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Abstract. Satureja khuzistanica is a popular raw vegetable in Iranian cuisine. In this study, we evaluated the antimicrobial activity 
and antioxidant of S. khuzistanica essential oil, ethanol and aqueous extracts against food pathogenic microorganisms. Total phenolic 
and flavonoid contents of extracts were analyzed. The results of experiment showed S. khuzistanica essential oil had higher 
antimicrobial activity than that ethanol extract. S. khuzistanica aqueous extract did not exert any antimicrobial effect. The essential oil 
with higher phenolic content (9.50%) had higher IC50 (~95 µg/ml), while its ethanol and aqueous extracts with lower phenolic 
contents (3.14 and 1.17%) showed the IC50 40 and 80 µg/ml; respectively. S. khuzistanica ethanol had higher flavonoid content (2.9%), 
followed by aqueous extracts (1.4%) and essential oil (1.1%). Therefore, S. khuzistanica ethanol extract and its essential oil can be 
used as antimicrobial and antioxidant agents in food industry. 
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Introduction 
 
Satureja khuzistanica (Lamiaceae family) is a culinary edible 
plant. Iranian families consume raw or cooked S. khuzistanica 
as food or vegetable. S. khuzistanica is reputed in Iranian 
Traditional medicine due to its analgesic and antiseptic ac-
tivities (Zargari 1990). According to this believes, investiga-
tors have confirmed the neuroprotective (Kaeidi et al. 2013), 
anti-fertility (Haeri et al., 2006) and many other biological ac-
tivities of S. khuzistanica (Basiri et al. 2007, Khosravi et al. 
2013, Tavafi et al. 2011). The antifungal (Amirrajab et al. 
2010, Sadeghi-Nejad et al. 2010), and antibacterial (Abbasi et 
al. 2014, Akbari-Shahabi et al. 2014, Saei-Dehkordi et al. 
2012) activities were confirmed. Although, some studies con-
firmed the antioxidant activity of S. khuzistanica essential oil 
(Bagheri et al. 2013, Saei-Dehkordi et al. 2012), but this study 
is the first investigation that evaluated the antioxidant and 
antimicrobial activities of S. khuzistanica essential oil, ethanol 
and aqueous extracts against food spoilage pathogens. Also, 
this research analyzed the total phenolic and flavonoid con-
tents of S. khuzistanica extracts. 
 
 
Materials and methods 
 
Plant materials and extraction 
S. khuzistanica aerial parts at full flowering stage were collected from 
Lorestan Province in June 2014 and were authenticated under num-
ber 168-1. The essential oil was extracted by hydro-distillation of 
dried grinded plant by Clevenger type apparatus. The separated 
dried essential oil was kept in a dark vial in a cold place until the ex-
periment. The GC analysis of S. khuzistanica essential oil showed the 
presence of 94.5% carvacrol as the main component.  

For ethanol and aqueous extraction, the dried powder of plant 
was separately mixed with distilled water, and hydro-alcohol (70:30, 
v/v) for 24 h at ambient temperature in percolator. The extracts were 
separated and filtered. The filtered solutions were dried and kept in 
cold temperature until the analysis. 
 
Total phenolic, flavonoid contents of extracts and antioxidant activi-
ties 
The total phenolic and flavonoids contents of extracts were deter-
mined by spectrophotometer method as mentioned elsewhere and 
the results of total phenolic and total flavonoid contents were ex-

pressed as mg percent of dry extract as gallic acid and quercetin 
equivalent, respectively (Mahboubi & Mahboubi 2014). 

Radical scavenging activity was determined by free radicals of 
1,1-diphenyl-2-picrylhydrazyl (DPPH). Briefly, 5 ml of a methanol 
solution of DPPH was mixed with 50 μl of serial diluted extracts. The 
samples were incubated at room temperature for 70 min. The inhibi-
tion percent of free radicals was calculated according to optical den-
sity (OD) of solutions against a blank at 517 nm. BHT was used as 
positive control. The experiment were done in triplicate (Mahboubi 
& Mahboubi 2014). 
 
Microbial strains and Antimicrobial evaluation 
Staphylococcus aureus subsp. aureus ATCC 25923, Bacillus cereus PTCC 
1247, Escherichia coli ATCC 25922, Salmonella enterica subsp. enterica 
ATCC 14028, Shigella flexneri PTCC 1234, Candida albicans ATCC 
10231, and Aspergillus brasiliensis ATCC 16404 were used in this 
study as food pathogenic microorganisms. The bacteria and fungi 
were cultured on Casein soya bean digest agar and sabouraud dex-
trose agar mediums, respectively. The microbial suspensions were 
prepared in saline and the turbidity of microbial suspensions was 
adjusted by the spectrophotometer device to 0.5 McFarland at 600 
and 530 nm for bacteria and fungi (108 and 106 CFU/ml), respec-
tively. 

The antimicrobial activities of essential oil and two extracts were 
determined by disc diffusion and micro broth dilution assays. The 
inhibition zones diameters were evaluated by inoculating the micro-
bial suspensions on Casein soya bean digest agar (108 CFU/ml for 
bacteria) and sabouraud dextrose agar mediums (106 CFU/ml for 
fungi) by sterile cotton swab. The impregnated discs containing dif-
ferent concentrations of each extracts were placed on the cultured 
plates. The plates were incubated for 24 and 48 h for bacteria and 
fungi, respectively. Then, the inhibition zone diameters (mm) were 
measured and the results were recorded as means (in millimeter) ± 
standard deviation (CLSI 2012.).  

In micro-broth dilution, 100 μl of serially diluted extracts were 
added into each well of 96 micro titer plates. The above microbial 
suspensions (108 and 106 CFU/ml) were diluted (1/200) to 106 and 
104 CFU/ml. 100 µl of diluted microbial suspensions were added to 
each well containing different concentrations of extracts. The plates 
were incubated at 37ºC for 24 and 48 h for bacteria and fungi, respec-
tively. The lowest concentration with no visual turbidity was deter-
mined as the the minimal inhibitory concentration (MIC) and the 
lowest concentration of the first well without any growth on agar 
medium was reported as the Minimal bactericidal/fungal concentra-
tion (MBC/MFC) values (CLSI 2009.). 
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Results  
 
Many biological effects of extracts or essential oils are related 
to their phenolic or flavonoid contents. Analyzing the phe-
nolic and flavonoid contents of each S. khuzistanica extract, 
showed S. khuzistanica essential oil had higher phenolic con-
tent (9.5%), followed by its ethanol extract (3.14%), and 
aqueous extract (1.73%). In contrast, S. khuzistanica ethanol 
extract had higher flavonoid content (2.9%), than its aqueous 
extract (1.4%). S. khuzistanica essential oil had the low fla-
vonoid content (1.1%) (Table 1). 
 

Table 1. Chemical Attributes of Satureja khuzistanica extracts. 
 

  TPC TFC IC50 Yield of extraction 
ethanol extract 3.14% 2.90% 40 44.7% 
aqueous extract 1.73 1.40% 80 28% 
Essential oil 9.50% 1.1% 95 4.9% 
BHT - - 18 - 

 

TPC=Total Phenolic Content (per gallic acid equivalent)  
TFC=Total Flavonoid Content (per quercetin equivalent) 
 
 

The ability of different S. khuzistanica extracts in scaveng-
ing the free radicals showed S. khuzistanica ethanol extract 
had the highest antioxidant activity with lowest IC50= 40 
µg/ml, followed by its aqueous extract (IC50= 80 µg/ml) and 
the essential oil (IC50= 95 µg/ml). According to the results, 
the antioxidant potency of S. khuzistanica ethanol extract was 
almost twice weaker than the antioxidant potency of BHT 
(IC50=18 µg/ml) (Fig. 1). 

Evaluating the antimicrobial activity of S. khuzistanica ex-
tracts against pathogenic microorganisms (Table 2) showed 
that its aqueous extract had no considerable antimicrobial 
activity against bacteria and fungi (the results were not 
shown). 

In the disc diffusion method, the inhibition zone diame-
ter (IZ) of S. khuzistanica ethanol extract and essential oil in 
 

 
 

Figure 1. The Antioxidant activity of Satureja khuzistanica extracts by 
DPPH assay. 

 
 

creased dose dependently. The IZ for lower concentrations 
of S. khuzistanica essential oil was higher than the IZ for 
ethanol extract. C. albicans, A. brasiliensis and S. aureus had 
the higher IZ for S. khuzistanica essential oil, while the higher 
IZ were for S. khuzistanica ethanol extract against S. aureus 
and B. cereus.  

In the broth dilution assay, S. khuzistanica essential oil 
had the lower MIC value for Sh. flexneri (28.7 µg/ml), and B. 
cereus, C. albicans (57.4 µg/ml), followed by S. enterica (86.3 
µg/ml). E. coli and A. brasiliensis showed less sensitivity to S. 
khuzistanica essential oil (MIC and MLC 114.7 µg/ml) (Table 
2). Therefore, there was no correlation between the results of 
disc diffusion and broth dilution for essential oil. 

S. khuzistanica ethanol extract showed the lower antim-
icrobial activity than essential oil. In the disc diffusion 
method, S. khuzistanica ethanol extract had higher activity 
against Gram-positive bacteria than Gram-negative ones, 
yeast and fungi. C. albicans (80, 160 µg/ml) was more sensi-
tive to S. khuzistanica ethanol extract, followed by S. enterica 
(160, 320 µg/ml), Sh. flexneri and E. coli (320, 640 µg/ml). S. 
aureus and A. brasiliensis were resistant to ethanol extract. S. 
khuzistanica ethanol extract showed an inhibitory effect  

 
Table 2. The antimicrobial activity of Satureja khuzistanica essential oil. 

 

 Disc diffusion (mm) Broth dilution (µg/ml) 
 0.16 µl   

(0.15 mg) 
0.32 µl 

(0.29mg) 
0.48 µl 

(0.59 mg) 
0.64 µl 

(1.2 mg) 
MIC MLC 

S. aureus  7.65±0.2 9.95±0.25 18.2±0.11 21.1±0.77 86.3 114.7 
B. cereus  6.75±0.2 9.0±0.2 14.5±0.2 18±0.64 57.3 86.3 
E. coli  7.95±0.8 13.8±0.36 13.6±0.31 15.7±1.7 114.7 114.7 
S. enterica  11.95±0.25 13.45±0.8 12.5±0.2 13.5±0.13 86.3 114.7 
Sh. flexneri  12.5±0.1 14.6±0.45 17.4±0.5 19.2±0.42 28.7 57.4 
C. albicans  13.0±0.7 14.9±0.3 23.4±0.18 34.18±2.04 57.4 57.4 
A. brasiliensis 12.0±0.2 13.9±0.7 27.3±0.61 38.9±0.89 114.7 114.7 

 

MIC=Minimal Inhibitory Concentration; MLC=Minimal Lethal Concentration 
 

Table 3. The antimicrobial activity of Satureja khuzistanica ethanol extract. 
 

 Disc diffusion (mm) Broth dilution (µg/ml) 
 1.6 mg 2.0 mg MIC MLC 
S. aureus  12.13±0.47 14.3±0.25 640 1280 
B. cereus  12.9±0.07 14.75±0.21 80 2560 
E. coli  9.3±0.58 10.3±0.33 320 640 
S. enterica  7.9±0.15 9.6±0.31 160 320 
Sh. flexneri  9.03±0.16 11.4±0.29 320 640 
C. albicans  6.0±0.0 10.8±0.11 80 160 
A. brasiliensis 6.0±0.0 9.7±0.22 640 1280 

 

MIC=Minimal Inhibitory Concentration; MLC=Minimal Lethal Concentration 
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against B. cereus (80, 2560 µg/ml) (Table 3). 
 
 

Discussion 
 
Our results showed S. khuzistanica ethanol extract with lower 
phenolic content than the other extracts had considerate an-
tioxidant activity. Thus, other compounds rather than its 
phenolic compounds (Haeri et al. 2006) are responsible for 
its antioxidant activity. In other word, no positive correlation 
was observed between S. khuzistanica ethanol extract's phe-
nolic content and its antioxidant activity.  

Evaluating the other studies showed S. khuzistanica es-
sential oil had the IC50 5.3 ng/ml (Bagheri et al. 2013) in one 
study and 28.7 µg/ml (Saei-Dehkordi et al. 2012) in other 
while, the reported IC50 for BHT were 3.9 ng/ml and 19 
µg/ml, respectively (Bagheri et al. 2013, Saei-Dehkordi et al. 
2012). On the basis of BHT's IC50, the antioxidant results of 
our study had conformity with the results of Saei-Dehkordi 
et al. (2012). The difference in the antioxidant activity of S. 
khuzistanica essential oils from our results and previous 
study (Saei-Dehkordi et al. 2012) may be due to the differ-
ences between the main components of essential oils. Pheno-
lic compounds as the main components of S. khuzistanica es-
sential oil (Hashemi et al. 2012, Jalalvand et al. 2014) play an 
important role. The main components of Saei-Dehkordi et al 
(2012) essential oil have been carvacrol (54%) and thymol 
(20%), while carvacrol (94.5%) was main compounds of our 
S. khuzistanica essential oil. 

The related MIC values of S. khuzistanica essential oil 
against S. aureus, B. cereus and C. albicans were reported 360, 
540 and 180 µg/ml; respectively (Saei-Dehkordi et al. 2012) 
that implicated on its weaker antimicrobial activity than our 
essential oil in this study. This occurrence may be related to 
higher amount of carvacrol (94.5%) (Mahboubi et al., 2014) in 
our S. khuzistanica essential oil. The presence of thymol (20%) 
in the essential oil from previous study (Saei-Dehkordi et al. 
2012) and decreasing the amount of carvacrol (54%) have af-
fected on antimicrobial activity of essential oil.  

As our results, S. khuzistanica ethanol extract due to its 
antioxidant activity and S. khuzistanica oil due to preserva-
tive potency against food pathogenic microorganisms may 
be suitable candidate for preserving the foods from oxida-
tion and spoilage. More studies are required to evaluate its 
potency as preservative and antioxidant agent in food prod-
ucts. 
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