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2 using natural texturing agents with enhanced consistency with the residual film on the skin being pleasant and not sticky.

1.Introduction

Polysaccharides are widely used as texturing agents in many daily life products such as food, household, personal care, or pharmaceutical products. The rheological characteristics provided by polysaccharides in solution ensure that pigments, particles, and dispersed oil droplets remain suspended during storage and also enable modulating the texture.

Polysaccharides are green texturing agents that can be used alone or in a blend to obtain specific and varied applicative properties [START_REF] Savary | Cosmetics and personal care products[END_REF].

Xanthan gum is a heteropolysaccharide produced by fermentation using the bacterium Xanthomonas campestris. The primary structure of the molecule is composed of a backbone of 1,4-linked β-D-glucose with side chains containing two mannose and one glucuronic acid [START_REF] Rinaudo | 1 H and 13 C NMR investigation of xanthan gum[END_REF]. Guar gum and locust bean gum are galactomannans extracted from the endosperm of the guar plant (Cyamopsis tetragonoloba) and the carob tree (Ceratonia siliqua) respectively. Guar gum and locust bean gum consist of a linear chain of mannose units linked by 1-4 β-D glycosidic bonds which have statistically a 1,6-bound galactose unit forming a side branch on every two mannose units for guar gum and on every four mannose units for locust bean gum [START_REF] Mccleary | The fine structures of carob and guar galactomannans[END_REF].

A synergistic interaction occurs between xanthan gum and galactomannans and results in enhanced viscosity or gelation. This has been extensively studied and has been the subject of numerous articles in the past 40 years. Studies notably reveal the effect of synergy on the rheological properties under different conditions; in particular intrinsic viscosity (Cuvelier, Tonon, & Launay, 1988;[START_REF] Fernandez | Influence of galactomannan on the structure and thermal behaviour of xanthan/galactomannan mixtures[END_REF][START_REF] Higiro | Rheological study of xanthan and locust bean gum interaction in dilute solution[END_REF][START_REF] Launay | Viscosity of locust bean, guar and xanthan gum solutions in the Newtonian domain: a critical examination of the master curves[END_REF], flow behavior [START_REF] Copetti | Synergistic gelation of xanthan gum with locust bean gum: a rheological investigation[END_REF]Cuvelier et al., 1988;[START_REF] Dea | Associations of like and unlike polysaccharides: Mechanism and specificity in galactomannans, Interacting bacterial polysaccharides, and related systems[END_REF] and viscoelastic properties [START_REF] Copetti | Synergistic gelation of xanthan gum with locust bean gum: a rheological investigation[END_REF][START_REF] Fernandez | Influence of galactomannan on the structure and thermal behaviour of xanthan/galactomannan mixtures[END_REF][START_REF] Higiro | Rheological study of xanthan and locust bean gum interaction in dilute solution[END_REF][START_REF] Schorsch | Viscoelastic properties of xanthan/galactomannan mixtures: comparison of guar gum with locust bean gum[END_REF][START_REF] Mannion | Xanthan/locust bean gum interactions at room temperature[END_REF] were considered. More recently, investigations focused on the mechanisms to explain the interactions and the molecular associations between both polysaccharides [START_REF] Renou | Effect of xanthan structure on its interaction with locust bean gum: Toward prediction of rheological properties[END_REF][START_REF] Grisel | Impact of fine structure of galactomannans on their interactions with xanthan: Two co-existing mechanisms to explain the synergy[END_REF][START_REF] Takemasa | Solution structure of molecular associations investigated using NMR for polysaccharides: xanthan/galactomannan mixtures[END_REF].

Texture is a complex and multidimensional parameter that consists of several attributes evaluated in use. Some attributes, e.g. consistency or firmness, are strongly related to rheological parameters while others require complementary characterizations (Gilbert, Savary, Grisel, & Picard, 2013). This is particularly the case for textural attributes perceived when products are applied onto a surface. For example, skincare products such as gels, creams, and lotions, are spread on the skin and a sticky texture can be unappreciated by the consumer. Despite this important issue, only a few studies have been carried out on the effect of the synergy between xanthan gum and galactomannans on the stickiness properties developed during application. In particular, using a texture analyzer, [START_REF] Jamshidian | Stretching properties of xanthan and hydroxypropyl guar in aqueous solutions and in cosmetic emulsions[END_REF] investigated the stretching properties of xanthan gum and hydroxypropyl guar in aqueous solutions. They proved that synergy resulted in an enhancement of filament stretchability in a wide range of ratios between both polysaccharides. Apart from this study, there is no indication of the effect of such a synergy between gums on the stickiness of xanthan gum and galactomannans-based polymeric films.

When a polysaccharide solution is spread on a surface, a residual film is formed during drying. This polymeric film has interesting properties used in many applications. For instance, locust bean gum and guar gum are used in edible films to improve properties such as water vapor permeability, oxygen permeability, tensile strength, and elongation-at-break [START_REF] Cerqueira | Galactomannans use in the development of edible films/coatings for food applications[END_REF]. In cosmetic and personal care products, in addition to enhancing rheological properties, xanthan gum is used as a film former in moisturizing creams to protect skin and promote hydration [START_REF] Dubuisson | How does composition influence the texture of cosmetic emulsions?[END_REF].

The hypotheses of the study were as follows: Xanthan gum and galactomannans form a synergistic gel under certain conditions. The synergy between xanthan gum and galactomannans result in the formation of firmer solutions. This may result in a residual film, when the solutions are applied to a surface, showing variable stickiness. These textural properties can be characterized in an effective way using a Texture Analyzer.

The main objective of this study was to investigate the stickiness of residual films formed after the application of polysaccharides solution to a surface. Xanthan gum (X) and galactomannans (Gal) were studied alone or in mixture in aqueous solution, at various concentrations, and different ratios X/Gal. The firmness of gum solutions was measured using a Texture Analyzer and made it possible to assess the synergistic interactions between X and Gal. Additionally, the protocol developed by [START_REF] Eudier | Prediction of residual film perception of cosmetic products using an instrumental method and non-biological surfaces: the example of stickiness after skin application[END_REF] was used to evaluate the residual film stickiness; this latter device was previously proved to be a well-adapted tool to predict the film perception of cosmetic or pharmaceutical products after skin application. The present study allows new understandings about the effect of polysaccharides on the stickiness of such films. The results are believed to be of great interest for the design of products made from natural texturing agents.

Materials and methods

Materials

Xanthan gum and locust bean gum (Viscogum BJ) were kindly given by Cargill (Baupte, France). Guar gum (Meyprodor 100) was obtained from Danisco (Epernon, France). Gums characteristics were established experimentaly and are given in Table 1 

Preparation of aqueous gums solutions

In a first step, a range of different concentrations (0.5, 1, and 1.5% (w/w)) of each polymer was prepared in an in-house prepared buffer at pH=7.4 and at a 0.02M molarity (NaH2PO4 0.02M and NaCl 0.01M). Indeed, as xanthan gum is an acidic polyelectrolyte, both controls of pH and salinity were required. Each polymeric agent first was slowly dispersed in a buffer to obtain the final concentration. The solutions were then stirred at 20°C (± 3°C) for

xanthan gum and at 83 °C for galactomannans using a mechanical stirrer for 3 hours to ensure complete polymer solubilization. After cooling, the preservative (Dekaben MEP at 0.5 % w/w) was added. The loss of water by evaporation has been measured and added to the preparation. Solutions were then stirred for 10 additional minutes.

To investigate the synergistic effects of X with G and L on texture properties, a series of gum mixtures were prepared at different X/G and X/L ratios and various total concentrations (w/w) of polymers as follows:

-at 50/50 and at three different concentrations (0.5, 1, and 1.5%). This 50/50 ratio was chosen according to the recent study of [START_REF] Jo | Rheological characterizations of concentrated binary gum mixtures with xanthan gum and galactomannans[END_REF] -at 20/80, 40/60, 60/40, and 80/20 ratios at 1% concentration.

For each mix solution (100g), the exact masses of polymer stock solutions previously prepared were put into a glass flask and then stirred for 10 minutes using a laboratory mixer.

A total of 23 solutions were thus prepared with each polymer or their mixture. All the polymer solutions were finally degassed using a vacuum pump and then stored at 4 °C.

Texture analysis of gum solutions

Texture analysis was performed using a Texture Analyzer TA.XT Plus (Stable Micro Systems, Cardiff, UK) in compression traction mode at a temperature of 20 ±0.5 °C. The texture analyzer is composed of an analytical probe connected to a motor that enables vertical probe displacements to be measured. Detectors record sensor position and resistance to its displacements.

Penetration tests

The texture analyzer apparatus was equipped with a 5 kg load cell and penetration tests were carried out using a cylindrical probe P/35 (35mm diameter, aluminum). Solutions were firstly loaded in 500 mL containers (90 mm diameter) on a 25 mm height. The probe penetrated each product to a depth of 15 mm at a rate of 5 mm/s, and then returned to its start position. The maximum recorded force (Fmax) was collected from the curve force=f(time). The maximum force was the point at which the probe was at its maximum penetration depth and corresponds to the firmness of the solution (Gilbert, Picard, Savary, & Grisel, 2013). At least, 3 measurements were carried out for each solution.

Stickiness measurements

The protocol developed by [START_REF] Eudier | Prediction of residual film perception of cosmetic products using an instrumental method and non-biological surfaces: the example of stickiness after skin application[END_REF] was chosen to evaluate the stickiness of the polymeric film after the application as it makes it possible to predict the residual film stickiness perception after skin application using an instrumental method.

The stickiness of the polymeric film was evaluated on a non-biological surface mimicking skin properties, the artificial Bio Skin Plate #30 (Beaulax, Co. Ltd Tokyo, Japan). This 4mmthickness surface is a multilayer structure comprising two layers of polyurethane elastomer [START_REF] Giron | Device for evaluating a product on application[END_REF] reproducing skin elastic and viscoelastic properties [START_REF] Jachowicz | Indentometric analysis of in vivo skin and comparison with artificial skin models[END_REF]. This surface has been successfully used elsewhere to evaluate powder foundation properties [START_REF] Ikeda | Reflection measurement and visual evaluation of the luminosity of skin coated with powder foundation[END_REF] or the properties of thin films applied on the skin [START_REF] Sato | Stretchable, adhesive and ultraconformable elastomer thin films[END_REF][START_REF] Eudier | Prediction of residual film perception of cosmetic products using an instrumental method and non-biological surfaces: the example of stickiness after skin application[END_REF].

The texture analyzer apparatus was equipped with a 500 g load cell. A 6.3 mm diameter steel spherical probe was used based on preliminary results. Trigger force was set at 0.1 g.

A volume of 35 µL of the solution was deposited in the center of a circle with a surface of 9.60 cm² drawn onto the skin model plate. Solution was then spread out on the circle manually by ten circular movements with the index finger. Measurements were performed 1, 2 3, 5, and 10 min after the end of the application.

An indentation protocol was performed as follow: the probe first moves down vertically at 1 mm.s -1 until it comes into contact with the surface and, then, sinks to a defined force of 500 g (phase 1), then the force of 500 g is maintained during 2 seconds (phase 2) and, finally, returns up to its initial position at 0.4 mm.s -1 (phase 3). The part of interest was the detachment phase of the probe (during phase 3).

Force curve as a function of time was recorded for each measurement. For each trial, the Area Under the Curve (AUC) was calculated using the Texture Exponent software on the part of the curve of phase 3. This AUC corresponds to the work needed to unstick the probe from the surface [START_REF] Thirawong | Mucoadhesive properties of various pectins on gastrointestinal mucosa: An in vitro evaluation using texture analyzer[END_REF][START_REF] Hoseney | Instrumental measurement of stickiness of doughs and other foods[END_REF] and showed negative values. The stickiness was expressed in mN.s -1 and corresponds to the absolute value of AUC.

A minimum of 5 measurements was carried out for each solution in different areas.

Data analysis

Mean values and standard deviations of Fmax and stickiness are reported for each solution. For combinations of X/Gal solutions, it was possible to evaluate the synergy using the synergistic ratio Rs between the Measured value for the mix solution, and the Theoretical Value Without Synergy (TVWS):

= ℎ ℎ ℎ * 100
With the TVWS calculated as followed:

= 1 * 1 + 2 * 2
The Rs characterized the synergy intensity: when Rs = 100, no synergy between the polymers 1 and 2 is evidenced, when Rs > 100, significant interactions between both polymers 1 and 2 are evidenced with a synergy whereas when Rs < 100, an inhibition of interactions between the polymers 1 and 2 is evidenced.

Results and Discussion

Measurements of penetration for polymers solutions

Measurements of penetration were carried out for solutions of xanthan gum (X), guar gum (G), and locust bean gum (L) at three distinct concentrations (0.5, 1, and 1.5 % w/w).

The values of Fmax are reported in Figure 1. As expected, an increase in Fmax with the concentration was observed for each polymer. Nevertheless, xanthan gum showed a greater increase in penetration strength than locust bean gum while guar gum showed only a slight change when its concentration increased. Moreover, X showed the highest values at each concentration followed by L with values equal to G at 0.5%, and 1% and larger at 1.5%. To sum up, the firmness of solutions increased with concentration and was higher for xanthan gum solutions than for G and L ones. Figure 1 also indicates the values of 50/50 mixture X/G and X/L at 0.5, 1, and 1.5 % (w/w).

Higher values of Fmax were obtained for the six mix solutions as compared to the solution with a single polymer. For example, at 0.5%, the X/L mix solution showed a value of 0.319 N whereas X and L single solutions gave 0.213 and 0.181 N, respectively. This effect was due to a synergy between both polymers as largely documented in the literature [START_REF] Dea | Associations of like and unlike polysaccharides: Mechanism and specificity in galactomannans, Interacting bacterial polysaccharides, and related systems[END_REF][START_REF] Tako | Rheological aspects of the intermolecular interaction between xanthan and locust bean gum in aqueous media[END_REF][START_REF] Mannion | Xanthan/locust bean gum interactions at room temperature[END_REF][START_REF] Schorsch | Viscoelastic properties of xanthan/galactomannan mixtures: comparison of guar gum with locust bean gum[END_REF][START_REF] Takemasa | Solution structure of molecular associations investigated using NMR for polysaccharides: xanthan/galactomannan mixtures[END_REF]. The synergistic phenomena depend on many parameters, in particular, the fine structure of the polysaccharides, their concentrations, the xanthan/locust bean gums ratio, and the temperature of the solution during measurements…

In the present conditions, Figure 1 demonstrates that the synergistic effect is more pronounced for X/L than for X/G. The same conclusion was established early by [START_REF] Dea | Associations of like and unlike polysaccharides: Mechanism and specificity in galactomannans, Interacting bacterial polysaccharides, and related systems[END_REF] and by [START_REF] Morris | Order-disorder transition for a bacterial polysaccharide in solution. A role for polysaccharide conformation in recognition between xanthomonas pathogen and its plant host[END_REF]. To evaluate the synergistic effect, the synergistic ratios were calculated according to eq. 1 and 2 (Table 2). higher firmness than single polymer solutions. The higher the concentration, the stronger was this effect. Moreover, the synergistic interactions between X and L appeared to be greater than between X and G, as reported elsewhere using rheological assessments [START_REF] Tako | Rheological aspects of the intermolecular interaction between xanthan and locust bean gum in aqueous media[END_REF]Fernandes, 1995;[START_REF] Higiro | Rheological study of xanthan and locust bean gum interaction in dilute solution[END_REF][START_REF] Renou | Effect of xanthan structure on its interaction with locust bean gum: Toward prediction of rheological properties[END_REF]. The penetration tests using a texture analyzer are therefore an interesting and complementary tool to evidence the effect of synergistic interactions on the texture of polymeric solutions.

Evaluation of film stickiness after application of polymer solutions

The following section of the study deals with the measurement of the stickiness of the polymeric film after application on a model surface. For that purpose, an original protocol using a texture analyzer was set up to characterize the residual film stickiness.

Single polymer solutions

First, the film stickiness was measured for X, G, and L at 1% (w/w) of each polymer in aqueous solutions. Solutions (35 µL) were applied to the non-biological model and then measurements were carried out 1, 2, 3, 5, and 10 minutes after application (Figure 2). Figure 2 displays curves with similar evolution of film stickiness over time. The stickiness decreased until it becomes null 5 minutes (for G and L) or 10 minutes (for X) after application. Measurements for higher times confirmed that the stickiness no longer evolved and remained null after 10 minutes (see supplementary data).

Whereas values for the three polymers are similar 1 min after application, differences appeared over time; after 2 minutes both the X and G solutions maintained their stickiness while the stickiness of the L solution sharply decreased. Then, 3 minutes after application, the stickiness of X remained similar to value at 2 minutes. Stickiness of both L and G decreased. Stickiness of G film was intermediate between the stickiness of X and L. Finally, above 5 minutes after application stickiness was no more observed. This behavior revealed differences concerning the drying of the residual film on the surface with distinct mechanisms of water evaporation, water retention, and formation of the polymeric film [START_REF] Olatunji | Processing and Characterization of Natural Polymers[END_REF]. Initially, 1 minute after the film-forming solution is applied onto the surface, it first forms a thin liquid layer. It is assumed that the behavior of gums is that of gradual drying of the residual film. The stickiness of the corresponding film mainly depends on water retention. We suppose that most of the water is evaporated 10 minutes after application. The residual dry polymeric films of polysaccharides are not sticky. [START_REF] Norström | Gum dispersions as environmentally friendly wood adhesives[END_REF] studied dry films of xanthan, locust bean, and guar gums. They showed that the films prepared from gum-water dispersions develop a hydrophobic property with contact angle measurements against water after 1 second, around 77 °. Therefore, the stickiness is related to the amount of water in the residual film. Between 1 and 10 minutes, complex phenomena occur with a reorganization of the matrix related to interactions predominant with water at the beginning, through intermolecular interactions between polysaccharides in the dry film.

Such an evolution evidenced in Figure 2 allows exhibiting water loss with time from the liquid film. The different behaviors between polysaccharides may thus be due to different water retention abilities, xanthan gum having stronger intermolecular bindings with water when compared to guar gum that owns an intermediate behavior and, finally, locust bean gum that is currently described as less hydrophilic than guar gum.

The stickiness of the residual film was then compared 1 minute after solutions application.

Figure 3 shows values obtained for xanthan gum, guar gum, and locust bean gum at different concentrations.

Figure 3. Values of stickiness (│AUC│in mN.s -1 ) obtained from the indentation test for aqueous solutions of xanthan gum (X), guar gum (G), and locust bean gum (L) and their 50/50 mixtures at three concentrations (0.5, 1, and 1.5 % w/w) 1 minute after application.

For the solutions of single polymers, the stickiness of the residual film depended on both the nature of the gum (X, G, or L) and its concentration. For each polymer, values undoubtedly increased with the polymer concentration while the guar gum always exhibited lower mean stickiness than X and L. Only values of G at 0.5% appeared to be significantly lower than values of X and L according to the analysis of variance (P<0.05). The observed difference between polysaccharides can be explained by their ability to form a continuous network with strong cohesive strength. This ability of the polysaccharide is related to parameters such as molecular mass, branching, hydrogen bonding, swelling, and particle size distribution as mentioned by [START_REF] Norström | Gum dispersions as environmentally friendly wood adhesives[END_REF] who showed that locust bean gum was a very efficient wood adhesive.

Mix 50/50 polymers solutions

Measurements of the adhesion properties of the film of the 50/50 mixtures were also performed at concentrations varying between 0.5 and 1.5% (w/w), as presented in Figure 3.

Interestingly, the stickiness of mixtures was intermediary or inferior to values obtained for polymer alone. For example, the 50/50 mixture of xanthan gum and locust bean gum at 0.5% had a stickiness of 0.767 mN.s -1 , much lower than the values for X film (1.482 mN.s -1 ) and L film (1.400 mN.s -1 ).

As previously done for the results obtained for the penetration test, the synergistic ratios were calculated to evaluate the effect of interactions between xanthan gum and both galactomannans on the results from stickiness. Rs for stickiness are indicated in Table 2.

In this case, one can observe Rs below 100 for the six mix solutions with values ranging from 35.1 to 92.5. Values measured for mixtures were thus lower than theoretical values obtained through the contribution of each polymer. These results evidence that the association of both gums interestingly induces an inhibitor effect, reducing the adhesion properties of the residual film. Noteworthy, this inhibitor effect is greater for the X/L association when compared to X/G one. These results suggest that synergistic interactions between polymers induce mixtures with a high firmness on the one hand, but a residual film with remarkably lower stickiness, on the other hand. This conclusion is particularly clear with the association of xanthan gum with locust bean gum. For example, at 1%, the X/L mix solution is four times firmer and two times less sticky than corresponding single polymer solutions.

Xanthan gum and galactomannans form a synergistic gel, as direct evidence of intermolecular binding [START_REF] Takemasa | Solution structure of molecular associations investigated using NMR for polysaccharides: xanthan/galactomannan mixtures[END_REF]. The association between both polysaccharides is still controversial at the molecular level. Nevertheless, our results suggest that these synergistic interactions induce a reorganization of the polymeric chains in the blend film matrix, especially of hydroxyl and carboxyl groups, forming a less sticky film.

Mix X/L polymers solutions at different ratios

As shown previously, locust bean gum exhibits a more pronounced synergy with xanthan gum than guar gum. The texture properties of mixtures of X and L were then investigated at various ratios X/L: 0/100, 20/80, 40/60, 50/50, 60/40, 80/20, and 100/0.

Results of penetration and stickiness are evidenced in Figure 4. In the present study, the synergy between xanthan gum and locust bean gum was maximal for a ratio between 40/60 and 50/50, showing the highest Fmax values. This X/L ratio of greater synergy is consistent with the results of [START_REF] Copetti | Synergistic gelation of xanthan gum with locust bean gum: a rheological investigation[END_REF], [START_REF] Cuvelier | Xanthan -carob mixtures at low concentration: viscosimetric study[END_REF], or [START_REF] Mannion | Xanthan/locust bean gum interactions at room temperature[END_REF].

When considering the film stickiness at different ratios, Figure 4 shows an inverted bellshaped curve with minimum values around the 50/50 ratio. Interestingly, this superposition in Figure 4 confirms the relationship between both sets of data. The interactions between xanthan gum and locust bean gum result in an increase in solution firmness and a decrease in film stickiness. Hence, this may support our previous hypothesis. Thus, as a result of the enhancement of intermolecular interactions, the X/L blend film presents a change in the chemical structure of the network of polymeric chains, namely the availability of free OH and COOH groups. The synergy induces a residual liquid film which is less cohesive and less sticky. The blending of polysaccharides could effectively change the rheological properties of hydrocolloid solutions and improve physico-mechanical properties of corresponding film or coating. [START_REF] Martins | Synergistic effects between carrageenan and locust bean gum on physicochemical properties of edible films made thereof[END_REF] reported that synergistic interactions between LBG and carrageenan could improve the visual, structural, mechanical, and barrier properties of the obtained blend films.

Conclusions

In this study, the texture properties of aqueous solutions containing xanthan gum (X), guar gum (G), and locust bean gum (L) were investigated in order to understand the impact of the interactions between xanthan gum and galactomannans on texture properties. Mechanical texture analyses focused on, viz. the firmness of solutions, and the stickiness of the residual polymeric film after application of the solution on a model surface mimicking skin surface characteristics. The solution firmness and the film stickiness increased gradually with the polymer concentration. However, a specific behavior for each polymer has been highlighted.

As assumed, the interactions between xanthan gum and galactomannans enhance the firmness of solutions when compared to the value for the polymers taken alone. More surprisingly, the mixtures of polymers X/G and X/L exhibited the lowest film stickiness. From these results, it was possible to conclude that interactions between xanthan gum and galactomannans induce both a synergistic effect on firmness and an inhibitor effect on film stickiness. This was confirmed experimentally.

These applicative properties are of great interest in many fields. For instance, in the field of skincare product development, xanthan gum and locust bean gum can be interestingly used in mixture as they may act as texturing agents to design cosmetic creams or lotions with suitable consistency while reducing the undesirable sticky feature left after application on the skin.
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 1 Figure 1. Fmax values (in N) obtained from the penetration test for aqueous solutions of xanthan gum (X), guar gum (G), and locust bean gum (L) and their 50/50 mixtures at three concentrations (0.5; 1; and 1.5 % w/w).

Figure 2 .

 2 Figure 2. Film stickiness (│AUC│in mN.s -1 ) as a function of time after application for the three single solutions of xanthan gum (X), guar gum (G), and locust bean gum (L) at 1% concentration (w/w). (*) indicates a significant effect of time (P<0.05).

  in aqueous solution. Water evaporation then occurs and induces a

Figure 4 .

 4 Figure 4. Fmax (N) from penetration and film Stickiness (mN.s -1 ) 1 minute after application for mixtures of xanthan gum (X) and locust bean gum (L) at 1% (w/w) and different ratios of X/L.

Mannose to galactose ratios (M/G)

  .

		Xanthan gum	Locust bean gum	Guar gum
	Average viscosimetric molecular mass (Mv)	1.46 x 10 6	1.67 x 10 6	2.7 x 10 6
	Intrinsic protein content (%)	4.7±0.4	1.22±0.03	1.33±0.015
	Acetate group/pyruvate group (%)	35/65	-	-
		-	2.7	1.4
	Table 1. Characteristics of gums			
	A buffer solution was prepared using NaH2PO4 (Prolabo, Fontenay-sous-Bois, France) and
	NaCl (Carlo Erba, Val de Reuil, France). The preservative (Dekaben MEP) is a mixture of
	phenoxyethanol, methylparaben, ethylparaben, and propylparaben (Jan Dekker
	International, Saint-Germain-en-Laye, France). Artificial Bio Skin Plate #30 was supplied by
	Beaulax, Co. Ltd (Tokyo, Japan).			

Table 2

 2 

	. Synergistic ratios (Rs) calculated for 50/50 mixtures of xanthan gum (X), guar gum
	(G), and locust bean gum (L) with values of penetration (Fmax) and stickiness (AUC)
		Polymers total concentration (%, w/w)
		0.5	1	1.5
	X/G	121.4	133.6	159.5
	Penetration			
	X/L	161.7	304.7	418.8
	X/G	92.5	72.9	92.5
	Stickiness			
	X/L	53.2	35.1	47.4
	Results from Table 2 confirmed the synergistic effects between xanthan gum and
	galactomannans with values of Rs > 100 for penetration results. Polymer blends exhibited