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Abstract This study was undertaken to assess the anti-

bacterial efficacy of the essential oil and extracts of

Cleistocalyx operculatus buds against plant pathogenic

bacteria of Xanthomonas spp. The diameter of inhibition

zones of oil (1,000 lg/disc) and extracts (1,500 lg/disc)

against the tested bacteria were found in the range of

7–23 mm. The MIC and MBC values of the oil and extracts

against the tested Xanthomonas spp. ranged from 31.25–

125 to 62.5–250 lg/ml and 125–500 and 250–1,000 lg/ml,

respectively. The cell viability study demonstrated a

potential detrimental effect of the oil (1,000 lg/ml) and

hexane extract (250 lg/ml) on the tested Xanthomonas spp.

Also the oil displayed significant antibacterial effects in

vivo against Xoo KX019 and Xsp SK12 conducted on

greenhouse-grown oriental melon plants (Cucumis melo

L. var. makuwa). The results of this study suggest that

C. operculatus-derived essential oil and extracts could be

used as natural bactericides in the food and agriculture

industries.

Keywords Xanthomonas spp. � Cleistocalyx operculatus

buds � Antibacterial efficacy � Essential oil �
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Introduction

Plant diseases constitute an emerging threat to global food

security. Many of the currently available antimicrobial

agents for agriculture are highly toxic, non-biodegradable,

and cause extended environmental pollution [1]. Plants are

constantly exposed and threatened by a variety of patho-

genic microorganisms present in their environments. Dis-

eases caused by pathogens including bacteria and fungi

significantly contribute to the overall loss in crop yields

worldwide [2]. In an effort to combat diseases, plants have

devised various mechanisms and compounds to fend off

microbial invaders. Despite the existence of plant defense

mechanisms, a major difficulty encountered is the lack of

effective control agents against some severe plant bacterial

diseases. On the other hand, application of chemical

derivatives has effectively controlled the plants from bac-

terial disease but this threatens to contaminate the envi-

ronment, hindering the management of diseases in crops

and agricultural products [3].

Bacterial diseases caused by Xanthomonas has devas-

tated various host-plants, resulting in considerable losses in

productivity and quality of harvests [4]. Pathovars of

Xanthomonas are reported to have developed resistance to

several antibiotics such as kanamycin, ampicillin, penicil-

lin, and streptomycin [5]. In addition, control of the disease

is difficult, often requiring expensive and complex inte-

grated pest management, including the use of contamina-

tion-free seeds, sanitization practices, and the use of

chemicals. Moreover, antibiotics and synthetic pesticides

are forbidden in many countries as they exert a negative

impact such as high and acute toxicity, long degradation

periods and accumulation in the food chain. Consequently,

there is an obvious need to search for alternative natural

antimicrobial agents or biopesticides to control bacterial
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plant diseases for agricultural applications, which are

nontoxic and nonpolluting [6]. Compounds are specially

sought that have activity against plant pathogenic bacteria

that have acquired resistance to commercial compounds.

Researches focused on plant-derived natural bactericides

and their possible applications in agriculture to control plant

bacterial diseases has intensified as this approach has enor-

mous potential to inspire and influence modern agro-chem-

ical research. Naturally occurring and biologically active

plant products such as essential oils and organic extracts

could be a source of alternative classes of natural biopesti-

cides to serve as templates for new and more effective

compounds in controlling plant pathogenic microorganisms.

Melon crops are much diversified and comprise six sub-

varieties, among which the oriental melons (Cucumis melo

L. var. makuwa) are commercially important. They are

widely grown in Korea, China and Eastern Asian countries

and favored by consumers, largely due to their high qual-

ities, special flavors and consumer demands.

Cleistocalyx operculatus (Roxb.) Merr and Perry, is a

well known traditional medicine, widely distributed and

propagated in China, Vietnam and some other tropical

countries. Various in-vitro and in-vivo biological activities

such as anticancer, antitumor, antihyperglycemic and car-

diotonic actions of the extract and components of C. oper-

culatus buds have been reported [7–10]. Previously, we

have reported the chemical composition and antibacterial

properties [11] of the essential oil and various organic

extracts of C. operculatus buds against food-borne patho-

gens and multiantibiotic-resistant bacteria as well as the

antiinflammatory property of its oil [12]. The GC/MS

analysis of the leaf essential oil of C. operculatus has also

been reported [13]. In the present study, a detailed in-vitro

and in-vivo investigation was conducted to test the efficacy

of essential oil and various organic extracts of C. oper-

culatus buds against plant pathogenic bacteria of Xantho-

monas spp. on greenhouse-grown oriental melon plants.

Materials and Methods

Plant Material

The buds of C. operculatus used in this experiment were

purchased from its range of habitat, a local herb supplier in

Hanoi, Vietnam, and were identified by comparing its

morphological features with the specimen deposited at the

Plant Laboratory, Institute of Biological Ecology and

Biological Resources, Vietnamese Academy of Science

and Technology, Hanoi, Vietnam.

The seeds of the oriental melon (Cucumis melo L. var.

makuwa) were purchased from a local seed supplier in

Daegu city, Kyoungbook, Republic of Korea.

Isolation of Essential Oil

The essential oil of C. operculatus buds used in this study

was obtained as described previously [15]. In brief, the air-

dried C. operculatus buds were pulverized and a powder

sample (250 g) was subjected to hydrodistillation for 4 h

using a Clevenger type apparatus to obtain the essential oil.

The oil was dried over anhydrous Na2SO4 and preserved in

a sealed vial at 4 �C in the dark until further analysis (yield

0.68%, w/w). The chemical composition of the oil was

similar to that reported previously [11].

Preparation of Organic Extracts

The air-dried buds of C. operculatus were pulverized and

the dried powder (50 g) was successively extracted twice

with hexane, chloroform, ethyl acetate and methanol at

room temperature and the similar extracts were combined.

The solvents from the extracts were evaporated by a vac-

uum rotary evaporator (EYELA N1000, Japan) and dried to

yield hexane (3.2%, w/w), chloroform (4.3%, w/w), ethyl

acetate (4.8%, w/w) and methanol (5.6%, w/w) extracts.

Solvents (analytical grade) for extraction were purchased

from Sigma-Aldrich Co., USA.

Microorganisms

The test organisms used in this study were Xanthomonas

campestris pv. campestris KC94-17 (Xcc KC94-17), Xan-

thomonas campestris pv. vesicatoria YK93-4 (Xcv YK93-

4), Xanthomonas oryzae pv. oryzae KX019 (Xoo KX019)

and Xanthomonas sp. SK12 (Xsp SK12), which were col-

lected from the Korean Agricultural Culture Collection

(KACC), Suwon, Republic of Korea. Active cultures for

experimental use were prepared by transferring a loopful of

cells from stock cultures to flasks and inoculating them

in a Luria–Bertani (LB) broth medium at 30 �C for 24 h.

Cultures of each bacterial strain were maintained on an

LB agar medium at 4 �C.

Determination of Antibacterial Activity by Disc

Diffusion Method

The agar diffusion method was used for antibacterial assay

[14]. Previously prepared LB agar plates were used for the

antibacterial assay. A 100-ll sample of a standardized

bacterial suspension containing 107 CFU/ml was poured

and uniformly spread, and the inoculum was allowed to dry

for 5 min. To prepare the stock solution of the samples,

1 ml oil was dissolved in 10 ml 5% DMSO (dimethyl

sulfoxide), whereas the extracts (hexane, chloroform,

ethyl acetate and methanol) were dissolved in their

respective solvents. Whatman No. 1 sterile filter paper
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discs (6 mm diameter) were impregnated with defined

concentrations of essential oil (1,000 lg/disc) and organic

extracts (1,500 lg/disc), prepared in 5% DMSO or the

solvents (hexane, chloroform, ethyl acetate and methanol),

respectively. The discs were allowed to dry for 15 min and

placed on the inoculated agar. The standard reference drug,

ampicillin (20 lg/disc) was used as a positive control, was

obtained from Sigma Chemicals (St. Louis, MO). Negative

controls were prepared using the same solvents employed

to dissolve the samples. The plates were incubated at 30 �C

for 24 h. Antibacterial activity was evaluated by measuring

the diameter of zones of inhibition using a vernier caliper

against the tested bacteria. Each assay in this experiment

was replicated three times.

Determination of Minimum Inhibitory and Minimum

Bactericidal Concentrations

Micro-dilution susceptibility assay was performed using

the NCCLS method for the determination of minimum

inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) [15]. Bacteria were cultured over-

night at 30 �C. The test samples of oil and the extracts were

dissolved in 5% DMSO. Dilutions were prepared in a

96-well microtiter plates to get final concentrations ranging

from 0 to 4,000 lg/ml. Finally, 20 ll of inoculum (106–

10-7 CFU/ml) was inoculated onto the microplates and the

tests were performed in a volume of 200 ll. Plates were

incubated at 30 �C for 24 h. The standard reference drug,

ampicillin, was used as a positive control for the tested

plant pathogenic bacteria. The lowest concentrations of

tested samples, which did not show any visual growth after

macroscopic evaluation, were determined as MICs, which

were expressed in lg/ml. Using the results of the MIC

assay, the concentrations showing complete absence of

visual growth of bacteria were identified and 50 ll of each

culture broth was transferred onto the agar plates and

incubated for the specified time and temperature as men-

tioned above. The complete absence of growth on the agar

surface in the lowest concentration of sample was defined

as the MBC. Each assay in this experiment was replicated

three times.

Determination of Cell Viability Counts

Each of the tubes containing the bacterial suspension

(approximately 106 CFU/ml) of the test bacterial strains of

Xanthomonas spp. was inoculated with a concentration of

1,000 and 250 lg/ml of the essential oil and hexane

extract, respectively from C. operculatus buds in 10 ml LB

medium, and kept at 30 �C. Samples for viable cell counts

were taken out at 0, 5, 15, 30, 60, 120 min and 24 h time

intervals. The viable plate counts were monitored as

followed: 0.1 ml sample of each treatment was diluted and

spread on the surface of LB agar place. The colonies were

counted after 24 h of incubation at 30 �C. The controls

were inoculated without test samples (essential oil and

hexane extract) for each bacterial strain with the same

experimental condition as mentioned above. Population

levels of strains were expressed as: log10 CFU/ml. Each

assay in this experiment was replicated three times.

Cultivation of Oriental Melon Plants (Cucumis melo

L. var. makuwa) in Greenhouse and Preparation

of in Vivo Test Samples

For in-vivo experimentation, the seeds of test plants

(Cucumis melo L. var. makuwa) were grown in separate

pots during April, 2008 in a greenhouse (24–25 �C, 60–

70% of humidity and higher light intensity required for

melon plants was also maintained). The tested plants pos-

sessing an average of 7–10 leaves were used as the host

plants for the in vivo experiments.

The essential oil of C. operculatus buds was dissolved in

solution of 0.5% dimethyl sulfoxide (DMSO) and 0.1%

surfactant Tween 80 in distilled water to get the concen-

trations of the tested solutions of 0, 500, 1,000 and

2,000 lg/ml of the essential oil of C. operculatus buds.

In-Vivo Antibacterial Activity Assay

Among the tested strains of Xanthomonas spp. in vitro such

as X. campestris pv. campestris KC94-17 (Xcc KC94-17),

X. campestris pv. vesicatoria YK93-4 (Xcv YK93-4),

X. oryzae pv. oryzae KX019 (Xoo KX019) and X. sp. SK12

(Xsp SK12), which cause black rot, bacterial spot, bacterial

leaf blight, chlorosis and water-soaked lesions in varied

host plants including oriental melon, X. campestris pv.

vesicatoria YK93-4 (Xcv YK93-4) and X. sp. SK12 (Xsp

SK12) were selected as the test organisms for the evalua-

tion of in-vivo antibacterial activity of the essential oil of

C. operculatus buds using the method as described previ-

ously [16].

The oriental melon plants (Cucumis melo L. var.

makuwa) possessing an average of 7–10 leaves were

divided to six groups. Each group consisted of three

plants (24 leaves). Two control groups were treated and

untreated with vehicle solution only (0.5% DMSO and

0.1% Tween 80 in distilled water) without pathogen. The

other four groups were treated with different concentra-

tions of the essential oil of C. operculatus buds (0, 500,

1,000 and 2,000 lg/ml, respectively) in vehicle solution

and bacterial spore suspension. The bacterial spore sus-

pension prepared in LB medium (around 108 CFU/ml) of

each bacterial pathogen was sprayed onto each pot at the

same time.
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Development of disease lesions were scored on the 12th

day after pathogen inoculation. The disease lesion areas

and the whole leaf area were measured in square centi-

meters using a vernier caliper. All tests were conducted in

three replicates, and scoring was done based on the average

area of diseased lesion/the area of whole leaves (L/W). A

disease scale of 0–9 was used, with 0 indicating no infec-

tion of leaves; 1, L/W \ 2; 3, L/W = 2.5; 5, L/W = 5; 7,

L/W = 7.5 and 9 indicating complete death of leaves.

A disease index (DI) was calculated using formula:

DI = 100 9 sum of individual scores/total leaves observed 9

maximum score.

The extent of disease reduction attributed to each

treatment was calculated using the following formula:

disease suppression efficiency = [(DIcontrol - DItreatment)/

DIcontrol] 9 100%.

Statistical Analysis

The data obtained for antibacterial activity of essential oil

and various extracts were statistically analyzed and mean

values were calculated. A Student’s t test was computed for

the statistical significance of the results at p \ 0.05.

Results

In-Vitro Antibacterial Activity

As shown in Table 1, the essential oil obtained from the

buds of C. operculatus revealed potential antibacterial

effects at the concentrations utilized against plant patho-

genic bacteria of Xanthomonas spp. such as Xanthomonas

campestris pv. campestris KC94-17 (Xcc KC94-17),

X. campestris pv. vesicatoria YK93-4 (Xcv YK93-4),

X. oryzae pv. oryzae KX019 (Xoo KX019) and X. sp. SK12

(Xsp SK12). The diameter of the inhibition zones of the

essential oil against the tested strains of Xanthomonas spp.

were in the range of 13–23 mm. Xsp SK12 and Xoo KX019

were found most susceptible pathogenic bacteria to the

essential oil of C. operculatus buds. On the other hand,

hexane, chloroform, ethyl acetate and methanol extracts of

C. operculatus buds also exhibited potent antibacterial

effects against the tested strains of Xanthomonas spp. as a

diameter of zones of inhibition, ranging from 12–22, 7–16

to 11–16, 10–13 mm, respectively (Table 1). The hexane

extracted material displayed a remarkable antibacterial

effect as a diameter of zones of inhibition against the tested

plant pathogenic bacteria of Xanthomonas spp. relative to

the other extracts. On the other hand, standard ampicillin

showed lower antibacterial effect as compared to the oil

with diameter of zones of inhibition found in the range of

10 to 13 mm. In some cases, the activity of ampicillin was

also comparable with organic extracts, especially when

compared with the hexane extract.

Minimum Inhibitory and Bactericidal Concentrations

As shown in Table 2, the minimum concentrations of

essential oil were found more susceptible to the tested plant

pathogenic bacteria of Xanthomonas spp. as compared to

the organic extracts. The essential oil displayed remarkable

antibacterial activity against all the tested strains of Xan-

thomonas spp. such as Xcc KC94-17, Xcv YK93-4-, Xoo

KX019 and Xsp SK12 with MIC and MBC values of

31.25–125 and 62.5–250 lg/ml, respectively. The oil had a

detrimental effect on Xcc KC94-17 and Xoo KX019 with

MIC value of 31.25 lg/ml for each bacterial strain. Also,

the organic extracts (hexane, chloroform, ethyl acetate and

methanol) of C. operculatus buds exhibited strong

Table 1 Antibacterial activity of essential oil and various organic extracts of Cleistocalyx operculatus buds against plant pathogenic bacteria of

Xanthomonas spp.

Bacterial pathogen Essential oila Organic extractsb Standardc

Hexane Chloroform Ethyl acetate Methanol

Xanthomonas campestris pv. campestris
KC94-17 (Xcc KC94-17)

13.0 ± 0.0* 21.0 ± 0.0* 10.0 ± 0.0* 15.0 ± 0.0* 12.0 ± 0.0 12.0 ± 0.0

Xanthomonas campestris pv. vesicatoria
YK93-4 (Xcv YK93-4)

13.0 ± 0.0* 22.0 ± 0.0* 16.0 ± 0.5* 16.0 ± 0.0* 13.0 ± 0.0* 10.0 ± 0.0

Xanthomonas oryzae pv. oryzae KX019

(Xoo KX019)

23.0 ± 0.0* 12.0 ± 0.0* 8.0 ± 0.0* 11.0 ± 0.0* 10.0 ± 0.0* 13.0 ± 0.0

Xanthomonas sp. SK12 (Xsp SK12) 15.0 ± 0.0* 12.0 ± 0.0 7. 0 ± 0.0* 14.0 ± 0.0* 13.0 ± 0.0* 12.0 ± 0.0

Data are expressed as the diameter of inhibition zones (mm); Values are given as an average of triplicate experiments

* P \ 0.05 significant
a Essential oil used at 1,000 lg/disc
b Organic extracts used at 1,500 lg/disc
c Standard: Ampicillin (20 lg/ml)
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antibacterial activity against the employed bacterial strains

of Xanthomonas spp. MIC and MBC values of the extracts

were found in the range of 125–500 and 250–1,000 lg/ml,

respectively. However, the hexane extract exhibited

stronger antibacterial effect as compared to chloroform,

ethyl acetate and methanol extracts (Table 2). On the other

hand, the neat essential oil displayed better antibacterial

effect against the tested bacterial pathogens as MIC values

as compared to standard ampicillin (MIC: 250–500 lg/ml).

However, in some cases, the extracts had a higher anti-

bacterial effect as compared to the standard antibiotic

which might be due to the presence of highly bioactive

compounds extracted with different solvents.

Cell Viability Counts

In the above-presented results, the neat essential oil and

hexane extract of C. operculatus buds exhibited remarkable

antibacterial activity against the tested bacteria of Xantho-

monas spp. To visualize the antibacterial effect of the

essential oil and hexane extract against the tested bacteria of

Xanthomonas spp., a cell viability assay was performed. The

effect on the cell viabilities demonstrated that exposure to

essential oil at concentration of 1,000 lg/ml had a strong

antibacterial effect inhibiting the cell viable counts of the

tested bacteria of Xanthomonas spp. The exposure time of

essential oil for complete inhibition of cell viabilities of the

tested bacteria was found between 60 and 120 min (Fig. 1a).

On the other hand, among the tested plant pathogenic

bacteria of Xanthomonas spp., Xoo KX019 seemed to be

most sensitive bacterial pathogen to hexane extract at

250 lg/ml as compared to other tested bacteria in cell

viability assay. The exposure time of the hexane extract for

complete inhibition of cell viability of Xoo KX019 was

found to be 60 min (Fig. 1b). However, the hexane extract

has a lesser antibacterial properties on the inhibition of cell

Table 2 Minimum inhibitory concentrations (MIC) and minimum bactericidal concentration (MBC) of essential oil and various extracts of

Cleistocalyx operculatus buds against the growth of plant pathogenic bacteria of Xanthomonas spp.

Bacterial pathogen Essential oil Organic extracts Standarda

Hexane Chloroform Ethyl acetate Methanol

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC

Xanthomonas campestris pv. campestris
KC94-17 (Xcc KC94-17)

31.25 62.5 250 500 500 500 500 500 250 500 500

Xanthomonas campestris pv. vesicatoria
YK93-4 (Xcv YK93-4)

62.5 62.5 250 250 500 1,000 250 500 250 500 500

Xanthomonas oryzae pv. oryzae KX019 (Xoo KX019) 31.25 62.5 125 250 500 1,000 500 500 250 500 250

Xanthomonas sp. SK12 (Xsp SK12) 125 250 500 500 500 1,000 500 500 500 1,000 250

a Standard: Ampicillin (all values are in lg/ml)
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Fig. 1 Effect of essential oil (a) and hexane extract (b) of Cleisto-
calyx operculatus buds on the viability of Xanthomonas campestris
pv. campestris KC94-17 (Xcc KC94-17, closed circles, open circles),

X. oryzae pv. oryzae KX019 (Xoo KX019, closed squares, open
squares), X. campestris pv. vesicatoria YK93-4 (Xcv YK93-4, closed
triangles, open triangles) and X. sp. SK12 (Xsp SK12, closed

rhombus, open rhombus). Closed symbols (closed circles, closed
squares, closed triangles and closed rhombus) represent bacterial

pathogens treated with essential oil (1,000 lg/ml) and hexane extract

(250 lg/ml), whereas open symbols (open circles, open squares, open
triangles and open rhombus) represent bacterial pathogens without

treatment
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viabilities of Xcc KC94-17, Xcv YK93-4 and Xsp SK12

bacterial pathogens.

In-Vivo Antibacterial Activity of the Essential Oil

For the in-vivo assay conducted on greenhouse grown

oriental melon plants, two plant pathogenic bacteria Xan-

thomonas spp. Xcv YK93-4 and Xsp SK12, based on their

low susceptibility to the essential oil of C. operculatus buds

in vitro, were selected for the in vivo antibacterial study

to further enrich the outcomes of in vitro study. As shown

in Table 3, the essential oil of C. operculatus buds at the

concentration of 2,000 and 1,000 lg/ml revealed potential

antibacterial effect as 100% disease suppression efficiency

against both the tested strains of Xcv YK93-4, the causal

agent of bacterial spot and Xsp SK12 causing water-soaked

lesions in oriental melon plants (Fig. 2). However, 500 lg/ml

concentration of the essential oil of C. operculatus buds

exhibited moderate activity of antibacterial efficacy against

Xcv YK93-4 and Xsp SK12 with their respective disease

suppression efficiency of 72.8 ± 2.9 and 83.63 ± 5.7%.

As a control, vehicle solution (0.5% DMSO ? 0.1%

Tween 80 in distilled water) had no pathogenicity.

After 12 days, it was observed that higher essential oil

concentrations (1,000 and 2,000 lg/ml) had strong anti-

bacterial effects against the bacterial pathogenicity of Xcv

YK93-4 and Xsp SK12 and no bacterial disease symptoms

(bacterial blight, bacterial spot, water-soaked lesions and

twig dieback) on the leaves of tested oriental melon plants

caused by plant pathogenic bacteria of Xanthomonas spp.

were observed. However, at 500 lg/ml, six leaves treated

with pathogen groups were found infected by Xcv YK93-4

and Xsp SK12 (Fig. 2; Table 3).

Discussion

The increasing social and economic implications caused by

plant pathogenic bacteria means there is constant striving

to produce safer foods (crops, vegetables and fruits) and to

develop new antibacterial agents. In general, plant-derived

essential oils are considered to be non-phytotoxic com-

pounds and potentially effective against plant pathogenic

bacteria [17]. In recent years, the use of essential oil anti-

microbial agents and their extracts is one of the first

choices after plant bacterial disease outbreaks. Besides,

interest has been generated in the development of safer

antibacterial agents to control plant pathogenic bacteria in

agriculture which also include essential oils and extracts.

In the present study, the in vitro antibacterial activities

of essential oil and the various organic extracts of hexane,

chloroform, ethyl acetate and methanol derived from

C. operculatus buds were quantitatively assessed by the

presence or absence of inhibition zones. Essential oils,

which are odorous and contain volatile products of plant

secondary metabolism, have wide applications to control

pathogenic bacteria. In addition to this, C. operculatus buds

mediated oil contained c-terpinene (5.76%), cis-linalool

oxide (5.21%), camphene (4.12%), trans-carveol (3.91%),

a-pinene (3.45%), b-pinene (3.07%), terpinen-4-ol

(2.58%), myrcene (2.40%), globulol (5.61%), acorenol

(5.12%), b-himachalol (3.84%), cyclobazzanene (3.12%),

2,3-dehydro-1,4-cineol (3.01%), trans-dihydrocarvone

(1.58%), presilphiperfol-1-ene (2.48%) and c-amorphene

(2.12%), as earlier reported the major or minor components

of the various essential oils, which have enormous potential

to inhibit pathogenic bacteria [17, 18]. The results of this

study, obtained in vitro, showed that essential oil and

Table 3 In-vivo antibacterial activity of the essential oil of Cleistocalyx operculatus buds against the bacterial pathogens of Xanthomonas spp.

conducted on greenhouse grown oriental melon plants (Cucumis melo L. var. makuwa)

Group of experiment Treatment Essential oil

concentration

(lg/ml)

Xanthomonas campestris pv.

vesicatoria YK93-4

Xanthomonas sp. SK12

Number of the

infected leaves/

Total leaves

Disease

suppression

efficiency (%)

Number of the

infected leaves/

Total leaves

Disease

suppression

efficiency (%)

Normal control groups treated without pathogen – 0 0/24 100.0 ± 0.0 0/24 100.0 ± 0.0

VHa 0 0/24 100.0 ± 0.0 0/24 100.0 ± 0.0

Treated groups with pathogen VH 0 24/24 0.0 ± 0.0 24/24 0.0 ± 0.0

VH ? EOb 500 6/24 72.8 ± 2.9 6/24 83.6 ± 5.7

VH ? EO 1,000 0/24 100.0 ± 0.0 0/24 100.0 ± 0.0

VH ? EO 2,000 0/24 100.0 ± 0.0 0/24 100.0 ± 0.0

– Normal control without treatment
a Vehicle solution of 0.5% DMSO ? 0.1% Tween 80 in distilled water
b Essential oil in vehicle solution
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various organic extracts of C. operculatus buds exerted

potential antibacterial effect against Xcc KC94-17, Xcv

YK93-4, Xoo KX019 and Xsp SK12, and these findings are

strongly supported by our work [17].

Various publications have documented the antimicrobial

activity of essential oils and plant extracts [17, 18]. In recent

years, several researchers reported mono- and sesquiterpe-

noids as the essential components of the plant-based essential

oils, which were also characterized in terms of high content in

the oil of C. operculatus buds [11]. Mono- and sesquiterpenes

are the major components of the essential oils. It seems rea-

sonable to assume that the antimicrobial mode of the action

might be related to the terpenoid components present. Ter-

penoids not only attack cell walls and cell membranes, thereby

affecting their permeability and release of intracellular con-

stituents (e.g. ribose, Na glutamate) but also interfere with

membrane functions. Essential oils can coagulate the cyto-

plasm and damage lipids and proteins, leading to the leakage

of macromolecules and to lysis [19].

Essential oils at the concentrations of 2,000 and

1,000 lg/ml exhibited 100% in vivo inhibitory effect

against Xcv YK93-4 and Xsp SK12. Earlier in-vivo studies

on the analysis of antibacterial effect of various essential

oils showed that they had varying degrees of antibacterial

effect against different pathogenic bacteria [20]. Our study

revealed similar results of the antibacterial effect of

C. operculatus bud oil in vivo against the tested plant

pathogenic bacteria of Xanthomonas spp. under greenhouse

conditions.

Certain essential oils and extracts act in many ways on

various types of disease complex, and may be applied to

the crops in the same way as other agricultural chemicals.

C. operculatus buds mediated oil and extracts can also be

used as a leading factor in a wide range of activities against

many plant pathogenic bacteria, where these pathogens

have developed resistance against the specific bactericides

[21]. Among these pathogens, bacterial leaf blight caused

by X. oryzae pv. oryzae has been reported as beeing a most

serious disease of rice in South East Asia, particularly since

the widespread cultivation of dwarf high-yielding cultivars

[22]. In our study, it has become clear that both essential oil

and extracts possessed the ability to strongly inhibit the

Fig. 2 In-vivo antibacterial effect of the essential oil of Cleistocalyx
operculatus buds against plant pathogenic bacterial strains of

Xanthomonas sp. SK12 (Xsp SK12) and Xanthomonas campestris
pv. vesicatoria YK93-4 (Xcv YK93-4) on greenhouse-grown oriental

melon plants. a No treatment; b, c treated with pathogen strains Xsp
SK12 and Xcv YK93-4 in vehicle (0.5% DMSO ? 0.1% Tween 80 in

water); d–f treated with pathogen (Xsp SK12) and different concen-

trations of the essential oil (500, 1,000 and 2,000 lg/ml, respectively)

in the control; g–i treated with pathogen (Xcv YK93-4) and different

concentrations of the essential oil (500, 1,000 and 2,000 lg/ml,

respectively) in the control. Arrows indicate the disease symptoms
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growth of Xoo KX019 along with other plant pathogenic

bacteria tested.

Moreover, information on the antibacterial effects of

C. operculatus against plant pathogenic bacteria is scant,

and these results show that the oil and various extracts of

C. operculatus buds had a substantial antibacterial effect

against Xcc KC94-17 (black rot in radish), Xcv YK93-4

(bacterial spot in tomato and pepper), Xoo KX019 (bacterial

leaf blight in rice) and Xsp SK12 (lesions and twig dieback

in varied hosts). These pathogens are responsible for serious

economic losses in various parts of the world and, although

control measures are available, they are of limited effec-

tiveness [23]. As a result, work on alternative approaches to

control such pathogens is important. Thus, this research

would be worthy as an important biocontrol approach to

inhibit plant pathogenic bacteria in vitro and in vivo.

The results of this study provide sufficient evidences

that the essential oil and various organic extracts (in

n-hexane, chloroform, ethyl acetate and methanol) of

C. operculatus buds represent the potential sources for their

applications in the agro-industry to control plant patho-

genic bacteria causing severe bacterial diseases in impor-

tant agricultural plants as also shown to be evident by our

previous work [17]. The use of essential oils in consumer

goods is expected to increase in the future due to the rise in

‘‘green consumerism’’, which stimulates the use and

development of products derived from plants, as both

consumers and regulatory agencies are more comfortable

with the use of natural antimicrobials [24]. Thus, from the

above results it can be concluded that essential oil and

various organic extracts derived from the buds of C. op-

erculatus could be used as promising and naturally

occurring bactericides to control plant bacterial diseases

caused by Xanthomonas spp. and also to screen and

develop novel types of selective and natural bactericides in

the management of bacterial pathogens causing drastic

losses to crops and vegetables in agriculture industry.

Further study is warranted on the isolation, purification and

characterization of the bioactive compounds present in

various extracts of C. operculatus to evaluate its biological

potential against plant pathogenic bacteria.
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