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 Chemical characterization and antibacterial properties of the essential oils from aerial 
parts of Salvia aegyptiaca    extracted by microwave-assisted hydrodistillation were 

compared with the oils extracted using the traditional method. While microwave-

assisted hydrodistillation at 660 W required half as much time as normal  
hydrodistillation needed, The same components with negligible differences in their 

quantities were found in the extracted essential oils using the two methods outlined 

above. Also, similar antibacterial efficacies were found from the essential oils obtained 
by the two extraction methods. Overall, to reduce the extraction time, microwave-

assisted hydrodistillation can be applied at higher microwave levels without any 

compromise in the antibacterial properties of the essential oils extracted. 
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INTRODUCTION 

 

 Downer The essential oil can be isolated using a number of isolation methods, e.g. hydrodistillation, steam 

distillation and organic solvent extraction. Many of these methods are moreover time consuming and energy 

intensive. hydrodistillation method  suffers from several disadvantages, including losses in the volatile 

compounds and long extraction time this study is the identification of the volatile oil components. Microwave 

heating has an analytical and organic laboratory practice as a very effective and non-polluting method of 

activation [1]. The essential oil isolation based on this technique, was successfully tested in isolation of essential 

oil from plants [2]. Recently, Microwave-assisted hydrodistillation extraction appeared to be particularly 

attractive for isolation of essential oil from herbs. The popularity of microwave technique is due to the rapid 

rates of heat transfer which allows quicker times of extraction [3]. The essential oil isolation based on this 

technique, was successfully tested in isolation of essential oil from mint plants [4]. 

 The plant family Labiatae contains several species with potential therapeutic activity due to their essential 

oils [5]. Salvia is a large and polymorphous genus of this family, comprising about 900 species. Fifty-eight 

species of the genus Salvia (Lamiaceae) are found in Iran, seventeen of which are endemic [6]. The genus Salvia 

comprises many medicinal plants. In Kuwait S. aegyptiaca is used for treating eye diseases. In the Canary 

Islands S. canariensis is prescribed as a diuretic. S. fruticosa is drunk as tea in Israel to relieve headaches and 

abdominal pains, while a herbal bath prepared with the herb is used to relieve rheumatism. In Jordan, it is used 

to relieve indigestion. In Iraq S. aegyptia is used in diarrhoea, genorrhoea, haemorrhoids and in eye diseases. S. 

lanigera is used by Bedouins as a condiment for tea while S. syriaca is used as animal food; some members of 

this genus have economic importance as flavouring agents in perfumery and cosmetics. Salvia species have been 

sold commercially, not only for use in therapy, but also as a spice to flavor meats, such as pork, sausage and 

poultry. S. spinosais used as a medicinal plant against diarrhoea, for piles, chest, stomach pains and against 

urinary disorder [7]. Sage (S. officinalis) has been credited with a long list of medicinal uses, e.g., spasmolytic, 

antiseptic and astringent species are used as traditional medicines all around the world, possessing antibacterial, 

antioxidant, antidiabetic and antitumor properties. 

 In this study, Microwave-assisted hydrodistillation was applied as a new and green technology [8]. Despite 

many studies reported on the extraction of essential oils from different Salvia species, there were no reports on 

the extraction of essential oils from S. aegyptiaca using Microwave-assisted hydrodistillation. Therefore, the 

aim of this work was to use the Microwave-assisted hydrodistillation technique for the extraction of essential oil 

from dried S. aegyptiaca to compare the composition of the extracted essential oil with that obtained by 
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conventional hydrodistillation. Also in this work we compared the antimicrobial and antioxidant capacity of the 

essential oils extracted from two methods.  

 

MATERIALS AND METHODS 
 

Plant material: 

 The aerial parts of S.aegypticae were collected during the flowering stage in the Genou protected area, at an 

altitude of 880 m, Bandar Abbas, Hormozgan. Voucher specimens were identified and deposited in the 

Medicinal Plants Research Institute Herbarium, Islamic Azad University, Firoozabad, Iran. 

 

Hydrodistillation: 

 Blood In the conventional hydrodistillation method, Total parts of plants were dried in the shade and used 

for essential oil extraction. 75 grams of total plant S.aegypticae, were cut in small pieces, and the essential oils 

were obtained by hydrodistillation in 1500 mL H2O for 3 h by a Clevenger apparatus. The obtained essential oil 

was tested and analyzed. 

 

Microwave assisted Hydrodistillation: 

 Spectrophotometric Microwave assisted Hydrodistillation was performed using a modified microwave oven 

(Micro synth, Italy, 1000 W; variable in 110 W increments, 2.45 GHz). In a typical microwave assisted 

hydrodistillation procedure performed at atmospheric pressure, 75 g of dried S. aegypticae aerial parts and 1.2 L 

water were heated using a fixed power of 990 W(90%) for 2h. The extraction was continued until no more 

essential oil was obtained. To remove water, the extracted essential oil, weighed and stored in amber vials at 4 

°C until use. 

 

Gas Chromatography-Mass Spectrometry: 

 The gas chromatograph was equipped with a HP-5MS capillary column (phenyl methyl siloxan, 30 m×0.25 

mm i.d., Agilent technologies 19091S – 433 (60 to 325/350 
o
C). The oven temperature was programmed from 

60 
o
C (0 min) to 220 

o
C at the rate of 5 

o
C/min and then hold for 10 min at 220 

o
C. Helium was selected as the 

carrier gas and flow rate was adjusted as 1 ml/min. GC/MS analysis was carried out by using Agilent 

technologies 7890 gas chromatograph with a mass detector Agilent technologies model 5975 C. The mass 

spectrometer (Agilent technologies 5975 C) was operating in EI mode at 70 eV. The interface temperature was 

280 
o
C; mass range was 30–600 m/z. Identification of components was based on a comparison of their kin and 

mass spectra with Willey and Adams [9] library spectra. 

 

Antimicrobial Activity by MIC method: 

 Antimicrobial activity of S.aegypticae essential oils was tested also by determining the minimal inhibitory 

concentration (MIC) using the agar dilution method [10]. The lowest concentration  of the compounds that 

prevented visible growth was  considered to be the minimal inhibitory concentration  (MIC). In antifungal 

activity evaluation, appropriate amounts  of the oil of S. aegyptiaca were  added aseptically to sterile molted 

sabouraud dextrose agar (SDA) medium to produce the concentration range of 8-512 µg/mL. The resulting SDA 

agar solutions were immediately mixed and poured into petri plates. The plates were spot inoculated with 5 µL 

(104 spore/ mL) of fungus isolate. At the end of the incubation period ,the plates were evaluated for the presence 

or absence of growth. The antibacterial activity was carried out similarly  through the aforementioned protocol. 

The only difference is using 5 µL of suspension containing 108 CFU/mL (colony-forming units per milliliter) of 

bacteria Instead of fungus isolate. The MIC was defined as  the lowest concentration of the oil to inhibit the 

growth of microorganisms. Ampicillin, Tetracycline and Fluconazole  were used as references for Gram-

positive, Gram-negative bacteria and fungus, respectively. Each test was repeated at least twice. 

 

Result: 

Rate and yield of extraction: 

 The extraction of essential oil from S. aegyptia using microwave-assisted hydrodistillation was compared 

with that of traditional method. Extraction with microwave-assisted hydrodistillation started at a much earlier 

time than that with normal hydrodistillation (7 min vs. 30 min, respectively). This is due to the more efficient 

heating in the microwave system. Unlike the classical conductive heating methods, microwaves can heat the 

entire sample almost simultaneously and at a higher rate. By the time the extraction of essential oil started with 

normal hydrodistillation, more than 78% of total essential oil (2.85-wt-%, dry basis) was extracted with 

microwave-assisted hydrodistillation. At the extraction time of 1 h, microwave-assisted hydrodistillation 

resulted in a similar oil recovery to that obtained at room temperature method after 4 h (1.56% vs. 1.44%, 

respectively). The ultimate yield of essential oils obtained from S. aegyptia aerial parts was 1.44 6  wt-% by 
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normal method (after 3 h) and 1.56 wt-% by microwave-assisted method (after 1 h). These results mean a 

substantial saving in time. 

 
Table 1: Volatile components in aerial parts of S. aegyptiaca. 

Microwave Hydrodistillation KI Compound Num 

0.23 0.23 979 Beta-pinene 1 

0.35 ------ 984 Trans-Isolimonene 2 

0.35 0.52 990 Myrcene 3 

0.29 0.45 991 Dehydro-1,8-Cineole 4 

0.42 0.36 1026 Ortho-Cymene 5 

0.37 0.45 1029 Limonene 6 

11.06 7.04 1031 1,8-Cineol 7 

------ 0.18 1037 Ocimene-Cis 8 

------ 0.37 1050 (E)-beta-Ocimene 9 

0.30 0.34 1096 linalool 10 

2.61 6.02 1098 trans-Sabinenehydrate 11 

0.23 0.31 1103 Perillene 12 

0.43 0.21 1148 Trans-dihydro-alpha-Terpineol 13 

0.62 0.57 1153 Neo-3-Thujanol 14 

------ 0.33 1158 Nerol oxide 15 

------ 0.26 1177 Terpinen-4-ol 16 

1.56 2.88 1189 α-Terpineol 17 

0.39 0.28 1205 P-Cymen-9-ol 18 

------ 0.30 1214 Octanol acetate 19 

------ 0.24 1217 trans-Carveol 20 

------ 0.15 1229 Cis-Carveol 21 

------ 0.19 1230 Cis-P-Mentha-1(7),8dien-2-ol 22 

------ 0.42 1230 cis-Geraniol 23 

0.35 ------ 1243 Carvone 24 

22.17 10.26 1257 Linalool acetate 25 

0.38 0.42 1269 n-decanol 26 

0.57 0.48 1290 Thymol 27 

------ 0.14 1293 Trans-Verbenyl acetate 28 

0.45 0.48 1298 Geranyl formate 29 

0.65 0.23 1299 Carvacrol 30 

------ 0.85 1337 Linalool propanoate 31 

14.94 14.12 1338 Delta-elemene 32 

------ 0.27 1342 Trans-Carvyl acetate 33 

0.27 ------ 1361 Neryl acetate 34 

0.61 0.34 1368 Cis-carvyl acetate 35 

------ 0.25 1377 Alpha-copaene 36 

0.53 0.96 1391 Beta-Elemene 37 

0.37 0.83 1399 Cyperene 38 

0.56 1.11 1408 Longifolene 39 

0.25 0.50 1431 Cis-Thujopsene 40 

0.98 1.16 1446 Seychellene 41 

------ 0.15 1450 Cis-Muurola-3,5-diene 42 

------ 0.14 1466 2E-Dodecenal 43 

0.54 0.94 1490 Beta-Selinene 44 

0.31 0.53 1496 Valencene 45 

1.09 2.39 1500 Bicyclogermacrene 46 

0.28 0.55 1502 Gamma-Patchoulene 47 

0.67 0.75 1503 Beta-Dihydro agarofuran 48 

------ 0.71 1505 (E,E)-α-Farnesene 49 

0.90 1.61 1514 Ɣ-Cadinene 50 

1.61 4.89 1523 Δ-Cadinene 51 

------ 0.27 1532 (Z)-Nerolidol 52 

------ 0.21 1539 α-Cadinene 53 

------ 0.15 1551 Cis-Muurol-5-en-4-β-ol 54 

0.70 0.81 1572 1α,10α-epoxy-Amorph-4-ene 55 

9.94 9.41 1578 Spathulenol 56 

0.43 0.52 1590 Globulol 57 

0.23 0.22 1602 ledol 58 

------ 0.17 1616 β-Oplopenone 59 

0.27 0.30 1618 Epi-Cedrol 60 

------ 0.25 1636 Cis-cadin-4-en7-ol 61 

1.74 ------ 1646 Cubenol 62 

------ 3.10 1648 α-Muurolol 63 

1.90 1.54 1650 β-Eudesmol 64 

1.89 3.12 1659 Selin-11-en-4-α-ol 65 

0.27 0.39 1660 Neo-Intermedeol 66 
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0.36 0.28 1680 Khusinol 67 

------ 0.52 1688 Eudesma-4(15),7-dien-1β-ol(impure) 68 

11.61 8.19 1689 Shyobunol 69 

0.38 ------ 1708 (E)-Apritone 70 

------ 0.19 1742 Cedr-8(15)-en-9-α-ol, acetate 71 

0.26 ------ 1793 8-α-Acetoxyelemol 72 

------ 0.18 2010 13-epi-Manool 0xide 73 

0.32 ------  Dibutyl phthalate 74 

99.47 99.03 ----- Total  

 

Antimicrobial activity: 

 The Antimicrobial t activities of the oils were evaluated using MIC methods and the results are shown in 

Table 2. It can be seen that both oils had more or less of the same activity. However, it is obvious that these 

values for the activity all point to the same conclusion that the activity appears insignificant. 

 
Table 2 : Minimum Inhibitory Concentration (range of concentration: 8–512 µg/ml).   

microorganisms PTCC 
MIC µg/ml 

Hydrodistillation 

MIC µg/ml 

Microwaveassisted 

Gram-negative Klebsiella oxytoca 1402 64 64 

Gram-positive Staphylococcus aureus 1337 128 128 

Fungi 

Aspergillus niger 5154 256 128 

Fusarium solani 5284 128 128 

Alternaria alternaria 5224 256 256 

 

Conclusion: 

 The use of microwave-assisted hydrodistillation to isolate an essential oil from the aerial parts of Salvia 

aegyptiaca provide another example of the advantages of utilizing microwave irradiation as a heat source in 

isolating essential oils, viz. the much shorter time used in the isolation process to give the same yield of oil. The 

use of the microwave as heat source for distillation might be the cause for a slight difference in the composition 

of the oil from that of the conventionally obtained oil. The Antimicrobial activity of the oil from both methods 

was found to be the same but insignificant. 
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