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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).

INTRODUCTION
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; Solórzano-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 and antifungal
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 (Donsì et 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
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). EOnanoemulsions have been
reported previously to be effective

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,β-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 (7085%), lemongrass (65-85%), lemon teatree (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 Gramnegative 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. Ionic gelation technique
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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-2,6octadienal(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
37ºC. 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
45ᵒC 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, Ø 3 mm) as
shown in Figure1.The tip of the horn was
symmetrically placed in the coarse
emulsion, and the process was carried out
at10 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 × 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 L1spindle 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).

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 5×105cfu/mL calculated as a number
of colonies× 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 L of bacterial
suspension. The final volume in each
well was 200 L 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
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indiccate respirattory activity the presencce of
coloor was determ
mined after adding
a
25 L//well
of TTC
T
dissolveed in water (0.01%, w/v)) as a
chroomogenic marker
m
and incubated under
u
apprropriate cultiivation condditions for300 min
in the
t
dark (B
Badawy et al. 2016). The
absoorbance wass measuredat 492 nm in an
Ultrra Microplatte Reader (Robonik, PVT,
P
LTD
D). Positive controls weere wells with a
meddium and the compoounds. Neggative
conttrols were weells with the growth meddium,
bactterial suspennsion, and thhe TTC reaagent.
The minimum
m inhibitoryy concentration
(MIC
as the loowest
C) was determined
d
conccentration where no viability was
obseerved after 24 h baseed on metabbolic
activvity.
Antiifungal activvity:
The antifunngal activity was tested using
u
myccelia radial growth
g
technnique (Badaw
wy et
al. 2014). The compoundss were dissoolved
and serial conceentrations raanged from 50
5 to
30000 mg/L were tested. Thhe aliquots of the
stock solutions were addeed to the PDA
meddium and theen transferredd to Petri dishes.
Afteer solidificaation, the mixtures were
inocculated withh a 5 mm
m in diam
meter
myccelium fungi at the centeer of Petri dishes
and these were incubated
i
inn the dark at 27 ±
2ᵒC.. Fungal groowth was meeasured whenn the
conttrol had grow
wn to the eddge of the plate.
p
The inhibition of fungaal growth was
calculated as thee percentagee of inhibitioon of
radiaal growth coompared to the control. The
effecctive concenntration that inhibits 50%
% of
myccelial growthh (EC50) for each compound
was estimated by probit analysis
a
(Fiinney
SS 21.0 softw
ware.
1971) using SPS

Stattistical analyysis:
Statistical analysis
a
was performed using
u
SPSS 21.0 softw
ware (Statisttical Packagee for
Sociial Sciences, USA). All eexperiments were
repeeated at least 3 times. The data were
exprressed as thhe mean ± standard error
(SE)).The log doose-responsee curves allo
owed
deteermination of
o the EC550values for the
fung
gal bioassayy accordingg to the probit
p
anallysis (Finneyy 1971). The 95% confid
dence
limitts for the range of E
EC50values were
deteermined by the least-sqquare regresssion
anallysis of thee relative ggrowth ratee (%
conttrol) againsst the loggarithm of the
com
mpound conceentration.
RESULTS
S AND DISC
CUSSION
paration
of
chiitosan-citrallnanPrep
oem
mulsions:
mmiscible liiquid
When one of two im
phasses is dispersed as dropllets, the resu
ulting
mixtture is referrred to an emulsion (A
Akoh
2017
7). Nanoemuulsions consiist of oil dro
oplets
in th
he nano-rangged size disppersed withiin an
aqueeous continuuous phase,, with each
h oil
drop
plet surroundded by surfa
factant moleccules
(Aco
osta 2009). Citral is a monoterrpene
aldeehyde, whichh is the majoor componen
nt of
lemo
on grass oill extracted ffrom C. citrratus
belo
onging to Gramineae.
G
C
Citral oil based
b
nano
oemulsionwaas formulateed in two ph
hases
(Fig
g. 1). First, coarse emulsiion was prep
pared
by adding chhitosan to the oil phase
p
conttaining citraal oil in different ratios
r
(1.0:0.1, 1.0:0.2, 1.0:0.44 and 1.0
0:0.8,
osan: citral,, respectiveely) which after
chito
subjecting to ultrasonic emulsification
resu
ulted into nanoemulsiions and then
subjected to various characterization
tech
hniques to asccertain their size and shap
pe.

Fig. 1: Schematic representationn of formationn of chitosan-ccitralnanoemuulsions.
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Chaaracterization
off
chitoosancitrralnanoemu
ulsions:
Morphologgy and shappe of the ciitralloadded nanoem
mulsions werre studied using
u
scannning electrron microsccopy (SEM
M) as
show
wn in Fig. 2. The shape of dropplets
wass found to be spheriical for F11-F4.

How
wever, the droplet off F5 (chitosan
only
y) was of uniform shhape and size.
Tweeen 80 wass preferred as a surfacctant
owing to its high
h
hydropphilic-lipophilic
balaance (HLB)) value, whiich is favorrable
for
form
mulating
oil-in-w
water
nano
oemulsion.

Fig. 2: Scanning electron
e
microograph of preepared chitosaan-citralnanoem
mulsion form
mulations, F1 to
t F5.
The SEM
M was perform
med on a JEOL
L JSM-1200E
EX II scanningg electron miccroscope operrating
at an acceeleration voltaage of 80.0 kV
V with 20 µm 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, F1and 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).

Size Distribution by Number

F1

Number (Percent)

30

20

10

0
0.1

1

10

100

1000

10000

Size (d.nm)

F2

Size Distribution by Number

Number (Percent)

30

20

10

0
0.1

1

10

100

1000

10000

Size (d.nm)
Size Distribution by Number

F3
Number (Percent)

15

10

5

0
0.1

1

10

100

1000

10000

Size (d.nm)
Size Distribution by Number

Number (Percent)

20

F4

15
10
5
0
0.1

1

10

100

1000

10000

1000

10000

Size (d.nm)
Size Distribution by Number

F5
Number (Percent)

15

10

5

0
0.1

1

10

100
Size (d.nm)

Fig. 3: A typical particle size distribution by a dynamic light scattering of the formulated chitosancitralnanoemulsion formulations, F1 to F5.
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Table 1: Mean droplet size, poly dispersing index and dynamic viscosity of chitosancitralnanoemulsion formulations
Formulation
Weight ratios
Droplet size
Poly dispersing index
Dynamic
(chitosan: citral)
(nm)
(PDI)
viscosity
(mPa.s.) ± SE
1.0 :0.1
27.0
0.614
5.1±0.05
F1
1.0 :0.2
28.5
0.594
6.0±0.05
F2
1.0 :0.4
387
0.536
7.0±0.04
F3
1.0 :0.8
1115
0.508
8.0±0.05
F4
1.0 : 0.0
1283
0.571
3.1±0.04
F5

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).It 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 chitosancitralnanoemulsions
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 used 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 25ºC 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
(chitosan: citral)

Centrifugation
at 5000 rpm

F1
F2
F3
F4

1.0 :0.1
1.0 :0.2
1.0 :0.4
1.0 :0.8

√
√
√
√

F5

1.0 : 0.0

√

Stability at temperature of 25°C
First
Second
Third
Fourth
week
week
week
week
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

√

√

Note: √, stable (without phase separation); ×, unstable (with phase separation).

√

Freeze
thaw
cycle
√
√
√
√
√
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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 chitosancitralnanoemulsions
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; São 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 2006).
Hamouda and Bakerreported that the
soybean oil based nanoemulsion had a
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good bactericidal activity against grampositive bacteria (Hamouda and Baker
2000).
Antifungal activity of chitosancitralnanoemulsions
against
A.
nigerand R. stolonifera:
The antifungal activity of chitosancitralnanoemulsions 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 EC50 of 278 and 221 mg/L against
A. niger and R. stolonifer, respectively.
Followed by F2 in the descending order
with EC50 of 396and 340 mg/L against A.
niger and R. stolonifer, respectively.
However, F4 and F5 formulations were
the lowest active (EC50= 1887, 1568,
1074 and 1433mg/Lagainst A. niger and
R.
stolonifer,
respectively).
For

unformulated compounds, citral only
showed good antifingal activity (EC50=
474
and
437mg/L,
respectively)
compared with chitosan only (EC50=
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
nigerand R. stolonifer by mycelia radial growth technique
95% confidence limits
Slopeb
Formulations
EC50a
(mg/L)
± SE
Lower
Upper
A. niger
278
150
514
3.45±0.33
F1
396
337
449
2.54±0.31
F2
710
626
827
2.40±0.32
F3
1887
1293
4587
1.57±0.35
F4
1568
1146
3068
1.66±0.34
F5
3016
2363
4157
1.19±0.25
Chitosan
474
410
538
2.38±0.30
Citral
R. stolonifer
221
162
309
6.16±0.49
F1

formulations against A.

340
128
514
5.42±0.47
F2
708
610
856
1.98±0.30
F3
1074
861
1600
1.70±0.32
F4
1433
1045
2903
1.47±0.32
F5
2649
1222
7494
2.1±0.26
Chitosan
437
72
785
4.67±0.39
Citral
a
The concentration causing 50%mycelialgrowth inhibition.
b
Slope of the concentration-inhibition regression line ± standard error.
c
Intercept of the regression line ± standard error.
d
Chi square value.

In the previous literatures, a
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

Interceptc
± SE

(χ2)d

-8.44±0.82
-6.60±0.84
-6.85±0.88
-5.16±0.97
-5.31±0.95
-4.13±0.84
-6.37±0.83

7.22
1.92
2.09
1.75
0.85
0.99
0.62

-14.45±1.15

6.72

-13.75±1.24
-5.65±0.84
-5.15±0.87
-4.63±0.89
-7.05±0.89
-12.35±1.04

9.10
1.92
0.86
1.08
4.73
13.04

reported the growth of P. italicum and R.
stolonifer on the solid media was reduced
in the presence of citral and its epoxide
(Saddiq and Khayyat 2010). Low
concentrations (12.50 - 200 mg/L) of
citral caused the greatest inhibition of
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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 (Li et
al. 2015). Moreover, citral caused a
lower inhibition rate of mycelium growth
of Rhizoctonia solani with EC50 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
nonequilibrium 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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ARABIC SUMMERY

التحلل الضوئى لمبيدات الكاربميت )ميثوميل ( باستخدام جزيئات ثانى اكسيد التيتانيوم النانوية ضد حشره
دوده ورق القطن
٢

احمد محمود شاكر ،١ايمن حسن زكى ،٢الھام فاروق ١محمود ،محمد خضر
 -١مركز البحوث الزراعية .معھد بحوث وقاية النباتات .محطة بحوث سدس
 -٢كلية الدراسات العليا للعلوم المتقدمة جامعة بنى سويف
amshaker2003@gmail.com
لقد اصبح التحلل الضوئى وتكسير المبيدات العضوية ھو الشغل الش اغل ال ذى يش غل المجتم ع العلم ى
واصبح السبب الرئيسى للتلوث بالمبيدات ھو االستخدام المفرط لتل ك المبي دات كم ا تق در الكمي ة المس تخدمة م ن
المبيدات من ١الى  ٢.٥مليون طن سنويا والتى بدورھا تس بب تلوث ا بيئي ا خطي را .ول ذلك تلع ب تكنولوجي ا الن انو
دورا ھاما لحل ھذه المشكلة باستخدام جزيئات ثانى اكسيد التيتانيوم النانوية والتى لھا دور كبي ر ف ى ازال ة االث ر
السام الخطير للمبيدات تحت تاثير ضؤ الش مس وف ى فت ره زمني ه قص يره  .ف ى ھ ذه الدراس ة ي تم اس تخدام ث الث
معامالت على العمر الث انى والراب ع م ن دودة ورق القط ن وذل ك بالتغذي ة عل ى ھ ذه المع امالت باس تخدام ورق
نبات الخروع بعد غمسة فى كل معاملة على حده ثم اطعام يرقات العمر الثانى والرابع لحشرة دودة ورق القطن
والثالث معامالت ھم خليط من مبيد الميثوميل مع جزيئات ث انى اكس يد التيت انيوم الن انوى والمعامل ة الثاني ة مبي د
الميثوميل منفرد والمعامله الثالثة ماء مقطر وقد تم تقييم التجربة خ الل فت رات زمني ه متفاوت ه ١٢ ،٩ ،٧ ،٥ ،٣
يوم وقد لوحظ انه باستخدام الخليط من مبيد ميثوميل مع جزيئات ثانى اكسيد التيت انيوم النانوي ة خف ض ف ى نس ب
الموت ليرقات العمر الثانى والرابع لحشرة دودة ورق القطن مقارنة بمبيد الميثومي ل منف رد .ام ا المعامل ة الثالث ة
باستخدام الماء المقطر اليوجد نسب موت وھذا مؤش ر ق وى عل ى ان ه بع د خل ط مبي د الميثومي ل بجزيئ ات ث انى
اكسيد التيتانيوم النانوية تم تحلل ضوئى للمبيد وتقليل معدل سمية المبيد ولذلك يمكن اضافة جزيئ ات ث انى اكس يد
التيتانيوم النانوية لمبيد الميثوميل للتقليل من تاثيره السمى المتبقى.

