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Allium vineale L., Chaerophyllum macropodum Boiss. and Prangos ferulacea (L.) Lindl. have been used 
for cheese production in Turkiye for many centuries. In addition, it is traditionally believed by local 
people that these plants have antibacterial activity. The purpose of this study was to evaluate the 
antibacterial activity of these plants. Four solvent extracts (in methanol, ethanol, n-hexane and water) of 
the plants were investigated against Bacillus cereus, Bacillus subtilis, Micrococcus luteus, 
Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Salmonella 
enteritidis and Salmonella typhimurium by using disc diffusion method. The methanol, ethanol and n-
hexane extracts of all the plants showed antibacterial activity against B. cereus, B. subtilis, M. luteus 
and S. aureus, while the methanol extract of Allium vineale was also active against P. mirabilis. 
However, the water extracts of these plants had no antibacterial activity against any of the bacteria 
tested. The methanol extracts had the higher activity followed by the extracts of ethanol and n-hexane. 
A. vineale showed the higher antibacterial activity as compared with C. macropodum and P. ferulacea. 
As a result, organic solvent extracts (especially methanol and ethanol extracts) of these plants can be 
used as natural antibacterial additives for incorporation in cheese and various food products. 
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INTRODUCTION  
 
It has been well known since ancient times that plants 
and spices have antimicrobial activity (Ayres et al., 1980; 
Zaika, 1988). There has been a considerable interest to 
use plants and spices for the elimination of 
microorganisms because of increasing antibiotic 
resistance of microorganisms (Kunin, 1993; Finch, 1998; 
Smid and Gorris, 1999). In Turkey, Allium vineale L. 
(Liliaceae), Chaerophyllum macropodum Boiss. 
(Apiaceae) and Prangos ferulacea (L.) Lindl. (Apiaceae) 
are traditionally added to herby cheese for their aroma 
and flavor. Recently, we demonstrated that methanol, 
ethanol and n-hexane extracts of these plants used in 
cheese have inhibitor effect on Listeria monocytogenes 
(Sagun  et  al., 2006).  In  this  study,  we investigated the  
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antibacterial activity of methanol, ethanol, n-hexane and 
water extracts of A. vineale, C. macropodum and P. 
ferulacea against a panel of Gram positive and Gram 
negative bacteria. To our knowledge, antibacterial 
activities of these plants against a wide range of other 
microorganisms have not been studied in the literature. 
 
 
MATERIAL AND METHODS 
 
Plant material 
 
Aerial parts of A. vineale, C. macropodum and P. ferulacea were 
collected from Alacabuk (Pelli) mountain (Bitlis, Turkiye), with 
assistance of knowledgeable villagers. The plants were identified in 
the Department of Biology, Faculty of Science and Arts, Yuzuncu 
Yil University (Van, Turkiye), where the voucher specimens have 
been deposited (F 11 178, F 11 176, and F 11 175, respectively, 
VANF). The plants were separately dried in shade, pulverized by a 
mechanical grinder and stored in airtight glass containers in dark 
until extraction. 
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Table 1. The yields of plants extracted in different solvents. 
 

Extraction yields (%)  
Plant species Methanol Ethanol n-hexane Water 
Allium vineale 13.6 7.25 2.30 1.47 
Chaerophyllum macropodum 10.55 4.70 0.51 1.92 
Prangos ferulacea 9.05 5.33 0.40 1.01 

 
 
 
Preparation of extracts 
 
For extraction, methanol, ethanol, n-hexane and water were used 
as solvents. Thirty grams of the dried and powdered plant materials 
were extracted with 300 mL of solvents by using Soxhlet apparatus 
for 10 h at a temperature not exceeding the boiling point of the 
solvents (Lin et al., 1999). The obtained extracts were filtered by 
using Whatman No. 1 filter paper and then concentrated under 
vacuum at 40 °C by using a rotary evaporator. The residual extracts 
were stored in a desiccator until further use. 
 
 
Bacterial cultures 
 
Four Gram positive bacteria including Bacillus cereus (ATCC 
11778), Bacillus subtilis (ATCC 6633), Micrococcus luteus (clinical 
isolate) and Staphylococcus aureus Cowan I (NTCC 838) and five 
Gram negative bacteria including Escherichia coli (ATCC 25922), 
Klebsiella pneumoniae (clinical isolate), Proteus mirabilis (ATCC 
7002), Salmonella enteritidis (clinical isolate) and Salmonella 
typhimurium (clinical isolate) were used in the study. The bacterial 
cultures were maintained at 4°C on tryptone soya agar (Oxoid)  
slants through bimonthly transfers. 
 
 
Antibacterial assay 
 
Antibacterial activities of the extracts were carried out by disc 
diffusion method (Lennette et al., 1985). The residual extracts were 
dissolved in their extracting solvents to yield the final concentration 
of 50 mg/mL and sterilized by filtration (filter pore size 0.47 µm). 
Sterile filter paper discs (Whatman No. 3, diameter 6 mm) were 
impregnated with the prepared extracts. For the preparation of the 
inoculation, the tested bacteria were cultured in tryptone soya broth 
(Oxoid) at 37°C for 24 h and standardized for the same 
absorbency, number 0.5 of the McFarland Nephelometer, which 
corresponds to the order of 108 CFU/mL (Barry and Thornsberry, 
1985). One hundred microliters of prepared culture were spread on 
the surface of Mueller-Hinton agar (Oxoid). Previously prepared 
extract impregnated discs (Whatman No. 3, diameter 6 mm) placed 
on the culture medium. The plates were kept at ambient 
temperature for 30 min to enable diffusion of extracts and then 
incubated at 37°C for 24 h. Discs impregnated with only solvents 
were used as negative controls and antibiotic discs of streptomycin 
(10 µg) (Oxoid) were used as positive controls. The antibacterial 
activity was evaluated by measuring the diameter of inhibition zone. 
Each experiment was repeated at three times and mean of the 
diameter of inhibition zones was calculated. 
 
 

RESULTS 
 
In the study, among the extractions assayed, the metha-
nol extracts of A. vineale, C. macropodum and P. 

ferulacea contained the higher soluble solids than those 
of ethanol, n-hexane and water (Table 1). Solvents 
(negative control) used for extraction showed no activity 
against any bacteria tested (Table 2). 

Methanol, ethanol and n-hexane extracts of the three 
species produced inhibition zones against Gram positive 
bacteria B. cereus, B. subtilis, M. luteus and S. aureus. In 
contrast, no inhibition zone was seen against Gram 
negative bacteria E. coli, K. pneumoniae, S. enteritidis 
and S. typhimurium. The methanol extract of A. vineale 
was the only one that produced inhibition zone Gram 
negative bacterium, P. mirabilis. 

The inhibition zones varied depending on type of 
extract, plant species and bacterial species. In general, 
methanol extracts of the three species were found to be 
more effective than other extracts. The largest diameter 
of inhibition zone was observed from methanol extracts of 
A. vineale against M. luteus and S. aureus, which 
showed inhibition zones close to that of streptomycin. 
However, the water extracts prepared from the three 
plant species did not exhibit any activity against the 
bacteria tested. Among the plant species tested, A. 
vineale exhibited higher antibacterial activity compared 
with Chaerophyllum macropodum and Prangos ferulacea 
(Table 2). 
 
 
DISCUSSION 
 
The present study was designed to obtain preliminary 
information on the antibacterial activity of three plants 
used for cheese production in Turkey. The disc diffusion 
method was preferred to be used in this study. Our study 
showed a remarkable antibacterial activity of the 
methanol, ethanol and n-hexane extracts of A. vineale, C. 
macropodum and P. ferulacea. 

Most of the identified components with antimicrobial 
activity extracted from plants are aromatic or saturated 
organic compounds and they are more soluble in metha-
nol and ethanol (Cowan, 1999). Several workers (Martin, 
1995; Paz et al., 1995; Vlientinck et al., 1995) have 
generally reported that water extracts of plants do not 
have much activity against bacteria. Eloff (1998) reported 
that methanol was the most effective solvent for plant 
extraction than ethanol, n-hexane and water. Similarly, in 
our study the methanol extracts exhibited higher activity 
followed by the ethanol and n-hexane extracts. The water 
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Table 2. Antibacterial activity of the various extracts from plants added Herby cheesea. 
 

Inhibition zone diameters (mm)b 
Plant species Extracts Bc Bs Ml Sa Ec Kp Pm Se St 

Methanol 15 17 21 19 - - 11 - - 
Ethanol 10 13 18 17 - - - - - 
n-hexane 10 11 18 14 - - - - - 

Allium vineale  

Water - - - - - - - - - 
Methanol 12 14 18 18 - - - - - 
Ethanol 8 13 17 17 - - - - - 
n-hexane 9 11 15 13 - - - - - 

Chaerophyllum macropodum 

Water - - - - - - - - - 
Methanol 11 15 12 16 - - - - - 
Ethanol 8 11 16 16 - - - - - 
n-hexane 10 9 11 11 - - - - - 

Prangos ferulacea 

Water - - - - - - - - - 
Methanol - - - - - - - - - 
Ethanol - - - - - - - - - 
n-hexane - - - - - - - - - 

Negative control 

Water - - - - - - - - - 
Positive controlc  27 22 21 21 23 - 24 23 22 

 
aBacteria: Bc, Bacillus cereus; Bs, Bacillus subtilis; Ml, Micrococcus luteus; Sa, Staphylococcus aureus; Ec, Escherichia coli; Kp, 
Klebsiella pneumoniae; Pm, Proteus mirabilis; Se, Salmonella enteritidis; St, Salmonella typhimurium. 
bNo inhibition zone. 
cStreptomycin (10 µg/disc). 

 
 
extracts did not show any antibacterial activity. Our 
results indicated that methanol and ethanol extraction is a 
good method to extract antibacterial compounds found in 
these species. 

Previous studies showed the high antibacterial activity 
of sulfur and other numerous phenolic compounds found 
in Allium plants (Rivlin, 2001; Griffiths et al., 2002). The 
higher antibacterial activity of methanol extract from 
Allium vineale may therefore be due to the higher 
phenolic content of this plant. Extracts from the genus 
Prangos were found to be rich in coumarin and 
terpenoids (Shikishima et al., 2001; Tada et al., 2002). 
The coumarin derivatives have been reported to have a 
slight antibacterial activity against Escherichia coli and 
Candida albicans (Ulubelen et al., 1995; Pedro et al., 
1999). Terpenes have also been found in Chaerophyllum 
plants and they have been shown to be useful in the 
control of L. monocytogenes (Pedro et al., 1999; Aureli et 
al., 1992). The components with antibacterial activity in 
the extracts were not determined in our study. However, 
the compounds mentioned above may partially be 
responsible for antibacterial activity of the extracts 
investigated in our study.  

The higher resistance of Gram-negative bacteria to 
plant extracts has previously been documented and 
related to thick murein layer in their outer membrane, 
which prevents the entry of inhibitor substances into the 

cell (Martin, 1995; Brantner et al., 1996; Palombo and 
Semple, 2001; Tortora et al., 2001; Matu and van Staden, 
2003). Similarly, our results indicated that the antibac-
terial activities of the extracts were more pronounced on 
Gram positive than on Gram-negative bacteria. Only the 
methanol extract from Allium vineale displayed antibac-
terial activity against the Gram-negative bacterium P. 
mirabilis. 

In conclusion, methanol and ethanol extracts of studied 
plants showed antibacterial activity. Among the plants 
tested, Allium vineale showed higher antibacterial activity 
against tested bacteria. This gives an indication of the 
presence of promising antibacterial compounds. Lastly, 
we think that further phytochemical studies are needed to 
elucidate the components responsible for antibacterial 
activity of these extracts against bacteria. 
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