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Abstract
OBJECTIVE:

The sensory perception of cosmetic emulsions is complex as it is governed by an important number of parameters like the
choice of raw materials, their interactions, the structural organisation of the system, etc.

The aim of the present work was to go further in the interpretation of the emollient-surfactant interactions, towards the
emulsions applicative properties. For this purpose, two systems containing liquid crystals of the lamellar type were formulated,
differing only in the selected emollient.

METHODS:

First, the liquid crystals types were checked using different tools like the optical microscopy under the bright and polarized light,
the wide-angle X rays diffraction and, finally, thermogravimetric analysis.

Next, two sensory attributes, namely compression force and difficulty of spreading, were evaluated by a sensory panel. In
addition to that, complementary instrumental characterizations (flow tests, textural analysis and contact angle measurements)
were performed in order to understand how the panel could discriminate the products.

RESULTS:

The results showed that isohexadecane emollient induces the a-gel structures, while caprylic capric triglycerides favour the
formation of the lamellar liquid crystals near to a-gel.

For the compression force, the results point out that there is no direct interaction between the oil phase and the skin. For this
attribute, depending on its chemical structure, emollient impacts the human perception only by changing the lamellar phase
type. Concerning the difficulty of spreading, both the emulsion structure and the emollient properties should be considered.
Immediate perception is impacted by the emulsions destruction, making the droplet roll one on each other. Then, once the
droplets monolayer is disrupted, the emollient comes into direct contact with the skin. In this case, the perception is governed
by the direct affinity of the emollient with the skin, nonpolar emollients being easier to spread if compared to polar ones.

CONCLUSION:

The sensory perception is guided not only by the choice of the raw materials but also by their interactions. It was shown that the
chemical structure of the emollients affected the molecular organization of liquid crystals present in the emulsion and,
consequently, directly or indirectly its sensory perception.



Introduction

Most of the skin care formulations are of emulsion type. An emulsion is a system in which droplets of a liquid are dispersed in a
second liquid, the two liquids being partially or totally immiscible (water/oil) [1]. One of the most efficient ways to stabilize an
emulsion is the use of the surfactant, by means of the interfacial tension decrease. Moreover, depending on its structure, the
surfactant may organize itself in liquid crystals of either hexagonal, lamellar or cubic type [2]. These structures can provide a
better stability to the system and are able to change its microscopic and macroscopic properties. But at the same time, the
liquid crystals organization can be affected by other ingredients present in the formulation.

Our previous study [3], based on the surfactant of the alkyl polyglucoside (APG) type, demonstrated its ability to form lamellar
liquid crystals. Several types of lamellar phases, L,, Lg, L, Lg, Ls, Ls, and Pg: were observed in lyotropic phase diagrams [4] but two
main lamellar organizations are prevailing: lamellar liquid crystals (L,) and a-gel (Lg). The alkyl polyglucoside surfactant, Cetearyl
alcohol (C;4-C130H) / Cetearyl glucoside (C;6-C15APG), forms exclusively a-gel in binary systems (composed only of water and
surfactant). In this case, the hydrocarbon chains remain stiff, perpendicular to the plane of the lamellae, with axes organized as
a two-dimensional hexagonal lattice [5]. Considering together the theory and our previous results, the next step of our work
consisted in the investigation of the behaviour of the lamellar organization through the addition of the emollient to the binary
system.

Emollients are defined by CTFA dictionary as “Cosmetic ingredients which help to maintain the soft, smooth, and pliable
appearance of the skin. Emollients function by their ability to remain on the skin surface or in the stratum corneum to act as a
lubricant, to reduce flaking, and to improve the appearance of the skin” [6]. Due to their properties, emollients are part of the
emulsions oil phase. Different studies [7-10] demonstrated that the chemical structure and the polarity of emollients affect
emulsions organisation, sensory properties as well as interactions with the skin. As a function of their chemical structure, they
can be either “nonpolar” (e.g. paraffin and isoparaffin) or “polar” substances (e.g. esters and triglycerides), although this polarity
parameter is seldom determined or given [11].

In previous work, seven studied emollients were divided into two groups depending on the presence of heteroatom in their
chemical structure. Heteroatom-free oils were more likely to keep the a-gel organization in the system. But once a heteroatom-
containing emollient is introduced to the matrix, a complementary, lamellar liquid phase (L) is formed. In the L, phase, the
hydrocarbon chains of the surfactant are in a liquid-like state [5]. As a consequence, we could establish that both the
microscopic and macroscopic properties of the emulsions are strongly related by the emollient structure.

The objective of the present study is to go further in the exploration of the lamellar phases properties formed in cosmetic
emulsions through the applicative characterization. For this purpose, two systems were considered. The first one was prepared
using isohexadecane as emollient, to assure the a-gel formation. The second one was formulated with caprylic capric
triglycerides, a polar emollient with a heteroatomic structure. In addition to the a-gel, this second emulsion also contained
lamellar liquid crystals. Two sensory attributes were selected to describe the applicative properties of these emulsions, namely:
compression force and difficulty of spreading. These attributes were evaluated using both sensory and instrumental approach.
Then, interdependency between the emulsions organization and its applicative properties were investigated and discussed.

Materials and methods

Materials
Cetearyl Glucoside and Cetearyl alcohol mixture, used as emulsifier, as well as the Phenoxyethanol and Methylparaben and
Ethylparaben and Propylparaben and Butylparaben, used as preservative, were provided by SEPPIC, France.

Isohexadecane and Caprylic capric glycerides were used as emollients. Their properties were already investigated [3] and the
main results, describing their density, surface tension and interfacial tension values are resumed in Table I.



Table 1. INCI, trade name, the supplier and the codes of two selected emollients, near to of the density measurement results, surface tension, as
well as interfacial tension values.

. . Surface tension Interfacial tension versus water
INCI Trade name Supplier Code Density (mN/m) (mN/m)
Isohexadecane Isohexadecane IMCD IHD 0.787 24.40+0.03 43.61+2.72
Caprylic/Capric Myritol 318 BASF  CCT  0.948 28.95+0.04 13.490.22
Triglyceride
Methods

Emollients contact angle measurement

The test was performed using a portative goniometer PGX+ (ScanGaule, Gravigny, France) connected to the PGPlus software. It
is equipped with a high-resolution camera to acquire images, with a specific lighting system associated with a mirror to visualize
the liquid droplet deposited onto the surface. A syringe (8=0.77mm) was used to depose the first droplet on the skin surface
and its volume was increased by the addition of five successive drops to approximately 7uL. A photograph was taken after each
liquid addition and the advanced contact angle was determined on the identified triple point (intersection of the liquid, solid
and vapour phases using the software). Advancing contact angle was measured at least in triplicate for each emollient.

Emulsions formulation

Emulsions were prepared as follows: first, the oil phase (20% of emollient) and 5% of emulsifier were heated up to 75°C under
mechanical stirring (400rpm); then, the oily phase was added to the water phase previously heated at 75°C. The mixture was
then homogenized at 10,000 rpm for one minute using a T25 digital ultra-turrax (IKA, Freiburg, Germany) equipped with the
dispersing head S25N-25F. Finally, the formulations were left cooling down to 30°C under mechanical stirring (400rpm) and then
the preservative was added. Once prepared, the mixtures were split into three samples, stocked at 4°C, 40°C and ambient
temperature, respectively, for stability monitoring.

Optical microscopy

The emulsions microstructure was observed without sample dilution by means of a photomicroscope (Leica DMLP microscope)
equipped with a digital camera at a magnification of x200: first, under the bright field and secondly, under the polarized light
(using cross-polarizers) in order to evidence the presence and characterize the liquid-crystal phases. Leica IM 1000 software was
used to analyse the micrographs.

Droplet size distribution

The emulsion droplets size were measured by static light scattering (SLS) using a laser diffraction particle size analyser SALD-
7500 nano (Shimadzu Co., Ltd, Japan) equipped with a violet semiconductor laser (405 nm) and a reverse Fourier optical system
(the beam converge before encountering the sample). The emulsions were diluted with deionized water to achieve the
absorption parameter equal to 0.2. Once introduced into the batch cell (7 cm®), the emulsions were stirred during the
measurement to assure homogenous dispersion. Data were analysed using software Wing SALD Il and the droplets mean values
for each emulsion were acquired.

Rheological measurements

A continuous flow ramp was performed using a controlled stress rheometer (HR1, TA instruments).

Emulsions analysis. Flow curves were obtained by recording shear stress and viscosity values at increasing shear rates ranging
from 0.001 to 8000s™ (continuous ramp, logarithmic mode) for 300s. A cone-plate aluminium device was used, with a diameter
of 40 mm, a cone angle of 1°59’38" and a gap of 47um.

Emollients analysis. Flow properties were obtained by recording shear stress and viscosity values at increasing shear rates
ranging from 0.1 to 50000 s™ (continuous ramp, logarithmic mode) for 300 s. For this test, an aluminium plane geometry (60
mm) was used.



All the measurements were carried out in duplicate at 25°C. The solvent trap was used to prevent sample drying. Once loaded,
the samples were left at rest for two minutes prior to any measurement. Samples were analysed once and then changed prior to
further analysis.

Wide-angle X-ray diffraction (WAXD)

Samples were analysed in a reflection mode by X-ray diffraction (XRD) using a PANalytical Xpert Powder diffractometer
(PANalytical B.V., Almelo, The Netherlands) with a CoK, (A = 1.7902 A) monochromatic radiation source, and operating voltage
and current maintained at 40 kV and 40 mA, respectively. A 15 mm mask was used. The detector was a linear PIXcel1D detector.
Data was acquired by steps of 0.02° for 20 values ranging from 2 to 50°. The formulations were pressed under Capton foil,
avoiding air bubbles.

From diffraction angle theta (8) the interlayer spacing was calculated according to Bragg’s law.
Thermogravimetric analysis

Thermogravimetric analysis (TGA) was performed on a Setsys apparatus (Setaram, Caluire-et-Cuire, France) with the Setsoft
software. Around 35 mg of emulsion were weighed and heated under the air atmosphere by the following procedure:

- Isotherm: 300 sec at 25°C;
- Ramp: 25°C to 130°C at 2°C/min;
- Isotherm: 120 sec at 130°C.

The weight loss of the sample is registered as a function of temperature (% mass loss/ total mass). The first derivative of the TGA
curve (the DTG curve) was also plotted to visualise the water evaporation dynamics (%/min).

Texture analysis

Texture analysis was performed using a TAXT Plus (Stable Micro Systems, Cardiff, UK). The apparatus was equipped with a
friction module A/FR (ASTM-D 1894-90) to perform the spreading test. The protocol was adapted from Gilbert [12] and it
represents the spreading of 200uL of the cream between two surfaces, polypropylene plastic sheet and Helioplate ™ HD 2
(Helioscreen, Marseille, France), over 120mm distance and at a constant speed (3mm/sec). The force required to spread the
sample is registered as a function of time.

The area under the curve A+ (g.sec), describing the difficulty to spread the product was then calculated. Also, the slope of the
force curve was estimated, to interpret the evolution of the spreading of the product function of time. Finally, the affinity of the
product with the polypropylene surface was evaluated through the shape of the force curve, namely through the calculation of
the noise amplitude. Three repetitions were performed for each sample.

Sensory analysis

Two attributes corresponding to different phases of a cosmetic emulsions application were evaluated (Table Il). A positive
displacement pipette equipped with capillary pistons, Microman, was used to deliver an exact amount of the emulsion on the
skin.

The recruited panel was composed of 10 volunteers aged from 22 to 36 years with Caucasian skin type. Two training sessions
were organized for each attribute to acquire the definition, the evaluation procedure, the rating scale and the commercial
references. Then, each product was evaluated twice.

Table Il. Definitions and scales used to describe the selected attributes (compression force and difficulty of spreading) for the sensory analysis.

Phases Attributes Definitions Scales

Force required to fully compress product between

Pick-up Compression force thumb and forefinger

0 (soft) - 7 (hard)

Rub-out Difficulty of spreading Force required to move the product over the skin 0 (soft) - 7 (hard)




Data analysis

Results were presented as the mean value + standard deviation (SD).

XLSTAT software (Addinsoft, Paris, France) was used to perform the statistical analyses of the collected data. The ANOVA test
(two-way analysis of variance) was applied to the results to spot the significant differences between the emulsions (P<0.05).
Mean intensities were compared using the Tukey multiple comparison tests to distinguish different groups of products.

Results and discussion

Evidence of the presence of liquid crystals in the emulsions

The first part of the present work focuses on the detailed characterization of the emulsions. It should be mentioned that in the
previous study the quantity of the APG surfactant was higher than usual in order to induce an abundant presence of liquid
crystals. Here, the main goal was to obtain systems at limited emulsifier level for a topical application but still keeping a-gel
organization. Therefore, Cetearyl alcohol/Cetearyl glucoside emulsifier was fixed at 5% near to 20% of emollient in emulsions
containing: isohexadecane (EM_IHD) or caprylic/capric triglycerides (EM_CCT). The occurrence of liquid crystals structures was
checked with several analyses as presented afterwards.

Microscopy and static light scattering

Firstly, the two distinct emollient containing emulsions show classical oil droplets dispersed in the continuous aqueous phase. As
visible in Fig.1, the emulsion prepared with non-polar oil IHD owns larger droplets when compared to the one prepared with
polar emollient CCT. This result is consistent with previous observations obtained with higher surfactant content, thus
confirming that oil polarity governs the emulsion’s microstructure [3]. Liquid crystals formation was confirmed through the
microscopy under the polarized light observations. The “onion rings” observed for both emulsions undoubtedly pointed at the
organization of the surfactant in lamellas [13,14]. As expected, these structures were formed due to the presence of alkyl
polyglucoside and fatty alcohol mixed emulsifier, which is known for favouring the lamellar phase formation [15,16].
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Figure 1. Bright field and polarized light micrographs of the emulsions containing isohexadecane as nonpolar oil and caprylic/capric triglycerides
as polar emollient at 20% with the median droplet size values for each sample.

Next, a wide angle X-rays analysis was performed to access the molecular organization of the matrix and to interpret the extent
of the surfactant — emollient interactions.

Wide angle X-rays diffraction

As explained earlier, the two main lamellar organizations are lamellar liquid crystals (L,) and a-gel (Lg), respectively. In the L,
phase, the hydrocarbon chains are in a liquid-like state while in the Lg phase, the hydrocarbon chains remain stiff, perpendicular
to the plane of the lamellae, with the axes organized as a two-dimensional hexagonal lattice [5]. Both organizations may be
efficiently observed by WAXD [17].

Fig.2 depicts the WAXD patterns for both EM_IHD and EM_CCT emulsions. The most representative sharp peak at 0.412 nm
corresponds to a-gel as reported in the literature [13,18]. Meanwhile, the presence of the lamellar liquid crystals (L), with



“fluid-like” characteristics, can also be evidenced at 0.46 nm [19,20], but only for EM_CCT. Thus, these results confirm that there
are significant differences at the molecular level between the samples depending on the oil polarity. Although both emulsions
contain a-gel structures, the lamellar liquid phase is only present in case of “polar” emollients (containing heteroatoms).
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Figure 2. WAXD patterns of IHD and CCT emulsions. The intensity (a,u,) is represented as a function of the 26°. The sharp peak at 0.412nm
corresponds to the a-gel (Lg) formation in both samples, while the diffuse halo at 0.45 nm present in EM_CCT sample is a sign of the lamellar
liquid phase formation.

Such results are of primary importance to whom interested in understanding the liquid crystals occurrence in emulsions; thus,
the following explanations, together with schematic representation for the corresponding liquid crystals structures, are
proposed. IHD emollient being completely hydrophobic, mainly inserts between the alkyl part of the surfactant layer (Fig.3a),
with no or fair disruption for the alkyl chains organization as illustrated in Fig.3b. On the contrary, for CCT sample, interactions
with the surfactants polar head occur, in addition to the nonpolar interactions with the surfactant alkyl part, causing
reorganization for the surfactant-emollient system. Thus the formation of lamellar liquid phase is induced as schematized on

Fig.3c.
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Figure 3. Schematic representation of the (a) initial a-gel formed by the APG mixed emulsifier; (b) once isohexadecane is added to the system
without disturbing stiff hydrocarbon chains; (c) when heteroatom-containing molecules of caprylic capric triglycerides are inserted between

alkyl chains, making them more flexible and thus forming lamellar liquid phase.

To sum up, the above results confirmed the occurrence of surfactant lamellar liquid crystals for the emulsions containing polar
emollient. The effect of the emollients chemical structure on the a-gel thus remains unchanged when compared to previous
results obtained with higher surfactant content. As expected, such structural differences do imply different microscopic and
macroscopic properties for the corresponding emulsions as evidenced through rheological tests. A higher elastic modulus G’ for
the o-gel containing samples (G’EM_IHD = 820+11 Pa) versus those possessing complementary lamellar liquid crystals
(G’EM_CCT = 5568 Pa) was reached.

Nevertheless, it is important reminding that water remains the main component for the studied emulsions. Although water
plays a key role in the continuous phase properties, it may also be entrapped inside the surfactant-oil lamellar organization.



Therefore, it is crucial to fully understand the water distribution within the emulsion matrix. The different types of water were
investigated through thermogravimetric analysis experiments.

TGA analysis

Several examples in the literature evoke thermogravimetric technique as a good methodology to describe the types of water
present in emulsified systems [21-23], all being based on the work by Junginger et al [24]. The authors described the thermal
behaviour of an emulsion containing crystalline gel structures. Three distinct steps of water evaporation were specified in this
work depending on the corresponding temperature range:

- Up to 56°C: bulk water evaporation; water mechanically entrapped in the cetostearyl alcohol gel-network,

- Between 56°C (melting of the cetostearyl alcohol monohydrate) and 72°C: evaporation of the semihydrate water from
cetostearyl alcohol and of hydrophilic gel phase, associated with the “secondary” water,

- Above 72°C: evaporation of interlamellar fixed water after melting of hydrophilic gel phase.

In our case, unlike the Junginger example, the water evaporation occurred in a single step for both emulsions. Inspired by the
literature examples based on the same surfactant [23,25], we have also estimated the water loss as a function of three
temperature ranges of evaporation. The water evaporation percentages of two emulsions depending on the studied zone are
presented in Table Ill. Water samples were analysed in the same conditions and lead to the similar water loss profiles as
emulsions (Table IIl). It should be mentioned that the third stage of EM_IHD is also influenced by the beginning of the IHD
evaporation.

Table IIl. Percentage of the water loss / total water amount over the specified temperature ranges. The data should be compared by column.
Two different letters in each column indicate the statistically significant differences between the products.

% (water loss/water amount)

Sample
30°C-50°C  50°C-70°C  70°C-110°C

EM_IHD 8.8 A | 263 A | 756 A
EM_CCT | 6.7 B 258 A 61.8 B
Water 5.1 B 166 B 76.1 A

It is interesting to notice that the pure water evaporation was less pronounced during the two first ranges compared to
emulsions evaporation. As profile was similar for each sample, the slopes of the TG curves were also calculated between 30°C
and 100°C to estimate the evaporation speed over the analysed temperature ramp.

The IHD sample shows higher evaporation speed, with the slope value equal to -1.231 £ 0.066. The result is closer to the pure
water evaporation -1.237 + 0.055, when compared to the CCT sample that possesses an evaporation rate equal to -1.141 +
0.015. If transposing these results to the characteristics of liquid crystals in the emulsions (see wide angle X-Rays diffraction
data), the lower water release rate from CCT containing samples may be explained by the presence of lamellar liquid crystals
present in this matrix. This result and interpretations are consistent with the specific organization of such liquid crystals that,
therefore, appear efficient for keeping the water entrapped when compared to the other structures.

This observation can be confirmed by the rheological temperature sweep test (Fig.4). The slope value of the water evaporation
also depends on the destruction of the system due to thermal effect. The “melting” of the pure a-gel intervenes in “one step” at
51°C (tan 6=1), while for the lamellar liquid crystals the temperature of melting is higher, at 64°C. This can be explained by both
the interactions between Lg and water molecules and its higher resistance due to its flexibility. It is obvious that the presence of
heteroatoms in the surfactant-CCT structure present in the Lg phase induces polar intermolecular interaction, these last being
favourable for water retention. On the contrary, such interactions do not exist in the case of IHD-surfactant, so consequently,
this last system does not retain water molecules that much. Otherwise, as evidenced earlier in this paper, the relative
disorganization of the surfactant bilayers when associated with CCT makes it more flexible when compared to the IHD surfactant
mixture, and therefore more resistant to temperature thus slowing down the water release.
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Figure 4. Temperature sweep test results for EM_IHD (black) and EM_CCT (grey). EM_IHD shows one-step destruction, with tan§ maximal value
at 51°C. The destruction of the EM_CCT is more progressive with maximal tand value at 64°C.

Based on the literature [2,24,26,27] and on the results previously described herein, a schematic representation of the two
formulated emulsions can be proposed. On the one hand, the emulsion containing the nonpolar emollient is composed only of
a-gel (Fig.5a). On the other hand, if considering polar emollient, the lamellar liquid crystalline phase (L,) is formed around the
droplet near to the a-gel, this last being still present in the emulsion (Fig.5b). Such a schematic view of the effect of emollient
properties onto the emulsion’s structure is consistent with the whole observations exposed above: the droplets size and shape
as observed by microscopic techniques, liquid crystals formation as observed by polarized optical microscopy and XRD
experiments, mechanical characteristics determined by oscillatory rheology and, finally, results issued from TGA measurements.
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Figure 5. Schematic representation of the emulsion containing (a) nonpolar emollient. The oil droplets and the bulk water are entrapped by the
a-gel. For the (b) polar emollient, the droplets are complementarily surrounded by the lamellar liquid crystals (L,). In both cases, the
semihydrate water is retained by the fatty alcohol molecules, while the interlamellar water is placed between the a-gel layers.

Once the emulsions substantially described, the second part of the project consisted in the sensory and instrumental analysis of
their applicative properties. Compression force and difficulty of spreading were the most discriminative textural properties and
correspond to two different application steps: pick up and rub-out.



Applicative properties: compression
The results of the compression force sensory test are presented in Fig.6. The compression force is the evaluation of the products
firmness during the pick-up phase.

The sensory panel felt the difference between the two products. At this stage, one can question whether the significant
difference in perception is due to the emollient or to the specific structures created by the surfactant — emollient interaction.
Thus, a complementary instrumental analysis was envisaged in order to answer this question.
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Figure 6. Sensory scores of EM_IHD and EM_CCT as a function of the compression force.

Several papers describe correlations between the sensory perception and the instrumental analysis for cosmetic products on
the basis of rheology and texture analysis [28—31]. For the “compression force” sensory attribute, Gilbert et al. [28] described a
good correlation (R? = 0.961) with the test of compression with a texture analysis. Or, according to Barnes [32], the various
physical operations with emulsions can be also expressed by some typical shear rate ranges. As an example, the shear rate
corresponding to the compression force attribute can be placed around 10? s Thus, the apparent viscosity of both emulsions
and the pure IHD and CCT emollients at this share rate was measured during a flow test experiment. As visible in Table IV, the
dynamic viscosities of the emulsions are much higher than those of pure emollients and do not follow the same order. This
illustrates the major role of the emulsion’s structure and organization when compared to the components taken alone.

Table IV. Viscosity values of EM_IHD and EM_CCT emulsions and corresponding pure emollients at the 10% s shear rate.

Emulsions Viscosity (Pa.s) Emollients Viscosity (Pa.s)
EM_IHD 1.252+1.82E-02 IHD 0.003+4.21E-05
EM_CCT 0.504+2.87E-03 CCT 0.017+4.58E-04

The compression parameter appears mainly governed by the molecular organization of the emulsion. The viscosity of the
emollient alone does not affect the pick-up parameter. This is due to the fact that the droplets are not disrupted during this test.
Instead, the indirect impact on the organization of the liquid crystals and, as consequence, on the compression values is
observed. Compression force appears strongly related to the rigidity of the surfactant bi- and multi-layers organization, which
depends on the emollient molecular peculiarities.

Applicative properties: spreading profile
The sensory perception of the “difficulty of spreading” attribute is presented in Fig.7. This attribute does not follow the same
ranking as compression attribute exposed above. EM_CCT appears more difficult to spread on the skin than EM_IHD. In this

case, in order to understand which parameters are involved in this texture perception, the spreading property was evaluated
through an instrumental test inspired by the literature.
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Figure 7. Sensory scores of EM_IHD and EM_CCT as a function of the difficulty of spreading.

Some specific tests, developed to mimic the sensory analysis, were described in the works by Laura Gilbert [12,33], where
different correlations between physical and sensory tests were established. In the present work, our interest was focused on the
spreading test. Both Savary et al. [10] and Gilbert et al. [12] proposed optimal conditions for measuring the spreading properties
of emulsions using either a PMMA plate and a polypropylene sheet as surfaces for spreading tests. The same conditions were
used in the present study to elucidate whether the spreading properties of emulsions are only governed by the oil phase or by
the oil/surfactant interaction. Measurements were performed on both the pure emollients and the emulsions.

In order to transpose the emollients behaviour from the instrumental towards the sensory perception, emollients were
characterized according to their contact angle formed on the human skin (Fig.8). The IHD, as nonpolar oil, showed higher
spreading that CCT as illustrated by spontaneous larger contact surface on the skin and, as a consequence, a smaller contact
angle when compared to CCT.

IHD=9.7 £1.5° CCT=309+1.3°

Figure 8. Droplet shape of IHD and CCT emollients on the human skin and mean values of the emollients contact angle versus skin (°).

Results for the contact angle can be linked to the conditions of the instrumental spreading test. Because the surface energy of
the polypropylene and PMMA is equal to 30.1mN/m and 41.1mN/m respectively [34], these two materials can be considered as
fairly comparable to the skin surface in terms of surface energy, the skin owning a surface energy around 38.7mN/m [35].

Then the friction test was performed in two steps. First, the spreading profile was drafted for the pure emollients and then, for
the corresponding emulsions. Once the experiments performed, several data were calculated on the basis of the force evolution
monitored over time (Fig.9). The following parameters were determined:

- A+ (g.sec), the positive area under the force curve;
- Slope value on the force curve;
- The amplitude of the force variation during the test (g).

Fig.9 illustrates that the emollients force versus time curves present a typical, standard profile. The areas under the curves were
higher when compared to the baseline, meaning that the presence of emollients induces friction forces more important than
between both surfaces without product. The positive area under the force curve (2326%49 g.sec for IHD and 2751462 g.sec for
CCT) showed the easier spreading of the nonpolar emollient versus the polar one. Interestingly, the affinity of emollient with the
surface material was estimated through the noise values as illustrated by Fig.9c: the larger the noise amplitude, the more the
sample withstands the surface material. Here, the surface used for the textural characterization was non-polar (polypropylene)
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and, as expected, the pure raw materials clearly developed specific interactions with this support. This could be estimated by
the “noise amplitude parameter”: IHD one was 9g while CCT one was 30g. These observations were consistent with the contact
angle measurements, the nonpolar oil (IHD) owning higher affinity with the polypropylene sheet when compared to the polar

CCT one.

IHD ccT
160 160 -
140 140 -
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10 20 30 40 0 10 20 30 40
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Figure 9. Spreading profile of a) pure IHD emollient and b) CCT emollient with its c) noise amplitude example, with the baseline plotted in light
grey.

The force curve was analysed over the studied 120 mm of the spreading distance. All the emollients gave a negative force slope
value, with -0.69 for IHD and -0.61 for the CCT, respectively. This suggests that the force decreases during the test, thus the
spread becomes easier once the quantity of the product between the two surfaces decreases and the values tend to reach a
constant curve value. One can conclude that these results are not only influenced by the emollient viscosity, but also by the
emollient/solid support affinity.

Considering the emulsions, the evolution is far different from the one observed for the pure oils. As an illustration for IHD and
CCT based emulsions, Fig.10 shows that the emulsion first favours the spreading of the sled, the force values being lower than
the baseline. Next, once the thickness of the cream becomes thin enough but still visible, the spreading becomes more difficult
(after 20 seconds of spreading).

EM_IHD EM_CCT

50 1 60 -
C) 230
@ 20 - w
: : £ 20
= 10 - | “ 10

0 T T T 1 0 T T T 1

0 10 20 30 40 0 10 20 30 40

a Time (s) b Time (s)

Figure 10. Spreading profile of a) EM_IHD and b) EM_CCT emollient with the baseline plotted in light grey. The slope value of the force curve
was calculated over the whole distance. Also, complementary slope | and slope Il were calculated and correspond to the spreading between 0
and 20 seconds (lower to the baseline) and between 20 and 40 seconds (superior to the baseline).

The slope values obtained for the studied emulsions are presented in Table V. The differences between the slopes of the
products appear statistically significant.
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Table V. Slope values of the force curve obtained during the total test time, slope | corresponds to the spreading between 0 and 20 seconds
(lower to the baseline) and between 20 and 40 seconds (superior to the baseline).

EM_IHD EM_CCT
Slope 0.506+0.06  1.095+0.036
Slope | 0.549+0.107  0.816+0.041
Slope Il 0.507+0.053  1.027+0.139

One can notice that slope | and Il are also quite different depending on the studied emulsion. The slope | corresponds to the first
step of spreading when the droplets are rolling one on another without being disrupted. The slope | value of the EM_CCT is
higher than the EM_IHD, arriving at the same baseline. Consequently, lamellar liquid crystals are easier to spread at the very
beginning of the test, contrary to the a-gel.

The second step of the spreading test is shown by the slope Il. It represents the interaction between IHD or CCT emollient with
the support once the droplets are disrupted. Logically, the spreading of the CCT polar emollient is more difficult on the nonpolar
surface, making the EM_CCT slope Il superior to the EM_IHD.

The information obtained from this test are consistent with the sensory analysis scores and follow the conclusions based on the
oils contact angle results. When the contact angle increases (which means affinity with nonpolar surface decreases) the
spreading becomes more difficult and requires the application of a higher mechanical force. So, as illustrated for the attribute
“difficulty of spreading”, one may consider that this attribute evaluated during application actually depends on both oil
phase/matrix interactions (first stage) and oil phase individual properties once the matrix is disrupted (second stage).

Conclusion

This study was based on cosmetic emulsions containing liquid crystals of lamellar type. Liquid crystals structures were obtained
using a mixed emulsifier Cetearyl alcohol/ Cetearyl glucoside. Two emollients were selected as oil phases. Isohexadecane (IHD)
was chosen as representative nonpolar oil, while Caprylic capric triglycerides (CCT), a widely used cosmetic emollient, was
selected as the polar one. The difference of polarity was mainly due to the absence (IHD) or the presence (CCT) of heteroatom.
Emulsions were formulated with 20% (w/w) of oil and 5% (w/w) of the emulsifier, thus making them suitable for topical
application.

Due to the chemical differences between the emollients, two different molecular organisations were obtained for the
emulsions. The formation of a-gel was assured in both the IHD and CCT containing emulsions (EM_IHD and CCT_EM,
respectively). In addition to that, only EM_CCT emulsion showed the presence of the lamellar liquid crystals near to o-gel. Such
distinct molecular organizations markedly impact both the microscopic and macroscopic properties of the systems. EM_CCT
formed oil droplets of a smaller size when compared to EM_IHD. Also, the polar oil containing emulsion showed a lesser
dynamic viscosity, but a better thermal resistance than the nonpolar one. Finally, the whole results allowed demonstrating that
the matrix type impacted the water organization and, consequently, the rate of the water release. This result was explained by
higher water retention within the disorganized and more hydrophilic lamellar structures evidenced for emulsions containing
polar emollient.

This work brings new approaches to the interpretation of surfactant/oil interactions, by elucidating the role of the molecular
organization in the macroscopic and sensory properties of cosmetic emulsions. The proposed interpretations are always
supported by a combination of analytical techniques and, therefore, are largely reliable.

For the compression force attribute, the sensory perception was coupled to the dynamic viscosity analysis. It was shown that
emollients physical properties do not directly affect the pick-up perception of the emulsions. Meanwhile, the oil phase affects
this attribute indirectly, through building specific structures together with the surfactant, like lamellar liquid crystal phase and a-
gel.

To describe the difficulty of spreading attribute, sensory and texture analysis, as well as emollients contact angle measurements
were used. As for the previous parameter, the first step of the spreading test mainly depends on the emulsions molecular
organization. Furthermore, the most noticeable perception occurs during the second step, once reached the disruption of the
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emulsion’s structure. Then, as the emollient enters in the direct contact with the skin, the spreading perception and evaluation
become fully dependent on the physicochemical affinity of the pure emollient with the skin.

The importance of this work lies in the full control of the emulsions composition and structure. Due to a specific multiscale
approach and to a thoughtful choice of raw materials we managed to form the different emulsions with a full understanding and
control of their molecular organization. On this basis, it was possible not only to describe, but also to interpret and then to
explain both the macroscopic and the applicative properties of the emulsions.
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