHO emphasizes the policies for the improvement of pharmaceutical
waste management and to minimize the antibiotic residues in the environment. Despite
the new medicines in the USA and Europe need environmental risk assessments by
considering the ecological impacts of drugs, the medicines already available in the market
have not undergone these valuations. These assessments do not address the potential of
the drug in resistance implications, rather emphasize the ecological toxicity. The
extensive use of antibiotics in animal feed for growth promotion poses a significant threat
to public health due to its impact on the development of multidrug-resistant bacterial
strains. The stringent control must be adapted to avoid the excessive use of these agents
accompanied by the development of alternative measures to safeguard human health and
to keep the available antibiotics effective for future clinical implications.

The continuous surveillance of antimicrobial resistance in the human, zoonotic and
environmental bacteria is a precondition to understanding this phenomenon that can
provide risk assessment data for the evaluation and implementation of targeted
interventions. Awareness and communication at national and international levels are
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necessary for the rational use of antimicrobials in the food chains. These relevant target
audiences must be identified including the decision-makers, agriculture, health and
veterinary professionals, media, and the public, and should be informed with evidence-
based information for their guidance, decisions, and choices. The knowledge gaps still
exist in the precise understanding of antibiotic resistance and its implications in food
safety. The studies must focus on the quantitative analysis of the disease burden caused
by resistant bacteria. These studies will further contribute to assessing the magnitude of
the problem and will assist in the risk assessment the designing cost-effective protocols
to counteract this menace.
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