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ABSTRACT KEYWORDS
Nano emulsions have practical applicationsin amultitude of commercial Nano emulsion;
areas, such asthe chemical, pharmaceutical and cosmetic industries. The Surfactant;
aim of this study wasto employ high energy methodsto create oil in water Turmericoil;
nano emulsion using turmeric oil to evaluate their physical stability, Toxicity;
phytotoxicity and antibacterial properties. The nano emulsion devel oped Anti bacterial.

by phase diagram method was prepared in different ratios ranging from
1:1to 1:9 using turmeric oil, tween 20 (surfactant) and propylene glycol/
ethanol (co-surfactants). Stable emulsions were formed at acidic pH
characterized by alow viscosity and increased zeta potential respectively.
The average hydrodynamic size of the formulation wasin the range of 65
nm using propylene glycol and 45 nm using ethanol as co-surfactants.
The optimized nano emulsion was phytotoxic to corn and cucumber seeds
but the extent of toxicity varied with respect to concentration of the
formulation. The antibacterial studies revealed that the formulation had
selective antibacterial propertieson gram positive S. aureus characterized

by aclear zone of inhibition.

INTRODUCTION

Nanoemuls on offersenhanced materia properties
and versatility. It replacesmicro scaleemulsionsina
number of applications. They gainincreasing attention
infoodindustry asanove ddivery systemfor lipophilic
materias, cosmetics, medicineand agriculture®®, They
aredefined asdispersionsconsisting of ail, surfactant,
co surfactant and water!” withamean dropl et diameter
ranging from 20-200 nm. Thefocusof the present study
wasto prepareturmeric oil nanoemulsion by mixing dif-
ferent ratiosof il (turmeric ail), surfactant (Tween-20)
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and co surfactant (propyleneglycol/ethanol). Turmeric
oil was chosenfor thisstudy on account of itsexce lent
therapeutic properties. Surfactantsformsabarrier be-
tween the nanodropl etsand it prevents coa escencein
the new droplets®. Tween-20 isnon-ionic surfactant
that isreadily miscibleintheoil-water interface.

Inlieu of adequate reportsthe primary objective of
our current study wasto characterizethe processvari-
ables in the preparation of an uniform-sized
nanoemulsonusingturmeric oil andtoeva uateitsanti-
bacterial and phytotoxic properties. Theformationand
stability of the prepared formulation were monitored
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by changesin pH and viscosity. Phytotoxicity studiesof
the nanoemulsion weretested on corn and cucumber
seeds. Antibacteria efficacy of theformulated nano
emulsionswere eval uated on gram positive bacteria
(Saph. aureus) and gram negative bacteria(E. coli).

MATERIALSAND METHODS

Chemicals

Turmericoil wasobtained fromAOS products (1SO
9001:2000 and WHO-GMP Accredited
Company),Uttar Pradesh. Tween 20 (Polyethylenegly-
col sorbitan monolaurate) was purchased from Sigma
Aldrichand propyleneglycol wasprocured from Merck
chemicals. Deionized distilled water was used for al
experiments.

Prepar ation of nano emulsions

Different massratiosfrom 1:1-1:9 of Turmericail:
S, (surfactant and co-surfactant) were prepared to
study the physical propertiesand phasebehavior of the
nanoemulsionformulations. Thesemixtureswerestirred
for 24 hinamagnetic stirrer at 160 rpm/min. Further
they were sonicated for fifty minutesat 60% amplitude
using asonicator (Sonics, USA).

Optimization

The optimization of the process parameterswere
done usingtwo different co-surfactants such as propy-
leneglycol and ethanol with turmericoil and tween-20
assurfactant. The nanoemulsionswith least size, in-

creased zetapotential and low viscosity was chosen
for further characterisationa studies.

Characterisation studies

Theformulationswere checked for phase separa-
tion (if any) after centrifugation at 3000 rpmfor 10 min.
Viscosity of the nano emulsion was checked using a
Viscometer (Brookfidd LV). Further thestability of the
formulationswerestudied at different pH and subjected
to hydrodynamic particle size and zetapotential mea-
surementsusing Malvern Zetas zer 3000HS (Mavern
InstrumentsLtd., UK). Morphological and structural
features of turmeric oil nano emuls onswerestudied by
Transmission Electron Microscope(TEM) JEM 1011,
JEOL, Japan by placing adrop of thenanoemulsionon
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thefilmgrid.
Phytotoxicity studies

Corn and cucumber seedswerefirst checked for
their viability by suspending them in deionized water.
Theviable seedswere selected and soaked for 10min
inasurface sterilizing agent (10% sodium hypochlorite
solution) (US-EPA, 1996). Following surface steriliza-
tion, the seedswererinsed thricein deionized water,
soaked and stirred for 2 hin deionized water (control),
nano emulsionratiosof 1:6 with propyleneglycol and
1:5withethanal, tween 20 (negative control). Whatmann
No.1 filter paper was placed into each Petri dish (100
mm x 15mm) and 5 ml of therespectiveformulations
were added. The seeds were then transferred to the
Petri dish, placed equidistant from one another. The
disheswere sedled with sedling tapeand placed indark
condition for 4 days. Theend pointsof the experiment
was taken at 80% of the germination in the control
Seed§9—1l].

Antibacterial activity of nanoemulsion

Staphyl ococcus aureus and Escherichiacoli were
cultured to study thetoxicity of bacterial growth using
nano emulsions. Thebacteriawereinoculated onto two
separate nutrient broths and the sub-cultured medium
waskept in orbital shaker for twenty-four hours. The
growth of bacteriawas confirmed by visibleturbidity in
thenutrient broths. Bacteriawerethen pour plated onto
LuriaBertani agar to get alawn culture. Sterilefilter
paper disks of 10 mm diameter were placed on the
surface of the agar. 50 pL of the samples containing
turmericoil, Tween 20, propyleneglycol/ ethanol inthe
ratiosof 1.6 and 1.5 respectively were s owly pipetted
into thesteriledisksusing amicropipette. Distilled wa
ter wasused as control. After four days, zone of inhibi-
tion was measured*?4,

RESULTSAND DISCUSSION

Characterization

ExcessS , (surfactant, cosurfactant) volumewith
turmeric oil & tween-20 may lead to the aggregation of
nano emulsions by theinfluence of surface charges,
Brownian motion and Ostwald ripening. Stable opti-
mized nano emulsionscontai ning propyleneglycol and
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ethanol wereformedinacidic conditionsi.e., a pH 4.3
and 6.7 respectively. Theleast viscosity of 3.7and 2.8
wereobtained for the nanoemulsionformulationswith
1: 6 of propyleneglycol and 1:5 of ethanal.
Characterization wasdonefor theformulation con-
taining turmeric ail, tween- 20(surfactant), propylene
glycol (co-surfactant) and didtilled water. Theratiosfrom
1:1-1:9indicatesail and S ; (surfactant and co-surfac-
tant) (TABLE 1). Polydispersity index (PDI) isthera-
tio of standard deviation to mean droplet size, which
indicatestheuniformity of droplet sizewithinthefor-
mulation. Thehigher the PDI, thelower theuniformity
of thedroplet szein theformulation. Monodispersity

45nm and the zeta potentid vaue was— 17Mv. TEM
image of nano emulsionsreved ed the spherica shaped
partides(Fgurel). Theraiosfrom 1:3-1:6 withincreased
zetapotentid andlow viscosty weremorestablefor both
nanoemulsonsviz. with propyleneglycol and ethanal.

Sability studies

No phase separation was seen after centrifugation,
indicating theemulson obtained was stable. Nanoemul-
sions were stored at room temperature (25°C) and
cooling temperature (4°C) for threemonthg*>19, Nano
emulsionswerenot formed at 1:1 and 1:2 using both
co-surfactants. At 25°C S . ratios (1:3-1.6) showed

TABLE 1: Characterization resultsof variousformulationsusing propyleneglycol as co-sur factant

Formulation (propylene Stability (phase Viscosity PSA Zeta Potential
glycal) separation) pH (c.P) (d.nm) (mV) PDI
11 Not stable - - -
1:2 Not stable
1:3 Stable 38 3.45 86.14 -10.7 0.02
1:4 Stable 4.21 261 181.2 -7.2 041
1.5 Stable 4.21 451 71.27 -16.3 0.15
1:6 Stable 4.27 3.7 65.71 -15.0 0.04
1.7 Stable 45 5.03 129.8 -8.6 0.62
1.8 Stable 453 10.0 169.2 -2.4 0.05
1.9 Stable 4.6 32.2 125.8 -14.1 0.21
TABLE 2: Characterization resultsfor variousformulationsusing ethanol asco-surfactant
Formulation Stability (phase Viscosity PSA Zeta potential
(ethanol) separ ation) pH (.P) (d.nm) (mV) PDI
11 Not stable - - -
1:2 Not stable
1:3 Stable 4.1 1.86 106.3 -9.04 0.24
1:4 Stable 4.2 26 111.7 -5.0 0.17
1.5 Stable 6.7 2.8 45.47 -17.2 0.05
1.6 Stable 4.1 4.6 63.99 -15.2 0.24
1.7 Stable 4.3 6.06 98.16 -7.58 0.35
1:8 Stable 5.6 6.2 70.11 -11.3 0.45
1.9 Not Stable

index (MDI) wasobservedin all ratiosexcept 1:4.
Similarly characteri zation wasdonefor theformula:
tion containingturmericail, tween- 20(surfactant), ethanol
(co-surfactant) and distilled water (TABLE 2). Theratios
of 1.6, 1:7 and 1:8 showed PDI. Other ratios were
monodispersed. Theaverage hydrodynamic diameter of
theformulation containing 1.5 (turmeric oil:.ethanol) was

stability for threeto four weekswith agradua increase
in size. But 1:6-1:9 ratios were stable for only two
weeks. Interestingly at 4°C 1:3-1:6 ratioswere stable
for over amonth.

Phytotoxicity of turmericoil nanoemulsion
Toxic effects of nano emulsions on corn and cu-
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Figufel : TEM irﬁageof nanoemulsionsshowingthe particleswer e spherical in shapeand monodisper sed.

cumber seedswere studied using seven formulations.
Theroot length and germination rates were moni-
tored. Nano emulsions affected the seed germina-
tions of both cucumber and corn seedsin all tested
ratios but the diluted concentrations werelesstoxic.
Seed coat exhibit selective permeability and play a
very important rolein protecting the embryo from
harmful external factors(12). Thisexplainsthat the
seed germination in this study was altered by the
nanoemulsions.

Antibacterial activity of turmeric oil nano emul-
son

Growth studiesweredoneto find out the effects of
nanoemulsionson thesurvival rateof bacteria. Indisc
diffusion method, it was observed that the bacterial
strainsexhibited selective susceptibility to the tested
formulation. Bacterial susceptibility to each
nanoemulsion wasdetermined by thezoneof inhibition.
Thetwo formul ated nanoemul sions contai ning propy-
leneglycol and ethanol weretested on Saph. aureus

Figure2: Zoneof inhibition of S. aureususingturmeric oil and ethanol

Hn Tudian Jounual



BTAIJ, 9(4) 2014

Aswathy Ravindran et al 175

—————— FyLL PAPER

and E. cali individually by pour plate method. Among
different concentrations 1:6 ratio of turmeric oil with
propyleneglycal exhibited zone of inhibition (14 mm
zone diameter) with Saph. Aureus (Figure 2) while
therewasno zoneof inhibitionwith E. coli. Thisisbe-
cause gram negative bacterialike E. coli haverichlli-
popolysaccharides (L PS) whichincreasethe negative
chargeof cell wall and helpsin stabilising the overal
sructure. Thiscould bethereason for the selectivetox-
icity of thenanoemulsion.

CONCLUSION

Our resultsreveal ed that stableturmeric oil nano
emulsonswereobtained at 1: 6 ratio of tween 20: pro-
pyleneglycol and 1:5 ratio of tween 20: ethanal. It was
concluded that turmeric oil nano emulsionshave phyto-
toxicand antibacterid properties. Nanoemulsionswere
toxicto corn and cucumber seeds. Antibacteria activ-
ity of turmeric oil nanoemulsionswere observed on
Staph.aureuswhereas no antibacterial effect was seen
in E.coli. Theseresultsclearly indicatethat the nano
emulsionsweremore stableand had excellent antibac-
terial property to Staph.aureus. Hence these
nanoemuls onsmay havepromising resultsinthergpeu-
ticapplications.
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