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A 
bstract 
Ensuring the safety of food is a critical aspect of public health, 
yet the presence of antibiotic residues in food products remains 
a considerable global alarm. These residues primarily originate 

from the extensive application of antibiotics in animal rearing as treat-
ment, prevention and growth promoting. Inadequate adherence to with-
drawal periods, improper drug administration, insufficient awareness 
among farmers is one of the factors that fuel the presence of antibiotic 
residues in meat, milk, eggs, and aquaculture products and consumption 
of foods contain antibiotic residues poses direct health threats including 
allergic reactions, hepatotoxicity, disruption of gut microbiota, teratogen-
icity, and carcinogenicity as well as indirect risks by promoting the exten-
sion and spreading of antimicrobial resistance. The review highlights the 
various sources and pathways of antibiotic residues contaminating the 
food chain, the associated health implications, and the current detection 
methods. It also examines regulatory standards, mitigation strategies, and 
the importance of consumer and producer awareness in minimizing risks. 
Addressing this issue requires coordinated efforts involving regulatory 
enforcement, education, improved animal husbandry practices, and the 
adoption of alternative disease control measures to ensure food safety and 
protect public health. 
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Introduction 
Human health and well-being are fundamental-
ly rooted in the consumption of safe and nutri-
tious food. However, the extremely pointed 
challenges to ensuring food safety is the exist-
ence of antibiotic residues within the food sup-
ply that enter through various pathways (Yusuf 
and Abrahim, 2024). The most prominent 
pathway is through using veterinary drugs dur-
ing livestock production as increase milk pro-
duction, for therapeutic purpose to treat diseas-
es, or for improvement of growth as improve-
ment of feed proficiency and productivity 
(Aidara-Kane et al., 2017; Ezenduka et al., 
2019). The antibiotic drugs are primarily elimi-
nated from the body through urine and occa-
sionally through feces. However, in many cas-
es this residue may detected in egg, milk, and 
meat products (Stella et al., 2020). This is pri-
marily because of ignorance of the farmers 
with the acceptable withdrawal period that 
must be considered after treatments with anti-
biotics (Rossi et al., 2018). The withdrawal 
period is primarily referred to as the interval 
that must be spent waiting to ascertain the food 
sample is not going to be contaminated with 
the given antibiotics (Sachi et al., 2019). 
 
Consuming foods contaminated with antibiotic 
residues result in different health issues, in-
cluding immunological disorders, congenital 
anomalies, mutagenic effects, and bone mar-
row dysfunction (Bitar et al., 2022; Naser et 
al., 2022; Sachi et al., 2019). Additionally, 
these residues can disrupt the microbiota of the 
digestive system, either through direct destruc-
tion or by facilitating the relocation of re-
sistance to humans (Ramatla et al., 2017). 
Other potential health effects include allergies 
(penicillin), cancers associated with specific 
antibiotics (like sulfamethazine, oxytetracy-
cline, and furazolidone), anaphylactic shock, 
nephropathy (linked to gentamicin), bone mar-
row toxicity, mutagenic effects, and reproduc-
tive disorders (associated with chlorampheni-
col) in humans (Bacanlı and Başaran, 2019). 
Thus, the veterinary drug residues have been 
labeled as pervasive food contaminant problem 
(Pavliček and Lugomer, 2019). Such residues 
can be due to misuse or additional use of label-
ling drugs, failure to observe the withdrawal 
periods as stipulated, or poor livestock man-

agement (Tajick and Shohreh, 2006). Also, 
the metabolism of some used drugs may play a 
role in exacerbating the residuals problem, as 
some drug may metabolize fast and efficient 
while others may take a longer time and accu-
mulated in the edible portion of the animal. 
More than 80% of the food animals undergo 
antibiotic therapy for part or most of their life 
(Bayou and Haile, 2017). 
 
The great issues caused by such contamination 
in both economic and public health spots miti-
gate the veterinarian to enhance farmers aware-
ness about the problems that will occur from 
the excessive use of antibiotics during repro-
duction and neglecting the withdrawal time 
before animal slaughtering to be sure that con-
sumed meat free from any residues. Therefore, 
this review goal is to point out the origin of 
antibiotic residues in food products, health ef-
fects that may arise in case of their consump-
tion, detection techniques applied to identify 
their presence in food products, the tolerable 
limit in a food product, and the awareness of 
people about its riskiness. 
 
Sources of antibiotics residue in food 
Antibiotics are one of the key compounds of 
veterinary medicine that is linked to food ani-
mal production, which means those substances 
that can destroy or hinder the growth of bacte-
ria (Bacanlı and Başaran, 2019). It is classi-
fied into different classes based on their chemi-
cal structure. Each class has a normal core 
structure associated with it and the different 
members of the class vary due to the presence 
or absence of secondary chemicals on the core 
structure (Tilahun et al., 2016). They were 
applied to animals by many routes in the form 
of injections, orally in feed or water, on skin 
topically, and through intramammary and in-
trauterine infusions (Mitchell et al., 1998). 
Subcutaneous and intramuscular administration 
methods have the risk of causing the drugs 
contributed to the adipose tissue, thus reducing 
metabolism and the excretion of this drug, 
therefore, may cause them to remain in the tis-
sue of animals despite being slaughtered 
(Berends et al., 2001).  
The American Food and Drug Administration 
has shown that eighty percent of antimicrobials 
are applied on livestock that yields food prod-
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ucts of animal origin (Rahman et al., 2021). 
Other antimicrobials have been used as live-
stock growth promoters (Qian et al., 2021; 
Chen et al., 2022). These medicines can end 
up concerning the tissues of animals that pro-
duce food due to the lack of withdrawal period 
observation, not keeping any records of the 
treatment, its overdosing, or using banned 
drugs in animals to treat them economically 
(Beyene et al., 2016). Animal feedstuffs con-
taminated with drugs also plays a significant 
role in providing drug residues (Peeters et al., 
2016; Rafiq et al., 2022). In addition, some 
antibiotics that contaminate the environment 
may find their way to accumulate on the plant 
system and represent as a source of pollution to 
the plant feeding animals (Riley et al., 2013). 
Also, the pollution of water by this residue acts 
as an extra source for the contamination of 
both animal and human (Pogurschi et al., 

2015). 
The movement of antibiotic residual between 
animal and human may occur directly or indi-
rectly. Direct transmission is the transmission 
that takes place when antibiotics are adminis-
tered to the animals or it is added to plant cul-
tures, some of them remain in the food after 
processing. However, interactions happen 
when antibiotic residues in manure or human 
excretions end up in foods (mostly vegetables 
by watering or when in contact with animal 
excreta) (Phillips et al., 2004). Several studies 
concluded that significant antibiotic residues 
are found in the soil from manure, which can 
make its way to plant foods (Chen et al., 2017; 
Zhou et al., 2020) as seen in figure (1). 

Figure (1). The transmission of antibiotic residues in between the human, animal, and environment. 
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Animal products include food of animal origin, 
which is edible tissue or muscle, liver and kid-
neys as well as animal products that include 
eggs and milk (Subirats et al., 2019), repre-
sent as a source for antibiotic residues. Several 
studies demonstrate detection of some of veter-
inary drugs from the intestine of healthy people 
like enrofloxacin, chlortetracycline, sul-
fachlorpyridazine, and sulfadimethoxine, that 
indicate its consumption with feeding of ani-
mal by products (Duan et al., 2020).  
Veterinary drug residues in milk is a highly 
sensitive topic, which has raised serious con-
cerns among farmers, processors, milk regula-
tory societies, and consumers, with milk being 
highly perishable protein, and consumed by a 
very diverse group of people at varying ages 
(Shaker and Elsharkawy, 2015). Milk pro-
duction and milk products form an interlink 
with the environment, which is in some way 
shaped by human persons (Khaniki, 2007). 
Therefore, milk contamination begins immedi-
ately when an animal consumes polluted pas-
ture and water (Akhtar and Ahad, 2017; Bedi 
et al., 2018). 
In an Indian study, approximately 11.3 percent 
of the raw milk analyzed harbored antibiotic 
residues as enrofloxacin and oxytetracycline 
which were frequently observed in milk sam-
ples analyzed during the study (Moudgil et al., 
2019). In a different study, 45% of chicken 
samples were found to have antibiotic residue 
like amoxicillin, enrofloxacin, and sulfameth-
oxazole that are used in poultry sector more 
often than other antibiotics (Lee et al., 2018). 
It is also believed that antibiotic residues may 
be reported in aquatic products since they are 
frequently found in aquatic environments (Liu 
et al., 2017). In this regard, Willis et al. (1999) 
found trimethoprim remaining in shrimp prod-
ucts. 
When laying hens receive drugs, their drug 
metabolites might be found within yolk and 
albumen “egg content” (Pavliček and 
Lugomer, 2019). The process of drug move-
ment involves the absorption of the drug in the 
intestine, from where it enters the bloodstream 
and is transported to the ovaries. Once there, 
the drug is stored within the inner yolk in the 
magnum of the oviduct, facilitating its distribu-
tion into the albumen, uterus, and oviduct. Af-
ter the eggs are plumped, the drug residues are 

stored within them (Donoghue and Myers, 
2000). Most of the time, raw eggs are not safe 
to eat without being chilled and exposed to 
heat. Heat treatment decreases moisture, pro-
tein structure changes and pH values that may 
contribute to reducing the amount of residues, 
adjusting its chemical content and hindering its 
solubility (GFA, 2012). 
 
Health implications of antibiotic residues in 
food 
The idea of “One Health,” advocated by the 
World Health Organization and World Organi-
zation for Animal Health, shows the possibility 
of a unique health concept because of robust 
relationships linking people, animals, and their 
surrounding ecosystems.  For this reason, any 
imbalance can be avoided if recovery, diagno-
sis, and treatment are carefully managed using 
medicinal products at every level [Regulation 
(EU), 2019]. 
Nowadays, people are aware of the problems 
that can arise when antibiotics are frequently 
used in livestock farming (Papatsiros, 2013). 
If microorganisms develop resistance to antibi-
otics, it leads to reduced treatment options, 
making it easier for such organisms to grow 
and causing more deaths in humans (Ganguly 
et al., 2011; Xie et al., 2018). Foods derived 
from animals are widely acknowledged as key 
sources of antibiotic residues, largely due to 
the use of antibiotics in livestock raised for in-
dustrial purposes. This practice has a notable 
role in the worldwide escalation of antibiotic 
resistance. Resistant bacteria have been found 
not only in animal-based food products but al-
so in animal feed and human populations. 
Moreover, significant regional variations exist 
globally in the prevalence of antibiotic-
resistant bacteria and resistance genes linked to 
animal-origin foods (Founou et al., 2016). 
Presence of drug residues in food over the 
maximum residual limits (MRLs) which differ 
from one antibiotic to another can lead to great 
complications that are difficult to control. 
Therefore, these complications may be divided 
into direct or indirect consequences. 
 
Direct consequences 
Allergic reactions.  
Almost all studies have reported that antibiotic 
residues can provoke allergic reactions, with 
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the majority of these linked to beta-lactam an-
tibiotics like penicillin and cephalosporins. The 
allergic responses documented include skin 
eruptions, serum sickness, low platelet counts, 
erythema multiforme, destruction of red blood 
cells, vasculitis, acute interstitial kidney in-
flammation, Stevens-Johnson syndrome, and 
toxic epidermal necrolysis (Kyuchukova, 
2020). Those responses have been documented 
in individuals after milk consump-
tions’ (Darwish et al., 2013; Kyuchukova, 
2020), meat (Baynes et al., 2016), and pork 
(Raison-Peyron et al., 2001) containing peni-
cillin residues. Additionally, some research 
suggests that another group of antibiotics like 
aminoglycosides, sulfonamides, and tetracy-
clines residues may also provoke allergic re-
sponse (Donkor et al., 2011; Bacanlı and 
Başaran, 2019). 
 
Hepatotoxicity 
Several antibiotics exhibit hepatotoxic effects 
in liver as reported by Hautekeete, (1996) who 
found that penicillin, oxacillin, cloxacillin, flu-
cloxacillin, and amoxicillin-clavulanate could 
cause hepatitis (mainly cholestatic). In addi-
tion, tetracyclines could cause a syndrome 
mimicking acute fatty liver of pregnancy, indi-
cating the potential of erythromycin and sever-
al other macrolides to cause hepatitis (usually 
cholestatic). Moreover, ceftriaxone is capable 
of drugging gall stones and quinolone choleta-
sis and sulfamethoxazole/ trimethoprim can 
bring about severe hepatotoxicity in a situation 
where there is acquired immunodeficiency 
syndrome. 
 
Van Gerven et al. (2016) proved that nitrofu-
rantoin could induce chronic hepatitis that re-
sembles chronic autoimmune hepatitis and 
hepatocellular responses. 
 
Teratogenicity or reproductive disorders. 
Any chemical or drug that causes adverse ef-
fects to the embryo or fetus during pregnancy 
leads to congenital disorders that impact hu-
man fertility (Beyene, 2016). Teratogenic 
drugs include several classes such as chemo-
therapeutic agents like thalidomide, anthelmin-
tics such as albendazole, antibiotics including 
tetracyclines and aminoglycosides, antiepilep-
tics like carbamazepine, hormone-like com-

pounds such as diethylstilbestrol and miso-
prostol, as well as other medications like angi-
otensin-converting enzyme inhibitors, cyclo-
phosphamide, and methimazole (Rogers and 
Kavlock, 2013; Tilahun et al., 2016). Addi-
tionally, Botsoglou and Fletouris (2001) 
found that drugs such as doxorubicin can cause 
mutagenic effects. Moreover, Kyuchukova 
(2020) and Darwish et al. (2013) reported that 
antibiotic residues may lead to reproductive 
problems and teratogenic outcomes 
 
Carcinogenicity 
The presence of carcinogenic antibiotic residu-
als may be hazardous because they can estab-
lish covalent linkages with numerous intracel-
lular molecules, such as glycogen, glutathione 
(GSH), DNA, RNA, proteins, and phospholip-
ids, producing a hidden danger in the process 
(Beyene, 2016). Food that contains chloram-
phenicol residues has been associated with 
cancer (Shahid et al., 2021). In addition, nitro-
furans, nitroimidazoles, and (quinoxaline) have 
the capacity to react or become covalently 
combined with a rather large number of inter-
nal cells, such as proteins, ribonucleic acid, 
glycogen, phospholipids, and glutathione. This 
interaction might lead to transformation of the 
contents of the cell which include DNA as well 
(Bayou and Haile 2017).  
 
Indirect consequences  
The masked action of the drug remainders in 
food is the enhancement of antibiotic re-
sistance. This occurs due to the displaying of 
bacteria to small doses of antibiotics which 
outcome bacterial alteration, converting them 
to be highly resistant and virulent (Baseri et 
al., 2021; Puangseree et al., 2021). The acqui-
sition of resistance primarily occurs through 
spontaneous mutations and positive selection 
(Pantosti et al., 2007; Arsene et al., 2021). 
This process involves several mechanisms, in-
cluding alterations to the antibiotic target that 
reduces its affinity (Pantosti etal., 2007; 
Schaenzer and Wright, 2020), the establish-
ment of substitute metabolic routes (Pollock et 
al., 2020), changes in membrane permeability, 
and the activation of efflux pumps (Dopcea et 
al., 2020; Xu et al., 2020). 
Antibiotic resistance in bacteria can be spread 
both vertically through the integration of re-
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sistance traits into a bacteria cell carried on to 
the next generation and horizontally between 
bacteria through the exchange resistance genes 
carried on conjugative plasmids horizontally 
between bacteria. Such horizontal movement 
enhance the transmission of resistance genes 
(Lundborg and Tamhankar, 2007). These 
direct or indirect human-to-animal contacts 
may promote zoonotic spread of antibiotic-
resistant through animal strains and genes to 
the human population (Sharma etal., 2018). 
Antibiotics, especially that used in poultry and 
veterinary sectors, that are subjected to selec-
tive pressure, assume a position in increasing 
the likelihood of bacteria surviving under the 
antibiotic pressure and lead to progression of 
multidrug-resistant (MDR) strains. Which are 
common in different niches (Shahid et al., 
2021). 
The most recorded pathogens exhibit resistant 
to different antibiotics was discovered in 
breeding and food like resistant strains of Sal-
monella, glycopeptide or streptogramin-
resistant enterococci, multidrug-resistant Esch-
erichia coli, and Campylobacter species re-
sistant to macrolides or fluoroquinolones 
(Bacanlı and Başaran, 2019). 
 
Detection methods 
The emergence of antibacterial treatment in 
veterinary medicine sets the focus on the in-
spection of various products of animal-origin 
to the presence of their residues in food. The 
dairy industry is the major targeted in monitor-
ing such residues, mainly to avoid the impact 
of the residues in fermentation of milk produc-
tion but thereafter later on in early 1970s the 
screening of residual in slaughtered livestock 
received increased regulation to. The proficient 
screening method used requests to be cheap, 
and capable of high-throughput processing, 
efficiently identifying potential noncompliant 
samples from a large collection of negative 
samples (Ture et al., 2019). Screening meth-
ods are generally affordable, user-friendly, 
fast, ideal for analyzing large numbers and 
have high sensitivity, specificity and detection 
ability (ccβ) with an error rate lower than 5% 
(Ibrahim et al., 2016). 
Investigation and verification of antibiotic resi-
dues in animal-products depends on using vari-
ous analytical techniques. The techniques ap-

plied are microbial inhibition tests, biosensors, 
enzyme-linked immunosorbent assays 
(ELISA), high-performance liquid chromatog-
raphy (HPLC), liquid chromatography coupled 
with mass spectrometry (LC-MS), liquid chro-
matography-tandem mass spectrometry (LC-
MS/MS) and ultra-performance liquid chroma-
tography-mass spectrometry (UPLC-MS). For 
confirming and estimating the amount of cer-
tain drug residues in milk, meat and eggs, these 
methods are commonly applied (Jayalakshmi 
et al., 2017). 
 
Microbial inhibition test 
The microbial inhibition tests are able to test 
multiple antibiotics just once. The most com-
mon ways to conduct these tests are with either 
a tube or a multi-plate. Its principle depends on 
culturing sensitive bacterium within certain 
growth medium in test tubes with a pH or re-
dox indicator. Within the proper temperature, 
the cultures bacteria begin to grow and so 
change the color of the indicator. While in case 
of presence of even low amount of antimicro-
bial residues, the bacterial growth will be in-
hibited or take prolonged time and so the color 
will not change. It is regularly applied to see if 
milk is safe and is now used more often with 
samples other than milk (Ture et al., 2019). 
 Unlike immunoassays and instrumental 
approaches, microbial tests are effective at lo-
cating any type of antibiotic that is useful for 
treating infections. But generally, these tests 
suffer from low selectivity, making them less 
sensitive and their incubation time takes long-
er. Consequently, microbial inhibition assays 
are not effective for detecting prohibited anti-
biotics such as chloramphenicol (CAP) 
(Ibrahim et al., 2016). 
The most common tube microbial inhibition 
test known was Delvo test, that used mainly in 
exposure of the antibiotic residue in dairy 
products. As screened in study done on Soma-
lia, in which one hundred of milk samples were 
examined “half of them obtained from dairy 
farms and the others from the market” by using 
Delvotest SP kits, and the results illustrated 
that the residues were detected in (30%) from 
dairy farm samples while in only 18% from the 
collected market samples. This discrepancy 
may be attributed to the likelihood that milk 
samples sent to the market undergo treatments 



68 

Animal Health  Research Journal Vol. 10, No. 3, September  2025                                               Rabab et al.      

such as pasteurization, which can eliminate 
some heat-sensitive antibiotic residues. The 
comparison of samples from various farms in-
dicated differing levels of contamination, with 
some farms exhibiting fewer positive samples 
than others. This difference may be attributed 
to the survey results, which revealed a wide-
spread deficiency in knowledge and awareness 
about the proper use of antibiotics and the ne-
cessity of following withdrawal periods. Nota-
bly, only 10% of farmers were aware of these 
withdrawal periods and adhered to them, while 
merely 30% consulted veterinarians about anti-
biotic usage (Mohamed et al., 2020). 
 
Enzyme linked immunosorbent assay 
This approach depends on the classical reac-
tion between antigen and antibody in the pres-
ence of a conjugate. Creating the antibody 
against a certain antigen using different sub-
stances called adjuvants, that help enhance 
their production (Barinova et al., 2017). For 
checking food for antibiotic traces, this test is 
the most commonly used, since its sensitivity 
can sometimes be better than the other con-
firmatory assays (Cháfer-Pericás et al., 2011). 
There were two methods of ELISA, direct 
competitive(dc)-ELISA and indirectcompeti-
tive (ic)-ELISA, with (ic)-ELISA considered 
the advanced one. The past ten years have seen 
this high-throughput technique being used by 
many researchers to check for different veteri-
nary drugs in food of animal origin. Its mode 
of action depends on joining an immunological 
reaction with an enzyme reaction which multi-
plies the original response of the immune sys-
tem (Samsidar et al., 2018). 
ELISA is recognized as the most effective and 
specific method for screening drug residues in 
meat, milk, and eggs. Competitive ELISA is 
frequently employed for the quantitative analy-
sis of tetracyclines, fluoroquinolones, and 
chloramphenicol (CAP) residues in meat, as 
well as chloramphenicol residues in milk and 
chicken muscle. The sensitivity of chemilumi-
nescent ELISA (CL-ELISA) is reported to be 2
–3 times greater than that of conventional ELI-
SA, enabling the detection of trace amounts of 
chloramphenicol as low as 3.19 ng/kg in chick-
en muscle (Jayalakshmi et al., 2017). 
ELISA technique is used mainly in dairy prod-
ucts to notice residue of tetracycline and Peni-

cillin mentioned by Gaurav et al. (2014) who 
assessed the presence of tetracycline residues 
in milk by using competitive ELISA. A total of 
133 cattle milk samples from various regions 
in Punjab were analyzed, revealing that 18 
samples contained tetracycline residues. The 
amounts of these residues ranged from 16 to 
134.5 µg/L, with three samples exceeding the 
maximum permitted residue limits (MRLs). 
Furthermore, a prospective study conducted by 
Kabrite et al. (2019), 66 samples from Leba-
nese market in the area of Keserwan were used 
to evaluate the level of penicillin and tetracy-
cline in pasteurized, raw, and UHT cow milk 
and in other dairy products. The findings dis-
played all samples to be positive to tetracycline 
and 44 samples (67%) were detected to contain 
penicillin. It should be mentioned that when 
the result is positive it implies that the meas-
ured concentration is above the limit of detec-
tion (LOD). 
An additional investigation was conducted on 
88 samples from 22 sheep carcasses, including 
liver, kidney, longissimus dorsi, and diaphrag-
matic muscle. ELISA testing was employed to 
detect residues of various antibiotics such as 
gentamycin, streptomycin, tetracycline, and 
penicillin G. The findings revealed that all 22 
carcasses contained at least one antibiotic resi-
due, with around 17 showing multiple residues. 
Moreover, some positive samples had residue 
concentrations exceeding the EU's maximum 
residue limits (Yousif and Jwher, 2021). 
High-performance liquid chromatography 
HPLC is a widely used technique for detecting 
drug residues in food, offering high sensitivity, 
specificity, and compliance with regulatory 
standards. It has been effectively employed for 
both qualitative and quantitative identification 
of multiple residues in food samples. Visualiz-
ing of the food components occur by using ei-
ther spraying an appropriate chromogenic rea-
gent or under UV light. The intensity of the 
examined sample in the plate spot is measured 
against that of the internal standard by scan-
ning densitometry to quantitively determina-
tion of the residue (Yusuf and Abrahim, 
2024). 
Several developments were done in the auto-
mation of HPLC through using an appropriate 
equipment led to appearance of various types 
of HPLC like HPTLC, that applied to detect 
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numerous residues such as thyreostatic drugs, 
clenbuterol and other agonists, nitroimidazol, 
and sulfonamides in animal tissues. HPLTC 
characterized by its simplicity, rapid multi-
sample analysis may analyze up to 20 samples 
per plate and so reduce the processing time re-
quired, compliance with regulatory standards, 
sensitivity that achieved by its ability to detect 
limits as low as 5 ng/spot for antibiotics like 
oxytetracycline, enrofloxacin, and ciprofloxa-
cin in fish samples. Also, it requires minimal 
solvent consumption and simpler equipment, 
making it economically cost effective for rou-
tine screening (Lakshminarayanan et al., 
2019; Sani et al., 2023). 
HPLC with Diode-Array Detection (HPLC-
DAD) is another type of HPLC that is handled 
to reveal multiple antibiotics such as amoxicil-
lin, ciprofloxacin, and chloramphenicol in di-
verse matrices like milk, meat, and environ-
mental samples. It achieves limits of detection 
(LOD) as low as 0.07–0.15 μg/L and recovery 
rates of 87.3–100.8% (Christoforidou et al., 
2020; Kumar et al., 2022). HPLC-DAD de-
tected oxytetracycline (0.5–1.4µg/g) and 
ciprofloxacin (0.02–0.03µg/g) in Egyptian 
chicken products, with oxytetracycline exceed-
ing MRLs (Ahmed and Gareib, 2016). In In-
dian milk, residues were found at 0.13–2.67 
µg/mL, prompting health risk assessments 
(Kumar et al., 2022). 
 
Liquid Chromatography–Tandem Mass 
Spectrometry (LC-MS/MS) 
These represent the extremely popular and 
modern method of analysis of antibiotic resi-
dues. It is a chromatographic technique com-
bined with mass spectrometric detection that 
offers a high sensiti-vity, specifi-city, and the 
possibility to detect and quantify many antibi-
otics and metabolites simultaneously in very 
complex food matrices (Dawadi et al., 2021; 
Getahun et al., 2023). 
LC-MS/MS methods have been expounded to 
detect up to 30 antibiotics residues in meat and 
environmental samples in a single run (Chan 
et al., 2022). It achieves very low limits of de-
tection (LODs) of nanograms per gram (ng/g) 
or even lower, allowing identification of trace 
antibiotic residues well below regulatory maxi-
mum residue limits (MRLs) (Meklati etal., 

2022). In addition, it provides high selectivity 
through multiple reaction monitoring (MRM), 
enhancing accuracy in quantifying antibiotic 
residues and confirming their identity even in 
complex matrices (De Alwis et al., 2021; Ha-
keem et al., 2024). 
LC-MS/MS has been successfully applied to 
detect antibiotics in diverse foods including 
meat, milk, eggs, cereals, vegetables, fruits, 
and processed products supporting food safety 
compliance and surveillance programs (Hu et 
al., 2021; Chan et al., 2022). 
 
Regulatory Standards and Compliance 
Regulatory standards and compliance mecha-
nisms are established globally and nationally to 
monitor, limit, and control the antibiotic resi-
dues in food products of animal origin such as 
meat, milk, eggs, and aquaculture products 
(Arsène et al., 2022). 
International and national regulatory bodies, as 
Food and Agriculture Organization (FAO), 
World Health Organization (WHO), Food and 
Drug Administration (FDA), Canadian Food 
Inspection Agency, Australian Pesticides and 
Veterinary Medicines Authority, European 
Commission, European Food Safety Authority, 
and country-specific health ministry are con-
stantly seeking to regulate the use of antibiotics 
in line with international standards, against the 
background of country-specific situations. The 
main parameters normally controlled through 
this harmonization include: 

 1 . Acceptable Daily Intake (ADI): A critical 
standard that is based on toxicological research 
and that is determined using the no-observable-
effect level supported by a safety factor 
(Okocha et al., 2018). 

 2 . Withdrawal Period (WT): This is the 
shortest time needed between the last applica-
tion of medication and the rendering out of 
meat or other animal food sources (Okocha et 
al., 2018; Aroeira et al., 2021). 

 3 . Maximum Residue Limit (MRL): This is 
the uppermost legally allowed concentration of 
antibiotic residues or its metabolites in food, so 
long as the antibiotics are used properly ac-
cording to Good Agricultural and Veterinary 
Practices (Yang et al., 2020). 
Egypt has established regulatory frameworks 
to control antibiotic residues in food, aiming to 
protect public health and support international 
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trade. Oversight is primarily managed by the 
National Food Safety Authority (NFSA) and 
the Egyptian Drug Authority (EDA), which set 
maximum residue limits (MRLs) and enforce 
compliance through monitoring and enforce-
ment mechanisms (United States Department 
of Agriculture, Foreign Agricultural Ser-
vice, 2020; EL Asely et al., 2024). The NFSA 
issued Decision No. 13/2020, which sets spe-
cific MRLs for various veterinary drugs, in-
cluding antibiotics, in food products. Egyptian 
MRLs are often harmonized and Codex Ali-
mentarius with European Union regulations 
(EL Asely et al., 2024). 
The Egyptian Drug Authority (EDA) maintains 
an updated national antimicrobial formulary, 
categorizing antibiotics and supporting stew-
ardship programs to prevent misuse (Egyptian 
Drug Authority, 2023). The EDA and 
healthcare authorities have launched programs 
to rationalize antibiotic use in both human and 
veterinary medicine, aiming to reduce the risk 
of AMR and ensure food safety (Egyptian 
Drug Authority, 2023; Egypt Healthcare 
Authority, 2023). 
 
Mitigation Strategies 
Mitigating antibiotic residues in food requires 
a multifaceted approach combining strict regu-
latory frameworks, responsible antibiotic use, 
effective food processing, and adoption of al-
ternative animal health strategies. Strict regula-
tory frameworks occur through limiting antibi-
otic use to necessary cases under veterinary 
prescription reduces and prohibiting highly 
toxic or resistance-inducing antibiotics (e.g., 
chloramphenicol, nitrofurans), establishing and 
enforcing MRLs for antibiotics in food prod-
ucts combined with routine residue testing be-
fore slaughtering and marketing, and maintain-
ing the required withdrawal times after antibi-
otic treatment before animal products arrive 
the foodchain (Arsène etal., 2022; Izah et al., 
2025). 
The effective food processing through using 
different techniques of cooking process that 
may reduce the antibiotic residue in food as 
high-temperature cooking methods such as 
boiling, grilling, roasting, frying, and micro-
waving significantly reduce or degrade antibi-
otic residues in animal products by breaking 

down heat-sensitive antibiotics like tetracy-
clines and sulfonamides (Adegbeye et al., 
2024; Izah et al., 2025). In addition, other 
techniques that are used in enhancing food 
safety like activated-charcoal, resin adsorption, 
and UVirradiation can inactivate or degrade 
antibiotic residues (Oliver et al., 2020; 
Arsène et al., 2022).  
Furthermore, the global direction toward using 
other alternatives like microbial based probiot-
ics and plant-based compounds that may im-
prove animal health and immunity, reducing 
the need for antibiotic use and subsequent resi-
dues (Adegbeye et al., 2024; Izah et al., 
2025). The replacement of antibiotics with oth-
er alternatives like essential oils (Kaur et al., 
2024), plant derived compounds (Kigigha et 
al., 2018; Colorado and Henkin, 2024), and 
bacteriophages (Khan et al., 2016; Bi et al., 
2022) throw light on the new ways that may 
reduce the development of antibiotic resistant. 
Consumer Awareness and Education 
Prevention of antibiotic residues in food initial-
ly requires improving understanding among 
individuals and institutions about related con-
cerns through educational efforts, leveraging 
scientific literature, digital databases, veteri-
nary oversight, and national regulatory guide-
lines. (Riviere and Sundlof, 2001). The re-
sponsible authorities pointing out the regula-
tions that must be followed by the individuals 
to reduce the antibiotic residues in food 
(Aytenfsu et al., 2016). According to Section 
31 of the FSS Act, 2016, “no individual shall 
initiate or operate any food business without a 
license.” To safeguard consumers, the Codex 
Alimentarius has established Maximum Resid-
ual Limits (MRLs) and Acceptable Daily In-
takes (ADIs) for various veterinary drugs in 
various food products. The Codex specifies 
that certain drugs, such as chloramphenicol 
(CAP), chlorpromazine, furazolidone, 
dimetridazole, metronidazole, and nitrofural, 
do not have safe residue levels and therefore 
should not be administered to food-producing 
animals (Codex Alimentarius (FAO/WHO), 
2023). 
The knowledge the action, concentration of the 
drugs, and even the vehicle or excipient used 
in its formulation is mandatory to be consid-
ered by the veterinarian before use as the phar-
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macokinetics of a drug are influenced by the 
vehicle or excipient used in its formulation, 
meaning that the withholding time is specific 
to that formulation. Consequently, varying 
withholding periods may be necessary for the 
same drug when used in different veterinary 
preparations (Padol et al., 2015). Additionally, 
most countries require drug manufacturers to 
indicate a withdrawal time on the product label 
(Archimbault, 1983). 
Disease processes such as nephritis, mastitis, 
and hepatitis can significantly alter the stand-
ard withdrawal times. Therefore, it is essential 
for veterinary practitioners to possess a thor-
ough understanding of the various factors that 
can affect drug excretion in order to determine 
appropriate withdrawal periods tailored to the 
specific cases they encounter (Shaikh and 
Patil, 2020). 
 
Conclusion 
Antibiotic residues in food pose a critical and 
complex risk to public health. This issue main-
ly arises from the extensive and sometimes im-
proper use of veterinary drugs in animal pro-
duction. These residues found its way to the 
human food chain through various sources. 
The persistence of these residues is often 
linked to farmers’ insufficient awareness of 
withdrawal periods, improper drug administra-
tion, and inadequate regulatory oversight. The 
health risks of consuming foods containing an-
tibiotic residues are considerable. Direct ef-
fects include allergic-reactions, liver toxicity, 
disruption of beneficial gut microbiota, terato-
genic and reproductive disorders, and carcino-
genicity. Moreover, continuous exposure to 
sub-therapeutic antibiotic levels indirectly pro-
motes the development and spread of antibiotic
-resistant bacteria, which threatens the effec-
tiveness of antimicrobial therapies and public 
health worldwide. Addressing this problem 
requires strict multifaceted approach. Strength-
ening regulatory frameworks, enforcing maxi-
mum residue limits, and ensuring complete ob-
servance of withdrawal timeframes. Equally 
important is raising awareness among farmers, 
veterinarians, and consumers about the dangers 
of antibiotic misuse and the importance of food 
safety measures. Enhanced surveillance, im-
proved detection methods, and utilization of 

probiotics and other substitute methods and 
vaccination in animal husbandry can further 
reduce risks. Ultimately, safeguarding food 
safety and public health demands coordinated 
efforts from food safety authorities, regulatory 
agencies, the agricultural sector, and consum-
ers. By prioritizing responsible antibiotic use 
and robust monitoring systems, it is possible to 
reduce antibiotic residues in food and curb the 
growing threat of antimicrobial resistance. 
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