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Emulsions are the most common form of skin care products. However, these systems may exhibit some 
instability. Therefore, when developing emulsions for topical application it is interesting to verify whether 
they have suitable physical and mechanical characteristics and further assess their stability. The aim of 
this work was to study the stability of emulsion systems, which varied in the proportion of the emulsifying 
agent cetearyl alcohol (and) sodium lauryl sulfate (and) sodium cetearyl sulfate (LSX), the nature of 
the oily phase (decyl oleate, cyclomethicone or dimethicone) and the presence or absence of pumice 
(5% w/w). While maintaining the samples at room temperature, rheology studies, texture analysis and 
microscopic observation of formulations with and without pumice were performed. Samples were also 
submitted to an accelerated stability study by centrifugation and to a thermal stress test. Through the 
testing, it was found that the amount of emulsifying agent affects the consistency and textural properties 
such as firmness and adhesiveness. So, formulations containing LSX (5% w/w) and decyl oleate or 
dimethicone as oily phase had a better consistency and remained stable with time, so exhibited the best 
features to be used for skin care products.

Uniterms: Emulsions/topical use/stability study. Emulsions/topical use/characterization. Pumice/presence 
in emulsions. Emulsions/texture. Emulsions/rheology. Emulsions/spreadability.

Emulsões são a forma de apresentação mais comum dos produtos para aplicação na pele. No entanto estes 
sistemas podem exibir alguma instabilidade. Por esta razão, quando do desenvolvimento de emulsões para 
aplicação tópica é importante verificar se estas apresentam propriedades físicas ou mecânicas adequadas 
e avaliar a sua estabilidade. O objetivo deste trabalho consistiu no estudo da estabilidade de emulsões, 
cujas variações entre elas foi a proporção de agente emulsificante álcool estearílico (mais) laurilsulfato 
de sódio (mais) estearilsulfato de sódio (LSX), a natureza da fase oleosa (decil oleato, ciclometicona 
ou dimeticona) e a presença ou ausência de pedra-pomes (5% m/m). Mantendo as amostras à mesma 
temperatura, realizaram-se o estudo da reologia, a análise de textura e observação microscópica das 
formulações com e sem pedra-pomes. Amostras foram, também, submetidas a estudo de estabilidade 
acelerada por centrifugação e a ensaio de estresse térmico. Através dos testes realizados, constatou-se 
que a quantidade de agente emulsificante influencia a consistência e as propriedades de textura, como 
a firmeza e a adesividade. As formulações contendo LSX (5% m/m) e decil oleato ou dimeticona como 
fase oleosa exibiram melhores caraterísticas como produtos para aplicação na pele, uma vez que estas 
formulações apresentaram menor firmeza e consistência e permaneceram estáveis com o tempo.

Unitermos: Emulsões/uso tópico/estudo da estabilidade. Emulsões/uso tópico/caracterização. Pedra-
pome/presença em emulsões. Emulsões/textura. Emulsões/reologia. Emulsões/espalhabilidade.
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INTRODUCTION

Emulsions are the most common forms of skin care 
products (Epstein, 2009). By definition, an emulsion is a 
heterogeneous system of two or more immiscible liquids 
in which one is dispersed in the other (Epstein, 2009).

Emulsions used in personal care application, both 
oil-in-water (O/W) and water-in-oil (W/O) type, need 
to satisfy a number of criteria, such as having the right 
consistency (rheology) for skin application, feeling 
good on the skin, having good spreadability, long-term 
(2-3 years) physical stability under various conditions 
(temperature variation, stress induced by vibration during 
transportation, among others) and safety of ingredients 
in order to not induce skin irritation or any adverse 
effects (Lemaitre-Aghazarian et al., 2004; Tadros, 2004). 
Emulsions used in personal care application vary in their 
consistency from “fluid-like” consistency (as is the case 
of many lotions) to “semi-solid” consistency (Tadros, 
2004). A properly formulated vehicle is critical for the 
effective delivery of the desired substances to the skin 
(Epstein, 2009).

The purpose of stability testing is to provide 
information about how the quality of product varies with 
time under the influence of some environmental factors 
like temperature, humidity and light. This information 
lead to setting the shelf-life of pharmaceutical products 
and cosmetics (Abdulkarim et al., 2010).

Since emulsions are biphasic systems, they 
are inherently unstable according to the second law 
of thermodynamics, and the degree and speed of 
destabilization vary from system to system. So, it is 
important for a formulator to carry out studies on the 
stability of the developed systems (Abdulkarim et al., 
2010).

In stability tests, the samples are periodically 
checked for changes and important features (Almeida, 
Bahia, 2006). The protocols proposed by the International 
Conference on Harmonization (ICH) foresee the storage 
of samples at different temperatures, namely, room 
temperature and higher (ICH, 2003). Temperature has 
an important effect on viscosity (Almeida, Bahia, 2006).

Rheological studies have also been used to predict 
the behavior of products and provide information to 
improve stability and general performance (Almeida, 
Bahia, 2006).

Stability tests are usually conducted at constant 
temperatures, but tests under conditions that are 
periodically changed can reveal inadequacies more 
quickly than storage at constant temperature (Almeida, 
Bahia, 2006). So, in the initial stages of the development 

process, for screening purposes, cyclic tests can provide 
useful information (Cannell, 1985).

The aim of this study was to evaluate the influence of 
the amount of emulsifying agent as well as the oily phase 
composition on the mechanical characteristics of emulsions 
with and without pumice (grain size less than 63 µm) (5% 
w/w) and analyze their stability under different conditions.

Pumice is a volcanic rock formed during explosive 
volcanic eruptions of acidic and highly viscous magma; 
it is an extremely vesicular (vesicles are bubble-shaped 
openings formed by the expansion of entrapped gases), 
frothy, natural glass having a high (60-75%) silica 
content and very low density and in some cases floats on 
water. It consists of fragile acicular glass and minerals 
(in particular, feldspars). Pumice ground into micro-fine 
grains provides an excellent exfoliating medium to remove 
dead and rough skin (Estanqueiro et al., 2012). In this case, 
particle sizes less than 63 µm have no abrasive action. 
However, pumice can be a potential anti-irritant agent, due 
to its high content of silica dioxide. Additionally, finely 
divided solid particles of pumice stone can potentially 
contribute to stability increasing of emulsions.

MATERIAL AND METHODS

Material

Cetearyl alcohol (and) sodium lauryl sulfate (and) 
sodium cetearyl sulfate (LSX), decyl oleate, 5-chloro-2-
methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-
3-one (KCG), dimethicone and cyclomethicone were 
obtained from Acofarma (Spain). Propylene glycol 
and nicotinamide were purchased from J. Vaz Pereira 
(Portugal) and imidazodinyl urea was purchased from 
Guinama (Spain). Pumice stone have various geologic 
occurrences in São Miguel Island, Azores Archipelago, 
Portugal.

Methods

Preparation of emulsions
The composition of the developed formulations 

is presented in Table I. Formulations were prepared 
by heating the aqueous and oily phases at 60-70 ºC. 
When the two phases were at the same temperature, 
the aqueous phase was slowly added to the oily phase, 
with a stirring speed of 500-600 rpm. Stirring was 
maintained until cooling. Then, pumice (5% w/w) was 
added by mechanical stirring, one day after the emulsion 
preparation. Formulations were stored in plastic containers 
at room temperature.
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During the experimental work it was decided that the 
influence of internal phase (decyl oleate, cyclomethicone 
or dimethicone) with 5% of emulsifying agent should 
be evaluated, because with 10%, they had too thick of a 
consistency. Hence, only FB1 and FP1 formulations have 
been tested with 10% of LSX.

Characterization and real-time stability prediction
Rheological and textural analyzes of the prepared 

formulations, which were maintained at room temperature, 
were performe done week, one and two months after 
their preparation. For rheological analysis, a rotational 
viscometer Brookfield model DV-E (Germany) was 
used. Spindle number 6 was used (except for FB3 and 
FP3 formulations, where spindle number 5 was used) 
to obtain a torque greater than 10% and less than 100% 
for the following speeds: 4.0, 5.0, 10.0, 12.0, 20.0 and 
30.0 rpm. For each speed, the apparent viscosity values 
(mPa.s) were recorded.

The textural analyzes were performed in the 
compression mode using a texturometer (Stable Micro 
Systems TA-XT2i, United Kingdom) by carrying out a 
penetration test using a load cell of 5 kg, a cylindrical 
probe (13 mm diameter in the case of FB1, FP1, FB2, 
FP2, FB4 and FP4 formulations, and 25 mm diameter 
in the case of FB3 and FP3 formulations, since these 
two formulations were less viscous than the others), a 
penetration depth of 5 mm, test speed of 3 mm/s and a 
trigger force of 0.049 N. From the obtained graph force 
versus distance, the maximum force (N) (firmness) and 
negative area (N∙mm) (adhesiveness) were calculated. All 
measurements were performed in triplicate.

Since the spreading of a cream is a determinant 
textural attribute that governs the performances of the 
product during its application on skin (Savary et al., 

2013), spreadability evaluation was performed using a 
texturometer (Stable Micro Systems TA-XT2i, United 
Kingdom), with a TTC spreadability test probe, a 
penetration depth of 23 mm, a test speed of 3.0 mm/s and 
post-test speed of 10.0 mm/s. In this test, the sample is 
placed into the female cone, avoiding the incorporation 
of air. The sample surface is leveled, the probe placed at 
a defined position (25 mm) and the assay starts with the 
male cone’s downward movement (23 mm penetration 
and a speed of 3 mm/s), which compresses the sample, 
promoting its scattering between the surfaces of the two 
cones.

Microscopic observations were performed with 
a Nikon Eclipse E400 microscope (Japan), with a 
magnification of 400 x, and images were captured by an 
attached Nikon Coolpix MCD camera (Japan).

Accelerated stability studies
• Centrifugation test (mechanical stress)
For pre-screening purposes, regarding the physical 

stability and also to gain stability prognoses, 6 mL samples 
of each formulation were submitted to three cycles of 
3000 rpm for the duration of 30 minutes. At the end of 
each cycle the samples were checked to see whether there 
was any change.

• Thermal stability test
A heating/cooling cycle test was performed and the 

formulations were stored in a fridge/oven and temperature 
was changed, respectively, between 4 and 40 °C every 
24 h, for the duration of 7 days. This thermal stress test was 
performed one month after preparation of formulations. 
Textural and colorimetric analysis was performed before 
and after the thermal stress. In the initial stages of the 
development, for screening purposes, these tests can 

TABLEI - Composition of developed formulations (%, w/w)

Ingredients FB1 FP1 FB2 FP2 FB3 FP3 FB4 FP4
LSX 10 10 5 5 5 5 5 5
Decyl oleate 15 15 15 15 -- -- -- --
Dimethicone -- -- -- -- -- -- 15 15
Cyclomethicone -- -- -- -- 15 15 -- --
Pumice # <63 µm -- 5 -- 5 -- 5 -- 5
Nicotinamide 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Propylene glycol 20 20 20 20 20 20 20 20
Imidazodinyl urea 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
KCG 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Purified water q.s.100 q.s.100 q.s.100 q.s.100 q.s.100 q.s.100 q.s.100 q.s.100
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provide useful information about stability prognosis 
(Ondracek et al., 1985; Almeida, Bahia, 2006).

Textural analysis was performed under the same 
conditions as described above. Colorimetric analysis was 
carried out using a colorimeter (Minolta CR-400, Japan). 
The obtained values of each parameter of the L*a*b* color 
space are the average of three measurements.

RESULTS AND DISCUSSION

Characterization and real time stability prediction

Figure 1 shows the results of viscosity as a function 
of speed (rheological behavior) of all formulations, 
determined one week, one month and two months after 
their preparation after storage at 20 °C.

Rheological studies showed that all formulations 
presented a pseudoplastic behavior, but without thixotropy. 
Only FP1 and FP2 formulations presented thixotropy 
after the first week of storage, experiencing a loss of 
this property over time. The pseudoplastic flow is the 
most common behavior of dermatological formulations, 
since the pseudoplastic material can break down for 
easy spreading and the applied film can gain viscosity 
instantaneously to running resist (Corrêa et al., 2005; 
Laba, 1993; Gaspar, Campos, 2003).

The formulations with lower amount (5% w/w) 
of LSX have lower apparent viscosity than FB1 and 
FP1 formulations (10% w/w). The formulations with 
cyclomethicone (FB3 and FP3) show considerably lower 
values of viscosity than the formulations with decyl 
oleate and dimethicone, with the same amount of LSX. 
Tamburic and co-workers (1996) have also observed 
an increase of viscosity related to the rise of surfactant 
concentration in their studies. Formulations containing 
pumice present greater viscosity than the corresponding 
formulations without pumice. This can be due the fact that 
solid particles of pumice remaining in the external phase 
of O/W emulsion, increase the viscosity (Lagaly et al., 
1999). The consistency of an emulsion can be controlled 
by addition of various rheological modifiers such as 
“thickeners” (e.g. polysaccharides) or finely divided inert 
solids (such as silica and bentonite clays) (Tadros, 2004). 
Various authors have studied the effect of finely divided 
solids on the rheology and stability of emulsions (Pichot et 
al., 2009; Lagaly et al., 1999; Torres et al., 2007; Arditty 
et al., 2004). As was previously observed by Lagaly and 
co-workers (1999), clay mineral particles remaining in 
the external phase increase the apparent viscosity, which 
reduces the mobility of droplets and improves the stability 
of emulsions. This may be due to the fact that clay minerals 

aggregate in three dimensional networks. In general, the 
formulations experienced a small decrease in apparent 
viscosity with time.

Figure 2 shows the results for firmness and 
adhesiveness determined one week, one month and two 
months after preparation and storage at 20°C. FB1 and 
FP1 showed higher firmness that FB2, FP2, FB4 and FP4. 
This may be due to the fact that FB1 and FP1 contain 
twice as much LSX than the other formulations. The same 
was observed for the adhesiveness values. At the end of 
two months we observed that there are no considerable 
differences between the formulations with and without 
pumice, concerning the firmness values.

Formulation FP3 suffered greater variation of 
firmness after two months.

In relation to adhesiveness, the formulations 
that suffered a greater variation after two months, with 
diminution of negative area values, are FB1, FP1 and 
FP2. Formulations FP2 and FP4 show adhesiveness values 
similar to their bases (formulations without pumice) and 
formulations with dimethicone have more adhesiveness 
than formulation with decyl oleate.

Relatively to cyclomethicone formulations, FP3 
shows greater adhesiveness than FB3.

Formulations which have been designed for 
topical application must exhibit acceptable mechanical 
characteristics, namely, ease of application, low firmness 
and suitable adhesiveness to enable formulation adhesion 
on the skin (Almeida, Bahia, 2006). Firmness is related 
to the ease of product removal from a container and ease 
of application onto a substrate, whereas adhesiveness, 
a property related to bioadhesion, describes the relative 
adhesive properties of a formulation (Jones et al., 1997).

It is possible to verify that viscosity, firmness and 
adhesiveness varies in a proportional manner. Texture 
can be regarded as a manifestation of the rheological 
properties of a product (Almeida, Bahia, 2006). Texture is 
an important attribute that affects processing and handling, 
shelf-life and consumer acceptance of products (Almeida, 
Bahia, 2006).

Figure 3 shows the spreadability results of all 
formulations. The results were interpreted as the difficulty 
of spreading; instrumental spreading was measured as 
a force that is proportional to the difficulty to spread the 
product (Savary et al., 2013). As can be seen in Figure 3 
there are no considerable differences between formulations 
containing pumice regarding the spreadability. To achieve 
adequate efficacy and user acceptance of an emulsion, 
spreadability is an important property (Savary et al., 2013).

Figures 4, 5, 6 and 7 refer to photographs of 
preparations observed microscopically. The images 
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FIGURE 1 - Rheological behavior of each formulation determined one week, one month and two months after formulation’s 
preparation, maintained at 20 °C.
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FIGURE 2 – Variation of firmness and adhesiveness (mean of 
three results) of formulations, stored at 20ºC during two months. 
Formulations FB3 and FP3 were analyzed using a 25 mm probe 
while the other formulations were analyzed with a 13 mm probe.

FIGURE 3 – Spreadability values of formulations (mean of 
three results). The results were interpreted as the difficulty of 
spreading.

FIGURE 4 – Microscopic images of FB1 and FP1 formulations.

FIGURE 5 – Microscopic images of FB2 and FP2 formulations. 

FIGURE 6 – Microscopic images of FB3 and FP3 formulations.

FIGURE 7 – Microscopic images of FB4 and FP4 formulations.

provide information on the structure and particle size of 
the emulsified systems.

All figures show individuality droplets of internal 
phase. Additionally, in the images of FP1, FP2, FP3 
and FP4 formulations, pumice particles can be seen. 
The size of droplets differs substantially between 
formulations and FB3 shows larger droplets, apparently 
presenting coalescence. The droplet size of emulsions is 
a major characteristic of the efficiency of the constituent 
emulsifier. To yield stable emulsions, a good emulsifier 
should allow the formation of the smallest droplets (Shi 
et al., 1999). Additionally, as was described by Chanamai 
and co-workers (2000), the rheology of O/W emulsions is 
strongly influenced by the droplet size and concentration. 
In this case, emulsions containing smaller droplets and 
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greater concentration of droplets (FB1 and FP1) showed 
greater apparent viscosity than emulsions containing larger 
droplets (FB3 and FP3).

Accelerated stability

Centrifugation test (mechanical stress)
At the end of each cycle of 3000 rpm of 30 minutes 

duration samples were checked for some instability 
phenomena. After the first cycle, formulations FP2, FP3 
and FP4 showed pumice deposition. However, there were 
no other changes after the three centrifugation cycles. 
Ondracek and co-workers (1985) have concluded that 
preparations which withstand a high mechanical load 
generally showed more stability than those which do not 
show this property.

Thermal stability test
Figure 8 illustrates the results of firmness and 

adhesiveness obtained before and after the thermal stress.
Through graph analysis it can be seen that formu

lations FB1, FP1, FB2 and FP2 presented a greater 
variation of firmness with thermal cycle. In relation to 
adhesiveness, only formulations FB1 and FP1 presented 
greater variation. For all the other formulations there are 
no differences between the first and the seventh days.

Table II shows the results of each L*a*b* coordinates 
for all formulations determined before and after thermal 
stress.

Formulations’ color was conveniently measured 
instrumentally using reflectance methods. Reflectance 
colorimetry takes advantages of the CIEL*a*b* standar
dized systems in the L*a*b* color space modifications. 
L* value is expressed on a scale ranging from 0 for black 
to 100 for white. a* and b* indicate two perpendicular 
color axes, varying between -60 and +60, with a* ranging 

FIGURE 8 – Results of firmness and adhesiveness obtained 
before (T0) and after (T7) thermal stress. Formulations FB3 
and FP3 were analyzed using a 25 mm probe while the other 
formulations were analyzed with a 13 mm probe.

TABLE II - Results of L*a*b* color space parameters, determined before (T0) and after (T7) a thermal stress

Formulations
T0 T7

a* b* L* a* b* L*
FB1 -1.27  1.44 83.3 -1.28  1.45 83.01
FP1 0.1  6.18 67.98  0.11  6.55 66.23
FB2 -1.43  0.76 78.24 -1.41  0.66 75.83
FP2  0.01  6.24 66.11  0.09  7.09 61.23
FB3 -0.47 -6.18 44.96 -0.65 -6.75 44.69
FP3  0.14 6.2 55.9 -0.02  6.06 54.27
FB4 -0.61 -4.31 58.55 -0.69 -4.48 56.75
FP4  0.15  6.61 56.36  0.06  6.31 55.08

between green and red and b* ranging between blue and 
yellow (Devillers et al., 2010). From the observations in 
Table III there is no consistent variation of any parameter 
of the L*a*b* color space after submitting the samples to 
thermal stress. It is interesting to observe that formulations 
FB3 and FB4 present negative values of b*. Relatively to 
a* parameter, the formulations containing pumice have 
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positive values and the formulations without pumice have 
negative values.

CONCLUSIONS

Formulations FP2 and FP4 exhibit the best features 
for application on the skin, since these formulations 
showed less firmness and thinner consistency (rheology) 
which represents a lower force needed to promote their 
uniform application on skin surface. Regarding stability, 
formulation FP4 remained more stable over the time (two 
months) and under adverse conditions like temperature 
and mechanical stress.
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