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Abstract 

   
This study was designed to compare the chemical composition of essential oils and the in vitro-antibacterial 

activities of methanolic extracts of Cotoneaster nummularioides Pojark and Sonchus arvensis L.. The essential 

oils were obtained by hydro-distillation and analyzed by gas chromatography-mass spectrometry (GC-MS). The 

GC-MS analysis of the essential oil revealed fifteen compounds for C. nummularioides Pojark and thirty-five 

compounds for S. arvensis L.. The agar disk diffusion method was used to study the antibacterial activity of C. 

nummularioides methanolic extract against four bacterial strains. Between these extracts only the extract of C. 

nummularioides Pojark showed antibacterial activity against two gram-positive microorganisms tested with 

higher sensitivity for Bacillus cereus (inhibition zones of 8 and 12 mm respectively for the concentration 300 

and 400 mg/ml). Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) 

were quantified by macro-dilution method. The MIC was 3.125 and 50 mg/ml for Bacillus cereus and 6.25 and 

50 mg/ml for Staphylococcus aureus, respectively. Overall, results presented here suggest that the methanolic 

extracts of C. nummularioides Pojark and Sonchus arvensis L. have antibacterial properties, and are therefore 

two potential sources of active ingredients for food and pharmaceutical industry. 
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Introduction 

Bacterial infectious diseases represented by 

important cause of morbidity and mortality 

worldwide. An antibiotic resistant bacterium is a 

threat which is increasing currently (Bokaeian et al., 

2013). Traditionally, plant compounds are used for 

treatment of hospital infections in advanced 

countries. Appropriate method in obviating the 

common problems of antibiotics side effects is using 

plant drugs with antimicrobial properties (Golshani & 

Sharifzadeh, 2013). The genus Cotoneaster (Rosaceae, 

Maloideae) occurs in large parts of mainly continental 

temperate Eurasia. Its distribution is often scattered 

and mainly concentrated in the mountains of the 

meridional and nemoral zones, while having a clear 

centre of diversity in China and the Himalayas 

(Dickore and Kasperek, 2010(. The leaves of S. 

wightianus are used in earache by rural communities 

of India. The juice of S. alpinus is useful in deafness, 

gout and old age. The roots of S. arvensis L. are used 

in cough, bronchitis and asthma. The leaves are 

applied to swellings, while its latex is used for the 

treatment of eye diseases. The extract of S. asper is 

applied to wounds and boils. The leaves and roots of 

the plant are used in indigestion and as a febrifuge, 

while its roots act as a vermifuge (Negi et al., 2004).  

 

Numerous studies have been published on the 

antimicrobial activities of plant compounds against 

many different types of microbes, including food-

borne pathogens Hussain et al. (2010) evaluated that 

the chemical composition of Sonchus eruca and 

Sonchus asper. Also, Dickore and Kasperek (2010) 

Identified that species of Cotoneaster (Rosaceae, 

Maloideae) indigenous to, naturalising or commonly 

cultivated in central Europe. 

 

The aim of the present study was to investigate the 

chemical composition of essential oils of Cotoneaster 

nummularioides Pojark and Sonchus arvensis and 

antibacterial effects of methanolic extracts of these 

plants. 

 

Experimental 

Chemicals and Plant materials 

Gentamicin (Sina daroo, Iran), methanol and 

Dimethyl Sulfoxide (DMSO) (Merck, Germany) were 

purchased. The aerial parts (leaves) of plants were 

collected in May 2014 from the mountains of North 

Khorasan Province in Iran. The plants were identified 

by the Research Center of Natural Products Health 

(NPH), North Khorasan University of Medical 

Sciences (Iran). 

 

Extraction 

C. nummularioides Pojark and S. arvensis leaves 

were dried at room temperature and the powdered 

material were then weighed (300 g), soaked in 1.5 L of 

methanol (MeOH) for 48 h and filtered using 

Whatman No.1 filter paper. The filtrate obtained was 

concentrated under reduced pressure (at 68°C) in a 

rotary evaporator to obtain the crude extracts were 

kept at 4°C until further uses (E Djeussi et al., 2013). 

 

Essential oil extraction 

The oils of C. nummularioides Pojark and S. arvensis 

L. were obtained from 200 g leaves of plant, by 

hydro-distillation during 3hrs, using clevenger (Ben 

Hsouna and Hamdi, 2012). The essential oil were 

dried over anhydrous sodium sulfate, filtered and 

stored at refrigerator (Saei-dehkordi et al., 2013). The 

essential oils were solubilized in n-Hexane for gas 

chromatography and mass spectrometry analysis 

(Ben Hsouna and Hamdi, 2012). 

 

Gas chromatography/mass spectroscopy 

The chemical composition of the essential oils was 

analyzed using GC–MS technique. The mass 

spectrometer was Agilent 6890 N GC/5973MSD-

SCAN (Agilent Technologies, Palo Alto, CA, USA) in 

the electron impact (EI) ionization mode (70ev) and 

HP-5MS (bonded and cross-linked 5% phenyl-

methyl-polysiloxane, 30 mm-0.25 mm, coating 

thickness 0.25 mm) capillary column (Restek, 

Bellefonte, PA). Injector and detector temperatures 

were set at 220°C. The oven temperature was held at 

50°C for 30 min, then programmed to 240°C at rate of 

3°C/min. Helium (99.99%) was the carrier gas at a 

flow rate of 1 ml/min. Diluted samples (1/100 in 

hexane, v/v) of 1.0 were injected manually  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CCwQFjAD&url=http%3A%2F%2Fwww.sigmaaldrich.com%2Fchemistry%2Fsolvents%2Fproducts.html%3FTablePage%3D17292420&ei=B8wiVO_eJKfB7AaSloDwCg&usg=AFQjCNFCK6H_pgZkc_p_wOm-9oHt61r7DA&sig2=A3S4hWh82Vj4wxYy9bZ5Sw
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(Ahmadzadeh Sani et al., 2014).  

 

Organisms and Inoculation Conditions 

Authentic pure cultures of bacteria were obtained 

from Persian Type Culture Collection (PTCC). They 

included gram positive bacteria; Bacillus cereus 

(PTCC 1015), Staphylococcus aureus (PTCC 1431) 

and gram-negative bacteria; Salmonella enterica 

(PTCC 1709), Escherichia coli (PTCC 1399). The 

bacteria strains were first grown on Mueller Hinton 

medium at 37°C for 24 hrs prior to seeding on to the 

nutrient agar (Zarai et al., 2012). Finally, suspensions 

were adjusted to 0.5McFarland standard turbidity. 

Bacterial suspensions were standardized to 

concentrations of 1.5×108 CFU/ml (Library of 

Congress Cataloging-in-Publication Data, 2005). 

 

Antimicrobial assay 

The Methanolic extracts of C. nummularioides Pojark 

and S. arvensis L. were tested for antimicrobial 

activity using agar disk diffusion technique to 

determine the diameter of growth inhibition zones 

while broth macro-dilution method was used to 

determine the MIC and MBC (Teke et al., 2013). 

 

Disk-diffusion method 

The antibacterial activity test was carried out on 

Methanolic extracts of the leaves of C. 

nummularioides Pojark and S. arvensis using disk 

diffusion method (NCCLS) against the mentioned 

microorganism (Zellagui et al., 2012). In this method, 

measured amount of the test samples were dissolved 

in definite volumes of solvent dimethyl Sulfoxide 

(DMSO) to give solutions of known concentrations 

(100, 200, 300 and 400 mg/ml). Then, sterile filter 

paper disks (6 mm diameters) were placed on plates 

(Petri dishes, 80 mm diameters) containing a suitable 

medium (MHA) seeded with the test organisms 

(1.5×108). The amount of 15 µL of methanolic extract 

was poured onto the disks. These plates were kept at 

low temperature (4°C) for 15 min to allow maximum 

diffusion. A number of events take place 

simultaneously, which includes absorption of water 

from the agar medium by dried disks and dissolving 

the material which is under test. The test material 

diffuses from the disks to the surrounding medium 

according to the physical law that controls the 

diffusion of molecules through agar gel. There is a 

gradual change of test material concentration on the 

agar surrounding each disk (Rahman and Sultana, 

2011) and the solvent (DMSO) was used as a negative 

control (10 µl), while gentamicin was used as a 

positive control (10 µl) (Veljic et al., 2010). The plates 

were then inverted and incubated at 37°C for 24 hrs 

for optimum growth of the organisms. The test 

materials having antimicrobial property inhibit 

microbial growth in the media surrounding the disks 

and thereby yield a clear, distinct area defined as zone 

of inhibition. The antimicrobial activity of the test 

agent is then determined by measuring the diameter 

of zone of inhibition expressed in millimeter 

(Rishikesh et al., 2012). 

 

Minimum Inhibitory Concentration (MIC) Test 

The MIC test was done only for the extract, which was 

proved for the effectiveness using the disk diffusion 

method (inhibition zones ≥ 10 mm). MIC was 

determined using micro-dilution method according to 

the protocol of Sahin et al. (2004). The 96-well plates 

were prepared by dispensing into each well 95 μL of 

MH broth and 5μL of the inoculums (Elaissi et al., 

2012) (standardized at 1.5×106 CFU/ml by adjusting 

the optical density to 0.1 at 600 nm by Shimadzu UV-

120-01 spectrophotometer) (Kuete et al., 2011). One-

hundred microliters of the extract was initially 

prepared at a concentration of 400 mg/ml added into 

the first well, followed by two-fold dilution until the 

9th well. The wells of column 10 were filled with 195 

μL of MHB and reserved for the bacterial growth 

control, whereas the 11th column wells were reserved 

for the control of the broth sterility. The wells of the 

last column were used as a negative control, and 

contained 195 μL of MHB and 5 μL of the inoculum. 

The plates were screened visually after incubation at 

37°C for 24 h for broth turbidity (Elaissi et al., 2012). 

The lowest concentrations of extract with no visible 

microbial growth on agar plates (after incubation for 

18–24 h at 37°C) were recorded as MBC (Elaissi et al., 

2012; Islam et al., 2010). The minimum bactericidal 

concentration (MBC) is the lowest concentration of 
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the essential oil that can kill 99.9% of the bacterial 

population after incubation for 18–24 h at 37°C. It 

was calculated by inoculating the content of the well 

indicating the MIC and the wells that precede it in an 

agar plate (Elaissi et al., 2012).  

 

Results and discussion 

The composition of the essential oils from C.  

nummularioides Pojark is shown in Table 1 which 

indicates fifteen different components for essential oil 

from C. nummularioides Pojark. Based on the results, 

Methylcyclopentane (17.05%), Eucalyptol (15.05%), 

Camphor (13.23%), Eucalyptol (9.65%), Camphor 

(7.8%) and n-Octane (5.38%) were the major 

constituents. 

 

Table 1. Composition determined by GC–MS analysis of the essential oils from C. nummularioides Pojark that 

were used to formulate the combined essential oil (CEO) tested in this study. 

Compound % KI R.time 

Methylcyclopentane 17.05 * 2.079 

Cyclohexane 4.16 * 2.389 

n-Octane 5.38 790 4.414 

Camphene 1.65 854.505494505495 5.552 

Camphene 5 950.989010989011 7.308 

Eucalyptol 9.65 993.571428571429 8.083 

Eucalyptol 15.05 1041.03746397695 8.912 

Camphor 7.8 1140.24539877301 10.591 

Camphor 13.23 1162.94478527607 10.961 

Dihydrocarveol 3.95 1174.0490797546 11.142 

Borneol 4.11 1180.24539877301 11.243 

Terpinene-4-OL 3.12 1188.52760736196 11.378 

α-terpineol 2.32 1200.45901639344 11.572 

Bornyl acetate 3.25 1296.59016393443 13.038 

Davanone 4.28 1599.36507936508 17.137 

 

Also, the chemical composition of Sonchus arvensis 

L. essential oil is summarized in Table 2. According to 

the obtained data, thirty-five compounds of the 

hydro-distilled essential oil from aerial parts of S. 

arvensis L. were identified, representing 99.82 % of 

the total oil. High quantity of alkans including n-

octane (29.82%) and n-decane (11.09%) were the 

main components, followed by; 3-Methylheptane 

(5.13%), Toluene (3.51%), 1-Hexacosanol (2.92%), p-

Xylene (2.59%), Camphor (2.41%) and mono (2-

ethylhexyl) phthalate (1.97%) were found in 

significant amounts. 

 

Results of disk-diffusion test 

These results indicated that the diameters of 

inhibition zones varied from 7-12 mm and 19–29 mm 

for the various concentrations of extract and 

gentamicin, respectively. Among the four bacteria, B. 

cereus was the most sensitive to the extract (the 

diameter of inhibition zone was 12 mm for 400 

mg/ml methanolic extract). However, among the four 

isolates, two bacteria (S. enterica and E. coli) were 

resistant to the extract at all the concentrations. This 

method showed no growth inhibition zone for 

methanolic extract of S. arvensis. 

 

Results of MIC and MBC 

The MIC values for C. nummularioides Pojark are 

summarized in Table 4, which show that the 

methanolic extract was able to prevent the growth of 

all the tested bacteria. Generally, all the 

microorganisms were sensitive to the extract. The 
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MIC values of the extract ranged from 3.125-75 mg 

ml-1, with B. cereus being the most sensitive while S. 

enterica was the least sensitive. MIC for B. cereus was 

3.125 and for S. aureus obtained 4.16 mg ml-1, so the 

gram-positive bacteria were more sensitive than the 

gram-negative bacteria. 

 

Table 2. Composition determined by GC–MS analysis of the essential oils from S. arvensis that were used to 

formulate the combined essential oil (CEO) tested in this study. 

R.time KI % Compound 

2.878 * 4.897 3-Methylhexane 

2.941 * 2.714 cis-1,3-Dimethylcyclopentane 

2.969 * 1.6815 trans-1,3-Dimethylcyclopentane 

2.998 * 2.0355 trans-1,2-Dimethylcyclopentane 

3.085 700 1.652 n-Heptane 

3.372 718.6301 0.7965 Toluene hexahydride 

4.047 764.863 3.5105 Toluene 

4.153 772.1233 5.133 3-Methylheptane 

4.388 788.2192 1.5635 1-Ethyl-3-methylcyclopentane 

4.438 791.6438 1.7995 1-Ethyl-3-methylcyclopentane 

4.788 812.5275 29.8245 n-Octane 

5.713 863.3516 0.6195 α-Methyltoluene 

5.89 873.0769 2.596 p-Xylene 

6.32 896.7033 1.6815 o-Xylene 

7.066 937.6923 1.062 α-pinene 

7.489 960.9341 0.6195 5-Methylnonane 

7.696 972.3077 0.7375 3-Methylnonane 

8.335 1007.781 11.092 n-Decane 

8.857 1037.867 0.7375 EUCALYPTOL 

10.865 1157.055 2.419 Camphor 

11.194 1177.239 0.826 BORNEOL 

11.618 1203.475 3.8645 n-Dodecane 

14.543 1401.324 1.475 n-Tetradecane 

15.838 1496.544 0.767 3-(2-Methoxyethyl)-1-nonanol 

17.145 1600 0.708 n-Hexadecane 

20.046 1850.323 0.9735 2-PENTADECANON, 6,10,14-TRIMETHYL 

20.394 1882.396 0.649 Isobutyl phthalate 

20.877 1928.213 0.6195 Palmitic acid, methyl ester 

21.387 1977.488 1.888 Palmitic acid 

22.633 2102.434 1.239 Heneicosane 

22.724 2112.063 1.003 Linolenic acid, methyl ester 

22.853 2125.714 2.36 PHYTOL 

26.727 2570.875 1.9765 mono(2-ethylhexyl) phthalate 

29.267 2910.141 2.9205 1-Hexacosanol 

34.881 * 1.3865 Nonacosane 

 

Table 5 also reports the Minimum Inhibitory 

Concentration (MIC) and the Minimum Bacterial 

Concentration (MBC) values of the essential oils 

against four Gram positive and Gram negative 

bacterial strains. All extracts showed dose dependent 

activity which increases with increase in 

concentration. Antibiotic gentamicin was positive 

control and DMSO was the negative control. 

 

As the table shows, methanolic extract of S. arvensis  

L. has prevented from the growth of all bacteria. The 

results determined that in tested bacteria, there was a 

difference in terms of sensitivity to methanolic 

extracts. In other words, the most sensitivity was 

observed in B. cereus and S. aureus and the least was 

seen in S. enterica and E. coli. So, as it shown in this 

table, MIC is between 12.5 to 100 mg/ml and MBC is 

between 100 to even more than 400 mg/ml. The MIC 

and MBC against the bacteria B. cereus and S. aureus 

was satisfactory. 
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Table 3. Results of disk-diffusion test and inhibition zones (mm) for methanolic extract of C. nummularioides. 

Microorganism Concentrations of methanolic extract (mg/ml) Positive control Negative control 

100 200 300 400 Gentamicin DMSO 

B. cereus 6 6 8 12 29 6 

S. aureus 6 6 7 11 19 6 

S. enterica 6 6 6 6 20 6 

E. coli 6 6 6 6 21 6 

 

Food contamination is enormous public health 

problem, but it could be controlled by the use of 

natural preservatives such as essential oils obtained 

from plants (M. Skrinjar and Nemet, 2009). The 

antimicrobial activities of C. nummularioides 

methanolic extract against microorganism examined 

in the present study and their potency were 

qualitatively and quantitatively assessed by the 

presence of inhibition zones and MIC values. The 

maximal inhibition zones and related MIC values for 

the bacterial strains, which were sensitive to the 

methanolic extract of C. nummularioides Pojark, 

were respectively in the range of 7-12 mm, and 3.125-

75 mg ml-1.  

 

Table 4. MIC and MBC for methanolic extract of C. nummularioides Pojark and S. arvensis (mg ml-1). 

Microorganism B. cereus S. aureus S. enterica E. coli 

MIC 3.125 4.16 75 66.67 

MBC 108.33 102.08 400 233.33 

 

Table 5. MIC and MBC for methanolic extract of S. arvensis and S. arvensis (mg ml-1). 

Microorganism B. cereus S. aureus S. enterica E. coli 

MIC 50 50 100 100 

MBC 400 400 >400 >400 

 

A review of the literature on the antimicrobial activity  

of different plant extracts shows that methanolic 

extract has a high level of activity (Askun et al., 

2009). Moreover, several authors have studied 

antibacterial activities of different herbal extracts 

using methanol as an extraction solvent and observed 

comparatively better activity of methanolic extract 

than the other solvents (Islam et al., 2010). Negi et al. 

(2004) showed that the methanolic extract was the 

most effective, followed by chloroform and acetone 

extracts (Negi et al., 2004). 

 

S. enterica was the most resistant species to the 

methanolic extracts of C. nummularioides Pojark and 

S. arvensis with the highest MIC value (75 and 100 

mg ml-1). In the present study, bacterial species 

including gram (+) and gram (-) bacteria exhibited 

different degrees of sensitivity to the extracts which 

may be due to the differences in the chemical 

composition and structure of cell wall of both types of 

microorganisms (Goyal et al., 2009). The higher 

resistance of gram-negative bacteria to external 

agents has been earlier reported, and it is attributed 

to the presence of lipopolysaccharides in their outer 

membranes, which make them inherently resistant to 

antibiotics, detergent and hydrophilic dyes. The 

reason for higher sensitivity of the gram-positive 

bacteria than negative bacteria could be ascribed to 

the presence of an outer peptidoglycan layer which is 

an ineffective permeability barrier (Negi et al., 2004). 

The hydrophilic cell wall structure of gram-negative 

bacteria, constituted essentially by a lipo-

polysaccharide, blocks the penetration of 

hydrophobic components of oils and for this reason, 

gram-positive bacteria are found to be more sensitive 

to the essential oils effects (M. Ojeda-Sana et al.,  
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2012). 

Fig. 1. MIC for methanolic extracts of C. 

nummularioides Pojark and S. arvensis (mg ml-1) 

against different bacteria. 

 

Conclusion 

This is the first study to provide data on the 

methanolic extracts of C. nummularioides Pojark and 

S. arvensis L. plant evaluated against four pathogenic 

bacteria. Our findings may indicate that the 

methanolic extracts of C. nummularioides Pojark and 

S. arvensis L. to be used as a natural preservative in 

food systems against the well-known causal agents of 

food-borne diseases and food spoilage such as B. 

cereus and S. aureus. 
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