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ABSTRACT 

        Objective: This study aimed to determine and compare the volatile compositions of A. orientalis collected 

from Antalya, Balıkesir, Erzurum, and Samsun in Turkey. 

        Material and Method: Microdistilled volatile samples of A. orientalis were determined by GC-FID and 

GC-MS systems simultaneously. 

        Result and Discussion: o-Cresol is also present in the volatiles of three provinces (except Erzurum 

province) as a common main compound. The main compounds of the volatiles were methyl hexadecanoate 

(15.8%), linalool (11.4%) and hexahydrofarnesyl acetone (9.0%) for Erzurum province; o-cresol (43.7%), 

methyl oleate (10.1%) and methyl linoleate (9.1%) for Samsun province; o-cresol (75.2%) for Antalya province; 

hexadecanoic acid (20.3%), o-cresol (10.8%) and dihydroactinidiolide (10.8%) for Balıkesir province. The 

samples are rich in fatty acid+esters in all localities, except Erzurum province. 

        Keywords: Ajuga orientalis, GC-FID, GC-MS, Lamiaceae, volatile component 

ÖZ 

        Amaç: Bu çalışmada, Türkiye'de Antalya, Balıkesir, Erzurum ve Samsun'dan toplanan A. orientalis'in 

uçucu bileşenlerinin belirlenmesi ve karşılaştırılması amaçlamıştır. 

        Gereç ve Yöntem: A. orientalis'in mikrodistilasyonla elde edilen uçucu bileşenleri GC-FID ve GC-MS 

sistemleri ile eş-zamanlı olarak belirlenmiştir. 
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        Sonuç ve Tartışma: o-Krezol üç ilin (Erzurum ili hariç) uçucu yağlarında ortak ana bileşik olarak 

bulunmaktadır. Uçucu maddelerin ana bileşikleri Erzurum ili için metil hekzadekanoat (%15.8), linalol (%11.4) 

ve hekzahidrofarnesil aseton (%9.0); Samsun ili için o-krezol (%43.7), metil oleat (%10.1) ve metil linoleat 

(%9,1); Antalya ili için o-kresol (%75.2); Balıkesir ili için hekzadekanoik asit (%20.3), o-krezol (%10.8) ve 

dihidroaktinidiolid (%10.8). Erzurum ili hariç tüm lokaliteler yağ asidi+ester yönünden zengindir. 

        Anahtar Kelimeler: Ajuga orientalis, GK-AİD, GK-KS, Lamiaceae, uçucu bileşen 

INTRODUCTION 

The genus Ajuga L. (Lamiaceae), comprising about 300 species, is mainly distributed in Asia, 

Africa, Australia, Europe and North America. In the Flora of Turkey, the genus Ajuga is represented by 

23 taxa, seven of which are endemic [1]. The genus of Ajuga contains many important bioactive 

compounds are used in traditional medicine against some illnesses such as gout, rheumatism and 

gastrointestinal diseases. Also, they have antibacterial, antitumor [2], neuroprotective effects [3] and 

antioxidant [4] activities among others biological effects. 

A. orientalis is a perennial herbaceous plant with 6-30 cm long stems. The cauline leaves are 1-

2-paired, obovate-oblong shaped. Verticillasters are crowded with violet-blue and cream-colored 

flowers [5]. The plant is usually grows in every region of Turkey and it is called “dağmayasılı” in the 

areas where it grows wildly [1].  

Previous studies reported that A. orientalis was characterized with germacrene D (24.7%), β-

cubebene (18.3%) and β-caryophyllene (16.9%) by Sajjadi and Ghannadi [6]; phytol (36.7%), n-

hexadecanoic acid (14.2%) and dodecanoic acid (12.2 %) by Kücükbay et al. [7]. Volatile compounds 

of A. orientalis from natural habitat and cultivars in the first and second vegetation periods isolated by 

SPME analyzed by GC-MS by Dönmez [8]. 2-Hexen-1-al and 1-octen-3-ol were determined as the main 

components in the natural habitat and cultivars of the samples. In addition, the amount of limonene in 

A. orientalis volatile compounds was found to be another main compound [8]. 

In this survey, we report chemical compounds of A. orientalis growing in four different regions 

(Erzurum, Samsun, Antalya and Balıkesir) of Turkey. 

MATERIAL AND METHOD 

Plant Material  

A. orientalis (Fig. 1) was collected from Erzurum (ESSE 14461), Samsun (ESSE 10209), Antalya 

(ESSE 9369) and Balıkesir (ESSE 14462) provinces of Turkey (Fig. 2). A voucher specimen is kept at 

the herbarium of the Faculty of Pharmacy at Anadolu University, Turkey. 
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Figure 1. A. orientalis Figure 2.  Collection areas 

Isolation and Analysis of the Volatiles 

The volatiles were obtained by microdistillation of the dried, ground plant materials (~500 mg) 

using an Eppendorf MicroDistiller®. The volatiles were analyzed by GC-FID and GC-MS systems, 

simultaneously. All processes were performed with reference to Demirci et. al. [9]. 

Identification of the Components 

Identification of the volatile components was carried out with reference to Demirci et. al. [9]. 

RESULT AND DISCUSSION 

Comparisons of the volatile components for the four populations are given in Table 1. Thirteen, 

fifteen, eleven and eight components were identified from the volatiles of Erzurum, Samsun, Antalya 

and Balıkesir localities, respectively, accounting for 72.6%, 95.2%, 97.1% and 64.9% of the oil. The 

major constituents of the volatiles were methyl hexadecanoate (15.8%), linalool (11.4%), 

hexahydrofarnesyl acetone (9.0%) and methyl linoleate (7.5%) for Erzurum province; o-cresol (43.7%), 

hexadecanoic acid (11.6%), methyl oleate (10.1%) and methyl linoleate (9.1%) for Samsun province; 

o-cresol (75.2%) for Antalya province; hexadecanoic acid (20.3%), o-cresol (10.8%) and 

dihydroactinidiolide (10.8%) for Balıkesir province. O-cresol is also present in three provinces as a 

common main compound. The volatiles are rich in fatty acid+esters and others (except Balıkesir 

province) while they are poor in oxygenated monoterpenes (except Erzurum province) in all localities 

according to Table 1. Oxygenated sesquiterpenes and sesquiterpene hydrocarbones are identified from 

only two localities, respectively, Erzurum and Samsun. 
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Table 1. The composition of the volatiles of Ajuga orientalis 

RRI Compound E 

% 

S 

% 

A 

% 

B 

% 

IM 

1202 3-Hexanol - - - 0.8 MS 

1452 1-Octen-3-ol tr - 0.6 5.1 MS 

1479 (E,Z)-2,4-Heptadienal - - - - MS 

1496 2-Ethyl hexanol 6.1 - - 4.2 MS 

1553 Linalool 11.4 - - - MS 

1562 Octanol - 0.3 tr - MS 

1600 Hexadecane 4.2 - - - RRI, MS 

1683 trans-Verbenol - 0.6 - - MS 

1703 Salicylaldehyde - 1.0 0.6 - RRI, MS 

1706 -Terpineol 5.8 - - - RRI, MS 

1719 Borneol - 0.5 0.3 - RRI, MS 

1725 Verbenone - 1.6 - - MS 

1856 m-Cymen-8-ol - 0.7 - - MS 

1864 p-Cymen-8-ol - 0.9 - - RRI, MS 

2004 o-Cresol - 43.7 75.2 10.8 RRI, MS 

2131 Hexahydrofarnesyl acetone 9.0 2.2 1.5 6.2 MS 

2226 Methyl hexadecanoate  15.8 6.7 4.0 - RRI, MS 

2239 Carvacrol - 2.8 1.9 7.5 RRI, MS 

2255 -Cadinol 5.8 - - - MS 

2329 Methyl heptadecanoate - 3.4 - - RRI, MS 

2380 Dihydroactinidiolide - - - 10.0 MS 

2456 Methyl oleate 4.9 10.1 4.2 - RRI, MS 

2509 Methyl linoleate 7.5 9.1 4.6 - RRI, MS 

2583 Methyl linolenate 1.5 - - - RRI, MS 

2613 Ethyl linolenate 0.5 - - - RRI, MS 

2931 Hexadecanoic acid 0.1 11.6 4.2 20.3 RRI, MS 

 Oxygenated Monoterpenes 17.2 5.5 2.2 7.5  

 Sesquiterpene Hydrocarbones    - 1.6  -  -  

 Oxygenated Sesquiterpenes 5.8  -  -  -  

 Fatty acid+esters 19.3 47.2 77.9 54.9  

 Others 30.3 40.9 17 2.5  

  Total 72.6 95.2 97.1 64.9  

RRI:  Relative retention indices calculated against n-alkanes; %: calculated from FID data  

Locality: E: Erzurum, S: Samsun, A: Antalya, B: Balıkesir 

IM: Identification method based on the relative retention indices (RRI) of authentic compounds on the HP Innowax column; 

MS, identified on the basis of computer matching of the mass spectra with those of the Wiley and MassFinder libraries and 

comparison with literature data  

In an earlier study, the essential oil composition of A. orientalis growing Iran was studied by 

Sajjadi and Ghannadi [6] and the main constituents were found as germacrene D (24.7%), β-cubabene 

(18.3%) and β-caryophyllene (16.9%). Iran oil was rich in hydrocarbon sesquiterpenes. Contrary to the 

earlier report that fatty acid+esters and others were present as main compounds in Turkish oil. In another 

study, thirty components were identified and phytol (36.7%), n-hexadecanoic acid (14.2%) and 

dodecanoic acid (12.2%) were reported as the main components in the essential oil of the aerial parts of 
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A. orientalis from Erzurum by Kücükbay et al. [7]. However, the essential oil composition of our 

samples was found to be quite different from those already reported. Later, Dönmez [8] analyzed the 

leaves and flowers of A. orientalis, which were taken from both their natural habitat and cultivars. 2-

hexen-1-al (30.89% in the natural area and 23.12% cultivated plants) was found as the dominant 

component in the first vegetation period of A. orientalis however, there was a nearly 80% decrease 

during the second vegetation period. In the first and second vegetation periods of the samples, 1-octen-

3-ol (26.30-28.16% in natural habitat and 26.79-28.34% in cultivars) was determined as the highest 

amount of another component. In addition, the amount of limonene (12.26% in natural habitat and 

11.69% in cultivars) in A. orientalis essential oil increased in the second vegetation period compared to 

the first. 

In the literature, some papers have reported on the variation in the essential oil composition 

induced by environmental, physiological, and edaphic factors which can cause changes in biosynthesis 

accumulation or metabolism of given compounds of the essential oil [10]. 
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