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INTRODUCTION 

 
Milk is a nutrients-rich liquid produced in mammals and being 

known to humanity for thousands of years. Milk is one of the 

most commonly consumed food items globally owing to its 

excellent nutritional value for human health. Milk contains 

valuable proteins, diverse fats, and vitamins such as vitamin B12, 

riboflavin, and pantothenic acid. Milk industry also supplements 

their milk and dairy products with other vitamins, especially 

vitamin D. Important minerals are present in milk including 

calcium, magnesium, selenium, and phosphorus. Moreover, raw 

milk is processed for industrial purposes to produce a diverse 

dairy product such as cream, butter, cheese, and yoghurt 

(Scrafford et al. 2020; Almashhadany 2021a).  

In the last decades, massive animal production has been aided 

by medicinal products; especially, anti-infective drugs. 

Antimicrobial agents became a cornerstone in the field of 

animal industry, especially for three primary purposes: 

therapeutic, prophylactic, and growth enhancement for weight 

gain (Arikan 2008). Antibiotics are usually administered to 

milk-producing animals in the drinking water or feed. Sub-

therapeutic doses are commonly used as a prophylaxis to 

healthy animals considered at risk of certain diseases. 

Additionally, administration at minimum doses of 

antimicrobials, usually as a feed additive, may be practiced to 

suppress gut bacteria leaving more nutrients for animals to be 

absorbed (Jammoul and Darra 2019; Rasschaert et al. 2020). 

Chemically, antimicrobial drugs are heterogeneous groups of 

bioactive small organic molecules naturally produced, at low 

concentrations, as secondary metabolites in microorganisms 

such as fungi and bacteria. These groups of drugs comprise 

antibiotics, antifungals and antiprotozoal that either kill or 

suppress the microbial pathogens (Singh et al. 2019; Savarino 

et al. 2020). It is estimated that the quantities of antibiotics used 

for animal industry worldwide are two-fold the quantities used 

for human medication and clinical settings. Nearly all the 

antimicrobials used for humans are also used for food-

producing animals, including the most modern classes of 

antibiotics (Aarestrup 2012; Al-Mashhadany 2020). Antibiotics, 

also known as antibacterial agents, are a subset of antimicrobial 

drugs that are active against bacterial infections. Antibiotics 

either kill or inhibit bacterial growth by disrupting bacterial cell 

wall or protein biosynthesis in their cytoplasm (Al-Mashhadany 

2020). The global use of antibiotics in livestock is 63,151 ± 

1,560 tons/year (Van Boeckel et al. 2015). Unfortunately, 

remnants of such drugs remain in animals’ tissues or eliminated 

in their milk or eggs (Al-mashhadany 2020). 

Regulatory authorities affiliated with the European Union (EU) 

and Food and Drug Administration (FDA) have defined the 

antimicrobial residues (AMRs) as substances (or their 

metabolites) associated with impurities of pharmacologically 

active compounds in foodstuffs derived from treated animals 

(Aidara-Kane et al. 2018; Stella et al. 2020). Based on this 

criterion, even well-controlled administration of antimicrobial 

drugs will leave AMRs in animal tissues or products for a 

specific period, called withdrawal period, before AMRs become 

undetectable (Tang et al. 2017; Gholami-Ahangaran et al. 

2019). Lack of awareness among breeders and farmers 

regarding the withdrawal periods and health risks associated 

with residues contamination, especially in developing countries, 

is globally recognized (Rana et al. 2019). Additionally, failure to 

follow the instructions of antibiotics manufacturers also 

accounts for residues occurrence in milk (Bacanlı and Başaran 

2019).  

In veterinary medicine, the withdrawal period (WDP) of a drug 

is defined as the minimum time between the administration of 

last dose and the production of meat or milk from the treated 

animal after which the AMRs are lower than the maximum 

residue limit (MRL) (Abo El-Makarem et al. 2020). WDP varies 

widely (ranges from hours to weeks) between different drugs 

as it depends on the chemical nature of the drug, dose, route 

of administered and species of animals to which drug is 

administered (Al-mashhadany et al. 2018; Okocha et al. 2018). 

Most public health authorities consider the presence of AMRs 

as an illegal practice in animal-derived foods above the MRL 

(Jayalakshmi et al. 2017). In turn, the MRL is defined by 

regulatory authorities as the highest concentration of a 

compound in food materials to be safe for animal or human 

consumption at a specific time (Almashhadany 2009; Kebede et 

al. 2014). The MRL of various antimicrobials, pesticides, and 

metals are established after rigorous studies by world-class 

regulatory authorities affiliated with the European Union (EU), 

the World Health Organization (WHO), and the American 

Food and Drug Administration (FDA). 

The presence of AMRs in milk and dairy products have been a 

major concern for public health officials (Olatoye et al. 2016; 

Al-Mashhadany 2019; Alaboudi et al. 2021). Quality control 

systems require accurate and cost-effective quantification 

approaches to detect AMRs in milk and dairy products (Sachi 

et  al.  2019;  Almashhadany  et  al.  2020). There is an increasing 
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trend in research on antimicrobial residues in milk and dairy 

products since their first detection in 1960s. The PubMed 

search of AMRs in milk and dairy products retrieved 463 

articles published since 1960 up to 2000. Interestingly, 

additional 1006 articles were published since 2000 to date (29-

Jan-2022). 

 

Sources of AMRs in Milk and Dairy Products  

 

Irrational use of antimicrobial drugs during treatment of 

infections is the main source of AMRs in milk (Zhang et al. 

2009). Furthermore, indiscriminate addition of antimicrobial 

agents as feed additives is another important source (Na 

Lampang et al. 2007). Contamination of milk starts right from 

the intake of contaminated pasture or/and water by the animal 

(Akhtar and Ahad 2017). Furthermore, incorrect use of 

veterinary drugs in dairy animals without considering the WDP 

results of AMRs in milk and dairy products. The contaminants 

may also be introduced, with lesser extent, during milk 

collection, preservation, transport, processing, and packaging. 

Additionally, improper milking or milk collection, insufficient 

cleaning, poor hygienic conditions, i.e., inappropriate 

management practices, also contribute to milk contamination 

by drugs and chemicals (Sachi et al. 2019). Besides 

antimicrobials, other compounds like pesticides, insecticides, 

herbicides, detergents, disinfectants, mycotoxins, nitrates, 

nitrites, and heavy metals have also been detected (Shaikh and 

Patil 2020). The possible reasons for presence of residues in 

milk and milk products will be discussed in detailed as follows:  

 

Therapeutical use of Antibiotics 

 

The major source of AMRs in milk is the use of antibiotics in 

treating infectious diseases, such as clinical mastitis and other 

diseases. Diseased animals receive antimicrobial treatments 

through different routes, such as parenteral, oral (through food 

and water), topical, and by I/M or I/U infusions. Antibiotics as 

feed additives are administrated orally, while the intra-

mammary route is considered as the most effective for mastitis. 

Theoretically, all these routes may lead to appearance of AMRs 

in the milk, but intra-mammary infusions cause a higher 

incidence of drug residues. The notation of “Unintentional 

Drug Residues” refers to the drug residues that occur in food 

due to circumstances not intended to treat or protect animals 

against diseases (Nisha 2008).  

 

Prophylactics use of Antibiotics 

 

Sometimes, antibiotics are used to prevent disease 

establishment or to manage post-surgical risks of developing 

new infection. In both cases, AMRs are likely to reach milk and 

dairy products prepared from these animals (Nisha 2008). 

 

Irrational use of Antibiotics 

 

The misuse and overuse of antimicrobials in veterinary 

practices lead to accumulation of large amounts of residues 

that pose serious threats to human health and economy after 

consuming contaminated foods. Situation gets even worse by 

the lack or shortage of information among animal breeders 

about withdrawal periods of antibiotics (Nisha 2008; 

Cepurnieks et al. 2015).  

Extra-label Drug usage (ELU) 

 

ELU refers to the use of approved drugs but without strict 

adherence to the labelled directions. ELU can occur in many 

forms such as using a drug only approved for human to treat 

infections in animals or when a drug approved for one species 

of animal is used in another (Ali et al. 2020). The following 

examples illustrate different cases of ELU: -  

 

A. Administration via non-recommended route, (e.g. flunixin 

intramuscularly).  

B. Increase or decrease of specified dose on the label. 

C. Administering a drug for any disease not listed on the label. 

D. Administering a drug to different animal species.  

E. Violation of treatment duration. 

F. Shifting the amount of drug per injection site.  

 

Inadequate Withdrawal Period 

 

Violation of withdrawal period (WDP) for the administered 

antibiotics leads to elevated levels of AMRs in milk or milk 

products (Kebede et al. 2014). 

 

Use of Drug-contaminated Equipment 

 

Any equipment used for milking process should be clean and 

sterile. Contamination of equipment during maintenance can 

retain residues inside the machine and subsequently released 

into the milk during production. Additionally, milking items 

should not be placed in or near the medication preparation 

area. Similarly, inadequate cleaning of equipment may lead to 

the carryover of trace amounts of antimicrobials from one 

batch to another. 

 

Improper Discarding of Empty Antibiotics Containers 

 

Inappropriate discarding of empty containers of antibiotics in 

the farm premises plays an important role in contaminating 

feeds of animals. Animals may even lick those containers or 

accidentally are exposed to contaminated feeds.  

 

Contaminated Feed and Water 

 

Antimicrobials can also enter the milk through contaminated 

feed and water. Improper storage of feeds or water next to 

antimicrobial containers or preparation area may accidentally 

introduce those chemical into feed or water. The interaction 

of any drug with nutritional components is an important clinical 

phenomenon that significantly influences the therapeutic 

prognosis of diseased animals. Drug-Nutrient Interactions 

(DNIs) occur either directly between drug and nutrient or 

indirectly between drug and nutritional status or vice-versa.  

 

Disease Status 

 

The disease status of an animal negatively affects the metabolic 

system and consequently the pharmacokinetics of administered 

drugs. For instance, it has been found that cattle with acute 

mastitis accumulate apramycin in their udders ten times higher 

than the levels healthy cows (Ture et al. 2019). Such 

concentrations may last for longer periods even after apparent 

recovery of cattle (Anika et al. 2019).  
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Improper Cleaning of Equipment 
 
Equipment pollution may come from any of the materials that 
have been in contact with the instrument surfaces, so cleaning 
is one of the significant techniques in pharmaceutical 
manufacturing. In the pharmaceutical industry, Good 
Manufacturing Practices (GMP) requires that the cleaning of 
drug manufacturing equipment be validated. 
 
Impact of ARMs on Human Health and Dairy Industry 
 
Impact of ARMs on Human Health 
 
Ideally, milk should not contain any constituents or any 
exogenous chemicals that may result in toxicity or other health 
issues in consumers. Milk safety regulations were set to protect 
consumers from potential harms associated with AMRs in milk 
and dairy products. Not only direct consumers are affected by 
AMRs, but also the starter cultures in the dairy industry are 

affected negatively leading to economic losses (Beyene 2015). 
The presence of AMRs in food has been associated with 
hazardous threats such as toxicity, drug allergy, hypersensitive 
reaction, and development of antibiotic-resistant bacteria. 
 
Drug Allergy and Hypersensitive Reaction 
 
A range of allergic reactions to drugs have been linked to AMRs 
which can take the form of life-threatening toxicity, mild 
cutaneous reactions (rashes and itches), serum sickness, 
anaphylaxis, and delayed hypersensitivity.  
 
Effects on Human Gut Microbiota 
 
Massive numbers of microorganisms and viruses, collectively 
called gut microbiota, colonize healthy human intestinal tract. 
The colon harbors the majority of microbial communities that 
include bacteria, fungi, protozoa, archaea, and viruses. The gut 

microbiota is estimated to be ∼1013–1014 microbial cells 
(Sender et al. 2016). Gut microbiota varies from person to 
person but they play similar roles such as competition with 
pathogens and providing vitamins (LeBlanc et al. 2013). 
Disruption of balanced microbial population in gut can trigger 
diseases of different nature at different ages ranging from 
allergies at an early age to inflammatory bowel disease (IBD) in 
young adults. AMRs of broad-spectrum antibiotics may inhibit 
a wide range of gut microbiota, which provide chances for 
pathogenic species to expand their populations and initiate 
diseases.  
 
Development of Antimicrobial Resistance (AMR) 
 
Development of antimicrobial resistance by pathogens has 
been a global concern since early 1960s. Misuse of antibiotics 
has been the main contributing factor for emergence of 
resistant strains that were naturally susceptible to different 
antibiotics. A recent alarming report estimated that up to 10 
million individuals would be victims of drug resistant pathogens 
by 2050 unless the problem of resistance is mitigated (de 
Kraker et al. 2016). Continuous exposure of bacterial species 
to sub-inhibitory concentrations of antimicrobial agents is a 
selective pressure for resistant phenotypes. The genes 
responsible for drug resistance can be transferred horizontally 
between bacteria associated with milk and dairy products and 
the pathogenic species.  

Effect of AMRs on Bone Marrow 
 
Before being banned in numerous countries, chloramphenicol 
had been used for decades to treat various infections in cattle. 
However, later studies revealed that chloramphenicol toxicity 
in susceptible individuals might result in aplastic anemia. 
Residues of chloramphenicol may remain in milk and dairy 
products or edible tissues of treated animals and trigger 
dysfunctions of bone marrow in susceptible humans.  
 
Carcinogenic and Mutagenic Effects 
 
Many substances with abilities to induce cancers are called 
carcinogens. Residues of certain antibiotics have carcinogenic 
properties and interact with intracellular components such as 
proteins, DNA, and ribonucleic acid, which alter their normal 
functions. The term mutagen describes any chemical or 
physical agent that can damage the genetic material or cause 
inheritable changes in the sequence of DNA. The mutagenic 
effect is another dangerous impact of ARs, which can cause 
mutation of DNA molecule or damage of chromosomes.  
 
Teratogenicity 
 
Chemical substances that induce congenital abnormalities in 
embryos are called teratogens. Most of their damaging effect is 
exerted during the gestational periods. Long-term exposure of 
mothers to AMRs at the early stage of pregnancy has been 
linked to handful of congenital anomalies.  
 
Other Harmful Effects 
 
Consumption of milk or dairy products with residues of 
tetracycline or azithromycin has been found to cause lifelong 
discoloration of nails, teeth in children or impairments of the 
immune and cardiovascular system (Kurjogi et al. 2019). These 
drugs are usually reabsorbed through entero-hepatic 
circulation and deposited in teeth and bones for long periods. 
 
Impact of ARMs on Dairy Industry 
 
Effects on the Dairy Industry 
 
Microbial fermentation had been exploited to increase shelf life 
and safety dairy products such as cheese and yoghurt. The 
presence of AMRs in raw milk, even at low concentrations, is 
a significant threat to the fermentation process. Impairment of 
starter cultures or total inhibition of microbial growth may 
result in a low-quality products or total waste of resources and 
customer confidence (Kumar and Chordia 2017). 
 
Inhibits Lactic Acid Fermentation 
 
Fermented dairy products, such as fermented milk, whey 
beverages, and yoghurt include most of the food containing 
probiotic cultures. The fermentation of milk offers a simple way 
to increase its shelf-life, improving its safety. Various strains of 
fungi and bacteria are used to ferment milk to produce a wide 
variety of dairy products, viz. cheese, curd, kumis, yoghurt, and 
kefir. The main bacteria are Lactic Acid Bacteria (LAB), used 
for clotting milk. The nature of all these products depends on 
the pre-treatment of the milk, the temperature (climate), the 
type of milk used, conditions of fermentation, and the 
subsequent industrial management (Kumar and Chordia 2017). 
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Effects Flavor Development 
 
Lactic acid bacteria (LAB) change lactose to lactic acid. 
Production of lactic acid, acetaldehyde and diacetyl are their 
main assistances to the flavor of fresh cheeses and cultivated 
milk. However, cheese flavor cannot be produced without 
starter bacteria. Rennet alone is mainly responsible for forming 
large, medium and small peptides but, without interaction with 
other enzymes, can produce only methionine, histidine, glycine, 
serine and glutamic acid at quantifiable levels. Free amino acids 
in Cheddar cheese are mainly the result of microbial peptidase 
activity. Together with the products of glycolysis, these amino 
acids form substrates for secondary flora, the nature of which, 
in many cases, determines the cheese variety. In matured 
cheeses, the starter bacteria die out quickly, and the rate at 
which they lyse and release their enzymes into the system 
influences the rate at which free amino acids are formed. 
 
Techniques used for Detection of AMRs in Milk 
 
Different assessment tests have been developed to detect 
AMRs in milk and dairy products (Table 1). Laboratory 
detection of AMRs in milk and dairy products is performed in 
two phases; (i) screening for the presence of different 
antimicrobial groups and (ii) identification of the specific 
antimicrobial in the sample (Almashhadany 2020, 2021c). 
Screening tests should be inexpensive, rapid, and easy to 
perform with good sensitivity and specificity. The most widely 
used tests are those based on the inhibition of specific bacterial 
species in response to the presence of AMRs in milk samples. 
 
Prevention and Control of AMRs in Milk and Dairy 
Products 
 
The overall public health impact of drug residues in milk and 
dairy products can be reduced by cooperation between and 
support for researchers, veterinarians, farmers, producers, 
manufacturers, consumers, and legislative and food safety 
authorities. Various international organizations such as the 
WHO, FAO and the European Commission have confirmed 
the significance of wisdom, prudent, and rational use of 
antimicrobials in food-producing animals to reduce the negative 

impacts   of   AMRs   on   public   and   animal  health.  Indeed, 
avoidance or complete removal of AMRs from milk and dairy 
products is not an easy task. However, approval of confirmed 
safety techniques and guidelines may help in reducing the 
residues to non-toxic levels (Khaniki 2007; NMPF 2016; Rama 
et al. 2017). The guidelines are summarized as follow: 
 
Regulatory Laws and Good Practice 
 
Farms are the first and most important point where control 
strategies can successfully limit the AMRs in milk and dairy 
products. Livestock health and raw milk quality are 
responsibilities of farmers. Adoption of efficient animal health 
programs to reduce mastitis and other infections among 
lactating animals is necessary (Sarrazin et al. 2014). On-farm 
biosecurity and implementation of effective management 
practice for infected animals are critical practices to prevent 
further spread of infections and further needs for more 
antimicrobial usage (Nöremark and Sternberg-Lewerin 2014).  
Various authorities concerned with food safety measures have 
emphasized the paramount role of testing raw milk before 
selling or processing for new dairy products. For instance, 
USDA specifications require that all processing plants must 
evaluate the AMRs in raw milk before initiating any food 
processing attempts. Moreover, the American Occupational 
Health and Safety (OHS) legislations as well as other similar 
authorities in various countries have urged the hygiene 
standards and health safety of farms and milk collection 
workplaces (Reed et al. 2013).  
 
Development of Public Awareness 
 
Farmers and feed dealers are the most important occupations 
that need to be aware of rational use of antimicrobial agents. 
Understanding the risks and benefits of these chemical is 
expected to play crucial roles in their practices in farms and 
cooperation with surveillance campaigns. Awareness programs 
and educational training of farmers and feed dealers are highly 
encouraged. Dissemination of health awareness through the 
media (audio, visual media, and newspapers) to highlights the 
hazards of AMRs would reduce the burden of milk 
contamination. 

 
Table 1: Techniques used for detection of AMRs in milk 

Technique Features/types Accuracy Note 
Microbiological 1- Low cost  

2- Ability to analyze a large number of samples    
3- Ability to detect a broad spectrum of antibiotics  
4- Need short time for sample preparation   
5- Easy to use   
6- Can be efficiently adopted by laboratory staff  
7- Do not require expensive equipment 
8- Has two types: 
A- Direct method  
B- Extraction method 

+ Based on bacterial models that should meet 
the criteria of being:  
1- Highly sensitive to antibiotics  
2- Fast-growing Bacteria  
3- Resistant to environmental conditions  
4- The incidence of genetic mutations is rare  
5- Heat resistant 
 
Examples: 
Bacillus subtilus, B. cereus, B. 
stearothermophilus, Lactobacillus bulgaricus, 
and Streptococcus thermophiles 

Immunochemical 1-Radio Immuno Assay (RIA) 
2-Enzyme Linked Immunosorbent Assay (ELISA)  
3- Electrophoresis method 

++  

Chemical 1- High-Performance Liquid Chromatography (HPLC)  
2-Thin layer Chromatography (TLC)  
3-Liquid Chromatography (LC) 
4- Gas – Chromatography (GC) 

+++  
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Development of Public Awareness 

 

Farmers and feed dealers are the most important occupations 

that need to be aware of rational use of antimicrobial agents. 

Understanding the risks and benefits of these chemical is 

expected to play crucial roles in their practices in farms and 

cooperation with surveillance campaigns. Awareness programs 

and educational training of farmers and feed dealers are highly 

encouraged. Dissemination of health awareness through the 

media (audio, visual media, and newspapers) to highlights the 

hazards of AMRs would reduce the burden of milk 

contamination. 

 

Monitoring 

 

Periodic monitoring of AMRs in milk and nationwide 

surveillance are needed to track down any sources of milk 

contamination. Improper detention centers and absence of 

monitoring systems may facilitate the presence of AMRs in 

levels exceeding the MRLs since the contamination goes 

unnoticed under such circumstances. Several monitoring 

methods are well-established to evaluate the levels of AMRs 

and their identity (Kebede et al. 2014). These methods vary 

greatly in terms of ease applicability, sensitivity, and cost. Rapid 

testing of the presence of antibiotics in raw milk to grant its 

quality has become a major task for farmers and dairy industry. 

The conventional analytical methods are either too slow or do 

not enable quantitative detection of antibiotic residues, so 

alternative methods that are rapid, cost effective, and easy to 

perform should be considered. The recent applications of 

biosensors generate qualitative and quantitative data regarding 

the AMRs in tested milk (Beltrán et al. 2015). Inadequate 

detection facilities of AMRs and shortage of monitoring system 

of residues may be considered as significant drawback in 

establishment of control strategies especially in developing 

countries. 

 

Milk Processing 

 

In addition to their role in preparation of different dairy 

products, milk-processing techniques that involve 

pasteurization have also desirable effects against AMRs. Indeed, 

pasteurization heat is sufficient to deactivate many AMRs that 

may exist in raw milk. The toxic activities of AMRs may 

disappear if they are subjected to chemical alterations. Still 

other processing techniques use UV radiation that also 

deactivate certain AMRs (Rahman et al. 2021).  

 

Drugs used for Lactating and Non-lactating Animals 

 

Farmers should be aware of those certain drugs are authorized 

to be used for dry animals only and vice versa. Strict adherence 

to labeled instructions is necessary. Regarding the lifelong 

additives, the Acceptable Daily Intake (mg per kg of body 

weight) should also be considered and only permitted 

quantities are to be administered (Almashhadany 2021b). 

 

On-Farm Biosecurity 

 

On-farm biosecurity is an essential part of disease prevention 

and control; this applies to live animal contacts and indirect 

contacts, e.g., via professionals visiting farms in their work 

(Nöremark and Sternberg-Lewerin 2014). In the 21st century 

and late 20th century, there has been a shift from treating 

individuals toward disease prevention, which has led to an 

increasing emphasis on the implementation of biosecurity 

(Sarrazin et al. 2014). 

 
Dairy Producers 
 
Worthy milk has high fat and protein, low number of bacteria 
per ml, low number of somatic cells per ml, no dirt, no 
adulterations, no AMRs, produced by healthy cows, and 
handled by healthy people. So the dairy farmers should apply 
Good Agricultural Practices (GAP) when using antimicrobial 
agents in different sectors, such as milking techniques, milking 
hygiene, animal health, animal welfare, nutrition, and 
environment. 
 
Prevention from Diseases 

 
Farmers must follow the hygienic and proper management 
practices at animal farms and dairy units. Farmers are 
responsible for the health of their livestock. They should 
implement a preventive animal health program to reduce the 
incidence of disease, maintain milk quality, and implement an 
effective mastitis management program to reduce the use of 
antibiotics. Herbal sources of medicines may be considered an 
alternative option for treating diseases. 
 
Tools 
 
Routine testing of milk to detect residues of different 
antibiotics to grant the quality and safety of milk has become a 
significant task for farmers and the dairy industry. Beltrán et al. 
(2015) confirmed the use of biosensors. These biosensors are 
classified into five separate groups according to the bio-
recognition employed. However, the use poor detection 
facilities as well as lack of proper monitoring system of residues 
in foods considering the maximum residue limits (MRLs) might 
be taken as vital causes for higher risk of milk derived antibiotic 
residues (Kebede et al. 2014). 
 
Methods 
 
Several procedures have been mentioned in the literature to 
monitor AMRs in milk. These methods vary in application, 
sensitivity, and cost. The amount of antibiotic residues in milk 
can be confirmed using qualitative techniques such as 
immunological and microbiological screening tests; and 
quantitative tests such as the analytical way (Pericas et al. 2010, 
Alves et al. 2020). Rapid testing of the presence of antibiotics 
in raw milk to grant its quality has become a major task for 
farmers and dairy industry. The conventional analytical 
methods are either too slow or do not enable quantitative 
detection of antibiotic residues while alternative methods that 

are rapid, cost effective, and easy to perform should be 
considered. 
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