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ABSTRACT

Objectives: The aim of this study was to identify
the slime production and evaluate the effects of
Rosmarinus officinalis (rosemary) and Syzygium
cumini (jambolan) glycolic extracts, and 0.12%
chlorhexidine (CHX) in biofilms formed by strains
of coagulase-positive Staphylococcus - CPS and
coagulase negative Staphylococcus - CNS isolated
from the oral cavity. Material and Methods: Slime
production was evaluated by two methods: the
color of colony presented in Congo red agar, and
through the amount of slime adhered to polystyrene.
Biofilms were grown in acrylic resin discs immersed
in broth, inoculated with microbial suspension
(106 cells/ml) and incubated at 37°C/48 h. After
formation, the biofilms were exposed for 5 minutes
to glycol extracts, CHX or saline solution. The
viability of biofilms was determined by counting
the colony-forming units per milliliter (CFU/ml)
in agar, and analyzed statistically by Tukey test (p
<0.05). Results: The strains S. aureus, S. schleiferi
and S. epidermidis obtained the highest values
of slime adhered to polystyrene. R. officinalis
promoted reductions ranging from 12.1% to 78.7%
in biofilms formed by isolates of CPS, and 9.2% to
73.7% in the biofilms of CNS. S. cumini reduced
12% to 55.7% in biofilms of CPS, and 7.9% to
71.5% in biofilms of CNS. With exception of S.
saprophyticus, glycol extracts produced significant
reductions in biofilms. For five isolates studied, R.
officinalis produced greater reductions than CHX.
Conclusion: R. officinalis and S. cumini showed
effective antibiofilm activity against isolates that

RESUMO

Objetivos: O objetivo deste estudo foi identificar
a produgdo de slime e avaliar os efeitos dos
extratos glicdlicos de Rosmarinus officinalis
(alecrim), Syzygium cumini (jamboldo) e 0,12%
de clorexidina (CLX) em biofilmes formados por
cepas de Staphylococcus coagulase positivo (SCP)
e Staphylococcus coagulase negativo (SCN) da
cavidade oral. Material e Métodos: A producdo
de slime foi avaliada por dois métodos: a cor da
colénia apresentada em 4gar vermelho Congo e
pela quantidade de slime aderido ao poliestireno.
Os biofilmes foram crescidos em discos de
resina acrilica imersos em caldo, inoculados com
suspensio microbiana (106 células/ml) e incubados
a 37°C/48h. Apés a formacdo, os biofilmes foram
expostos durante 5 minutos aos extractos glicélicos,
CLX ou solucéo salina. A viabilidade dos biofilmes foi
determinada pela contagem das unidades formadoras
de colonias por mililitro (UFC/ml) em agar e
analisada estatisticamente pelo teste de Tukey (p
<0,05). Resultados: As cepas S. aureus, S. schleiferi
e S. epidermidis obtiveram os maiores valores de
aderéncia ao poliestireno. R. officinalis promoveu
reducdes variando de 12,1% a 78,7% em biofilmes
formados por isolados de SCP e 9,2% a 73,7% nos
biofilmes de SCN. S. cumini reduziu de 12% a 55,7%
nos biofilmes de SCP, e 7,9% a 71,5% nos biofilmes
de SCN. Com excecdo de S. saprophyticus, os
extratos glicdlicos produziram redugdes estatisticas
nos biofilmes. Para cinco isolados estudados, R.
officinalis produziu maiores reducbes do que CLX.
Conclusdo: R. officinalis e S. cumini mostraram
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INTRODUCTION

S ome Staphylococcus species produce mucus,
called slime, composed of exopolysaccharide
and teichoic acids, considered an important
virulence factor that facilitates the adhesion and
biofilm formation [1]. Slime allows bacterial
cells from clumping together in multilayer
biofilm, making them less accessible to the host
immune system and to antimicrobial agents
[2]. These microbial communities present
important therapeutic barriers against many
antibiotics and the search for new agents which
could inhibit and prevent their formation would
be of great use. The search, in medicine and
dentistry, for natural products with antibiofilm
activity has been increasing in recent years.

Rosmarinus officinalis, popularly known
as rosemary, is a medicinal plant originated
from the Mediterranean region of Europe and
grown in almost all countries with temperate
and tropical climates. In culinary, this plant is
used as tea or spice. These species have been
used in the prevention and/or cure of diseases,
such as lack of appetite, asthma, tonsillitis, nasal
obstruction and constipation [3].

Syzygium  cumini  (Syn.  Syzygium
jambolana, FEugenia jambolana or FEugenia
cumini; Family Myrtaceae) commonly known
as “jamboldo” in Brazil, is a medicinal plant
native to India, and it grows naturally in
regions with tropical and subtropical climate,
and can be commonly found in most Brazilian
states. In traditional folk medicine S. cumini
has a recognized role as one of the world’s
most commonly used plants for the treatment

of diabetes mellitus, inflammation, ulcers and
diarrhea and preclinical studies have also shown
it to possess antineoplastic, chemopreventive
and radioprotective properties [4].

The aim of the study was to identify
the slime production and evaluate the effects
of Rosmarinus officinalis (rosemary) and
Syzygim cumini (jambolan) glycolic extracts
compared with 0.12% chlorhexidine (CHX) in
biofilms formed by strains of coagulase-positive
Staphylococcus CPS (S. aureus, S. schleiferi, S.
warneri and S. xylosus) and coagulase negative
Staphylococcus - CNS (S. epidermidis, S.
haemolyticus, S. capitis and S. saprophyticus),
species of dentistry interest collected from the
oral cavity.

METHODS

Microorganisms

Eight Staphylococcus isolates from the oral
cavity of healthy individuals maintained in our
laboratory stock collection were included in the
study [5]. The isolates of coagulase-positive
used were: S. aureus, S. schleiferi, S. warneri
and S. xylosus, and coagulase-negative were: S.
epidermidis, S. haemolyticus, S. capitis and S.
saprophyticus.

Slime production

Detection of slime by Congo Red Agar (CRA)
method

Two different tests were used for the slime
production to leave no doubt that the strains
used in this study produce this virulence factor.
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The method developed by Freeman et al.
[6] was used in this study. For detection of slime,
the strains were equidistant spot inoculated
(~6 mm) in brain heart infusion (BHI) agar
supplemented with sucrose (5%) and Congo Red
stain (0.08%). Plates were incubated at 37°C
for 24 h. The results were classified as follows:
(++) isolates that produced black colonies
with dry crystalline consistency were regarded
as strong slime production; (+) colonies with
color almost black were regarded as moderate
slime production; and (-) those showing pink
colonies were negative for slime production.
All experiments were repeated at least twice.
Detection of slime adhered to polystyrene by
Microplate (MP) method

Quantitative determination was carried
out by the micromethod proposed by Pfaller et
al. [7] using tissue culture sterilized plates of 96
flat-bottomed wells (Costar Corning, New York,
NY, USA). Each well was filled with 0.2 ml of
105 cells/ml of a bacterial suspension in Tryptic
Soy Broth (TSB) supplemented with 0.25%
glucose. After 48 h incubation in aerobiosis at
35°C, the contents were aspirated and the plates
were washed twice with phosphate-buffered
saline (pH 7.2). The wells were stained with
0.25% safranin for 30 s. The plates were read in
an enzyme-linked immunosorbent assay reader
(ELX 808, Bio Tek Instruments, USA) to 490 nm.
Sterile TSB supplemented with 0.25% glucose
was used as negative control. All experiments
were repeated at least twice; the values of optical
density (OD) were then averaged. A three-grade
scale was used to evaluate the slime producing
ability: (++) strong positive OD >1.500, (+)
positive OD 0.500-1.500 and (-) negative OD
<0.500.

Production of biofilms and antibacterial
assays

The biofilm formation was developed
as methodology proposed by Pereira et al. [8]
with modifications. Standard suspensions of
each isolate, with optical density relative to

106 cells/ml were prepared. For this purpose,
the isolates were seeded onto BHI agar and
incubated at 37°C for 24 h. After incubation, the
growth was suspended in sterile physiological
solution [0.9% sodium chloride (NaCl)] and the
number of cells in suspension was counted in a
spectrophotometer (B582, Micronal, Sdo Paulo,
SP, Brazil). The parameters of optical density
and wavelength used were, respectively, 0.374
and 490 nm.

Three hundred and twenty acrylic resin
(AC) discs (Classico, Sdo Paulo, SP, Brazil), with
11 mm diameter, sterilized in a 20 kGy gamma
radiation chamber (cobalt 60) for 6 h (Embrarad,
Sao Paulo, SP, Brazil) were used for growing
the biofilms (40 for each microorganism).
After sterilization, the AC discs were placed in
empty wells - 24 wells (Costar Corning, New
York, NY, EUA) with 2 ml of sterile BHI broth
supplemented with 5% sucrose, and inoculated
with 0.1 ml of bacterial suspension. The AC
discs were then incubated at 37°C for 48 h. The
media were not refreshed during the period of
incubation.

For the biofilm susceptibility testing were
used glycol extracts of Rosmarinus officinalis
(rosemary) and Syzygium cumini (jambolan).
The extracts were prepared from the leaves
of plants and solvent (propylene glycol) at
a concentration of 200 mg/ml (Yod Ervas,
Campinas, SP, Brazil). The antibacterial effects of
extracts were compared with the effect of 0.12%
chlorhexidine (CHX) solution (Byoformula, Sao
Paulo, SP, Brazil). The 0.9% NaCl was used
as a negative control. The discs with biofilms
established after 48 h were exposed for 5 min in
contact with 2 ml of each solutions.

After the experimental periods, each
biofilm was washed with 2 ml of 0.9% NacCl to
remove the substances tested. The discs were
placed in tubes containing 10 ml of 0.9% NacCl
and sonicated (Sonoplus HD 2200, Bandelin
Eletronic, Berlin, Berlin, Germany) for 30 s at 50
W to disperse the biofilms. Biofilms suspensions
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were serially diluted in 0.9% NaCl to give
dilutions of 10-1 to 10-5 times the original
concentration. One hundred microliter aliquots
of each dilution were seeded in duplicate on
BHI agar. After 48 h of incubation, the number
of colony-forming units per milliliter (CFU/ml)
was determined. The results were submitted to
analysis of variance (ANOVA) and the Tukey
test (p <0.05). The percentage of reduction
presented was calculated having the 0.9% NaCl
results as reference.

Scanning electron microscopy

Scanning electron microscopy (SEM) was
used to illustrate the biofilms formed and the
antibacterial activity of the different solutions
on biofilms. S. aureus and S. epidermidis isolates
were used for formation of the biofilms. The
discs were fixed for 2.5% glutaraldehyde for 1
h and dehydrated with several ethanol washes
(10%, 25%, 50%, 75% and 90% for 20 min and
100% for 1 h). The samples were then incubated
at 37°C for 24 h to dry the discs. The discs were
transferred to aluminum stubs and covered with
gold for 120 s at 40 mA (Denton Vacuum Desk
II, Denton Vacuum, USA). After metallization,
the biofilms were examined and photographed

by SEM (JSM-5310, JEOL, Japan), operating at
15 kV in increments of 1000 and 5000 times.

RESULTS

The summarized results of CRA, MP
tests, and the distribution of slime production
in staphylococci isolates are shown in Table
I. In CRA test S. aureus, S. schleiferi and S.
epidermidis isolates produced black colonies,
indicating strong production of slime. These
same isolates were those who obtained the
highest values of OD in MP test, however, S.
aureus was the only isolate that has OD >1.500.

Mean and standard deviation values of the
CFU/ml (log, ) obtained in the four experimental
conditions tested for each biofilms formed with
isolates of coagulase-positive staphylococci
group are shown in Figure 1. With the exception
of S. scheleiferi, for the remaining isolates
of coagulase-positive staphylococci, the R.
officinalis extract promoted a greater reduction
than S. cumini extract and CHX in the biofilms. In
the isolates of coagulase-negative staphylococci,
both extracts promoted greater reductions than
CHX in biofilms formed with the species of S.
epidermidis and S. saprophyticus (Figure 2).

Table I - Distribution of slime production in Staphylococcus isolates with congo red agar and microplate methods

Ieolstos CRA MP
Color Colonies Slime Production Optical density Slime Production
S aureus Black ++ 1651 ++
S. schleiferi Black Gt 0.640 +
S warneri Almost black + 0510 +
S. xylosus Almost black + 0515 +
S. epidermidis Black ++ 0.720 +
S. haemolyticus Almost black + 0540 +
S. capitis Almost black + 0616 +
S. saprophyticus Almost black + 0580 +
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Figure 1- Mean values and standard deviation of CFU/mL of CPS biofilms exposed to the following treatments: physiological solution
(0.9% NaCl); Syzygium cumini glycol extract; Rosmarinus officinalis glycol extract; and chlorhexidine (012%). To analyze significance,
a Tukey test was used. Values followed by different capital letters differed significantly among the experimental conditions (P<0.05).
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Figure 2 - Mean values and standard deviation of CFU/mL of CNS biofilms exposed to the following treatments: physiological solution
(0.9% NaCl); Syzygium cumini glycol extract; Rosmarinus officinalis glycol extract; and chlorhexidine (012%). To analyze significance,
a Tukey test was used. Values followed by different capital letters differed significantly among the experimental conditions (P<0.05).

In Table II are shown the mean (log,)
and percentages reduction for biofilms formed
by each isolated treated with extracts or CHX, in
relation to the untreated controls biofilms (that
was treated only with physiological solution
0.9% NaCl). The highest percentage reduction

with S. cumini extract was observed in S. capitis
biofilms (71.5%). Already with R. officinalis
extract, the largest percentage reduction was
found in S. warneri biofilms (78.7%). CHX also
promoted a large reduction in S. capitis biofilms
(81.7%).
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Table Il - Percentages reduction for biofilms formed by each isolated exposed for 5 min

Staphylococcus spp. Glycol extracts
R. officinalis

S.aureus 54.3%
S.schleiferi 121%
S.warneri 78.7%
S.xylosus 592%
S. epidermidis 549%
S. haemolyticus 19.6%
S. capitis 73.7%
S. saprophyticus 9.2%

Percentages of reduction for R. officinalis or S. cumini glycol extracts, chlorhexidine (012%), in relation to the untreated controls

biofilms (that was exposed only to physiological solution 0.9% NaCl).

Scanning electron microscopy (SEM) was
used to evaluate the biofilms, as well as the
effects of extracts and CHX on these microbial
communities, and micrographs are shown in
Figure 3 (S. aureus biofilms) and Figure 4 (S.
epidermidis biofilms). In SEM analysis, the
untreated controls biofilms formed by S. aureus

S.cumini Chlorhexidine (0:12%)
255% 2479
12% 134%
266% prove
55.7% P
54.8% 474%
175% o
715% 817%
9% 39%

and S. epidermidis species exhibited aggregated
cocci covered with abundant extracellular
matrix. When submitted to extracts or CHX, the
biofilms formed were damaged exhibiting a few
cells on the substratum and a decrease of the
extracellular matrix.

Figure 3- Scanning electron microscope (SEM) micrographs of Staphylococcus aureus biofilms: Images A and E refers to control
biofilms exposed for 5 min to physiological solution 0.9% NaCl. Images B and F show biofilms exposed for 5 min to Rosmarinus
officinalis glycol extract. Images C and G show biofilms exposed for 5 min to Syzygium cumini glycol extract. Images D and H show
biofilms exposed for 5 min to chlorhexidine (012%). Magnification: A, B, C and D= 1000X; and, E, F G and H =5000X.
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Figure 4 - Scanning electron microscope (SEM) micrographs of Staphylococcus epidermidis biofilms: Images A and E refers
to control biofilms exposed for 5 min to physiological solution 0.9% NaCl. Images B and F show biofims exposed for 5 min to
Rosmarinus officinalis glycol extract. Images C and G show biofilms exposed for 5 min to Syzygium cumini glycol extract. Images
D and H show biofilms exposed for 5 min to chlorhexidine (012%). Magnification: A, B, C and D= 1000X; and, E, F G and H =5000X.

DISCUSSION

In this study S. aureus was the only species
studied that showed strong production of slime
in the two tests used. S. epidermidis and S.
schleiferi, also demonstrated strong production
of slime in the color of coloniesin CRA, and were
positive for slime production in the microplates
test. Previous studies also gave an insight into the
mechanism of slime production and adherence
of slime-forming CNS to polystyrene plates and
polypropylene tubes [9].

The search for new products with high
pharmacological activity, lesstoxicand costsmore
affordable for the population have increased in
the last years. Plant-derived compounds inhibit
peptidoglycan synthesis and modulate quorum
sensing [10] , damage microbial membrane
structures [11], modify bacterial membrane
surface hydrophobicity [12], all of which could
influence biofilm formation.

Antibacterial activity of glycolic extracts of
R. officinalis and S. cumini in biofilms formed

by different species of staphylococci has also
been tested in this study. With exception of
S. saprophyticus, the glycolic extracts of R.
officinalis and S. cumini produced reductions
antibiofilm statistically significant (p < 0.05).

When we compare the extracts used,
R. officinalis presented the best antibiofilm
effect. R. officinalis extract utilized in this
study promoted reductions ranging from
12.1% to 78.7% in biofilms formed by isolates
of coagulase-positive staphylococci, and 9.2%
to 73.7% in biofilms of coagulase-negative
staphylococci. The antimicrobial activity of
R. officinalis can be attributed to secondary
metabolites, such as diterpenes. This metabolite
has lipophilic character, and it acts in biological
membranes, in the lipid matrix decreasing
hydrophobic interactions, causing expansion
of the membrane, increased fluidity, structural
disorder and the inhibition of enzymes
embedded in this site [13]. These effects may
probably be responsible for the antibacterial
activity promoted in biofilms by this extract in
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this study. The study conducted by Quave et al.
[14] with 168 extracts, botanical representing
104 botanical species, R. officinalis was one of
the 10 extracts that exhibited antibiofilm activity
against methicillin-resistant S. aureus (MRSA).

The reductions observed with glycolic
extract of S. cumini in this study ranged from
12% to 55.7% in biofilms formed by isolates
of coagulase-positive staphylococci, and 7.9%
to 71.5% in biofilms of coagulase-negative
staphylococci. According phytochemical
investigations, the leaves of S. cumini are rich
in phenolic compounds, quercetin, myricetin,
sitosterol, betulinic acid, terpenoids, alkaloids
and lignans [15]. The phenolic compounds
inhibit bacterial and fungal enzymes, or associate
with the substrates of these enzymes, altering
metabolism, acting on their cell membranes
or complexing with metal ions essential for
microbial metabolism [16]. Results of a study
showed the antibacterial activity of S. cumini
against planktonic cultures of Escherichia
coli, Salmonella typhi, and Porphyromonas
aeruginosa [17].

The extracts R. officinalis and S. cumini
showed great antibiofilm activity against S.
xylosus, reduced more than 50% of this biofilm.
S. xylosus is a commensal bacteria that is
found occasionally in humans [18], and reports
describe opportunistic infections in humans
with this bacteria [19]. For S. aureus, only R.
officinalis extract presented more than 50% of
antibiofilm activity. S. aureus is an opportunistic
pathogenic microorganism that has developed
antibiotic resistance to penicillin by beta-
lactamase plasmid, and causes a wide range of
infections, including acute, chronic, and toxin-
mediated disease [20].

Among the CNS, S. capitis biofilms showed
the greatest reduction with the extracts, more
than 70%. These results are very important
findings, because it shows antimicrobial
activity of the extracts utilized to this species,
that, consistent with previous study [21], S.

capitis isolates showed a high level of oxacillin
resistance. The extracts also inhibited more than
50% of S. epidermidis biofilms, bacteria that
demonstrated, in this study, strong production
of slime, evidencing its potential virulence.
S. epidermidis is a recognized opportunistic
pathogen, responsible for nosocomial infections
of indwelling medical devices [22], may also
cause peritonitis, otitis, urinary tract infections,
and septicemia [23].

In the present study was used as positive
control 0.12% CHX digluconate, and it can be
observed that effects similar or smaller to those
showed in the extracts analyzed. The reductions
media ranged from 13.4 to 49.1% to coagulase-
positive staphylococci. When we compared the
results obtained with the extracts, only for the S.
scheleiferi biofilms CHX showed greater efficacy.
To coagulase-negative staphylococci, CHX
obtained more effective action than extracts for
biofilms formed by S. haemolyticus (84.1%) and
S. capitis (81.7%). In vivo experiments with the
antibiofilm properties revealed that the different
concentration of R. officinalis essential oils was
significantly (p < 0.001) more effective than
CHX in biofilm of Streptococcus mutans and
Streptococcus pyogenes [24].

CHX occupies a prominent role among
the antiseptics used for chemical control of
biofilm in dentistry, unfortunately, the long-
term use of CHX is limited by the adverse
effects related: staining of teeth, soft tissues,
restorations and prostheses; excess formation
of supragingival calculus, soft-tissue lesions in
young patients, allergic responses, dysgeusia,
parotid enlargement, and desquamation of the
oral mucosa; urticaria; and, rarely reversible
swelling lips or glands parotid [25]. These
factors have encouraged the search for other
antimicrobial agents.

To illustrate the effects of different
treatments on biofilms, two species were
selected, S. aureus and S. epidermidis. These
species are respectively the most prevalent
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coagulase-positive and coagulase-negative
staphylococci isolated from the oral cavity of
individuals with denture stomatitis [26]. In the
SEM analysis, could be observed in the untreated
controls biofilms of the both species large cocci
surrounded by extracellular matrix. However, in
biofilms exposed to extracts or CHX, few cells
were observed. These data suggest that extracts
or CHX showed antibiofilm activity, reducing
the cells of the biofilms.

Another important data of this work
was the use of glycol extracts without alcohol
addiction. Most mouthwashes with anti-
biofilm properties (essential oil and some CHX
mouthwashes) contain denatured alcohol as a
delivery vehicle. Although the antimicrobial
action of alcohol in these solutions can be null,
its use has been questioned because, according
to some authors, the alcohol used for long-
term may have carcinogenic potential [27],
increasing the risks of cancer of the mouth,
pharynx, esophagus and liver [28]. Currently,
there is concern for the removal of alcohol in
mouthwashes, so that many companies are
producing alcohol free mouthwashes. Aiming for
a possible clinical applicability of R. officinalis
and S. cumini extracts in mouthwashes or root
canal irrigation, it was decided in this study the
use of alcohol-free extracts.

CONCLUSION

Based on the current results, it can be
concluded that R. officinalis and S. cumini
glycol extracts showed effective antibiofilm
activity against the isolates tested in this study
that showed slime production, an important
virulence factor of Staphylococcus. This finding
might mean an alternative to control biofilms
and treatment of diseases occasioned through
them in the oral cavity.
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