
INTRODUCTION

Fungal diseases of plants are generally controlled by

synthetic chemical fungicides. However, this approach has

resulted in the environment polluted heavily while the non-

target organisms and human health concern highlighted the

need for the development of new strategies for plant-patho-

genic-fungi control1-3. It is widely recognized that plants

biosynthesize a vast array of secondary metabolites, such

as phytoalexins and antifungal compounds for protecting

themselves4. With this knowledge, lots of researches have been

organized to find out the antifungal compounds produced

by plants over the past few years5-7 and some significant

results have been made, such as azadirachtin, carvone and

pyrethroids8.

Curcuma zedoaria is a traditional Chinese medicine

being used to promote blood circulation, relieve pain and

eliminate depression. Recently, many reports showed its other

functions, such as antioxidative9, antiinflammatory10, anti-

cancer11 and other various beneficial pharmacological activities,

it has recently been introduced as dietary supplements and

health foods12.
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The main compound of hexane extract from Curcuma zedoaria was purified using bioactive-guided silica gel column chromatography

and high performance liquid chromatography in this study and the structure of the main compound was identified as curcumenol by

spectroscopic methods, including high resolution mass spectra (HRMS), FTIR, 1H and 13C NMR spectroscopy. It was firstly authenticated

that curcumenol derived from C. zedoaria showed higher and broad-spectrum antifungal activity against fungal phytopathogens, such as

Fusarium graminearum, Phoma wasabiae, Plasmodiophora brassicae and Magnaporthe grisea while their minimal inhibition concentration

were 0.5 1.0, 1.0, 1.0 mg mL-1, respectively. The antifungal activity was not affected by high or low pH values (from 2-10) or under

different temperatures (from 30-80 ºC). Its antifungal mechanism was further investigated by comparing the ultrastructures of the experi-

mental fungi using scanning electron microscope and transmission electron microscope and results showed that its antifungal activity was

realized by means of destroying the cell-wall and influencing the nutrients circulation of the fungal phytopathogens.
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The essential oil and extract of C. zedoaria has been

reported to possess antimicrobial properties13,14. In our previous

study, 95 % ethanol extract of C. zedoaria showed potential

activity in vitro models against Phoma wasabiae and three

fractions were, respectively extracted by three solvents (diffe-

rent polarities) including hexane, ethyl acetate and methanol

while the hexane extract showed high fungicide efficiency

against the mycelium growth rates of many phytopathogens,

such as Phoma wasabiae, Fusarium graminearum, Sclerotinia

sclerotiorum, Penicillium pallidum, Mycogone peniciosa,

Botrytis cirerea, Verticillium dahliae15,16.

EXPERIMENTAL

C. zedoaria was collected from Chongzhou, Sichuan, P.R.

China, in March, 2010. The specimen was identified by Prof.

Xingjin He of Sichuan University, Chengdu, P.R. China and

deposited in the Key Laboratory of Bio-resources and Eco-

environment, Ministry of Education, Chengdu, P.R. China with

NO.20100305.

Bioactive-guided isolation: The air-dried and powdered

C. zedoaria was macerated with 95 % ethanol and sonicated

in a bath sonicator (3 L × 1.5 L, 20 min each) under 40 Hz at
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room temperature. The extract was then filtered and concen-

trated to extractum using a rotary evaporator and then the

extractum was successively partitioned by solid-liquid partition

with solvents including hexane, ethyl acetate and methanol,

respectively. The excessive solvents in each partitioned fraction

were removed by a rotary evaporator.

The hexane extract was further separated using a silica

gel column (200-300 mesh) eluted with the solvent mixtures

included with petroleum ether and ethyl acetate in four concen-

tration ratios (w:w = 16:1, 8:1, 4:1 and 1:1) and with methanol

at last. Based on thin layer chromatography (TLC) using GF254

and visualization with ultraviolet light (254 nm), five fractions

were obtained, respectively. After that, these five fractions'

antifungal activities against P. wasabiae were compared by

growth rate method described by Liu et al.15. Because of the

fraction 3 (best fungicide activity) being a mixture, a prepa-

rative gradient HPLC was employed in this study to purify

pure compounds from it in a Gilson Prep-HPLC system

coupled with a Waters X Bridge Prep-C18 reversed-phase

column (100 mm × 30 mm, 5 µm) maintained at 25 ºC. Methanol

gradient solutions (from 55-100 %, dissolved in double-

distilled H2O) were used as the mobile phase for 8 min and

holding at the 100 % concentration for 3.8 min while the

purification process was monitored under UV lights at 214

and 254 nm. The flow velocity was set as 20 mL/min. When

F3 was separated, the compound corresponding to the major

peak was collected and the solvents of the mobile phase were

removed by evaporation using a rotary evaporator at 35 ºC.

The high resolution mass spectra (HRMS) (ESI) were

recorded on a Bio TOF IIIQ from Bruker Daltonics Inc. The

FTIR spectra were carried out by a Nicolet 6700 Fourier

transform spectrometer. The 1H and 13C NMR spectra were

obtained in deuterated methanol with a Bruker AV II-600 MHz

NMR spectrometer with tetramethylsilane as an internal

standard; chemical shifts are given in δ (ppm).

Assay for antifungal activity: The major compound's

antifungal activities against typical pathogens, including P.

wasabiae, Fusarium graminearum, Plasmodiophora brassicae

and Magnaporthe grisea, were measured by the growth rate

method. Briefly, after it was dissolved in acetone, the com-

pound was then mixed with 20 mL molten potato dextrose

agar (PDA) medium to the final concentrations of 0.125, 0.25,

0.5, 1.0 and 2.0 mg mL-1 in 90 mm diameter sterilised Petri

plate6 while the plate contained with same volume of acetone

and PDA medium used as the control. All experimental and

control plates were breeding with a 6 mm in diameter mycelia

disks of the test pathogenic fungi in the centre of Petri dishes

and then the plates were incubated at 28 ºC. Each groups for

one concentration was set with three replicates. The diameter

of the hyphal colony on each PDA (potato dextrose agar) plate

was measured when the hyphae in the control plate reached

the edges of plate. The growth inhibition rate was calculated

according to the following formula: IR (%) = [(GC-GT)/GC]

× 100, where IR is the inhibition rate and GC and GT represent

mycelia growth in the control and treatment, respectively8.

The Petri plates of above control group were added

distilled water with 0.05 % Tween-80 (v/v) and the spores

were collected. 50 µL of spore suspension for the test plant

pathogenic fungi were added to 5 mL potato dextrose with

the major compound which final concentration was 0.125,

0.25, 0.5, 1.0, 2.0 and 4.0 mg mL-1, respectively6. The medium

without the compound was used as the growth control and all

these treatments were incubated in a reciprocating shaker under

28 ºC, 110 r/min for 36-48 h. The minimal inhibition concen-

tration (MIC) was defined as the lowest concentration of the

antifungal agents that prevented visible growth with respect

to the growth control17.

Stability of the major compound of F3: Stability of the

major compound was tested as described previously by Zhang

et al.18. Briefly, after the samples were, respectively exposed

at 30, 40, 50, 60, 70, 80, 90 and 100 ºC for 0.5 h, the antifungal

activities of the major compound against F. graminearum were

assayed after the solutions had cooled to room temperature.

In order to test the stability of the major compound under acid

and alkaline conditions, samples were adjusted to pH 2, 4, 6,

8, 10 using 0.5 M HCl or NaOH and then the antifungal

activities was determined. The antifungal activities were tested

by using growth rate method.

SEM analysis of hyphal ultrastructure: Scanning

electron microscope (SEM) was performed to observe the

effect of the major compound on mycelia ultrastructure19.

Mycelium sections of F. graminearum, experimental group

treated with the major compound solution (final concentration

at 0.5 M) while negative control group only with PBS in same

volume, were fixed for 2 h at 4 ºC by using 2.5 % (v/v) glutaral-

dehyde in 0.1 M sodium cacodylate buffer after 2 h of their

incubation. After the fixation, the samples were washed three

times with 0.1 M cacodylate buffer (pH 7.4), then treated with

1 % (w/v) osmium tetroxide, washed with 5 % (w/v) sucrose

in cacodylate buffer and subsequently dehydrated in a graded

ethanol series (from 30-100 %,). The samples were examined

on a JEOL JSM-7500F Scanning Electron Microscopy after

the works for critical point drying and gold coating were

successfully carried out.

TEM analysis of hyphal ultrastructure: Hyphae

sections of F. graminearum were firstly incubated for 2 h in

the solution which contained 0.5 M major compound (experi-

mental sample) or in PBS at the same volume (used as the

negative control sample), these samples were then fixed for

8 h at 4 ºC, by using 2.5 % (v/v) glutaraldehyde which

dissolved in 0.1 M sodium cacodylate buffer. After the fixation

finished, they were treated with 1 % phosphotungstic acid.

When the cells of samples were gradually desiccated, they

were embedded with EPON-812 and their ultrathin sections

were prepared according to the standard procedure. The hyphal

ultrastructures for experimental and control sample were

observed under a FEI Tecnai G2F20 transmission electron-

microscope after double staining with uranium and plumbum

were carried out20.

RESULTS AND DISCUSSION

Based on UV light (254 nm) analyses, five fractions

(F1-F5) were separated from hexane extract of C. zedoaria by

column chromatography method and their yields were 10.2,

25.3, 34.5, 8.3 and 19.0 %, respectively. With a mobile phase

of hexane-ethyl acetate-acetic acid (v/v = 16:1:0.7), the Rf value
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of these five fractions on a silica gel plate were 0.03, 0.19,

0.32, 0.58, 0.73, respectively. All of these five fractions could

inhibit the mycelium growth of P. wasabiae, however, variation

in antifungal activity of different fractions was evident and F3

was the most active.

Applying the preparative HPLC (pre-HPLC) system, the

compound corresponding to the major peak with retention time

8.8 min was collected and its HRMS (ESI) Mass spectra, FTIR

spectra and NMR spectra were analysed while the compound

was identified as curcumenol (CAS No. 19431-84-6) (Fig. 1)

by compared their spectral data with those reported in the

literature21.

CH3
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CH3
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CH3
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O

Fig. 1. Structure of curcumenol

The antagonistic activity of curcumenol against the plant

pathogenic fungi, including P. wasabiae, F. graminearum, P.

brassicae and M. grisea, were significant when the concen-

tration is more than 1.0 mg mL-1 (Fig. 2). It showed dose-

dependent inhibitory activity when the dose increased. The

MIC of curcumenol against F. graminearum, P. wasabiae, P.

brassicae and M. grisea were 0.5, 1.0, 1.0 and1.0 mg mL-1,

respectively.

Fig. 2. Effect of curcumenol on different fungal phytopathogens at 125,

250, 500,1000 and 2000 µg mL–1; (A) F. graminearum, (B) P.

wasabiae, (C) P. brassicae

After exposure at 30-70 ºC for 0.5 h, the antifungal activity

of curcumenol against F. graminearum were not evidently

affected. However, it was reduced only 10 % when disposed

at 90-100 ºC for 0.5 h. Moreover, curcumenol showed stable

antifungal activity because of its activity being not significantly

changed when the compound under pH values from 2 to 10.

All these results suggested that the antifungal activity of

curcumenol was stable under a broad temperature and pH

ranges.

The hyphae morphology of F. graminearum was also

observed under SEM (Fig. 3) in order to compare the mycelium

structures of experiment group which treated with the

curcumenol solution or without the compound. In the control

group (treated without curcumenol), the hyphae hmorphology

is intact and their cells were smooth while the experimental

group (treated with 0.5 M curcumenol for 2 h) showed that

the surfaces of mycelium were all developed wrinkled and

distorted.

Fig. 3. Scanning electron microscopy (SEM) of F. graminearum; (A)

control, (B) cells treated with curcumenol

Results of the TEM photographs (Fig. 4) showed that the

cell wall and membrane of F. graminearum in which treated

with no curcumenol were all intact and clearly seen in their

ultrastructure, but that of the curcumenol-treated group, espe-

cially the cell-wall exhibited degrading or disappeared, the

organelles reducing and disintegrating. There were apparent

stripes in intracellular structure of the curcumenol treated group

while in the control group cell no similar stripe shape structure

was found.

Fig. 4. Transmission electron microscopy (TEM) of F. graminearum; (A)

control, (B) cells treated with curcumenol

Conclusion

In this paper, we purified the compound from C. zedoaria,

applying bio-active-guided silica gel column chromatography

and high performance liquid chromatography and firstly

proved that it had effective antifungal activity against plant

pathogenic fungi, such as P. wasabiae, F. graminearum, P.

brassicae and M. grisea.
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