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ABSTRACT: The dried rhizome of turmeric (Curcuma longa) is a source of volatile oil and curcuminoids. Curcumin, the
major component, has a wide spectrum of pharmacological activities. Various advanced techniques have been proposed
to improve the efficacy of curcumin, especially nanoparticles formation techniques. In this study, we prepared turmeric
spherical particles in an alcoholic water system to investigate their physicochemical properties. Turmeric spherical
particles were in a nanometre size range with a narrow size distribution and negative surface charge. Additionally, we
proposed an equation derived from the Young-Laplace equation which appears to be applicable to estimate an interfacial
tension value of turmeric nanoparticles and other microemulsion systems.
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INTRODUCTION
Turmeric, the dried rhizome of Curcuma longa, is a
source of volatile oil and curcuminoids. Approximately 7% of yellow volatile oil contains turmerone
and zingiberene as the major constituents and many
other sesquiterpenes and monoterpenes. Curcuminoids is another group of component that occurs
as yellow colouring matter which comprises curcumin (1.8–5%), desmethoxycurcumin, and bisdesmethoxycurcumin 1 . Although curcumin, a hydrophobic polyphenol, has a wide spectrum of pharmacological activities, its physicochemical properties, aqueous solubility, stability, and bioavailability are poor 2–5 . Thus there is a limitation for its
use as a therapeutic agent. Various techniques
were proposed to improve the efficacy of curcumin,
for example, micelle 6–8 , liposome 9 , microemulsion 10–12 , nanoemulsion 13, 14 , nanoparticles 15, 16 ,
nanocapsules 17–19 , self-assembling peptide hydrogel 20 , or solid lipid particle 21 .
Microemulsion is a colloidal system of two
immiscible liquids in which droplet formation requires low energy or occurs spontaneously 22 . Microemulsion is classified as thermodynamically stable whereas emulsion is classified as thermodynamically unstable. The difference of free energy
before and after emulsification or free energy of

formation (∆G-formation), proposed by Hunter 23 ,
who showed that the system can be spontaneously
formed when the free energy of the system is negative; that is the interfacial tension should be very
low. Interfacial tension plays an important role in
microemulsion formation and stability 22, 24 . There
are several methods used for measuring surface
tension or interfacial tension, for example, capillary
rise, DuNoüy ring, drop weight, bubble pressure,
pendent drop, and sessile drop. Unfortunately, these
methods are not suitable for measuring the interfacial tension of microemulsion system because once
an immiscible liquid contacts with another immiscible liquid, it is immediately dispersed and droplets
are formed. In such case, interfacial tension may be
determined by applying Young-Laplace equation
Pα − Pβ = 2γ/r,

(1)

where Pα and Pβ are the internal and external
pressures of the spherical droplet, respectively, γ is
the surface tension or interfacial tension, and r is
the radius of the spherical droplet 25 .
We found that turmeric extract could form tiny
spherical particles spontaneously when comes in
contact with water. The objective of this study was
to estimate the interfacial tension of spontaneous
particle formation of turmeric extract in an alcoholic
www.scienceasia.org
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water system by application of the equations used to
describe the behaviour of a microemulsion system.
MATERIALS AND METHODS
Materials
Turmeric (C. longa, Zingiberaceae) rhizome powder
was purchased from a local shop in Bangkok, Thailand. Plant sample was identified by Assistant Professor Dr Pongtip Sithisarn, Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University,
Bangkok, Thailand. Ultrafiltration deionized water
was produced by Central Research Unit of Faculty of
Pharmacy, Mahidol University (Bangkok, Thailand).
Absolute ethanol was purchased from RCI Labscan
Limited (Samutsakorn, Thailand).
Preparation of turmeric extract and turmeric
nanoparticles
Turmeric extract (TE) was prepared from turmeric
powder and ethanol. The extract containing curcumin as an internal marker at a concentration of
17.0 mg/ml, was filtered through 0.45 µm nylon
filter. The filtrate was stored in glass bottle with
screw cap protected from light and kept at 4 °C until
use.
Turmeric nanoparticles were prepared by addition of 0.4 g TE into 100 g water using a glass
dropper. The vial was swirled 100 times after each
drop to ensure that a homogeneous mixture was
obtained.
Refractive index and density determination
Refractive index values of TE and alcoholic water mixture were measured by using refractometer
(Abbe Refractometer NAR-3T, Japan) at wavelength
of 589 nm under controlled room temperature of
25 ± 2 °C. The specific gravity of alcoholic water
mixture was determined by pycnometer method at
25 ± 2 °C according to AOAC official method 945.06
“Specific gravity (Apparent) of distilled liquors” 26 .
The density was calculated by multiplying the specific gravity with standard density of water at 25 °C,
0.997 g/ml 27 .
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room temperature and subsequently observed under transmission electron microscope (Philips model
Tecnai 20 Twin, USA).
Particle size distribution and zeta potential
measurement
Particle size distribution was characterized by using
a dynamic light scattering technique on a Zetasizer
Nano ZS (Malvern, UK). Zeta potentials were
characterized by the laser Doppler electrophoresis
technique on a Zetasizer Nano ZS.
Effect of water phase dilution on turmeric
nanoparticles
Turmeric nanoparticle sample containing of 0.4%
w/w TE in water was prepared. Then, this sample
was diluted with water to obtain a concentration
series of 0.2, 0.1, 0.05, and 0.025% w/w. All
samples were prepared in triplicate. The particle
size distribution and zeta potential of all samples
were determined immediately within 15 min after
sample preparation.
Effect of ethanol on turmeric nanoparticles
formation
To study the effect of ethanol on turmeric nanoparticles formation, TE was added into the mixture
of various concentrations of ethanol in water. Ten
grams of ethanol in-water mixture at concentrations
of 10, 20, 30, 40, 50% w/w were prepared in glass
vials. Then 0.01 g of TE was then added into
these vials. The vials were swirled for 100 times.
The particle size distribution and zeta potential of
the samples were determined immediately within
15 min after sample preparation.
Data analysis
The data obtained were evaluated and expressed
as mean ± SD of triplicates. One-way ANOVA was
used to compare means (α = 0.05). All analyses
were performed using PASW Statistics for Windows,
version 18.0 (SPSS Inc., USA).
RESULTS AND DISCUSSION
Refractive index and density determination

Particle morphology
Particle morphology of turmeric nanoparticles was
observed under bright field and fluorescence using an inverted microscope (Olympus model IX81,
Japan) and a transmission electron microscope
(TEM). For TEM, the sample was deposited onto
a Formvar-coated copper grid and left to dry at
www.scienceasia.org

Refractive index, specific gravity, and density values
of TE and alcoholic water system are shown in
Table 1.
Particle morphology
Particle morphology of turmeric nanoparticles observed under bright field and fluorescence using
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Table 1 Refractive index (RI), specific gravity (SG) and
density values.
Sample
Deionized water
10% w/w EtOH†
20% w/w EtOH
30% w/w EtOH
40% w/w EtOH
50% w/w EtOH
Alcoholic TE
†

RI

SG

Density (g/ml)

1.335
1.339
1.346
1.352
1.357
1.360
1.380

–
0.983
0.969
0.953
0.935
0.913
–

–
0.980
0.966
0.951
0.932
0.910
–

ethanol in water.

inverted microscope and transmission electron microscope are shown in Fig. 1. TE could form spherical particles of approximately 200 nm diameter
when dropped in water and gently stirred. It appears that turmeric oil and curcuminoids, the main
components in turmeric extracts, play an important role in nanoparticles formation. The mechanism of turmeric nanoparticles formation was the
same as that described for a microemulsion system.
Turmeric oil was an oil phase, curcuminoids was an
emulsifier, and ethanol was a co-emulsifier.
Effect of water phase dilution on turmeric
nanoparticles
Particle size distribution and zeta potential data of
turmeric nanoparticles are shown in Table 2. For
all samples, the particles formed had nanometre
size range with negative surface charge. No significant change (p > 0.05) in size, derived count
rate, or zeta potential was found throughout the
time of measurement, i.e., 2000 s or 33.3 min (pvalues between 0.34 and 0.96 for z-average, 0.08–
1.00 for derived count rate, and 0.28–0.92 for zeta
potential). These indicate the particles were stable
over the measurement. Furthermore, these particles
seem to have a uniform size according to the observation of low polydispersible index (PDI) (0.16–
0.18).
Table 2 Particle size distribution and zeta potential of
turmeric nanoparticles in water (mean ± SD, n = 3).
TE
(%)

Z-ave.
(nm)

Count rate
(× 105 kcps)

PDI

ζ potential
(mV)

0.424
0.212
0.106
0.053
0.027

183 ± 2
181 ± 1
175 ± 2
167 ± 2
163 ± 3

7.37 ± 0.07
5.55 ± 0.16
2.96 ± 0.21
1.14 ± 0.09
0.45 ± 0.07

0.18 ± 0.01
0.17 ± 0.00
0.16 ± 0.00
0.16 ± 0.00
0.16 ± 0.00

−46.5 ± 1.3
−44.2 ± 0.6
−41.8 ± 0.8
−42.1 ± 1.6
−42.2 ± 0.9

Fig. 1 Particle shape and physical appearance of the
turmeric nanoparticles: (a) under bright field magnified
100×, (b) under fluorescence magnified 100×, (c) and
(d) under TEM magnified 6500× and 14 500×, respectively.

From these results, it was shown that the particle size and the derived count rate decreased significantly when the sample was diluted (p < 0.05).
The water dilution also resulted in significantly increased zeta potential values (p < 0.05). As the derived count rate is proportional to the concentration
or number of particles in an aqueous phase and it
can be used to estimate colloid concentrations 28, 29 ,
a decrease in derived count rate indicates that the
www.scienceasia.org
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Table 3 Effect of ethanol concentrations on turmeric
nanoparticles formation (mean ± SD, n = 3).

0%
10%
20%
30%
40%
50%

183 ± 5
231 ± 3
285 ± 5
313 ± 7
356 ± 17
315 ± 24

Count rate
(× 105 kcps)

PDI

2.99 ± 0.14
3.08 ± 0.19
1.97 ± 0.08
0.57 ± 0.05
0.21 ± 0.05
0.02 ± 0.01

0.20 ± 0.00
0.15 ± 0.01
0.10 ± 0.01
0.08 ± 0.01
0.08 ± 0.01
0.22 ± 0.07

ζ potential
(mV)
−48.3 ± 2.2
−32.2 ± 1.5
−22.0 ± 1.8
−14.5 ± 0.8
−10.7 ± 1.1
−5.4 ± 0.4

-50.00
Zeta potential (mV)

EtOH Z-ave.
(w/w) (nm)

-60.00

-40.00
-30.00
-20.00
-10.00
0.00
0.00

10.00

20.00

30.00

40.00

50.00

60.00

Ethanol concentration (%w/w)

particle concentration decreased. In this case, the
decrease in particle concentration resulted from the
water dilution of the sample.
Effect of ethanol on turmeric nanoparticles
formation
From the experiment, it was also found that, particles size, derived count rate, and zeta potential
of turmeric nanoparticles did not change significantly throughout the measurement time (2000 s
or 33.3 min) (p > 0.05). Furthermore, low PDI
values were obtained, i.e., 0.08–0.22 (Table 3). This
indicates that turmeric nanoparticles had uniform
size in all alcoholic water systems. The results also
show that ethanol quantity had an effect on particle
size, size distribution, number of stable particles,
and particle charge. It was found that, at ethanol
concentration between 0 and 40% w/w, the higher
ethanol concentration used, the larger turmeric particle size was obtained (p < 0.05). An increase in
ethanol concentration from 40–50% w/w resulted
in a decrease in particle size (p < 0.05). The
smallest particle size of the system, 183 ± 5 nm, was
obtained in water phase without ethanol.
Ethanol concentrations higher than 50% w/w
were not employed in this study, as the results obtained in a preliminary study showed that turmeric
nanoparticles could not be formed when ethanol
concentration was higher than 50% w/w. This may
be because all compositions of turmeric nanoparticles dissolved completely in that alcoholic system. This explanation could be supported by the
results of derived count rate and zeta potential
values. Derived count rate, which represents the
number of particles in the system, tends to decrease significantly when ethanol concentrations
was increased (p < 0.05). It was also found that
zeta potential value of turmeric nanoparticles tends
to increase when ethanol concentrations were increased (p < 0.05) (Fig. 2). Zeta potential demonwww.scienceasia.org

Fig. 2 Effect of ethanol concentrations on zeta potential
of turmeric nanoparticles.

strated the surface charge of the nanoparticles. The
minus value indicated that the surface charge of
turmeric nanoparticles was negative. The increase
in zeta potential value of turmeric nanoparticles
may result from the loss of negative charge from
turmeric nanoparticles surface. This phenomenon
may be due to the increase in the solubility of
certain compositions, which have negative charge,
of turmeric nanoparticles into alcoholic water phase
when ethanol concentration was increased.
Theoretical considerations
An interfacial tension between the surface of
turmeric nanoparticle and water phase after particle
formation can be estimated by using the modified
Young-Laplace equation below.
Consider an oil-in-water microemulsion system,
oil droplets, usually spherical shape, are dispersed
in the water phase. The pressure inside an oil
droplet is always higher than the pressure outside
the oil droplet according to Young-Laplace equation
(1) 24, 25, 30 . In the case of an oil-in-water microemulsion system, the external pressure of the oil droplet
is the sum of the hydrostatic pressure and the atmospheric pressure 30 ,
Pβ = ρ gh + 1,

(2)

where ρ is the density of water phase, g is the gravitational acceleration, h is the depth of water phase,
and the sea level standard atmospheric pressure is
1 atm. Substituting (2) into (1), we obtain
Pα − ρ gh − 1 = 2γ/r.

(3)

For a pure water system,
Pαw − ρw gh − 1 = 2γw /rw ,

(4)
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Pαm − ρm gh − 1 = 2γm /rm ,

-2.50
-1
6

-2.00
-1.50
-1.00
-0.50
0.00
0.00

20.00

60.00

80.00

100.00

ρw - ρm (kg/m )

Fig. 3 Relationship between (rw − rm )/rm rw and ρw − ρm
of turmeric nanoparticles.

-3.00
-2.50
-2.00

6

-1

rw - rm/rwrm (x10 m )

2γm rw − 2γw rm
. (6)
rm rw

40.00

3

(5)

where Pαm , ρm , γm , and rm are the internal pressure
of oil droplet, the density of water phase, the interfacial tension, and the radius of oil droplet dispersed
in an aqueous system, respectively.
Subtracting (5) by (4) to obtain
(Pαm − Pαw ) + (ρw − ρm )gh =

-3.00

rw - rm/rwrm (x10 m )

where Pαw , ρw , γw , and rw are the internal pressure
of oil droplet, the density of water phase, the interfacial tension, and the radius of oil droplet dispersed
in pure water phase, respectively.
When the composition of the water phase is
changed, the hydrostatic pressure is also changed
due to the change in the density of water phase.
This may have an effect on the internal pressure,
interfacial tension, and the radius of oil droplet.
For an aqueous system

If the difference between interfacial tension of
turmeric nanoparticles in pure water and aqueous
system is negligible, that is γw = γm = γ, then (6)
can be rearranged as
rw − rm
P − Pαw
gh
=
(ρw − ρm ) + αm
.
rm rw
2γ
2γ

(7)

Eq. (7) expresses a linear relationship between the
dependent variable, y = (rw − rm )/rm rw and the
independent variable, x = ρw − ρm . The line has
a slope gh/2γ and intercept (Pαm − Pαw )/2γ. It
is expected that this equation may be applicable
to estimate an interfacial tension γ of turmeric
nanoparticles and other microemulsion systems.
To estimate an interfacial tension γ of turmeric
nanoparticles, (rw − rm )/rm rw values were calculated (Table 4) and plotted against ρw −ρm (Fig. 3).
From the graph, it can be seen that the relationship was not linear. This means that interfacial tension values between turmeric nanoparticles
Table 4 The calculated values according to modified
Young-Laplace equation (7).
EtOH Density ρw − ρm Particle size (rw − rm )/rm rw
(w/w) (kg/m3 ) (kg/m3 )
(nm)
(106 m−1 )
0%
10%
20%
30%
40%
50%

997.0
980.3
966.4
950.6
931.8
910.2

0.0
16.7
30.6
46.4
65.2
86.8

183 ± 5
231 ± 3
285 ± 5
313 ± 7
356 ± 17
315 ± 24

0.00
−1.12
−1.94
−2.26
−2.64
−2.28

-1.50
-1.00

y = -0.0497x - 0.1658
r² = 0.9497

-0.50
0.00
0.00

10.00

20.00

30.00

40.00

50.00

3

ρw - ρm (kg/m )

Fig. 4 Relationship between (rw − rm )/rm rw and ρw − ρm
of turmeric nanoparticles for the ethanol concentration 0–
30% w/w.

(dispersed phase) and aqueous systems containing
different ethanol concentrations (continuous phase)
varied depending on the concentration of ethanol.
However, when restricting the ethanol concentration to 0–30% w/w, the plot was relatively linear
(r 2 = 0.9497) (Fig. 4). In this case, the interfacial
tension value could be calculated from the slope
according to (7), where the gravitational acceleration g and the aqueous phase depth are 9.81 m/s2
and 0.010 m, respectively. The calculated interfacial
tension value of 9.87 × 10−4 mN/m was obtained.
This value was considered to be low and the spontaneous formation of turmeric nanoparticles was
possible. This explanation is consistent with the
results obtained in this work and other research
works.
As mentioned above, the spontaneous dispersion of one phase into another phase can only occur
if the interfacial tension between the two phases is
very low that the entropy can dominate the total free
www.scienceasia.org
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energy of the system 31 . Eastoe found that the interfacial tension produced by some surfactant is typically 10−2 to 10−4 mN/m 32 . Langevin stated that
interfacial tension of a microemulsion system below
10−2 mN/m is low enough to compensate the dispersion entropy 33 . Langevin also found that common surfactants are unable to decrease interfacial
tension below 1 mN/m. Cosurfactant such as short
or medium chain alcohols was frequently added in
order to lower the interfacial tension. Alcohol can
reduce the rigidity of the interfacial film and promote more surfactant adsorption at the interface resulting in overall interfacial tension low enough for
microemulsion formation 31 . Another explanation
is that the relatively small size of alcohol molecule
can be packed between surfactant molecules at the
interface. The electrostatic and steric interaction
between the surfactant head groups can be reduced
resulting in densely packed of surfactant molecules
at the interfacial layer, making the interfacial energy
sufficiently low for a microemulsion to form spontaneously 31 . Consequently, relatively low interfacial tension, which leads to spontaneous turmeric
nanoparticles formation in water phase as found in
this work, may be due to the presence of naturally
occurring negative charge surfactants in turmeric
extract together with the effect of ethanol in the
system. Furthermore, from the results, the size of
turmeric nanoparticle was increased when ethanol
concentration was increased up to 30% w/w. This
phenomenon could be explained by the emulsion
formation theory 34 , which states that the diameter
of the droplet formed (amax ) depends directly on the
interfacial tension (γ) and inversely on the energy
density (") and the density of the continuous phase
(ρc ),
amax = C" −2/5 γ3/5 ρc−1/5 .

(8)

In case of spontaneous turmeric nanoparticle formation obtained in this work, low or very low energy
was required. Thus energy density was assumed
to be low and may not significantly affect the size
of turmeric nanoparticle. The interfacial tension
value appears to be constant during ethanol concentration range of 0–30% w/w (Fig. 4). Hence in
these cases, the diameter of turmeric nanoparticles
depends mainly on the density of the continuous
phase. From the results, the density of the alcoholic
water system decreases as ethanol concentration
increases. Hence the decrease of the density of
alcoholic water systems results in an increase of the
diameter of turmeric nanoparticles.
www.scienceasia.org

CONCLUSIONS
TE could form droplets or spherical particles in
nanometre size range when dropped in water and
gently stirred. These particles have negative surface
charge. The particle size distribution was narrow
and remained unchanged for a period up to 30 min.
This may be due to very low interfacial tension of
the system and to electrostatic repulsion between
charged particles. It was found that ethanol quantity affected the particle size, size distribution, number of stable particles, and particle charge. The
modified Young-Laplace equation proposed herein
could be used to estimate interfacial tension values
of the system. The results obtained in this work
are consistent with the free energy of formation
theory which states that spontaneous formation of
an emulsion droplet will occur at low interfacial
tension.
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