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Abstract: Altitude is an important ecological factor that significantly affects essential oil content, yield and 

composition. The Origanum majorana, belonging to Origanum genus of Lamiaceae family, is a species with 

antibacterial and antiviral effects, widely used as a spice and also used in folk medicine for treatment of 

diseases such as asthma, indigestion, headache and rheumatism. In this study, conducted to examine the effects 

of altitude on essential oil content and composition of origanum majorana, plant samples were collected from 

the southern region of Turkey at the beginning of flowering period from seven different altitudes (700-800 m, 

800-900 m, 900-1000 m, 1000-1100 m, 1100-1200 m, 1200-1300 m and 1300-1400 m) at 100 m intervals. The highest 

percentage of essential oil (6.50%) obtained by hydro-distillation was determined at 700-800 m altitudes. The 

GC-MS analyses revealed that low altitude affected some essential oil components positively. The linalool ratio, 

which is the major component of the essential oil of Origanum majorana species, was the highest at 700-800 m 

(79.84%) altitudes. Borneol (0.97%), linalool oxide (1.28%), trans-linalool oxide (1.47%), caryophyllene (2.78%), 

a- humulene (0.21%), germacrene-D (0.31%) and bicyclogermacrene (2.64%) components yielded high values 

at 800-900 m altitudes. Thymol (6.28%) and a-terpineol (1.04%), which have an important place in the essential 

oil composition, increased at 1100-1200 m altitudes; a- terpinene (0.17%), cis-sabinene hydrate (0.82%), 

terpinene-4-ol (0.55%) and carvacrol (21.50%) increased at 1300-1400 m altitudes. 
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1. Introduction 

Thyme is a pungent herb of Lamiaceae family and has several species used for medicinal and 

aromatic purposes. In Turkish flora, several species of Origanum, Thymus, Satureja, Thymbra and 

Coridothymus genera are known as thyme [1,2]. It has a great morphological and chemical diversity 

and has a natural widespread with 42 species in Eurasia and North Africa [3,4]. It is represented by 

22 species in Turkish flora and endemism rate is around 63% [5]. 

Thyme has a great economic importance. It is generally consumed as a spice and in small 

amounts in the form of thyme tea, thyme oil or thyme juice. Since thyme contains essential oils with 

highly strong antimicrobial and antioxidant effects, it is of great importance as an additive in foods, 

perfumes, cosmetics, medicines, lotions, soaps and toothpastes [6-8]. Thyme essential oil is composed 

of terpineol, linalool, carvacrol, cymol, thymol, p-cymene and borneol. Thymol and carvacrol are 

responsible for the scent of the plant. These substances constitute the main components of thyme 

essential oil. Carvacrol is mostly found in the essential oil of Thymbra, Origanum and Satureja species 

and thymol is found in higher proportions in the essential oil of Thymus species [9]. 

Origanum majorana species belonging to the Origanum genus, also known as Marjoram, is widely 

used as a spice, also used in folk medicine for the treatment of diseases such as asthma, indigestion, 

headache and rheumatism [10]; antibacterial [11] and antiviral [12] effects have also been reported. 

Its main components were reported as sabinene linalyl acetate and cis-sabinene by [13]; as carvacrol 

(65%), thymol (4%), terpinene-4-ol (31.15%), cis-sabinene hydrate (15.76%), p-cymene (6.83%), 

sabinene (6.91%), trans-sabinene hydrate (3.86%) and a-terpineol (3.71%) by [14] as terpinene-4-ol 

(38.40%), cis-sabinene hydrate (14.95%), p-cymene (7.01%) and a-terpineol (4.88%) by [15]. 
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Chemical composition of Origanum species is largely designated by different chemotypes, 

geographical origins and harvest times [16,17]. Although the effect of altitude on essential oil 

components of Origanum species has been investigated by some researchers [4, 18-20], no 

comprehensive study has been found in Origanum majarona species. 

Secondary metabolites are not solely under the control of genetic factors. Biotic and abiotic 

factors that alter essential oil composition and rates include altitude, temperature, precipitation, 

humidity, wind exposure, light intensity, plant vegetative composition and plant growth periods [4, 

19, 21-26]. 

This study was conducted to investigate the effects of natural altitudes on essential oil content 

and composition of Origanum majorana species. 

2. Materials and Methods 

2.1. Plant Material 

Samples were collected from Antalya province, located in southwest of Turkey between the 36o 

07' - 37o 20' north latitudes and 29o 20' - 32o 35' east longitudes [27]. The Origanum majorana samples 

were collected from natural flora of Akseki district at seven different altitudes in 100 m intervals (700-

800 m, 800-900 m, 900-1000 m, 1000-1100 m, 1100-1200 m, 1200-1300 m, 1300-1400 m). Samples were 

collected at the beginning of 2021 vegetation period between the hours 9:00-11:00 a.m. (Fig 1). 

Collected species were identified at Akdeniz University Manavgat Vocational School and their 

herbariums were taken under protection at Plant and Animal Production Department of Ordu 

University Technical Sciences Vocational School. 

 

Figure 1. Map of Akseki district of Antalya province. 

2.2. Essential oil extraction 

Leaf-stem separation was made on samples collected from each altitude. Leaves were dried in 

shade and ground. Ground leaves (100 g in each replicates) were subjected to distillation process for 

three hours in a Clevenger device. Essential oil quantities were determined with the aid of a 

graduated tube and transferred to vials and stored at +4 0C until the relevant analyses. 

2.3. Analysis of the essential oil 

Essential oil components were determined with the use of a GC-MS (Agilent Technologies) 

device. Helium was used as carrier gas and GC-MS parameters are provided below: 

2.3.1. GC-MS analysis 
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Essential oil components were determined by GC-MS (Agilent Technologies) instrument. 

Helium was used as carrier gas, GC-MS parameters are presented below. 

Column: DB-WAX (60 m x 0.25 mm i.d., x film thickness 0.25 pm) 

Dedektör: Agilent Technologies 5977A MS 

Injection Temp: 250 °C 

Injection Mode: Split 

Split ratio: 150 

Flow Control Mode: Pressure 

Pressure: 80 kPa 

Split Ratio: 25 

Column Temprerature programme: 40 0C 2 min, 4 0C /min 240 0C 3 min 

Ion source Temp: 200 0C 

Interface Temp: 250 0C 

Start Time: 0 mim End Time: 55 min 

Acquisition Mode: Scan 

Start m/z: 40 End m/z: 4000 

W9N11.L and MPW2011.L libraries were used for identification of essential oil components.  

2.4. Statistical analysis 

Experiments were conducted in randomized plots design with three replications. Experimental 

data were subjected to analysis of variance with the use of SAS-JMP 13.0 statistical software and 

significant means were compared with the use of LSD multiple comparison test. 

3. Results and Discussion 

3.1. Essentional oil ratio 

The essential oil content and composition of the plant part to be used as a drug in medicinal and 

aromatic plants are the most important criteria that designate the quality of the product [28, 29]. 

Previous studies have revealed that genetic structure of the plant material used in production and 

ecological conditions of the region where the production is made had significant effects on essential 

oil ratios of aromatic plants [30-34]. 

Effects of altitude on essential oil ratios are provided in Table 1 and altitude differences were 

found to be significant (p<0.001). Essential oil ratios of the samples varied between 4.67 - 6.50%, with 

the highest value (6.50%) from 700-800 m altitudes and the lowest value (4.67%) from 1000-1100 m 

altitudes. Essential oil ratios decreased with increasing altitudes, but such a decrease was placed into 

the same statistical group, except for the altitudes of 800-900 m (5.43%) and 1000-1100 m (4.67%). 

Altitude-dependent differences in essential oil ratios were mainly attributed to ecological factors that 

change with altitudes [35]. Essential oil ratios of medicinal and aromatic plants usually vary with the 

climate components such as temperature, precipitation, relative humidity, day light hours, light 

intensity, soil conditions and development period [31, 36, 37]. The highest essential oil ratio of 700-

800 m altitudes could be attributed to greater air temperature and relative humidity than the other 

altitudes (Table 1).  

Table 1. Descriptive statistics for essential oil ratios of Origanum majarona species. 

Altitude (m) Essential oil ratio (%) 

700-800 6.50 ± 0.23a 

800-900 5.43 ± 0.46bc 

900-1000 6.15 ± 0.46ab 

1000-1100 4.67 ± 0.43c 

1100-1200 5.85 ± 0.08ab 

1200-1300 5.68 ± 0.28ab 
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1300-1400 5.73 ± 0.25ab 

p: 0.0004***  

Difference in means indicated with different letter in the same column is significant (***p<0.001). 

The factors that alter essential oil ratios of aromatic plants should be well-comprehended [34, 

38], since pharmacopoeias specify the minimum essential oil ratios that aromatic plants must contain 

in order to be accepted as drugs and used as medicine and drugs containing essential oils below these 

ratios are not allowed to be used as medicine [39]. 

3.2. Essential oil components 

Majority of the terpenes produced by plants are products of secondary metabolism and play an 

important role also in primary metabolism. These terpenoid structures, with their highly complex 

chemical structures, show great variation within and between the species and constitute the natural 

defense system of plants by damaging the other living things [40]. 

The GS-MS analysis revealed 69 - 126 terpenoid structures for essential oils of Origanum 

majorana samples collected from different altitudes. Terpenoid ratios varied between 0.01 - 79.84%. 

The differences in ratios of all components with altitude were found to be significant (p<0.001). 

Analyses on Oregano, Thyme and Marjoram species revealed that mono and sesquiterpenes 

were the major components of essential oils of these species [41]. In this study, the ratio of oxygenated 

monoterpenes that form the essential oil and the terpenoid structure of Origanum majorana plants 

collected from different altitudes ranged between 65.69 - 84.62% and took the first place in total 

amount of essential oil. Oxygenated monoterpene ratios mathematically decreased with increasing 

altitudes, but there was no linear increase or decrease in oxygenated sesquiterpene ratios. Similar 

findings were also reported by [42]. Oxygenated monoterpenes were respectively followed by 

phenolic monoterpene (3.29 - 25.91%), sesquiterpene hydrocarbons (2.92 - 5.94%), oxygenated 

sesquiterpene (0.92 - 1.63%) and monoterpenes hydrocarbons (0.04 - 0.17%) (Table 2). 

In studies on essential oil composition of Origanum majorana, major components of essential 

oils were reported as terpinene-4-ol and sabinene hydrate by [43] and as thymol and carvacrol by 

[14]. In this study, the major component was linalool (60.86 - 79.84%), an Oxygenated monoterpene. 

Linalool is an essential oil component used in soaps, cosmetics, perfumes, cleaning products, food 

preservatives, herbicides and insecticides. Linalool, which has strong antimicrobial and antioxidant 

properties, is the essential oil component of many medicinal and aromatic plants belonging to 

Lamiaceae, Lauraceae and Rutaceae families [44]. 

Both within the oxygenated monoterpene group components and among the other components 

that make up the essential oil, linalool ratios varied between 79.84% at 700-800 m altitudes and 60.86% 

at 1300-1400 m altitudes. These values were the highest values among the total essential oil 

components. Linalool ratios decreased significantly (p<0.001) with increasing altitudes. Similarly, 

greater linalool oxide (800-900m: 1.28%) and trans-linalool oxide (800-900 m: 1.47%, 900-1000 m: 

1.30%, 1000-1100 m: 1.31%) ratios were seen at lower altitudes. Linalool and linalool oxide ratios 

generally decrease with decreasing temperatures of high altitudes. Previous researchers emphasized 

that increase in phenolic components was positively affected by regional high temperatures [41, 45, 

46, 47]. The cis-sabinene hydrate (0.82%) and terpinene-4-ol (0.55%) ratios were positively affected by 

increasing altitudes (p<0.001) and the highest values of both were seen at 1300-1400 m altitudes. The 

a-terpineol ratio of 0.55% at 700-800 m altitudes increased to 1.04% at 1100-1200 m altitudes and 

borneol ratio of 0.32% at 700-800 m increased to 0.97% at 800-900 m altitudes and the difference was 

found to be significant (p<0.001). The lowest 1,8-cineol ratio was determined as 0.08% at 700-800 m 

and the highest ratio as 0.33% at 900-1000 m altitudes. Researchers have reported that differences in 

temperature, relative humidity, wind speed and light intensity as you go to higher altitudes above 

sea level will change the physiological reactions of the plant and thus will create variations in 

composition of secondary metabolites [25, 48, 49]. 

Thymol content within total essential oil was measured as 0.32% at 700-800 m, 0.44% at 800-900 

m, 0.49% at 900-1000 m, 0.45% at 1000-1100 m and 0.99% at 1200-1300 m altitudes. These values were 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2023                   doi:10.20944/preprints202303.0134.v1

https://doi.org/10.20944/preprints202303.0134.v1


 5 

 

statistically placed into the same group. Thymol ratio was 6.28% at 1100-1200 m altitudes and 4.41% 

thymol was detected at 1300-1400 m, which is the highest altitude and the the first place statistically. 

High levels of carvacrol are encountered in Origanum, Thymbra, Cordiothymus, Satureja and Lippia 

species. Increasing carvacrol ratios were seen with increasing altitudes and the greatest value 

(21.50%) was seen at 1300-1400 m altitudes. The increase in both thymol and carvacrol ratio with 

increasing altitude may be due to the prolongation of the growth period and the emergence of 

sufficient vegetation period for the conversion of intermediate components to these two components 

[41]. At high altitudes, plants are exposed to higher light intensity and lower average temperature. 

Therefore, plants at high altitudes have developed a protection mechanism against climate-induced 

damages. Plants adapted to high altitudes perform photosynthesis more effectively at low 

temperatures [50-52]. Previous studies indicated that carvacrol ratios increased with increasing 

altitudes [53] and carvacrol ratios increased under stress conditions arising from environmental 

conditions [54]. 

The a-terpinene represents monoterpenes hydrocarbons and the least encountered in 

monoterpene structures of Origanum majarona essential oil. The greatest value (0.17%) was seen at 

1300-1400 m altitudes. Previous researchers also reported that climate and environmental factors 

affected the essential oil composition [20, 55, 56]. 

Caryophyllene is also a constituent of sesquiterpene hydrocarbon structure. Caryophyllene ratio 

was determined as 2.76% at 700-800 m and 2.78% at 800-900 m altitudes and they were placed into 

the same statistical group. Caryophyllene ratios decreased with increasing altitudes and decreased 

to 1.61% at 1200-1300 m and 1.80% at 1300-1400 m altitudes. The a-humulene (0.21%) and 

bicyclogermacrene (2.64%) ratios had the highest values at altitude of 800-900 m altitudes. At the 

highest altitudes (1300 - 1400 m), a-humulene ratio decreased to 0.11% and bicyclogermacrene to 

0.84%. Like the other sesquiterpene hydrocarbons, the lowest germacrene-D ratio (0.17) was seen at 

1300-1400 m altitudes and germacrene-D ratios at 800-900 m (0.31%), 1000-1100 m (0.32%) and 1200-

1300 m (0.29%) altitudes were placed into the same highest group. In some specific studies, it was 

indicated that chemical metabolic profiles of plants belonging to Lamiaceae family with 

pharmacological properties, were affected by abiotic and biotic factors such as ecological conditions, 

soil profile, weeds, diseases and pests, harvest periods, geographical region and especially altitude 

[20, 21, 57]. 

Caryophyllene oxide is a compound of oxygenated sesquiterpene group. The greatest 

caryophyllene oxide ratio (0.35%) was seen at 1000-1100 m altitudes, while the lowest values were 

obtained seen at 1100-1200 m (0.15%) and 1200-1300 m (0.18%) altitudes. Spathulenol ratios varied 

between 0.85 - 1.28% and differences were found to be significant (p>0.001). It was determined that 

caryophyllene oxide and spathulenol ratios of the samples collected from both low and high altitudes 

did not exhibit a linear increase or decrease. 
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Table 2. Chemical composition of Origanum majorana essential oil. 

ALTITUDE (m) 

Components f 700-800 800-900 900-1000 1000-1100 1100-1200 1200-1300 1300-1400 

Monoterpenes hydrocarbons  0.06 0.04 0.08 0.07 0.11 0.13 0.17 

a- Terpinene 0.0001*** 0.06 ± 0.006de 0.04 ± 0.0e 0.08 ± 0.0cd 0.07± 0.01de 0.11± 0.01bc 0.13± 0.03b 0.17 ± 0.02a 

Oxygenated monoterpen  83.13 82.93 84.62 84.11 71.43 75.90 65.69 

Linalool 0.0001*** 79.84 ± 1.10a 77.75 ± 3.03ab 79.68 ±2.11ab 79.20 ± 0.63ab 67.62 ± 0.13cd 71.53 ± 4.21bc 60.86 ± 5.23d 

a- Terpineol 0.0001*** 0.55 ± 0.02d 0.63 ± 0.05cd 0.76 ± 0.05bc 0.88 ± 0.13ab 1.04 ± 0.00a 0.90 ± 0.02ab 0.86 ± 0.09ab 

Borneol 0.0001*** 0.32 ± 0.02e 0.97 ± 0.04a 0.83 ± 0.04abc 0.87 ± 0.04ab 0.65 ± 0.01d 0.77 ± 0.01bcd 0.69 ± 0.15cd 

Cis-sabinene hydrate 0.0002*** 0.27 ± 0.01b 0.28 ± 0.02b 0.30 ± 0.03b 0.44 ± 0.07b 0.39 ± 0.0b 0.43 ± 0.03b 0.82 ± 0.26a 

Terpinen 4-ol 0.0001*** 0.22 ± 0.01d 0.24 ± 0.03d 0.34 ± 0.04bc 0.28 ± 0.02cd 0.42 ± 0.00b 0.43 ± 0.02b 0.55 ± 0.07a 

1,8-cineole 0.0010*** 0.08 ± 0.0d 0.31 ± 0.0ab 0.33 ± 0.0a 0.14 ± 0.0bcd 0.13 ± 0.0cd 0.25 ± 0.0a'd 0.28 ± 0.0abc 

Linalool oxide 0.0007*** 0.75 ± 0.02bc 1.28 ± 0.05a 1.08 ± 0.04ab 0.99 ± 0.07abc 0.63 ± 0.16c 0.74 ± 0.23bc 0.82 ± 0.07bc 

Trans- Linalool oxide 0.0001*** 1.10 ± 0.03ab 1.47 ± 0.01a 1.30 ± 0.01a 1.31 ± 0.31a 0.55 ± 0.01c 0.85 ± 0.26bc 0.81 ± 0.09bc 

Phenolic monoterpen  3.29 4.99 5.76 3.70 19.93 14.89 25.91 

Thymol 0.0001*** 0.32 ± 0.02c 0.44 ± 0.11c 0.49 ± 0.17c 0.45 ± 0.09c 6.28 ± 0.03a 0.99 ± 0.53c 4.41 ± 1.15b 

Carvacrol 0.0001*** 2.97±0.13c 4.55±1.90c 5.27±1.54c 3.25±0.79c 13.65±0.05b 13.90±3.95b 21.50±5.25a 

Sesquiterpene hydrocarbons  4.82 5.94 4.44 4.89 4.78 4.01 2.92 

Caryophyllene 0.0001*** 2.76 ± 0.06a 2.78 ± 0.10a 2.41 ± 0.0ab 2.42 ± 0.23ab 2.29 ± 0.01b 1.61 ± 0.03c 1.80 ± 0.25c 

a-Humulene 0.0006*** 0.15 ± 0.01bc 0.21 ± 0.02a 0.15 ± 0.01bc 0.16 ± 0.02abc 0.13 ± 0.00bc 0.16 ± 0.04ab 0.11 ± 0.02c 

Germacrene-D 0.0001*** 0.18 ± 0.01bc 0.31 ± 0.02a 0.20 ± 0.01bc 0.32 ± 0.01a 0.22 ± 0.01b 0.29 ± 0.04a 0.17 ± 0.0c 

Bicyclogermacrene 0.0001*** 1.73 ± 0.04c 2.64 ± 0.17a 1.68 ± 0.05c 1.99 ± 0.17bc 2.14 ± 0.01b 1.95 ± 0.26bc 0.84 ± 0.02d 

Oxygenated sesquiterpene  1.11 1.27 1.32 1.63 0.92 1.20 1.18 

Caryophyllene oxide 0.0001*** 0.26 ± 0.02b 0.33 ± 0.03ab 0.31± 0.03ab 0.35 ± 0.01a 0.15 ± 0.01c 0.18 ± 0.040c 0.30 ± 0.04ab 

Sapthulenol 0.0067*** 0.85 ± 0.22b 0.94 ± 0.15ab 1.01 ± 0.14ab 1.28 ± 0.08a 0.77 ± 0.02b 1.02 ± 0.12ab 0.88 ± 0.09b 
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Others  7.59 4.83 3.78 5.60 2.83 3.87 4.13 

Total (%)  100 100 100 100 100 100 100 

In the same row, the difference between the component ratios without a common letter is significant (***p<0.001).Climate parameters vary with the altitudes. Altitude has significant effects on 

yield levels, essential oil ratios and compositions [58]. Temperature, precipitation, relative humidity, day light hours, light intensity and day and night temperature differences change with altitude 

[31]. Altitude-dependent changes in oxygenated sesquiterpene ratios such as caryophyllene oxide and spathulenol can be explained by prevailing ecological factors of altitudes. 
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4. Conclusions 

Present findings clearly revealed that altitude had significant effects on quality criteria of 

origanum majorana species (essential oil ratio and secondary metabolite composition), which are 

largely used in folk medicine and different industries. It was determined that essential oil content of 

Origanum majorana species with a natural spread in the vegetation, and the linalool component, 

which is the main active ingredient, decreased with increasing altitudes. Borneol, linalool oxide, 

trans-linalool oxide, caryophyllene, a-humulene, germacrene-D, bicyclogermacrene components 

yielded higher values at low altitudes. On the other hand, thymol, a-terpineol, a-terpinene, cis-

sabinene hydrate, terpinene-4-ol and carvacrol components were positively affected by high 

altitudes. Abiotic factors, such as climate and soil, affect the amount and composition of essential oil 

of plants that are cultivated and collected from nature. Within the scope of this study, it was 

determined that essential oil ratios and components changed with altitudes. Considering the essential 

oil ratio and the linalool ratio, which is the major component, it was anticipated that medicinal and 

aromatic plants should be collected from low altitudes of the natural flora. 

Author Contributions: All the authors included in this article contributed equally to the work and 

their contributions were essential for the completion and preparation of this article. 

Funding: There is no funding for this research. 

Competing Interest statement: Availability of data and material not applicable. There is no conflict 

of interest. 

Data Availability Statement: The datasets generated and analyzed during the current study are not 

publicly available but are available from the corresponding author on reasonable request. 

References 

1. Bagdat, B. R.; Comparision of the yield and quality parameters of certain species which are used as ‟kekik‟ 

in Turkey. Ankara University, Institute of Science, Field Crops Department, Ph.D. Thesis 2011. 

2. Karaca Öner, E.; Sonkaya, M. Identification of ontogenetic and diurnal variability in oregano (Origanum 

onites L.), Notulae Botanicae Horti Agrobotanici Cluj-Napoca 2020, 48, 3, 1185-1193. 

https://doi.org/10.15835/nbha48311842 

3. Chishti, S.; Zahoor, A.; Kaloo, Z.; Sultan, A. P. Medicinal importance of genus Origanum: A review. Journal 

of Pharmacognosy and Phytotherapy 2013, 5, 10, 170-177. DOI: 10.5897/JPP2013.0285 

4. Rainaa, A. P.; Negi, K. S. Chemical diversity among different accessions of Origanum vulgare L. ssp. 

vulgare collected from central Himalayan region of Uttarakhand, India. Journal of Essential Oil Research 

2014, 26, 6, 420–426. https://doi.org/10.1080/10412905.2014.948969 

5. Baser, K. H. C. Aromatic biodiversity among the flowering plant taxa of Turkey. Pure and Applied 

Chemistry 2002, 74, 4, 527–545. https://doi.org/10.1351/pac200274040527 

6. Baydar, H.; Sagdic, O.; Özkan, G.; Karadoğan, T. Antibacterial activity and composition of essential oils 

from Origanum, Thymbra and Satureja species with commercial importance in Turkey. Food Control 2004, 

15, 169–172. https://doi.org/10.1016/S0956-7135(03)00028-8 

7. Özkan, G.; Baydar, H., Erbas, S. The influence of harvest time on essential oil composition, phenolic 

constituents and antioxidant properties of Turkish oregano (Origanum onites  L.). Journal of the Science 

of Food and Agriculture 2010, 90, 2, 205-209.  https://doi.org/10.1002/jsfa.3788 

8. Kapluhan, E. An example of alternative agricultural activities in Bekilli (Denizli): Thyme growing. 

Marmara Geography Journal 2013, 28, 194-210. 

9. Baydar, H. Medicinal and aromatic plants science and technology book (Extended 5th Edition). Suleyman 

Demirel University Faculty of Agriculture 2016, Publication No: 51. Isparta. 

10. Postu, P. A.; Gorgan, D. L.; Cioanca, O., Russ, M., Mikkat, S., Glocke, M. O.; Hritcu, L. Memory-enhancing 

effects of Origanum majorana essential oil in an alzheimer’s amyloid beta1-42 rat model: a molecular and 

behavioral study. Antioxidants 2020, 9, 10, 2-20. https://doi.org/10.3390/antiox9100919 

11. Ramos, S.; Rojas, L. B.; Lucena, M. E.; Meccia, G.; Usubillaga, A. Chemical composition and antibacterial 

activity of Origanum majorana L. essential oil from the Venezuelan Andes. Journal of Essential Oil 

Research 2011, 23, 45-49. https://doi.org/10.1080/10412905.2011.9700481 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2023                   doi:10.20944/preprints202303.0134.v1

https://doi.org/10.20944/preprints202303.0134.v1


 9 

 

12. Amor, G.; Caputo, L.; La Storia, A.; De Feo, V.; Maurillo, G.; Fechtali, T. Chemical composition and 

antimicrobial activity of Artemisia herba-alba and Origanum majorana essential oils from Morocco. 

Molecules 2019, 24, 22, 2-12.   

13.  Novak, J.; Bitsch, C.; Pank, F.; Langbehn, J.; Franz, C. M. Distribution of cis sabinene hydrate acetate 

chemotype in accessions of marjoram (Origanum marjorana L.). Euphytica 2002, 127, 69-74. 

https://doi.org/10.1023/A:1019998622489 

14. Prerna; Vasudeva, N. Origanum majarona L. –Phyto-pharmacological review. Indian Journal of Natural 

Products and Resources 2015, 6, 4, 261.267. http://nopr.niscair.res.in/.../54 

15. Vera, R. R.; Chane-Ming, J. Chemical composition of the essential oil of Marjoram (Origanum majorana L.) 

from Reunion Island. Food Chemistry 1999, 66, 143-145. https://doi.org/10.1016/S0308-8146(98)00018-1 

16. Bennaoum, Z.; Benhassaini, H.; Falconieri, D.; Piras, A.; Porcedda, A. Chemical variability in essential oils 

from Ruta species among seasons, and its taxonomic and ecological significance. Nat. Prod. Res. 2017, 31, 

19, 2329–2334. https://doi.org/10.1080/14786419.2017.1303692 

17. Pezzani, R.; Vitalini, S.; Iriti, M. Bioactivities of Origanum vulgare L.: an update. Phytochem. 2017, 16, 1253–

1268. DOI 10.1007/s11101-017-9535-z 

18.  Gales, R. C.; Preotu, A.; Necula, A.; Gille, E.; Toma, C. Altitudinal variations of morphology, dıstribution 

and secretion of glandular hairs in Orıganum vulgare L. leaves. Studia Universitatis “Vasile Goldis”, Seria 

Stiintele Vietii 2010, 20, 1, 59-62. 

19. Giuliani, C.; Maggib, F.; Papac, F.; Maleci Bini, F. Congruence of phytochemical and morphological profiles 

along an altitudinal gradient in Origanum vulgare ssp. vulgare from Venetian region (NE Italy). Chemıstry 

& Bıodıversıty 2013, 10, 569-583. https://doi.org/10.1002/cbdv.201300019 

20.  Khalil, N.; El-Jalel, L.; Yousif, M.; Gonaid, M. Altitude impact on the chemical profile and biological 

activities of Satureja thymbra L. essential oil. BMC Complementary Medicine and Therapies 2020, 20, 186, 

1-11. https://doi.org/10.1186/s12906-020-02982-9 

21. Demasi, S.; Caser, M.; Lonati, M.; Cioni, P. L.; Pistelli, L.; Najar, P.; Scariot, P. Latitude and altitude influence 

secondary metabolite production in peripheral Alpine populations of the Mediterranean species 

Lavandula angustifolia mill. Front Plant Sci. 2018, 9, 983, 1-11. https://doi.org/10.3389/fpls.2018.00983 

22. Mammadov, R. Tohumlu bitkilerde sekonder metabolitler. Nobel Akademik Yayıncılık 2014, Yayın No: 

841, Ankara. 

23. Karık, Ü.; Çiçek, F.; Çınar, O. Determination of morpholocigal, yield and quality characteristics of 

Lavandula species and cultivars in Menemen ecological conditions. Anadolu, J. of AARI. 2017, 27, 1, 17-28. 

24. Şanlı, A.; Karadoğan, T.; Tosun, B.; Tonguç, M.;  Erbaş, S. Growth stage and drying methods affect 

essential oil content and composition of pickling herb (Echinophora tenuifolia subsp. sibthorpiana Tutin). 

Süleyman Demirel University Journal of Natural and Applied Sciences 2016, 20, 1, 43-49. 

https://doi.org/10.19113/sdufbed.59206 

25. Şanlı, A.; Karadoğan, T. Geographical ımpact on essential oil composition of endemic Kundmannia 

anatolica Hub.- Mor. (Apiaceae). Afr. J. Tradit Complement Altern. Med. 2017, 14, 1, 131-137. DOI: 

10.21010/ajtcam.v14i1.14 

26.  Sönmez, Ç.; Soysal Şimşek, A. Ö.; Okkaoğlu, H.;  Karık, Ü.; Taghiloofar, A. H.; Bayram, E. Determination 

of some yield and quality characteristics among individual plants of lavender (Lavandula angustifolia 

Mill.) populations grown under mediterranean conditions in Turkey. Pakistan Journal of Botany 2018, 50, 

6, 2285-2290. 

27. Canakci, M.; Topakci, M.; Akinci, I.; Ozmerzi, A. Energy use pattern of some field crops and vegetable 

production: Case study for Antalya Region, Turkey. Energy Conversion and Management, 2005, 46, 655–

666. https://doi.org/10.1016/j.enconman.2004.04.008 

28.  Baydar, H.; Kazaz, S.; Erbaş, E. Morphogenetic, ontogenetic and diurnal variabilities of Turkish oil-bearing 

Rose (Rosa damascena Mill.). Journal of the Faculty of Agriculture 2013, 8, 1, 1-11. 

29. Dudas, S.; Segon, P.; Erhatic, R.; Kovacevic, V. Influence of drying temperatures on essential oil content in 

savory Satureja montana L. (Lamiaceae). 2nd Scientific Conference with International Participation 24th -

25th, 2013, Biotechnical Centre Naklo, Strahinj 99, Naklo, Slovenia. 

30. Mumivand, H.; Babalar, M.; Hadian, J.; Fakhr-Tabatabaei, M. Plant growth and essential oil content and 

composition of Satureja hortensis L. cv. Saturn in response to calcium carbonate and nitrogen application 

rates. Journal of Medicinal Plants Research 2011, 5, 10, 1859-1866. 

31. Kevseroğlu, K. Bitki Ekolojisi. Ondokuz Mayıs Üniversitesi Ziraat Fakültesi Yayınları, Yayın No: 31, 2014, 

Samsun. 

32. Katar, N.; Katar, D.; Temel, R.; Karakurt, S.; Bolatkıran, İ.; Yıldız, E.; Soltanbeigi, A. The effect of different 

harvest dates on the yield and quality properties of rosemary (Rosmarinus officinalis L.) plant. Biological 

Diversity and Conservation 2019, 12, 3, 7–13. doi: 10.5505/biodicon.2019.29292 

33. Katar, N.; Aytaç, Z. Determination of agronomic and quality characteristics on summer Savory (Satureja 

hortensis L.) genotypes in different locations. Journal of the Faculty of Agriculture 2019, 14, 2, 253-269. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2023                   doi:10.20944/preprints202303.0134.v1

https://doi.org/10.20944/preprints202303.0134.v1


 10 

 

34. Tursun, A. O.; Telci, İ. The effects of carbon dioxide and temperature on essential oil composition of purple 

basil (Ocimum basilicum L.)”, Journal of Essential Oil Bearing Plants 2020, 22, 2, 255-265. 

https://doi.org/10.1080/0972060X.2020.1741452 

35. Haider, F.; Kumar, N.; Banerjee, S.; Naqvi, A. A.; Bagchi, G. D. Effect of altitude on the essential oil 

constituents of Artemisia roxburghiana besser var. purpurascens (jacq.) hook, J. Essent. Oil Res. 2009, 21, 

303-304. https://doi.org/10.1080/10412905.2009.9700177 

36. Baydar, H. The effects of different harvest dates on essential oil content and essential oil composition in 

Origanum minutiflorum O. Schwarz et. P.H.Davis. Akdeniz University Journal of the Faculty of 

Agriculture 2005, 18, 2, 175-178.  

37. Saeb, K.; Gholamrezaee, S. Variation of essential oil composition of Melissa officinalis L. leaves during 

different stages of plant growth. Asian Pacific Journal of Tropical Biomedicine 2012, 2, 2, S547-S549. 

https://doi.org/10.1016/S2221-1691(12)60271-8 

38. Katar, N.; Katar, D.; Aydın, D.; Olgun, M. Effect of ontogenetic variability on essential oil content and ıts 

components in Sage (Salvia officinalis L.). International Journal of Agriculture and Wildlife Science (IJAWS) 

2018, 4, 2, 231-236. DOI:10.24180/ijaws.382112  

39. Telci, İ. Determination of suitable harvesting height in basil (Ocimum basilicum L.) Genotypes. Journal of 

Agricultural Faculty of Gaziosmanpaşa University (JAFAG) 2005, 22, 2, 77-83. 

40. Tiring, G.; Satar, S.; Özkaya, O. Secondary metabolites. Journal of Agricultural Faculty of Bursa Uludag 

University 2021, 35, 1, 203-215. 

41. Naghdi Badi, H. A.; Abdollahi, M.; Mehrafarin, A.; Ghorbanpour, M.; Tolyat, S. M.; Qaderi, A.; Ghiaci 

Yekta, M. An overview on two valuable natural and bioactive compounds, thymol and carvacrol, in 

medicinal plants. Journal of Medicinal Plants. 2017, 16, 63, 1-32. http://jmp.ir/article-1-1370-en.html 

42. Talebi, S. M.; Nohooji, M. G.; Yarmohammadi, M.; Khani, M.; Matsyura, A. Effect of altitude on essential 

oil composition and on glandular trichome density in three Nepeta species (N. sessilifolia, N. heliotropifolia 

and N. fissa). Mediterranean Botany 2019, 40, 1, 81-93.  http://dx.doi.org/10.5209/MBOT.59730 

43. Raina, A. P.; Negi, K. S. Essential oil composition of Origanum majorana and Origanum vulgare ssp. hirtum 

growing in India. Chemistry of Natural Compounds 2012, 47, 6, 1015–1017. 

https://doi.org/10.1080/10412905.2014.948969 

44. Kamatou, G. P. P; Viljoen, A. M. Linalool – A review of a biologically active compound of commercial 

importance. Natural Product Communications 2008, 3, 7, 1183 – 1192. 

https://doi.org/10.1177/1934578X0800300727 

45. Omer, E. O. Response of wild Egyptian oregano to nitrogen fertilization in sandy soil. Egypt. J. Hort. 1998, 

25, 3, 295-307. https://doi.org/10.1080/01904169909365610 

46.  Lozˇiene, K.; Venskutonis, P. R. Influence of environmental and genetic factors on the stability of essential 

oil composition of Thymus pulegioides.. Biochemical Systematics and Ecology 2005, 33, 517–525. 

47. De Mastro, G.; Tarraf, W.; Verdini, L.; Brunetti, G.; Ruta, C. Essential oil diversity of Origanum vulgare L. 

populations from Southern Italy. Food Chemistry 2017, 235, 1-6. 

https://doi.org/10.1016/j.foodchem.2017.05.019 

48. Erbaş, S.; Kucukyumuk, Z.; Baydar, H.; Erdal, İ., Şanlı, A. Effects of different phosphorus doses on nutrient 

concentrations as well as yield and quality characteristics of lavandin (Lavandula × intermedia Emeric ex 

Loisel. var. Super). Turkish Journal of Field Crops 2017, 22, 1, 32-38. https://doi.org/10.17557/tjfc.301797 

49. Katar, D.; Can, M.; Katar, N. Effect of different locations on essential oil content and chemical composition 

in Lavandin (Lavandula × intermedia Emeric ex Loisel.). International Journal of Agriculture and Wildlife 

Science (IJAWS) 2020, 6, 3, 546 – 553. DOI:10.24180/ijaws.728780  

50. Turkyılmaz Unal, B.; Guvensen, A.; Esiz Dereboylu, A.; Ozturk, M. Varıatıons ın the prolıne and total 

proteın contents ın Orıganum sıpyleum l. from dıfferent altıtudes of spıl mountain. Turkey Pak. J. Bot. 2013, 

45, S1, 571-576.  

51. Mahzooni-Kachapi, S. S.; Mahdavi, M.; Jouri, M. H.; Akbarzadeh, M.; Roozbeh-Nasira'ei, L. The effects of 

altitude on chemical compositions and function of essential oils in Stachys lavandulifolia Vahl. Iran. Int. J. 

Med. Arom. Plants 2014, 4, 2, 107-116. 

52. Şanlı, A.; Karadoğan, T.; Güvenç, M.; Tosun, B. Essential oil constituents of Cnidium silaifolium (Jacq.) 

simonkai grown in different locations in lakes region, Turkey. Turkish Journal of Agriculture Food Science 

and Technology 2019, 7, 3, 58-61. DOI: https://doi.org/10.24925/turjaf.v7isp3.58-61.3166 

53. Katar, D.; Kacar, O.; Kara, N.; Aytaç, Z.; Göksu, E.; Kara, S.; Katar, N.; Erbaş, S.; Telci, İ.; Elmastaş, M. 

Ecological variation of yield and aroma components of summer savory (Satureja hortensis L.). J. Appl. Res. 

Med. Aromat. Plants 2017, 7, 131–135. https://doi.org/10.1016/j.jarmap.2017.07.005 

54. Baher, Z. F.; Mirza, M.; Ghorbanli, M.; Rezali, M. B. The influence of water stres on plant height, herbal and 

essential oil yield and composition in Satureja hortensis L. Flavour Fragrance Journal 2002, 17, 4, 275-277. 

https://doi.org/10.1002/ffj.1097 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2023                   doi:10.20944/preprints202303.0134.v1

https://doi.org/10.20944/preprints202303.0134.v1


 11 

 

55. Aboukhalid, K.; Al Faiz, C.; Douaik, A.; Bakha, M.; Kursa, K.; Agacka-Mołdoch, M.; Machon, N.; Tomi, F.; 

Lamiri, A. Influence of environmental factors on essential oil variability in Origanum compactum Benth. 

growing wild in Morocco 2017, 14, 9, 1-17. https://doi.org/10.1002/cbdv.201700158 

56. Hosseini, S.; Nadjafi, F.; Asareh, M.; Rezadoost, H. Morphological and yield related traits, essential oil and 

oil production of different landraces of black cumin (Nigella sativa) in Iran. Sci Hort. 2018, 233, 1–8. 

https://doi.org/10.1016/j.scienta.2018.01.038 

57. Munné-Bosch, S.; Cotado, A.; Morales, M.; Fleta-Soriano, E.; Villellas, J.; Garcia, M. Adaptation of the long-

lived monocarpic perennial Saxifraga longifolia to high altitude. Plant Physiol. 2016, 172, 2, 765–75. 

https://doi.org/10.1104/pp.16.00877 

58. El-Jalel, L. F. A.;  Elkay, W. M.;  Gonaid, M. H.;  El-Gareeb, K. A. Difference in chemical composition and 

antimicrobial activity of Thymus capitatus L. essential oil at different altitudes. Future Journal of 

Pharmaceutical Sciences 2018, 4, 2, 156-160. https://doi.org/10.1016/j.fjps.2017.12.004 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2023                   doi:10.20944/preprints202303.0134.v1

https://doi.org/10.20944/preprints202303.0134.v1

