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Abstract

In recent decades, the need to increase meat production to meet the needs of a growing population has led to the
widespread use of antibiotics in the livestock industry. Although these drugs play an important role in controlling
infectious diseases in livestock, their residues in livestock products have raised serious public health concerns.
This narrative review was written to investigate antibiotic residues in livestock meat, their effects on humans, and
methods for reducing these residues. In the present study, a search for articles published between 2008 and 2024
was conducted in the PubMed, Science Direct, and Google Scholar databases using the keywords "Antimicrobial
resistance,” "Drug residues,” "Drug residue reduction,” and "Livestock products." Data show that common
antibiotics such as tetracyclines, quinolones, and penicillins remain in animal tissues and are transferred to humans
thru the food chain, potentially causing allergic reactions, antimicrobial resistance, and disruption of the gut
microbiota. Despite the establishment of maximum residue limits by international organizations, the
implementation of these regulations in some countries, including Iran, is challenging. Qualitative detection of
drug residues is carried out using microbiological and immunological methods, while quantitative detection is
performed by mass spectrometry. Thermal processes like cooking and boiling can help reduce the concentration
of these residues. To reduce the risks of antibiotic residues in meat for consumers and prevent the spread of
antimicrobial resistance, it is necessary to develop stricter policies on the use of veterinary drugs, strengthen
monitoring systems, and develop effective methods for removing drug residues from livestock products.
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EXTENDED ABSTRACT

Introduction

As the world's population increases, the demand for meat has also increased. Meat is a main component of the
food chain because it provides essential amino acids for the human body. To meet this demand, animal husbandry
has become overly reliant on antibiotics for treatment and growth promotion, which has led to significant health
issues, especially for human health. In response, the European Union banned the use of antibiotics as growth
promoters in 2006; since then, several other countries have passed strict regulations to control and manage the use
of antibiotics in food.

Use of antibiotics in livestock

The drugs and their proper use are valuable in veterinary and medical sciences because they are crucial for public
health, animal health, and maximizing economic productivity. All drug classes, including antibiotics, are used not
only to treat animals, but also to prevent disease and enhance growth. Since the late 1940s, it has been recognized
that administering subtherapeutic doses of antibiotics in animal feed can lead to increased weight gain and growth
rates in animals by reducing inflammation, enhancing nutrient absorption, and decreasing the energy expenditure
of the immune system. There are concerns about bacterial resistance associated with the use of prescription
antibiotics. In this regard, policies set by many international organizations require that antibiotic residues in
livestock products be strictly controlled as a precautionary measure. Generally, the rational use of antibiotics is
necessary to maintain food safety and public health.

Antibiotic residues and antimicrobial resistance

Antibiotic residues in eggs, meat, milk, and other animal-derived products seriously threaten human health.
Accumulating in animal tissues, these residues enter the body with human consumption, leading to the selection
and dissemination of antibiotic-resistant strains. One of the most serious public health issues, antimicrobial
resistance, is usually acquired by direct or indirect human contact with animals or by consuming contaminated
products. Excessive use, poor administration, and neglect of drug withdrawal periods raise selective pressure on
bacteria and hasten the spread of resistance genes. Simple disease treatment becomes challenging when antibiotic-
resistant bacteria, especially those found in poultry, are transferred to humans. This trend seriously threatens
global health and food security and may return us to an era where many infections cannot be cured. Therefore,
careful, controlled, and rational use of antibiotics in veterinary medicine is crucial to curb antimicrobial resistance.

Methods for detecting veterinary drug residues in animal-derived food products
Various methods are used to detect antibiotic residues in food of animal origin, which play an important role in
ensuring food safety. Microbiological methods, relying on inhibiting bacterial growth in the presence of drug
residues, are cost-effective and straightforward, but slow and have low sensitivity. Tests such as Premi® and the
Four-Plate Test are among these. Immunological methods, such as enzyme-linked immunosorbent assay (ELISA),
operate based on antigen-antibody reactions and have high accuracy, but require more time and special equipment.
Biosensor technology has also been introduced as a rapid, quantitative, and multiplex detection method. These
sensors provide reliable results without the need for a specialist operator. Finally, confirmatory analysis methods
such as liquid chromatography and mass spectrometry are used for definitive and quantitative detection of
residues, although accurate, they are expensive, time-consuming, and require high expertise.

Methods for reducing antibiotic residues in animal-derived food products
Antibiotic residues in animal products are reduced to some extent by heat treatments such as boiling, frying,
roasting, and microwaving. Factors such as the type of antibiotic, temperature, cooking time, pH, and tissue type
(muscle or liver) contribute to this reduction. Some antibiotics, such as oxytetracycline, ampicillin, and
chloramphenicol, are heat sensitive and are reduced by up to 94%, while chloramphenicol and vancomycin are
more stable. Cooking transfers or breaks down the concentration of residues from the tissues into the cooking
liquid. In Egypt, Nigeria, Irag, China, and Iran, the positive effect of heat on residue reduction has been confirmed.
Although microwave cooking is sometimes less effective, its combination with an acidic pH performs better.
Despite the effect of cooking, residues may not reach safe levels if initial levels are high; Therefore, control on
the farm and at the slaughterhouse remains essential.

Conclusion

The inappropriate use of antibiotics has a negative health impact on humans, including drug poisoning, toxicity,
and antibiotic resistance. Common antibiotic residues include tetracyclines, quinolones, and beta-lactams. While
developed countries have set higher standards, many developing countries lack the necessary monitoring to ensure
control of drug residues in foods. Antibiotic residues must be detected using a screening test followed by a
confirmatory test, but high costs and a lack of experts to perform these tests are serious challenges. Some food
processing methods may reduce some residues, but ultimately the main priority is to prevent exposure to them at
the source. Effective control requires stronger regulations, increased awareness, the development of rapid
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monitoring methods, and alternatives such as probiotics, herbal remedies, and vaccination, all of which must be
implemented within the framework of an integrated “One Health” approach.
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