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Essential oils from seven populations of Dalmatian sage from the North of Albania were extracted 

and analyzed according European Pharmacopeia 7.0. The yield differed from 1.95 to 2.75 % v/w. The GC-

FID-MS analysis of the sage oil revealed 42 constituents. Camphor (20.50–29.74 %), followed by α-thujone 

(19.87–24.29 %), 1,8-cineole (6.88–12.64 %) and β-thujone (4.00–9.14 %) were predominant constituents 

in all analyzed populations, representing 55.70–68.00 % of the total components. All of the analyzed sage 

populations from northern Albania comply with ISO 6571/2008 standard and European Pharmacopeia 7.0. 

for Dalmatian sage essential oil content, while only four populations met the requirements of the ISO 

9909/1997 standard for Dalmatian sage essential oil’s composition.  
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ХЕМИСКА ВАРИЈАБИЛНОСТ НА ЕТЕРИЧНИ МАСЛА ОД СЕДУМ ПОПУЛАЦИИ  

НА SALVIA OFFICINALIS L. ОД СЕВЕРНА АЛБАНИЈА 

 

Етерични масла од седум далматински популации на жалфија од северот на Албанија беа 

изолирани и анализирани според Европската фармакопеја 7.0. Приносот варираше од 1,95 до 2,75 

%. Жалфиите беа анализирани со GS-FID-MS, по што беа идентификувани 42 конституенти. 

Камфор (20,50–29,74 %), проследен со α-тујон (19,87–24,29 %), 1,8-цинеол (6,88–12,64 %) и β-тујон 

(4,00–9,14 %) беа доминантни конституенти во сите испитувани популации, претставувајќи 55,70–

68,00 % од вкупните компоненти. Сите анализирани популации на жалфија од северна Албанија се 

во согласност со ISO 6571/2008 и со Европската фармакопеја 7.0 за содржината на етеричното масло 

во далматинската жалфија, додека само четири популации го исполнија барањето на ISO 9909/1997 

што се однесува на хемискиот состав на етеричното масло на далматинската жалфија.  
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1. INTRODUCTION 

 

Nowadays, Salvia officinalis L. (Lamiaceae), 

also known as Dalmatian sage, is a flavorful and 

much used medicinal plant throughout the world. It 

is a perennial evergreen subshrub, native to the 

Mediterranean region, up to 0.5–1.0 m high with 

woody stems and greyish leaves [1, 2]. Common 

sage has been used for a long time as traditional 

herbal medicine against a variety of diseases, for 

culinary purposes, and as a condiment [1–8].  

Based on its great economic and industrial 

value, S. officinalis L. is the most important medic-

inal and aromatic plant in Albania. Additionally, Al-

bania is an important exporter of medicinal and ar-

omatic plants in Europe and the most important ex-

porter of sage to the USA [9–11]. In Albania, S. of-

ficinalis L., is one of the most frequently used herbs 

in folk medicine. It is used for different medicinal 

purposes like sore throats, tonsillitis, a cough, the 

flu, "good for the health", "to strengthen the stom-

ach", digestion, etc. [12]. However, over the past 20 

years, the wild populations of sage have declined so 

drastically that now it is classified in the Red Book 

of Albania as "vulnerable"- VU A1b [13]. 

Sage extracts and essential oils are phyto-

therapeutically useful. S. officinalis L. essential oil 

has a wide range of biological activities, and it is 

used in the treatment of many diseases because of 

its viricidal, cytotoxic, antimutagenic, antioxidant, 

antimicrobial, hypoglycaemic, anti-inflammatory, 

fungistatic, astringent, eupeptic and anti-hydrotic 

effects. Additionally, this plant is used as digestive 

stimulator, appetizer and performance enhancer 

[14–16].  

A substantial part of the phyto-therapeutical 

effects are determined by the extract and essential 

oil content, its composition, and other substances. 

Many medicinally valuable metabolites including 

monoterpenes (e.g., α- and β-thujone, 1,8-cineole, 

and camphor), diterpenes (e.g., carnosic acid), 

triterpenes (oleanolic and ursolic acids) and phe-

nolic compounds like rosmarinic acid are identified 

in the distilled oil or in polar extracts from sage 

leaves [1, 17, 18]. 

Essential oils of more than 32 populations of 

S. officinalis from 11 Balkan countries (24 indige-

nous populations and eight non-indigenous, culti-

vated or naturalized, populations) including six wild 

growing populations from Albania were analyzed 

by Cvetkovikj et al. [19]. Schmiderer et al. [20] in-

vestigated the differences between the sage popula-

tions in the South and North of Albania. All of these 

studied populations are not the subject of the present 

work.  

The yield of Dalmatian sage essential oil is 

regulated by the European Pharmacopoeia 7.0 [21] 

and the International Organization for Standardiza-

tion (ISO 6571/2008) [22]. According to these reg-

ulations, the minimum yield must be 15.00 ml/kg or 

1.50 % V/m of essential oil for the whole dried leaf. 

On the other hand, the chemical composition is reg-

ulated within the ISO 9909/1997 standard, which 

fixes content requirements for 11 constituents, i.e., 

α-pinene 1.00–6.50 %, camphene 1.50–7.00 %, lim-

onene 0.50–3.00 %, 1,8-cineole 5.50–13.00 %, lin-

alool + linalyl acetate ≤ 1.00 %, α-thujone 18.00–

43.00 %, β-thujone 3.00–8.50 %, camphor 4.50–

24.50 %, bornyl acetate ≤ 2.50 %, and α-humulene 

≤ 12.00 % [23]. 

Previous reports published on the essential oil 

composition of sage in Albania and South-Eastern-

European countries showed a variation in the con-

tent and chemical composition. Therefore, a number 

of classifications have been proposed [1, 4, 5, 18–

20]. The most commonly reported major constitu-

ents of Dalmatian sage essential oil have been α-

thujone, β-thujone, camphor, and 1,8-cineole. 

The aim of this study was to assess the yield 

and chemical composition of the essential oil of 

seven wild sage populations from the North of Al-

bania and its compliance to ISO standards. 

 
2. EXPERIMENTAL SECTION 

 

2.1. Plant material 

 

210 samples of Salvia officinalis L. were col-

lected at the full blooming time in the beginning of 

July 2012 in the North of Albania (Malësia e Madhe 

and Shkodra in District of Shkodra) from seven lo-

calities (30 different individual samples from each 

population) (Table 1). 

The leaves were air dried, packed in paper 

bags and kept in a dark and cold place until analysis. 

Voucher specimens were deposited at the Crop Pro-

duction Department, Agricultural University of Ti-

rana (Table 1). Plant identity was verified by A. Ib-

raliu according to Albanian Flora [24]. 
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   T a b l e  1  
 

Characterization of the collection sites of the S. officinalis L., collected in the North of Albania 
 

Population 
Voucher 

specimen 
Collection sites 

Ht 

(m) 
N E Exposition 

Sample 

No. 

P1 Al 025 
Mali i Taraboshit, 

Shkodër 89 42° 04'36" 19°26'65" 
W – The North-

ern Field 
30 

P2 AI 026 
Mali i Rrencit, 

Malësia e Madhe 81 41°55'44" 19°26' 74" NE – Northern 

Hilly 
30 

P3 AI 027 
Brigje-Hani i Hotit, 

Malësia e Madhe 406 42 °20'57" 19°27'29" 
SE – The Central 

Hilly 
30 

P4 AI 028 
Zagore,  

Malësia e Madhe 478 42°17' 57" 19°30' 47" 
NE – Northern 

Maintains 
30 

P5 AI 029 
Rec,  

Malësia e Madhe 396 42°13'33" 19°29'57" 
NE – The Central 

Hilly 
30 

P6 AI 030 
Vorf,  

Malësia e Madhe 187 42°09'3.44" 19°39'47" 
SE – South-west-

ern Hilly 
30 

P7 AI 031 Leqet e Hotit 250 42°41'01'' 19° 50'36''  30 

 
 

 

2.2. Essential oil isolation 
 

Essential oil isolation from dried sage leaves, 

as an average sample of the 30 different individual 

samples of every population, was performed by hy-

drodistillation in an all-glass Clevenger apparatus 

for two hours, following the procedure of the Euro-

pean Pharmacopeia (2.8.12) [21]. These samples 

were stored at –18 ºC in the freezer until further 

analysis.  

 

2.3. Analysis of essential oils’ chemical 

 composition 
 

Each of the seven different essential oils was 

dissolved in xylene (10:990, v/v) for GC analyses. 

Oil samples were analyzed on a gas chromatog-

raphy system (Agilent 7890А) equipped with FID 

detector and mass spectrometer detector (Agilent 

5975C), using HP-5ms capillary column (30 m × 

0.25 mm, film thickness 0.25 μm). 

Analytical conditions were as follows: oven 

temperature was set at 60 °C for 0 min, then in-

creased by 3 °C/min to 240 °C and held there for 1 

min and then it was increased to 280 °C at a rate of 

10 °C/min where was held for 1 min; helium was 

used as the carrier gas at a flow rate of 1 ml/min; 

temperature of the injector was 220 °C and that of 

the FID detector was 270 °C; the GC split was ratio 

1:1. The injection volume was 1.0 μl.  

The mass spectrometry conditions were as 

follows: ionization voltage 70 eV, ion source tem-

perature 230 °C, transfer line temperature 280 °C, 

and mass range from 50–550 Da. The MS was op-

erated in scan mode. 

 

2.4. Identification of the components 

 

The compounds were identified by compar-

ing their Kovats (retention) indices with those in the 

literature [25]. The Kovats (retention) indices were 

determined using a mixture of a homologous series 

of normal alkanes (C9-C25) analyzed under the Au-

tomated Mass Spectral Deconvolution and Identifi-

cation System (AMDIS) conditions [26]. Confirma-

tion was done by comparing the mass spectra ob-

tained from AMDIS with the reference spectra from 

NIST (National Institute of Standards and Technol-

ogy), Wiley and Adams mass spectra libraries. 

Quantification of the essential oils components was 

performed using the normalization method of the 

GC/FID peak areas. 

 

2.5. Statistical analysis 

 

Correlations among seven main essential oil 

constituents were calculated by PROC Corr in SAS 

[27]. The Principal Component Analysis (PCA) 

based on the main constituents was performed using 

PROC PRINCOMP in SAS. Pairwise Euclidean 

distances among seven populations were calculated 

and used in unweighted pair-group average (UP-

GMA) cluster analysis. Support for clades was eval-

uated by nonparametric bootstrapping [28] with 

10.000 replicates in PAST ver. 2.01 [29]. 

 
3. RESULTS AND DISCUSSION 

 

The yield of essential oil differed between 

sage populations and ranged from 1.95 to 2.75 % 
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(Table 2). The highest yield was determined in P2 

(2.75 %), while the lowest yield of essential oils was 

observed in P5 (1.95 %). All populations met the re-

quirements of the European Pharmacopeia 7.0 and 

ISO 6571/2008 standard for Dalmatian sage essen-

tial oil content [21, 22]. In all of the essential oils 

analyzed, 42 constituents were identified in total. 

The number of identified constituents differed 

among populations. The lowest number of constitu-

ents were found in P1 (20 constituents); while the 

highest number was found in P7 (39). 

Seven constituents were found at concen-

trations higher than 5.00 % in at least one popula-

tion: camphene, 1,8-cineole, α-thujone, β-thujone, 

camphor, α-humulene, and viridiflorol. These con-

stituents were chosen for further analysis and were 

hereafter referred to as the main constituents. They 

constituted 72.40 % (P6) to 78.39 % (P4) of the es-

sential oils of individual populations. Camphor was 

the dominant component in populations P2, P5 and 

P6, while it had an equal share with α-thujone in 

population P3 (Table 2). On the other hand, in the 

populations P1, P4 and P7, α-thujone was the most 

abundant compound (Table 2).  

Table 3 shows the correlation between the 

seven main constituents of the essential oils of S. offic-

inalis L. Strong negative correlations (r < –0.70) have 

been observed between 1,8-cineole and α-humulene. 
 

 

T a b l e  2  
 

Composition (%) and yields (%, v/v) of oils isolated from S. officinalis L. from seven populations  

from the North of Albania 
 

No. Constituents KILa) KIEb) 
Content [%]c) 

P1 P2 P3 P4 P5 P6 P7 

1 Tricyclene 921 924 – 0.40 0.45 – 0.45 0.12 – 

2 α-Pinene 932 935 2.80 2.80 2.50 2.35 3.27 2.38 2.90 

3 Camphene 946 950 5.30 4.80 3.85 4.50 3.80 4.72 4.50 

4 β-Pinene 974 979 1.00 0.60 0.57 0.61 0.89 0.21 0.60 

5 Myrcene 991 993 1.50 1.00 0.94 1.00 0.86 0.71 1.00 

6 α-Phellandrene 1005 1007 – 0.10 tr. tr. tr. tr. tr. 

7 α-Terpinene 1018 1019 – 0.20 0.19 0.19 0.17 tr. 0.10 

8 o-Cymene 1022  1029 0.60 0.50 0.50 0.53 0.33 0.82 0.50 

9 Limonene 1024 1031 1.80 1.50 1.44 1.85 1.15 1.82 1.60 

10 1,8-Cineole 1026 1034 11.40 9.40 10.70 9.44 6.88 12.64 9.60 

11 γ-Terpinene 1054 1061 0.20 0.20 0.20 0.20 0.24 tr. 0.20 

12 Terpinolene 1086 1091 – 0.30 0.26 0.30 0.31 0.13 0.30 

13 Linalool 1095 1098 – 0.50 0.41 0.42 0.36 0.53 0.40 

14 α-Thujone 1101 1111 22.80 22.00 24.08 24.29 19.87 20.10 21.60 

15 β-Thujone 1112 1120 6.40 4.70 5.92 5.98 9.14 5.52 4.00 

16 3-iso-Thujanol 1134 1139 – – – tr. 0.15 – – 

17 Camphor 1141 1149 20.70 23.90 24.03 22.60 21.63 29.74 20.50 

18 trans-Pinocamphone 1159 1164 – – tr. – tr. tr. tr. 

19 Borneol 1165 1169 2.40 2.90 2.16 2.75 1.77 3.92 2.80 

20 Terpinen-4-ol 1174 1180 0.30 0.40 0.32 0.36 0.29 0.33 0.30 

21 α-Terpineol 1186 1194 – 0.20 0.16 0.16 0.19 0.15 0.20 

22 trans-Carveol 1215 1220 – – tr. – tr. 0.10 0.10 

23 Bornyl acetate 1284 1289 1.90 2.70 1.86 2.36 2.11 2.27 2.50 

24 Carvacrol 1298 1301 – 0.30 – – – 0.12 0.10 

25 α-Copaene 1374 1379 – tr. – – tr. tr. tr. 

26 trans-Caryophyllene 1417 1423 1.80 3.40 3.21 2.22 3.02 0.59 3.20 

27 Aromadendrene 1439 1455 – – – – 0.23 tr. – 

28 α-Humulene 1453 1458 2.90 4.20 4.34 3.51 5.87 0.77 5.20 

29 allo-Aromadendrene 1458 1461 – 0.13 0.11 0.10 0.13 tr. 0.10 
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  T a b l e  2 (continue) 

No. Constituents KILa) KIEb) 
Content [%]c) 

P1 P2 P3 P4 P5 P6 P7 

30 γ-Muurolene 1478 1480 – tr. tr. tr. tr. tr. tr. 

31 Viridiflorene 1496 1499 0.30 0.20 0.25 0.22 0.25 tr. 0.20 

32 γ-Cadinene 1513 1517 – tr.c) – – tr. – tr. 

33 δ-Cadinene 1522 1527 – tr. tr. tr. tr. – tr. 

34 α-Calacorene 1544 1548 – tr. – – – – tr. 

35 Spathulenol 1577 1580 – – – – tr.       – tr. 

36 Caryophyllene oxide 1582 1587 0.20 0.30 0.25 0.25 0.33       0.13 0.30 

37 Viridiflorol 1592 1596 4.50 5.90 5.33 5.67 5.84       4.91 7.00 

38 Humulene epoxide II 1606 1613 – 0.63 0.43 0.54 0.89      0.52 0.80 

39 β-Eudesmol 1649 1652 – tr. tr. – – – tr. 

40 Pimara-8,15-diene 1948 1953 – – – – 0.13 – 0.15 

41 Manool 2056 2060 1.70 2.30 2.06 2.08 4.67      1.55 4.10 

42 Labd-7,13-dien-15-ol 2291 2300 – – – – 0.23     – 0.20 

 Total (%)   90.50 96.46 96.52 94.48 95.45 94.79 95.05 

Chemical classes 
Content [%] 

P1 P2 P3 P4 P5 P6 P7 

Monoterpene hydrocarbons 13.20 12.40 11.00 11.63 11.57 11.21 11.80 

Oxidized monoterpenes 65.90 67.00 69.84 68.46 62.59 75.51 62.20 

Sesquiterpene hydrocarbons 5.00 8.43 8.11 6.25 9.90 1.86 9.20 

Oxidized sesquiterpenes 4.70 6.93 6.11 6.46 7.16 5.56 8.30 

Diterpenes / / / / 0.13 / 0.15 

Oxidized diterpenes 1.70 2.30 2.06 2.08 4.90 1.55 4.30 

Yield EO (%, v/v) 2.65 2.75 2.00 2.35 1.95 2.20 2.55 

Content of EO (Ph.Eur.7.0.) (min. 15 ml/kg) 

Content of EO (ISO 6571/2008) (min. 1.5 %) 
26.50 27.50 20.00 23.50 19.50 22.00 25.50 

Satisfied the requirements of the ISO Std. 

9909/1997 
yes no yes yes no no yes 

 

a) KIL – Kovats Index Literature [25]; b) KIE – Kovats Index Estimated (AMDIS ver.2.1.); c) tr. = traces (< 0.10 %). 
 

 
 

         T a b l e  3 
 

Pearson's correlation coefficients among the main essential oil constituents  

of Dalmatian sage populations from Albania 
 

No. Constituent C1 C2 C3 C4 C5 C6 C7 

C1 Camphene  ns ns ns ns ns ns 

C2 1,8-Cineole   0.559  ns ns ns * ns 

C3 α-Thujone   0.065   0.160  ns ns ns ns 

C4 β-Thujone –0.448 –0.503 –0.281  ns ns ns 

C5 Camphor   0.021   0.583 –0.292 –0.149  ns ns 

C6 α-Humulene –0.576 –0.873   0.029   0.261 –0.746  ns 

C7 Viridiflorol  –0.365 –0.578 –0.121 –0.321 –0.393 0.683  

           The significance of the correlations is indicated as follows: * – significance at the 5.00 % nominal level; ns – not significant. 

 

 

The Principal Component Analysis (PCA) of 

the seven main constituents in seven Dalmatian sage 

populations revealed that three principal compo-

nents had an eigenvalue greater than 1 and ex-

plained 86.01 % of the total variation (Table 4; Fig. 

1A).  
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         T a b l e  4  
 

Component loadings of the seven essential oil constituents on the first three principal components 
 

No. Compound PC1  PC2  PC3  

C1 Camphene   0.653 ns   0.388 ns 0.105 ns 

C2 1,8-Cineole   0.944 **   0.137 ns –0.021 ns 

C3 α-Thujone   0.068 ns   0.622 ns 0.607 ns 

C4 β-Thujone –0.393 ns –0.785 * 0.460 ns 

C5 Camphor   0.680 ns –0.447 ns –0.415 ns 

C6 α-Humulene –0.970 ***   0.153 ns 0.028 ns 

C7 Viridiflorol  –0.680 ns   0.413 ns –0.590 ns 

 Eigenvalue 3.341  1.567  1.112  

 % of variance 47.73  22.38  15.89  

          The significance is indicated as follows: *** – significance at the 0.10 % nominal level;  

             ** – significance at the 1.00 % nominal level; * – significance at the 5.00 % nominal level; ns – not significant. 
 

 

 
 

Fig. 1. Chemical diversity of Dalmatian sage populations from Albania: (A) Biplot of the PCA based  

on the seven main essential oil constituents (C1–C7); (B) UPGMA dendrogram based on the Euclidean distance matrix  

calculated for the contents of the seven main essential oil constituents. 

 
 

The first PC explained 47.73 % of the total 

variation and was strongly positively correlated with 

1,8-cineole (r > 0.70; P < 0.05), while strongly nega-

tively correlated with α-humulene (r < –0.70; P < 

0.05). Strong negative correlation was observed be-

tween the second PC and β-thujone (r < –0.70; P < 

0.05). The average Euclidean distance among pop-

ulations based on seven main constituents was 6.12, 

ranging from 2.22 (between populations P3 and P4) 

to 11.83 (between P5 and P6). The highest net di-

vergence defined as the sum of distances from a 

population to all the other populations was observed 
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for population P6 (58.05) followed by P5 (45.27). 

As shown in the UPGMA dendrogram based on the 

Euclidean distance matrix, populations P5 and P6 

were the most distant from the others (Figure 1B). 

To characterize the natural variability be-

tween the S. officinalis L. populations, we compared 

the yield and chemical composition of the essential 

oils from seven locations in the North of Albania. 

The essential oil yield of the studied populations 

ranged from 1.95 to 2.75 %, and these data are very 

similar to the results reported for essential oil yield 

of sage populations from Croatia and Montenegro, 

ranging from 1.90 to 3.70 % and 1.98 to 2.84 %, 

respectively. This shows that the oil yield varies de-

pending on the origin of the plant material [1, 4, 5]. 

However, these results were higher compared to the 

results published by Cvetkovikj et al. [19] where the 

oil yield ranged from 0.15 to 1.70 % for the six in-

digenous populations of S. officinalis L. from Alba-

nia. 

In the analyzed populations, the main constit-

uents were camphor (20.50–29.74 %) and α-thujone 

(19.87–24.29 %), followed by 1,8-cineole (6.88–

12.64 %) and ß-thujone (4.00–9.14 %). Populations 

P1, P2, P3, and P4 shared rather similar oil profiles. 

The oil of the population P5 had a higher amount of 

ß-thujone (9.14 %) and α-humulene (5.87 %) as 

compared to the rest of the populations. The oil of 

the population P6 was characterized by a higher 

amount of camphor (29.74 %) and 1,8-cineole 

(12.64 %) than the rest, while the population P7 

showed a higher amount of viridiflorol (7.00 %) 

than the rest. 

Camphor (13.00–41.00 %), followed by α-

thujone (4.00–26.00 %), 1,8-cineole (2.00–16 %) 

and ß-thujone (1.00–11.00 %) were also identified 

as primary constituents of sage essential oils from 

different locations in Albania as reported by 

Schmiderer et al. [20].  

According to Boszormenyi et al. [30], the 

chemical composition of the essential oils of S. 

officinalis L. that originated from different countries 

were divided into five groups according to the 

amount of the major constituents: 1. camphor > α-

thujone > 1,8-cineole > β-thujone; 2. camphor > α-

thujone > β-thujone > 1,8-cineole; 3. β-thujone > 

camphor > 1,8-cineole > α-thujone; 4. 1,8-cineole > 

camphor > α-thujone > β-thujone and 5. α-thujone 

> camphor > β-thujone > 1,8-cineole. Thus, popula-

tions P2 and P6 belong to group 1 together with pop-

ulation P3, which has almost equal shares of cam-

phor and α-thujone. The population P5 can be 

grouped within group 2 (camphor > α-thujone > β-

thujone > 1,8-cineole). On the other hand, popula-

tions P1, P4 and P7 had a profile similar to that of 

the group 5 (α-thujone > camphor > β-thujone > 1,8-

cineole), but the amount of 1,8-cineole was higher 

compared to β-thujone. 

Except in populations from Albania [20], the 

essential oils, dominated by α-thujone (16.98–40.35 

%), camphor (12.75–35.37 %), 1,8-cineole (6.40–

12.06 %) and β-thujone (1.50–10.35 %), were rec-

orded in indigenous population of S. officinalis L. 

from Montenegro [5]. 

Unlike our results, those that originated from 

Croatia were dominated by ß-thujone (10.30–49.30 

%), camphor (5.20–36.50 %), α-thujone (1.50–

44.90 %) and 1,8-cineole (5.00–15.70 %) [4]. On 

the other hand, the essential oil content from popu-

lations that originated from the North of Tunisia 

were dominated by 1,8-cineole (33.27 %), β-thujone 

(18.40 %), α-thujone (13.45 %), and borneol (7.39 

%) [31], while the main chemical constituents of 

populations that originated from Serbia were domi-

nated by camphor (1.90–32.70 %), α-thujone (6.70–

28.50 %), α-humulene (3.40–33.30 %), viridiflorol 

(2.9–12.40 %) and manool (1.40–14.50 %) [32].  

The chemical composition of the essential 

oils of sage varies depending on several factors, 

such as genetic background [33–35], environmental 

conditions [34–38], season [34], plant parts used for 

the extraction of essential oil [34, 38, 39], soil min-

eral fertilization [40], etc.  

The relative amounts of camphor and α- and 

ß-thujone determine the quality of essential oils of 

Dalmatian sage. The best quality of Dalmatian sage 

essential oil is in the cases where α- and ß-thujone 

(together) are present at up to 50.00 % of the total 

percentage of essential oil, while the relative 

amount of camphor is not lower than 20.00 % [34, 

41–43]. International standards require 18.00–43.00 

% of α-thujone and 3.00–8.50 % of ß-thujone [23]. 

Thus, the essential oils of the populations P1, P3, 

P4, and P7 comply with the requirements of the ISO 

9909/1997 standard for Dalmatian sage essential oil 

composition. 

 

4. CONCLUSION 

 

Variability between the chemical composi-

tion and content of the essential oil from the seven 

different Dalmatian sage populations of North Al-

bania was recorded.  

The yield of sage essential oils ranged from 

1.95 to 2.75 %. All populations had possessed oil 

content within the requirements of the European 

Pharmacopeia 7.0. [21] and ISO 6571/2008 Stand-

ard [22]. 

P1, P2, P3 and P4 populations showed a sim-

ilar chemical oil profile. On the other hand, it was 
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confirmed by statistical analysis that populations P5 

and P6 differed the most in the chemical composi-

tion of their oils. Finally, populations: P1, P3, P4 

and P7 comply with the requirements of the ISO 

9909/1997 Standard for the Dalmatian sage essen-

tial oil composition [23].  
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