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The antimicrobial activity was determined using the single disc diffusion method. The hexane, methanol 
and ethyl acetate extracts were assessed for antimicrobial activity against 13 bacteria and a yeast-like 
fungus, Candida albicans. While flower extracts of Centaurea cankiriense showed significant 
antibacterial activity against tested strains, the susceptibility of the test microorganisms was less 
pronounced in the cases of the stem extracts. Hexane extracts from both flower and stem did not show 
any antibacterial activity against gram-negative bacteria at test concentration, whereas ethyl acetate 
and methanol extract of C. cankiriense demonstrated the growth of both the gram-positive and the 
gram-negative bacteria. But, methanol extract inhibited the bacteria with the exception of two gram-
negative bacteria namely Escherichia coli and Klebsiella pneumoniae. Minimum inhibition 
concentration (MIC) was determined on ethyl acetate extracts of flower and stem that showed high 
activity against the test bacteria. The MIC values for bacterial strains were in the range of 7.8 - 250  
g/ml. The results confirmed that E. coli (MIC = 250 g/ml) and Morganelle morganii (MIC = 125 g/ml) 
was the most resistant organisms to plant extracts. The flower extract of C. cankiriense was found to 

possess the strongest effect on Bacillus cereus with 7.8 g/ml concentration. 
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INTRODUCTION 

 
The genus Centaurea is a member of Asteraceae family 
and Turkey is one of the main centres of diversity for the 
genus Centaurea (Wagenitz, 1986). Genus Centaurea is 
the third richest genus after Astragalus and Verbascum, 
both number of species and endemism whose endemism 
rate is up to 65%. It is known as “Peygamber Çiçe i” or 
“Gökba ” by popular public (Environment waqf of Turkey). 
Many members of this genus, such as Centaurea cyanus 
, Centaurea behen, Centaurea calcitrapa, are used in 
Anatolian folk medicine (Baytop, 1995; Ye ilada et al., 
1999). Biological activity of Centaurea species such as 
Centaurea ornate, Centaurea  
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nicolai, Centaurea solstitialis ssp. solstitialis, Centaurea 
thessala, Centaurea attica, Centaurea raphanina ssp. 
mixta, Centaurea nigra, Centaurea napifolia, Centaurea 
cineraria subsp. Umbrosa, Centaurea sessilis and 
Centaurea armena were studied (Ye ilada et al., 1999; 
Yayli et al., 2005). 

Centaurea cankiriense was introduced to the world of 
science in 2002 for the first time when it was collected 
from Çankiri (A4/ Çankiri, Atkaracalar, Dumanli Mount, Ta 
lik-Harmanyeri, 1500 m, steppe, 21.VII.1994) (Duran and 
Duman, 2002). In the flora of Turkey, 172 species plus six 
imperfectly known species Centaurea were accepted 
(Davis, 1975). C. cankiriense as a new species, the 
number of its species reached to 187 known in Turkey 
after publishing (Duran and Duman, 2002). With the 
advance of the exploration of this vast territory, the 
number of Centaurea species is still increasing: thirteen 



 
 
 

 

new taxa have been described since the completion of 
Flora of Turkey (Duran and Duman, 2002; Uysal et al., 
2007).  

C. cankiriense is an endemic species in transition 
territory of Central and North Anatolia. It is an Irano-
Turanian element and it occurs in step on stony slopes at 
1400 - 1600 m, flowers and fruits are seen in June, July 
and August (Duran and Duman, 2002). The range of C. 
cankiriense is restricted to single location and an area of 

less than 5 km
2
 (Criterion B of IUCN 1994). So, it was 

suggested that, it should be placed under the IUCN 
category “Critically Endangered” by Duran and Duman 
(2002). Although C. cankiriense was collected from a 
different locality by Cansaran (Cansaran 3452-B), it is 
thought that the IUCN category of this plant which is a 
spreader in the second area limitedly should remain the 
same.  

In the literature, there are several studies on 
antimicrobial activity of C. thessala and C. attica (Skaltsa 
et al., 2000), Centaurea diffuses (Skliar et al., 2005), 
Centaurea nicolai (Vaajs et al., 1999), Centaurea sessilis 
and Centaurea armena (Yayli et al., 2005), Centaurea 
solstitialis ssp. solstitialis (Ye ilada et al., 1999), whereas 
the antimicrobial activity of C. cankiriense which is 
endemic in Turkey has never been studied. Therefore, 
the aim of the present work is to evaluate the 
antimicrobial potential of the various extracts of the 
flowers and stems of C. cankiriense on several gram-
positive and gram-negative bacteria and a yeast-like 
fungus, Candida albicans. 
 
 
MATERIALS AND METHODS 
 
Plant material 
 
Specimens of C. cankiriense which were the sample materials of 
our study were collected by Arzu CANSARAN around Güllüce 
village in Gümü haciköy on Mount E erli (A5/ Amasya, located 
Middle Black-Sea Region), at 1400 m height, from stony areas on 
25th July, 2005 (Cansaran 3452-B). Amasya is a transitional zone 
between Central and North Anatolia like Çankiri where the holotype 
of the specimen was collected in a nearby city. Specimens of plant 
were preserved in the herbarium at Amasya Education Faculty. 

 

Preparation of the crude extract 
 
Extracts of plant materials were prepared by using solvents of 
varying polarity. About 200 g of dry powdered plant material was 
extracted with hexane (HE), followed by ethyl acetate (ETA) and 
methanol (MeOH) in a soxhlet apparatus (6 h for each solvent). All 
solvents were purchased from Merck. The extracts were 
evaporated under reduced pressure and dried using rotary 
evaporator. Dried extracts were stored in labelled sterile screw 
capped bottles at -20°C (Kivrak et al., 2009). 

 

Microorganisms 
 
Pathogenic bacterial strains and a yeast-like fungus were used as 

  
  

 
 

 
test microorganisms. Gram negative bacteria Pseudomonas 
aeruginosa NRRL B-23, Salmonella enteritidis RSKK 171, 
Escherichia coli ATCC 35218, Morganella morganii (isolated from 
human urine), Yersinia enterecolitica RSKK 1501, Klebsiella 
pneumoniae ATCC 27736, Proteus vulgaris RSKK 96026, gram 
positive bacteria Staphylococcus aureus ATCC 25923, 
Staphylococcus aureus ATCC 12598, Micrococcus luteus NRRL B-
4375, Bacillus subtilis ATCC 6633, Bacillus cereus RSKK 863 and 
Listeria monocytogenes Li6 were used for the determination of 
antibacterial activity. C. albicans was used for the determination of 
anticandidal activity. Mueller Hinton Broth (MHB, Difco) and Mueller 
Hinton Agar (MHA, Oxoid) were applied for growing of the bacterial 
strains. Also, C. albicans was cultured on Sabouraud Dextrose 
Broth (SDB, Oxoid) and Sabouraud Dextrose Agar (SDA, Oxoid). 
The microorganisms suspensions used for inoculation were 

prepared at 10
5
 cfu/ml by diluting fresh cultures at McFarland 0.5 

density. 
 

 
Inhibitory effect by the disc diffusion method 
 
The antimicrobial activity of the various extracts of C. cankiriense 
was assayed by the standard disc diffusion method (Mercan et al., 
2006). The microorganisms were sub-cultured into 5 ml of MHB, 

followed by incubation at 37  0.1°C for 24 h, C. albicans was sub-

cultured into 5 ml of SDB, followed by incubation at 28  0.1°C for 
48 h. MHA and SDA (15 ml) were poured into each sterile Petri dish 
(10 x 100 mm diameter) after injecting cultures (0.1 ml) of bacteria 
and yeast and distributing medium in Petri dishes homogeneously. 
Sterile discs (6 mm; Schleicher and Schuell, No. 2668, Germany) 

were impregnated with 20 l of a solution prepared with 100 mg of 
extract in 1 ml dimethylsulfoxide (DMSO), and allowed to dry at 
room temperature. The discs injected with extracts were placed on 
the inoculated agar by pressing slightly. Plates injected with the 
yeast cultures were incubated at 28°C for 48 h, and the bacteria 
were incubated at 37°C for 24 h. At the end of the period, inhibition 
zones formed on the medium were evaluated in mm. DMSO which 
was used as a negative control did not show any antimicrobial 
activity. Ampicillin, Gentamicin and Streptomycin (6 mg/disc) were 
used as positive control for bacteria and Nystatin (100 U) was used 
as a positive control for C. albicans. 
 

 
Minimum inhibition concentration (MIC) method 
 
The MIC method was applied on extracts that proved their high 
efficacy against microorganisms by the disc diffusion method. A 
stock solution of each selected plant extract was prepared in 10% 
dimethylsulfoxide (DMSO) and then serial dilutions of extracts were 

made in a concentration range from 7.8 to 250 g/ml. The 96-well 

plates were prepared by dispensing, into each well, 95 l of MHB, 

100 l of plant extract and 5 l of the inoculants (Aslim and Yucel, 
2008). The minimal inhibitory concentration (MIC) was defined as 
the lowest concentrations of the plant extracts at which no bacterial 
growth was observed after incubation. 
 

 
Statistical analysis 
 
All experiments were done in triplicate. Statistical analysis was 
performed on the data SPSS 11.0 with statistical significance 
determined at P < 0.01. The Pearson rank order correlation test 
was used for comparisons of both MIC and disc diffusion methods, 
of the antimicrobial activity of the plant extracts. 



                

Table 1. Antimicrobial activities of hexane, methanol and ethyl acetate extracts of C. cankiriense A. Duran and H. Duman
a
.       

                

  L. m. S.a.(1) S.a(2) M. l. B. s. B. c. S. ent. P. v. E. c. K. p. M.m. Y. e. P. a. C.a. 

Control (DMSO)  -  - -  -  - - - - - - - - - - 

Hexane extract                   

Flower  11.5  0.5 25  0 26  0 23  0 11  1 14  0 - - - - - - - - 

Stem  7.5  0.5 8  0 9  1 21  0 8  0 15  0 - - - - - - - - 

Methanol extract                   

Flower  12  2 21  0 22  0 22  0 12  2 11  0 6  0 8  0 - - 6  1 8  2 9  0 - 

Stem  11  0 6  0 5  0 19.5  0.5 8  0 11  0 5  0 7  0 - - 5  0 6  0 7  0 - 

Ethyl acetate extract                   

Flower  30  1 26  0 28  0 34.5  0.5 28  2 29  0 16  2 19  0 23  0 21  0 22  0 14  0 16  2 12 2 

Stem  19  0 20  0 20  0 32  0 19  0 23  0 12  2 17  1 11  0 10  1 10  0 12  2 9  0 14 2 

Reference antibiotics                   
Ampicillin  ND  ND ND ND  ND ND 19 ND 20 ND ND 12 ND ND 

Gentamicin  ND  ND ND ND  ND ND ND ND ND ND 10 ND 21 ND 

Streptomycin 19  17 19 20  17 14 ND 18 ND 15 ND ND ND ND 

Nystatin  ND  ND ND ND  ND ND ND ND ND ND ND ND ND 19 
 
a
 = Diameter in mm of the zone of inhibition, (-) = negative, ND = Not determined, L.m. = L. monocytogenes Li6, S.a. (1) = S. aureus ATCC 12598, S.a. (2) = S. aureus ATCC 25923, M. l. = M. luteus NRRL B-

4375, B. s. = B. subtilis ATCC 6633, B. c. = B. cereus RSKK 863, S. ent. = S. enteritidis RSKK 171, P. a. = P. aeruginosa NRRL B-23, E. c. = E. coli ATCC 35218, K. p. = K. pneumoniae ATCC 27736, M. m. = 
M. morganii, Y. e. = Y. enterocolitica RSKK 1501, P. v. = P. vulgaris RSKK 96026, C. a. = C. albicans.

 

 
 

 

RESULTS AND DISCUSSION inhibited by this extract. The diameters of the especially B. cereus are agents of food poisoning. 
 

Results of inhibition zones in the disc diffusion 

zone of inhibition of hexane extract against gram- The most interesting area of application for plant 
 

positive bacteria were almost similar to that of extracts is the inhibition of growth and reduction in 
 

method were shown in Table 1. In general, the methanol  extract.  Ethyl  acetate  and  methanol numbers   of   the   more   serious   foodborne 
 

flower extracts of C. cankiriense showed strong extract  of  C.  cankiriense  demon-strated  the pathogens such as Salmonella spp., Escherichia 
 

antibacterial  activity  against  tested  strains,  the growth of both the gram-positive and the gram- coli O157:H7 and L. monocytogenes (Burt, 2004). 
 

susceptibility of the test microorganisms was less negative bacteria. But, methanol extract inhibited The  highest  level  of  antibacterial  activity  was 
 

pronounced in the cases of the stem extracts. the  bacteria  with  the  exception  of  two  gram- found  in  the  ethyl  acetate  fraction  of  C. 
 

As seen in Table 1, while hexane extracts from negative  bacteria  namely,  E.  coli  and  K. cankiriense. The diameters of growth inhibition 
 

both flower and stem did not show any antibac- pneumoniae. Similar result was also reported by zones in this extract ranged from 9 to 34.5 mm 
 

terial activity against gram-negative bacteria at Masika  and  Afolayan  (2002).  As  known,  S. with the highest inhibition zone values observed 
 

test concentration, gram-positive  bacteria  was aureus, L. monocytogenes and  Bacillus species against the medically important pathogens such 
 



 
 
 

 
Table 2. MIC values of ethyl acetate extract of C. cankiriense.  
 

Plant part Microorganisms MIC (g/ml)  

Flower S. aureus ATCC 25923 62.5  

Flower S. aureus ATCC 12598 62.5  

Flower M. luteus NRRL B-4375 12.5  

Stem M. luteus NRRL B-4375 31.2  

Flower B. cereus RSKK 863 7.8  

Stem B. cereus RSKK 863 12.5  

Flower L. monocytogenes Li6 62.5  

Flower E. coli ATCC 35218 250  

Flower M. morganii 125  

 
 

 

as S. aureus ATCC 12598 (26 mm), S. aureus ATCC 
25923 (28 mm), E. coli (23 mm), M. morganii (22 mm), K. 
pneumoniae (21 mm), P. vulgaris (19 mm) and P. 
aeruginosa (16 mm). In the present study, ethyl acetate 
extract of flower showed significant inhibition of L. 
monocytogenes, M. luteus , B. cereus and B. subtilis 
(diameter inhibition zones: 30, 34.5, 29 and 28 mm, 
respectively).  

The results in Table 1 revealed that gram-positive 
bacteria are more sensitive to the plant extracts than 
gram -negative bacteria, especially the Enterobacteria-
ceae (E. coli, S. enteritidis, P. vulgaris, Y. enterocolitica) 
and this result was in agreement with that of Yayli et al. 
(2005). The extracts of hexane, methanol and ethyl 
acetate of flower was found active on S. aureus strains. 
S. aureus is a pathogen which is known to cause 
infectious disorders of the skin (Jones et al., 2003; 
Rennie et al., 2003). Thus, C. cankiriense showing 
activity against S. aureus may be used as agent for the 
treatment of skin disorders. Our results indicated that the 
activity of C. cankiriense was greater or similar to the 
conventional antibiotics.  

Many papers about the antifungal activity of Centaurea 
genus could be found in the literature (Vaajs et al., 1999; 
Panagouleas et al., 2003; Berrero et al., 2000; Skliar et 
al., 2005), but in our study, the hexane and methanol 
extracts of C. cankiriense extracts did not show 
anticandidal activity against C. albicans. The ethyl 
acetate extract of C. cankiriense showed weak activity 
profile in C. albicans. Yayli et al. (2005) reported that 
antifungal activity of two Centaurea species was not 
observed against C. albicans and C. tropicalis.  

The MIC method was applied on extracts that proved 
their high efficacy against microorganisms by the disc 
diffusion method. The MIC of ethyl acetate extract was 
shown in Table 2. The MICs of samples observed against  
sensitive strains ranged from 7.8 to 250 g/ml. The final 
concentration of DMSO in the assays did not interfere 
with the microbial growth. Thus, we may conclude that 
the antibacterial activity in this assay is exclusively due to 

  
 
 
 

 

plant extracts. As seen in the table, flower extract showed 
a similar activity profile in Staphylococcus species and L. 

monocytogenes Li6 (MIC values = 62.5 g/ml). The 

results observed confirmed that E. coli (MIC = 250 g/ml) 

and M. morganii (MIC = 125 g/ml) were the most 
resistant organisms to plant extracts. The flower extract 
of C. cankiriense was found to possess the strongest 

effect on B. cereus with 7.8 g/ml concentration. The 
inhibition zones of the extracts on microorganisms 
showed a significant correlation with MIC values (P < 
0.01).  

When comparing the antimicrobial activity of the tested 
samples to that of reference antibiotics, the inhibitory 
potency of tested extracts could mostly be considered as 
important. This is due to the fact that medicinal plants are 
of natural origin, which means more safety for 
consumers, and are considered to have low risk for 
resistance development by pathogenic microorganisms. 
To the best of our knowledge, this study is the first report 
on the antimicrobial activity of C. cankiriense which is 
endemic in Turkey. It was found to inhibit the growth of 
microorganisms that cause infectious diseases and C. 
cankiriense can be used as a natural preservative in food 
against food-born disease. Future investigations will 
focus the research on the antioxidant activity and on 
chemical identification of the antimicrobial ingredients in 
the screened efficacious extracts. In summary, it might be 
said that C. cankiriense, especially the ethyl acetate 
extract of flower, could be used for protection against 
bacteria in ethno-medicine. 
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