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ABSTRACT: Common sage (Salvia officinalis L.; Lamiaceae) is one of the most important herb known 
for its essential oil richness and extensive use in folk medicine. In the current study, we determined the 
effects of three drying methods on the chemical composition of the essential oil of Saliva officinalis L. 
The aerial parts of Saliva officinalis were collected from Iran at the full-flowering stage and dried by three 
different drying methods: sun-drying, shade-drying and oven-drying at 50°C. The essential oil was 
extracted and analyzed by Gas chromatography-mass spectrometry. 17-35 components were detected 
in the oil of Saliva officinalis under different drying methods, including, α-Thujone (24.0-25.0 %), 1,8-

Cineole (11.0-20.0 %), viridiflorol (7.0-15.0 %), -Thujone (5.0-7.0 %) , camphor (6.0-6.5 %),  Borneol 

(3.5-7.0 %), -pinene (5.0-6.0 %), -pinene (3.5-5.5 %) and -humulene (4.0-7.5 %), as main 
components. The presence of comparatively high concentration of oxygenated compounds mainly 
thujones, 1,8-cineole and camphor in sage oils may be attributing its carminative, antispasmodic, 
antiseptic, and astringent properties. Therefore, these sage collections may be exploited for various 
biological and therapeutic applications. The study revealed that sage can be dried by different methods 
in full flowering stage of the plants 
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Abbreviation: GC/MS- Gas chromatography- mass spectrometry, HD- Hydro Distillation, EO- essential 
oil 
 
 

INTRODUCTION 
 

 Salvia officinalis L., a member of the Lamiaceae family popularly known as salvia or sage, is an aromatic plant 
widely distributed in the world. Common sage, since ancient times, has been an ingredient in perfumes, a flavoring 
in a variety of food preparations, and a medicinal plant used in the healthy Mediterranean diet. Hence its name, 
Salvia, which derives from the Latin meaning “to heal” (Malamas and Marselos, 1992; Kasimu et al., 1998; Lian 
Niang, 1998). Fifty-eight species of the genus Salvia (Lamiaceae) are found in Iran, seventeen of which are 
endemic (Rechinger, 1987; Mozaffarian, 1996). Several species of Salvia have been reported to exhibit 
antibacterial, estrogenic, antioxidant and antitumor activities (Hanson et al., 1957; Chien et al., 1980; Hitokoto et 
al., 1980).  And are used in the treatment of Eczema, psoriasis and tuberculosis (Janosik, 1980). In contrast to the 
oils of many Salvia species (Endeshaw et al., 2000; Mirza and Ahmadi, 2000) Sage (Salvia officinalis L.) is an 
evergreen plant, lives long, and grows fast. The herb has simple leaves with strong aromatic smell. Sage plants 
have trichomes. This type of texture attracts dust, which leads to reduction of the herb medicinal quality and the 
international price, especially if it is dried in the open environment. Sage leaves have gray or gray- green colour, 
the plant is 60 cm high on average. The plant grows fast in the light yellow soils, es- pecially in Sinai area. The 
medicinal and aromatic plants have a great importance for both the phar- maceutical industry and the traditional 
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medicine in the Southern Mediterranean countries. Sage is usually used for medicine for several aims such as 
carminative, diuretic, antiheroic, analgesic, expectorant, disinfectant, gargle etc. Sage has no side effects in 
recommended doses. Usage of sage may be in form of tablets or as droplets, tea, and volatile oil. Moreover, it is 
used in cosmetics for perfumes. Sage has a widespread usage area and it is also used for dyeing of wool carpet 
and rug yarns (Olmez, 2002). Sage has a very old reputation to calm nerv- ousness and cure digestive troubles 
(Kouhila et al., 2001). Sage has a great industrial significance; many Mediterranean countries where it grows have 
sub- stantial gains from the production and export of sage (Amr and Dordevic, 2000).In their preliminary study on 
the convection solar drying for aromatic and me- dicinal plants in solar dryers, (Kouhila et al., 2001) presented the 
relationship between relative humidity and equilibrium moisture content of stage. Lemos et al., 2008 evaluated the 
influence of the drying air temperature on the essential oil content from medicinal plant (Melaleuca alternifolia) 
dried in fixedbed dyer with air velocity of 0.51 ± 0.03 mIs and 65% in- put air relative humidity and drying occurred 
at 40, 50, 60, 70, and 80°C (three  replicates  of each). The essential oil was extracted by steam distillation. They 
found that no statistical differences between the drying treatments. However, when the fresh plants were used, 
reduction in oil content was observed compared to the dried samples in different treatments. Venskutonis, (1997) 
found that changes in concentrations of sage volatile oils were dependent on the method and drying temperatures. 
The post-harvesting process of medicinal plants has great importance in the production chain, because of its direct 
influence on the quality and quantity of the active principles in the product sold (Rocha, 2011). The objective of this 
study was evaluating the influence of drying method on essential oil composition of Salvia officinalis L. in full 
flowering stages. 
 

MATERIALS AND METHODS 
 

Plant Materials 
 Our study was carried out on aerial parts of sage (Salvia officinalis L.) which were collected simultaneously 
from Abadeh city in Fars province (South of Iran). The plant was  identified  by  the  herbarium  of  Fars  Research  
Center  for  Agriculture  and  Natural Resources, Shiraz, Iran. A voucher specimen of the plant is deposited in the 
herbarium of the Research Center for Agriculture and Natural Resources, Shiraz, Iran. 
 

Drying methods 
 Three methods of drying, (sun-drying, shade- drying and oven-drying at 50°C for 4 days) were investigated 
after plant material collection. The shade-drying occurred at room temperature and shade for 5 days and sun-
drying took 3 days. 
 

Essential oil isolation 
 The dried samples of Salvia officinalis L. were subjected to hydro-distillation using an all glass Clevenger-  type 
apparatus, to extract essential oils, according to the method outlined by the European Pharmacopoeia 
(Anonymous., 1997). Extraction times were performed (3 hour). The essential oils were separated from the 
aqueous layer, dried over anhydrous sodium sulfate and calculated average of essential oil yield. The extracted 
essential oils were dried over anhydrous sodium sulphate and stored in sealed vials at low temperature (4°C) 
before gas chromatography (GC) and gas chromatography-mass spectrometric (GC-MS) analysis.  
 

Identification of the oil components 
 Analysis was carried out using an Agilent-technology chromatograph with HP-5 column (30m x0.32 mm i.d. x 
0.25 m). Oven temperature was performed as follows: 60° C to 210° C at 3°/min; 210° C to  240° C at 20°/min and 
hold for 8.5 min, injector temperature 280° C; detector temperature, 290° C; carrier gas, N2 (1 ml/min);split ratio of 
1:50. GC-MS analysis was carried out using an Agilent 7890 operating at 70 eV ionization energy, equipped with a 
HP-5 MS capillary column (phenyl methyl siloxane, 30m x 0.25 mm i.dx 25µ m) with He as the carrier gas and split 
ratio 1:50. Retention indices were determined using retention times of n-alkanes that were injected after the  
essential oil under the same chromatographic conditions. The retention indices for all components were  
determined according to the method using  n-alkanes as standard. The compounds were identified by  comparison  
of  retention indices  (RRI,  HP-5)  with  those  reported  in  the  literature and by comparison of their mass  spectra  
with  the  Wiley  GC/MS Library, Adams Library, MassFinder 2.1 Library data published mass spectra data (Adams,  
2007; McLafferty and Stauffer, 1989; Joulain et al., 2001) . 
 

RESULTS AND DISCUSSION 
 

 Twenty-nine compounds were identified in the essential oils in shade drying method and Seventeen 
compounds obtained in Salvia officinalis in oven-drying method but Thirty-five compounds were identified in the 
essential oils in sun drying method. The identified constituents with their respective percentages and RIs are 
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summarized in (Table 1, 2 and 3). Chemically,  EO are primarily composed of mono- and sesquiterpenes and 
aromatic polypropanoids (Croteau ,1986) with different  amounts and types of oxygenated monoterpene 
components such as α-thujone, 1,8-cineol, camphor,  borneol  and bornyl acetate or sesquiterpene components, 
humulene, viridiflorol and manool (Dulger and   Hacioglu , 2008). Perusal of earlier results on oil composition of S. 
officinalis from various countries suggested that Italian, French, Romanian, Czech, Portuguese and Turkish sage 
oils are characterized by camphor (22.0 to 31.79%) as the most important component (Dob et al., 2007). In 
contrast, samples from many countries are represented by α-thujone (21.5 to 31.5%) as the major compound in 
their oils. The chemical composition of sage oil from Uttarakhand, India was found to be closely similar to that 
reported from Italy, Yugoslavia, Bulgaria and Iran. It was characterized by its large amount of oxygenated 
monoterpenes, with α-thujone, 1,8-cineole and camphor as the principal compounds which are known to exhibit 
antimicrobial, anti-inflammatory and antioxidant features (Radulescu   et   al.,  2004). 

 The main constituents of the oils in shade method were - Thujone (25.0%), 1,8-Cineole (17.5%), viridiflorol 

(7.0%), - Thujone (7.0%), camphor (6.5%), Borneol (6.5%), -pinene (6.0%), -pinene (5.0%), (E)-caryophyllene 

(5.0%), -humulene (5.0%) and Atiserene (2.0%). In sun drying method -Thujone (24.0%), 1,8-Cineole (20.0%), 

viridiflorol (8.0%), - Thujone (5.0%), camphor (6.5%), Borneol (7.0%), -pinene (5.0%), -pinene (5.5%), -

humulene (4.0%) and Atiserene (2.5%) were identified. Finally in oven drying method the composition was -

Thujone (24.5%), 1,8-Cineole (11.0%), viridiflorol (15.0%), -Thujone (5.5%), camphor (6.0%), Borneol (3.5%), -

pinene (5.5%), -pinene (3.5%), (E)-caryophyllene (7.5%), -humulene (7.5%) and Atiserene (5.0%). Results 

showed that maximum -Thujone, 1, 8-Cineole and viridiflorol percentage was obtained in shade, sun and oven 
methods respectively. Finally it could be concluded that shade drying method is the most suitable for obtaining a 
higher percentage of oxygenated compounds, i.e. thujones and camphor, whereas sun-drying method is preferable 
for obtaining special components such as 1,8-cineole and Borneol. On the other hand, viridiflorol is mainly 
produced by oven-drying method. A literature search was undertaken on effects of different methods on essential 
oil content and chemical composition of the essential oil plants, the results showed that drying method had a 
significant effect on oil content and composition of aromatic plants (Ahmadi et al., 2008). Also duration of essential 
oil extraction affected on the quantity and quality of essential oil. It have been reported that essential oil percentage 
and essential oil component of fennel and Laurus nobilis L. were affected by duration of essential oil extraction 
(Naderi  Hajibagher kandi1 et al., 2011). 
 

Table1. The effect of shade drying method on essential oil content of Salvia officinalis L. 

No Compounds Percent of compound RI
a
 

1 -Thujene 0.1 930 

2 -pinene 5.0 939 

3 camphene 2.5 946 
4 sabinene 0.1 969 
5 -pinene 6 974 

6 -myrcene 1.0 988 

7 -terpinene 0.5 1014 

8 p-cymene 1.5 1020 
9 1,8-cineol 17.5 1033 
10 Trans-B-ocimene 1.0 1044 
11 Gamma-terpinene 0.5 1054 
12 Cis-sabinene hydrate 0.5 1065 
13 -terpinolene 0.5 1086 

14 -Thujone 25.0 1110 

15 - Thujone 7.0 1116 

16 camphor 6.5 1141 
17 Borneol 6.5 1165 
18 Terpinene-4-ol 0.5 1174 
19 -terpineol 0.1 1186 

20 Bornyl acetate 1.0 1287 
21 (E)-caryophyllene 5.0 1417 
22 -humulene 5.0 1452 

23 - Amorphene 0.1 1483 

24 ledene 0.1 1495 
25 Delta-cadinene 0.5 1522 
26 Caryophyllene oxid 0.5 1582 
27 viridiflorol 7.0 1592 
28 1.5.5.8-tetramethyl-12-

oxabicyclo[9.1.0]dodeca-3,7-diene 
0.5 1657 

29 Atiserene 2.0 1789 
            RI

a
, retention indices  
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Table2. The effect of sun drying  method on essential oil content of Salvia officinalis L. 

No Compound                      Percent of compound   RI
a
 

1 -Thujene 0.1 930 

2 -pinene 5.5 939 

3 camphene 2.5 946 
4 sabinene 0.1 969 
5 -pinene 5.0 974 

6 -myrcene 0.5 988 

7 -terpinene 0.5 1014 

8 p-cymene 1.0  1020 
9 1,8-cineol 20.0 1033 
10 Trans-B-ocimene 0.5 1044 
11 Gamma-terpinene 0.1 1054 
12 Cis-sabinene hydrate 0.1 1065 
13 -terpinolene 0.5 1086 

14 -Thujone 24.0 1110 

15 - Thujone 5.0 1116 

16 camphor 6.5 1141 
17 Borneol 7.0 1165 
18 Terpinene-4-ol 0.5 1174 
19 -terpineol 0.5 1186 

20 myrtenol 0.1 1194 
21 Bornyl acetate 1.0 1287 
22 thymol 0.5 1290 
23 (E)-caryophyllene 0.5 1417 
24 Aromelendrene 0.5 1439 
25 -humulene 4.0 1452 

26 - Amorphene 0.1 1483 

27 ledene 0.1 1495 
28 Delta-cadinene 0.1 1522 
29 spathulenol 0.1. 1577 
30 Caryophyllene oxid 0.5 1582 
31 viridiflorol 8.0 1592 
32 1.5.5.8-tetramethyl-12-

oxabicyclo[9.1.0]dodeca-3,7-diene 
0.5 1607 

33 1-formyl-2,2-dimethyl-3-trans-(3-methyl-
but-2-enyl)-6-methylidene-cyclohexane 

0.1 1614 

34 allo-Aromedendrene epoxid 0.1 1639 
35 Atiserene 2.5 1789 

                          RI
a
, retention indices  

 

Table3. The effect of oven drying method on essential oil content of Salvia officinalis L. 

No            Compound             Percent of compound   RI
a
 

1 α-pinene 3.5 939 
2 camphene 2.0 946 
3 -pinene 5.5 974 

4 -myrcene 1.0 988 

5 p-cymene 1.0 1020 
6 1,8-cineol 11.0 1033 
7 Trans-B-ocimene 0.5 1044 
8 -terpinolene 1.0 1086 

9 -Thujone 24.5 1110 

10 - Thujone 5.5 1116 

11 camphor 6.0 1141 
12 Borneol 3.5 1165 
13 (E)-caryophyllene 7.5 1417 
14 -humulene 7.5 1452 

15 Caryophyllene oxid 0.5 1582 
16 viridiflorol 15.0 1592 
17 Atiserene 5.0 1789 

                           RI
a
, retention indices  

 
CONCLUSION 

 
 The presence of comparatively high concentration of oxygenated compounds mainly thujones, 1,8-cineole and 
camphor in sage oils may be attributing its carminative, antispasmodic, antiseptic, and astringent properties. 



Intl J Farm & Alli Sci. Vol., 2 (12): 350-354, 2013 

 

354 
 

Therefore, these sage collections may be exploited for various biological and therapeutic applications. The study 
revealed that sage can be dried by different methods in full flowering stage of the plants. 
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