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Abstract 

Sophorolipids (SL) are well-known biosurfactants produced by the yeast S. bombicola, 

generally in a complex mixture between its lactonic and open acidic forms, both being partially 

acetylated. To overcome this issue, by alkaline hydrolysis we generate a fully acidic, non-

acetyalted, form of SL. This acidic SL has a pH-responsive behaviour and above pH 6 can form 

complex coacervates with high-molecular weight chitosan by a simple mechanism of 

electrostatic attraction between the negative and positive forms of SL and chitosan, 

respectively. SL-chitosan complex coacervates are able to stabilize O/W emulsions by a 

Pickering mechanism. We show here their application in the formulation of O/W emulsions 

containing cosmetics-relevant raw materials, oils, preservatives and vitamins. 
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Introduction 

Microbial biosurfactants are broadly intended as amphiphilic molecules obtained by the 

fermentation process of sugars and vegetable oils by specific yeast and bacteria (Figure 1).[1,2] 

Considering the more stringent regulations combined with the worldwide consumers' concerns 

for health and environment, biosurfactants are the obvious eco-friendly option to develop 

potentially commercial alternatives to petrochemical surfactants, especially in the field of 

cosmetics,[3,4] a field of application which is quite old.[5]  

Among the most widely known biosurfactants, sophorolipids are one of the most 

attractive classes. They are produced from the yeast S. bombicola, with interesting production 

rates and high titers. [6] Despite their apparent complex mixture of congeners, they can be easily 

hydrolyzed into one main, non-acetylated C18:1 acidic, congener, with well-characterized 
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physicochemical properties (Figure 1). Along the years, sophorolipids have been studied within 

the context of cosmetics, [7] antimicrobial agents[8] or soft materials.[9] In this regard, 

sophorolipids are known to have surface-active properties and they are suitable for stabilizing 

oil-in-water emulsions. [10] Nevertheless, compared to conventional surfactants, there have 

been only a few studies of sophorolipids' emulsifying ability. Koh et al. have shown that 

sophorolipids' interfacial performance is best achieved in a formulation composed of the 

lactonic and acidic forms, [11–14] rather than each individual congener. However, the 

interfacial performance remains relatively low. [12] The poor emulsifying performances were 

attributed to the bolaform, double hydrophilic, nature of acidic sophorolipids, and to the poor 

surface-active character of lactonic sophorolipids. The surface charge of sophorolipid micelles 

is pH-dependent [15] and the micellar structure itself does not have a well-defined hydrophilic-

hydrophobic character. [16] For these reasons, they developed a series of sophorolipid-ester 

derivatives, with enhanced emulsifying performances [11–14] on paraffin (alkane-based), 

almond (triglycerides-based), or lemon (cyclic and partially hydrophilic terpenes) oils. 

 

 

 

Figure 1 – Acidic sophorolipids (SL) only are employed for this work. 

 

To avoid chemical modification, we have recently developed a new method to prepare 

O/W emulsions from a combination of acidic SL and chitosan, a worldwide known food and 

cosmetic grade biopolymer, derived from shrimp’s shells.[17] In this new technology, 

negatively-charged SL micelles and positively-charged chitosan attract each other, forming 

complex coacervates [18] in the form of stable colloids in water. Complex coacervates have 

shown to diffuse at both air-water and oil-water interface and behave as colloidal emulsifiers 

via a Pickering effect, the latter being a mechanism of stabilizing the oil-water interface by 

means of solid, semi-solid or soft particles, generally observed for solid mineral particles, but 

not form soft complex colloids. The technology was tested with dodecane-water solutions and 

the emulsions were shown to be stable in time (months).  

In this work, we show how this same technology can be applied to a wide range of raw 

materials, typically employed in cosmetic products, thus paving the way to potentially 
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interesting cosmetic formulations based on sophorolipids. The emulsions are prepared with 

alkane, ester or silicone oils, with and without classical preservatives and vitamins and their 

stability is tested again time up to 28 days at room temperature.  

Experimental Section  

Chemicals 

Non-acetylated acidic sophorolipids (Mw= 622 g.mol-1) are purchased from Amphistar 

(Belgium). High molecular weight (HMW) practical grade chitosan, from shrimp shells, 

(MW=190000-375000 Da) is purchased from Sandream Impact LLC. All oils are purchased 

according to their INCI number given in Table 1. 

 

Preparation of complex coacervate solutions 

SL and chitosan stock solutions are prepared separately by dissolving each compound's 

appropriate amount in Milli-Q-grade water. Both are prepared at 0.15 wt% in mQ-grade water. 

The pH of both solutions is adjusted in the range 5.8-6.0 by mean of a 1 M NaOH solution 

(generally, few µL are necessary for typical volumes of 1 mL). Then, equivalent volumes of SL 

and chitosan stock solutions are mixed together with final concentrations (C) of CSL= 5 mg/mL, 

CChitosan= 1.4 mg/mL.  

 

Preparation of emulsions 

A known volume fraction of the oil, Φoil= 0.7, is mixed with a given fraction of the SL-chitosan 

complex coacervate solution, Φcomplex= 0.3, to prepare a biphasic system. The mixture is then 

subjected to a high-speed homogenization (rotor-stator) using an Ultra-Turrax homogenizer 

(IKA® T25 Basic Werke) with a dispersing element of 25 mm (stator diameter) to obtain a 

homogeneous emulsion. Homogenization is maintained for 1 min at a constant speed of 13500 

rpm with the vial's vertical movements along the rod. 

 

Optical microscopy  

To visualize the emulsion droplets, images are acquired using Motic BA210E Microscope, non-

polarized light, x40. 

 



Stability study  

To determine the stability of the emulsion, the sample is characterized by eye observation: 

whiteness of the emulsion, presence or absence of supernatant. A score is given: 1, the emulsion 

is stable; 2, average stability; 3, the emulsion is not stable. 

 

Results and discussion 

Emulsion formation 

In a recent publication, we have shown that SL micelles form complex coacervates in 

water when mixed with chitosan above pH 6.[18] The complex coacervates are able to stabilize 

via a Pickering mechanism an O/W emulsion over months when employed in a 30:70 v:v 

(coacervates:dodecane) mixture with dodecane. [17] Dodecane not being an interesting material 

for cosmetic applications, several other oils were tested under the same conditions. To broaden 

the palette, alkanes, esters and silicon oils have been tested and major results are given in Table 

1. For this work, the emulsions were analyzed using a simple optical microscope and rated 

arbitrarily between 1 and 3 according to their visual quality. A score of 1 is attributed to good 

emulsions, as shown in Figure 2, left, while a note of 3 was attributed to poor emulsions, as 

shown in Figure 2 right. The emulsions stability was also tested after 28 days at room 

temperature (about 23°C), a typical standard for formulation studies in cosmetics. 

 

Figure 2 – Typical optical microscopy images of a good, rated 1, (left) and poor, rated 3, (right) emulsion 

 

It was found that other alkanes, like isododecane, isohexadecane and squalane also 

provide good emulsions (score of 1) with long-term stability at 28 days, in agreement with 

dodecane. On the other hand, mixed C15-C19 alkanes do not form an emulsion, suggesting a 

detrimental influence of the impair number of carbon atoms in the chain. Although alkanes are 

not interesting products for the cosmetic industry, these results show promising potential for 



the sophorolipid-based formulation. For this reason, other emollients, more classically used in 

cosmetics, were employed. 

  

Table 1 – Emulsification potential and emulsion stability of Pickering emulsions prepared from acidic sophorolipids 

and HMW chitosan complex coacervates in the presence of various oils. 

 

 

 

INCI Family Formula 

Note 

Emulsion 

Day 0 

Stability 

Day 28 

Squalane alcane C30H62 1 YES 

Isododecane alcane C12H24 1 YES 

C15-19 Alkane alcane Mix C15/C19 3 No 

Isohexadecane alcane C16H34 1 YES 

Octyldodecanol alcanol C20H42O 1 YES 

Rapeseed oil biobased   1 YES 

Simmondsia Chinensis (Jojoba) Seed Oil biobased C20 abundant 1 No 

Dicaprylyl Carbonate ester C17H34O3 3 No 

Caprylic/Capric Triglyceride ester C₂₄H₄₈O₈ 2 No 

Cetearyl Isononanoate ester C25H50O2 2 No 

Glyceryl undecylenate ester C14H26O4 3 No 

Diisopropyl Sebacate ester C16H30O4 1 YES 

Coco-Caprylate/Caprate ester C42H84O4 3 No 

Cyclopentasiloxane silicone C10H30O5Si5 1 No 

Dimethicone silicone (C2H6OSi)n 1 YES 

PPG-3 Myristyl Ether ether C17H36O2 2 No 

 

 

Octyldodecanol is a branched chain alcohol having medium spreading emollient, 

commonly used in lipsticks. Emulsification data in Table 1 show that adding an alcohol function 

to a long branched alkyl chain does not modify the good outcome of the emulsion, which is 

stable after 28 days, thus suggesting that long chain alcohols could also be employed in the 

formulation. Following the same approach, a number of cosmetics-relevant esters were tested, 

like  dicaprylyl carbonate, cetearyl isononanoate or diisopropyl sebacate. These and others 

listed in Table 1 are good skin softeners, commonly used in anti-age and solar cream or 

foundation formulations, among others. It was found that most common ester emollients, like 

dicaprylyl carbonate, caprylic/capric triglyceride or cetearyl isononanoate do not allow 



producing a good emulsion, which is in turn poorly stable in time. Diisopropyl sebacate, on the 

contrary, is able to form a good and stable emulsion. Although more work is needed to better 

understand these empirical results, it could be possible that conformational issues of the 

aliphatic chain with respect to the intermediate position of the ester bond play a role against the 

emulsion’s stability. Similar poor emulsification results are obtained with an ether, PPG-3 

myristyl ether, typically employed in deodorant sticks. The partial polarity of the emollient 

seems to play a significant role against emulsion stability. 

Finally, two silicones (generally used to lower surface tension in dermocosmetic 

products), linear and cyclic, and two biobased oils, rapeseed (rich in C18 mono and 

polyunsaturated) and Jojoba seed (rich in long chain, C20 and C22, fatty acids) oil, were tested. 

It was found that linear silicone and rapeseed oil provide good and stable emulsions, differently 

than cyclic silicone and Jojoba oil. 

Conclusion 

This work shows a first tentative to develop emulsion formulations entirely based on a 

biosurfactant, acidic sophorolipids. Control of the interactions between sophorolipids and a 

biopolymer, chitosan, drives the formation of a colloidal solution of complex coacervates, 

which can stabilize the oil-water interface through a Pickering effect, the latter describing a 

mechanism of stabilizing the oil-water interface by means of solid, semi-solid or soft particles. 

At a proportion of 70% emollient and 30% coacervate aqueous solution, good and stable 

Pickering emulsions can be formed. This empirical work provides a non-exhaustive list of 

cosmetics-relevant emollients, which can be used in biosurfactant-based formulations for 

cosmetics. It is found that most alkanes, but also dimethicone (silicone), diisopropyl sebacate 

(ester) and rapeseed oil (vegetal oil) can be used to prepare emulsions stable up to 28 days at 

room temperature. 

Acknowledgments  

SATT Lutech Pris, France, for financing this work. 

References 

[1] S.S. Cameotra, R.S. Makkar, J. Kaur, S.K. Mehta, Synthesis of biosurfactants and their 

advantages to microorganisms and mankind, Adv. Exp. Med. Biol. 672 (2010) 261–280. 

https://doi.org/10.1007/978-1-4419-5979-9_20. 

[2] D.J. McClements, L. Bai, C. Chung, Recent Advances in the Utilization of Natural 

Emulsifiers to Form and Stabilize Emulsions, Annu. Rev. Food Sci. Technol. 8 (2017) 



205–236. https://doi.org/10.1146/annurev-food-030216-030154. 

[3] D. Kitamoto, T. Fukuoka, A. Saika, T. Morita, Glycolipid Biosurfactants , 

Mannosylerythritol Lipids : Distinctive Interfacial Properties and Applications in 

Cosmetic and Personal Care Products, 13 (2022) 1–13. 

[4] A.B. Moldes, L. Rodríguez-López, M. Rincón-Fontán, A. López-Prieto, X. Vecino, J.M. 

Cruz, Synthetic and Bio-Derived Surfactants Versus Microbial Biosurfactants in the 

Cosmetic Industry: An Overview, Int. J. Mol. Sci. 22 (2021) 2371. 

[5] G. Hillion, R. Marchal, C. Stoltz, F. BORZEIX, Use of Sophorolipids and Cosmetic and 

Dermatological Compositions, EP0820273A1, 1995. 

[6] U. Rau, S. Hammen, R. Heckmann, V. Wray, S. Lang, Sophorolipids: a source for novel 

compounds, Ind. Crop. Prod. 13 (2001) 85–92. https://doi.org/10.1016/S0926-

6690(00)00055-8. 

[7] M. Maingault, Use of Sophorolipids and Cosmetic and Dermatological Compositions - 

WO/1995/034282A., 1995. 

[8] N. Baccile, F. Babonneau, I.M. Banat, K. Ciesielska, A.-S. Cuvier, B. Devreese, B. 

Everaert, H. Lydon, R. Marchant, C.A. Mitchell, S. Roelants, L. Six, E. Theeuwes, G. 

Tsatsos, G.E. Tsotsou, B. Vanlerberghe, I.N.A. Van Bogaert, W. Soetaert, Development 

of a Cradle-to-Grave Approach for Acetylated Acidic Sophorolipid Biosurfactants, ACS 

Sustain. Chem. Eng. 5 (2017) 1186–1198. 

https://doi.org/10.1021/acssuschemeng.6b02570. 

[9] G. Ben Messaoud, P. Le Griel, D. Hermida-Merino, S.L.K.W. Roelants, W. Soetaert, C. 

V. Stevens, N. Baccile, pH-controlled self-assembled fibrillar network (SAFiN) 

hydrogels: evidence of a kinetic control of the mechanical properties, Chem. Mater. 31 

(2019) 4817–4830. https://doi.org/10.1021/acs.chemmater.9b01230. 

[10] I.N.A.A. Van Bogaert, K. Saerens, C. De Muynck, D. Develter, W. Soetaert, E.J. 

Vandamme, Microbial production and application of sophorolipids, Appl. Microbiol. 

Biotechnol. 76 (2007) 23–34. https://doi.org/10.1007/s00253-007-0988-7. 

[11] A. Koh, R.J. Linhardt, R. Gross, Effect of Sophorolipid n-Alkyl Ester Chain Length on 

Its Interfacial Properties at the Almond Oil-Water Interface, Langmuir. 32 (2016) 5562–

5572. https://doi.org/10.1021/acs.langmuir.6b01008. 

[12] A. Koh, R. Gross, A versatile family of sophorolipid esters: Engineering surfactant 

structure for stabilization of lemon oil-water interfaces, Colloids Surfaces A 

Physicochem. Eng. Asp. 507 (2016) 152–163. 

https://doi.org/10.1016/j.colsurfa.2016.07.089. 



[13] A. Koh, R. Gross, Molecular editing of sophorolipids by esterification of lipid moieties: 

Effects on interfacial properties at paraffin and synthetic crude oil-water interfaces, 

Colloids Surfaces A Physicochem. Eng. Asp. 507 (2016) 170–181. 

https://doi.org/10.1016/j.colsurfa.2016.07.084. 

[14] A. Koh, A. Wong, A. Quinteros, C. Desplat, R. Gross, Influence of Sophorolipid 

Structure on Interfacial Properties of Aqueous-Arabian Light Crude and Related 

Constituent Emulsions, J. Am. Oil Chem. Soc. 94 (2017) 107–119. 

https://doi.org/10.1007/s11746-016-2913-7. 

[15] N. Baccile, J.S. Pedersen, G. Pehau-Arnaudet, I.N. a. Van Bogaert, Surface charge of 

acidic sophorolipid micelles: effect of base and time, Soft Matter. 9 (2013) 4911–4922. 

https://doi.org/10.1039/c3sm50160d. 

[16] S. Manet, A.S. Cuvier, C. Valotteau, G.C. Fadda, J. Perez, E. Karakas, S. Abel, N. 

Baccile, Structure of Bolaamphiphile Sophorolipid Micelles Characterized with SAXS, 

SANS, and MD Simulations, J. Phys. Chem. B. 119 (2015) 13113–13133. 

https://doi.org/10.1021/acs.jpcb.5b05374. 

[17] S. Laquerbe, A. Carvalho, M. Schmutz, A. Poirier, N. Baccile, G. Ben Messaoud, pH-

Switchable Pickering Emulsions Stabilized by Biosurfactant-Polyelectrolyte Complex 

Coacervate Colloids, J. Colloid Interface Sci. 600 (2021) 23–36. 

https://doi.org/10.1016/j.jcis.2021.04.135. 

[18] G. Ben Messaoud, L. Promeneur, M. Brennich, S. Roelants, P. Le Griel, N. Baccile, 

Complex coacervation of natural sophorolipid bolaamphiphile micelles with cationic 

polyelectrolytes, Green Chem. 20 (2018) 3371–3385. 

https://doi.org/10.1039/c8gc01531g. 

[19] J. Schindelin, I. Arganda-Carreras, E. Frise, V. Kaynig, M. Longair, T. Pietzsch, S. 

Preibisch, C. Rueden, S. Saalfeld, B. Schmid, J.-Y. Tinevez, D.J. White, V. Hartenstein, 

K. Eliceiri, P. Tomancak, A. Cardona, Fiji: an open-source platform for biological-image 

analysis., Nat. Methods. 9 (2012) 676–682. https://doi.org/10.1038/nmeth.2019. 

 


