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Abstract
This study was undertaken to assess the antibacterial activity of essential oil of Paulownia fortunei flowers. The
flowers were collected from P. fortunei plants introduced from China few years back and cultivated in University of the
Punjab Lahore, Pakistan. Essential oil was extracted using microwave assisted method. Flowers gave 0.020% oil yield.
Activity of the essential oil was assessed against four pathogenic bacterial species viz. Klebsiella pneumoniae,
Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa. There was a significant difference (P ≤ 0.01)
among the bacterial species with respect to their response to the oil. K. pneumoniae was the most sensitive bacterial
species followed by S. aureus and E. coli with 12.5 mm, 11.5 mm and 10.5 mm zones of inhibition respectively. P.
aeruginosa was the most resistant bacterial species showing 9 mm zone of inhibition. This study concludes that
essential oil of P. fortunei flowers had variable antibacterial activity against different bacterial species.

Keywords: Dragon tree, Klebsiella pneumoniae, Pseudomonas aeruginosa, Pakistan.

biological

Introduction
Essential

oils

(EOs)

are

complex

activities

against

various

Gram

negative and Gram positive bacterial pathogens

mixtures of natural volatile organic compounds

(Sabo

and

Knezevic,

that are produced by aromatic plants in the form

efficacies of EOs and their components may vary

of secondary metabolites (Valdivieso-Ugarte et

accordingly with different bacteria as well as

al., 2019). They are liquid, limpid and soluble in

with oils (Artini et al., 2018; Reyes-Jurado et al.,

organic solvents with lower densities than that of

2020). Many in vitro studies have reported the

water (Perricone et al., 2015). They can be

pronounced antibacterial efficacies of EOs

synthesized by all plant organs such as flowers,

against

buds, stems, twigs, leaves, fruits, seeds, bark and

pathogenic bacterial species (Naz et al., 2014;

roots (Akthar et al., 2014). They contain a

Perricone et al., 2015; Valerio et al., 2021).

various

2019).

food-spoilage

Antibacterial

and

human

number of organic compounds belonging to

Paulownia (family Paulowniaceae) is a

lactones, aldehydes, ketones, ethers, esters,

genus of nine fast-growing hardwood tree

alcohols, phenols, sesquiterpenes and terpenes

species (Bajwa and Gul, 2000). These are mostly

(Aali et al., 2017), which in pure form exhibit

present in China, Laos and Vietnam, and have
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also been introduced in other countries of Asia,

profile and antibacterial activities of essential

USA, Europe and Australia (Woods, 2008). In

oils from Paulownia tomentosa (Ibrahim et al.,

Japan, Korea and China, its wood is used in

2013; Schneiderová and Šmejkal, 2015). Few

manufacturing of musical instruments. It is a part

years back, plants of P. fortunei were brought

of agroforestry system in China due to its fast

from China and cultivated at Faculty of

growth rate, light but strong wood, use of leaves

Agricultural Sciences, University of the Punjab

as fodder, nectar rich flowers, and sparse canopy

Lahore, Pakistan (Fig. 1). Recently, Ferdosi et al.

(Wu and Zhu, 1997). Paulownia was introduced

(2020) studied chemical profile of essential oils

in Pakistan from 1989-95 through a project

of flowers of these plants and found nerolidol as

financed by IDRC, Canada. In 1989, its seeds

the major compound in the oil. This compound is

were obtained from Chinese Academy of

known to possess antibacterial activity (Inoue et

Forestry and planted at 13 sites in Punjab,

al., 2004; Krist et al., 2015). However, Ferdosi et

Kashmir and Khyber Pakhtunkhwa by Pakistan

al. (2020) did not carry out antibacterial

Forest Institute, Peshawar (Siddiqui and Khan,

bioassays. The present study was, therefore,

1989; Bajwa and Gul, 2000). Most of the

carried out to evaluate the antibacterial activity

previous studies were carried out on chemical

of

A

essential

oil

of

P.

fortunei

flowers.

B

Fig. 1: Paulownia fortunei tree (A) and a fruiting branch (B).

the Punjab Lahore Pakistan. Seedlings of these
plants were brought by Dr. Muhammad Ashfaq

Materials and Methods

from China and cultivated here five years ago.
Collection of P. fortunei flowers: Fresh flowers

The flowers were kept in paper bags after

were collected from P. fortunei plants growing at

collection and shifted to the laboratory for the

Faculty of Agricultural Sciences, University of

extraction of essential oil.
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Extraction of essential oil: For extraction of

Statistical analysis: All the data were analyzed

essential

by one-way ANOVA and the means were

microwave

oil

from
assisted

the

collected

procedure

flowers,

was

used

delineated by LSD test at P≤0.05.

following Ferdosi et al. (2020). Fresh P. fortunei
flowers (350 g) were ground in an electric

Results & Discussion

grinder to make a paste, and the sample was
transferred to a 1 L round-bottom flask and

Analysis of variance showed that there

stabilized within the oven with bends, one of

was a significant difference (P≤0.01) among the

which was connected with a condenser that was

bacterial species with respect to their response to

connected to a collecting flask. The oven power

the applied essential oil of P. fortunei flowers

was set at 60 °C for 60 min. The orientation of

(Table 1). K. pneumoniae was the most sensitive

the sample-containing flask was turned manually

bacterial species where a highest zone of

after every 10 min to maintain uniform heating.

inhibition (12.5 mm) was recorded. S. aureus

The

was

was the second most sensitive bacterial species

transferred to a separating funnel and cooled at

followed by E. coli with 11.5 mm and 10.5 mm

room temperature. Five milliliters of dimethyl

zones of inhibition. The most resistant bacterial

sulphoxide (DMSO) was added to separate the

species was P. aeruginosa showing 9 mm zone

essential oil from the hydrosol mixture. The oil

of inhibition. Recently, Ferdosi et al. (2020)

containing DMSO layer was settled down that

studied the chemical profile of P. fortunei

was collected in screw vial.

flowers and reported the presence of nerolidol in

Antibacterial activity: For antibacterial assays

very

of essential oil of P. fortunei flowers, disk

compound is known to possess antibacterial and

diffusion method was used. Four non-multi drug

antifungal activities (Inoue et al., 2004; Krist et

resistant bacterial strains namely E. coli 5964-

al., 2015), and could be responsible for

LF, K. pneumonia 599-BLF, S. aureus 613-B

antibacterial activity of essential oil in the

and P. aeruginosa 5994-NLF were used in the

present study. P. fortunei flowers are a rich

present study. Growth medium LBA (Luria

source of many flavonoids such as β-sitosterol,

Bertani Agar) was autoclaved poured in the

apigenin,

sterilized Petri plates and bacteria cultures were

quercetin, hesperetin and thunberginol A (Zhang

spread over it. A volume of 20 µL of the

and Li, 2008; Li et al., 2009). Among these, β-

essential oil was poured on sterilized filter paper

sitosterol isolated from roots of Malva parviflora

disk of 0.6 cm diameter using a micro pipette

(Ododo et al., 2016), leaves of Odontonema

and placed over LBA media plate. A volume of

strictum (Luhataab and Usuki, 2021), and stem

20 µL of DMSO was also used as a negative

bark of Punica granatum (Nweze et al., 2019)

control. Plates were then incubated at 37 °C for

exhibited potent antibacterial activity against a

24 h and zones of inhibitions were recorded with

number of bacterial species including S. aureus,

the help of a scale.

E. coli and Salmonella typhi. Apigenin (Cushnie

essential

oil-containing

hydrosol
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high

concentration

daucosterol,

(82.81%).

luteolin,

This

kaempferol,
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et al., 2003), quercetin (Jaisinghani, 2017),

luteolin (Guo et al., 2020) are known to possess

thunberginol A (Yoshikawa et al., 1992), and

moderate to very high antibacterial activities.

Table 1: Analysis of variance (ANOVA) for the effect of essential oil of Paulownia fortunei flowers on
bacterial growth.
Sources of variation

df
3
8
11

Bacterial species
Error
Total

SS
20.06
5.58
25.64

MS
6.69
0.69

F values
9.59*

*Significant at P ≤ 0.01.

Essential oil of P. fortunei flowers

Baccharis dracunculifolia showed better activity

showed variable antibacterial potential against

against S. aureus, Bacillus cereus and P.

the four tested bacterial species. K. pneumoniae

aeruginosa than against Listeria monocytogenes,

was the most sensitive while P. aeruginosa was

Micrococcus flavus, Enterobacter cloacae, E.

the least sensitive bacterial species to the applied

coli and Salmonella enterica (Cazella et al.,

essential oil. These results are in agreement with

2019). Similarly, Inouye et al. (2001) studied the

the findings of various earlier studies where

antimicrobial activities of 14 essential oils and

extracts and essential oils of P. fortunei and

found and reported that Haemophilus influenzae

other plant species showed variable antibacterial

was the most susceptible while E. coli was the

activity against different

least susceptible to most of the oils. Likewise,

bacterial

species.

Epicarp extracts of P. fortunei and P. tomentosa

eucalyptus

oil

were highly active against S. aureus and Bacillus

globulus showed more pronounced activity

subtilis while their activity was low against

against S. aureus than against P. aeruginosa, K.

Saccharomyces carlsbergensis and E. coli

pneumoniae

(Cercós, 1982). Essential oil from aerial parts of

(Mulyaningsih et al., 2011).

and

obtained

from

Acinetobacter

Eucalyptus

baumannii

Fig. 2: Antibacterial activity of essential oil of Paulownia fortunei flowers. Vertical bars show standard errors of means
of three replicates. Different letters show significant difference among the treatments at P ≤ 0.05 as determined by LSD
test.
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Cushnie, T.P.T., V.E.S. Hamilton and A.J. Lamb.

Conclusion

2003.

Essential oil of flowers of P. fortunei

Assessment

activity

showed a broad spectrum antibacterial activity.

of

selected

consideration

K. pneumoniae was found the most sensitive

of the

of

antibacterial

flavonoids

discrepancies

and

between

previous reports. Microbiol. Res., 158: 281-

bacterial species followed by S. aureus and E.

289.

coli.

Ferdosi, M.F.H., I.H. Khan, A. Javaid, T. Sattar and
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