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Abstract 

Aim: To evaluate the antimicrobial activity of carvacrol against stationary phase planktonic and 
biofilm cells of coagulase-negative staphylococci (CoNS) and comparison to traditional anti-
staphylococcal antibiotics. Materials & methods: The antimicrobial effect of carvacrol and 
antibiotics against planktonic and biofilm cells was assessed through quantification of the 
number of culturable and/or viable cells. Confocal laser scanning microscopy was used to 
evaluate the effect of carvacrol on the biofilm structure. Results: A concentration of 4mM of 
carvacrol demonstrated a potent antimicrobial effect, vastly superior than ciprofloxacin, 
rifampicin, gentamicin and vancomycin, both in planktonic and biofilm cells. Conclusion: 
Carvacrol is a potential antimicrobial agent, which applicability for the prevention and/or 
treatment of CoNS biofilm-associated infections is worthwhile investigating in more detail. 

 

Introduction 

The increasing number of morbid, chronically ill and immunocompromised or 
immunosuppressed patients, as well as the increasing use of medical devices, have led to the 
acknowledgement of a large variety of infections caused by CoNS [1]. Staphylococcus 
epidermidis is, by far, the most commonly found species in CoNS infections. However, other 
CoNS species such as S. equorum, S. capitis, S. haemolyticus, S. hominis, and S. warneri have 
also been recognized as human pathogens, causing infections with serious health 
consequences [2–4]. Importantly, due to the emergence of methicillin-resistance among CoNS 
species [1] and their remarkable ability to form biofilms on medical devices [5], the treatment of 
CoNS infections is usually very challenging. Moreover, CoNS biofilms are known to be more 
tolerant to antibiotics than their planktonic counterparts [6,7], often resulting in the progression 
of persistent and recalcitrant infections [8]. Over the last years, several alternatives to antibiotics 
have been considered for the treatment of these infections [9]. Worldwide, plant-originated 
compounds, such as essential oils, have been explored and emerged as noble alternative 
approaches to treat several infections and/or diseases [10–12]. Carvacrol, also known as 2-
methyl-5-(1-methylethyl)-phenol, is one of the major components of essential oils of oregano 
species [13–15] and present a wide diversity of biological activities, such as anti-inflammatory 
[16], antioxidant [17], antitumor [18] and antimicrobial [19–21]. Moreover, a distinguished 
advantage of the treatment of infections with essential oils and/or their isolated compounds is 
the low rate of antimicrobial resistance development when compared with traditional treatment 
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with antibiotics [22]. Carvacrol antimicrobial activity has been mainly attributed to its 
hydrophobic nature, despite its exact mechanism of action is still poorly understood [23–25]. So 
far, it is known that its free hydroxyl group interacts with the lipid bilayer of the cytoplasmic 
membrane causing the expansion and destabilization of the membrane structure, consequently 
increasing its fluidity and permeability [25–28]. It has been reported that carvacrol is able to 
interfere with planktonic growth and biofilm formation and/or maturation of clinically relevant 
pathogens, such as S. aureus and S. epidermidis [11,29–31]. Nevertheless, nothing is known 
regarding the susceptibility of other relevant CoNS species to carvacrol. Thus, the main goal of 
this study was to evaluate the antimicrobial activity of this essential oil compound against 
several CoNS strains by evaluating the susceptibility of S. equorum, S. capitis, S. haemolyticus, 
S. hominis, S. warneri and also S. epidermidis planktonic and biofilm cells to carvacrol. 
Furthermore, the efficacy of this natural compound was compared with the efficacy of four of the 
most frequently used antibiotics to treat staphylococcal infections (ciprofloxacin, rifampicin, 
gentamicin and vancomycin). 

 

Materials and methods 

 
Bacteria and growth conditions  
Six CoNS species, selected from a collection of previously characterized strains [32,33], were 
used in this study. CoNS cultures were obtained by inoculating one single colony into 1 mL of 
Tryptic Soy Broth (TSB) (Liofilchem, Teramo, Italy), and incubating for 24 (± 2) hours at 37 °C 
with shaking at 200 rpm (20 mm orbit). Twenty-four hour-old cultures were diluted 1:200 in 2 mL 
of fresh TSB, and incubated at 37 °C with shaking at 200 rpm (20 mm orbit) for 24 (± 2) hours, 
in order to obtain stationary phase planktonic cells. Biofilms were formed as described before 
[33], with minor modifications. Briefly, in a 96-well microtiter plate (Orange Scientific, Braine- 
l’Alleud, Belgium), 2 μL of the 24 hour-old cultures were inoculated into 200 μL of TSB 
supplemented with 0.25 % of glucose (Panreac Química, Barcelona, Spain) to promote biofilm 
formation. The plates were then incubated for 24 hours at 37 °C with shaking at 120 rpm (10 
mm orbit). Prior to any assay, spent medium was removed and biofilms carefully washed once 
with 200 μL of 0.9 % NaCl (VWR Chemicals, Leuven, Belgium). 

 

Carvacrol and antibiotics minimum inhibitory concentration (MIC) determination 

The minimum inhibitory concentration (MIC) of carvacrol, ciprofloxacin and rifampicin, 
gentamicin, and vancomycin (Sigma-Aldrich) was determined by using the broth microdilution 
method [34]. In brief, carvacrol (Sigma, MO, USA) was serially diluted in TSB (1:2) in order to 
obtain concentrations ranging from 4 mM to 0.03125 mM. Regarding the antibiotics, two-fold 
dilutions in TSB were performed to obtain a wide range of concentrations, which varied for each 
antibiotic tested. Two hundred μL of each dilution were then placed in each well of a 96-well 
plate (Orange Scientific). Thereafter, each well was inoculated with 2 μL of a suspension with 
approximately 1 × 108 CFU/mL of a planktonic culture. Moreover, 200 μL of media with bacteria 
(without antibiotics) were used as a positive control for bacteria growth, and a negative control 
was performed with media without bacterial suspension. The plates were incubated at 37 °C 
during 24 (± 2) hours without shaking. Bacterial growth inhibition in the presence of carvacrol or 
antibiotics was evaluated by direct visualization of medium turbidity, and MIC values were 
defined as the lowest concentrations of antimicrobials that inhibited visible growth of bacteria. 
This experiment was repeated three independent times, with technical duplicates. 

 

Susceptibility of planktonic cells to carvacrol  
In order to assess the effect of carvacrol on CoNS growth, 1 × 108 CFU/mL of stationary phase 
planktonic cells, grown as described above, were incubated with 4 mM of carvacrol (2 × MIC) 
for 5, 15, 45 and 90 minutes with shaking at 200 rpm (20 mm orbit). A control was obtained 
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before the addition of carvacrol, and the effect of carvacrol was assessed through dilution and 
plating of planktonic cells, as further explained. This experiment was performed at least three 
independent times, with technical duplicates. Additionally, viability of planktonic cells was 
assessed after 15 and 90 minutes of exposure to carvacrol by flow cytometry (EC800TM, Sony 
Biotech Inc., CA, USA), using SYTO BC/propidium iodide staining [35]. A control with dead cells 
was obtained by incubating bacteria 15 minutes on ice in 1 mL of methanol (Fisher Scientific, 
Leicestershire, United Kingdom). 

 

Biofilms susceptibility to carvacrol 
After being washed once with 0.9 % NaCl, 200 µL of TSB with 4 mM of carvacrol were carefully 
added on top of the 24 hour-old biofilms, and the 96-well plates incubated at 37 °C, with shaking 
at 120 rpm (10 mm orbit). After 5 and 90 minutes of incubation, the medium was removed, 
biofilms washed once and suspended in 200 µL of 0.9 % NaCl supplemented with 0.05 % 
Tween20. For each strain, three biofilms were pooled together. The suspension was then 
sonicated for 3 seconds at 40 % amplitude (Cole Parmer Ultrasonic Processor, IL, USA) to 
disrupt aggregates without killing the cells [36], prior to dilution and plating (see further section). 
This assay was repeated at least three independent times.  

 

Biofilms 3-D structure analysis after treatment with carvacrol  
To evaluate CoNS biofilms structure after interaction with carvacrol, biofilms were analyzed by 
confocal laser scanning microscopy (CLSM). Biofilms were prepared as above, with some 
modifications. Briefly, in a 24-well polystyrene plate (Thermo Fisher Scientific, NY, USA), 5 µL 
of a 24 hour-old culture were inoculated into 1 mL of TSB supplemented with 0.25 % glucose 
and incubated for 24 hours (± 2), at 37 °C with shaking at 120 rpm (10 mm orbit). Thereafter, 
the biofilm bulk-fluid was discarded; biofilms were washed once with 0.9 % NaCl supplemented 
with 0.05 % Tween20 and 200 µL of TSB with 4 mM of carvacrol were carefully placed on top of 
the biofilms. The plates were incubated at 37 °C with shaking at 120 rpm (10 mm orbit) during 
90 minutes. After the incubation period, biofilms were washed with a 0.9 % NaCl solution and 
the bottom of each well was removed using a previously heated metal heat cutter with the same 
diameter of the wells. These pieces were placed on the top of a glass slide and stained with 
SYTO BC (Molecular Probes, Thermo Fisher Scientific), following the manufacturer’s 
instructions. Biofilms were analyzed using an OlympusTM FluoView FV1000 (Olympus, Lisbon, 
Portugal) confocal scanning laser microscope with a 60 × water-immersion objective (60 ×/ 1.2 
W). Images were taken with 512 × 512 resolution.  

 

Comparison between carvacrol and antibiotics antimicrobial activities  
For planktonic assays, 1 × 108 CFU/mL of a stationary phase planktonic culture were incubated 
with 4.5 mg/L ciprofloxacin [37], 10 mg/L rifampicin [38], 10 mg/L gentamicin [39] or 40 mg/L 
vancomycin [38], which correspond to peak serum concentration (PSC) of each antibiotic, up to 
90 minutes at 37 °C with shaking at 200 rpm (20 mm orbit). For biofilm assays, 24 hour-old 
biofilms, grown as described above, were washed once with 0.9 % NaCl supplemented with 
0.05 % Tween20, and 200 µL of TSB with PSC of each antibiotic were carefully added on top of 
the biofilms. The microtiter plates were incubated at 37 °C with shaking at 120 rpm (10 mm 
orbit) up to 90 minutes. The growth of both planktonic and biofilm cells was assessed after the 
incubation period with antibiotics, as previously described for carvacrol assays. A control was 
obtained before adding antibiotics by plating planktonic or biofilm cells suspended in 0.9 % NaCl 
and sonicated for 3 sec and 40% amplitude. Carvacrol (4 mM) was tested at the same time to 
enable direct comparison with antibiotics efficacy. Sample collection and plating were performed 
as described above. This assay was repeated at least three independent times.  

 
Dilution and plating of planktonic and biofilm cells for CFUs quantification 
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Dilution and plating was performed to allow the quantification of culturable cells by CFUs 
counting. For that purpose, at each time point, an aliquot of 20 µL was collected and transferred 
into 180 µL of 0.9 % NaCl supplemented with 0.05 % of Tween20 (AppliChem, Darmstadt, 
Germany). Importantly, in biofilm assays the aliquot was obtained from a previously disrupted 
biofilm suspended in 0.9 % NaCl, sonicated for 3 seconds at 40% amplitude. Thereafter, 
samples were serially diluted (ten-fold dilutions) and at least three different dilutions were plated 
on Tryptic Soy Agar (TSA) plates to allow counting of CFUs. 

 

Statistical analysis 

Statistical significance between control and carvacrol-, between control and antibiotic-and 
between carvacrol- and antibiotic- treated samples was determined with unpaired T-test (two 
tailed) using GraphPad Prism version 6 (Trial version, CA, USA). Differences were considered 
significant when P values were less than 0.05. 

 

Results 

Carvacrol and antibiotics MIC determination  

The MIC of carvacrol and of the tested antibiotics that inhibited the growth of the six CoNS 
strains under study is shown in Table 1. With the exception of S. epidermidis SECOM020A.1 
resistance to gentamicin, all strains were susceptible to the tested antibiotics, according to 
EUCAST breakpoints [40]. Furthermore, all CoNS strains were also susceptible to 
concentrations of carvacrol between 1 to 2 mM.  

 

Table 1. Minimum inhibitory concentration (MIC) of carvacrol and antibiotics determined for the 
six CoNS species under study. 

 MIC range  

CoNS Species / 
Strains 

Carvacrol 
(mM) 

Ciprofloxacin 

(mg/L) 
Rifampicin 

(mg/L) 
Gentamicin 

(mg/L) 
Vancomycin 

(mg/L) 

S. epidermidis 

 020A.1 

2 0.5 – 1 (S) 0.015 (S) 2 (R) 2 – 4 (S) 

S. equorum 

 060A  

1 – 2 0.5 (S) 0.015 (S) 0.125 – 0.5 
(S) 

2 (S) 

S. capitis 

 052A  

 2 0.25 (S) 0.015 (S) 0.5 (S) 1 (S) 

S. haemolyticus 

 065A.1 

1 – 2 0.5 – 1 (S) 0.015 – 0.03 
(S) 

0.25 – 0.5 
(S) 

2 (S) 

S. hominis 

 M11 

1 – 2 1 (S) 0.015 (S) 1 (S) 2 (S) 

S. warneri 

 F16 

2 0.25 (S) 0.03 (S) 0.5 – 1 (S) 2 (S) 

 

Carvacrol is highly effective against CoNS planktonic and biofilms cells 
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In order to further characterize carvacrol antimicrobial activity against CoNS, the susceptibility of 
stationary phase planktonic cells to carvacrol was evaluated overtime. As can be seen in Figure 
1, a significant decrease in the Log10 CFU/mL was detected after only 5 minutes of exposure to 
carvacrol in all CoNS strains tested: the reduction in culturability ranged from 0.96, for S. capitis, 
to 4.62 Log10 CFU/mL for S. epidermidis. Furthermore, as soon as 15 minutes after treatment, 
no CFU were detected in any of the strains (Figure 1). To confirm that the absence of culturable 
cells was the result of cell death, flow cytometry analysis was performed using SYTO 
BC/propidium iodide (LIVE/DEAD) staining. As can be seen in Table 2, more than 97.8 % of the 
cells quantified by flow cytometry were positive for propidium iodide, demonstrating that 
carvacrol did, in fact, cause cell death.  

 
Figure 1 | Number of culturable planktonic cells upon incubation with carvacrol. 
Stationary phase planktonic cells culturability was evaluated after treatment with 4 mM of 
carvacrol for 5, 15, 45 and 90 minutes. The statistical differences between control (0 min) and 
treated samples (5 to 90 min) were determined by unpaired T-test (two tailed) - c P < 0.001. The 
bars represent the mean plus or minus standard deviation of at least three independent assays.   
 

Table 2 | Percentage of dead cells upon 15 and 90 minutes of exposure to carvacrol. The 
values represent the values of a single experiment for 15 minutes, and the mean plus or minus 
the standard deviation of 3 independent assays for 90 minutes of exposure 

 

 % of dead cells (PI positive)  

CoNS Species/ Strains 15 min 90 min 

S. epidermidis 020A.1 98.76 99.61 ± 0.50 

S. equorum 060A 99.13 99.53 ± 0.34 

S. capitis 052A 98.69 98.58 ± 1.06 

S. haemolyticus 065A.1 99.67 99.77 ± 0.06 

S. hominis M11 99.33 97.82 ± 0.97 

S. warneri F16 99.69 99.30 ± 0.96 
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When analyzing the susceptibility of intact biofilms to carvacrol, a significant reduction in the 
number of S. epidermidis and S. equorum culturable cells was observed in the first 5 minutes of 
exposure, with a decrease of 0.7 and 1.5 Log10 CFU/mL, respectively. Regarding the other 
CoNS strains, significant reductions were only found after 90 minutes of exposure, ranging from 
2.3, in the case of S. warneri, to slightly more than 4.0 Log10 CFU/mL in the case of S. 
epidermidis and S. equorum (Figure 2). The effect of carvacrol on planktonic and biofilm 
cultures of CoNS was further confirmed by repeating the antimicrobial killing assays using 11 
more isolates of the tested species. As seen in Table 3, carvacrol was able to completely 
eradicate the planktonic cultures and significant killing most biofilm bacteria, in all tested 
isolates. 

 
Figure 2 | Number of culturable biofilm cells upon incubation with carvacrol. Biofilm cells 
were treated with 4 mM of carvacrol for 5 or 90 minutes. The statistical differences between 
control (0 min) and treated samples (5 min and 90 min) were determined by unpaired T-test 
(two tailed) - b P < 0.01 and c P < 0.001. The bars represent the mean plus or minus the 
standard deviation of at least three independent assays.  

 

Finally, the effect of carvacrol on biofilm structure was also qualitatively analyzed by CLSM 
(Figure 3). Biofilms formed by S. epidermidis, S. equorum, S. haemolyticus and S. hominis 
exhibited a compact mushroom-like structure, while S. warneri and, particularly, S. capitis 
formed less dense biofilms. Despite these structural differences, all biofilms treated with 
carvacrol showed a reduced maximum thickness, and the cell density at the lower layers was 
also reduced. Nevertheless, S. epidermidis and S. haemolyticus lower layers were apparently 
less affected by carvacrol.  

 

Carvacrol is more effective than antibiotics against CoNS stationary phase 
planktonic and biofilm cells 

Since the MIC determination showed that all strains tested were susceptible to most antibiotics 
used, we used the PSC to evaluate antibiotics efficacy. Carvacrol had a significantly higher 
impact on the culturability of both planktonic and biofilm cells than the antibiotics tested, after 90 
min of incubation (Figure 4). Furthermore, an extra experiment was performed, by allowing 
incubation with antimicrobial agents for up to 360 min (Supplementary Figure 1). Not 
surprisingly, longer periods of time increased the activity of antibiotics in both planktonic and 
biofilm cultures. However, biofilm cultures incubated with carvacrol for 360 min also saw a 
significant increase in cell death. As such, despite the increase in antibiotic killing activity after 
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360 minutes, the activity of carvacrol remained substantially higher than any of the tested 
antibiotics. 

 

 

Table 3 | MIC of carvacrol (mM) and number of culturable planktonic and biofilm cells (LO 
CFU/mL) upon 90 minutes of treatment with carvacrol (CAR), and prior to any treatment (CT) for 
additional 11 CoNS isolates 

CoNS 
Species/Strains 

Carvacrol 
MIC (mM) 

LOG CFU/mL 

Planktonic cells Biofilm cells 

CT (0 min) CAR (90 min) CT (0 min) CAR (90 min) 

S. epidermidis 
RP62A 

(ATCC 35984) 
2 8.55 ± 0.11 0 8.27 ± 0.27 3.65 ± 0.31 

S. epidermidis 
010B 2 8.15 ± 0.60 0 8.36 ± 0.27 3.47 ± 0.81 

S. equorum 

021B 
2 8.38 ± 0.27 0 8.21 ± 0.03 3.31 ± 0.47 

S. capitis 

048A 
2 8.53 ± 0.27 0 8.48 ± 0.21 3.59 ± 0.61 

S. capitis 

017A 
2 8.51 ± 0.09 0 n.p. n.p. 

S. haemolyticus 
047A 2 7.97 ± 0.52 0 8.23 ± 0.40 3.35 ± 0.56 

S. haemolyticus 
008A 2 7.99 ± 0.50 0 7.99 ± 0.83 3.47 ± 0.45 

S. hominis 

057B 
2 7.92 ± 0.74 0 8.17 ± 0.29 3.60 ± 0.51 

S. hominis 

021A 
2 7.96 ± 0.88 0 7.97 ± 0.33 3.48 ± 0.28 

S. warneri 

F14 
2 7.90 ± 0.57 0 8.39 ± 0.09 3.42 ± 0.40 

S. warneri 

055A 
2 8.11 ± 0.40 0 n.p. n.p. 

 

n.p. Non performed, since the isolates are non-biofilm producers. 

 

Discussion 

http://www.ceb.uminho.pt/biofilm
http://www.ceb.uminho.pt/


Author version                                                     
 

Gaio et al. | 8 
 

Carvacrol has been shown as a promising candidate to replace traditional antimicrobial 
chemotherapy which antimicrobial potential has already been assessed against several bacteria 
and fungi species, as Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella pneumoniae, Escherichia coli, Candida albicans, 
Candida tropicalis, Torulopsis glabrata [19], Porphyromonas gingivalis, Fusobacterium 
nucleatum, Streptococcus mutans [42] and several others Streptococcus isolates [43], among 
others [44–48]. Furthermore, previous studies revealed that carvacrol is capable of inhibiting the 
growth of S. aureus and S. epidermidis planktonic bacteria and even interfere with biofilm 
formation [29] and maturation [49], although, generally, at a lesser extent. However, and despite 
a few studies on S. epidermidis have been published, other relevant biofilm forming CoNS 
species have been entirely disregarded. Henceforth, due to their increasing clinical relevance, 
we aimed to investigate carvacrol antimicrobial activity against planktonic and biofilm cells of 
some of the most commonly isolated clinically relevant CoNS species [32,50–52].  

 

 
Figure 3 | Representative CLSM images of biofilms after incubation with carvacrol. 
Biofilms grown for 24 hours were treated with 4 mM of carvacrol for 90 minutes. Biofilms were 
staining with SYTO9 (green). Z- stacks were taken at 5 m intervals. 

 

 

Remarkably, after only 5 minutes of interaction with carvacrol a significant reduction, up to 4.6 
Log10 CFU/mL, was observed in planktonic cells culturability. Furthermore, 15 minutes after 
adding carvacrol, no CFU were detected in any of the species tested.  

The absence of CFU was directly correlated to cell death as at least 97.8 % of the cells were 
positive for propidium iodide (Table 2). This was not surprising since previous studies 
associated carvacrol mechanism of action with cell wall biosynthesis blockage [21,42,53]. 
Interestingly, contrary to what occurs in many cell-wall targeting antibiotics [6], carvacrol was 
very active against stationary phase planktonic cells. This prompted us to study the effect of 
carvacrol on biofilms. However, the effect of carvacrol on biofilms was less striking and it took 
more time, when compared with stationary phase planktonic cells. As both these cell 
populations are characterized by a lower metabolic activity than exponential planktonic cells, 
this further suggests that carvacrol activity is not dependent in cell metabolism.  

Thus, the differences observed in carvacrol effect between planktonic and biofilm populations 
may be related to difficulties accessing the cells embedded in the biofilm matrix [54]. Our CLSM 
analysis partially confirmed this hypothesis, since species with higher biofilm formation ability 
were less affected in the lower layers of the biofilm structure.  

To better assess the impact of carvacrol as an alternative to treat S. epidermidis biofilm 
infections, we compared the killing efficacies of carvacrol with four antibiotics used to treat 
staphylococcal infections with distinct mechanisms of action: nucleic acids (rifampicin and 
ciprofloxacin) or protein synthesis inhibitors (gentamicin) and cell wall targeting (vancomycin). 
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Although the differences between the decrease in the culturability of cells in contact with 
carvacrol or antibiotics were more pronounced after shorter incubation periods (90 min), the 
efficacy of carvacrol remained considerably higher than the one of other antimicrobials even 
after 360 minutes of incubation. 

 

 
Fig 4. Number of culturable planktonic and biofilm cells upon 90 minutes of treatment 
with carvacrol versus treatment with antibiotics with distinct mechanisms of action. 
Stationary phase planktonic cells and 24-hours biofilms were incubated with 4 mM of carvacrol 
(CAR), 4.5 mg/L of ciprofloxacin (CIP), 10 mg/L of rifampicin (RIF), 10 mg/L of gentamicin 
(GEN) or 40 mg/L of vancomycin (VAN), during 90 minutes. A control (CT) was obtained by 
plating the bacterial suspension before adding the antimicrobials compounds. (A) S. epidermidis 
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020A.1; (B) S. equorum 060A; (C) S. capitis 052A; (D) S. haemolyticus 065A.1; (E) S. hominis 
M11; (F) S. warneri F16. The statistical differences were determined by unpaired T-test (two 
tailed), between control (CT) and treated samples (CAR, CIP, RIF, GEN and VAN) - a P < 0.05, b 
P < 0.01 and c P < 0.001 and between carvacrol- (CAR) and antibiotic- treated samples (CIP, 
RIF, GEN and VAN) - d P < 0.001. The bars represent the mean plus or minus standard 
deviation of at least three independent assays. 

Conclusions 
To our knowledge, this is the first study reporting the antimicrobial effect of carvacrol against a 
range of CoNS species, as well as to compare the efficacy of this natural compound with the 
antibacterial effect of traditionally used antibiotics. Regardless the differences between in vivo 
and in vitro conditions, this study shows a high potential of carvacrol for the control of CoNS-
originated infections, which gains particular importance given the low efficacy of several 
antimicrobial therapies focused in antibiotics. Remarkably, carvacrol action against biofilms was 
very promising in comparison to antibiotics. Further studies should include the use of in vivo 
models in order to evaluate the efficacy and relevance of carvacrol with the presence of host 
factors, since several compounds are known to lose their activity in the presence of host 
proteins.  

 
Summary points 

• Carvacrol displays a remarkable antibacterial activity against several Staphylococcus 
spp. bacteria, both against planktonic and biofilm cells. 

• A concentration of 4 mM of carvacrol was able to completely eradicate an initial load of 
108 CFU/mL of planktonic cells after 15 minutes of treatment. 

• Biofilms were highly affected by carvacrol, with decreases in the culturability of about 3 
Log10 CFU/mL after 90 minutes. 

• The antimicrobial effect of carvacrol was significantly higher than the one observed with 
four traditional anti-staphylococcal antibiotics. 
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Supplementary Figure 1  | Number of culturable planktonic and biofilm cells upon 360 
minutes of treatment with carvacrol versus treatment with antibiotics with distinct 
mechanisms of action. Stationary phase planktonic cells and 24-hours biofilms were 
incubated with 4 mM of carvacrol (CAR), 4.5 mg/L of ciprofloxacin (CIP), 10 mg/L of rifampicin 
(RIF), 10 mg/L of gentamicin (GEN) or 40 mg/L of vancomycin (VAN), during 360 minutes. A 
control (CT) was obtained by plating the bacterial biofilm cells before adding the antimicrobials 
compounds. (A) S. epidermidis 020A.1; (B) S. equorum 060A; (C) S. capitis 052A; (D) S. 
haemolyticus 065A.1; (E) S. hominis M11; (F) S. warneri F16. The statistical differences were 
determined by unpaired T-test (two tailed), between control (CT) and treated samples (CAR, 
CIP, RIF, GEN and VAN) - b P < 0.01 and c P < 0.001 and between carvacrol- (CAR) and 
antibiotic- treated samples (CIP, RIF, GEN and VAN) - d P < 0.001. The bars represent the 
mean plus or minus standard deviation of at least three independent assays. 
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