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Abstract 
Savory (Satureja hortensis L.) from the Lamiaceae family is one of the most famous 

medicinal/spice-plant cultivated in most regions of the world. A greenhouse experiment was 
conducted to study the effect of iron, Fe, (0, 8 and 16 mg Fe kg-1 soil as iron-ethylenediamine di-o-
hydroxyphenylacetic acid (Fe-EDDHA)) application on the oil composition and antioxidant 
activity of the S. hortensis. Results showed that the maximum percentage of-terpinene,-
terpinene and carvacrol were observed in control; whereas, the minimum percentage of the 
aforementioned constituents was obtained with application of 8 mg Fe kg-1 soil. Results showed 
that inhibitory effects (IC50)of extract decreased, significantly in response to Fe application (IC50 
of 408 and 324.7 mg L-1 were obtained with application of 8 and 16 mg Fe kg-1 soil, respectively 
in comparison to IC50 of 720.4 mg L-1 that obtained in control). In another word, antioxidant-
activity was improved with Fe application as a significant (P<0.05) linear regression with 
determination coefficient of 0.89. Findings indicated that savory-oils, in addition to other useful 
properties have a potential to use as a topical antioxidant.  
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Introduction 
 
Savory (Satureja hortensis L.) from the 

Lamiaceae family is one of the most famous 
medicinal and spice plants of significant 
antioxidant effects cultivated in the most regions of 
the world such as Iran (Hadian et al. 2008). The 
most important compounds of Satureja hortensis L. 
essential oil are carvacrol, thymol, and some 
phenolic compounds. Essential oils are 
concentrated hydrophobic liquid containing volatile 
aroma compounds from plants. They have an 
important impact on human health. Antioxidants 
are a  group of substances when present at low 
concentrations compared to oxidized substrates 
significantly inhibit or delay oxidative processes, 
while being oxidized themselves (Seidler-
Lozykowska et al. 2007; Vaya and Aviram 2003; 
Zhang et al. 2010). It has been established that 

oxidative stress is among the major causative 
factors in induction of many chronic and 
degenerative diseases including atherosclerosis, 
ischemic heart disease, ageing, diabetes mellitus, 
cancer, immunosuppressant, neurodegenerative 
diseases and others (Yong and Woodside, 2001). 
Phenolic compounds found in plants have been 
well known for their ability of scavenging free 
radicals, which is referred to as antioxidant activity 
(Jia et al., 1999).  Production of essential oil and its 
composition in plants is mainly dictated by the 
combined influences of genetic factors, cultivation 
conditions such as climate, plant density, and 
nutrient status in growth medium, etc. (Milos et al. 
2001; Salmasi et al. 2008). Micronutrients and 
macronutrients (like Fe and S, respectively) plays 
important roles in improvement of growth and 
development of plants or the composition of their 
essential oil (Najafian and Zahedifar, 2015; 
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Zahedifar and Najafian, 2015). Yeritsyan and 
Economakis (2002) determined the effect of three 
levels of Fe-EDTA (2.5, 5 and 11 mg L-1) on the 
growth and essential oil content of oregano in the 
nutrient solution. They showed that the biomass 
and essential oil content of the shoots decreased in 
the highest level of applied Fe. Nasiri et al. (2010) 
showed that foliar application of Fe and Zn 
increased flower yield, essential oil percentage and 
essential oil yield of chamomile, significantly. 
Effects of Fe on yield and composition of 
Rosmarinus officinalis L. essential oil in irrigated 
and non-irrigated plants described by Moretti et al. 
(1998). They reported Fe absorption did not 
produce any significant improvement in oil yield 
but appeared to cause a marked rise in verbenone 
concentration in the oil of irrigated plants. 
Mumivand et al. (2011) showed that the chemical 
composition of S. hortensis essential oil did not 
change due to nitrogen fertilization but CaCO3 

application increased the relative percentages of 
carvacrol,-terpinene and β-bisabollene.   

Several assays have been frequently used to 
estimate antioxidant capacities for clinical studies 
including 2 ,2‐azinobis, 3‐ethyl‐benzothiazoline 
‐6‐sulfonic acid, ABTS, (Leong and Shui 2002; 
Miller and Rice-Evans 1997).  2,2‐diphenyl‐1 ‐ 
picrylhydrazyl, DPPH, (Gil et al. 2002), ferric 
reducing antioxidant power, FRAP, (Guo et al., 
2003; Jimenez-Escrig et al., 2001), and the oxygen 
radical absorption capacity, ORAC, (Prior et al. 
2003).  

The antioxidant activity of various foods can be 
determined accurately, conveniently, and rapidly 
using DPPH testing. This method can be used 
successfully for solid samples without prior 
extraction and concentration, which saves time 
(Prakash et al. 2001). 

The DPPH can only be dissolved inorganic 
media, especially inethanol, this being an important 
limitation when interpreting the role of hydrophili 
can tioxidants. Both radicals show similar bi‐phase 
kinetic reactions with many antioxidants. However, 
the ferric reducing antioxidant power 
(FRAP)method is based on the reduction of a 
ferroin analogue, the Fe

3+
complex of 

tripyridyltriazine, Fe(TPTZ)
3+ 

to the intensely 
blue‐coloured, Fe(TPTZ)3+ to the intensely 
blue‐coloured Fe

2+
 complex, Fe(TPTZ)

2+ 
by 

antioxidants in acidic medium.  However, the 
reducing capacity does not necessarily reflect 
antioxidant activity (Katalinic and Milos 2006). 

There are various studies emphasizing that free 
radicals contribute to the development of many 
diseases, including hemorrhagic shock, arthritis, 
ageing, atherosclerosis, ischemia, Alzheimer and 
Parkinson’s disease, disorders, tumor promotion 
and carcinogenesis (Bagchi et al., 2000).  Since the 
content of free radical and the other effective 
component of plants may influence by essential 
nutrient elements. Therefore, the aim of this 
research was to evaluate the effect of Fe-chelate 
fertilizer on the essential oil composition and 
antioxidant activity of Savory under greenhouse 
conditions. 

 
Materials and Methods 

 
Soil Analysis 

A greenhouse experiment in Eram Botanical 
Garden, Shiraz, Iran, was carried out on a loamy 
calcareous soil (Fine-loamy, carbonatic, thermic, 
Typic Calcixerepts) with pH of 7.8; electrical 
conductivity (ECe) of 0.40 dS m-1, calcium 
carbonate equivalent (CCE) of 45%; organic matter 
(OM) of 1.5%; sodium bicarbonate extractable P 
(Olsen et al., 1954) of 4.5 mg kg-1 soil; DTPA-
extractable Fe, Mn, Zn and Cu (Lindsay and 
Norvell, 1978) of 2.3, 3.7, 0.96 and 1.0 mg kg-1 
soil, respectively. The mentioned attributes of the 
studied soil were measured using the common 
standard methods 
 
Experimental Design 

The experiment was a randomized complete 
design with 6 replicates. Treatments consisted of 
soil application of three Fe levels of 0, 8 and 16 mg 
Fe kg-1 soil as Fe-ethylenediamine di-o-hydroxy- 
phenylacetic Acid (Fe-EDDHA). 
 
Soil Preparation and Satureja Hortensis 
Planting 

Each pot contained 3 kg soil. Pots were watered 
with distilled water to a near field capacity and 
maintained at this moisture level by adding water to 
a constant weight. For preventing any probable 
nutrient deficiency other than Fe, all pots received 
uniform application of 20 mg P kg-1 soil as Ca 
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(H2PO4)2.H2O, 150 mg nitrogen (N) kg-1 soil as 
CO(NH2)2 (one half of N was added at planting and 
the other half was shoot dressed three weeks after 
emergence), 10, 10 and 5 mg Mn, Zn and Cu kg-1 
soil as their sulfates and in aqueous forms. Twenty 
Satureja hortensis seeds were planted about 1-cm 
deep and were thinned to ten uniform stands two 
weeks after emergence. Eight and 16 mg Fe kg-1 
were applied to Fe treated soils before planting 
from Fe-EDDHA source. Twelve weeks after 
planting, plants were harvested. Plant samples were 
dried at shade and prepared to analysis.  
 
Samples Extraction 

Metabolic extracts of the plants were prepared 
as follows: 20 g dry plant was macerated in 200 
mL methanol/water (90/10) for 2 days with one 
change of solvent after 1 day. The extract was 
filtered and then concentrated in a rotary 
evaporator in less than 10 min. Powders were 
weighed to calculate the yield, and kept at -20°C 
until used. Shortly before each experiment, the 
powder was dissolved in methanol at the desired 
concentration and was tested for antioxidant 
activity.   
 
Determination of Antioxidant Activity Using 
DPPH 

The antioxidant activity of plant extract and the 
standard antioxidants were assessed on the basis of 
radical scavenging effect of the stable DPPH free 
radical. Gallic acid was used to prepare a standard 
solution. In a modified assay (Bruits et al., 2001), 
200 μL of a 100 mM solution of DPPH radical in 
methanol was mixed with 20 μL of 12.5-3200 μg 
mL-1 extracts, Gallic acid, respectively and 
solutions were left at room temperature for 30 
minutes. The DPPH radical inhibition was 
measured at 515 nm using a micro‐plate reader of 
Biotek ELx 808 model. The IC50 of each sample 
(concentration in μg mL-1 required to inhibit 
DPPH radical formation by 50%) was calculated 
by MATLAB software. The extract methanolic 
solution without DPPH was used as a blank to be 
subtracted from all measurements. The antioxidant 
activity (AOA) is given by Equation 1. 

 

)1(100]
 A

A-A
[100=AOA

control

blanksample
  

The  IC50  value for each sample, defined as the  
concentration of the test sample leading to 50% 
reduction of the initial DPPH concentration, was 
calculated from the non linear regression curve of 
Log concentration of the test extract (μg mL-1) 
against the mean percentage of the radical 
scavenging activity. 

 
Headspace Volatiles Extraction 

Up to 3 g of each Satureja hortensis dried 
sample was crushed and placed in 20 mL 
headspace vial, and immediately sealed with 
silicone rubber septa and aluminum caps.  The 
vials were then transferred to the headspace tray. 
The headspace proceeded on the ombiPAL system 
which was provided with headspace auto-sampler, 
heater and agitator. The vial was heated up to 
80°C and retained for 20 min while being 
agitated; the temperature of the sampling needle 
and transmission lines’ temperature was 85° C. 
 
Identification of the Oil Components by GC/MS 

GC-MS analysis was carried out using an 
Agilent 7890 operating at 70 eV ionization energy, 
equipped with a HP-5 MS capillary column 
(phenyl methyl siloxane, 30 m х 0.25 mm i.d., 25 
m) with He as the carrier gas and split ratio 1:50. 
Retention indices were determined using retention 
times of n-alkanes that were injected after the 
essential oil under the same chromatographic 
conditions. The retention indices for all 
components were determined according to the 
method using n-alkanes as standard. The 
compounds were identified by comparison of 
retention indices (RI, HP-5) with those reported in 
the literature and by comparison of their mass 
spectra with the Wiley GC/MS Library, Adams 
Library, MassFinder 2.1 Library data published 
mass spectra data (Adams, 2001). 
 
Statistical Analysis 

Data were analyzed statistically using Excel 
and MSTATC software packages and means were 
compared using Duncan's Multiple Range Test at 
the probability level of 5%. 
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Results and Discussion 

 
Chemical Composition of Essential Oil 

Results indicated that eighteen compounds were 
identified in the essential oils of control plants; 
whereas, twenty and fifteen compounds were 
obtained in Satureja hortensis L. subjected to soil 
application of 8 and 16 mg Fe kg-1 soil, respectively 
(Table 1).  

The identified constituents with their respective 
percentages and reaction indices (RIs) were 
summarized in Table 1. The main oil constituents 
in control plants were -terpinene (67.4%),-
terpinene (10.8%), borneol (6.5%), myrcene 
(4.4%), -thujene (4.2%), p-cymene (3.8%), -
pinene (2.8%), and carvacrol (2.0%). Essential oil 
composition of Satureja hortensis L. seeds were 
identified by Ghannadi (2002). He detected forty-
two components such as carvacrol (59.7%), -
terpinene (12.8%) and p-cymene (9.3%).  Findings 

indicated that application of 8 mg Fe kg-1 soil 
resulted in existence of 61.4% -terpinene, 10.3% 
-terpinene, 7.6% carvacrol, 5.0% p-cymene, 4.7% 
myrcene, 3.8% -thujene and 2.4% -pinene. 
Whereas, the essential oil consisted of 60.7, 12.3, 
2.5, 4.1, 5.5, 5.0 and 4.0% of the aforementioned 
constituents, respectively when 16 mg Fe kg-1 soil 
was applied. Results showed that the maximum 
percentage of-terpinene, -terpinene and carvacrol 
were observed in control plants; whereas the 
minimum percentage of the aforementioned 
constituents was obtained with application of 8 mg 
Fe kg-1 soil. Effect of foliar Fe spray on yield and 
composition of Rosmarinus officinalis L. in 
irrigated and non-irrigated plants was investigated 
by Moretti et al. (1998). Their results showed that 
Fe application did not affect the oil yield of plant; 
however, Fe application resulted in a significant 
increase in verbenone concentration in the oil of 
irrigated plants.  

 
 

Table 1 Effect of foliar Fe-chelate (Fe-EDDHA) application on the chemical composition (% of 
constituents) of Saturejahortensis L. essential oil. 
 

Number Compounds 
 Applied Fe (mg kg-1 soil) 

RI1 0 8 16 
1 -thujene 923 4.2 ± 0.32 b2 3.8 ± 0.3 b 5.1 ± 0.36 a  
2 -pinene 931 2.8 ± 0.1 b 2.4 ± 0.14 b 4.1 ± 0.09 a 
3 camphene 945 0.2 ± 0.07 a 0.2 ± 0.01 a 0.3 ± 0.01 a 
4 sabinene 969 0.3 ± 0.02 a 0.2 ± 0.01 a 0.4 ± 0.02 a 
5 β-pinene 974 1.1 ± 0.1 b 1.0 ± 0.1 b 2.0 ± 0.3 a 

6 myrcene 987 4.4 ± 0.4 b 4.7 ± 0.35 b 5.5 ± 0.34 a 
7 -phellandrene 1003 0.9 ± 0.08 a 1.0 ± 0.1 a 1.1 ± 0.08 a 
8 δ-3-carene 1008 0.1 ± 0.01 a  0.2 ± 0.03 a 0.2 ± 0.03 a 
9 -terpinene 1015 10.8 ± 1.24 b  10.3 ± 1.1 b  12.4 ± 1.2 a 
10 p-cymene 1021 3.8 ± 0.52 b 4.9 ± 0.2 a 4.1 ± 0.3 b 
11 limonene 1025 0.9 ± 0.08 a 0.6 ± 0.04 a 0.8 ± 0.04 a 
12 β-phellandrene 1026 0.2 ± 0.01 b 0.6 ± 0.01 a 0.6 ± 0.01 a 

13 (E)-β-ocimene 1043 0.1 ± 0.06 a 0.2 ± 0.05 a 0.2 ± 0.06 a 

14 γ-terpinene 1059 67.4 ± 4.5 a 61.4 ± 6.4 b 60.7 ± 5 b 
15 cis-sabinene hydrate 1064 -  0.1 ± 0.08 -  
16 terpinolene 1085 - 0.1 ± 0.08 -  
17 p-cymen-9-ol 1211 0.3 ± 0.01 -  -  
18 (Z)-ocimenone 1224 0.1 ± 0.02 -  -  
19 thymol methyl ether 1239 -  0.1 ± 0.02 -  
20 carvacrol 1299 2.1 ± 0.1 b 7.6 ± 0.85 a 2.5 ± 0.12 b 
21 (E)-caryophyllene 1415 -  0.1 ± 0.02 -  
22 β-bisabolene 1504 0.1 ± 0.02 b 0.5 ± 0.01 a -  

 Total  100 100 100 
1RI is retention index.  
2Means in each row followed by the same letter are not significantly (P<0.05) different by Duncan’s multiple range test. 
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Some investigators stated that the genus Satureja 
presents great variability in the concentration of the 
major components in its essential oil composition 
due to the existence of different species and 
subspecies, but also to a numerous of parameters, 
mainly the environmental and climatic conditions 
(Gulluce et al., 2003). With reference to previous 
studies, thymol and carvacrol, in particular, were 
found to be principal constituents of the oils isolated 
from several Croatian Satureja species (Milos et al., 
2001; Skoibuix and Bezix, 2004). It is interesting 
that various isolates of winter savory from Croatia 
and Bosnia and Herzegovina have carvacrol up to 
84.19% as main constituent (Kustrak et al., 1996). 
Cazin et al. (1985) revealed that the oil composition 
of winter savory shows large variations in the 
relative concentration of major components, for 
example 5 to 69% carvacrol, 1 to 62% linalool, 1 to 
31% -terpinene, and 3 to 27% p-cymene arising 
from the existence of different chemo-types. The 
main constituents of the S. hortensis (summer 
savory) essential oil are phenols, thymol (about 
29.0%), carvacrol (about 26.5%), r-terpinene (about 
22.6%), p-cymene (about 9.3%) and other 
terpenoids (Gulluce et al., 2003). In general, it can 
be concluded that the control plants is the most 
suitable for obtaining the highest percentage of -
terpinene; whereas, application of 8 mg Fe kg-1 soil 
is preferable for attaining special components such 
as carvacrol. On the other hand, -terpinene is 
mainly produced in response to application of 16 
mg Fe kg-1 soil. 
 
Antioxidant Activity  

As earlier mentioned, IC50 is an appropriate 
way to measure the oxidation progress in oils and 
are therefore considered as good indicators for the 
effectiveness of antioxidants and Gallic acid is 
used as a standard to show antioxidant activity. 
The more an antioxidant is stronger, the more its 
IC50 is closer to IC50 of Gallic acid. 

Results indicated that significant amounts of 
inhibitory effects (IC50) were obtained in response 
to Fe application. So that the IC50 of extracts 
decreased significantly by about of 44 and 55% as 
compared to that of control when 8 and 16 mg Fe 
kg-1 soil were applied, respectively (Figure 1). In   

 

 
Gallic acid Control 8 mg Fe kg-1 16 mg Fe kg-1 

 
Figure 1  Effect of Fe application on antioxidant activity (IC50) 
of Saturejahortensis L. extract as compared to that of Gallic 
acid (columns followed by the same capital letters are not 
significantly different (P<0.05) by Duncan's Multiple Range 
Test). 

 

 
other words, the maximum IC50 (720.4 mg L-1) 
corresponds to control; whereas, the minimum 
content of IC50 (324.7 mg L-1) was obtained with 
application of 16 mg Fe kg-1 soil that was more 
closer to that of Gallic acid (Figure 1). Findings 
revealed that antioxidant activity of Satureja 
hortensis L. extract was improved with iron 
application. In the other word, the IC50 of extract 
decreased in response to applied Fe as the 
following significant (p< 0.01) linear regression 
equation with determination coefficient (R2) of 
0.89 

Regression equation between IC50 (Y) and Fe 
levels (X) is presented in Equation 2.  

 
Y = -197.82X+1077.9, R2=0.89 (P<0.01)    (2) 
 
Where Y is IC50 (mg L-1) of plant extract and X 

is the applied Fe (mg kg-1 soil).  
The influence of foliar and soil applications of 

Fe on variations in antioxidant activity of peanut 
was investigated by Panjtandoust et al. (2013). 
They showed that greater levels of Fe (4 g L−1 and 
20 kg Fe-EDDHA ha−1 for sprayed and soil 
applications, respectively) had more positive 
effects on the activities of peroxidase and catalase 
than on superoxide dismutase. Zahedifar and 
Najafian (2015) also stated that the antioxidant 
activity of Satureja hortensis extract increased 
when plants received S and Fe fertilizers. 
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Conclusions 
 
Savory oils, in addition to other useful properties 

such as using for treating diarrhea, cramps, nausea 
and as muscle pain-reliever, or using as seasoning 
in the food-industry or antimicrobial agents due to 
their high phenolic contents, have a potential to use 
as a topical antioxidant. Results revealed that 
addition of Fe fertilizer could improve the 
antioxidant activity of plant extract, significantly. 
Therefore, application of Fe fertilizers can be 
recommended to improve both of agricultural 
products quality and their medicinal values. 

 
References 

 
Adams, R.P. 2001. Identification of Essential Oil 

Components by Gas Chromatography/Quadrupole 
Mass Spectroscopy. Allured Pub. Crop, Carol Stream, 
IL 

Bagchi, D., M. Bagchi, S.J. Stohs, D.K. Das, S.D. Ray, 
C.A. Kuszynski, S.S. Joshi and H.G. Pruess. 2000. 
Free radicals and grape seed proanthocyanidin extract: 
importance in human health and disease prevention. 
Toxicol. 148: 187-197. 

Bruits, M., K. Asres and F. Bucar. 2001. The antioxidant 
activity of the essential oils of Artemisia Afra, 
Artemisia abyssinica and Juniperusprocera. 
Phytotherap. Res. 15: 103-108. 

Cazin, C., R. Jonard, P. Alain and J. Pellecuer. 1985. 
L’evolution de la composition des essentieles chez 
divers chemotypes des Sarriette des montangnes 
(Satureja montana L.) obtenus partl’isolement in vitro 
des apex. Comptes Rendus de l'Académie des Sci. 6: 
237-240. 

Ghannadi, A. 2002.Composition of the essential oil of 
Satureja hortensis L. seeds from Iran. Essen. Oil Res. 
14: 35-36. 

Gil, M.I., F.A. Tomas-Barberan, B. Hess‐Pierce and 
A.A. Kader. 2002. Antioxidant capacities, phenolic 
compounds, carotenoids and vitamin C contents of 
nectarine, peach and plum cultivars from California. 
J. Agric. Food Chem. 50: 4976-4982. 

Gulluce, M., M. Sokmen, D. Daferera, G. Agar, H. 
Ozkan, N. Kartal, M. Polissiou, A. Sokmen and F. 
Sahin. 2003. In vitro antibacterial, antifungal, and 
antioxidant activities of the essential oil and methanol 
extracts of herbal parts and callus cultures of Satureja 
hortensisL. J. Agric. Food Chem. 51: 3958-3965.  

Guo, C., J. Yang, J. Wei, Y. Li, J. Xu and Y. Jiang. 2003. 
Antioxidant activities of peel, pulp and seed fractions 
of common fruits as determined by FRAP assay. Nutr. 
Res. 23: 1719-1726. 

Hadian, J., S.M.F. Tabatabaei, M.R. Naghavi, Z. Jamzad 
and T. Ramak-Masoumi. 2008. Genetic diversity of 
Iranian accessions of Satureja hortensis L. based on 
horticultural traits and RAPD markers. Sci. Hort. 115: 

196-202.   
Jia, Z., M. Tang and J. Wu. 1999. The determination of 

flavonoid contents in mulberry and their scavenging 
effects on superoxide radicals. Food Chem. 64: 555-
599. 

Jimenez‐Escrig, A., M. Rincon, R. Pulido and F. 
Saura‐Calixto. 2001. Guava fruit (Psidium guajava L.) 
as a new source of antioxidant dietary fiber. J. Agric. 
Food Chem. 49: 5489-5493.  

Katalinic, V. and M. Milos. 2006. Screening of 70 
medicinal plant extracts for antioxidant capacity and 
total phenols. Food Chem. 94: 550-557. 

Kustrak, D., J. Kuftinec, N. Blazvic and M. Maffei. 1996. 
Comparison of the essential oil composition of two 
subspecies of Saturejamontana. Essen. Oil Res. 8: 7-
13. 

Leong, L.P. and G. Shui. 2002. An investigation of 
antioxidant capacity of fruits in Singapore markets. 
Food Chem. 76: 69-75. 

Lindsay, W.I. and W.A. Norvell. 1978. Development of a 
DTPA test for zinc, iron, manganese, and copper. Soil 
Sci. Soc. Am. J. 42: 421- 448. 

Miller, N.J. and C.A. Rice‐Evans. 1997. Factors 
influencing the antioxidant activity determined by the 
ABTS+radical cation assay. Free Rad. Res. 26: 195-
199.   

Milos, M., A. Radonic, N. Bezic and V. Dunkic. 2001. 
Localities and seasonal variations in the chemical 
composition of essential oils of Satureja montana L. 
and S. cuneifolia Ten. Flav. Frag. J. 16: 157-160. 

Moretti, M.D.L., A.T. Peana, G.S. Passino, A. Bazzoni 
and V. Solinas. 1998. Effects of iron on yield and 
composition of Rosmarinus officinalis L. essential oil. 
Essen. Oil Res. 10: 43-49. 

Mumivand, H., M. Babalar, J. Hadian and M. Fakhr-
Tabatabaei. 2011. Plant growth and essential oil 
content and composition of Satureja hortensis L. cv. 
Saturn in response to calcium carbonate and nitrogen 
application rates. J. Med. Plants Res. 5: 1859-1866. 

Najafian, Sh. and M. Zahedifar. 2015. Antioxidant activity 
composition of Satureja hortensis L. as influenced by 
sulfur fertilizer. J. Sci. Food Agric. 95: 2404-2408.  

Nasiri, Y., S. Zehtab-Salmasi, S. Nasrullahzadeh, N. 
Najafi and K. Ghasemi-Golezani. 2010. Effects of 
foliar application of micronutrients (Fe and Zn) on 
flower yield and essential oil of chamomile 
(Matricaria chamomilla L.). Med. Plants Res. 4: 1733-
1737. 

Olsen, S.R., C.V. Cole, F.S. Watanable and L.A. Dean. 
1954. Estimation of Available Phosphorous in Soil by 
Extraction with Sodium Bicarbonate. USDA. Cir. US 
Govern Printing Office, Washington, DC. 

Panjtandoust, M., A. Sorooshzadeh and F. Ghanati. 2013. 
Influence of iron application methods on seasonal 
variations in antioxidant activity of peanut. Commun. 
Soil Sci. Plant Anal. 44: 2118-2126. 

Prakash, A., F. Rigelhof and E. Miller. 2001. Antioxidant 
Activity. Medallion Labs Publ. 

Prior, R.L., H. Hoang, L. Gu, X. Wu, M. Bacchiocca, L. 
Howard, M. Hampsch‐Woodill, D. Huang, B. Ou and 



Vol. 48, No. 3, 2015 Effect Fe-chelate on essential oil composition and antioxidant activity of S. hortensis 131 

R. Jacob. 2003. Assays for hydrophilic and lipophilic 
antioxidant capacity oxygen radical absorbance 
capacity ORACF of plasma and other biological and 
food samples. J. Agric. Food Chem. 51: 3273-3279. 

Salmasi, S.Z., F. Heidari and H. Alyari. 2008. Effect of 
microelements and plant density on biomass and 
essential oil production of peppermint (Menthapiperita 
L.). Plant Sci. Res. 1: 24-26. 

Seidler-Łożykowska, K., A. Golcz, E. Kozik, W. 
Kucharski, R. Mordalski and J. Wójcik. 2007. 
Evaluation of quality of savory (Satureja hortensis 
L.) herb from organic cultivation.  J. Res. Appl. 
Agric. Engin. 52: 48-51. 

Skoibuix, M. and N. Bezix. 2004. Chemical composition 
and antimicrobial variability of Satureja montana L. 
essential oils in the ontogenesis. Essen. Oil Res. 16: 
387-391. 

Vaya, J. and M. Aviram. 2003. Nutritional antioxidant: 
Mechanism of action, analysis of activities and 
medical applications. Phytotherap. Res. 8: 1-17. 

Yeritsyan, N. and C. Economakis. 2002. Effect of nutrient 
solution's iron concentration on growth and essential oil 
content of oregano plants grown in solution culture. 
Acta Hort. 576: 277-283. 

Yong, I.S. and J.V. Woodside. 2001. Antioxidants in 
health and disease. J. Clinic. Pathol. 54: 176-186. 

Zahedifar, M. and Sh. Najafian. 2015. Combined effect of 
soil applied iron and sulfur fertilizers on monoterpene 
content and antioxidant activity of Satureja hortensis 
L. extract. Pertanika J. Trop. Agric. Sci. 38: 361-374. 

Zhang, Y., L. Yang, Y. Zu, X. Chen, F. Wang and F. Liu. 
2010. Oxidative stability of sunflower oil 
supplemented with carnosic acid compared with 
synthetic antioxidants during accelerated storage. Food 
Chem. 118: 656-662. 

 
Manuscript received 15 September 2014, accepted 11 April 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now online at http://www.thaiagj.org 


