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Abstract

Purpose: To formulate the water in oil (W/O) emulsion of corn silk (CS) extract and to evaluate its
stability at various storage conditions.

Methods: Ethanol CS extract was prepared using maceration (cold) technique. A 4 % CS emulsion was
prepared using varying concentrations of liquid paraffin, ABIL EM90 and water. The formulations were
kept at 25 °C for 28 days and to screen out the less stable formulations. The remaining formulations
were further stressed at 40 °C to choose the most stable formulation. The optimized formulation was
evaluated for physical characteristics including phase separation, rheology and mean droplet size. The
physical stability of the formulation was evaluated by monitoring these parameters over a period of 12
weeks at 8, 25, 40 and 40 °C, and 75 % RH.

Results: The chosen formulation showed good resistance to phase separation on centrifugation under
all storage conditions. Rheological behavior followed non-Newtonian pseudoplastic pattern at various
storage conditions. Mean droplet size of freshly prepared formulation was 2.98 + 1.32 um and did not
show significant (p < 0.05) changes at normal storage conditions (8 and 25 °C).

Conclusion: The findings indicate that the developed CS extract W/O emulsion is stable and therefore
may be suitable for topical use on skin as an antioxidant preparation.

Keywords: Corn silk, Emulsion, Nonionic surfactant, Rheology, Flow index, Droplet size, Non-
Newtonian pseudoplastic
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INTRODUCTION

Emulsions are  widely used in  the
pharmaceutical, cosmetic, food, petroleum and
agriculture industry. Emulsion is a two phase
system of immiscible liquids where one phase is
distributed throughout the other in the form of
small globules and the dispersion being
stabilized by emulsifying agent. These emulsions
may be designed as macroemulsion, multiple
emulsion and microemulsions [1]. Semisolid

emulsions or creams are frequently used for the
topical delivery of active agents for producing
desired effects locally in the skin [2]. These
emulsions may be water in oil (W/O) or oil in
water (O/W) which depends on the surfactant
employed in the formulation [3].

Surfactants are chemical entities that impart
stability by forming a thin, non-adhering film at
boundary between two immiscible phases by
lowering the interfacial tension [4]. The stability of
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emulsion is affected by number of factors
including temperature, pH and bacterial growth
during the manufacturing, storage and usage of
the emulsion [5,6]. This instability is
demonstrated as coalescence, flocculation,
creaming, breaking and phase inversion [1]. It is
challenge for the scientists to design formulations
that are sufficiently stable against these
phenomena during the period of use. In this
quest various methods have been established to
predict the stability and also to evaluate the
influence of various factors involved during
storage. Very common methods to investigate
physical stability involve organoleptic, rheological
and microscopic evaluations [4].

Chronic exposure of human skin to UV irradiation
and other environmental hazards result in
significant oxidative stress leading to harmful
cosmetic and health effects [7,8]. The
antioxidants from natural sources provide new
opportunities to combat the adverse effects
mediated by oxidative stress [9,10]. The use of
herbal extracts in cosmetics and topical cures is
as a result of associated lower side effects as
compared to their synthetic counterparts that has
increased customer acceptance for such
products [11].

Corn silk refers to the brownish, thread like
stigma of female flower of maize (Zea mays L.,
family Poaceae). Corn silk has been used as a
kind of remedy for many ailments including
chronic nephritis, diuretic agent, benign prostatic
hyperplasia, gout, cystitis [12], heart problems,
jaundice and malaria [13]. Studies have
suggested the use of CS extract as natural
antioxidant in the diseases caused by oxidative
stress because of the presence of
phytochemicals like phenolics and flavonoids
[14].

The purpose of this study was to examine the
influence of storage conditions like temperature
on physical characteristics of W/O emulsion
containing CS extract. Furthermore, formulation
was stored for a period of 12 weeks and physical
stability was evaluated by observing phase
separation, rheology and droplet size of
formulations under observation.

EXPERIMENTAL
Plant material
The corn silk was collected in the month of

November 2014 from the District Bahawalpur,
Pakistan. The plant material was botanically

authenticated by taxonomist, Mr. Muhammad
Sarwar, Department of Life Sciences, The
Islamia University of Bahawalpur, Bahawalpur,
Pakistan and the specimen (voucher no. 2393)
was preserved in the herbarium of Department of
Pharmacy, The Islamia University of Bahawalpur,
Pakistan for future reference.

Chemicals

The lipophilic emulsifier, ABIL EM-90 (cetyl
dimethicone Copolyol) was obtained from Evonik
industries AG (Essen, Germany), liquid paraffin
oil was purchased from Merck (Darmstadt,
Germany), ethyl alcohol was supplied by BDH
(Poole, England), 1,1-diphenyl-2-picrylhydrazyl
(DPPH) was procured from Sigma-Aldrich (St.
Louis, USA). Water was freshly distilled in Lab.

Preparation of CS extract

The plant material was air dried at ambient
temperature for four weeks. Dried material was
pulverized to homogeneous size. Dried corn silk
powder (80 g) was macerated with 800 mL of
ethanol for 1 week, at room temperature. Stirring
was performed for 30 min once at the start of
soaking and then at the completion of the
process.

The material was separated from residues by
layers of muslin cloth and later by passing
through Whatman filter paper no. 45. The filtrate
was evaporated under vacuum in a rotary
evaporator at 45 °C, until the volume was
reduced to one third of the initial volume.
Concentrate was refrigerated for development of
formulation and further studies.

DPPH photometric assay

DPPH was used to determine the H-donor
potential of the corn silk extract following a
method previously described with some
modifications [15]. The method is based on the
principle that DPPH color changes from purple to
yellow after reduction by antioxidants. Ninety
microliters of DPPH solution (100 uM in
methanol) was added to 10 pL of test ethanolic
extract to a final volume of 100 pL, in a 96-well
microtiter plate. Ninety microliters of DPPH
solution added to 10 pyL of ethanol served as
negative control. The reaction mixtures were
stirred and kept for incubation at 37 °C in the
dark. After 30 min the decrease in absorbance
was measured photometrically at 517 nm with a
microplate reader (Synergy-HT, BioTek, USA).
Data obtained was computed on Ez-fit software.
Scavenging activity was calculated as in Eq 1.
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Scavenging activity (%) = {(Ao — A1)/A}100 ... (1)

where A, = absorbance of control and A; =
absorbance of test extract. L-ascorbic acid was
used as reference standard.

Preparation of CS emulsion

Various formulation containing CS extract 4 %,
ABIL EM90 2.5 - 5 %, liquid paraffin 8 - 16 % and
water 76 — 84 % were prepared by heating the
aqueous phase (water and CS extract) and the
oily phase (liquid paraffin and ABIL EM90)
separately at temperature of 70 °C to 75 °C. The
oily phase was then added to the aqueous phase
gradually. Mixing was carried out at 2000 rpm for
25 min using overhead stirrer (Stirrer type BS,
Velp scientifica, Italy) until emulsion solidified.

The formulation was further stirred at 1000 rpm
for 5 min and then 500 rpm for 10 min to
accomplish the homogenization. The optimized
formulation was selected by first storing the
formulation at 25 °C for a period of 28 days. The
stable formulations after the initial stress test
were further stored at 40 °C to obtain the most
stable W/O emulsion (CS extract 4 %, ABIL
EM90 2.5 %, liquid paraffin 10 %, and distilled
water 83.5 %).

Characterization and stability of CS emulsion
Centrifugation test

Centrifugation test was carried out by placing 2 g
of formulation and base, stored at different
conditions, in the 15 ml centrifuge tube and
centrifuged for two runs of 10 min, at 5000 rpm in
centrifugation machine (EBA 20, Hettich,
Germany). At the end of each cycle, tubes were
investigated macroscopically for the presence of
any possible phase separation.

Rheological measurements

Rheological properties of the formulation were
investigated using a cone and plate type
rheometer (DV- Il Ultra, Brookfield engineering
laboratory, USA) equipped with a circulating
system for temperature control. Rheological
measurements were made at 25 + 1 °C using a
CP41 spindle. Shear rate was progressively
increased from 20 - 86 s’ to construct the
rheograms and data obtained was
mathematically analyzed by a Brookfield
programme, Rheocalc version V 1.01 (Brookfield
engineering, USA) according to the Power law
analysis as in and IPC Paste analysis as in Egs 2
and 3, respectively.

Where is T shear stress, D is shear rate, k is
consistency index and n is the flow index.

where n is shear viscosity, R is the rotational
speed, s is the shear sensitivity factor and B is
consistency multiplier.

Microscopy

The emulsion morphology and particle size was
determined through an optical microscope
(Eclipse E200, Nikon, Japan) coupled to a high
resolution digital camera. Micrographs were
collected by using Minisee version 1.1 (Scop Tek
Minisee, Japan) image analyzing software, at
100 x magnification. A small quantity of W/O
emulsion was smeared on the glass slide and
diluted it with external phase. Samples were
covered by cover slip with care to avoid sample
damage by shear stress.

The mean droplet size was reported by using
calibrated ocular micrometer. The data was
obtained from more than 50 globules from
various micrographs of the sample.

Stability studies

Stability studies were performed on the optimized
CS extract emulsion to assess their physical
stabilities. The W/O emulsion was stored at 8,
25, 40 and 40 °C + 75 % for a period of twelve
weeks. The samples were withdrawn at regular
intervals of 4, 8, and 12 weeks of investigation
and evaluated for phase separation on
centrifugation, changes in rheological
parameters, and globule size.

Data analysis

All the results are presented as mean + standard
deviation (SD). Image analyzing software
(Digimizer) was used to perform particle size
analysis. One-way analysis of variance (ANOVA)
was used to analyze the data for rheology. The
level of significance adopted was p < 0.05.

RESULTS
Antioxidant activity

The results of DPPH photometric assay showed
good antioxidant potential of the extract and
formulation. The % DPPH activity plateaued at
81.5 + 0.93 and 75.06 + 1.27 for CS extract and
CS emulsion, respectively.
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Table 1: Sedimentation of CS emulsion at various time intervals

Storage

Temperature

period 25°C

40°C 40°C+75%RH

Freshly -- --
prepared

formulation

4 weeks - -
8 weeks - -
12 weeks - -

-+ -+

* -- = No Phase separation; -+ =Phase separation after 20 min; ++ phase separation after 10 min

Centrifugation test

The formulation showed good long term stability
as no phase separation was observed when
freshly prepared emulsion was studied under
experimental conditions. Table 1 presents the
effect of storage conditions after various time
intervals on the formulation. It is observed that
formulation, kept at 8 and 25 °C, did not show
any phase separation at the completion of study.
Higher temperatures (40 and 40 °C + 75 % RH),
however has influenced the stability as phase
separation was observed after the 12th week and
8th week of study respectively.

Rheological properties

The relationship between shear stress and shear

rate for formulation at various experimental
_ 150
E IHI
(3]
I
S, 100-
z
(7]
7]
g
& 504
S
1]
(1]
»
G ) ) ) ] 1
0 20 40 60 80 100
Shear Rate (s'1)
_ 150
3
(3]
I
S, 100-
z
(7]
7]
g
& 504
S
1]
(]
»
G ) ) ) ] 1
0 20 40 60 80 100

Shear Rate(s'1)

Shear Stress (dynelcmz)

Shear Stress (dyne/cm?)

conditions after different time intervals is shown
in Figure 1. It is apparent that flow curves were
non-linear which is indicative of non-Newtonian,
pseudoplastic behavior of formulation during
study. Such characteristic is desired in the
topically used pharmaceutical and cosmetic
products. The flow pattern was observed to be
similar after study period but variation in
consistency was observed.

The values of rheological parameters are
presented in Table 2. The consistency index (Cl),
flow index (FI), 10 rpm viscosity (V) and shear
sensitivity (SS) values were in the range of 1372
- 541.4, 0.45 - 0.40, 265.1 - 182.9 and 0.55 -
0.32, respectively. The confidence of fit was in
the range of 97.0 - 99.6 for the Power Law and
IPC Paste analysis.

150+
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1004
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Figure 1: Rheogram of formulation at various time intervals stored at (A) 8 °C, (B) 25 °C (C) 40 °C, (D) 40 °C &
75 % RH, key (o) 0 week, (o) 4 week, (o) 8 week, (m) 12 week
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Table 2: Rheological parameters of CS Emulsion at various time intervals

Storage period Temperature Rheological parameter
(°c) Power law analysis IPC paste analysis
Cl Fl CF 1’4 SS CF
Freshly prepared 1372 0.45 99.3 265.1 0.55 99.2
formulation
4 weeks 8 1197 0.49 99.5 260 0.51 299.5
25 1127 0.48 98.8 237.2 0.52 98.8
40 3335 0.40 99.2 332.2 0.56 99.6
40+75%RH 650.1 0.57 99.5 182.9 0.43 99.5
8 weeks 8 1289 0.54 99.1 326 0.46 99.1
25 1376 0.48 99.6 292.4 0.52 99.6
40 822.2 0.54 99.6 209.5 0.46 99.6
40 +75%RH 747 0.63 99.3 244.8 0.37 99.3
12 weeks 8 999.6 0.57 99.6 279 0.43 99.6
25 1217 0.54 99.2 305 0.46 99.2
40 843 0.57 97.0 235 0.43 97.0
40 +75%RH 541.4 0.68 99.5 203.6 0.32 99.5

*Cl=Consistency index (cP); FI=Flow Index; CF= Confidence of fit (%); V=10 rpm viscosity (cP); SS=Shear

sensitivity

Figure 2: Micrographs of CS emulsion (A) Freshly prepared (B) after 12 weeks of storage at 8 °C (C) after 12
weeks of storage at 25 °C (D) after 12 weeks of storage at 40 °C (E) after 12 weeks of storage at 40 °C + 75%

RH
Droplet size and shape

The representative photomicrographs of freshly
prepared formulation and after 12 weeks of
various storage conditions are shown in Figure 2.
The freshly prepared emulsion droplets exhibited
spherical shape. The shape of the particles after
12 weeks storage at various conditions did not
changed. The mean droplet size of emulsion was
found to be within macroemulsion range (1 - 100
pum) for 12 weeks of study when kept at different
temperature and humidity conditions (Figure 3).

The mean droplet size for freshly prepared
emulsion was 2.98 + 1.32 um. After the
completion of study the droplet size was 3.46 +
1.18, 3.40 + 1.16, 3.86 + 1.84 and 3.94 + 1.82
pm for formulation kept at 8, 25, 40 °C, and 40 °C
+ 75 % RH, respectively. There was no
significant change (p > 0.05) observed after the
study in mean droplet size when stored at 8 and
25 °C but accelerated conditions (40 °C and 40
°C + 75 % RH) showed a relatively greater
increase in droplet size.

Trop J Pharm Res, June 2016; 15(6): 1119



Mohsin et al

Mean Droplet Diameter (um)
£~y
1

c L] ) 1
0 5 10 15

Time (Week)

Figure 3: Mean droplet diameter at various time
intervals.

DISCUSSION

DPPH method is a nonspecific, accurate and
rapid method of determining antioxidant activity
[16]. Good antioxidant activity of the extract may
be attributed to the presence of polyphenols [17].
The presence of such compound makes CS
extract a potential ingredient for cosmetic
products to combat skin problems naturally.

The centrifugation test is an accelerated stability
test which is based on the principle that two
substances with different densities become
separated under centrifugal force. These
substances may be two immiscible liquids or a
liquid and insoluble solid. Accelerated separation
of the dispersed phase as a result of creaming or
coalescence serves as a test to predict the
stability of the emulsion [18]. In our study the
formulation showed sufficient resistance to the
destabilization phenomenon over the defined
period at low and moderate temperatures. This
might be because of either less density
difference between the oil and aqueous phase or
it may be because of strong interfacial film at the
interface [19]. At higher temperatures slight
phase separation might be because of lowering
of viscosity of oil phase that resulted in the
sedimentation of the heavier phase under
centrifugal force [20-22].

Rheology is concerned with the manufacturing
and application of the semisolid topical
formulations. Rheological parameters are very
crucial in determining the physical stability of the
formulation during the shelf life. Flow index value
less than 1 indicate departure from the
Newtonian characteristics that is desirable for
achieving a coherent film and quick flow ability of
the topical formulation [23,24]. This study
showed that non Newtonian, pseudoplastic
behavior of the formulation did not change even

under thermal stress, over time, demonstrating
the physical stability. On the other hand, results
of rheological study showed a decrease in
consistency index during storage at various
temperatures and agree with the results by other
investigators [25].

Droplet size is one of the important characteristic
of the topical formulation that contributes to the
physical stability of dermal and cosmetic
products. The small droplet size prevents the
droplet coalescence and sedimentation against
gravitational force [26]. Droplet size analysis in
this study showed that the emulsion had a small
droplet size in the range, desire able for topical
emulsions. The extract loaded emulsions showed
changes in only narrow ranges of droplet
diameter that indicates that the formulation is
fairly stable to destabilization under study
conditions. On the other hand, the increase in
mean droplet diameter was greater when
formulation was stored at higher temperatures
(40 °C and 40 °C % 75% RH). It has been stated
that at higher temperatures, the viscosity of the
continuous phase decline that may allow more
frequent collision between the droplets and result
in increased droplet size [27].

CONCLUSION

A W/O emulsion containing corn silk extract was
evaluated for physical stability. The prepared
corn silk extract W/O emulsion possesses good
stability with adequate resistance to phase
separation, pseudo plastic behavior and mean
particle diameter in a narrow range over time.
Thus, the developed topical formulation is a
potential alternative for delivery of natural
antioxidants for topical pharmaceutical and
cosmetic applications.
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