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Abstract 11 

This study focuses on the fate of excipients contained in topical emulsions once applied on the skin. 12 

The aim was thus to develop a methodology to characterize the residue left on the skin shortly after 13 

emulsion application. To this end, both the role and the impact of the different excipients on the 14 

formation and properties of the residue left on the skin surface once a product is applied were 15 

investigated. To that purpose, an O/W emulsion composed of an ester as oily phase, an emulsifier 16 

(alkylpolyglucoside-based vehicles), a polymer and a humectant (hydrophilic excipient) was first 17 

developed. Then, systems with fewer ingredients were prepared to understand their respective role 18 

in the residual film. This residual film was studied in vivo by means of biophysical instrumental 19 

methods, all being performed on the participants' forearm. Results highlighted the major role of the 20 

ester giving a bright and hydrophobic residue. While the surfactant structuration as the presence of 21 

glycerin and polymer provided a specific water distribution inside the residue on the skin surface. 22 

Finally, this work evidenced the ingredients organization in the residue depending on the systems 23 
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composition, with a particular stratification on skin surface which could be considered in the 24 

formulation strategy for efficient active delivery and skin protection.  25 

Highlights  26 

• In vivo biophysical methods to describe the residue left on skin  27 

• Influence of the emulsion composition on the residue properties  28 

• The aqueous phase is still present on skin 15 minutes after emulsion application  29 
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1. Introduction  40 

As the extreme surface of the body, the skin is in interaction with the environment and thus with 41 

possible skin-damaging factors such as pollution, UV light, etc. Among other effects, applying a 42 

topical product on the skin allows to moisturize, smoothen and also to bring radiance and a pleasant 43 

feel to the skin1. In addition to that, it can also prevent skin damages and protect the skin against the 44 

environment or diseases by providing overtime protection of skin surface or by efficient active 45 

delivery by using adapted excipients and vehicles2,3. During and after application different 46 

phenomena occur, such as the evaporation and the absorption/penetration of ingredients contained 47 

in the product. However, some ingredients can remain on the surface and form a residual film onto 48 

the skin. Characterizing the corresponding film is clearly essential to allow understanding the 49 

interactions of the different excipients of the dermocosmetical or pharmaceutical products with the 50 



skin and also their individual role in the film characteristics3. Indeed, the penetration and efficacy of 51 

the actives are widely studied in the literature but the role and fate of excipients combination on skin 52 

are poorly investigated4. Studying this combination of excipients on skin is however of great 53 

challenge for the future formulation strategy in order to formulate more efficient and protective 54 

products for the skin by providing a protective film or by promoting efficient active delivery. 55 

In the literature, the pick-up and application phases of a topical product are more and more studied 56 

5–7 but until now only a few studies deal with the after application phase and the fate of the product 57 

on the skin8,9. In this latter case different instrumental methods can be envisaged to characterize the 58 

residual film left onto the skin. For example, Lukic et al. used a combination of two biophysical 59 

methods, namely Corneometer® and Sebumeter®, to assess the influence on the skin of four distinct 60 

emulsions, each containing a different emollient. They showed that one hour after emulsion 61 

application on the skin, the skin hydration increased from 44a.u to 55a.u (arbitrary unit). Besides, the 62 

Sebumeter® measurements allowed evidencing the presence of oily material at the skin surface; 63 

nevertheless, this latter result was linked to oily compounds present in the residue left on the skin 64 

surface after emulsion application rather than an increase in skin sebum. Through this work, the 65 

authors evidenced that shortly after sample application on the skin it is possible to measure features 66 

of a residual film using biophysical methods like Corneometer® and Sebumeter®.10  67 

Another way to characterize the effect of a product on the skin is the infrared spectroscopy that 68 

provides information on chemical changes of the skin surface and, potentially, on other skin 69 

parameters such as skin hydration11,12. As an example, Prasch et al.  showed an evolution of skin 70 

hydration after application of different emulsions on the skin using FTIR spectroscopy. The authors 71 

consider that the calculation of the height ratio of amide 1 and amide 2 bands, both being related to 72 

skin proteins structures, gives an insight on skin hydration. They could show an increase in skin 73 

hydration 6h and 12h after emulsion application on skin surface; IR spectroscopy is indeed a relevant 74 

method to study the skin changes after topical product application. 11 75 



The application of a product on the skin surface modifies its surface physical chemistry properties. In 76 

order to study the influence of the product on those properties, the contact angle method can be 77 

used. Indeed as the skin presents a monopolar basic behavior, the deposition of a water drop on the 78 

surface gives a contact angle from 90 to 110° 13. Hagens et al. used this method to characterize the 79 

water-resistance of sunscreen products, 20 minutes and 60 minutes after application on the skin. A 80 

sharp modification of the water contact angle depending on the type of product applied was 81 

observed, with a contact angle of 20° for phase inversion temperature formulation, 40° for water in 82 

oil and 60° for oil in water emulsions14. This work clearly shows that this method is discriminant as it 83 

brings information on how a product can modulate skin surface characteristics and, finally, its 84 

efficacy.  85 

To summarize, these studies showed that different methods such as biophysical methods, IR 86 

spectroscopy and contact angle measurements can be used to characterize skincare product effects 87 

onto the skin surface. However, no study yet has developed a methodology combining all these 88 

approaches with a common protocol to characterize the residual film on the skin surface. Besides, as 89 

illustrated by the literature, complex products are generally used within such studies making it 90 

impossible to assess the role of each ingredient; thus, using more simple mixtures would enable to 91 

understand the role of the ingredient after product application. Indeed, characterizing the residual 92 

film would help to understand the interaction and durability of the ingredients on the skin surface in 93 

order to efficiently protect it.  94 

The aim of this work was twofold. First, an innovative methodology was developed to characterize 95 

the residual film left after application of different emulsions on the skin surface. This enabled 96 

thereafter to discuss the selectivity of the analytical methods regarding either a property or a given 97 

ingredient. Then, the results obtained highlighted the influence of the different ingredients 98 

contained in the systems applied, on the properties of the residues remaining on the skin. For this 99 

purpose, different systems were prepared, containing from two to six ingredients, representing 100 



classical topical excipients. The study focused on the main ingredients composing an O/W emulsion:  101 

surfactant, oil, humectant, polymer, water and their combination. The surfactant chosen is an 102 

alkylpolyglucoside (approved by the Food and Drug Administration as a pharmaceutical excipient) 103 

that showed to have interesting potential as a vehicle for drug delivery15,16 and to enhance skin 104 

hydration17. Then, lipophilic and hydrophilic excipients, a penta ester and the glycerin respectively, 105 

were added to form binary, ternary or more complex systems and their effects on the residue 106 

properties were investigated. The selectivity and quantification of ingredients was measured in vivo 107 

using different methods described below in order to understand their interaction and durability on 108 

skin surface.  109 

  110 



2. Materials and methods 111 

2.1. Materials  112 

2.1.1. Preparation of the systems   113 

Pentaerithrityl tetraethylhexanoate (Dub PTO) from Stéarinerie Dubois, France was used as 114 

emollient, Cetearyl glucoside / cetearyl alcohol (Montanov 68) and Phenoxyethanol and 115 

Methylparaben and Ethylparaben (Sepicide HB) from Seppic, France as emulsifier and preservative 116 

system respectively, and xanthan gum powder (Rhodicare T) from Rhodia, France as a texturing 117 

agent. All were kindly given by suppliers. Finally, glycerin as a humectant was purchased from Aroma 118 

Zone, France. The ingredients used in this study are of cosmetic grades to enable their use on the 119 

skin.  120 

Table 1: Name and compositions of the systems 121 

INCI Name Function S S_G Emulsion Emulsion_G Emulsion_G_X 

Cetearyl glucoside / 

cetearyl alcohol 

Surfactant 

(S) 
5 5 5 5 5 

Pentaerithrityl 

tetraethylhexanoate 
Oil  - - 20 20 20 

Water Water 94.5 89.5 74.5 69.5 68.5 

Glycerin Glycerin (G) - 5 - 5 5 

Xanthan gum 
Polymer 

(X) 
- - - - 1 

Phenoxyethanol and 

Methylparaben and 

Ethylparaben and 

Propylparaben and 

Butylparaben 

Preservative 0.5 0.5 0.5 0.5 0.5 

 122 

Five different systems were prepared with different compositions. The first system was composed of 123 

just the surfactant and water and then more complex systems were formulated with the addition of 124 

the glycerin, oil or the xanthan gum. S refers to the surfactant alone in water, while S_G corresponds 125 

to the surfactant in an aqueous phase composed of water and glycerin. Then 3 successive systems of 126 



o/w emulsions were prepared: starting with the ternary system with surfactant, oil and water and 127 

then with the addition of glycerin; and xanthan to form respectively the Emulsion_G and 128 

Emulsion_G_X.  129 

Emulsions were prepared according to the following protocol: first the oil phase (emulsifier and oil) 130 

and the aqueous phase (water) were heated separately up to 75°C under mechanical stirring. Then 131 

the oily phase was added to the water phase and homogenized at 11000 rpm for one minute using a 132 

T25 digital ultra-turrax (IKA, Freiburg, Germany) equipped with the dispersing head S25N-25F. The 133 

formulation was then left cooling down to 30°C under mechanical stirring. Finally, both the xanthan 134 

gum pre-dispersed in glycerin and preservative were added to the mixture18,19.  135 

2.2. Methods  136 

In accordance with the Declaration of Helsinki, 9 healthy female volunteers, aged from 22 to 29 years 137 

old were recruited, informed of the study and asked to sign a written consent. The study was 138 

approved by the local Ethical Committee on Human Research. All the measurements were made in 139 

vivo with the participation of the 9 assessors. For each assessor, two squares of 4cm x 5cm were 140 

drawn on each forearm and 50 µL of product was applied by the assessor in 50 uniform rotations.  141 

The measurements were performed before (Control) and fifteen minutes after sample application to 142 

evaluate the residual film properties. All measurements were made by the same operator. Based on 143 

protocols and guidelines of the literature14,20–22, a communal protocol was established for all the 144 

methods and some adjustments were needed to characterize the residue on the skin surface. Indeed, 145 

the time after application chosen for the residual properties characterization was of 15 minutes, as 146 

an evaporation phase takes place in the first 10 to 15 minutes after application of the product23,24. 147 

Furthermore, the EEMCO guidelines recommend measuring the skin hydration at least 30 min after 148 

product application on the skin to avoid the measurement of the residual product present on the skin 149 

shortly after application22. That is why it was decided in this study to perform the measurements 150 

15min after product application with the assurance to measure the residue left by the product.  151 



2.2.1. Biophysical measurements  152 

The biophysical measurements were taken under controlled temperature (20-22°C) and humidity 153 

(40-45%). The assessors were left acclimating for fifteen minutes prior to measurement in order to 154 

control emotional and physical factors that could disrupt the results. 22  155 

  2.2.1.1. Skin surface brightness. The skin brightness was measured using a 156 

Glossymeter® GL 200 (Courage-Khazaka electronic GmbH, Köln, Germany). The probe emits white 157 

light created by LEDs and then measures the reflected light on the skin surface20. From a practical 158 

point of view, the probe was applied and pressed for a few seconds onto the skin surface; then the 159 

gloss value was measured on bare skin and 15 min after product application. Analyses were 160 

performed in triplicate for each application zone. Gloss result is given in arbitrary unit. 20 161 

  2.2.1.2. Oily material amount on skin surface. The amount of oily material on the skin 162 

surface was measured using the Sebumeter® SM 815 (Courage-Khazaka electronic GmbH, Köln, 163 

Germany). The probe is pressured on the skin surface for 30s to allow the oily substances present on 164 

skin surface absorbing onto the tape making it more or less transparent. Then, tape transparency is 165 

measured by a photocell and the device gives the amount of oily materials on the skin expressed in 166 

µg/cm². A dose-response curve was established for the ester chosen as oil in this study. To this 167 

purpose, different doses of the ester, ranging from 2 to 10µL, were applied on the skin with the 168 

finger in 50 uniform rotations by the assessor. A curve presenting the Sebumeter® response (µg/cm²) 169 

as a function of the dose of ester applied onto the skin (µg/cm²) was built and fitted through a linear 170 

regression model. The dose applied on the skin was calculated using the oil density (0.963) that was 171 

measured using a portable densimeter (Mettler Toledo, France). Oily residue quantity was measured 172 

for the different systems applied onto the skin. All measurements were made in triplicate for each 173 

application zone25. 174 

  2.2.1.3. Water amount of skin surface. The amount of water on the skin surface was 175 

determined using a Corneometer® CM 825 (Courage-Khazaka electronic GmbH, Köln, Germany) 176 

which measures the changes in dielectric constant due to skin surface hydration20,22. The probe is 177 



pressured for a few seconds (5 to 10 seconds) on the skin and the result is given in arbitrary units. 178 

Each measurement was performed five times for each application zone.  179 

2.2.2. Infrared spectroscopy. 180 

 The measurements were performed using a FTIR spectrometer Frontier (Perkin-Elmer, Waltham, 181 

USA) using the ATR accessory. The forearm of the participant was directly pressed on the zinc 182 

selenide crystal. The beam penetration depth is only of few microns for the human skin, so the 183 

method is measuring only the outermost skin layer, which is thus adapted for measuring the residual 184 

film composition on skin surface12. For each acquisition, four spectrums were performed and 185 

averaged. The spectrum analysis was performed on the Spectrum program. Relevant peaks height 186 

was calculated in order to determine the amide 1/ amide 2 ratio that reflects the water present at 187 

skin surface. Indeed a contribution of water with the bending vibration of –OH groups (around 188 

1642cm-1) is hidden behind the amide 1 band, thus calculating the ratio enables determining the 189 

water content of superficial skin layer26 with considering that the higher the ratio, the greater the 190 

water amount. The amide 1 band (1645cm-1) and amide 2 (1545cm-1) and the ester band (1740cm-1) 191 

from the oil phase, were used to evaluate the differences between the products after application on 192 

the skin and also to compare the results before and after sample application. Measurements were 193 

made once by assessor for each sample tested. 11,12 194 

2.2.3. Contact angle (CA) measurements.  195 

The advancing contact angles were measured on the skin surface using the Portative Goniometer 196 

PGX+ (ScanGaule, Gravigny, France) connected to the PGPlus® software. Measurements were 197 

performed at room temperature (20±1.5°C). Advancing contact angle was determined as follows:  198 

first a small water drop was deposited on the skin surface; then the drop volume was increased by 199 

adding successively five drops until a final drop volume of 6µL was reached. An image was acquired 200 

at each drop deposition resulting in five pictures and the value of each CA was determined by the 201 

software program27. The advancing contact angle corresponds to the highest CA value among the five 202 



pictures. The measurements were repeated at least four times for each application zone and an 203 

average of these four measurements was calculated.  204 

2.2.4. Data analysis  205 

All the values were reported in tables and graphs as mean ± standard deviation (SD). Statistical 206 

analysis of differences was performed using XLSTAT software from Addinsoft (version 2012.1.01). As 207 

sufficient data were obtained to confirm the normality28, one or two-factor analyses of variance 208 

(ANOVA) were performed on instrumental data to evaluate the effect of the residual film on the skin 209 

properties depending on the formulation applied on the skin. When discrimination between products 210 

was significant (p<0.05), the mean scores obtained were compared using the Fisher multiple 211 

comparison post-test to form groups of products.  212 

The box-plot representation was chosen for the Corneometer® and Glossymeter® results expressed 213 

in percentage change compared to the bare skin. The line inside the box represents the median, the 214 

lower part of the box represents the first quartile i.e. 25% of the values are below this line, and the 215 

upper part of the box represents the third quartile i.e. 75% of the values are below this line. The Stars 216 

represent the min and max values and the square inside the box represents the mean. Besides, the 217 

raw mean values in arbitrary units and the standard deviation are also presented in Table 2.   218 



3. Results and Discussion  219 

3.1. Composition and structure of the systems  220 

 221 

Figure 1: Presentation of the Ingredients and systems compositions with the surfactant “S” corresponding to a cetearyl 222 

glucoside / cetearyl alcohol, the emollient to a pentaerithrityl tetraethylhexanoate, the glycerin referred as “G” and the 223 

xanthan gum as “X” on the figure 224 

 225 

The first system formulated was a solution of surfactant in water, a binary system called “S”. Then 226 

other ingredients were added gradually to this first system like an oil, a humectant and a polymer to 227 

form more complex systems as shown in Figure 1. The surfactant used in the present study is a mix of 228 

alkyl polyglucoside and fatty alcohol that forms an auto emulsion with α-gel structures29 in water. 229 

The surfactant is at the interface between the water and the residual fatty alcohol; the 230 

corresponding mixture is the so-called “S”. The glycerin is a polyol that promotes hydrogen bonding 231 

in the presence of water. This is the main reason why it is currently added to topical products as a 232 

moisturizer, skin protectant and humectant as such H-bonding formation enables retaining water, so 233 

preventing evaporation in the system30. Then, glycerin was added to form the S_G system: the 234 

microstructure remained unchanged as the glycerin is present in the aqueous phase. In parallel, an 235 

ester is added to the surfactant dispersion thus leading to an O/W emulsion, so-called “Emulsion”. 236 

The ester as emollient in emulsion “helps to maintain the soft, smooth, and pliable appearance of the 237 



skin. Emollients function by their ability to remain on the skin surface or in the stratum corneum to 238 

act as a lubricant, to reduce flaking, and to improve the appearance of the skin” as described by CTFA 239 

dictionary31. The ester chosen in this study presents a log P of 11.4, which will be dispersed in 240 

droplets in the aqueous phase thanks to the interface stabilization with the surfactant. The addition 241 

of the ester is changing the microstructure compared to the surfactant alone in water, with the 242 

formation of lamellar liquid crystals around the droplets, together with α-gel in the continuous 243 

phase7. The influence of the microstructure will be further discussed below. Then a combination of 244 

these two latter systems to form the Emulsion_G system was performed, to study the influence of 245 

the combination of those two ingredients on the balance of the system properties. Finally a polymer, 246 

the xanthan gum, which is a hydrophilic polymer widely used in O/W emulsions for its thickening and 247 

stabilizing properties32 was added, thus leading to the complete mixture referenced as 248 

Emulsion_G_X. The aim was to study the influence of a well-known texturizer on the residual 249 

properties on the skin.  250 

Then, each of these different systems was applied in vivo onto the skin in order to characterize the 251 

residue left after application on following the methodology described in the material and methods 252 

section; results are described and discussed in the following parts.  253 

 254 

3.2. Characterization of the residue left on the skin 255 

In this work, an approach using several analytical methods was developed in order to identify and get 256 

an accurate characterization of the residual film left on the skin after product application. The results 257 

of the different measurements using biophysical probes, IR spectroscopy and advancing contact 258 

angle, are described below in this section. Results from the biophysical analysis are reported in table 259 

2. 260 



3.2.1. Skin surface brightness  261 

The Glossymeter® was used to characterize the skin surface brightness 15 min after application of 262 

products of different compositions. The mean results given by the Glossymeter® are gathered in 263 

table 2 with values ranging from 4.4 to 5.9 u.a. Results were computed and expressed as percentage 264 

of brightness changing when compared to bare skin after application of the different systems as 265 

presented in Figure 2. 266 

 267 

Figure 2: % change in skin surface brightness 15 min after application of the different systems on the skin compared to the 268 

bare skin. 269 

It is striking that the residues of S and S_G systems show the lowest brightness. Indeed, the 270 

surfactant alone (S) in water does not bring any brightness, with no significant difference compared 271 

to the bare skin. While the addition of glycerin to the system (S_G) induces a slight increase in the 272 

brightness compared to the bare skin with a significant difference from the bare skin. The residues of 273 

Emulsion, Emulsion_G and Emulsion_G_X systems present the highest brightness with an increase 274 

between 20 to 50% of the glossiness that is statistically different from the bare skin. One can notice 275 

that each of these latter systems contain the ester and leave a bright residue on the skin. These 276 

results evidence the major role of the oil phase and the glycerin in the brightness of the residue left 277 

after application. Indeed, only emulsions containing these two components showed to be 278 

significantly different from the bare skin (Table 2). Besides, the presence of glycerin and/or polymer 279 

with the ester in the system (Emulsion_G and Emulsion_G_X) enhances the glossiness of the residue. 280 



Therefore, the Glossymeter® is unambiguously a quantitative method allowing measuring the skin 281 

brightness and to show the presence of a bright, greasy or humid, residue at skin surface. 282 

Table 2: Average values and statistical groups from the Fisher test for the Glossymeter® and Corneometer® measurements. 283 

Different letters in the same column means significant difference between the systems (p<0.05). 284 

Product 

Glossymeter® 

average value 

(u.a) 

Groups 

Corneometer® 

average value 

(u.a) 

Groups 

Control 4.4±0.3 D 35.6±5.0 B 

S 4.4±0.3 D 34.5±4.3 B 

Emulsion 5.3±0.8 B 45.8±4.5 A 

S_G 4.6±0.3 C 49.2±9.3 A 

Emulsion_G 5.9±0.7 A 47.4±5.2 A 

Emulsion_G_X 5.6±0.7 A 49.2±8.2 A 

 285 

3.2.2. Water amount on skin surface  286 

Basically, the Corneometer® measures the electrical capacitance in the upper layers of the skin, thus 287 

giving access to the stratum corneum hydration. The aim in this study was to measure the water 288 

amount or the electrical capacitance of the residual film remaining 15 min after application of 289 

different systems: values given by the Corneometer® as the statistical results are given in Table 2 and 290 

are presented in a graph (Figure 3), as the change (in percentage) in skin surface water amount after 291 

application of different systems compared to the bare skin. 292 

 293 



 294 

Figure 3: % change in skin surface water amount 15 min after application of the different systems on the skin compared to 295 

the bare skin. 296 

One can observe an increase of 25% of the water amount measured between the surfactant system 297 

(S) and the surfactant-ester system (Emulsion). Indeed, the structuration of the emulsion with the oil 298 

droplets dispersion clearly impacts the water distribution in the residual film left after application as 299 

illustrated with the increase of skin water amount for the Emulsion system. Concerning the 300 

surfactant-water system (S), the water is probably weakly bonded and evaporates rapidly after 301 

application, thus leading to no significant change in the hydration state of treated skin compared to 302 

the bare skin. S_G, Emulsion_G and Emulsion_G_X systems present about a 50% increase in skin 303 

water amount compared to bare skin. Thus, adding glycerin to the systems (S_G, Emulsion_G) 304 

sharply increases the Corneometer® values; since the glycerin is a humectant, it undoubtedly 305 

explains the high amount of water measured by the Corneometer® in the residual film33,34. The 306 

presence of the polymer in the emulsion (Emulsion_G_X) also gives a high Corneometer® value 307 

(around 50u.a), this latter value being slightly higher than the one corresponding to the emulsion 308 

without polymer (Emulsion_G), therefore showing its influence on the water distribution in the 309 

residual film left on the skin. Indeed, the water amount is different in every product, since additional 310 

ingredients are incorporated in the different systems, but still, the Corneometer® measurements 311 

were not significantly different except concerning the surfactant-water system (see the statistical 312 

groups in Table 2). The structure as well as the composition of the systems has undoubtedly an 313 



impact on the water retention in the product and in the residue left on the skin, but corneometry 314 

measurements remain lowly discriminating for identifying and rank the role of each ingredient.  315 

3.2.3. IR spectroscopy  316 

The infrared spectroscopy acquisition was performed in vivo, putting directly the forearm skin of 317 

volunteers in contact with a zinc selenide crystal. The aim of this method was first to evidence the 318 

presence of the residual film and then to determine its chemical composition, 15min after 319 

application. The oil used in this study is an ester, its functional group is well differentiated from the 320 

skin components peaks at 1738cm-1 thus enabling easy identification of its presence on the skin as 321 

illustrated on the spectra in Figure 4.  322 

 323 

 324 

Figure 4: Infrared spectra of the bare skin (grey) and 15 min after application of the oil on the skin (black). 325 

According to Prasch et al., the skin hydration level is accessible by IR spectroscopy experiments using 326 

the amide 1/ amide 2 ratio (Figure 4) as explained in the introduction of this work 11,12. The 327 

calculation of the ratio of the amide peaks intensities for the five emulsions once applied on the skin 328 

surface was studied and reported in Figure 5. 329 



 330 

Figure 5: Skin water amount measured by the amide 1 / amide 2 band ratio for the bare skin (control) and after application 331 

of different systems on the skin. Different letters means significant difference between systems (p<0.05). 332 

The presence of glycerin in the systems studied increases this ratio, with a significant difference for 333 

the systems containing glycerine compared to the bare skin or the systems without it. Indeed, the 334 

pure glycerin presents a little contribution around 1630cm-1. Thus, not only the water from the skin 335 

and the product residue on the skin contributes behind the amide 1 peak intensity, but also the 336 

presence of glycerin by itself. Besides, the emulsion structure for the complex emulsion system 337 

(Emulsion_G_X) has an impact on the ratio, in addition to the presence of glycerin. It means that at 338 

an equal amount of glycerin, the water distribution in the residual film is changing depending on the 339 

system composition, with the addition of the ester and then, in a higher extends, of the polymer.  340 

Indeed, the ratios for these two systems are statistically different showing the impact of the polymer 341 

on the residue properties. 342 

Then the ester peak contribution of the oil phase was calculated for each system after application on 343 

the skin (Figure 6). As expected the intensity was positive only for the products containing the ester, 344 

but it interestingly varied depending on the composition of the product applied, even at constant 345 

ester content. Giving the statistical analysis, the complex emulsion, Emulsion_G_X, showed the 346 

lowest intensity for the ester function followed by the Emulsion_G and Emulsion systems presenting 347 

the highest intensity around 35%. Such a difference in the ester intensity peaks can suggest a 348 



difference in the ester distribution in the residual film left on the skin surface, this latter depending 349 

on the system composition.  350 

 351 

Figure 6: Intensity of the ester peak (%T) for the bare skin (control) and after application of different systems on the skin. 352 

Different letters mean significant difference between formulations (p<0.05). 353 

As a conclusion, the IR spectroscopy is a semi-quantitative method that gives access to information 354 

for both the skin and the residue hydration, and also make it possible to identify the presence and 355 

the distribution of the ester depending on the system applied on the skin.  356 

3.2.4. Oily material amount on skin surface  357 

The Sebumeter® is a probe normally used to assess the sebum amount on the skin surface; 358 

nevertheless,  in the present study, it was used as a method to measure the amount of oily 359 

compounds (expressed in µg/cm²) present on the skin surface after emulsion application21,24. A dose-360 

response curve for the oil considered in this study was first built by measuring the response 15 min 361 

after application of different doses of oil on the skin using the Sebumeter® (Figure 7). A linear 362 

regression model was obtained between the dose of oil applied on the skin and the Sebumeter® 363 

values measured. This result highlights that the Sebumeter® is a quantitative method for the 364 

characterization of the oily component applied on the skin as previously demonstrated by 365 

Crowther21. Then the different systems formulated were tested and the results were gathered in 366 

Figure 8. 367 



 368 

Figure 7: Dose-response curve showing the Sebumeter® value against the oil dose applied on skin in µg/cm² 369 

 370 

Figure 8: Amount of oily materials on skin surface measured using the Sebumeter® measured for the bare skin and 15 min 371 

after application of different systems on the skin. Different letters mean significant difference between systems (p<0.05). 372 

Firstly, products without the oil phase (S and S_G), presented the same value as the bare skin, near 373 

0µg/cm² of oily materials. Then, results show that only the products containing the ester (Emulsion, 374 

Emulsion_G, Emulsion_G_X) induced an increase of the Sebumeter® response. Furthermore, 375 

significantly different values were obtained depending on the composition of the products from 376 

150µg/cm² for Emulsion to 120µg/cm² for Emulsion_G and 60µg/cm² for Emulsion_G_X, even if the 377 

amount of ester was kept constant for each system (20% w/w). Thus, different results for the same 378 

amount of ester means that its distribution and more generally the organization of the different 379 

ingredients in the residual film on skin surface is significantly dependent on the composition of the 380 



system i.e. dependent on the presence of both the glycerin and the polymer in the system in our 381 

case.  382 

As a conclusion, the Sebumeter® is a quantitative method that can efficiently evidence the presence 383 

and the distribution of oily material in a system once applied onto the skin surface.  384 

3.2.5. Skin surface physical chemistry properties  385 

Advancing contact angle is currently used to study the physical chemical properties of the skin 386 

surface and therefore can be useful to characterize the changes induced by product application on 387 

the skin surface. This method consists of measuring the contact angle between a drop of water 388 

deposited on the skin surface and the surface. The skin presents a monopolar basic behavior, giving a 389 

high water contact angle ranging from 90° to 110°. Indeed, lower contact angles evidence a change in 390 

skin surface properties13,35. In this work different mixtures or emulsions of various compositions were 391 

applied on the skin surface, and water contact angles were measured 15 min after application. 392 

Results gathered in Figure 9 present the advancing contact angles obtained for the five systems and 393 

the bare skin. All the systems present an average contact angle significantly different from the bare 394 

skin and the other systems.  395 

 396 

Figure 9: Graph of the water advancing contact angles (°) for the bare skin and 15 min after application of different mixtures 397 

or emulsions on the skin surface. Different letters mean significant differences between systems (p<0.05). 398 



Firstly, the surfactant alone in water (S) induced a sharp decrease in skin hydrophobia as a result of 399 

the surfactant amphiphilic properties36,37. Then, adding the glycerin to this water-surfactant system 400 

(S_G) led to a highly hydrophilic character for the skin, with an angle measurement of less than 30°; 401 

these may be explained by the humectant properties of glycerin. On the contrary, the Emulsion 402 

system induced an intermediate contact angle, around 70°, which means that the ester plays a 403 

predominant role in the residue left on the skin. Indeed, the ester (oily component) is a hydrophobic 404 

compound that gives a high contact angle around 80-90° when applied alone on human skin35. Then, 405 

the addition of glycerin to this system (Emulsion_G) induced a decrease of the angle around 60° due 406 

to the presence of glycerin and its properties in the formulation. Thus, the behavior of these two 407 

systems (Emulsion and Emulsion_G) again highlights the key role of the ester in the residue 408 

properties with higher angles when compared to the other systems. Finally, the complete emulsion 409 

(Emulsion_G_X), gave a hydrophilic residue, with an angle around 40°. This can be explained by the 410 

presence of the xanthan, a hydrophilic polymer that, among the other ingredients, remains on the 411 

skin surface and forms a highly hydrophilic film. 412 

To sum up, the contact angle measurement can unambiguously evidence the role of each ingredient 413 

and their combination in the hydrophilic/hydrophobic balance at the skin surface. This technic allows 414 

understanding the changes in skin surface properties after product application depending on the 415 

system composition, with elucidating the role of each ingredient on the organization of the residue 416 

remaining on the skin surface.  417 

 418 

3.3. General discussion 419 

In this work, a methodology with complementary tools was developed to characterize the residual 420 

film left on the skin surface after emulsion application. Indeed, understanding the fate of these 421 

excipients once applied on the skin would provide interesting insight concerning: active 422 



incorporation, delivery and efficiency in pharmaceutical emulsions. To this end, emulsions of 423 

different compositions were prepared and applied on the skin surface to understand the role of each 424 

excipient on the formation and the properties of the residual film. The role of the ester, glycerin, 425 

polymer and their combination will be discussed in this section. 426 

First, results indicate that the surfactant alone in water (S) does not significantly change the skin 427 

properties as measured by both biophysical methods and IR spectroscopy. However, the contact 428 

angle measurements showed a much lower contact angle if compared to the bare skin, thus meaning 429 

a change for the skin surface properties after product application. Since the surfactant is an 430 

amphiphilic compound, it undoubtedly remains on the skin surface and influences the physical 431 

chemistry properties13, this without changing the skin brightness or the amount of oily materials left 432 

on the skin surface. Besides, even if the surfactant is forming an auto emulsion with α-gel structures 433 

in solution29, the surfactant alone does not retain water in the residue present on the skin surface as 434 

illustrated with unaffected Corneometry and Infrared Spectroscopy results. In this case, the water 435 

contained in the mixture does rapidly evaporates after application on the skin as far as it is not 436 

retained through any specific interactions with the other ingredients. Generally through evaporation 437 

of some ingredients after application, the drug is concentrated in the film remaining on the skin and 438 

so the drying out of the formula such as this binary system can prevent drug delivery3,4. This is why it 439 

is important to consider the fate of the residue. Thereby, it is important to highlight that the 440 

combined methodology developed in this work is crucial to whom ambitioning to understand the 441 

phenomena occurring on the skin surface as some methods taken alone cannot detect the presence 442 

of an ingredient on the skin while some others such as the contact angle assessment will.  443 

Following these first observations, a ternary system combining water, surfactant and the ester oily 444 

phase (Emulsion) was studied. The results obtained showed that the Sebumeter®, the IR 445 

spectroscopy and the Glossymeter® were sensitive to the presence of the ester. Results evidenced 446 

that 15 min after spreading on the skin, it remained present on the surface. Besides, adding the ester 447 



to a surfactant-water system has a strong impact on the microstructure of the emulsion7,38. In fact, 448 

the Corneometer® measurements, related to the water amount in the residue, presented higher 449 

values in the presence of emollient in the system if compared to the system without oil phase. 450 

However, the ester by itself doesn’t bring any hydration or water but it is indeed changing the 451 

structure of the system and thus the water distribution within the emulsion is different. As liquid 452 

crystalline structures of lamellar types are formed by the surfactant (alkylpolyglucoside) around the 453 

oil droplets, together with the gel phase, a portion of the water is entrapped between the lamellar 454 

sheets17,39. This particular structuration enables the water to remain in the system even once the 455 

product is spread on the skin surface which can be important for active solubilization and efficient 456 

delivery3. Indeed, Savic et al. showed that the special colloidal organization of alkylpolyglucoside-457 

based systems as the water distribution in different fractions alongside the different surfactant 458 

structures have an impact on drug mobility and hence on its skin permeation16. Besides, the ester is a 459 

mainly hydrophobic compound giving a high contact angle when applied alone on the skin35, this 460 

result clearly evidenced the role of the emollient present in the residue. Indeed, the Emulsion system 461 

gave the highest contact angle values among the systems, meaning that the emollient forms a 462 

durable residual film on the skin surface for the ternary system.  463 

In parallel, the glycerin was added to the surfactant solution forming the S_G system and its 464 

influence on the residue was studied. Adding the glycerin brings brightness, while the Corneometer® 465 

as the IR spectrum showed a significant increase of hydration for this system if compared to the 466 

surfactant alone in water. Since the glycerin is bonding water in the system30, the residue presents a 467 

high water amount. This also explains the low contact angle obtained since depositing a water drop 468 

on the residue that contains more water, e.g. more hydrophilic surface,  induces a lower contact 469 

angle35. To sum up, the S_G system is a simple system that leaves a slightly bright and highly 470 

hydrophilic residue on the skin surface.    471 



Then, the two latter systems were combined to make the Emulsion_G system in order to study the 472 

interaction of the two ingredients and the impact on the residue characteristics. A statement may be 473 

that the oil (20% w/w) would take over the glycerin (5% w/w) contribution to residue properties. 474 

Nevertheless, the results showed that the residue properties are not only linked to the ingredients 475 

respective proportions. Indeed, the Glossymeter®, IR spectroscopy and Sebumeter® analysis clearly 476 

evidenced the presence of the ester in the residue present at the skin surface, as observed for the 477 

Emulsion system. However, the residue presented some differences compared to the Emulsion 478 

system, showing the impact of the glycerin. First, the residue left in the presence of glycerin was 479 

brighter exhibiting a synergistic effect of both ingredients on the glossiness. Besides, the Sebumeter® 480 

values showed a lesser amount of oily material measured on skin surface for the Emulsion_G system, 481 

meaning that the presence of glycerin actually diminishes the detection of the ester in the residue. At 482 

this stage it was assumed that the ester was hidden by the glycerin that formed a layer on the upper 483 

part of the residue. This statement could be confirmed by the contact angle measurements as the 484 

presence of glycerin induced a decrease of the water contact angle as a proof of a more hydrophilic 485 

surface. The lower contact angle values obtained can also be linked to the Corneometer® and the IR 486 

spectroscopy (amides band ratio) results. Indeed both methods showed high residue water content 487 

and a ratio significantly different from the Emulsion system too, highlighting the role of the glycerin 488 

which may form a reservoir together with the entrapped water that increases and maintains 489 

hydration in the residual film on the skin17. These results indicate that both ingredients play a key 490 

role in the residue properties and that even a low content of glycerin plays a crucial role in the 491 

residue properties, comparable to the one of the ester.     492 

Finally, the last system studied was the complete emulsion (Emulsion_G_X), the only difference with 493 

the Emulsion_G system being the presence of the xanthan gum; this allowed investigating the 494 

influence of this hydrophilic macromolecule on the residue. It is striking that the presence of the 495 

polymer combined with the glycerin and the ester forms a strong hydrophilic film at the skin surface 496 

as evidenced through the contact angle results. Besides, xanthan polysaccharide forms a microgel 497 



structure in emulsions40, entrapping more strenuously the continuous phase within its network, 498 

bringing to the film a high water amount as evidenced by Corneometer® and spectroscopy 499 

measurements. The polymer has therefore a strong impact on both the water distribution within the 500 

system and the surface residue organization. Indeed, the Sebumeter® value showed a decrease for 501 

the Emulsion_G system compared to the Emulsion, but an even lower value was obtained for the 502 

Emulsion_G_X system, even if the same amount of ester is present in these three systems. Xanthan 503 

being a macromolecule remains on the skin surface after product application thus forming a film that 504 

probably covers the ester, this latter being therefore entrapped in deeper layers of the residue. This 505 

scenario was also confirmed by the ester IR peak intensities with lower intensity for the 506 

Emulsion_G_X residue if compared to the Emulsion and Emulsion_G systems. These complementary 507 

results led to the hypothesis of a stratification of the different ingredients in the residual film on the 508 

skin surface depending on the composition of the system. The glycerin and polymer network remain 509 

at the extreme surface of the residue whereas the ester dispersion is in the deeper layers of the 510 

residue, making it less present and therefore less detectable on the surface by the different analytical 511 

methods. A schematic representation of the residual film stratification onto the skin surface is 512 

proposed in Figure 10 together with an illustration of the microstructure of the emulsion 513 

Emulsion_G_X.  514 

Based on the entire results exposed in this paper, it is obvious that each of the different ingredients 515 

plays a role in the formation and the properties of the residue left on the skin surface. The global film 516 

properties undoubtedly depend on the composition and the characteristics of each ingredient and 517 

their combination but are not necessarily linked to their respective proportions. Table 3 reports an 518 

attempt to summarize the capacity of the different analytical methods used; it also presents the 519 

influence of the different excipients on the residual film properties characterized using each method.  520 



Table 3: Summary table of the aim and conclusions are drawn for each analytical method to study the residual film on the 521 

skin surface  522 

Method Characterization Conclusion of this work 

Glossymeter® Skin surface brightness 

Identification of a humid or greasy bright 

residue- selective method of the presence of 

ester and glycerin  

Corneometer® Water amount on skin surface 

Impact of glycerin on water retention - 

Characterization of the impact of the ester 

with emulsion structuration and changes in 

water distribution– but no-discriminating 

method (no significant differences between 

the systems) 

IR spectroscopy 
Chemical composition of 

residue 

Quantitative and selective method of the 

role of glycerin and polymer in the water 

distribution - Identification and 

quantification of the ester with the ester 

band 

Sebumeter® 
Amount of oily materials on 

skin surface 

Selective method of the presence of the 

ester- Give an insight on the emollient 

distribution in the residue depending on the 

composition of the system 

Contact angle 

Skin surface physical 

chemistry properties – skin 

hydrophilic/hydrophobic 

balance 

Hydrophilic residue with glycerin and 

polymer and more hydrophobic residue in 

the presence of ester in the systems – 

selective method of the role of each 

ingredient in the organization of the residue 

 523 

 524 



        525 

526 

 527 

Figure 10: Schematic representation of the stratification of the residual film on the skin (a) and the product microstructure 528 

illustration (b) 529 

4. Conclusion  530 

The aim of this work was to develop an original combination of analytical approaches to characterize 531 

the residue left after emulsion application on the skin, and then to understand the effect of the 532 

different excipients on the residue formation and final properties. For this purpose, five mixtures of 533 

different compositions and structures were prepared, and applied in vivo to characterize the residue 534 

using the different methods.  535 

Biophysical methods, infrared spectroscopy and contact angle measurements combined together 536 

permitted an overall characterization of the residual film properties. Indeed, the Glossymeter® 537 



showed the presence of a residue by characterizing the humid or oily brightness of the film left on 538 

skin surface. The Corneometer® and IR spectroscopy gave information related to the water amount 539 

present at the skin surface. Savic et al. showed that a similar surfactant to the one used in this study 540 

was capable of entrapping water within the emulsion in a specific supramolecular organization17. And 541 

interestingly, both methods, the Corneometer® and IR spectroscopy allowed evidencing the water 542 

entrapment inside the residue depending on the system composition, and therefore also pointed out 543 

the water binding in the presence of glycerin and polymer species. It means that even after spreading 544 

the product on the skin the special structure of the system, with the presence of certain components, 545 

is retaining water inside the residue on the skin surface which is of high interest for pharmaceutical 546 

excipients bases for active solubilization and delivery. Then, the Sebumeter® and a specific band on 547 

IR spectra were established to be sensitive to the oil present in the residue, as hypothesized by 548 

Crowther21 in his study on the quantification of different oils on the skin using the Sebumeter®.  549 

All the results combined together clearly suggest a stratification of the residue depending on the 550 

composition of the mixture applied onto the skin surface. Among other striking observations, a lesser 551 

impact of the oil in the residual film properties in the presence of glycerin and/or polymer was 552 

evidenced. This latter observation was confirmed by the contact angle measurements that evidenced 553 

different hydrophilic/hydrophobic balance depending on the system composition, with a hydrophilic 554 

residue in the presence of glycerin and polymer on the one hand, and more hydrophobic residue in 555 

the presence of ester in a ternary system on the other hand. One can assume that depending on the 556 

system composition, specific ingredients play a predominant role in the residual film characteristics, 557 

conferring specific properties to the film left on the skin surface. The whole results of this study were 558 

obtained using our original combined methodology. This latter is indeed interesting in the 559 

formulation strategy to understand the fate of excipients once applied on the skin. This gives insight 560 

for efficient active incorporation in emulsion and solubilization once applied on the skin.  561 



For future work, it would be interesting to study further the stratification by adding active and 562 

testing the efficacy of these specific systems, their residence time on skin and penetration through 563 

the stratum corneum, knowing the organization and fate of the excipients on the skin surface.  564 

  565 
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 698 

Figures captions 699 

Figure 1: Presentation of the Ingredients and systems compositions with the surfactant “S” 700 

corresponding to a cetearyl glucoside / cetearyl alcohol, the emollient to a pentaerithrityl 701 

tetraethylhexanoate, the glycerin referred as “G” and the xanthan gum as “X” on the figure 702 

Figure 2: % change in skin surface brightness 15 min after application of the different systems on the 703 

skin compared to the bare skin. 704 

Figure 3: % change in skin surface water amount 15 min after application of the different systems on 705 

the skin compared to the bare skin. 706 

Figure 4: Infrared spectra of the bare skin (grey) and 15 min after application of the oil on the skin 707 

(black). 708 

Figure 5: Skin water amount measured by the amide 1 / amide 2 band ratio for the bare skin (control) 709 

and after application of different systems on the skin. Different letters means significant difference 710 

between systems (p<0.05). 711 

Figure 6: Intensity of the ester peak (%T) for the bare skin (control) and after application of different 712 

systems on the skin. Different letters mean significant difference between formulations (p<0.05). 713 



Figure 7: Dose-response curve showing the Sebumeter® value against the oil dose applied on skin in 714 

µg/cm² 715 

Figure 8: Amount of oily materials on skin surface measured using the Sebumeter® measured for the 716 

bare skin and 15 min after application of different systems on the skin. Different letters mean 717 

significant difference between systems (p<0.05). 718 

Figure 9: Graph of the water advancing contact angles (°) for the bare skin and 15 min after 719 

application of different mixtures or emulsions on the skin surface. Different letters mean significant 720 

differences between systems (p<0.05). 721 

Figure 10: Schematic representation of the stratification of the residual film on the skin (a) and the 722 

product microstructure illustration (b) 723 

 724 

Tables captions 725 

Table 1: Name and compositions of the systems 726 

Table 2: Average values and statistical groups from the Fisher test for the Glossymeter® and 727 

Corneometer® measurements. Different letters in the same column means significant difference 728 

between the systems (p<0.05). 729 

Table 3: Summary table of the aim and conclusions are drawn for each analytical method to study 730 

the residual film on the skin surface 731 
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