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INTRODUCTION

The continuing development of bacterial and fungicidal

resistance in human and plant pathogens necessitates the

discovery and development of new antimicrobials1-4. Plant

secondary metabolites originate from the interaction between

plants and environment during the long period of evolution in

plants and play an important role in protecting plants against

invasion. Essential oils and their components have been proved

to possess many biological activities including antimicrobial,

insecticidal and antioxidant activities5-8 and they have attained

a special interest and development. Today, essential oils with

antioxidant and antimicrobial activities is an ideal resource in

the filed of research on food and feed additives9-10.

Macleaya cordata (Willd) R. Br., a plant of papaveraceae

family, has been used as an important and traditional Chinese

medicine for a long time for its wide spectrum of biological

activities, e.g. antimicrobial, antifungal, antiinflammatory and

antitumor11-13. This herb is mainly distributed in throughout

the south, southeastern and northwest of China. The phyto-

chemical and pharmacological studies conducted on this

medicinal herb have successfully isolated several alkaloids14.

Several quaternary benzo[c] phenanthridine alkaloids from M.

cordata which exhibited cytotoxicity15,16, protease inhibitory17,

antimicrobial18, molluscicidal19 and insecticidal activities20,21.

antiinflammatory22,23, antitumor activity24,25, antiviral26-28.

Chemical Composition and Antimicrobial Activity of

Essential Oils of Stems of Macleaya cordata (Willd) R. Br.

CHUNMEI LI and JIANPING YU
*

Institute of Biochemistry and Nutrition, Guizhou University, Guiyang 550025, P.R. China

*Corresponding author: Tel: +86 851 3856374; E-mail: Yujp666666@163.com

Received: 1 April 2014; Accepted: 27 June 2014; Published online: 6 November 2014; AJC-16225

The essential oil from the stems of Macleaya cordata R.Br. obtained by hydrodistillation was analyzed by gas chromatography/mass

spectrometry. Fifty compounds consisting up to 99.17 % of the essential oil were identified by GC and GC/MS analysis. The essential oil

exhibited potential antimicrobial activity against all tested microorganisms, with diameters of inhibition zones ranging from 7.7 ± 0.6 to

16.9 ± 0.8 mm and MIC values from 125 to 500 µg/mL. To understand the antibacterial mechanism of the essential oil, we selected the

sensitive bacterium R. solanacarum as model to observe of the action of essential oils of M. cordata on the membrane structure by SEM.

The treated cell membranes were damaged severely; resulting in cell atrophy and condenses into clusters, lost the original rod structure.

The results presented here indicate that the essential oil of M. cordata has antimicrobial properties and is therefore a potential source of

antimicrobial agents for many industries in the future.

Keywords: Macleaya cordata, Essential oils, Chemical composition, Antimicrobial activity.

M. cordata has attracted much attention from investigators

depending on its bioactive alkaloids18, however, the other

chemical compositions of M. cordata were rarely investigated.

The literature data for the chemical composition of the essential

oil from M. cordata are scarce, according to our best of know-

ledge, there is only one report on the chemical composition of

the essential oil of M. cordata29, in the literature and its

antimicrobial potentials have not been evaluated so far. The

aim of the present study was to analyze the chemical compo-

sition of the stems essential oil of M. cordata from China as

well as to evaluate its antimicrobial activity and mechanism.

EXPERIMENTAL

Analytical grade ethanol, dimethyl sulphoxide, anhydrous

sodium sulphate, sodium carbonate and all cultures media were

obtained from Green Ltd. (Guiyang, China). Ultra pure water

was used for the experiments. The shape of R. solanacarum

was observed with a scanning electron microscopy (SEM)

(HitachiS-3400N). Absorbance was measured using a UV-

visible spectrophotomwter (TU-1901, China).

Plant material: M. cordata were collected in Guizhou

Province of China during August 2012 and their roots, stems

and leaves were separated, dried in the shade at room tempe-

rature and ground (80 mesh). The taxonomical identification

of the plant material was done by Prof. Haimin Liao of Guizhou

University. An authenticated specimen (GZIBN-20120813) of
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the plant was also deposited in the Institute of Biochemistry

and Nutrition, Guizhou University.

Isolation of the essential oils: Crushed stems were sub-

mitted to hydrodistillation in a Clevenger-type apparatus at

100 ºC for 6 h. The distilled essential oils were dried over

anhydrous sodium sulphate, filtered and preserved in a sealed

brown glass vial at 4 ºC until tested and analyzed.

Analysis of essential oil: Gas chromatography-mass

spectrometry (GC-MS) analysis was performed on a Agilent

6890 N GC/5975MSD-SCAN (Agilent Technologies, Palo

Alto, CA,USA) in the electron impact (EI) ionization mode

(70 eV) and zebron ZB-5Msi (bonded and cross-linked 5 %

phenyl-95 % Dimethyl polysiloxane, 30 m length and 0.25 mm

I.D., 0.25 µm film thickness) capillary column (Phenomenex,

Torrance, USA). The inlet and GC/MS interface temperatures

were kept at 250 and 280 °C, respectively. The temperature of

El 70 eV source was 230 °C with full scan (20-480 m/z). The

oven temperature was held at 50 °C for 2 min, then progra-

mmed to 310 °C at rate of 5 °C/min kept constant at 310 °C

for 8 min. The split ratio was 1:40. Helium (99.99 %) was the

carrier gas at a flow rate of 1 mL/min. Diluted samples (1/100

in hexane, v/v) were injected manually. The mass spectra of

essential oil and extract components were identified by com-

paring the mass spectra of the analytes with those of authentic

standards from the mass spectra of Wiley 275 and Mass Spectra

Library (Nist 2005). The relative concentration of each com-

pound in essential oil was quantified according to the peak

area integrated by the analysis program30,31.

Antimicrobial activity

Microbial strains: The essential oil of M. cordata were

individually tested against a set of eight microorganisms.

Following microbial strains were used in this research: Three

Gram-positive (Bacillus subtilis ATCC 6633 , Staphylococcus

aureus ATCC 27217 and Staphylococcus haemolyticus ATCC

29213). Three Gram-negative (Ralstonia solanacarum GMI

1000, Agrobacterium tume faciens ATCC 11158, Escherichia

coli CMCC 44102), and one fungus (Aspergillus niger CMCC

98003), one yeast (Candida albicans ATCC 10231) and micro-

bial were selected for antimicrobial activity assay. Bacterial

strains were cultured 24 h at 37 °C in liquid LB medium (yeast

extract 5 g/L, peptone 10 g/L, NaCl 5 g/L, pH 7), Fungus and

yeast were cultured overnight at 28 °C for 48 h in liquid potato

dextrose (PD) medium. The diluted microbial suspension (106

cfu/mL) was ready for assay.

Disc diffusion assay: Determination of antimicrobial

activities of the essential oil of M. cordata were accomplished

by the standard disc diffusion method32. The essential oil was

dissolved in dimethyl sulfoxide at an initial concentration of 10

mg/mL and sterilized after being filtered by 0.45 µm Millipore

filters, respectively. Bacteria suspensions were spread on these

media by sterile swab. Each disc (6 mm in diameter) was

injected 10 µL of 10 mg/mL sample, then the discs were placed

on the plates one by one. Negative controls were prepared

using DMSO. Gentamycin (20 µg/disc) were used as positive

controls for bacteria and nystatin (20 µg/disc) for fungi and

yeasts. Standard antibiotic discs which were selected for suitable

microorganisms, were placed into the same plates as positive

controls. An empty disc was used to test if discs were sterile

or not. The inoculated plates were incubated at 37 °C for 24 h

for the bacterial strains, at 27 °C for 72 and 48 h for the fungus

and yeast. The zone of inhibition against the tested micro-

organisms were measured and the antimicrobial activity was

evaluated.

Determinations of the minimum inhibitory concen-

tration (MIC): The sample were dissolved in DMSO at an

initial concentration of 10 mg/mL and filtered by 0.45 µm

Millipore filters for sterilization. Serial broth dilution method

was carried out as described by Muroi and Kubo33. Solutions

of the essential oil ranging from 1000 to 7.8 µg/mL were

prepared by serial two fold dilutions. A suspension of each

microorganism ((106 cfu/mL) was obtained by measuring the

absorbance of the solution at wavelength 620 nm using a

ultraviolet spectrometer. the successive dilutions of the oils

samples and 1 mL portions of the culture media were placed

in the test tubes; then mixed with 20 mL of the cell suspensions.

The microbial growth was examined after bacteria being

incubated at 37 °C for 24 h. The same procedure was performed

for fungi and yeast incubated for 48 h at 28 °C. Gentamycin

for bacteria and nystatin for fungi were used as standard drugs

for positive control in the conditions identical to that of the

tests materials. The results are expressed in Minimal inhibitory

concentration (MIC), the weakest concentration of the samples

yielding no visible growth. Microorganism growth was indi-

cated by turbidity. The MICs of the standards (gentamycin,

nystatin) were also determined in parallel experiments, to

control for the sensitivity of the microorganisms. The bacteri-

cidal/fungicidal activities were determined by a sub-cultivation

of the samples into normal culture media at appropriate tempe-

rature and incubation times.

Observation of the action on R. solanacarum cells by

scanning electron microscopy: Different volume of LB

medium, essential oils solutions and R. solanacarum cells were

added to 10 mL cultures resulting in final concentration of

100 µg/mL of the essential oils and concentration of 106 cfu/mL

R. solanacarum. Control experiment was conducted in absence

of essential oils. The cultures were incubated at 37 °C with

shaking at 150 rpm. After 12 h, bacterial suspension was washed

three times with PBS buffer and then fixed with 4 % glutar-

aldehyde solution at 4 °C for 12 h. After the reaction completed,

the fixed bacterias were then washed with 30, 50, 70, 80, 90

and 100 % of ethanol respectively. After gold spraying and

freezing-drying in a high vacuum, the shape of bacteria was

observed using a scanning electron microscopy.

RESULTS AND DISCUSSION

Chemical composition of the essential oil: Air-dried

stems of the plant were subjected to hydrodistillation using a

Clevenger-type apparatus and the yellow-coloured oil was

obtained in the yield of 0.089 % (w/w). The total ion map of

essential oil from the leaves of of  M. cordata was showed in

Fig. 1 and 50 compounds consisting up to 99.17 % of the

essential oil were identified by GC and GC/MS analysis

(Table-1). The major components (relative content ≥ 1 %) are

palmitic acid 37.52 %, pentadecanal 8.74 %, butyl phthalate

7.43 %, linoleic acid 5.89 %, (E)-9,17-octadecadienal 3.63 %,

nonadecane 3.57 %, myristic acid 3.51 %, octoil 3.42 %,
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isobutyl phthalate 2.13 %, pentadecylic acid 1.94 %, lauric

acid 1.87 %, 2-cedrol 1.37 %, pentacosane 1.28 %, octacosane

1.18 % and heptacosane 1.02 %. comprising 84.50 % of the

essential oils. Saturated fatty acids, alkanes, unsaturated

fatty acids, aromatic compounds, terpenoids, Other aliphatic

compounds in the oil accounted for 46.10, 14.34, 6.60, 16.06,

1.18 and 14.89 %, respectively. The chemical profile of the

stem bark essential oil of M. cordata in this study was different

from that of the previous reports29. Distinct differences in the

yield and composition of essential oils from M. cordata may

be arise from environment, tested parts, growth season, physio-

logical age of the plant and the method of isolation.

Antimicrobial activity: The antimicrobial activities of

the essential oil were estimated against eight tested micro-

organisms, including three Gram-negative bacteria, three

Gram-positive bacteria, one fungus and one yeast. The  dia-

meters of the zones of inhibition and the MICs of the essential

oil are shown in Table-2. The diameters of inhibition zones

TABLE-1 
PHYTOCHEMICAL COMPOSITIONS OF THE ESSENTIAL OILS FROM THE STEMS OF M.cordata 

No. Compounds Molecular formula RTa Composition (%) 

1 Benzaldehyde C7H6O 6.89 0.05 

2 Hyacinthin C8H8O 9.08 0.24 

3 Nonanal C9H18O 10.68 0.08 

4 (E)-2-Nonenal C9H16O 12.27 0.05 

5 Caprylic acid C8H16O2 13.28 0.13 

6 Decanal C10H22O 13.53 0.26 

7 2-Undecanone C11H22O 15.94 0.1 

8 2.4-Decadienal C10H16O 16.66 0.06 

9 4-Vinyl-2-methoxy-phenol  C9H10O2 16.75 0.17 

10 Capric acid C10H20O2 18.42 0.4 

11 Tetradecane C14H30 18.69 0.14 

12 Geranyl acetone C13H22O 20.09 0.16 

13 2,6-di-butyl-2,5-cyclohexadiene-1,4-dione C14H20O2 20.54 0.37 

14 2,6-di(t-butyl)-4-hydroxy-4-methyl-2,5-cyclohexadien-1-one C15H24O2 20.7 0.19 

15 β-Ionone C13H20O 20.99 0.35 

16 Pentadecane C15H32 21.16 0.31 

17 Lauric acid C12H24O2 23.39 1.87 

18 Hexadecane C16H34 23.56 0.51 

19 2-Cedrol C15H26O 23.96 1.37 

20 Butyl phosphate C12H27O4P 24.87 0.48 

21 1-Heptadecene C17H34 25.38 0.29 

22 2-Pentadecanone C15H30O 25.86 0.34 

23 Pentadecanal C15H30O 26.21 8.74 

24 Hexadecanal C16H32O 26.44 0.5 

25 Myristic acid C14H28O2 27.78 3.51 

26 6,10,14-Trimethyl-pentadecanone C18H36O 28.95 0.9 

27 Isobutyl phthalate C16H22O4 29.5 2.13 

28 Pentadecylic acid C15H20O2 29.68 1.94 

29 (E)-9,17-Octadecadienal C18H32O 29.86 3.63 

30 Nonadecane C19H40 30.02 3.57 

31 Farnesyl acetone  C18H30O 30.46 0.25 

32 Methyl palmitae C17H34O2 30.57 0.47 

33 Butyl phthalate C16H22O4 31.39 7.43 

34 Palmitic acid C16H32O2 31.91 37.52 

35 Methyl linoleate C19H34O2 33.82 0.71 

36 Linoleic acid C18H32O2 34.91 5.89 

37 Tricosane C23H48 37.35 0.49 

38 Tetracosane C24H50 39 0.52 

39 Pentacosane C25H52 40.59 1.28 

40 Octoil C24H38O4 41.41 3.42 

41 Hexacosane C26H54 42.12 0.83 

42 Heptacosane C27H56 43.6 1.02 

43 Squalane C30H62 44.13 0.95 

44 Octacosane C28H58 45.02 1.18 

45 Nonacosane C29H60 46.4 0.8 

46 Triacontane C30H62 47.72 0.77 

47 Hentriacontane C31H64 49.03 0.91 

48 (17.a.H,21.B.H)-Hopane C30H52 49.88 0.82 

49 Dotriacontane C32H66 50.26 0.49 

50 Tritriacontane C33H68 51.48 0.58 

 Total - - 99.17 
a Retention time 
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Fig. 1. Total ion map of essential oil from the stems of of M. cordata

of the oil on test microorganisms ranged from 7.7 ± 0.6 to

15.9 ± 0.8 mm and the MIC values ranged from 125 to 500 µg/mL.

Among all tested microorganisms R. solanacarum and S.

aureus were more sensitive to the essential oil, with the MIC

values of 125 µg/mL. The diameters of inhibition zones of the

essential oil against R. solanacarum and S. aureus were 15.9

± 0.8 and 15.1 ± 1.0 mm, respectively. The oil also showed anti-

fungal activities against one fungus and one yeast. The anti-

microbial activities of the essential oil against bacteria and

fungi were demonstrated to be dose dependent. The inhibition

zones of the essential oil for each assay on test bacteria showed

a significant correlation with MIC values (P < 0.05). Control

treatment (DMSO) did not show an inhibitor effect on any of

the bacteria.

Action of the essential oil of M. cordata on the struc-

tures of R. solanacarum cells: Though this research found

the essential oil of M. cordata could inhibit bacterial growth,

the mode of action of essential oil on the bacteria is still

unknown. In this paper, to understand the antibacterial activity

and acting mechanism of the essential oil of M. cordata, the

sensitive bacteria R. solanacarum was selected as the tested

microorganism. The action of the essential oil of M. cordata

on the structures of R. solanacarum cells was studied.

The electron micrographs by scanning electron micro-

scopy of R. solanacarum cells treated and untreated with the

essential oil of M. cordata were displayed in Fig. 2. Micrograph

by SEM (Fig. 2a) showed the surface of R. solanacarum cells

untreated with the essential oil of M. cordata was smooth and

showed typical characters of rod shape, while cells treated

with 100 µg/mL essential oil (Fig. 2b) were damaged severely,

resulting in cell atrophy and condenses into clusters, lost the

original rod structure. A large number of misshapen and

fragmentary bacterial cells can be seen from micrographs. We

hypothesized that the acting mechanism of the essential oil

from M. cordata antibacterial activity are the structure and

permeability of cell membrane of treated bacteria changed, so

that the substances exuded in the cytoplasm, at last cells dehy-

drate, atrophy and crack. This hypothesis needs to be further

proved.

Fig. 2. Action of the essential oil of M. cordata on the structures of R.

solanacarum cells observed by SEM. (a) native R. solanacarum.

(b) treated with 100 µg/mL the essential oil

Conclusion

This is the first report on the antimicrobial activities of

M. cordata essential oil. The essential oil was screened to show

a wide spectrum of inhibitory activity against pathogenic

bacteria, fungi and yeast. The antimicrobial activity of the

stems essential oil of M. cordata could be attributed by major

compounds. It has also been suggested that minor components

interact with the other components, affecting the antimicrobial

activities of the oils. It is possible that the activity of the main

components is regulated by the other minor molecules.

TABLE-2 
ANTIMICROBIAL ACTIVITY OF THE ESSENTIAL OIL OF M. cordataa 

Essential oil Gentamicin Nystatin 
Microorganisms 

Disc diameterb MICc Disc diameter MIC Disc diameter MIC 

Gram-positive       

B. subtilis ATCC 6633  9.2 ± 0.7 250 26.1 ± 1.1 7.8 - - 

S. aureus ATCC 27217 15.1 ± 1.0 125 26.9 ± 0.7 7.8 - - 

S. haemolyticus ATCC 29213 14.1 ± 1.1 250 25.4 ± 1.1 7.8 - - 

Gram-negative       

A. tumefaciens ATCC 11158 11.5 ± 1.4 500 30.1 ± 1.6 15.6 - - 

R. solanacarum GMI1000 15.9 ± 0.8 125 24.7 ± 1.2 7.8 - - 

E. coli CMCC44102  7.7 ± 0.6 500 23.8 ± 0.9 7.8 - - 

Fungi       

A. niger CMCC(B) 98003  12.9 ± 0.8 250 - - 23.4 ± 1.0 31.3 

Yeast       

C. albicans ATCC 10231 11.1 ± 1.2 250 - - 22.4 ± 1.5 15.6 
aResults are means of three different experiments, bDiameter of inhibition zone including disc diameter of 6 (mm), Mean ± standard deviation for 

triplicate experiments, cMIC, minimum inhibitory concentration (as µg/mL) 
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To understand the antibacterial mechanism of the essential

oil to bacteria, we first selected R. solanacarum as model to

observe of the action of essential oils of M. cordata on the

membrane structure of R. solanacarum. The SEM micrograph

of R. solanacarum cells treated with the essential oils showed

that big change appeared in the cell membrane and cell atrophy

and condenses into clusters, lost the original rod shape. R.

solanacarum cells treated with the essential oil also showed

many fragmentary cells by SEM. According to the results of

this study, the essential oil of M. cordata may be suggested as

a new potential source of natural antimicrobial. This is the

first report on the antimicrobial activity of essential oil from

M. cordata, though further work is now required to evaluate

the antimicrobial compounds and mechanism, In addition,

other biological activities of the essential oil of M. cordata is

now required to further develop.
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