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INTRODUCTION

ABSTRACT

Natural antimicrobial agents, particularly essential oils existing
broad-spectrum antimicrobial activity, unique mechanisms of action and
low tendency to induce resistance. However, their potential as a viable
antimicrobial alternative greatly compromised due to their hydrophobic
and volatile nature. The current study deals with the formulation and
characterization of bio-based oil in water (O/W) nanoemulsions and their
potential ~antimicrobial activity against some plant pathogens.
Nanoemulsion was prepared using citral as the oil phase, chitosan as a
biopolymer carrier, tween 80 as a surfactant, and sodium tripolyphosphate
(TPP) as a polyanioncrosslinker by ultrasonication method. The success of
formulation was confirmed by dynamic light scattering (DLS) and
scanning electron microscopy (SEM) techniques. Physical stability and
viscosity were investigated in details. The antibacterial activity of
formulations were evaluated against Erwinia carotovora using ELISA
technique by measuring the minimum inhibitory concentration (MIC). The
results of DLS and SEM measurements showed that the nanoemulsions
had a nearly polydispersity index(PDI) ranged from 0.508 to 0.614 and
these values decrease when the concentration of the citral increase. Particle
size analysis showed that the mean particle sizes of these formulations
ranged from 27 to 1283 nm. Stability studies showed that the formulations
were stable under centrifugation test at 5000 rpm for 30 min. Stability
under different storage temperature showed that the five formulations were
stable with no phase separation for the duration of 1 month at 25°C and
4°C. The antibacterial activity of the essential oil against E.carotovora was
enhanced considerably when it was converted into a nanoemulsion, which
was attributed to easier access of the essential oils to the bacterial cells.
The highest antibacterial activity (MIC= 23 mg/L) was observed with the
low concentration of citral, which had the lowest Particle size value (27
nm).

Essential oils (EOs) are aromatic and volatile oily liquids obtained from plants.
They normally formed in cells or groups of cells, found in leaves and stems, and
commonly concentrated in one particular region such as leaves, bark or fruit (Gouvea
et al. 2017; Oussalah et al. 2006; Solérzano-Santos and Miranda-Novales 2012). EOs
extracted from plants or spices are rich sources of biologically active compounds such
as terpenoids and phenolic acids which having antibacterial, antifungal, antioxidant
and antiviral activities (Aumeeruddy-Elalfi et al. 2015).
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The antibacterial
activities of EOs have been long
recognized (Nielsen et al. 2017).
However, the EOs are volatile compound
which  easily  evaporates  and/or
decomposes  during preparation of
antimicrobial film owing to direct
exposure to heat, pressure, light or
oxygen. Therefore, in order to overcome
the susceptibility and improve the
stability of bioactive compounds, there
are a number of potential technological
challenges associated with incorporating
EOs into suitable formulations (Sugumar
et al. 2013). Encapsulation of functional
EOs within nanoparticles has been
investigated as a potential strategy for
improving their utilization, stability, and
efficacy (Donsi €t al. 2011; McClements
and Rao 2011; Qian and McClements
2011). Among the nanoformulations
currently be utilized for the delivery of
bioactive components, nanoemulsions
have been reported to be especially

and antifungal

appropriate for utilization in crop
protection, due to their ease of
preparation and desirable functional

attributes (Balaure et al. 2017; Kah and

Hofmann 2014).
The small particle size may increase
interactions  between  the  active

compounds with biological membranes,
as well as their transfer through them.
Moreover, nanoemulsions can be
designed to have a good kinetic stability
and low turbidity, which is appropriate
for a broad range of commercial
applications (Solans et al. 2005). Sever a
techniques have been applied for
producing nanoemulsions, including
various low-energy and high-energy
methods. Ultrasonic emulsification is a
high-energy method that is rapidly and
efficiently  capable  of  preparing
nanoemulsions  with  small  droplet
diameters and narrow size distributions
(Ghosh et al. 2013; Manchun et al.
2014). EOmnanoemulsions have been
reported previously to be effective
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antibacterial treatments (Liang et al.
2012; Zhang et al. 2014; Ziani et al.
2011); however, knowledge of their
mode of action against microorganismsis
currently limited.

Citral is an R,B-unsaturated aldehyde
with one additional double bond (its two
isomers, neral and geranial) (Schieberle
and Grosch 1988). Citral is present in the
oils of several plants, including lemon
myrtle Backhousia citriodora (90-98%),
Litsea citrata (90%), Litsea cubeba (70-
85%), lemongrass (65-85%), lemon tea-
tree (70-80%), Ocimum gratissimum
(66.5%), Lindera citriodora (65%) and
Calypranthes parriculata (62%). It also
has strong antimicrobial qualities and
pheromonal effects in insects. Citral
showed appreciable antimicrobial
activity against Gram-positive and Gram-
negative bacteria as well as fungi.

The nanoemulsion consists of an oil
phase dispersed in an aqueous continuous
phase, with each oil droplet surrounded
by a thin interfacial layer of surfactant
molecules, which helps in stabilizing the
nanoemulsion system to a more stable
formulation (Tadros et al. 2004).
Nanoemulsions are kinetically stable and
are transparent to translucent in
appearance. Recently the nanoemulsion
formulations using EOs and non-ionic
surfactant have been used as natural
antimicrobial ~ formulations in  the
agriculture sector. This has become the
point of interest, because of the
improvement in the safety. The role of
the plant based oil in the emulsion
system helps in preventing degradation
and improving bioavailability and
biocompatibility (Tadros et al. 2004). In
addition, naturally occurring polymers
such as chitosan is widely used in
agricultural fields in various forms such
as  nanoparticles, capsules, and
emulsions. This polymer has attractive
properties because of their
biodegradability, biocompatibility, and
nontoxic nature. lonic gelation technique



Ultrasonic emulsification and characterizations of bio-based nanoemulsion formulations containing 171

based on the electrostatic interaction
between the positively charged primary
amino groups of chitosan and the
negatively charged groups of polyanion,
such as sodium tripolyphosphate (TPP)
(Yang et al. 2011). The aim of the
present work was therefore formulation
and characterization of bio-based oil in
water nanoemulsions containing citraland
their potential antimicrobial activity
against bacterium Erwinia carotovora
and fungi Aspergillus niger and Rhizopus
stolonifer. Nanoemulsion preparation
method was high-shear stirring, which is

extensively  used for  pesticide
formulation preparation. The mixing
ratio of different levels of active

ingredient citral, sonication, chitosan and
TPP were performed to design the
experiment. The effect of these factors on
the long-term  stability of the
nanoemulsions, droplet size distribution
(PDI) by dynamic light scattering,
viscosity and surface morphology by
scanning electron microscope were
investigated.

MATERIALS AND METHODS
Chemicals and reagents

Citral oil, 3,7-dimethyl-2,6-
octadienal(a mixture of geranial (Trans,
55-70%) and neral (cis, 35-45%), low
molecular weight chitosan (made from
coarse ground crab, 89% degree of

deacetylation), Tween 80, dimethyl
sulphoxide (DMSO), sodium
tripolyphosphate (TPP) and 2,3,5,-

triphenyltetrazolium chloride (TTC) were
purchased from Sigma-Aldrich (St.
Louis, MO, USA). Potato Dextrose Agar
(PDA), Nutrient Broth (NB), and
Nutrient Agar (NA) media were
purchased from Oxoid Ltd. (Basingstoke,
Hampshire, UK). All other commercially
available solvents and reagents were used
without further purification.
Tested microorganisms:

Plant pathogenic bacterium Erwinia
carotovora  was obtained from
Microbiology Laboratory, Department of

Plant Pathology, Faculty of Agriculture,
Alexandria University, Egypt. The
culture was maintained on NA medium at
37°C. Plant pathogenic fungi black
mould Aspergillus niger (Family:
Trichocomaceae, Class: Eurotiomycetes)
and black bread mould Rhizopus
stolonifer (Family: Mucoraceae, Class:
Zygomycetes) were provided by
Microbiology Laboratory, Department of
Plant Pathology, Faculty of Agriculture,
Alexandria  University,  Alexandria,
Egypt, and kept during the experiments
on PDA medium at 27 + 2°C.

Nanoemulsions preparation:

Chitosan solution (1% (w/v)) was
prepared by agitating chitosan in an
aqueous acetic acid solution (1% (v/v))
overnight. Tween 80 added as a
surfactant to the solution and stirred at
45°C for 2 h to obtain a homogeneous
mixture. Citral (0.04, 0.08, 0.16 and 0.32
g) was dissolved separately in DMSO (4
mL) and then this oil phase gradually
dropped into the aqueous chitosan
solution (40 mL)during homogenization
at a speed of 13,000 rpm for 10 min
under an ice-bath condition to obtain an
oil-in-water emulsion. TPP solution
(0.4%, w/v) was then added dropwise
into the agitated emulsion. Agitation was
continuously performed for 40 min.
Finally, ultrasonication was performed

by a Sonicatior (Ultrasonic
Homogenizers HD 2070 with HF
generator (GM  2070), ultrasonic

converter UW2070, booster horn SH 213
G and probe microtip MS 73, @ 3 mm) as
shown in Figurel.The tip of the horn was
symmetrically placed in the coarse
emulsion, and the process was carried out
atl0 min, power 50 kHz and pulses or
cycles 5 cycle /sec controlled by the
software of the device to produce the
nanoemulsions. ~ Weight ratios  of
chitosan: citral of 1:0.1, 1:0.2, 1:0.4,
1:0.8 and 1:0.0, respectively as F1, F2,
F3, F4 and F5, respectively were used for
the present study (Hosseini et al. 2013).
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Characterization of nanoemulsions
Scanningelectron microscopy (SEM):

Scanning  electron = microscopy
(SEM) is a method for high-resolution
imaging of surfaces. SEM analysis was
done by using a JEOL JSM-5410 (Japan)
electron microscope with a W-source and
operating at 80 kV. Sample was prepared
on a glass slide (1 x 1 cm) after washing
it  with ethanol.A tiny drop of
nanoemulsion was spreaded evenly over
glass slide and allowed to air dry. In
order to make it conductive, gold coating
with Jeol Quick Auto Coater was
performed (JFC-1500). The
nanoemulsions were then subjected to
SEM analysis under ambient conditions.
Particle size and poly dispersity index
(PDI) measurement:

Measurement of particle size and
poly dispersity index (PDI) of the
nanoemulsions were performed using a
Dynamic Light Scattering (DLS) method
using Zetasizer Nano ZS (Malvern
Instruments, UK) at room
temperature(Yuan et al. 2008). All
nanoemulsion samples were diluted
before measurements to 10% with
deionized water to avoid multiple
scattering effects. Emulsion droplet size
was estimated by the average of three
measurements and presented as mean
diameter in nm. The higher the PDI value
refers to the lower uniformity of globules
size of nanoemulsion.

Viscosity measurement:

The dynamic (absolute) viscosity of
the nanoemulsions was determined using
a Rotary Myr VR 3000 digital viscometer
with Llspindle at 200 rpm at 26.5°C.
Viscosity of  the  nanoemulsion
formulations were measured from
approximately 50 mL of sample without
further dilution at range 30mPa.s. Each
reading was taken after the equilibrium
of the sample for 2 min. The samples
were repeated three times and the data
expressed in mPa.s (Badawy et al. 2017).
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Centrifugation assay:

An accelerated storage testing was
carried out to predict the long-term
physical stability of the nanoemulsions.
This analysis of nanoemulsions was
performed by using centrifugation at
5000 rpm for 30 min and then measuring
any phase separation. The nanoemulsions
should have maximum stability, which is
not a phase separation (creaming and
cracking). The measurements performed
in triplicate (Shafiq and Shakeel 2010).
Freeze thaw cycle nanoemulsions:

This test was carried out for the
determination of the accelerated stability
of the nanoemulsion formulations. The
formulations were subjected to the two
different temperatures (-21°C and 21°C.)
for each temperature test of at least 24

h.(Kadhim and Abbas 2015).The
measurements  were  performed in
triplicate.

Stability at temperature of 25°C:

About 25 mL of freshly prepared
nanoemulsions were transferred to a
glass tube. The transition from steady
state to creaming and coalescence was
examined during the storage period of4
week sat temperature of 25°C.
Antimicrobial assay:-

Antibacterial activity :

NB mediumwas used to grow the
bacterial strains to a final inoculumsize
of 5x10°cfu/mL calculated as a number
of coloniesx dilution factor/volume of
culture plate using haemocytometer.
Nanoemulsion formulations were added
to the wells of a sterile 96well microtitre
plate, followed by the addition ofNB
medium and then 20 uL of bacterial
suspension. The final volume in each
well was 200 uL and the concentrations
of 0.0, 56.25, 62.5, 112.5, 125, 225, 250,
450, 500, 900, and1000 mg/L were tested
for each compound. Control wells were
prepared with culture medium, bacterial
suspensiononly, and solvent. The
contents of each well were mixed ona
microplate shaker at 200 rpm for 1 min
prior to incubation for 24 h at 37°C. To



Ultrasonic emulsification and characterizations of bio-based nanoemulsion formulations containing |73

indicate respiratory activity the presence of
color was determined after adding 25uL/well
of TTC dissolved in water (0.01%, w/v) as a
chromogenic marker and incubated under
appropriate cultivation conditions for30 min
in the dark (Badawy et al. 2016). The
absorbance was measuredat 492 nm in an
Ultra Microplate Reader (Robonik, PVT,
LTD). Positive controls were wells with a
medium and the compounds. Negative
controls were wells with the growth medium,
bacterial suspension, and the TTC reagent.
The minimum inhibitory concentration
(MIC) was determined as the lowest
concentration where no viability was
observed after 24 h based on metabolic
activity.

Antifungal activity:

The antifungal activity was tested using
mycelia radial growth technique (Badawy et
al. 2014). The compounds were dissolved
and serial concentrations ranged from 50 to
3000 mg/L were tested. The aliquots of the
stock solutions were added to the PDA
medium and then transferred to Petri dishes.
After solidification, the mixtures were
inoculated with a 5 mm in diameter
mycelium fungi at the center of Petri dishes
and these were incubated in the dark at 27 +
2°C. Fungal growth was measured when the
control had grown to the edge of the plate.
The inhibition of fungal growth was
calculated as the percentage of inhibition of
radial growth compared to the control. The
effective concentration that inhibits 50% of
mycelial growth (ECso) for each compound
was estimated by probit analysis (Finney
1971) using SPSS 21.0 software.

Qe OCee .

Statistical analysis:

Statistical analysis was performed using
SPSS 21.0 software (Statistical Package for
Social Sciences, USA). All experiments were
repeated at least 3 times. The data were
expressed as the mean =+ standard error
(SE).The log dose-response curves allowed
determination of the ECsyvalues for the
fungal bioassay according to the probit
analysis (Finney 1971). The 95% confidence
limits for the range of ECsyvalues were
determined by the least-square regression
analysis of the relative growth rate (%
control) against the logarithm of the
compound concentration.

RESULTS AND DISCUSSION
Preparation of chitosan-citralnan-
oemulsions:

When one of two immiscible liquid
phases is dispersed as droplets, the resulting
mixture is referred to an emulsion (Akoh
2017). Nanoemulsions consist of oil droplets
in the nano-ranged size dispersed within an
aqueous continuous phase, with each oil
droplet surrounded by surfactant molecules
(Acosta 2009). Citral is a monoterpene
aldehyde, which is the major component of
lemon grass oil extracted from C. citratus
belonging to Gramineae. Citral oil based
nanoemulsionwas formulated in two phases
(Fig. 1). First, coarse emulsion was prepared

by adding chitosan to the oil phase
containing citral oil in different ratios
(1.0:0.1, 1.0:0.2, 1.0:04 and 1.0:0.8,

chitosan: citral, respectively) which after

subjecting to ultrasonic emulsification
resulted into nanoemulsions and then
subjected to  various characterization

techniques to ascertain their size and shape.

Fig. 1: Schematic representation of formation of chitosan-citralnanoemulsions.
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Characterization of chitosan-
citralnanoemulsions:

Morphology and shape of the citral-
loaded nanoemulsions were studied using
scanning electron microscopy (SEM) as
shown in Fig. 2. The shape of droplets

was found to be spherical for F1-F4.
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However, the droplet of F5 (chitosan
only) was of uniform shape and size.
Tween 80 was preferred as a surfactant
owing to its high hydrophilic-lipophilic
balance (HLB) value, which is favorable
for formulating
nanoemulsion.

oil-in-water

Fig. 2: Scanning electron micrograph of prepared chitosan-citralnanoemulsion formulations, F1 to F5.
The SEM was performed on a JEOL JSM-1200EX II scanning electron microscope operating
at an acceleration voltage of 80.0 kV with 20 um aperture.
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Tween 80 has an HLB value of 15.
In addition, Tween 80 is being a small
molecule and more efficient in
minimizing droplet diameter. Surfactants
acts as emulsifiers and serve the process
by lowering the free energy required for
the preparation of nanoemulsion by
decreasing interfacial tension at oil/water
interface (Tadros et al. 2004). The
polydispersity  index (PDI) value
represents the particle size distribution of
the droplets and the homogeny and
stability of the droplet size in the
emulsion. A small PDI value indicates a
narrow particle size distribution. The
results of the average droplet size and
PDI of nanoemulsions are shown in
Table 1 and their droplet size distribution

is presented in Fig. 3. The PDI values
were ranging from 0.508 to 0.614,
indicating that all of the emulsions had a
relatively narrow range of  size
distribution. PDI decreased significantly
(P< 0.05) from 0.614 to 0.508 as the
mass ratio of chitosan/citral increased
from 1:0.1 to 1: 0.8, respectively. The
citral nanoemulsion appeared transparent
and the particle size is concentration
dependent where the low citral
concentration (ratio of 1:0.1 and 1:0.2)
has the lowest particle size (27.0and 28.5
nm, Fland F2)as compared to the other
formulations (from F3 to F5). The
droplet size increased with the increase in
concentration of oil in the formulations
(see Table 1).
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Fig. 3: A typical particle size distribution by a dynamic light scattering of the formulated chitosan-

citralnanoemulsion formulations, F1 to F5.
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Table 1: Mean droplet size, poly dispersing index and dynamic viscosity of chitosan-
citralnanoemulsion formulations
Formulation Weight ratios Droplet size Poly dispersing index Dynamic
(chitosan: citral) (nm) (PDI) viscosity
(mPa.s.) £ SE
F1 1.0:0.1 27.0 0.614 5.1+0.05
F2 1.0:0.2 28.5 0.594 6.0+0.05
F3 1.0:04 387 0.536 7.0£0.04
F4 1.0:0.8 1115 0.508 8.0+0.05
F5 1.0:0.0 1283 0.571 3.1+0.04

The viscosity of nanoemulsions
was found in the range of 5.1 to 8.0
mPa.s. Formulation F5 had the lowest
viscosity (3.1 mPa.s.) ascompared to the
other formulations (5.1-8.0mPa.s.) as
shown in Table 1. The difference in
viscosity of the formulationF5 was
significant from other formulations but it
was observed that the viscosity of all
formulations was very low which is
expected, as one of the characteristics of
the nanoemulsion formulation is lower
viscosity (Shakeel et al. 2009).1It can also
noticed that the viscosity is concentration
dependent where F1 formulation with the
lowest ratio of chitosan/citral (1:0.1,
respectively) had the lowest viscosity.
There are several factors influence
emulsion viscosity such as the disperse
phase volume fraction, rheology of
component phases, droplet size, colloidal
interactions, or droplet charge
(McClements ~ 2015;  Pal  2011).
Palreported that the higher the droplet
size the lower the emulsion viscosity, at
the same dispersed phase concentration
and shear rate (Pal 2011).
Accelerated stability tests of chitosan-
citralnanoemulsions

Nanoemulsions are
thermodynamically stable systems and

formed at a particular composition of oil,
surfactant and water, with no phase
separation, creaming, cracking, or
coalescence. Centrifugation can
accelerate the rate of sedimentation or
incineration demonstrates that
degradation of an emulsion may be
related to the action of gravitational
force. O/W emulsion system often
exhibits creaming rather than
sedimentation due to the lower density of
the oil droplet compared to the aqueous
medium. If nanoemulsions are going to
be wused as delivery systems for
antimicrobial agents, then it is important
that they have good physical stabilities
during long-term storage. Thus, the
selected  citralnanoemulsions ~ were
subjected to different thermodynamic
stability tests using centrifugation,
heating-cooling cycle, and freeze-thaw
cycle stress tests. The result of the
accelerated stability study of
formulations is shown in Table 2.
Stability at 25°C was tested for four
weeks. From these tests, it was found that
all of the prepared formulations were
stable at centrifugation of 5000 rpm,
heating cycle, and freeze-thaw cycle.

Table 2: Thermodynamic characterization of chitosan-citralnanoemulsion formulations

Formulation Weight ratios Centrifugation Stability at temperature of 25°C Freeze
(chitosan: citral) at 5000 rpm First | Second | Third | Fourth thaw
week week week week cycle
F1 1.0:0.1 N N N N N N
F2 1.0:0.2 N N N N v V
F3 1.0:0.4 N N N N N N
F4 1.0:0.8 V N N V N V
F5 1.0:0.0 V N N X N V

Note: V, stable (without phase separation); X, unstable (with phase separation).
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No creaming, cracking, coalescence,
or phase separation was observed on
these formulations (Table 2). The steric
effect of the non-ionic surfactant plays a
vital rolein the stabilization of
nanoemulsion (Tadros et al. 2004).

Antibacterial activity of chitosan-
citralnanoemulsions against E.
carotovora

The in vitro antibacterial activity of
chitosan-citralnanoemulsionsagainst  E.
carotovorais presented in Table 3 as MIC

values in mg/L. The measured MICs of
the pure and emulsified citral showed
significantly different inhibitory effects.
The results demonstrated that all
formulations showed higher inhibition
(MIC ranged from 23to 520 mg/L) than
citral (MIC >700 mg/L) against the
tested bacterium. The data indicated that
the inhibitory effects increased with the
concentration of citraldecrease and the
most inhibition effect was observed with
F1 (1:0.1chitosan/citral, respectively).

Table 3: The in vitro antibacterial activity of chitosan-citralnanoemulsion formulations against E.

carotovoraby ELISA technique

Formulations MIC (mg/L)

F1 23

F2 40

F3 113

F4 238

F5 520

Chitosan 635

Citral >700

* Minimum inhibitory concentration (MIC).

Chitosan formulation alone without
citral gave MIC of 635 mg/L. The high
activity of these nanoemulsions is due to
their reduced droplet size and increased
droplet surface area available to interact
with bacterial cell. The nanoemulsions
were found to have an effective
bactericidal property whereas; enhanced
growth was observed when bacteria were
treated with oil alone.

Numerous studies have reported an
enhancement of the physical and
antimicrobial properties of EO-loaded
nanoemulsions as compared to their
conventional emulsions (Bilia et al.
2014; Buranasuksombat et al. 2011;
Guerra-Rosas et al. 2017; Sao Pedro et
al. 2013). A comparison of the
antibacterial activity of pure and
emulsified essential oils showed that the
nanoemulsions were much  more
effective. Presumably, this is because the
small lipid particles within the
nanoemulsion were able to bring the
essential oil to the cell membrane
surface, whereas the pure oil (low water

solubility) could not easily interact with
the cell membranes. The obtained results
are in agreement with other recent studies
that showed that conversion of flavor
oressential oils into nanoemulsions
greatly improved their antibacterial
activity, D-limonene (Zhang et al. 2014)
and oregano oil (Bhargava et al. 2015).
Lambert and co-authorsreported that the
essential oils containingcarvacrol and
thymolas monoterpenes, such as thyme
oil have a strong bactericidal action
(Lambert et al. 2001). However, eugenol
and citral, the major components of clove
and lemongrass or rosewood essential oil,
respectively, have been found to
inactivate against broad spectrum of
microorganisms (Friedman et al. 2004).
Other aromatic compounds such as
linalool, pinene, geraniol and borneol,
which can be found in plant essential
oils, exhibit a lower inhibitory influence
against bacteria (Scortichini and Rossi
1991; Zachariah and Leela 20006).
Hamouda and Bakerreported that the
soybean oil based nanoemulsion had a
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good bactericidal activity against gram-
positive bacteria (Hamouda and Baker
2000).
Antifungal activity of
citralnanoemulsions
nigerand R. stolonifera:
The antifungal activity of chitosan-
citralnanoemulsions against A. niger and
R. stolonifer using mycelia radial growth
technique is presented in Table 4.For the
five formulations, F1 formulation exerted
significantly potent antifungal activity
with ECsyp of 278 and 221 mg/L against
A. niger and R. stolonifer, respectively.
Followed by F2 in the descending order
with ECs of 396and 340 mg/L against A.
niger and R. stolonifer, respectively.
However, F4 and F5 formulations were
the lowest active (ECsp= 1887, 1568,
1074 and 1433mg/Lagainst A. niger and
R stolonifer,  respectively).  For

chitosan-
against A.

unformulated compounds, citral only
showed good antifingal activity (ECsp=
474 and 437mg/L, respectively)
compared with chitosan only (ECsy=
3016 and 2649mg/L, respectively). When
we consider the susceptibility of the
microorganisms, another point deserves
attention; it can be noticed that fungous
ofR. stolonifer was more susceptible than
A. niger to all formulations (Table 4). It
can also noticed that the antifungal
activity is concentration dependent where
F1 formulation with the lowest ratio of
chitosan/citral (1:0.1, respectively) had
the highest antifungal activity. In
conclusion, the antifungal activity of
citral against A. niger and R. stolonifer
was enhanced considerably when it was
converted into a nanoemulsion (see F1
and F2 vs. citral only).

Table 4: The in vitro antifungal activity of chitosan-citralnanoemulsion formulations against A.
nigerand R. stolonifer by mycelia radial growth technique

Formulations ECs’ 95% confidence limits Slope® Intercept* ()(2)d
(mg/L) Lower |  Upper = SE = SE
A. niger
F1 278 150 514 3.45+0.33 -8.44+0.82 7.22
F2 396 337 449 2.54+0.31 -6.60+0.84 1.92
F3 710 626 827 2.40+0.32 -6.85+0.88 2.09
F4 1887 1293 4587 1.5740.35 -5.16+0.97 1.75
F5 1568 1146 3068 1.66+0.34 -5.31+0.95 0.85
Chitosan 3016 2363 4157 1.194£0.25 -4.13+0.84 0.99
Citral 474 410 538 2.38+0.30 -6.37+0.83 0.62
R. stolonifer

F1 221 162 309 6.16+0.49 -14.45+1.15 6.72
F2 340 128 514 5.42+0.47 -13.75+1.24 9.10
F3 708 610 856 1.98+0.30 -5.65+0.84 1.92
F4 1074 861 1600 1.70+0.32 -5.15+0.87 0.86
F5 1433 1045 2903 1.47+0.32 -4.63+0.89 1.08
Chitosan 2649 1222 7494 2.1+0.26 -7.05+0.89 4.73
Citral 437 72 785 4.67+0.39 -12.35+1.04 13.04

“The concentration causing 50%mycelialgrowth inhibition.

®Slope of the concentration-inhibition regression line + standard error.
“Intercept of the regression line + standard error.

4Chi square value.

In the previous literatures,
number of studies investigating the
antimicrobial activity using

nanoemulsion against fungi and yeast
have been published (Joe et al. 2012;
Ziani et al. 2011). Saddiq and Khayyat

a reported the growth of P. italicumand R.

(Saddiq

2010).

stolonifer on the solid media was reduced
in the presence of citral and its epoxide
and Khayyat
concentrations (12.50 - 200 mg/L) of
citral caused the greatest inhibition of

Low
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mycelium growth in both Magnaporthe
grisea and Botrytis cinerea with mycelial
inhibition values of 22.84% to 91.34%
and 9.76% to 92.12%, respectively (L1 et
al. 2015). Moreover, citral caused a
lower inhibition rate of mycelium growth
of Rhizoctonia solani with ECsy values of
193 mg/L. Luoand others suggested a
possible mechanism of citral action
against A. flavus Link.After penetrating
cell wall, irreversibly damages plasma
membrane and DNA with consequent
spore loss germination (Luo et al. 2001).
Also in A. niger, the primary citral site
action seems to be cell membrane.
Moreover, citral was shown able of
forming charge transfer complexes with
tryptophan, a good electron donor.
Apparently, the antifungal actions of the
aldehydes, as citral, are due to their
abilities to form charge transfer
complexes with electron donors in
addition to their reactivity with SH
groups. In general, the mechanism of
action of essential oils against
microorganisms involves the interaction
of phenolic compounds with the proteins
in the cytoplasmatic membrane that can
precipitate and lead to leakage of ions
and other cell content causing the cell
breakdown (Nychas et al. 2003).

CONCLUSION

Nanoemulsions are non-
equilibrium colloidal systems formed by
forcing two immiscible liquids into
homogeneous state, which is kinetically
stable. Based on the present study, the
conversion of citral into a nanoemulsion
greatly enhanced its antibacterial activity
against an important plant pathogenic
bacterium (E. carotovora) and fungi (A.
nigerand R. stolonifer). In conclusion,
nanoemulsions may be particularly
effective delivery systems for essential
oils due to their ability to facilitate
antimicrobial application and increase
antimicrobial efficacy.
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