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ABSTRACT

Background: Although free-range chicken meat is widely consumed in Brazil, it may pose a public health risk due to
contamination with pathogenic and antimicrobial-resistant bacteria, such as Escherichia coli (EC).

Aim: This study aimed to investigate the occurrence of EC, antimicrobial resistance, and biofilm formation in free-
range chicken meat samples collected from restaurants in Petrolina, Pernambuco, Brazil.

Methods: Microbiological and molecular methods were used to analyze 40 samples collected from eight restaurants to
detect EC, evaluate antimicrobial resistance profiles, assess biofilm formation, and identify the presence of resistance
genes.

Results: The overall frequency of EC infection was 57.5%. All bacterial strains (100%) were resistant to at least
one antimicrobial agent, and 78.2% (18/23) were classified as MDR, showing resistance to three or more classes of
antibiotics, with the highest rates observed for ciprofloxacin and tetracycline. Among the detected resistance genes,
the blaTEM gene had the highest prevalence (17.4%), followed by blaCTX-M1 (4.3%), while tetA and gnrS were
not detected. A discrepancy was observed between high phenotypic resistance and low detection of resistance genes,
suggesting the involvement of other mechanisms. In addition, 95.5% of the strains were classified as biofilm producers,
although most exhibited weak biofilm formation.

Conclusion: This study confirms the presence of multidrug-resistant EC strains in food served at restaurants,
highlighting the risk of transmission of resistant bacteria to humans through the consumption of contaminated meat
and reinforcing the need for continuous monitoring of food safety.

Keywords: Biofilm, Escherichia coli, Poultry meat, Resistance genes.

Introduction

Foodborne diseases (FBDs) represent one of the major
public health problems worldwide, being responsible
for high morbidity and mortality as well as significant
economic losses (World Health Organization, 2020;
CDC, 2022). Globally, approximately 600 million
people fall ill each year after consuming contaminated
food, resulting in approximately 420,000 deaths
(World Health Organization, 2020). Between 2013 and
2022, 6,523 FBD outbreaks were reported in Brazil,
involving 107,513 individuals, 12,722 hospitalizations,
and 112 confirmed deaths. The main etiological agents
identified were Escherichia coli (EC), Salmonella spp.,
and Staphylococcus spp., with restaurants highlighted
as one of the primary locations where outbreaks occur
(Brazil, Ministry of Health, 2023).

However, the actual number of cases may be even
higher because many affected individuals do not seek
medical care, and some episodes are not reported to
official surveillance systems (Scallan et al., 2015; World
Health Organization, 2020). This gap underscores the
need for continuous monitoring of foods of animal
origin, especially poultry meat, due to its widespread
consumption and epidemiological relevance.

Free-range chicken, traditionally consumed in Brazil, is
an important source of animal protein and holds strong
cultural and socioeconomic significance, particularly
for family farmers and small-scale producers (Embrapa,
2019; Grossi et al., 2023ab). Nevertheless, the
artisanal nature of its production can increase the risk
of microbiological contamination and, consequently,
FBDs (Batista et al, 2024a,b). Birds raised in
alternative systems can act as reservoirs of bacterial
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pathogens, including strains resistant to clinically
important antimicrobials (Grossi et al., 2023a,b; Yu
et al., 2025a,b; Almeida et al., 2025). Although these
systems use fewer antibiotics than intensive production
systems, resistance still occurs, possibly due to cross-
contamination, inappropriate therapeutic use, or the
environmental circulation of resistance genes (Singh
etal., 2025a,b).

In the Brazilian context, free-range chicken is widely
offered in traditional food restaurants and in the
gastronomic sector, often considered a high-value dish
with prices that can exceed those of premium beef
cuts (Embrapa, 2019). Restaurants are recognized as
recurrent sites of foodborne outbreaks, increasing
consumer concerns regarding food safety despite this
added value. Food handlers play a central role in the
transmission of FBD-associated pathogens in these
settings (Mylius ef al., 2024a,b).

Given the economic and cultural importance of free-
range chicken, its potential contribution to the spread
of resistant pathogens, and the scarcity of studies on
the microbiological safety of this product in collective
consumption settings, this study aimed to investigate
the occurrence of EC in free-range chicken meat sold
in restaurants in Petrolina, Pernambuco, Brazil, and to
assess its antimicrobial susceptibility profile, biofilm-
forming ability, and the presence of resistance genes.

Materials and Methods

Sampling and data collection

The sampling plan consisted of surveying restaurants
that serve free-range chicken meat in the municipality
of Petrolina, Pernambuco, based on information
provided by the municipality’s official sanitary
surveillance service. All restaurants were located
within the urban perimeter of Petrolina, characterized
by the sale of typical foods, and all samples originated
from artisanal husbandry (small-scale producers not
inspected by regulatory authorities). Fifty samples
of fresh free-range chicken meat (breast, thigh, and
wing) were collected from eight restaurants, totaling
40 samples. This number was established on the basis
of the requirements of Normative Instruction No.
313/2024 issued by the Ministry of Health/ ANVISA
(Brazil, 2024). Samples were collected upon arrival at
the restaurants to evaluate the products of the suppliers.
Samples were placed in sterile plastic bags and stored
in isothermal boxes with ice after collection. The
samples were then sent to the Microbiology Laboratory
at the Federal University of San Francisco Valley
(UNIVASF) within a maximum period of 2 hours for
EC analysis. This bacterium is a recognized indicator
of hygienic quality (Niyonzima et al., 2015; World
Health Organization, 2020; Brazil, 2023).

Isolation and confirmation of EC

The identification and quantification of EC were
carried out using the most probable number method,
with the following steps: a presumptive test, in which

three aliquots from three dilutions of the sample were
inoculated into a series of three tubes containing
lactose broth (KASVI, Parana, Brazil) per dilution.
Growth with gas production from lactose was observed
in lactose broth at 35°C after 24—48 hours of incubation
and was considered presumptive for the presence of
coliforms. One loopful from each presumptive tube was
transferred to EC broth tubes (KASVI, Parana, Brazil)
for EC identification. Growth with gas production in
EC broth after 48 hours of incubation at 42.5°C was
considered presumptive for the presence of EC. One
loopful from each EC tube was streaked onto Levine
Eosin Methylene Blue (EMB) Agar (KASVI, Parana,
Brazil) for confirmation. Plates were incubated at
35°C (Nova Técnica, NT 245, Sao Paulo, Brazil) for
24 hours and observed for the development of typical
EC colonies. EMB plates with typical EC colonies,
corresponding to EC-positive tubes with gas, were used
for the calculation of EC per gram of food. Colonies
with a greenish metallic sheen were observed, reflecting
vigorous lactose fermentation and acid production.
Colonies with typical characteristics were subjected
to biochemical tests: oxidase, Indole Sulfide Motility
Agar, Triple Sugar Iron, and Simmons Citrate (KASVI,
Parand, Brazil) (Quinn ef al., 1993; ISO, 2005). After
biochemical confirmation, each isolate was inoculated
into sterilized microtubes containing tryptone soy agar
(KASVI, Parana, Brazil) medium and glycerol. The
samples were then incubated at 37°C (SOLAB — SL
102, Sao Paulo, Brazil) for 24 hours and subsequently
stored at —20°C until further analysis.

Antimicrobial susceptibility test results

After the microbiological analysis, the isolates were
tested against different antimicrobials using the disk
diffusion technique to determine the antimicrobial
susceptibility profile (Bauer et al., 1966; CLSI, 2024).
Disks of ampicillin (AMP, 10 pg), cefotaxime (CTX,
30 ng), chloramphenicol (CLO, 30 pg), streptomycin
(EST, 10 pg), ciprofloxacin (CIP, 5 pg), tetracycline
(TET, 30 pg), and azithromycin (AZI, 15 pg) were
used (DME, Sao Paulo, Brazil).

For the tests, the strains were taken from plates
containing NA and incubated at 35°C for 24 hours.
Colonies of each strain were inoculated into 5 ml of
0.85% saline solution using a sterile loop from the
nutrient agar plates in sufficient quantity to reach the
0.5 McFarland turbidity standard. All materials used
were previously sterilized. Then, using a sterile swab,
the inoculum was uniformly spread onto a Petri dish
containing Mueller—Hinton agar.

Antimicrobial discs were then evenly placed on the agar
surface. Plates were incubated at 35°C for 24 hours, and
the diameter of the inhibition halo, including the disc
diameter, was measured using a caliper. The diameters
were recorded and compared with those of drug-
specific reference standards. Strains were classified as
susceptible, intermediate, or resistant based on the halo
diameter (CLSI, 2024). EC American Type Culture
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Collection (ATCC) 25922 was used as a quality control
strain for antimicrobial susceptibility testing.
Quantification of biofilm production

The gentian violet test (adapted from Stepanovi¢ et al.,
2007; Merino, 2009) was used to quantify biofilm
formation. The ATCC strain EC ATCC 25922 was
used in addition to the isolates. A volume of 5 pul of
a bacterial suspension at 6 x 10° CFU/ml was added
to a 96-well microplate (OLEN, Sao José dos Pinhais,
Brazil) containing 195 ul of Luria-Bertani Broth
(Sigma-Aldrich, St. Louis, MO). Negative controls
were prepared using only the culture medium, and the
microplates were incubated at 37°C for 24 hours.
Subsequently, the wells were washed thrice with
200 pl of sterile distilled water, the contents were
discarded, and 150 pl of methyl alcohol P.A. (ISOFAR,
Trenthorst, Germany) was added for 20 minutes. The
contents were discarded, dried overnight, and addition
of 100 pl of 0.25% gentian violet (Proquimios, Rio
de Janeiro, Brazil) for 5 minutes. Three additional
washes were performed as previously described, and
200 pl of ethanol-acetone solution [99.8% absolute
ethyl alcohol (NEON, Sao Paulo, Brazil) with 99.5%
acetone (Fmaia, Belo Horizonte, Brazil) in an 80:20
ratio] was added. The absorbance was read at 620 nm
using an EXPERT PLUS-UV model microplate reader
(ASYS, Cambridge, UK) at 620 nm. The samples
were analyzed in triplicate. Qualitative classification
of biofilm formation was performed according to
Stepanovi¢ and S (2000).

DNA extraction and polymerase chain reaction for
detection of resistance genes in EC

The DNA of each EC strain was extracted by adapting
the methodology proposed by Regitano (2001).
Initially, 500 pl of sodium dodecyl sulfate/Proteinase
K lysis solution (10 mM Tris-HCI, pH 8.0, 100 mM
NaCl, 10 mM EDTA, pH 8.0, 0.5% SDS, and 2 pg of
proteinase K; autoclaved Milli-Q water added to a final
volume of 500 pl) was added to the tubes containing
the pellet. The tubes were then vortexed until the pellet

completely detached from the bottom. Subsequently,
the samples were incubated in a dry bath at 55°C for
4—6 hours and left overnight when necessary. After
incubation, 210 pl of Tris-EDTA buffer (pH 7.6) and
240 pl of 5 M NaCl were added to each tube. The
tubes were gently inverted until small clots formed.
The samples were then incubated on ice for 10 minutes
and centrifuged for 19 minutes at 12,740 x g. Next,
750 pl of the supernatant was collected and transferred
to a new microtube. To this volume, 750 pl of 100%
isopropanol (at room temperature) was added, followed
by gentle inversion to ensure homogeneous mixing.
The samples were centrifuged again for 19 minutes at
12,740 x g, and the resulting supernatant was discarded.
The pellet was left to dry inverted on absorbent paper
for 10 minutes, after which 500 pl of chilled 70%
ethanol was added to the pellet. The samples were
maintained at room temperature for 5 minutes and then
centrifuged for 6 minutes at 12,740 x g. After this step,
the supernatant was discarded, and the pellet was left
to air-dry inverted on absorbent paper until complete
alcohol evaporation (approximately 10 minutes). A TE
solution containing RNase was prepared by adding 0.1
ul of RNase (10 ug/ul) for every 100 ul of TE. The
pellet was resuspended in up to 100 pl of this solution.
The samples were incubated for 1 hour at 37°C for
1 hour and then stored overnight in a refrigerator to
ensure complete RNA digestion. DNA was quantified
and stored at —20 °C for later use. For EC isolates, PCR
was performed to detect genes encoding resistance to
B-lactams, TETs, and quinolones. All isolates were
genotyped for blaTEM, blaCTX-M1, tetA, and gnrsS.
Table 1 lists the conditions used in the PCR mix for
each gene.

The amplification reactions consisted of an initial
denaturation at 94°C for 10 minutes, followed by 30
cycles of denaturation at 94°C for 40 seconds, annealing
at 60°C for 40 seconds, and extension at 72°C for 60
seconds, with a final extension at 72°C for 7 minutes.
Table 2 lists the primers used in the amplifications.

Table 1. PCR mix conditions for blaTEM, blaCTX-M]1, tetA, and gnrsS genes.

Genes

Reagents blaTEM blaCTX-M1 tetA onrS
Buffer 1x 1x 1x 1%
MgCl, 0.45 mM 0.45 mM 0.45 mM 0.45 Mm
dNTPs 0.3 mM 0.3 mM 0.3 mM 0.3 mM
Primers 0.6 uM 0.6 uM 0.6 uM 0.6 yM
Tag DNA polymerase 1.5 U/M1 1.5 U/ul 1.5 U/ul 1.5 U/l
DNA 4 ul 4 ul 4l 4 ul
B blaTEM - F/blaTEM ~ blaCTX-M1 - F/ ~ tetAF/ qnrS F/

-R blaCTX-M1 — R tetA-R gnrS—R
Final reaction volume 15l 15 ul 15 pl 15 pl

Source: compiled by the authors.
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Each gene was amplified separately, and the PCR
products were analyzed by electrophoresis in 2% (w/v)
agarose gel prepared in 1x TBE buffer containing
ethidium bromide (0.5 pg/ml) for visualization of
DNA fragments. The gels were run at 80 V, with an
approximate current of 120 mA and a power of 20 W, for
1 hour 30 minutes to 2 hours, until the molecular weight
marker reached adequate migration. Subsequently, the
gels were documented under ultraviolet light using a
transilluminator.

Statistical analysis

Statistical analyses were performed using SAS® 9.4
(SAS Institute Inc., Cary, NC). The procedures PROC
FREQ (for chi-square tests and effect size estimation),
PROC MEANS (for descriptive statistics), and PROC
SGPLOT (for graphical visualization) were employed.
All tests were two-tailed, and the significance level was
set at a = 0.05.

The dataset comprised 40 observations (eight
restaurants, labeled A—H; five samples per restaurant).
Associations between restaurant identity and conformity
were evaluated using Pearson’s chi-square test. When
the expected cell frequencies were <5, exact chi-square
and Fisher’s exact tests were computed to verify the
robustness of the results. The strength of association
was quantified using Cramér’s V and the contingency
coefficient, while standardized residuals (|z| >2.0) were
examined to identify the cells that contributed the most
to the overall chi-square statistic.

The variable conformity was recoded into a binary
outcome to estimate the rate of non-conformity per
restaurant (1 = No, 0 = Yes). The mean of this binary
variable was used to calculate the proportion of non-
conforming samples, expressed as a percentage with
exact 95% binomial confidence intervals (Clopper—
Pearson method, two-sided). These percentages were
visually represented as horizontal bar plots (0%—
100% scale) and ordered from restaurant H to A, with
percentage values displayed above each bar.

Table 2. Primers used for target gene amplification.

Ethical approval
Not needed for this study.

Results

Occurrence of EC infection in free-range chicken meat
samples

Overall, 57.5% of the samples (23/40) were classified
as nonconforming, whereas 42.5% (17/40) met the
established conformity criteria. The proportion of
nonconforming samples varied among restaurants,
ranging from 20% in Restaurant H to 100% in
Restaurant D (Fig. 1). The effect size (Cramér’s V
= 0.51) indicated a moderate practical association
between restaurant identity and conformity status.
However, the Pearson chi-square test revealed no
statistically significant association between restaurant
and conformity (y*, = 10.54, p = 0.1601). Similarly,
the likelihood-ratio chi-square test supported this result
(2, =12.62, p = 0.0820). Although the latter p-value
approached the conventional threshold of significance,
the test assumptions were not fully satisfied because
several expected cell frequencies were below five.
Therefore, Fisher’s exact test was applied as a more
robust alternative, confirming the absence of a
significant relationship (p = 0.2003). These findings
indicate that the observed variations in conformity rates
across restaurants were not statistically significant.
Bacterial resistance profile

Antimicrobial susceptibility testing revealed that all EC
isolates (23/23) were resistant to at least one antimicrobial
agent. Among them, 78.2% (18/23) were classified as
multidrug resistance, exhibiting resistance to three or
more classes of antibiotics (Fig. 2).

The highest resistance rates among EC isolates were
observed against CIP and TET (both 82.6%), followed
by AZI (69.5%) and AMP (60.8%). The lowest rate
was observed for CLO (21.7%). The complete data are
presented in Table 3.

Fragment size (pb) References

Gene Primers
F - CATTTCCGTGTCGCCCTTATTC
blaTEM
R - CGTTCATCCATAGTTGCCTGAC
F - GTTACAATGTGTGAGAAGCAG
blaCTX-M1
R - CCGTTTCCGCTATTACAAAC
y F - CCTCAATTTCCTGACGGGCT
tet
R - GGCAGAGCAGGGAAAGGAAT
F - ACGACATTCGTCAACTGCAA
qnrS

R - TAAATTGGCACCCTGTAGGC

800 pb Dallenne et al. (2010)
1,000 pb Pagani et al. (2003)
712 pb Abo-Amer et al. (2018)
417 pb Robicsek et al. (2006)

Source: compiled by the authors.
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Fig. 1. EC in fresh free-range chicken meat samples collected from restaurants in Petrolina,

Pernambuco, Brazil.
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Fig. 2. Antimicrobial susceptibility profiles of EC isolates obtained from fresh free-range
chicken meat samples collected from restaurants in Petrolina, Pernambuco, Brazil.

Biofilm formation

Among the 23 EC isolates tested, 22 (95.65%) were
classified as weak biofilm formers, whereas one isolate
(C3) showed no biofilm formation ability. The ATCC
25922 strain also exhibited weak biofilm formation.
The quantification results are presented in Table 4.
Detection of resistance genes using PCR

All EC strains were tested for the presence of the genes
blaTEM and blaCTX-M1, which are associated with
resistance to f-lactams, as well as the tetA and qnrS,
which are associated with resistance to TETs and

quinolones, respectively. The blaTEM gene showed
the highest frequency (17.4%; 4/23) (Fig. 3), followed
by the blaCTX-M1 gene (4.3%; 1/23). All EC isolates
tested were negative for the presence of tetA and qnrS
(Table 5).

Discussion

The 57.5% prevalence of EC in this study confirms
the microbiological vulnerability of free-range
chicken meat. This rate is higher than that reported
in other countries, ranging from 33% to 58% (Saud
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Fig . 3. Detection of the blaTEM gene in EC isolates by gel electrophoresis. L — base- pair marker (bp); N,

negative control; P, positive control. Source: The author.

Table 3. Antimicrobial susceptibility profiles of EC isolates
obtained from fresh free-range chicken meat samples
collected from restaurants in Petrolina, Pernambuco, Brazil.

EC isolates (23)

Antimicrobial

agentes Resistant  Intermediate Sensitive
AZ1 16 (69.56%) - 7
CLO 5 (21.7%) 4 14
EST 12 (52.17%) 2 9
CIP 19 (82.6%) 1 3
CTX 9 (39.1%) 1 13
AMP 14 (60.86%) - 9
IEA 19 (82.6%) 1 3

et al., 2019; Li et al., 2019; Guo et al., 2019). These
differences reflect variations in husbandry systems,
processing practices, and sanitary oversight. In the
case of Petrolina, the uniformity of small-scale, locally
managed, and uninspected production systems likely
contributed to the observed elevated prevalence.

Most available literature on poultry contamination
in Brazil generally focuses on samples from markets
and retail outlets (Crecencio et al., 2020; Grossi et al.,
2023a,b). To the best of our knowledge, no previous
studies have specifically evaluated free-range chicken
served in restaurants, a context in which consumption is
immediate and the risk of dissemination to consumers
is greater. This distinctive focus makes this study
particularly valuable for sanitary monitoring efforts.
Although cooking reduces bacterial load, pathogens
have been reported to persist in processed meats has

Table 4. Quantification and classification of biofilm formation
by EC isolates obtained from fresh free-range chicken meat
samples from restaurants in Petrolina, Pernambuco, Brazil.

Isolate 0O.D. Mean = SD Classification
A3 0.067 £ 0.005 Weak
A4 0.072 £ 0.004 Weak
A5 0.061 £ 0.001 Weak
B3 0.065 £ 0.001 Weak
B4 0.113 £0.014 Weak
C3 0.060 + 0.002 No biofilm
Cs 0.073 £0.003 Weak
D1 0.069 + 0.005 Weak
D2 0.068 + 0.003 Weak
D4 0.066 + 0.005 Weak
D5 0.061 +0.001 Weak
E2 0.070 + 0.008 Weak
E3 0.075 +£0.001 Weak
E4 0.066 + 0.007 Weak
E5 0.065 £ 0.002 Weak
F2 0.068 £ 0.004 Weak
F3 0.076 = 0.004 Weak
ES 0.075 £ 0.002 Weak
Gl 0.061 £ 0.004 Weak
G2 0.065 + 0.002 Weak
G4 0.066 + 0.005 Weak
G5 0.075 £ 0.005 Weak
H4 0.070 £ 0.004 Weak
ATCC 25922 0.061 + 0.001 Weak

ATCC: American Type Culture Collection. O.D.: Optical Density.
The negative control O.D. was 0.060 + 0.001 at 620 nm, and this
value was not discounted in the analyses.
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Table 5. PCR results for the presence of antibiotic resistance
genes in EC obtained from fresh free-range chicken meat
samples collected from restaurants in Petrolina, Pernambuco,
Brazil.

Genes
blaTEM  blaCTX-M1 qnrS  tetA
A3 4 - - -
A4 - - - -
AS - - - -
B3 - - - -
B4 - - - -
C3 - - - -
C5 - - - -
Dl - - - -
D2 - - - -
D4 - - - -
D5 - - - -
E2 - + = =
E3 - - - -
E4 - - - -
E5 - - - -
F2 + = - -
F3 F = - -
F5 - - - -
Gl - - - -
G2 - - - -
G4 - - - -
G5 - - - -
H4 + - - -

Isolate

been reported (Niyonzima et al., 2015; Anihouvi ef al.,
2024). Inadequate hygiene practices may lead to cross-
contamination after preparation (Sharma et al., 2024).
Thus, free-range chicken meat served in restaurants
poses arisk during raw handling, subsequent processing
steps, and environmental exposure.

All isolates in this study exhibited resistance to at least
one antimicrobial agent, and 78.2% were classified
as multidrug-resistant, a notably high rate even for
poultry meat. Resistance to CIP and TET was the most
prevalent, with additional concern raised by resistance
to AMP and AZI, which are drugs relevant to both
veterinary and human medicine (Abreu et al., 2023).
This finding is consistent with studies from different
countries (Zhang et al., 2017; Yu et al., 2025a,b)
but is noteworthy given that antibiotics are less used
in free-range systems than in intensive production
systems. The observed resistance may be associated
with multiple factors, including environmental
exposure, contact with animal carriers, contaminated

water, inappropriate therapeutic use, and hygiene
failures during processing.

The relatively lower resistance to CLO (21.7%) and
CTX (39.1%) suggests limited exposure to these drugs.
However, the presence of CTX resistance remains
a concern, as it is frequently associated with HAIs
(Callens et al., 2018).

An important finding was the discrepancy between
the high phenotypic resistance and the low frequency
of detected genes. The panel included only blaTEM,
blaCTX-M1, tetA, and gnrS; therefore, other relevant
determinants, such as fetB or qnrA/qnrB variants,
were not captured. In addition, chromosomal
mechanisms, such as mutations in gyr4 and parC,
which confer fluoroquinolone resistance, or the
overexpression of efflux pumps, may explain some of
the observed phenotypes. These results highlight the
need to expand molecular analysis in future studies
to better understand the genetic basis of resistance
(Thomrongsuwannakij and T, 2020; Roy and R, 2021;
Haque and S, 2022).

Regarding biofilm formation, 95.5% of the isolates
were classified as biofilm formers, although most
showed a weak production profile. However, even
low-density biofilms pose a risk on food-contact
surfaces because they increase bacterial persistence
and promote the transfer of resistance genes (Scherrer
and Marcon, 2016; Maheshwari et al., 2016; Sekoai
et al., 2020). Therefore, even at low levels, the high
frequency of strains capable of forming biofilms
should be considered a critical factor in maintaining
contamination in restaurant kitchens.

Taken together, these findings reinforce the role of free-
range chicken served in restaurants as an important
vehicle for the dissemination of multidrug-resistant
EC. Beyond highlighting a poorly explored risk in the
literature, this study helps fill knowledge gaps regarding
the microbiological safety of this product and points to
the need for specific monitoring and control strategies
in collective consumption environments.

An important limitation of this study was the difficulty
in obtaining participation from some restaurants in
the sample collection, possibly due to concerns about
the microbiological analysis results. In addition, the
number of establishments selling free-range chicken
meat in Petrolina is relatively limited, which reduced
sampling coverage. These factors may have limited the
results’ representativeness relative to other contexts or
regions, reinforcing the need for further investigations
with a larger number of establishments across different
locations.

The panel of resistance genes analyzed was limited to
a few determinants (blaTEM, blaCTX-M1, tetA, and
qnrS), which may have contributed to the discrepancy
between high phenotypic resistance and low genotypic
detection. Nevertheless, the findings provide an
important baseline, and future analyses using broader
panels may better elucidate the mechanisms.
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Despite these limitations, this study represents the
first Brazilian investigation to comprehensively
assess the occurrence of MDR and biofilm-producing
EC in free-range chicken meat served in restaurants,
providing novel baseline data to support sanitary
surveillance and future research. The combined use of
microbiological and molecular methods strengthened
isolate detection and characterization of antimicrobial
resistance profiles, thereby increasing the reliability of
the findings. Moreover, the focus on the food service
environment provides information directly applicable
to public health and food safety interventions. From
a practical standpoint, these descriptive trends
reinforce the importance of continuous staff training,
implementation of standardized sanitation protocols,
and periodic internal audits even in the absence of
statistically significant differences. Altogether, such
measures are essential to ensure sustained compliance
with microbiological safety standards and to minimize
the potential public health risks associated with
foodborne pathogens in food service settings.

Conclusion

To the best of our knowledge, this is the first Brazilian
study to report that free-range chicken meat served in
restaurants can harbor multidrug-resistant and biofilm-
forming EC. Despite the prohibition of antibiotic use in
free-range chicken production, the detection of resistant
strains suggests possible illicit use of antimicrobials or
cross-contamination during processing. These findings
raise concerns regarding the potential occurrence of
FBDs and therapeutic failures. Furthermore, biofilm
formation may increase bacterial persistence along
the food chain. This study provides important baseline
data to support future investigations on food handling
practices and highlights the need for production and
supply chain surveillance to mitigate public health
risks.
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