
Antibiotic Residues in Meat and the Gut Microbiota 

Antibiotic use in food-producing animals has become one of the major drivers of antimicrobial 

exposure along the human food chain. Globally, tens of thousands of tons of antibiotics are 

administered to livestock each year, with an estimated total antimicrobial use in food animals 

around ~99,500 tonnes in 2020 and projected to remain high through 2030, largely driven by 

rising demand for poultry, pork, and beef products. In many industrialized and emerging 

economies, a small number of countries account for a disproportionate share of this use; for 

example, in 2017 China alone contributed about 45 % of veterinary antimicrobial use, followed 

by Brazil (~7.9 %), the United States (~7 %) and other large meat producers. Although 

regulatory systems in regions such as the European Union have driven reductions in some 

settings, overall antibiotic use in animal production remains massive and widespread, meaning 

that long-term, low-dose antibiotic residues can enter the human gastrointestinal tract with 

meat consumption, with the potential to alter gut microbiota and select for resistant bacterial 

populations. 

 

What we can (and cannot) do to reduce exposure in humans 

1) Why this matters? 

Antibiotics are widely used in food-producing animals (poultry, pigs, cattle) for therapy, 

metaphylaxis, and sometimes prophylaxis; this practice contributes to antimicrobial resistance 

and creates the risk of antibiotic residues in food if production rules are violated or control 

systems fail. (World Health Organization) 

Antibiotic residues—especially repeated low-dose exposures—can reach the gastrointestinal 

tract and may contribute to microbiota disruption (dysbiosis) and selection pressure for 

antimicrobial resistance genes (the “resistome”). (PMC) 

Importantly, many countries regulate residues using maximum residue limits (MRLs) plus 

legally required withdrawal periods after treatment, but “MRL-compliant” does not 

automatically mean “biologically irrelevant for the microbiome,” because microbiome effects 

can occur at sub-therapeutic concentrations and depend on intestinal exposure patterns. 

(European Medicines Agency (EMA)) 

 

2) How residues end up in meat 

After an animal receives antibiotics, residues can persist in tissues (muscle, liver, kidney, fat) 

until drug concentrations fall below MRLs; withdrawal periods are designed to prevent residues 

above legal limits, but compliance depends on correct dosing, records, and enforcement. 

(European Medicines Agency (EMA)) 

In the European Union, the legal framework includes (a) rules/procedures for establishing MRLs 

and (b) published lists of pharmacologically active substances and their MRL classifications in 

foodstuffs of animal origin. (European Medicines Agency (EMA)) 
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3) Why “fat-soluble vs water-soluble” matters 

In practice, an antibiotic’s solubility and lipophilicity influence how it distributes in the body 

(including fat vs aqueous compartments) and how much can migrate into cooking liquids; this is 

not the only determinant (protein binding, pKa, formulation/salt form), but it helps guide kitchen 

strategies. (sciencedirect.com) 

Caution: classification is approximate—many antibiotics are amphoteric, pH-dependent, or used 

as different salts (which changes solubility), so “fat-soluble” here means more lipophilic on 

average rather than exclusively fat-bound. (PubChem) 

 

4) Detailed lists: predominantly water-soluble vs more fat-soluble antibiotics (with common 

livestock examples) 

A) Predominantly water-soluble (more likely to migrate into boiling water / broths) 

• Aminoglycosides (very water soluble): gentamicin, neomycin, streptomycin (often used 

in veterinary medicine; water solubility is a key property of gentamicin and its salts). 

(PubChem) 

• β-lactams (generally water soluble; many salts are highly water soluble): penicillin G 

(benzylpenicillin) salts (sodium/potassium), amoxicillin, ampicillin, cephalosporins (used 

widely in animals; many are hydrophilic and distribute in extracellular fluids). 

(PubChem) 

• Tetracyclines (not “fat soluble”; generally low-to-moderate water solubility, but still 

more aqueous than lipophilic; residues can migrate into cooking liquids): 

tetracycline, oxytetracycline, chlortetracycline, doxycycline (physicochemical data show 

limited/variable water solubility and strong chelation behaviour). (PubChem) 

• Sulfonamides (moderately water soluble; many are polar and can leach): 

sulfamethazine (sulfadimidine), sulfadiazine, sulfamethoxazole/trimethoprim 

combinations (use varies by country and indication; many are sufficiently polar for broth 

migration). (Springer) 

• Polymyxins (highly polar / water soluble): colistin (polymyxin E) is strongly cationic 

and hydrophilic (use is tightly scrutinized because of AMR relevance). (World Health 

Organization) 

B) More fat-soluble / lipophilic or amphiphilic (tend to bind tissues; trimming fat/skin 

matters more) 

Macrolides (typically poorly water soluble, more lipophilic): erythromycin, tylosin, 

tilmicosin, tulathromycin—widely used in veterinary contexts; macrolides are explicitly 

described as poorly water soluble and dissolve better in organic solvents. (MSD Veterinary 

Manual) 

https://www.sciencedirect.com/science/article/abs/pii/S0223523411008385?utm_source=chatgpt.com
https://pubchem.ncbi.nlm.nih.gov/compound/Norfloxacin?utm_source=chatgpt.com
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https://www.msdvetmanual.com/pharmacology/antibacterial-agents/macrolide-use-in-animals?utm_source=chatgpt.com


Lincosamides (more lipophilic than aminoglycosides/β-lactams; tissue penetration is a 

hallmark): lincomycin, clindamycin, pirlimycin (veterinary use described in major veterinary 

pharmacology references). (MSD Veterinary Manual) 

Amphenicols (moderately lipophilic): florfenicol (and chloramphenicol—though 

chloramphenicol is banned for food animals in many jurisdictions; florfenicol is used in 

veterinary medicine and is more lipophilic than β-lactams). (Springer) 

Fluoroquinolones (amphoteric; pH-dependent solubility, often moderate lipophilicity): 

enrofloxacin/ciprofloxacin—can have pH-dependent water solubility and clinically relevant 

tissue distribution; recent research has examined whether “allowed-in-food” residual 

concentrations could affect the microbiome. (PubChem) 

Pleuromutilins (lipophilic tendency): tiamulin, valnemulin (commonly used in pigs in some 

regions; lipophilic tissue distribution is typical for this class). (Springer) 

 

5) What cooking can and cannot do 

Cooking can reduce measured residues for some antibiotics via thermal degradation and/or 

migration into cooking liquids, but results vary widely by drug class, temperature, time, and 

method; therefore, “cooking kills antibiotics” is an oversimplification. (MDPI) 

For tetracyclines (e.g., oxytetracycline), peer-reviewed work has shown substantial reductions 

during cooking, and specifically notes that migration into surrounding liquid/meat juices occurs 

during cooking processes. (ResearchGate) 

For macrolides (e.g., tylosin), studies also report reductions after cooking, but emphasize that 

correct veterinary use and prevention of residues remain essential because cooking effects are not 

consistent or complete. (jfqhc.ssu.ac.ir) 

 

Practical “Exposure-Reduction Protocol” for households and food services 

(Risk reduction, not perfection) 

 

6) The most effective intervention: source control 

From a public-health standpoint, choosing supply chains with verified “raised without antibiotics 

/ no antibiotics ever” or strong residue-monitoring programs reduces exposure far more than any 

kitchen method, because the intervention happens before residues enter the consumer’s kitchen. 

(World Health Organization) 

 

7) The “broth rule”: if you keep the liquid, you may keep the residues 
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Because water-soluble (and some amphoteric) antibiotics can migrate into cooking water, broths 

made from industrial meat can concentrate part of the residue burden; this is why “boil-and-

discard” can be rational for exposure reduction. (ResearchGate) 

 

8) The “fat/skin rule”: trimming matters most for lipophilic classes 

Removing chicken skin and trimming visible fat can reduce exposure to more lipophilic 

antibiotics (and other fat-associated contaminants), because these compounds tend to partition 

into tissues differently than highly hydrophilic drugs. (MSD Veterinary Manual) 

 

9) A realistic kitchen method hierarchy (best → less helpful) 

Moist-heat methods that allow dilution and discarding liquids (boiling, parboiling + discard, 

pressure cooking with drained liquid) are more plausible for reducing residues than dry-heat 

methods (frying/grilling), because migration into liquid is a major mechanism in several residue-

reduction studies. (ResearchGate) 

 

10) Microbiota-protection is not the same as residue-removal 

Even if residue reduction is incomplete, protecting the intestinal ecosystem (dietary fiber 

diversity, fermented foods) is still relevant because antibiotics—especially low-dose exposures—

can perturb microbiota structure and can contribute to AMR selection within the gut 

environment. (PMC) 

 

11) Policy and clinical counselling points 

Clinicians and public-health educators can frame this as a “3-layer prevention model”: (1) 

agricultural stewardship and reduced routine antibiotic use, (2) regulatory enforcement of 

withdrawal periods and residue monitoring, and (3) household-level exposure-reduction 

behaviors (especially broth/fat rules). (World Health Organization) 

Because antimicrobial resistance is a cross-sector problem (One Health), communications should 

explicitly link animal antibiotic use, residues/selection pressure, and human health consequences, 

while still emphasizing that the primary goal is not panic—but risk minimization and systemic 

improvement. 

 

12) Take-home checklist 

Choose verified low-antibiotic supply chains; avoid making broth from industrial meat; parboil-

and-discard when appropriate; pressure-cook rather than fry; trim skin/fat; and counsel that 
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microbiota health depends heavily on overall dietary pattern—not just one exposure source. 

(MDPI) 
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