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INTRODUCTION 

 

Furunculosis (boils) is a common skin disease caused by Staphylococcus aureus. 
This infection is characterized by painful and deep infections of the hair follicle. 

Even mild lesions are very painful and often leave a scars. Many furunculosis 
strains acquired resistance to different antibiotics. Therefore, antibiotic treatment 

is frequently not effective, especially in patients who suffer from recurrent 

episodes (El-Gilany & Fathy, 2009; Holtfreter et al., 2011). Recurrence of 
boils is an occurrence of many lesions over a period of months or years, in the 

same patient. Boils are often located on the limbs and neck, and leave a scar after 

recovery (Demos et al., 2012). If several adjacent lesions are coalesced form 
carbuncles as a result (Ibler & Kromann, 2014). 

It has been observed that furunculosis most often spreads among family 

members. Direct contact with an infected person is a major risk factor for the 
development of furuncles. Other independent factors include diabetes, infection 

with HIV, alcoholism, anemia, previous antibiotic therapy, skin diseases 

(especially atopic dermatitis), previous hospitalization, the multiplicity of lesions, 
poor personal hygiene, deficiency of mannose binding lectin and impaired 

function of neutrophils (El-Gilany & Fathy, 2009; Stevens et al., 2010; Demos 

et al., 2012; Ibler & Kromann, 2014). The most important risk factor of 
recurrent furunculosis is the exposure to the source of infection - most likely 

nasal carriage of S. aureus. Many patients after removal of furuncles have 

relapses of the disease (Guzik et al., 2005).  
The genus Carum is an important genus of the Umbelliferae (known as Apiaceae) 

family (Laribi et al., 2013). Among Carum genus the most important medicinal 

plant is Carum carvi L. (Caraway). This crop has been cultivated for long time in 
different parts of the world i.e. Europe, Egypt, Australia, China and Iran 
(Keshavarz et al., 2013). High amount of the oil is found in the caraway seeds, 

which are most frequently used in the food and cosmetics industry (Darougheh 

et al., 2014). Caraway essential oil (CEO) extracted from caraway fruits is rich in 
essential oils i.e.: carvone, limonene, germacrene D and transdihydrocarvone. 

Also, caraway seeds contain trace amounts of other compounds including 

acetaldehyde, furfural, carveole, pinene, thujone, camphene and phellandrene 

(Darougheh et al., 2014; Moubarz et al., 2014). Caraway is used in medicine as 

a remedy for indigestion, persistent ailments of the digestive system and the 

status of systolic. Moreover, it is used as a laxative, carminative and an appetite 
stimulant. CEO increases lactation in pregnant women and alleviates menstrual 

pain (Villarini et al., 2011; Keshavarz et al., 2013). CEO is used in 
phytomedicine as an antibacterial, antioxidant, antiproliferative and antitumor 

agent (Laribi et al., 2009b; Sadiq et al., 2010). Essential oil from C. carvi has 

also fungicidal, insecticidal and diuretic properties (Laribi et al., 2009a). 
S. aureus is a Gram-positive, extracellular bacterium colonizing i.a. human and 

animal skin. In predisposing circumstances, it is responsible for the high number 

of skin infections, i.e. impetigo, cellulitis, folliculitis, furunculosis, subcutaneous 
abscesses, infected abrasions, ulcers and wounds (Krishna & Miller, 2012). 

About 30% of the healthy individuals are persistent nasal S. aureus carriers. This 

bacterium permanently colonizes the anterior nares in 10-20% of the population 
and transiently – in 30-50% (Ryu et al., 2014). Colonization also occurs at other 

body sites. Bacterium can be isolated from warm and moist skin folds (for 

example in the groin and under pendulous breasts) (Ibler & Kromann, 2014). S. 
aureus nasal carriage plays an important role in chronic or recurrent furunculosis. 

According to Masiuk et al. (2010) patients suffering from chronic furunculosis 

are concomitantly the carriers of S. aureus localized in nose. 
The aim of the study was to determine the antibacterial activity of CEO against S. 

aureus strains isolated from patients with furunculosis. Investigated strains 

demonstrated the presence of different virulence factors and resistance to 
antibiotics. 

 

MATERIAL AND METHODS 

 

Bacterial strains 

 

15 S. aureus strains isolated in 2003-2008 from patients with furunculosis were 

analyzed in the Department of Microbiology and Diagnostic Immunology, 

Pomeranian Medical University in Szczecin. The material was inoculated on the 
following sets of solid media: Chapman agar and Columbia agar with addition of 

5% sheep blood (bioMérieux. Poland). Agar plates were incubated at 35±1°C in 
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aerobic atmosphere for 24 h. S. aureus strains were identified on the basis of 
colonies morphology, positive catalase test, positive Staph-Kit test (bioMérieux, 

Poland) and positive coagulase test (Institute of Biotechnology, Sera and 

Vaccines, Biomed, Poland). 
S. aureus ATCC 25923, S. aureus ATCC 29213 and S. aureus ATCC 43300 

were used as a control strains, the property of Department of Microbiology and 

Diagnostic Immunology, Pomeranian Medical University in Szczecin. 
 

Detection of slime production by light microscopy 
 
Slime production of S. aureus isolates was evaluated by Congo red method with 

modification (crystal violet as a positive dye), according to the protocol of 
Korres et al. (2013). Cultures S. aureus were incubated in trypticase soy broth 

(TSB) (Difco, USA) at 35±1°C for 24 h. After incubation, 2 drops of the bacterial 

suspension were mixed with 2 drops of crystal violet solution. Next, the mixture 
was smeared on a glass slide, washed with distilled water and air-dried. Slides 

were stained with Congo red solution (1 min) and air-dried. Afterwards, slides 

were examined with optical microscope (Olympus, Japan) and photographed. As 
positive result was indicated by appears a colourless halo around the bacterial 

cells against a pink background. 

 

DNA isolation 

 

Total DNA of S. aureus was isolated with a DNeasy Blood and Tissue Kit 
(Qiagen, Germany), according to the manufacturer's instructions. DNA 

was stored at 4oC. 

 

Detection of S. aureus virulence factors by PCR 

 

Set of 5 Multiplex PCR was established to detect the genes as follows: a) sea, 

seh, sec and tst, b) see, seb, sem, sel and seo, c) sed, etd, eta and sek, d) sei, ser, 
seu and sep and e) sen, seg, seq and sej, as reported previously (Holtfreter et al., 

2011). Single PCR was performed for the detection PVL (luk-PV), methicillin-

resistant S. aureus (MRSA) (mecA) and exfoliative toxin B (etb).  
Single and Multiplex PCRs were performed with the GoTaq Flexi DNA 

Polymerase System (Promega, USA), as described previously (Holtfreter et al., 

2011). Amplification was performed in a Thermocycler Perkin Elmer Gene Amp 
System 9600 (Applied Biosystems, USA). DNA was amplified with the 

following thermal settings: the initial denaturation (2 min, 94°C); 35 cycles of 

annealing at 55°C (94°C, 15 s; 55°C, 20 s; 72°C, 40 s), final extension (74°C, 10 
min). The amplified DNA was purified with QIAquick purification kit (Qiagen, 

Germany). All PCR products were resolved by electrophoresis in 1.5% agarose 

gels (Sigma Aldrich, Germany) in 1xTris-borate-EDTA buffer (BioRad, France), 
stained with ethidium bromide (Sigma Aldrich, Germany), and visualized under 

UV light. 100-1500 bp DNA Ladder (Promega, USA) was used for precise sizing 

of PCR products. As positive controls used reference strains (Baba et al., 2002; 

Wu et al., 2010; Holtfreter et al., 2011). 

 

Essential oil analysis 

 

CEO used in this study was obtained from Vera-Nord Company, Poland 

(commercial producer of plant essential oils and aromatic substances). The oil 

exhibited a strong and characteristic odor. It was intended to the production of 

cosmetics and household chemistry products. 

The analysis of CEO composition was performed by gas chromatography method 
with mass selective detector (GC-MS) using an Agilent 6890N gas 

chromatograph with a 5973N mass selective detector. The resolution of analytes 

was achieved using a HP-5MSI column (5% phenyl/95% dimethylpolysiloxane), 
30 m x 0.25 mm I.D. and 0.25 μm film thickness. The column temperature was 

programmed as follows: initial temperature 60°C, ramp rate 8°C/min, final 

temperature 300°C (hold 5 min). Helium was used as carrier gas at a flow rate of 
1.2 mL/min. The injector temperature was set at 250°C, MS quad: 150ºC; MS 

source: 230ºC. Mass spectra were obtained using electron impact ionization at 70 

eV in full scan mode (mass range: 20–500 m/z). 
Before the analysis 100 μL of tested essential oil was dissolved in 1 mL of 

acetone (p.a.). The identification of the CEO components was based on the 

comparison of their mass spectra with the reference spectra from NIST 02 
library. The relative contents of the particular compounds in essential oil were 

their peak area percentages in a total ion chromatogram. 

 

Screening susceptibility of bacteria to antibiotics 

 

The antimicrobial susceptibility of S. aureus isolates was performed in 
accordance with the European Committee on Antimicrobial Susceptibility 

Testing recommendations (EUCAST, 2013). Susceptibility to: ciprofloxacin - 

CIP (5 µg.disk-1), gentamycin - GE (10 µg.disk-1), trimethoprim-
sulfamethoxazole - SXT (1,25/23,75 µg.disk-1), mupirocin - MUP (10 µg.disk-1) 

and cefoxitin - FOX (30 µg.disk-1) (Becton Dickinson, USA) was evaluated with 

disk diffusion method performed with Mueller-Hinton agar (MHA) (bioMérieux, 
Poland) inoculated with a suspension (1.5x108 CFU.ml-1) of the S. aureus 

isolates. The plates were incubated at 35±1°C for 18±2 h and inhibition zones 

were measured. Strains resistant to FOX were considered as MRSA. 

The D-test was performed with clindamycin - CC (2 µg.disk-1) and erythromycin 

- E (15 µg.disk-1) (Becton Dickinson, USA). These disks were placed 20 mm 
apart on the MHA plate seeded with the test strain. S. aureus strains resistant to 

CC and E were considered to have constitutive macrolides, lincosamides and 

streptogramins B resistance (cMLSB) phenotype. Moreover, strains with 
flattening of the susceptible zone of inhibition to CC adjacent to the E disk (D-

shape) were considered to exhibit resistance inducible phenotype to macrolides, 

lincosamides and streptogramins B (iMLSB). Strains with circular zone around 
CC were considered to exhibit MSB phenotype (macrolides and streptogramins B 

resistance) (Saderi et al., 2011). 

 

Broth microdilution method - determination of the minimum inhibitory 

concentration (MIC) 

 

The microdilution test was conducted in 96-well plates according to Urbaniak et 

al. (2014) with some modification. A dilution series of the CEO was obtained 

using 1% Tween 80 (Difco, USA) solution as the solvent. The final 

concentrations were 100-0.5 µL/mL. Each well received 100 µL of the specific 

concentrations of the CEO and TSB with addition 10% NaCl (Chempur, Poland) 

inoculated with 10 µL bacterial suspension (1.5x108 CFU/mL). The positive 
solvent control was completed with 100 µL of 1% Tween 80 solution. The final 

volume in each well was 110 µL. The microplates were covered with parafilm 

and incubated for 24 h at 35±1oC. Inhibition of bacterial growth was confirmed 
by cultivation preincubated plates on Columbia agar with addition 5% sheep 

blood. The MIC values were defined by the lowest concentration of the CEO that 

inhibits the growth of the microorganism. The control wells solvent does not 
affect the growth of all tested bacterial strains. Each MIC test was conducted with 

three replicates. 

 

RESULTS AND DISCUSSION 

 

Chemical composition of the CEO 

 

The results of qualitative and quantitative analysis of CEO purchased from Vera-

Nord Company are shown in Table 1. The main constituent of essential oil was 
cuminaldehyde (46.7%) followed by β-pinene (10.3%), durene (9.7%), γ-

terpinene (8.9%) and limonene (4.7%). A total of 17 components were identified 

in the oil, accounting for 84.2% of the total oil (Table 1). 
It has been proven that the main components of essential oil depends on many 

environmental and genetic factors and oil extraction method (Aćimović et al., 

2014). A number of studies examining the essential oil content and composition 
of CEO have been performed. For example, research conducted by Dawidar et 

al. (2010) showed that Egyptian commercial essential oil from C. carvi L. 

contained D-carvone (42.61%) and D-limonene (33.53%) as its two main 
components. D-carvone and limonene were also found to be the main 

components of the commercial CEOs provided by three independent companies 
(Etol, Dragoco and Pollena-Aroma) (Simic et al., 2008, Dimić et al., 2012; 

Gniewosz et al., 2013). Our studies demonstrated different results than these 

experiments in which essential oils did not contain cuminaldehyde – the main 
component identified in commercial CEO provided by Vera-Nord Company 

(Table 1). However, research conducted by Razzaghi-Abyaneh et al. (2009) 

showed that cuminaldehyde was present in essential oil extracted from C. carvi 
seeds. The caraway oil from Iran contained cuminaldehyde (22.08%) and γ-

terpinene (17.86%) as its two main components, followed by p-cymene (7.99%). 

 

Presence of slime 
 

18 S. aureus strains were examined with Congo red method. The slime 
production of S. aureus was recorded in 12 (66.7%) isolates (Table 2). On the 

microscopic slides, a spherical, Gram-positive cocci were surrounded by a well-

defined halo on a pink background (Figure 1). 
Biofilm formation is important ability of bacteria and plays essential role in 

increased resistance to antimicrobial agents (Podbielska et al., 2010). In 

addition, slime interferes with phagocytosis and enhances adhesion to host tissue 
and inanimate objects. According to Gündoğan et al. (2006) there is lack of 

correlation between antibiotic resistance and slime production among S. aureus 

observed. The results showed that not all of resistance strains produced an 

extracellular substances. In addition, we noticed that 6 susceptible strains also 

produced slime (Table 2). 

In our study S. aureus extracellular matrix did not affect on the MIC values. Both 
high and low concentration CEO did not impact on the presence of slime. It may 

indicate that slime did not play significant role in CEO attack on the bacteria 

surface. 
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Table 1 Chemical composition of the commercial essential oil of C. carvi L. 

Compound CAS # 
Retention time 

(min) 

Relative content 

(%) 

α-Thujene 2867-05-2 3.64 0.3 

α-Pinene 80-56-8 3.75 0.8 

β-Pinene 127-91-3 4.39 10.3 

β-Myrcene 123-35-3 4.48 0.3 

α-Phellandrene 99-83-2 4.73 0.4 

Durene 95-93-2 5.09 9.7 

Limonene 138-86-3 5.14 4.7 

γ-Terpinene 99-85-4 5.61 8.9 

p-Cymene 99-87-6 6.13 0.3 

Terpinen-4-ol 562-74-3 7.61 0.2 

Cuminaldehyde 122-03-2 8.92 46.7 

Phellandral 
21391-98-

0 
9.32 0.3 

Carvacrol 499-75-2 9.85 0.3 

β-

Caryophyllene 
87-44-5 11.62 0.2 

α-Bergamotene 
17699-05-

7 
11.80 0.2 

β-Farnesene 
18794-84-

8 
12.09 0.3 

β-Bisabolene 495-61-4 12.92 0.3 

Total   84.2 

 

 
Figure 1 Microscopic views of slime formation of strain number 7 (x1,000 

magnification, light microscopy) isolated from patient with furunculosis. Slimes 
(pointed with arrows) were visualized by double staining with crystal violet and 

Congo red. 

 

Distribution of genes 
 

In total, 80% (12/15) of the furunculosis strains were luk-PV positive and 13.3% 
(2/15) were mecA positive (Table 2). S. aureus produces variety of virulence 

factors, according to available data only PVL is associated with furuncles 

formation (Demos et al., 2012). Research performed by Masiuk et al. (2010) 
showed that most of methicillin-susceptible S. aureus (MSSA) isolates from 

patients with furunculosis harbored luk-PV genes. These same conclusions are 

reported in other reviews (Yamasaki et al., 2005; Cupane et al., 2012). 
The presence of genes of exfoliative toxins eta, etb, etd and toxic shock 

syndrome toxin gene (tst) was not confirmed (Table 2). Exfoliative toxins A and 

B (ETA and ETB) are exotoxins produced by S. aureus, which are involved in 

staphylococcal scalded-skin syndrome (SSSS) and bullous impetigo (Jursa-

Kulesza et al., 2009). In our study no ETA and ETB was observed. Study 

conducted by Bukowski et al. (2010) shown that ETD-producing S. aureus 

strains are mainly isolated from furuncles or abscesses, but not from SSSS. 
However, in our research all isolates were etd negative.   

Among enterotoxins genes (SEs) (sea to seu) only seb and sel were detected. 
Among all tested strains, 33.3% (5/15) were seb positive and only 1 strain (6.7%) 

was sel positive (Figure 2, Table 2). These genes are located on a pathogenicity 

island such as SaPI3 (seb, sek, seq, or seb, sel and sek), SaPIm1/n1 (tst, sec and 
sel) and SAPIj50 (tst, sec and sel) (Yamamoto et al., 2013). Enterotoxin B is 

mainly responsible for food poisoning outbreaks and can cause toxic shock 

syndrome (Pinchuk et al., 2010; Karauzum et al., 2012). A recent study 
performed by Sina et al. (2013) showed that S. aureus strains isolated from skin 

and soft tissue infections (SSTI) such as furuncles, skin abscesses and cellulitis; 

and bone infections often harbored seb. Moreover, research conducted by 
Masiuk et al. (2010) indicated that seb was present among about 25% strains 

isolated from furuncles. 

 

 
Figure 2 Multiplex PCR amplification for detection of S. aureus genes. Lines 1-
4, 7: seb (404 bp); lines 5-6: no template DNA; line 8: sel (244 bp); MW - 

molecular weight standard. 

 

Susceptibility testing 

 

2 MRSA (resistant to FOX) and 13 MSSA were isolated from furuncles. Of the 

all isolates, 46.7% (7/15) were resistant to at least one of the antibiotics tested. 

46.7% (7/15) showed resistance to CC and E in disk diffusion testing. In D-test, 

33.3% isolates exhibited cMLSB resistance and 13.3% had iMLSB resistance 
phenotype. MSB resistance phenotype as not detected. Details of the prevalence 

of antimicrobial resistance in tested isolates are shown in Table 2. 

Significant increases in prevalence of resistance to antibiotics have been observed 
over the past years. The misuse and overuse of antibiotics causes that antibiotics 

are no longer that effective in therapy. According to Lewis & Jorgensen (2005) 

many community-acquired MRSA (CA-MRSA) responsible for SSTI often show 
MLSB mechanism. All MRSA strains tested in present study demonastrated this 

type of resistance mechanism. Furthermore, we have found that 33.3% MSSA 

strains were resistance to CC and E (detected cMLSB and iMLSB resistance 
phenotypes). Study performed by Patel et al. (2006) indicated that iMLSB was 

detected in 33% CA-MRSA and 56% hospital-acquired MRSA isolates. Research 

conducted by Saderi et al. (2011) showed similar results. In this experiment S. 

aureus strain was isolated from the purulent lesions of the skin. Prevalence of 

cMLSB and iMLSB resistance phenotypes were 92.8% and 6.4%, respectively. 

This indicates that S. aureus strains with cMLSB phenotype were much more 
frequent than with iMLSB phenotype, which is similar to our results.  

 

The activity of CEO against tested bacterial strains 

 

Both control and all clinical strains derived from patients with furunculosis were 

sensitive to CEO (Table 2). The inhibition of growth for all analyzed strains S. 
aureus after applying of CEO was observed. In the case of MSSA strains, the 

MIC values of essential oil were 26.7 ± 5.8 - 66.7 ± 11.5 µL/mL, which was 

larger than that produced by the MIC values of control strains number 1 and 2 
(both 10 ± 8.7 µL/mL). In the case of MRSA strains, the MIC values of CEO 

were 6.67 ± 2.9 - 30 ± 10 µL/mL, which was also larger than that produced by 

the MIC values of control strain number 16 (11.7 ± 7.6 µL/mL). The largest 
number of isolates was inhibited by concentrations of 46.7 ± 5.8 µL/mL (4 

antibiotic-susceptible strains and 1 cMLSB strain). 

In recent years, interest in essential oils is significantly observed. Essential oils 

are used in natural medicine to treat a wide range of infections caused by 

bacteria. Commercial essential oil was tested against S. aureus and demonstrated 

antibacterial activity against these strains (Gniewosz et al., 2013; Alboofetileh et 

al., 2014). Seidler-Łożykowska et al. (2013) have studied the activity of CEO 

obtained from fruit originated from different genotypes against S. aureus. The 

authors demonstrated that MIC analyzed essential oil ranged from 0.2 - 1.6 
mg/mL. Moreover, in this study the authors have proved that carvone can be 

recognized as a one of the active component. Others have reported MIC of CEO 

against S. aureus varied from 0.1 to 3 µL/mL (Di Pasqua et al., 2005; Mohamed 

et al., 2013; Simic et al., 2008; Tarek et al., 2014). In these studies, GC-MS 

analysis of essential oil shown that the main components were carvone and 

limonene in contrast to our study. Moreover, tested by us CEO demonstrated 
higher MIC against S. aureus strains responsible for furunculosis than above-

mentioned results.  
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Table 2 Characteristic of S. aureus strains 

Strain 

number 

Laboratory 

number 

MIC of CEO 

(µL/mL) 

Susceptibility patterns 

Phenotypic 

resistance 

Genes 

Slime 

C
IP

 

E
 

C
C

 

G
E

 

S
X

T
 

M
U

P
 

F
O

X
 

lu
k

-P
V

 

m
ec

A
 

S
E

s,
 t

st
 

e
ta

, 
e
tb

, 
e
td

 

1. ATCC 29213 10 ± 8.7 S S S S S S S - - - - - + 

2. ATCC 25923 10 ± 8.7 S S S S S S S - - - - - + 

3. 9418 46.7 ± 5.8 S S S S S S S - + - - - - 

4. 3455 46.7 ± 5.8 S S S S S S S - + - b - + 

5. 6147 33.3 ± 5.8 S S S S S S S - + - b - + 

6. 1218 46.7 ± 5.8 S S S S S S S - + - - - - 

7. 8786 46.7 ± 5.8 S S S S S S S - + - - - + 

8. 3442 56.7 ± 5.8 S S S S S S S - - - l - - 

9. 3121 63.3 ± 5.8 S S S S S S S - + - - - + 

10. 9647 26.7 ± 5.8 S S S S S S S - + - - - - 

11. 7756 66.7 ± 11.5 S R R S S S S cMLSB + - b - + 

12. 4661 43.3 ± 5.8 S R R S S S S cMLSB + - b - - 

13. 9589 46.7 ± 5.8 S R R S S S S cMLSB + - b - + 

14. 247 56.7 ± 11.5 S R R S S S S iMLSB - - - - + 

15. 694 36.7 ± 5.8 S R R S S S S iMLSB + - - - - 

16. ATCC 43300 11.7 ± 7.6 S S S S S S R MRSA - + - - + 

17. 2966 6.67 ± 2.9 S R R S S S R MRSA, cMLSB + + - - + 

18. 7293 30 ± 10 S R R S S S R MRSA, cMLSB - + - - + 

Legend: MIC - minimal inhibitory concentration, CEO - caraway essential oil, R - resistant, S - susceptible, CIP - ciprofloxacin, E - erythromycin, CC - clindamycin, GE - gentamycin, SXT - 

trimethoprim-sulfamethoxazole, MUP - mupirocin, FOX - cefoxitin, cMLSB - constitutive MLSB phenotype, iMLSB - inducible MLSB phenotype, MRSA - methicillin-resistant S. aureus, luk-

PV - Panton-Valentine leukocidin gene, mecA - methicillin resistance gene, SEs - enterotoxins genes, tst - toxic shock syndrome toxin gene, eta, etb, etd - exfoliative toxin A, B, D genes. 

MIC values are expressed as means ± standard deviation. 

 
According to Peter (2012) CEO extracted from C. carvi L. is generally safe for 

internal and has no toxic effect. Although it may cause skin irritation if used in 

high concentration. Moreover, CEO can irritate the eyes. Therefore, CEO should 
not be used directly on the skin. In addition, study performed by Morshedi et al. 

(2015) showed that cuminaldehyde (the main component identified in 

commercial CEO provided by Vera-Nord Company) is a nontoxic compound. 
These authors demonstrated no toxic effect on the cells. 

 

CONCLUSION 
 

There were no significant differences in MIC values depending on the 
susceptible/resistance to antibiotics, virulence genes and presence of slime. 

Commercial CEO has inhibitory effects on growth of S. aureus strains isolated 

from patients with furunculosis, regardless of the degree of resistance to 
antibiotics and virulence of the strain. CEO can be used as an alternative 

antibacterial agent in the treatment of furunculosis (especially in persons suffer 

from recurrent episodes). 
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