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ABSTRACT

Milk is a food widely consumed by the population, so it is important that it is produced
under appropriate hygienic conditions and free from chemical contaminants of various
origins. The objective of this study was to test for antibiotic residues in fresh milk from
municipal expansion tanks in the State of Alagoas. 42 milk samples were collected in
sterile bottles of approximately 50 mL. These samples were frozen and sent to be
subjected to the official analysis methods of the Ministry of Agriculture. In the
laboratory, qualitative analysis of multi-residues in different matrices and determination
of beta-lactam antibiotic residues in bovine milk by liquid chromatography coupled to
mass spectrometry (LC-MS/MS) were performed. In 95.2% (40/42) of the samples
analyzed, the presence of antibiotic residues was not detected; however, in two
samples (4.8%), the presence of residues was detected, but at levels that could not be
quantified. Samples were within the limits established by Brazilian legislation. This
study concluded that there were no antibiotic residues at quantifiable levels in the
samples analyzed. This study concludes that there were no antibiotic residues at
guantifiable levels in the samples analyzed. It is therefore suggested that these
antimicrobials be monitored in milk to ensure the absence of these residues and to
guarantee a quality product, which is essential for public health.
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1. INTRODUCTION

The presence of antimicrobial residues in milk represents a potential risk to public
health and one of the main concerns is to guarantee the safety of the raw material,
since the presence of chemical substances alters the quality and causes economic
damage to the dairy industrial chain, compromising commercial relations and
endangering the health of consumers in the microbiological, immunopathological and

toxic-pharmacological spheres (Rosa et al., 2023).

This assessment of antibiotic residues is based on the indiscriminate use of veterinary
drugs to treat mastitis in dairy cattle, where in most cases the grace period is not
respected, resulting in residues of these drugs in animal products, contributing to and

promoting the selection of super-resistant bacteria (Brown, 2020).

Brazilian legislation requires regular measurement of the tanks of each vehicle
transporting milk to the processing industry, with at least two classes of antibiotics
being tested, in compliance with the Maximum Residue Limits (MRLS) for each specific
group (Brasil, 2018).

It is worth noting that drugs used to treat animals that are harmful to health must be
measured and a MRLs established, which gives a tolerance limit for their presence in
food without causing harm to humans or animals (Quintanilla, 2021).

Therefore, it is important to note that beta-lactams are antimicrobials that are widely
used in animals with bovine mastitis. However, some bacteria that cause pathology in
animals are capable of inducing resistance mechanisms after exposure to these
antimicrobials, which affects the effectiveness of treatments, such as the production of
beta-lactamase, which is the most common resistance mechanism found in

Staphylococcus spp. (El Behiry et al., 2012).

High rates of residue contamination can occur when there is a lack of control over the
sale and use of veterinary antimicrobials, awareness among farmers, and
improvements in hygiene conditions and the effectiveness of food inspection. (Silva et

al., 2023). Considering the public health and industrial importance of the presence of
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antimicrobial residues in milk, the objective of this study was to investigate antibiotic

residues in fresh milk from municipal expansion tanks in the State of Alagoas.

2. MATERIAL AND METHODS

42 samples of fresh milk were collected from community expansion tanks belonging to
a Milk Producers' Cooperative in the state of Alagoas. 100 producers who supplied
milk to these community tanks were interviewed. The study was carried out in 23
municipalities belonging to the three mesoregions of the state, which have different
physical, economic, social and cultural characteristics (Agreste Alagoano, Leste
Alagoano and Sertdo Alagoano). The samples were collected in sterile vials of
approximately 50 mL, frozen and sent to Laboratorio Nacional Agropecuario do Rio
Grande do Sul to be subjected to the official methods of the Ministry of Agriculture. In
the laboratory, qualitative multi-residue analysis was performed on various matrices
and residues of beta-lactam antibiotics were determined in bovine milk using liquid

chromatography coupled to mass spectrometry (LC-MS/MS).

e For the Multiresidue analysis, 500uL of milk was used and the protocol
recommended by the Ministry of Agriculture, Livestock and Supply (MAPA) was
followed. Positive controls fortified at the MRL and CCp (spiking levels at which
the procedures of this method have a false negative rate of less than 5%) and
three samples fortified after the extraction process were used. Milk samples
were then extracted and controls prepared, followed by detection of residues in
the chromatograph. The results are expressed as positive and negative for the
presence of residues. Positive results were confirmed using the LC-MS/MS
method to quantify the levels detected. The analytes studied belong to the
classes: Tetracyclines (Tetracycline, Oxytetracycline, Chlortetracycline,
Doxycycline); Sulfonamides (Sulfadiazine, Sulfatiazole, Sulfamethazine,
Sulfamethoxazole, Sulfaquinoxaline, Sulfadimethoxine, Sulfadoxine,
Sulfachlorpyridazine, Sulfamerazine, Sulfizoxazole); Quinolones (nalidixic acid,
oxolinic acid, flumequine); Fluoroquinolones (ciprofloxacin, enrofloxacin,

difloxacin, sarafloxacin, danofloxacin, norfloxacin).
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To determination of beta-lactam antibiotic residues in bovine milk, 2 mL of milk was
used according to the protocol recommended by the Ministry of Agriculture, Livestock
and Supply (MAPA). The milk samples were extracted with an organic solvent to obtain
a purified extract. The sample was extracted with acetonitrile, passed through a
cleanup step, evaporated, returned to the mobile phase, and the supernatant was
analyzed directly in the LC-MS/MS system. Results are expressed as quantifiable
residue levels. The analytes tested belong to the beta-lactam classes (penicillin G;
penicillin V; ampicillin; amoxicillin; oxacillin; cloxacillin; dicloxacillin; ceftiofur;

trimethoprim).

3. RESULTS AND DISCUSSION

In the samples qualitatively analyzed for the presence or absence of antibiotic
residues, a percentage of 95.2% (40/42) of the milk samples did not detect the
presence of antibiotic residues, and 4.8% (2/42) detected the presence of non-
quantifiable levels by confirmatory analysis, where these levels are above the detection
limit and below the quantification limit, thus falling within the standards established by

legislation for the presence of antibiotic residues in milk.

The levels that cannot be quantified by confirmatory analysis represent the analytical
performance (measurement uncertainty) at a given confidence level, detecting the
sensitivity to Maximum Residue Limits (MRLS), as well as decision limit values (CCa)
and detection capacity (CCf), so CCa is the lowest concentration level at which the
method can discriminate the presence of a compound with 95% statistical certainty
(Brasil, 2006).

The Codex Alimentarius considers drug residues as the fraction of the drug and its
biotransformed derivatives present in foods of animal origin that have been treated,
and establishes that milk must be free of contaminants at levels that are harmful to the
consumer population. Therefore, the legislation recommends the detection of
antimicrobials in tank milk, respecting the MRLSs for each specific group (Brasil, 2018).
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During the survey, 100% (100/100) of dairy farmers reported that they had no cases
of mastitis in their herd during the survey period and that they had not used any type
of antibiotic treatment for any disease. However, when asked what type of antibiotic
they used when cases of mastitis and other diseases occurred in the herd, 3% (3/100)
of producers said they used tetracycline-based antibiotics, 2% (2/100) used
fluoroquinolones, while 9% (9/100) used beta-lactams. The remainder reported that
there were no diseases of any kind in the flock (25%), and the majority could not recall

the type of medication used when necessary (61%).

It is worth noting that, according to the study by Silva, Silva and Ribeiro (2012), the
most commonly used antimicrobials in the articles analyzed in their systematic review
are tetracyclines (17.24%) and beta-lactams (13.79%).

Although no antibiotic treatment was performed according to the manufacturer, the
fluoroquinolone (norfloxacin) and tetracycline (oxytetracycline) classes were detected
in these samples. Although detected, these drugs were not quantified as described in
Table 01.

Table 01: Search for antibiotic residues in fresh milk in the state of Alagoas

Antibiotic Classes ND (%) Det. (%) NQ (%) Quant. (%)
Tetracyclines 87,6 2.4 100 0
Sulfonamides 100 0 100 0

Quinolones 100 0 100 0

Fluoroquinolones 87,6 2.4 100 0

Beta-lactams 100 0 100 0

ND = Not detected/ Det. = Detectable/ NQ = Non-Quantifiable/ Quant.= Quantifiable
Source: Authors, 2023.

In this way, all the samples analyzed comply with Normative Instruction 76, which
recommends the absence of antibiotic residues in cows' milk. (Brasil, 2018).
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According to the producers, the dairies that buy the milk control the quality of the

product by testing for antibiotic residues, which they do in-house.

Cansan, Gorodicht and Kindlein (2023) found the presence of antimicrobial residues
in 38.05% (242/636) of raw milk samples from dairies in Rio Grande do Sul, of which
(394/636) were negative, representing 61.95%, with beta-lactams identified in 39.67%,

followed by aminoglycosides in 25.21%.

No residue of antibiotics belonging to the beta-lactam class was detected in this study,
however, the literature shows that beta-lactams are the antibiotics frequently used to
treat mastitis in dairy cattle (38.22%), followed by tetracyclines with 15.41% (Sachi,
2019).

Alves et al. (2023) tested for antibiotic residues in refrigerated raw milk from 18 farms
in Vitoria da Conquista - BA, and found residues of antibiotics from the beta-lactam
and tetracycline classes in two samples.

Carvalho et al. (2012), using the Delvotest - SP Kit, which uses microbial methodology
(bacterial strains of Bacillus stearothermophilus), examined 18 properties in the rural
area of the municipality of Araioses - MA during the rainy and dry seasons for the
presence of residues and found 100% of the samples to be negative, as observed in

this study.

Vieira et al. (2012) detected antimicrobial residues in 19% (15/79) of pasteurized milk
samples from commercial establishments in the state of Parana. They used
commercial ELISA kits and found chloramphenicol, tetracyclines, gentamicin,

streptomycin, and beta-lactams in the positive samples.

According to Poupaud et al. (2021), the reasons for controlling antibiotic residues in
milk are due to the introduction of antimicrobial residues into the food chain, which
contributes to antimicrobial resistance, causes economic problems for the dairy
industry, contributes to human allergies due to the consumption of contaminated raw
materials, since pasteurization is not able to inactivate the antibiotic residues present,

thus compromising the food safety of the population.

171
RC: 150451
Available in: https://www.nucleodoconhecimento.com.br/agronomy-en/antibiotic-residues



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/agronomy-en/antibiotic-residues
https://www.nucleodoconhecimento.com.br

MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA CIENTIFICA MULTIDISCIPLINAR NUCLEO DO

0 ) NUCLEO [D() CONHECIMENTO ISSN: 2448-0959

https://www.nucleodoconhecimento.com.br

4. CONSIDERATIONS

This study shows that there were no antibiotic residues at quantifiable levels in the
samples analyzed. It is suggested that these antimicrobials be monitored in milk to
ensure the absence of these residues and to guarantee a quality product, which is

essential for public health.
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