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Abstract

The presence of antibiotic residues in poultry-derived
food products presents a serious public health concern and
contributes significantly to the escalating global issue of
Antimicrobial Resistance (AMR). This review explores the
health hazards associated with these residues, emphasizing
how the routine operation of antibiotics in poultry farming
primarily for growth enhancement and disease prevention
leads to the persistence of drug residues in meat and eggs.
Such residues have been linked to a range of adverse ef-
fects in consumers, including allergic reactions, toxicologi-
cal impacts, disturbances to gut microbiota, and, critically,
the emergence and spread of antibiotic-resistant bacteria.
Nominally, long-term exposure can intensify these risks,
posing challenges not only to individual well-being but also
to the integrity of public health systems. To ensure food
safety, regulatory measures such as setting Maximum Resi-
due Limits (MRLs) and implementing rigorous monitoring
systems are essential. Nevertheless, the continued reliance
on antibiotics in poultry production underscores the urgent
need for alternative approaches that sustain animal health
without contributing to AMR. Key strategies include en-
hancing public awareness, promoting responsible antibiotic
use through antimicrobial management, and adopting sus-
tainable agricultural practices. Combating AMR demands a
unified, global response involving collaborative efforts from
policymakers, farmers, veterinarians, and healthcare profes-
sionals. Looking forward, research must focus on developing
safer therapeutic alternatives and innovative, antibiotic-free
farming methods to significantly reduce the prevalence of
residues in poultry products.
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Introduction

Poultry farming is a vital component of global agriculture,
serving as a key provider of excellent high-protein. It offers an
ecological means of assembling the increasing need for protein
while minimizing the carbon footprint typically associated with
livestock production [13,18]. However, to maintain flock health
and improve productivity, poultry operations frequently rely on
antibiotics not only for medicinal purposes but also for growth
promotion and disease prevention. This widespread use, par-
ticularly at sub medicinal levels, has raised significant concerns
about food safety and public health. Antibiotics including amox-
icillin and oxytetracycline are commonly provided to enhance
feed efficiency and weight gain in poultry [1,42,52]. Yet, their
continued use has been implicated in the development of Anti-
biotic-Resistant Bacteria (ARB), which can be transferred to hu-
mans via the food chain or environmental exposure pathways
[59,72].

A growing body of evidence indicates that antibiotic residues
often remain in poultry products meat and eggs if appropriate
withdrawal periods are not observed prior to slaughter. These
residues can stimulate allergic reactions, disrupt the gut micro-
biome, and contribute to the growth of AMR [2,14,47]. AMR
has emerged as one of the most critical threats to global public
health, compromising the effectiveness of antibiotic therapies
and increasing the burden on healthcare systems. The con-
sumption of foods containing antibiotic residues facilitates the
transmission of resistant strains to humans, compounding the
challenge [12,55,64].

The extent and patterns of antibiotic usage in broiler pro-
duction differ considerably cross-boundary, concerned by regu-
latory structures, economic incentives, and farmers’ access to
veterinary expertise [57]. In many settings, antibiotics are dis-
pensed without proper veterinary guidance, often resulting in
misuse and overuse [15,54]. This lack of oversight accelerates
the emergence of resistant bacterial strains, thereby heighten-
ing risks to both animal and human health [30,81].

Beyond individual health consequences, the implications of
antibiotic misuse in poultry farming extend to broader societal
and environmental levels. The proliferation of multidrug-resis-
tant bacteria diminishes available treatment options for human
infections and imposes a significant economic burden on health
systems [4,64]. Furthermore, antibiotic residues introduced
into the environment especially through poultry manure used
as fertilizer can promote the spread of resistance genes among
environmental microbiota [20]. Recognizing this, the WHO has
called for organized, multisectoral responses to antimicrobi-
al resistance, with a strong emphasis on the food production
sector [59].

This review critically examines the issues surrounding antibi-
otic use in poultry farming, focusing on the types of antibiotics
used, the pathways of remains accumulation, and current regu-
latory frameworks. It explores the health risks posed by antimi-
crobial residues, particularly the surge of AMR, and discusses
the importance of surveillance, consumer education, and policy
reform. Additionally, the paper presents guidance for mitigating
public problems, emphasizing alternative approaches to antibi-
otic application and sustainable farming practices.

Antibiotics used as growth promoter’s mechanisms in live-
stock farming

The presence of antimicrobial residues in domestic fowl-
derived food items poses a exceptional threat to both environ-
mental health and food security. In poultry farming, antibiotics
are routinely employed for medicinal treatment, growth en-
hancement, and disease prevention. However, the widespread
and often indiscriminate use of these drugs increases the likeli-
hood that residual traces persist in meat and eggs. Such resi-
dues can adversely affect human health, potentially triggering
allergic reactions and contributing to the emergence of antibi-
otic-resistant bacterial strains [1,34,54]. The accumulation of
antibiotic residues is influenced by a complex interplay of fac-
tors, including the specific kind of antimicrobial administered,
the route of administration, dosage, withdrawal periods, and
overall farm management practices (see Table 1).

Table 1: Factors influencing antibiotic residue accumulation in poultry products.

Category Details

Implications

Common antibiotics

Tetracyclines (oxytetracycline), Penicillins (amoxicillin),
Sulfonamides, Fluoroquinolones (enrofloxacin), Macrolides, etc.

Vary in persistence; fluoroquinolones and
aminoglycosides tend to be more residue prone.

Feed: Mass medication via feed.

Routes of administration Water: Dissolved in drinking water.

Injection: Intramuscular or subcutaneous delivery.

Continuous exposure (feed/water); localized residues
(injection); risk of inconsistent dosing.

Dosage and duration
& the risk of residue accumulation.

Higher doses and prolonged use without vet oversight increase

Accumulation of unmetabolized antibiotics in tissues;
potential for MRL violations.

Withdrawal period compliance R
collection.

The time needed for antibiotic clearance before slaughter or egg

Non-compliance is a leading cause of violative residue
levels in meat and eggs.

X X Intensive Systems: Routine antibiotic use.
Farming practices

Extensive Systems: Lower use but risk of unregulated treatment.

Intensive systems have higher residue risks; poor record-
keeping can hinder withdrawal tracking.

Health status of birds

Illness or stress can impair drug metabolism and excretion.

Leads to slower antibiotic clearance and increased
residue retention.

Processing & storage Processing: Washing, freezing, cutting

Minimal impact on residues; does not degrade many
antibiotics.

Storage: Refrigeration or freezing

High-heat cooking (boiling, grilling)

Cooking practices
&P Undercooking or light cooking

Heat can degrade some antibiotics (tetracyclines); others
(fluoroquinolones) may persist.
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While the judicious use of certain antibiotics in poultry farm-
ing is important for maintaining flock health and preventing dis-
ease, the persistence of drug residues in domesticated birds’
product (meat or eggs) presents a notable risk to public health.
Frequently used antibiotic classes in poultry farming involve flu-
oroquinolones, tetracyclines and sulfonamides valued for their
effectiveness in promoting growth and reducing the incidence
of infections within flocks [2]. However, improper practices
such as off-label usage, overuse, and neglecting the recom-
mended withdrawal periods before slaughter or egg collection
significantly elevate the risk of residual contamination in food
products [36]. Numerous studies have reported that a consider-
able proportion of poultry products on the market encompass
noticeable levels of antibiotic residues, emphasizing the critical
necessity for robust regulatory monitoring enforcement [81].

A variety of factors influence the extent to which residues re-
main in edible poultry products. These include the specific anti-
biotic used, dosage levels, duration of treatment, and most cru-
cially, compliance with withdrawal periods [8,56]. Additionally,
practices such as administering medicated feed or water can
contribute to continual exposure, increasing residue retention.
In many regions, inadequate regulation and the widespread use
of veterinary drugs without proper oversight often termed ex-
tra-label use further compound this issue [44]. Environmental
conditions, including contaminated feed and poor storage prac-
tices, can also irritate residue accumulation by compromising
the integrity of the production chain [60].

Antibiotics are administered to domestic fowl through sev-
eral approach, comprising incorporation in feed and water, or
by injection [61]. Each method presents distinct implications for
residue buildup. Feed and water are the most prevalent deliv-
ery systems, often resulting in prolonged, low-dose exposure
that contributes to residue formation in tissues and eggs [36].
Injections, though less commonly used, can lead to localized ac-
cumulation of residues at injection sites if proper dosage and
withdrawal protocols are not followed. Therefore, the route of
administration plays a key role in determining the residual pro-
file of antibiotics within poultry products.

Overview of the Health Implications of Antibiotic Residues
in Food Products

ANTIMICROBIAL ALLERGIC REACTIONS
RESISTANCE (AMR) « Skin rashes, itching

» Selection for resistant bacteria « Respiratory distress(e.g.asthma)
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Figure 1: Outlines of the health risk assessment of antibiotic
resistance in poultry products.

Residues can form at multiple stages of the poultry produc-
tion process. During the active production phase, antibiotics are
metabolized into various compounds some active, others inac-
tive which may remain in tissues long after administration [7]. In
the processing phase, activities such as slaughtering, handling,
and packaging can either contribute to the persistence of resi-
dues or lead to cross-contamination if not managed correctly

[63]. Post-processing, conservation conditions particularly tem-
perature and duration also influence residue stability. Extended
refrigeration or freezing may not substantially decompose and,
in some cases, can even concentrate them further over time
[49].

The impact of cooking on antibiotic residues is another critical
factor for consumer safety. Many antibiotics, particularly heat-
sensitive types like tetracyclines and sulfonamides, degrade
when subjected to high temperatures through boiling, roasting,
or grilling [53]. This thermal degradation alters their molecular
structure, reducing their biological activity or converting them
into less harmful derivatives. The degree to which residues are
broken down be determined by on multifactorial involving the
specific antibiotic, preparation technique, temperature, and ex-
posure time [49,70]. Despite the benefits of cooking in reducing
residue levels, it is not always fully effective especially when the
initial contamination levels are high or when heat-stable antibi-
otics such as fluoroquinolones are involved [2].

Health problems of antibiotic residues and resistance

The presence of antibiotic residues and other contaminants
in food and the system poses a complex and escalating public
health challenge [93]. These residues remnants of pharmaceu-
ticals commonly used in animal agriculture can have profound
effects on human health. Chief among these are the promo-
tion of AMR, the potential to trigger allergic responses, and
the disruption of the human gut microbiome [39,78,99]. When
such residues persist in food products, including meat, milk,
and eggs, they present a direct threat to consumers, warrant-
ing critical attention and intervention [26]. Figure 1 provides a
visual overview of the various health risks associated with the
consumption of antibiotic-contaminated food products.

Antimicrobial resistance is a major global health concern,
primarily fueled by the excessive and improper use of antibi-
otics in both human healthcare and animal agriculture [4,64].
Continuous exposure of microbial populations to subtherapeu-
tic levels of antibiotics often through residues in food encourag-
es the evolution of resistant bacterial strains [24]. This growing
resistance undermines the effectiveness of current antibiotics,
resulting in more severe infections, higher treatment failure
rates, and increased morbidity and mortality [10]. The World
Health Organization (WHO) recognizes AMR as one of the top
ten threats to global health, urging immediate and coordinated
intervention.

Beyond resistance, antibiotic residues pose direct health
risks to consumers. These include allergic reactions ranging
from mild irritations to life-threatening anaphylaxis especially
in individuals sensitive to common antibiotics like penicillin
[12]. Another significant concern is the disruption of the gut mi-
crobiota, or dysbiosis, which can weaken immune function and
contribute to gastrointestinal and systemic diseases [45].

Real-world examples further illustrate the health crisis of
antimicrobial drug residues. In India, researchers identified
antibiotic-resistant Escherichia coli in river water contaminated
with antibiotic residues, underscoring the potential for environ-
mental exposure to contribute to AMR [83]. Correspondingly,
research in Pakistan detected residues in beef products, up-
bringing alarms about human exposure through contaminated
food sources [24].

Chronic, low-level exposure to antibiotic residues often
through daily dietary intake may also lead to cumulative health
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consequences. Studies suggest links to carcinogenic effects,
neurotoxicity, and immune suppression, even in the absence of
acute symptoms [3,12]. This highlights the importance of moni-
toring long-term exposure to these contaminants in the food
supply.

The environmental dimension of antibiotic residues com-
pounds the problem. Antibiotics excreted in animal waste or
discharged into water bodies through hospital and agricultural
runoff persist in ecosystems, selecting for resistant bacteria
and facilitating horizontal gene transfer of resistance genes
[9,12,71,73]. Environmental reservoirs of resistance formed in
soil, sediment, and wastewater can serve as breeding grounds
for multidrug-resistant pathogens that eventually make their
way into human and animal populations [34]. Key contribut-
ing factors include inadequate waste management, insufficient
sewage treatment, and the unregulated utilization of antibiotics
in farming, cultivation, husbandry and aquafarming [14].

In essence, the health entanglement of antibiotic residues
extends from individual-level risks such as allergic responses
and dysbiosis, to population-level threats like AMR and environ-
mental contamination. Addressing this issue requires a holistic

approach that encompasses food safety regulation, environ-
mental protection, and sustainable antimicrobial use.

Public health issues and antibiotic resistance

AMR has become one of the most pressing public health cri-
ses of our time. Recognizing its severity, the World Health Orga-
nization (WHO) has identified AMR as one of the foremost glob-
al health threats of the 21% century. In 2019 alone, an estimated
1.27 million deaths were directly caused by antibiotic-resistant
infections, with an additional 4.95 million deaths associated
with illnesses involving resistant pathogens. These staggering
figures highlight the critical urgency of implementing robust
and coordinated strategies to address AMR on a global scale.

AMR is a complex and evolving issue, influenced by a range
of interrelated factors including the persistence of antibiotic
residues in food and the environment, inappropriate agricultur-
al practices, and inadequate infection control measures within
healthcare systems [73]. Addressing this multifaceted challenge
requires an integrated approach that spans public health, vet-
erinary medicine, agriculture, and environmental management.
Table 2 outlines the major social health of antibiotic residues
and their contribution to the development and spread of AMR.

Table 2: Public health considerations of antibiotic residues and their role in AMR.

Category Key Aspects

Public Health Implications

Contribution to AMR development

- Exposure to low-dose antibiotic residues
- Selection pressure on bacterial populations

- Accelerates the emergence of resistant strains
- Reduces the efficacy of existing antibiotics

Environmental reservoirs of resistance

- Residues in soil, water, and food samples.
- Horizontal gene transfer in microbial communities

- Facilitates the spread of resistance genes
- Increases environmental and food chain transmission risks

- Direct contact with animals
- Cross-contamination

Transmission from animals to humans

- Consumption of polluted poultry products

- Heightened risk of difficult-to-treat infections
- Increased potential for community outbreaks

Healthcare and treatment challenges

- Resistant infections require stronger or alternative drugs
- Complications in surgical or medical care

- Increased treatment costs
- Prolonged hospital stays and higher morbidity/mortality
rates

Global burden and systemic impact

- Rising demand on healthcare systems

- Disruption of public health infrastructure

- Estimated economic losses in trillions if unaddressed
- Threat to food safety, security, and human health

The contribution of antimicrobial residues to the progress of
AMR is a growing concern in both scientific and public health
communities. These residues can continue in the surroundings
particularly in water bodies, soil, and food products creating
selective pressure that fosters the survival and proliferation of
resistant bacteria. This environmental persistence not only sup-
ports the evolution of resistance but also facilitates horizontal
gene transfer between microbial populations, thereby acceler-
ating the dissemination of resistance traits [82,90].

Such environmental pollution is continually driven by hus-
bandry techniques where antibiotics are applied not only for
treating illnesses but also as feed efficiency enhancers in ani-
mal production [44]. The routine and sometimes assorted ap-
plication of antibiotics in animal husbandry plays a significant
role in the emergence of resistant bacterial strains. Resistance
mechanisms frequently arise through gene transfer among bac-
teria, enabling the spread of resistance from animals to humans
[14,73]. For example, Campylobacter species, commonly found
in poultry, have exhibited increasing resistance to multiple anti-
biotics, posing a major risk to public health due to their relation-
ship with foodborne disease [36,66].

The One Health approach recognizing the interconnected-
ness of human, animal, and environmental health has become

TRANSMISSION OF
ANTIMICROBIAL RESISTANCE
FROM POULTRY TO HUMANS

HORIZONTAL
GENE TRANSFER
POULTRY :
ENVIRONMENT E,E‘ﬂ-fgégl.‘ld-

HUMANS

Figure 2: Transmission of AMR from poultry to humans.
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essential in addressing the AMR crisis. This integrated strategy
calls for cross-sectoral collaboration to effectively reduce antibi-
otic misuse and control the spread of resistant organisms across
ecosystems.

One of the primary routes through which AMR spreads to
humans is via the transmission of resistant bacteria from live-
stock, particularly poultry (Figure 2). This can occur through the
consumption of contaminated food, direct animal contact, or
exposure to contaminated environments [33,81]. For instance,
Metbhicillin-Resistant Staphylococcus Aureus (MRSA) has been
detected in poultry populations and is capable of causing se-
vere and difficult-to-treat infections in humans [5]. These com-
plex transmission dynamics highlight the necessity for interdis-
ciplinary efforts involving public health, veterinary medicine,
and environmental management to contain AMR [68].

Globally, the burden of AMR on healthcare systems is al-
ready substantial and continues to grow. Infections caused by
resistant pathogens often lead to prolonged illness, increased
hospitalizations, higher treatment costs, and greater rates of
treatment failure [15]. The economic impact is staggering; if
left unchecked, AMR could result in cumulative global losses
exceeding $100 trillion by 2050. Hospital-Acquired Infections
(HAIs), many of which involve resistant bacteria, contribute
significantly to this economic and public health burden due to
extended hospital stays and the need for more intensive treat-
ments [21].

To combat AMR effectively, a multifaceted strategy is es-
sential. This includes enhancing preventative and control mea-
sures, promoting the prudent use of antibiotics through opti-
mized prescribing practices, and fostering widespread common
knowledge concerning the consequences of antibiotic misuse
[4,65].

Public education and community engagement play a central
role in this effort. Many individuals remain unknowing of how
drug resistance develops and how it affects health problems
[64]. Targeted awareness programs that clearly communicate
the exposure of unnecessary antibiotic use have been shown
to influence behaviour positively [28]. Tailored messaging espe-
cially when distributed through trusted social networks can be
particularly effective in communities where skepticism toward
health authorities may exist. Collaborative efforts between
health officials and community leaders are crucial to ensuring
that educational messages are well-received and culturally ap-
propriate.

Empowering individuals through knowledge can inspire
more responsible behavior, helping to establish a societal cul-
ture of antibiotic stewardship [23]. This collective action is vital
for preserving antibiotic efficacy and protecting global health
systems from collapse under the weight of widespread resis-
tance.

Additionally, maintaining antimicrobial effectiveness across
all domain’s human, animal, and plant health is essential for
sustainable development [73]. Natural products, including
plant-derived compounds and bioactive agents, have shown
promising antimicrobial activity and may offer viable alterna-
tives to synthetic antibiotics (Li et al., 2024) [67]. Nonetheless,
the seriousness of the AMR threat demands urgent attention
and action at every level.

A key component of the solution is the implementation of
antimicrobial stewardship programs. These initiatives aim to

ensure that antibiotics are used appropriately and only when
truly necessary, thereby reducing selective pressure on bacte-
ria. Effective stewardship not only improves individual patient
outcomes by tailoring therapy to specific infections but also
limits the emergence of resistance [90]. Furthermore, continu-
ous surveillance of resistance trends is essential to inform treat-
ment guidelines and public health policy [17].

Ultimately, integrating antimicrobial stewardship with sus-
tainable agricultural practices will be vital in reducing envi-
ronmental exposure to antibiotic residues. This holistic, One
Health-aligned approach represents the most promising path
forward in addressing the escalating threat of AMR.

Legislative frameworks and policy

Robust regulatory frameworks and clearly defined guidelines
governing the use of antibiotics in food production are essential
to safeguarding public health and ensuring the safety of food
products. The presence of antibiotic residues in meat, eggs, and
other consumables can result in serious health consequences,
involving hypersensitivity and the promotion of AMR both of
which represent notable public health threats.

To mitigate these risks, a range of international and national
regulatory bodies have established MRLs the highest levels of
drug residues legally permitted in food products. These limits
serve as critical benchmarks for food safety enforcement and
consumer protection.

One of the most influential global initiatives in this regard is
the Codex Alimentarius, jointly developed by the Food and Ag-
riculture Organization (FAO) and the World Health Organization
(WHO). The Codex provides standardized guidelines and MRLs
for various veterinary drugs, including antibiotics, to support
international trade and harmonize food safety practices across
nations. These standards help ensure that food products cir-
culating in global markets meet minimum safety requirements
and do not pose a health risk to consumers [87]. Figure 3 illus-
trates a conceptual structure for controlling antibiotic residues
within the food processing chain, encompassing monitoring,
regulation, and enforcement components.

- )

Regulatory Standards e L s
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s Establishment Maximum
Residue Limits (MRLs)

« Adherence to internatical

» Residue testing in meat,
eggs, and onprioducts
* Routine inspections a audits

guidelines (e.g. Codex « Collection data to inform
Alimentarius) policymaking

» National regulations and \_ Y,
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Antibiotic
Residues in
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\v
Public Awareness
and Education
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risks
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Figure 3: Structural for controlling antibiotic residues in food
production.
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Alongside global frameworks, many individual states have es-
tablished their own restriction to manage drug residues in food
products. For example, the European Union (EU) has imple-
mented some of the world’s most stringent measures, forbid-
ding the utilization of specific antibiotics as growth stimulants in
livestock and enforcing strict MRLs for antibiotics in food [1,59].
Similarly, in the United States, the Animal Drug Availability Act
control the application of antibiotics in food-producing animals
and mandates withdrawal periods to guaranty that residues re-
main below substantiated safety thresholds before animals are
slaughtered [36]. These frameworks are essential for preserving
users from the health hazards related with antimicrobial resi-
dues.

Surveillance and regulation are central to the success of
these regulatory systems. Effective surveillance programs en-
sure compliance with MRLs and enable the prompt detection
and correction of violations. Denmark’s “Yellow Card Initiative”
is a notable example; by conducting semi-annual audits of ani-
mal healthcare and maintaining a national database tracking
antibiotic prescription, the program has significantly reduced
antibiotic adoption in animal husbandry. Similarly, Vietnam
has introduced residue monitoring programs for aquaculture
products to ensure compliance with food safety standards be-
fore distribution [72]. These initiatives demonstrate that active
monitoring is crucial for safeguarding food sanitation and com-
munity health.

In addition to regulatory oversight, health and farming orga-
nizations have launched diverse initiatives to promote respon-
sible antibiotic application. The World Organization for Animal
Health (OIE) and the Food and Agriculture Organization (FAO)
have developed programs aimed at minimizing antibiotic reli-
ance in livestock farming [62,83,99]. These initiatives advocate
for reinforced livestock farming, enhanced disease prevention
strategies, and the use of non-antibiotic alternatives such as
probiotics and phytogenic feed additives. Adoption of these
practices helps maintain animal health while reducing the risk
of antibiotic resistance, supporting a more sustainable ap-
proach to food production [42,51].

The impact of antibiotic use extends beyond food safety into
environmental health. Residual antibiotics able to pollute soil
and water distribution systems, promoting the emergence and
spread of ARB in the atmosphere (Kaur et al., 2024). Research
has displayed that the employment of manure enclosing antibi-
otic residues can select for resistant genes in cultivated lands,
threatening harm to ecological health stability [84,100]. There-
fore, comprehensive regulatory frameworks must also consider
environmental protection measures to effectively address the
broader consequences of antibiotic use in agriculture.

Beyond regulations, public education and awareness play a
vital role in reducing antibiotic misuse. Training farmers and vet-
erinarians on the dangers of unsuitable antibiotic use and the
significance of compliance with regulations is essential. In the
United Kingdom, public service programs targeted at livestock
farmers have successfully reduced antibiotic usage rates [16].
These initiatives are instrumental in cultivating a practice of
prudent antimicrobial utilization within the animal agricultural
industry.

The financial impacts of antibiotic regulation are also im-
portant to consider. Compliance with MRLs and the adoption
of different management implementations may initially impose
higher costs on farmers. However, long-term benefits for in-
stance enhanced animal health, better production efficiency,
and lower medical expenditure affiliated with treating resistant
infections can ultimately exceed these expenses [4]. Policymak-
ers must, therefore, balance the short-term economic challeng-
es with the broader public health and environmental benefits
when designing regulatory measures.

Given the globalized nature of food processing and trade,
global collaboration is indispensable. The Codex Alimentarius
serves as a vital platform for harmonizing food hygiene regula-
tions worldwide, involving those governing antimicrobial drug
residues [79]. Additionally, institutions like the WHO and FAO
are instrumental in encouraging sustainable antimicrobial uses
in husbandry through cooperative ventures [4]. Their work aims
to mitigate the threats posed by antibiotic resistance and en-
sure the long-term effectiveness of these critical medications
[90]. Such coordinated exertions are imperative for protecting
global safe food handling, public safety and security, and the
capability of antibiotics for next generations.

Initiatives for
Regulating Antibiotic Residues

International National Monitoring Reduction
Regulations Regulations and Enforcement Programs
Codex European Denmark’s OIE and FAO
Alimentarius Union Yellow Card initiatives
Initiative
United States Alternative
Residue practices
monitoringin
Vietnam

Figure 4: Key international and national initiatives for regulat-
ing antibiotic residues in food production.

Monitoring, control, analysis, and mitigation of antibiotic
residues

The mitigation, monitoring, and administration plan of an-
tibiotic traces in livestock farming are essential components of
food security and sanitary measures protection. Leftovers can
arise from both the prophylactic and therapeutic use of antibi-
otics in poultry production, posing significant health threats to
users if not properly controlled.

To address this issue, a variety of detection techniques have
been developed, encompassing both chemical and microbio-
logical methods. These tools are crucial for verifying the safety
of poultry products before they reach the market. Among the
widely used approaches, microbiological inhibition tests stand
out for preliminary screening purposes. These tests are valued
for their simplicity, cost-effectiveness, and ability to process
large numbers of samples simultaneously [19,92]. By detect-
ing the presence of antibiotic residues in poultry tissues, such
methods play a pivotal role in reducing consumer exposure and
mitigating associated health risks. Table 3 provides an outline of
key approach for handling antibiotic residues effectively within
poultry breeding operations.
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Table 3: Strategies for the detection and management of antibiotic residues in poultry farming.

Strategy Category Description

Purpose/Outcome

Monitoring and surveillance ) .
g using validated methods.

Regular sampling and testing of poultry tissues, eggs, and feed

Detects residues early, ensures compliance with MRLs,
and maintains food safety standards.

Screening tests (Microbiological X .
J ( gical) Geobacillus stearothermophilus based tests).

Use of microbiological inhibition assays (Bacillus subtilis or

Cost-effective, rapid detection of broad-spectrum
antibiotic activity in samples.

Confirmatory analytical methods X e . e
v Y residue quantification and identification.

Advanced techniques such as HPLC, LC-MS/MS, and GC-MS for

Provides precise, quantitative data for regulatory
compliance and enforcement.

Withdrawal period enforcement .
slaughter/egg collection.

Mandated time between last antibiotic administration and

Allows drug clearance from the animal’s system,
preventing violative residue levels.

Veterinary oversight . .
veterinary supervision.

Prescribing and administering antibiotics under licensed

Reduces inappropriate or off-label antibiotic use.

Education and training and residue risks

Informing farmers and handlers about responsible antibiotic use

Promotes compliance with safety guidelines and reduces
misuse.

Alternative practices . -
P husbandry instead of antibiotics.

Use of probiotics, prebiotics, phytogenics, and improved

Decreases the need for antibiotics, minimizing the risk of
residue accumulation.

Traceability systems .
across production stages.

Implementation of record-keeping and digital tracking of drug use

Enhances accountability and allows for targeted
interventions in case of violations.

Beyond microbiological assays, a range of chemical detec-
tion methods including enzyme-linked immunosorbent assays
(ELISA) and chromatographic techniques (separation process)
are widely employed for the exact amount of antibiotic residues
in production of poultry [36]. These advanced methods offer
superior specificity and sensitivity contrasted to conventional
microbiological tests, enabling the exploration of even trace
concentrations of antibiotic compounds. For instance, research
have demonstrated the effectiveness of ELISA in identifying
residues of antibiotics such as macrolides and tetracyclines in
poultry tissues with high accuracy [61]. The integration of both
microbiological and chemical detection approaches is crucial
for comprehensive monitoring efforts, ensuring adherence to
the MRLs established by regulatory authorities [13].

Preventing accumulation of antibiotic residues in domestic
bird products hinges on the adoption of best practices at the
farm level. Central to these practices is strict adherence to with-
drawal periods the prescribed interval between the final antibi-
otic treatment and the slaughter or collection of animal prod-
ucts [2,6]. Ignoring these withdrawal times can result in viola-
tive residue levels in meat and eggs, posing significant risks to
consumer health [88]. Furthermore, promoting farmer educa-
tion and raising awareness about responsible antibiotic use and
the importance of veterinary oversight are vital steps in curbing
indiscriminate antibiotic administration, which is often linked to
gaps in knowledge and limited entry to veterinary care. Execut-
ing rigorous record-keeping and monitoring systems also helps
farmers supervise drug utilization and maintain compliance
with food safety qualities.

The move toward substitutes to antibiotics in broiler pro-
duction is gaining momentum as a sustainable solution for
reducing dependency on antimicrobial drugs. Probiotics, for
example, have been shown to enhance gut health, boost the
immune response, and lower the incidence of disease in broiler,
thereby diminishing the require for antimicrobial interventions
[22,69,97]. Similarly, vaccination programs effectively prevent
infections that would otherwise require antibiotic treatment,
further supporting the reduction of antibiotic use in poultry
production [52]. The incorporation of these alternatives pro-
motes not only animal husbandry welfare but also environmen-
tal sustainability by minimizing the ecological impacts associ-
ated with antibiotic usage.

In addition to probiotics and vaccines, prebiotics and phyto-
genics natural bioactive compounds derived from plants have
emerged as promising tools to improve poultry health and pro-
duction efficiency without resorting to antibiotics. These sub-
stances can enhance gut microbiota balance, improve nutrition-
al uptake, and promote exceptional growth rates and feed ef-
ficacy. Investigation has shown that the use of such alternatives
positively reduces infection rates among poultry flocks, thereby
decreasing reliance on antibiotic treatments [81,97]. This shift
towards non-antibiotic strategies is consistent with global initia-
tives aimed at combating antimicrobial resistance and promot-
ing responsible antibiotic stewardship in husbandry.

The public health risks associated with antibiotic residues in
poultry products remain profound. Consumption of contami-
nated products can lead to a range of adverse effects, compris-
ing hypersensitivity and the emergence of ARB [54]. Recogniz-
ing the severity of this threat, the World Health Organization
(WHO) has identified antibiotic resistance as a major global
health crisis, underscoring the need for effective monitoring
and stringent management strategies [54]. Strengthening reg-
ulatory frameworks and ensuring strict enforcement of safety
standards are critical to protecting consumers and maintaining
public confidence in food systems.

Mitigatingtheimpactofantibioticresiduesthroughonehealth
approaches and the exploration of sustainable alternatives

The impact of antibiotic residues on one health

The existence of antimicrobial residues in agricultural com-
modities derived from animals presents significant risks to pub-
lic health, animal health, and the environment [32]. These resi-
dues can exert direct detrimental effects on users, contributing
to serious health conditions [140,142]. Beyond direct toxicity,
the transmission of ARB and Antibiotic Resistance Genes (ARGs)
from animals to humans’ transmission through the food cycle
remains a critical issue [59,86].

Epidemiological studies have further revealed that early-
life experience to antibiotics whether across the food supplies
or clean drinking water is associated with a greater chance of
harm of pediatric obesity [95]. Disruption of the gut microbiota
due to antibiotic residues has also been implicated in the de-
velopment of metabolic disorders and other long-term health
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consequences [98]. In the dairy sector, antibiotic residues pres-
ent an additional challenge by inhibiting the growth of starter
cultures utilized in fermentation, leading to substantial financial
losses for dairy producers [80,91].

The widespread application of antibiotics in livestock pro-
duction has undeniably fueled the emergence and spread of
antibiotic resistance, posing a serious threat to global health
[48,86]. Addressing this complex issue demands the adop-
tion of a One Health approach, which acknowledges the intri-
cate connections between human, animal, and environmental
health. To mitigate these risks, comprehensive and integrated
strategies are essential, including the robust management and
controlling of antibiotic residues, promoting sustainable farm-
ing practices, and ensuring the prudent use of antibiotics. Such
measures are vital not only to guarantee food safety and control
infectious diseases but also to preserve the effectiveness of life-
saving antibiotics for future generations [59,90].

Table 4: Cross-sector impacts of antibiotic residues on one
health domains.

Domain Impact Example

Obesity risk from early-life

Human health | AMR, metabolic disorders. exposure.

Animal health Altered gut flora. Reduced immunity in poultry.

River contamination from

Environment
manure runoff

ARGs in water/soil.

Sustainable alternatives to antibiotics for promoting fresh
agricultural production

To counteract the detrimental impacts of antibiotic residues
and the escalating hazard of antibiotic resistance, scientist have
increasingly focused on identifying sustainable alternatives to
antibiotics for employ in agricultural supply systems (Figure
5). Beyond technologies such as photocatalytic methods, one
particularly promising solution is the application of biochar a
carbon-rich material produced through the pyrolysis of organic
matter [37]. Latest findings have demonstrated that biochar can
productively reduce or eliminate antibiotic residues, ARGs, and
additional pollutants from soil and water environments [25,76].

NATURAL STRATEGIES
TO REPLACE ANTIBIOTICS
IN POULTRY FARMING

AN

BIOCHAR

ESSENTIAL
OILS

Pnomoncs BACTERIO-
PHAGES
PHYTO- .

CHEMICHALS

PROBIOTICS

Figure 5: Natural strategies to replace antibiotics in poultry
farming.

Integrating biochar into the food supply chain offers a valu-
able strategy for mitigating the spread of antibiotic residues and
resistant bacteria, thereby enhancing food safety and protecting
public health [25]. Moreover, the application of biochar aligns
with the fundamental of sustainable economic and green devel-
opment, as it accommodates an environmentally friendly and
economically viable result for contamination control [74,75].

In addition to biochar, several other natural alternatives are
being analyzed as substitutions for traditional antibiotics in live-
stock farming and crop production. These include essential ails,
various plant-derived bioactive compounds [93,97], and bacte-
riophages viruses that specifically target and destroy bacterial
pathogens [27]. Such natural compounds have demonstrated
considerable potential in prohibiting the development of harm-
ful bacteria without promoting the antibiotic resistance growth.

Assimilating a holistic route that integrates rigorous mea-
surement and control of antibiotic residues, while simultane-
ously implementing natural alternatives, represents a critical
step toward security, protection, quality, and continuity of the
global food supply. Through collaborative efforts between in-
dustry stakeholders, researchers, and regulatory agencies, it
is possible to address the dual challenges of food safety and
antibiotic resistance, preserving both public health and the ef-
fectiveness of antimicrobial agents for future generations [90].

Risk mitigation strategies and prevention measures

Addressing the health hazards interrelated with antibiotic
employment in broiler production is increasingly urgent, par-
ticularly given the global rise of AMR. Implementing targeted
and impressive policy measures is imperative to mitigate these
exposures. One key strategy is the strengthening of regula-
tions governing antibiotic use in chicken production through
the development of stricter regulations and enhanced surveil-
lance systems. Research shows that widespread, indiscriminate
antibiotic use often stems from limited animal healthcare and
self- treatment among agriculturist [4,50]. By establishing spe-
cialized management structures to control antibiotic entry and
consumption, legislators can remarkably diminish the presence
of antibiotic residues in animal husbandry [1].

Educational initiatives are equally critical in reshaping farm-
ers’ approaches toward antibiotic application. Evidence sug-
gests that advancing farmer knowledge on biosecurity practices
and poultry health administration can lead to reduced antibi-
otic dependency [11,50]. Educational programs should be inte-
grated with the promotion of outstanding management meth-
ods across the poultry production chain, encouraging more
responsible antibiotic usage [77]. Furthermore, ensuring that
veterinarians are actively involved in prescribing and advising
on antibiotic use can guide farmers toward more judicious and
scientifically informed decisions [31,89].

Promoting organic farming implementations is another es-
sential guidance to reduce health problems [29,43]. Sustain-
able agriculture minimizes antibiotic dependence by fostering
overall farm resilience and animal health. Natural alternatives
incorporating probiotics and phytochemicals have obtained
recognition as productive approaches to improve poultry dis-
ease management while minimizing the environmental burden
of antibiotic employment [38,96]. Adopting these alternatives
supports both farm productivity and environmental sustainabil-
ity by lowering the risks associated with antimicrobial contami-
nation [29]. Moreover, sustainable farming often incorporates

Journal of Plant Biology and Crop Research



MedDocs Publishers

strengthened disease prevention protocols, which are vital for
avoiding the disseminate of infectious diseases [35,40].

Financial incentives and targeted educational programs can
further accelerate the adoption of sustainable practices. Gov-
ernments should consider providing subsidies, tax incentives,
or financial support to farmers who applied environmentally
conscious and antibiotic-reducing implementation [85]. Addi-
tionally, agricultural extension services should focus on promot-
ing the long-term economic and health benefits of sustainable
farming methods through tailored outreach and training initia-
tives [58].

Enhancing food safety management systems is pivotal for as-
suring that poultry products entering the food supply are free
from harmful antibiotic residues [81]. Robust residue testing
protocols, integrated into public health surveillance networks,
are essential for detecting contaminated products early and
preventing their distribution [41]. Incorporating food safety
management with broader health services initiatives provides
an extensive framework for handling AMR risks effectively
[4,36].

The conservation dimension of antibiotic use must also be
addressed. Studies reveal that ARB can persist in agricultural
environments, especially where antibiotics are heavily utilized
[9,81]. Executing environmental impact analysis for instance
advanced wastewater treatment, proper manure removal, and
soil contamination prevention can help minimize the spread of
resistant bacteria and protect both public health and ecosystem
integrity.

Finally, collaborative, multi-sectoral action is fundamental
to the promising execution of these suggestions. Active part-
nerships between farmers, veterinarians, policymakers, public
health professionals, and research institutions can facilitate the
exchange of understanding and resources, heading to more in-
novative and practical solutions for lowering antibiotic use in
broiler production. A One Health approach, recognizing the in-
terconnectedness of human, animal, and environmental health,
should underpin all efforts to combat AMR and safeguard global
food systems.

Conclusion and perspectives

The existence of antibiotic residues in domesticated broiler
products represents a substantial threat to community health,
contributing to allergic toxicity, and, very seriously, the develop-
ment of AMR. The widespread misapplication and overuse of
antibiotics in animal husbandry have accelerated the develop-
ment of resistant bacterial strains, that may be disseminated
to humans via the consumption of unclean meat. AMR poses a
formidable international health issues, undermining the effica-
cy of essential antibiotics needed to treat infections. Moreover,
chronic disclosure to low levels of antimicrobial residues allow
interrupt the gut microbiota, increasing the risk of metabolic
disorders, immune dysfunction, and other long-term health is-
sues.

Addressing these public health risks demands a multifaceted
approach, including the implementation of rigorous regulations
to control antibiotic utilization, the promotion of advanced
farming techniques, and the encouragement of natural alterna-
tives like probiotic supplementation, vaccine, phytogenic addi-
tives. In addition, outreach programs are vital to educate users
on the dangers interrelated with antimicrobial residues and to
promote the adoption of ecological, responsible farming sys-

tems.

To effectively reduce the contact of antibiotic residues on hu-
man health, an extensive and supportive strategy is essential.
This comprises executing robust regulatory frameworks, ad-
vancing the adoption of antimicrobial peptides in chicken pro-
duction, and expanding educational efforts to inform consum-
ers and stakeholders about food safety risks. Future research
should focus on developing highly sensitive and rapid detection
methods for antibiotic residues, investigating safer and more
effective disease control strategies in husbandry, and deepen-
ing our comprehending of the health impacts associated with
prolonged, low-level antibiotic exposure.

Through synergetic action among legislative agencies, the
scientific community, agricultural producers, and public health
advocates, it is possible to significantly reduce the risks associ-
ated with antibiotic residues, protect food safety, and preserve
the effectiveness of antibiotics for future generations.
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