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INTRODUCTION

Polymers are often used in cosmetic formulations for different purposes, as thickening, emulsifying, stabilizing agent also enhancing the product texture properties. The well-known polymers used for these aims are the synthetic ones of polyacrylate-type, which are versatile and high-performing materials [START_REF] Medina-Torres | Rheology of Sodium Polyacrylate as an Emulsifier Employed in Cosmetic Emulsions[END_REF]. However, today, the interest in natural polymers is very high because of environmental issues and sustainability. So it is important to propose a natural alternative without losing the sensorial characteristics and the functional-stability aspects impaired by synthetic polymers, like polysaccharides [START_REF] Bom | Sustainability Calculator: A Tool to Assess Sustainability in Cosmetic Products[END_REF][START_REF] Bom | A step forward on sustainability in the cosmetics industry: A review[END_REF][START_REF] Tafuro | Evaluating Natural Alternatives to Synthetic Acrylic Polymers: Rheological and Texture Analyses of Polymeric Water Dispersions[END_REF], a well-known family of natural polymers.

The polysaccharides are characterized by the presence of many hydroxyl groups which, once dispersed in water, can strongly interact with water molecules and increase the viscosity of the system [START_REF] Semenzato | Green Polymers in Personal Care Products: Rheological Properties of Tamarind Seed Polysaccharide[END_REF]. This type of natural polymers can act in cosmetic products as rheology modifiers, suspending agents, hair conditioners, and wound-healing agents, and can also moisturize, hydrate, emulsify, and emolliate [START_REF] Wang | Exploring the potential of using algae in cosmetics[END_REF].

Polysaccharides are often introduced to oil-in-water emulsions to increase the viscosity of the aqueous phase by enhancing the spatial repulsive force and electrostatic repulsion between the oil droplets. Consequently, the rheological properties of the emulsion are also altered [START_REF] Vianna-Filho | Rheological characterization of O/W emulsions incorporated with neutral and charged polysaccharides[END_REF][START_REF] Hosseini | Application of image processing to assess emulsion stability and emulsification properties of Arabic gum[END_REF][START_REF] Xu | Influence of anionic polysaccharides on the physical and oxidative stability of hydrolyzed rice glutelin emulsions: Impact of polysaccharide type and pH[END_REF].

Xanthan is an extracellular polysaccharide, secreted by Xanthomonas Campestris [START_REF] Habibi | Effective variables on production and structure of xanthan gum and its food applications: A review[END_REF]. The primary structure of xanthan gum is a linear (1-4)-linked-D-glucose backbone with a trisaccharide side chain on every other glucose at C-3, containing a glucuronic acid residue linked [START_REF] Medina-Torres | Rheology of Sodium Polyacrylate as an Emulsifier Employed in Cosmetic Emulsions[END_REF][START_REF] Bom | Sustainability Calculator: A Tool to Assess Sustainability in Cosmetic Products[END_REF][START_REF] Bom | A step forward on sustainability in the cosmetics industry: A review[END_REF][START_REF] Tafuro | Evaluating Natural Alternatives to Synthetic Acrylic Polymers: Rheological and Texture Analyses of Polymeric Water Dispersions[END_REF] to a terminal mannose unit and (1-2) to a second mannose that connects to the backbone [START_REF] Jansson | Structure of the extracellular polysaccharide from xanthomonas campestris[END_REF][START_REF] Sworn | 8 -Xanthan gum. Handbook of Hydrocolloids[END_REF]. Because of its high electric potential, and pseudo-plasticity, xanthan is widely used as a thickener in the food and cosmetics industry [START_REF] Li | Oil-in-Water Emulsions Stabilized by Ultrasonic Degraded Polysaccharide Complex[END_REF].

Alginic acids, which are polysaccharides isolated from brown algae and bacteria [START_REF] Me | Generation of a highly attenuated strain of Pseudomonas aeruginosa for commercial production of alginate[END_REF][START_REF] Wehr | Alkali hydroxide-induced gelation of pectin[END_REF], are good hydrocolloids that can be used to thicken and stabilize emulsions [START_REF] Wang | Exploring the potential of using algae in cosmetics[END_REF][START_REF] Lesser | Alginates in drugs and cosmetics[END_REF]. Alginate is a linear copolymer with homopolymeric blocks of (1-4)-linked-β-mannuronate (M) and its C-5 epimer α-l-guluronate (G) residues, respectively, covalently linked together in different sequences or blocks [START_REF] Atkins | Structural components of alginic acid. II. The crystalline structure of poly-α-L-guluronic acid. Results of X-ray diffraction and polarized infrared studies[END_REF][START_REF] Nussinovitch | Hydrocolloid Applications: Gum technology in the food and other industries[END_REF][START_REF] Atkins | Structural components of alginic acid. I. The crystalline structure of poly-β-D-mannuronic acid. Results of X-ray diffraction and polarized infrared studies[END_REF]. The percentage of GulA and ManA units and their distribution varies among seaweed species [START_REF] Rhein-Knudsen | Characterization of alginates from Ghanaian brown seaweeds: Sargassum spp. and Padina spp[END_REF]. Alginate derived from different brown seaweed species will contain different proportion and sequence of M and G residues that determine the molecular weight and physical properties of the alginate and their derived structures. The alginate polymer may contain regions consisting of exclusively one type of monomer (M-blocks or Gblocks) or an alternating sequence of M and G residues (MG-blocks) [START_REF] Ching | Alginate gel particles-A review of production techniques and physical properties[END_REF]. Alginates have been used in the food industry as thickeners, stabilizers, fillers, and gel-forming agents [22]. In addition, they proved excellent biocompatibility and non-toxicity, which make them widely used as a biomaterial in applications like cell encapsulation [START_REF] Zimmermann | Microencapsulation-Based Cell Therapy[END_REF] protein delivery [START_REF] Degroot | Encapsulation of urease in alginate beads and protection from αchymotrypsin with chitosan membranes[END_REF] or tissue engineering [START_REF] Rodríguez-Abreu | Emulsions with structured continuous phases[END_REF].

The alginates are capable to form gels in the presence of certain divalent (or multivalent) cations, particularly Ca 2+ . Their properties depend on the type of alginate used, the degree of conversion to calcium alginate, the source of the calcium ions and the method of preparation. Strong brittle gels are formed with high-G alginates. Weaker, more elastic gels that are less prone to syneresis are formed with high-M alginates. [START_REF] Nussinovitch | Hydrocolloid Applications: Gum technology in the food and other industries[END_REF]. The effect of variables, such as concentrations of sodium alginate (0-3%) and calcium chloride (0-2%), pH [START_REF] Bom | Sustainability Calculator: A Tool to Assess Sustainability in Cosmetic Products[END_REF][START_REF] Bom | A step forward on sustainability in the cosmetics industry: A review[END_REF][START_REF] Tafuro | Evaluating Natural Alternatives to Synthetic Acrylic Polymers: Rheological and Texture Analyses of Polymeric Water Dispersions[END_REF][START_REF] Semenzato | Green Polymers in Personal Care Products: Rheological Properties of Tamarind Seed Polysaccharide[END_REF] and temperature (0-40°C) on the textural attributes of algin-calcium gel has been studied by employing response surface methodology. Textural attributes are sensitive to the concentrations of sodium alginate and calcium chloride, and both are essential to forming a gel [START_REF] Roopa | Alginate gels: I. Characterization of textural attributes[END_REF]. The gelation properties of the alginates are also used for the encapsulation and thus protection of actives [START_REF] Solomon | US5484604A[END_REF][START_REF] Handjani | US5139783A[END_REF][START_REF] Ammala | Biodegradable polymers as encapsulation materials for cosmetics and personal care markets[END_REF][START_REF] Yang | Encapsulating plant ingredients for dermocosmetic application: an updated review of delivery systems and characterization techniques[END_REF], UV filters [START_REF] Duarte | Alginate microparticles as carriers for the UV filter 2-ethylhexyl 4-methoxycinnamate: Influence on photostability[END_REF], essential oils [START_REF] Carvalho | Application of microencapsulated essential oils in cosmetic and personal healthcare products -a review[END_REF]. This original work aims to investigate the properties of alginate polymers in cosmetic emulsions. For this purpose, different systems were formulated: two alginates with different Mannuronic/Guluronic acids ratio, one containing xanthan gum, as a natural reference, one containing one of the studied alginates in gelled form and a control emulsion without any polymer. For the gelled version, the alginate rich in GulA was selected (Algogel VCG 1321), as the polyguluronate blocks are necessary for the "egg-box" mechanism of gelification, while the polymannuronate blocks show no evidence of the co-operative binding [START_REF] Morris | Chiroptical and stoichiometric evidence of a specific, primary dimerisation process in alginate gelation[END_REF]. The sensory analysis of the emulsions was performed in the first place. To explain the similarities and the differences between the systems a complementary macroscopic and microscopic analysis was performed by questioning the structuration process of each polymer.

MATERIALS AND METHODS

MATERIALS -NATURAL POLYMERS

Three natural polymers were used for the present study, two alginates Satialgine VCG 171, Algogel VCG 1321, kindly provided by Algaia France and Xanthan gum (Rhodicare T, Rhodia, France), a well-known reference in the cosmetic formulation.

• Satialgine VCG 171 -alginate rich in mannuronic acid. M/G = 1.50, Mw = 346900 Da.

• Algogel VCG 1321 -alginate rich in guluronic acid. M/G = 0.80, Mw = 247000 Da.

METHODS

EMULSION FORMULATION

Each emulsion was prepared by using the following process. The ingredients of the oil phase (given in Table I) were mixed at 75°C under mechanical stirring. The oil phase was then added to the distilled water at 75°C under mechanical stirring (Turbotest, VMI, La-Roche-sur-Yon, France) at 400 rpm for one minute. The emulsion was then homogenized at 11000 rpm for one additional minute using a T25 digital ultraturrax (IKA, Freiburg, Germany) equipped with the dispersing element S25N-25F (rotor-stator turbine). Finally, each emulsion was continuously stirred using Turbotest apparatus (VMI, La-Roche-sur-Yon, France), until it cooled down to 30°C. The polymer, previously pre-dispersed in butylene glycol, was incorporated in the emulsion still under stirring. Finally, a preservative was added and water loss compensated, and the emulsions were kept under stirring for 15 additional minutes at room temperature. For the gelled emulsion (EM_GEL), an additional step was performed, according to the protocol described in [START_REF] Soukoulis | Chemical stability and bioaccessibility of β-carotene encapsulated in sodium alginate o/w emulsions: Impact of Ca2+ mediated gelation[END_REF]. The distilled water was replaced by a calcium carbonate solution at 7.5mmol/L. The solution is prepared by adding the salt to the distilled water and using an ultrasonic bath to dissolve the salt. Then the same formulation process is applied. After adding the polymer, GDL (glucono delta lactone), a food pH regulator, is added to obtain a pH between 6.0 -6.2.

An additional O/W emulsion (named EM CONTR) without any texturing agent was prepared and used as a reference to assess the contribution of each polymer on the final textural properties of the emulsions.

MICROSCOPIC AND MACROSCOPIC CHARACTERIZATION

Microscopy

The emulsions microstructure was observed by means of an optical microscope (Leica DMLP/DC 300, Leica Microsystems, Germany) equipped with a digital camera at a magnification of x200 under the bright field. 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). The emulsions were diluted with deionized water to achieve the absorption parameter equal to 0.2.

The droplets median values (D4,3) were acquired, representing the size in microns that splits the distribution with half above and half below this diameter.

Rheological measurements

Rheological tests were performed using a controlled stress rheometer (HR2, TA Instruments, USA). 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.

Flow curves were obtained by recording shear stress and viscosity values at increasing shear rates ranging from 0,001 to the final 5000 1/s (continuous ramp, logarithmic mode) for 300s. 60 mm aluminium parallel-plate device was used for the test and the gap was fixed at 200µm.

The linear viscoelastic region was obtained through oscillatory measurements conducted at 1Hz with an increasing strain from 0.1% to 100% (logarithmic mode).

For each system were collected:

-G' (storage modulus) in the linear region of the deformation; -Tan δ (=G"/G') in the linear region of the deformation; -90%G': the endpoint of the linear viscoelastic region was determined as a strain (%) when the storage modulus (G') value was dropped 10% from the linear level [START_REF] Korhonen | Rheological properties of three component creams containing sorbitan monoesters as surfactants[END_REF].

Creep-recovery measurements were performed by recording the time-dependent strain as the creep curve. For each cream, shear stress chosen as corresponding to half of the strain limit of the LVD as evidenced by oscillatory strain sweep was applied during 2 min. The strain recovery upon cancellation of shear stress was recorded for 15 min.

A protocol mixing oscillatory and flow test was carried out in three steps: the first-time sweep of 10 min was performed at 1% strain and 1 rad.s -1 in order to remain within the linearity limits of viscoelasticity, followed by a shear rate sweep from 0.01 to 100 s -1 during 2 min. A second-time sweep was then run at 1% strain and 1 rad.s -1 for 10 min. Different relaxation times were recorded.

Texture analysis

Analysis of emulsions texture properties was performed using a texture analyzer TAXT Plus (Stable Micro Systems, Cardiff, UK).

A penetration test was performed by a cylindrical probe P/0.5R, which penetrated each product, loaded in 30 mL containers on a 25 mm height, to a depth of 15 mm at a predefined rate (5 mm/s), and then returned to its start position. The maximum force was the point at which the probe was at its maximum penetration depth, whereas the positive area (under the curve) corresponded to the total work of penetration.

Spreading properties were recorded in compression traction mode, equipped with friction module A/FR (ASTM-D 1894-90). A polypropylene plastic sheet was fixed to the base and the Helioplate™ HD 6 (Helioscreen, Marseille, France) plate, consisting of 50×50 mm 2 PMMA substrate and with homogeneous roughness on the entire surface, equal to 6 µm, was fixed to the sled (63.5x63.5 mm 2 ). 200 µL of the cream was applied onto a 20x20 mm 2 surface of the PMMA plate in four lines, parallel to the movement of the sled. The sled was then pulled across the polypropylene support at a constant speed (3 mm/sec) on 120 mm and the force of the emulsion spreading was measured. The area under the curve corresponding to the work of PMMA plate displacement was collected for each cream.

During the extension test, 100 µL of the product is compressed and then stretched between the cylindrical probe P/0.5R and the base at 40 mm/s, respecting a 0.8 mm gap. The filament stretching was monitored with a camera to identify the breakpoint of the filament in order to measure its breaking length, as developed by Gilbert et al. [START_REF] Gilbert | Stretching properties of xanthan, carob, modified guar and celluloses in cosmetic emulsions[END_REF].

An extrusion test was carried out with a compression disc of 45 mm diameter in a 180 mL container (50 mm diameter) filled of cream on 45 mm height. The probe compressed and extruded the product up and around the edge of the disc at a constant speed test of 1 mm/s to a distance of 30 mm, and then returned to its start position. Different compression parameters were collected from the curves, as the positive area corresponding to the total work of compression and the negative area corresponding to the work of extrusion.

A compression test was carried out with the same cylindrical probe P/35. An amount of 1 mL of the product was delivered on the base using a Microman® M250 GILSON. The probe compressed the product at a constant speed of 1 mm/s, up to a 0.5 mm gap between the probe and the base, and then returned to its start position. Different compression parameters were collected from the curves, as the maximum compression force and the positive area corresponding to the total work of compression.

SENSORY ANALYSIS

PREDICTION MODELS

The prediction models, developed by Gilbert et al. [START_REF] Gilbert | Predicting sensory texture properties of cosmetic emulsions by physical measurements[END_REF] combined different instrumental parameters to predict the sensory texture of cosmetic emulsions. Some of them were selected (Table II) to characterize the studied emulsions.

Table II. Statistics of the final predictive model established for each sensory attribute (S) from [START_REF] Tafuro | Evaluating Natural Alternatives to Synthetic Acrylic Polymers: Rheological and Texture Analyses of Polymeric Water Dispersions[END_REF]. The sensory values were calculated according to the regression equation to replace the values of the sensory analysis.

Sensory attribute Regression equation Collected parameters

Type of measurement

Integrity of shape

HUMAN PANEL

The recruited panel was composed of 9 Caucasian female expert assessors, aged from 20 to 50 years old, selected and trained according to the guidelines in ISO 8586-1 [START_REF]Sensory analysis -General guidelines for the selection, training and monitoring of selected assessors and expert sensory assessors[END_REF]. Assessors were voluntary and gave all their written consent to participate in the study. The study and all protocols were approved by the Ethics Committee from Le Havre University. Before any sensory analysis, a microbiological test was performed (ACM, Bellegarde, France) to make sure that each product was in accordance with the cosmetic criteria for bacterial contamination (< 100 UFC/g or/ml) for both the search of aerophilic mesophilic bacteria [START_REF] Afnor | NF EN ISO 21149. Cosmétiques-Microbiologie -Dénombrement et détection des bactéries aérobies mésophiles[END_REF] and the enumeration of yeasts and molds [START_REF]NF EN ISO 16212. Cosmétiques -Microbiologie -Dénombrement des levures et des moisissures[END_REF]. All the samples presented <10 UFC/ml, so suitable for the sensory analysis. The sensory profile method was applied in accordance with the recommendations of ISO 13299 [START_REF]Sensory analysis -Methodology -General guidance for establishing a sensory profile[END_REF]. First, two training sessions were organized to acquire the definition of each attribute, the evaluation procedure, the rating scale (from 0 to 9) and the commercial references. Then, each of the products was evaluated twice in the same conditions.

Table III. Definitions and protocols used for the evaluation of the four attributes.

Attribute Definition Greasiness

Quantity of thick, rich, unctuous residue on the skin Film glossiness Amount of reflected light from the film

Stickiness

Force needed to unstick the side of the hand pressed against the surface Slipperiness Facility to slide the finger over the skin Each assessor respected a precise protocol: "Wash your hands and your forearms with a hydroalcoholic gel. Place 40µL of the product in the middle of the circle (Ø = 5cm) drawn on the inner surface of the forearm. Spread the product within the circle using forefinger, by making one circular motion per the sound signal of the metronome (corresponding to 90 beeps/minute). Continue the application towards 40 circles. Then evaluate the greasiness immediately after application, the film glossiness 2 minutes after the application, as well as the stickiness and the slipperiness of the residual film 3 minutes after the application."

DATA ANALYSIS

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

XLSTAT software (Version 2016.02.27444, 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

The first step in the investigation of the potential of alginates as thickeners and gelling agents in cosmetic emulsions was the sensory characterisation of five systems: emulsions containing two alginates with different Mannuronic/Guluronic acids ratio, one containing xanthan gum, as a natural reference, one containing one of the studied alginates in gelled form and a control emulsion without any polymer.

The polymers used in the external phase of the emulsion are known for stability improvement, but how do they affect the sensory attributes and residual film properties? To answer these questions a combination of prediction models and classical sensory analysis was performed. The prediction models were developed by Gilbert et al. [START_REF] Gilbert | Predicting sensory texture properties of cosmetic emulsions by physical measurements[END_REF]. Emulsions containing different types of natural and synthetic polymers at 1% in the formulation were studied through the sensory and instrumental approach. The authors combined different instrumental parameters to predict the sensory texture of cosmetic emulsions. In this work, the same formulation was chosen and the studied polymers were introduced at the same level. Consequently, the models developed by the authors were perfectly adapted for this study, namely for the prediction of the sensory results for the following sensory attributes: Shape integrity, Penetration force, Compression force, Difficulty of Spreading. An important number of instrumental parameters were collected and the prediction models were calculated according to the equations presented in the Materials and Methods chapter. The obtained results are resumed in Figure 1.

PREDICTION MODELS

All the emulsions present low or medium results over the studied attributes. The gelled Alginate brings higher values for the Integrity of shape, Penetration force and Compression force compared to the emulsion with Xanthan gum. The gap is less observed for the Difficulty of spreading. These results illustrate the difference in the sensory perception between the non-gelled and gelled version of the alginate.

The control emulsion presents always the lowest values except for the Difficulty of spreading. When looking at the EM_SAT and EM_AL, the obtained scores are always very similar for both alginates, consequently, the sensory analysis of these attributes will not be sufficient to discriminate between both types of polymers. for EM_GELAL, all at 1%.

SENSORY PERCEPTION: CHARACTERIZATION OF THE RESIDUAL FILM

A complementary sensory analysis was performed. The aim was to compare the residual film of the three emulsions containing the studied polymers, which cannot be predicted by the models. The results describe the tendencies of residual film perception:

-The polymer type does not strongly affect the properties of the emulsions film after application: the gloss and the stickiness are not distinguished statistically (p < 0.05). -Only for the slipperiness, the EM_GELAL provides a more slippery film than the EM_XAN and for the greasiness; the EM_XAN is perceived as less greasy than other emulsions.

Finally, the gelation of the Algogel VCG 1321 does not affect the perception of the emulsion residual film after the application on the skin compared to the non-gelled version and Satialgine VCG 171, and it is nonsignificantly different to the xanthan residual film, except the slippery and greasy sensation.

One can observe that natural polymers are quite similar from a sensory point of view, once the structure is destroyed through the application on the skin, but are their thickening properties the same? Does the polymer structure affect the microscopic and macroscopic properties of the system? To answer this question, a multi-scaled microscopic and macroscopic characterisation of the systems is performed.

IMPACT OF THE POLYMER TYPE ON THE PROPERTIES OF THE EMULSIONS

MICROSCOPIC IMPACT

Representative optical photomicrographs of five O/W emulsions are presented in Figure 3, thus clearly evidencing that all creams exhibited a similar monodisperse microstructure. This microstructure, visually identical to whatever the polymer used, confirms that the choice of the polymer does not affect the microstructure of the emulsions when the protocol of formulation is strictly followed. Even the gelled version of the alginate behaves similarly to the non-gelled version at the microscopic scale. To confirm these observations, the emulsion droplets sizes were measured by static light scattering. The results are given in Table IV, as number and volume mean diameters of the control emulsion, xanthan reference and two non-gelled versions of alginates. The droplet sizes given by the number representation are associated with the droplets most present in the matrix, being directly related to the microscopic visual representation. All the analysed emulsions possessed a similar size of the number mean diameter comprised between 0.1 and 0.2 µm. The volume representation points out the biggest droplet sizes present in the matrix, measured around 1µm. All these results are confirming that the polymer type did not affect the formulation process and in each case, a fine emulsion was obtained. However, the important differences are revealed at the macroscopic scale, as will be explained further.

MACROSCOPIC EFFECT

Rheology

Viscoelastic behaviour

These experiments enabled obtaining the linear viscoelastic region (LVR), corresponding to properties independent from the applied strain amplitude, the viscoelastic moduli then only depending on time or frequency. Figure 4 evidences that all the emulsions exhibited a predominant elastic behaviour (G'>G") within the LVR. The elastic modulus, G' within the LVR, related to the consistency of the system at rest was higher for the gelled emulsion (EM_GEL), followed by the emulsions containing other polymers. Two alginates behave similarly under the deformation, with no remarkable differences. Xanthan containing emulsion draws a close profile to the alginates, but with a longer LVR (linear viscoelastic region). Finally, The endpoint of the LVR was determined as the point where the storage modulus G' plateau value dropped by 10% [START_REF] Korhonen | Rheological properties of three component creams containing sorbitan monoesters as surfactants[END_REF][START_REF] Gilbert | Rheological and textural characterization of cosmetic emulsions containing natural and synthetic polymers: relationships between both data[END_REF]. Wide linear viscoelastic regions are a sign of the ability of structures to resist external stresses to a greater extent. The Xanthan containing system showed better resistance to the deformation, with a wide viscoelastic region (Table V). These properties made this natural polymer often used in food formulation [START_REF] Sworn | 8 -Xanthan gum. Handbook of Hydrocolloids[END_REF] and as a cosmetic emulsion stabiliser [START_REF] Garcıá-Ochoa | Xanthan gum: production, recovery, and properties[END_REF]. Alginate containing emulsions (Satialgine VCG 171 and Algogel VCG 1321 respectively) are more consistent, meaning that this type of emulsions can have better-stabilising properties than Xanthan gum at rest (Table V / following G'). The comparison of two alginates shows that the alginate rich in guluronic acid, Algogel VCG 1321, gives an emulsion slightly more consistent than the alginate rich in mannuronic acid, while its molecular mass is lower. Consequently, it can be suggested that it is the structural organisation of the polymer molecule and not its molecular mass that governs the consistency of the emulsion at rest. The difference is small, but well defined by the rheological tests, as it was proved by statistical analysis. 
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It is interesting to notice that two alginate containing emulsions, which are the easiest to spread according to the prediction models, possess the lowest 90%G' (%) values compared to other systems. Combining these results to the higher G' values than the EM_XAN points out that the systems are forming a stronger network at rest, but more malleable and easier to spread.

This quality is even more pronounced for the gelled version of the alginate, which doubles the elastic modulus as could be seen from Table V. In the meantime, these systems present a shorter LVR length compared to the Xanthan, pointing out that the deformation of the emulsions happens sooner under stress.

Flow test

Continuous shear experiments measure the ability of each system to resist structural breakdown during its exposure to the shear procedure. Figure 5 presents the shear rate dependences of the apparent viscosity of each emulsion. All the tested emulsions exhibited a classical shear thinning behaviour, governed by the polymer type. According to Barnes [44], shear rate ranges can be associated with various physical operations in emulsions: low shear rates correspond to the draining of the emulsion under gravity, medium values represent the spooning, pouring of cream. Finally, high shear rates can be linked to the spreading of the cream on the skin [START_REF] Gore | Spreading behavior of cosmetic emulsions: Impact of the oil phase[END_REF], as well as to the manufacturing process like mixing and stirring.

The control emulsion, containing no polymer, is less viscous over the whole analysed shear rate. To compare other emulsions, the flow curve is divided into 4 areas:

Area I, represented by 0.001-0.1s -1 shear rate. At low shear rates, the products behave similarly to the oscillation test according to the elastic modulus G'. Gelled Alginate shows high dynamic viscosity at the low shear rate, then it joins the viscosity of EM_XAN emulsions at 0,1s -1 ;

Area II (0.1-10s -1 ) -During this step, the EM_GELAL is still the most viscous, followed by EM_XAN, and two alginate systems, both with identical behaviour; Area III (10-100s -1 ) -At this step, the xanthan emulsion loses its priority over the alginate emulsions. This behaviour results from the ability of the xanthan molecules, in solution, to form intermolecular aggregates through hydrogen bonding and polymer entanglements. This highly ordered network of entangled, stiff molecules results in high viscosity at low shear rates, but aggregates are progressively disrupted under applied shear, hence the highly pseudoplastic flow characteristics of xanthan gum solutions [START_REF] Sworn | 8 -Xanthan gum. Handbook of Hydrocolloids[END_REF][START_REF] Morris | Molecular Origin of Xanthan Solution Properties[END_REF][START_REF] Oviatt | Thermal treatment of semi-dilute aqueous xanthan solutions yields weak gels with properties resembling hyaluronic acid[END_REF]. EM_GELAL still the highest values of the viscosities, but already approaching the non-gelled alginates nearby 100s -1 ;

Area IV (100-1000s -1 ) -at high shear rates gelled Alginate joins the non-gelled alginates, superior to the Xanthan gum. At this point, the structure of the polymers in the continuous phase of the emulsions is strongly affected. The gelled organisation loses its domination when the "egg-box" network is destroyed due to high shear. This observation explains the results obtained during the sensory study -after the application, the polymer network is disrupted and the differences between the systems are less perceived for the residual film of emulsions.

Both alginates (Satialgine VCG 171 and Algogel VCG 1321) show similar flow behaviour. The gelled version, with increased viscosity values at low shear rates, joins the viscosity values of the non-gelled alginates at high shear values, pointing at its interesting properties. The gelation can bring better droplet stability due to its suspension properties, while during the application; the textural properties will be close to the non-gelled emulsions. According to the literature, the stretching properties of natural polymers are higher than those of synthetic polymers in a cosmetic emulsion [START_REF] Gilbert | Stretching properties of xanthan, carob, modified guar and celluloses in cosmetic emulsions[END_REF]. This test aimed to compare the stretching properties of the studied alginates versus the Xanthan gum.

TEXTURE ANALYSIS

Extension test

The originality of this test is its capacity to characterise the rheological properties of emulsions in extension. Some authors focused on the relation between sensory analysis and rheology [START_REF] Moravkova | Relation between sensory analysis and rheology of body lotions[END_REF], without questioning this specific attribute, others focused exclusively on the rheological properties of O/W emulsions incorporated with neutral and charged polysaccharides [START_REF] Vianna-Filho | Rheological characterization of O/W emulsions incorporated with neutral and charged polysaccharides[END_REF], but still few data are available in 

Extension

the literature about the measuring of the stretching properties of the emulsions containing natural or synthetic polymers [START_REF] Gilbert | Stretching properties of xanthan, carob, modified guar and celluloses in cosmetic emulsions[END_REF][START_REF] Jamshidian | Stretching properties of xanthan and hydroxypropyl guar in aqueous solutions and in cosmetic emulsions[END_REF].

As it could be seen from Figure 6, the length of the filament formed by the emulsions containing both alginates is remarkably lower than the xanthan reference. It is interesting to notice that the structure of the polysaccharide and its conformation influence the results: the polymer rich in mannuronic acid (Satialgine VCG 171) of a higher molecular mass provokes a higher stretchability of the emulsion than the polymer rich in guluronic acid (Algogel VCG 1321), gelled or non-gelled. Consequently, the chemical structure and the molar mass of the polymer has an impact on the stretching properties of the emulsion containing them in the continuous phase. Some results found in the literature can be related to our observations [START_REF] Evageliou | Shear and extensional rheology of selected polysaccharides[END_REF]. Storz et al. [START_REF] Storz | Viscoelastic properties of ultra-high viscosity alginates[END_REF] studied two types of alginates: UHVT (obtained from Lessonia trabeculata) with an extremely high G content (M/G=0.28) and UHVN (obtained from Lessonia nigrescens) with a high M content (M/G=1.55) in isotonic NaCl solutions. Samples did not differ significantly on their viscoelastic behaviour when studied with steady and dynamic shear rheology, but the extensional flow behaviour of the studied alginates can differentiate them, suggesting that molar mass, as well as molar mass distribution, affect extensional behaviour, confirming our observation. The penetration test gives complementary results to the textural properties of the studied emulsions. Indeed, this test strains the emulsions in a compressive mode. The standard test of penetration is based on the choice of jar/probe diameter ratio high enough so as not to experience a side effect of compressing the product against the walls of the pot, but also by carrying out the test at a penetration distance far enough from the bottom of the jar, to do not compress the product between the probe and the bottom of the jar [52]. This test aimed to have only the simple effect of penetrating the probe into the product.

Penetration test

The consistency of the analysed systems, expressed by the work necessary to penetrate the product (A+ g.sec), is quite different depending on the used polymer. The consistency of the gelled emulsion is impressively higher, confirming better suspension properties than other emulsions. The EM_XAN emulsion is placed between the gelled and non-gelled version of the alginates. Also, this test points at the differences between the alginates: the Satialgine needs a higher penetration force than the Algogel. This observation is different from the results obtained by the rheological analysis in a shear mode (oscillatory test, elastic modulus G'), meaning that all the matrix of the EM_SAT emulsion is more cohesive than EM_AL 
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and more difficult to penetrate. Considering the structures of the two alginates, this difference is probably due to the higher Mw of the Satialgine VCG 171.

To understand the differences obtained between the rheological and textural results, the following explanation can be suggested: the consistency of the product at rest (G' value) is more dependent on the M/G ratio. The non-regular blockwise pattern of GG, MM and MG sequences impacts the organisation of the polymer molecule in the continuous phase of the emulsion, around the oil droplets. The presence of the guluronate groups increases the elastic properties of the system at rest. However, during the system solicitation, the network is quickly disturbed and the molecule length (expressed by the molecular weight) takes the main role in the emulsion consistency and cohesiveness. In this test, products experienced a spreading between two non-polar surfaces: PMMA and polypropylene, for which surface free energy is close to surface free energy of human skin. During the test, the thickness of products under the probe decrease, increasing shearing and stress in the product The spreading behaviour of the emulsions is also affected by the polymer type. The Algogel/Satialgine and Xanthan containing emulsions are easier to spread than the control and the gelled Alginate emulsion.

Spreading

The EM_GELAL shows higher values of the work necessary for spreading the product, due to its organised gelled structure because of the presence of Ca 2+ ions. Depending on the formulation strategy, the spreading properties of the gelled emulsions can be controlled. It is known that gels formed by alginate with a high percentage of GulA are rigid and brittle with increased heat stability and water holding capacity [START_REF] Rhein-Knudsen | Characterization of alginates from Ghanaian brown seaweeds: Sargassum spp. and Padina spp[END_REF][START_REF] Hecht | Sequence-dependent association of alginate with sodium and calcium counterions[END_REF][START_REF] Liu | Rheology characterization of sol-gel transition in aqueous alginate solutions induced by calcium cations through in situ release[END_REF], while gels formed by alginate with a high percentage of ManA are soft and elastic with good rupture strength [START_REF] Gómez-Mascaraque | Nano-and microstructural evolution of alginate beads in simulated gastrointestinal fluids. Impact of M/G ratio, molecular weight and pH[END_REF][START_REF] Rehm | Alginate Production: Precursor Biosynthesis, Polymerization and Secretion. Alginates: Biology and Applications[END_REF][START_REF] Cao | Egg-box model-based gelation of alginate and pectin: A review[END_REF]. Consequently, the formulator can modulate the textural properties of the gelled emulsions by introducing the controlled quantity of ions and by choosing the adapted polymer, for example, Algogel VCG 1321 for the GulA rich-polymer and Satialgine VCG 171 for MalA rich-polymer. So, it is possible to govern the sensory properties before and during the application of the emulsion, by controlling the gelation process of the alginate.

It is interesting to notice that for this test, the EM_CONTR emulsion shows high results, contrary to previous tests, where the absence of the polymer resulted in lower results in consistency, elasticity, etc. This phenomenon is due to the fact, that the spreading is also related to the interaction between the Spreading external phase of the emulsion with the polymeric surfaces used for the test, polypropylene and PMMA to assure the emulsion adhesion [START_REF] Savary | Impact of emollients on the spreading properties of cosmetic products: A combined sensory and instrumental characterization[END_REF]. These results are coherent with the prediction of the difficulty of spreading sensory attribute.

CONCLUSION

The purpose of the present work was to reveal the hidden potential of bio-sourced polymers in cosmetic emulsions, namely the potential of alginates. Moreover, the gelling properties of one alginate, Algogel VCG 1321, were also studied in emulsion, and compared to its thickening properties and those of other polymers from the study.

It was shown through a multi-scale instrumental and sensory approach that the alginate polymers can be a successful replacement of the classical xanthan polymer. The properties of the residual film on the human skin demonstrate that the polymers do not intervene in the perception of the product once applied. The alginates polymers are chemically distinct from the Xanthan Gum, however, once introduced in emulsion they do not change the microstructure of the system. Alginates, at 1% in emulsion, exhibit similar rheological behaviour as the xanthan gum, assuring similar elastic properties, but being less resistant to the deformation. The flow test revealed the capacity to conserve higher viscosity at the high shear rates, even if at low shear rates, such systems possess smaller viscosity values than the xanthan gum.

The textural properties of alginate containing systems are close to the polysaccharide polymer, all being superior to the reference emulsion without any thickening agent. Meanwhile, the stretching characteristics of the alginates with cationic moiety are twice lower than the xanthan, pointing at a good potential to replace this well-known polymer in the cosmetic field.

The study also revealed the importance of the chemical structure and the molecular mass when two alginates, Satialgine VCG 171 and Algogel VCG 1321, are compared as thickeners. The comparison of two alginates shows that the alginate rich in guluronic acid, Algogel VCG 1321, gives an emulsion slightly more consistent than the alginate rich in mannuronic acid, while its molecular mass is lower. The chemical structure of the polymer molecule and not its Mw governs the consistency of the emulsion at rest. However, the emulsion consistency and cohesiveness, as well as its extensional behaviour are more affected by the Mw as well as molar mass distribution, pointing at the role of the molecule "length" in the structural organisation of the emulsion.

The study of the gelling properties of one alginate gave very attractive results. The salt added to the water phase to create a gel network of "egg-box" type between guluronate blocks in the continuous phase, amplified macroscopic properties, without changing the microscopic organization of the emulsion. The gelled alginate showed higher elasticity, dynamic viscosity, consistency compared to other bio-sourced thickening agents, and thus, it has a great potential in the replacement of synthetic polymers in cosmetic formulations.

This study shows a good example of choosing alginates as a substituent for other natural polymers in cosmetic emulsions. They can bring similar stabilizing properties as Xanthan Gum for example, without the inconvenience of the high stretchability, but with the same residual film. Moreover, the gelled alginate has a big potential in replacing even the synthetic polymers due to its high consistency and thus high stabilising potential.
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Figure 1 .

 1 Figure 1. Calculated scores by prediction models, using instrumental analysis parameters to describe the following sensory attributes: shape integrity, penetration force, compression force and difficulty of spreading. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG for EM_GELAL, all at 1%.

Figure 2 .

 2 Figure 2. Sensory scores obtained by the panel for the evaluation of the Greasiness, Gloss, Stickiness and Slipperiness of the residual film. The scores are averaged over the panellists and the repetitions and given with their standard deviation and Tukey's group (P < 0.05). EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321

Figure 3 .

 3 Figure 3. Optical micrographs of the five emulsions at a magnification G×200: EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321 for EM_GELAL, all at 1%.

  containing no polymer reveals the lowest elastic value. The viscoelastic properties at rest are coherent with the results obtained by the prediction model: integrity of shape.

Figure 4 .

 4 Figure 4. Viscoelastic behaviour of the five studied emulsions, showing the storage moduli G' and the loss moduli G" for EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321 for EM_GELAL, all at 1%.

Figure 5 .

 5 Figure 5. Flow characterization of the 5 O/W emulsions, divided into IV areas of observation: I area 0.001-0.1s -1 ; II area 0.1-10s -1 ; III area 10-100s -1 ; IV area 100-1000s -1 . EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321 for EM_GELAL, all at 1%.

Figure 6 .

 6 Figure 6. Instrumental measurements of the stretching properties (length) of the five studied emulsions. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321 for EM_GELAL, all at 1%. A-D Values with a different letter indicate that corresponding products are significantly different (P<0,05).

Figure 7 .

 7 Figure 7. Work (A+) necessary to penetrate the five studied emulsions at 15mm depth. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG 1321 for EM_GELAL, all at 1%. A-E Values with a different letter indicate that corresponding products are significantly different (P<0,05).

Figure 8 .

 8 Figure 8. Work (A+) necessary to spread 200µm of cream over 120mm distance. Higher values of the work mean that the emulsion is more difficult to spread. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, as well as the gelled form of Algogel VCG for EM_GELAL, all at 1%. A-C Values with a different letter indicate that corresponding products are significantly different (P<0,05).

Table I . List of ingredients used for the O/W emulsions formulations. The polymers introduced in the formulation: Satialgine VCG 171, Algogel VCG 1321, Xanthan gum at 1%. Ingredients (INCI name) Suppliers Content (%, w/w) Aqueous phase

 I 

		Distilled water		80
		Butylene glycol		4
		Polymer		1
		Dimethicone	Dow Corning	1
		Steareth 2	Croda	3
	Oil phase	Steareth 21 Isohexadecane	Croda IMCD	2 7
		Paraffin	Baerlocher France	1.5
		Phenoxyethanol,		
	Preservative	methylparaben, ethylparaben,	Jan Dekker International	0.5
		propylparaben		

Table IV

 IV 

	D[4,3] (µm)	EM_CONTR	EM_XAN	EM_SAT	EM_AL
	Number	0.177 ±0.005	0.110 ± 0.008	0.180 ± 0.012	0.141 ± 0.005
	Volume	0.828 ±0.021	0.760 ± 0.011	1.199 ± 0.049	0.684 ± 0.037

. D

[START_REF] Tafuro | Evaluating Natural Alternatives to Synthetic Acrylic Polymers: Rheological and Texture Analyses of Polymeric Water Dispersions[END_REF][START_REF] Bom | A step forward on sustainability in the cosmetics industry: A review[END_REF]

, the number and volume mean diameters, obtained by static light scattering measurements for the non-gelled emulsions. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG 1321 respectively, all at 1%.

Table V .

 V Calculated

		EM_CONTR	EM_XAN	EM_SAT	EM_AL	EM_GELAL
	G' (Pa)	43.5±0.6 E	68.6±1.1 D	76.2±0.1 C	88.4±0.8 B	216.9±1.1 A
	Tan δ	0.325±0.001 D	0.262±0,004 E	0.537±0,001 A	0.510±0,001 B	0.362±0.009 C
	90%G' (%)	4.119±0.040 B	10.245±0.001 A	1.632±0.003 D	1.631±0.003 D	2.576±0.002 C

G' (Pa) and Tan δ values at the plateau; the plateau length expressed by oscillation strain point at 10% of G' plateau decrease; as well the standard deviation values of the five studied emulsions. EM_CONTR containing no polymer, EM_XAN, EM_SAT and EM_AL, containing Xanthan gum, Satialgine VCG 171 and Algogel VCG respectively, all at 1%. A-E Values for the same parameter with a different letter indicate that corresponding products are significantly different (P<0,05).
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