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Abstract:  

Stanojević, Lj.P., Stanojević, J.S., Cvetković, D.J., Ilić, D.P.: Antioxidant activity of oregano essential oil 

(Origanum vulgare L.). Biologica Nyssana, 7 (2), December 2016: 131-139. 

Essential oil obtained from oregano (Origanum vulgare L.) by Clevenger-type hydrodistillation and 

hydromodulus 1:10 m/v during 180 minutes, has been investigated in this work. Qualitative and quantitative 

composition of the oil was determined by GC-MS and GC-FID spectrometry. Antioxidant activity of the 

obtained oil was examined spectrophotometrically by DPPH test (after 20, 30, 45 and 60 minutes of incubation) 

and TBA-MDA assay. The yield of essential oil was 4.1 mL/100 g of plant material. Seven components were 

identified: α-thujene, myrcene, α-terpinene, o-cymene, γ-terpinene, thymol and carvacrol. The major 

components were thymol (45%) and carvacrol (37.4%). Oil incubated for 60 minutes has shown the best 

antioxidant activity according to DPPH test. The concentrations of essential oil, required for neutralization of 

50% of initial DPPH radical concentration (EC50), were 0.761, 0.590, 0.360 and 0.326 mg/mL, after 20, 30, 45 

and 60 minutes of incubation, respectively. Lipid peroxidation inhibition of 92.3% was achieved by 1.35 

mg/mL essential oil concentration. The results obtained indicate that oregano essential oil is a good source of 

natural antioxidants with potential application in food and pharmaceutical industries, as a safer alternative to 

the synthetic antioxidants. 
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Apstrakt: 

Stanojević, Lj.P., Stanojević, J.S., Cvetković, D.J., Ilić, D.P.: Antioksidativna aktivnost etarskog ulja 

vranilove trave (Origanum vulgare L.). Biologica Nyssana, 7 (2), December 2016: 131-139. 

U ovom radu je ispitivano etarsko ulje vranilove trave (Origanum vulgare L.) dobijeno Clevenger 

hidrodestilacijom pri hidromodulu 1:10 m/v, u toku 180 minuta. Kvalitativni i kvantitativni sastav dobijenog 

etarskog ulja određen je GC-MS i GC-FID spektrometrijom. Antioksidativna aktivnost ulja je određena 

spektrofotometrijski, DPPH testom (posle 20,30, 45 i 60 minuta inkubacije) i TBA-MDA testom. Prinos 

etarskog ulja bio je 4.1 mL/100 g biljnog materijala. Identifikovano je sedam komponenti: α-tujen, mircen, α-

terpinen, o-cimen, γ-terpinen, timol i karvakrol. Kao glavne komponente identifikovane su timol (45%) i 

karvakrol (37,4%). Najbolju DPPH-antioksidativnu aktivnost pokazalo je ulje nakon 60 min inkubacije. 

Koncentracije etarskog ulja neophodne za neutralizaciju 50% od početne koncentracije DPPH radikala (EC50 

vrednosti) bile su 0,761; 0,590; 0,360 i 0,326 mg/mL, nakon 20, 30, 45 i 60 min inkubacije, respektivno. 

Inhibicija lipidne peroksidacije od 92,3% je postignuta sa 1,35 mg/mL eterskog ulja. Dobijeni rezultati sugerišu 

da dobijeno etarsko ulje vranilove trave predstavlja dobar izvor prirodnih antioksidanasa sa potencijalnom 

primenom u prehrambenoj i farmaceutskoj industriji kao bezbednija alternartiva sintetskim antioksidansima. 

Ključne reči: Origanum vulgare L., etarsko ulje, antioksidativna aktivnost, GC-MS analiza 
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Introduction 

The oxidation process is one of the major causes of 

food spoilage, which results in rancidity and 

deterioration of the nutritional quality, color, flavor, 

texture, and safety of foods (B e t a i e b  et al., 2010). 

A significant number of herbs is used as natural 

preservatives in food industry. Besides being used to 

achieve the proper flavor and to intensify the flavors 

some spices and herbs exhibit antioxidant effects 

which is of great importance for food industry 

(S t a n k o v i ć  & S t a n o j e v i ć , 2014; 

T o n g n u a n c h a n  et al., 2014). 

Plants rich in antioxidant compounds are 

present in food industry (B e t a i e b  et al., 2010). 

There are evident requirements for increasing 

application of natural antioxidants obtained from 

plant material. Undesirable side effects of synthetic 

antioxidants, such as butyl hydroxy anisole (BHA) 

and butylated hydroxytoluene (BHT), which are 

associated with their toxic and carcinogenic effects 

(M a e s t r i  et al., 2006), are the reason of such 

requirements.  

Essential oils are very heterogeneous group of 

complex mixtures of secondary plant metabolites. 

Composition of essential oil may be different 

between different species or varieties, related to 

different cultivation, origin, vegetative stage and 

growing seasons of the plant (V a z i r i a n  et al., 

2015). Beside aroma, odor and fragrance of many of 

the oils, some of them have also been confirmed to 

possess antioxidant activities (B e t a i e b  et al., 2010; 

V a z i r i a n  et al., 2015). Essential oils are also 

widely used in perfumes, cosmetics, aromatherapy 

and nutrition (B u r t , 2004; B a k k a l i  et al., 2008).  

Earlier studies have been shown that, among 

the herbs and spices which are extensively studied, 

the plants from the Lamiaceae (Labiatae) family 

possess a significant antioxidant activity 

(T s i m i d o u  & B o s k o u , 1994; L a g o u r i  et al., 

1993). Within this family oregano (Origanum 

vulgare L.) is probably one of most widely used 

aromatic plant which essential oils are particularly 

rich in mono- and sesquiterpenes (D e  F a l c o  et al., 

2013).  

The genus Origanum includes around 38 

species, most of which are indigenous to the 

Mediterranean, Euro-Siberian and Irano-Siberian 

regions (S a h i n  et al., 2004). Origanum vulgare L. 

is one of the most widely among all the species within 

the genus which distributed all over the Europe, West 

and Central Asia up to Taiwan (S a h i n  et al., 2004; 

R a d u š i e n e  et al, 2008). It is one of the most 

important culinary herbs in the world. Leaves and 

flowers of oregano are traditionally used to cure 

cough and sore throats and for relieve of 

gastrointestinal disorders. Origanum vulgare is a 

source of essential oils and phenolic metabolites 

(R a d u š i e n e  et al, 2008).  

The main bioactive components of oregano are 

phenolic components (S e g e i t - K u j a w a  et al., 

1990; K u l e v a n o v a  et al., 2001; L e u n g  & 

F o s t e r , 2003; R a d u š i e n ė  et al., 2008) and 

essential oil (L e u n g  & F o s t e r , 2003). Origanum 

vulgare contains 0.1-1.0% of essential oil composed 

of thymol, carvacrol, -bisabolene, caryophyllene, p-

cimene, borneol, linalool, linalyl acetate, geranyl 

acetate, -pinene, -pinene, -terpinene, with highly 

variable relative proportion, depending on source 

(L e u n g  & F o s t e r , 2003).  

Oregano essential oils have been shown to 

possess antioxidant, antibacterial, antifungal, 

diaphoretic, carminative, antispasmodic and 

analgesic activities (D e  F a l c o  et al., 2013). 

Thymol and carvacrol, usually the major phenols 

present in oregano, have strong fungicidal, 

anthelmintic, irritant, and other properties (L e u n g  

& F o s t e r , 2003). 

Based on numerous studies it was established 

that oregano essential oil, rich in thymol and 

carvacrol, has a significant antioxidant activity in the 

process of the lard oxidation (L a g o u r i  et al., 1993; 

T s i m i d o u  & B o s k o u ,1994). Y a n i s h l i e v a  

and M a r i n o v a  (1995) examined the antioxidant 

activity of hexane extracts from oregano grown in 

Bulgaria, and the mechanism of action of pure 

thymol and carvacrol (Y a n i s h l i e v a  et al.,1999), 

while Kulišić and coworker presented different 

methods for antioxidant activity of oregano essential 

oil testing (K u l i š i ć  et al., 2004). 

The aim of the present study was to examine 

the antioxidant properties of oregano essential oil, 

originated from Serbia, by using two different 

methods, namely, DPPH test, and TBA-MDA assay.  

 

Material and methods 

Plant material 

The commercial sample of aerial parts of Origanum 

vulgare L. (Origani herba) was purchased from the 

local health food store in Leskovac, Serbia. 

According to the declaration, the material used for 

investigations originates from Serbia (packed by: 

MALINA-IMPEX d.o.o. Popučke b.b., Valjevo) 

Chemicals and reagent 

Ethanol, 96% (Centrochem, Zemun, Serbia), 1,1-

diphenyl-2-picrylhydrazyl (DPPH radical), butylated 

hydroxy toluene (BHT), thiobarbituric acid (TBA), 

2,2'-azobis (2-methylpropionamidine) dihydro-

chloride (AAPH) (Sigma Chemical Company, St. 

Louis, USA), trichloroacetic acid (TCA) (J.T. Baker, 
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VA Deventer, Netherlands). Phospholipids 

(Phospholipon® 90; PL90) were a gift from 

Phospholipid GmbH (Cologne, Germany). 

According to the declaration PL90 mixture consisting 

of phosphatidylcholine 94.6%, lyso-phosphatidyl-

choline 1.3%; fatty acid: palmitic acid 12 ± 2%, 

stearic acid 3 ± 1%, oleic acid 10 ± 3%, linoleic acid 

66 ± 5%, linoleic acid 5% ± 2; peroxide number 1.4. 

Isolation of essential oil 

Essential oil from aerial parts of O. vulgare was 

isolated by classic Clevenger-type hydrodistillation 

according to Ph. Jug. V (2000). Plant material (50 g) 

was immersed in 500 mL of water in round bottom 

flask, and the oil was isolated using a Clevenger-type 

apparatus for 180 min. The resulting essential oil was 

dried over anhydrous sodium sulfate, filtered and 

stored at +4 °C in a well-filled, airtight container, 

protected from light, until the analysis. 

GC-MS and GC-FID analysis 

GC-MS analysis of the oregano essential oil was 

performed on Agilent Technologies 7890B gas 

chromatograph, equipped with weakly polar, silica 

capillary column, HP-5MS (5% diphenyl- and 95% 

dimethyl-polysiloxane, 30 m x 0.25 mm, 0.25 μm 

film thickness; Agilent Technologies, USA) and 

coupled with inert, selective 5977A mass detector of 

the same company. One μl of the sample dissolved in 

diethyl ether in the concentration of 1000 ppm was 

injected in 20:1 split mode. Helium was used as the 

carrier gas, at a constant flow rate of 1 mL/min. The 

oven temperature was programmed from 50 °C for 

2.25 minutes and then increased to 290 °C at the rate 

of 4 °C/min. Temperatures of the MSD transfer line, 

ion source and quadruple mass analyzer were set at 

300 °C, 230 °C and 150 °C, respectively. The 

ionization voltage was 70 eV and mass range m/z 35-

650.  

GC-FID analysis was carried out under 

identical experimental conditions as GC-MS. The 

temperature of the flame-ionization detector (FID) 

was set at 300°C. Data processing was performed 

using MSD ChemStation, MassHunter Qualitative 

Analysis and AMDIS 32 softwares (Agilent 

Technologies, USA). Retention indices of the 

components from the analyzed samples were 

experimentally determined using a homologous 

series of n-alkanes from C8-C20 as standards. 

Compounds identification was based on the 

comparison of their retention indices (RIexp – Tab. 1) 

with those available in literature (Adams, 2007) (RIlit 

– Tab. 1), as well as their mass spectra with those 

from Willey, NIST and RTLPEST libraries. The 

percentage composition of particular components in 

the essential oil was determined on the basis of 

automatically integrated peak areas of the GC-FID 

signal. 

Antioxidant activity  

DPPH assay 

Antioxidant activity of oregano essential oil was 

determined by DPPH test (A q u i n o  et al., 2002; 

C h o i  et al., 2002; S a n c h e z - M o r e n o , 2002). 

The essential oil was dissolved in ethanol (96%) and 

a series of different concentration solutions were 

prepared (0.098 to 12.5 mg/mL). The ethanol 

solution of DPPH radical (1 mL, 3×10-4 mol/L) was 

added to 2.5 mL of each essential oil solutions. 

Absorbance of one sample was immediately 

measured at 517 nm, while the other samples were 

incubated at room temperature in the dark, for 20, 30, 

45 and 60 minutes, and the absorbance was also 

measured at 517 nm (AS). The absorbance at 517 nm 

was measured for pure ethanol solution of DPPH 

radical prepared as described above – 1 mL of the 

DPPH radical (3×10-4 mol/L) diluted with 2.5 mL of 

ethanol, AC), as well as for the essential oil before 

treatment with DPPH radical (2.5 mL of essential oil 

diluted with 1 mL of ethanol, AB). Free radical 

scavenging capacity was calculated by the eq. 1 

(S t a n o j e v i ć  et al., 2015): 

DPPH rsc (%) =   









C

BS
A

AA
100

100  ......... (1) 

rsc- radicals scavenging capacity 

EC50 value was defined as essential oil concentration 

needed for the neutralization of 50% of the initial 

DPPH radical concentration. This value was 

determined by interpolation from the linear 

regression analysis in the concentration range 

between 0.098 and 0.391 mg/mL of essential oil 

added to the reaction mixture. BHT was used as the 

reference compound. 

TBA-MDA assay  

Thiobarbituric acid – malondialdehyde (TBA-MDA) 

test is one of the most commonly used tests for lipid 

peroxidation process monitoring in vitro. It’s based 

on heating of sample with TBA in acidic 

environment, i.e. on TBA and MDA reaction. MDA 

is end-product of lipid peroxidation formed during 

hydroperoxide degradation which build pink 

chromogen ([TBA]2-malondialdehyde adduct) with 

absorption maximum at 532 nm. Colored complex is 

formed by condensation of 2 moles of TBA and 1 

mole of MDA only from the fatty acid chains that 

contain at least three double bonds (H a l l i w e l l  & 

C h i r i c o , 1993; L a g u e r r e  et al., 2007). The 

antioxidant activity of oregano essential oil was 

determined by the method developed for caroteinoid, 
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flavonoids, extracts and some potential antioxidants 

(C v e t k o v i c  & M a r k o v i c , 2008; 

C v e t k o v i c  et al., 2011; Z v e z d a n o v i ć  et al., 

2014; S t a n o j e v i ć  et al., 2015a), with some 

modifications. "Sample" contains 0.3 cm3 of PL90 

methanolic solution (1·10-2 mol/L), and essential oil 

ethanolic solution (0.042-5.375 mg/mL) in 2:1 (v/v) 

ratio. Lipid peroxidation was initiated by addition of 

0.2 cm3 of aqueous solution of thermal azo-initiator 

AAPH (2.2·10-2 mol/L) during 3 h at a temperature 

of 40 °C, protected from light. After incubation, 1 mL 

of aqueous solution of TCA (5.5%), 0.5 mL of 

methanolic solution of BHT (1∙10-3 mol/L) and 0.5 

mL of TBA (4.2∙10-2 mol/L in 5∙10-2 mol/L NaOH) 

were added to the reaction mixture. The mixture was 

incubated for 10 min at 65 °C and then centrifuged 

for 5 min at 13800 rpm. The increase in absorbance 

of the supernatant at 532 nm represents an absorption 

maximum of generated TBA-MDA complex. 

The absorbance of PL90 solution, where lipid 

peroxidation is initiated with AAPH, treated with 

TBA (”control“), as well as of PL90 solution, without 

lipid peroxidation initiation, but also treated with 

TBA (”blank“). Lipid peroxidation inhibition was 

calculated by the eq. 2 (Stanojević et al., 2015a): 

 
100

BC

SC

 - AA

) - A(A
 LPI (%)  ............................. (2) 

LPI- inhibitionxidationLipid pero  

where AC – represents the absorbance of ”control“; AS 

– absorbance of ”sample“; AB – absorbance of 

”blank“. BHT (0.0125-0.05 mg/mL) was used as the 

reference compound. 

All experiments were carried out in three 

replications. Data were expressed as mean ± 

standard deviation. The obtained data were analyzed 

by Microsoft Excel 2007 and Origin 7 trial. 

 

Results and discussion 

Hydrodistillation kinetics and oregano essential 

oil composition 

Figure 1 shows the influence of hydrodistillation 

time on the essential oil yield. Maximal essential oil 

yield of 4.1 mL/100g of plant material was achieved 

after 180 minutes. The hydrodistillation curve shows 

that there are two different periods of 

hydrodistillation (Fig. 1). The essential oil was 

evaporated out from the surface from the cells of 

plant material in the first period (the fast oil 

hydrodistillation). In the second, slow oil 

hydrodistillation period, a slow molecular diffusion 

of the essential oil from internal part from cells of 

plants material occurred.  

 

Fig. 1. Hydrodistillation kinetics of oregano 

essential oil 

In the Tab. 1 and on Fig. 2 the results of GC–

MS analysis of oregano essential oil are presented. 

Seven components were identified in essential oil: α-

thujene, myrcene, α-terpinene, o-cymene, γ-

terpinene, thymol and carvacrol. The major 

components were thymol (45%) and carvacrol 

(37.4%).  

The content of thymol and carvacrol in the 

oregano essential oil from various regions was 

different: 35% and 32% of thymol and carvacrol, 

respectively, from Dalmacia (K u l i š i ć  et al., 2004), 

0.8 and 0.6% respectively, from Turkey (S a h i n  et 

al., 2004), 1.1 and 14.3% respectively, from Southern 

Italy (D e  F a l c o  et al., 2013), 37.1 and 9.6 

respectively, from Iran (V a z i r i a n  et al., 2015), 

31.8 and 0.2%, respectively from Portugal (G a l e g o  

et al, 2008). Other investigators reported a lower 

content of carvacrol in oregano essential oil (less than 

35%) compared to the oregano from Serbia.  

These changes of thymol and carvacrol content 

in the oregano essential oil, and changes in the 

compositions of the oil might arise from several 

environmental reasons (climatic, seasonal, 

geographical), used drying method of plant material 

and genetic differences of the plant material (F a b e r  

et al., 1997; C a l l a n  et al., 2007; G h a s s e m i -

G o l e z a n i  et al., 2008; F i g i e l  et al, 2010; 

S t a n o j e v i ć  et al., 2011; D e  F a l c o  et al, 2013). 

Significantly higher content of this two 

bioactive components with an array of different 

biological activities is especially important (U l t e e  

et al., 2002; N o s t r o  et al., 2007; W a n g  et al., 

2009; M a t h e l a  et al., 2010; M e h d i  et al., 2011). 

The major components are believed to be mainly 

responsible for the biological activity of this 

B a k k a l i , 2008). Based on the results obtained in 
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particular essential oil (B a i l e r  et al., 2001; our 

investigation, the oregano essential oil from Serbia 

could be a potential natural source of thymol and 

carvacrol. 

Antioxidant activity 

DPPH test is most commonly in vitro method for 

antioxidant activities determination of plant extracts 

and essential oils. It is very suitable and useful for the 

antioxidant activity determination since it’s fast and 

sufficiently sensitive (M o l y n e u x , 2004). This 

method is based on hydrogen atoms or electrons 

exchange between antioxidant molecules and DPPH 

radicals in the solution (S a n c h e z - M o r e n o  et al., 

2002).  

DPPH radical scavenging activity of isolated 

oregano essential oil was shown on Fig. 3, while the 

EC50 values are listed in Tab. 2. Degree of DPPH 

radical neutralization depends on oil concentration as 

well as the incubation time - it increases with the 

concentration increase which is the lowest for non 

incubated samples (Fig. 3). The highest antioxidant 

activity (about 95%) has been measured after 60 

minutes of incubation. The EC50 (DPPH) value of 

 

Fig. 2. GC-FID chromatogram of oregano essential oil 

 

Table 1. Chemical composition of Origanum vulgare essential oil 

 

No. tret., min Compound RIexp RIlit 
Method of 

identification 

Content, 

% 

  
Monoterpene 

hydrocarbons (14.4%) 
    

1 9.78 α-Thujene 925 924 RI, MS 0.4 

2 11.99 Myrcene 987 988 RI, MS 1.0 

3 12.93 α-Terpinene 1014 1014 RI, MS 1.1 

4 13.22 o-Cymene 1022 1022 RI, MS 4.4 

5 14.46 γ-Terpinene 1057 1054 RI, MS 7.5 

 Phenols (82.4%)  

6 22.59 Thymol 1292 1289 RI, MS 45.0 

7 22.92 Carvacrol 1300 1298 RI, MS 37.4 

 Total 96.8% 

tret.: Retention time; RIlit a,b-Retention indices from literature (Adams, 2007), respectively; RIexp: Experimentally 

determined retention indices using a homologous series of n-alkanes (C8-C20) on the HP-5MS column. MS: constituent 

identified by mass-spectra comparison; RI: constituent identified by retention index matching. 
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synthetic antioxidant BHT was 0.021 mg/mL, 

indicating better antioxidant activity compared to the 

tested essential oil. Mentioned antioxidant is the most 

commonly used synthetic antioxidant, but with 

harmful effects in human body (I t o  et al., 1986). So, 

presented results suggest that oregano essential oil 

can be potentially used as a safer alternative to 

synthetic antioxidants in pharmaceutical and food 

industries. 

 

Fig. 3. DPPH antioxidant activity of oregano 

essential oil 

K u l i š i ć  et al. (2004) and S a h i n  et al. 
(S a h i n  et al., 2004) have come to similar results in 

their investigations. In earlier reports, thymol and 

carvacrol, in particular, were found to be main 

antioxidant components of essential oil from 

different Origanum species (B a r r a t a  et al., 1998; 

R u b e r t o  et al., 2002; P u e r t e s -M e j i a  et al., 

2002). Because the main components of the oregano 

essential oil in our investigations are phenolics 

thymol and carvacrol, they are probably mostly 

responsible for the high degree of DPPH radical 

neutralization (Y a n i s h l i e v a  & M a r i n o v a , 

1995; K u l i š i ć  et al., 2004; S a h i n  et al., 2004). 

The TBA method is sensitive and achieves 

reproducible results. This method is preferable in 

order to obtain useful data in an environment similar 

to the real-life situation (K u l i š i ć  et al., 2004). Fig. 

4 shows degree of lipid peroxidation inhibition by 

investigated oregano essential oil, while Tab. 2 

shows the EC50 value (TBA-MDA) of the oil.  

 
Fig. 4. Inhibition of lipid peroxidation by oregano 

essential oil (TBA-MDA test) 

Based on the presented results it can be 

concluded that isolated essential oil from oregano 

shows good concentration dependent antioxidant 

activity. The highest degree of lipid peroxidation 

inhibition was achieved by essential oil in 

concentration of 3.0 mg/mL. The EC50 (TBA-MDA) 

value of synthetic antioxidant BHT was 0.0185 

mg/mL. 

K u l i š i ć  et al. (2004) reported antioxidant 

activity of oregano essential oil from Dalmacia and 

its fractions, measured by TBA method. In addition, 

C a p e c k a  et al. (2005) found that O. vulgare 

showed the strongest inhibition of linolenic acid 

peroxidation. 

Our results of antioxidant activity are in 

accordance with S a h i n  et al. (2004) who reported 

that essential oil of Origanum vulgare ssp. vulgare 

possesses antioxidant compounds, and therefore can 

be used as a natural preservative in food and/or 

pharmaceutical industry.  

Presented results confirm that oregano 

essential oil possesses remarkable antioxidant 

activities as assessed by two different methods. This 

biological effect is probably due to the presence of 

thymol and carvacrol, but possible synergistic effect 

Table 2. EC50 values of oregano essential oil 

EC50 (DPPH), mg/mL 

20 min 30 min 45 min 60 min 

0.761  0.003 0.590  0.005 0.360  0.004 0.326  0.002 

EC50 (TBA-MDA), mg/mL 

0.455  0.004 
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among other compounds in the oil can be also 

suggested.  

 

Conclusion 

The presented results indicate that the oregano 

essential oil could be used as potential source of 

natural antioxidants for the food, pharmaceutical and 

chemical industry. Therefore, oregano essential oil 

represents the alternative to synthetic additives that 

exhibit toxic and carcinogenic effects. So, it is 

interesting to investigate its application as natural 

antioxidant additive in some final food and 

pharmaceutical products, for preservation and/or 

extension the shelf-life of raw and processed foods as 

well as pharmaceuticals. In addition, the results of 

antioxidant activity in the present study suggested 

that use of oregano is not just reasonable but it should 

be even favored in the traditional Serbian cuisine.  
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