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ABSTRACT 
The essential oil of Salvia hydrangea has been collected from Darab (Fars province, Iran) in 
May 2013 The microwave essential oil and hydrodistillation essential oil were analyzed by 
GC-MS, respectively.  Thirty-eight different compounds representing 99.4% in addition to 
Forty-four different compounds representing 90.6% of the components in the oil were being 
identified. Camphor (36.2% -¬35.1%), β-Caryophyllene (11.1% -¬10.3%), Caryophyllene 
oxide (10.4% -¬9.1%), Myrtenol (5.6%-¬5.2%), Verbenone (4.7% -¬3.9%), β-Pinene (3.4% 
-¬3.1%) and 1, 8-cineole (3.6% -¬3.3%) were being found to be predominant constituents in 
microwave and hydrodistallation, respectively. Patchouli alcohol, β-Acoreno, Cubenol, (Z, Z)-
Farnesyl acetone and α-Pinene oxide were being found solely in microwave EOs. The 
particular oil was tested for the fungus's toxic effects against 5 human fungal pathogenic 
system using well method and antibiogram. The oil exhibited considerable antifungal 
activity against a broad spectrum of tested fungi. Antibacterial activity of the oil ended up 
being against 5 human pathogenic bacterial strains using the disc diffusion method. The oil 
had an exceptionally wide spectrum of antibacterial activity. Showing Considerable mortality 
against all microorganism, the essential oil was tested. 
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INTRODUCTION 

 

 The Clevenger apparatus determined by distillation is the greatest process to look for the essential oil 

content material of the plant. Generally speaking, a great analytical strategy of essential oil contains 2 actions: 

extraction hydro-distillation along with analysis gas chromatography coupled to mass spectrometry GC–MS. 

Although the next stage is usually involves solely 15–30 min, extraction takes time. Microwave power, which 

has a volume associated with 2.45 GHz, established fact to have a considerable relation to the particular pace of 

techniques in the substance along with foods sector. Considerably interest has become directed at the usage of 

microwave dielectric warming within analytical chemistry due to the decreased analysis period, made easier 

manipulation and also work-up, long with better wholesomeness of the final product or service (Kingston et 

al.1988, Kingston et al.1997, Zlotorzynski et al.1995). So far, nonetheless, you'll find only a few articles in the 

literature that contain documented the particular acceleration associated with essential oil extraction by 

microwave irradiation (Luque de Castro et al.1999, Craveiro et al.1989, J.R.J. Pare1 et al.992, P. Mengal et 

al.1993, F. Chemat et al.2004). The benefits of utilizing microwave power, the non-contact warmth source, with 

the extraction associated with plant materials, could include things like: more appropriate warming, faster 

energy transfer, reduced thermal gradients, selective heating, faster response to process heating control, more 

quickly start-up, improved manufacturing, and elimination associated with method actions along with lessened 

equipment dimension. The purpose of these kinds of contrast seemed to be to provide a more rewarding 

microwave Clevenger distillation for the extraction of essential oils from salvia hydrangea with with those 

obtained by the conventional technique. In order to expose this beneficial alternative in the analysis of essential 

oils. 
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 In the last two decades, the increasing resistance of microorganisms against available antimicrobial and 

agents has become one of the major concerns among scientists and clinicians worldwide. It is observed that 

pathogenic bacteria are more and more difficult to treat with the existing drugs (Koomen et al.2002). On the 

other hand, the incidence of human fungal infections has increased dramatically, too. Fungal diseases have 

become a growing threat, especially to immunocompromised patients, for which few or no effective drugs are 

known (Lupetti et al.2002). To overcome the drawbacks of the Current antimicrobial and antifungal drugs and 

to obtain more efficacious drugs, an antimicrobial drug having a novel mode of action should be developed 

(Khalafi-Nezhad et al.2005). Accordingly, a variety of studies have been conducted in an attempt to use natural 

antifungal and antimicrobial substances with potential pharmaceutical utility, and to develop and design new 

synthetic or semi-synthetic drugs(M.E1993, Viejo-Diaz et al.2005). Plants which have antimicrobial and 

antifungal effects have recently become the focus of considerable interest as candidates for new types of 

antibiotics, due primarily to their potency against pathogenic microbes that are resistant to conventional 

antibiotics, as well as their broad-spectrum activities (Mohammadi et al.2014). Natural product is a large group 

of naturally occurring constituents found in fruits, vegetables, trees, tea and wine. They have a wide range of 

biological activities, including antiallergic, antibacterial, insecticidal, antifungal, antioxidant, antiviral, 

antidiabetic, anti-inflammatory and Analgesic activities (Mohammadi et al.2014, Woong Sik Janga et al.2006). 

Salvia hydrangea DC. Ex Benth is a member of the lamiaceae family which is considered to be a genus for 

inclusion in 900 species distributed all over the world. In the flora of Iran, this genus is represented by 61 

species, 17 of which are endemic (Rechinger1982). Members of the genus Salvia and especially the well known 

species. There are several reports on the compositions of the essential oils of some Iranian Salvia species 

(Rustaiyan et al. 1997ab, 1999, 2000, Sefidkon et al.1999ab, Mirza & Sefidkon et al.1999, 2000, Javidnia et 

al.2002, Salehi et al.2005ab). Salvia hydrangea (local name: Gol-e Arooneh) has been known to possess a 

significant array of biological and pharmacological properties such as antiseptic, spasmolytic, astringent, 

Diuretic agent as well as treating colds (Ghannadi et al.2002). The antimicrobial activities of the essential oils 

and various extracts of some Salvia species have recently been determinate (Tepe et al.2004, 2005, Tzakou et 

al.2001, Weng et al.2000). In this study on the essential oils components and biological properties of Salvia 

hydrangea, Experiments on the antimicrobial and antifungal activities of the essential oils of salvia species 

haven’t been touched by previous studies. 

 

MATERIAL AND METHODS 
 

2.1. Plant materials and Isolation procedure: 

 The Plants Salvia hydrangea (local name: Gol-e Arooneh) were collected from Gol-e Arooneh on the plain 

of Darab county (Southeast of Fars province, Iran) at latitude of 28°50'N and Longitude of 54°30'E in May 2013 

at the flowering stages and were dried in the shade. The plant sample was verified by Mr. Ahmad hatami and the 

voucher specimen 15846 was deposited in the Research Center of Agriculture and Natural Resources 

organization of Fars Province. 

 

2.1.1. Essential oil (Hydrodistallation): 

 Air-dried aerial part samples (450 g) were subjected to hydrodistillation (plant material in boiling water) for 

3 h, using a Clevenger-type apparatus. The oils were dried over anhydrous sodium sulphate and stored in sealed 

vials at 2°C during analysis and testing.  

 

2.1.2. Microwave assisted Hydrodistillation: 

 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. hydrangea 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. 

 

2.1.3. Methanolic extracts: 

 The methanol extracts were obtained by maceration a powder of the crude plant with methanol/water 

(90/10), for 48 hours at room temperature. First, the extracts were filtered using sterile cloth sheets and what 

man paper, and then they were dried under reduced pressure at temperature below 45°C with rotary evaporator 

Apparatus. 

 

2.2. GC-MS analysis: 

 The analysis of the essential oil was performed with  GC-MS The analysis was carried out on an Agilent 

Technologies-5975-MS, 7890A-GC, fused silica capillary column (30m× 0.25mm(ID) × 0.25micron(FT). For 

GC-MS detection, the Carrier gas was helium at a flow rate of 1 ml/min. Injector and MS transfer line 
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temperatures were set at 280°C. The oven temperature was programmed from 60 °C to 210 °C at a rate of 3 

°C/min, then held isothermal for 10 min and finally raised to 240 °C at 20 °C/min and lastly held for 8.5 

minutes. The relative percentage of the oil constituents was expressed as percentages by detector peak area 

normalization. Identification of components was based on a comparison of their RI and mass spectra with 

Willey and Adams libraries spectra. 

 

2.3. Antimicrobial activity method: 

 Five standard fungal strains were tested in the present study: Candida albicans PTCC 5027, Asperfillus 

flavous PTCC 5006 and Trichophyton verrucosum var.album PTCC 5056 were obtained from the Persian type 

culture collection (PTCC), IROST center in 2013 Tehran, Iran. Furthermore, Cryptococcus neoformans and 

Epidermophyton floccosum where were isolated from the specimens of patients organism supplied for 

laboratory analysis in faghihi hospital, Shiraz. The tested organisms were selected according to their ease of 

availability and pathogenicity to human and animals. The isolates of organisms were subcultured once onto 

potato dextrose agar (PDA) (Merck, Darmstadt, Germany) and incubated for 48 to 72 h at 35 °C. Cultures of 

each fungi were maintained on potato dextrose agar (PDA) and were stored at +4 °C. Inocula were prepared by 

growing the fungi on PDA for 48 to 72 h at 35 °C and then until 7th day at 25 °C as described by the reference 

method M38-A2 recommended by NCCLS guidelines(NCCLS, 2008). 

 The oil was individually tested against five standard bacteria strains: Salmonella PTCC 1693 Enterobacter 

PTCC 1291, Morganella PTCC 1078 and Escherichia coli PTCC 1338 were obtained from the Persian type 

culture collection (PTCC), IROST center in 2013 Tehran, Iran and Arizona where obtain from patient who were 

hospitalized in Al-Zahra hospital. The tested organisms were selected according to their ease of availability and 

pathogenicity to human and animals. Pure isolates were used and maintained in slants of Nutrient Agar (NA) at 

4°C until they needed for further studies.   

 The preliminary antimicrobial activity of the essential oils was evaluated by noting the zone of inhibition 

against the test organisms by disc diffusion method for bacterial sample and well method and antibiogram for 

fungal sample (Eloff et al.1998). The DD method was carried out using caspofungin, micafungin, and 

anidulafungin disks that were prepared in-house (Mohammadi et al.2014, Arikan & Paetznick et al.2002, 

Arikan & Yurdakul et al.2002, Maida et al.2008). Active ingredients was dissolved in dimethylsulfoxide 

(DMSO) 10% v/v at a concentration of 5 μg/ml and diluted in a twofold manner to make the concentrations of 

20, 10, 5, 2.5, and 1.25 μg/ml. Sterile discs In DD method were impregnated with different concentrations and 

placed on the surface of the test plate for bacterial sample and Three adequately spaced wells of diameter 4 mm 

per plate were made on the culture of agar surface respectively using a sterile metal cup-borer for fungal sample. 

Blank discs containing 20μl DMSO 10% were used as negative control for DD method and distilled water was 

used as the negative control for each test organisms for the other method. The inocula were adjusted photo 

metrically at 600 nm to a cell density equivalent to 0.5 McFarland standard (1.5 × 108 CFU/ml). ). This density 

was read using a spectrophotometer (UV-VIS 1650 Shimatzu, Japan) and matched with an optical density (OD) 

for each strain. NA & PDA agar plates (100 mm diameter) were seeded individually with microbial suspensions 

using a sterile cotton swab. The plates containing bacteria were incubated at 30-35°C for 24h and the plates 

containing fungal were then incubated at 28oC for 72 hours. After incubation, the mean inhibition zone diameter 

for each concentration was determined and record for the further analyses (Antonia et al.2012, Hajimehdipoor et 

al.2010). 

 

2.5. Micro broth dilution method (MIC method): 

 Antimicrobial activity of essential oil samples was tested also by determining the minimal inhibitory 

concentration (MIC) using the agar dilution method. Antimicrobial activity was determined and based on a 

colorimetric broth microdilution method proposed by (Abate et al.1998), with some modification. Bacterial and 

fungal strains were cultured in the Nutrient Broth (NB) and Potato dextrose Broth (PDB) then they were 

adjusted to a final density of 10
6 

CFU/mL and used as inoculum. Essential oils were dissolved in dimethyl 

sulfoxide (DMSO) to reach a final concentration of 100 mL/mL. In three fist row, the 96-well micro plates 

(Iwaki, Japan) were prepared by dispensing 100 mL of nutrient broth agar into each well. 100 mL aliquot from 

each EOs initially prepared was added into the first wells. Then, 100 mL from their serial dilutions were 

transferred into eleven consecutive wells. Then 100 mL of the microbial inocula was added into each well. Forth 

row containing nutrient broth for bacteria and Potato dextrose Broth for fungal with essential oils used as 

positive control. The last row containing nutrient broth for bacteria and Potato dextrose Broth for fungal with 

bacterial inocula were used as positive control. Contents of each well were mixed on a plate shaker at 150 rpm 

for 2 min prior to 24 h incubation at the optimal temperature of 37°C. , the plates were evaluated for the 

presence or absence of growth. The MIC was defined as the lowest concentration of the oil to inhibit the growth 

of microorganisms. The procedure was repeated three times for each microorganism. 
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2.6. Statistical analysis: 

 Descriptive statistics such as mean, variance and standard deviation were computed. The data were used in 

unpaired t-test and one-way ANOVA to compare and check the selected variables of disk diffusion method and 

well method and antibiogram in tree times for quantification. The Duncan post hoc test was applied for 

comparisons of means, differences were considered significant at p > 0.05. Statistical analysis and comparisons 

among means were carried out using the statistical package SPSS version 18.0. 

 

RESULTS AND DISCUSSION 

 

3.1. Chemical composition of the essential oils: 

 In This research for the first time compare the compounds extracted of essential oil from Salvia hydrangea 

by  two methods MAHD and HD. Table1 indicates the chemical constituents and their relative percentages of 

the total chromatogram area of hydrodistallation and microwave constituent of Salvia hydrangea. In the 

hydrodistallation method and microwave, 44 and 38 compounds were identified, respectively, which often 

represents (90.6% - 99.4%) of the total EO. The oil was characterized by relatively high amount of oxygenated 

monoterpenes (52.6% - 54.5%), oxygenated sesquiterpenes (16.2% - 20.7%), and Sesquiterpene hydrocarbons 

(14.2% - 15.6%), Diterpenes (0.2% - 0.4%). This major materials in both method ended up (35.1% - 36.2), β-

Caryophyllene (10.3% -11.1%), Caryophyllene oxide (9.1% - 10.4%), Myrtenol (5.2% - 5.6%), Verbenone 

(3.9% - 4.7%), β-Pinene (3.1% - 3.4%), β-Bisabolol (0.9% - 1.0%), 1, 8-Cineole (3.3% - 3.6%), Borneol (1.5% - 

1.6%), Terpinen-4-ol (1.4% - 1.4%), cis Sesquisabinenehydrate (1.7% - 1.8%) and α-Humulene epoxide (1.3% - 

1.5%), ,respectively. α-Pinene oxide, β-Acoreno, Cubenol, Patchouli alcohol and (Z,Z)-Farnesyl acetone only 

characterized in microwave method, in another hand, α-Pinene, linalol, Α-capholenal, Pinocarvone, cis-Carveol, 

Cis-Pinocarvylacetate, a-Terpineol acetate, (Z)-b-Damascenone, β-Elemene, (Z)-b-Farnesene, α-Bisabolol 

ended up characterized just in Conventional method. Figure 3-1 and 3-2 showed Spatial of major compounds in 

both method (microwave and Hydrodistallation). these results for Conventional method are in agreement with 

Barazandeh et al. who reported that the oil of S. hydrangea collected from Isfahan, Iran contained b-

caryophyllene (33.4%), caryophyllene oxide (25.4%), b-pinene (5.9%), limonene (3.3%) and (E)-b-ocimene 

(3.2%) as major components, and it was characterized by relatively high amount of sesquiterpenes and low 

content of oxygenated monoterpenes(Barazandeh et al.2004). Accordingly, the results of experiments in Eos of 

salvia hydrangea obtained by sonboli and babakhani (2006) revealed that the major compounds were β-

caryophyllene (25.1%), 1, 8-cineol (15.2%), caryophyllene oxide (11.5%), α-pinene (5.5%) and borneol (5.2%) 

(Sonbolia et al.2006). While, Ghannadi et al. found that Caryophyllene oxide (75.02%), Patchouli alcohol 

(9.59%), β-Caryophyllene (1.87%) were the main components in Salvia hydrangea EO in Esfahan, Iran 

(Ghannadi et al.1999). Furthermore, the S. hydrangea oil collected from Guillan region of Iran consisted of 

mainly spathulenol (23.1%), 1, 8-cineole (12.3%), a-pinene (10.0%) and b-caryophyllene (9.9%) (Rustaiyan et 

al.1997c). Nevertheless there were absolutely no report in term of constituent along with actual microwave 

procedure, yet. However, in the current study, these compounds were found to be reveal traces of them in S. 

hydrangea oil in Darab county of Fars (Table 1).In Comparability between compound of the plant essential oils 

from all over the world, It is concluded that the kind of components and proportion of each in Salvia hydrangeas 

essential oil are different in each growing area and each method These differences can be attributed towards 

genotypic variation, climatic conditions, and how to extract.  

 

    
 

Fig. 3-1: Camphor, β-Caryophyllene, Caryophyllene oxide, Myrtenol. 

 

   
 

Fig. 3-2: Verbenone, β-Pinene, Patchouli alcohol. 

 

 Identification based on retention times of authentic compounds on HP-5MS capillary column; MS, 

tentatively identified based on computer matching of the mass spectra of peaks with Wiley 7N and TRLIB 

libraries and published data (Adams, 2007); tr, traces (less than 0.1%). Retention index relative to n-alkanes on 

HP-5MS capillary column. 
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Table 1: The chemical composition of Salvia hydrangea essential oil. 

Num Constituent RIᵃ Isolated material% 

hydrodistallation 

Isolated material% 

Microwave 

Method of 

identification 

1 α-Pinene 925 0.1 --- GC-MS 

2 Camphene 942 0.1 0.3 GC-MS 

3 β-Pinene 986 3.1 3.4 GC-MS 

4 Limonene 1026 0.8 0.9 GC-MS 

5 1,8-Cineole 1042 3.3 3.6 GC-MS 

6 α-Pinene oxide 1090 --- 0.1 GC-MS 

7 linalol 1110 0.1 --- GC-MS 

8 Α-capholenal 1125 0.1 --- GC-MS 

9 cis-Pinenehydrate 1137 1.2 1.4 GC-MS 

10 comphor 1143 35.1 36.2 GC-MS 

11 Pinocarvone 1152 0.4 ---- GC-MS 

12 Borneol 1160 1.5 1.6 GC-MS 

13 Terpinen-4-ol 1167 1.4 1.4 GC-MS 

14 p-Cymen-8-ol 1170 0.5 0.5 GC-MS 

15 Myrtenol 1175 5.2 5.6 GC-MS 

16 Verbenone 1183 3.9 4.7 GC-MS 

17 trans-Carveol 1194 0.9 1.1 GC-MS 

18 cis-Carveol 1203 0.1 --- GC-MS 

19 Carvone 1215 1.1 1.2 GC-MS 

20 Bornyl acetate 1222 0.6 0.7 GC-MS 

21 Carvacrol 1234 0.1 0.1 GC-MS 

22 Cis-Pinocarvylacetate 1240 0.1 --- GC-MS 

23 a-Terpineol acetate 1256 0.2 --- GC-MS 

24 (Z)-b-Damascenone 1260 0.1 --- GC-MS 

25 α-Copaene 1269 0.1 0.2 GC-MS 

26 β-Bourbonene 1272 0.5 0.5 GC-MS 

27 β-Elemene 1284 0.2 --- GC-MS 

28 β-Caryophyllene 1292 10.3 11.1 GC-MS 

29 (Z)-b-Farnesene 1301 0.1 --- GC-MS 

30 α-Humulene 1308 0.2 0.3 GC-MS 

31 ar-Curcumene 1315 0.4 0.5 GC-MS 

32 δ-Curcumene 1322 0.9 0.9 GC-MS 

33 Bicyclogermacrene 1329 0.2 0.4 GC-MS 

34 (E,E)-a-Farnesene 1335 0.8 1.1 GC-MS 

35 d-Cadinene 1349 0.6 0.6 GC-MS 

36 cisSesquisabinenehydrate 1359 1.7 1.8 GC-MS 

37 Spathulenol 1380 1.1 1.3 GC-MS 

38 Caryophyllene oxide 1388 9.1 10.4 GC-MS 

39 α-Humulene epoxide 1393 1.3 1.5 GC-MS 

40 1-epi-Cubenol 1396 0.8 1.0 GC-MS 

41 β-Acoreno 1403 --- 0.1 GC-MS 

42 Cubenol 1412 --- 0.1 GC-MS 

43 α-cadinol 1426 0.9 1.1 GC-MS 

44 β-Bisabolol 1443 0.9 1.0 GC-MS 

45 α-Bisabolol 1486 0.2 --- GC-MS 

46 Patchouli alcohol 1498 --- 2.1 GC-MS 

47 (Z,Z)-Farnesyl acetone 1527 --- 0.1 GC-MS 

48 Myristic acid 1563 0.1 0.2 GC-MS 

49 Phytol 1594 0.2 0.4 GC-MS 

 Total identified  90.6 99.4  

 
Table 1: (Continued). 

Constituent Hydrodistallation% Microwave% 

Monoterpene hydrocarbons (%) 7.4 8.2 

Oxygenated monoterpenes (%) 52.6 54.5 

Sesquiterpene hydrocarbons (%) 14.2 15.6 

Oxygenated sesquiterpenes (%) 16.2 20.7 

Diterpenes (%) 0.2 0.4 

Extraction time (min) 210 30 

 

3.2. Antimicrobial activity of Active ingredients: 

 All essential oils showed effective antimicrobial activities on the selected saprophytic, pathogenic and 

phytopathogenic microorganism. The oil showed inhibitory activity against 9 of the 10 microorganisms which 

tested and confirmed the potential antimicrobial activity of selected plant (Table 3). The MICs, MFCs and 

MBCs of the selected oils on the fungi are shown in Table3. The results showed that essential oil of the Salvia 

hydrangea were more active than methanolic extract of this plant against all the pathogenic microbial species 

with difference to degrees in the following range of concentration. Essential oil had a best antimicrobial effect 
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and its MIC values were between 0.1 to 0.3 mg/mL. While, methanolic extract had a lowest antimicrobial effect 

in comparison with Essential oil and its MIC values were running between 0.3 to 3 mg/mL. DMSO used as 

positive control. Antibacterial activity of the oil can be attributed to its oxygenated monoterpenes. Pattnaik et al, 

Kordali et al and Kotan have also demonstrated that oxygenated monoterpenes such as camphor, 1, 8-cineole, 

terpinen-4-ol, and borneol, which were detected in S. hydrangea oil as major components, have antibacterial 

activity (Pattnaik et al.1997, Kordali et al.2005, Kotan et al.2007) On the other hand, we detected high amount 

of camphor and verbenone in essential oil which explain the possible reason of these effects. However, several 

studies have been carried out on antimicrobial effects of plants and besides have demonstrated that camphor and 

verbenone are the most important components that are responsible for antimicrobial properties. (Santoyo2005). 

In this research, camphor showed powerful microbicidal effect against these 10 human pathogenic. Accordingly, 

Sonbolia et al showed powerful antimicrobial effect of only Salvia hydrangea essential oil. The researchers of 

this study observed high amount of camphor and verbenone in essential oil that is an adequate reason for 

retaining the hypothesis (Santoyo et al.2005). 
 
Table 2: Comparison the Antimicrobial activities of the essential oil and methanolic extract of Salvia hydrangea against these human 

pathogenic microbe. 

Arizona 18.6533 ± 1.41391 A
ef 11.9600 ± 0.84266 B

cef 

Salmonella 17.3800 ± 1.36085 A
f 7.7000 ± 1.62598 B

f 

Morganella 25.4200 ± 1.61142 A
ab 21.6533 ± 1.95331 B

a 

Entronacter 20.9600 ± 0.80225A
ce 13.0800 ± 1.26950 B

ce 

E. Coli 27.2733 ± 1.42773A
a 15.5733 ± 2.09940B

cb 

Candida albicans 23.6067 ± 0.76765A
cb 20.0533 ± 1.91994 B

ab 

Cryptoccus neoformans 21.8733 ± 0.52811A
c 10.2867 ± 2.49458 B

ab 

Aspergillus flavous 22.1400 ± 0.61828A
c 18.6067 ± 1.46318 B

ab 

Trichophyton verrucosum 23.7733 ± 0.68504A
cb 16.8000 ± 1.45615 B

abc 

Epidermophyton floccodum 22.0000 ± 0.71641A
c 21.6067 ± 0.76154 B

a 

The growth of fungal species is given as mean ± standard error of three replicates, Significant at p < 0.05.  

The capital letters show the comparison of active ingredients (essential oil and methanolic extract) indicating A in more active than B. 
The lower-case letters presents group of microorganism in comparison with one another in which the same group represent the same 

activities and different groups represent different activities. Eventually; fewer activities and less inhibitory concentration can be from ˝a˝ to 

˝f˝. 
 

Table 3: Comparison a minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC), minimum bactericidal 

concentration (MBC) of the essential oil and methanolic extract of Salvia hydrangea. 

Microorganism MICM MFCM MICEO MBCEO 

Arizona 0.3905 0.781 0.3905 0.781 

Salmonella 1.625 3.125 0.3905 0.781 

Morganella 0.3905 0.781 0.3905 0.781 

Entronacter 0.3905 0.781 0.3905 0.781 

E. Coli 0.3905 0.781 0.19525 0.3905 

Candida albicans 0.3905 0.781 0.3905 0.781 

Cryptoccus neoformans 3.125 6.250 0.3905 0.781 

Aspergillus flavous 0.3905 0.781 0.3905 0.781 

Trichophyton verrucosum 0.3905 0.781 0.3905 0.781 

Epidermophyton floccodum 0.3905 0.781 0.3905 0.781 
M. Methanolic extract 
EO. Essential oil 

 

Conclusion: 

 In summary, Microwave Clevenger or perhaps microwave accelerated distillation (MAD) technique may be 

compared with the conventional hydro-distillation technique, for this extraction of essential oil from dried salvia 

hydrangea. This specific microwave extraction method provides important positive aspects over conventional 

hydro-distillation, specifically; water and also solvent free of charge process, shorter extraction times (30 min 

against 3 and a half hours intended for hydro-distillation), far more percentage connected with isolated material, 

higher oxygenated substances, lower price, and an opportunity for a greater reproduction connected with natural 

aroma from the salvia hydrangea essential oil than this hydro-distilled essential oil. In the other hand, S. 

hydrangea could safely be used as organic preservatives to replace synthetic Microbicide within the prevention 

or many human and also animal mycoses disease as well as syntheses medications and foodstuff industrial 

preservatives. Besides completely new drugs is usually synthesized and also food manufacturing preservation is 

usually reformulated. 
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