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Abstract— Cinnamon (Cinnamomum burmannii) is a species of plant that produces essential oil known as cinnamon oil. The cinnamon
oil has been used as antibacterial and anti-inflammatory agents. The essential oils are not soluble in water. Therefore, their
application into food products is limited. An approach that can be done to overcome this problem is by incorporating essential oils
into a nanoemulsion system. This research aimed to optimize the emulsification process of the cinnamon oil nanoemulsion by varying
the emulsifying condition, i.e., homogenization speed, time, pressure, and cycles. The physicochemical properties and stability of
cinnamon oil nanoemulsion were observed. The homogenization process with a speed of 14000 rpm for 3 minutes produced cinnamon
oil emulsion with droplet size 10.4Qum and polydisperdibility index (PDI) of 0.901. The homogenization process at 500 bar using
high-pressure homogenizer with three cycles produced cinnamon oil nanoemulsion with droplet size + 117.5 nm and polydispersibility
index (PDI) of 0.123. The droplet size of nanoemulsion during storage at 4 + 2 °C, 28 + 2 °C, and 40 + 2 °C for three months did not
change the droplet size (P<0.05). The minimum concentration to inhib®. aureus and E.coli was similar for bulk, coarse emulsion
and nanoemulsion of cinnamon oil. However, cell count after the two bacteria tested at 37 °C incubation for 24 hours showed that the
highest number of bacterial cells was in bulk cinnamon oil, followed by the coarse emulsion and lowest number of bacterial cells was
in cinnamon oil nanoemulsion. This indicates that cinnamon oil nanoemulsion has a higher antibacterial activity than coarse emulsion
and bulk cinnamon oil.
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application into food products is limited to high-fat food
I. INTRODUCTION products.

The emulsion is a system consisting of two or more One.way_to overcome these_ problems is by incorporating
liquids that have polarity differences and can be prepared b)pssent@ oils into nanoemulsion. Th|s method a_IIows the
dispersing small amounts of liquid into another. The d|ssolut|.o.n of the substar_lge .that.|s hydrophoblq to the
dispersed phase will form large globules which are then hydrophlhc syst(_am.“EmuIsmcathn Into nanoemL_JIS|on can
broken down using a homogenizer. The emulsion can belMProve the availability of essential oils because it produces
categorized into a conventional emulsion, microemulsion, a tiny particle that Increases the surface area and solubility
and nanoemulsion-based on the particle size of the disperse te [6]. Nanoemulsion is thermodynamically —stable.
phase, stability and their characteristics [1].

anoemulsion has a droplet size of 50 - 500 nm. It is an
Essential oils are commodities that have great potential ine_mUISIOn system of transparent or transl_ucent o_llspe_rsmn of
Indonesia. Essential oils which also known as etheric oils are?ll and water that is stabilized by an interfacial film or
the product of secondary metabolites that generally occur inSurfactant and cosurfactant molecules [7]. The surfactants is
plants. The essential oil of cinnamon (Cinnamomum a substance that serves to decrease the interfacial tension
burme{nnii) has been used as antibacterial and anti-P€tween two immiscible liquids and make them miscible.

inflammatory agents. Studies show that the antibac:terial_?urf"’mt""gct)S $sed inzgregaring 2%/Wpr|‘£a(£'°20mOU|Si°nS include
effect of cinnamon oil is related to cinnamaldehyde, the ween oU, Tween 20, span 2U, monostearate,

major compounds found in this oil [2]-[4]. Essential oils are Emulphc(;r ]?Zr? Sof;igen 701hand cl)thers I[B]' iosurfactatr)\ts
insoluble in water and have hydrophobic properties so it can@re used it the surfactants themselves alone have not been

enter the fatty parts of the cell membrane of bacteria andable to red_uce the o/w interface tension for the prepari_ng of
mitochondria, disrupting the structure of membrane cell nanoemulsions. Cosurfactants used in the manufacturing of

bacteria and make it less permeable [5]. Therefore theirnanoemulsions such as Lecithin, Polyethylene glycol,
Glycerin, Ethanol, Butanol, and others. The cosurfactant
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reduces the interfacial tension by increasing the interface 1) Formulation of Cinnamon Oil Nanoemulsions. The
fluidity and entropy of the system [9]. coarse emulsion was prepared by dispersing 15% of
The small droplet size of nanoemulsion leads to the cinnamon oil into the double distilled water and tween 80 as
formation of kinetically stable emulsion which prevents a surfactant. The concentration of tween 80 was 20% of the
sedimentation and creaming during storage [10] and alsocinnamon oil (w/v). The mixture then homogenized by a
increases its functional activity [11]. Type of surfactant used high shear homogenizer (IKA T25 digital Ultra Turrax) at
is particularly vital because surfactant is immediately needed10000 rpm, 12000 rpm, and 14000 rpm for 1 minute, 2
after droplets are formed during the homogenization processminutes and 3 minutes. The most stable coarse emulsions
[12]. Surfactants or surface active agents have a hydrophilicobtained from a process of 14000 rpm for 3 minutes were
group and a lipophilic group so they can stabilize a mixture then subjected to subsequent homogenization using High-
of oil and water. According to the presence of a hydrophobic Pressure Homogenizer (GEA Niro Soavi Panda Plus) at 100
group and a hydrophilic group in one molecule causesbars, 300 bars and 500 bars with 1, 2, 3 and 4 cycles. The
surfactants to tend to be at the interface. The formation ofoptimal condition for the subsequent homogenization was
the interfacial layer is capable of lowering the interfacial achieved at 500 bar and 3 cycles. This condition was
energy. The use of surfactant affects the type of the resultingurthermore used to observe the effect of emulsifier
emulsion. A surfactant having a strong polar group will tend concentration toward nanoemulsion stability. The
to form an oil in water emulsion (o/w) whereas a surfactant concentrations of emulsifier tested were 5%, 10%, 15%,
having a robust non-polar group will tend to form water in 20% and 25% of the weight of cinnamon oil.
oil emulsion (w/0) [13]. Tween 80 is a non-ionic surfactant,
soluble in water (hydrophilic) and has HLB of 15. This type
of surfactant has low toxicity [14] and increases the viscosity
of the dispersed phase. Tween 80 can form a thin laye
surrounding the droplets and prevent the agglomeration of
the dispersed phase so that no precipitation occurs [15].
Previous studies showed that the process of nano-
encapsulation improved the antimicrobial activity of
essential oils. Donsi et al. [16] investigated the
nanoemulsions of a terpene mixture extracted from
Melaleuca alternifolia and D-limonene. The terpenes
nanocapsules were tested in orange and pear juices,
inoculated with L. delbrueckii. The addition of low
concentration of the nanocapsule terpenes was able to delay 3) The Effects of Storage on The Stability Cinnamon Oil
the microbial growth (1.0 g/L terpenes) or utterly inactive Nanoemulsions: The cinnamon oil nanoemulsions stored at 4
microorganism (5.0 g/L terpenes) while minimally altering + 2 °C, 28 + 2 °C and 40 £+ 2 °C for 90 days. The
the organoleptic properties of fruit juices. observation was carried out right after the emulsification
Ghosh et al. [17] examined the antibacterial activity of process, at the 30th, 60th and 90th days of storage. The
sesame oil blended eugenol-loaded nanoemulsion usingarameters evaluated were droplet size, PDI, and zeta
ultrasonic emulsification process. Nanoemulsion of sesamepotential. The nanoemulsion droplets were also analyzed by
oil: eugenol is equal to 3:3 with 3% of eugenol concentration Transmission Electron Microscope (TEM, JEOL JEM 1400)
exhibited antibacterial activity against Staphylococcus to observe the droplets’ morphology [17]. For this purpose,
aureus. The result also demonstrated a significant reductionwo samples were monitored after freshly produced and after
in the heterotrophic bacteria population in orange juice. This storage for 90 days at 4 °C.
research aimed to optimize the emulsification process of the
cinnamon oil nanoemulsion by varying the concentration of B. Methods

surfactants and emulsification cycles using high-pressure 1) Antibacterial Activity Test: Antibacterial activity test
homogenizer. ~ The resulted nanoemulsions — werewas carried out following the method written by Kirby-
characterized. Bauer [18]. Inoculations of Staphylococcus aureus and
Escherichia coli were conducted by dipping a cotton swab
[l. MATERIALS AND METHODS into a test tube containing bacterial culture. Then the cotton
A Materials swab was scratched three times the petri dish that contained
' ) o . MHA (Mueller Hinton Agar) media. Paper discs are having
Materials used in this research were the essential oil ofg mym in diameter (Filter papers 40 Whatman 1440-090)
cinnamon oil (food grade) froMT. Djasula Wangi, Jakarta,  spaked in cinnamon oil for 30 minutes and then drained for
and Tween 80 (polyoxyethylene-20-sorbitan monooleate) 15 minutes. The paper disc was placed on the surface of petri
(Sigma). The antibacterial test used Staphylococcus aureusgish which contained MHA and had been inoculated with a
and Escherichia coli isolates, Sterile NaCl 0,9%, Mueller- pacterial test (Staphylococcus aureus and Escherichia coli).
Hilton Agar (105437 Merck Millipore), Nutrient Agar  The incubation was done at 37 °C for 24 hours. The clear
(105450 Merck Millipore) and ampicillin. This study used one around the paper disc showed inhibition of bacterial
analytical grade in testing all chemicals. Purified water was growth. Measurement of a clear zone was done by
used for the preparation of emulsions. All experiments andmeasuring the diameter of inhibitory zone from left end to
analysis were carried out in duplicate. the right end area of the clear zone surrounding the paper

2) Characterization of Nanoemulsions. Characterization
of nanoemulsions includes measurement of droplet size,
rpolydispersity index (PDI) and zeta potential. The
measurement was conducted using Malvern Zetasizer Nano
ZS at 25 °C. The mean droplet diameter and the PDI were
determined through light scattering mechanism in a
Zetasizer Nano ZS (Malvern Instruments, UK) after
emulsion samples had been diluted in double-distilled water
for 1/10 of their initial concentration to avoid multiple
scattering effects. Droplet sizes were indicated by CZ-
average which measured the scattering intensity-weighed
mean diameter of the droplets present in an emulsion [12].
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disc. Ampicillin (commercial antibiotics) used as a control in and the droplet distribution (PDI). The measurement results
this study. are presented in Table 2. As can be seen in Table 2, the
speed of HSH and the length of homogenization influenced
the droplet size and PDI. As the speed and time of
homogenization increase the droplet size decreases. The
droplets’ sizes were in the range of 10.40 to 1840 The
smallest range was obtained for the coarse emulsion that
homogenized at 14000 rpm for 3 minutes. The higher the
energy applied in the homogenization process the smaller the
'droplet size produced [6]. The smaller the emulsion droplet
size the more stable the emulsion will be.

TABLE Il
DROPLETSIZE AND PDI OF CINNAMON OIL EMULSION AT VARIOUS SPEED
AND TIME OF HOMOGENIZATION

2) Cdl count Analysis. The cell counts analysis of S.
aureus and E. coli on bulk cinnamon oil, coarse emulsion,
and cinnamon oil nanoemulsion was established by
monitoring the surviving cell numbers in inoculated plates
after 24 h of incubating at 37°C. Each assay included a
growth control test sample. Inoculation and enumeration
were carried out by the drop plate method of Herigstad et al.
[18] with some modifications. Briefly, a 100 ul suspension
(4.0 log cfu/ml) of tested bacteria was used to prepare
dilutions. A 20 ul of each bacteria dilution was dropped in
duplicate on MHA plates containing bulk cinnamon oil,
coarse emulsion and cinnamon oil nanoemulsion. The plates

were incubated at 37°C for 24 h. Data obtained were| Speed Time (min) | Droplet size | Polydispersity
analyzed by ANOVA (Analysis of Variance) and the (rpm) (nm) index
differences between two treatments were evaluated using 10000 1 18.480.033 | 0.63G0.01%
LSD (Least Significant Difference) test. 10000 > 17720021 | 0.6620.008
IIl. RESULTS ANDDISCUSSION 10000 3 16.420.04C" 0.682:0.01¢
, _ _ _ _ 12000 1 15.360.045° | 0.72%0.00%
A. Physical and Chemical Properties of Cinnamon Oil 12000 > 14560 036% | 0.752:0 015°
In this research, the cinnamon oil was analyzed for its 12000 3 13.440.048* | 0.7610.022
physical and chemical properties including cinnamaldehyde[— 712000 1 12.360.025% | 0.8260.01F
content, density, refractive index, optical rotation, and 14000 2 11.340 037 | 0.83%0.01&
solubility in ethanol 70% (Table 1). 14000 3 10.480.03F | 0.9010.037

Note: The different superscript letters in the same column inidicate
significantly different values (P<0.05)

TABLE |
CHARACTERISTICS OFCINNAMON OIL

Characteristics Results The polydispersity index (PDI) provides information on
Cinnamaldehyde content (%) 9458 the ynlforr_nlty_ of an _emuIS|on dr_oplet size. Low_er
: - polydispersity index indicates the size of the resulting
Density (20 °C) 10425 droplets is relatively uniform. The polydispersity index (PDI)
Refractive index (20 °C) 1.6157 is a measure of the distribution of molecular mass in a
Optical rotationuD -0.40 particular sample. Small polydispersity index indicates a
Solubility in ethanol 70% (vAv) 13 clear narrow particle size distribution which means the more

uniform particle size. Increasing polydispersity index shows
The cinnamon oil used in this study is a food grade a broad particle size distribution which is seen from the peak
cinnamon oil and has a 94.88% cinnamaldehyde chemicalarea formed from the analysis. Based on Table 2, it can be
component. Cinnamaldehyde is the most significant seen that as the speed and time of homogenization increases,
component in cinnamon oil [2]. In addition, the the polydispersity index also increases. The results suggested
physicochemical properties of cinnamon oil in this study that homogenization speed of 14000 rpm for 3 minutes was
have complied with European Pharmacopoeia (EP) andthe optimum condition to prepare the cinnamon oil
flavor and fragrance industry standard quality, with specific nanoemulsion.
gravity ranging from 1.008 - 1.030, refractive index of 1.559
- 1.595, optical rotation (-5 °C) - (-0 °C), and 70% solubility
in ethanol is 1: 3 soluble and clear.

C. Characteristic of Cinnamon Oil Nanoemulsion

Nanoemulsions were prepared with 5, 10, 15, 20 and 25%
of a surfactant. Tween 80, non-ionic surfactant with a
hydrophilic-lipophilic balance (HLB) of 15 was chosen.

The stability of the emulsion is one of the most important Characterizing of cinnamon oil nanoemulsion was conducted
factors to determine what kind of emulsion-based food by measuring droplets’ diameter, distribution of droplet size,
products can be created. Emulsion stability demonstratesand zeta potential. Table 3 shows the increasing of the
emulsion consistency in which materials included do not homogenization pressure and cycles caused the droplet size
tend to merge each other and form a separate layer. A gooénd polydispersity index to decrease significantly (P<0.05).
emulsion has properties that will not turn into layers, not The effect of Tween 80 concentrations on the droplet size
discolored and did not change its consistency during storageand PDI can be seen in Figure 1. The results showed that the
[19]. concentration of Tween 80 and the number of

. . . ._homogenization cycles influenced the droplet diameter and
The coarse emulsion of cinnamon oil was prepared using

. . o PDI significantly (P<0.05). Figure 1 confirms that increasing
High Shear I-_lomogenlzer (HSH). Charactenzanon of th_e the surfactant concentration decreasing the droplets’ size of
coarse emulsion was conducted by measuring droplet siz

&innamon oil. According to [9], the surfactant can reduce the

B. Characteristic of Cinnamon Oil Coarse Emulsion
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surface tension between oil and water phase as well aglistribution. The PDI which is less than 0.2 demonstrates an
decrease the amount of required energy to break up the oibverview of good uniformity of droplet size.

droplets. Therefore the high concentration of surfactant is
needed to cover the surface of droplets [6]. High surfactant
concentration can reduce the droplet size due to the
increment of surfactant adsorption on the interfacial

membrane. This condition facilitates the formation of

smaller droplet [20]. The smaller the droplets size, the more
stable the nanoemulsion.

Size Distribution by Intensity

TABLE Ill
DROPLETSIZE AND PDI OF CINNAMON OIL NANOEMULSION AT VARIOUS ol ; ; ; \ ; i
HOMOGENIZATION PRESSUREND HOMOGENIZATION CYCLES 01 1 10 100 1000 10000

Homogenization| Number [ Dropletsize [ Polydispersity seetanm

Pressure (Bar) of Cycle (nm) index Fig. 2A The distribgtion of cinna_lmon oil nanoemulsion droplet size
300 1 457.51.950 08720.017 prepared with the optimum formulation
300 2 410.50.83% | 0.6830.01& Figure 2B informs the zeta potential of nanoemulsion
300 3 337.31.40F | 0.5580.059 prepared with the best formulation. Zeta potential is a value
400 1 264.11.665 | 0.433:0.009 that can be used to predict and control the stability of an
400 2 164.61.56Z | 0.3490.014 emulsion system. The stability of an emulsion is good if the
400 3 148.1#1.514 | 0.2520.08F value of the zeta potential is more than 30 while if the value
500 1 133.61.52¢ | 0.19#0.047 is lower than 30 means unstable emulsion. The positive and
500 2 122.21.473 | 0.1630.019 negative values designate the pH. Positive (+) indicates low
500 3 117.80.917 | 0.12%0.010' pH (acidic) while negative (-) indicates high pH (alkaline)

Note: The different superscript letters in the same column indicate[21]. The result of zeta potential in this study is monomodal
significantly different values (P<0.05) (only one peak), and the range is between -30 mV to -55 mV.
These results indicate that the optimized formulation (15%

cinnamon oil, 20% surfactant, homogenized at 500 bars and
025 160 three cycles) produced stable nanoemulsion with the droplets
- ™ | size in the nanometer range.
T o2 - } e 120
E 0.15 L— 100 Zeta Potential Distribution
< z Lso =
75- 0.1 | 60 Rl I [ o o T :
. 0.05 [ 40 800000 -~~~ e
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Fig. 1 The droplet size and PDI of cinnamon oil nanoemulsion at various Apparent Zeta Potential (mv)

concentrations of Tween 80 ) . . . ) )
Fig. 2B The profile of zeta potential of cinnamon oil nanoemulsion prepared

The diameter of a cinnamon oil droplet in nanoemulsion with the optimized formulation
system ranging f_rom 111.710 151.8 nm. This value mgllcatesE The stability of optimized nanoemulsion during storage
that the dispersions are nanoemulsion. Nanoemulsion has
droplet size about 50-500 nm [7]. At a concentration of 25% Emulsion stability is a complex issue and can be
tween 80, the smallest droplet size was achieved, but thisnfluenced by some factors including particle size, viscosity
was not significantly different with 20% concentration. and environmental conditions such as temperature and shear
Hence 20% tween 80 was chosen as the optimumforce [22]. The size of the droplets determines nanoemulsion
concentration to produce cinnamon oil nanoemulsion. stability. Conversely, the instability characterized by the
occurrence of phase separation. The stability can also be
affected by the storage temperature. The stability of
nanoemulsions in this research was observed during storage

Figure 2A shows that the polydispersity index of the at different temperatures.
cinnamon oil nanoemulsion prepared with the optimum Table 4 shows the droplet size and PDI of cinnamon oll
formulation. The polydispersity index was monomodal (only nanoemulsion prepared with the optimum formulation and
one peak) and the range between 40 to 300 nm. The mea#tored for ten days. The droplet size of nanoemulsion ranges
diameter (z-average) of the nanoemulsion droplets was 103.4rom 121.0 + 0.849 nm to 121.9 + 0.700 nm and PDI of
nm with PDI of 117.7. Polydispersity index illustrates the 0.2323 + 0.010 to 0.143 + 0.008. The results also informed
uniformity of the oil droplet size thus the smaller the PDI that the droplet size and PDI of each treatment were not

values indicate, the more uniform of the droplet size. The significantly different (P>0.05) between days during storage.
smaller PDI also means the more uniform of oil droplets This value indicates that the optimum formulation produced

stable nanoemulsion.

D. Characteristic of the optimum cinnamon oil
nanoemulsion
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TABLE IV

THE EFFECT OFSTORAGE ONCINNAMON OIL NANOEMULSION PREPARED
WITH THE OPTIMUM FORMULATION

Storage time Droplet size Polydispersity
(days) (nm) index
0 121,6:0.608 0,1340.008
2 121,9-0.153 0,1320.011
4 121,2-0.700 0,1230.010
6 121,9-0.850 0,1280.001
8 121,3:0.551 0,1260.010
10 121,G:0.849 0,1280.006

F. Effect of Sorage Temperatures on Nanoemulsion
Characteristics

G. Transmission Electron Microscope (TEM) Observation

Droplet morphology was an important characteristic in an
emulsion system. Observation of nanoemulsion droplet
morphology was performed using Transmission Electron
Microscope (TEM). TEM analysis serves to monitor the
surface morphology of emulsion droplet displayed through
an image. Based on the characterization by TEM at a
magnification of 13500x, the droplets of cinnamon oil
nanoemulsion have nearly spherical (Fig 3).

TEM analysis was only performed for two samples: a).
Nanoemulsion which freshly prepared and b). Nanoemulsion
which had been stored for three months at 4 °C. TEM
analysis results are shown in Figure 3A and 3B. Figure 3A

To find out whether the formulation of nanoemulsion can @nd 3B show a relatively rounded form of nanoemulsion
be applied to commercial products, it is imperative to droplet. The oil droplet is surrounded by a suspected black
examine the stability for an extended period. The circle of surfactant layer which absorbed on the surface of
nanoemulsion characteristics were monitored by measuringthe interfacial membrane. This nanoemulsion droplet is
the droplet size, PDI and zeta potential. The cinnamon oil Similar to the black layer of protein that is surrounding the
nanoemulsions for this purpose were stored below 4 °C +0il droplets in [24] studies.

2°C,28°C+2°Cand40 °C x 2 °C for 3 months. As can
be seen in Table 5, the results showed that the storage
temperatures were not significantly different (P>0.05) on the
droplet size and PDI of cinnamon oil nanoemulsion, but
significantly different (P<0.05) on zeta potential. This
revealed that the nanoemulsions were stable for three months
at various storage temperatures. Also, zeta potential values
were also in a stable range (less than -30 mV) during storage.

TABLE V
THE PARTICLESIZE, PDI AND ZETA POTENTIAL OF CINNAMON OIL
NANOEMULSION DURING STORAGE
Temp | Duration | Droplet Size PDI Zeta Potential
(®)] (days) (nm)
442 0 121.%0.300 | 0.1220.002 | -34.80.002%¢
442 30 121.90.321 | 0.12%0.005 | -34.60.005C
442 60 121.20.624 | 0.1250.006 | -33.80.008° Fig. 3A Freshly prepared emulsion
C . .

442 90 12130850 | 0.1040.034 | -34.30.034 The TEM analysis results confirm that the droplets’ shape
2842 0 121.90.289 | 0.12%0.006 | -32.30.006' and size of the two samples did not differ significantly. A
28+2 30 121.51.556 0.12%0.011 -34.80.01FC Sample of freShly prepared cinnamon oil nanoemulsion has a
2812 &0 12180115 | 0.1330.002 | -35.80.002° droplet size of 103.4 nm (Fig. 3A) and the one after 3

- i : : — months storage at a temperature of 4 °C has a diameter of
28+2 90 122.81.168 | 0.1560.055 | -34,20.055 113.2 nm (Fig. 3B).
4042 0 122.60.252 | 0.19%0.056 -37.10.056
4042 30 122.41.414 | 0.15%0.057 | -33.20.057*®
4042 60 122.61.320 | 0.1080.031 | -33.20.031®
4042 90 122.80.862 | 0.1230.005 b

Increasing in emulsion droplet size can be affected by
differences in storage temperatures. High storage
temperature is closely related to the energy transfer from the
environment to the external phase which causes the external
phase molecules to gain energy. This energy will move the
external phase molecules and cause interfacial tension to rise
[23]. Growing the interfacial tension can lower the viscosity
thus creating the unstable condition. However, the results of
this research do not indicate the increment of droplets size
significantly (P>0.05) during emulsion storage period at
different temperatures.
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H. Antibacterial Activity of Cinnamon Oil Nanoemulsions

The antibacterial activity test of bulk cinnamon oil, coarse

TABLE VI
THE CELL COUNT OFS.AUREUS AND E.COLI TREATED WITH BULK
CINNAMON OlIL, COARSEEMULSION AND NANOEMULSION

emulsion  and nanoemulsion  conducted  against
Staphylococcus aureus (Gram-positive) and Escherichia col
(Gram-negative). The concentration of bulk cinnamon oll

and coarse emulsion used for antibacterial activity test in thig

study was similar to the concentration of cinnamon oil

nanoemulsion. The results are shown in Table 6. It can be

seen that at 1 % (v/v) concentration, either bulk cinnamon
oil, coarse emulsion, and cinnamon oil nanoemulsion has

been able to inhibit the growth of S. aureus and E. coli.

However, at lower concentrations (0.25, 0.5 and 0.75% v/v)
of bulk cinnamon oil, coarse emulsion and cinnamon oil

nanoemulsion have no antibacterial on S. aureus and E. co

Strain Antibacterial agents After 24 hour
incubation
(Log cfu/ml)
S. aureus Growth control 9.2+0.14
Bulk cinnamon oil 5+0.21
Coarse emulsion 4.7+0.14
Cinnamon oil | 2.840.28
nanoemulsion
E. coli Growth control 9.6+0.07
Bulk cinnamon oil 6+0.14
Coarse emulsion 5+0.21
i Cinnamon oil | 4.8+0.07
nanoemulsion

bacteria. This is similar to the results of antibacterial oil test
of anise oil nanoemulsion for S. aureus and E.coli in [25].
Determining the value of MIC (Minimum Inhibitory
Concentration) aims to govern the lowest concentration of
essential oil which can inhibit the growth of bacteria and
characterize by the formation of a clear zone (Table 7).

TABLE VI
THE MINIMUM INHIBITORY CONCENTRATION(MIC) OFBULK CINNAMON
OIL, COARSEEMULSION AND NANOEMULSION AGAINST S. AUREUSAND E.
COLI

Strain Antibacterial Concentration (%, v/v)
agents 2 1 0.75 0.50 0.25

E. coli Bulk cinnamon| - - + + +

oil

Coarse - - + + +

emulsion

Nanoemulsion | - - + + +
S Bulk cinnamon| - - + + +
aureus oil

Coarse - - + + +

emulsion

Nanoemulsion | - - + + +

(-) inhibit the growth ofS. aureus andE. cali.
(+) no antibacterial o aureus andE. coli

TABLE VI
THE INHIBITION ZONE DIAMETER OF BULK CINNAMON OIL, COARSE
EMULSION AND NANOEMULSION AGAINST S.AUREUS ANDE. CoLI

Strain Antibacterial Inhibition zone (mm)
agents
2% 1%
E. coli Bulk 12.26 10.74
cinnamon oil
Coarse emulsion 12.18 10.60
Nanoemulsion 12.22 10.76
S aureus Bulk 14.58 10.02
cinnamon oil
Coarse emulsion 14.50 10.00
Nanoemulsion 14.62 10.04

The results of cell count after the two bacteria tested at
37 °C incubation for 24 hours showed that the highest
number of bacterial cells was in bulk cinnamon oil, followed

by the coarse emulsion and lowest number of bacterial cells

was in cinnamon oil nanoemulsion (Table 8). This indicates
that cinnamon oil nanoemulsion has a higher antibacterial
activity than coarse emulsion and bulk cinnamon oil.
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Nanoemulsion obtained by high-pressure homogenization
process and the coarse emulsion homogenized by a high-
shear homogenizer. HPH can produce emulsions with
smaller droplet sizes compared to high-shear
homogenization process. The smaller the droplet sizes, the
more easily the active components of cinnamon oil to
penetrate the bacterial cell membrane. This condition
increases inhibition to the growth of bacteria. The results
obtained are by the finding of Herigstag et al. [18] that
confirmed the delivery of antibacterial components in
nanoemulsion happened faster than in the coarse emulsion
due to smaller droplet sizes and a broader exposed to the
surface of bacterial cells.

IV. CONCLUSIONS

Optimized nanoemulsification process with 20%
concentrations of Tween 80 and 3 cycles of homogenization
process using high-pressure homogenizer at 500 bars
produced cinnamon oil nanoemulsion with droplet diameter
+ 1175 nm and polydispersity index (PDI) of 0.123.
Cinnamon oil nanoemulsions stored at different temperatures
had droplet sizes that were not statistically different (P>0.05).

The bulk cinnamon oil, coarse emulsion and cinnamon oil
nanoemulsion have the same minimum concentration of
inhibition against S. aureus and E. coli, but the
nanoemulsion has the lowest number of cells count
compared to bulk cinnamon oil and coarse emulsion after
incubation at 37 °C for 24 hours. Antibacterial activity test
indicated that cinnamon oil nanoemulsion showed better
antibacterial activity compared to the coarse emulsion and
bulk cinnamon oil.
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