African Journal of Microbiology Research Vol. 6(15), pp. 3667-3672, 23 April, 2012

Available online at http://www.academicjournals.org/AJMR
DOI: 10.5897/AJMR12.118
ISSN 1996-0808 ©2012 Academic Journals

Full Length Research Paper

Evaluation of antibacterial properties and biochemi

cal

effects of monoterpenes on plant pathogenic bacteri a

Mona A. Abdel Rasoul *, Gehan I. Kh. Marei * and Samir A. M. Abdelgaleil

1Department of Pest Control and Environmental Protection, Faculty of Agriculture, Damanhour University, Damanhour,

Egypt.
’Department of Chemistry of Pesticides, Faculty of Agriculture, 21545-EI-Shatby, Alexandria University, Alexandria,

Egypt.

Accepted 29 March, 2012

The antibacterial activity of twelve monoterpenes,

namely camphene, ( R)-camphor, ( R)-carvone, 1,8-

cineole, cuminaldehyde, ( S)-fenchone, geraniol, ( S)-limonene, ( R)-linalool, ( 1R,2S,5R)-menthol, myrcene

and thymol was tested against two plant pathogenic

carotovora var. carotovora using agar dilution method. For a better understan

mechanisms of action, the inhibitory effect of thre

effective compounds against

caused the highest inhibitory effect on dehydrogena

thymol. However, thymol showed the highest inhibito
tested bacteria, followed by ( R)-linalool. In general, there was a positive correl

antibacterial activity of monoterpenes and their in

report for the determination of MIC and enzymes inh

pathogenic bacteria.

bacteria Agrobacterium tumefaciens and Erwinia
ding of monoterpenes

e monoterpenes ( R)-linalool, myrcene and thymol was
assessed on dehydrogenases and polyglacturonase act
thymol, ( S)-limonene and myrcene were the most potent antibac
tumefaciens with minimum inhibitory concentration (MIC) of 100

ivities. Among the tested monoterpenes,
terial compounds against  A.
0 mg/L. Thymol was also the most

E. carotovora var. carotovora, while camphene, cunimaldhyde and 1,8-
cineole were the less effective compounds against b

oth bacteria. In biochemical studies, myrcene

ses activity of the two tested bacteria, followed b y

ry effect on polygalacturonase activity of both
ation between the

hibitory effects on both enzymes. This is the first

ibitory effects of tested monoterpenes on plant

Key words: Monoterpenes, antibacterial activity, plant pathogenic bacteria, dehydrogenases, polygalacturonase.

INTRODUCTION

Monoterpenes are a class of natural products containing
ten carbons, found in many different higher-order plants
and are the main constituents in the majority of plant
essential oils. Two thousands naturally occurring
monoterpenes are known. These compounds give plants
their unigue odoriferous properties. They are derived
from the coupling of two isoprenoid units, which are made
from isopentylpyrophosphate, a precursor in the
biosynthesis of cholesterol (Windholz et al., 1983).
Monoterpenes can be classified into two major groups:

*Corresponding author. E-mail: samirl969us@yahoo.com. Fax:
+20 3 592 0067.

monoterpene hydrocarbons and oxygenated
monoterpenes. The latter group includes alcohols,
aldehydes, ketones, ethers and acids (Templeton, 1969).
These compounds are usually fragrant oils or low melting
solids, which are often found in perfumes and other
cosmetics, and are commonly used as food additives and
therapeutic drugs (Tsao and Coats, 1995). The natural
pesticidal properties of some monoterpenes make them
useful as potential alternative pest control agents as well
as good lead compounds for the development of safe,
effective, and fully biodegradable pest control agents.
Monoterpenes have been shown to possess remarkable
pesticidal activities, including insecticidal (Isman, 2000;
Grodnitzky and Coats, 2002), herbicidal (Duke et al.,
2000; Singh et al., 2002), fungicidal (Wuryatmo et al.,
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2003; Cardenas-Ortega et al., 2005) and bactericidal
(Cristani et al., 2007; Cantore et al., 2009) properties.

Agrobacterium tumefaciens, a soil borne bacterium,
causes crown gall which is a world wide disease of a
wide range of dicotyledonous plants, especially members
of the rose family such as apple, pear, peach, cherry,
almond, raspberry and roses. It is estimated that A.
tumefaciens causes crown gall disease in over 600
species of trees (Wang et al., 2000). This disease cause
great economic loss in fruit plants (Wang et al., 1991;
Abussaoud and Al-Momani, 1992). Erwinia carotovora
subsp. carotovora is a soil borne facultative anaerobic
pathogen. It infects and causes soft rot, blackleg or stem
rot in many economically important crops, including
vegetables, flowers and fruits (Pérombelon and Kelman,
1980). This bacterium invade crops in the fields or in
storage and causes plant tissues to become soft and
watery which then turn slimy and foul-smelling, eventually
resulting in plant death (Pérombelon and Kelman, 1980;
Wright, 1998).

Control of phytopathogenic bacteria encountered
several difficulties, such as the lack of effective
bactericides (Montesinos et al., 2000), the development
of resistance for many of these pathogens, and the wide
host range of some these bacteria (Loper et al., 1991;
Sundin and Bender, 1993). For many years, copper
derivatives and antibiotics are used for the control of
these pathogens. However, the intensive use of these
chemicals caused serious environmental contaminations
and emergence of resistance which limited the value of
antibiotics in crop protection. Therefore, there is an
urgent need for new chemicals and/or products for
control phytopathogenic bacteria. Thus, there has been a
growing interest on the research of the possible use of
plant secondary metabolites for pest and disease control
in agriculture (Costa et al., 2000). Essential oils and their
major constituents, monoterpenes are among the most
promising classes of natural products that can be used as
safer pest and disease control agents.

Although several studies have been reported on the
antibacterial activity of monoterpenes against human and
animal pathogens, food poisoning and spoilage bacteria
(Naigre et al., 1996; Dorman and Deans, 2000; Cantrell
et al., 2001; Inouye et al., 2001; Trombetta et al., 2005; Si
et al., 2006; Cristani et al., 2007; Kotan et al., 2007;
Zarrini et al.,, 2010; Garcia-Garcia et al.,, 2011), there
were a few studies in the literature on the activity of
monoterpenes against plant pathogenic bacteria. For
examples, the in vitro antimicrobial activity of geraniol
towards 7 strains of Erwinia amylovora, the causal agent
of ‘fire blight’ of rosaceous plants, was assessed in tube
cultures by Scortichini and Rossi (2008) and Sato et al.
(2007). El-Zemity et al. (2008) evaluated antibacterial
effects of 13 monoterpenes against A. tumefaciens and E.
carotovora using inhibition zone method. Eugenol had a
potential to disinfect bean seeds from Xanthomonas
campestris pv. phaseoli var. fuscans (Cantore et al.,

2009).

In the present study, the antibacterial activity of 12
monoterpenes camphene, (R)-camphor, (R)-carvone,
1,8-cineole, cuminaldehyde, (S)-fenchone, geraniol, (S)-
limonene, (R)-linalool, (1R,2S,5R)-menthol, myrcene and
thymol was evaluated against two plant pathogenic
bacteria A. tumefaciens and E. carotovora. The inhibitory
effect of these monoterpenes was examined on the
activity of two exocellular enzymes dehydrogenases and
polygalacturonase to explore their possible mode of
action.

MATERIALS AND METHODS
Chemicals

Twelve monoterpenes, camphene (95%), (R)-camphor (98%), (R)-
carvone (98%), 1-8-cineole (99%), cuminaldehyde (98%), (S)-
fenchone (98%), geraniol (98%), (S)-limonene (96%), (R)-linalool
(95%), (1R,2S,5R)-menthol (98%), myrcene (90%) and thymol
(98%) were purchased from Sigma—-Aldrich Chemical Co.,
Steinheim, Germany. Chemical structures of these monoterpenes
are shown in Figure 1.

Test bacteria

Bacteria of crown gall disease A. tumefaciens (E. F. Smith & Town.)
(Family: Rhizobiaceae; Class: Alpha Proteobacteria) and soft mold
disease E. carotovora var. carotovora (Family: Enterobacteriaceae;
Class: Gamma Proteobacteria) were provided by Microbiology
Laboratory, Department of Plant Pathology, Faculty of Agriculture,
Alexandria University, Egypt. The bacterial strains were maintained
on nutrient agar medium (NA: peptone 10, meat extract 5, sodium
chloride 2.5 and agar 10 g litre™* in distilled water) at 37°C).

Minimum inhibitory concentration (MIC) assay

Agar dilution method assay was used as recommended by
European Society of Clinical Microbiology and Infectious Diseases
(ESCMID, 2000) for determination of MIC. The tested
monoterpenes were dissolved in acetone. Appropriate volumes of
the stock solutions were added to molten NA to obtain a range of
concentrations (10 to 10000 mg/L) before pouring to Petri dishes.
After solidifications, 6 pL of bacterial cultures (approximately 10°
CFU/mL) was spotted (three spots per each plate) using 2 pL
standard loop on the surface of agar. The inoculum spots were
allowed to dry before inverting the plates for incubation at 37<C for
24 h. The MIC was determined as lowest concentration of
monoterpenes showing no visible bacterial growth in the agar
plates.

Dehydrogenases activity assay

The bacterial strains (A. tumefaciens and E. carotovora) were
grown in nutrient broth (NB) medium supplemented with 0.1%
pectin as a sole source carbon for 48 h at 30+2<C. Me thylene blue
method recommended by Schoenhard (1962) was used for the
determination of dehydrogenases activity. The reaction mixture
containing 2.0 ml phosphate buffer (pH 7), 1.0 ml methylene blue
(0.0001%), 2.0 ml bacterial suspension (Asz = 0.71), 1.0 ml glucose
(2x102M) and 4.0ml tested monoterpene solution was
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Figure 1. The chemical structure of monoterpenes.

prepared in a test tube. Thereafter, 2 ml of mineral oil was added to
each test tube to isolate the reaction mixture from the aerial
oxygen. Three replicates of each concentration and control were
carried out. The treatments were kept at 28C. The mon oterpenes
(myrcene, (R)-linalool and thymol) were tested at final
concentrations of 10, 50, 100, 500 and 1000 mg/L. The rate of the
90% anaerobic reducing of methylene blue was taken as criterion
for the activity of the dehydrogenase. Percentage of inhibition (1%)
was calculated as follows:

1(%) = ((T = C)/ Tmax — C) x 100,

Where: T = time, (min), required for the 90% reduction of methylene
blue in the treatments, Tmax = the maximum time for the 90%
reduction in MB reached by the strongest enzyme inhibition, and it
was 615 minutes, C = time of the 90% reduction in MB in control
treatment. The concentration of monoterpene caused 50% of
enzyme inhibition (ICso) was calculated using Probit analysis
(Finney, 1971).
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Table 1. Minimum inhibitory concentration (MIC) of monoterpenes on A. tumefaciens and E. carotovora.

Minimum inhibitory concentration (MIC, mg/L)

Compound -
A.tumefaciens E. carotovora

Camphene 5000 >5000
Thymol 1000 2000
Cunimaldhyde 5000 >5000
(R)-Carvone 2500 5000
(R)-Camphor 2500 4000
(1R,2S,5R)-Menthol 2500 4000
(S)-Fenchone 2500 5000
Geraniol 1500 4000
(R)-Linalool 2500 4000
(S)-Limonene 1000 5000
Myrcene 1000 3000
1,8-Cineole 4000 >5000

Polygalacturonase activity assay

Polygalacturonase reaction mixture [0.5% polygalacturonic acid in
0.05 M sodium acetate buffer, pH 5.5, 0.1 M NaCl, 0.35 ml citrate
buffer (5.5 pH), 4.0 ml polygalacturonic acid (0.5%), 0.15 ml NaCl
(0.1 M) and 0.5 ml bacterial suspension (Nasuno and Starr, 1966)]
was incubated with different concentrations (10, 50, 100, 500 and
1000 mg/L) of myrcene, (R)-linalool and thymol for 2 h. The reaction
mixture was centrifuged at 12000 rpm for 10 min. Then, 2 ml of the
supernatant was mixed with an equal volume of thiobarbituric acid
(TBA) reagent (Ayers et al., 1966) and heated at 100C for 30 min.
The activity was determined as an increase in the absorbance at
550 nm (ODssp). Each treatment was replicated 3 times. Zero time
reaction mixture containing active enzyme was used as control.
Percentage of inhibition (1%) of polyglacturonase activity was
calculated from the equation as follows:

1 % = ((A control- A treatment)/A control) x 100

Where A is the absorbance.

RESULTS
Antibacterial effect of monoterpenes

Twelve monoterpenes with different chemical classes
were tested for their antibacterial effect against two plant
pathogenic bacteria A. tumefaciens and E. carotovora.
The results showed that the tested monoterpenes
possessed variable degrees of antibacterial activity
(Table 1). In general, A. tumefaciens was more sensitive
than E. carotovora to all of the tested monoterpenes.
Thymol, (S)-limonene and myrcene were the most potent
antibacterial compounds against A. tumefaciens with MIC
value of 1000 mg/L. In contrast, camphene and
cunimaldhyde were the least effective compounds. On
the other hand, thymol (MIC = 2000 mg/L) showed the
highest antibacterial activity against E. carotovora,
followed by myrcene, while camphene, cunimaldhyde

and 1-8 cineole had the lowest antibacterial activity since
MIC values of these compounds were greater than 5000
mg/L.

Effect of monoterpenes on dehydrogenases activity

The inhibitory effect of the most antibacterial effective
monoterpemes thymol, (R) linalool and myrcene was
evaluated on dehydrogenases activity. The results
showed that myrcene had the strongest inhibitory effect
on the enzymes of both tested bacteria bacteria A.
tumefaciens and E. carotovora, followed by thymol, while
(R) linalool revealed the lowest inhibitory effect. The I1Csg
values of myrcene were 21.7 and 47.17 mg/L on the
enzymes of A. tumefaciens and E. carotovora,
respectively. The inhibitory effect of monoterpenes on
dehydrogenases of A. tumefaciens was higher than that
on dehydrogenases of E. carotovora in Table 2.

Effect of monoterpenes on polyglacturonase activity

Table 3 shows the inhibitory effect of the 3 monoterpenes
thymol, (R) linalool and myrcene on the polyglacturonase
activity of A. tumefaciens and E. carotovora. The tested
monoterpenes caused potent inhibitory effect on the
polyglacturonase activity of A. tumefaciens with thymol
(ICso = 14.46 mg/L) being the most effective, followed by
(R) linalool (ICs, = 26.88 mg/L) and myrcene (ICsq =
38.83 mg/L). Similarly, thymol caused the highest
inhibitory effect on polyglacturonase activity of E.
carotovora, followed by (R) linalool and myrcene.
Polyglacturonase of A. tumefaciens was more sensitive
to inhibition by the tested monoterpenes than
polyglacturonase of E. carotovora.
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Table 2. Inhibitory effect of monoterpenes on dehydrogenases activity of A. tumefaciens and E. carotovora.

A. tumefaciens

E. carotovora

Compound 2 - — - -
ICs0” (mg/L) 95% Confidence limits Slope + SE ICs0 (Mmg/L) 95% Confidence limits  Slope + SE
Thymol 50.49 42.74 - 59.24 2.32+0.21 149.8 83.3-262.1 1.95+0.14
(R)-Linalool 244.3 196.6 - 307.6 1.38+0.11 351.2 - 0.78 £0.10
Myrcene 21.70 13.64 - 31.04 0.94 +0.10 47.17 31.17 - 67.88 0.79 £0.10
& The concentration causing 50% enzyme inhibition; b, slope of the concentration-inhibition regression line.
Table 3. Inhibitory effect of monoterpenes on polyglacturonase activity of A. tumefaciens and E. carotovora.
A. tumefaciens E. carotovora
Compound 2 - — - —
ICso” (mg/L) 95% Confidence limits  Slope + SE ICs0 (Mg/L)  95% Confidence limits  Slope + SE
Thymol 14.46 9.70 - 26.76 0.81 +0.09 36.55 40.88 - 75.34 0.99 +£0.09
(R)-Linalool 26.88 16.56 - 39.06 0.84 +0.09 73.97 53.84 - 98.97 0.94 £ 0.09
Myrcene 38.83 5.82 - 97.97 0.67 +0.09 100.8 73.34 - 137.0 0.89 +0.09

2 The concentration causing 50% enzyme inhibition; ®, slope of the concentration-inhibition regression line.

DISCUSSION

The present study shows that the 12 monoterpenes
exhibited pronounced antibacterial inhibitory effect
against the phytopathogenic bacteria A. tumefaciens and
E. carotovora. To the best of our knowledge, this is the
first report on the determination of MIC of these
monoterpenes on the both tested bacteria. EI-Zemity et al.
(2008) evaluated some of the tested compounds such as
(R)-camphor, (R)-carvone, 1,8-cineole, geraniol,
(1R,2S,5R)-menthol and thymol against the tested
bacteria using inhibition zone method and concluded that
thymol was the most effective compound. Similarly, our
results revealed that thymol had the highest antibacterial
activity. It has been also reported that thymol was the
most potent monoterpenes against plant pathogenic fungi
(Muller-Riebau et al., 1995; Tsao and Zhou, 2000;
Sokovic et al., 2002). The results also revealed that all of
the tested compounds had stronger antibacterial activity
against A. tumefaciens than E. carotovora. This indicated
that the activity of monoterpenes varied with the species
under the study.

It is well known that monoterpenes caused their
antimicrobial inhibitory effects through the interaction with
membrane structure and function. This is in fact due to
their lipophilic and solubility properties. These
interactions include membrane expansion, increase
membrane fluidity and permeability, disturbance of
membrane-embedded proteins, inhibition of respiration
and alteration of ion transport processes (Uribe et al.,
1983; Sikkema et al., 1994 and 1995; Cox et al., 2000;
Prashar et al., 2003). In the present study, 3 of tested
monoterpenes thymol, (R) linalool and myrcene showed
strong inhibitory effects on the enzymes dehydrogenases

and polyglacturonase of A. tumefaciens and E.
carotovora. There was a positive correlation between the
antibacterial activity and the polyglacturonase inhibition of
both bacteria. However, the correlation was not clear in
the case of dehydrogenases. The inhibition of both
enzymes was concentration dependent. These results
indicated that besides their previous effects on cell
membrane, monoterpenes may cause their antibacterial
activity through the inhibition of these enzymes.

Conclusion

We have evaluated the antibacterial activity of 12
monoterpenes with diverse chemical structures against
the two plant pathogenic bacteria A. tumefaciens and E.
carotovora in vitro. Among all of the tested compounds,
thymol and myrcene were the most potent antibacterial
activity. In addition, 3 monoterpenes thymol, (R) linalool
and myrcene showed inhibitory  activity on
dehydrogenases and polyglacturonase. These results
provided insight into the important of monoterpenes as
possible control agents for plant pathogenic bacteria as
well as contributing to a better understanding of their
mechanisms of action.
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