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Abstract. The essential oil from dried aerial parts of Azilia eryngioides (Umbelliferae) were obtained by 
hydrodistillation method and were analyzed by GC and GC/MS. Forty one components were identified in the A. 
eryngioides essential oil representing 97.9% of total constituents. α-pinene (63.8%) and bornyl acetate (18.9%) were 
the main components of essential oil. The antimicrobial activity was evaluated by micro broth dilution assay. The 
oil showed antimicrobial activity against Staphylococcus aureus, Bacillus cereus, Klebsiella pneumoniae, Candida albicans, 
Aspergillus parasiticus but it is less active against Escherichia coli and Salmonella typhimurium. The antioxidant activity 
of A. eryngioides oil was lower than that of BHT. 
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Introduction 
 
Development of drug resistance as well as appearance 
of undesirable side effect of antibiotics has lead to 
search of the new antimicrobial agents mainly among 
the medicinal plants with aim to discover the new 
components which overcome on these problems. The 
use of plant as remedy for treatment of infectious 
diseases has an old-age history in a large part of the 
world, especially in remote areas where is tendency to 
traditional medicine for variety of diseases. Also, some 
plants have antioxidant activity; the antioxidant activity 
of plants may have benefit due to preventing the 
diseases such as cancer and coronary diseases.  

Azilia eryngioides is a species of flowering plant in the 
Umbelliferae, the only member of genus Azilia, being 
endemic to Iran (Mozaffarian 2006). There are two 
studies on chemical composition of essential oil but no 
study was done on antimicrobial and antioxidant 
activity of it. One research exhibited that bornyl acetate 
(40.9%) was the main component of essential oil 
(Masoudi et al. 2005) while α-pinene (64.5%), limonene 
(11.7%), bornyl acetate (6.4%) were the main 
components of another study (Sefidkon & Abdoli 2004). 

The purpose of this investigation was to determine 
the antimicrobial and antioxidant activity of A. 
eryngioides essential oil and to identify the chemical 
composition related to it. 

 
 

Materials and Methods 
 
Plant material 
The aerial parts of Azilia eryngioides (Pragnos eryngioides) were  

collected at the beginning of flowering stage from Aligoodarz 
(Shool Abad) in July 2009. The species were identified by 
Agricultural Department of JundiShapour, Kashan, Iran, where 
a voucher specimen was deposited under the number 170-1. 
 
Extraction and oil analysis 
Air dried aerial parts of A. eryngioides were subjected to 
hydrodistillation using a Clevenger type apparatus for 6 h. The 
oil was isolated and dried on anhydrous sulfate. The yield of 
oil was 0.47%. The oil analysis was carried out using GC and 
GC/MS. The GC apparatus was Agilent technology (HP) 6890 
system, capillary column of HP-5MS (60 m × 0.25 mm, film 
thickness 0.25 µm). The oven temperature program was 
initiated at 40 °C, held for 1 min then raised up to 230 °C at a 
rate of 3 °C /min held for 10 min. Helium was used as the 
carrier gas at a flow rate 1.0 ml/min. The detector and injector 
temperatures were 250 and 230 °C respectively. GC/MS 
analysis was conducted on a HP 6890 GC system coupled with 
5973 network mass selective detector with a capillary column 
the same as above, carrier gas helium with flow rate 1 ml/min 
with a split ratio equal to 1/50, injector and oven temperature 
programmed was identical to GC. The compounds of the oil 
were identified by comparison of their retention indices (RI), 
mass spectra fragmentation with those on the stored Wiley 7n.1 
mass computer library, and NIST (National Institute of 
Standards and Technology)(Adams, 2001). 
 
Microbial strains 
Staphylococcus aureus ATCC 25923, Streptococcus faecalis ATCC 
29212, Bacillus cereus ATCC 1247, Staphylococcus saprophyticus 
ATCC 15305, Klebsiella pneumoniae ATCC 10031, Escherichia coli 
ATCC 8739, Salmonella typhimurium ATCC 14028, Pseudomonas 
aeruginosa ATCC 9027, and fungi Candida albicans ATCC 10231, 
7 clinical isolates of C. albicans, Aspergillus flavus, 5 field isolates 
of A. flavus, Aspergillus niger ATCC 16404, Aspergillus parasiticus 
ATCC 15517 were used. Bacterial suspensions were made in 
Brain Heart Infusion (BHI) broth to a concentration of approxi-
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mately 108 CFU/ml using standard routine spectrophometrical 
methods. Suspensions of fungi were made in Sabouraud 
dextrose broth. Subsequent dilutions were made from the 
above suspensions, which were then used in the tests. 
 

Assay for antimicrobial potential 
The minimum inhibitory concentration (MIC) and minimum 
lethal concentration (MLC) values of oil were determined by 
micro broth dilution assay. The oil was twofold serially diluted 
with 10% DMSO which contains 16- 0.0125 µl/ml of oil. These 
dilutions were prepared in a 96-well microtitre plate. MOPS-
buffered RPMI 1640 (fungi) (Daboit et al. 2009), cation adjusted 
Muller Hinton broth (non fastidious bacteria) (NCCLS 2009) 
and Todd Hewitt broth (fastidious bacteria) (Haste et al. 2010) 
was used as broth media. After shaking, 100 µl of oil was 
added to each well. The above microbial suspensions was 
diluted (1×106 CFU/ml for bacteria; 104 for fungi) and then 100 
µl was added to each well and incubated at 35 °C. MICs were 
defined as the lowest concentration of compound that inhibits 
bacteria after 24 and fungi after 48 h. MLC values were the first 
well that showed no growth on solid media.   
 

Antioxidant activity assay 
Antioxidant activity was assessed by 2,2-diphenyl-2-
picrylhydrazyl (DPPH) assay and β-carotene bleaching test. 
Tests were carried out in triplicate and final results were the 
averages of three determinations of three independent 
experiments. 

100 mg of essential oil and BHT separately was weighted 
accurately, then dissolved in 100 ml of 96% ethanol in 
volumetric flax, then this solution was pipette into 10 ml of 96% 
ethanol until the final volume reached to 10 ml. Furthermore, 
sample test solutions contained different concentrations of oil 
or BHT. 
 

β-carotene bleaching test  
In this assay, antioxidant activity was determined by 
measuring the inhibition of volatile organic compounds and 
the conjugated diene hydroperoxides arising from linoleic acid 
oxidation (Ruanma et al. 2010). β-carotene was dissolved in 
chloroform and added sufficient chloroform to reach 10 ml.  
The β-carotene-chloroform solution was pipette into boiling 
flax containing 50 mg linoleic acid and 3000 mg tween 80. 
Chloroform was removed using a laminar flow of nitrogen (50 
ml/min, 30 min at 30 ˚C) and 50 ml of distillated water 
saturated with oxygen (30 min, 100 ml/min ) was added to 
residue, mixed vigorously, to form a clear solution, if this 
solution was not a clear one, absorbance is not corrected 
(reactant solution). 5 ml of this solution (reactant solution) was 
separately added to containing 500 µl of the various 
concentration sample solutions, and the absorbance was 
immediately measured at 470 nm against a blank, consisting of 
a solution without β-carotene (Wang et al. 2008). 

The cap of test tube fitted and placed in a water bath at 50 
˚C, oxidation of the sample was monitored spectropho-
tometrically by measuring absorbance at 470 nm for 60 min. 
Antioxidant activities of sample were calculated using the 
following equation: 

 

AA %=[( DRC - DRS)/ (DRC)]*100 
 

Where 
DRC = [ln (a/b)/60], degradation rate of the control; DRS = 

[ln (a/b)/60],  degradation rate in presence of the sample; a =  

absorbance at time 0; b = absorbance after 60 min 
The same procedure was repeated with BHT test solution 

and antioxidant activities of sample solutions were compared 
with BHT.   
 
Radical scavenging capacity of the oil by DPPH assay 
The electron donation abilities of the corresponding extracts, 
pure compounds and oil were measured from the bleaching of 
the purple-colored ethanol solution of DPPH (Mimica-Dukić et 
al. 2010). This used spectrophotometric assay, measured the 
stability of DPPH radical as a reagent. 500 µl of sample 
solutions added to 2.5 ml of 6×10-5 molar DPPH solutions in 
ethanol. After 70 min incubation period at room temperature, 
the absorbance of each sample was read against a blank at 517 
nm. Inhibition of free radical by DPPH in percent (I %) was 
calculated using following equation: 

 

I= [(Ablank – Asample)/Ablank] 
 

Where, Ablank= absorbance of the blank (containing all 
reagents except the test compound); Asample = absorbance of the 
test sample solution.  

The sample concentration providing 50% inhibition (IC50) 
was calculated from the linear program of inhibition 
percentage against sample concentration, and it is the sample 
concentration that has inhibition 50%.   

 
 

Results 
 
Forty one components were identified in the essential 
oil of A. eryngioides representing 97.9% of total compo-
sition of essential oil. The major components were α-
pinene (63.8%) and bornyl acetate (18.9%) followed by 
β-pinene (2.6%), linalool (2.1%), Z- citral (1.3%), p-
cymene-8-ol (1.1%) and trans-α-bergamotene (1.0%) 
(Table 1). 

The antimicrobial activity of essential oil was 
assessed by determining the MIC and MLC as given in 
Table 2. The oil showed antimicrobial activity against S. 
aureus, B. cereus, K. pneumoniae, C. albicans, A. parasiticus 
but it was less active against E. coli and S. typhimurium. 
K. pneumoniae was more susceptible than the other gram 
negative bacteria. The oil showed inhibitory activity 
against filamentous fungi such as A. flavus, A. niger. The 
antimicrobial activity of oil was not remarkable and 
exhibited less activity than that of control antibiotics. 
The oil showed bactericidal effect against E. faecalis, B. 
cereus, P. aeruginosa and some clinical isolates of C. 
albicans. The MIC value of yeast and fungi was less than 
the bacteria especially against gram negative bacteria. 
The sensitivity of fungi to the essential oil is more than 
gram positive bacteria, and gram negative bacteria are 
less sensitive to the oil. 

Figure 1 depicts the radical scavenging effect of A. 
eryngioides essential oil and BHT as chemical standard in 
concentrations 50 to 400 µg/ml. BHT is a phenolic 
compound that is widely used as synthetic antioxidant 
in food for preserving the odor, color and flavor of the  
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Table1.  Chemical Composition of A. eryngioides essential oil 
 

Compound RIa Percent 

α-pinene 867 63.8 

camphene 872 0.66 

verbenene 875 0.15 

β-pinene 899 2.6 

1,3,8-p-menthatriene 909 0.04 

β-myrcene 913 0.34 

1,5,8-p-menthatriene 921 0.12 

ð- 3-carene 929 0.03 

cymene 937 0.13 

eucalyptol 943 0.2 

1-limonene 946 0.5 

cis-ocimene 955 0.1 

Cis linalool oxide 982 0.06 

Dehydro-p-cymene 997 0.2 

2-cyclopenten-1-one 1004 0.26 

Linalool L 1011 2.1 

α- campholene aldehyde 1022 0.28 

Trans-pinocarveol 1038 0.5 

Z-citral 1046 1.3 

pinocarvone 1050 0.17 

borneol 1062 0.3 
 
 

 

 

Compound RIa Percent 

Methyl-p-totyl ketone 1066 0.22 

2,3,4,6-tetramethyl phenol 1078 0.5 

p-cymen-8-ol 1080 1.1 

verbenone 1090 0.54 

myrtenol 1092 0.28 

Trans carveol 1112 0.19 

geraniol 1150 0.14 

Bornyl acetate 1177 18.9 

Trans-α-bergamotene 1184 1.0 

2-methylnorbornane 1344 0.15 

ð- cadinene 1386 0.04 

α-cadinol 1499 0.17 

isospathulenol 1549 0.09 

vellerdiol 1647 0.05 

Diisobutyl phthalate 1682 0.09 

Hexahydrofarnesyl acetone 1691 0.09 

Dibutyl phthalate 1758 0.14 

Hexadecanoic acid 1789 0.27 

Hexadecanoic acid ethyl ester 1808 0.04 

Octadecanoic acid 1925 0.03 
 

aRI=Retention Index 
 

 
 

Figure1.  Free radical scavenging and antioxidant activity  
of essential oil  in comparison with BHT. 

 
 
food. The IC50 of BHT and essential oil were found to be 
0.03%, 5.69%, respectively. The antioxidant activity of A. 
eryngioides oil was lower than that of BHT. 

The results of β-carotene bleaching test are exhibited 
in Figure 2. The results of β-carotene bleaching test 
showed that the synthetic antioxidant, BHT has stronger 
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antioxidant activity when compared to A. eryngioides oil. 
 
 
Discussion 
 
Screening of medicinal plants for antimicrobial activities 
and other biological activities is important for finding 
new potential compounds for therapeutic uses. Among 
the aromatic plants, A. eryngioides is a plant that has not 
been studied very much. Masoudi et al. (2005) reported 
that while A. eryngioides contained large quantities of 
bornyl acetate and the main component was bornyl 
acetate, in present study bornyl acetate was the second 
most abundant constituent of oil. α- pinene is the major 
component of essential oil and this is in agreement with 
previous report on A. eryngioides essential oil (Sefidkon 
& Abdoli 2005). In Sefidkon and Abdoli report (2005), 
limonene was the second component of essential oil, 
while this component was not found in this study. 

Screening the antimicrobial activity showed the oil has 
antimicrobial activity against yeast and fungi. This 
activity of oil can be attributed to the existence of α-
pinene as the main component of essential oil. α-pinene 
has some antifungal activity (Lis-Balchin et al. 1998) and 
at 2 mM concentration destroyed the cellular integrity of 
yeast and gram positive bacteria and inhibited respira-
tory activity in yeast mitochondria where gram negative 
bacteria were more resistant (Andrews et al. 1980, 
Amaral et al. 1998). α-pinene were active against S. 
aureus, S. epidermidis (Raman et al. 1995), mold and 
pathogen yeast (Lima et al. 2000, Nakahara et al. 2003). 
Lis-Balchin et al (1998) reported a direct relationship 
between high α-pinene component of essential oil and 
spasmogenic action on guinea pig ileum smooth muscle. 
Bornyl acetate is the second major component of 
essential oil and has antifeedant, bactericidal, insecti-
cidal, viricidal, expectorant, sedative and spasmolytic 
activity (Petropoulou et al. 2004).  

 
 

Table2.  Antimicrobial activity of A. eryngioides essential oil by microbroth dilution test 
 

 A. eryngioides oil Vancomycin Gentamycin Amphotericin 

 MIC MLC MIC MLC MIC MLC MIC MLC 

S. aureus 2 4 1 2 - - - - 

S. faecalis 8 8 4 4 - - - - 

B. cereus 2 2 0.5 0.5 - - - - 

S. saprophyticus 4 8 2 2 - - - - 

K. pneumoniae 2 4 - - 2 2 - - 

E. coli 8 16 - - 8 8 - - 

S. typhimurium 8 16 - - 4 8 - - 

P. aeruginosa 8 8 - - 4 8 - - 

C. albicans  1 2 - - - - 1 2 

C. albicans 21 1 2 - - - - 2 4 

C. albicans purple 0.5 1 - - - - 2 4 

C. albicans 25 2 2 - - - - 1 2 

C. albicans green 2 2 - - - - 0.5 0.5 

C. albicans 29 2 2 - - - - 1 2 

C. albicans 27 1 2 - - - - 1 2 

C. albicans 31 1 1 - - - - 0.5 1 

A. flavus 1 1 - - - - 16 16 

A. flavus K3 2 8 - - - - 4 8 

A. flavusS48 1 4 - - - - 16 16 

A. flavus Z16 2 4 - - - - 8 8 

A. flavus CZP3 1 8 - - - - 16 16 

A. flavus N1 1 8 - - - - 4 4 

A. niger 0.5 16 - - - - 16 >32 

A. parasiticus 0.5 1 - - - - 16 16 
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Figure2.  Antioxidant activity of A. eryngioides oil by β-carotene bleaching test 

 
 

The essential oil exhibited weak antioxidant activity 
compared with BHT. The antioxidant activities of 
essential oil are mainly attributed to the active 
compounds present in it. The weak antioxidant activity 
of essential oil was confirmed, so maybe the major 
component of it has weak antioxidant effects. Further 
studies should be done for verifying its biological 
activity. 
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