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ABSTRACT 
 

The volatile oil of the fresh flowers of Paulownia tomentosa (Thunb.) Steud. was isolated by 
hydrodistillation method and the percentage yield was 0.1%. GC/MS analysis of the oil revealed the presence of 
fifty compounds from which geranyl geraniol, nonanal, heptadecane,  nonadecane, pentacosane, 
hexatriacontane, 1-octen 3-ol,cis-methyl isoeugenol, anethole, neryl acetone, stearyl aldehyde and nerolidol 
represented the major components. The antibacterial activity of the oil was tested against Bacillus subtilis 
NRRL B-543, Staphylococcus aureus NRRL B-313and Escherichia coli NRRL B-210. Moreover, the minimum 
inhibitory concentration (MIC) was calculated and resulted with 55 %, which revealed that P. tomentosa oil 
constituents have antimicrobial activity and could be used as a source of pharmaceutical materials required for 
the preparation of new therapeutic and antimicrobial agents. 
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Introduction 

 
The antiseptic qualities of aromatic and medicinal plants and their extracts have been recognized since 

antiquity, while attempts to characterize these properties in the laboratory date back to the early 1900s 
(Martindale, 1910; Hoffman and Evans, 1911).       

Plant volatile oils are generally isolated from nonwoody plant material by distillation methods, usually 
steam or hydrodistillation, and are variable mixtures of principally terpenoids, a variety of low molecular weight 
aliphatic hydrocarbons, acids, alcohols, aldehydes, acyclic esters and/or lactones. Terpenes are amongst the 
chemicals responsible for the medicinal, culinary and fragrant uses of aromatic and medicinal plants (Dorman, 
1999). The antimicrobial properties of plant volatile oils and their constituents from wide variety of plants have 
been assessed (Lis-Balchin and Deans, 1997). 

Paulownia tomentosa (Thunb.) Steud. belongs to the family Scrophulariaceae, and it is commonly known 
as princess tree (Hu, 1959). It is a perennial tree native to China, Japan and the Far East but it has been adapted 
to the southern United States and it is even invasive now (Chinese drugs Encyclopedia, 1985). It has been used 
as an oriental medicine for the treatment of gonorrhea, bruise and deodorant. A decoction of the leaves was used 
to wash foul ulcers and to promote the growth of hair and prevent greying (Foster and Duke, 1990; Duke and 
Ayensu, 1985). 

The leaves are also poulticed onto bruises, while its leaf juice was used in the treatment of warts (Foster and 
Duke, 1990; Duke and Ayensu, 1985). The flowers were used in the treatment of skin ailments (Stuart, 1979; 
Duke and Ayensu, 1985). A tincture of the inner bark was used in the treatment of fevers and delirium, and also 
as astringent and vermifuge(Stuart, 1979; Duke and Ayensu, 1985). 

P. tomentosa is a rich source of geranylated flavanones,furanoquinones,iridoides and flavonoids were also 
present (Oprea et al., 2004). A large group of essential oil constituents has been identified in the flowers. Min-
yan et al., (2013) studied the volatile components from the flowers of P. tomentosausing SPME-GC/MS Liao et 
al., (2008) reported the essential oil constituents of P. tomentosausing molecular electro negativity-distance 
vector (MEDV) descriptors. Xiao et al., (2005) reported the essential oils isolated from P. tomentosa flowers. 

Our targets in the presented study were to study the essential oil content of the P. tomentosa (Thunb.) 
Steud. flowers and to evaluate the antibacterial activity of the oil. Hydrodistillation of the flowers resulted in the 
isolation of the essential oil which upon GC/MS analysis showed that geranyl geraniol, nonanal, heptadecane, 
nonadecane,  pentacosane, hexatriacontane, 1-octen 3-ol, Cis-methylisoeugenol, anethole and neryl acetone 
were the major components, also MIC were studied and showed moderate to good activity. 
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Material and Methods 
 
Plant material: 

 
Fresh flowers of Paulownia tomentosa (Thunb.) Steud. were collected from Agricultural Museum, Dokki, 

Giza, Egypt during flowering stage in March2012. The plant materials were identified by Mrs. Terase Labib, 
head of the taxonomy at El-Orman Botanical Garden. A voucher specimen (No.06-06-03-16) was kept at the 
Herbarium of El-Orman Botanical Garden.  
 
Extraction procedure: 

 
Fresh flowers (300 g) of P. Tomentosa (Thunb.) Steud. were cut into small pieces and then subjected to 

hydrodistillation for 3 hours using Clevenger-type apparatus (Egyptian pharmacopeia, 2005); the obtained oil 
(0.1%, mean of three replicates) was light yellow in colour and possessed a distinct odour taken in 2 mL 
capillary GC grade n-hexane and dried over anhydrous sodium sulphate and stored at -20°C, then subsequently 
analyzed by GC-MS. Identification of the components was performed by comparing their retention times and 
mass spectral fragmentations with those of the available database libraries [Wiley (Wiley Int.), USA and NIST 
(Nat. Inst. St. Technol., USA)]and Xcalibur library and/or published data (Adams, 2001). 

General experimental procedures  
 
GC-MS Analysis of the Essential Oil: 

 
TRACE GC Ultra Gas Chromatographs (THERMO Scientific Corp., USA), coupled with a THERMO mass 

spectrometer detector (ISQ Single Quadrupole Mass spectrometer). The GC/MS system was equipped with a 
TG-WAXMS column (30m×0.25mm i.d.,µm film thickness). Analyses were carried out using helium as carrier 
gas at a flow rate of 1.0 mL/min at a split ratio of 1:10 and the following temperature program:40ºC for 1 min; 
rising at 4.0ºC/min to 150ºC and held for 6 min; rising at 4ºC/min to 210ºC and held for 1 min the injector and 
detector were held at 210ºC and 200ºC, respectively. Diluted samples (1:10 hexane, v/v) of 0.2 µL of the 
essential oil were always injected. Mass spectra were obtained by electron ionization (EI) at 70ev, using a 
spectral range of m/z 40-450.The identification of the components was based on comparison of their mass 
spectral fragmentations with those ofthe Wiley and NBS Libraries (Massada, 1976) and those described by 
(Adams, 2001). 
 
Screening Test: 

 
For bacterial strains, the organisms were grown in 1% (w/v) Oxoid Nutrient Broth (peptone 5 g, meat 

extract 3 g, and NaCl 2 g) supplemented separately with heat-sterilized glucose solution (0.5%, w/v final 
concentration). An inoculum (1.0 mL) of c.107 cells/mL was added to 9.0 mL of the glucose-nutrient broth. 
During incubation, tubes containing the microorganisms were shaken at 200 rpm in an incubator shaker for 24 h 
at the optimum growth temperature for each organism, after which the tubes were examined for visible 
growth(Difco, 1953). 
 
Preparation of the Plates: 

 
The sterilized nutrient agar medium (50 mL) (Bacto-beef extract 0.3 g, Bacto-peptone0.5 g, and Bacto-agar 

15.0 g) was dissolved and maintained at 50–70°C; 1 mL of each test organism was added separately and 20 mL 
was distributed into Petri dishes with an inner diameter of 9 cm to provide thin agar plates of thickness 3.4–3.5 
mm afterbeing solidified. Then, hollows of 10 mm in diameter were made using a cork pourer (Simon, 1959). 
An amount from the test solution (0.1 mL) was poured inside the hollows. Three hollows were made for each 
sample to be assayed. The Petri dishes wereincubated at 5–8°C for 2–3 h to permit good diffusion and then 
transferred to an incubator of 28°C for 16 h. The diameter of the clear inhibition zone was measured for each 
sample. 

Oil sample was screened in vitro for its antimicrobial activity against test microorganisms under study, by 
agar diffusion method (Cruickshank et al., 1975). A suspension of the organisms were added to sterile nutrient 
agar media at 45°C  and the mixture was transferred to sterile Petri dishes and allowed to solidify. Holes of 10 
mm in diameter were made using a cork borer. An amount of 0.1 mL of the oil samplewas poured inside the 
holes. The plates were left for 1 h at room temperature as a period of pre-incubation diffusion to minimize the 
effects to variation in time between the applications of the different solutions. The plates were then incubated at 
37°C for 24 h and observed for antimicrobial activity where the zone of inhibition for each well was measured. 
Erythromycin was included in the test as references. 
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Estimation of Minimum Inhibitory Concentrations (MIC): 
 
The minimum inhibitory concentration (MIC) of the tested oil was determined by the agar streak dilution 

method. Stock solutions of the oil sample were diluted using DMSO forming a range of concentration from 5%–
85%mL/mL DMSO.  These concentrations were mixed with the known quantities of molten sterile agar media 
aseptically. About 20 mL of the media containing the tested compound was dispensed into each sterile Petri 
dish. Then the media were allowed to get solidified. Microorganisms were then streaked one by one on the agar 
plates aseptically. After streaking, all the plates were incubated at 37°C for 24 hours/48 hours for bacterial and 
activity respectively. Then the plates were observed for the growth of microorganisms. The lowest concentration 
of the samples caused inhibition for the growth of the given bacteria was considered as the minimum inhibitory 
concentration (MIC) of the samples. 

 
Results and Discussion 

 
Comparison between the reported constituents of P. tomentosa flowers essential oil and those obtained in 

our presented study, revealed that there were qualitative and quantitative differences. In this respect, Min-yanet 
al.,2013 reported thatthe volatile compounds from the flowers of P. tomentosawhich obtained by solid phase 
micro-extraction-gas chromatography mass spectrometry, including mainly anethole (25.88%), 3-octanone 
(14.08%), p-methoxy-anisole, 3-onanone (13.59%), 1, 4-dimethoxy benzene (11.68%), 4-methoxybenzoic acid 
methyl ester (8.85%) as major constituents. Liao et al., 2008 used the molecular electro negativity-distance 
vector (MEDV) descriptors toidentify benzyl alcohol (13.28%), hydrocarbons [tricosane (3.68%), pentacosane 
(3.24%) and heptacosnae (2.57%)] as the major constituents, from the essential oil of P. tomentosa flowers. 
Moreover, Xiao et al., (2005) reported that benzyl alcohol (13.28%) and 1,2,3-trimethoxylbenzene (8.34%) are 
the major constituents of the essential oil isolated from the flowers of P. tomentosa by hydrodistillation. 

In the present study the oil percentage prepared by hydrodistillation method of fresh P. tomentosaflowers 
was 0.1 %. Results of the GC/MS analysis of the oil (Table1) revealed the presence of geranylgeraniol (18.05%) 
as major compound which is reported for the first time, together with hexatriacontane (11.61%), nonadecane 
(5%), 1-octen 3-ol (4.75%), pentacosane (4.51%), heneicosane (4.15%), anethole (3.98%), stearyl aldehyde 
(3.82%), neryl acetone (3.72%), trans nerolidol (3.20%), cis-methyl isoeugenol (2.60%). 

Investigation of the antimicrobial activity (Table 2) of the oil of P.tomentosa flowers was performed against 
Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Candida albicans. 

The MIC (Table 3) was calculated and the results were 55% for each of Bacillus subtilis, Staphylococcus 
aureus and Escherichia coli. 

The activity of the oil was mainly due to the presence of geranyl geraniol which represented the major 
component in the oil and exhibited antibacterial activity against staphylococcus aureus and that is due to its 
mode of action in damaging bacterial cell membranes (Togashi et al., 2008).  Nerolidol (Agaoglu et al.,2005), 
cis-methyl isoeugenol (Liolios et al., 2007) and anethole (Gulfraz et al., 2008) were reported to have 
antibacterial activity. Furthermore, hexatriacontane, nonadecane, pentacosane, heneicosane and heptadecane 
represent the major hydrocarbons with the percentagesof (11.61%), (5.00%), (4.51%), (4.15%) and (2.86%) 
respectively, stearyl aldehyde represented the major aldehyde (3.8%), 1-octen 3-ol represented the major 
aliphatic alcohol (4.75%) and hexahydrofarnesyl acetone represented the major acetone (3.73%).  On the other 
hand the effect of the oil on Candida albicans was inactive. 

 
Fig. 1: Gas chromatogram of the essential oil of P. tomentosa (Thunb.) Steud. Flowers. 
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Table 1: GC/MS of theessential oil of Paulownia tomentosa (Thunb.) Steud. flowers. 
Peak 
number 

RRT RT Area %        Name of the components 

1 0.06 2.97 0.25 Unknown 
2 0.06 3.10 0.31 Unknown 
3 0.08 3.95 0.22 Unknown 
4 0.28 13.34 3.50 Nonanal 
5 0.28 13.47 1.09 Methyl, 2-hydroxy6- methyl cyclohexane carboxylate 
6 0.32 15.22 4.75 1-Octen3-ol 
7 0.32 15.54 0.76 Dodecane,2,6,10 trimethyl 
8 0.35 16.97 0.32 Pentadecane  
9 0.38 18.49 0.33 1-Decanol 
10 0.44 21.04 0.33 2-Decenal 
11 0.44 21.30 0.34 Unknown 
12 0.48 22.94 2.86 Heptadecane 
13 0.53 25.48 1.20 (E,E)4,8,12Trimethyl1,3,7,11tridecatetraene 
14 0.55 26.34 3.98 Anethole 
15 0.56 27.04 3.72 Neryl acetone 
16 0.59 28.43 5.00 Nonadecane 
17 0.60 28.73 0.27 Unknown 
18 0.64 30.99 0.45 1Tetradecanol 
19 0.66 31.57 1.19 Unknown 
20 0.66 31.94 3.20 (±)-trans-Nerolidol 
21 0.67 32.24 0.21 Unknown 
22 0.68 32.79 0.50 Unknown 
23 0.69 33.15 0.64 Unknown 
24 0.71 33.97 4.15 Heneicosane 
25 0.71 34.28 0.21 Unknown 
26 0.72 34.50 0.91 Unknown 
27 0.72 34.79 3.73 hexahydrofarnesyl acetone  
28 0.76 36.77 1.08 Unknown 
29 0.78 37.67 2.60 cis-methyl isoeugenol 
30 0.79 37.87 0.57 Unknown 
31 0.80 38.52 0.80 Unknown 
32 0.81 39.00 0.41 Unknown 
33 0.86 41.27 1.14 Isophytol 
34 0.86 41.57 11.61 Hexatriacontane  
35 0.88 42.64 3.82 Stearyl aldehyde 
36 0.90 43.19 0.81 Unknown 
37 0.91 43.73 0.62 1Heneicosyl formate 
38 0.92 44.08 0.35 Unknown 
39 0.93 44.58 1.57 Docosane 
40 0.95 45.73 0.36 Unknown 
41 0.97 46.62 0.29 Unknown 
42 0.98 46.94 0.21 Unknown 
43 0.98 47.29 4.51 Pentacosane 
44 0.99 47.56 1.45 1Cyclopentyleicosane 
45 1.00 48.14 18.05 Geranyl geraniol 
46 1.00 48.47 2.97 ethanol2-(9octadecenyloxy) 
47 1.03 49.55 0.22 Unknown 
48 1.03 49.71 0.33 2-hydroxy Tetradecanoic acid 
49 1.04 49.97 1.06 2-Hexadecen1-ol,3,7,11,15tetramethyl 
50 1.05 50.50 0.75 Benzyl benzoate 

RRT= Relative retention time 
RT= Retention time 

 
Table 2: Antimicrobial activity of the essential oil of Paulownia tomentosa (Thunb.) Steud. Flowers. 

Microorganism Diameter of the  inhibition zone (mm) 
Essential Oil 
 

Erythromycin 150µg/mL 

Bacillus subtilis  16 26 
Staphylococcus aureus 16 16 
Escherichia coli  16 16 
Candida albicans -ve -ve 

Highly active (inhibition zone > 20 mm), moderately active (inhibition zone 16-19.2 mm), slightly active (inhibition zone 11-15 mm), (–) no 
inhibition zone. 
 
Table 3: Minimum inhibitory concentration of the essential oil of Paulownia tomentosa (Thunb.) Steud. Flowers.  

Escherichia  coli Staphylococcus aureus Bacillus subtilis Sample 

55% 55% 55% 
Essential oil of  
P. tomentosa 
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Conclusions: 
 
The essential oil in our presented study demonstrated antibacterial properties and these properties suggested 

a potential use as chemotherapeutic agents, food preservative agents and disinfectants of rooms as their 
volatility would be a distinct advantage in suppressing microbial contamination in the air. The biological 
activity of this essential oil was mainly due to the synergistic effect of all of the essential oil constituents. The 
strong antibacterial effect of the essential oil against variety of bacteria strains is an indication of the broad 
spectrum antimicrobial potential of this oil.  
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