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Abstract

Microorganisms can interfere with meat quality, being a public health problem. The aim of this study was to characterize the
antimicrobial susceptibility profile of Staphylococcus spp. isolated from utensils of a bovine slaughterhouse and to evaluate
the antibacterial and antibiofilm activity of the essential oil of Rosmarinus officinalis L. (rosemary). Samples of surfaces and
utensils used during slaughter in the northwest of the state of Parand, Brazil were collected. After isolation and differentiation
of the isolates by the coagulase test, the antimicrobial susceptibility test, Staphylococcus aureus identification and mecA gene
research were performed. The study for biofilm production was carried out by the method of adhesion in borosilicate tube
and by adhesion in polystyrene plate. Subsequently, the inhibitory activity of the R. officinalis essential oil and its ability to
inhibit biofilm were investigated. Twenty-two of the samples collected were identified as coagulase-negative Staphylococcus
and five as coagulase-positive Staphylococcus. There was resistance to all antibiotics tested, with clindamycin (33.33%) and
rifampicin (29.6%) showing the highest rate. None of the samples was confirmed as Staphylococcus aureus or for the presence
of the mecA resistance gene. The essential oil inhibited the growth of 48% of the isolates at a concentration of 16,000 pg/
mL. Of these isolates, 33% were positive for biofilm production and this biofilm was also inhibited by the essential oil. This
work revealed that multidrug-resistant Staphylococcus and biofilm producers are present in the slaughter environment and
are susceptible to the essential oil of R. officinalis.
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Introduction

In the year 2021 alone, the world produced about 61.5 mil-
lion tons of beef. As Brazil is the second largest producer
in the world, its production corresponds to 17% of world
production, just behind the United States, responsible for
20% of world production (Agrosaber 2021; Brasil 2021;
IBGE 2021).

But in addition to producing, it is necessary for this food
to be safe, being essential for the health and well-being of
consumers. The hygienic-sanitary quality of meat products
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depends on standards to be followed at all points in the pro-
duction chain and their origin must be recognized by regula-
tory agencies, so that their safety is not affected by technolo-
gies and inadequate handling (Santos and Gongalves 2010;
Xavier and Joele 2004). The microbiological contamination
of meat and its derivatives is a threat to public health, these
contaminants are commonly from the skin, feces and intes-
tinal contents, being essential the control of these micro-
organisms to guarantee the quality of the meat (Hoffmann
et al. 2002).

Staphylococcus are a group of bacteria important world-
wide because they present several mechanisms of virulence
and resistance. According to Peixoto et al. (2015), Staphy-
lococcus spp. are recognized as the most common cause
of infections associated with biofilms, which is a structure
responsible for survival and often resistance to the action of
disinfectant products. These difficult-to-remove cell commu-
nities represent a challenge for the food industries, leading
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to important health problems and economic losses (Xavier
et al. 2003; Ouyang et al. 2012).

Cleaning and disinfection are extremely important to con-
trol contamination during production, they must be carried
out regularly to eliminate most of the contaminating. The
use of natural antimicrobial compounds has increased due
to changes in consumer attitudes towards the use of synthetic
food preservation agents, detergents and sanitizers that may
impact the environment (Lebert et al. 2007).

Rosmarinus officinalis popularly known as rosemary is
an aromatic and perennial shrub grown throughout Brazil.
Porte and Godoy (2001) report that the use of natural sub-
stances such as rosemary essential oil has been highlighted
in microbial inhibition, having already been used in sanitiz-
ing solutions with effectiveness in reducing cells adhered
to surfaces. Other works also report the use of R. officinalis
oil in the meat industry as promising. (Ntzimani et al. 2010;
Kahraman et al. 2015; Badia et al. 2020) however, there
are few reports on the application of this essential oil as an
inhibitor of antibiotic-resistant bacteria and an inhibitor of
biofilm formation associated with the slaughter environment.

Therefore, this work aimed to characterize the sensitivity
profile of Staphylococcus spp. isolated from surfaces and
slaughtering utensils against conventional antimicrobials,
evaluate their potential for biofilm production, and test the
antibacterial and antibiofilm efficiency of Rosmarinus offici-
nalis essential oil.

Material and methods

Study location and definition of the number
of samples

In total 41 swabs were collected from utensils and surfaces
used during the slaughtering process of a small slaughter-
house in a city in the northwest of the state of Parani. The
samples came from knives, sharpening steels, white and red
viscera gutters and tables (one swab each) on a day of high
slaughter volume in July 2021. During collection, circular
movements were performed with the swab to cover the entire
utensil, and then it was inserted into 3 mL of Brain Heart
Infusion (BHI) medium and transported refrigerated to the
laboratory.

Bacterial culture and isolation

On the same day of collection, the tubes containing BHI
(Kasvi, Italy) medium were incubated in an oven at 37 °C for
24 h. After this period, the cultures obtained were streaked
onto plates containing Mannitol Salt agar (Kasvi, Italy)
and incubated at 37 °C for 24 h for the isolation of aero-
bic bacteria. The predominant colonies on each plate were
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isolated and subsequently cultured in BHI medium, incu-
bated (37 °C/24 h) and subsequently stored in BHI plus 10%
glycerol at -20 °C.

Identification of isolates

Each isolate was submitted to the analysis of macroscopic
characteristics and Gram stain to visualize the morphology.
Subsequently, catalase and coagulase tests were performed
to differentiate between coagulase-positive Staphylococcus
and coagulase-negative Staphylococcus (Quinn et al. 1994).

Antimicrobial susceptibility test

Antimicrobial susceptibility tests were performed using
the agar disk diffusion methodology according to the cri-
teria established by the Brazilian Antimicrobial Sensitivity
Testing Committee (BRCAST 2020). Single colonies were
seeded on BHI medium for overnight growth. On the day
of the experiments, the bacterial inoculum was standard-
ized according to the 0.5 McFarland scale and the bacterial
suspension was seeded on plates containing Mueller Hin-
ton agar (Kasvi, Italy) with the aid of a swab. The discs
impregnated with antimicrobials chosen based on the “Cat-
egorization of antibiotics for prudent and responsible use in
animals” of the European Medicines Agency (EMA 2019),
being them; amikacin (30 pg), amoxicillin (10 pg), amoxicil-
lin + clavulanic acid (20/10 pg), cefoxitin (30 pg), ceftiofur
(30 pg), clindamycin (2 pg), chloramphenicol (30 pg), eryth-
romycin (15 pg), meropenem (10 pg), norfloxacin (10 pg),
oxacillin (1 pg), rifampicin (5 pg) were placed and the plates
incubated (37 °C/18-24 h). Inhibition halos were measured
(mm) and the results obtained were recorded.

Identification of Staphylococcus aureus

DNA was extracted using the PureLink® Genomic DNA Kit
(Invitrogen, USA) following the manufacturer's recommen-
dations. Polymerase chain reaction (PCR) was performed
for coagulase positive Staphylococcus samples to verify
which of these isolates were Staphylococcus aureus. The
reactions were performed according to the parameters of
Martineau et al. (1998) using the primer Sa442-1 (5'-AAT
CTT TGT CGG TAC ACGATA TTC TTC ACG-3' and the
primer Sa442-2 (5-CGT AAT GAGATT TCA GTA GAT
AAT ACA ACA-3'). The amplification of the products was
visualized by electrophoresis on a 2% agarose gel stained
with GelRed 10,000 x (Biotium, USA) using a 100 bp
molecular marker and the products visualized as a single
band of 241 bp.
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Detection of the mecA gene

PCR reactions were performed on samples of Staphylococ-
cus spp. resistant to oxacillin and cefoxitin by the antibio-
gram test and the DNA was also obtained using the com-
mercial kit. The primers mecAl (5'-AAA ATC GAT GGT
AAA GGT TGG-3") and mecA2 (5'-AGT TCT GCA GTA
CCG GAT TTG-3") were used — employing the parameters
described by Murakami et al. (1991); and amplification of
the 533 bp product was visualized on 2% agarose gel stained
with gel red.

Study of biofilm production

Biofilm production research by the borosilicate tube
adhesion method

The investigation of biofilm production was carried out using
the method of Christensen et al. (1982) with modifications.
The isolated staphylococcal colonies were inoculated into
tubes containing 2.0 mL of Trypticase Soy broth (TSB)
(Kasvi, Italy) and incubated at 37 °C for 48 h, without shaking.
Subsequently, the contents were discarded and 1.0 mL aliquots
of 0.4% aqueous crystal violet solution were added to each
tube. After gentle agitation, to ensure the staining of the
material adhered to the inner surface of the tubes, the dye was
discarded. The positive result was indicated by the presence
of a layer of colored material, adhered to the inner wall of the
tubes. The presence of a colored ring only on the liquid—air
contact surface was not considered a positive result.

Research on the production of biofilm by the adhesion
method on a polystyrene plate

The biofilm production research method on plaques pro-
posed by Christensen et al. (1985) was used with some
modifications. This method has spectrophotometric bases,
based on the reading of the optical density (OD) of the
adherent material produced by the bacterium. Cultures
in TSB were used, incubated for 24 h and later diluted
1:1 with TSB, prepared with 2% glucose. Flat-bottomed
96-well plates were used. The wells were filled in quad-
ruplicate with 200pL of the diluted culture, using a mul-
tichannel pipette. In all tests, one sample was used as a
positive control, one as a negative control and one with
sterile TSB. The plates were incubated for 24 h at 37 °C
and then the contents of each well were carefully aspi-
rated using a multichannel pipette, and then washed four
times with 200pL of phosphate buffer saline (PBS), pH
7.4. The plate was dried at room temperature for one hour.
Then, the wells were stained with 2% crystal violet for
one minute, and then the volume was aspirated and the
excess dye was removed by washing the plates three times

with distilled water using a multichannel pipette. Then,
the plates were dried at room temperature for 60 min, and
the optical density was read in an Elisa reader, Molecular
Devices model Spectra mass 384 plus in a 540 nm filter.

To determine the cut-off point, the same procedure
described above was used with a whole plate containing
sterile TSB. After reading, the mean (m) and standard
deviation of the plate (SD) were determined. To calculate the
cut-off point, the standard deviation was multiplied by three
and the mean value of the optical density (OD) of the sterile
TSB sample was added at the same wavelength according to
the formula described below:

Cut — off point = SD X 3 + m of sterile TSB OD.

The samples were classified into: non-adherent, OD
equal to or less than the cut-off point OR adherent OD
greater than the cut-off point.

Activity of Rosmarinus officinalis essential
oil in inhibiting bacterial growth and biofilm
production

Essential oil

The essential oil of R. officinalis popularly known as rose-
mary was acquired by Laszlo Aromaterapia LTDA. The
chemical analysis provided by the company indicated cam-
phor, a-pinene and 1.8 cineole as major components with
25.4%, 21.7% and 20.0% of the essential oil, respectively.

Antibacterial activity of essential oil in vitro

The minimum inhibitory concentration (MIC) of R. officinalis
essential oil was determined by the broth microdilution test
(CLSI 2018). Therefore, all Staphylococcus spp. isolates
were tested. and S. aureus strains ATCC 29213 and ATCC
25213. Polystyrene plates with 96-well bottom "U" were
used and each well received known amounts of essential oil
in Mueller Hinton Broth (MHB) (Kasvi, Italy) plus Tween 80
(0.02 g/mL) in order to obtain concentrations of 32,000 pg/
mL, 16,000 pg/ml, 8,000 pg/ml, 4,000 pg/ml, 2,000 pug/ml,
1,000 pg/ml, 500 pg/ml and 250 pg/ml. Then, standardized
inoculum was added to obtain 10’ colony forming units per
mL and incubated at 37 °C/24 h. Control assays were also
performed to verify the sterility of MHB, essential oil and
the viability of bacteria. After incubation, 10 uL of 10%
triphenyltetrazolium chloride developer was added to each
well and the plates were incubated at 37 °C for 30 min. The
MIC was defined as the lowest concentration of essential oil
to inhibit bacterial growth.

@ Springer



914

Veterinary Research Communications (2023) 47:911-919

Evaluation of the inhibition of biofilm production

The effect of R. officinalis essential oil (EO) on biofilm for-
mation was evaluated in polystyrene microplates using the
broth microdilution method followed by quantification of
biofilm formation at 540 nm (Christensen et al. 1985; Xu
etal. 2011).

For this purpose, cultures of isolates classified as adher-
ent (item Study of biofilm production) were used in TSB
medium (incubated for 24 h) diluted 1:1 with TSB +2% glu-
cose+ Tween 80 (0.02 g/mL) together with the EO at con-
centrations of 32,000 pg/mL, 16,000 pg/mL, 8,000 ug/mL,
4,000 pg/mL, 2,000 pg/mL, 1,000 pg/mL, 500 pg/mL and
250 pg/mL. In a comparative way, a commercial detergent
used in the sanitization routine of the respective slaughter-
house was also tested (chlorinated alkaline detergent; active
sodium hydroxide 4.5%) in concentrations from 6 to 1.5% as
indicated by the manufacturer.

The wells were filled in quadruplicate with 200pL of the
diluted culture and the systems were incubated statically at

37 °C for 18-24 h. After the incubation period, the growth
medium was removed and the wells were washed with PBS
to remove planktonic cells. The biofilm was stained and the
excess dye was washed with distilled water, then the absorb-
ance was recorded in a microplate reader.

In all tests, one sample was used as a positive control,
one as a negative control and one with sterile TSB. The
minimum biofilm inhibitory concentration (MBIC) was the
lowest concentration that inhibited biofilm formation.

Results

Twenty-seven Staphylococcus spp. were isolated from four
tables, seven sharpeners, 16 knives, being 22/41 coagulase
negative Staphylococcus (81.5%) and 5/41 coagulase posi-
tive Staphylococcus (18.5%).

Resistance to all tested antibiotics was observed. One iso-
late was resistant to 08/12 antibiotics and five isolates were
resistant to 09/12 antibiotics tested (Table 1).

Table 1 Origin of isolates

Resistance profile

. Origin of isolates Bacterium

and resistance profile of

Staphylococcus spp. from T1 CoNS

—— T

environment T4 CoNS
S1 CoNS
S3 CoNS
S6 CoNS
S7 CoNS
S8 CoNS
K2 CoNS
K3 CoNS
K4 CoNS
K5 CoNS
K7 CoNS
K8 CoNS
K9 CoNS
K10 CoNS
K11 CoNS
K12 CoNS
K13 CoNS
K14 CoPS
K16 CoNS
K18 CoNS
K21 CoNS
T3 CoPS
S4 CoPS
S10 CoPS
K19 CoPS

RIF, MER, CFO, AMC, CTF, OXA, AMO, AMI, CLI
RIF, MER, CFO, AMC, CTF, OXA, AMO, AMI, CLI
ERI

RIF, MER, CFO, AMC, CTF, OXA, AMO, AMI, CLI
k3k

CLI

RIF, CLI

k3k

RIF, MER, CFO, AMC, OXA, AMO, AMI, CLI

kek

k3k

Kk

Kk

Kk

Kk

Kk

Kk

skk

NOR

ERI, RIF, MER, CFO, AMC, OXA, AMO, AMI, CLI
CLO, NOR

RIF

CLI, ERI

kk

RIF, MER, CFO, AMC, CTF, OXA, AMO, AMI, CLI
Kk

kk

CoNS coagulase-negative staphylococci; CoPS coagulase-positive staphylococci. ** Sensitive to all antibi-
otics tested. 7 table, S Sharpening Steel and K Knife
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A 22.2% resistance to the antibiotics: amoxicillin, amoxi-
cillin + clavulanic acid, cefoxitin, oxacillin, amikacin and
meropenem was observed. For ceftiofur, erythromycin, nor-
floxacin and chloramphenicol the percentages of resistance
were 14.8%, 11.1%, 7.4% and 3.7%, respectively. Antimi-
crobials to which Staphylococcus spp. showed the highest
percentage of resistance were clindamycin (33.33%) and
rifampicin (29.63%) (Table 1).

Of the five coagulase positive Staphylococcus isolated,
none were confirmed as Staphylococcus aureus in the poly-
merase chain reaction (PCR). Among the Staphylococcus
spp. resistant to oxacillin and cefoxitin, none were positive
for the presence of the mecA resistance gene.

The essential oil of R. officinalis was able to inhibit Staph-
ylococcus spp. isolated from slaughter tools and surfaces at
concentrations ranging from 250 pug/mL or less to 32,000 ug/
mL. Most of the isolates (48.15%) had their growth inhibited
at a concentration of 16,000 ug/mL while the MIC90% was
15,570 pg/mL (Table 2).

Nine Staphylococcus spp. (33.3%) being a table isolate,
four from sharpening steels and four from knives were posi-
tive for the production of biofilm both by the method of
adherence to the borosilicate tube and by the test of adher-
ence to the polystyrene plate. There was no association
between the resistance profile of the isolates and the biofilm
production capacity (data not shown).

When exposed to R. officinalis essential oil, biofilm pro-
duction was inhibited in all isolates, and only one isolate
from a knife (F3) was able to continue producing biofilm at
the lowest concentration tested, that is, the MBIC for this
sample was 500 pg/mL and for all others it was <250 pg/
mL (Table 3).

On the other hand, when biofilm-producing bacteria were
treated with the detergent, five isolates stopped producing
biofilm at the highest concentration tested (6%). For the
other isolates, the detergent was not able to contain biofilm
production at any of the concentrations evaluated. The posi-
tive control biofilm was inhibited by all concentrations of the
two treatments (Table 3).

Discussion

In this study, Staphylococcus spp. were present in about
65.85% of the utensils used in slaughter, with a predomi-
nance of coagulase-negative Staphylococcus. Some of these
bacteria proved to be resistant to several antibiotics and were
also able to produce biofilm, showing the potential danger
of these contaminants.

Stocco et al. (2017) collected swabs at 25 points of the
production process of a slaughterhouse, being isolated
Escherichia coli, Salmonella spp. and Staphylococcus
aureus. These contaminations evidenced failures in the
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Table 2 MIC values (ug/mL) of Bacteria sources MIC

Rosmarinus officinalis essential

oil obtained for Staphylococcus T1 <250

spp. from ptensils and §urfaces ™ 4,000

of the bovine slaughtering

environment T3 16,000
T4 4,000
S1 <250
S3 16,000
S4 16,000
S6 32,000
S7 16,000
S8 16,000
S10 16,000
K2 <250
K3 16,000
K4 16,000
K5 16,000
K7 16,000
K8 16,000
K9 16,000
K10 2,000
K11 32,000
K12 8,000
K13 16,000
K14 8,000
K16 500
K18 8,000
K19 4,000
K21 8,000
ATCC 25923 4,000
ATCC 29213 8,000

Subtitle: MIC Minimum inhibi-
tory concentration. 7 table, §
Sharpening Steel and K Knife

hygiene of equipment and utensils, and Staphylococcus,
associated with cross-contamination from handlers.

Unfortunately, inadequate hygienic-sanitary practices
during meat handling are common in slaughterhouses (Ger-
mano 2003). Such practices facilitate the transmission of
microorganisms to the meat, compromising the final qual-
ity of the product and generating a risk to consumer health
(Moura et al. 2015). Beef has been highlighted as a source of
foodborne diseases and pathogens can be detected at various
points in the supply chain. Determining the source of these
pathogens and how they behave in meat production and pro-
cessing are important parts of approaches to ensuring food
safety (Fegan and Jenson 2018).

In this study, we did not confirm the presence of S. aureus
in samples from the bovine slaughterhouse using the PCR
technique. Although S. aureus is considered the most viru-
lent of staphylococci, there are at least seven other species
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Table 3 Relation of biofilm-
producing samples in the

Biofilm producing Rosmarinus officinalis essential oil (ug/mL)

3 isolates

method of adherence to the

borosilicate tube and the 32,000 16,000

polystyrene plate and their

inhibition profile after treatment T4 - -

with different concentrations S6 _ _

of R. officinalis essential oil §7 _ _

and commercial detergent at

different concentrations S8 - -
S10 - -
K3 - -
K5 - -
K7 - -
K19 - -
C+ - -
C- _ _

Detergent

(% vIv)
8,000 4,000 2,000 1,000 500 250 6 3 1.5
- - - - - - - + o+
- - - - - - + o+ 4+
- - - - - - + o+ o+
- - - - - - + o+ 4+
- - - - - - -+ o+
- - - - - + -+ o+
- - - - - - -+ o+
- - - - - - + o+ 4+
- - - - - - -+ o+

C+ positive control; C— negative control

of coagulase-positive staphylococci (S. aureus, S. delphini,
S. intermedius, S. pseudintermedius, S. lutrae, S. schleiferi
ssp. coagulans, S. hyicus) of importance in human and ani-
mal diseases. Unfortunately, laboratory methods based on
phenotypic testing do not differentiate coagulase-positive
staphylococci due to the significant similarity of phenotypic
characteristics in certain representatives of this group (Bal-
butskaya et al. 2017).

Our results revealed that 51.85% Staphylococcus spp. iso-
lates from the bovine slaughter environment showed some
degree of resistance to the tested antibiotics. Coagulase-neg-
ative staphylococci are a threat to food safety because they
can harbor various enterotoxins and resistance genes. It has
already been demonstrated that equipment, hands and nasal
cavities of employees of cattle farms and slaughterhouses are
critical points for the isolation of coagulase-negative staphy-
lococci with a predominance (78.6%) of multidrug resistance
(Gizaw et al. 2020). Although the rates are not alarming,
among the isolates of this work, 22.2% can be considered
multi-resistant or even extensively resistant according to the
classification proposed by Magiorakos et al. (2012).

Among the factors that can be identified as responsible
for the multi-resistance of bacteria, we can mention the ther-
apeutic and non-therapeutic use of antibiotics in production
animals, use in sub-doses with the aim of prophylaxis for
production animals and application as growth promoters,
among other factors (Quadros 2018). Antimicrobial resist-
ance in animal production has been reported over the years
(Aarestrup et al. 1998; Roth et al. 2019) and is a reason for
alerting the productive sector (Ibarra et al. 2018; Callaway
et al. 2021). In Brazil, the National Plan for the Control
of Residues and Contaminants (PNCRC) is responsible for
promoting the chemical safety of foods of animal origin,
through tests that include a wide range of authorized and
prohibited veterinary drugs, in order to raise awareness
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among producers of antimicrobial use and the risk of resist-
ance. However, the real scenario of this problem is not
known since there are few studies addressing antimicrobial
resistance in isolates from the bovine slaughter environment
(Souza et al. 2013).

Our research also did not detect the mecA gene in iso-
lates resistant to oxacillin and cefoxitin. This result can be
explained by the presence of methicillin resistance deter-
mined by another gene, mecC. This variant has already been
described in S. aureus and other staphylococcal species and
is encoded by a distinct SCCmec chromosomal mobile ele-
ment (Ito et al. 2012).

Another point to consider for meat safety is the ability to
form biofilms that play an important role in staphylococci
virulence. However, studies reporting the biofilm formation
of coagulase-negative staphylococci isolated from animals
are still very scarce (Silva et al. 2022).

In this research, 33.3% of Staphylococcus spp. isolates
from the bovine slaughter environment were positive for the
production of biofilm, isolated these compounds mainly by
coagulase negative staphylococci. In meat processing envi-
ronments, the presence of biofilms has already been detected
on food-contact surfaces and also on non-food-contact sur-
faces such as drains and water hoses, including biofilms
formed by several species (Wagner et al. 2020).

Antimicrobials used as growth promoters in animal pro-
duction have the onus of selecting resistant strains and the
use of sublethal doses to induce staphylococci to produce
biofilm. Once formed, the biofilm can spread antimicrobial-
resistant strains and their resistance genes through contami-
nated animal foods. Therefore, the potential for persistent
biofilm contamination in the meat production chain is a
problem to be faced (Silva-de-Jesus et al. 2022).

In the search for new agents to promote food safety, we
evaluated the antimicrobial effect of rosemary essential
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oil (R. officinalis) on Staphylococcus spp. from slaughter-
ing utensils and surfaces, and all isolates, including those
resistant to antibiotics, were inhibited (MICgyq, 15,570 pg/
mL). In addition, R. officinalis essential oil was also able to
inhibit the biofilm production of the isolates (MBIC 250 pg/
mL), with the exception of an isolate from a knife whose
MBIC was 500 pg/mL.

In a comparative way, a commercial sanitizer used in the
routine of the slaughterhouse under study was tested. Posi-
tively, when biofilm-producing bacteria were treated with
this product, four isolates stopped producing biofilm, but
only at the highest concentration tested, revealing an inef-
ficiency of the agent for cleaning the site.

Sanitizers are chemical products that aim to eliminate
microorganisms, altering the integrity of the bacterial cell
wall or achieving metabolic reactions within the microorgan-
ism's cells. Thus, as with antibiotics, continuous or uninter-
rupted exposure to sanitizers at sublethal doses can lead to
the development of bacterial resistance. Thus, it is necessary
to rotate active ingredients, as well as periodic control of
their effectiveness (Colla et al. 2014).

No relationship was shown between antimicrobial resist-
ance and biofilm formation in this research. However, Silva
et al. (2022), when evaluating samples of coagulase-negative
staphylococci from different animal species, observed that
multidrug-resistant (MDR) strains produced more biofilms
than non-MDR strains and that cefoxitin-resistant isolates
produced significantly more biofilm than susceptible isolates
(SILVA et al. 2022) showing the urgency of new strategies
to control the spread of these pathogens.

Progressively, consumers have been changing attitudes and
perspectives regarding the use of synthetic agents, be they food
preservatives, detergents or sanitizers, which reflects in the
growth of interest and searches for natural antimicrobial com-
pounds, making this research area essential to guarantee safety
food (Lebert et al. 2007; Rocha et al. 2014).

Studies of the antibacterial and antibiofilm activity of R.
officinalis have shown promise. Manilal et al. (2021) observed
that the ethanolic extract of the leaves of R. officinalis
successfully prevented the growth of both clinical isolates
and strains of pathogens derived from meat. In addition,
Rocha et al. (2014) tested the essential oil of R. officinalis
and observed that the growth of S. aureus was inhibited by the
lowest concentration tested (7.5 pL./mL) with a bactericidal
effect. There are also reports of the action of R. officinalis
essential oil against the biofilm produced by Escherichia coli
(Lagha et al. 2019), Salmonella Enteritidis (Lira et al. 2020)
and methicillin-resistant Staphylococcus aureus (Abdallah
et al. 2020). In this work, the antibiofilm activity of the
essential oil was better than the inhibitory activity, showing
that the mechanisms of these actions are different.

It is suggested that the addition of essential oils before
biofilm formation eliminates planktonic cells and may

reduce the adhesion of the polystyrene surface, which
becomes less susceptible to cell adhesion. Contact with the
oil also modifies bacterial surface proteins by inhibiting
the initial fixation phase. Essential oils diffuse through the
polysaccharide matrix of the pre-formed biofilm, destabi-
lizing it (Nostro et al. 2007).

The chemical composition of the oil can also make
it more effective against pre-formed or mature biofilms
(Abdallah et al. 2020). In a study where a-pinene was also
one of the major components of the essential oil evaluated,
the antibacterial, antibiofilm and quorum sensing modulat-
ing activity was found (Chatterjee and Vittal 2021) cor-
roborating our results that showed the potential of natural
agents as adjuvants for safety when handling food.

The results found evidence the presence of staphylococci,
predominantly the coagulase negative ones, in utensils and
surfaces used during bovine slaughter. These bacteria can
be resistant to some antibiotics used in both humans and
animals and even to antibiotics for veterinary use only. Even
the use of antibiotics is not so frequent in bovine production,
it is a point of attention that multidrug-resistant bacteria are
already in circulation in these productive environments. On
the other hand, the essential oil of R. officinalis showed an
inhibitory capacity against Staphylococcus spp. and may
also prevent the formation of biofilm in vitro. Our findings
show that essential for R. officinalis, as it acts differently
from synthetic antimicrobials, it may be promising in agents
used in cleaning and, thus, allow a lower resistance to the
products already available. This natural product can be an
important tool in the control of meat-borne pathogens.
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