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Due to an increasing risk of chemical contamination upon the application of synthetic fungicides to 
preserve fresh fruits and vegetables, essential oils are gaining increasing attentions. In this research, 
besides chemical analysis of the essential oils of three Satureja species (S. hortensis, S. spicigera, and S. 
khuzistanica) by GC–MS, their fungicidal and/or fungistatic effects on postharvest pathogens of 
strawberry were investigated. Essential oils were extracted by means of hydro-distillation and afterwards 
GC/MS analysis was performed to identify their components. Carvacrol, g-terpinene and p-cymene were 
detected as the repeating main constituents of the spices, while thymol and carvacrol methyl ether were 
found as major components only in S. spicigera oil. In vitro results showed that at the maximum 
concentration, the essential oils did not possess fungicidal effects on Aspergillus niger but they exhibited 
fungicidal activities against Penicillium digitatum, Botrytis cinerea and Rhizopus stolonifer. However, S. 
khuzistanica was the strongest oil in fungicidal activity. S. hortensis oil was more effective than S. spicigera 
against B. cinerea whereas S. spicigera oil showed stronger fungicidal activity against R. stolonifer. In 
conclusion, essential oils isolated from three savory species could be suitable for applications in the food 
industry to control molds and improve the safety of fruits and vegetables. 

ã 2015 Elsevier B.V. All rights reserved. 
 

           

      

       

       

         

          

         

          

         

         

       

        

         

          

  

            
       
        

        
          

           
          

           
          

          
        

         
          

           

1. Introduction 

Basic production resources have been a subject of risk due to the 
increasing amount of environmental pollutants and extravagant 
utilization of food and agricultural products. Application of 
agrochemical products and other contaminants is a serious 
challenge of the current century which has resulted in destruction 
of numerous vast lands and reduction of the quality of water 
resources. Based on this fact, the idea of sustainable production 
and improved safety of the basic resources have been developed all 
around the world, especially in the section of agricultural products 
that organic foods and natural based treating agents have been 
subjects of research and advancement (Adeyinka and Richard, 
2015; Juneja et al., 2012; Prakash et al., 2012). 

Fungi are the main deteriorating means of foodstuffs such as 
fruits and cereals during storage period that are able to diminish 
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the quality attributes and nutritional values by their growth or by 
production of toxic compounds (Cardenas-ortega et al., 2005; 
Mishra and Dubey, 1994). Storage fungi are commonly controlled 
by synthetic chemicals; however, these agents usually impact the 
human health and the environment adversely (Nakahara et al., 
2013). Furthermore, the use of fungicides is more harmful in the 
post-harvest period because of the short time between treatment 
and consumption. Some fungi have shown resistance against broad 
spectrum fungicides such as benzimidazoles, imazalil and 
prochloraz due to repeated usage and some of them such as 
Mucor and Rhizopus are not sensitive and need especial fungicides 
to be controlled (Lima et al., 2015; Mari et al., 2014; Sánchez-Torres 
and Tuset, 2011; Sharifi et al., 2008). Benzimidazoles, the widest 
applied fungicides in postharvest period, have no effect on 
Dematiaceous fungi (dark spore fungi), Oomysets, Mucor and 
Rhizopus (two later are major postharvest pathogens of numerous 
products). In addition, imazalil and prochloraz are ineffective 
against Rhizopus stolonifer (Agrios, 2005). 

A number of plants produce natural antifungal compounds in 
their tissues defending them against biological hazards by 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.postharvbio.2015.06.014&domain=pdf
mailto:hokiani@ut.ac.ir
http://dx.doi.org/10.1016/j.postharvbio.2015.06.014
http://dx.doi.org/10.1016/j.postharvbio.2015.06.014
http://www.sciencedirect.com/science/journal/09255214
www.elsevier.com/locate/postharvbio
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exhibiting non-host resistance against most of potential pathogens 
(Mysore and Ryu, 2004). Selected plants and their essential oils 
have been evaluated as natural sources for controlling storage 
fungi (Cardenas-ortega et al., 2005). Essential oils are volatile 
materials containing a complex mixture of compounds, mainly 
monoterpenes, sesquiterpines and phenylpropanoids (Fujita and 
Kubo, 2004). Since the chemical composition of the oils is complex, 
resistance against them is rarely developed (Gómez-Castillo et al., 
2013; Siroli et al., 2015) and generally, a combined effect of both 
active and inactive compounds accounts for the antifungal activity 
of the oils (Burt, 2004; Guerreiro et al., 2015; Khoury et al., 2014; 
Sharifi et al., 2008). 

Strawberry is a very sensitive fruit against pathogens, and 
fungal contamination is common in this product due to its 
cultivation style, its probable direct contact to the soil, and its 
sensitive and soft tissue. Major threatening fungi that reduce the 
post-harvest storage life of strawberries include Botrytis,Aspergil
lus, Rhizopus and Penicillium (Lazar et al., 2010; Sharma, 2014). 
Chemical fungicides are generally effective against these patho
gens; however, according to the former discussions, they have 
harmful effects on the human health and are not acceptable 
choices. 

The application of essential oils and plant extracts for 
controlling post-harvest pathogens has been a subject of interest 
with a developing trend. These substances are natural products 
with no adverse effects on the environment and increase the 
quality and shelf life of fruits due to their anti-oxidant activity 
(Daniel et al., 2015; Elshafie et al., 2015; Sivakumar and Bautista-
Banos, 2014). Identification of biologically active compounds 
being potential as bio-controlling natural products for the post-
harvest storage would be valuable. Plants belonging to the genus 
Lamiaceae and Apiaceae are generally rich of anti-microbial and 
anti-oxidant ingredients and their extracts or essential oils are 
potentially advantageous to be used as antifungal products 
(Anthony et al., 2003; Arras and Usai, 2001; Chen et al., 2014; 
Mohammadi et al., 2014; Rasooli and Mirmostafa, 2003; Senhaji 
et al., 2014; Sivakumar and Bautista-Banos, 2014; Spadaro and 
Gullino, 2014). 

The genus Satureja (Lamiaceae, subfamily Nepetoideae and 
tribe Satureja) constitutes about 200 species of herbs and shrubs, 
often aromatic, widely distributed in Mediterranean area, Asia 
and boreal America (Cantino et al., 1992). Evidently, members of 
the genus Satureja, including a well-known species Satureja 
hortensis L., known as summer savory, Satureja montana L., or 
winter savory and Satureja cuneifolia Ten. or wild savory are natural 
sources for different applications. Satureja, as an aromatic plant, is 
frequently used in local spices and is known as a traditional 
medicinal plant (C cibušiCCavar et al., 2008; Lawless, 2013; Sko9 c et al., 
2006). Some members of this genus are of economic importance 
since they have been used as culinary herbs, flavouring agents in 
perfumery and cosmetics. The positive effects of savory on human 
health have now been attributed to its various biologically active 
constituents such as essential oil, triterpenes (Escudero et al., 
1985) and flavonoids (Tomás-Barberán et al., 1988). The essential 
oil of savory contains antioxidative compounds, namely carvacrol, 
thymol, b-caryophyllene, g-terpinene, p-cymene, together with 
linalool, which has been reported to possess strong antioxidant 
effects (Ruberto and Baratta, 2000) and also has dipentane, ursolic 
acid, etheral oil, phenolic substances, resins, tannins and mucilage 
(Lawrence, 2000). The oil exhibited differences in p-cymene, 
myrcene and g-terpinene contents. S. hortensis L. (‘summer 
savory’) is a well-known medicinal plant which is widely 
distributed in different parts of Iran as one of the most important 
of twelve classified Satureja species. Besides of its usual use in food 
industry as an aromatic and flavouring agent, it has been received 
major consideration for having anti-inflamatory (Lawrence, 2000), 
        

          

        

         

       

           

          

         

         

          

        

    

   

    

          

        

          

         

          

        

   

    

         

        

          

           

       

             

          

        

       

        

        

          

         

 

   

       

       

       

         

        

        

         

        

        

   

      

        

         

       

      

         

           

        

       

         
           
         

          
        
            

           
          
          
           

         
     

    

     

           
         
           

          
          

         
     

     

          
         
           

            
          

              
             

         
        

         
         

           
           

   

    

        
        
        

          
         

         
          

         
         

 

    

       
        

          
        

       
          

            

         
        

antioxidant (Güllüce et al., 2003), antibacterial (Güllüce et al., 
2003; Şahin et al., 2003) and antifungal activities (Güllüce et al., 
2003; Kotan et al., 2013; Razzaghi-Abyaneh et al., 2008; 
Rezvanpanah et al., 2011). S. spicigera, and S. khuzistanica are 
among other species of Satureja found in Iran. 

The aim of this study was to analyze and compare the chemical 
composition of the aerial parts of the three species of Satureja 
growing in Iran (S. hortensis, S. spicigera, and S. khuzistanica), 
evaluate their potential to be utilized as antifungal agents and 
examine the effect of these essential oils on the main fungal 
pathogens of strawberries (as a valuable and vulnerable fruit 
generally requiring major fungicidal treatments). 

2. Materials and methods 

2.1. Preparation of essential oils 

Aerial parts of fresh S. hortensis, S. spicigera, and S. khuzistanica 
were collected from Lorestan province, Iran in summer 2008, 
dried in dark at room temperature and then powdered with a 
blender after verifying the species and elimination of trash bodies 
(Sharifi et al., 2008). The essential oils were isolated by hydro-
distillation, using a Clevenger–type apparatus and then were dried 
and stored at 4 °C. 

2.2. GC-FID and GC–MS analysis 

GC analysis was performed with a Thermoquest (San Jose, CA) 
gas chromatograph with a flame ionization detector (FID). Analysis 
was carried out using fused silica capillary DB-1 column (60 m 
x 0.25 mm i.d.; film thickness = 0.25 mm). Injector and detector 
temperatures were 250 °C and 300 °C, respectively. Helium was 
used as the carrier gas at a flow rate of 0.018 mL s-1; oven 
temperature was programmed from 60 °C to 250 °C at the rate of 
0.067 °C s-1, and finally held isothermally for 60 s. 

GC–MS analysis was also performed by using Thermoquest– 
Finnigan (San Jose, CA) gas chromatograph equipped with column 
described above and coupled with a TRACE mass quadrupole 
detector. Helium was used as carrier gas with ionization voltage of 
70 eV. Ion source and interface temperatures were 200 °C and 
250 °C, respectively. 

2.3. Identification of components 

The retention indices were calculated for all volatile 
constituents using a homologous series of n-alkanes C6–C24. 
Identification of individual compounds was carried out by 
comparison of their mass spectra with those of similar compounds 
from a database (Wiely/NBS library) or with authentic compounds 
and confirmed by comparison of their retention indices with 
authentic compounds or with those of reported in the literature 
(Özcan et al., 2006). For quantification purpose, relative area 
percentages obtained by FID, were used without using correction 
factors. 

2.4. Fungal inoculum preparation 

Strains of postharvest fungi, Aspergillus niger, Penicillium 
digitatum, Botrytis cinerea, and R. stolinifer, isolated from strawber
ry store were provided by the Department of Plant Pathology, 
University of Tehran. Cultures of the microorganisms were 
maintained on potato dextrose agar (PDA) medium. 

Spore suspensions were provided from 10 day old cultures of 
each fungus on PDA and their population was adjusted to 1 x105 

spore per mL by hemocytometer. For inoculation, mycelium was 
taken from the periphery of 4-day-old stock cultures. 
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Table 1 
Chemical composition (relative area percentage) of the essential oils of the three 
species of Satureja (S. hortensis, S. khuzistanica, and S. spicigera). 

No. Compound RI S. hortensis S. khuzistanica S. spicigera 

1 a-thujene 925 2.3 1.2 0.1 
2 a-pinene 933 2.5 1.6 0.4 
3 Camphene 947 0.2 0.1 – 
4 1-octene-3-ol 960 0.1 – – 
5 974 1.6 1.2 1.4 b-pinene 
6 Myrcene 981 2.5 1.7 1 
7 a-phelandrene 999 0.5 0.2 – 
8 d-3-carene 1007 0.1 – – 
9 p-cymene 1014 11.7 11.0 23.4 
10 1.8-cineole 1023 1.0 0.7 0.6 
11 (z)-b-ocimene 1036 0.2 – – 
12 g-terpinene 1053 24.2 18.5 15.2 
13 cis-sabinene hydrate 1056 0.2 0.2 0.1 
14 a-terpinene 1080 0.1 – – 
15 Linalool 1085 0.1 0.2 3.8 
16 1055 0.5 0.2 0.2trans-sabinene hydrate 
17 trans-2-caren-4-ol 1145 – 0.1 0.1 
18 4.5-epoxy-carane 1151 0.1 – 0.1 
19 terpin-4-ol 1163 0.5 0.5 2.3 
20 a-terpineol 1175 0.2 0.2 – 
21 thymol methyl ether 1225 0.1 – 0.2 
22 carvacrol methyl ether 1237 – – 8.1 
23 Thymol 1266 0.3 0.3 29.5 
24 Carvacrol 1282 48.0 57.4 9.6 
26 Carvacryl acetate 1345 1.0 2.1 1.4 
27 b-caryophyllene 1424 0.9 0.4 0.4 
29 b-bisabolene 1501 1.0 0.7 0.5 
30 Spathulenol 1576 0.2 0.1 0.2 
31 caryophyllene oxide 1960 0.1 0.3 0.2 

Total 99.9 98.8 98.8 
  

    

          

       

       

         

           

          

        

        

           

           

          

         

         

  

 

  

 

           

            

          

        

        

          

          

      

       

       

         

           

      

        

            

         

          

          

         

       

          

            

          

          

           

       

           

    

        

         

          

           

             

        

         

       

             

          

  

           

         

          

   

     
           

        
        

          
            

            
         

         
            

            
            

          
          

   

  
  

 
  

            
             

           
         

         
            

           
      

        
        

          
            

       
          

             
          

            
           

          
        

           
             

            
           

            
        

            
 

     
          

          
           

             
               

         
          

        
              

           

   

            
          
           

2.5. Toxicity study 

2.5.1. Inhibition of mycelial growth 
The toxicity of the essential oils against tested fungi was studied 

by two methods including poisonous medium technique using 
potato dextrose agar (PDA) medium and broth micro-dilution 
method (Mishra and Dubey, 1994). Six concentrations (0, 75, 150, 
300, 600 and 1200 mL L-1) were mixed with sterile molten PDA 
(cooled to 40 °C), and a surfactant (Tween 80) was also added 
(0.05%) to facilitate oil dispersion. For inoculation, plugs of 
mycelium were taken from the periphery of 4-day-old stock 
cultures and were inverted and were placed in the center of each 
Petri dish (9 cm diameter). Four replicate plates were sited up for 
each concentration and plates were incubated in the dark at 27 °C. 
According to Cakir et al. (2005), growth inhibition of treated 
samples (T) against control (C) was calculated by percentage, using 
the following formula: 

%Inhibition ¼ 
C - T 
C 

x 100 

where C is an average of four replicates of hyphal extension (mm) 
of controls and T is an average of four replicates of hyphal extension 
(mm) of plates treated with essential oils. For the detection of 
fungistatic or fungitoxic effect in the samples with inhibited 
growth of fungi, fungal discs were re-inoculated onto fresh 
mediums and revival of fungal growth was recorded in 27 °C after 
ten days. In the second method, to determine the percent of 
inhibition, minimum inhibitory concentration (MIC) and mini
mum fungicidal concentration (MFC) of essential oils against 
tested fungal strains broth microdilution method was performed. 
For this purpose, different concentrations of the essential oils (75, 
150, 300, 600 and 1200 ml L-1) were prepared in PDB (Potato 
Dextrose Broth) medium. Meanwhile, suspensions of pathogenic 
fungi spores containing 105 spores per mL were also prepared. 
30 mL portions of each fungi suspension were mixed with 150 mL of 
the essential oil solutions and the obtained cultured media were 
transferred to 96 well plates. The samples were incubated at 27 °C 
for 72 h while shaken using an incubator shaker. The lowest 
concentrations of the essential oils with no fungal growth were 
read as MIC. Minimum fungicidal concentrations were determined 
by re-culturing of the samples with no fungal growth in PDB 
(100 mL media for each 10 mL of the samples) and incubation at 
27 °C for 72 h with shaking. The experiments were replicated for 
four times and a control sample was also prepared using sterile 
distilled water. For both of the above mentioned methods, a total of 
20 treatments (four replications of five concentrations) were 
carried out for each oil in addition to the control sample (four 
replications). 

2.5.2. Inhibition of spore germination 
Suspensions of fungi spores containing 105 spores per mL were 

produced in distilled water. Afterwards, 50 mL of each fungal 
suspension was mixed with the essential oil solutions to achieve a 
final concentration of 600 mL L-1 of the oil in the final medium 
volume of 0.2 mL. After incubation of the samples at 27 °C for 8 h, 
germination of the spores was evaluated using light microscopy 
and the number of germinated spores among around 100 counted 
spores was measured. Spores were considered as germinated 
when the length of the hypha was longer than the half of the radius 
of the spore (Plascencia-Jatomea et al., 2003; Regnier et al., 2014). 

2.6. Data analysis 

If needed, Probit analysis was used to measure MIC with SPSS 9. 
MIC assumed as minimum level of essential oil concentration with 
95% reduction of the fungi growth (Eckert and Ogawa, 1988). Were 
        

    

   

      

           

           

         

            

           

        

          

         

       

       

         

       

        

          

         

          

          

         

           

         

          

          

       

     

      

         
     

    

       

            
            

          
             

            
        

           
         

        
        

          
        
         

           
          

           
           

         
            

          
           

           
        

      
       

needed, ANOVA analysis and means comparison test (LSD) were 
performed using SPSS 9 software. 

3. Results and discussion 

3.1. Chemical composition of the essential oils 

The yield of the isolated essential oils of S. hortensis, S. spicigera 
and S. khuzistanica were 2.4, 3.7 and 3.9%, respectively. The GC and 
GC–MS analyses of the essential oils permitted the identification of 
29, 24 and 24 principal constituents making a total of 99.9, 98.8 and 
98.8% of the oils for S. hortensis, S. khuzistanica and S. spicigera, 
respectively (Tables 1). Carvacrol (48%), g-terpinene (24.2%) and p
cymene (11.7%) were the main components of S. hortensis oil. The 
main cmponents of S. khuzistanica oil were carvacrol (48%), p-
cymene (18.5%) and g-terpinene (11%). Thymol (29.5%), p-cymene 
(23.4%), g-terpinene (15.2%), carvacrol (9.6%) and carvacrol methyl 
ether (8.5%) were the main components of S. spicigera oil. 
Carvacrol, g-terpinene, and p-cymene were detected as the 
repeating main components of the three spices while thymol 
and carvacrol methyl ether were only found in S. spicigera among 
the major components, so that thymol, as the first major 
compound, consisted up to one out of three of all components 
in this species. Whereas carvacrol accounted for around half of the 
components of S. hortensis, and S. khuzistanica oils, the concentra
tion of this compound was significantly lower in S. spicigera oil. The 
highest amount of g-terpinene was observed for S. hortensis oil 
followed by S. khuzistanica oil. On the other hand, the highest 
concentration of p-cymene was shown to be in S. spicigera oil 
compared to the oils of other two species. 

Literature review has shown variations between 
chemical composition of different Satureja species oils 
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Fig. 1. Inhibition indices percentage of various concentrations of S. khuzistanica (a), 
S. hortensis (b) and S. spicigera (c) on the growth inhibition of fungi strains causing 
strawberry rot (columns for each fungus strain from left to right denote 75,150, 300, 
600, and 1200 mL L-1). The experiments were carried out in vitro by poisonous 
medium technique using potato dextrose agar. Different letters for each fungal 
strain indicate significant differences among treatments (P. 0.05). 
         

           

          

          

         

         

        

        

        

         

       

       

     

         

       

           

         

           

           

         

        

           

           

          

       

      

       

           

           

         

        

         

          

           

       

         

        

            

         

           

  

        

       

          

        

         

      

     

           

        

           

         

          

         

     

       

           

         

         

             

         

          

        

          
            

           
           

         
          
         

         
         
          

        
        

      

          

        
            

          
            

            
          

         
            
            

           
        

       
        

            
          

          
         

          
           

            
        
          
         

            
          

           
   

         
       

           
         
          
       

      
            
         

           
          
          

          
      

        
            

          
          

              
          

           
         
 

(Sefidkon and Jamzad, 2005). There are many reports on the 
composition of essential oils of the aerial parts and leaves of savory 
species from different parts of the world (Góra et al., 1996; 
Hajhashemi et al., 2002; Hajhashemi et al., 2000). Tozlu et al. 
(2011) and Hadian et al. (2010) reported carvacrol, g-terpinene, p
cymene, and a-terpinene as the main components of S. hortensis 
essential oil. Sefidkon et al. (2006) identified twenty three 
components in the S. hortensis oil including carvacrol and 
g-terpinene as the main components. Farsam et al. (2004) 
determined the main components of the S. khuzistanica oil as 
carvacrol, p-cymene and Thymol. Eminagaoglu et al. (2007) 
reported carvacrol, g-terpinene, and p-cymene as the major 
constituents of S. spicigera essential oil. 

3.2. Antifungal activity of the essential oils on PDA cultures 

The results of inhibition indices percentage of different 
concentration of essential oils are presented in Fig. 1. As can be 
observed in this figure, there was no significant inhibitory activity 
against fungi at concentration of 75 mL oil per L PDA. However, 
increasing the concentration of this oil led to a decreasing trend in 
the growth of all tested fungi strains. S. khuzistanica, in 
concentrations equal to 600 ml L-1 or higher, completely inhibited 
the growth of all tested fungi strains. Inhibitory effect of S. hortensis 
and S. spicigera manifested a similar pattern: 75 and 150 ml L-1 of 
these oils lowered the growth potential of all studied fungi strains 
and concentrations higher than 300 ml L-1 could completely 
inhibit the growth of the tested strains. 

All of the savory species exhibited considerable antifungal 
activity against P. digitatum, B. cinerea and R. stolonifer with MICs of 
600 mL L-1, 300 mL L-1 and 300 mL L-1, respectively (Table 2). 
Results from the re-inoculation of the examined samples to a 
fresh medium for indication of fungicidal and/or fungistatic effect 
of the oils showed that at the maximum concentration used 
(1200 mL L-1 of the medium) none of the savory species possessed 
fungicidal effects on A. niger but S. hortensis and S. spicigera had 
fungicidal effects against P. digitatum. Furthermore, S. khuzistanica 
exhibited fungicidal activity on B. cinerea and R. stolonifer. The 
minimum fungicidal concentrations of the essential oil of S. 
hortensis on B. cinerea and R. stolonifer were 300 and 600 mL L-1, 
respectively and S. spicigera showed fungicidal activity on B. cinerea 
and R. stolonifer at the concentrations of 1200 and 300 mL L-1, 
respectively (Table 2). 

A similar observation (Fig. 2) with RI% determination by 
poisonous medium technique was made using broth micro-
dilution. The RI% of essential oils against fungal strains was ranged 
0–100% which is approximately lower than those of poisonous 
medium technique. In general, it can be concluded that the 
essential oils exhibited stronger antimicrobial activity against 
fungal strains using broth micro-dilution method. 

Table 3 shows the MIC and MFC ranges of the essential oils 
obtained by broth microdilution for different fungal groups. MIC 
and MFC determined ranged from 600 to 1200 mL L-1, whereas the 
MICs and MFCs obtained by poisonous medium technique were in 
range of 300–1200 mL L-1. In general MICs assessed by broth 
microdilution were almost always one to several times lower than 
those generated by poisonous medium technique. 

Results obtained after determining the germination of spores 
are presented in Table 4. The number of germinated spores of A. 
niger, P. digitatum, B. cinerea, R. stolonifer were significantly lower 
than those of control. For instance, S. khuzestanica oil completely 
inhibited the growth of B. cinerea and R. stolonifer and A. niger and P. 
digitatum grew in low numbers. S. hortensis and S. spicigera 
performed in a similar way. All of the examined essential oils 
showed comparable patterns to prevent the growth of fungal 
strains. 
         

         

        

        

          

      

          

          
          

         
         

           
       

           

The results of this study showed that the evaluated essential 
oils could exhibit potent inhibitory effects against A. niger, P. 
digitatum, B. cinerea and R. stolonifer, the main deteriorating 
fungi strains found on strawberries. The antifungal effect of 
savory species could be due to the high contents of phenolic 
compounds such as major monoterpene constituents (Thymol 
and carvacrol). It has been reported that thymol and carvacrol are 
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Table 2 
Minimum inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC) of the essential oils of savory species against fungal 
strains causing strawberry rot. The experiments were carried out in vitro by poisonous medium technique using potato dextrose agar medium 
(mL L-1). 

Savory species 

Fungi S. khuseztanica S. hortensis S. spicigera 

MIC (mL L-1) A. niger 300A* 600A 300A 

P. digitatum 600B 600A 600B 

B. cinerea 300A 300B 300A 

R. stolonifer 300A 300B 300A 

MFC (mL L-1) A. niger >1200 >1200 >1200 
P. digitatum 1200A 1200A >1200 
B. cinerea 1200A 600B 1200A 

R. stolonifer 1200A 300C 300B 

* Different superscripts in each column for each essential oil indicate significant differences among treatments (P. 0.05). 
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Fig. 2. Inhibition indices percentage of various concentrations of S. khuzistanica (a), 
S. hortensis (b) and S. spicigera (c) on the growth inhibition of fungi strains causing 
strawberry rot (columns for each fungus strain from left to right denote 75,150, 300, 
600, and 1200 mL L-1). The experiments were carried out in vitro by broth 
microdilution method. Different letters for each fungal strain indicate significant 
differences among treatments (P. 0.05). 
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more effective on bacterial and fungal strains than g-terpinene 
and p-cymene and have stronger antifungal properties 
(Kordali et al., 2008). Metabolic pathways for the thymol and 
carvacrol formation starts with the auto-oxidation of g-terpinene 
to p-cymene (Brewer, 2011). The subsequent hydroxylation to 
thymol and unsaturation of g-terpinene to p-cymene after 
hydroxylation to C-2 aromatic ring is the primary mechanism of 
carvacrol formation (Brewer, 2011). Thus, it can be assumed that 
g-terpinene and p-cymene played key roles in the process of 
flavoring and as precursor of oxygenated compounds. It should 
also be mentioned that the mod of action of essential oils in not 
limited to a single compound and is usually derived from the 
interactions and synergistic effects of different constituents 
present in the oil (Sharifi et al., 2008). Researches has revealed 
that the essential oils isolated from savory and other similar plants 
could exhibit antifungal effect (Conner and Beuchat, 1984; 
Omidbeygi et al., 2007). The main antifungal activity of other 
similar essential oils containing high amounts of phenolic 
compounds has been reported as creating severe lesions of the 
membrane due to direct and metabolic impairment leading 
to secondary membrane damage. Other mechanisms include 
affecting the functional integrity of mitochondria, inhibiting 
the synthesis of ATP in the mitochondria of fungi strains 
and accumulation of ROS after using essential oils that this 
phenomenon is considered as one of the primary biochemical hall 
marks of apoptosis promoting morphological changes, nuclear 
fragmentation, chromatin condensation, cellular swelling and 
phosphatidylserine externalization (Kubo et al., 2003; Wink and 
Schimmer, 2010). 
 

       

           

         

 

      

     

  

  

  

       

    

    

    

          

     

  
        

            
          

  

       

       

     

     

     

       
     
     
     

           
      

Table 3 
Minimum inhibitory Concentration (MIC) and Minimum Fungicidal Concentration 
(MFC) of the essential oils against fungal strains causing strawberry rot. The 
experiments were carried out in vitro by broth microdilution method. 

Savory species 

Fungi S. khuseztanica S. hortensis S. spicigera 

MIC (mL L-1) A. niger 1200A* 1200A 1200A 

P. digitatum 600B 600B 1200A 

B. cinerea 600B 1200A 1200A 

R. stolonifer 600B 1200A 1200A 

MFC (mL L-1) A. niger >1200 >1200 >1200 
P. digitatum >1200 >1200 >1200 
B. cinerea >1200 >1200 >1200 
R. stolonifer 1200 1200 >1200 

* Different superscripts in each column for each essential oil indicate significant 
differences among treatments (P. 0.05). 
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Table 4 
Germination of spores of different fungi treated by savory essential oils (600 mL L-1). 

Savory species 

Fungi S. khuseztanica S. hortensis S. spicigera Control 

Germination (%) A. niger 7A* 5A 15B 99C 

P. digitatum 3A 0A 7A 100B 

B. cinerea 0A 4A 10B 100C 

R. stolonifer 0A 3A 6A 99B 

* Different superscripts in each row indicate significant differences among treatments (P. 0.05). 
 

           

          

           

         

          

          

             

          

          

        

           

    

            

          

          

         

           

         

          

              

          

           

       

        

           

           

        

      

                 

          

       

              

       

             

          

         

  

          

        

   

              

         

           

           

            

          

     

          

            

           

           

      

          

         

 

            

          

    

             

            

 

  

            
           
            

          
           

 

           
              

           
           

         
            

     
             

           
           

          
            

          
           

               
           

 
            

 
        

         
            

            
         

       
                  

           
        

               
        

              
           

          
   

           
         

    
               

          
            

            
             
           

      
           

             
 

            
            

       
           

          
  

             
           

     
              

             
  

4. Conclusion 

According to the results of this study, it is reported that essential 
oils from savory species could be suitable for applications in the 
food industry and owing to their natural origin as well as having 
benefits for the environment the interest of using these essential 
oils for food and fruits safety and preservation could be increased. 
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