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 Abstract  

The goal of this study is to assess the differences in yield and chemical composition of Salvia 

officinalis L. essential oil cropped on different hours of the same day and three consecutive days. 

The collection of samples was made in the same location, Dhembel, south of Albania. Samples 

were collected from 04 to 06 June 2018, during the summer crop in the wild. Results showed a 

slight difference in the yield percentage, which varies from 1.7 to 1.8%. The essential oil of each 

sample was analyzed using GC-FID and GC MS/MS QQQ. Chromatographic results indicated 

the presence of approximately 38 chemical compounds in sage essential oil. 30 compounds were 

identified, according to their chromatographic relative retention time and mass spectra. The main 

components were oxygenated monoterpenes like Camphor (42.06 - 43.64%), a-thujone (13.85 – 

15.71%), Borneol (3.07 – 5.87 %), 1,8 cineol (4.19 – 5.02%), and monoterpenoids like 

Camphene (7.74 – 9.17%). Camphor percentage varied very little from day to day showing 

approximately the same value (42.06-42.94%), α-thujone has a very small diversion (13.85-

14.79%). Camphor percentage for samples taken on the same day but in different hours increases 

from 42.94% (08:30) to 43.64% (12:00) and decreases to 40.06% (16:00). The same thing 

reflects α-thujone, its percentage increases from 13.85% (08:30) to 14.10 (12:00) but in contrast 

with Camphor, the sample collected at 16:00 shows a higher percentage of 15.71% α-thujone. 

Keywords: Chemical Composition, Essential Oil, Salvia Officinalis L, Mass Spectra, Extraction, 

Chromatographic. 

Introduction 
Salvia officinalis L is also known as the “Salvation Plant” and has been long used in traditional 

medicine around the globe. Its bioactive compounds, and especially its polyphenol profile, have 

been extensively researched [1]. Sage is distributed all over Albania from 50-1200 m, especially 

in calcareous formations with a Mediterranean maritime climate and in the internal regions of the 

country, where there is a transitory and continental climate. It is estimated that there are 

approximately 5- tons of dry sage leaves available in Albania, of which only 50% is being 

utilized [2]. The chemical composition of Salvia officinalis L. and the concentration of certain 

chemical constituents differs according to the season, climatic condition, and the site of plant 

growth [3]. Volatile compounds biosynthesis in the essential oil is affected by different 

environmental factors like soil mineral fertilization [4], the developmental stages [5], and the 

light intensity [6]. 

 

https://sites.google.com/a/fshn.edu.al/departamenti-i-kimisee/personelli/profasocdr-Sonila-Duka
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Materials and Methods 
The sampling process was concentrated on one location, in Dhembel village in south of Albania, 

and lasted three days from 04 to 06, June 2018. The sampling process was divided into two parts. 

Part one consisted of collecting the plant in three consecutive days, in the same area and hour, 

from 04-06 June 2018, hour 08:30. Part two consisted of collecting the plant in the same area but 

in three different hours of the same day, 06 June 2018, hour 08:30, 12:00, and 16:00. The 

experimental area was characterized by an average temperature of 15.2◦C in the morning and 

35.3◦C during the day till afternoon. Part of the plant chosen to be analyzed were aerial parts 

(leaves). The variety of plants chosen was wild and it was collected in altitudes from 500 to 800 

m above sea level. The sampling sites is presented in Figure 1. Samples were collected by hand, 

taking into account “Good collection practice of medical and aromatic plants in nature” and were 

placed in airy places, in shade to get fully dried at room temperature. Samples submitted to 

hydrodistillation for 3 h using a Clevenger-type apparatus. All five samples were used for oil 

profiling via GC-FID/GC MS analysis and all of them, were chosen to compare essential oil 

composition differences. 

 

 
Fig. 1: Sampling area and the sampling point 

 

Samples were analyzed at Noval Laboratory shpk, laboratory (Maminas, Durres). Essential oils 

profiling analysis was carried out in a SHIMADZU NEXIS GC-2030 (Shimadzu Europa GmbH, 

Analytical and Measuring Instruments) chromatograph with a data handling software Lab 

solution, equipped with a Split/Splitless injector SPL 2030, On-Column injection unit OCI 2030, 

and Flame ionization detectors (FID-2030). Agilent 7000D triple quadrupole GC/MS (Agilent). 

Essential oils fraction was carried out with an Agilent GC/MSD system with a mass spectrometer 

detector 7000D MS, 7890B GC, and Mass Hunter acquisition, data handling, and reporting 

software. Highly inert capillary column Rxi-5ms column Rxi-5ms, (30m x 0.25mm, film 

thickness 0.50 μm), ID, 0.25 mm, was used. 10 µl of essential oil, was accurately weighed in a 

vial and 1000 µl of Hexane. Temperature program of the column: 60 °C for 1 min, 4 oC / 1 min 

till 180 °C and 20 oC / 1 min till 250 °C, total 40 min. A carrier gas, Helium, column flow 1 

ml/min constant speed, total flow 14 ml/min split ratio 100:1. Injection volume 1 µL (10 µL 

syringe). The identification of chemical compounds was made by a comparison of their relative 

retention time and mass spectra with those of compounds published in literature and databases. 
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The identified components were arranged for their retention time. The percentage composition of 

compounds was calculated according to the chromatographic peak area. 

Results and Discussion 

Variations of essential oil yields of samples taken in the flowering stage, in three consecutive 

days and three different hours of the same day are shown in Table 1. For all samples collected in 

consecutive days at the same hour and in approximately the same environmental conditions 

(weather and temperature) the essential oil yield didn’t show differences. For samples collected 

in three different hours, when temperature and sunlight exposure differs by increasing during the 

day, we see a slight decrease in yield percentage. 

 
Table 1. Yield percentage, obtained from samples collected in Part I and Part II  

Part I Part II 

Sampling point 
 

Day  

04/06/2018 

Day  

05/06/2018 
08:30 12:00 16:00 

Gjirokaster (Dhembel)  1.8% 1.8% 1.8% 1.7% 1.7% 

 

According to Ahmad. E et al., 2011, high-temperature stress has an undesired effect on plant 

biological yield and decreases with rising of drying in soil, so this reaction is like a strategy of 

the plant throughout individual survival straggle. 

The chemical composition of Salvia Officinalis L. essential oil is listed in Table 2.  

30 compounds, were identified in essential oil samples, taken on three consecutive days and in 

three different hours of the same day. For all five samples, the most abundant compounds were 

Oxygenated monoterpenes like Camphor (42.06 - 43.64%), a-thujone (13.85 – 15.71%), Borneol 

(3.07 – 5.87 %), 1,8 cineol (4.19 – 5.02%), and monoterpenoids like Camphene (7.74 – 9.17%). 

Essential Oils composition of South Albania, contain reduced levels of thujones and is well 

known for the inverse report that Camphor has with thujone. When Camphor is high both 

thujone, alpha, and beta are low [7]. Our study shows that this report is preserved in all samples. 

Camphor percentage analyzed for the samples taken on different days at the same hour show 

approximately the same value (42.06-42.94%). α-thujone has a very small diversion (13.85-

14.79%). An interesting result has been observed for the main component, Camphor. For 

samples taken on the same day but in different hours, the percentage of it increases from 42.94% 

(08:30) to 43.64% (12:00) and decreases to 40.06% (16:00). The same thing reflects α-thujone, 

its percentage increases from 13.85% (08:30) to 14.10 (12:00) but in contrast with Camphor, the 

sample collected at 16:00 shows a higher percentage of 15.71% α-thujone. The biosynthesis of 

the main characteristic volatile compounds in S. Officinalis essential oil, like Camphor, 

Thujones, Camphene, 1,8-cineole, and Borneol, follows different metabolic reactions [8]. 

According to (Avatoet al., 2005), the dominance of one or the other compound in the essential 

oil should be reasonably correlated with the activation of the specific metabolic pathway. Is to be 

mentioned the fact that essential oils in S. Officinalis content changes with the species, the age of 

the plant and it is under the influence of environmental factors such as light and temperature [9]-

[12]. 
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Table 2. The list of compounds, in order of elution, and the quantitative data in %, for Part I and Part II  
                                                       Part I Part II 

No 

 

04/07/2020 05/07/2020 08:30 12:00 16:00 

1 1Tricyclene  0.12 0.23 0.12 0.14 0.15 

2 1α-thujene  0.30 0.95 0.33 0.20 0.89 

3 1α-pinen  2.58 2.41 2.75 2.30 2.39 

4 1Camphene  9.17 8.74 8.49 7.74 8.24 

5 1β- pinene  1.41 1.46 0.95 0.54 1.2 

6 1Myrcene  1.12 1.12 1.03 0.81 1.03 

7 1α-phenandren  0.18 0.12 0.10 0.33 0.16 

8 1γ-3-carene  0.37 0.33 0.74 0.63 0.53 

9 1p-cymene  3.02 2.92 2.89 2.45 2.85 

10 41,8 cineol  4.59 4.53 4.19 5.02 4.31 

11 1E-β-Ocimene  0.32 0.33 0.26 0.50 0.33 

12 1γ-Terpinen  1.02 0.66 0.38 0.29 0.89 

13 2cis-β-Terpineol  0.57 0.55 0.61 0.89 0.93 

14 4α-thujone  14.79 14.54 13.85 14.10 15.71 

15 4β-thujone  1.50 2.26 2.49 3.40 1.89 

16 4Camphor  42.76 42.06 42.94 43.64 40.06 

17 2Neoiso-3 thujanol  0.25 0.19 0.22 0.26 0.25 

18 4Borneol  3.19 4.19 3.95 5.87 3.07 

19 2Terpinen-4-ol  0.51 0.57 0.51 0.68 0.85 

20 2α-terpineol  0.11 0.11 0.40 0.39 0.31 

21 2Myrtenol  0.16 0.46 0.43 0.32 0.15 

22 4Bornyl acetate  3.04 3.89 2.78 2.97 3.22 

23 4Myrtenyl acetate  0.26 0.21 0.25 0.60 0.22 

24 4Thymol  0.47 0.11 0.36 0.24 -- 

25 3Carophyllene-(E)  2.48 2.15 1.36 0.56 2.17 

26 1Aromandrene  0.36 0.13 0.34 0.17 0.17 

27 3α-humulene  0.66 0.74 0.68 0.26 0.78 

28 3Carophyllene oxide  0.98 0.43 0.43 0.48 0.70 

29 2Ledol  2.41 2.31 2.38 1.65 2.31 

30 2Manool  0.18 0.22 0.43 0.54 0.21 

                    1Monoterpene hydrocarbons 40% 3Sesqueterpene 10% 

                                                       2 Monoterpene  alcohol 23.3% 4Oxygenated monoterpenes 26.6% 
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Conclusion 
Essential oil yield for all samples collected in consecutive days at the same hour and in 

approximately the same environmental conditions (weather and temperature) didn’t show 

differences. Samples collected in three different hours, when temperature and sunlight exposure 

differs by increasing during the day, show a slight decrease in yield percentage.  

The chemical composition, of south S. Officinalis L. essential oil studied, was consistent with 

previous studies. This relates to Camphor and α-thujone as the main characteristic of volatile 

compounds and Camphor prevails comparing to α-thujone. Chemical composition for samples 

studied in three different hours during the same day indicates percentage variations of the main 

characteristic volatile compounds, during the course of the day, indicating the important role of 

environmental factors as mentioned above. This study is a part of continuous observation of the 

S. Officinalis L. essential oil chemical composition depending on the harvesting period and the 

factors that affect this process. 
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